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isolation and identification of
anticancer and antioxidant compounds from
Gynostemma pentaphyllum (Thunb.) Makino

Tian-Xing Wang, Man-Man Shi and Jian-Guo Jiang *

Gynostemma pentaphyllum (Thunb.) Makino is a medicinal and edible plant in China whose buds and leaves

are used for making a popular kind of tea drink. The anticancer and antioxidant properties of the ethyl acetate

(EA) and n-butanol (n-Bu) fractions provide a basis for conducting experiments for isolation and identification

of key compounds that may be responsible for the aforementioned properties of G. pentaphyllum. Four

compounds were isolated from the two fractions using ODS packing column, silica gel column, polyamide

column, Sephadex LH-20 gel column and HPLC. With the aid of 1H, 13C NMR and mass spectrometry, they

were identified as 3,4-dihydroxy phenyl-O-b-D-glucoside, gypenoside XLVI, gypenoside L and ginsenoside

Rd. 3,4-Dihydroxy phenyl-O-b-D-glucoside showed the strongest DPPH (97.23%) and ABTS (101.37%)

scavenging effect and ferric ion reducing power (FRAP value 0.8846), which may be closely related to the

hydrogen atoms of phenolic hydroxyls. Gypenoside L and ginsenoside Rd displayed the highest inhibition

of tumor cell proliferation of A549 and MCF-7 cell lines, which had to do with the chemical structure of

the compounds bearing glycosylated parts and free hydroxyls at the 20th or 21st carbon atom of

dammarane-type saponin.
1. Introduction

Gynostemma pentaphyllum (Thunb.) Makino belongs to the
family Cucurbitaceae and is widely distributed in China, Japan
and other Asian countries.1 As a cultivated plant with medicinal
properties and edibility,2 it was traditionally used to reduce
inammation, relieve cough and eliminate phlegm in tradi-
tional medicine prescriptions.3 Also, some popular tea drinks
have been made from its buds and leaves.4 There are several
autopolyploid species of G. pentaphyllum whose chemical
composition and health characteristics are different.5 The
dammarane gypenosides are considered as the major bioactive
constituents in G. pentaphyllum.6 To date, approximate 180
gypenosides have been isolated from it, which display various
bioactivities such as hepatoprotective,7 antioxidant,8 anti-
obesity,9 anti-inammatory,10 hypolipemic,11 hypoglycemic,12

and anticancer properties.13

Free radicals are molecules/molecular fragments containing
one or more unpaired electrons, the presence of which usually
makes them highly reactive.14 Previous studies have shown that
the damage of cells caused by free radicals played a key role in
the etiology of a wide range of human diseases,15 including
arthritis, hemorrhagic shock, coronary artery diseases, cataract,
cancer, AIDS as well as age-related degenerative brain diseases.
outh China University of Technology,
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Recent evidence reports that cancer cells persistently exhibit
high ROS levels as a result of metabolic, genetic and
microenvironment-associated alterations.16,17 Increased levels
of ROS are pro-tumorigenic, resulting in the activation of pro-
survival signaling pathways, loss of tumor suppressing gene-
function, increased glucose metabolism, adaptations to
hypoxia, and the generation of oncogenic mutations,18 sug-
gesting that antioxidants may have an anticancer effect by
preventing the build-up of excessive ROS.

The safety and toxicity of synthetic antioxidants are of
concern.19 At present, cancer treatment is mainly based on western
medicine which is characterized by addiction, drug resistance and
complex adverse reactions.20 Now, researchers are interested in
developing plant-derived drugs with low toxicity and side
effects.21,22

Antioxidant and anticancer effect of different crude extracts
from G. pentaphyllum were investigated systematically, although
only a few reports have discussed the activity of individual
compounds in G. pentaphyllum and their separation method.
Considering this limited background, the present study focused
on the bioassay-guided isolation and purication of active indi-
vidual compounds from G. pentaphyllum. 1,1-Diphenyl-2-
picrylhydrazyl (DPPH), 2,20-azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid) (ABTS) and ferric ion reducing antioxidant power
(FRAP) were applied for the antioxidant capacity. Normal liver cell
lines, LO2, were applied for the cytotoxicity evaluation of crude
extracts and compounds, and their anticancer effect against two
RSC Adv., 2018, 8, 23181–23190 | 23181
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human tumor cell lines, mammary gland breast cancer, MCF-7,
and human non-small cell lung carcinoma, A549, were analyzed.

2. Materials and methods
2.1 Reagents and chemicals

TPTZ (tripyridyltriazine), DPPH (1,1-diphenyl-2-picrylhydrazyl)
and ABTS (2, 20-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid)) were purchased from Sigma-Aldrich (Darmstadt,
Germany). Phosphoric acid, methanol-D4, chloroform-d,
DMSO (Dimethyl Sulfoxide)-D6 were purchased from
Aladdin. Analytical-grade methanol, ethanol, petroleum ether
(PE), ethyl acetate (EA), chloroform and n-butanol (n-Bu), in
addition to HPLC-grade acetonitrile, methanol were
purchased from Shanghai Macklin Biochemical Co, Ltd.
Potassium ferricyanide, trichloroacetic acid, ferric chloride,
potassium persulfate, hydrochloric acid were of analytical
grades.

2.2 Preparation of different polar fractions

Dried whole herbs of G. pentaphyllum, originally from Pingli,
Shaanxi Province, were purchased from a Chinese medicinal
materials market in Guangzhou and identied by researcher
Deng Yunfei of South China Botanical Garden, Chinese
Academy Sciences. Different polar fractions were obtained as
Fig. 1 Preparation of different polar fractions and isolation and purificat

23182 | RSC Adv., 2018, 8, 23181–23190
shown in Fig. 1 aer ordinal treatment with petroleum ether,
chloroform, ethyl acetate and n-butanol.

2.3 Isolation and purication of EA fraction and n-Bu
fraction

As shown in Fig. 1, EA fraction (30 g) was separated using a silica
gel (200–300 mesh) column chromatography using chloroform–

methanol gradient elutionmethod to obtain three fractions. For
further isolation, fraction 1 was exposed to a Sephadex LH-20
gel column using methanol–H2O (70 : 30, v/v). Polyamide
column chromatography (methanol–H2O ¼ 40 : 60, v/v) was
used for further purication to obtain compound 1 (20 mg).
Using silica gel (200–300 mesh) column chromatography with
a chloroform–methanol solvent system, n-Bu fraction (45 g) was
divided into four fractions as shown in Fig. 1. Fraction 2 was
repeatedly subjected to Sephadex LH-20 gel column with
methanol : H2O (70 : 30, v/v) as elution solvent. Aer contin-
uous processing with ODS column (methanol : H2O¼ 70 : 30, v/
v) and silica gel column (chloroform–methanol ¼ 3 : 1, v/v),
compound 2 was obtained from fraction 2-2-1 (270 mg). Frac-
tion 4 was exposed to Sephadex LH-20 gel column with meth-
anol. For further purication, ODS column chromatography
with methanol : H2O (60 : 40, v/v) as the elution solvent was
used to obtain fraction 3-1-1. Aer treatment with silica gel
column using chloroform–methanol (2 : 1, v/v), compound 3
ion of EA fraction and n-Bu fraction.

This journal is © The Royal Society of Chemistry 2018
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was chromatographed from fraction 3-1-1. Fraction 4 was
puried twice with Sephadex LH-20 column chromatography
using methanol as the elution solvent. The target compound
present in fraction 4 was mainly enriched in fraction 4-1, and
then further puried by ODS column chromatography to obtain
compound 4.
2.4 Antioxidant assays

2.4.1 DPPH scavenging capacity assay. The lone pair elec-
trons in DPPH were bound by protons under the presence of
free radical scavenger, thus lightening the color and reducing
the photoabsorption of reaction solution.23 To varying concen-
trations of 180 mL of DPPH standard solution (0, 30, 90, 150,
210, 240, 270 mg mL�1), 20 mL of absolute ethanol was added
and reacted away from light for 30 min, establishing the stan-
dard curve. The concentration with absorbance of 0.7–0.8 was
selected as the concentration of the working uid. Then, 20 mL
of samples at different concentration (25–800 mg mL�1) were
mixed with 180 mL of DPPH working solution. Aer 30 min of
incubation in the dark, the absorbance was calculated in
a microplate reader at 518 nm. The ABTS scavenging capacity
was calculated by the equation below:

DPPHc scavenging capacity (%) ¼ [1 � (Ab � Ac)/Ad] � 100

where Ab is the sample absorbance, Ac is the background
absorbance and Ad is the control absorbance.

2.4.2 ABTS scavenging capacity assay. The absorption
spectra of the various samples at 737 nm was positively
controlled with ascorbic acid and used to evaluate ABTS radical
scavenging capacity of various samples based on the published
report.24 Initially, aqueous (7 mM) ABTS and potassium per-
sulfate solutions (4.9 mM) were mixed in equal volumes and
stored under a cool and dark condition. ABTS mother liquor
was diluted with absolute ethanol to obtain an absorbance of
0.70 � 0.020 at 737 nm. Then, 20 mL of various samples of
different concentrations (25–800 mg mL�1) was put in 96-well
plates, followed by adding 180 mL of diluted ABTS solution. The
absorbance was measured at 737 nm, and ABTS scavenging
capacity was calculated according to the equation below.

ABTSc+ clearance (%) ¼ [1 � (Ab � Ac)/Ad] � 100

in which, Ab, Ac and Ad are the sample, background and control
absorbance, respectively.

2.4.3 Ferric reducing antioxidant power (FRAP) assay. Fe3+–
TPTZ was reduced by an electronating agent and formed Fe2+–
TPTZ at low pH.25 The working solution was prepared by mixing
acetate buffer (0.3 M, pH 3.6), TPTZ solution (10 mM) and ferric
chloride solution (20 mM) (10 : 1 : 1, v/v/v). Then, 20 mL of
samples with different concentrations (25–800 mg mL�1) were
mixed with 180 mL of FRAP working solution. Upon treatment of
the vortex and incubation for 30 min, the absorbance of the
mixture was measured at 596 nm accurately. With FeSO4 as the
standard solution, the antioxidant activity of the sample is
expressed as the FeSO4 concentration that reached the same
absorption value, that is, the FRAP value of all tested samples.
This journal is © The Royal Society of Chemistry 2018
2.5 Anticancer assays

2.5.1 Cell culture and cytotoxicity assay. The cytotoxicity of
samples was investigated on LO2 cell lines (normal liver cell).
The anticancer capacity of all tested samples was observed on
human breast adenocarcinoma cell lines (MCF-7) and human
alveolar adenocarcinoma cell lines (A549), which were
purchased from the Chinese Academy of Science Cell Bank.
These cells were maintained in DMEM high glucose culture
uid (Gibco Company, USA), supplemented with 10% fetal
bovine serum, 0.5% streptomycin (Gibco Company, USA) and
0.5% penicillin (Gibco Company, USA) in a cell incubator at
37 �C with 5% CO2.

2.5.2 MTT assay for inhibition rate of cell proliferation.
The cell viability of these cell lines was measured by MTT
assay.26 Briey, all tested samples and the standard were dis-
solved with DMSO adequately, preparing the stock solution
(40 mg mL�1) with a limited percentage (1%) of DMSO-usage.
Using a doubling dilution method, the stock solution was
diluted to a series of concentrations (25–800 mg mL�1) by
DMEM high glucose culture uid supplemented with 10% fetal
bovine serum, 0.5% streptomycin and 0.5% penicillin. 100 mL of
cells in logarithmic growth phase (3� 104 cells per mL) per well
were inoculated in a 96-well plate and cultured for 24 h. Then,
100 mL of diluted sample medium was added to replace the old
nutrient uid and incubated for 24 h. The complete medium
and 5-F, instead of sample solution, were used as blank control
group and positive control group, respectively. Thereaer, 100
mL of DMEM high glucose culture uid and 20 mL MTT regent
(5 mg mL�1) was added to replace the old medium and cultured
for 4 h. Next, the medium containing MTT was abandoned,
followed by adding 150 mL DMSO per well to dissolve the for-
mazan crystals. Aer shaking for 10 min, the OD value was
measured with a microplate reader at 490 nm. The cell prolif-
eration inhibition rate was calculated by the equation below.

Inhibition rate (%) ¼ (1 � ODsample/ODcontrol) � 100
2.6 Statistical analysis

All experiments were performed in triplicate, and the data were
expressed as mean � standard deviation (SD). Statistical
differences were evaluated by one-way analysis of variation
using SPSS 17.0 with Bonferroni correction. Signicant differ-
ences were revealed at P < 0.05.
3. Results and discussion
3.1 Identication of isolated compounds

Compound 1 was obtained as yellow powder with lyophilization
treatment and developed with methanol–H2O (1 : 1, v/v) in
a polyamide thin sheet. A single yellow uorescence spot was
presented under 254 nm UV irradiation aer heating. ESI-MS
(m/z): 288, 1H-NMR (400 MHz, DMSO-d6): dH 8.91 (1H, s, OH),
8.49 (1H, s, OH), 6.59 (1H, d, J ¼ 8.5 Hz, H-5), 6.47 (1H, d, J ¼
RSC Adv., 2018, 8, 23181–23190 | 23183
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2.7 Hz, H-2), 6.32 (1H, dd, J ¼ 8.5, 2.7 Hz, H-6), 5.23 (1H, d, J ¼
4.4 Hz, OH), 5.02 (1H, d, J ¼ 5.1 Hz, OH), 4.59 (1H, d, J¼ 7.5 Hz,
H-10), 4.54 (1H, s, OH), 3.65 (1H, dd, J ¼ 11.0, 1.5 Hz, H-60), 3.45
(1H, m, H-60), 3.17 (4H, m, H-20,-30,-40,-50).13C-NMR (DMSO-d6)
dC 150.8(d), 145.6(s), 140.3(s), 115.5(d), 106.8(d), 105.4(d),
101.8(d), 76.9(d), 76.7(d), 73.4(d), 69.8(d), 60.8(t). Based on
these data (Fig. 2A) and a previously published report,27

compound 1 was determined to be 3,4-dihydroxy phenyl-O-b-D-
glucoside.

Compound 2 was obtained as a white needle-like crystalline
powder. A bright yellow brown spot was introduced by using
chloroform : methanol : H2O in 3.5 : 1 : 0.2 ratio in a silica gel
plate. Aer the color faded, a purple luminous point emerged
using an alcoholic solution of sulfuric acid (10%) as coloring
agent and heating to 105 �C. ESI-MS m/z: 961.5346 (C48H82O19).
The 1H-NMR spectrum (Fig. 2B) showed eight signals for methyl
protons, three glycosyl hydrogen signals and one tri-substituted
allyl stromal signal that corresponded with the structure.
According to the coupling constant of glycosyl hydrogen (7.6,
7.6, 7.8 Hz), the glycoside conguration was determined to be of
the b-type. The 13H-NMR spectrum revealed 48 signals con-
taining two alkenyl carbon atoms (dC 132.28, 125.86). According
to these results and the reported literature,28 compound 2 was
determined to be gypenoside XLVI.

Compound 3 was obtained a white shapeless powder. Using
the chloroform–methanol–H2O (3 : 1 : 0.2, v/v/v) developing
system, there was no obvious UV absorption at 254 nm and
365 nm ultraviolet light. ESI-MS m/z: 799. The 1H-NMR and 13C-
NMR spectrum (Fig. 2C) are very similar to that of compound 4.
The only difference is that signals observed at dC of 57.23, 72.06,
27.28, 35.71 ppm were attributed to the glucoside structure,
Fig. 2 NMR spectra and HPLC chromatographs of isolated compounds

23184 | RSC Adv., 2018, 8, 23181–23190
revealing that the absolute conguration of C-20 belongs to the
S conformer. The spectral data were in accordance with the
literature,29 and the compound 3was identied as gypenoside L.

Compound 4 was obtained as a white amorphous powder.
Using the chloroform–methanol–H2O (3 : 0.8 : 0.16, v/v/v) devel-
oping system, there was no obvious UV absorption at 254 nm and
365 nm ultraviolet light. A bright yellow brown spot emerged in
the silica gel plate that was placed in the iodine cylinder. Aer the
color faded, a purple bright point was obtained using an alco-
holic solution of sulfuric acid (10%) as the coloring agent and by
heating to 105 �C. ESI-MS m/z: 946. The 13C-NMR spectrum
(CD3OD, 600 MHz) showing the presence of eight methyl and
three carbon atoms linked to oxygen and two alkenyl carbon
atoms conrmed the structure. The 1H-NMR and 13C-NMR
signals (Fig. 2D) were typical of protopanaxdiol glycoside.
Chemical shi of C-3 and C-20 shied to lowereld, revealing the
presence of the process of glycosylation. The result of TLC anal-
ysis showed that compound 4 and ginsenoside Rd standard have
the same Rf value. Good agreement was obtained by the1H-NMR
and 13C-NMR spectrum with those reported in the literature.30

Thus, the name ginsenoside Rd was given to compound 4.
1H-NMR and 13C-NMR spectra of isolated compounds were

given in Fig. 2, showing the atomic composition of each
compound. The liquid chromatography of each compound,
determined by a DIONEX P680 summit HPLC system with C18
column and ELSD detector, is attached with the NMR spectrum
of the blank. The structural formulas of isolated compounds are
shown in Fig. 3. The chemical shi is marked next to each atom,
with a black numeral for hydrogen atom and a blue numeral for
carbon atom.
.

This journal is © The Royal Society of Chemistry 2018
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Fig. 3 Structure formula of isolated compounds.

Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

5 
Ju

ne
 2

01
8.

 D
ow

nl
oa

de
d 

on
 7

/3
/2

02
4 

6:
45

:2
4 

A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
3.2 DPPH scavenging capacity assay

The DPPH scavenging effect of all tested samples strongly
depended on the given doses (Fig. 4A). The DPPH scavenging test
of ethanol extract and its four polar fractions indicated that the
DPPH clearance of ve crude extracts at 800 mg mL�1 were
25.07% (ethanol extract), 19.38% (PE), 39.57% (EA), 24.35% (n-
Bu) and 10.37 (W). Compared with the positive control, ethanol
extract and its four polar fractions showed weaker scavenging
capacity of the DPPH free radical. Aer the stepwise extraction of
ethanol extract, the scavenging ability of four fractions to DPPH
did not increase signicantly. However, the scavenging ability of
EA fraction and n-Bu fraction were signicantly higher than that
of ethanol extract, revealing the enrichment of compounds with
antioxidant capacity to some extent. Therefore, EA fraction and n-
Bu fraction were chosen to be further separated and puried.

3,4-Dihydroxy phenyl-O-b-D-glucoside showed outstanding
scavenging ability to DPPH. Its scavenging ability reached
97.23% at 800 mg mL�1 and the IC50 was 63.52 mg mL�1, more
signicant than the Vc. The DPPH scavenging ability of the four
compounds followed the order: 3,4-dihydroxy phenyl-O-b-D-
glucoside > gypenoside XLVI > gypenoside L > ginsenoside Rd.
This journal is © The Royal Society of Chemistry 2018
Furthermore, the scavenging capacity of gypenoside XLVI,
gypenoside L and ginsenoside Rd at 800 mg mL�1 was 34.07%,
32.91%, and 38.64%, respectively, and was comparable to
positive control (33.94%) at 25 mg mL�1. The clearance of
gypenoside XLVI and gypenoside L were almost alike at 25–800
mg mL�1, which may be attributed to the triterpenoid sapogenin
in their structure. 3,4-Dihydroxy phenyl-O-b-D-glucoside belongs
to polyphenolic compounds and its hydrogen atoms of phenolic
hydroxyls are highly unstable as they are usually excellent
hydrogen or electron donors. Thus, 3,4-dihydroxy phenyl-O-b-D-
glucoside might be responsible for the good DPPH scavenging
ability of the EA fraction. Saponins have little inuence on free
radicals, but most of them can enhance the activity of antioxi-
dant enzymes like superoxide dismutase (SOD) and catalase
(CAT) in the body.31 This might explain why gypenoside XLVI,
gypenoside L and ginsenoside Rd showed suboptimal DPPH
scavenging capacity.
3.3 ABTS scavenging capacity assay

All samples displayed the distinct ABTS scavenging effect in
a dose-dependent relationship (Fig. 4B). Compared with the
RSC Adv., 2018, 8, 23181–23190 | 23185

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/c8ra02803f


Fig. 4 Effects of all tested samples against oxidative stress. Three antioxidant assays were employed, including DPPH radical scavenging capacity
(A), ABTS radical scavenging capacity (B) and ferric iron reducing antioxidant power (C).
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positive control, EA fraction showed the most potent ABTS
scavenging capacity. The ABTS scavenging ability of ve crude
extracts was in the following sequence: EA fraction > n-Bu
fraction > ethanol extract > W fraction > PE. The ABTS scav-
enging rate of ve crude extracts at 800 mg mL�1 were 48.09%
(ethanol extract), 20.19% (PE), 74.77% (EA), 67.53% (n-Bu) and
32.81% (W). Collectively, as evidenced by the ABTS free radical
scavenging capacities, the EA fraction and n-Bu fraction
exhibited greater antioxidant potential.

The ABTS scavenging effect of the four compounds strongly
depended on the given doses (Fig. 4B). The ABTS clearance of
3,4-dihydroxy phenyl-O-b-D-glucoside, gypenoside XLVI,
gypenoside L and ginsenoside Rd at 800 mg mL�1 were 101.37%,
93.10%, 66.19% and 48.87%, respectively. 3,4-Dihydroxy
phenyl-O-b-D-glucoside displayed the most outstanding scav-
enging capacity to ABTS. Its scavenging ability reached 101.37%
at 800 mg mL�1 and the IC50 was 68.85 mg mL�1, indicating that
it had stronger scavenging ability than that of the control. The
ABTS scavenging ability of four compounds were in the order:
3,4-dihydroxy phenyl-O-b-D-glucoside > gypenoside XLVI >
gypenoside L > ginsenoside Rd. Considering that the antioxi-
dant capacity of compounds originate from their unsaturated
polyenoid system,32 the adjacent phenolic hydroxyl of benzene
ring of 3,4-dihydroxy phenyl-O-b-D-glucoside might have
23186 | RSC Adv., 2018, 8, 23181–23190
contributed to their strong ABTS scavenging effect. Gypenoside
XLVI, gypenoside L and ginsenoside Rd, all of which are sapo-
nins, displayed different abilities in clearing the ABTS free
radical. Studies have shown that the difference in the linking
path and composition of the sugar chain leads to the difference
in the biological activity of saponins.33
3.4 Ferric ion reducing antioxidant power (FRAP) assay

EA fraction and n-Bu fraction displayed better ferric ion
reducing antioxidant power than the other crude extracts did,
and their FRAP value at 800 mg mL�1 was 0.5389 and 0.4842,
respectively, much lower than that of ascorbic acid (0.8294).
Ferric reducing antioxidant powers of ve crude extracts are
arrayed in descending order as follows: EA, n-Bu, ethanol
extract, W, PE, explaining the reason that the EA and n-Bu
extracts were employed for further isolation and purication.

The FRAP value of 3,4-dihydroxy phenyl-O-b-D-glucoside,
gypenoside XLVI, gypenoside L and ginsenoside Rd at 800 mg
mL�1 reached 0.8846, 0.2273, 0.3078 and 0.1847, respectively
(Fig. 4C). The ferric ion reducing antioxidant power of isolated
compounds decreases in the following order: 3,4-dihydroxy
phenyl-O-b-D-glucoside > gypenoside L > gypenoside XLVI >
ginsenoside Rd. Due to the presence of an adjacent phenolic
This journal is © The Royal Society of Chemistry 2018
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hydroxyl, 3,4-dihydroxy phenyl-O-b-D-glucoside showed most
signicant ferric ion reducing power. The total reducing power
of the three saponins is not ideal, which is in agreement with
previously reported results.34
3.5 Cell viability of LO2

Drug-induced hepatotoxicity has become a very common
complication caused by many medicines, because the liver is
central to the metabolic disposition of virtually all drugs and
exogenous compounds.35 In the present research, the cytotox-
icities of the ve crude extracts and the four compounds were
evaluated using LO2 cell lines (normal liver cell). Fig. 5
demonstrated that the cell viability of all samples was basically
over 90%, showing almost no toxicity to LO2 cell lines. There-
fore, the concentration range 25–800 mg mL�1 was selected for
evaluating the anticancer properties of the samples.
3.6 Inhibition rate on MCF-7 cell proliferation

The inhibitory effects of crude extracts on MCF-7 cell prolifer-
ation are presented in Fig. 6. MCF-7 cells were intervened by
different concentration of all samples. Aer 24 hours of inter-
vention, the cell morphology and number were changed in
varying degrees compared with the control group. The n-Bu
fraction group presented the most obvious effect, showing
a sharp reduction in the number of cells, larger intercellular
space, numerous rounded cells, the free cellular debris and the
decrease of cell anchoring rate. In EA andW fraction groups, the
number of adherent cells and cell diopters decreased and some
of the cells became round or had a long spindle shape. The
inhibition rate of the ve crude extracts at 800 mg mL�1 were
22.99%, 17.73%, 31.71%, 42.93% and 29.62%, respectively.
Using the partitive extraction method, active components with
Fig. 5 Cell viability of LO2 cell lines treated with all tested samples.

This journal is © The Royal Society of Chemistry 2018
anticancer abilities have been initially separated, mainly
focusing on the EA fraction and n-Bu fraction.

The number of cells intervened by gypenoside L and ginse-
noside Rd were greatly reduced, displaying an obvious cell gap,
numerous round cells, decreased cell surface refractive index
and visible broken cell debris. The density of cells interposed by
3,4-dihydroxy phenyl-O-b-D-glucoside and gypenoside XLVI
decreased clearly, showing decreased cell diopter, increased
suspended cells, rounding reduced cells andmodied particles.
The inhibition rate of 3,4-dihydroxy phenyl-O-b-D-glucoside,
gypenoside XLVI, gypenoside L and ginsenoside Rd against
MCF-7 cell lines at 800 mg mL�1 were 54.69%, 59.47%, 73.37%
and 75.37%, respectively. 3,4-Dihydroxy phenyl-O-b-D-glucoside
and gypenoside XLVI showed signicant dose dependent effect,
nearly equal to that showed by 5-uorouracil. The effects of
gypenoside L (IC50 342.57 g mL�1) and ginsenoside Rd (IC50

432.31 g mL�1) on the MCF-7 cell line were better than that of
the positive control in a dose-dependent manner.

Structure–activity relationship studies have shown that the
glycosylationmoiety of saponins had an important contribution
to cytotoxic activity.36 One possible explanation is that gypeno-
side XLVI, gypenoside L and ginsenoside Rd all contain glycosyl
groups that can directly destroy tumor cells and exert an anti-
cancer effect.
3.7 Inhibition rate on A549 cell proliferation

The A549 cells in the control group were spindle or stellate
shaped with well adherent-growth. However, cells in n-Bu frac-
tion group became spherical, the diopter degraded, they shed
easily, and cell proliferation was simultaneously down-
regulated. The inhibitory experiment of crude extracts against
A549 cell lines showed that the anticancer capacity of the ve
extract fractions followed the order: n-Bu fraction > PE fraction >
RSC Adv., 2018, 8, 23181–23190 | 23187
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Fig. 6 Morphology effect and inhibition rate of all tested samples on MCF-7 cell lines.
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EA fraction > W fraction > ethanol extract (Fig. 7). The n-Bu
fraction displayed the most signicant effect at 800 mg mL�1

(74.34%). The PE and EA fractions also showed certain anti-
cancer ability in a concentration dependent manner.

For the isolated compounds, the ginsenoside Rd treated cells
showed irregular cell morphology, unclear outlines, unclear
contour, clouding margin and dissociated necrotic cell resi-
dues. The number of cells intervened by gypenoside L decreased
Fig. 7 Morphology effect and inhibition rate of all tested samples on A5

23188 | RSC Adv., 2018, 8, 23181–23190
greatly, and there was a greater internal gap between the cells
which were accompanied by degraded cell diopter and visible
broken cell debris. The cell density and volume treated by 3,4-
dihydroxy phenyl-O-b-D-glucoside and gypenoside XLVI
decreased and most of them became round, showing an
increased suspended cells and cell debris and decreased cell
refractive index. The inhibition rate of 3,4-dihydroxy phenyl-O-
b-D-glucoside, gypenoside XLVI, gypenoside L and ginsenoside
49 cell lines.

This journal is © The Royal Society of Chemistry 2018
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Rd at 800 mg mL�1 on A549 cells were 90.86%, 56.41%, 95.82%
and 68.17%, respectively. The cancer cells were almost killed,
especially in case of ginsenoside L.

It is obvious that 3,4-dihydroxy phenyl-O-b-D-glucoside
inhibited tumor cell proliferation by enhancing the immunity
and antioxidant ability of the body. Ordinarily, the pharmaco-
logical activity is relevant to chemical constitution. Previous
research indicated that a free hydroxyl at the 20th or 21st carbon
atom of dammarane-type saponin endows G. pentaphyllum
saponins with signicant anticancer ability.37 Gypenoside XLVI,
gypenoside L and ginsenoside Rd belong to dammarane-type
saponins and none but the 20th carbon atom of gypenoside L
have a free hydroxyl, which explains the activity discrepancy of
the three saponins against A549 cell lines.

The antioxidant capacity or cytotoxicity of gypenosides from
G. pentaphyllum were reported previously,38,39 but the relation-
ship between antioxidant and anticancer activities and related
compounds has not been analyzed. The possibility of the anti-
oxidant and anticancer activities being positively related was
considered.19 However, upon comparing the antioxidant and
anticancer effects of all tested compounds in the present study,
it was found that the strongest anticancer compound (Fig. 4) did
not show the strongest antioxidant capacity (Fig. 6 and 7).

4. Conclusions

Four compounds with antioxidant and anticancer capacities
were isolated from EA fraction and n-Bu fraction. 3,4-Dihydroxy
phenyl-O-b-D-glucoside showed the highest antioxidant activity
equivalent to vitamin C. Gypenoside L and ginsenoside Rd
displayed the strongest anticancer capacity. Gypenoside L and
ginsenoside Rd have a strong interference effect on the prolif-
eration of A549 cell lines, which were better than that of 5-
uorouracil; yet, under similar conditions, they displayed
ordinary effect against MCF-7 cell lines. The results implied that
gypenoside L and ginsenoside Rd suppress tumor cell prolif-
eration with a targeted characteristic. This study partially
provided the material basis for the healthcare function of
beverage products associated with G. pentaphyllum, combined
with useful data for medical and pharmaceutical staff for the
clinical application of G. pentaphyllum.
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