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Abstract
Purpose Panax notoginseng is a commonly used
Chinese herb. Although a few studies have found that
notoginseng shows anti-tumor eVects, the eVect of this
herb on colorectal cancer cells has not been investi-
gated. 5-Fluorouracil (5-FU) is a chemotherapeutic
agent for the treatment of colorectal cancer that inter-
feres with the growth of cancer cells. However, this
compound has serious side eVects at high doses. In this
study, using HCT-116 human colorectal cancer cell
line, we investigated the possible synergistic anti-can-
cer eVects between notoginseng Xower extract (NGF)
and 5-FU on colon cancer cells.

Methods The anti-proliferation activity of these
modes of treatment was evaluated by MTS cell prolif-
eration assay. Apoptotic eVects were analyzed by using
Hoechst 33258 staining and Annexin-V/PI staining
assays. The anti-proliferation eVects of four major sin-
gle compounds from NGF, ginsenosides Rb1, Rb3, Rc
and Rg3 were also analyzed.
Results Both 5-FU and NGF inhibited proliferation
of HCT-116 cells. With increasing doses of 5-FU, the
anti-proliferation eVect was slowly increased. The com-
bined usage of 5-FU 5 �M and NGF 0.25 mg/ml, signiW-
cantly increased the anti-proliferation eVect
(59.4 § 3.3%) compared with using the two medicines
separately (5-FU 5 �M, 31.1 § 0.4%; NGF 0.25 mg/ml,
25.3 § 3.6%). Apoptotic analysis showed that at this
concentration, 5-FU did not exert an apoptotic eVect,
while apoptotic cells induced by NGF were observed,
suggesting that the anti-proliferation target(s) of NGF
may be diVerent from that of 5-FU, which is known to
inhibit thymidilate synthase.
Conclusions This study demonstrates that NGF can
enhance the anti-proliferation eVect of 5-FU on HCT-
116 human colorectal cancer cells and may decrease
the dosage of 5-FU needed for colorectal cancer treat-
ment.
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Introduction

Human colorectal cancer is a signiWcant public health
problem in the western world and is a common condi-
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tion that aVects about 6% of the population [9]. In the
United States, this cancer is the second-leading cause
of cancer-related deaths, and the second most preva-
lent cancer worldwide [10, 12]. Although many early
stage colorectal cancers are cured by surgical resection
alone, most often surgery is combined with adjuvant
radio- and chemotherapy. Radiotherapy is often com-
bined with one or more chemotherapeutic agents.
However, chemotherapies are still limited by severe
side eVects and dose-limiting toxicity. The drug-related
adverse events not only worsen patients’ quality of life,
but can also lead to their refusal to continue the poten-
tially curative chemotherapy [23]. There are several
human colorectal cancer cell lines, of which HCT-116
is wildly used in laboratory cancer research [19], and
has been a model for the cellular pathways studies of
chemotherapy on cancer cells [4]. We selected HCT-
116 cell line for this study.

5-Fluorouracil (5-FU) is a chemotherapy drug that
interferes with the growth of cancer cells. It can be
used to treat many types of cancers, including cancer
of the colon, rectum, breast, stomach, head, and neck.
5-Fluorouracil is the commonly used drug in the
treatment of colorectal cancer, especially metastatic
colorectal cancer. However, this drug has serious side
eVects including nausea, fatigue, and a decrease in the
number of blood cells [7]. Studies have found that for
the treatment of metastatic colon cancer, higher doses
of 5-FU are no more eVective yet increase side eVects
[18].

Currently, newer chemotherapeutic agents con-
tinue to be investigated, including those derived from
botanical sources [11]. Patients with cancer often
resort to complementary and alternative medical
means to treat the side eVects of chemotherapy [21].
We have investigated the eVects of botanical extracts
on reducing chemotherapeutic side eVects and found
that American ginseng berry can attenuate cisplatin-
induced nausea and vomiting [17]. Additionally, the
extract from American ginseng enhanced the anti-pro-
liferation eVect of cisplatin on human breast cancer
cells, suggesting that it possesses its own anti-cancer
eVect [1].

Notoginseng (Panax notoginseng) and American
ginseng (Panax quinquefolius) are diVerent species,
but belong to the same genus (genus Panax). Distrib-
uted throughout the southwest of China, Burma, and
Nepal, notoginseng is a remedy that has a long history
of use in China and other Asian countries. The earli-
est scientiWc description of notoginseng was in Mate-
ria Medica, a dictionary of Chinese herbs, written by
Li Shi Zhen (1518–1593 AD). The portion of the
plant commonly used in remedies is the root, which is

dug up before the plant Xowers or after the fruit has
ripened. In addition, other plant parts of notoginseng,
rootlet, leaf and Xower, are also used and the activity
and safety are similar to that of the root [6]. In tradi-
tional Chinese herbal medicine, notoginseng is
regarded as the emperor herb in the treatment of
diVerent types of wounds because it is a favorite med-
icine for both internal and external bleeding. Recent
studies found that notoginseng showed anti-tumor
eVects [14, 15]. However, the eVect of this herb on
colorectal cancer cells has not been evaluated. Based
on our screening data, the anti-cancer eVect of noto-
ginseng Xower extract (NGF) is stronger than that of
the root extract. In this study, we investigated the
anti-proliferation eVects of NGF and/or 5-FU on
HCT-116 human colorectal cancer cells. The notogin-
seng and/or 5-FU induced cancer cell apoptosis were
also evaluated.

Materials and methods

Chemicals

All cell culture plasticware were purchased from
Falcon Labware (Franklin Lakes, NJ), and Techno Plastic
Products (Trasadingen, Switzerland). Trypsin, McCoy’s
5A medium, and PBS were obtained from Mediatech,
Inc. (Herndon, VA). 5-Fluorouracil was obtained from
American Pharmaceutical Partners Inc. (Schaumburg,
IL). Hoechst 33258, formaldehyde, NP40, crystal vio-
let, and penicillin/streptomycin were obtained from
Sigma (St. Louis, MO). MTS assay kit (CellTiter 96
Aqueous One Solution Cell Proliferation Assay) was
obtained from Promega (Madison, WI). Annexin V-
FITC Apoptosis Detection Kit was obtained from BD
Biosciences (Rockville, MD). Ginsenosides Rb1, Rb2,
Rb3, Rc, Rd, Rg3 and notoginsenoside R1 were
obtained from Delta Information Center for Natural
Organic Compounds (Xuancheng, AH, China). HPLC
grade methanol, n-butanol, acetonitrile, and absolute
ethanol were obtained from Fisher ScientiWc (Pitts-
burgh, PA). Mili Q water was supplied by a water
puriWcation system (US Filter, Palm Desert, CA).

Plant materials

The most commonly used notoginseng variety is culti-
vated commercially in several provinces of southwest
China. The chemical composition of notoginseng could
be diVerent based on its origin. We selected P. notogin-
seng cultivated in Wenshan for our study since the qual-
ity of notoginseng from Wenshan has been controlled
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under the Good Agricultural Practice criteria [5], and
has been frequently used in many previous studies
[8, 26]. This notoginseng was obtained from Yunnan
Chinese Herbal Medicine Company and the root and
Xower were collected in 2004 and was authenticated by
the Department of Pharmacognosy, China Pharmaceu-
tical University, Nanjing. The sample was identiWed by
macro-morphological and microscopic characteristics,
and thin layer chromatography (TLC) based on Chi-
nese Pharmacopoeia [22] and it was identiWed that sam-
ples were the root and Xower of Panax notoginseng
(Burk.) F. H. Chen.

Preparation of notoginseng extracts

The notoginseng sample was ground to powder and
passed through a 40 mesh. Twenty-Wve gram of noto-
ginseng powder was extracted with 500 ml 75% etha-
nol for 4 h, the water bath was maintained at 90°C.
When the solution was cooled, it was Wltered with P8
Wlter paper (Fisher ScientiWc, Pittsburgh, PA) and the
Wltrate was collected. The residue was extracted with
500 ml 75% ethanol once more and then Wltered while
the solution was cooled. The Wltrate was mixed and the
solvent was evaporated under vacuum. The dried
extract was dissolved in 100 ml water then extracted
with water-saturated n-butanol. The n-butanol phase
was evaporated under vacuum, and then lyophilized.
Notoginseng root and Xower extracts were stored in
¡20°C freezer before use.

High performance liquid chromatography (HPLC) 
analysis

The HPLC system was a Waters 2960 instrument
(Milford, MA), with a quaternary pump, automatic
injector, a photodiode array detector (Model 996), and
Waters Millennium32 software for peak identiWcation
and integration. The separation was carried out on an
Alltech Ultrasphere C18 column (5 �, 250 £ 3.2 mm
I.D.) (DeerWeld, IL) with a guard column (Alltech
Ultrasphere C18, 5 �, 7.5 £ 3.2 mm I.D.). For HPLC
analysis, a 20 �l sample was injected into the column
and eluted at room temperature with a constant Xow
rate of 1.0 ml/min. Acetonitrile (solvent A) and water
(solvent B) were used. Gradient elution started with
18% solvent A and 82% solvent B, changed to 21% A
for 20 min, then changed to 26% A for 3 min and held
for 19 min; changed to 36% A for 13 min; changed to
50% A for 9 min; changed to 95% A for 2 min and
held for 3 min; changed to 18% A for 3 min and held
for 8 min. The detection wavelength was set to 202 nm.
Ginsenosides and notoginsenoside standards, and

notoginseng extracts were dissolved in methanol. All
solutions were Wltered through Millex 0.2 �m nylon
membrane syringe Wlters (Millipore Co., Bedford,
MA) before use.

Cell culture

HCT-116 human colorectal cancer cells were obtained
from American Type Culture Collection (Manassas,
VA). IEC-18 rat intestinal epithelial cells were obtained
from Dr. Kenneth A. Drabik in Department of Medi-
cine, University of Chicago. The HCT-116 cells were
cultured with McCoy’s 5A containing 10% PBS, 50 IU
penicillin/streptomycin, and IEC-18 cells were cultured
with DMEM medium containing 4 mM L-glutamine,
1.5 g/l sodium bicarbonate and 4.5 g/l glucose supple-
mented with 5% FBS and 50 IU penicillin/streptomy-
cin, in a humidiWed atmosphere with 5% CO2 at 37°C.

Cell proliferation analysis

Notoginseng Xower extract was dissolved in 50% eth-
anol. The 5-FU, 50 mg/ml, was diluted with mili Q
water. NGF and 5-FU stock solutions were stored at
4°C before use. Cells were seeded in 96-well plates
(2 £ 104 cells/well). After 24 h, various concentra-
tions of NGF and/or 5-FU were added to the wells.
The Wnal concentration of ethanol in the NGF group
was 0.5%. Controls were exposed to culture medium
containing the same quantity of ethanol without
drugs. All experiments were performed in triplicates
and repeated two or three times. The treatment pro-
cess of notoginseng root extract was similar to that of
NGF.

After treatment with NGF and/or 5-FU, cell growth
was evaluated using an MTS assay according to the
manufacturer’s instructions. BrieXy, at the end of the
incubation period, the medium was replaced with
100 �l of fresh medium, 20 �l of MTS reagent in each
well, and the plate was returned to incubator for 1–2 h.
A 60 �l aliquot of medium from each well was trans-
ferred to an ELISA 96-well plate and its absorbance at
490 nm was recorded.

Crystal violet cell viability staining assay

Cells were seeded in 24-well plates (1 £ 105 cells/well).
After 24 h, NGF (0.25 mg/ml), 5-FU (5 �M) and NGF
(0.25 mg/ml) + 5-FU (5 �M) were added and then incu-
bated for 48 h. Then medium was discarded and adher-
ent cells were washed with PBS, stained and Wxed with
0.2% crystal violet in 10% phosphate-buVered formal-
dehyde for 2 min. Crystal violet solution was then
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discarded and cells were washed gently with water.
Adherent cells were observed and photographed under
a microscope.

Hoechst 33258 staining assay

Cells (1 £ 105 cells/well in 24 well-plate) were treated
with NGF (0.25 mg/ml), 5-FU (5 �M) and NGF (0.25 mg/
ml) + 5-FU (5 �M) for 48 h. Then, the cells were trypsi-
nized and transferred into a 1.5 ml tube. The supernatant
was removed after centrifugation for 5 min at 2,000 rpm.
The cells were stained for 10 min in the dark with the
solution containing 0.01 mg/ml Hoechst 33258, 33 mg/ml
of formaldehyde, and 5 mg/ml of NP-40 in PBS. The cells
were then examined using a Xuorescence microscope
with an excitation wavelength of 365 nm.

Apoptosis assay using Xow cytometry

Cells were seeded in 24-well tissue culture plates
(2 £ 105). After culturing for 2 days, medium was
replaced with fresh medium and NGF (1 mg/ml), 5-FU
(20 �M) and NGF (1 mg/ml) + 5-FU (20 �M) were
added. After treatment for 8 h, Xoating cells in the
medium and adherent cells were collected. Using Ann-
exin V-FITC Apoptosis Detection Kit (Rockville,
MD), cells were stained with Annexin-V FITC and
propidium iodide (PI) according to manufacturer’s
instructions. Untreated cells were used as the control
for double staining. Cells were analyzed immediately
after staining using a FACScan Xow cytometer (Becton
Dickinson, Mountain View, CA) and the Flojo soft-
ware (Ashland, OR). For each measurement, at least
20,000 cells were counted.

Anti-proliferation eVect of ginsenosides Rb1, Rb3, Rc 
and Rg3

The anti-proliferation eVects of four single compounds
in NGF were assayed. Ginsenosides Rb1, Rb3, Rc and
Rg3 were dissolved in 50% ethanol. Cells were seeded
in 96-well plates (2 £ 104 cells/well). Controls were
exposed to culture medium containing the same quan-
tity of ethanol (0.5%) without drugs. The treatment
time was 48 h and the cell proliferation analysis process
was similar with that of NGF.

Statistical analysis

Data were presented as mean § standard error (SE).
A one-way ANOVA was employed to determine
whether the results had statistical signiWcance. In
some cases, Student’s t-test was used for comparing

two groups. The level of statistical signiWcance was
set at P < 0.05.

Results

High performance liquid chromatography analysis 
of NGF

The chemical structures of seven saponins are shown
in Fig. 1a. Based on the HPLC procedures described
previously, reverse-phase HPLC appeared eYcient
for the qualitative and quantitative determination of
notoginseng saponins. The calibration curves of stan-
dards were established using peak area and their
related amount of selected saponins. For all linearity
curves, the correlation coeYcients were no less than
0.999. Notoginseng saponins in the extract were iden-
tiWed by comparing the retention times and UV spec-
trum of authentic ginsenoside Rb1, Rb2, Rb3, Rc, Rd,
Rg3 and notoginsenoside R1 standards obtained from
the mixed standards’ chromatograms. The HPLC
chromatogram of NGF is shown in Fig. 1b. The
results of the analysis, shown in Fig. 1c, indicate that
the main constituents in NGF were ginsenoside Rb1,
Rb2, Rb3 and Rc. Ginsenoside Rb3 was present in
the highest concentration in NGF (15.2%). Ginseno-
side Rd and Rg3 were in lower concentrations, and
notoginsenoside R1 was detected as a trace saponin
in NGF.

Anti-proliferation eVect of NGF and 5-FU

We evaluated the anti-proliferation eVect using
extracts from the root and Xower of notoginseng on
HCT-116 human colorectal cancer cells. After treat-
ment for 48 h, the cell proliferation of the group receiv-
ing notoginseng root extract was 98.1 § 1.6% at
0.1 mg/ml, and 81.7 § 2.3% at 0.25 mg/ml; while the
eVect of NGF was 95.5 § 2.9% at 0.1 mg/ml, and
75.2 § 3.6% at 0.25 mg/ml. The Xower extract showed
more potency than that of the root extract of notogin-
seng. Thus, we selected NGF for the following studies.

For the time and dose dependent tests, HCT-116
cells were treated separately with 0.1 and 0.25 mg/ml
NGF and observed at the intervals of 12, 24, 48, 72 and
96 h followed by MTS assay for cell viability. The cells
treated with 0.1 mg/ml NGF showed no signiWcant
diVerence compared with the control group. There was
a signiWcant decrease of cell viability in those treated
with 0.25 mg/ml after 48 h. Under the treatment of 0.1
and 0.25 mg/ml NGF, cell viability was 101.7 and
91.5% after 12 h; 103.8 and 89.1% after 24 h; 95.5 and
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75.2% after 48 h; 101.7 and 72.4% after 72 h; 103.0 and
77.8% after 96 h, respectively (Fig. 2a).

Since the anti-cancer eVect of 5-FU has been exten-
sively studied previously, the treatment time of 5-FU
was selected as 48 h. HCT-116 cells were treated sepa-
rately with 2.5, 5, 20, 50, and 100 �M of 5-FU for 48 h.
There was a signiWcant decrease of cell viability in all
those treated. Cell viabilities were 83.5, 67.7, 61.3, 52.9,
and 49.5%, respectively (Fig. 2b).

A rat intestinal epithelial cell line, IEC-18 cells, was
used to evaluate the safety of NGF. Figure 2c shows the
activities of NGF on the proliferation of IEC-18 cells.
At the dose of 0.1 and 0.25 mg/ml, NGF did not inhibit
the cell growth. In comparison with the control (100%),
the cell viabilities of NGF on IEC-18 cells are 107.3% at
0.1 mg/ml, and 99.1% at 0.25 mg/ml, respectively.

These results suggest that NGF (0.25 mg/ml) and 5-
FU (2.5-100 �M) can inhibit the cell growth of HCT-
116 human colorectal cancer cells. NGF (0.25 mg/ml)
does not inhibit the growth of IEC-18 rat intestinal epi-
thelial cells.

EVect of combined treatment of NGF and 5-FU
on HCT-116 cells

HCT-116 cells were treated separately with 0.1,
0.25 mg/ml NGF, 5 �M 5-FU, 5 �M 5-FU + 0.1 mg/ml

NGF, and 5 �M 5-FU + 0.25 mg/ml NGF for 48 h.
For the groups of combination of 5-FU and NGF, the
cell proliferations were decreased compared with
only the use of 5-FU 5 �M. Treated with 0.1 mg/ml
NGF, 0.25 mg/ml NGF, and 5 �M 5-FU, cell viabili-
ties were 94.3, 74.7, and 68.9%. For the treatment
groups combining 5-FU 5 �M with 0.1 mg/ml NGF,
and 5-FU 5 �M with 0.25 mg/ml NGF, the cell viabili-
ties were 60.4 and 40.6%, respectively (Fig. 3a).
Compared with the 5 �M 5-FU group, the cell prolif-
eration of the 5-FU (5 �M) combined with NGF
0.25 mg/ml group was decreased signiWcantly. More-
over, the anti-proliferation eVect of this combination
group (59.4%) was stronger than that of the 100 �M
5-FU group (50.5%), suggesting that NGF can
enhance the anti-cancer eVects of the chemothera-
peutic agent 5-FU.

Morphological observation was conducted after
crystal violet staining. Figure 3b shows the morphologi-
cal characteristics after treatment for 48 h. For the con-
trol group, cells were smaller, compacted and staining
was even (Fig. 3b, panel 1). The 5-FU 5 �M treatment
group showed more dead cells, and the cell conXuence
was not as high as the control group (Fig. 3b, panel 3).
A similar result was observed for the NGF 0.25 mg/ml
treatment group, and in addition, some cells contained
small vacuoles (Fig. 3b, panel 2). For the combination

Fig. 1 Chemical structures 
and HPLC analysis of ginse-
nosides in notoginseng Xower 
extract. The structures of 
determined ginsenosides are 
shown in a. HPLC chromato-
gram of notoginseng extract 
recorded at 202 nm is shown 
in b. HPLC conditions are 
described in Materials and 
methods. Saponin content of 
selected ginsenosides is shown 
in c. The results showed that 
the main constituents of noto-
ginseng Xower extract are gin-
senoside Rb3 and Rc, while 
notoginsenoside R1 has lim-
ited content in this extract
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of 5-FU 5 �M and NGF 0.25 mg/ml group, cell conXu-
ence was much lower than that of control, and small
vacuoles were also observed in cells (Fig. 3b, panel 4).
These results showed that the combined use of 5-FU
and NGF could inhibit the growth of HCT-116 human
colorectal cancer cells more eVectively than the use of
5-FU or NGF alone.

Induction of apoptosis by NGF and the combination 
of 5-FU and NGF

To test whether the decrease in cell viability
observed after treatment with 5-FU and/or NGF was
due to apoptosis, HCT-116 cells were stained with
Hoechst 33258 dye after exposure to the treatments
for 48 h. The dye stains condensed chromatin of
apoptotic cells more brightly than chromatin of nor-
mal cells. As shown in Fig. 4a, Hoechst staining,
which correlates with the presence of cells with typi-
cal apoptotic nuclear morphology (nuclear shrink-
age, DNA condensation and fragmentation), was
present in the NGF and 5-FU + NGF-treated cells
(Fig. 4a, panel 2, 4), but not in the non-treated con-
trols (Fig. 4a, panel 1) and the 5-FU 5 �M treatment
group (Fig. 4a, panel 3).

Induction of apoptosis was conWrmed by Xow
cytometry after staining with Annaxin V/PI. The
cytogram in Fig. 4b shows a bivariate Annexin V/PI
analysis of HCT-116 cells. Viable cells were negative
for both PI and Annexin V (lower left quadrant),
early apoptotic cells were positive for Annexin V and
negative for PI (lower right quadrant) whereas late
apoptotic cells displayed both positive for Annexin V
and PI (upper right quadrant). Non-viable cells
which, underwent necrosis, were positive for PI and
negative for Annexin V (upper left quadrant). In this
study, acute activities of NGF and/or 5-FU were eval-
uated. Since the treatment time was 8 h, 1/6 of treat-
ment for cell proliferation tests (48 h), the dose of
NGF and/or 5-FU was increased by four times com-
pared with the proliferation tests. Apoptotic cells,
including those both in early and late apoptosis,
induced by NGF 1 mg/ml combined with 5-FU 20 �M
(41.3%, Fig. 4b, panel 4) were similar to those of the
NGF 1 mg/ml group (39.0%, Fig. 4b, panel 2). It is
clear from this cytogram that NGF induced massive
apoptosis and most of these cells were already at the
late apoptotic stage at 8 h. Nevertheless, treatment
with 5-FU 20 �M did not induce any increase in
apoptosis (0.8%, Fig. 4b, panel 3) and were essen-
tially similar to control cells (0.8%, Fig. 4b, panel 1).
These results suggest that the apoptosis induced by
the combination of 5-FU and NGF was mainly due to
the presence of NGF.

The eVect of four single compounds in NGF 
on HCT-116 cells

The pharmacological eVect of herbal medicine is based
on its constituents. It is well known that saponins are
active compounds in notoginseng [32]. The results

Fig. 2 Notoginseng Xower extract and 5-Xuorouracil on the cell
proliferation of HCT-116 human colorectal cancer cells (a, b) and
IEC-18 rat intestinal epithelial cells (c) determined by MTS
method. Time and dose dependent eVect of NGF on HCT-116
cells is shown in a. After treatment with NGF (0.1, 0.25 mg/ml),
cell proliferation was initially measured at 12, 24, 48, 72 and 96 h.
After 48 h treatment, the proliferation was stable. The eVect of 5-
FU on HCT-116 cells is shown in b. Cell proliferation in the pres-
ence of 5-FU (2.5–100 �M) was measured after 48 h treatment.
High dose of 5-FU (100 �M) could not increase its anti-prolifera-
tion eVect on HCT-116 cells. The eVect of NGF on IEC-18 cells
(treatment for 48 h) is shown in c (mean § SE, n = 3). 5-FU 5-Xu-
orouracil, NGF notoginseng Xower extract
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from HPLC show that there are several saponins in
NGF (Fig. 1). We determined the anti-proliferation
eVects of four representative saponins from NGF on
HCT-116 cells. At the concentration of 30–300 �M,
ginsenoside Rb1, Rb3 and Rc did not show anti-prolif-
eration activity, while ginsenoside Rg3 can inhibit the
growth of HCT-116 cells (Fig. 5). At the concentration
of 300 �M, the anti-proliferation rate of Rg3 was
97.9 § 0.8%, suggested that ginsenoside Rg3 may be
an active constituent in NGF.

Discussion

The interplay of herbal medicine and human health has
been documented for thousands of years. Although the
commonly used plant part of notoginseng is the root,
other plant parts including the Xower has also been
used as herbal medicine. In traditional Chinese medi-
cine [6], the activity of notoginseng Xower is described
as: “it cools heat, resolves toxicity, and calms the liver.
It is used for dizziness, vertigo, and tinnitus associated

Fig. 3 EVects of 5-Xuoroura-
cil combined with notogin-
seng Xower extract on the 
growth of HCT-116 human 
colorectal cancer cells. HCT-
116 cells were exposed to 5-
FU and/or NGF for 48 h and 
cell proliferation was deter-
mined by MTS (a) 
(mean § SE, n = 3). 
*P < 0.05, compared to 5-FU 
alone. The data showed that 
NGF 0.25 mg/ml could en-
hance the anti-proliferation 
eVect of 5-FU 5 �M on HCT-
116 cells signiWcantly. The 
morphological aspects were 
photographed with a micro-
scope after staining with crys-
tal violet (b). The number of 
cells following treatment with 
the combination of 5-FU and 
NGF decreased remarkably 
and cell aspects are diVerent 
compared with the treatment 
groups of 5-FU or NGF alone. 
5-FU 5-Xuorouracil, NGF 
notoginseng Xower extract
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with hypertension, and for acute sore throat”. Modern
pharmacological researches on notoginseng have
found that notoginseng exerts various eVects on the
blood, cardio cerebral vascular system, central nervous
system, endocrine system inXammation, etc. [32].
Recently, a few studies showed that the root extract of
notoginseng possesses an anti-cancer eVect [14, 15].
However, since the part of notoginseng commonly

used in remedies is the root, the eVects of other parts of
this plant have not been well studied.

The bioactive constituents of notoginseng extract
are believed to be the saponins. All the notoginseng
saponins are dammarane glycosides [30]. Made from
diVerent plant parts, notoginseng extracts contain a
variety of saponins, and their pharmacological eVects
are connected with their unique chemical compositions

Fig. 4 Apoptosis assay of 
HCT-116 human colorectal 
cancer cells using Hoechst 
33258 and Annexin V/PI 
staining. For the Hoechst 
33258 staining assay (a), HCT-
116 cells were incubated for 
48 h with 5-FU and/or noto-
ginseng Xower extract (NGF). 
Some apoptotic cells were 
found in the NGF and the 5-
FU + NGF groups. For the 
Xow cytometry analysis (b), 
HCT-116 cells were incubated 
for 8 h with 5-FU and/or NGF 
and Xow cytometry was per-
formed after staining with 
Annexin V/PI. Compared 
with the control (apoptotic 
cells <1%), the amount of 
apoptotic cells was not in-
creased in the group of 5-FU 
20 �M (apoptotic cells <1%). 
Much more apoptotic cells 
were observed in the NGF 
1 mg/ml group (39%) and the 
5-FU 20 �M combined with 
NGF 1 mg/ml group (41%), 
suggesting that the apoptotic 
eVect of the combination 
group is supplied mainly by 
NGF. 5-FU 5-Xuorouracil, 
NGF notoginseng Xower ex-
tract
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[30]. Qualitative and quantitative determination of
herbal medicine is an important issue for the safety and
eYcacy of herbal medicine [3, 29]. Some analytical
studies have been conducted for the determination of
the saponins of notoginseng [8, 26]. However, almost
all studies have focused on the root extract. In this
study, we analyzed the saponin composition of NGF.
Compared with the root extract [8, 26], the chemical
composition of notoginseng Xower has special aspects.
In notoginseng root, the main constituents are notogin-
senoside R1, ginsenoside Rb1, Re and Rg1. However,
for the NGF, the main constituents were ginsenoside
Rb3 and Rc, while notoginsenoside R1, ginsenoside Re
and Rg1 were present in very limited amounts. Ginse-
noside Rg3, a previously identiWed anti-cancer ginse-
noside [25], determined in NGF (5.2 mg/g), showed
strong anti-proliferation activity on HCT-116 cells
(Fig. 5). The saponin content and proportions inXu-
ence the eVect of notoginseng extracts. HPLC data for
the determination of the saponins of NGF provide use-
ful information and will prove advantageous for future
studies.

Standardization is an important subject in herbal
medicine research. It is achieved by reducing the inher-
ent variation of natural product composition through
quality assurance practices applied to agricultural and
manufacturing process. Studies of standardization of
herbal extracts include many works such as the quality
control on cultivation, harvest, extraction and chemical
analysis. In this study, we assayed the chemical compo-
sition of NGF. Although it is not a standardization
method, HPLC supplied an analytical approach for the
upcoming standardization studies.

We evaluated the anti-cancer eVect of extracts from
the root and Xower of notoginseng on colorectal cancer
cells. Since the Xower extract of notoginseng showed a
stronger anti-proliferation eVect on HCT-116 cells than
that of the root extract, NGF was selected for the anti-
cancer research in our current study. The time and
dose dependent eVects on HCT-116 cells showed that
after 48 h treatment of NGF, the proliferation of cells
was stable. Consequently, we selected 48 h as the treat-
ment time. Although 5-FU has certain anti-cancer
eVects on colorectal cancer cells, the present study
showed that even when the treatment concentration of
5-FU was increased to high doses, cell proliferation
was decreased slowly. This result is similar to that
observed in clinical studies, where the anti-cancer
eVect is not increased signiWcantly by high doses of 5-
FU although they lead to severe side eVects [18].
Decreasing the dose of chemotherapy and increasing
the anti-cancer eVect by combining 5-FU with other
medicines are important considerations.

In this study, the anti-proliferation eVect of NGF
combined with 5-FU was investigated. Compared with
non-treatment control, when cells were treated with 5-
FU 5 �M or NGF 0.25 mg/ml separately, cell prolifera-
tion was reduced by 31.1 and 25.3%, respectively. The
combination of 5-FU 5 �M and NGF 0.25 mg/ml
reduced cell proliferation by 59.4% (Fig. 3a). This is
higher than the reduction in proliferation observed
with treatment with 5-FU 100 �M (50.5%), suggesting
that combining NGF with 5-FU can reduce the dose of
5-FU needed, and signiWcantly increasing the anti-pro-
liferation eVect on HCT-116 cells. Since it is well
known that 5-FU has cytotoxic eVects on primary cells,
this synergistic eVect between NGF and 5-FU makes it
possible to reduce the dose of 5-FU in combination
with NGF and thereby further decrease dose-related
toxicity.

Many chemical compounds can be selected as che-
motherapy for cancer treatment. DiVerent medicines
may have diVerent eVective targets on the cancer cells
[24]. If two or more drugs have diVerent eVective tar-
gets on the cancer cells, combinations of these drugs
may have high potency in the inhibition of cancer cell
growth. 5-Fluorouracil is a wildly used and well-studied
cancer therapeutic medicine for the treatment of colo-
rectal cancer. Thymidilate synthase, one of the key
enzymes controlling DNA replication, is a target for
several antineoplastic drugs of which 5-FU is the main
one [16]. 5-Fluorouracil also inXuences the synthesis of
RNA. 5-Fluorouracil can induce apoptosis of HCT-116
colorectal cancer cells; however, it requires very high
doses and a long treatment time [13]. In this study, we
use a very low dose of 5-FU to investigate its anti-pro-

Fig. 5 Anti-proliferation eVects of ginsenosides Rb1, Rb3, Rc
and Rg3 on HCT-116 cells assayed by MTS method. HCT-116
cells were exposed to ginsenosides for 48 h and cell proliferation
was determined by MTS (mean § SE, n = 3). Ginsenoside Rb1,
Rb3 and Rc do not decrease the cell proliferation at 30–300 �M.
Ginsenoside Rg3 inhibits cell growth at 100 and 300 �M signiW-
cantly
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liferation eVects. Treatment of 5-FU 5 �M for 48 h or
20 �M for 8 h was not found to have an apoptotic eVect
(Fig. 4). After treatment with NGF 0.25 mg/ml for
48 h, apoptotic cells were observed (Fig. 4a). When the
treatment concentration of NGF (1 mg/ml) was
increased to an amount similar to that used of 5-FU
(20 �M), a very strong apoptotic eVect was observed
and the induction time of cell apoptosis was shortened
(Fig. 4b). DiVerent from the single use of 5-FU, apop-
tosis was observed after treatment with a combination
of NGF and 5-FU. Thus, it is suggested that the apop-
totic eVect of the combined treatment was mainly con-
tributed by NGF. This evidence suggested that the
synergistic eVect of 5-FU and NGF might come from
the two drugs having diVerent eVective targets.

Dietary supplementation has been prevalent in can-
cer therapy for a long time. The earlier application of
dietary supplements in the treatment of cancer was to
prevent therapy-induced side eVects [2]. The use of
complementary and alternative medicine including
botanical extracts is becoming increasingly popular
among cancer patients. The main reason for using
botanical products has been to boost the immune sys-
tem, decrease chemotherapy or radiotherapy-induced
side eVects and improve quality of life [20, 31]. Using a
rat model, we evaluated the preventative eVect of diVer-
ent botanical extracts on chemotherapy-induced nausea
and vomiting [27, 28]. American ginseng was found to
reduce gastric side eVects induced by cisplatin [17]. In
this study, notoginseng, a close relative of American
ginseng, was found to have a synergistic anti-prolifera-
tion eVect on HCT-116 human colorectal cancer cells.
In the future, we will investigate whether NGF has the
ability to reduce the side eVects induced by 5-FU.

Acknowledgments This work was supported in part by research
grants from the American Cancer Society (RSG-05-254–
01DDC), the NIH/NCI (1RO1 CA106569-01), and the NIH/NC-
CAM (AT002176 and AT002445).

References

1. Aung HH, Mehendale SR, Wang CZ, Xie JT, McEntee E,
Yuan CS (2006) Cisplatin’s tumoricidal eVect on human
breast carcinoma MCF-7 cells was not attenuated by Ameri-
can ginseng (Epub ahead of print). Cancer Chemother Phar-
macol

2. Borek C (2004) Dietary antioxidants and human cancer.
Integr Cancer Ther 3:333–341

3. Cho KH, Kang HS, Jung WS, Park SU, Moon SK (2005) EY-
cacy and safety of chunghyul-dan (qingwie-dan) in patients
with hypercholesterolemia. Am J Chin Med 33:241–248

4. Christopher R, Dhiman A, Fox J, Gendelman R, Haberitcher
T, Kagle D, Spizz G, Khalil IG, Hill C (2004) Data-driven
computer simulation of human cancer cell. Ann NY Acad Sci
1020:132–153

5. Cui XM, Wang CL, Chen ZJ, Wang Y (2002) Estimate of
environmental condition on GAP culture of Panax notogin-
seng. Chin Tradit Herbal Drugs 33:75–77

6. Dan B, Steven C, Erich S (2004) Chinese herbal medicine:
Materia medica, 3rd ed. Seattle, Eastland Press

7. Delval L, Klastersky J (2002) Optic neuropathy in cancer
patients. Report of a case possibly related to 5 Xuorouracil
toxicity and review of the literature. J Neurooncol 60:165–
169

8. Dong TT, Cui XM, Song ZH, Zhao KJ, Ji ZN, Lo CK, Tsim
KW (2003) Chemical assessment of roots of Panax notogin-
seng in China: regional and seasonal variations in its active
constituents. J Agric Food Chem 51:4617–4623

9. Francois F, Park J, Bini EJ (2006) Colon pathology detected
after a positive screening Xexible sigmoidoscopy: a prospec-
tive study in an ethnically diverse cohort. Am J Gastroenterol
101:823–830

10. Hawk ET, Levin B (2005) Colorectal cancer prevention.
J Clin Oncol 23:378–391

11. HemaIswarya S, Doble M (2006) Potential synergism of nat-
ural products in the treatment of cancer. Phytother Res
20:239–249

12. Jemal A, Tiwari RC, Murray T, Ghafoor A, Samuels A, Ward
E, Feuer EJ, Thun MJ (2004) Cancer statistics, 2004. CA
Cancer J Clin 54:8–29

13. Kaeser MD, Pebernard S, Iggo RD (2004) Regulation of p53
stability and function in HCT116 colon cancer cells. J Biol
Chem 279:7598–7605

14. Konoshima T, Takasaki M, Tokuda H (1999) Anti-carcino-
genic activity of the roots of Panax notoginseng. II. Biol
Pharm Bull 22:1150–1152

15. Lam SK, Ng TB (2001) Isolation of a novel thermolabile hete-
rodimeric ribonuclease with antifungal and antiproliferative
activities from roots of the sanchi ginseng Panax notoginseng.
Biochem Biophys Res Commun 285:419–423

16. Marsh S (2005) Thymidylate synthase pharmacogenetics.
Invest New Drugs 23:533–537

17. Mehendale S, Aung H, Wang A, Yin JJ, Wang CZ, Xie JT,
Yuan CS (2005) American ginseng berry extract and ginseno-
side Re attenuate cisplatin-induced kaolin intake in rats.
Cancer Chemother Pharmacol 56:63–69

18. Meregalli M, Martignoni G, Frontini L, Zonato S, Pavia G,
Beretta G (1998) Increasing doses of 5-Xuorouracil and high-
dose folinic acid in the treatment of metastatic colorectal can-
cer. Tumori 84:662–665

19. Mohr B, Illmer T (2005) Structural chromosomal aberrations
in the colon cancer cell line HCT 116—results of investiga-
tions based on spectral karyotyping. Cytogenet Genome Res
108:359–361

20. Nahleh Z, Tabbara IA (2003) Complementary and alterna-
tive medicine in breast cancer patients. Palliat Support Care
1:267–273

21. Ott MJ (2002) Complementary and alternative therapies in
cancer symptom management. Cancer Pract 10:162–166

22. Pharmacopoeia (2005). Co: Pharmacopoeia of the People’s
Republic of China. Chemical Industrial Press, Beijing, vol. 1

23. Schnell FM (2003) Chemotherapy-induced nausea and vom-
iting: the importance of acute antiemetic control. Oncologist
8:187–198

24. Shieh DE, Cheng HY, Yen MH, Chiang LC, Lin CC (2006)
Baicalin-induced apoptosis is mediated by Bcl-2-dependent,
but not p53-dependent, pathway in human leukemia cell
lines. Am J Chin Med 34:245–261

25. Shinkai K, Akedo H, Mukai M, Imamura F, Isoai A, Kobay-
ashi M, Kitagawa I (1996) Inhibition of in vitro tumor cell
invasion by ginsenoside Rg3. Jpn J Cancer Res 87:357–362
123



Cancer Chemother Pharmacol (2007) 60:69–79 79
26. Wan JB, Lai CM, Li SP, Lee MY, Kong LY, Wang YT (2006)
Simultaneous determination of nine saponins from Panax
notoginseng using HPLC and pressurized liquid extraction.
J Pharm Biomed Anal 41:274–279

27. Wang CZ, Basila D, Aung HH, Mehendale SR, Chang WT,
McEntee E, Guan X, Yuan CS (2005) EVects of ganoderma
lucidum extract on chemotherapy-induced nausea and vomit-
ing in a rat model. Am J Chin Med 33:807–815

28. Wang CZ, Fishbein A, Aung HH, Mehendale SR, Chang
WT, Xie JT, Li J, Yuan CS (2005) Polyphenol contents in
grape-seed extracts correlate with antipica eVects in cis-
platin-treated rats. J Altern Complement Med 11:1059–
1065

29. Wang CZ, Li P, Ding JY, Jin GQ, Yuan CS (2005) IdentiWca-
tion of Fritillaria pallidiXora using diagnostic PCR and PCR-
RFLP based on nuclear ribosomal DNA internal transcribed
spacer sequences. Planta Med 71:384–386

30. Wang CZ, McEntee E, Wicks S, Wu JA, Yuan CS (2006)
Phytochemical and analytical studies of Panax notoginseng
(Burk.) FH Chen. J Nat Med 60:97–106

31. Wong CK, Bao YX, Wong EL, Leung PC, Fung KP, Lam CW
(2005) Immunomodulatory activities of Yunzhi and Danshen
in post-treatment breast cancer patients. Am J Chin Med
33:381–395

32. Yoshikawa M (2002) Physiological functions of Panax
notoginseng. Shokuhin to Kagaku 44:35–38
123


	Notoginseng enhances anti-cancer eVect of 5-Xuorouracil on human colorectal cancer cells
	Introduction
	Materials and methods
	Chemicals
	Plant materials
	Preparation of notoginseng extracts
	High performance liquid chromatography (HPLC) analysis
	Cell culture
	Cell proliferation analysis
	Crystal violet cell viability staining assay
	Hoechst 33258 staining assay
	Apoptosis assay using Xow cytometry
	Anti-proliferation eVect of ginsenosides Rb1, Rb3, Rc and Rg3
	Statistical analysis

	Results
	High performance liquid chromatography analysis of NGF
	Anti-proliferation eVect of NGF and 5-FU
	EVect of combined treatment of NGF and 5-FU on HCT-116 cells
	Induction of apoptosis by NGF and the combination of 5-FU and NGF
	The eVect of four single compounds in NGF on HCT-116 cells

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


