










 Categoria
 Top Downloads




Entrar
Registrar
Recobrar











Pesquisar












	
Categoria

	
Top Downloads

	
	
Entrar

	
Registrar







Pesquisar











	
Home

	Dammarane-type saponins from Gynostemma pentaphyllum 

 Dammarane-type saponins from Gynostemma pentaphyllum 


September 14, 2017 | Autor: Pham Thanh | Categoria: Phytochemistry, Medicinal Plants, Vietnam, Magnetic Resonance Spectroscopy, Saponins, Biological Sciences, Cell line, Humans, Female, CHEMICAL SCIENCES, Republic of Korea, Structure Elucidation, Plant extracts, Cytotoxic Activity, Acute Promyelocytic Leukemia, Molecular Structure, Triterpenes, Biological Sciences, Cell line, Humans, Female, CHEMICAL SCIENCES, Republic of Korea, Structure Elucidation, Plant extracts, Cytotoxic Activity, Acute Promyelocytic Leukemia, Molecular Structure, Triterpenes 



 BAIXAR PDF 



 Share
 Embed



 Denunciar este link














Descrição do Produto


Phytochemistry 71 (2010) 994–1001



Contents lists available at ScienceDirect



Phytochemistry journal homepage: www.elsevier.com/locate/phytochem



Dammarane-type saponins from Gynostemma pentaphyllum Pham Thanh Ky a, Pham Thanh Huong a, Than Kieu My a, Pham Tuan Anh a, Phan Van Kiem b,*, Chau Van Minh b, Nguyen Xuan Cuong b, Nguyen Phuong Thao b, Nguyen Xuan Nhiem b,c, Jae-Hee Hyun d, Hee-Kyoung Kang d, Young Ho Kim c,** a



Hanoi University of Pharmacy, 17 Le Thanh Tong, Hanoi, Vietnam Institute of Natural Products Chemistry, Vietnam Academy of Science and Technology, 18 Hoang Quoc Viet, Hanoi, Vietnam College of Pharmacy, Chungnam National University, Daejeon 305-764, Republic of Korea d School of Medicine, Institute of Medical Sciences, Cheju National University, Jeju 690-756, Republic of Korea b c



a r t i c l e



i n f o



Article history: Received 30 September 2009 Received in revised form 15 January 2010 Available online 9 April 2010 Keywords: Gynostemma pentaphyllum Cucurbitaceae Gypenoside Dammarane-type saponin Cytotoxic activity



a b s t r a c t Dammarane-type saponins, gypenosides VN1–VN7 (1–7), were isolated from the total saponin extract of Gynostemma pentaphyllum aerial parts, with their structures elucidated on the basis of spectroscopic and chemical methods. These compounds showed moderate cytotoxic activity against four human cancer cell lines, A549 (lung), HT-29 (colon), MCF-7 (breast), and SK-OV-3 (ovary), with IC50 values ranging from 19.6 ± 1.1 to 43.1 ± 1.0 lM. Regarding the HL-60 (acute promyelocytic leukemia) cell line, compounds 1, 5, and 6 showed weakly active with IC50 values of 62.8 ± 1.9, 72.6 ± 3.6, and 82.4 ± 3.2 nM, respectively, while 2, 3, 4, and 7 were less active with IC50 values >100 lM. Ó 2010 Elsevier Ltd. All rights reserved.



1. Introduction Recently, dammarane-type saponins have received much attention from scientists throughout the world, especially Chinese and Japanese researchers, because of their unique structures and various biological activities. Previous investigations demonstrated that this type of compound possessed numerous interesting, biological effects, such as adjuvant potentials on the cellular and humoral immune responses of ICR mice against ovalbumin (OVA) (Sun and Zheng, 2005; Sun et al., 2006), inhibition of NF-jB activation (Huang et al., 2006), anti-tumor (Razmovski-Naumovski et al., 2005; Chen et al., 2006; Lu et al., 2008), anti-diabetic (Norberg et al., 2004), hepatoprotective (Yoshikawa et al., 2003), anti-atherosclerotic (Zhang et al., 2008), anti-inﬂammatory, and anti-oxidative effects (Li et al., 2008). Dammarane-type saponins have also been found as main constituents of the Panax (Araliaceae) and Gynostemma (Cucurbitaceae) species. However, Gynostemma species have many advantages of obtaining dammarane-type saponins more easily than Panax species. Thus, Gynostemma species, especially Gynostemma pentaphyllum, have attracted much interest as potential new plant drugs. There are 21 species of Gynostemma mostly growing in south-western China. The G. pentaphyllum species is the most prevalent and is dispersed throughout India, Nepal, * Corresponding author. Tel.: +84 4 37560793; fax: +84 4 37564390. ** Corresponding author. Tel.: +82 42 821 5933; fax: +82 42 823 6566. E-mail addresses: [email protected] (P.V. Kiem), [email protected] (Y.H. Kim). 0031-9422/$ - see front matter Ó 2010 Elsevier Ltd. All rights reserved. doi:10.1016/j.phytochem.2010.03.009



Bangladesh, Sri Lanka, Laos, Vietnam, Myanmar, Korea, and Japan. In Vietnam, there are only two species of the Gynostemma genus recorded to date, G. pentaphyllum and G. laxum. Of these, G. pentaphyllum is distributed throughout Vietnam from the plains to mountainous areas at altitudes up to 2000 m and has been used as a folk medicine to treat cough and chronic bronchitis (Chi, 1999). To date, many dammarane-type saponins have been isolated world-wide from this plant, all possessing numerous biological effects (Norberg et al., 2004; Sun and Zheng, 2005; Razmovski-Naumovski et al., 2005; Huang et al., 2006; Chen et al., 2006; Lu et al., 2008). Our previous research demonstrated that the total saponin extract of G. pentaphyllum showed signiﬁcant tumor inhibitory effects (Ky et al., 2007). In continuation of our research on this plant, we report herein the isolation, structural elucidation, and evaluation of the in vitro cytotoxic activity of seven new dammarane-type saponins from the total saponin extract of G. pentaphyllum aerial parts.



2. Results and discussion By using combined chromatographic separations, seven new dammarane-type saponins, 1–7 (Fig. 1), were isolated from the total saponin extract of G. pentaphyllum aerial parts. Compound 1 was obtained as a white amorphous powder. Its molecular formula was determined as C59H100O26 by FTICR-MS peak at m/z 1247.63991 [M+Na]+, calcd for C59H100O26Na, 1247.64006.
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The spectroscopic features suggested that 1 was a dammaranetype saponin, a typical constituent of Gynostemma species. In the 1H NMR spectrum, seven tertiary methyl groups were indicated by signals at dH 0.87, 0.91, 0.92, 1.02, 1.03, 1.65, and 1.69 (each 3H, s) and an oleﬁnic proton was at dH 5.12 (1H, t, J = 8.0 Hz). The 13C NMR spectrum showed 59 carbon signals, of which 30 were assigned to an aglycone and 29 to ﬁve sugar moieties. The presence of seven tertiary methyls [dC 16.20, 16.85, 16.97, 17.07, 17.92, 25.90, and 28.58], one tri-substituted double bond [dC 125.96 (CH) and 132.13 (C)], an oxymethine (dC 89.70), an oxymethylene (dC 75.80), and an oxygenated quaternary carbon (dC 77.69) suggested a 3b,20S,21-trihydroxydammar-24-ene aglycone (Yin et al., 2006a). The 1H and 13C NMR spectroscopic data of 1 were also identical to those of 3b,20S,21-trihydroxydammar-24-ene 3-O-{[a-L-rhamnopyranosyl-(1?2)][b-D-glucopyranosyl-(1?3)]-a-L-arabinopyranosyl}-21O-b-D-glucopyranoside (1a) (Yin et al., 2006a), except for additional signals of a sugar moiety. The 13C NMR data of the sugar at dC 104.76 (CH, C-100000 ), 75.19 (CH, C-200000 ), 77.87 (CH, C-300000 ), 71.60 (CH, C-400000 ), 77.93 (CH, C-500 000 ), and 62.75 (CH2, C-600000 ), and the large coupling constant of the anomeric proton at dH 4.38 (1H, d, J = 7.5 Hz, H-100000 ), indicated a glucopyranose and b-glycosidic linkage. Moreover, the additional sugar was assigned as D-glucose by acid hydrolysis of 1 and GC analysis of its trimethylsilated derivative (see Section 4). The downﬁeld shifted signal of C-60 000 (dC 70.04) also suggested attachment of the additional glucose at C-6000 0 , and this was supported by the HMBC cross-peak between H-10 0000 (dH 4.38) and C-600 00 (dC 70.04). Thus, the structure of 1 was elucidated as 3b,20S,21-tri-



hydroxydammar-24-ene 3-O-a-L-rhamnopyranosyl-(1?2)-[b-Dglucopyranosyl-(1?3)]-a-L-arabinopyranosyl-21-O-b-D-glucopyranosyl-(1?6)-b-D-glucopyranoside, named gypenoside VN1. The molecular formula, C53H88O22, of 2 was determined by FTICR-MS peak at m/z 1077.58553 [M+H]+ (calcd for C53H89O22, 1077.58455). Its 1H and 13C NMR spectroscopic data were similar to those of 1a (Yin et al., 2006a), except for the presence of a carbonyl carbon (dC 215.41) in 2 instead of a methylene carbon in 1a. The placement of the carbonyl group at C-12 was assigned by comparison of the 13C NMR data for 2 with those of 12-oxo-2a, 3b,20(S)-trihydroxydammar-24-ene-3-O-[b-D-glucopyranosyl-(1? 2)-b- D -glucopyranosyl]-20-O-[ a - L -rhamnopyranosyl-(1?6)-bD -glucopyranoside] and 12-oxo-2a,3b,20(S)-trihydroxydammar24-ene-3-O-[b-D-glucopyranosyl-(1?2)-b-D-glucopyranosyl]-20O-[b-D-xylopyranosyl-(1?6)-b-D-glucopyranoside] (Hu et al., 1996), 3,20-di-O-b-D-glucopyranosyl-3b,20S-dihydroxydammar24-ene-12-one (Atopkina and Denisenko, 2006), and further conﬁrmed by HMBC correlations from H-11 (dH 2.15, 2.38), H-13 (dH 3.16), and H-17 (dH 2.42) to the carbonyl carbon C-12 (dC 215.41). Moreover, the relative stereochemistry of 2 was assigned by comparison of its 13C NMR spectroscopic data with those of similar reported compounds and by a NOESY experiment. An S conﬁguration at C-3 was conﬁrmed by NOE correlations from H3 (dH 3.14) to H-28 (dH 1.03) and H-5 (dH 0.81). Proton H-17 (dH 2.42) showed a NOE correlation with H-30 (dH 0.75), but not with H-13 (dH 3.16), conﬁrming the S conﬁguration of C-17. The conﬁguration at C-20 was suggested as S since the 13C NMR spectroscopic data of C-20 (dC 76.61), C-21 (dC 75.60), and C-22 (dC 37.10) for 2 were in good agreement with those reported of all
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20(S)-hydroxy,21-glycosylated derivatives of dammarane-type saponins previously isolated from G. pentaphyllum (Yin et al., 2004a; Yin et al., 2004b; Yin et al., 2006a). Consequently, the structure of 3b,20S,21-trihydroxydammar-24-ene-12-one 3-O-aL-rhamnopyranosyl-(1?2)-[b-D-glucopyranosyl-(1?3)]-a-L-arabinopyranosyl-21-O-b-D-glucopyranoside was assigned for 2, named gypenoside VN2. The molecular formula of 3 was determined as C53H88O22 by FTICR-MS peak at m/z 1077.58418 [M+H]+ (calcd for C53H89O22, 1077.58455), which was the same as that of 2. The 1H and 13C NMR spectroscopic data of 3 resembled those of 2 (Tables 1 and 2), except for signals of an arabinosyl moiety. The signal of C-30 was strongly shifted downﬁeld to dC 87.21 (vs. dC 82.32 for 2) suggested a b-D-xylopyranose (Gonzalez-Laredo et al., 1999). The large coupling constant of the anomeric proton at dH 4.47 (1H, d, J = 6.5 Hz, H-10 ) together with 13C NMR spectroscopic data at dC 105.77 (CH, C-10 ), 77.71 (CH, C-20 ), 87.21 (CH, C-30 ), 70.71 (CH, C-40 ), and 65.82 (CH2, C-50 ), indicated a b-glycosidic linkage and pyran form of the xylose moiety. Moreover, acid hydrolysis of 3 afforded D-xylose, D-glucose, and L-rhamnose, identiﬁed by GC analysis of their trimethylsilated derivatives (see Section 4). Thus 3 was characterized as 3b,20S,21-trihydroxydammar-24-ene-12-one 3-O-a-L-rhamnopyranosyl-(1?2)-[bD-glucopyranosyl-(1?3)]-b-D-xylopyranosyl-21-O-b-D-glucopyranoside, named gypenoside VN3. The molecular formula of 4, C53H88O23, was determined by FTICR-MS peak at m/z 1115.56630 [M+Na]+ (calcd for C53H88O23Na, 1115.56141). Its 1H and 13C NMR spectroscopic data were similar to those of 2 (Tables 1 and 2), except for the side-chain signals. The side-chain structure of 4 was ﬁrst assigned by comparison of its 13C NMR spectroscopic data with the corresponding values of 3b,20S,21-trihydroxy-25-methoxydammar-23-ene 3-O-a-L-rhamnopyranosyl-(1?2)-[b-D-xylopyranosyl-(1?3)]-b-D-glucopyranosyl-21-O-b-D-xylopyranoside and gypenoside LXIX (Yin et al., 2004a). Detailed analyses of correlations in the 1H–1H COSY and HMBC spectra of 4 further conﬁrmed the assigned side-chain (Fig. 2). In addition, the relative stereochemistry of 4 was assigned by comparison of its 13C NMR spectroscopic data with those of similar reported compounds and by a NOESY experiment in the same manner as 2 (Fig. 3). Thus, the structure of 3b,20S,21,25-tetrahydroxydammar-23-ene-12-one 3-O-{[a-L-rhamnopyranosyl-(1?2)] [b-D-glucopyranosyl-(1?3)]-a-L-arabinopyranosyl}-21-O-b-D-glucopyranoside was deduced for 4, named gypenoside VN4. Compound 5 was also isolated as a white amorphous powder and the spectroscopic features suggested a dammarane-type saponin. Its molecular formula, C47H80O18, was determined by FTICRMS peak at m/z 933.54573 [M+H]+ (calcd for C47H81O18, 933.54229). The 13C NMR spectrum indicated 47 carbon signals, of which 30 were assigned to an aglycone and 17 to a trisaccharide moiety. The trisaccharide moiety was identiﬁed as a-L-rhamnopyranosyl-(1?2)-[b-D-glucopyranosyl-(1?3)]-a-L-arabinopyranoside by good agreement of its 1H and 13C NMR spectroscopic data with those of 1, 2, and 4 (Tables 1 and 2), by HMBC experiment (Fig. 2), and acid hydrolysis of 5 (see Section 4). Attachment of the trisaccharide moiety at C-3 was assigned by HMBC correlation between H-3 (dH 3.04) and C-10 (dC 102.83). The aglycone portion had typical resonances of seven tertiary methyls (dC 15.24, 16.02, 16.07, 16.76, 27.27, 27.99, and 28.75), three oxymethines (dC 69.52, 76.09, and 87.42), and two oxygenated quaternary carbons (dC 70.37 and 81.56). Detailed comparison of the 13C NMR spectroscopic data for the aglycone of 5 with the corresponding values of 3b,12b,23S,25-tetrahydroxy-20S,24S-epoxydammarane 3-O-[b-Dxylopyranosyl-(1?2)]-b-D-glucopyranoside (Yin et al., 2004a) and 3b,20S,21n,25-tetrahydroxy-21,24n-cyclodammarane 3-O-{[a-Lrhamnopyranosyl-(1?2)][b-D-xylopyranosyl-(1?3)]-b-D-6-O-acetylglucopyranoside (Yin et al., 2006b), suggested a 3,12,20,21,25-



Table 1 13 C NMR (125 MHz) spectroscopic data for 1–7. C



1a



2a



3a



4a



5b



6a



7a



Aglycone 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



40.66 27.38 89.70 40.60 57.83 19.27 36.49 41.74 52.20 38.09 22.68 25.26 42.63 51.29 32.22 28.58 46.90 16.20 16.97 77.69 75.80 36.49 23.67 125.96 132.13 25.90 17.92 28.58 17.07 16.85



40.02 27.12 89.22 40.47 57.47 19.29 35.34 41.69 55.72 38.47 40.47 215.41 56.66 57.06 32.37 24.27 39.95 16.29 16.72 76.61 75.60 37.10 23.96 125.64 132.20 25.93 17.85 28.49 16.96 17.28



40.08 27.20 89.20 40.52 57.60 19.34 35.38 41.79 55.79 38.53 40.47 215.53 56.77 57.12 32.42 24.31 40.08 16.28 16.70 76.67 75.68 37.18 24.00 125.70 132.26 25.87 17.80 28.42 16.91 17.23



40.03 27.14 89.25 40.51 57.49 19.31 35.35 41.74 55.74 38.51 40.51 215.61 56.70 57.09 32.29 24.14 40.13 16.32 16.68 77.00 75.50 39.96 123.19 142.40 71.23 29.97 30.00 28.50 16.97 17.21



38.86 25.89 87.42 38.86 55.67 17.64 34.38 39.00 49.80 36.31 30.91 69.52 49.35 51.19 31.01 25.40 45.74 15.24 16.07 81.56 76.09 29.19 21.08 52.98 70.37 28.75 27.99 27.27 16.02 16.76



40.07 27.19 89.30 40.57 57.53 19.35 35.31 41.64 55.51 38.53 40.25 216.14 57.88 56.60 32.52 25.60 42.21 16.18 16.62 83.05 78.36 33.26 22.44 55.08 72.98 28.40 27.56 28.51 16.99 17.27



40.59 27.38 89.68 40.70 57.82 19.27 36.61 42.05 52.20 38.09 22.55 25.24 41.70 50.92 32.20 27.56 45.51 16.29 16.97 85.53 102.88 44.43 73.91 129.26 137.60 62.28 13.85 28.60 17.10 16.87



3-ara 10 20 30 40 50



105.06 75.05 82.00 68.42 64.55



104.70 75.19 82.32 68.54 64.79



(3-xyl) 105.77 77.71 87.21 70.11 65.82



104.68 75.00 82.22 68.52 64.71



102.83 72.91 81.56 66.68 64.00



105.17 75.32 82.23 68.55 64.90



105.09 75.01 82.10 68.46 64.61



20 -rha 100 200 300 400 500 600



101.96 72.13 72.13 73.85 70.27 17.99



101.86 72.04 71.97 73.72 70.16 18.03



101.86 72.12 72.04 73.78 70.26 18.05



101.93 72.08 72.07 73.80 70.23 18.01



100.31 70.32 70.28 71.95 68.40 17.80



102.01 72.15 72.15 73.87 70.30 18.01



101.94 72.09 72.09 73.82 70.24 18.02



30 -glc 1000 2000 3000 4000 5000 6000



104.26 75.28 77.93 71.22 77.97 62.40



104.26 74.91 77.80 71.07 77.80 62.33



103.93 75.27 77.96 71.63 77.96 62.65



104.29 75.25 77.89 71.17 77.89 62.39



103.65 73.42 76.71 69.86 76.81 60.94



104.35 75.08 78.08 71.24 78.03 62.44



104.26 75.26 77.93 71.18 77.98 62.40



21-glc 10 0 0 0 20 0 0 0 30 0 0 0 0 40 0 0 0 50 0 0 0 60 0 0 0



105.17 75.19 77.97 71.72 78.03 70.04



105.16 75.19 77.86 71.59 77.86 62.78



104.84 75.27 78.24 71.73 78.15 62.87



105.13 75.25 77.97 71.59 77.97 62.67



60 0 0 0 -glc 10 0 0 0 0 20 0 0 0 0 30 0 0 0 0 40 0 0 0 0 50 0 0 0 0 60 0 0 0 0



104.76 75.19 77.87 71.60 77.93 62.75



a



Measured in CD3OD. Measured in DMSO-d6, assignments were done by HSQC, HMBC, and COSY experiments. b



pentahydroxy-21,24-cyclodammarane structure, which was further conﬁrmed by 1H–1H COSY and HMBC experiments (Fig. 2). The relative stereochemistry of 5 was assigned with the aid of NOESY
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1a



2a



3a



4a



5b



6a



7a



Aglycone 1



1.01 m, 1.72 m



1.00 m, 1.58 m



1.00 m, 1.61 m



1.02 m, 1.74 m



1.73 m, 1.83 m



1.70 m, 1.83 m



1.77 m, 1.85 m



1.75 m, 1.83 m



3 4 5



3.18 dd (12.0, 4.5) – 0.79 br d (11.5)



3.14* – 0.81 br d (11.5)



3.17 dd (12.0, 4.5) – 0.85 br d (11.5)



3.17 dd (12.0, 4.5) – 0.80 br d (11.5)



6



1.50 m, 1.55 m



1.57 m, 1.63 m



1.60 m, 1.67 m



1.50 m, 1.55 m



7



1.30 m, 1.60 m



1.40 m, 1.57 m



1.43 m, 1.60 m



1.32 m, 1.61 m



8 9 10 11



– 1.39 m – 1.30 m, 1.55 m



– 1.70* – 2.15*, 2.38*



– 1.77* – 2.20*, 2.38*



– 1.38 m – 1.31 m, 1.55 m



12 13 14 15



1.60 m, 1.76 m 1.84 m – 1.05 m, 1.53 m



– 3.16* – 1.18 m, 1.79 m



– 3.19* – 1.24 m, 1.83 m



– 3.01 d (10.5) – 1.22 m, 1.80 m



1.60 m, 1.77 m 1.93 m – 1.08 m, 1.60 m



16



1.24 m, 1.87 m



1.80 m



– 3.18* – 1.21 m, 1.81 m 1.81 m



1.57 m, 1.87 m



1.30 m, 1.75 m



17 18 19 20 21 22



1.75 m 1.02 s 0.91 s – 3.61*, 3.83* 1.50 m, 1.61 m



2.42 m 1.24 s 0.98 s – 3.15*, 3.90* 1.41 m, 1.69 m



, 3.95 m, 1.72



2.40 m 1.27 s 1.00 s – 3.15*, 3.88* 2.15 m, 2.51 m



2.46 m 1.25 s 1.00 s – 3.71* 1.60 m



2.11 1.02 0.91 – 5.12 1.61



23



2.00 m, 2.06 m



1.95 m, 2.02 m



m, 2.05



5.67 m



1.42 m, 1.81 m



3.42 m



24 25 26 27 28 29 30 12-OH 20-OH 21-OH 25-OH



5.12 – 1.69 1.65 1.03 0.87 0.92



5.09 – 1.66 1.62 1.03 0.88 0.75



2.47 1.26 1.01 – 3.16 1.45 m 1.98 m 5.12 – 1.69 1.65 1.06 0.91 0.78



t (8.0)



5.68 – 1.30 1.29 1.05 0.90 0.76



1.60 m, 0.97 m 1.50 m, 1.74 m 3.04* – 0.74 br d (11.5) 1.39 m, 1.46 m 1.21 m, 1.56 m – 1.43 m – 0.97 m,1.08 m 3.40 m 1.38 m – 1.43 m, 1.70 m 1.15 m, 1.76 m 2.02 m 0.90 s 0.82 s – 3.58 t (8.0) 1.24 m, 1.42 m 1.39 m, 1.64 m 1.80 m – 1.07 s 1.11 s 0.93 s 0.76 s 0.83 s 5.92 br s 5.65 s 3.99 d (8.0) 4.01 s



1.02 m, 1.60 m



2



1.02 m, 1.59 m 1.75 m, 1.85 m 3.17* – 0.85 br d (11.5) 1.60 m, 1.67 m 1.42 m, 1.60 m – 1.75* – 2.18*, 2.41*



2.00 – 1.23 1.21 1.05 0.91 0.80



5.70 – 3.95 1.70 1.03 0.87 0.93



t (8.0) s s s s s



t (8.0) s s s s s



3-ara 10 20 30 40 50



4.52 d (5.5) 3.25* 3.90* 4.04* 3.52 dd (12.0, 2.5), 3.91*



4.49 d (5.5) 3.86* 3.85* 4.03 m 3.51 dd (12.0, 2.5), 3.92*



20 -rha 100 200 300 400 500 600



5.22 br s 3.95* 3.75* 3.41* 3.88* 1.24 d (6.5)



5.22 br s 3.91* 3.72* 3.40* 3.89* 1.22 d (6.5)



30 -glc 1000 2000 3000 4000 5000 6000



4.51 d (7.5) 3.31* 3.42* 3.36* 3.32* 3.70*, 3.86*



21-glc 10 0 0 0 20 0 0 0 30 0 0 0 0 40 0 0 0 50 0 0 0



4.29 d (7.5) 3.25* 3.43* 3.35* 3.33*



m s s *



s s s s s



(3-xyl) 4.47 d (6.5) 3.62* 3.69* 3.70 m 3.28*, 3.96*



1.75 m, 1.85 m 3.17* – 0.85 br d (11.5) 1.60 m, 1.65 m 1.45 m, 1.60 m – 1.75* – 2.17*, 2.38*



1.83 m



d (16.0) s s s s s



m s s s s s



m s s s m, 2.29 m



d (8.5) s s s s s



4.51 d (5.5) 3.91* 3.89* 4.05 m 3.53 dd (12.0, 2.5), 3.89*



4.34 d (5.5) 3.71* 3.70* 3.85 m 3.38*, 3.70*



4.51 d (5.5) 3.92* 3.89* 4.04 m 3.52 dd (12.0, 2.5), 3.90*



4.52 d (5.5) 3.91* 3.89* 4.05 m 3.53 dd (12.0, 2.5), 3.91*



5.40 d (1.5) 3.99* 3.74* 3.42* 3.96* 1.24 d (6.5)



5.23 br s 3.94* 3.75* 3.42* 3.89* 1.24 d (6.5)



5.10 br s 3.46* 3.72* 3.20* 3.47* 1.07 d (6.5)



5.23 d (1.5) 3.95* 3.74* 3.41* 3.87* 1.23 d (6.5)



5.23 br s 3.95* 3.74* 3.42* 3.89* 1.24 d (6.5)



4.50 d (7.5) 3.33* 3.41* 3.36* 3.35* 3.70*, 3.85*



4.53 d (7.5) 3.31* 3.38* 3.35* 3.33* 3.68*, 3.90*



4.52 d (7.5) 3.32* 3.40* 3.37* 3.35* 3.71*, 3.87*



4.33 d (7.5) 3.05* 3.15* 3.04* 3.15* 3.44*, 3.65*



4.52 d (7.5) 3.34* 3.40* 3.37* 3.34* 3.71*, 3.85*



4.51 d (7.5) 3.33* 3.41* 3.36* 3.32* 3.70*, 3.87*



4.21 d (7.5) 3.21* 3.40* 3.32* 3.31*



4.22 d (7.5) 3.22* 3.38* 3.32* 3.30*



4.23 d (7.5) 3.24* 3.39* 3.33* 3.29* (continued on next page)
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Table 2 (continued) C 0000



a b *



1a



2a *



6



3.77 , 4.19 dd (11.5, 2.0)



60 0 0 0 -Glc 10 0 0 0 0 20 0 0 0 0 30 0 0 0 0 0 40 0 0 0 0 50 0 0 0 0 60 0 0 0 0



4.38 d (7.5) 3.25* 3.45* 3.37* 3.35* 3.70*, 3.86*



3a *



3.70 , 3.85



*



4a *



*



3.68 , 3.90



5b *



3.71 , 3.87



6a



7a



*



Measured in CD3OD. Measured in DMSO-d6. Overlapped signals, assignments were done by HSQC, HMBC, and COSY experiments.



data. The spatial proximities were observed between H-3 (dH 3.04) and H-5 (dH 0.74)/H-28 (dH 0.93) and between H-30 (dH 0.83) and H-12 (dH 3.40)/H-17 (dH 2.02) from the NOESY, conﬁrming that H3, H-5, H-12, and H-17 were all a-orientation. The conﬁguration at C-20 was suggested as S by the agreement of 13C NMR spectroscopic data of C-17 (dC 45.74), C-20 (dC 81.56), C-21 (dC 76.09), and C-22 (dC 29.19) for 5 (in DMSO-d6) with those reported for 3b,20S,21n,25-tetrahydroxy-21,24n-cyclodammarane3-O{[a-L-rhamnopyranosyl(1?2)][b-D-xylopyranosyl(1?3)]-b-D-6O-acetylglucopyranoside (in pyridine-d5) at dC 47.8 (C-17), 83.3 (C-20), 78.0 (C-21), and 32.3 (C-22), respectively (Yin et al., 2006b). Moreover, the hydroxyl proton at C-21 (dH 3.99) and H24 (dH 1.80) showed NOE correlations with the hydroxyl proton at C-20 (dH 5.65) suggesting that the two hydroxyl groups and H24 were on the same side of the cyclopentane ring (Fig. 3). Consequently, 5 was identiﬁed as 3b,12b,20S,21b,25-pentahydroxy21,24R-cyclodammarane 3-O-a-L-rhamnopyranosyl-(1?2)-[b-D-glucopyranosyl-(1?3)]-a-L-arabinopyranoside, named gypenoside VN5. The 1H and 13C NMR data of 6 were similar to those of 5, except for the presence of a carbonyl group in 6 instead of an oxymethine in 5, as also supported by the FTICR-MS peak at m/z 931.52120 [M+H]+ (calcd for C47H79O18, 931.52664). The 13C NMR chemical shifts from C-1 to C-17 of 6 were in good agreement with those of 2, 3, and 4 (Table 1), suggesting placement of the carbonyl group at C-12, and this was conﬁrmed by HMBC correlations from H-11 (dH 2.20, 2.38)/H-13 (dH 3.01)/H-17 (dH 2.46) to the carbonyl carbon C-12 (dC 216.14). Thus, the structure 3b,20S,21b,25-tetrahydroxy-21,24R-cyclodammarane-12-one 3-O-a-L-rhamnopyranosyl-(1?2)-[b-D-glucopyranosyl-(1?3)]-a-L-arabinopyranoside was deduced for 6, named gypenoside VN6.



The molecular formula of 7, C47H78O18, was determined by FTICR-MS peak at m/z 931.52356 [M+H]+ (calcd for C47H79O18, 931.52664). The 13C NMR spectrum of 7 established 47 carbon signals, of which 30 were assigned to an aglycone and 17 to a trisaccharide moiety. Detailed comparison of the 1H and 13C NMR spectroscopic data of 7 with those of 6 (Tables 1 and 2) suggested that both compounds have the same saccharide moiety at C-3, which was conﬁrmed by acid hydrolysis of 7 (see Section 4). The 13 C NMR spectroscopic data for the aglycone of 7 were similar to those of (23S)-3b,20n,21n-trihydroxy-21,23-epoxydammar-24-ene 3-O-[a-L-rhamnopyranosyl-(1?2)][b-D-xylopyranosyl-(1?3)]-b-D6-O-acetylglucopyranoside (Yin et al., 2006b), except for the presence of an additional oxymethylene (dC 62.28) in 7. The position of the oxymethylene at C-26 was assigned by HMBC correlations from H-24 (dH 5.70) and H-27 (dH 1.70) to the oxymethylene carbon C-26 (dC 62.28). The NOESY experiment allowed assignment of the relative stereochemistry of 7. Protons H-3, H-5, and H-17 were all in an a-orientation as indicated from NOE correlations between H-3 (dH 3.17) and H-5 (dH 0.80)/H-28 (dH 1.03) and between H-30 (dH 0.93) and H-17 (dH 2.11). The S conﬁguration at C-20 was determined by comparison of the 13C NMR chemical shifts of C-17 (dC 45.51) and C-20 (dC 85.53) of 7 with those of (20R)-3b,20,21n, 23n-tetrahydroxy-21,24n-cyclodammar-25-ene 3-O-[a-L-rhamnopyranosyl-(1?2)][b-D-xylopyranosyl-(1?3)]-b-D-6-O-acetylglucopyranoside [dC 50.4 (C-17) and 80.7 (C-20)] and (20S)-3b,20,21n, 25-tetrahydroxy-21,24n-cyclodammarane 3-O-[a-L-rhamnopyranosyl-(1?2)][b-D-xylopyranosyl-(1?3)]-b-D-6-O-acetylglucopyranoside [dC 47.8 (C-17) and 83.0 (C-20)] (Yin et al., 2006b). The conﬁguration at C-23 was also suggested as S by the good agreement of the 13C NMR spectroscopic data of C-22 (dC 44,43), OH
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R = α-L-rhamnopyranosyl-(1 2)-[β-D-glucopyranosyl-(1 3)]-α-L-arabinopyranoside Fig. 3. Key NOE correlations of 4 and 5.



C-23 (dC 73.91), and C-24 (dC 129.26) for 7 with those reported for (23S)-3b,20n,21n-trihydroxy-21,23-epoxydammar-24-ene3-O-[aL-rhamnopyranosyl(1?2)][b-D-xylopyranosyl(1?3)]-b-D-glucopyranoside [dC 45.3 (C-22), 73.6 (C-23), and 130.3 (C-24)] (Yin et al., 2006b). Moreover, H-21 (dH 5.12) showed no NOE correlations with H-23 (dH 3.42) suggesting that these two protons were on opposite sides of the furan ring. From all above evidence, 7 was elucidated as (23S)-3b,20b,21b,26-tetrahydroxy-21,23-epoxydammar-24-ene 3-O-a-L-rhamnopyranosyl-(1?2)-[b-D-glucopyranosyl-(1?3)]-a-L-arabinopyranoside, named gypenoside VN7. Compounds 1–7 were evaluated for their cytotoxic activity against ﬁve human cancer cell lines after continuous exposure for 72 h. These compounds displayed moderate cytotoxic activity against four human cancer cell lines, A549 (lung), HT-29 (colon), MCF-7 (breast), and SK-OV-3 (ovary), with IC50 values ranging from 19.6 ± 1.1 to 43.1 ± 1.0 lM, as well as being either weakly active or inactive against the HL-60 (acute promyelocytic leukemia) cell line (Table 3). These results indicated that the compounds might possess cytotoxicity via changes of adherent properties in adenocarcinoma cells such as A549, HT-29, MCF-7, and SK-OV-3. Thus, the previous reports for gypenosides (Chen et al., 2006; Wang et al., 2002, 2007) and our ﬁndings, suggest that effects of the new gypenosides (1–7) on the induction of apoptosis in adenocarcinoma cells require further investigation for medicinal purposes directed towards anti-tumor activity.



However, 21,24-cyclo derivatives of this type of saponin are quite rare. With numerous isolated dammarane-type saponins, only four 21,24-cyclo derivatives were previously reported from G. pentaphyllum (Yin et al., 2006b). And we now report more two ones, gypenosides VN5 (5) and VN6 (6). Due to the structural differences from the others, 21,24-cyclo derivatives of dammarane-type saponins can be used for chemical taxonomy of G. pentaphyllum species. 4. Experimental 4.1. General Optical rotations were determined on a Jasco DIP-1000 KUY polarimeter. Electrospray ionization (ESI) mass spectra are acquired using an AGILENT 1200 LC-MSD Trap spectrometer, whereas high resolution mass spectra were obtained using a Varian 910 FTICR mass spectrometer. The 1H NMR (500 MHz) and 13 C NMR (125 MHz) spectra were recorded on a Bruker AM500 FT-NMR spectrometer with TMS as internal standard. Column chromatography (CC) was performed on silica gel (Kieselgel 60, 70–230 and 230–400 mesh) (Merck, Darmstadt, Germany) and YMC RP-18 resins (30–50 lm) (Fujisilisa Chemical Ltd., Aichi, Japan). Thin layer chromatography (TLC) was performed on DCAlufolien 60 silica gel F254 (Merck 1.05554.0001) or DC Platen RP18 F254s (Merck 1.15685.0001) plates. Spots were visualized by spraying 10% H2SO4 aqueous and heating for 5 min.



3. Concluding remarks 4.2. Plant material In conclusion, seven new dammarane-type saponins, gypenosides VN1–VN7 (1–7) were isolated and elucidated from total saponin extract of G. pentaphyllum aerial parts. They exhibited moderate in vitro cytotoxicity on four human cancer cell lines. To date, hundreds of dammarane-type saponins have been reported throughout the world, mainly from Panax and Gynostemma species.



Aerial parts of G. pentaphyllum (Thunb.) Makino (Cucurbitaceae) were collected at Caobang province, Vietnam, in September 2005, and identiﬁed by Prof. Vu Van Chuyen, Hanoi University of Pharmacy. A voucher specimen (No DK-01-DK-02) was deposited at the herbarium of Hanoi University of Pharmacy, Hanoi, Vietnam.
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MS (positive-ion mode) m/z: 1115.56630 [M+Na]+ (calcd for C53H88O23Na, 1115.56141).



Table 3 Effects of 1–7 on growth of human cancer cells. Compounds



1 2 3 4 5 6 7 MXb



IC50 (lM)a HL-60 (leukemia)



MCF-7 (breast)



HT-29 (colon)



A549 (lung)



SK-OV-3 (ovary)



62.8 ± 1.9 >100 >100 >100 72.6 ± 3.6 82.4 ± 3.2 >100 8.1 ± 0.6



22.6 ± 2.0 21.4 ± 1.3 41.9 ± 1.1 39.2 ± 3.3 19.8 ± 1.0 25.4 ± 1.1 32.0 ± 2.1 11.0 ± 0.8



30.5 ± 1.9 43.1 ± 1.0 32.6 ± 1.3 20.2 ± 2.1 37.5 ± 1.0 42.3 ± 1.1 36.4 ± 1.7 7.8 ± 1.0



22.5 ± 1.4 19.6 ± 1.1 26.8 ± 1.8 28.8 ± 2.4 22.5 ± 1.6 21.4 ± 1.5 28.5 ± 2.0 9.0 ± 0.9



28.6 ± 1.4 33.1 ± 0.9 35.4 ± 1.0 27.7 ± 1.4 29.7 ± 1.7 21.4 ± 1.6 35.6 ± 1.1 12.0 ± 1.0



a IC50 (Concentration that inhibits 50% of cell growth). Compounds were tested at a maximum concentration of 100 lM. Data are presented as the mean ± SD of experiments performed in triplicate. b Mitoxantrone (MX), an anticancer agent, was used as reference compound.



4.3. Extraction and isolation Air-dried and powdered aerial parts of G. pentaphyllum (5 kg) were defatted with petroleum ether and extracted with hot MeOH (50 °C, 3  5 L) to give the methanol extract (500 g). The latter was dissolved in hot absolute EtOH (5 L) with the insoluble solids removed. The ethanol-soluble portion was then concentrated and precipitated using acetone (2.0 L). Then the solvent was removed by ﬁltration to obtain a crude saponin extract (200 g). A part of this extract (50 g) was applied to silica gel CC using stepwise gradient elution with CHCl3–MeOH–H2O from 4:1:0.1 to 2:1:0.1 (v/v/v) to yield six fractions, SP1–SP6. Compounds 5 (21 mg), 6 (15 mg), and 7 (17 mg) were puriﬁed from fraction SP3 (7.5 g) after subjecting it to YMC RP-18 CC eluted with acetone–H2O (1:1.5, v/v), followed by silica gel CC using CHCl3–MeOH–H2O (3:1:0.2, v/v/v). Fraction SP4 (6.7 g) was further separated on silica gel CC with CHCl3–MeOH–H2O (2.5:1:0.25, v/v/v) as eluent, followed by YMC RP-18 CC with MeOH–H2O (1:1, v/v) to obtain compounds 2 (25 mg), 3 (15 mg), and 4 (30 mg). Finally, compound 1 (19 mg) was isolated from fraction SP5 (5.5 g) by silica gel CC eluting with CHCl3–MeOH–H2O (1.5:1:0.3, v/v/v). 4.3.1. Gypenoside VN1 (1) 1 Amorphous white powder; ½a25 D +6.5 (c 0.25, MeOH); for H (CD3OD, 500 MHz) and 13C NMR (CD3OD, 125 MHz) spectroscopic data, see Tables 1 and 2; FTICR-MS (positive-ion mode) m/z: 1247.63991 [M+Na]+ (calcd for C59H100O26Na, 1247.64006). 4.3.2. Gypenoside VN2 (2) 1 Amorphous white powder; ½a25 D 7.6 (c 0.25, MeOH); for H 13 (CD3OD, 500 MHz) and C NMR (CD3OD, 125 MHz) spectroscopic data, see Tables 1 and 2; ESI-MS (positive-ion mode) m/z: 1077 [M+H]+, 1099 [M+Na]+; FTICR-MS (positive-ion mode) m/z: 1077.58553 [M+H]+ (calcd for C53H89O22, 1077.58455). 4.3.3. Gypenoside VN3 (3) 1 Amorphous white powder; ½a25 D 10.1 (c 0.25, MeOH); for H 13 (CD3OD, 500 MHz) and C NMR (CD3OD, 125 MHz) spectroscopic data, see Tables 1 and 2; ESI-MS (positive-ion mode) m/z: 1077 [M+H]+, 1099 [M+Na]+; FTICR-MS (positive-ion mode) m/z: 1077.58418 [M+H]+ (calcd for C53H89O22, 1077.58455). 4.3.4. Gypenoside VN4 (4) 1 Amorphous white powder; ½a25 D 8.4 (c 0.25, MeOH); for H 13 (CD3OD, 500 MHz) and C NMR (CD3OD, 125 MHz) spectroscopic data, see Tables 1 and 2; ESI-MS (positive-ion mode) m/z: 1115 [M+Na]+; ESI-MS (negative-ion mode) m/z: 1091 [MH]; FTICR-



4.3.5. Gypenoside VN5 (5) +3.2 (c 0.25, MeOH); 1H Amorphous white powder; ½a25 D (DMSO-d6, 500 MHz) and 13C NMR (DMSO-d6, 125 MHz) spectroscopic data, see Tables 1 and 2; ESI-MS (positive-ion mode) m/z: 955 [M+Na]+; FTICR-MS (positive-ion mode) m/z: 933.54573 [M+H]+ (calcd for C47H81O18, 933.54229). 4.3.6. Gypenoside VN6 (6) 1 Amorphous white powder; ½a25 D 1.3 (c 0.25, MeOH); for H (CD3OD, 500 MHz) and 13C NMR (CD3OD, 125 MHz) spectroscopic data, see Tables 1 and 2; ESI-MS (positive-ion mode) m/z: 1077 [M+H]+, 1099 [M+Na]+; FTICR-MS (positive-ion mode) m/z: 931.52120 [M+H]+ (calcd for C47H79O18, 931.52664). 4.3.7. Gypenoside VN7 (7) 1 Amorphous white powder; ½a25 D +1.5 (c 0.25, MeOH); for H 13 (CD3OD, 500 MHz) and C NMR (CD3OD, 125 MHz) spectroscopic data, see Tables 1 and 2; ESI-MS (positive-ion mode) m/z: 1077 [M+H]+, 1099 [M+Na]+; FTICR-MS (positive-ion mode) m/z: 931.52356 [M+H]+ (calcd for C47H79O18, 931.52664). 4.4. Acid hydrolysis of 1–7 Compounds 1–7 (each 2.0 mg) were separately dissolved in 1.0 N HCl (dioxane–H2O, 1:1, v/v, 1.0 ml) and heated to 80 °C in a water bath for 3 h. Each acidic solution was then neutralized with Ag2CO3 with the solvent removed overnight under a N2 stream. After extraction with CHCl3, the aqueous layer was concentrated to dryness using N2. The residue was dissolved in dry pyridine (0.1 ml), followed by addition of L-cysteine methyl ester hydrochloride in pyridine (0.06 M, 0.1 ml). The reaction mixture was then heated at 60 °C for 2 h. Trimethylsilylimidazole solution (0.1 ml) was next added, followed by heating at 60 °C for 1.5 h. The dried product was partitioned between n-hexane and water (0.1 ml each), with the organic layer analyzed by gas chromatography (GC): column SPB-1 (0.25 mm  30 m), detector FID, column temp 210 °C, injector temp 270 °C, detector temp 300 °C, carrier gas He (2 ml/min). Under these conditions, the standard sugars gave peaks at tR (min) 8.55 and 9.25 for D- and L-glucose, 4.72 and 9.16 for D- and L-arabinose, 4.02 and 9.17 for D- and L-xylose, and 5.31 for L-rhamnose, respectively. Peaks at tR (min) 8.55, 9.16, and 5.31 of D-glucose, L-arabinose, and L-rhamnose for 1, 2, and 4–7, while 8.55, 4.02, and 5.31 of D-glucose, D-xylose, and Lrhamnose for 3, were observed. 4.5. Cytotoxicity tests Effects of compounds 1–7 on growth of human cancer cells were determined by measuring metabolic activity using a 3-[4,5dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) assay (Carmichael et al., 1987), with ﬁve human cancer cell lines including HL-60 (acute promyelocytic leukemia), A549 (lung), HT-29 (colon), MCF-7 (breast), and SK-OV-3 (ovary). Cell lines were obtained from the Korea Cell Line Bank (KCLB, Seoul, Korea) and grown in RPMI 1640 medium supplemented with 10% fetal bovine serum and penicillin/streptomycin (100 U/ml and 100 lg/ml, respectively) at 37 °C in a humidiﬁed 5% CO2 atmosphere. The exponentially growing cells were used throughout the experiments. The MTT assays were performed as follows: human cancer cell lines (1.5  2.5  105 cells/ml) were treated for 3 d with 1.0, 10, 30, and 100 lM of compounds 1–7, as well as 1.0, 3.0, 10, and 20 lM of mitoxantrone (MX), respectively. After incubation, 0.1 mg (50 ll of a 2.0 mg/ml solution) MTT (Sigma, Saint Louis,
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