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Abstract
Gynura bicolor and G. divaricata are not only known to be nutritive as cultured vegetables but also beneficial as folk medicines in East Asia. As demonstrated by the current phytochemical knowledge, the Gynura genus is a promising source of phenolics with multiple medicinal activities. To expand their phytochemical knowledge, an investigation was undertaken concerning the phenolic secondary metabolites of Gynura bicolor and G. divaricata. From the aerial parts of G. species, collected from five different Chinese origins, two fractions of phenolic compounds with different polarity were obtained via extraction and separation by chromatography. Analyzed by UPLC-MS/MS, a total of fifty-three phenolics were identified by comparison with the respective reference compounds or tentatively characterized by their chromatographic behavior, UV absorption patterns and MS fragmentations. Some natural existing positional isomers of O-caffeoylquinic acid, O-p-coumaroylquinic acid, O-feruloylquinic acid and dicaffeoylquinic acid were qualitative characterized by their specific fragmentation patterns in targetted MS/MS, as well as their methyl esters. Besides, the aerial parts of G. species turned out to contain kaempferol and quercetin oligoglycosides, and a variety of derivatives of benzoic acid, hydroxycinnamic acid and caffeic acid. Furthermore, the distribution of phenolic compounds in G. species from different Chinese origins was discussed. Finally, an investigation of the total polyphenol content and in vitro antioxidant activity of the various phenolic fractions was completed to evaluate the potential of extracts of these G. species for medicinal development. The free radical scavenging activities of the extracts derived from G. species originating from Nanjing were proven to be higher than of the other extracts, which correlated well with their total polyphenol content.
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Introduction.
The genus Gynura belongs to the family Asteraceae, comprising approximately 40 species mainly distributed in Asia, Africa and Australia, of which 10 species were recorded in the south of China [1]. Gynura bicolor is a traditional vegetable native to Asia, while G. divaricata, another edible plant from the same genus, is a new source of food approved by the Ministry of Health of the People's Republic of China in 2010. Both vegetables are popular in Chinese and Japanese restaurants for the preparation of salads or tempura [2][3]. Besides, these two species have been used heavily as traditional or folk medicine in the treatment of hemostasis, detumescence, furuncle [4] and diabetes [5][6]. As local therapy, it is recognized that the collaborative effects of the associated multiple components contribute to the biological activities of these kinds of herbal medicine. However, a comprehensive evaluation of these species from the phytochemical standpoint was scarcely performed. One literature reference disclosed two possible toxic pyrrolizidine alkaloids [7] while other studies found cerebrosides [8][9] and phenolics [10] in G. divaricata. On the biological study, one recent report on acute oral toxicity proved that the methanol extract of G. bicolor showed negligible level of toxicity in rats. Furthermore, the ethyl acetate extract of G. bicolor, containing a high total phenolic content displayed significant antioxidant and cytotoxic activities [11].
Chromatographic fingerprint-based quality control, which could qualitatively and quantitatively reflect the entire secondary metabolite profile of herbal medicine, has shown more and more advantages over traditional study of single marker substances. Metabolite profiling or fingerprinting has been increasingly used for diverse applications such as standardization of herbal medicine or quality and safety assessment of edible plants. Therefore, following our phytochemical study of G. species [12] and investigation of the volatile constituents of different Gynura species [13], the present study aimed at profiling and elucidation of the possible beneficial phenolic compounds in G. bicolor and G. divaricata, based on an UPLC-QTOF/MSn analytical method. The chromatographic fingerprints of different types of constituents of both plants collected from different Chinese origins were constructed. Differences in metabolite profiles between different solvent polarities and types of phenolic compounds from different species were examined as well. In addition, the total polyphenol content and the in vitro antioxidant activity of these crude phenolic extracts were determined by Folin-Ciocalteu reagent, and DPPH, TEAC and FRAP methods, respectively. The information obtained from the present research of metabolite profiling will be useful for the determination of chemical constituents of G. species, and combined with the present investigation on potential antioxidant activity, can be helpful for medicinal and agricultural development.
Results and Discussion.
Extraction of phenolic compounds.

Recently, natural phenolic compounds especially from plants, e.g. phenols, hydroxycinnamic acids, hydroxycinnamates and flavonoids, attracted considerable interest in current pharmaceutical, cosmetic, food, nutrition and agricultural industry because of their desirable chemopreventive properties [14][15]. LC-MSn has been used to characterize the phenolic compounds in many plant species, herbal prescriptions and so on. Two groups of different phenolic compounds were obtained from the diethyl ether and n-butanol extracts of the aerial parts of G. bicolor and G. divaricata collected from five different Chinese origins. An initial screening of the n-butanol extracts by UPLC produced more than 56 chemical constituents with UV absorption at 365 nm (Fig. 1). The retention times of the peaks and their mass spectra with characteristic fragmentation patterns were compared with those of reference compounds or previously reported data. Therefore, 23 compounds were identified or tentatively assigned as typical hydroxycinnamoyl conjugates and flavonoids (Table 1). In a parallel way, 37 phenolic compounds (Table 2) were characterized from the diethyl ether extracts of G. species with UV absorption at 254 nm (Fig. 2). 

Analysis of phenolic compounds from the n-butanol extracts of G. species.

Hydroxycinnamoyl conjugates. Peak 9 was detected and identified as trans-5-O-caffeoylquinic acid by comparison of the retention time and mass spectra with data of reference compound. Negative-ion mode ESI-MS of trans-5-O-caffeoylquinic acid yielded predominant ions m/z 353 [M-H]- and 707 [2M-H]-, which produced diagnostic fragments m/z 191 [quinate]-, m/z 161 [caffeate-H2O]- and m/z 127 [quinate-H2O-HCO2H] in targeted MS2 spectra. Peak 14 showed fragmentations identical to those of trans-5-O-caffeoylquinic acid in the full MS and MS2 negative-ion mode spectra, suggesting the presence of a geometrical isomer of trans-5-O-caffeoylquinic acid. This observation was in accordance with data in previous studies [16][17], allowing evidently identification of peak 14 as cis-5-O-caffeoylquinic acid.

Peak 3, 5 and 11 all displayed predominant ions m/z 353 [M-H]- in full MS spectra, probably being positional isomers of O-caffeoylquinic acid. As described in previous studies [16][17][18], 3-O-caffeoylquinic acid could be distinguished from 5-O-caffeoylquinic acid by the caffeate ion m/z 179 in the MS2 spectra of targeted ion m/z 353 [M-H]-. Likewise, 4-O-caffeoylquinic acid could be deduced by its intense fragment ion m/z 173 [quinate-H2O]-. Combined with consideration of their chromatographic behaviors on C18 column [16][17], peaks 3, 5 and 11 were tentatively identified as cis-3-O-caffeoylquinic acid, trans-3-O-caffeoylquinic acid and cis-4-O-caffeoylquinic acid, respectively.

Five peaks representing five different p-coumaroylquinic acid isomers (m/z 337, [M-H]-) were detected in the n-butanol extract solutions. MS2 of peak 19 and 23 both gave base peak at m/z 191 [quinate]-, low intensity ion m/z 119 [coumarate-CO2]- and m/z 163 [coumarate]-, suggesting that they were 5-O-p-coumaroylquinic acid isomers. Since peak 19 displayed identical retention time to reference compound trans-5-O-p-coumaroylquinic acid, peak 23 was tentatively identified as cis-5-O-p-coumaroylquinic acid. Likewise, MS2 of peak 6 and 7 both yielded characteristic fragment ions m/z 119 [coumarate-CO2]-, m/z 163 [coumarate]- and 191 [quinate]-, thus they were provisionally assigned as 3-O-p-coumaroylquinic acids. For peak 15, its MS2 yielded a diagnostic major ion at m/z 173 [quinate-H2O]- and a small ion at 163 [coumarate]-. Furthermore, fragments m/z 119 [coumarate-CO2]- and m/z 191 [quinate]- were present in relatively small intensities which led to the tentative identification of peak 15 as 4-O-p-coumaroylquinic acid.

In negative mode MS, two components (peak 12 and 20) with m/z at 367 [M-H]- were detected, which both gave a distinct fragmentation m/z 193 [ferulate]-. They had different retention times compared with reference compound 5-O-feruloylquinic acid. Peak 12 gave an abundant ion m/z at 134 [ferulate-CO2-CH3]- and a minor ion m/z at 193 [ferulate]-, characteristic of 3-O-feruloylquinic acid [16]. Fragmentation of peak 20 yielded an intense m/z 173 [quinate-H2O]-, two weak ions m/z 193 [ferulate]- and 191 [quinate]-, specific of 4-O-feruloylquinic acid [16].

In the n-butanol extracts, four other peaks displayed quasi-molecular ions at m/z 515 [M-H]- with diagnostic MS/MS fragmentation ions at m/z 353 [caffeoylquinate]-, corresponding to dicaffeoylquinic acids [18]. On the basis of their retention times, absorption and MS patterns in comparison with reference compounds, peaks 35, 38 and 41 were unequivocally identified as trans-3,4-dicaffeoylquinic acid, trans-3,5-dicaffeoylquinic acid and trans-4,5-dicaffeoylquinic acid, respectively. Both trans-3,4-dicaffeoylquinic acid and trans-4,5-dicaffeoylquinic acid gave the expected MS2 base peaks at m/z 173 [quinate-H2O]-, while trans-3,5-dicaffeoylquinic acid gave MS2 peak at m/z 191 [quinate]-, which was consistent with published data [16][18]. Furthermore, fragment ions m/z 179, 135 and 353 were seen in targeted MS2 spectra of these components. Another minor compound (peak 44) with MS ion at m/z 515 [M-H]- was detected in the n-butanol extract of G. bicolor collected from Nanjing. Its MS2 displayed distinct ions m/z 173, 179, 191, 135 and 353, suggesting the presence of an isomer of dicaffeoylquinic acid.

Flavonoids. Analysis of the phenolic profile of the n-butanol extracts of the aerial parts of G. species using TOF detection showed the presence of a total of seven flavonoid glycosides. Among these, three peaks displayed UV absorption maxima (band II) at 255 nm for quercetin/isorhamnetin and four at 265 nm for kaempferol derivatives [19]. According to the reported flavonoid glycosides from Gynura plants [20], the components detected in the present study were tentatively identified as flavonol 3-O-glycosides. In negative mode MS, all the flavonoids displayed prominent [M-H]- ions, which were useful for their molecular weight determination. In targeted MS/MS spectra, the observed fragmentations with a loss of CH3 (15 Da), H2O (18 Da), CO (28 Da), CO2 (44 Da) and a carbohydrate residue were helpful for structural characterization of the flavonoids investigated [21].
By referring to the reference compounds, peak 25 and 29 were unequivocally identified as quercetin 3-O-rutinoside (rutin) and quercetin 3-O-β-D-glucoside (isoquercetin), respectively. Both peaks gave the same characteristic ions at m/z 301 [quercetin-H]- and fragmentation ions at m/z 273 [quercetin-H-CO]-, 257 [quercetin-H-CO2]- and 151 in targeted MS/MS spectra.

Peaks 30, 31, 34 and 36 all showed the characteristic ions m/z 285 [kaempferol-H]- and 151 in targeted MS/MS spectra, suggesting that they were four different kaempferol glycosides. Their UV absorption maxima (band II) at 265 nm were in accordance with λmax of kaempferol [22]. By comparison with reference compound, peak 36 was identified as kaempferol 3-O-β-D-glucoside (astragalin). Peak 34 gave the corresponding [M-H]- ion at m/z 447 in MS and a loss of hexose (162 Da) in the MS/MS spectrum. Thus it could be tentatively assigned as kaempferol 3-O-β-D-galactoside. Peak 30 and 31 both displayed quasi-molecular ions [M-H]- at m/z 593 in MS, and their MS2 yielded losses of a hexose (162 Da) and a rhamnose (146 Da), which made up a disaccharide moiety. By referring to the reported kaempferol glycosides isolated from Gynura plants [20] and their chromatographic behavior [23][24][25], peak 30 and 31 were tentatively identified as kaempferol 3-O-robinobioside and kaempferol 3-O-rutinoside, respectively.

Peak 32 in the n-butanol extract of aerial part of G. divaricata collected from Nanjing exhibited a [M-H]- ion at m/z 623. This peak afforded the fragment ions at m/z 315, 300 and 271 in the MS2 spectrum, suggesting that it was isorhamnetin glycoside. Losses of a hexose (162 Da) and a rhamnose (146 Da) were also detected in the MS2 spectrum, probably resulting from a disaccharide fragment. From the literature [20], rutinoside commonly exists in Gynura species, thus peak 32 was tentatively characterized as isorhamnetin 3-O-rutinoside.
Analysis of phenolic compounds from the diethyl ether extracts of G. species.

Hydroxybenzoic acid derivatives. Protocatechuic acid (peak 2) and 4-hydroxybenzoic acid (peak 10) were identified by comparison with the available reference compounds. Peak 1 displayed a [M-H]- ion at m/z 169, which produced a daughter fragment ion at m/z 125 [M-H-CO2]- in the MS/MS mode, indicating the possible presence of gallic acid. Peak 4 exhibited a quasi-molecular ion [M-H]- at m/z 231 and its MS2 spectra yielded a fragment ion at m/z 153, which allowed the assignment as a protocatechuic acid derivative.

Peak 8 displayed a [M-H]- ion at m/z 137, and it produced the same fragment ions m/z 93 and 65 as 4-hydroxybenzoic acid (peak 10), suggesting an isomer of hydroxybenzoic acid. Besides, peak 8 gave a different retention time than another reference compound 2-hydroxybenzoic acid (salicylic acid). Thus it was tentatively identified as 3-hydroxybenzoic acid. Peak 18 yielded a [M-H]- ion at m/z 197, and its targeted MS2 experiment gave diagnostic fragments [M-CO2-OCH3]- m/z 123 and [C6H5O]- m/z 95, thus it was tentatively attributed to syringic acid [26].

Hydroxycinnamic acid derivatives. On the basis of the retention time, absorption and mass spectra in comparison with reference compounds, peak 16 and 26 were identified as caffeic acid ([M-H]-, m/z 179) and trans-p-coumaric acid ([M-H]-, m/z 163), respectively. Accordingly, peak 17 yielding the diagnostic ions at m/z 179, 89 and 117 similar as caffeic acid, was assigned as dihydroxycinnamic acid.

The mass spectral data of peak 39 and 50 gave intense m/z 197 and 377 [M-H]- fragment ions, respectively. The MS2 of these two ions both yielded the characteristic ion m/z 163 [coumarate]- and m/z 119 [coumarate-CO2]-, suggesting the presence of coumaric acid derivatives. Meantime, the identical fragment ions m/z 179 [caffeate]-, m/z 161 [caffeate-H2O]- and m/z 135 [caffeate-CO2]- were observed in the targeted MS2 spectra of peak 49 and 53 belonging to caffeic acid derivatives. 

Hydroxycinnamoyl conjugates. By comparison of the chromatographic behaviors, UV absorption patterns and MS fragmentations with those of the available reference compounds or tentatively identified compounds above, trans-5-O-p-coumaroylquinic acid (peak 19), methyl trans-5-O-caffeoylquinate (peak 24), trans-3,4-dicaffeoylquinic acid (peak 35), trans-3,5-dicaffeoylquinic acid (peak 38), trans-4,5-dicaffeoylquinic acid (peak 41), methyl trans-3,4-dicaffeoylquinate (peak 43), methyl trans-3,5-dicaffeoylquinate (peak 45) and methyl trans-4,5-dicaffeoylquinate (peak 47) were unequivocally identified. Peak 23 was tentatively characterized as cis-5-O-p-coumaroylquinic acid with fragments identical to that of its geometrical trans isomer [16].

In the negative mode, peak 13, 22 and 27 showed [M-H]- ions corresponding to methyl trans-5-O-caffeoylquinate (peak 24) at m/z 367. Peaks 24 and 27 both gave identical fragment ions m/z 135 [caffeate-CO2]-, m/z 179 [caffeate]-, m/z 161 [caffeate-H2O]- and m/z 191 [quinate]- in MS/MS spectra, thus they were a pair of isomers and peak 27 was tentatively identified as methyl cis-5-O-caffeoylquinate. Peaks 13 and 22 were observed as a pair of isomers displaying same product ions m/z 161 [caffeate-H2O]-, m/z 179 [caffeate]- and m/z 205 [quinate+CH2]-, suggesting that they could be tentatively identified as methyl cis-3-O-caffeoylquinate and methyl trans-3-O-caffeoylquinate, respectively [16].

Peak 28 produced a quasi-molecular ion at m/z 381. Its MS2 spectrum gave a base peak at m/z 175, originating from ion [ferulate-H2O]-. The ions m/z 193 [ferulate]- and 149 [ferulate-CO2]- were also observed, indicating the presence of methyl O-feruloylquinate.

Peaks 33 and 37 were observed as a pair of isomers with the same quasi-molecular ions m/z 351, suggesting that they were O-coumaroylquinic acid methyl esters. Scanned by targeted MS/MS, both ions displayed characteristic fragmentations at m/z 119 [coumarate-CO2]-, 163 [coumarate]-, 191 [quinate]- and 173 [quinate-H2O]-, which were identical to 4-O-p-coumaroylquinic acid. Therefore, they were tentatively identified as methyl cis-4-O-p-coumaroylquinate and methyl trans-4-O-p-coumaroylquinate, respectively. Peak 40 exhibited a [M-H]- ion at m/z 395. Its MS2 spectrum also gave fragmentations at m/z 119, 163 and 191, and it was tentatively characterized as an O-p-coumaroylquinic acid derivative.

Besides identified dicaffeoylquinic acids (peak 35, 38, 41) and their methyl esters (peak 43, 45, 47), peak 46, 48 and 51 all gave [M-H]- ions at m/z 529. Their MS2 spectra displayed characteristic ions m/z 161, 179, 367, 135 and 349, suggesting that they were isomers of dicaffeoylquinic acid methyl esters.
Flavonoids and others. By comparison of the chromatographic behavior, UV absorption patterns and MS fragmentations with that of the available reference compounds or tentatively identified compounds above, three flavonoids were assigned as kaempferol 3-O-β-D-galactoside (peak 34), kaempferol 3-O-β-D-glucoside (peak 36) and kaempferol (peak 52).

Peak 21 was assigned as benzoic acid by comparison with the reference compound. Peak 42 yielded a quasi-molecular ion at m/z 179 in MS, which gave m/z 93, 135 and 107 as fragment ions in targeted MS/MS spectrum, and it could be tentatively identified as 4-hydroxyphenylpyruvic acid [27].

Distribution of phenolic compounds in G. species from different Chinese origins.

In general, the detected phenolic profiles from the diethyl ether extracts of G. species were more diverse than those from the n-butanol extracts. Representative phenolics such as protocatechuic acid (peak 2), 3-O-p-coumaroylquinic acid (peak 7), 4-hydroxybenzoic acid (peak 10), trans-5-O-p-coumaroylquinic acid (peak 19), methyl cis-4-O-p-coumaroylquinate (peak 33), methyl trans-3,4-dicaffeoylquinate (peak 43) and methyl trans-3,5-dicaffeoylquinate (peak 45) were found with widespread occurrence in the majority of the species. Related with the origin, for both G. bicolor and G. divaricata collected from Nanjing, relatively higher contents of trans-5-O-caffeoylquinic acid (peak 9) and trans-4,5-dicaffeoylquinic acid (peak 41) were observed in the n-butanol extracts as well as their corresponding methyl esters, methyl trans-5-O-caffeoylquinate (peak 24) and methyl trans-4,5-dicaffeoylquinate (peak 47) in the diethyl ether extracts. In addition, both G. species collected from Guangzhou indicated qualitatively less broad phenolic profiles with larger amounts of benzoic acid (peak 21) and O-p-coumaroylquinic acid derivative (peak 40). Regardless of the species, the phenolic profiles of the diethyl ether extracts of G. bicolor and G. divaricata collected from Guangzhou were similar, suggesting that the chemical components were influenced by the local environmental growth conditions. In a parallel way, species related chemical compositions were observed as well. From the n-butanol extracts of G. species collected from Nanjing, hydroxycinnamoyl conjugates 3-O-p-coumaroylquinic acid (peak 7), 4-O-p-coumaroylquinic acid (peak 15) and trans-5-O-p-coumaroylquinic acid (peak 19) were detected in G. bicolor, whereas flavonoids quercetin 3-O-rutinoside (peak 25), quercetin 3-O-(-D-glucoside (peak 29) and kaempferol 3-O-rutinoside (peak 31) were only observed in G. divaricata. Besides, methyl O-feruloylquinate (peak 28) was widely detected in G. bicolor from different origins, which possibly could be considered as one of the marker constituents for this species.

Determination of the total polyphenol content and antioxidant activity of the extracts.

Total polyphenol content. The total amounts of phenolics in the crude extracts were estimated using the Folin-Ciocalteu method. As shown in Table 3, low total polyphenols values, ranging from 24.0 to 180.8 mg of gallic acid equivalents per gram of dried extract, were prevalently found in both diethyl ether and n-butanol extracts, suggesting the presence of more unknown complicated compounds in the crude fractions. It can be seen that both G. species originating from Nanjing seem to contain a higher amount of phenolic substances, regardless of the species type or the polarity of the solvent used for extraction.
DPPH, ABTS scavenging ability and FRAP value. DPPH (1,1-diphenyl-2-picrylhydrazyl) and ABTS [2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)] free radical-scavenging activities of both diethyl ether and n-butanol extracts of G. species are shown in Table 3. Among the sixteen samples, both diethyl ether and n-butanol extracts of G. divaricata collected from Nanjing displayed considerably higher DPPH radical-scavenging activities than the other extracts, whereas diethyl ether extracts of G. bicolor and G. divaricata also originating from Nanjing showed significant ABTS radical-scavenging abilities as determined by the TEAC (Trolox equivalent antioxidant capacity) method. The DPPH-scavenging rate of n-butanol extracts derived from G. bicolor growing in Nanping, Guangzhou, Nanchang and from G. divaricata growing in Nanping could not be found, which could be related to the relative lower amount of total polyphenols. In addition, by comparing respective G. species from the same origin, the ABTS-scavenging rate of diethyl ether extracts was consistently higher than of n-butanol extracts.
Being expressed in FeSO4 equivalents, based on the linear calibration curve, the FRAP value (Table 3) was determined to evaluate the antioxidant activity of extracts of G. species as well. Those values representing the ability for ferric ion reducing activity ranged from 0.36 to 5.87 mmol FeSO4 equivalent per gram of G. species extracts. Similar to the results from the DPPH and ABTS assay, extracts obtained from G. species collected from Nanjing displayed stronger ferric ion reducing activities.
In general, the observed trend for antioxidant activities of different extracts correlated well with the detected total polyphenol content.

Conclusions.

LC-TOF-MS/MS was applied to profile, identify and elucidate the phenolics rapidly in the aerial parts of Gynura bicolor and G. divaricata. The aerial parts of G. species comprised a large number of phenolic constituents, of which the majority was not reported in the past. To our knowledge, this is the first extensive report on the phenolic profiles of G. species, especially on hydroxycinnamoyl conjugates and flavonoids. In the chromatographic fingerprints of G. species collected from different Chinese origins, certain classes of hydroxycinnamic acids and their methyl esters contributed significantly. In addition, cis/trans geometrical isomers with diverse structures were characterized with the assistance of MS/MS fragmentations. The present metabolite profiling study with the detected plant components could be helpful for future phytochemical analyses of different Gynura species. Moreover, the total polyphenol contents of two types of extracts with different polarity were determined by the Folin-Ciocalteu method, and their potential antioxidant activities were screened by the DPPH, TEAC and FRAP assay. According to these assays, extracts from G. species originating from Nanjing displayed much more significant antioxidant activities, which could be related to their higher contents of total polyphenols and higher diversity of phenolic substrates, especially with respect to caffeoylquinic acid derivatives. The present study provides useful information on phenolic compounds associated with antioxidant activities in Gynura species. From a chemical and biodiversity perspective, a comprehensive method of chemical composition analysis is also proposed combined with a bioactivity report, and with further investigation on particular bioactive phenolics and in vivo studies, Gynura species can be considered as meaningful natural sources for pharmaceutical development.
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Experimental Part
Reagent and Chemicals. HPLC-MS grade acetonitrile (Fisher Scientific, Santa Clara, USA), formic acid (Merck, Darmstadt, Germany) and water purified by a Milli-Q academic water purification system (Millipore, Bedford, MA, USA) were used for UPLC-TOF/MS analysis. Ethanol, hydrochloric acid, aqueous ammonia, diethyl ether, dichloromethane, n-butanol and methanol were all analytical grade and purchased from the Sinopharm Chemical Reagent Company (Shanghai, China). Protocatechuic acid, salicylic acid, 4-hydroxybenzoic acid, benzoic acid, caffeic acid, vanillic acid, isovanillic acid and p-coumaric acid were provided from the Shanghai R&D Centre for Standardization of Chinese Medicines and their purities were more than 98% by HPLC analysis based on a peak area normalization. The flavonoids quercetin, kaempferol and rutin were from Jiangsu Institute for Food and Drug Control. Other standard compounds such as isoquercitrin, astragalin, trans-5-O-caffeoylquinic acid, methyl trans-5-O-caffeoylquinate, trans-5-O-feruloylquinic acid, trans-5-O-p-coumaroylquinic acid, trans-3,4-dicaffeoylquinic acid, trans-3,5-dicaffeoylquinic acid, trans-4,5-dicaffeoylquinic acid, methyl trans-3,4-dicaffeoylquinate, methyl trans-3,5-dicaffeoylquinate, methyl trans-4,5-dicaffeoylquinate and ethyl trans-4,5-dicaffeoylquinate were isolated from G. divaricata. Their structures were mainly determined spectroscopically by MS and NMR analyses [16]. Folin-Ciocalteu reagent, gallic acid, 1,1-diphenyl-2-picrylhydrazyl (DPPH), 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS) and 2,4,6-tri(2-pyridyl)-s-triazine (TPTZ) were obtained from Sigma-Aldrich Chemical Co. (St. Louis, MO).
Plant material. Eight batches of the aerial part of G. bicolor and G. divaricata from five different Chinese origins were collected (Table 4). The plants were authenticated by Professor Guo Rong-lin at the Institute of Botany, Jiangsu Province and Chinese Academy of Sciences, Nanjing. The voucher specimens (510918-1~8) were deposited in the herbarium of the Institute of Botany, Jiangsu Province and Chinese Academy of Sciences, Nanjing.
Instrumentation and chromatographic conditions. The chromatographic analyses were performed on an Agilent Zorbax SB-C18 column (4.6 mm ( 100 mm, 1.8 μm). The column and sample temperatures were maintained at 25 °C. The analyses of phenolic acids were carried out using an Agilent 6530 Accurate-Mass Quadrupole Time-of-Flight (Q-TOF) LC-MS system with Jetstream ESI ion source coupled with Agilent 1290 Infinity LC including a 1260 binary pump with standard degasser, 1260 high performance autosampler, 1290 thermostatted column compartment, 1290 diode array detector, equipped with Agilent MassHunter Qualitative Analysis software. Acetonitrile (A) and 0.1% formic acid (B) were used as the gradient elution system of diethyl ether extracts and n-butanol extracts. Linear gradients of 5~40% A at 0~30 min, 40~100% A at 30~40 min, 100~5% A at 40~45 min were applied for both extracts. The flow rate was 0.5 mL/min and 5 μL of sample solution was injected. The effluent was introduced into a DAD detector (scanning range 200~400 nm) and subsequently into an electrospray source (ESI). The optimized MS conditions are listed as follows: drying gas temperature, 350 °C; nebulizer pressure, 50 psi; drying gas flow, 10 L/min; capillary voltage, 3.5 kV; fragmentor voltage, 175 V. The ESI-MS spectra were acquired in negative ionization mode recorded on a mass range of m/z 50-1000. The targeted MSn experiments were performed to seek fragment ions using collision energy of 30 eV.
Sample and standard solutions preparation. The samples were dried and pulverized to powder. Each sample powder (20 g) was macerated in 200 mL of 80% (v/v) aqueous ethanol solution for 30 min, and then extracted under reflux on a water bath for 2 h. The extract solution was filtered and evaporated in vacuum to dryness. The residue was suspended in 100 mL of 2% hydrochloric acid solution and filtered. After liquid-liquid partitioning with 100 mL of diethyl ether twice, the upper layers were combined, evaporated to dryness and taken up in 5 mL of methanol. After filtration through a 0.22 μm membrane, a sample solution of phenolic compounds from the diethyl ether extract was produced for fingerprint analysis, total polyphenol content and in vitro antioxidant activity measurement.

After extraction with diethyl ether, the acid aqueous layer was adjusted to pH 9-10 with concentrated aqueous ammonia and partitioned twice with 100 mL of dichloromethane. After extraction by dichloromethane, the alkaline aqueous layer was re-adjusted to pH 7 with 20% hydrochloric acid and partitioned twice with 100 mL of n-butanol. The n-butanol extracts were combined and evaporated to dryness and taken up in 10 mL of methanol. After filtration through a 0.22 μm membrane, a sample solution of phenolic compounds from the n-butanol extract was obtained for fingerprint analysis, total polyphenol content and in vitro antioxidant activity measurement.
Determination of total polyphenol content. The Folin-Ciocalteu method with slight modification was applied to measure the total polyphenol content [28]. Briefly, an aliquot of 50 μl of sample solution in appropriate dilution was mixed well with the same volume of Folin-Ciocalteu reagent (10 times dilution) in 96-well plate and allowed to react at 30 °C for 3 min in the dark. Then 50 μl of 20% Na2CO3 solution was added and the mixture was allowed to stand for 1 h before reading the absorbance at 760 nm on the Molecular Devices SpectraMax® Plus384. A calibration curve of gallic acid (ranging from 0.01 to 0.10 mg/ml) was prepared, and total polyphenol content was expressed as mg gallic acid equivalent per gram of dried extract.
Determination of antioxidant activity. DPPH, TEAC and FRAP methods described by Liu [29] were used to measure the in vitro antioxidant activity of various phenolic extracts at the concentration of 1.0 mg/ml. The DPPH∙ and ABTS·⁺ scavenging rate of each sample were calculated to compare the antioxidant activities of the different extracts. The FRAP assay to measure the ability of ferric ion reduction of a sample involved calculation from the linear calibration curve.
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Table 1 Phenolics characterized by UPLC-DAD-MSn in the n-butanol extracts of the aerial part of Gynura bicolor and G. divaricata collected from different origins
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Table 3 The total polyphenol contents and antioxidant activities of diethyl ether and n-BuOH extracts of the aerial part of Gynura bicolor and G. divaricata collected from different origins using the DPPH, TEAC and FRAP assay
Table 4 Gynura species collected from different Chinese origins
Figure Captions

Figure 1. Representative UPLC chromatograms at wavelength 365 nm of the fingerprints of the n-butanol extracts of G. species collected from different Chinese origins showing the phenolic compounds.
Figure 2. Representative UPLC chromatograms at wavelength 254 nm of the fingerprints of the diethyl ether extracts of G. species collected from different Chinese origins showing the phenolic compounds.
Table 1 Phenolics characterized by UPLC-DAD-MSn in the n-butanol extracts of the aerial part of Gynura bicolor and G. divaricata collected from different origins
	Peaka
	Rtb
	λmax
	[M-H]-
	MS2 fragment ions
	Tentative assignment
	IDc
	Species (Origins)

	
	
	
	
	
	
	
	G. bicolord
	G. divaricatad

	
	
	
	
	
	
	
	NJ
	NP
	GZ
	HK
	NC
	NJ
	NP
	GZ

	
	5.57
	206, 268
	283
	151, 108, 239, 186
	
	
	
	
	√
	
	
	
	
	

	
	5.86
	208
	196
	153, 162, 68
	
	
	
	
	√
	
	
	
	
	

	3
	9.21
	225, 257, 293
	353
	191, 135, 179, 85
	cis-3-O-caffeoylquinic acid
	MS, L
	√
	
	
	
	
	
	
	

	5
	9.69
	198, 235, 293, 327
	353
	191, 135, 179, 85
	trans-3-O-caffeoylquinic acid
	MS, L
	√
	√
	
	
	
	√
	√
	

	
	10.81
	201, 228, 288, 337
	339
	177, 133, 89, 105
	
	
	√
	√
	
	
	
	√
	√
	

	6
	11.67
	194, 227, 308
	337
	119, 191, 163, 85
	3-O-p-coumaroylquinic acid
	MS, L
	√
	√
	
	√
	
	
	
	

	7
	11.83
	197, 230, 306
	337
	119, 163, 191, 93, 85
	3-O-p-coumaroylquinic acid
	MS, L
	√
	√
	√
	√
	√
	
	
	√

	9
	12.40
	218, 245, 295, 327
	353
	191, 85, 161, 127
	trans-5-O-caffeoylquinic acid
	MS, R
	√
	√
	
	
	
	√
	√
	

	
	12.57
	196, 254
	386
	224, 133, 177, 64, 162
	
	
	
	
	√
	
	
	
	
	

	11
	12.83
	218, 245, 295, 327
	353
	135, 191, 173, 93, 179
	cis-4-O-caffeoylquinic acid
	MS, L
	√
	√
	
	
	
	√
	
	

	12
	12.87
	197, 238, 330
	367
	134, 193, 117, 149
	3-O-feruloylquinic acid
	MS, L
	
	
	
	
	
	
	√
	

	
	13.40
	196, 240
	481
	151, 138, 134, 184, 124, 298, 255, 267
	
	
	
	√
	
	
	√
	
	√
	

	
	13.60
	196, 222, 243, 262
	469
	97, 241, 257, 177, 151, 199, 413, 282
	
	
	√
	√
	√
	
	√
	
	√
	

	
	13.65
	
	425
	
	
	
	
	
	
	
	
	
	
	√

	
	14.12
	196, 218, 237
	359
	189, 59, 161, 203, 175
	
	
	√
	√
	√
	
	√
	
	
	

	
	14.20
	197, 217, 239
	467
	97, 241, 139, 59, 151, 259, 288, 199
	
	
	
	
	
	
	
	
	
	√

	
	14.22
	197, 239
	367
	207, 192, 134, 181, 137, 145, 257, 275
	
	
	
	
	
	
	
	
	√
	

	14
	14.25
	196, 231, 307
	353
	191, 85, 161, 127
	cis-5-O-caffeoylquinic acid
	MS, L
	√
	
	
	
	
	√
	
	

	15
	14.32
	196, 237, 270
	337
	173, 93, 119, 191, 163, 111
	4-O-p-coumaroylquinic acid
	MS, L
	√
	
	
	√
	
	
	
	

	
	14.63
	
	393
	
	
	
	
	
	
	
	
	
	
	√

	19
	15.21
	192, 230, 311
	337
	191, 93, 173, 119, 163
	trans-5-O-p-coumaroylquinic acid
	MS, R
	√
	√
	√
	√
	√
	
	√
	√

	20
	15.99
	196, 239, 328
	367
	173, 93, 134, 193, 191
	4-O-feruloylquinic acid
	MS, L
	√
	√
	
	√
	
	
	√
	

	
	16.05
	196, 240
	341
	97, 59, 241, 139, 181, 151, 259
	
	
	√
	
	
	√
	√
	√
	√
	

	
	16.49
	196, 240
	515
	479, 315, 216, 341, 145, 242, 119, 187
	
	
	
	√
	
	√
	√
	
	√
	

	23
	16.76
	192, 231, 310
	337
	191, 85, 93, 119, 127, 163
	cis-5-O-p-coumaroylquinic acid
	MS, L
	
	√
	
	√
	
	
	
	

	
	17.13
	206, 234
	451
	208, 223, 212, 193, 227, 191, 176, 284
	
	
	
	
	
	√
	√
	
	√
	

	
	17.45
	196, 236, 282
	465
	97, 241, 177, 259, 257, 303, 379
	
	
	√
	
	√
	√
	√
	√
	√
	

	
	17.65
	196, 237
	421
	179, 97
	
	
	√
	
	
	
	√
	
	√
	

	
	18.09
	197, 236
	557
	329, 341, 326, 311, 315, 380, 173, 113
	
	
	
	√
	
	√
	
	
	√
	

	25
	18.19
	196, 225, 255, 304
	609
	301, 273, 257, 179, 151, 343
	quercetin 3-O-rutinoside
	MS, R
	
	
	
	√
	
	√
	√
	

	
	18.32
	196, 236, 315
	467
	
	
	
	√
	√
	
	
	
	
	
	

	
	18.45
	196, 240
	253
	209, 173, 127, 97
	
	
	
	
	√
	
	
	
	
	

	
	18.59
	196, 238
	409
	233, 59, 187, 85, 113
	
	
	
	
	
	
	
	
	√
	

	29
	19.13
	208, 255, 357
	463
	301, 273, 257, 151
	quercetin 3-O-(-D-glucoside
	MS, R
	
	
	
	
	
	√
	
	

	30
	19.25
	197, 265, 346
	593
	285, 255, 227, 151, 327
	kaempferol 3-O-robinobioside
	MS, L
	
	√
	
	√
	√
	
	√
	

	
	19.29
	196, 238
	683
	647, 89, 119, 59, 179, 252, 299, 361
	
	
	
	
	
	
	
	
	
	√

	31
	19.87
	196, 265, 346
	593
	285, 255, 327, 151, 227
	kaempferol 3-O-rutinoside
	MS, L
	
	√
	
	√
	√
	√
	√
	√

	32
	20.12
	202, 255, 346
	623
	315, 300, 271, 357, 243, 161, 199, 89
	isorhamnetin 3-O-rutinoside
	MS, L
	
	
	
	
	
	√
	
	

	
	20.26
	197, 242
	431
	203, 233, 217, 134, 269, 294, 349, 93
	
	
	
	√
	
	
	
	
	√
	

	34
	20.29
	197, 241, 265, 353
	447
	285, 255, 227, 327, 151
	kaempferol 3-O-(-D-galactoside
	MS
	
	
	
	√
	√
	
	
	

	
	20.38
	196, 238
	683
	647, 89, 179, 276, 485
	
	
	
	
	√
	
	√
	
	
	√

	35
	20.57
	218, 245, 295, 327
	515
	173, 179, 191, 135, 161, 353, 335
	trans-3,4-dicaffeoylquinic acid
	MS, R
	√
	
	
	
	
	√
	√
	

	
	20.75
	196, 236, 290
	382
	173, 208, 164, 93, 134, 117
	
	
	
	
	√
	
	
	
	
	

	
	20.89
	196, 238
	451
	97, 408, 329, 393, 288, 241, 124, 157
	
	
	√
	√
	
	
	√
	
	
	

	36
	20.97
	197, 235, 265, 335
	447
	285, 267, 241, 199, 151
	kaempferol 3-O-(-D-glucoside
	MS, R
	√
	
	
	√
	√
	√
	
	

	
	21.26
	196, 240
	489
	113, 75, 85, 71, 56, 99, 175, 193, 235
	
	
	
	
	
	
	
	
	√
	

	
	21.39
	196, 236, 290
	382
	190, 162, 93, 132, 208
	
	
	
	
	√
	
	
	
	
	

	38
	21.49
	219, 245, 296, 330
	515
	191, 179, 135, 353, 161
	trans-3,5-dicaffeoylquinic acid
	MS, R
	√
	
	
	√
	
	√
	
	

	
	21.55
	196, 240
	267
	97, 187
	
	
	
	√
	
	
	
	
	
	√

	
	22.32
	197, 239
	279
	97, 199, 57, 153, 80, 235, 261
	
	
	
	
	
	√
	
	
	√
	

	41
	22.38
	219, 245, 296, 330
	515
	173, 179, 191, 135, 353
	trans-4,5-dicaffeoylquinic acid
	MS, R
	√
	
	
	
	
	√
	
	

	
	22.81
	196, 240
	279
	97, 199, 139, 240, 80
	
	
	
	
	
	
	
	
	√
	

	
	24.08
	196, 238
	467
	193, 134, 178, 149, 97, 273
	
	
	
	
	
	
	
	
	√
	√

	44
	24.45
	196, 237
	515
	173, 179, 191, 135, 353, 93, 255
	dicaffeoylquinic acid
	MS
	√
	
	
	
	
	
	
	

	
	27.12
	196, 239
	386
	74, 139, 184
	
	
	
	
	
	
	
	
	
	√

	
	27.15
	196, 240
	645
	601, 627, 469, 583, 494, 289, 329, 271
	
	
	
	
	
	
	
	
	√
	


a) The peaks are listed in order of their retention time on a C-18 column. b) Rt: retention time. c) Identification methods: MS, mass spectrum; R, by comparison of the mass spectrum with those of the reference compound; L, by comparison of the mass spectrum with those reported in the literature. d) Gynura bicolor or G. divaricata from different origins: NJ, Nanjing; NP, Nanping; GZ, Guangzhou; HK, Haikou; NC, Nanchang.
Table 2 Phenolics characterized by UPLC-DAD-MSn in the diethyl ether extracts of the aerial part of Gynura bicolor and G. divaricata collected from different origins
	Peaka
	Rtb
	λmax
	[M-H]-
	Fragment ions
	Tentative assignment
	IDc
	Species(Origins)

	
	
	
	
	
	
	
	G. bicolord
	G. divaricatad

	
	
	
	
	
	
	
	NJ
	NP
	GZ
	HK
	NC
	NJ
	NP
	GZ

	
	3.68
	210
	119
	65
	
	
	
	
	
	√
	
	
	√
	

	1
	5.49
	215, 278
	169
	51, 79, 125, 69
	gallic acid
	MS
	
	
	
	√
	
	
	
	

	2
	9.17
	207, 220, 261, 295
	153
	109, 91, 53, 65, 81
	protocatechuic acid
	MS, R
	√
	√
	
	√
	√
	√
	√
	

	4
	9.65
	253
	231
	185, 93, 153, 213
	protocatechuic acid derivative
	MS
	√
	√
	√
	√
	√
	
	√
	√

	
	10.47
	212, 277
	154
	66
	
	
	
	√
	√
	
	
	√
	
	√

	
	10.58
	210
	129
	57, 71
	
	
	
	
	
	√
	
	
	√
	

	
	11.66
	196, 235
	175
	85, 59, 113
	
	
	
	
	
	
	
	
	√
	

	8
	11.95
	208, 232, 280, 316
	137
	107, 93, 119, 53, 65
	3-hydroxybenzoic acid
	MS, L
	
	√
	
	√
	
	
	
	

	10
	12.58
	196, 211, 256
	137
	93, 65, 75
	4-hydroxybenzoic acid
	MS, R
	√
	√
	√
	√
	√
	√
	√
	√

	13
	14.12
	205, 220, 262, 294
	367
	161, 133, 85, 179, 205
	methyl cis-3-O-caffeoylquinate
	MS, L
	√
	√
	
	√
	
	√
	√
	

	16
	14.41
	196, 240, 296, 327
	179
	89, 105, 77, 133, 121, 65
	caffeic acid
	MS, R
	
	√
	
	√
	
	
	
	

	17
	14.62
	222, 276
	179
	135, 89, 79, 107, 117
	dihydroxycinnamic acid
	MS
	
	√
	
	√
	
	√
	√
	

	18
	14.65
	218, 276
	197
	95, 123, 163, 67
	syringic acid
	MS, L
	√
	
	
	
	
	√
	
	

	19
	15.13
	194, 232, 311
	337
	191, 93, 119, 163, 85, 67
	trans-5-O-p-coumaroylquinic acid
	MS, R
	
	
	
	√
	
	
	
	

	21
	15.99
	196, 225, 286
	121
	93, 65
	benzoic acid
	MS, R
	
	√
	√
	√
	
	
	√
	√

	22
	16.19
	221, 243, 298, 330
	367
	161, 133, 85, 179, 205
	methyl trans-3-O-caffeoylquinate
	MS, L
	
	
	
	
	
	√
	
	

	
	16.64
	196, 235
	215
	71, 125, 83, 55
	
	
	
	√
	√
	√
	√
	
	
	√

	23
	16.81
	194, 234, 308
	337
	191, 85, 93, 119, 127, 163, 173
	cis-5-O-p-coumaroylquinic acid
	MS, L
	
	
	
	√
	
	
	
	

	
	17.06
	223
	215
	71, 83, 125, 99
	
	
	
	
	√
	√
	
	
	
	

	24
	17.34
	195, 245, 296, 332
	367
	135, 179, 161, 85, 191
	methyl trans-5-O-caffeoylquinate
	MS, R
	√
	√
	
	√
	√
	√
	
	

	
	17.73
	196, 233, 280, 315
	333
	138, 75, 289
	
	
	
	
	
	√
	
	
	
	

	
	17.87
	206, 221, 268, 296
	167
	108, 91, 124, 51
	
	
	√
	
	
	
	
	√
	
	

	26
	18.32
	229, 311
	163
	119, 93, 65
	trans-p-coumaric acid
	MS, R
	
	√
	
	√
	√
	√
	√
	√

	27
	18.65
	197, 227, 323
	367
	135, 179, 161, 85, 191, 205
	methyl cis-5-O-caffeoylquinate
	MS, L
	√
	
	
	
	
	√
	
	

	28
	19.09
	196, 237, 287
	381
	175, 160, 193, 149, 85
	methyl O-feruloylquinate
	MS
	√
	√
	
	√
	√
	
	
	

	
	19.26
	190. 212
	223
	91, 87, 59, 161, 133
	
	
	
	√
	
	
	
	
	√
	

	33
	20.17
	212, 227, 313
	351
	119, 145, 163, 85, 173, 191
	methyl cis-4-O-p-coumaroylquinate
	MS
	√
	√
	√
	√
	√
	
	√
	√

	34
	20.37
	196, 254
	447
	285, 255, 227
	kaempferol 3-O-(-D-galactoside
	MS, L
	
	
	
	√
	√
	
	
	

	35
	20.74
	196, 237
	515
	173, 179, 191, 135, 161, 155, 353, 335
	trans-3,4-dicaffeoylquinic acid
	MS, R
	
	
	
	√
	√
	
	
	

	36
	20.99
	196, 227, 266, 350
	447
	285, 255, 227
	kaempferol 3-O-(-D-glucoside
	MS, R
	√
	
	
	√
	√
	
	
	

	37
	21.16
	190, 228, 310
	351
	119, 145, 163, 85, 173, 191
	methyl trans-4-O-p-coumaroylquinate
	MS
	√
	
	
	√
	√
	√
	
	

	38
	21.52
	194, 222, 242, 330
	515
	191, 179, 135, 353
	trans-3,5-dicaffeoylquinic acid
	MS, R
	
	
	
	√
	
	
	
	

	39
	21.85
	
	197
	137, 163, 121, 95, 57, 119, 135
	coumaric acid derivative
	MS
	
	√
	
	
	
	
	
	

	
	22.14
	196, 234, 273
	401
	133, 195, 213, 169, 177, 85
	
	
	
	
	
	
	
	
	√
	

	40
	22.17
	195, 231
	395
	119, 145, 163, 207, 85, 191
	O-p-coumaroylquinic acid derivative
	MS
	
	
	√
	
	
	
	
	√

	41
	22.34
	196, 242, 263, 300
	515
	173, 179, 191, 135, 353
	trans-4,5-dicaffeoylquinic acid
	MS, R
	
	√
	
	√
	
	
	
	

	42
	22.78
	196, 218, 267
	179
	93, 135, 107
	4-hydroxyphenylpyruvic acid
	MS, L
	√
	√
	
	
	√
	
	
	

	
	23.47
	195, 240, 292
	333
	138, 122, 106, 132, 289, 94, 150, 241
	
	
	
	
	
	
	
	
	
	√

	
	23.47
	196, 257
	229
	71, 151, 67, 95, 135
	
	
	√
	
	
	
	
	
	
	

	43
	23.94
	
	529
	161, 367, 135, 179, 85
	methyl trans-3,4-dicaffeoylquinate
	MS, R
	√
	√
	
	√
	√
	√
	√
	

	
	24.15
	190, 220, 262, 295
	237
	91, 115, 143, 55, 187
	
	
	√
	
	
	
	
	
	√
	

	
	24.49
	196, 240
	263
	203, 189, 125, 171, 149, 79, 107, 219
	
	
	
	√
	
	
	
	
	
	

	45
	25.77
	
	529
	161, 179, 367, 135, 349, 289, 229
	methyl trans-3,5-dicaffeoylquinate
	MS, R
	√
	√
	
	√
	√
	√
	√
	

	
	26.11
	195, 287
	397
	209, 135, 165, 191, 117, 337
	
	
	
	
	√
	
	
	
	
	√

	46
	26.16
	
	529
	161, 179, 367, 135, 349, 209, 191
	methyl dicaffeoylquinate
	MS
	
	
	
	√
	√
	
	
	

	47
	26.54
	
	529
	179, 161, 135, 367, 349, 305, 229
	methyl trans-4,5-dicaffeoylquinate
	MS, R
	√
	
	
	√
	√
	√
	√
	

	48
	26.75
	
	529
	161, 179, 135, 367, 349, 229, 85
	methyl dicaffeoylquinate
	MS
	
	
	
	√
	
	√
	
	

	49
	27.17
	197, 234, 305
	237
	103, 119, 161, 135, 179
	caffeic acid derivative
	MS
	
	
	
	
	√
	
	
	

	50
	27.94
	195, 238, 293
	377
	119, 73, 185, 95, 163, 231, 274, 343
	coumaric acid derivative
	MS
	
	
	
	√
	
	
	
	

	51
	28.38
	
	529
	179, 163, 135, 367, 349, 229, 305, 107
	methyl dicaffeoylquinate
	MS
	√
	
	
	
	
	√
	
	

	
	29.03
	196, 240
	202
	115, 142, 66
	
	
	√
	√
	√
	
	√
	
	
	√

	
	31.23
	
	659
	615, 641, 289, 271, 343, 567
	
	
	
	
	
	
	
	
	√
	

	
	31.25
	194, 240, 273
	213
	66, 73, 80, 198, 124
	
	
	
	
	√
	
	
	
	
	

	
	32.01
	196, 238
	322
	
	
	
	
	
	
	
	√
	
	
	

	52
	32.37
	196, 243
	285
	93, 185, 107, 239
	kaempferol
	MS, R
	
	
	
	√
	
	
	
	

	53
	34.77
	194, 243, 297, 332
	571
	179, 161, 135, 409, 391, 347, 289, 235
	caffeic acid derivative
	MS
	
	
	
	
	
	√
	
	


a) The peaks are listed in order of their retention time on a C-18 column. b) Rt: retention time. c) Identification methods: MS, mass spectrum; R, by comparison of the mass spectrum with those of the reference compound; L, by comparison of the mass spectrum with those reported in the literature. d) Gynura bicolor or G. divaricata from different origins: NJ, Nanjing; NP, Nanping; GZ, Guangzhou; HK, Haikou; NC, Nanchang.
Table 3 The total polyphenol contents and antioxidant activities of diethyl ether and n-BuOH extracts of the aerial part of Gynura bicolor and G. divaricata collected from different origins using the DPPH, TEAC and FRAP assay

	Sample
	diethyl ether extracts
	n-BuOH extracts

	Species
	G. bicolor
	G. divaricata
	G. bicolor
	G. divaricata

	Originsa
	NJ
	NP
	GZ
	HK
	NC
	NJ
	NP
	GZ
	NJ
	NP
	GZ
	HK
	NC
	NJ
	NP
	GZ

	Total Polyphenol Content (mg gallic acid/ g extract)
	139.2
	65.6
	61.6
	77.2
	62.8
	159.2
	56.0
	54.8
	118.4
	27.2
	24.0
	56.8
	26.4
	180.8
	27.2
	40.0

	DPPHb Scavenging Rate
(%)
	21.45
	5.20
	9.41
	9.37
	8.24
	44.47
	9.27
	2.44
	25.86
	--
	--
	3.15
	--
	51.40
	--
	5.22

	ABTSc Scavenging Rate
(%)
	97.80
	45.96
	43.13
	79.53
	61.43
	100
	56.31
	39.49
	59.08
	12.47
	11.40
	25.42
	11.51
	65.60
	21.89
	19.54

	FRAPd
(mmol FeSO4 / g extract)
	5.42
	3.24
	1.60
	3.60
	2.24
	5.87
	2.00
	1.20
	2.14
	0.56
	0.36
	2.16
	0.64
	5.33
	0.72
	0.40


a) Gynura bicolor or G. divaricata from different origins: NJ, Nanjing; NP, Nanping; GZ, Guangzhou; HK, Haikou; NC, Nanchang; b)DPPH: 1,1-diphenyl-2-picrylhydrazyl; c)ABTS: 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid); d)FRAP: ferric reducing antioxidant power; --: not found.

Table 4 Gynura species collected from different Chinese origins

	No.
	Sample
	Species
	Origins
	Sampling part
	Harvesting time

	1
	GB(NJ)
	G. bicolor
	Nanjing
	aerial part
	June 2012

	2
	GB(NP)
	G. bicolor
	Nanping
	aerial part
	July 2012

	3
	GB(GZ)
	G. bicolor
	Guangzhou
	aerial part
	June 2012

	4
	GB(HK)
	G. bicolor
	Haikou
	aerial part
	Nov. 2012

	5
	GB(NC)
	G. bicolor
	Nanchang
	aerial part
	May 2012

	6
	GD(NJ)
	G. divaricata
	Nanjing
	aerial part
	June 2012

	7
	GD(NP)
	G. divaricata
	Nanping
	aerial part
	July 2012

	8
	GD(GZ)
	G. divaricata
	Guangzhou
	aerial part
	June 2012
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Fig. 1. Representative UPLC chromatograms at wavelength 365 nm of the fingerprints of the n-butanol extracts of G. species collected from different Chinese origins showing the phenolic compounds. GB-NJ: Gynura bicolor (Nanjing, Jiangsu); GB-NP: Gynura bicolor (Nanping, Fujian); GB-GZ: Gynura bicolor (Guangzhou, Guangdong); GB-HK: Gynura bicolor (Haikou, Hainan); GB-NC: Gynura bicolor (Nanchang, Jiangxi); GD-NJ: Gynura divaricata (Nanjing, Jiangsu); GD-NP: Gynura divaricata (Nanping, Fujian); GD-GZ: Gynura divaricata (Guangzhou, Guangdong); Peak numbers correspond to the numbering of phenolics in Table 1.
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Fig. 2. Representative UPLC chromatograms at wavelength 254 nm of the fingerprints of the diethyl ether extracts of G. species collected from different Chinese origins showing the phenolic compounds. GB-NJ: Gynura bicolor (Nanjing, Jiangsu); GB-NP: Gynura bicolor (Nanping, Fujian); GB-GZ: Gynura bicolor (Guangzhou, Guangdong); GB-HK: Gynura bicolor (Haikou, Hainan); GB-NC: Gynura bicolor (Nanchang, Jiangxi); GD-NJ: Gynura divaricata (Nanjing, Jiangsu); GD-NP: Gynura divaricata (Nanping, Fujian); GD-GZ: Gynura divaricata (Guangzhou, Guangdong); Peak numbers correspond to the numbering of phenolics in Table 2.
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