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ABSTRACT 25 

A novel isoindole alkaloid named oleraisoindole (1), together with six known 26 

compounds, 7'-ethoxy-trans-feruloyltyramine (2), N-trans-feruloyltyramine (3), N-27 

trans-feruloyl-3-methoxytyramine (4), N-trans-p-coumaroyltyramine (5) 28 

aurantiamide (6) and ferulic acid methyl ester (7) were isolated from Portulaca 29 

oleracea L.. Compounds 2 and 7 were isolated for the first time from this plant. 30 

Compounds 1 was identified using spectroscopic methods including HR-ESI-TOF-MS, 31 

1D-NMR, 2D-NMR. It was tested in a nitric oxide (NO) inhibition assay and was 32 

shown to inhibit NO production in RAW 264.7 cells induced by LPS. 33 

KEYWORDS: Portulaca oleracea L.; alkaloid; NO 34 

35 
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1. Introduction 36 

Portulaca oleracea L., as a well-known traditional Chinese medicine was recorded in 37 

the Chinese Pharmacopoeia (The Pharmacopoeia Commission of PRC. 2015), presents 38 

many biological and pharmacological activities such as anticancer (Zhao, et al. 2013), 39 

anti-inflammatory and anti-oxidation (Yang, et al. 2016), anti-diabetic (Liang, et al. 40 

2014) and lowering blood lipids (Zidan, et al. 2014). Thus, many scholars paid more 41 

attention on the constituents of P. oleracea such as alkaloids (Jiao, et al. 2015, Xiang, 42 

et al. 2005), flavonoids (Xu, et al. 2006), terpenes (Elkhayat, et al. 2008), 43 

polysaccharides (Zhao, et al. 2015), and so on. Recently, many alkaloids were isolated 44 

from P. oleracea, and some were found to have a very good anti-inflammatory effect 45 

and other bioactivities (Li, et al. 2016, Li, et al. 2017, Li, et al. 2017, Meng, et al. 2016, 46 

Xu, et al. 2016). 47 

As the alkaloids isolated from this plant presented higher activities than the other 48 

compounds, we embarked upon finding more alkaloids in P. oleracea. A novel 49 

isoindole alkaloid, named oleraisoindole (1) and six known compounds, including 7'-50 

ethoxy-trans-feruloyltyramine (2) (Maciel, et al. 2015), N-trans-feruloyltyramine (3) 51 

(Tian, et al. 2014), N-trans-feruloyl-3-methoxytyramine (4) (Kokubun, et al. 2012), 52 

N-trans-p-coumaroytyramine (5) (Kokubun, et al. 2012), aurantiamide (6) (Xu, et al. 53 

2010), ferulic acid methyl ester (7) (Chen, et al. 2012) were finally isolated from the 54 

water extract from P. oleracea. The structure of compound 1 was determined by HR-55 

ESI-TOF-MS, 1D-NMR, 2D-NMR and other compounds were identified by 56 

comparison with literature data (Figure 1). In addition, we also investigated the 57 

potential of compound 1 to inhibit the NO production in LPS-stimulated RAW 264.7 58 

cells. 59 



4 

 

 60 

Figure 1. Chemical structures of compounds isolated from P. oleracea 61 

 62 

2. Results and discussion 63 

Compound 1 was a pale yellow powder, which showed a blue fluorescence spot at 64 

UV 365 nm, a black spot at UV 254 nm and remained orange when exposed to 65 

Dragendorff reagent on a TLC plate. UV (MeOH) λmax: 284 nm (Figure S3). IR (KBr) 66 

νmax: 3425, 1753, 1700, 1515, 1390, 1271, 1216 cm-1 (Figure S4). Its molecular 67 

formula C28H23NO8 with 18 degrees of unsaturation was deduced from the 1H-NMR, 68 

13C-NMR spectrum data (Table S1) and the HR-ESI--TOF-MS deprotonated 69 

molecular ionat m/z 500.1374 (calcd. 500.1351), along with the [M-H2O+H]+ ion at 70 

m/z 484.1397 in HR-ESI+-TOF-MS (calcd. 484.1391) (Figure S5(a)(b)). At first sight, 71 

this compound appeared as a mixture of two very closely related molecules because 72 

some signals are doubled both in 1H and in 13C NMR spectra (Table S1-S2). We 73 

pursued with the structural determination considering each doubled peaks as one signal 74 

hoping that the structure would eventually enlighten us on the origin of the doubled 75 

signals. 76 

The examination of NMR data allowed to point out two phenyl rings. The HMBC 77 

spectrum showed the correlations from H-2', to C-4, C-4', C-6'; from H-5' to C-1', C-78 
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3', C-4', C-6'; from H-6' to C-4, C-1', C-4', C-5', together with the 1H-1H COSY 79 

correlations from H-5' to H-6' suggesting that protons at δ 6.84/6.93, 6.75/6.78, and 80 

6.95 defined a 1,3,4-trisubstituted phenyl moiety, which was linked to carbon C-4 at 81 

δ139.6. This phenyl ring bore a methoxy group in C-3' and a hydroxyl in C-4'.The 82 

position of the methoxy group could be inferred based on HMBC correlation H-5'/C-83 

3' and was confirmed by the NOE correlation of the methyl with H-2'. The 1H-1H 84 

COSY spectrum showed the correlation H-2'''/H-6''', H-3'''/H-5''', and in HMBC the 85 

equivalent proton H-2'''/ H-6''' correlated to C-2'', C-2'''/C-6''' and C-4'''; H-3'''/H-5''' to 86 

C-1''', C-3'''/C-5''', C-4'''. These are typical of a para-disubstituted phenyl ring. A 87 

hydroxyl could be placed in 4''' based on C-4''' chemical shift (δ158.2). The H-2'''/C-88 

2'' HMBC correlation indicated that C-2'' was linked to C-1'''. The 1H and 13C chemical 89 

shifts in position 1'' (δH3.67/3.70 and 3.88, δC46.1/46.2) are typical of a CH2 linked to 90 

a nitrogen, while C-2'' bore a hydroxyl (δH4.93, δC71.8/72.0). In HMBC, H-1'' 91 

correlated to carbonyl groups C-1 and C-3 at δ170.2 and 169.1/169.3, respectively. In 92 

1H-NMR, only four signals remained to be attributed. These corresponded to a methyl 93 

at δH4.04, δC56.55 and three singlet CH at δH8.17 (H-9), 7.53 (H-8), and 7.15 (H-5), 94 

with respective carbons at δC123.30, 110.0, and 112.1. This group also contained nine 95 

quaternary carbons. These include C-4 at δ139.6 and carbonyls C-1 and C-3, which 96 

are linked to the already established peripheral groups. Protons H-8 and H-9 were not 97 

coupled to each other. Nevertheless, they correlated in NOE indicating that they were 98 

close to each other but not attached to a single phenyl ring. Also, H-8 correlated to C-99 

9 and H-9 to C-8 in HMBC. Altogether, these indications led to position two peri 100 

protons on a naphthalene moiety. In HMBC, H-8 correlated to C-4a, C-6, C-7, and C-101 

9. It was not possible to be sure of the position of the methoxyl and the hydroxyl based 102 

on HMBC only. However, strong NOE correlation between the methyl group and H-103 

8 allowed to place the methoxyl substituent in C-7. H-9 correlated to C-8 and C-4a 104 

which further confirmed the relative place of H-8 and H-9. H-9 also correlated to C-1 105 

and C-3a. It was therefore possible to link C-1 to C-9a. The C-3–C-3a bond could not 106 

be formally detected, but it was reasonable to link these carbons based on chemical 107 

shift of quaternary carbon C-3a (δ123.29). Since the last singlet proton H-5 at δ7.15 108 

correlated to both C-6 and C-7, it had to be placed in para-position with respect to H-109 

8. H-5 also correlated to C-8a and C-4. The latter established the position of the 110 

tetrasubstituted phenyl ring, which was confirmed by the NOE correlation between H-111 
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5 and H-6ʹ. C-9a could be detected neither in 13C, nor in HMBC. NMR experiments 112 

were also conducted in DMSO-d6. In this solvent, the 13C NMR spectrum was of better 113 

quality and the only peak that did not correlate in HMBC was at δ125.20/125.23. This 114 

signal was attributed to C-9a. Compound 1 was determined to be the 6-hydroxy-2-(2-115 

hydroxy-2-(4-hydroxyphenyl)ethyl)-4-(4-hydroxy-3-methoxyphenyl)-7-methoxy-116 

1H-benzo[f]isoindole-1,3(2H)-dione, named oleraisoindole. The optical rotation of 1 117 

was found to be -6 (0.1, MeOH). One center of atropoisomerism (the C-4–C-1ʹ bond) 118 

accounts for the duplication of many NMR signals. The relative proportion of the two 119 

rotamers as measured on the 3'-OMe proton signals is about 1:1. 120 

The structures of six known compounds were identified based on the 1H and 13C 121 

NMR spectra (Figure S20-31), and comparison with literature data, as 7'-ethoxy-trans-122 

feruloyltyramine (2), N-trans-feruloyltyramine (3), N-trans-feruloyl-3-123 

methoxytyramine (4), N-trans-p-coumaroytyramine (5) aurantiamide (6) and ferulic 124 

acid methyl ester (7). 125 

From the MTT assay (Figure S32), compound 1 presented cytotoxicity at the 126 

concentration of 100 μM. The concentrations of 1 to 50 μM were therefore selected for 127 

the NO assay. Compound 1 significantly inhibited NO production at 20 μM on wards 128 

(Figure S33). 129 

3. Experimental   130 

3.1 General Experimental Procedures  131 

NMR spectra were recorded on an AVANCE 500 MHz instrument (Bruker 132 

Corporation, Switzerland). UV spectra were detected on a U-3010 spectrophotometer 133 

(Hitachi Ltd, Tokyo, Japan). IR spectra were obtained on an IR200 spectrophotometer 134 

(Thermo Electron Corporation, Waltham, MA). MS spectra were measured on an 135 

Agilent 6520 quadrupole-time of flight mass spectrometer (Agilent, Waldbronn, 136 

Germany). Purification was measured with A Shimadzu Nexera X2 UHPLC LC-30A 137 

system (Shimadzu, Kyoto, Japan). Optical rotation was detected on an autopol I 138 

antomatic polarmeter (Rudolph Research Analytical, Hackettstown, NJ). Sephadex 139 

LH-20 and ODS (40-70 μm mesh, GE Healthcare, Marlborough, MA) were used for 140 
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Column chromatography (CC). TLC was conducted on silica gel GF254 (Qingdao 141 

Marine Chemical Co., Qingdao, China).  142 

3.2 Plant materials 143 

The dried plants of P. oleracea were collected in Shijiazhuang, Hebei, China in June 144 

2014 and were identified by Xixiang Ying. A voucher specimen (No. 20140312) was 145 

deposited in our laboratory at Liaoning University of Traditional Chinese Medicine.  146 

3.3 Extraction and isolation 147 

The dried plants (150 kg) of P. oleracea L. were extracted with 10 fold of hot water 148 

twice times, each time for 2 h. The water extract was concentrated and then extracted 149 

with 1 fold of ethyl acetate three times. The ethyl acetate extract was concentrated 150 

under reduced pressure to obtain crude extract (200 g) and then subjected to 151 

chromatography on a silica-gel (200-300 mesh, about 1.5 kg) column (8 × 120 cm) 152 

with ethyl acetate and methanol as the gradient eluent (3:1, 1:1, 1:3, v/v) to obtain 20 153 

fractions (400 mL each). The fractions of 1-2 were combined and repeatedly 154 

chromatographed by a 20-40 µm ODS-C18 (100 g) column (3 × 70 cm) with methanol 155 

and water as the gradient eluent (40:60, 60:40, 80:20, 100:0, v/v) to obtain 11 fractions 156 

(200 mL each). The fractions of 1-2 were separated by a Sephadex LH-20 (100 g) 157 

column (2 × 150 cm) with methanol-water (70:30, v/v) as the eluent to obtain 42 158 

fractions (20 mL each). The fractions of 26-30 were purified with UHPLC and eluted 159 

with acetonitrile and water (30:70, v/v, 1.0 ml/min), affording oleraisoindole (1) (15 160 

mg, purity > 98% with UHPLC), together with six known compounds, 7'-ethoxy-161 

trans-feruloyltyramine (2) (20 mg, purity > 98% with UHPLC), N-trans-162 

feruloyltyramine (3) (15 mg, purity > 98% with UHPLC), N-trans-feruloyl-3-163 

methoxytyramine (4) (10 mg, purity > 98% with UHPLC), N-trans-p-164 

coumaroytyramine (5) (8 mg, purity > 98% with UHPLC), aurantiamide (6) (20 mg, 165 

purity > 98% with UHPLC) and ferulic acid methyl ester (7) (30 mg, purity > 98% 166 

with UHPLC). Compound 1-6 turned orange when sprayed with Dragendorff reagent 167 

on thin-layer chromatography. 168 

Oleraisoindole (1): pale yellow powder, [α]20
D -0.6 (0.1, MeOH). UV (MeOH) λmax: 169 

284nm. IR (KBr) νmax: 3425, 1753, 1700, 1515, 1390, 1271, 1216 cm-1. 1H NMR and 170 
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13C NMR spectral data (in methanol-d4 and DMSO-d6), see Table S1. HR-ESI(+)-171 

TOF-/MS m/z 484.1397 [M-H2O+H]+ (calcd: C28H22NO7, 484.1391). HR-ESI(-)-172 

TOF-/MS m/z 500.1374 [M- H]+ (calcd: C28H22NO8, 500.1351). 173 

3.4 Biological assays 174 

The RAW 264.7 macrophage cell was incubated in DMEM containing 10% heat 175 

inactivated fetal bovine serum and 100 units/ml penicillin and 100 μg/ml streptomycin. 176 

Cells were seeded in 96-well plates at a density of 1 × 104 cells per well. Cell viability 177 

was performed using MTT assay. The cells were incubated with various concentrations 178 

(1, 10, 20, 50 and 100 μM) of oleraisoindole for 1 h, then 5 mg/ml MTT solution was 179 

added after stimulated with LPS (1 μg/mL) for 24 h and incubated for another 4 h at 180 

37C. The formazan was dissolved in 150 μl of DMSO. The absorbance was measured 181 

at 570 nm using a Bio-Tek microplate reader, cell viability was expressed as a 182 

percentage by comparing with the untreated cells. The production of NO was measured 183 

by Griess reaction. An equal volume of Griess reagent (0.1% naphthylethylethylene 184 

diamine dihydrochloride in H2O and 1% sulphanilamide in 5% H3PO4) was added to 185 

the different concentrations of oleraisoindole cell culture supernatant (100 μl) collected 186 

before add MTT solution in MTT assay. The production of NO was detected at 550 187 

nm by a Bio-Tek microplate reader, and was compared with sodium nutrite standard 188 

calibration curve. 189 

4. Conclusion 190 

A novel isoindole alkaloid named oleraisoindole (1) and six known compounds were 191 

isolated from P. oleracea. Their structures were determined by spectroscopic analysis 192 

techniques and comparison with literature data. The new alkaloid has unique chemical 193 

structure and remarkably inhibiting NO production in RAW 264.7 cells induced by 194 

LPS. 195 

Disclosure statement 196 

No potential conflict of interest was reported by the authors. 197 

Acknowledgements 198 



9 

 

We would like to thank to Professor Mingzhe Gao for HR-ESI-TOF-MS analysis in 199 

Dalian Institute of Chemical Physics. 200 

Funding 201 

This work was supported by the National Natural Science Foundation of China (Grant 202 

81573546). 203 

Supplementary material 204 

Supplementary material relating to this article is available online, alongside Tables S1-205 

S2 and Figure S1-S33. 206 

References 207 

Chen W, Tang SA, Qin N, Zhai HY and Duan HQ. 2012. Antioxidant consitituents 208 

from Smilax riparia. Zhongguo Zhong Yao Za Zhi. 37: 806-810. 209 

Elkhayat ES, Ibrahim SR and Aziz MA. 2008. Portulene, a new diterpene from 210 

Portulaca oleracea L.. J. Asian Nat. Prod. Res. 10: 1039-1043. 211 

Jiao ZZ, Yue S, Sun HX, Jin TY, Wang HN, Zhu RX and Xiang L. 2015. Indoline 212 

amide glucosides from Portulaca oleracea: isolation, structure, and DPPH 213 

radical scavenging activity. J. Nat. Prod. 78: 2588-2597. 214 

Kokubun T, Kite GC, Veitch NC and Simmonds MSJ. 2012. Amides and an alkaloid 215 

from Portulaca oleracea. Nat. Prod. Commun. 7: 1047-1050. 216 

Li CY, Meng YH, Ying ZM, Xu N, Hao D, Gao MZ, Zhang WJ, Xu L, Gao YC and 217 

Ying XX. 2016. Three novel alkaloids from Portulaca oleracea L. and their 218 

anti-inflammatory effects. J Agric Food Chem. 64: 5837-5844. 219 

Li CY, Meng YH, Ying ZM, Xu N, Hao D, Gao MZ, Zhang WJ, Xu L, Gao YC, Stien 220 

D and Ying XX. 2017. Correction to three novel alkaloids from Portulaca 221 

oleracea L. and their anti-inflammatory effects. J. Agric. Food Chem. 65: 993-222 

994. 223 

Li CY, Ying ZM, Gao MZ, Wei WJ, Hao D, Xu L, Tao XJ, Zhang WJ, Ying XX and 224 

Liu J. 2017. Two new similar alkaloids from Portulaca oleracea L.. Nat Prod 225 

Res. 31: 1792-1798. 226 



10 

 

Liang Y, Zhang CJ and Lv YR. 2014. Effect and mechanism of polysaccharides from 227 

Portulaca oleracea L. on STZ-Induced diabetic mice fed high-fat diet. Food 228 

Science. 35: 217-220. 229 

Maciel JKS, Chaves OS, Brito Filho SG, Teles YCF, Fernandes MG, Assis TS, 230 

Fernandes PD, Andrade AP, Felix LP, Silva TMS, Ramos NSM, Silva GR and 231 

Souza MFV. 2015. New alcamide and anti-oxidant activity of Pilosocereus 232 

gounellei A. Weber ex K. Schum. Bly. ex Rowl. (Cactaceae). Molecules. 21: 233 

11. 234 

Meng YH, Ying ZM, Xiang Z, Hao D, Zhang WJ, Zheng Y, Gao YC and Ying XX. 235 

2016. The anti-inflammation and pharmacokinetics of a novel alkaloid from 236 

Portulaca oleracea L.. J. Pharm. Pharmacol. 68: 397-405. 237 

The Pharmacopoeia Commission of PRC. 2015. The pharmacopoeia of the Peoples's 238 

Republic of China (Part 1, p.49-50) Beijing. China Medical Science and 239 

Technology Press. 240 

Tian JL, Liang X, Gao PY, Li DQ, Sun Q, Li LZ and Song SJ. 2014. Two new alkaloids 241 

from Portulaca oleracea and their cytotoxic activities. J. Asian. Nat. Prod. Res. 242 

16: 259-264. 243 

Xiang L, Xing DM, Wang W, Wang RF, Ding Y and Du LJ. 2005. Alkaloids from 244 

Portulaca oleracea L.. Phytochemistry. 66: 2595-2601. 245 

Xu JZ, Zeng SS and Qu HB. 2010. Chemical constituents from Viola yedoensis. Chin. 246 

Tradit. Herbal Drugs. 41: 1423-1425. 247 

Xu L, Ying ZM, Wei WJ, Hao D, Wang HB, Zhang WJ, Li C, Jiang MY, Ying XX and 248 

Liu J. 2016. A novel alkaloid from Portulaca oleracea L.. Nat Prod Res. 31: 249 

902-908. 250 

Xu XQ, Yu LS and Chen GN. 2006. Determination of flavonoids in Portulaca oleracea 251 

L. by capillary electrophoresis with electrochemical detection. J. Pharm. 252 

Biomed. Anal. 41: 493-499. 253 

Yang XH, Yan YM, Li JK, Tang ZS, Sun J, Zhang H, Hao SY, Wen AD and Liu L. 254 

2016. Protective effects of ethanol extract from Portulaca oleracea L. on 255 

dextran sulphate sodium-induced mice ulcerative colitis involving anti-256 

inflammatory and antioxidant. Am. J. Transl. Res. 8: 2138-2148. 257 



11 

 

Zhao R, Gao X, Cai YP, Shao XY, Jia GY, Huang YL, Qin XG, Wang JW and Zheng 258 

XL. 2013. Antitumor activity of Portulaca oleracea L. polysaccharides against 259 

cervical carcinoma in vitro and in vivo. Carbohydr. Polym. 96: 376-383. 260 

Zhao R, Zhang T, Zhao H and Cai YP. 2015. Effects of Portulaca oleracea L. 261 

polysaccharides on phenotypic and functional maturation of murine bone 262 

marrow derived dendritic cells. Nutr. Cancer. 67: 987-993. 263 

Zidan Y, Bouderbala S, Djellouli F, Lacaille-Dubois MA and Bouchenak M. 2014. 264 

Portulaca oleracea reduces triglyceridemia, cholesterolemia, and improves 265 

lecithin: cholesterol acyltransferase activity in rats fed enriched-cholesterol diet. 266 

Phytomedicine. 21: 1504-1508. 267 

 268 

 269 


