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Two New Triterpene Glycosides from the Vietnamese Sea Cucumber Holothuria scabra Nguyen Hal Dang, Nguyen Van Thanh, Phan Van Kiem, Le Mai Huong, Chau Van Minh, and Young Ho Kim 1 Institute of Natural Products Chemist~ Vietnamese Academy of Science and Technology, 18 Hoang Quoc Viet, Caugiay, Hanoi, Vietnam and 1College of Pharmacy, Chungnam National University, Daejeon 305-764, Korea



(Received March 24, 2007) Two new triterpene glycosides, namely holothurin A3 (1) and A4 (2) were isolated from the methanol extract of the sea cucumber, Holothuria scabra, with their structureselucidated from the spectroscopic evidence (1D NMR, 2D NMR, ESI-MS and HRESI-MS). Compounds 1 and 2 were found to be strongly cytotoxic to both cancer cell lines, KB and Hep-G2, with 50% inhibitory concentrations (IC50)of 0.87 and 0.32 i~g/mL (for compound 1) and of 1.12 and 0.57 i~g/mL (for compound 2), respectively.
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INTRODUCTION



MATERIALS AND METHODS



Triterpene glycosides are common components found in holothurians, and most have the holostane type skeleton [(20S)-20-hydroxy-5~-Ianostane-18-carboxylic acid (18-20) lactone] (Zhang et aL, 2006; Zou et aL, 2003). To date, more than one hundred compounds have been isolated from the sea cucumbers that exhibit this feature. Notably, they usually show broad antifungal, cytotoxic and immunomodulatory activities (Chludil et al., 2002; Iniguez-M et al., 2005). The first study on these compounds from the sea cucumber was started by a Japanese group with the discovery of holothurin A and B (Kitagawa et al., 1981a and 1981b). Thereafter, a number of holostane-type compounds were reported, mainly from the Atlantic and Pacific Oceans (Stonik, 1986). In the course of our search for new bioactive compounds from echinoderms, holothurin A and B were found to be the principal components of Holothuria scabra, as well as holothurin Az and a new compound, holothurinogenin B (Thanh et al., 2006). Herein, the isolation and structure elucidation of two new triterpene glycosides, holothurin A3 and A4, isolated from the Vietnamese sea cucumber, H. scabra, are reported.



General experimental procedures The 1H-NMR (500 MHz) and 13C-NMR (125 MHz) spectra were recorded on a Bruker AM500 FT-NMR spectrometer. Chemical shifts were referenced to 5, using tetramethylsilane (TMS) as the internal standard. The electron spray ionization (ESI) mass spectrum was obtained using an AGILENT 1100 LC-MSD Trap spectrometer. The high resolution mass spectrum was recorded using a water QTOF premier spectrometer, equipped with an electrospray ion source. Column chromatography (CC) was performed on silica gel 230-400 mesh (0.040-0.063 mm, Merck) or YMC RP-18 resins (30-50 pro, Fujisilisa Chemical Ltd.). Thin layer chromatography (TLC) was performed on DCAlufolien 60 F2~ (Merck 1.05715) or RP~8 F2r~ (Merck) plates.



Correspondence to: Young Ho Kim, College of Pharmacy, Chungnam National University,Daejeon 305-764, Korea Tel: 82-42-821-5933, Fax: 82-42-823-6566 E-mail: [email protected]



Animal material The specimens of H. scabra were collected at a depth of 3-30 m in Cat Ba, Haiphong province, North Vietnam, in Feb, 2006, and deep frozen until used. The sea cucumber, H. scabra, was identified by Dr. Do Cong Thung, the Institute of Marine Resources and Environment, Vietnamese Academy of Science and Technology, Vietnam. A voucher of specimen was deposited at the Institute of Natural Products Chemistry, Vietnamese Academy of Science and Technology, Hanoi, Vietnam.
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Extraction and isolation Dried specimens of the sea cucumber (5.0 kg) were extracted three times with MeOH (7 days each time) and then concentrated under low pressure to yield the MeOH extract (150 g). The MeOH extract was suspended in water and partition with n-hexane, chloroform and n-butanol. All fractions were tested for cytotoxic activity using two cancer cell lines; KB (human epidermoid carcinoma) and Hep-G2 (human hepatocellular carcinoma), in an in vitro assay system. The CHCI3 and n-BuOH fractions showed considerable activities, and were selected for further isolation of their bioactive components. The n-BuOH fraction (18 g) was subjected to chromatography on a silica gel column, and eluted with a CHCI~-MeOH gradient (from 10:1 to 1:1 v/v) to yield fractions B1, B2 and B3. Fraction B3 was subjected to further chromatography on a silica gel column, using CHCI3-MeOH-H20 (20:10:1) as the eluent, to afford pure holothurin A3 (30 mg) and holothurin A4 (6 rag) as white powders.



Holothurin As (1) White powder; positive ESI-MS m/z: 1259.5 [M+Na] § negative ESI-MS m/z: 1235.5 [M-H]-; HRESI-MS m/z: 1237.5027 [M+H] § (Calcd. for C~H86028NaS: 1237.4924), 1259.4900 [M+Na] § (Calcd. for C~H85028Na2S: 1259.4743); The 1H-NMR (500 MHz) and ~3C-NMR (125 MHz): see Table I and I1.



Holothurin A. (2) White powder; positive ESI-MS m/z: 1245.2 [M+Na] § negative ESI-MS re~z: 1221.4 [M-H]-; The ~H-NMR (500 MHz) and ~3C-NMR (125 MHz): see Table I and I1.



Acid Hydrolysis of 1 and 2 Each glycoside (1 mg) was heated with 2 M trifluoroacetic acid (1 mL) at 120~ for 2 h. The reaction mixture was evaporated to dryness, and the residue partitioned between CH2CI2 and H20. The aqueous phase was concentrated under reduced pressure. Pyridine (1 mL) and NH2-OH.HCI (2 rag) were then added to the dried residue, and the mixture heated at 90~ for 30 rain. Thereafter, 1 mL of Ac~O was added, and the mixture heated at 90~ for a further 1 h. The solution was concentrated, and the resulting aldononitrile peracetates analyzed using GC-MS with standard aldononitrile peracetates used as reference samples. Xylose, quinovose, glucose and 3-O-methylglucose were identified at a 1:1:1:1 ratio for the two glycosides.



RESULTS AND DISCUSSION Compound 1 was obtained from the butanol fraction of the methanol extract of H. scabra. The molecular formula; C~HssO28NaS, of I was deduced from the HRESI-MS spec-
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trum at m/z: 1237.5027 [M+H] + (Calcd. for Cs4H86028NaS: 1237.4924), the pseudoformula ion at m/z 1259.4900 [M+Na] § (Calcd. for Cs4HssO28Na2S: 1259.4743), the ESIMS spectrum at m/z: 1259.5 [M+Na] § (positive mode) and 1235.5 [M-H] (negative mode). The 13C-NMR and DEPT spectra revealed the presence of 54 carbons, including 9 methyl, 11 methylene, 24 methine, 6 quaternary carbons, and 4 quaternary carbons bearing oxygen atoms (Table I). The 1H-NMR and 13C-NMR spectra displayed resonances due to one olefinic double bond (6H 5.26/8C 114.5, 152.8), one lactone carbonyl group (5c 172.6), one tertiary carbon (6c 91.3) connected to a hydroxyl group, and a signal at 8H Table I. ~3C-and 1H-NMRchemical shifts of holothurin A3 (1) and A4 (2) aglycon moieties C 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30



1 (~Ca'b



35.7 26.2 87.5 38.9 51.9 20.3 27.4 40.0 152.8 39.7 114.5 69.5 57.3 45.2 37.8 35.8 91.3 172.6 21.9 86.2 20.7 208.1 33.5 36.4 68.0 29.1 29.4 16.1 27.4 19.0



2



(~Ha'c(J, Hz)



6ca'b



(~Ha'c(J, Hz)



1.41 m/1.74m 1.63 m/1.85 m 3.34 m



35.7 26.2 87.6 38.3 51.9 20.4 27.1 40.0 152.6 39.8 114.5 70.2 57.5 45.4 35.7 34.8 88.2 173.7 21.9 86.6 22.5 34.3 28.2 74.8 33.2 17.7 19.0 16.2 27.5 19.3



1.36 m/1.75m 1.65 m/1.85m 3.35 m



0.88 m 1.45 roll .67 m 1.35 m/1.67m 2.87 m



5.26 d (5.0) 4.48 d (5.0)



1.69 m/2.05m 1.74 m



1.05 s 1.56 s 2.64 m 1.54 m/1.61 m 1.07 s 1.07 s 0.81 s 1.02 s 1.18 s



0.86 m 1.45 m/1.67m 1.34 m/1.67m 2.89 m



5.25 d (5.0) 4.43 d (5.0)



1.70 m/2.05m 1.73 m



1.03 s 1.42 s 1.61 m/1.92m 1.22 m/1.40m 3.14 m 1.55 m 0.83 s 0.84 s 0.81 s 1.03 s 120 s



aMeasured in DMSO-d6, ~ MHz, ~500 MHz, Assignments were confirmed by COSY, 1D-TOCSY,HSQC and HMBC experiments.
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4.48/8c 69.5, which was ascribed to a methine group bearing an oxygen atom. This evidence suggested that 1 had a holostane nucleus, with a 9(11 )-en-12,17-diol moiety. The presence of four sugar units in 1 were confirmed from the ~3C-NMR spectrum, which exhibited signals for anomeric carbons at 5c 103.8, 103.6, 102.9 and 103.9 and correlated with the HSQC spectrum, with the anomeric protons at 8H: 4.32 (J = 7.0 Hz), 4.49 (J = 8.0 Hz), 4.38 (J = 8.0 Hz) and 4.34 (J = 8.0 Hz). The 13C-NMR chemical shifts of the carbohydrate chain of 1 were identical to those of the sugar parts of a known compound; holothurin A2, indicating the tetrasaccharide chain of 1 was composed of one 4-O-sulfated xylose, one quinovose, one glucose and one methyl glucose residue (Table II) (Kitagawa et al., 1981b, Thanh et al., 2006). The NMR data of I were found to be similar to those of holothurin A=, with the exception of the side chain data (Thanh et al., 2006). The NMR spectra of the side chain of 1 showed resonances due to two methyl groups, at 5H 1.07/8c 29.1 and 1.07/(5c 29.4, two methylene groups at (5c 33.5 and 36.4, one ketone group at 5c 208.1, and one tertiary carbon bearing a hydroxyl group at (5c 68.0. The HMBC spectrum showed correlations of H-24 to C-25 and C-26 and C-27, and H-27 to C-25 and C-26, supporting the presence of two methyl groups attached to C-25 bearing a hydroxyl group. The position of the ketone group at C-22 was confirmed by the correlations of H-21 to C-20 and C22, and H-23 to C-22 in the HMBC spectrum. The NMR data of the side chain of 1 was compared to the published data, and found to match well (Kanchanapoom et al., 2002). The suggested structure and selected H-C long range correlations of 1 are shown in Figs. 1 and 2, respectively. Furthermore, the sugar moieties of 1 were determined as D-xylose (Xyl), D-quinovose (Qui), D-glucose (GIc) and 3-O-methyl-D-glucose (MeGIc), with the ratio 1:1:1:1, from acidic hydrolysis with aqueous 2 M trifiuoroacetic acid and preparation of the corresponding aldononitrile peracetates, which were analyzed using GC-MS. The common D-configuration for the four carbohydrate units was also assumed in relation to those of the most commonly encountered sea cucumber glycosides (Moraes et al., 2005; Silchenko et aL, 2005; Thanh et al., 2006). From the above evidence and comparison with published data, holothurin A3 (1) was identified as the 313, 12~, 17o~, 25-tetrahydroxyholost-9(11)-ene-22-one 3-O-[(3-O-methyl)p-D-glucopyranosyl-(1 -~3)-/?-D-glucopyranosyl-(1 -+4)-/?D-quinovopyranosyl-(1 -->2)-(4- O-sulfo)-~-D-xylopyranoside] sodium salt. The suggested molecular formula of 2 was Cr~HaTO=~NaS due to the appearance of the pseudoformula ion [M+Na] § at m/z 1245.2 (positive ion mode) and molecular ion [MH]- at m/z 1221.4 (negative ion mode) in the ESI-MS spectrum. The 1H-NMR and I~C-NMR spectra of 2 showed
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Table II. 13C- and 1H-NMR chemical shifts and selected HMBC correlations of holothurin A3 (1) and A4 (2) sugar moieties Position Xyl 1 2



5ca'b



8, a'c(J, Hz)



103.8 81.4



4.32 d (7.0) 3.37 m



C-3 C-1 Xyl



3.08 m 3.93 m 3.21 m/3.95m



C-1,4Xyl



4.49 d (8.0) 3.52 m 3.29 m



74.8 74.2 63.0



HMBC (H to C)



3 4 5 Qui 1 2 3



103.6 74.5 74.2



4



86.1



3.00 m



C-2 Xyl C-3 Qui C-2 Qui C-3,5,6 Qui, C-1 GIc



5 6 GIc 1 2



70.1 17.3



3.33 m 1.25 d (6.0)



C-4,5 Qui



102.9 72.1



4.38d (8.0) 3.21 m



C-4 Qui C-1,3 GIc



3 4



87.9 68.4



3.03 m 3.21 m



C-5 GIc



5 6 MeGIc 1 2 3 4



76.1 60.7



3.31 m 3.41 m/3.68m



103.9 73.5 85.9 69.3



4.34 d (8.0) 3.13m 3.00 m 3.14 m



C-1,4 Xyl



C-3 GIc C-1 MeGIc C-2 MeGIc,OCH3 C-3,5 MeGIc



5 76.9 3.22 m 6 60.8 3.41 m/3.68m OCH3 59.8 3.49 s C-3 MeGIc "Measured in DMSO, b125 MHz, c500 MHz, Assignments were confirmed by COSY, 1D-TOCSY,HSQC and HMBC experiments.



signals of C-1 to C-20, coincident with those of holothurin A2 (Thanh et al., 2006), which possessed one olefinic double bond at 5c 152.6 and 5c 114.5/(5. 5.25, two carbons bearing hydroxyl groups at C-12 (8c 70.2/8H 4.43) and C17 ((5c 88.2), and one lactone carbonyl group at C-18 (8c 173.7). The holostane-type skeleton of 2 was confirmed by extensive NMR spectroscopy (1H-NMR and 13C-NMR, HSQC, HMBC and COSY). The carbohydrate chain of 2 was found to compose of four sugar units, which were identical to the sugar parts of holothurin A2 from a comparison of the NMR data of 2 with those of holothurin A2 (Kitagawa et al., 1981b; Thanh et al., 2006). The 1H-NMR and ~3C-NMR data for the aglycon and sugar portion
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