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Abstract 20 

Two edible plants in Southeast Asia, Gynura bicolor and G. divaricata, are not only 21 

known to be nutritive but also useful as medicinal herbs. Previous phytochemical 22 

investigation of G. species showed the presence of hepatotoxic pyrrolizidine alkaloids 23 

(PAs), indicating the toxic risk of using these two plants. The present study was 24 

designed to analyse the distribution of PA components and tried to evaluate the 25 

preliminary toxicity of these two G. species. Eight samples of G. bicolor and G. 26 

divaricata from five different Chinese locations were collected and their specific PAs 27 

were qualitatively characterized by applying an UPLC-MS/MS spectrometry method. 28 

Using a pre-column derivatization HPLC method, the total retronecine ester-type PAs 29 

in their alkaloids extracts were quantitatively estimated as well. Finally, their 30 

genotoxicity was investigated with an effective high-throughput screening method 31 

referred to as Vitotox™ test and their potential cytotoxicity was tested on HepG2 cells. 32 

It was found that different types of PAs were widely present in G. species collected 33 

from south of China. Among them, no significant genotoxic effects were detected with 34 

serial concentrations through the present in vitro assay. However, the cytotoxicity 35 

assay of Gynura plants collected from Jiangsu displayed weak activity at the 36 

concentration of 100 mg/mL. It is important to note that this research validates in part 37 

the indication that the use of G. species requires caution. 38 

Keywords: Gynura bicolor; Gynura divaricata; Pyrrolizidine alkaloids; Genotoxicity; 39 

Cytotoxicity. 40 
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Introduction. 41 

The genus Gynura belongs to the family Asteraceae, comprising approximately forty 42 

species mainly distributed in Asia, Africa and Australia, of which ten species were 43 

recorded in the South of China [1]. Many Gynura species, such as G. bicolor, G. 44 

divaricata and G. procumbens are edible plants native to Asia, from which the aerial 45 

parts are consumed in salads or as tempura in Chinese and Japanese restaurants for 46 

their rich content of iron, calcium, vitamin A, etc [2-4]. From 2010, both G. divaricata 47 

and G. procumbens have been approved as new source of food by the Minister of 48 

Health of the People's Republic of China. Moreover, Gynura plants have been widely 49 

used as folk medicines for the treatment of inflammation [5], hypertension [6], 50 

hyperglycaemia [7] and cancer [8]. Among the species, G. bicolor and G. divaricata 51 

attracted more attention for their use for the prevention and treatment of diabetes 52 

mellitus in China. As demonstrated from a study on natural herbs used in the 53 

traditional Chinese medical system for treatment of diabetes, a tea made from the 54 

fresh leaves of G. bicolor and/or G. divaricata was found to have excellent 55 

hypoglycemic effects [9].  56 

In previous phytochemical reports, the presence of volatiles [10], phenolics [11], 57 

anthocyanins [2], glycosides and norisoprenoids [12] was reported in G. bicolor. 58 

Meanwhile, studies demonstrated that phenolics [13] and cerebroside [14] were 59 

found in G. divaricata. However, a serious concern exists regarding Gynura plants due 60 

to the presence of pyrrolizidine alkaloids (PAs) [15-16], which were reported to be 61 
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hepatotoxic, genotoxic, and carcinogenic [17-20]. One earlier phytochemical 62 

investigation of G. divaricata showed the presence of integerrimine and usaramine, 63 

classified as retronecine type-pyrrolizidine alkaloids (RET-PAs) [16], indicating the toxic 64 

risk for using this as functional food and folk medicine. According to data, over 10,000 65 

human cases worldwide were reported of poisoning by consumption of PAs-containing 66 

herbal products or food [17]. The World Health Organization issued a Health and Safety 67 

Guide on utilization of hepatotoxic PAs-containing herbs to prevent the risk of human 68 

exposure to these alkaloids with the dose limit of 15 μg/kg body weight per day [21], 69 

while obviously more stringent guidelines were established in Western developed 70 

countries, for instance the internal exposure of PAs is restricted to 1 μg of PAs per day 71 

in Germany [22] and Belgium proposes a limit of PAs in herbs be set at 1 μg/g of herb 72 

[23].  73 

Despite the various benefits from repeated consumption, limited safety information is 74 

available on the use of G. species [24]. To fill up a part of this knowledge gap, in this 75 

study, a specific investigation focusing on profiling of PAs in the aerial parts of G. bicolor 76 

and G. divaricata harvested from different Chinese locations at different times (Table 77 

1) was performed, through a method involving ultra-performance liquid 78 

chromatography coupled to tandem mass spectrometry (UPLC-MS/MS) analysis. 79 

Furthermore, an improved pre-column derivatisation high-performance liquid 80 

chromatography (HPLC) method was applied to analyse the total RET-PAs content of 81 

these samples of G. species. To study their potential toxicity, the genotoxicity was 82 
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evaluated using a high-throughput bacterial Vitotox™ assay, which proved to be very 83 

useful in the study of the genotoxicity of plants and extracts as well as for synthetic 84 

drug leads [25-27]. In addition, the total PAs extracts of G. bicolor and G. divaricata 85 

collected from Nanjing were further utilized to test their potential cytotoxicity on 86 

HepG2 cells. The purpose of the present research was to characterize the PA 87 

composition of G. bicolor and G. divaricata, and to study the geographical patterns of 88 

PAs across the plant distributional area. Finally their potential toxicity was evaluated 89 

based on the screening of genotoxicity and cytotoxicity assessment.  90 

 91 

Results and Discussion. 92 

Identification of PAs from two G. species. 93 

PAs are esters composed of necic acids and necine bases. According to the structure 94 

of the necines, PAs can be classified into three types, namely retronecine-, otonecine- 95 

and platynecine-type PAs [28]. It has been demonstrated that the use of tandem mass 96 

spectrometry in multiple reaction monitoring mode, allows the screening for 97 

toxicologically relevant PAs of different structure types. Retronecine-type PAs exhibit 98 

the characteristic fragments at m/z 120 and 138, while otonecine-type PAs have m/z 99 

150 and 168 as specific fragments. Furthermore, PA structure types with different 100 

classes of esterification and oxidation can also be determined based on diagnostic 101 

fragmentations [29]. The occurrence of additional fragments of m/z 136 and 118, 102 

besides m/z 138 and 120, is diagnostic for N-oxides of retronecine-type PAs. In this 103 
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study, pyrrolizidine alkaloid profiles (structures shown in Figure 1) of G. bicolor and G. 104 

divaricata from the same genus, were comprehensively analyzed by UPLC-MS and 105 

UPLC-MS/MS. As shown in Table 2, a total of twenty-seven PAs consisting of five 106 

different types were detected, using a related diagnostic fragment ions monitoring 107 

method [29]. By comparing the retention time and MS/MS fragmentation with those 108 

of reference compounds, peaks 20, 22 and 24-26 were unequivocally identified as 109 

retrorsine, spartioidine, seneciphylline, integerrimine and senecionine, respectively 110 

(see in Figure 2). These five PAs, belonging to the RET-type, were all detected to 111 

produce diagnostic fragment ions at m/z 120 and 138. 112 

Peaks 11, 12, 13 and 21 (m/z 352) showed the same molecular weight as retrorsine 113 

and usaramine, which was previously isolated from G. divaricata collected from 114 

Hongkong [16]. The diagnostic fragment ions m/z 138 and 120 for RET-PAs were also 115 

observed for these peaks [30]. Peak 11 eluted at 4.46 min, in correspondence with a 116 

peak (Rt 4.44 min) tentatively identified as usaramine in our previous study applying a 117 

similar analytical method with the same chromatographic conditions except for the 118 

column temperature which was 30 °C instead of 45 °C [31]. However, mucronatinine is 119 

a reported RET-type isomer of usaramine with the same molecular weight [32]. Thus, 120 

these peaks cannot be positively identified. 121 

Peak 14 (Rt 4.67 min) and 15 (Rt 4.86 min) showed the diagnostic ions at m/z 168 and 122 

150 for otonecine-type PAs (OTO-PAs). Both of them had the same molecular weight 123 

of 365, suggesting a pair of isomers. Upon comparison of retention times, peak 14 124 
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corresponded with a peak (Rt 4.69 min) tentatively identified as neosenkirkine in our 125 

previous study [31]. However, in view of the differences in column temperature during 126 

the chromatographic analyses and the reported isolation of crotaverrrine as an OTO-127 

type isomer of senkirkine and neosenkirkine [33], such tentative assignment of peak 128 

14 is not appropriate. By comparison with the retention time of the standard 129 

compound, peak 15 was unequivocally characterized as senkirkine. 130 

The molecular weights of peak 3 (m/z 368, Rt 3.23 min), peak 6 (m/z 350, Rt 3.63 min) 131 

and peak 10 (m/z 352, Rt 4.40 min) were 16 Da higher than those of retrorsine (m/z 132 

352), seneciphylline (m/z 334) and senecionine (m/z 336), respectively. They also 133 

showed diagnostic fragment ions m/z 138, 136, 120, and 118 for RET-PAs-N-oxides [29]. 134 

The retention times of peak 3 and peak 10 were nearly identical to the retention times 135 

of the peaks unequivocally identified by comparison with PAs standards as retrorsine 136 

N-oxide (Rt 3.18 min) and senecionine N-oxide (Rt 4.36 min) eluted under identical 137 

chromatographic conditions [34]. Similarly, peak 6 eluted at 3.63 min, in 138 

correspondence with a peak (Rt 3.54 min) tentatively identified as seneciphylline N-139 

oxide in this previous study [34]. Thus, they were tentatively identified as retrorsine N-140 

oxide, seneciphylline N-oxide and senecionine N-oxide, respectively, although isomers 141 

of the N-oxides cannot be excluded. 142 

Distribution of PAs in G. species from different Chinese locations. 143 

PAs were widely found in eight samples of G. bicolor and G. divaricata collected from 144 

five different Chinese locations (Table 1), i.e. Nanjing, Nanping, Guangzhou, Haikou 145 
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and Nanchang. Both G. bicolor and G. divaricata showed a variety of PA constituents, 146 

in which seneciphylline, integerrimine, senecionine for RET-PAs and senkirkine for 147 

OTO-PAs were widely detected in the samples, as can be seen in Table 2. The results 148 

demonstrated that the PA profiles of G. bicolor and G. divaricata from Nanjing were 149 

more diverse. Both senecionine N-oxide and the RET-PA corresponding with peak 11 150 

appeared in the two G. species from Nanjing. Moreover, retrorsine N-oxide classified 151 

as RET-type N-oxide PA was detected only in G. bicolor from Nanjing, while 152 

seneciphylline N-oxide was detected in G. divaricata from the same location. It was 153 

noted that only five different PAs were detected in G. divaricata collected from 154 

Nanping, which was the least in variety, suggesting the influence of regional 155 

differences on PAs composition in plants.  156 

Using the UPLC-MS/MS analytical method together with the processing application of 157 

diagnostic fragment ions monitoring [29-31, 34], eighteen other unidentified PAs were 158 

detected in both species as well. Despite the continuous progress in the field of 159 

analysis of PAs in which HPLC hyphenated with mass spectrometry has been 160 

demonstrated to be a powerful and robust tool for qualitative analysis of PAs with 161 

efficient chromatographic separation and unequivocal identification of individual PAs 162 

[29], these unidentified PAs remain to be characterized. This characterization is 163 

challenging due to the existence of PAs stereoisomers and strongly limited availability 164 

of commercial reference compounds. PA reference substances can become available 165 

via classical isolation and identification of PAs from plants which was recently 166 
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demonstrated for Gynura japonica for which an efficient method for targeted analysis 167 

and purification of PAs cis/trans isomers has been developed [15]. The present study 168 

is the first report of a comprehensive analysis of PAs in G. bicolor and G. divaricata, 169 

also indicating the toxic risk upon using these medicinal plants. 170 

Quantitative analysis of RET-PAs in G. species from different Chinese locations. 171 

Among the three types of PAs, the RET- and OTO-PAs which contain a 1,2-unsaturated 172 

necine base, are hepatotoxic. As described in the literature, RET-PAs are studied the 173 

most because they are the most important PAs in terms of toxicity, natural abundancy 174 

and reported cases of PA poisoning [28]. In the latter study, a new UHPLC-QTOF-MS 175 

method useful for initial estimation of the total amount of RET-PAs in herbs using 176 

retrosine as a single RET-PA standard has been developed [28]. This demonstrates that 177 

methods for quantitative analysis of total amounts of RET-PAs are continuously 178 

developed with focus on simplicity, specificity, reliability and analysis time. In the past, 179 

we also reported on an improved, simple and specific method for quantitative analysis 180 

of the total amount of RET-PAs in a plant extract based on HPLC-UV with prior 181 

derivatization of the alkaloids using o-chloranil as reagent [35]. An advantage of this 182 

method, as compared to powerful HPLC-MS methods, involves the reduced cost of the 183 

equipment which broadens the potential utilization. RET-PAs were initially 184 

dehydrogenized by o-chloranil, followed by methylation of the hydroxyl groups of the 185 

necic acid moiety to yield 1-methoxy-7-methoxymethyl-2,3-dihydro-1H-pyrrolizine as 186 

one single compound, which could be quantified by HPLC monitored by ultraviolet (UV) 187 
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spectroscopy at 223 nm. Neither the OTO-type nor the N-oxide PAs are prone to this 188 

derivatization reaction, which made it specific for tertiary RET-type PAs. Here, this 189 

method was applied for the estimation of total RET-PAs in G. species. 190 

The applied analytical method successfully estimated the total amount of RET-PAs 191 

indicating remarkable variations in eight samples of the aerial part of two G. species 192 

(data shown in Table 3). However, like demonstrated for Senecio madagascariensis, it 193 

is important to point out that the PAs content in samples from individual plants within 194 

and among locations might vary widely [32]. At this stage, it would be speculative to 195 

indicate which factors are responsible for the differences between the total amounts 196 

of RET-PAs in the different samples from different locations. In contrast to Senecio, 197 

little information on the biosynthesis and physiology of PAs of Gynura is available. For 198 

instance, in Senecio the PAs are produced in the roots and preferentially accumulate 199 

in the inflorescences [36]. Therefore the collecting period of the sample from the aerial 200 

part of the plant, and the corresponding amount of inflorescences, might influence the 201 

concentrations of PAs a lot. In the present study, when samples with a harvesting time 202 

in June or July, i. e. before flowering, are compared, it is seen that the sample of G. 203 

divaricata originating from Nanjing (GD-NJ) contained the highest concentration 204 

(39.69 μg/g) of RET-PAs while G. bicolor from Nanping (GB-NP) showed the lowest 205 

concentration (1.40 μg/g), which may relate to the differences in toxicity between 206 

them. In addition, it seems that the species G. divaricata (GD-NJ, GD-NP, GD-GZ) always 207 

contained higher amounts of RET-PAs when compared to G. bicolor (GB-NJ, GB-NP, GB-208 
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GZ) from the same locations and harvesting time. 209 

Genotoxicity evaluation of total alkaloids extracts derived from two G. species. 210 

One solvent sample as blank and three different dilutions of the test samples (single 211 

pure standards or total alkaloids extracts) with intervals of 1:10 between dilutions 212 

were tested. The genotoxic compound 4-nitroquinoline-oxide (4-NQO, 4 ppb) and 213 

benzo[a]pyrene (BaP, 8 ppm) were used as positive controls in the absence and 214 

presence of S9, respectively. 215 

As an example, Figure 3 shows the results of the Vitotox test for senecionine in the 216 

absence of the metabolic activator S9 and the corresponding positive control (4-NQO). 217 

It can be seen that S/N in the Genox strain remains between approximately 0.8 and 218 

1.2 (60-240 min) and that the Cytox strain also gives values that did not considerably 219 

decrease below 0.8. This means that there was no genotoxicity and no marked toxicity 220 

at concentrations of 100 μg/mL and lower. The positive control 4NQO was clearly 221 

genotoxic (S/N increased well above 1.5 in the Genox strain) at the non-toxic 222 

concentration of 4 ppb (no decreased S/N below 0.8 in the Cytox strain). Figure 4 gives 223 

the results in the presence of S9. Again, there was no genotoxicity or cytotoxicity.  224 

All results obtained for total alkaloids extracts from different G. species in the absence 225 

of S9 are summarized in Table 4. For all G. bicolor or G. divaricata derived total alkaloids 226 

extracts, no genotoxic effects could be detected, since the S/N did not show values 227 

higher than 1.5 at all concentrations of 1-100 μg/mL. However, all extracts were found 228 

to be toxic or borderline toxic at 100 µg/mL in the absence of S9. An agent was 229 
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considered borderline toxic when S/N (Cytox) reached values slightly below 0.8. The 230 

pure reference standards seneciphylline and senecionine were not genotoxic at 1-100 231 

µg/mL. Here toxicity was just not reached at 100 μg/mL (S/N in Cytox strain ~ 0.8). No 232 

genotoxicity or toxicity could be observed for extracts or standards at 1-100 µg/mL 233 

metabolized by S9. Toxicity or ‘borderline’ toxicity at the concentration of 100 μg/mL 234 

means that genotoxicity was tested at soluble non-cytotoxic up to a cytotoxic 235 

concentration as for example required by the OECD [e.g. OECD Guideline 471].  236 

We used the Vitotox test as it is a potent screening test for genotoxicity. This assay was 237 

especially designed as a rapid high-throughput genotoxicity test, which is faster and at 238 

least as well performing as the Ames assay. It usually detects much lower 239 

concentrations of a test compound than the Ames assay does. The fact that much 240 

lower concentrations of a compound can be tested compared to other assays, as for 241 

example the Ames test or micronucleus test, is one of its major advantages as this test 242 

allows testing compounds in the discovery phase of a new chemical (medicinal drug 243 

for example) where only very little amounts of the compound are available. It was 244 

previously demonstrated on different occasions that the Vitotox test correlates very 245 

well with the Ames test (much better than other tests do) and hence that it may be 246 

used instead [37-41]. The Vitotox test was therefore suitable as a first rapid screening 247 

of genotoxicity. It should be realized yet that no single genotoxicity test is able to cover 248 

all genetic events that may lead to genotoxicity and that our conclusion on absence of 249 

genotoxicity does not exclude genotoxicity by other mechanisms that are not 250 
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detectable in bacteria. Genotoxicity tests on medicinal plants containing pyrrolizidine 251 

alkaloids for example showed that various test systems afforded different results [42], 252 

and the carcinogenic as well as toxic and genotoxic effects of pyrrolizidine alkaloids 253 

have been reported to vary in different species [43]. It is thus not surprising that 254 

senecionine and seneciphylline elicited DNA repair synthesis according to the 255 

‘hepatocyte primary culture DNA repair test’, suggesting that they are possibly 256 

genotoxic carcinogens [43]. It was also reported that E-4-hydroxy-2-hexenal is a 257 

hepatic metabolite of senecionine which was shown to be toxic, causing hepatic 258 

necrosis in vivo and which can bind with deoxyguanosine to form DNA adducts [17]. 259 

This is not necessarily detected by a bacterial Ames or Vitotox assay that essentially 260 

detects gene mutations. For example, whereas retrorsine showed positive responses 261 

in both the Ames test and SOS chromotest, senecionine showed negative responses in 262 

both test systems [44]. 263 

Cytotoxicity evaluation of total alkaloids extracts derived from two G. species in 264 

HepG2 cells assessed by cell viability assay. 265 

To rapidly evaluate the cytotoxicity of the PAs-containing plants, an appropriate cell 266 

viability (MTT) assay in HepG2 cell model [24], was used in the present study for 267 

screening the total alkaloids extracts of G. species. As shown in Table 5, the alkaloids 268 

extracts of G. plants originating from Nanjing were selected and both of them 269 

exhibited a weak cytotoxicity to HepG2 cells at the concentration of 100 mg/mL. Since 270 

the sample of G. divaricata originating from Nanjing contained a higher concentration 271 
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of RET-PAs, its more significant effect on cell viability may be examined in a 272 

concentration-dependent manner. On the other hand, senecionine serving as a 273 

reference compound and the doxorubicin sample serving as a positive control 274 

exhibited comparable cytotoxic and anti-proliferative potential at a concentration of 1 275 

mM and 1 μM, respectively. These data, in combination with e.g. hepatotoxicity data 276 

from literature [17-20], suggest that caution should be considered regarding the 277 

amount and duration of consumption of G. plants, especially for G. divaricata from 278 

Jiangsu region for which a higher RET-PAs content was determined in the present 279 

research.    280 

 281 

Conclusions. 282 

G. bicolor and G. divaricata, both belonging to the Senecioneae tribe in which possible 283 

hepatotoxic pyrrolizidines could be present, have been consumed as vegetable and 284 

used in folk prescription for years in China. In this paper, a comprehensive study 285 

involving the qualitative analysis and estimation of PAs in G. bicolor and G. divaricata 286 

was performed in combination with in vitro screenings for their potential genotoxicity 287 

and cytotoxicity. Across the South of China, these two species were collected from 288 

Jiangsu (GB-NJ and GD-NJ), Jiangxi (GB-NC), Fujian (GB-NP and GD-NP), Guangdong 289 

(GB-GZ and GD-GZ) and Hainan (GB-HK) province, where they are used as 290 

representative G. species for functional and medical usage. By comparing the 291 

chromatographic behaviors and MS fragmentations with available references or 292 
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reported data, a distinguished difference between the PAs profiles of G. bicolor and G. 293 

divaricata was observed according to the present method. In addition, clear 294 

differences can be seen as well when comparing two samples from the same species 295 

but from different locations. Specifically, both G. species collected from Jiangsu (GB-296 

NJ and GD-NJ) were found to contain a broader variety of PAs, while G. divaricata 297 

originating from Fujian (GD-NP) appeared to have the least diversified PA profile. 298 

Among the samples, material of G. divaricata collected from Jiangsu (GD-NJ) contained 299 

the highest concentration of total RET-PAs through a pre-column derivatization HPLC 300 

method for the estimation analysis. It is important to note that OTO-PAs, such as 301 

senkirkine and its isomer, were widely distributed in both G. species, but they were 302 

not included in the present semi-quantitative data analysis. 303 

Despite the variable composition and variable concentrations of RET-PAs, all total 304 

alkaloids extracts showed similar data concerning genotoxicity with some differences 305 

in the results from the toxicity assay. As indicated above the Vitotox test was used here 306 

as a first screening test for genotoxicity as it was previously shown to be a fast and 307 

sensitive assay which correlates well with the Ames test [40-41]. It is based on SOS-308 

response and detects gene mutations, as the Ames assay does. It however does not 309 

detect clastogenicity and aneuploidy or genetic effects based on mammalian 310 

metabolisms that addition of S9 cannot simulate. A different response with some 311 

literature data is thus not surprising. This highlights the fact that full genotoxicity 312 

testing requires application of a battery of test systems covering different genotoxicity 313 
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events and mechanisms. Furthermore, the cytotoxicity of Gynura plants collected from 314 

Jiangsu was tested on HepG2 cells by MTT assay and both alkaloids extracts displayed 315 

weak activity at a concentration of 100 mg/mL. Therefore, it is cautiously indicated 316 

that a higher content of RET-PAs and a broader variety of PAs could be correlated with 317 

the toxicity of G. species. 318 

In summary, the present work will be helpful for assessing the toxic risk of these two 319 

Gynura species. The safety of the consumption of these two G. species as medicinal 320 

plants warrants further investigation. 321 
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 328 

Experimental Part 329 

Plant material. Eight samples of the aerial part of G. bicolor and G. divaricata from 330 

five different Chinese locations were collected (Table 1). The plants were authenticated 331 

by Professor Guo Rong-lin at the Institute of Botany, Jiangsu Province and Chinese 332 

Academy of Sciences, Nanjing (China). The voucher specimens (510918-1~8) were 333 

deposited in the herbarium, Institute of Botany, Jiangsu Province and Chinese 334 
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Academy of Sciences. 335 

Sample preparation. The samples were dried in an oven at 50 °C for 6 h until 336 

constant weight and pulverized to a powder. The powder (25 g) of each sample was 337 

macerated in 200 mL of 80% (v/v) aqueous ethanol for 30 min, and then extracted 338 

under reflux in a water bath for 2 h. The solution was filtered and evaporated under 339 

vacuum to afford a crude extract. The extract was suspended in 100 mL of 2% 340 

hydrochloric acid solution and filtered. After extraction with two times 100 mL of 341 

diethyl ether, the acid aqueous layer was adjusted to pH 10-11 with ammonia and 342 

partitioned twice with 100 mL of dichloromethane. The dichloromethane extracts 343 

were combined, evaporated under vacuum and finally dissolved in 5 mL of methanol. 344 

1 mL of the above methanol solution was diluted 10 times and passed through a 0.22 345 

μm membrane filter to provide the total alkaloids (TA) solution for qualitative analysis, 346 

Vitotox™ assay and cytotoxic evaluation. 347 

Monocrotaline, senkirkine, retrorsine, spartioidine, senecionine, seneciphylline, 348 

clivorine, isoline, integerrimine, jacobine, jaconine and jacoline (purity higher than 95% 349 

by HPLC), used as reference compounds, were obtained from Shanghai R&D Center for 350 

Standardization of Traditional Chinese Medicines (Shanghai, China). 351 

Qualitative analysis by UPLC-MS/MS. The analysis was carried out using a Waters 352 

Acquity UPLCTM system (Milford, USA) including a binary solvent manager, automatic 353 

sampling manager, column compartment and a Micromass ZQ 2000 mass 354 

spectrometer (Waters Corp., Milford, USA), equipped with an electrospray interface 355 
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(ESI). The TQDTM system (Waters Corp., Milford, USA) was applied when executing the 356 

MS/MS analysis. 357 

The chromatographic separation was performed on a Waters Acquity UPLC BEH C18 358 

column (100  2.1 mm, 1.7 μm), connected with a guard column (Vanguard 5  2.1 mm, 359 

Waters Corp., Milford, USA). A linear gradient elution of acetonitrile (A) and 10 mM 360 

ammonium formate modified by the addition of 0.1% (v/v) 25% ammonia solution (B) 361 

was used. The gradient programmer was applied according to the following profile: 5-362 

20% A at 0-5 min, 20-40% A at 5-7 min, 40-90% A at 7-10 min, 90% A at 10-13 min, 5% 363 

A at 13-15 min. The flow rate was 0.5 mL/min and the column was maintained at 45 364 

C. Each injection volume was 2 μL. 365 

The ESI-MS spectrometer was operated in positive ionization mode with scan range 366 

from m/z 150 to 650. The optimized MS conditions are listed as follows: source 367 

temperature, 150 C; desolvation temperature, 450 C; capillary voltage, 3.5 kV; cone 368 

voltage, 45 V. Nitrogen was used as the source of desolvation gas (900 L/h) and cone 369 

gas (50 L/h); low mass resolution, 15; high mass resolution, 15. When executing 370 

MS/MS fragmentation using the TQD (triple quadrupole mass analyzer) spectrometer 371 

with the mass range from m/z 100 to 650, the collision energy was set at 30 eV, the 372 

collision gas (helium) flow was set at 0.1 L/h while the low and high mass resolution 373 

for the MS/MS function were set at 13. The software Waters Masslynx V4.1 station 374 

was applied for the data processing and statistical analysis. 375 

Estimation of total RET-PAs by HPLC. 4 mL of the above methanol solution (See 376 
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Sample preparation) was added to a test tube containing 1 mL of 1.6 mM of o-chloranil, 377 

and mixed for 5 min, then left standing for 4 h at 45 °C in a water bath. The weight loss 378 

caused by heating was replenished with methanol. The reaction mixture was filtrated 379 

through a 0.45 μm membrane filter and 10 μL of the solution was injected for 380 

quantitative analysis [35]. 381 

The HPLC system was a Dionex Ultimate 3000 (California, USA) consisting of a 382 

quaternary pump, on-line degasser, auto-sampler, and RS column compartment 383 

coupled to a diode array detector. An Ultimate (Welch Materials, Maryland, USA) C18 384 

column (250  4.9 mm, 5 μm) at a column temperature of 25 °C was used for all 385 

analyses. The injection volume was 20 μL. Chromatographic separation was carried out 386 

using an isocratic elution consisting of methanol and aqueous 0.01% triethylamine 387 

(adjusted to a pH value of 4 with formic acid) at a flow rate of 1 mL/min (40/60, v/v). 388 

The wavelength of the detector was set at 223 nm. Chromeleon® 6.80 software was 389 

used for the data analysis. A methanol stock solution of integerrimine was prepared 390 

and diluted to appropriate concentrations for construction of calibration curves. Five 391 

concentrations of the standard solution were derivatised as described above and 392 

injected. The calibration curve was constructed by plotting the peak area versus the 393 

concentration of the standard [35]. 394 

Vitotox assay. Possible genotoxicity of seneciphylline, senecionine and all total 395 

alkaloid extract samples were analysed using the Vitotox test. This test is performed 396 

with Salmonella typhimurium TA104 cells that contain a luciferase gene under 397 
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transcriptional control of a mutated recN promoter (TA 104-recN strain or Genox 398 

strain). When bacteria are exposed to a DNA damaging compound, light is emitted that 399 

can easily be measured with a luminometer. An agent is considered genotoxic when 400 

there is a dose-response relationship with a signal-to-noise ratio exceeding a value of 401 

1.5 (S/N>1.5). A second S. typhimurium TA 104 strain (TA104 pr1 or Cytox strain) 402 

constitutively expressing luciferase is used as a control and for measuring toxicity. In 403 

this strain, increased light production indicates a non-genotoxic mechanism whereas 404 

a decreased light production (S/N considerably lower than 0.8) indicates toxicity [26, 405 

40]. The test was conducted according to the protocol described in the test kit which 406 

is distributed by Gentaur Molecular Products (Kampenhout, Belgium). In brief, RecN2-407 

4 (Genox) and pr1 (Cytox) S. typhimurium bacteria were cultivated by overnight 408 

shaking at 36 °C in a rich Lysogeny broth (LB) medium (20 g LB, 1 g glucose, 0.345 g 409 

CaCl2•2H2O + antibiotics/liter). The bacterial culture was then diluted 125 times with 410 

poor LB medium (2 g LB, 1 g glucose, 0.375 g CaCl2•2H2O, 4.5 g NaCl/liter) and 411 

incubated by shaking for 1 h at 36 °C. Afterwards, these Genox and Cytox cultures were 412 

ready for genotoxicity testing. Therefore, cultures were diluted 10 fold with poor LB 413 

medium and test compounds were added in the desired concentrations. A S9 liver 414 

fraction from aroclor treated rats was added to the designated +S9 cultures to test the 415 

genotoxic/cytotoxic effects of the metabolites of the extracts/compounds. The 416 

bacterial suspensions were then incubated at 30 °C and the luminescent signal was 417 

measured every 5 min over a period of 4 h. All calculations occur automatically and 418 
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are based on measurements between 60 and 240 min of incubation [26-27, 40]. Before 419 

60 min of incubation the system is not yet stabilized and SOS-response, on which the 420 

test is based, did not yet occurred. 421 

Cytotoxic evaluation on HepG2 cells by cell viability assay. The cytotoxicity of PAs 422 

extracts on HepG2 cells was determined using the 3-(4,5-dimethylthiazol-2-yl)-2,5-423 

diphenyltetrazoliumbromide (MTT) staining. Briefly, 5 × 103 cells/well were plated in 424 

96-well plates with 100 μL of culture medium for 24 h, and then exposed to extracts. 425 

After 72 h incubation, the culture medium was replaced with 100 µL of fresh medium 426 

including 0.5 mg/mL MTT. Following 4 h of incubation at 37 °C, this medium was 427 

removed, and 100 µL of dimethyl sulphoxide was added to each well to dissolve the 428 

purple formazan crystals. The color reaction was quantified using an automatic plate 429 

reader (Bio-Tek Instrument Inc, USA) at 570 nm. Each experiment was repeated three 430 

times (n=3) [24]. 431 

 432 
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Figure 1 Structures of pyrrolizidine alkaloids determined in G. bicolor and G. divaricata 545 
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 549 

 550 

Figure 2 Representative extracted ion chromatogram of the fingerprint of the pyrrolizidine alkaloids 551 

in Gynura divaricata collected from Nanjing displaying the [M+H]+ ions at m/z 240, 254, 268, 286, 552 

334, 336, 350, 352, 364, 366, 368 and 382. Peak numbers correspond to Table 2. 553 
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Figure 3: Vitotox test results for senecionine in the absence of S9 and its corresponding positive control 4-nitroquinoline-oxide (4NQO). 569 
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Figure 4: Vitotox test results for senecionine in the presence of S9 and its corresponding positive control benzo(a)pyrene. 570 
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Table 1. Gynura species collected from different Chinese locations 571 

No. Sample Species Locations Provinces Sampling part Harvesting time  

1 GB-NJ G. bicolor Nanjing Jiangsu aerial part June 2012  

2 GB-NP G. bicolor Nanping Fujian aerial part July 2012  

3 GB-GZ G. bicolor Guangzhou Guangdong aerial part June 2012  

4 GB-HK G. bicolor Haikou Hainan aerial part Nov. 2012  

5 GB-NC G. bicolor Nanchang Jiangxi aerial part May 2012  

6 GD-NJ G. divaricata Nanjing Jiangsu aerial part June 2012  

7 GD-NP G. divaricata Nanping Fujian aerial part July 2012  

8 GD-GZ G. divaricata Guangzhou Guangdong aerial part June 2012  

 572 

 573 

 574 
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Table 2. Hepatotoxic pyrrolizidine alkaloids determined by UPLC-MS/MS characteristic in Gynura bicolor and G. divaricata collected from different Chinese locations 575 

 
Rt (min) 

  
Diagnostic ions 

(m/z) 

   Species 
Peak no. MW [M+H]+ Type Assignment Identification G. bicolor (GB) G. divaricata (GD) 

      NJ NP GZ HK NC NJ NP GZ 
1 2.12 381 382 168, 150 OTO  MS  √  √  √  √ 
2 2.48 253 254 138, 120 RET  MS      √   
3 3.23 367 368 138, 136, 120, 118 RETNO retrorsine N-oxidea MS, L √        
4 3.38 367 368 138, 120 RET  MS √        
5 3.60 337 338 138, 120 RET  MS √        
6 3.63 349 350 138, 136, 120, 118 RETNO seneciphylline N-oxidea MS, L      √   
7 3.97 337 338 138, 120 RET  MS    √     
8 4.11 363 364 168, 150 OTO  MS      √  √ 
9 4.18 285 286 138, 120 RET  MS      √   

10 4.40 351 352 138, 136, 120, 118 RETNO senecionine N-oxidea MS, L √     √   
11 4.46 351 352 138, 120 RET  MS √     √   
12 4.53 351 352 138, 120 RET  MS  √  √ √ √  √ 
13 4.57 351 352 138, 120 RET  MS √  √   √   
14 4.67 365 366 168, 150 OTO  MS √ √ √   √ √ √ 
15 4.86 365 366 168, 150 OTO senkirkine MS, R √ √  √  √ √ √ 
16 5.40 267 268 138, 120 RET  MS      √   
17 5.44 367 368 170, 152 Saturated-OTO  MS      √   
18 5.77 239 240 140, 122 Saturated-RET  MS √  √ √ √ √   
19 5.96 385 386 138, 120 RET  MS        √ 
20 6.13 351 352 138, 120 RET retrorsine MS, R  √  √  √  √ 
21 6.29 351 352 138, 120 RET  MS    √     
22 6.52 333 334 138, 120 RET spartioidine MS, R    √ √ √   
23 6.60 321 322 138, 120 RET  MS    √     
24 6.65 333 334 138, 120 RET seneciphylline MS, R  √ √  √ √ √  
25 7.00 335 336 138, 120 RET integerrimine MS, R √ √ √ √ √ √ √ √ 
26 7.10 335 336 138, 120 RET senecionine MS, R  √ √ √ √ √ √ √ 
27 8.06 375 376 138, 120 RET  MS   √      

Abbreviations: RET = retronecine; OTO = otonecine; Saturated-RET = platynecine-type; Saturated-OTO = 1,2-saturated otonecine; RETNO = retronecine-N-oxide 576 
R = reference compound; L = literature; MS = mass spectrum; √ = detected. For the sample abbreviations and details, see Table 1. a Tentative identification.577 



 
31 

 

 
 

 578 

Table 3. The contents of total RET-PAs in Gynura species collected from different Chinese locations 579 

No. Sample RET-PAs (μg/g) 

1 GB-NJ 10.71 

2 GB-NP 1.40 

3 GB-GZ 8.23 

4 GB-HK 14.14 

5 GB-NC 14.38 

6 GD-NJ 39.69 

7 GD-NP 5.78 

8 GD-GZ 26.25 

For the sample abbreviations and details, see Table 1. 580 
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 600 

Table 4. Genotoxicity and cytotoxicity evaluation (Vitotox test) of total alkaloids extracts of two 601 

Gynura species from different Chinese locations in the absence and presence of S9. 602 

No. Sample 
Genotoxicity* Toxicity** 

-S9 +S9 -S9 +S9 

1 GB-NJ NG (1-10 μg/mL) NG (1-100 μg/mL) T (100 μg/mL) NT (1-100 μg/mL) 

2 GB-NP NG (1-10 μg/mL) NG (1-100 μg/mL) ~T (100 μg/mL) NT (1-100 μg/mL) 

3 GB-GZ NG (1-10 μg/mL) NG (1-100 μg/mL) ~T (100 μg/mL) NT (1-100 μg/mL) 

4 GB-HK NG (1-10 μg/mL) NG (1-100 μg/mL) T (100 μg/mL) NT (1-100 μg/mL) 

5 GB-NC NG (1-10 μg/mL) NG (1-100 μg/mL) ~T (100 μg/mL) NT (1-100 μg/mL) 

6 GD-NJ NG (1-10 μg/mL) NG (1-100 μg/mL) T (100 μg/mL) NT (1-100 μg/mL) 

7 GD-NP NG (1-10 μg/mL) NG (1-100 μg/mL) T (100 μg/mL) NT (1-100 μg/mL) 

8 GD-GZ NG (1-10 μg/mL) NG (1-100 μg/mL) ~T (100 μg/mL) NT (1-100 μg/mL) 

9 seneciphylline NG (1-100 μg/mL) NG (1-100 μg/mL) NT (1-100 μg/mL) NT (1-100 μg/mL) 

10 senecionine NG (1-100 μg/mL) NG (1-100 μg/mL) NT (1-100 μg/mL) NT (1-100 μg/mL) 

*NG = non-genotoxic at the given concentration range; **T = toxic; NT = non-toxic and ~T = border line toxic at the given 603 

concentration. For the sample abbreviations and details, see Table 1. 604 
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 620 

Table 5. Inhibitory effect of total alkaloids extracts from G. species on cell viability in HepG2 cells 621 

Sample Concentration Inhibitory rate (% of solvent control) 

GB-NJ 100 mg/mL 26.66 

GD-NJ 100 mg/mL 52.92 

Senecionine 0.335 mg/mL 58.76 

Doxorubicin 0.543 × 10-3 mg/mL 67.00 

For the sample abbreviations and details, see Table 1. 622 
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