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ABSTRACT
Chemical investigation of the ethanolic extracts of the dried leaves of 
Bergenia purpurascens led to the isolation and identification of a new 
aromatic glycoside, 1-O-β-D-glucopyranosyl-2-methoxy-3-hydroxyl-
phenylethene (1), along with other 19 known compounds (2–20). 
The structure of compound 1 was determined by a detailed analysis 
using various analytical techniques, including 1D and 2D NMR. In vitro 
anti-proliferative activities of compound 1 on five human cancer cell 
lines were evaluated. The results showed that compound 1 possessed 
the most potent effects with the IC50 values of 14.36 ± 1.04 μM against 
T24 cells. The further bioactivity analysis showed that compound 1 
induced apoptosis of T24 cells, and altered anti- and pro-apoptotic 
proteins, leading to mitochondrial dysfunction and activation of 
caspase-3 for causing cell apoptosis. The present investigation 
illustrated compound 1 might be used as a potential antitumour 
chemotherapy candidate.
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1.  Introduction

The genus Bergenia (Saxifragaceae) includes about 10 species mainly distributed in Central 
and East Asia, are evergreen perennial herbs. The rhizomes have been used in herbal formu-
lations to dissolve kidney and bladder stones, and to treat leucorrhoea, pulmonary afflictions 
for centuries (Asolkar et al. 1992). Alcohol extracts of the genus Bergenia have been shown 
to have analgesic, anti-inflammatory, antibacterial and anti-tussive (Sinha et al. 2001), diuretic 
properties (Gehlot et al. 1976), and antilithiatic (Seth et al. 1974; Garimella et al. 2001), anti-
viral (Rajbhandari et al. 2001, 2003). There are many reports of ethnobotanical use of different 
Bergenia species for treatment of urinary calculi and other urinary diseases; for treatment of 
heart disease, stomach disorders, and anti-diabetic properties (Srivastava et al. 1986). 
Furthermore, the genus Bergenia have been discovered to possess antimicrobial, antioxidant 
and urease inhibitory activities in recent studies (Agnihotri et al. 2015; Sadat et al. 2015).

Bergenin which was isolated from the genus Bergenia has now been successfully 
developed as a listing of drug (Compound Bergenin Tablets) for treating chronic bron-
chitis in China (Zhang 2008). Previous chemical compositions study of the genus Bergenia 
mainly focused on the extraction technology, content determination and preparation 
of bergenin.

Bergenia purpurascens, one of the main resource of bergenin, grows in moist stone crevices 
of alpine distributes in Tibet, has long been used as a Tibetan medicine for tonic, haemostatic 
and anti-tussive actions (Lv & Wang 2003). Systematic studies on the chemical compositions 
of this genus were rarely found in literatures, especially for its leaves, so this research aims 
to investigate the constitutions of the leaves of B. purpurascens comprehensively; to find 
more biological active components for further medicinal application. As a result, a new 
compound was obtained from its ethanolic extract which was rarely found in nature, and 
was tested for its antitumour and anti-proliferative activities, as well as docking model.

2.  Results and discussion

Compound 1 was obtained as white powder, which was analysed for the molecular formula 
C15H20O8 by HR-ESI-MS (m/z for [M-H]: 327.0736 Calcd 327.1035); �20

D
:+37.88 (c = 0.033, MeOH); 

IR (KBr) vmax cm−1: 3227, 1650, 1600, 1509, 1439, 894, 823, 776, 752; UV λmax (CH3OH) (log ε) 
230 (1.78), 283 (2.21), 361 (0.23). The 1H NMR spectrum of 1 showed terminal alkenyl protons 
at δH 6.97 (1H, dd, J = 6.8, 12.8 Hz, Ha-8), and 6.84(1H, dd, J = 6.8, 8.92 Hz, Hb-8), one alkenyl 
proton at δH 6.64 (1H, dd, J = 8.92, 12.8 Hz, H-7), corresponding to two olefinic carbons at 
C-8 (δc 118.0) and C-7 (δc 114.8) respectively, with the help of HSQC spectrum. The position 
of the double bond group was assigned at C-5 (δc 151.9) due to the proton signal of H-7 (δH 
6.64) associated with C-4 (δc 115.9), C-6 (δc 118.1), and the proton signals of Ha-8, Hb-8 (δH 
6.97 and 6.84) relating to C-5 (δc 151.9) from the HMBC. According to δH 3.69 (3H, s) and δc 
55.8, deduced that there was a methoxy group, and it correlated with C-2 (δc 152.6) from 
HMBC spectrum. In the low field of 1H NMR, one proton at δH 9.0 (1H, s), it was the character 
of hydroxyl group, and the hydroxyl proton signals was associated with C-2 (δc 152.6) and 
C-4 (δc 115.9) from the HMBC analysis, so the hydroxyl group was assigned at C-3 (δc 154.7). 
Key HMBC correlations were shown in Figure 1.

Compound 1 was hydrolysed with dilute hydrochloric acid, paper TLC showed the Rf value 
of sugar moiety was equal to the glucose standard sample. The terminal proton signal of 
glucose H-1′ δH 4.63 (1H, d, J = 7.6 Hz) could judge as β-configuration and it was connected 
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to C-1 (δc 150.8) from the HMBC. In the TOCSY spectrum, from the glucose terminal hydrogen 
(δH 4.63), this sugar spin-coupled system was got, which could be attributed other hydrogen 
protons, 4.63-3.12-3.15-3.23-3.25-3.45 (glucose). Hence, the structure of new compound 1 
was confirmed as 1-O-β-D-glucopyranosyl-2-methoxy-3-hydroxyl-phenylethene.

The known compounds (2–20) were ursolic acid (2) (Ibrahim et al. 2014), 3β,5α- 
dihydroxy-15-cinnamoyloxy-14-oxolathyra-6Z,12E-diene (3) (Wang et al. 2008), oleanolic 
acid (4) (Guo et al. 2008), 2α-hydroxyursolic acid (5) (Seo et al. 1975), hydroquinone (6)  
(Song et al. 2007), gallic acid (7) (Deng & Qin 2008), Ferulic Acid (8) (Choi et al. 2005), 
11-O-galloylbergenin (9) (Zhang et al. 2007), 11-O-(4′-hydroxybenzoyl) bergenin (10) 
(Kashima & Miyazawa 2012), ardimerin (11) (Ryu et al. 2002), taraxerol (12) (Feng et al. 2008), 
β-sitosterol (13) (Shen et al. 2012), betulinic acid (14) (Zhang, Li et al. 2014), ocimol (15) 
(Siddiqui et al. 2007), kaempferol (16) (Kuroyanagi et al. 1978), bergenin (17) (Chen & Yang 
2008), daucosterol (18) (Kim et al. 1996), β-sitosterol palmitate (19) (Wei et al. 2013), arbutin 
(20) (Sun et al. 2006). All the above compounds were identified by the spectral data (UV, IR, 
ESI-MS, 1H and 13C NMR) with those reported in the literature.

2.1.  Cytotoxic effects of compounds

Seven compounds against the five cell lines (MGC-803, T24, HepG2, NCI-H460 and HL-7702) 
were evaluated with MTT assay (Table 1). Compared with other compounds, 1 showed good 

Figure 1. Key HMBC correlations of the new compound 1.

Table 1. Cell growth inhibition activity of compounds.

aUsed as positive control.

Compound IC50 (μM)

MGC-803 HepG2 NCI-H460 T24 HL-7702
1 18.10 ± 1.15 20.93 ± 1.07 17.69 ± 1.17 14.36 ± 1.04 >100
3 27.95 ± 1.42 42.78 ± 1.44 53.89 ± 1.36 48.15 ± 1.09 >100
9 18.81 ± 1.04 26.42 ± 0.87 25.68 ± 1.04 46.54 ± 1.23 >100
10 35.16 ± 0.78 >100 >100 31.29 ± 1.35 >100
11 >100 >100 >100 >100 >100
15 83.56 ± 0.98 >100 >100 56.72 ± 0.84 >100
17 26.95 ± 1.12 60.15 ± 1.28 36.47 ± 0.93 26.95 ± 1.35 >100
HCPTa 5.06 ± 1.21 5.03 ± 0.85 38.55 ± 1.16 4.37 ± 0.57 69.47 ± 1.84
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inhibitory activity, especially for cancer cell lines NCI-H460 and T24, reduced NCI-H460 cells 
percentages significantly, with IC50 values of 17.69 μM. Furthermore, compound 1 showed 
the strongest inhibitory effect on the growth of T24 cells (IC50 = 14.36 μM). However, com-
pound 1 barely inhibited the growth of HL-7702, which is a normal cell line, at concentrations 
up to 100 μM.

2.2.  Morphological characterisation of cell apoptosis of T24 cells by Hoechst 
33258

In order to further validate the cell apoptosis upon treatment of compound 1, T24 cells were 
stained with Hoechst 33258 staining after the treatment for 24 h at different concentrations 
(0, 15, 30 μM). Our experimental observation showed that, in the control group, most of the 
cells exhibited the weak blue fluorescence of normal cells (Figure S1). After the treatment 
of compound 1, some cells emitted brilliant blue fluorescence, and nuclei of more T24 cells 
appeared hyper condensed (brightly stained). Remarkably, the numbers of apoptotic nuclei 
containing condensed chromatin increased significantly after the T24 cells were treated with 
compound 1 for 24 h, indicating that apoptosis of the T24 cells was induced by compound 
1 in a concentration-dependent manner.

2.3.  Effects of compound 1 on the induction of apoptosis

In order to confirm whether compound 1 induced reduction in cell viability due to the 
induction of apoptosis, the apoptotic rates of T24 cells treated with compound 1 at various 
concentrations of 0, 15, 30 μM (Figure S2). As shown in Figure S2, few (5.46%) apoptotic cells 
were present in the control panel, in contrast, the population rose to 17.99% at the concen-
tration of 15 μM after treatment with compound 1 for 24 h. Further increase to 49.8% 
occurred after treatment with 1 at the concentration of 30 μM. These results clearly confirmed 
that compound 1 could cause a notable increase of cellular apoptosis in dose-dependent 
manner from 0 to 30 μM.

2.4.  Compound 1 induced expression of pro- and anti-apoptotic proteins

The Bcl-2 family members are important regulators of the mitochondrial apoptotic pathway. 
Two most important members of Bcl-2 family, the anti-apoptotic protein Bcl-2 and the 
pro-apoptotic protein Bax, are key regulators of this progress (Zhang, Nie et al. 2014). The 
effects of compound 1 on the constitutive levels of Bax, Bcl-2 and caspase-3 in T24 cells are 
given in Figure S3, compared with the control group, 1 induced a significant increase of Bax 
level and an inhibition on the expression of Bcl-2, in a dose-dependent manner.

2.5.  Docking model

As biological activity studies suggested that compound 1 could dramatically inhibit the 
expression of Bcl-2 (Figure S3), compound 1 was docked into the available crystal structure 
of Bcl-2 (PDB: 1bxl) in order to rationalise the observation. The binding modes of compound 
1 in the binding site of Bcl-2 are depicted in Figure 2. The Surflex docking scores is 9.00 for 
1, where higher scores indicate greater binding affinity. Figure 2 shows that the interacting 
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mode of compound 1 in the binding site is surrounded by Arg6, Glu7, Val10, Ser14, Trp24, 
Asp29, Arg34 and Thr35. In particular, compound 1 forms some hydrogen bonds with the 
polar amino acids Glu7, Asp29, Arg34 and Thr35, respectively, suggesting a probable strong 
electrostatic interaction with the protein. Molecular docking analysis showed that compound 
1 has inhibition effect on expression of Bcl-2 protein may be related with the binding to 
Bcl-2.

3.  Experimental

3.1.  General methods
1H and 13C NMR spectra were measured on a Bruker Avance DRX-400 spectrometer. IR spectra 
were recorded on a NICOLET IR200 FT-IR spectrophotometer. HR-ESI-MS was carried out on 
an Agilent Technologies 6224 TOF LC-MS apparatus. TLC was conducted on silica gel HSGF254 
plates (10–40 μm; Yan tai Jiang you Chemical, Inc.). Column chromatography (CC) was per-
formed with silica gel (200–300 mesh, Qingdao Marine Chemical, Inc.), MCI Gel (CHP 20P, 
75–150um, Mitsubishi Kasei Corporation).

3.2.  Plant material

The leaves of B. purpurascens were collected in September 2015 from Jiuzhi County, Guoluo 
City, Qinghai Province, China, and the plant was identified by Prof. Zhu-Nan Gong of College 
of Life Science, Nanjing Normal University, Nanjing, China. A voucher specimen (No. 15-09-
01-01) was deposited at the Natural Products Chemistry Laboratory of Southeast University, 
Nanjing, China.

3.3.  Extraction and isolation

The leaves of B. purpurascens (5.0 kg) were extracted with 95% ethanol (30.0 L × 5) at 
room temperature. After removal of the solvent, the extractum (327.0 g) was suspended 
in water (3000 mL), partitioned sequentially with petroleum ether (PE) (2000 mL × 5 
times), EtOAc (2000 mL × 5 times) to yield crude PE (100.3 g), EtOAc (183.3 g) extracts 
respectively. The crude PE extract was decolorised on MCI GEL, then a sample (19.0 g) 

Figure 2. Molecular modelling of compound 1 in complex with Bcl-2.
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was subjected to silica gel CC using a gradient system with increasing polarity of PE/
EtOAc (from 50:1 to 1:6, v/v) to yield 12 (18 mg), 13 (347 mg), 14 (165 mg), 15 (12 mg), 
16 (23 mg), 17 (1003 mg), 18 (368 mg), 19 (16 mg), 20 (27 mg). The EtOAc extract decol-
orized on MCI GEL (90.0 g), then used the same method to afford 1 (610 mg), 2 (338 mg), 
3 (10 mg), 4 (18 mg), 5 (23 mg), 6 (189 mg), 7 (207 mg), 8(20 mg), 9 (903 mg), 10 (486 mg), 
11 (11 mg).

3.4.  Docking model

All the docking studies were carried out using Sybyl-X 2.0 on a windows workstation. The 
crystal structure of the tubulin in complex with colchicine was retrieved from the RCSB 
Protein Data Bank (PDB: 1bxl.pdb) (Enyedy et al. 2001). The 3D structures of these selected 
compounds were first built using Sybyl-X 2.0 sketch followed by energy minimisation using 
the MMFF94 force field and Gasteiger-Marsili charges. We employed Powell’s method for 
optimising the geometry with a distance dependent dielectric constant and a termination 
energy gradient of 0.005 kcal/mol. All the selected compounds were automatically docked 
into the colchicine binding pocket of Bcl-2 by an empirical scoring function and a patented 
search engine in the Surflex docking program. The polar hydrogen atoms were added and 
also the automated docking manner was applied in the present work. Other parameters 
were established by default to estimate the binding affinity characterised by the Surflex-
Dock scores in the software. A higher score represents stronger binding affinity. The optimal 
binding pose of the docked compounds was selected based on the Surflex scores and visual 
inspection of the docked complexes.

3.5.  1-O-β-D-glucopyranosyl-2-methoxy-3-hydroxyl-phenylethene

White powder; m.p.145–147°C; �20

D
:+37.88°(c = 0.033, MeOH); IR (KBr) vmax cm−1: 3227, 1650, 

1600, 1509, 1439, 894, 823, 776, 752; UV λmax (CH3OH) (log ε) 230 (1.78), 283 (2.21), 361 (0.23); 
HR-ESI-MS: m/z 327.0736 [M-H]− (C15H20O8 Calcd 327.1035). 1H NMR (400 MHz, DMSO) δH 
(ppm, J Hz): 9.0 (1H, s, OH-3), 6.97 (1H, dd, J = 6.8, 12.8 Hz, Ha-8), 6.84 (1H, dd, J = 6.8, 8.92 Hz, 
Hb-8), 6.66 (1H, d, J = 2.0 Hz, H-4), 6.86 (1H, d, J = 3.2 Hz, H-6), 6.64 (1H, dd, J = 8.92, 12.8 Hz, 
H-7), 3.69 (3H, s, –OCH3), 4.63 (1H, d, J = 7.6 Hz, H-1′), 4.55 (1H, t, J = 5.6 Hz, OH-6′), 4.99 (1H, 
d, J = 5.2 Hz, OH-4′), 5.05 (1H, d, J = 4.4 Hz, OH-3′), 5.25 (1H, d, J = 4.8 Hz, OH-2′), 3.45 (1H, m, 
H-6′), 3.25 (1H, m, H-3′), 3.23 (1H, m, H-5′), 3.15 (1H, m, H-2′), 3.12 (1H, m, H-4′); 13C NMR 
(100 MHz, DMSO) δc (ppm): 55.8 (–OCH3), 61.2 (C-6′), 70.2 (C-4′), 73.7 (C-2′), 77.1 (C-5′), 77.4 
(C-3′), 102.2 (C-1′), 114.8 (C-7), 115.9 (C-4), 118.0 (C-8), 118.1 (C-6), 150.8 (C-1), 151.9 (C-5), 
152.6 (C-2), 154.7(C-3).

4.  Conclusions

A new aromatic glycoside (1), and 19 known compounds (2–20), were isolated from the 
leaves of B. purpurascens. The structure of the new compound was identified on the basis of 
spectroscopic analysis. The novel compound demonstrated potent cytotoxic activities 
against the T24 cancer cell lines. The further bioactivity analysis showed that compound 1 
induced apoptosis of T24 cell lines.
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Supplementary material

The biological experiments and original spectra of NMR, HR-ESI-MS data of the new compound (1) are 
available as Supporting Information.
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