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12 ABSTRACT: Six new pentacyclic triterpenoid saponins, centelloside F (1), 

13 centelloside G (2), 11-oxo-asiaticoside B (3), 11-oxo-madecassoside (4), 

14 11(β)-methoxy asiaticoside B (5) and 11(β)-methoxy madecassoside (6), along with 

15 seven known ones, asiaticoside (7), asiaticoside B (8), madecassoside (9), 

16 centellasaponin A (10), isoasiaticoside (11), scheffoleoside A (12) and centelloside E 

17 (13), were separated from the 80% MeOH extract of the whole plant of Centella 

18 asiatica, which has been used as a medicinal plant and is now commercially available 

19 as a diatery supplement in many countries. Compounds 1 and 2, 3 and 4, 5 and 6 are 

20 three pairs of isomers with oleanane or ursane-type triterpenes as the aglycones. The 

21 chemical structures of the new triterpene saponins were fully characterized by 

22 extensive analysis of their NMR and HRESIMS data. The protective effects of 
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23 compounds 1-13 on PC12 cells induced by 6-OHDA were screened and compound 3 

24 displayed the best neuroprotective effect with 91.75% cell viability at the 

25 concentration of 100 μM. Moreover, compound 3 also attenuated cell apoptosis and 

26 increased the mRNA expression of antioxidant enzymes including superoxide 

27 dismutase and catalase. Additionally, compound 3 activated phosphatidylinositol 

28 3-kinase/Akt pathway including PDK1, Akt and GSK-3. These findings suggested 

29 that triterpene saponins from C. asiatica were worthy of further biological research to 

30 develop new neuroprotective agents.

31  KEYWORDS: Centella asiatica, triterpene saponins, neuroprotective activity

32  INTRODUCTION

33 Centella asiatica (L.) Urban, a stoloniferous and perennial herbaceous herb belonging 

34 to the Apiaceae family, is also known as “Gotu kola” in the United States or Indian 

35 pennywort.1 This ubiquitous species is widely growing in the moist, tropical and 

36 sub-tropical regions of Africa, Asia, and Oceania.2 C. asiatica has been used for kinds 

37 of medicinal and cosmetic purposes for centuries. Preparations of this medicinal plant 

38 were traditionally used to cure various skin disorders or accelerate skin wound 

39 healing.3,4 Nowadays, C. asiatica has been broadly cultivated as a salad vegetable or 

40 used as a spice and is commercially available as a diatery supplement in some 

41 countries due to its safety and effectiveness.5 A recent in vitro pharmaceutical study 

42 confirmed the traditional use of this herb for management of skin disorders.6 Also, the 

43 main compound (asiaticoside) from C. asiatica might be developed as a chemical 

44 agent for skin whitening or treating hyperpigmentation diseases.7 Besides, the extract 
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45 of C. asiatica and several main individual compounds from this herb were reported to 

46 have the potential to be exploited as anti-gastric ulcers drugs.8 The C. asiatica 

47 methanol extract could protect mouse brain from paracetamol-induced stress because 

48 of its anti-oxidant and anti-inflammatory activities and the principal components 

49 (asiaticoside and madecassoside) were considered as the active subtances.9 

50 Asiaticoside from C. asiatica can also attenuate RANKL-induced osteoclasogenesis 

51 and thus might play a role in treating osteoclast-related osteolytic bone diseases.10 

52 Neurodegenerative diseases are affecting more and more middle-aged and elderly 

53 people throughout the world. Developing neuroprotective drugs from natural 

54 resources is a promising research direction. Neuroprotective effects of the extract of C. 

55 asiatica had been investigated and the active subtances were thought to be associated 

56 with triterpene saponins and caffeoylquinic acids in the herb.8 C. asiatica is rich in 

57 triterpene saponins chiefly composed of oleanolic and ursolic acids based glycosides, 

58 accounting for around 8% of the dry weight of this herb.11-15 However, previous 

59 pharmaceutical researches mainly focused on the neuroprotective actions of the crude 

60 extract and several main components from C. asiatica.8 It is necessary to discover 

61 more chemical individuals from C. asiatica and evaluate their neuroprotective 

62 functions, allowing a better exploitation of this valuable resource. As caffeoylquinic 

63 acids from C. asiatica were also widely present in many other plants and their 

64 chemical structures were relatively fixed, we focused on the investigation of triterpene 

65 saponins from this plant. An HPLC-HR-ESI-MS experiment was performed to 

66 analyze the chemical profile of the crude triterpene saponins in C. asiatica and several 
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67 unreported compounds were detected (see Supporting Information). Herein, the 

68 detailed isolation and structure determination of thirteen triterpene saponins including 

69 six new ones, along with their neuroprotective effects, were described.

70  MATERIALS AND METHODS

71 Materials and Chemicals. C. asiatica were purchased from Lotus Pond Chinese 

72 Herbal Medicine Market, Sichuan province, China. The plant identification was 

73 verified by Professor Wei-Kai Bao of Chengdu Institute of Biology, Chinese 

74 Academy of Sciences. A voucher specimen (JXC-100) was deposited in the 

75 herbarium of the same department. Silica gel (100–200 mesh) was bought from 

76 Qingdao Haiyang Chemical Group Co. Ltd. (Qingdao, China). Standard sugars 

77 (L-rhamnose, D-glucose and L-glucose), 6-Hydroxydopamine hydrobromide 

78 (6-OHDA) and 3-4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) 

79 were obtained from Sigma-Aldrich (St. Louis, MO, USA). The fetal bovine serum 

80 (FBS) was purchased from Corning (Medford, MA, USA). Penicillin–streptomycin 

81 solution was obtained from Invitrogen-Gibco (Carlsbad, CA, USA). Protease and 

82 phosphatase inhibitors cocktail tablets were from Roche (Mannheim, Germany). 

83 Phosphate buffered saline (PBS) tables was bought from Amresco (Solon, OH, USA). 

84 Goat anti-rabbit lgG H&L (HRP) was purchased from abcam (Cambridge, MA, USA). 

85 Caspase-3, PARP, phospho-PDK1, PDK1, phospho-GSK-3β, GSK-3β, phospho-Akt, 

86 and Akt were maintained from Cell Signaling Technology (Beverly, MA, USA). 

87 DAPI containing mounting medium were obtained from Solarbio Life Sciences 

88 (Shanghai, China). All cell culture suppliers were bought from Coster (Cambridge, 
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89 MA). Acetonitrile and methanol (HPLC grade), petroleum ether (analytical grade), 

90 methanol, ethyl acetate and dichloromethane were bought from KeLong (Chengdu, 

91 China). Pyridine-d5 was obtained from CIL Co. (YRTC, China). The stock solutions 

92 of compounds were prepared in DMSO to 100 mM and the final concentration of 

93 DMSO was not in excess of 0.1% at any treatment.

94 General Experimental Procedures. UV spectra, infrared (IR) spectra and optical 

95 rotations were recorded on a PerkinElmer lambda 35 UV/vis spectrophotometer, a 

96 PerkinElmer 1725X-FT spectrometer and a PerkinElmer 341 polarimeter, respectively. 

97 1D and 2D nuclear magnetic resonance (NMR) spectra were acquired at 296 K on a 

98 Bruker Avance-400 spectrometer in C5D5N with TMS as internal standard. An 

99 HPLC-MS experiment was performed on a Waters Vion IMS Q-TOF spectrometer 

100 (Waters, UK), connected to Waters HPLC system (Waters, UK). The crude samples 

101 were separated on a Minxitech CG-C18 column (4.6 mm × 250 mm, 5.0 μm). 0.1% 

102 formic acid in water (A) and acetonitrile (B) were used as the mobile phase and a 

103 gradient elution program was as follows: 0 min, 25% B; 10 min, 25% B; 50 min, 30% 

104 B; 60 min, 30% B. High resolution electrospray ionization mass spectrometry 

105 (HR-ESI-MS) data were generated on a LTQ Orbitrap XL mass spectrometer 

106 (Thermo Fisher Scientific, San Jose, CA, USA). LabAlliance Series III equipped with 

107 a model 201 (SSI) detector (Alltech, California, USA) and a SinoChrom ODS-BP 

108 C18 column (4.6 mm × 250 mm, 5 μm, Elite, Dalian, China) was used to analyze the 

109 sugar derivatives. Preparative and semipreparative HPLC separations were carried out 

110 on a CXTH apparatus with a UV3000 detector (Beijing Innovation Technology Co. 
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111 Ltd., Beijing, China) equipped with Unisil-10-120-C18 (250 × 100 mm, 10 μm) and 

112 Unisil-10-120-C18 (250 × 30 mm, 10 μm) columns (Nanomicro Technology Co. Ltd., 

113 Suzhou, China), respectively. The flowrates for preparative and semipreparative 

114 purifications were 200 mL/min and 20 mL/min, respectively. 

115 Extraction and Isolation. The air-dried whole plants (aerial parts and roots) of C. 

116 asiatica (50.0 Kg) was smashed and extracted with 80% MeOH (120 L) at 60 °C 

117 three times (24 h each time). The combined extract solutions were concentrated under 

118 reduced pressure and the resultant dark residue was suspended in distilled water and 

119 extracted with CH2Cl2 and n-BuOH, successively. The dried n-BuOH extract (2.0 kg) 

120 was dissolved in MeOH and mixed with 4.0 kg of silica gel, which was dried under 

121 reduced pressure and then fractionated over a silica gel column (1000 mm × 300 mm) 

122 eluted with a trinary gradient solvent system of H2O saturated MeOH/CH2Cl2 (10:1, 

123 8:1, 6:1, 4:1, 2:1, 1:1) to give ten fractions (Fractions A-J). Fraction F was separated 

124 by preparative HPLC using MeOH-H2O (200 mL/min, 57:42, v/v) to afford five 

125 subfractions (subfractions F1-F5). Further purification of subfraction F4 by 

126 semipreparative HPLC using CH3CN-H2O (20 mL/min, 25/75, v/v) as eluent afforded 

127 compounds 10 (38.0 mg, tR 19.1 min), 11 (270.1 mg, tR 23.6 min) and 13 (38.0 mg, tR 

128 25.8 min). The subfraction F5 was applied to preparative HPLC using CH3CN-H2O 

129 with 4mmol/L β-cyclodextrin (200 mL/min, 25/75, v/v) as eluent to give compounds 

130 7 (56.1 g, tR 26.9 min) and 12 (750.0 mg, tR 17.9 min). Fraction H was firstly purified 

131 by preparative HPLC with MeOH-H2O (200 mL/min, 57:42, v/v) as mobile phase to 

132 yield five subfractions (subfractions H1-H5). Semipreparative HPLC separation of 
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133 subfraction H2 with CH3CN-H2O containing 4mmol/L β-cyclodextrin (20 mL/min, 

134 20/80, v/v) as eluent afforded compounds 3 (214.3 mg, tR 22.4 min) and 4 (82.1 mg, 

135 tR 16.9 min). Compounds 5 (170.4 mg, tR 30.7 min) and 6 (43.2 mg, tR 24.2 min) were 

136 obtained from subfraction H3 by semipreparative HPLC using CH3CN-H2O with 

137 4mmol/L β-cyclodextrin (20 mL/min, 23/77, v/v) as eluent. Semipreparative HPLC 

138 purification of subfraction H4 with CH3CN-H2O containing 4mmol/L β-cyclodextrin 

139 (20 mL/min, 25/75, v/v) as eluent gave compounds 1 (259.7 mg, tR 20.5 min) and 2 

140 (60.4 mg, tR 16.7 min). Large-scale preparation of compounds 8 (67.3 g, tR 27.6 min) 

141 and 9 (143.7 g, tR 21.4 min) from subfraction H5 was achieved by repeated 

142 preparative HPLC using CH3CN-H2O with 4mmol/L β-cyclodextrin (200 mL/min, 

143 25/75, v/v) as eluent. The mixtures of the isolated compounds and β-cyclodextrin 

144 were separated by a short column with silica gel as stationary phase and 

145 MeOH-CH2Cl2-H2O (10:30:1, v/v/v) as mobile phase.

146 Structural Identification of the Sugar Residues. Compounds 1-6 (each 3 mg) 

147 were mixed and dissolved in 2% H2SO4 solution (4 mL) and heated at 100 °C for 12 h. 

148 The resultant solution was cooled to room temperature and then extracted with EtOAc 

149 three times (each 5 mL) to remove the nonpolar aglycones. The remaining H2O layer 

150 was neutralized to pH = 7 with aqueous solution of Ba(OH)2, filtered, and identified 

151 using TLC with authentic samples. The absolute configuration of sugars was 

152 determined by the method previouly reported.16 D-glucose and L-rhamnose were 

153 detected in the hydrolysate of compounds 1-6 by comparison of the HPLC retention 

154 times of their derivatives with those of the authentic standards derivatized in the same 
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155 way.

156 Centelloside F (1). White amorphous powder; [α] +24.3 (c 0.15 , MeOH); UV 20
D

157 (MeOH) λmax 284; IR  νmax (KBr) 3382, 2934, 1733, 1669, 1383, 1051 cm−1; 

158 HRESIMS m/z 995.4822 [M+Na]+, (calcd for C48H76O20Na+, 995.4822); 1H and 13C 

159 NMR data are shown in Tables 1 and 2.

160 Centelloside G (2). White amorphous powder; [α] +28.8 (c 0.11 , MeOH); UV 20
D

161 (MeOH) λmax 283; IR  νmax (KBr) 3369, 2930, 1733, 1699, 1602, 1388, 1060 cm−1; 

162 HRESIMS m/z 995.4825 [M+Na]+, (calcd for C48H76O20Na+, 995.4822); 1H and 13C 

163 NMR data are shown in Tables 1 and 2.

164 11-oxo-asiaticoside B (3). White amorphous powder; [α] +11.3 (c 0.11, MeOH); 20
D

165 UV (MeOH) λmax 253; IR  νmax (KBr) 3323, 2942, 1732, 1645, 1262, 1024 cm−1; 

166 HRESIMS m/z 989.4962 [M+H]+ (calcd for C48H77O21
+, 989.4952); 1H and 13C NMR 

167 data are shown in Tables 1 and 2.

168 11-oxo-madecassoside (4). White, amorphous powder; [α] +2.9 (c 0.34, MeOH); 20
D

169 UV (MeOH) λmax 252; IR (KBr) νmax 3424, 2922, 1740, 1653, 1242, 1024 cm−1; 

170 HRESIMS m/z 989.4960 [M+H]+ (calcd for C48H77O21
+, 989.4952); 1H and 13C NMR 

171 data are shown in Tables 1 and 2.

172 11(β)-methoxy asiaticoside B (5). White amorphous powder; [α] -33.3 (c 0.11, 20
D

173 MeOH); IR νmax (KBr) 3355, 2941, 1746, 1630, 1434, 1062 cm−1; HRESIMS m/z 

174 1027.5087 [M+Na]+ (calcd for C49H80O21Na+, 1027.5084); 1H and 13C NMR data are 

175 shown in Tables 1 and 3.

176 11(β)-methoxy madecassoside (6). White amorphous powder; [α] -45.0 (c 0.11, 20
D

177 MeOH); IR (KBr) νmax 3391, 2941, 1750, 1669, 1395, 1072 cm−1; HRESIMS m/z 

178 1027.5104 [M+Na]+ (calcd for C49H80O21Na+, 1027.5084); 1H and 13C NMR data are 
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179 shown in Tables 1 and 3.

180 Cell Culture. The cell culture of neuronal differentiated rat pheochromocytoma 

181 PC12 was performed as previous mentioned.17 Briefly, PC12 cells were maintained in 

182 DMEM containging 5% (v/v) horse serum (HS), 10% (v/v) FBS, 100 U/mL penicillin 

183 and 100 μg/mL streptomycin at 37°C under 5% CO2 in a humidified CO2 incubator 

184 (Heracell 150i, Thermo Fisher Scientific, Waltham, MA, USA). 

185 Cell Viability. Briefly, PC12 cells were seeded at 3 × 105 cells/mL on 96-well cell 

186 culture plates for overnight. The cells were pre-treated different samples with the final 

187 concentration of 100 M for 30 min and then exposed to 250 μM 6-OHDA for 24 h. 

188 The cytoprotective effect of different samples on PC12 cells were measured using a 

189 conventional MTT assay described previously.18 

190 Reverse-Transcribed and Quantitative PCR (RT-qPCR). PC12 cells were 

191 pretreated with 50 or 100 M compound 3 for 30 min, and then exposed to 6-OHDA 

192 for 6 h. Total RNA was extracted using TRIzol reagent according to the 

193 manufacturer's protocol. The purity of RNA was determined by the NanoDrop One 

194 (Thermo Scientific, CN, US). cDNA was prepared from two micrograms of RNA in a 

195 reaction volume of 20 µl with RevertAid First Strand cDNA Synthesis Kit. The 

196 primer sequences used in the PCRs are listed in Table 4. Semi-quantitative PCR 

197 amplifications were performed with 2 x Es Taq MasterMix (CWBIO, China) using 

198 Bio-Rad T100 Thermal Cycle (Bio-Rad, USA) and the PCR products were 

199 electrophoresed on 1.5% agarose gels with 0.005% Golden View.
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200 Western Blot. PC12 cells were pretreated with 50 or 100 M compound 3 for 30 

201 min, and then exposed to 6-OHDA for 6 h. The cells were washed twice with cold 

202 PBS and the total nuclear proteins were lysed to release using the commercial kits. 

203 The protein bands were visualized using an ECL kit (CWBIO, China) and visualized 

204 using Tannon 5200 Multi imaging system (Shanghai, China).

205 Statistical Analysis. Data were presented as the mean ± standard deviation (SD). 

206 The significance was analyzed by one-way analysis of variance (ANOVA) followed 

207 by Duncan's test for multi-group comparison. p values of less than 0.05 were 

208 considered significant.

209  RESULTS AND DISSCUSION

210 Structural Elucidation. Compound 1, a white amorphous powder, had the 

211 molecular formula of C48H76O20 according to its HRESIMS at m/z 995.4822 [M+Na]+ 

212 in positive ion mode. The IR spectrum displayed characteristic absorptions for 

213 hydroxyl (3382cm-1), carbonyl (1733cm-1) and olefinic (1669cm-1) groups. The 13C 

214 and 1H NMR data (Tables 1 and 2) of compound 1 indicated the existance of seven 

215 methyl groups at δH 0.82 (s) / δC 23.7, δH 0.82 (s) / δC 33.1, δH 1.15 (s) / δC 20.4, δH 

216 1.66 (d, J = 5.8 Hz) / δC 18.6, δH 1.71 (s) / δC 16.1, δH 1.94 (s) / δC 23.0, and δH 2.04 (s) 

217 / δC 30.4, three oxymethylenes at δH 3.99 (m), 4.36 (m) / δC 66.5, δH 4.28 (m), 4.65 (m) 

218 / δC 69.8, δH 4.02 (m), 4.13 (m) / δC 61.3, and two olefinic methines at δH 5.75 (d, J = 

219 5.2 Hz) / δC 121.5, δH 6.00 (d, J = 5.2 Hz) / δC 116.4. The 13C and 1H NMR data 

220 (Tables 1 and 2) of compound 1 also demonstrated signals for three anomeric protons 

221 and carbons at δH 4.96 (d, J = 7.0 Hz) / δC 104.9, δH 5.83 (br s) / δC 102.6, δH 6.18 (d, J 
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222 = 7.5 Hz) / δC 95.8. The absolute configurations of the sugar residues were determined 

223 to be D-glucose and L-rhamnose by the method previously reported.16 The 1H and 13C 

224 NMR spectra of 1 resembled those of asiaticoside B (8) except for the presence of two 

225 double bonds in 1. The absorption band at 284 nm in the UV spectrum indicated these 

226 two double bonds were conjugated,19 which were further confirmed to be located at 

227 Δ9, 11 and Δ12, 13 due to the important HMBC correlations from H-11 (δH 5.75) to C-8 

228 (δC 42.0), C-9 (δC 155.5), C-10 (δC 39.9), C-12 (δC 116.4) and C-13 (δC 145.1), H-12 

229 (δH 6.00) to C-9 (δC 155.5), C-14 (δC 42.5) and C-18 (δC 40.2), H-25 (δH 2.04) to C-9 

230 (δC 155.5), H-26 (δH 1.94) to C-9 (δC 155.5), and H-27 (δH 1.15) to C-13 (δC 145.1) 

231 (Figure 2). The relatively large coupling constant J23 = 9.4 Hz of the two methine 

232 protons at C-2 and C-3, along with the chemical shifts of C-2 (δC 69.8) and C-3 (δC 

233 78.2), confirmed the equatorial position of the hydroxyl groups at C-2 and C-3 in 

234 comparison with the corresponding data for 2β,3α,23-trihydroxyurs-12-en-28-oic acid 

235 [δC values for C-2 (66.6) and C-3 (78.6)] and methyl 

236 2α,3α,24-trihydroxyurs-12-en-28-oate [δC values for C-2 (66.6) and C-3 (73.3)].20,21 

237 This was further verified by the correlation between H-2 (δH 4.49) and H-25 (δH 2.04) 

238 in NOESY spectrum. Meanwhile, the chemical shifts of C-2 (δC 69.8) and C-3 (δC 

239 78.2) were quite different from those reported for scheffursoside F [δC values for C-3 

240 (85.7) and C-24 (65.7)],22 suggesting the presence of a hydroxyl group at C-23. This 

241 was ulteriorly verified by an obvious cross peak between H-24 (δH 1.71) and H-25 (δH 

242 2.04) in the NOESY spectrum. A cross peak between H-6 (δH 5.09) and H-27 (δH 1.15) 

243 was observed in the NOESY spectrum, indicating the 6-OH was β-oriented. The 
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244 HMBC cross peaks between H-1 (δH 6.18) of Glc-I and C-28 (δC 176.8) of the 

245 aglycone, H-1 (δH 4.96) of Glc-II and C-6 (δC 69.8) of Glc-I, H-1 (δH 5.83) of Rha and 

246 C-4 (δC 78.6) of Glc-II demonstrated the sugar sequence and linkage positions. The 

247 structure of 1 was defined as 2α,3β,6β,23-tetrahydroxyolean-9,12-diene-28-oic acid 

248 28-O-α-L-rhamnopyranosyl (1→4)-β-D-glucopyranosyl(1→6)-β-D-glucopyranoside 

249 (Figure 1) and named centelloside F.

250 The molecular formula of compound 2, C48H76O20, was deduced from the 

251 HRESIMS peak at m/z 995.4825 [M+Na]+. The 13C and 1H NMR data (Tables 1 and 

252 2) of compound 2 resembled those of compound 1 for rings A-D and the sugar 

253 residues. Comparison of the differing 13C NMR data for ring E between compounds 1 

254 and 2 with those between centellasaponin G and centellasaponin H evidenced that 2 

255 possessed an ursane-type aglycone rather than an oleanane-type aglycone in 1,12 

256 which was further verified by the cross-peaks between H-29 (δH 0.90) and C-18 (δC 

257 51.6), H-30 (δH 0.84) and C-21 (δC 30.8) in the HMBC spectrum. The above evidence, 

258 along with the DEPT and HSQC data, defined the structure of 2 as 

259 2α,3β,6β,23-tetrahydroxyurs-9,12-diene-28-oic acid 28-O-α-L-rhamnopyranosyl 

260 (1→4)-β-D-glucopyranosyl(1→6)-β-D-glucopyranoside, named centelloside G.

261 Compound 3 was obtained as a white powder, and the peak at m/z 989.4962 

262 [M+H]+ in the HRESIMS indicated its molecular formula as C48H76O21. The 13C and 

263 1H NMR data (Tables 1 and 2) of compound 3 closely resembled those of asiaticoside 

264 B (8) except that a methylene group in 8 was replaced by a carbonyl group in 3. The 

265 absorption band at 253 nm in the UV spectrum and the chemical shift of C-13 
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266 downfield shifted from around δC 143.4 to δC 169.2 indicated the carbonyl group was 

267 probably located at C-11,23 which was further supported by the HMBC cross peaks 

268 between H-9 (δH 2.86) and C-11 (δC 200.6), H-12 (δH 6.00) and C-9 (δC 63.1), C-14 

269 (δC 44.8) and C-18 (δC 42.3). By detailed analysis of the DEPT, 1H-1H COSY, HSQC, 

270 NOESY and HMBC data, 3 was ulteriorly identified as 2α,3β,6β,23- 

271 tetrahydroxy-11-oxo-olean-12-ene-28-oic acid 28-O-α-L-rhamnopyranosyl 

272 (1→4)-β-D-glucopyranosyl(1→6)-β-D-glucopyranoside, named 11-oxo-asiaticoside 

273 B. 

274 Compound 4, a white powder, showed an HRESIMS peak at m/z 989.4960 

275 [M+H]+, suggesting a molecular formula of C48H76O21. By comparison of the 13C and 

276 1H NMR data (Tables 1 and 2) of 4 with those of 3, it was easy to conclude that the 

277 differences between these two compounds were the same as those between 

278 compounds 1 and 2, indicating compound 4 bore a ursane-type aglycone. Extensive 

279 analysis of the DEPT, 1H-1H COSY, HSQC, NOESY and HMBC spectra further 

280 confirmed the structure of 4 as 2α,3β,6β,23- tetrahydroxy-11-oxo-urs-12-ene-28-oic 

281 acid 28-O-α-L-rhamnopyranosyl (1→4)-β-D-glucopyranosyl 

282 (1→6)-β-D-glucopyranoside, named 11-oxo-madecassoside.

283 Compound 5, a white amorphous powder, had the molecular formula of C49H80O21 

284 deduced from its HRESIMS peak at m/z 1027.5087 [M+Na]+. The 13C and 1H NMR 

285 data (Tables 1 and 3) of 5 were quite similar to those of asiaticoside B (8) except for 

286 the occurrence of a methoxy group δH 3.30 (s) / δC 54.3 in 5, which was located at 

287 C-11 according to the HMBC correlations between H-9 (δH 2.25) and C-11 (δC 76.4), 
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288 H-12 (δH 5.48) and C-11 (δC 76.4), OCH3 (δH 3.30) and C-11 (δC 76.4). The NOESY 

289 correlations of the OCH3 (δH 3.30) with H-25 (δH 1.89), H-26 (δH 1.75) and H-1β (δH 

290 2.75) strongly implied that the OCH3 group was in β orientation. In combination with 

291 the DEPT 1H-1H COSY, NOESY and HSQC data, the chemical structure of 5 was 

292 defined as 2α,3β,6β,23-tetrahydroxy-11β-methoxy-olean- 12-ene-28-oic acid 

293 28-O-α-L-rhamnopyranosyl (1→4)-β-D-glucopyranosyl(1→6) -β-D-glucopyranoside, 

294 named 11(β)-methoxy asiaticoside B. 

295 The molecular formula of compound 6 was defined as C49H80O21 based on the 

296 peak at m/z 1027.5104 [M+Na]+ in the HRESIMS. By comparison of the 13C and 1H 

297 NMR data (Tables 1 and 3) of 6 with those of 5, it was obvious that these two 

298 compounds shared the same rings A-D and only differed in ring E. The above 

299 1D-NMR data, along with the DEPT, HSQC and HMBC data, supported the structure 

300 of 6 as 2α,3β,6β,23-tetrahydroxy-11β-methoxy-urs-12-ene-28-oic acid 

301 28-O-α-L-rhamnopyranosyl(1→4)-β-D-glucopyranosyl(1→6)-β-D-glucopyranoside 

302 and named as 11(β)-methoxy madecassoside.

303 The seven known compounds 7-13 were identified as asiaticoside (7),24 

304 asiaticoside B (8),24 madecassoside (9),24 centellasaponin A (10),15 isoasiaticoside 

305 (11),25 scheffoleoside A (12)22 and centelloside E (13)26 respectively, based on 

306 comparison of their spectral data with those reported in the literature. 

307 Effects of compounds 1-13 and 6-OHDA on PC12 cell viability. To date, there 

308 is no safe and effective cure for Parkinson’s disease (PD). Surgical and 

309 pharmacological treatments alleviate the symptoms of patients to some extent, but 
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310 with severe side effects on normal tissues. Consequently, a suitable natural candidate 

311 for halting or retarding the progress of PD is urgently needed.27,28 Since the discovery 

312 that 6-OHDA effectively causes dopamine neuron degeneration, this neurotoxin has 

313 been comprehensively used to generate a cell model of PD.29 As shown in Table 5, 

314 treatment with 250 μM 6-OHDA resulted in a 40.96% loss of viability, and therefore 

315 250 μM 6-OHDA was deemed as an appropriate concentration for use in the 

316 following experiments. Moreover, compounds 1-13 did not affect the cell viability at 

317 100 μM (data not shown). Compounds 1, 5, 6 and 10 displayed weak activities, while 

318 compounds 2, 4, 12 and 13 presented moderate activities. It was interesting that the 

319 three main compounds (7, 8 and 9) in C. asiatica all showed good activities, 

320 suggesting this medicinal plant was an ideal natural resource for treating related 

321 diseases. These results suggested that the neuroprotective effect of these individual 

322 compounds from C. asiatica was not attributable to an effect on the cell division. 

323 Madecassoside (compound 9), a well-known neuroprotective agent,30 offered smaller 

324 protection than that of compound 3, which was therefore selected for further 

325 investigation of inhibitory effect on 6-OHDA-induced toxicity in PC12 cells and the 

326 possible mechanism.

327 Effect of compound 3 on 6-OHDA-induced apoptosis. Caspase-dependent 

328 apoptosis plays crucial roles in the regulation of apoptosis transduction pathways, 

329 especially in the mitochondrial pathway.31 The apoptotic stimuli to mitochondria 

330 promotes the formation of the apoptosome, leading to the activation of caspase-3, 

331 which serves as executioner molecule in cleaving downstream substrate proteins 
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332 including poly (ADP-ribose) polymerase (PARP), resulting in triggering 

333 chromosomal DNA fragmentation apoptosis and neuronal death.32 To gain insight 

334 into the molecular effector pathway of cytoprotective of compound 3 on 

335 6-OHDA-induced cytotoxicity, we first analyzed whether caspases-3 and pro-PARP 

336 involved as down-stream effectors in 6-OHDA-mediated apoptosis. The expression of 

337 apoptosis-related proteins was assayed by western blot (Figure 3). In 6-OHDA-treated 

338 PC12 cells, caspase-3 was activated, resulting in the cleavage of pro-PARP. 

339 Conversely, activation of these pro-apoptotic factors was attenuated by the compound 

340 3. These results suggest that compound 3 exerts its neuroprotective action by 

341 inhibiting the activation of caspase-3 expression. 

342 Effect of compound 3 on 6-OHDA induced mRNA expression of antioxidant 

343 enzymes. In addition to apoptosis, oxidative stress also causes alterations in proteins, 

344 lipids, DNA, and glycogens. These alterations occur as a result of free-radical 

345 accumulation and poor efficacy of antioxidant enzymes, such as superoxide dismutase 

346 (SOD), catalase (CAT), and glutathione peroxidase (GSH-Px).33,34 Oxygen free 

347 radical reactions and lipid peroxidation play important roles in the metabolic process; 

348 under physiological conditions, the two are in a state of coordination and dynamic 

349 equilibrium, maintaining many physiological and biochemical reactions, and immune 

350 responses in the body.35,36 To investigate whether suppression of ROS accumulation 

351 contributed to prevention of apoptosis, the expression levels of CAT and SOD were 

352 measured in 6-OHDA-induced PC12 cells (Figure 4). The results show that 

353 compound 3 ameliorated antioxidant enzyme expression levels, implying that the 
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354 neuroprotective effect of compound 3 is mediated by attenuating oxidative stress. 

355 Effects of compound 3 on 6-OHDA induced PI3K/Akt/GSK-3β signaling 

356 pathway. Previous studies have demonstrated that cell proliferation, progression, and 

357 apoptosis are linked with PI3K/Akt/GSK-3β pathways.37-39 The PI3K/Akt pathway 

358 regulates downstream genes such as the apoptosis gene Bax and the nuclear 

359 transcription factor NF-κB, thereby regulating cell apoptosis to achieve 

360 neuroprotective effects.40,41 PI3K, a member of the phosphatidylinositol 3-kinase 

361 family, catalyzes the generation of lipid second messengers.42 PI3K is a heterologous 

362 polymer structure composed of a catalytic subunit and a receptor-binding regulatory 

363 subunit, p85. Phosphoryl diphosphate inositol (PIP2) can be phosphorylated into 

364 inositol triphosphate (PIP3) after activation, which is the second messenger of 

365 multiple peptide hormones and membrane receptors.43 Once Ser473 is phosphorylated, 

366 Akt transforms the downstream gene CREB into phosphorylated CREB, which is 

367 involved in cell differentiation, proliferation, survival, and apoptosis.44 Increasing 

368 evidence indicates that PI3K/Akt/GSK-3β signaling plays a leading role in the 

369 prevention and treatment of cell degeneration.45-47 To explore the underlying 

370 neuroprotective mechanism, proteins related to the PI3K/Akt/GSK-3β pathway was 

371 measured.  As shown in Figure 5, inhibition of p-forms of PDK1, Akt, and GSK-3β 

372 occurred following 6-OHDA treatment, but levels of p-AKT, p-PDK1, and p-GSK-3β 

373 were enhanced by pretreatment with compound 3, indicating that PI3K/Akt/GSK-3β 

374 may mediate the neurological protective effects of compound 3 and be associated with 

375 pathogenesis in PD.
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376 A detailed phytochemical investigation on the n-BuOH fraction of 80% methanol 

377 extract of C. asiatica was carried out to afford six new triterpene saponins, which are 

378 three pairs of isomers bearing oleanane or ursane type derivatives as the aglycones. 

379 Oleanolic and ursolic pentacyclic triterpenoid isomers often coexist in many plants 

380 due to their same biosynthesis pathways. It was reported that hydrophilic 

381 β-cyclodextrin derivatives could well improve the separation efficiency of oleanolic 

382 and ursolic pentacyclic triterpenoids isomers when they carried big hydrophilic 

383 groups in analytical reversed-phase HPLC.48 To the best of our knowledge, this is the 

384 first report that shows β-cyclodextrin can also be used to well obtain large-scale 

385 individual compounds from mixtures of oleanolic and ursolic pentacyclic 

386 triterpenoids isomers. Moreover, it was demonstrated that compound 3 suppressed 

387 6-OHDA-induced oxidative stress and apoptosis, and this was accompanied with 

388 PI3K/AKT/GSK/3β signaling pathway. The preparation of compound 3 on a 

389 gram-scale is in progress and its overall in vivo neuroprotective effect will be 

390 investigated in the future.
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566

567 Figure 1. Compounds 1–13 isolated from C. asiatica.
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572 Figure 2. Key HMBC and NOE correlations of compound 1.
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583 Figure 3. Effects of compound 3 on 6-OHDA induced cell apoptosis in PC12 cells. Cells were 

584 pretreated with different concentrations of compound 3 for 30 min and then exposed to 6-OHDA 

585 for 24 h. After preparation of the total protein, caspase-3 and PARP were measured by western 

586 blot. 
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589 Figure 4. Effect of compound 3 on 6-OHDA induced SOD-1, SOD-1, and CAT mRNA 

590 expression. Cells were pretreated with different concentrations of compound 3 for 30 min and 

591 exposed to 6-OHDA for 24 h, and then total RNA was extracted for RT-PCR. 

592

Page 30 of 37

ACS Paragon Plus Environment

Journal of Agricultural and Food Chemistry



31

593

594

β-actin

p-Akt

Akt

p-PDK1

PDK1

p-GSK-3β

GSK-3β

- + + +       

- - 50 100

6-OHDA (250 µM)

Compund 3 (µM)

595 Figure 5. Effects of compound 3 on 6-OHDA induced PI3K/Akt/GSK-3β signaling pathway. 

596 PC12 cells were pretreated with different concentrations of compound 3 for 30 min and then 

597 exposed to 6-OHDA for 24 h. After preparation of the total protein, the phosphorylated and total 

598 forms of PDK1, Akt, and GSK-3β were measured by western blot.

599
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601 Table 1. 13C NMR data for compounds 1–6 (δ in ppm, in pyridine-d5)a

no. 1 2 3 4 5 6
aglycon
1 48.9 49.0 50.6 50.7 51.1 51.6
2 69.8 69.1 69.2 69.0 69.3 69.3
3 78.2 78.3 78.0 78.0 78.3 78.2
4 44.5 44.4 44.8 44.9 44.7 44.7
5 45.2 45.2 48.8 48.6 49.2 49.0
6 66.8 66.7 66.9 66.8 67.7 67.6
7 40.4 40.4 40.9 41.2 41.5 41.7
8 42.0 42.0 45.0 44.8 42.9 42.6
9 155.5 155.8 63.1 62.7 53.9 53.4
10 39.9 39.0 38.8 38.6 39.5 39.4
11 121.5 123.2 200.6 199.9 76.4 77.0
12 116.4 115.9 128.7 131.5 122.9 126.3
13 145.1 139.3 169.2 162.7 148.2 141.6
14 42.5 42.8 44.8 44.9 43.0 43.2
15 27.2 28.0 28.4 29.0 28.4 28.8
16 24.2 25.2 23.4 24.5 23.5 24.7
17 46.5 47.9 45.5 48.1 46.8 48.1
18 40.2 51.6 42.3 53.3 41.4 52.7
19 46.3 39.0 31.7 38.9 46.3 39.1
20 30.8 38.8 30.9 38.9 30.8 39.1
21 33.9 30.8 34.0 30.6 34.0 30.8
22 32.4 36.7 33.0 36.0 32.5 36.8
23 66.5 66.5 65.6 65.9 66.2 66.2
24 16.1 16.0 16.1 16.1 16.1 16.1
25 30.4 30.4 20.3 20.2 20.7 20.7
26 23.0 24.0 23.8 21.2 20.2 20.5
27 20.4 18.6 20.6 20.6 25.5 23.1
28 176.8 176.5 176.5 176.1 176.6 176.4
29 33.1 17.4 33.0 17.2 33.1 17.3
30 23.7 21.5 23.6 21.2 23.7 21.3
OMe 54.3 54.5
sugars
Glc-I
1 95.8 95.9 96.1 96.1 95.9 95.9
2 73.8 73.8 74.0 74.1 73.9 73.8
3 78.2 78.1 78.3 78.3 78.3 78.3
4 71.0 71.1 71.0 71.1 71.0 71.1
5 78.0 78.0 78.0 78.0 78.0 78.0
6 69.8 69.2 69.3 69.5 69.3 69.5
Glc-II
1 104.9 104.4 104.9 105.0 104.9 105.0.
2 75.5 75.5 75.4 75.4 75.4 75.4
3 76.6 76.5 76.6 76.6 76.6 76.5
4 78.6 78.6 78.5 78.5 78.6 78.6
5 77.2 77.2 77.2 77.2 77.2 77.2
6 61.3 61.3 61.5 61.4 61.3 61.4
Rha
1 102.6 102.4 102.9 102.8 102.8 102.7
2 72.7 72.7 72.7 72.7 72.8 72.8
3 72.8 72.9 72.9 72.9 72.6 72.6
4 74.0 74.0 74.1 73.8 74.0 74.0
5 70.4 70.3 70.6 70.5 70.4 70.4
6 18.6 18.3 18.7 18.7 18.6 18.6
a Assignments were confirmed by HSQC, and HMBC.
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603 Table 2. 1H NMR data for compounds 1–4 (δ in ppm, J in Hz, in pyridine-d5)a

no. 1 2 3 4 　no. 1 2 3 4

aglycone sugars

1 1.89 (m) 1.88 (m) 1.62 (m) 1.60 (m) Glc-I

2.74 (m) 2.74 (m) 3.94 (m) 3.95 (m) 1 6.18 (d, 7.5) 6.12 (d, 7.5) 6.11 (d, 8.1) 6.08 (d, 8.0)

2 4.49 (m) 4.46 (m) 4.53 (m) 4.53 (m) 2 4.32 (m) 4.36 (m) 4.30 (m) 4.30 (m)

3 3.64, d (9.4) 3.61, o 3.61, d (9.7) 3.62, d (9.5) 3 4.00 (m) 4.02 (m) 4.17 (m) 4.17 (m)

5 2.06 (m) 2.04 (m) 1.97 (m) 1.98 (m) 4 4.25 (m) 4.27 (m) 4.25 (m) 4.25 (m)

6α 5.09 (br s) 5.07 (br s) 5.09 (br s) 5.08 (br s) 5 3.58 (m) 3.61 (m) 4.30 (m) 4.27 (m)

7 1.92 (m) 1.94 (m) 1.91 (m) 1.90 (m) 6 4.28 (m) 4.25 (m) 4.25 (m) 4.26 (m)

2.19 (m) 2.20 (m) 2.10 (m) 2.11 (m) 4.65 (m) 4.61 (m) 4.65 (m) 4.68 (m)

9 2.86 (s) 2.87 (s) Glc-II

11 5.75 (d, 5.2) 5.75 (d, 5.2) 1 4.96 (d, 7.0) 4.94 (d, 7.7) 4.89 (d, 7.9) 4.92 (d, 7.7)

12 6.00 (d, 5.2) 5.94 (d, 5.2) 6.00 (s) 6.02 (s) 2 3.89 (m) 3.90 (m) 3.91 (m) 3.91 (m)

15 1.22 (m) 1.22 (m) 1.24 (m) 1.25 (m) 3 4.09 (m) 4.13 (m) 3.58 (m) 3.60 (m)

2.48 (m) 2.65 (m) 2.32 (m) 2.49 (m) 4 4.12 (m) 4.16 (m) 4.36 (m) 4.36 (m)

16 1.92 (m) 1.74 (m) 1.96 (m) 1.93 (m) 5 4.24 (m) 4.27 (m) 4.10 (m) 4.09 (m)

1.96 (m) 1.96 (m) 1.96 (m) 2.03 (m) 6 4.02 (m) 4.07 (m) 4.03 (m) 4.04 (m)

18 3.31 (d, 10.0) 2.61 (d, 10.5) 3.18 (d, 12.0) 2.54 (d, 11.1) 4.13 (m) 4.18 (m) 4.15 (m) 4.16 (m)

19 1.21 (m) 0.84 (m) 1.28 (m) 1.35 (m) Rha

1.63 (m) 1.72 (m) 1 5.83 (br s) 5.84 (br s) 5.77 (br s) 5.81 (br s)

20 1.35 (m) 0.77 (m) 2 4.66 (m) 4.70 (m) 4.65 (m) 4.62 (m)

21 1.04 (m) 1.15 (m) 1.07 (m) 1.19 (m) 3 4.53 (m) 4.55 (m) 4.51 (m) 4.51 (m)

1.24 (m) 1.33 (m) 1.27 (m) 1.31 (m) 4 4.10 (m) 4.14 (m) 4.11 (m) 4.10 (m)

22 1.65 (m) 1.75 (m) 1.64 (m) 1.77 (m) 5 4.90 (m) 4.92 (m) 4.87 (m) 4.90 (m)

1.82 (m) 1.90 (m) 1.80 (m) 1.88 (m) 6 1.66 (d, 5.8) 1.65 (d, 5.9) 1.65 (d, 6.1) 1.66 (d, 6.0)

23 3.99 (m) 4.03 (m) 4.06 (m) 4.04 (m)

4.36 (m) 4.40 (m) 4.40 (m) 4.40 (m)

24 1.71 (s) 1.69 (s) 1.71 (s) 1.73 (s)

25 2.04 (s) 2.04 (s) 2.13 (s) 2.19 (s)

26 1.94 (s) 1.96 (s) 1.89 (s) 1.93 (s)

27 1.15 (s) 1.04 (s) 1.27 (s) 1.24 (s)

29 0.82 (s) 0.90 (d, 5.7) 0.77 (s) 0.77 (d, 6.0)

30 0.82 (s) 0.84 (s) 0.85 (s) 0.81 (s) 　 　 　 　 　

a Assignments were confirmed by HSQC, and HMBC. m: multiple signal.
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608 Table 3. 1H NMR data for compounds 5–6 (δ in ppm, J in Hz, in pyridine-d5)a

no. 5 6 no. 5 6

aglycone sugars

1 1.85 (m) 1.86 (m) Glc-1

2.75 (d, 9.5) 2.86 (d, 9.7) 1 6.18 (d, 7.5) 6.16 (d, 8.0)

2 4.46 (m) 4.47 (m) 2 4.30 (m) 4.32 (m)

3 3.62, d (8.2) 3.62, o 3 4.08 (m) 4.11 (m)

5 2.01 (br s) 2.04 (br s) 4 4.22 (m) 4.24 (m)

6α 5.08 (br s) 5.09 (br s) 5 3.59 (m) 3.58 (m)

7 1.86 (m) 1.78 (m) 6 4.29 (m) 4.29 (m)

1.92 (m) 1.91 (m) 4.66 (m) 4.66 (m)

9 2.25 (d, 8.2) 2.21 (d, 8.5) Glc-2

11 4.13 (m) 4.21 (m) 1 4.97 (d, 7.7) 4.97 (d, 7.5)

12 5.48 (br s) 5.76 (br s) 2 3.92 (m) 3.95 (m)

15 1.11 (m) 1.11 (m) 3 4.04 (m) 4.05 (m)

2.32 (m) 2.45 (m) 4 4.37 (m) 4.37 (m)

16 1.90 (m) 1.95 (m) 5 4.16 (m) 4.18 (m)

2.03 (m) 2.03 (m) 6 4.07 (m) 4.08 (m)

18 3.26 (d, 13.8) 2.56 (d, 11.0) 4.18 (m) 4.21 (m)

19 2.01 (m) 1.37 (m) Rha

2.10 (m) 1 5.79 (br s) 5.84 (br s)

20 0.87 (m) 2 4.67 (m) 4.71 (m)

21 1.73 (m) 1.25 (m) 3 4.67 (m) 4.68 (m) 

1.85 (m) 1.37 (m) 4 4.15 (m) 4.14 (m)

22 1.63 (m) 1.78 (m) 5 4.93 (m) 4.94 (m)

1.81 (m) 1.90 (m) 6 1.68 (d, 6.0) 1.69 (d, 6.0)

23 4.07 (m) 4.08 (m)

4.41 (m) 4.42 (m)

24 1.75 (s) 1.78 (s)

25 1.89 (s) 1.94 (s)

26 1.75 (s) 1.79 (s)

27 1.27 (s) 1.18 (s)

29 0.89 (s) 1.00 (d, 6.0)

30 0.84 (s) 0.88 (s) 　 　 　

OMe 3.30 (s) 3.31 (s)

a Assignments were confirmed by HSQC, and HMBC. m: multiple signal.
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613 Table 4. Primer sequences and conditions for RT-PCR

Genename Primer Sequence (5'-3')

GAPDH
F: CACTCACGGCAAATTCAACGGCA

R: GACTCCACGACATACTCAGCAC

SOD-1
F: CCATCAATATGGGGACAATACAC

R: ACACGATCTTCAATGGACAC

SOD-2
F: TGACCTGCCTTACGACTATG

R: CGACCTTGCTCCTTATTGAA

Cat
F: CAAGCTGGTTAATGCGAATGG

R: TTGAAAAGATCTCGGAGGCC
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631 Table 5. The neuroprotective effects of triterpene saponins from C. asiatica 

Sample Cell viability (% of control) 

Control 100±7.26a            

6-OHDA 59.04±15.93f

1 57.85±2.84f

2 73.14±11.77 bcdef

3 91.75±7.06 ab

4 78.18±7.17 bcde

5 69.53±0.66 cdef

6 62.09±6.96 def

7 84.02±6.07 abc

8 87.97±10.96 abc

9 81.04±3.88bcd

10 69.09±7.90 cdef

11 86.84±4.03 abc

12 71.61±15.75 cdef

13 73.11±4.52cdef

The data are presented as means ± SD (n = 3). Values with the same superscript letters are not significantly different from each other at p < 0.05
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