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Abstract 
 

This research is aimed to isolate the active constituents of Ginseng stems and leaves and study 
their anti-cancer activities. Preparative TLC, spectral data analysis and MTT assay are used to 
isolate constituents and study anti-cancer activities. Six compounds are isolated from Ginseng 
stems and leaves, namely 20(S)-ginsenoside Rh1, ginsenoside F3, daucosterol, β-sitosterol, 
ginsenoside Rd2 and 20(R)-ginsenoside Rg2. Inhibitory effect of ginsenoside Rg2 on growth of 
NCI-H1650 cells is detected by MTT and Annexin-V-PI double staining assays. The results show 
that different concentrations of ginsenoside Rg2 test solutions can inhibit the growth of NCI-
H1650 cells to varying degrees, and the effect presents evident dose-response and time-effect 
relationships, that is, the longer the action time, the stronger the inhibitory effect. It can be 
concluded that the active constituents in Ginseng stems and leaves have significant anti-cancer 
activity. 
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Introduction 
 
Ginseng is the dried root of perennial herb Panax ginseng 
C. A. Meyer in the Araliaceae family, which is a 
characteristic traditional Chinese medicine; it is mainly 
produced in China's three northeastern provinces, 
especially in Jilin, which has a long history of medicinal 
use [1,2]. Modern research has shown that Ginseng 
contains saponins, polysaccharides, amino acids, vitamins, 
flavonoids, fatty acids, volatile oils, trace elements, etc. 
[3].  Its main active constituents are ginsenosides. 
Currently, at least 40 types of ginsenoside monomers have 
been isolated from ginseng plants. 
 
Modern pharmacological studies have shown that ginseng 
can improve cardiac contractility and frequency, stimulate 
the heart, and accelerate blood flow; has a good protective 
effect on ischemia-induced myocardial injury; has anti-
shock and anti-stress effects; can excite the central 
nervous system, and protect ischemic brain cells [4,5]. 
What is of particular importance is that ginsenosides have 
good anti-tumor activities [6-8], which can complement 
the drawbacks of surgery, radiotherapy and chemotherapy, 
and prevent side effects, and thereby allow reduced 
toxicity and enhanced efficacy when used in combination 
with chemotherapeutics, provide effects such as improved  

 
immunity, alleviate the suffering of cancer patients, 
improve their quality of life, and prolong their survival 
time. 
 
To better protect the forests, and achieve sustainable 
development of ginseng use value, Chinese government 
has issued a series of policies to strictly control the 
artificial cultivation of ginseng. Strict control of ginseng 
cultivation area has greatly affected the widespread use of 
ginseng, so the search for new medicinal parts to expand 
the usable range of ginseng has become an important 
topic. This paper extracts and isolates active constituents 
in Ginseng stems and leaves, and studies their anti-cancer 
activities. 
 
Materials & Methods 
 
Instruments and reagents 
Melting point apparatus (uncorrected, Shimadzu, Japan); 
Bruker FT-IR infrared spectrometer; BrukerAV 
superconducting NMR spectrometer; 100-300 mesh 
column chromatography silica gel (Qingdao Haiyang 
Chemical Co., Ltd.); Sephadex LH-20 column chromato-
graphy gel (Pharmacia); MTT and DMSO (AMRESCO); 
PI (Sigma); SW-CJ-2F super clean bench (Suzhou 
Purification Equipment Factory); micromill. 
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Drugs and cells 
Ginseng stems and leaves; 7-8 years old, which were 
harvested in summer and autumn and air-dried, were 
collected from ginseng farmers in Fusong, Jilin, and 
identified as Araliaceae plant ginseng. Ginsenoside Rg2 
was self-prepared, and NCI-H1650 cell line was 
purchased from Shanghai FuXiang Biotechnology Co., 
Ltd. 
 
Extraction and isolation of compounds 
5 kg of dried ginseng leaves were crushed, and extracted 
by boiling with 8-fold amount of water, 3 times for 2 h 
each. Then, the filtrates were combined, concentrated, and 
eluted through AB-8 macroporous resin (extract amount: 
resin amount = 1:8) with 85% ethanol. After removal of 
ethanol, it was extracted successively with ethyl acetate 
and n-butanol. Then, the extracts were combined, and 
extractants were evaporated to give ethyl acetate fraction 
and n-butanol fraction. Next, ethyl acetate fraction was 
subjected to silica gel column chromatography, and 
gradient eluted with chloroform-ethanol-water, similar 
eluents were then combined, and further isolated by 
preparative TLC, repeated silica gel column 
chromatography and ODS column chromatography to 
give compounds 1-3. N-butanol fraction was subjected to 
silica gel column chromatography, gradient eluted with 
ethyl acetate-ethanol-water, and then isolated by 
preparative TLC to give compounds 4-6. 
 
Cell culturing 
NCI-H1650 cells were cultured routinely in 10% FBS-
containing RPMI 1640 medium, and incubated at a 37℃, 
5% CO2 incubator. The medium was replaced once every 
3 day. Logarithmic phase cells were used for experiment. 
 
MTT assay 
Logarithmic phase NCI-H1650 cells were trypsinized 
routinely, prepared into a 1×105/mL cell suspension, 
seeded in 96-well plates, and then added with different 
concentrations (20 umol/L, 40 umol/L, 60 umol/L and 80 
umol/L) of ginsenoside Rg2 test solutions. Control group 
was added with an equivalent volume of PBS. After 
culturing for 24 h, 36 h and 48 h, each well was added 
with 20 µL of 5 mg/mL MTT solution, and cultured for an 
additional 4 h. Next, the supernatant was discarded, and 
100 µL of DMSO was added to each well. After the plates 
were shaken, A550 of each well was measured with 
ELISA reader. Finally, NCI-H1650 cell inhibition rates of 
different concentrations of ginsenoside Rg2 test solutions 
were calculated. 
Inhibition rate = (average A550 of control group - average 
A550 of treatment group) / average A550 of control group 
× 100% 
 
Detection of apoptosis cycle by Annexin-V-PI double 
staining assay 
NCI-H1650 cells with a concentration of 5×105/ml were 

seeded in 96-well plates, and treated with different 
concentrations (40 umol/L and 80 umol/L) of ginsenoside 
Rg2 test solutions, as well as an equivalent volume of 
PBS. After culturing for 24 h, cells in each group were 
collected separately. Each group consisted of three wells, 
each of which was added with 5 µL of Annexin V/FITC, 
mixed well, then added with 5 µL of PI, and reacted in the 
dark at room temperature for 15 min, followed by 
analysis on flow cytometer. 
 
Statistical processing 
Data were processed using SPSS 13.0 statistical software, 

and measurement data were expressed as x
—

±s. 
Comparison among groups was performed by t test, and 
P<0.05 was considered statistically significant. 
 
Results 
 
Structure elucidation of compounds 
Compound 1: White powder. 1H-NMR (C5D5N, J=Hz) 
δ(ppm): 0.76, 0.98, 1.14, 1.27, 1.44, 1.53, 1.55, 1.91 (3H, 
each, alls, H-18, 19, 30, 29, 28, 26, 27, 21); 4.93 (1H, d, 
J=7.8, 6-O-glc-H-1'); 13C-NMR (75 MHz, DMSO-d6) δ: 
39.8 (C-1), 28.9 (C-2), 79.1 (C-3), 41.2 (C-4), 62.2 (C-5), 
19.0 (C-6), 45.9 (C-7), 41.1 (C-8), 50.0 (C-9), 41.1 (C-10), 
32.7 (C-11), 72.9 (C-12), 48.9 (C-13), 52.3 (C-14), 32.1 
(C-15), 27.7 (C-16), 55.5 (C-17), 18.9 (C-18), 18.1 (C-19), 
73.5 (C-20), 27.8 (C-21), 35.6 (C-22), 23.9 (C-23), 127.6 
(C-24), 134.1 (C-25), 24.6 (C-26), 18.1 (C-27), 32.5 (C-
28), 16.9 (C-29), 16.6 (C-30). The above data were 
basically consistent with those in the literature [9], so 
compound 1 was identified as 20(S)-ginsenoside Rh1, i.e. 
dammar-24-alkenyl-3β,6α,12β,20(S)-tetrahydroxy-20-O-
β-D-glucopyranoside. 
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Compound 1: 20(S)-ginsenoside Rh1 
 
Compound 2: White powder. 1H-NMR (C5D5N, J=Hz) δ 
(ppm): 0.83, 0.86, 0.95, 1.38, 1.53, 1.55, 1.56, 1.89 (3H, 
each, alls, H-18, 19, 30, 29, 28, 26, 27, 21), 5.16 (1H, d, 
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J=7.5, 20-O-glc-H-1'); 13C-NMR (75 MHz, DMSO-d6) δ: 
39.9 (C-1), 28.8 (C-2), 79.2 (C-3), 41.9 (C-4), 62.1 (C-5), 
69.1 (C-6), 46.9 (C-7), 41.2 (C-8), 50.9 (C-9), 40.1 (C-10), 
32.1 (C-11), 69.9 (C-12), 49.9 (C-13), 52.5 (C-14), 31.3 
(C-15), 27.9 (C-16), 52.1 (C-17), 17.9 (C-18), 17.6 (C-19), 
84.1 (C-20), 22.9 (C-21), 36.6 (C-22), 24.6 (C-23), 127.6 
(C-24), 132.4 (C-25), 24.6 (C-26), 17.9 (C-27), 31.8 (C-
28), 17.2 (C-29), 16.9 (C-30). The above data were 
basically consistent with those in the literature [10], so 
compound 2 was identified as ginsenoside F3, i.e. 
dammar-24-alkenyl-3β,6α,12β,20(S)-tetraol-20-O-β-D-
glucopyranosyl-α-L-arabinopyranoside. 
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Compound 2: Ginsenoside F3 
Compound 3: White powder (methanol). Lieberman-
Burchard reaction and Molisc test: positive. TLC with 
three different solvents revealed that the Rf values of 
three solvents were all consistent with the reference; 
besides, melting points did not drop after mixing. So 
compounds 3 was identified as daucosterol. 
 

Compound 4: White needle crystals (acetone), mp 
140~142℃. Lieberman-Burchard reaction: positive. TLC 
on the same plate with β-sitosterol reference revealed that 
the Rf values were all consistent under three different 
solvent conditions; besides, melting points did not drop 
after mixing. So compounds 4 was identified as β-
sitosterol. 
 

Compound 5: White powder. 1H-NMR (C5D5N, J=Hz) 
δ(ppm): 0.66, 0.82, 0.82, 0.85, 1.22, 1.51, 1.54, 1.58 (3H, 
each, alls, H-18, 19, 30, 29, 28, 26, 27, 21), 5.11 (1H, d 
J=7.5, 20-O-glc-H-1'), 4.91 (1H, d, J=7.5, 3-O-glc-H-1'); 
13C-NMR (75 MHz, DMSO-d6) δ: 39.8 (C-1), 27.9 (C-2), 
89.6 (C-3), 38.1 (C-4), 58.1 (C-5), 18.7 (C-6), 35.5 (C-7), 
41.3 (C-8), 48.1 (C-9), 37.9 (C-10), 31.4 (C-11), 71.3 (C-
12), 50.6 (C-13), 52.5 (C-14), 30.6 (C-15), 26.7 (C-16), 
51.7 (C-17), 16.4 (C-18), 16.5 (C-19), 83.7 (C-20), 22.2 
(C-21), 36.3 (C-22), 23.2 (C-23), 125.3 (C-24), 131.7 (C-
25), 25.7 (C-26), 17.3 (C-27), 27.1 (C-28), 17.2 (C-29),  
 

17.9 (C-30). Upon comprehensive analysis, spectral data 
of compound 5 were found basically consistent with the 
literature [11], so compound 5 was identified as 
ginsenoside Rd2, i.e. dammar-24(25)-alkenyl-
3β,12β,20(S)-triol-20-O-α-L-arabinopyranosyl(1→6)-β-
D-glucopyranosyl-3-O-β-D- glucoside. 
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Compound 5: Ginsenoside Rd2 
 
Compound 6: White powder. 1H-NMR (C5D5N, J=Hz) 
δ(ppm): 0.95, 0.94, 1.16, 1.26, 1.28, 1.61, 1.66, 1.95, 1.94 
(3H, each, alls, H-18, 19, 30, 29, 28, 26, 27, 21), 5.17 (1H, 
d, J=6.5, 6-O-glc-H-1'); 13C-NMR (75 MHz, DMSO-d6) δ: 
39.7 (C-1), 27.9 (C-2), 78.7 (C-3), 41.2 (C-4), 62.2 (C-5), 
75.6 (C-6), 47.2 (C-7), 41.1 (C-8), 51.6 (C-9), 40.6 (C-10), 
33.5 (C-11), 72.3 (C-12), 48.4 (C-13), 52.3 (C-14), 31.4 
(C-15), 26.7 (C-16), 50.1 (C-17), 17.5 (C-18), 17.9 (C-19), 
73.1 (C-20), 22.4 (C-21), 43.2 (C-22), 22.1 (C-23), 125.4 
(C-24), 131.4 (C-25), 25.3 (C-26), 16.4 (C-27), 31.5 (C-
28), 17.7 (C-29), 17.9 (C-30). Upon comprehensive 
analysis, spectral data of compound 6 were found 
basically consistent with the literature [12], so compound 
6 was identified as 20(R)-ginsenosid Rg2. 
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Compound 6: 20(R)-ginsenosid Rg2 

 
Determination of NCI-H1650 cell inhibitory effect by 
MTT assay 
Compared with the control group, different concentrations 
of ginsenoside Rg2 test solutions could all inhibit the 
growth of NCI-H1650 cells to varying degrees, and their 
effect presented evident dose-response and time-effect 
relationships, that was, the longer the action time, the 
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stronger the inhibitory effec
Table 1: Growth inhibition rate (%) of ginsenoside Rg2 on NCI-H1650 cells 
 

Group Concentration (umol/L) 24 h 48 h 72 h 
Control group     

20 32.58±2.25 43.68±1.17 54.64±3.45 
40 46.57±2.53 64.64±3.24* 69.82±2.47* 
60 55.47±4.71* 57.58±3.57* 62.56±3.96** Ginsenoside Rg2 

80 61.32±3.47* 75.32±2.82* 82.56±3.57** 
Note: Comparison with the control group, * P<0.05, ** P<0.01. 
 
Table 2. Comparison of NCI-H1650 cell apoptosis rate 

induced by ginsenoside Rg2 (x
—

±s) 
 
Group 24h（（（（%）））） 48h（（（（%）））） 
NCI-H1650 cell 3.27±0.675 4.17±0.577 
DMSO negative control 3.28±0.756 4.1±0.538 
Ginsenoside Rg2 (40 
umol/L) 

16.54±2.358 27.54±3.236 

Ginsenoside Rg2 (80 
umol/L) 

18.56±3.258 34.49±3.986 

 
Apoptosis promoting effect of ginsenoside Rg2 on NCI-
H1650 cells 
Detection results showed that after acting on the NCI-
H1650 cells for 24 h, test concentrations of ginsenoside 
Rg2 could all evidently promote apoptosis. Apoptosis 
rates, whether early or late, were significantly higher for 
the ginsenoside Rg2 groups than the normal group 
(P<0.01); besides, high concentration treatment group had 
early apoptosis rate significantly higher than the low 
concentration treatment group (P<0.05), indicating that 
ginsenoside Rg2 had an apoptosis promoting effect on 
NCI-H1650 cells, which was somewhat does dependent. 
 
Discussion 
 
Ginseng root has been used as a traditional Chinese 
medicine for a long time. Before large-scale industrial 
production, the need for ginseng as a disease-curing and 
life-saving product had been basically met by harvesting 
wild ginseng. With the continuous improvement of 
people's living standards and growing awareness of health 
care, the demands for ginseng and other traditional 
medicines have been increasing, and ginseng production 
has also developed gradually from wild harvesting to 
artificial cultivation. However, along with the soil and 
water loss and gradual lack of soil components, 
cultivation of ginseng has been increasingly restricted, 
leading to extreme imbalance between supply and 
demand. Therefore, the development of new medicinal 
parts of ginseng and the search for new alternatives have 
been hot research topics. In this paper, six compounds are 
isolated from ginseng stems and leaves, namely 20(S)-
ginsenoside Rh1, ginsenoside F3, daucosterol, β-sitosterol, 

ginsenoside Rd2 and 20(R)-ginsenoside Rg2. 
 
Lung cancer is one disease that has now become the 
malignancy with the highest incidence and mortality, 
worldwide. Its pathogenesis is unclear yet, but lies in the 
deregulation of cell proliferation and apoptosis. In recent 
years, research of the anticancer mechanism of traditional 
Chinese medicine has made great progress, and some 
traditional Chinese preparations such as Brucea javanica 
oil injection, paclitaxel injection and cantharidin-related 
preparations have been used in the treatment of tumors. 
Active search for highly effective, low toxic cancer 
prevention and treatment drugs has become one of the 
urgent tasks faced by China and the world today. 
 
There have been many reports on the anti-tumor activity 
of ginsenosides in recent years. Experimental studies have 
shown that ginsenosides can inhibit the production of 
tumor cells through a variety of channels. The first 
channel is a direct effect on cancer cells, where tumor 
growth is inhibited by induction of apoptosis [13]. By 
inducing apoptosis, tumor cell death is artificially 
initiated to treat or eliminate tumors, and restore the 
dynamic equilibrium between cell proliferation and 
apoptosis. The second channel is induction of tumor cell 
differentiation [14], and reversal of tumor cell 
differentiation. The third channel is inhibition of tumor 
invasion and metastasis [15]. Tumor angiogenesis is the 
basis of tumor growth and metastasis. Ginseng 
constituents such as ginsenosides Rb2 and Rg3 can 
destroy or inhibit the angiogenesis, thereby inhibiting 
tumor growth and metastasis. The fourth channel is 
enhancement of immune function [16]. Ginsenosides can 
enhance immune activity, regulate cytokine production, 
and mediate multiple immune responses, and thereby 
effectively inhibit tumor cells. 
 
In this paper, the inhibitory effect of ginsenoside Rg2 on 
growth of NCI-H1650 cells is detected by MTT and 
Annexin-V-PI double staining assays. The results show 
that different concentrations of ginsenoside Rg2 test 
solutions can all inhibit the growth of NCI-H1650 cells to 
varying degrees, and the effect presents marked dose-
response and time-effect relationships, that is, the longer 
the action time, the stronger the inhibitory effect. 



Zheng/Zhou/Ma/Jin 
 

                                                                                                                              Biomed Res- India 2015 Volume 26 Issue 4   550 

Ginsenoside Rg2 can well promote the apoptosis of NCI-
H1650 cells, which shows a certain dose-response 
relationship. Its mechanisms of action will be explored 
progressively in subsequent studies. 
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