Cucurbitane-type glycosides from the fruits of Momordica charantia and their hypoglycaemic and cytotoxic activities
Li-Jie Zhang a,1 Chia-Ching Liaw b,1, Ping-Chun Hsiao a,c, Hui-Chi Huang d, Ming-Jen Lin b, Zhi-Hu Lin a, Feng-Lin Hsu c,*, Yao-Haur Kuo a,e,*
a Division of Herbal Drug and Natural Products, National Research Institute of Chinese
Medicine, Taipei 112, Taiwan
b R&D Department, Starsci Biotech Co. Ltd., Taipei 112, Taiwan
c Graduate Institute of Pharmacognosy, Taipei Medical University, Taipei 110, Taiwan
d Department of Chinese Pharmaceutical Sciences and Chinese Medicine Resources, China Medical University, Taichung 404, Taiwan
e Graduate Institute of Integrated Medicine, College of Chinese Medicine, China Medical University, Taichung 404, Taiwan
*Corresponding Authors. Tel.: +886-2-2820-1999 ext. 7061; Fax: +886-2-2823-6150. E-mail address: kuoyh@nricm.edu.tw (Y. H. Kuo); hsu0320@tmu.edu.tw (F. L. Hsu), Tel: +886-2-27361661.
1 These authors contributed equally to this work.
ABSTRACT  
Eight new cucurbitane-type glycosides, kuguasaponins A-H (1-8), and six known compounds (9-14), were isolated by the bioassay-directed fractionation of the fruits of Momordica charantia. The structures of the compounds were established via spectroscopic analyses, including NMR, IR, and MS techniques. The stereochemistry of the isolated cucurbitanes was further determined using X-ray crystallographic analysis, NOESY experiments, and acid hydrolysis, as well as comparison with the cucurbitanes reported in the literature. The HPLC profiles of the active fraction by an ELSD detector were established and used to identify the 7 main peaks of the isolated cucurbitanes. Pharmacological studies on the anti-hyperglycaemic effects revealed that compounds 2, 3, 7, 8, and 13 exhibited strong bioactivities at 10 M based on the glucose uptake assay. In addition, compounds 2-5, and 14 exhibited moderate cytotoxicity against MCF-7, Doay, HEp-2, and WiDr human tumour cell lines and no activity against the M10 cell line. 
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1. Introduction
According to the International Diabetes Federation, more than 300 million people, approximately 6% of the world’s adult population, have diabetes, and the number is expected to increase by 7 millions each year to over 380 millions by 2025. Type II diabetes, also known as non-insulin dependent diabetes, accounts for at least 90% of all cases of diabetes and is characterized by chronic hyperglycaemia as a result of insulin resistance and a relative insulin deficiency. Up to 30% of patients with diabetes, especially in Asia and India, use complementary and alternative medicine, including the use of traditional Chinese herbs and other dietary supplements (Ryan, Pick, & Marceau, 2001; Nahas & Moher, 2009). The fruit of Momordica charantia L., also known as bitter melon or kugua, is a popular plant that has been used for hundreds of years in Asia, Indian, Africa, and South America to treat and prevent diabetes-related diseases.  Modern scientific evidence indicates that it is one of the most promising alternative medicines for the disease (Nahas & Moher, 2009; Lee, Eom, Kim, Park, & Park, 2009). In various animal studies, extracts of M. charantia have shown anti-hyperglycaemia activity, to enhance insulin sensitivity and lipolysis, and to suppress postprandial hyperglycaemia in rats (Leung, Birtwistle, Kotecha, Hannah, & Cuthbertson, 2009; Chen, Chan, & Li, 2003; Chen, & Li, 2005). In addition, studies have shown that the aqueous extract of its fruits have antitumour activities and inhibit tumour formation in CBA/H mice (Jilka, Strifler, Fortner, Hays, & Takemoto, 1983).
M. charantia, which belongs to the family of Cucurbitaceae, is widely cultivated as a vegetable crop in India and tropical Asian countries. Previous phytochemical studies have shown that M. charantia contains triterpenoids (Chen et al., 2008a; Chang et al., 2008; Chen et al., 2009; Begum, Ahmed & Siddiqui, 1997), saponins (Murakami, Emoto, Matsuda, & Yoshikawa, 2001; Akihisa et al., 2007; Chen et al., 2008b), polypeptides (Yuan, Gu, & Tnang, 2008), flavonoids (Wen, & Liu, 2007), alkaloids (Okabe, Miyahara, & Yamauchi, 1980), and sterols (Chang et al., 2008). Among these, the major chemical constituents are the tetracyclic triterpenoids and their glycosides, most of which are referred to as cucurbitanes, and are well-known for their bitterness and toxicity. Many pharmacological studies further indicated that cucurbitanes from M. charantia are responsible for their anti-diabetic and hypoglycaemia activities (Chen, Chiu, Nie, Cordell, & Qiu, 2005).
In this study, we used a targeted approach to investigate the active chemical constituents from the fruits of M. charantia and the anti-hyperglycaemia and cytotoxic activities of their compounds. The chemical structures of all isolated compounds were elucidated through detailed spectroscopic analyses, including 2D NMR experiments (1H-1H COSY, HSQC, and HMBC) and spectroscopic comparisons with related compounds. The configurations of the isolated cucurbitanes were determined using NOESY experiments and X-ray diffraction analysis. The anti-hyperglycemia activity of cucurbitanes was tested using a glucose uptake assay on myoblast C2Cl2 cells. The cytotoxicity of these compounds is also reported.
2. Materials and methods
2.1 General
The optical rotations were determined using a JASCO P-2000 polarimeter (Jasco Co., Tokyo, Japan). The infrared (IR) spectra were measured on a Mattson Genesis II spectrophotometer (Thermo Nicolet, WI, USA). Electrospray ionization mass spectrometry (ESIMS) data were obtained on an LCQ mass spectrometer (Thermo Finnigan Co., CA, USA). High-resolution electronic ionization mass spectrometry (HREIMS) data were measured on a Finnigan MAT-95XL mass spectrometer (Thermo Finnigan Co., CA, USA). Nuclear magnetic resonance (NMR) spectra were recorded using a Bruker NMR (Unity Plus 400 MHz) (Bruker BioSpin, Rheinstetten, Germany), with C5D5N as the solvent for the measurement. Diaion HP-20 (Mitsubishi Chemical Co., Tokyo, Japan), Sephadex LH-20 (GH Healthcare, Uppsala, Sweden), and silica gel 60 (Merck 70-230 and 230-400 mesh, Merck, Darmstadt, Germany) were used for column chromatography, and precoated silica gel (Merck 60 F-254) plates were used for TLC. The spots on TLC were detected by spraying with an anisaldehyde-sulphuric acid solution and heating at 100 °C. HPLC separations were performed on a Shimadzu LC-6AD series instrument (Shimadzu, Kyoto, Japan) with an SPD-10A UV detector and a Varian 380-LC ELSD detector, which was equipped with a 10 mm i.d. × 250 mm preparative Cosmosil 5C18 AR-II column (Nacalai Tesque, Inc., Kyoto, Japan).
2.2 Plant material
The fruits of the Taiwanese M. charantia were purchased in Nantou County, Taiwan in August 2009 and were identified by Dr. Syh-Yuan Hwang of the Endemic Species Research Institute, Council of Agriculture, Taiwan. A voucher specimen (NRICM, No. 20090702) has been deposited in the National Research Institute of Chinese Medicine, Taipei, Taiwan.
2.3 Extraction and isolation
The fresh fruits of Taiwanese M. charantia (wet, 3.6 kg) were submitted to extraction three times with 70% EtOH (7.0 L) at 50 °C for 24 h, and the samples were concentrated under reduced pressure. The EtOH extract (75 g) was subjected to Diaion HP-20 column chromatography (9 × 50 cm), with elution by H2O, EtOH-H2O=40:60, EtOH-H2O=70:30, EtOH-H2O=95:5, and EtOAc (each 2.5 L), respectively, to obtain five fractions (Fr. 1-5). Fr. 4 (6.8 g) was further fractioned with a step gradient elution of CHCl3-MeOH (from 50:1 to 0:1) on a silica gel column (4 × 40 cm) to afford twelve subfractions (Fr. 4-1 to Fr. 4-12) after combination of the chromatographic fractions. Fr. 4-5 (450 mg) was isolated and purified using reverse-phase high performance liquid chromatography (RP-HPLC) with ELSD detection and elution with MeOH-H2O=60:40 to obtain compounds 1 (13.9 mg), 11 (12.3 mg), and 12 (2.3 mg). Fr. 4-6 (1.06 g) was subjected to a C18 solid phase extraction (SPE) column with MeOH-H2O and was further purified using RP-HPLC (MeOH-H2O=55:45) to yield compounds 9 (16.3 mg) and 10 (6.3 mg). Fr. 4-7 (690 mg) was separated via RP-HPLC elution with MeOH-H2O=65:35 to give compounds 2 (125.7 mg), 3 (16.4 mg), 4 (14.8 mg), 5 (12.8 mg), and 14 (7.5 mg). By applying SPE column separation and RP-HPLC (MeOH-H2O=60:40) chromatography on Fr. 4-10 (250 mg), compounds 8 (18.8 mg) and 13 (5.0 mg) were obtained. Fr. 4-11 (235 mg) was further purified with RP-HPLC by MeOH-H2O=55:45 to yield compounds 6 (35.6 mg) and 7 (8.4 mg).
2.4. Spectral measurements
Kuguasaponin A (1): white amorphous powder; [(]25 D -78.6 (c 0.99, MeOH); IR (KBr) νmax 3369, 2948, 2873, 1732, 1634, 1463, 1374, 1260, 1136, 1082, 1032 cm−1; 1H- (400 MHz, pyridine-d5) and 13C- (100 MHz, pyridine-d5) NMR data, see Table 1; ESIMS m/z 617 [M+H]+; HRESIMS m/z 617.4078 [M+H]+ (calcd. for C36H56O8, 617.4054).
Kuguasaponin B (2): white amorphous powder; [(]25 D +57.1 (c 0.64, MeOH); IR (KBr) νmax 3376, 2972, 2931, 2874, 1707, 1652, 1456, 1384, 1258, 1153, 1072, 1041 cm−1; 1H- (400 MHz, pyridine-d5) and 13C- (100 MHz, pyridine-d5) NMR data, see Table 2; ESIMS m/z 685 [M+Na]+; HRESIMS m/z 685.4287 [M+Na]+ (calcd. for C38H62O9Na, 685.4294).
Kuguasaponin C (3): white amorphous powder; [(]25 D +21.0 (c 0.64, MeOH); IR (KBr) νmax 3384, 2949, 2875, 1710, 1652, 1463, 1383, 1258, 1159, 1073, 1038, 1017 cm−1; 1H- (400 MHz, pyridine-d5) and 13C- (100 MHz, pyridine-d5) NMR data, see Table 2; ESIMS m/z 685 [M+Na]+; HRESIMS m/z 685.4291 [M+Na]+ (calcd. for C38H62O9Na, 685.4294). 
Kuguasaponin D (4): white amorphous powder; [(]25 D +16.3 (c 0.64, MeOH); IR (KBr) νmax 3387, 2974, 2950, 2867, 1709, 1654, 1458, 1382, 1259, 1157, 1073, 1036 cm−1; 1H- (400 MHz, pyridine-d5) and 13C- (100 MHz, pyridine-d5) NMR data, see Table 2; ESIMS m/z 685 [M+Na]+; HRESIMS m/z 685.4289 [M+Na]+ (calcd. for C38H62O9Na, 685.4294).
Kuguasaponin E (5): white amorphous powder; [(]25 D +80.2 (c 0.92, MeOH); IR (KBr) νmax 3382, 2936, 2875, 1707, 1655, 1446, 1382, 1075, 1040, 1013 cm−1; 1H- (400 MHz, pyridine-d5) and 13C- (100 MHz, pyridine-d5) NMR data, see Table 3;ESIMS m/z 685 [M+Na]+; HRESIMS m/z 685.4298 [M+Na]+ (calcd. for C38H62O9Na, 685.4294).
Kuguasaponin F (6): white amorphous powder; [(]25 D +43.5 (c 1.15, MeOH); IR (KBr) νmax 3380, 2945, 2876, 1710, 1634, 1455, 1382, 1074, 1040 cm−1; 1H- (400 MHz, pyridine-d5) and 13C- (100 MHz, pyridine-d5) NMR data, see Table 3; ESIMS m/z 817 [M+Na]+; HRESIMS m/z 817.4343 [M+Na]+ (calcd. for C42H66O14Na, 817.4353).
Kuguasaponin G (7): white amorphous powder; [(]25 D -62.6 (c 0.58, MeOH), IR (KBr) νmax 3367, 2931, 2872, 1446, 1374, 1260, 1076, 1032 cm−1; 1H- (400 MHz, pyridine-d5) and 13C- (100 MHz, pyridine-d5) NMR data, see Table 1; ESIMS m/z 781 [M+H]+; HRESIMS m/z 781.4711 [M+H]+ (calcd. for C42H69O13, 781.4739). 
Kuguasaponin H (8): white amorphous powder; [(]25 D +41.5 (c 0.64, MeOH); IR (KBr) νmax 3405, 2933, 2875, 1588, 1458, 1409, 1382, 1104, 1071, 1031 cm−1; 1H- (400 MHz, pyridine-d5) and 13C- (100 MHz, pyridine-d5) NMR data, see Table 1; ESIMS m/z 659 [M+Na]+; HRESIMS m/z 659.4155 [M+Na]+ (calcd. for C36H60O9Na, 659.4137).
2.5. Single-crystal X-ray structure determination 
2.5.1. (23E)-5,19-epoxycucurbita-6,23-dien-3,25-diol (9)
A suitable colorless crystal (0.68 × 0.47 × 0.40 mm3) of compound 9 for diffraction was obtained by simple evaporation from methanol solution. Crystal data: C30H48O3, orthorhombic, a = 10.411(2) Å, b = 11.092(2) Å, c =22.927(5) Å, V = 2647.5(10) Å3, space group P212121, Z = 4, Dcalcd 1.146 Mg/m3, λ= 0.71073 Å, μ(Mo Ka) 
0.071 mm-1, F(000) = 1008, T = 296(2) K. A total of 17608 reflections collected, of which 4493 unique reflections (Rint = 0.0325) with I>2σ(I) were used for the analysis. The data were solved using the direct method, and the structure was refined by full-matrix least-squares procedure on F2 values. All non-hydrogen atoms were refined with anisotropic thermal parameters. The hydrogen atom positions were geometrically idealized and allowed to ride on their parent atoms. The final indices were R1 
0.0462, wR2
 0.1197 with goodness of-fit = 1.109. The final X-ray model is shown in Fig. 3.

2.5.2. 3,,25-trihydroxyepoxycucurbita-5,23(E)-dien-19-ol (11)
A suitable colorless crystal (0.58 × 0.41 × 0.30 mm3) of compound 11 for diffraction was obtained by simple evaporation from methanol solution. Crystal data: C30H48O4, orthorhombic, a = 7.6696(5) Å, b = 19.1690(9) Å, c =19.2770(9) Å, V = 2834.1(3) Å3, space group P212121, Z = 4, Dcalcd 1.108 Mg/m3, λ= 0.71073 Å, μ(Mo Ka)
0.071 mm-1, F(000) = 1040, T = 296(2) K. A total of 19119 reflections collected, of which 4903 unique reflections (Rint = 0.0442) with I>2σ(I) were used for the analysis. The data were solved using the direct method, and the structure was refined by full-matrix least-squares procedure on F2 values. All non-hydrogen atoms were refined with anisotropic thermal parameters. The hydrogen atom positions were geometrically idealized and allowed to ride on their parent atoms. The final indices were R1
0.0514, wR2
0.1341 with goodness of-fit = 1.077. The final X-ray model is shown in Fig. 3.
2.6. Acid hydrolysis of cucurbitane-type glycosides
Each isolated cucurbitane (2.0 mg) was each treated with 2N methanolic HCl (2 mL) under conditions of reflux at 90 °C for 1 h. Each mixture was extracted with CH2Cl2 to afford the aglycone portion, and the aqueous layer was neutralized with Na2CO3 and filtered. To the evaporated filtrate was added 1-(trimethylsilyl)imidazole and pyridine (0.2 mL), and the mixture was stirred at 60 °C for 5 min. After the reaction mixture was dried under a stream of N2, each residue was partitioned between CHCl3 and H2O. Each CH2Cl2 fraction was subjected to gas chromatography (GC, column: Varian capillary column CP-chirasil-L-val for optical isomers, 25 m × 0.25 mm, 0.12 μm; column temperature, 50-150 °C, 30 °C/min, 150−180 °C, 0.8 °C /min; injector temperature, 200 °C; He carrier gas, 2.0 kg/cm3; mass detector, Thermo, DSQ2; electron energy, 70 eV). Under these conditions, the sugars of each reactant were identified by comparison with authentic standards: tR (min) 30.60 (D-glucose) and 30.22 (L-glucose). The D-ribo-hexos-3-ulose (3-Keto-Glc) was confirmed by comparing the NMR data and the optical rotation value with the reported literature.
2.7. Anti-hyperglycemia activity
The glucose uptake assay was analyzed by measuring the uptake of Ci 2-deoxy-[3H]-d-glucose as described previously (Rudich et al., 2003). A mouse skeletal muscle cell line, C2C12 myoblasts (ATCC), were grown in DMEM supplemented with 10% FBS, 100 unit/mL penicillin G, and 100 mg/mL streptomycin (37 °C; 5% CO2). After 4-6 days, the myoblasts had fused to form multinucleated myotubes. The cells were grown to 80-90% confluence before differentiation (initiated by replacing the growth media with DMEM with 2% horse serum). The C2C12 myoblast cells grown in a 12-well plate were subjected to a glucose uptake assay. Before treatment for 1 h, 10 µM of sample was placed in each well, and the medium was removed. The samples were incubated with KRP buffer, including 0.5 Ci/mL 2-deoxy-d-[3H] glucose (GE Healthcare) at 37 °C. After 30 min, glucose uptake was terminated by washing the cells three times with cold PBS. The cells were lysed, and the radioactivity retained by the cell lysates was measured by scintillation counting. Insulin was used as a positive control.
2.8. Cytotoxicity assay

The cytotoxicity of the isolated cucurbitanes was tested against MCF-7 (human breast adenocarcinoma), Doay (human medulloblastoma), HEp-2 (human laryngeal carcinoma), and WiDr (human colon adenocarcinoma) tumor cell lines and the M10 (human mammary epithelial) cell line in vitro using the MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] colorimetric method based on previously published procedures (Zhang et al., 2010). Mitomycin c was used as a positive control.
3. Results and Discussion
3.1 General 

The fresh fruits of M. charantia were submitted to extraction three times with 70% EtOH under conditions of reflux at 50 °C. The combined extract was suspended in water and chromatographed using a Diaion HP-20 column to yield five factions. A preliminary cytotoxic screening assay showed that Fraction 4 had moderate cytotoxicity against breast adenocarcinoma (MCF-7, IC50 = 30.52 μg/mL), laryngeal carcinoma (HEp-2, IC50 = 32.43 μg/mL), and colon adenocarcinoma (WiDr, IC50 = 26.53 μg/mL) human tumor cell lines. Extensive chromatography of the bioactive fractions using a silica gel column, an RP-SPE column, and an RP-HPLC with ELSD detector resulted in eight new cucurbitane glycosides, kuguasaponins A-H (1-8), and six known compounds: 23(E)-5,19-epoxycucurbita-6,23-dien-3,25-diol (9), goyaglycoside-a (10), 3,7,25-trihydroxycucurbita-5,23(E)-dien-19-al (11), momordicines I (12) and IV (13), and kuguaglycoside C (14) (Fig. 1).
3.2. Structure elucidation of the new cucurbitane-type glycosides
Kuguasaponin A (1), [(]25 D -78.6 (MeOH), had a molecular formula of C36H56O8, established by NMR and HRESIMS (m/z 617.4078 [M+H]+, calcd for C36H57O8, 617.4054), indicating nine degrees of unsaturation. The IR spectrum showed the absorption band diagnostic of a hydroxyl, a double bond, and ketone functional groups at 3369, 1732, and 1634 cm−1, respectively. The 13C-NMR (Table 1) and DEPT spectra showed resonances of 36 carbons composed of the seven methyls (C 15.0, 18.8, 20.0, 20.8, 25.6, and 30.8 × 2), seven methylenes (C 18.9, 23.9, 27.2, 28.1, 30.9, 33.3, and 39.4), two oxygenated methylenes (C 62.4 and 80.0), four methines (C 36.5, 41.0, 50.1, and 52.1), four oxygenated methines (C 73.9, 78.4, 78.7, and 87.0), four olefinic carbons (C 124.1, 129.8, 134.1, and 141.6), four quaternary carbons (C 39.0, 45.2, 45.3, and 48.8), and two oxygenated quaternary carbons (C 69.7 and 85.4), along with ketone (C 207.9) and the anomeric carbons (C 108.6). The 1H-NMR spectrum (Table 1) clearly indicated that compound 1 contained six tertiary methyls (δH 0.73, 0.81, 0.92, and 1.53 × 3), one secondary methyl [δH 0.93 (d, J = 6.0 Hz)], three oxymethine protons [δH 3.57 (d, J = 8.0 Hz), 3.64 (br s), and 3.71 (d, J = 8.0 Hz)], and four olefinic protons [δH 5.55 (dd, J = 9.6, 3.2 Hz), 5.89 (d, J = 15.6 Hz), 5.92 (dd, J = 15.6, 7.2 Hz), and 6.19 (br d, J = 9.6 Hz)], as well as a sugar moiety, including one anomeric proton [δH 4.85 (d, J = 7.6 Hz)] and five protons [δH 3.86 (m), 4.43 (br d, J = 11.6 Hz), 4.54 (dd, J = 11.6, 4.0 Hz), 4.74 (br d, J = 8.0 Hz), and 4.89 (br d, J = 10.0 Hz)]. The analysis of the 13C and 1H NMR spectroscopic data of 1, as well as its molecular formula, suggested that compound 1 is a cucurbitane-type triterpene glycoside whose aglycone was the same as those of (23E)-5,19-expoxycucurbita-6,23-dien-3,25-diol (9) from enzymatic hydrolysis of momordicoside I (Okabe, Miyahara, & Yamauchi, 1982). The 1H-1H COSY and HMBC correlations (Supplementary data, Fig. S1) fully established the planar structure of compound 1 except for the sugar moiety. In the NOESY experiments of 1 (Fig. 3), the correlations between H-3/Me-28, Me-29; H-10/Me-29, Heq-1, Me-30; and Me-30/H-17 were found, indicating the -orientations of H-3, H-10, H-17, and Me-30. However, the NOESY correlations of H2-19/H-8; and Me-18/H-8, H-20 suggested -orientations of H-8, Me-18, H2-19, and H-20. Fortunately, the structure of compound 9, which included absolute stereochemistry at the 9 chiral centers, was able to be defined by X-ray crystallographic analysis (Fig. 3) for the first time. Based on the above observations, together with the biosynthesis pathway, the aglycone stereochemistry of compound 1 is the same as that of 9, having configurations of 3S, 5R, 6Z, 8S, 9R, 10S, 13R, 14S, 17R, 20R, and 23E.
The structure of the sugar moiety in 1 was established by 1H-1H COSY (H-1'/H-2'; H-4'/H-5' and H-5'/H2-6') and HMBC (H-1'/C-2', C-3; H-2'/C-3'; and H-4'/C-3', H-5'/C-3') correlations and was further confirmed to be ribo-hexos-3-ulose (3-ketoglucose, 3-Keto-Glc) by comparison with reported NMR data (Rhenius, Porzel, Diettrich, & Luckner, 1997; Yamauchi, Abe, & Wan, 1987). By the acid hydrolysis of compound 1 and the rotation value, its sugar was determined as the D-form (Fukui & Hochster, 1963). In addition, the HMBC spectrum showed a long-range correlation between (H 4.85 (H-1') and (C 87.0 (C-3), suggesting that D-ribo-hexos-3-ulose was attached at the C-3 hydroxyl group of the triterpene. Based on the above corroboration, the complete structure of 1 was elucidated as (23E)-5(,19-epoxycucurbita-6,24-diene-3(,23-diol 3-O-(-D-3-ketoglycopyranoside and has been named kuguasaponin A.
Kuguasaponin B (2) showed a quasimolecular peak at m/z 685.4287 ([M+Na]+, calcd. for C38H62O9Na, 685.4294) in the HRESIMS, corresponding to the molecular formula of C38H62O9. The IR spectrum exhibited the absorption bands of hydroxyl, ketone, and olefinic groups at 3376, 1707, and 1652 cm-1, respectively. The analysis of the 1H- and 13C-NMR spectra (Table 2) for compound 2 indicated the presence of six tertiary methyls (δH 0.75, 0.84, 1.11, 1.32 × 2, 1.41, each 3H), one secondary methyl [δH 0.93 (d, J = 5.6 Hz)], a trisubstituted olefinic unit [δC 147.6 (s), 122.2 (d); δH 6.14 (br d, J = 4.4 Hz)], one trans double bond [δC 127.7 (d), 138.2 (d); δH 5.59, m, 5.55 (br d, J = 15.6 Hz)], and an aldehyde group (δC 207.3; δH 10.47). These results suggest that compound 2 possessed a cucurbita-5-en-19-al tetracyclic ring system with a (23E)-25-hydroxy-Δ23-unsaturated C8 moiety, like the key feature of 11 (Fatope, Takeda, & Yamashita, 1990). In addition, proton signals for the ethoxy group [δH 3.39 (2H, q, J = 7.2 Hz), 1.17 (t, J = 7.2 Hz)] and an anomeric proton [δH 4.96 (d, J = 8.0 Hz)] of β-glucose were observed. The HMBC correlation of H-7 [δH 4.59 (br d, J = 4.4 Hz)]/C-1' (δC 101.7) and H-1'' [δH 3.39 (q, J = 7.2 Hz)]/C-25 (δC 74.6) indicted that the ethoxy group and the β-glucose moiety are connected to C-7 and C-25, respectively. The stereochemistry of 2 was deduced from the NOESY data (Fig. 2) and a comparison with the NMR data of compound 11, which was determined by X-ray crystallographic analysis (Fig. 3) for the first time. The NOESY correlations of H-8/H-19, Me-18, and Me-18/H-20 in 2 suggested that the configurations of H-8, Me-18, CHO-19, and H-20 were in the -orientation. Hence, the correlations of Me-28/H-3, H-10, Me-30/H-10, and H-17 agreed with the -configuration of H-3, H-10, Me-30, and H-17 in 2. Accordingly, compound 2 was elucidated as 25-ethoxy-3(-hydroxycucurbita-5,23(E)-dien-19-al 7-O-(-D-glucopyranoside.
Both kuguasaponin C (3) and D (4) showed a quasimolecular peak at m/z 685.4291 and 685.4289, respectively, ([M+Na]+, calcd for C38H62O9Na, 685.4294) in the HRESIMS data, similar to 2. Their NMR and IR spectroscopic data revealed the basic features of a cucurbita-5,23(E)-dien-19-al type triterpenoid with a sugar moiety and an ethoxy group. Comparing the 1H-NMR spectra (Table 2) of compounds 2, 3, and 4, most of their signals are similar; however, detailed comparison of their 13C-NMR spectroscopic data (Table 2) revealed differences in the chemical shifts of C-3 (δC 75.5, 2; 86.9, 3; 86.9, 4), C-7 (δC 71.6, 2; 65.5, 3; 65.5, 4), and C-1'' (δC 101.7, 2; 107.2, 3; 104.7, 4). The HMBC spectrum of 3 and 4 showed correlations between H-3 (δH 3.74)/C-1' (δC 107.2) in 3, and H-3 (δH 3.66)/C-1' (δC 104.7) in 4, suggesting that both of their sugar moieties were located at C-3. The acid hydrolysis of compounds 3 and 4 with 2N methanolic HCl afforded β-glucose and β-allose, respectively, which were confirmed by NMR data and comparison with commercial samples. Thus, kuguasaponins C (3) and D (4) were determined to be 25-ethoxy-7(-hydroxycucurbita-5,23(E)-dien-19-al 3-O-β-D-glucopyranoside and 25-ethoxy-7(-hydroxycucurbita-5,23(E)-dien-19-al 3-O-β-D-allopyranoside, respectively.
The molecular formula of kuguasaponin E (5) was determined as C38H62O9 from the HRESIMS data (m/z 685.4298, [M+Na]+). Similar to 2-4, compound 5 showed absorptions in the IR spectrum at 3382, 1707, and 1655 cm-1, indicating the presence of hydroxyl, aldehyde carbonyl, and olefinic group functionalities, respectively. The 1H-, 13C-NMR and DEPT spectra (Table 3) were very similar to those of compound 2 except for the absence of an olefinic proton and an addition of an oxygenated methine (δH 4.20; δC 73.1), suggesting that 5 possessed a cucurbita-5,24-dien-3,7,23-triol-19-al skeleton with a β-glucose and an ethoxyl group. Furthermore, a detailed analysis of the HMBC spectrum  of the correlations H-7 (δH 4.56)/C-1' (δC 101.6) and H2-1'' (δH 3.30, 3.57)/C-23 (δC 73.1) indicated that the β-glucose and the ethoxyl group were located at C-7 and C-23, respectively. Compound 5 was hydrolyzed to yield glucose and an aglycone that was the same as the known isolate, momordicine I (12) (Yasuda, Iwamoto, & Okabe, 1984). The NOESY correlations of H-8/H-19, Me-18, Me-18/H-21 indicated the -orientation of H-8, C-17, and Me-18. The NOESY correlations (Fig. 2) of Me-28/H-3, H-10 and Me-30/H-10, Me-17 suggested that H-3, H-10, Me-30, and H-17 are -oriented. Additionally, the stereochemistry of C-23 on the side chain was determined as the R configuration by the NOESY cross peaks of Me-18/H-21, H-21/H-24, Me-21/H-22a, H-23/H2-22, Me-26, H-22b/H-23, H-24, and H-23/Me-27 and further compared with the 13C-NMR data of the literature (Lago, Brochini, & Roque, 2002). Hence, the structure of kuguasaponin E (5) was determined as 23(R)-ethoxy-3-hydroxycucurbita-5,24-dien-19-al 7-O-(-D-allopyranoside.
The HRESIMS of kuguasaponin F (6) displayed a quasimolecular ion at m/z 817.4343 ([M+Na]+, calcd. for C42H66O14Na, 817.4353), indicating a molecular formula of C42H66O14. Acid hydrolysis of compound 6 with 2N HCl yielded D-glucose and D-ketoglucose (1:1) as the component sugars, which were further identified by comparison with authentic samples by TLC analysis and reference data (Fukui, & Hochster, 1963). The NMR features of compound 6 (Table 3) were analogous to those of compound 5, with the exception that the ethoxy group at C-23 was replaced by a 3-ketoglucose moiety, as supported by the additional HMBC correlation between H-23 (δH 4.89, m) and an anomeric carbon (δC 105.3, C-1''). These findings indicated that 6 was 23R-O--D-glucos-3-ulosyl-3-hydroxycucurbita-5,24-dien-19-al 7-O-(-D-glucopyranoside.
Kuguasaponin G (7) possesses the molecular formula of C42H68O13 as determined from the HRESIMS at m/z 781.4711 ([M+H]+, calcd for C42H69O13, 781.4739). The 13C-NMR and DEPT spectra (Table 1) of compound 7 showed 42 carbon signals, including seven methyl, ten methylene, nineteen methine, and six quaternary carbons. The 1H NMR spectrum further indicated the presence of two anomeric protons [δH 4.89 (d, J = 7.6 Hz), 4.95 (d, J = 8.0 Hz)], six singlet methyls (δH 0.76, 1.66, 1.74, 0.90, 1.50, 0.86), one doublet methyl (δH 1.14, J = 6.4), two oxygenated methines [δH 3.76 (br s); 4.93 (br t, J = 8.8 Hz)], an oxygenated methylene [δH 3.56 (d, J = 8.4 Hz); 3.69 (d, J = 8.4 Hz)], and three olefinic protons [δH 6.18 (br d, J = 9.6 Hz); 5.53 (dd, J = 9.6, 3.2 Hz); 5.61 (br d, J = 8.8 Hz)], suggesting that compound 7 possesses a 6,24-diene-19-epoxycucurbitane-type triterpenoid with two sugar moieties. Acid hydrolysis of 7 furnished D-glucose, which was identified by TLC and HPLC comparison with an authentic sample. Moreover, the HMBC correlations of H-3/C-1' and H-1''/C-23 indicated that both the C-3 and C-23 were attached to a glucose moiety. The stereochemistry of 7 was determined from the NOESY analysis (Fig. 2) and comparison of the NMR data with the other reported isolates (Yasuda, Iwamoto, & Okabe, 1984). Based on the above evidence, Kuguasaponin G (7) was identified as 5,19-epoxycucurbita-6,24-dien-3,23-diol 3,23-O-di-(-D-glucopyranoside.
The HRESIMS of kuguasaponin H (8) showed a quasimolecular ion at m/z 659.4155 ([M+Na]+, calcd. for C36H60O9Na, 659.4137), corresponding to the molecular formula C36H60O9. The NMR spectroscopic data (Table 1) and IR spectrum revealed that compound 8 possessed a 5,23(E)-dien-cucurbitane-type glycoside similar to that of compound 2, except an ethoxy group at C-25 (δC 69.7) and an aldehyde at C-9 in 2 were replaced by a hydroxyl and an oxymethylene group [δH 3.54 (m), 4.33 (d, J = 7.6 Hz); δC 65.5] at C-9 (δC 39.0), respectively. The above evidence, together with the analysis of the 1D and 2D NMR data, confirmed compound 8 (kuguasaponin H) to be 3β,19,25-trihydroxycucurbita-5,23(E)-diene 7-O-β-D-glucopyranoside.
3.3. Structure identification of the known isolates

In addition to eight new cucurbitane saponins, kuguasaponins A-H (1-8), six known cucurbitane saponins were isolated and identified by 1D and 2D NMR spectra data and comparison with the data reported in the literature. These saponins included 23(E)-5,19-epoxycucurbita-6,23-dien-3,25-diol (9) (Chang et al., 2006), goyaglycoside-a (10) (Murakami, Emoto, Matsuda, & Yoshikawa, 2001), 3,7,25-trihydroxycucurbita-5,23(E)-dien-19-al (11) (Fatope, Takeda, & Yamashita, 1990), momordicines I (12) (Yasuda, Iwamoto, & Okabe, 1984) and IV (13) (Mekuria, Kashiwagi, Tebayashi, & Kim, 2006), and kuguaglycoside C (14) (Chen et al., 2008). The structures of compounds 9 and 11 were further identified by single X-ray studies, as shown in the supporting information. Employing HPLC with evaporative light scattering detector (ELSD), the fingerprint profile (Fig. 4) of the bioactive fraction yielded from the 70% EtOH M. charantia extract was established. Moreover, 7 main peaks (tR: 10.48, 16.00, 25.33, 28.86, 30.40, 32.93, and 35.51 min) in the profile were identified as 7, 8 & 13, 10, 11, 2, 12, and 5 & 14, respectively.
3.4. Biological studies

Hyperglycaemia is the hallmark of diabetes, resulting from glucose accumulation in the blood. In the present study, most of the cucurbitane-type natural products (except compounds 9 and 12) were tested for anti-hyperglycaemia activity, which was evaluated using the glucose uptake effects on C2Cl2 myoblast cells. Compounds 2, 3, 7, 8, and 13 exhibited strong anti-hyperglycemia activities on the insulin-like glucose uptake assay at a concentration of 10 M (Fig. 5). In addition, all of the isolated cucurbitanes were evaluated for cytotoxic activity against MCF-7 (human breast adenocarcinoma), Doay (human medulloblastoma), HEp-2 (human laryngeal carcinoma), and WiDr (human colon adenocarcinoma) tumor cell lines in vitro. The IC50 values of cucurbitanes 1-14 are summarized in Table 3. The data show that compounds 2-5 and 14 exhibited significant cytotoxicity against MCF-7, Doay, HEp-2, and WiDr (IC50 ca. 7.81-19.76 M), whereas no effects were seen for the normal cell line (M10, human mammary epithelial cells) at a 30 M concentration.
Acknowledgment 
The authors thank the National Research Institute of Chinese Medicine, Taipei, Taiwan for financial support, and Starsci Biotech Co. Ltd., Taipei, Taiwan for providing the fruits of M. charantia and experimental assistance.

Appendix A. Supplementary data 

Supplementary data associated with this article can be found, in the online version, including 1H and 13C NMR spectra for compounds 1-8 and the COSY and HMBC correlations of compounds 1-3 and 5-7.
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