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Abstract

AIM: To explore the growth inhibition and apoptosis-
inducing effect of apigenin on human gastric carcinoma
SGC-7901 cells.

METHODS: The effects of apigenin on the growth, clone
formation and proliferation of human gastric carcinoma
SGC-7901 cells were observed by MTT, clone-forming assay,
and morphological observation. Fluorescent staining and flow
cytometry analysis were used to detect apoptosis of cells.

RESULTS: Apigenin obviously inhibited the growth, clone
formation and proliferation of SGC-7901 cells in a dose-
dependent manner. Inhibition of growth was observed
on d 1 at the concentration of 80 umol/L, while after 4 d,
the inhibition rate (IR) was 90%. The growth IRs at the
concentration of 20, 40, and 80 umol/L were 38%, 71%,
and 99% respectively on the 7 d. After the cells were treated
with apigenin for 48 h, the number of clone-forming in control,
20, 40, and 80 pumol/L groups was 217+16.9, 170+11.1
(P<0.05), 98+11.1 (P<0.05), and 25+3.5 (P<0.05)
respectively. Typical morphological changes of apoptosis
was found by fluorescent staining. The cell nuclei had lost
its smooth boundaries, chromatin was condensed, and
cell nuclei were broken. Flow cytometry detected typical
apoptosis peak. After the cells were treated with apigenin
for 48 h, the apoptosis rates were 5.76%, 19.17%, and
29.30% respectively in 20, 40, and 80 umol/L groups.

CONCLUSION: Apigenin shows obvious inhibition on the
growth and clone formation of SGC-7901 cells by inducing
apoptosis.
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INTRODUCTION

Apigenin (4, 5, 7-trihydroxyflavone), a phytopolyphenol, is
widely distributed in vegetables and fruits such as celety,
onion, apple, orange, etc. Recent studies have shown that
apigenin exhibits anti-proliferation effects on several forms
of cancer cells such as prostate cancer cells!'); breast cancer
cells?, leukemia cells®, colon cancer cells™*, and enhances
gap junctional intracellular communication changes in human
liver cells™ and induces motphological changes in some cells®”.
In addition, apigenin can suppress tumor-promoting effects
of ultraviolet radiation on mouse skin"”. Compared with
other flavonoid substances, apigenin is characterized by low
toxicity and non-mutagenesis!"'. Besides, it has other
bioactivities such as anti-inflammatory" and anti-oxide!"
effects. Apigenin is a promising cancer inhibitor that may
provide a new approach for the treatment of human cancers.
In this article, we report the anti-proliferation effect and
apoptosis-inducing effect of apigenin on human gastric
carcinoma SGC-7901 cells.

MATERIALS AND METHODS

Chemicals

Apigenin (95% purity), 3-[4,5-dimethylthiazol-2-yl]-2,5-
diphenyl tetrazolium bromide (MTT) and 4°,6-diamidine-
2’-phenylindole-dihydrochloride (DAPI) were purchased
from Sigma Chemical Co. (St. Louis, MO, USA). RPMI
1640 medium, ethylene diaminetetraacetic acid (EDTA),
IN’-2-hydroxyethyl piperazine-IN-ethane sulfonic acid were
obtained from Gibco Chemical Co. (Rockville, MD, USA).

Cell culture and apigenin treatment

Human gastric cancer SGC-7901 cells, obtained from
Cancer Research Institute of Beijing (China), were grown
as a monolayer in RPMI 1640 medium containing 1%
penicillin/streptomycin, and 0.2% gentamicin sulfate
supplemented with 100 mI/L fetal bovine serum (FBS) at
37 C ina 50 mL/L CO, humidified atmosphere. Apigenin
was dissolved in dimethyl sulfoxide (DMSO) and mixed
with a fresh medium to achieve the desired concentration.
The final DMSO concentration in all media was 0.2%. This
concentration of DMSO did not alter cell growth and cell
cycle measurement when compared with the vehicle-free
medium.
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Cell growth assay

The effect of apigenin on the viability of cells was determined
by MTT assay. Near-confluent stock cultures of cells were
harvested with 0.2% EDTA and plated at a density of
2.5%10°/well in 96-well microtiter plates. After an overnight
incubation to allow cell attachment, the medium was replaced
by fresh medium containing different concentrations (0,
20, 40, and 80 umol/L) of apigenin. Control wells received
DMSO (0.2%). Each concentration of apigenin was
repeated in four wells. After incubation for 24 h, one plate
was assayed with a microplate reader at the wavelength of
570 nm. Before the assay, MTT (5 mg/mL in PBS) was
added to each well and incubated for 4 h, then MTT solution
was removed from the wells by aspiration. After careful
removal of the medium, 0.1 mL of DMSO was added to
each well, and the plate was shaken for 15 min. The data
of 7 d were fed into the computer and the growth curve
was drawn. The growth inhibition rate (IR) was calculated
according to the following formula.

absorbance of vehicle
control-absorbance of
apigenin treatment group

Clone efficiency = X100%
absorbance of vehicle

control group

Clone formation assay

The cells were plated at a density of 500/well on 24-well
microtiter plates. After an overnight incubation to allow
cell attachment, the medium was replaced by fresh medium
containing DMSO (0.2%) at different concentrations
(20, 40, and 80 pmol/L) of apigenin, with each concentration
repeated in five wells. After being incubated for 24 or 48 h,
the medium was replaced by fresh medium containing 10%
FBS. The cells were incubated for another 7 d, then washed
thrice with PBS and fixed in methanol for 15 min. The cells
were stained with Giemsa stain. Then the number of clone-
forming cells (>50 cells) was calculated under the microscope.
The data were expressed as meantSD. Clone-formation
rate was calculated as follows:

average clone number
of five wells

Clone efficiency = %x100%
number of plating cells
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Figure 1 Inhibition effect of apigenin on growth curve (A) and growth IR (B) in

Cell morphological change

The cells were harvested with 0.2% EDTA and plated in
25-mL culture bottles at the density of 1X10°. After an
overnight incubation to allow cell attachment, the medium
was replaced by fresh medium containing DMSO (0.2%)
at different concentrations (20, 40, and 80 umol/L) of
apigenin. Morphological change of the cells was observed
microscopically and photographed at 24 and 48 h after the
addition of apigenin.

Besides, the cells were exposed to various concentrations
of apigenin (20, 40, and 80 umol/L) for 48 h, then harvested
with EDTA and washed twice with PBS. The cells were
stained with 2 mg/T. DAPI ethanol solution and incubated
at 37 “C for 15 min. Morphological changes of the stained
cells were observed under fluorescent microscope (300-
500 nm) and photographed.

Flow cytometry analysis

The cells (70% confluent) were treated with apigenin (40
and 80 pumol/L) for 48 h, then harvested with EDTA,
washed twice with PBS, and centrifuged. The pellet was
resuspended in 70% cold ethanol for 24 h at 4 *C. The
cells were centrifuged at 110 r/min for 5 min, washed twice
with PBS, suspended with 200 pL. RNase A (20 pg/mL
final concentration) and incubated at 37 C for 30 min.
The cells were chilled over ice for 10 min and stained with
800 pL propidium iodide (50 pg/mL final concentration)
for 1 h and analyzed by flow cytometry.

Statistical analysis

All data were expressed as mean*SD and analyzed with
SAS statistic software. P<0.05 was considered statistically
significant.

RESULTS

Growth curve and growth inhibition rate of SGC-7901 cells
treated with apigenin

Apigenin inhibits the cell proliferation. Previous studies
have proved that apigenin can inhibit the growth of several
kinds of cancer cells. In our study, we examined whether
apigenin exerted a similar anti-proliferative effect on human
gastric cancer SGC-7901 cells. As shown in Figure 1, the
cells in control group entered the logarithmic growth phase
on the 1% d after they were plated and reached their peak
on the 6™ d. While in the treatment groups, the growth of
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human gastric cancer SGC-7901 cells.
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cells was inhibited in a dose- and time-dependent manner.
Inhibition of growth was evident ond 1 at the concentration
of 80 umol/L, after 4 d the IR was 90%. The growth IR
of 20, 40, and 80 pumol/L of apigenin was 38%, 71%, and
99% respectively on the 7" d.

Effect of apigenin on clone formation of SGC-7901 cells

As shown in Figure 2, after exposure to apigenin for 24 or
48 h, the clone formation of SGC-7901 cells was suppressed
in a dose- and time-dependent manner. The cloning
efficiency in 80 umol/L was 9.8% and 5% after treatment
with apigenin for 24 and 48 h, while in the control group it
was 40.4% and 43.4% (Table 1).

Table 1 Effect of apigenin on clone formation in SGC-7901 cells
(n =5, meantSD)

Number of clone-forming cells Cloning efficiency (%)
Groufs
(umol/L) 24h 48h 24h 48h
Control 202+12.1 217+16.9 40.4 434
20 192+10.5 170£11.1° 38.4 34.0
40 147+11.3 98+11.1* 294 19.6
80 49+6.7° 2543.5° 9.8 5.0

2P<0.05 vs control group.

Morphological changes of SGC-7901 cells
Figure 3 shows the morphological changes of SGC-7901
cells treated for 48 h with 80 pmol/L apigenin ot vehicle.

In the vehicle control group, DMSO (0.2%) did not induce
any marked morphological change in the cells. In the DMSO
group, the cells were transparent and in the great density,
the boundaries of the cells were dim, the nucleolus was
very clear. While in the treatment group, there was a
significant decrease in quantity and transparency of the cells,
the cells crimpled and the boundaries became clear, the
nucleolus could not be observed cleatly.

After being stained with DAPI, the cells were visualized
under blue fluorescence. In the control group, the nuclei
were almost round in shape with clear and smooth
boundaries, the staining was equal. After treatment with
apigenin for 48 h, the nuclei of cells were broken and the
staining was unequal. The chromatins of cells were
condensed, and the nuclei lost their smooth boundaties.

Result of flow cytometry analysis

During apoptosis, the DNA is broken into small fragments
and released from cells. In this experiment, apoptosis was
induced by apigenin. Flow cytometry analysis results are
shown in Figure 4. Apigenin (20, 40, and 80 mmol/L)
treatment for 48 h induced a significant apoptosis and
accumulation of cells in S phase. The apoptosis rates were
5.76%, 19.17%, and 29.30%, tespectively.

DISCUSSION

The pathogenesis of cancer is a multi-phase process. Inherited
and environmental factors play an important role in the
occurrence of cancer. Gastric cancer is one of the most

Figure 2 Morphological changes in SGC-7901 cells after treated with vehicle

Figure 3 Morphological changes of SGC-7901 cells after being treated with

(A) and apigenin (B) for 48 h (x200).

DMSO (A) and apigenin (B) for 48 h (x400).
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Figure 4 FACS analysis of cells treated with DMSO (A), 20 umol/L apigenin

common malignant tumors in China. Some bioactive substances
such as polyphonic and isoflavone exist mainly in plant-
based food (fruits and vegetables). Apigenin, one of the
most common flavonoids, is widely distributed in many fruits
and vegetables. Studies!" have proved that apigenin has
strong anti-cancer effects.

In our experiment, we used MTT and clone-forming
assay to detect the growth inhibition effect of apigenin on
human gastric SGC-7901 cells. The results showed that
apigenin dramatically suppressed the growth and clone
formation of the cells in a dose- and time-dependent manner.
After treatment of cells with 80 pumol/L apigenin for 4 d,
the growth IR was above 90% and other concentrations of
apigenin also suppressed cell growth to different degrees.
Clone formation reflects the proliferative ability of tumor
stem cells, which is the important target of anticancer
treatment. Inhibition of stem cells is more effective than
that of common carcinoma cells during the treatment of
cancer. With fluorescence microscope, we observed typical
morphological changes such as the disintegrity of nuclear
membrane, condensation of chromatin and broken nuclei.
FACS analysis detected special apoptosis peak, which further
supports the results in fluorescence morphological observation.

In conclusion, apigenin can suppress the growth of
human gastric cancer SGC-7901 cells, which is associated
with its apoptosis-inducing effect.
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