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ABSTRACT Dietary and medicinal uses of Panax notoginseng have been associated with reduced risk of cancer. This study
was designed to investigate the profiles of P. notoginseng saponin extract (PNSE), the major bioactive ingredients in
P. notoginseng (Burk.) F.H. Chen, by high-performance liquid chromatography, and, for the first time, the anticancer effect of
PNSE in the human colon cancer cell line LoVo was further evaluated. The major saponins present in PNSE were ginse-
nosides Rgl (31.1%) and Rb1 (34.4%), and the total content of the eight saponins identified (notoginsenoside R1, ginsenosides
Rgl, Re, Rbl, Rc, and Rd, and isomeric ginsenosides Rb2 and Rb3) was 81.7%, indicating that it was a highly purified
standardized saponin extract. Furthermore, PNSE was found to have a markedly cytotoxic effect and antiproliferative activity
against the LoVo cell line in a dose- and time-dependent manner. Flow cytometry analysis demonstrated that PNSE caused
cell cycle arrest at S phase. Moreover, PNSE was found to possess antioxidative capacities in the 1,1-diphenyl-2-picrylhy-
drazyl free radical scavenging assay and hydroxyl radical scavenging assay in vitro. Taken together, the present results suggest
that naturally occurring PNSE may provide significant natural defense against human colon cancer.
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INTRODUCTION

OLON CANCER IS A LEADING CAUSE of cancer death in

developed countries and represents almost 10% of all
tumors with approximately 1 million new cases each year
worldwide.! It is also widely recognized that colon cancer is
the third most common cancer in men (after lung and pros-
tate cancers) and is the second to breast cancer in women.>
It is interesting that only 5-10% of the cases are due to
genetic factors, whereas more than 70% are related to diet
and lifestyle, suggesting that colon cancer rates could be
substantially reduced by changes in dietary and lifestyle
patterns.> Epidemiological studies suggest that bioactive
phytochemicals derived from plant-based dietary con-
sumption play a significant role in reducing the incidence of
colon cancer.?

Radix Notoginseng (Sanqi), the dried root of Panax no-
toginseng (Burk.) F.H. Chen, is commonly used as a med-
icine and dietary supplement for blood circulation, blood
stasis removal, and pain alleviation in China and other Asian
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countries.* In the United States and European countries,
various P. notoginseng products are available on the market
as dietary supplements.’ Thus, notoginseng tea or capsules
are being sold as over-the-counter dietary supplements in
the U.S. health food market. In China, P. notoginseng is
classified as a functional food plant known worldwide and
is equally reputed for its medicinal properties. Therefore,
consumption of P. notoginseng is especially popular be-
cause of its health benefits, and its extracts are common
botanical ingredients in dietary supplements and functional
foods.® However, apart from their application in trauma and
bleeding treatments, to our knowledge, there is limited in-
formation about their potential as cancer chemopreventive
agents or possible antitumor mechanisms.

Several recent studies have indicated that P. notoginseng
can inhibit the growth of human hepatocarcinoma (SMMC-
7721) cells,” human prostate cancer (PC-3) cells,® and breast
cancer (MCF-7) cells® through cell cycle arrest and the
stimulation of apoptosis and that a series of triterpenoid
saponins (Fig. 1A) are responsible for the anticancer effects.
However, those studies on its anticancer properties focused
largely on the crude extracts of P. notoginseng,”>’~® and the
saponins identified in the different crude extracts were
fluctuant because of low purity.>1°!2 For this reason, much
more research effort is needed to elucidate the antitumor
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profiles in a variety of cancer cell types and how P. noto-
ginseng saponin extract (PNSE) influences cancer devel-
opment and recurrence. It is also very necessary to evaluate
the potential anticancer effect of a more purified saponin
extract in order to understand the nature of PNSE contri-
bution and its real application as a potential cancer che-
mopreventive agent.

The objective of the present study was to characterize the
purity and major chemical composition of a standardized
PNSE, and the antioxidant activities of PNSE were also
investigated. Furthermore, we used the human LoVo colon
cancer cell line to assess the antiproliferative effect of
PNSE. We found that PNSE caused cell cycle arrest at the S
phase and induced an apoptotic response.

MATERIALS AND METHODS
Cell lines, chemicals, and biochemicals

The human colon carcinoma cells LoVo and Caco-2 were
obtained from the Cell Bank of the Chinese Academy of
Science, Shanghai, China. [EC (human intestinal epithelial)
cells were obtained from the Fourth Military Medical Uni-
versity, Xi’an, China. Notoginsenoside R1 (peak 1), ginse-
noside Rgl (peak 2), Re (peak 3), Rb1 (peak 4), Rc (peak 5),
Rb2 (peak 6), Rb3 (peak 7), and Rd (peak 8) (98% pure,
Fig. 1A) were purchased from the National Institute for
the Control of Pharmaceutical and Biological Products
(Beijing, China). Triton X-100 and EDTA were the products
of Sinopharm Chemical Reagent Co., Ltd. (Shanghai).
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High-performance liquid chromatography (HPLC)-grade
acetonitrile and methanol were purchased from Tedia (Fair-
field, OH, USA). 1,1-Diphenyl-2-picrylhydrazyl (DPPH),
dimethyl sulfoxide (DMSO), 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT), RNase A, and
propidium iodide (PI) were purchased from Sigma-Aldrich
(St. Louis, MO, USA). Deionized water was prepared using a
Millipore (Bedford, MA, USA) Milli Q-Plus system. A stock
solution of 5.0 mg/mL PNSE was prepared in DMSO and
stored at —20°C until cell culture studies. All cell culture
reagents were purchased from Sinopharm (Beijing). All other
chemicals were of the highest grade available.

Plant material

The roots of P. notoginseng (Burk.) F.H. Chen were
purchased in Yunnan, China and were identified according
to the identification standard of the Pharmacopeia of the
People’s Republic of China. Voucher specimens of the
harvested plant materials were deposited at the Key La-
boratory of the Ministry of Education for Medicinal Re-
source and Natural Pharmaceutical Chemistry, Xi’an.

Isolation and purification of PNSE

The saponins were isolated and measured using the
method described by Zheng et al.'® In brief, the dried
powdered root of P. notoginseng (Burk.) F.H. Chen (10 g)
was extracted 10 times in 70% alcohol and refluxed three
times at 70°C for 90 min each time. After filtration, the fil-
trate was concentrated in vacuo to evaporate the solvents.
The concentrated solution was subjected to D101 resin
column chromatography, washed with deionized water, and
eluted with 70% alcohol to give pure compounds. The purity
of saponins measured by the method of vanillin colorimetry
was up to 85%.

Preparation of PNSE standard solution

Stock standard solutions (5.0 mg/mL) were prepared by
dissolving each saponin in water solution containing 60%
methanol. Working solutions were further obtained by ap-
propriate dilution of stock solutions with deionized water. A
set of mixed standard working solutions containing ginse-
nosides Rgl, Rbl, Rb2, Rb3, Rc, Rd, and Re and noto-
ginsenoside R1 were prepared for the establishment of
calibration curves. The concentration of raloxifene as an
internal standard was 50 pg/mL for all analytes. The sample
solutions were filtered through a syringe filter (pore size,
0.22 pum) and were degassed using an ultrasonic bath for
2 min prior to use. All the solutions prepared were stored in
the dark at 4°C until being used.

HPLC analysis for the chemical
composition of PNSE

Analysis of the standardized saponin extract from
P. notoginseng was carried out on a Shimadzu (Tokyo,
Japan) LC-2010A HPLC system equipped with a quaternary
gradient pump unit, a UV-Vis detector (190-700nm), an

autosampler (0.1-100 uL), and an XTerra-C;g (4.6 um i.d.
x250mm; film thickness, 5 um; Waters, Milford, MA,
USA) column; the column temperature was set at 35°C.
The mobile phase A was acetonitrile, and the mobile phase
B was KH,PO4-NaOH buffer (50mM, pH 5.6) using
the following gradient program: 81-80% B for 0—10 min,
80-75% B for 10-35 min, and 75-60% B for 35—70 min.
The flow rate was 1.0 mL/min, and sample injection vol-
ume was 10 puL.. The wavelength for ultraviolet detection
was 203 nm.

Antioxidant activities of PNSE

The DPPH free radical scavenging activity of PNSE
was measured according to the procedure described by
Brand-Williams et al.'* In brief, 2.0 mL of ethanol (95%)
and 1.0 mL of the purified saponins in ethanol at various
concentrations (0.25-5mg/mL) were mixed, and then
2.0mL of DPPH" ethanol solution (0.2 mM) was added.
The mixture was shaken vigorously and allowed to stand
in the dark at room temperature for 30 min. The decrease
in absorbance of the resulting solution was then measured
at 517 nm. Background absorbance was quantified using
ethanol (95%) instead of DPPH" solution, and subse-
quently the blank absorbency was obtained when saponin
solution was replaced by ethanol (95%). Ascorbic acid
(vitamin C [Vc]) was used as a positive control. All
measurements were made in triplicate, and DPPH" scav-
enging activity was expressed as the inhibition percentage
and was calculated using the following formula: DPPH"
scavenging activity (%)= (1 —[Absorbance of sample —
Absorbance of background]/Absorbance of blank) x 100.
The percentage of scavenging activity was plotted against
the sample concentration to obtain the 50% inhibition
concentration.

The scavenging activity of PNSE against the hydroxyl
radicals was measured by an improved Fenton-type reac-
tion." In brief, 2.0 mL of 6 mM FeSO, and 2.0 mL of PNSE
sample solution at different concentrations (0.25-5 mg/mL)
or Vc in ethanol were mixed, and the reaction was started by
addition of 2.0 mL of 6 mM H,O,. After this mixture was
reacted for 10 min, 2.0 mL of 6 mM salicylic acid was added
and further reacted for 30 min. Finally, the absorbance was
recorded at 510nm, and the scavenging activity of PNSE
was calculated according to the equation: scavenging ac-
tivity on HO" (%)=(1 — [Absorbance of sample — Absor-
bance of blank]/Absorbance of control) x 100.

Cell culture

Cells were grown in Dulbecco’s modified Eagle’s me-
dium (HyClone Laboratories, Inc., Logan, UT, USA) that
was supplemented with L-glutamine, sodium pyruvate, 10%
heat-inactivated fetal bovine serum, 100 units/mL penicillin,
and 100 pg/mL streptomycin in 5% CO, and 95% air.!'¢17
DMSO was used as the vehicle to deliver PNSE, and the
final concentration of DMSO in all experiments was 0.1%.
All experiments were done independently in triplicate per
experimental point.
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Analysis of cell viability

The colorimetric MTT assay was performed to assess cell
viability.'®1° In brief, LoVo, Caco-2, and IEC cells (1 X 10°)
were seeded in 96-well plates. After 24h (the cells were
grown to 90% confluence), the cells were treated with serial
concentrations (0, 100, 250, and 500 pg/mL) of PNSE in 1%
DMSO for various periods of time (24 and 48 h). The final
concentration of DMSO in culture medium was maintained
at 0.1%,"2° and fluorouracil (5-Fu) (250 ug/mL) was used as
a positive control. After the exposure period, 10 uL. of MTT
(5§ mg/mL) in phosphate-buffered saline (PBS) solution was
added to each well at a final concentration of 0.5 mg/mL,
and then the plate was further incubated for 4h. MTT-
containing media were removed, and 100 uL. of a solution
containing 10% sodium dodecyl sulfate (pH 4.8) plus 0.01
M HCI and 5% isobutyl alcohol was added to each well and
mixed thoroughly to dissolve the formed crystal formazan.
After incubation overnight at 37°C to ensure that all crystals
were dissolved, the light absorption was measured at 570 nm
using an enzyme-linked immunosorbent assay reader
(model RT6000, Rayto, Guangdong, China). Viability was
expressed as a percentage of absorbance of treated cells to
that of controls.

Assay for lactate dehydrogenase

Leakage of lactate dehydrogenase (LDH) into the media
indicating cell plasma membrane injury was detected using
a commercial assay assay kit (Jiancheng BioEngineering,
Nanjing, China)?' following the manufacturer’s directions.

Cell cycle analysis using flow cytometry

The cell cycle was analyzed by flow cytometry.'*> LoVo
cells (1 x 10°) were seeded in 6sixwell flat-bottomed plates,
grown overnight until they reached 80% confluence, and
then treated with vehicle alone (0.1% DMSO) or with PNSE
(0, 100, or 500 ug/mL) for 48h. After treatment, the de-
tached cells in the medium were collected and combined
with the remaining adherent cells that were detached by
brief trypsinization (0.25% trypsin-EDTA, Sigma-Aldrich).
Cell pellets were fixed in 70% ethanol, washed in PBS,
resuspended in 1.0 mL of PBS containing 1.0 mg/mL RNase
and 50 ug/mL PI, incubated in the dark for 30 min at room
temperature, and analyzed with a GUAVA® easyCyte™
8HT flow cytometer (Millipore).

Detection of apoptosis by flow cytometry

LoVo cells were treated exactly same as in cell cycle
analyses described above, and apoptotic cells were quanti-
fied by the annexin V—fluorescein isothiocyanate (FITC)/PI
double staining assay.'*!?> Early and late apoptotic changes
in LoVo cells were determined using an annexin V-FITC/PI
apoptosis detection kit (BestBio, Shanghai) following the
manufacturer’s instructions. In brief, cells (1x10°) were
collected, washed twice with PBS, and suspended in 400 puL.
of binding buffer (adding 5 uL. of annexin V-FITC and
10 uL of PI). Thereafter, the samples were incubated in the

dark for 10 min at 2-8°C, and the samples were analyzed on
the flow cytometer. The number of annexin V-FITC-posi-
tive and PI-positive of cells in each field was determined by
counting the cells directly. All experiments were done in-
dependently at least three times per experimental point.

Statistical analysis

All data are mean=*SD values of three independent ex-
periments performed in triplicate. Statistical comparisons
were performed by analysis of variance. Results were con-
sidered significant when P <.05.

RESULTS
Composition of PNSE

An HPLC analysis was developed for determining the
purity and composition of a standardized PNSE. As shown
in Figure 1B and Table 1, the peaks were identified in the
order of notoginsenoside R1 (11.2min), ginsenoside Rgl
(15.2min), Re (16.0min), Rb1l (41.0 min), Rc (41.8 min),
Rb2 (43.5min), Rb3 (44.9min). and Rd (48.1 min) by
comparing the retention time of the unknown peaks with
those of the standards. Here, the reproducibility was esti-
mated analyzing the standards in triplicate (50 pg/mL for
each analyte, Table 1). The results showed that all the co-
efficient of variation values were lower than 2.7% for the
retention time and 4.2% for the corrected peak areas (Area/
time), demonstrating good reproducibility. Good linearity of
five calibration solutions from 10 to 100 ug/mL with cor-
relation coefficient () values of 0.9993-0.9998 was ob-
tained by regression analysis between Y (peak area ratio of
the analytes with internal standard) and X (concentration,

TABLE 1. RETENTION TIME, LIMIT OF DETECTION,
AND REGRESSION ANALYSIS OF THE PROPOSED
HiGH-PERFORMANCE LI1QUID CHROMATOGRAPHY METHOD

Regression equation®

LOD
Analyte  tg (min)* a b r (ug/mL)*
R1 11.192 0.00295 0.00526  0.9993 5.8
Rgl 15.168 0.05357 0.00914  0.9998 5.2
Re 16.019 —0.00763 0.00902  0.9997 6.3
Rbl 41.036 0.08204 0.01146  0.9996 5.4
Rc 41.808 0.00162 0.00498  0.9994 5.9
Rb2 43.505 0.00076 0.01754  0.9998 7.2
Rb3 44.850 —0.00078 0.01623  0.9996 7.9
Rd 48.047 0.02042 0.00860  0.9997 5.7

“tr, retention time. The mobile phase A consisted of acetonitrile, and the
mobile phase B was 50 mM KH>PO4-NaOH buffer (pH 5.6) in a gradient
program of 81-80% B for 0—10 min, 80-75% B for 10-35 min, and 75-60% B
for 35-70 min. The injection volume was 10 uL.

®Y=a+bX, where Y and X are the peak area ratio of the analytes to the
internal standard (raloxifene) and the concentration of the analyte (10-100 ug/
mL), respectively.

“The limit of detection (LOD) corresponds to concentrations giving a signal-
to-noise ratio of 3.
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ug/mL), and the detection limits were lower or near
5.2 ug/mL (signal-to-noise ratio = 3), which showed that this
method was very sensitive.

A typical chromatogram of the saponins in purified PNSE
is shown in Figure 1B. It was found that the notoginsenoside
R1 (peak 1), ginsenoside Rgl (peak 2), Re (peak 3), Rbl
(peak 4), Rc (peak 5), Rb2 (peak 6), Rb3 (peak 7), and Rd
(peak 8) in the purified PNSE sample could still be separated
at baseline and the component saponins could be identified
by the migration time of analytes compared with the stan-
dard mixture solution. The results showed that PNSE was
composed of notoginsenoside R1 (peak 1), ginsenoside Rgl
(peak 2), Re (peak 3), Rbl (peak 4), Rc (peak 5), Rb2 (peak
6), Rb3 (peak 7), and Rd (peak 8) in the percentages of
5.31%, 31.1%, 3.40%, 34.4%, 0.17%, 0.01%, 0.06%, and
7.30% (grams per 100 g of dry sample), respectively. Rgl
and Rbl were the predominant saponins in PNSE, ac-
counting for 65.5%, and the purity of PNSE is above 81.7%,
indicating that it is a standardized saponin extract with high
purity.

PNSE scavenging of hydroxyl radical
and DPPH radicals

In vivo, HO" easily crosses cell membranes at specific
sites and reacts with most biomolecules, resulting in tissue
damage and cell death. Thus, HO" scavenging assessment is
of great importance for evaluating the potency of antioxi-
dants.>® Therefore, we examined the HO" scavenging ac-
tivity of PNSE in vitro (Fig. 2A). As expected, PNSE in the
range of 0.25-5mg/mL dose-dependently scavenged HO®
with a 50% effective concentration of 1.20 mg/mL., although
it was much weaker than the tested value of 51.4% for the
reference antioxidant Vc at 0.625 mg/mL. This test indi-
cated that PNSE possessed a definite scavenging activity.

It is well known that the model system of scavenging
DPPH" is a simple method to evaluate the antioxidative
activity of antioxidants.*** In this study, DPPH" scaveng-
ing activity of PNSE was further investigated, as shown in
Figure 2B. PNSE exhibited dose-dependent scavenging ef-
fects against DPPH". At 0.25 mg/mL, the scavenging ability
of PNSE against DPPH" was 13.5%, and at 5 mg/mL it was
84.7%, but the scavenging ability of Vc was 51.4% at
0.625 mg/mL. These results indicate that the tested saponins
have modest DPPH" scavenging activity.

PNSE inhibited cell proliferation
in human colon cancer cells

Cell proliferation inhibitory activity of PNSE in colon
cancer cells was examined in LoVo and Caco-2 cells. As
shown in Figure 3A and B, the exposure of LoVo and Caco-
2 cells to PNSE for 24 h and 48 h significantly inhibited the
cell growth in a dose- and time-dependent manner. The 50%
inhibition concentrations of PNSE were 166.8 ug/mL for
LoVo cells and 276.9 ug/mL for Caco-2 cells after 48 h of
treatment. In contrast, no proliferation inhibitory effect of
PNSE on IEC normal human intestinal epithelial cells was
observed at the tested concentrations (data not shown). As
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FIG. 2. Radical scavenging activity of P. notoginseng saponin
extract (PNSE) against (A) hydroxyl radical (HO") and (B) 1,1-
diphenyl-2-picrylhydrazyl (DPPH) radical in vitro. Ascorbic acid
(vitamin C [Vc]) at the concentration of 0.625 mg/mL was used as a
reference antioxidant. Data are mean=® SD values (n=3).

shown in Figure 3A, growth inhibition was significantly
improved by 21.2% (P <.05 vs. control) for PNSE at 100 ug/
mL in 24 h. Treatment with PNSE at the higher doses of
250 pug/mL and 500 pg/mL for 48 h further enhanced cellular
growth inhibition by 71.8% and 88.1%, respectively, in
comparison with the untreated control group (P<.0l).
However, the cell viability in the presence of a final con-
centration of 0.1% DMSO vehicle alone was not affected
(data not shown). As can be seen in Figure 3B, treatment
with PNSE at 500 pug/mL for 48 h also led to a 68.1% in-
crease in cellular growth inhibition compared with the un-
treated control group (P <.01), but LoVo cells were found to
be more sensitive to PNSE than Caco-2 cells. It is note-
worthy that 250 ug/mL. PNSE showed a 20.8% greater
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FIG. 3. Inhibitory and cytotoxic effects of PNSE on LoVo and Caco-2 human colon cancer cells. Cells were treated with PNSE at concentration
of 0 (untreated control), 100, 250, and 500 pug/mL in complete medium for 24 and 48 h, and authentic fluorouracil (5-Fu) (250 ug/mL) was used as
a positive control. The cell proliferation of (A) LoVo and (B) Caco-2 cells was determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte-
trazolium bromide assay, and cytotoxic effects on (C) LoVo and (D) Caco-2 cells were measured by lactate dehydrogenase (LDH) assay as
described in Materials and Methods, respectively. Data are mean + SD values (n=3). Asterisks denote a significant difference compared with the

control group: *P <.05, **P<.01.

cellular growth inhibition in LoVo cells than the same
concentration of the reference compound 5-Fu (51%)
(P<.01). The present results suggested that PNSE is a su-
perior antitumor agent to 5-Fu.

Cytotoxicity of PNSE in LoVo and Caco-2 cells

LDH release into the media is usually used as an index of
the integrity of cell membrane or necrosis in response
to antitumor activity.?® In this study, PNSE-induced toxicity
in LoVo and Caco-2 cells was also evaluated based on its
effect on LDH leakage into media. As shown in Figure 3C,
exposure of LoVo cells to 100 ug/mL PNSE caused a 1.2-
fold increase of LDH leakage (P <.05). The treatment with
PNSE at 250 and 500 pg/mL resulted in a further increase in
cytotoxicity, as reflected by the 130.5% and 201.5% in-
crease in LDH leakage (P<.01), respectively. Consistent
with the antiproliferation results, PNSE at an equal con-
centration was more effective than 250 ug/mL 5-Fu (69.5%)

(P <.05). Treatment of Caco-2 cells with PNSE at 250 and
500 pug/mL caused an increase in cytotoxicity by 81.5% and
117.5%, respectively (P <.05 and P<.01, respectively, vs.
control, Fig. 3D). Taken together, PNSE was also found to
have significant cytotoxic effects in the colon cancer cells
LoVo and Caco-2, indicating that the PNSE-induced inhi-
bition of colon cancer cell growth was accompanied by the
induction of cell membrane injury. This sensitivity of LoVo
cancer cells to PNSE led to further examination on the
mechanism of its antiproliferative effects.

Regulatory effect of PNSE on cell cycle arrest

To further investigate the mechanisms leading to loss of
cell proliferation by PNSE, we tested the effect of PNSE on
cell cycle progression using flow cytometry. Figure 4 shows
the effects of PNSE on the different phases of the cell cycle.
A dose-dependent increase in S-phase cell population along
with a compensatory decrease of cells in GO/Gl1 was
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FIG. 4. Effects of PNSE on LoVo cell cycle distribution by flow
cytometry analysis. The cells treated with 5-Fu (250 ug/mL) or PNSE
(0, 100, or 500 ug/mL) in complete medium for 48 h were collected
and stained with propidium iodide after fixation by 70% ethanol.
Following flow cytometry, cell cycle distribution was analyzed using
the FlowJo (Tree Star, Inc., Ashland, OR, USA) program as described
in Materials and Methods. Data are mean+SD values (n=3). As-
terisks denote a significant difference compared with the control
group: *P<.05, **P<.01.

observed after 48h of treatment. As depicted in Figure 4,
flow cytometry analysis of untreated cells indicated that
approximately 75.7%, 8.3%, and 2.3% of the cells were
distributed among the GO/G1, S, and G2/M phases, re-
spectively. Compared with vehicle-treated cells (control),
PNSE at 100 and 500 pug/mL decreased the cell population
in the GO/G1 phase by 59.8% (P <.05) and 49.9% (P <.01),
respectively. The decrease was accompanied by a con-
comitant increase in the cell population in the S phase of
25.5% (P<.01) and 34.0% (P <.01) by 100 and 500 pg/mL
PNSE, respectively, meaning that after treatment for 48 h,
the S-phase—arrested LoVo cells were unable to proceed into
the G2/M phase (Fig. 4). However, no significant cell cycle
blockage was observed at the G2/M phase in the tested cell
lines (P>.05). Similarly, the reference compound 5-Fu at
250 pg/mL also increased the S-phase population by 26.9%
(P<.01 vs. vehicle control), concomitant with a compen-
sated decrease in the proportion of G1-phase cells (60.9%)
(P<.01). The results demonstrated that PNSE arrested
LoVo cell cycle progression at S phase, resulting in the
growth inhibition of the cancer cells.

PNSE-induced apoptosis in LoVo cells

In order to determine the extent to which apoptosis con-
tributed to the PNSE-induced growth inhibition, we studied
the effects of PNSE on cellular apoptosis in LoVo colon
cancer cells after a 48-h treatment. The apoptotic cells were
quantified by the annexin V-FITC /PI double staining assay.
Viable cells (FITC-negative) and early apoptotic cells
(FITC-positive) were Pl-negative, whereas late apoptotic
and necrotic cells were PI-positive and FITC-positive. The
percentage of apoptotic cells was calculated from the ratio

of late apoptotic or necrotic cells to viable or early apoptotic
cells. As shown in Figure 5, at 100 ug/mL PNSE, the apo-
ptotic cell population is very close to that of the 5-Fu-treated
cells. The significant cell apoptotic rate (35.7%) (P<.01)
was initially observed using 100 ug/mL. PNSE and com-
pared with the untreated control cells (10.1%) (P <.01), and
a dose-dependent effect was further observed in the treat-
ment with 500 ug/mL. PNSE (P<.01), where PNSE in-
creased the apoptotic cell population to 40.9% from that of
the control cells (P<.01). In agreement with cell cycle
analysis, PNSE was shown to strongly induce apoptosis in
LoVo cells.

DISCUSSION

P. notoginseng, a close relative of American ginseng, has
a very distinct saponin profile compared with that of the
well-investigated ginseng.?® The main bioactive compounds
in P. notoginseng are dammarane-type triterpenoid sapo-
nins, including a set of ginsenosides present in ginseng.
However, the oleanane-type saponins, present in Asian
ginseng and American ginseng, are not found in noto-
ginseng.?® In this work, the HPLC identification results
clearly showed that the major saponins present in PNSE
were ginsenosides Rgl and Rb1, accounting for up to 65.5%
of PNSE, followed by 7.30% Rd, 5.31% notoginsenoside
R1, 3.40% Re, 0.17% Rc, 0.06% Rb3, and 0.01% Rb2 (Fig.
1B). All of the active saponins identified are derivatives of
20(S)-protopanaxadiol and 20(S)-protopanaxatriol (Fig.
1A), and the total content of the eight saponins was 81.7%,
indicating that PNSE is a high-purity saponin preparation.

Ginseng reportedly has potential chemopreventative
effects relevant to colon cancer, which are believed to
be due to the ginsenosides, for which antitumor effects
have been well documented in a few types of human
cancers.>’??® However, to the best of our knowledge,
little research has addressed the anticancer activities of
P. notoginseng. It is of interest that a few previous articles
have described the antiproliferative properties of the crude
saponin extracts from P. notoginseng against various
cancer cells.>’® Here, our attention has been further
focused on the anticancer properties of a standardized
PNSE, isolated from P. notoginseng for application in
cancer prevention. We demonstrated for the first time
that the tested PNSE exhibited potent antiproliferative
and cytotoxic effects, cell cycle arrest, and induction of
apoptosis, indicating that the saponin ingredients are
responsible for the bioactivity of P. notoginseng.

It is well known that the increased proliferation and de-
creased apoptosis are two major processes that contribute to
the progression of tumor cell growth. Cytotoxicity, a com-
mon preliminary method, is helpful to detect whether tested
compounds have potential antineoplastic abilities.?” The
cytotoxic effect of the crude saponin extracts from P. no-
toginseng has been previously described in hepatocarcino-
ma (SMMC-7721), prostate cancer (PC-3). and breast
cancer (MCF-7) cell lines.>” In this study, our results
showed that a standardized PNSE significantly induced both
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dose- and time-dependent effects on cell growth and pro-
liferation as assessed by MTT assay. We also found that
PNSE exhibited potent cytotoxicity against LoVo human
colon cancer cells as estimated by LDH leakage into media.
Hence, these data suggested that PNSE might be a strong
antitumor agent, superior to 5-Fu, and that these saponins
might effectively reduce the malignancy and suppress the
generation potential of cancer cells.

It has been reported that some anticancer agents cause
growth inhibition through interfering with the processes of
the cell cycle or by causing cell death (apoptosis).?” On the
one hand, cell cycle is under strict regulation in the cell with
numerous control points that allow correct progression
through the different phases. In this sense, a delay in pro-
gression of the GO/G1, S, or G2/M cell cycle phases would
constitute a cellular defense mechanism to allow action of
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the DNA repair systems.?’” On the other hand, apoptosis is
considered to be a physiologically important process that
functions to eliminate undesired cells during development
and homeostasis of multicellular organisms. Therefore, to
determine whether cell cycle arrest or apoptosis is involved
in growth inhibition, we examined cell cycle phase distri-
bution and induction of apoptosis of the PNSE-treated cells
by flow cytometry. Our results indicated that at the con-
centration of 100 pug/mL PNSE, the inhibition of prolifera-
tion appeared to be the result of inhibition of cell cycle
progression because PNSE blocked proliferation of tumor
cells by arresting the cells in the S phase of the cell cycle.
It was of interest that this inhibitory effect was associated
with the induction of apoptosis. Our results are in agreement
with previous reports describing the antiproliferative and
apoptosis-inducing effect of Panax ginseng on hepato-
carcinoma (SMMC-7721), prostate cancer (PC-3) and breast
cancer (MCF-7) cell lines,>"~° where the cell cycle blockage
occurred in S phase or G2/M phase.

There is growing evidence indicating that reactive oxygen
species are involved in both the initiation and progression of
cancer.”’ In this sense, the cancer chemopreventive prop-
erties of antioxidants are generally believed to be due to
their ability to scavenge endogenous reactive oxygen spe-
cies.?’ The crude P. notoginseng saponin extracts have been
previously reported to possess antioxidant properties in a
variety of experimental systems.'*!> However, very little is
known about the free radical scavenging activity of tri-
terpenoids. Here, our results indicated that the purified
PNSE exhibited significant free radical scavenging capacity
as assessed by HO® and DPPH" chemical assays, and the
profound inhibitory effects of PNSE against LoVo cell
growth have also been achieved using a standardized sa-
ponin extract with high purity. Dietary supplementation of
naturally occurring standardized plant-based extracts has
been prevalent in cancer therapy for a long time. Here we
show the potential interest of a standardized saponin prep-
aration as an alternative source of anticancer ingredients on
human colon cancer cells.

In conclusion, our results clearly demonstrated that nat-
urally occurring PNSE exerted antioxidant effects, inhibited
cell growth, arrested the cell cycle at S phase, and induced
apoptosis in LoVo human colon cancer cells. Our findings
provide new insight into the anticarcinogenic action of
PNSE and support the hypothesis that the PNSE may be
considered as a valuable food ingredient or medicine for use
as a cancer chemotherapeutic or chemopreventive agent. To
our knowledge, this is the first report of the effects of PNSE
on human colon cancer cells.
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