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ORIGINAL ARTICLE

Synergistic enhancement of the antitumor activity of
5-fluorouracil by bornyl acetate in SGC-7901 human gastric
cancer cells and the determination of the underlying

mechanism of action
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Summary

Purpose: To investigate the anticancer activity of bornyl
acetate and its combination with low dose 5-fluorouracil
(5-FU) in human gastric cancer (SGC-7901) cells and to
evaluate their effects on cell cycle, apoptosis, cancer cell
morphology and DNA fragmentation.

Methods: The anticancer activity of bornyl acetate, 5-FU
and their combination against human gastric cancer (SGC-
7901) cells was evaluated by MTT assay. Flow cyto
using propidium iodide (PI) as a staining agent was
to study the effect of the extract on cell cycle pha
bution. Apoptosis induced by bornyl acetate g
evaluated by Annexin V binding assay usi
ter. Alterations in cell morphology follgmi

electron microscopy.

Results: Bornyl acetate ind
hibitory effects on huma
combination of bornyl
more growth inhibi

Introduction

Gastric cancer is the second foremost cause of
cancer related deaths after lung cancer, although
the global incidence rate has now decreased.
Despite the reduced incidence of gastric cancer
worldwide, this disease remains a predominant
problem in many Asian countries in comparison
to the Western countries. China is the country

's Hospital,

. Fluorescence microscopy as well
n electron microscopy also revealed that
n of bornyl acetate with 5-FU resulted in

ations. The percentages of early as well as late ap-
cells were much higher in the combination treat-
ent in comparison to separate treatment by bornyl ac-
etate or 5-FU.

Conclusion: Bornyl acetate potentiates the anticancer ac-
tivity of 5-FU in human gastric cancer (SGC-7901) cells by
inducing apoptosis, DNA fragmentation as well as G2/M
cell cycle arrest.

Key words: apoptosis, bornyl acetate, cell cycle, flow cy-
tometry, gastric cancer

with the highest occurrence of gastric cancer,
with a projected figure of 370,000 new cases each
year, accounting for more than 40% of the world-
wide annual cancer incidence. In China, gastric
cancer represents the third leading cause of can-
cer related deaths [1,2]. Around 70% of the gastric
cancer patients are considered to be incurable at
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the time of diagnosis due to the already advanced
stage and tumor dissemination to other parts of
the body. The recurrence rate is also very high in
patients with resectable disease, finally leading
the majority of them to develop advanced cancer
[3]. The vulnerability of the population to gastric
cancer relies on several factors comprising of life-
style, age, environmental and genetic factors. For
instance, vitamin C, carotenoids and green tea
have been reported to have preventive effects in
gastric cancer [4,5].

Surgical resection of operable tumors in com-
bination with local radiotherapy and chemother-
apy with conventional anticancer drugs is the
standard treatment for gastric cancer patients [6].
Chemotherapy has been thoroughly examined in
gastric cancer cases. Numerous drugs have dis-
played effective anticancer activity; nevertheless,
single-drug chemotherapy has been ineffective in
improving survival rates. Numerous combination
regimens have been recognized with potent effi-
cacy in both locally advanced and metastatic dis-
ease. These combinations include epirubicin plus
cisplatin plus 5-FU (ECF), etoposide plus leucov-
orin plus 5-FU (ELF), 5-FU plus high dose metho-
trexate plus doxorubicin (FAMTX), etoposide
doxorubicin plus cisplatin (EAP) etc [7]. Altho

promising, the side effects are enor
include anemia, neurotoxicity,
ty. These side effects result frg

icity necessitates the
apeutic agents to

ral compound
cancer age
[10,11], and
mor efficiency
of anticancer drug

Keeping this in view, our current study fo-
cused on the enhancement of the anticancer activ-
ity of 5-FU by combining it with bornyl acetate - a
monoterpenoid natural product present in many
plant species. The mode of action of the activity
enhancement was also demonstrated by studying
the effect on cell apoptosis, cell cycle arrest, DNA
damage and caspase protein expressions.

I anticancer activity
e effects since antitu-
e achieved with lower doses

Methods

Chemicals and other reagents

MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetra-

zolium bromide], DMSO, and PI were purchased from
Sigma (St. Louis, MO, USA). RPMI-1640, penicillin
streptomycin and other cell culture supplies were from
Gibco BRL (Grand Island, NY, USA). Acridine orange
(AO) and Hoechst 33342 were obtained from Beyotime,
China. Annexin V-FITC-Propidium Iodide Apoptosis
Detection Kit was purchased from Beyotime Institute
of Biotechnology, Shanghai, China. The cell-permeable
pan-caspase inhibitor, the caspase-3 specific inhibitor
and the caspase-8 specific inhibitor were purchased
from Santa Cruz Biotechnology, Inc., Santa Cruz, CA,
USA. All other chemicals and solvents used were of the
highest purity grade.

Cell line

SGC-7901) was
pe Culture Col-
ere cultured in
d with 10% fetal calf
100 pg/ml streptomy-
O incubator with an in-
air and 5% CO- and the cell
d at 37°C.

lection (Wuhan,
RPMI-1640 med

e (5x102 cells/100 pl), and incubated at 37°C.
hrs, the cells were treated with 0, 1.5, 3, 6, 12,
4, 48 and 96 pM bornyl acetate, 1.5 pM 5-FU or their
combination (48 pM bornyl acetate + 1.5 pM 5-FU) for
48 hrs. After incubation, MTT (2.0 mg/ml) was added
to each well, and the plates were incubated in the dark
at 37°C for 2 hrs. The medium was removed, formazan
crystals were dissolved in DMSO, and the optical densi-
ty (OD) was measured at 570 nm using an ELISA plate
reader. The cell viability index was calculated accord-
ing to the formula: (experimental OD value/control OD
value) x 100%.

Cytotoxicity was expressed as the concentration
of bornyl acetate inhibiting cell growth by 50% (ICso
value).

Assay for colony formation

In brief, 5.0 mL RPMI 1640 medium with 0.8%
agar were added into each well of the 6-well plate. After
the medium became solid, 10000 cells were suspended
in RPMI 1640 medium with 0.5% agar and seeded on
the top of the basal gel. Cells were then treated with 48
pM bornyl acetate, 1.5 ptM 5-FU or their combination
for 48 hrs, and incubated at 37°C in a humidified at-
mosphere with 5% CO, for 1 week. Subsequently, cells
were fixed with 4% formaldehyde and stained with 0.5
mL 0.2% crystal violet for 2 hrs. The cells were then
rinsed with PBS and the number of colonies were final-
ly measured using a microscope.

Phase contrast microscopic evaluation of the cell death in
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SGC-7901 cells

Briefly, SGC-7901 human gastric cancer cells were
plated at a density of 2x10° cells/ml and then cultured
for 24 hrs to allow attachment of the cells to the sur-
face of 6-well plates. Afterwards, the cells were treated
with 48 pM bornyl acetate, 1.5 pM 5-FU or their com-
bination for 48 hrs. Following drug treatment, culture
plates were observed with a phase contrast microscope
(Olympus, Center Valley, PA, USA) and images were
captured.

Fluorescence microscopic evaluation of cell death using
Hoechst33342 and acridine orange staining

SGC-7901 human gastric cancer cells which were
grown on coverslips in 12-well plates were subjected
to treatment with 48 puM bornyl acetate, 1.5 pM 5-FU
or their combination for 48 hrs. Then the cells were
washed twice with PBS and stained with Hoechst
33342 and acridine orange (Hoechst Staining Kit, Be-
yotime, China) for 1 h at room temperature. Fluores-
cence microscopy was used to detect cell shape cap-
tured from various random visual fields. The ratio of
apoptotic cells to total cell number was calculated.
Fluorescence signal was detected and recorded using
a fluorescence microscope (Nikon, TS-100-F, New York,
USA) equipped with a digital camera (Nikon, DS-5Mc,
New York, USA).

DNA fragmentation analysis by gel electrophq,

lected and washed with PBS.
with DNA lysis buffer (25

% Inhibition

sk

Control 12

7.2, 0.5% SDS) at room temperature for 20 min. After
centrifugation for 10 min at 20,000xg, the supernatants
were collected and treated with RNase A (final concen-
tration, 500 pg/ml) for 30 min at 37°C, followed by di-
gestion with proteinase K (final concentration 500 pg/
ml) for 1.5 hrs at 50°C. The DNA was extracted using
the phenol/chloroform/isoamylol (25:24:1), precipitat-
ed with ethanol, dissolved in TE buffer (10 mM Tris,
pH 8.0, 1 mM EDTA), and subjected to 2% agarose gel
electrophoresis for DNA fragmentation analysis.

Flow cytometric evaluation of the cell cycle phase distri-
bution

Briefly, SGC-7901 cance, x10%) were seed-

incubated for 24

e harvested and fixed
L) at -20°C for 2 hrs.

500 pl of PBS, 10 pl PI and 10 ul
tents were recorded by a flow cy-
iosciences, San Jose, CA, USA) equipped
t software, measuring the fluorescence
0 nm and 575 nm using 488 nm excita-

poptotic/necrotic cell death evaluation by Annexin
V-FITC/propidium iodide double-staining assay

SGC-7901 cancer cells were treated with 48 pM
bornyl acetate, 1.5 pM 5-FU or their combination for 48
hrs. The cells were trypsinized, rinsed twice with PBS,
and resuspended in 1x binding buffer. The cells were

24

Bornyl acetate concentration (uM)

Figure 1. Effect of bornyl acetate on the proliferation of SGC-7901 cancer cells at increasing concentrations. *p<0.05

vs control group. **p<0.01 vs control group.
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labeled with 5 pl of FITC-conjugated annexin V and 10
pl of PI. The cells were incubated for 30 min in the dark
at 37°C and then 500 pl of binding buffer was added and
the samples were immediately analyzed with a flow cy-
tometer (Becton Dickinson, San Jose, CA). The annexin
V-FITC-/PI- cell population was considered as normal,
while the annexin V-FITC+/PI- and Annexin V-FITC+/
PI+ cell populations were considered as indicators of
early and late apoptotic cells, respectively.

Statistics

Statistical analysis of the data was carried out us-
ing Prism 5.0 (Graph Pad Software, CA, USA). All the
data were expressed as mean =+ standard error of mean
(S.E.M.). The significance of difference between groups
was estimated by one-way analysis of variance (ANO-
VA) followed by Dunnett’s post-hoc test. A p value less
than 0.05 indicated statistical significance.

Results

Combined effect of bornyl acetate and 5-FU on SGC-
7901 human gastric cancer cell viability

With the aim of examining the combined ef-
fect of bornyl acetate and 5-FU on the SGC-
cell proliferation, the cells were treated with
ious concentrations of bornyl acetate

nyl acetate and 5-FU induced
effect on these cells in a
ner (Figure 1). Based on
able to select a moder

etate+1.5 pM 5-FU) for combination treatment.
The combination experiment revealed that, as
compared to separate treatment by bornyl acetate
or 5-FU, combination of these two inhibited can-
cer cell growth much more effectively (Figure 2)
indicating that bornyl acetate potentiates the an-
titumor efficacy of 5-FU.

Further, we evaluated the anti-clonogenic
effects of the combination treatment which indi-
cated that bornyl acetate and 5-FU combination
decreased the number of cancer cell colonies in
comparison to the individual treatment. When
taken together, these re indicate that the
combination of these 4 punds inhibits
liferative) as
olony forma-

fluorescence microscopy. Following
ith 48 pM bornyl acetate, 1.5 pM
eir combination for 48 hrs, the most
s apoptotic changes were observed in the
reated cells. As shown by phase contrast micros-
copy (Figure 4), the untreated control cells were
morphologically normal. Reduction in the cell
population and change in cellular morphology
were observed with the combination treatment
with bornyl acetate and 5-FU.

To determine whether the features of cell
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Figure 2. Combination effect of bornyl acetate (48 pM) and 5-FU (1.5 pM) on the proliferation of SGC-7901 cells.

*p<0.05 vs control group. **p<0.01 vs control group.
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Figure 3. Bornyl acetate and 5-FU inhi

sents control group, B shows 48
bornyl acetate (48 pM) + 5-FU

death induced by th
tate and 5-FU we

of bornyl ace-
or necrosis, the

pscopy using Hoechst
ange staining revealed
dtlises including chromatin con-
densation, fragmented nuclei and nuclear shrink-
age which increased at the onset of combination
treatment (Figure 5 A-D and Figure 6 A-D) after
48 hrs. Figure 5 shows morphological changes in
SGC-7901 cells that had been treated with 48 pM
bornyl acetate, 1.5 pM 5-FU or their combination.
The cells developed obvious apoptotic features
that included chromatin condensation and nucle-
ar fragmentation (Figure 5 and Figure 6). On the
contrary, no such changes were seen in untreated
cells. In case of Acridine orange staining, green
intact nuclei indicated normal cells, while as or-
ange staining indicated apoptosis. The number of
cells with orange staining increased with combi-

gated. Fluof
33342 and
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d the colony formation of SGC-7901 cancer cells. A repre-
1 acetate, C shows 1.5 pM of 5-FU while D shows combination of

nation treatment (Figure 0).

Effect of bornyl acetate and 5-FU combination on
DNA fragmentation in SGC-7901 human gastric
cancer cells

Besides the morphological changes of ap-
optosis in bornyl acetate plus 5-FU combina-
tion-treated SGC-7901 cells, DNA fragmentation
analysis was also examined by observation of the
formation of DNA ladder. The cells were treated
with bornyl acetate (48 pM), 5-FU (1.5 pM) or
their combination for 48 hrs. As shown in Figure
7 A, DNA ladder seemed to be more obvious with
the onset of combination treatment, however,
no DNA fragments were observed in the control
groups (Figure 7 A). Similarly, DNA fragmenta-
tion was also observed at different time intervals
using bornyl acetate and 5-FU combination. The
results (Figure 7 B) revealed that the combination
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cetate and 5-FU on the
in SGC-7901 cells

The influence“@P the combination treatment
on apoptosis induction in SGC-7901 cells was ad-
ditionally verified by Annexin V/PI staining using
flow cytometry. SGC-7901 cells were treated with
48 pM bornyl acetate, 1.5 pM 5-FU or their com-
bination for 48 hrs, and were then examined by
flow cytometry to verify apoptosis. As shown in
Figure 8 A-D, bornyl acetate and 5-FU alone did
induce apoptosis since the fraction of early and
late apoptotic cells increased in comparison to the
control cells. Compared to individual treatment
by bornyl acetate and 5-FU alone, the percentage
of apoptotic cells induced by their combination
was considerably much higher (Figure 8 D). The
percentage of apoptotic cells increased in the fol-

lowing manner: untreated control (apoptotic cells
were 4.4%), bornyl acetate (48 pM) (apoptotic
cells were 15.4%), 5-FU (1.5 pM) (apoptotic cells
were 39%) and bornyl acetate (48 pM) +5-FU (1.5
M) (apoptotic cells were 55.9%). This experiment
lends support to the claim that bornyl acetate po-
tentiates 5-FU in inducing apoptosis in gastric
cancer cells by increasing the number of early and
late apoptotic cells.

Combination of bornyl acetate and 5-FU induced a
potent G2/M cell cycle arrest in SGC-7901 cancer cells

In order to establish whether the combination
of bornyl acetate with 5-FU could potentiate its
efficacy in disturbing cell cycle phase distribution,
SGC-7901 cells were treated with 48 pM bornyl
acetate, 1.5 pM 5-FU or their combination for 48
hrs, and then flow cytometry was performed to ex-
amine the effect on cell cycle phase distribution.
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Figure 5. Morphological features of apoptosis including chrq

sation induced by the combination of
bornyl acetate (48 pM, B), 5-FU (1.5 pm, C) or their combinatie

tate (48 pM) + 5-FU (1.5 pM) (D) for 48
phological changes in the gastric cancer
cells. Combination treatment achieved the maximal g 0 42 was used as a staining agent and fluo-

Figure 6. Morphological features of apoptosis induced by the combination of bornyl acetate (48 pM, B), 5-FU

(1.5 pm, C) or their combination bornyl acetate (48 pM) + 5-FU (1.5 pM) (D) for 48 hrs. A represents the untreated
control group. White arrows show orange fluorescence of apoptotic cells. Combination treatment shows the maximal
damage. Acridine orange was used as a staining agent and fluorescence microscopy was used to capture the images
(400x). Green intact nuclei indicate normal cells, while orange staining indicates apoptosis.
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B.A+
5-FU

B.A 5-FU

A

Figure 7. Analysis of bornyl acetate and 5-FU combination-i
The cells were treated with bornyl acetate (48 pM), 5-FU (1.5

5-FU (1.5 uM), for 48 hrs. DNA fragmentation was
um bromide, as described in the Methods section. A
5-FU and their combination, while B represents DNA
only at different time intervals.

nation treatment. Figure
ed (control) cells with v,

Discussion

The current anticancer treatments are based
mostly on drug combinations. Chemotherapy
for treating gastric cancer has no decisively es-
tablished standard of care. Unfortunately, gastric
cancer has not been principally susceptible to
chemotherapeutic drugs currently in use. There-
fore, chemotherapy has been used to reduce the
tumor size, relieve symptoms of the disease and
possibly prolong survival. The main drugs used
for gastric cancer include 5-FU, capecitabine, car-
mustine, doxorubicin, cisplatin or combinations
of these drugs [12]. However, their use is restrict-
ed due to serious side effects including anemia,
nephrotoxicity, and neurotoxicity, cardiac arrest,

Time (hours)

ragmentation in SGC-7901 cancer cells.
ombination bornyl acetate (48 pM) +
electrophoresis and staining with ethidi-
entation induced by bornyl acetate (B.A.) and
induced by the combination of B.A and 5-FU

myelosuppression, excessive nausea/vomiting
etc. This is further complicated by the drug resist-
ance problem acquired by the cancer cells [13]. To
address these problems, investigations have been
done on identifying novel plant agents that can
be combined with 5-FU or other known drugs to
increase the therapeutic efficacy and reduce side
effects.

Taking this into consideration, our study
focused on bornyl acetate - an essential oil con-
stituent present in many plants. The aim was to
demonstrate whether the combinations of bornyl
acetate and 5-FU could result in more significant
anticancer effect than either of the two drugs used
alone. Our MTT results showed that, as compared
to separate treatment by bornyl acetate or 5-FU,
the combination of these two inhibited cancer
cell growth much more efficiently, indicating that
bornyl acetate potentiates the antitumor efficacy
of 5-FU. We also evaluated the anti-clonogenic
effects of the combination treatment which indi-
cated that bornyl acetate and 5-FU combination
decreased the number of gastric cancer cell col-
onies in comparison to the individual treatment.
Phase contrast microscopy revealed reduction in
the cell population and change in cellular mor-
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Figure 8. Bornyl acetate and 5-FU combination-induced apo 7901 cells analyzed by FACS and stained
with annexin V-FITC/PL Cells were treated with either 48 pM e (B.A, B), 1.5 uM 5-FU (C), or their
combinations (B.A+5-FU, D) for 48 hrs, while (A) serv; cont mmary and analysis of the proportion of
SGC-7901 cells in different periods was according to cytometric analysis.

&4 G2/M = 19.6%

DNA content

Figure 9. Effect of bornyl acetate (48 nM, B), 5-FU (1.5 pM, C), and their combinations (D) on cell cycle phase
distribution in SGC-7901 cells using FACS analyzer. SGC-7901 cells were stained with propidium iodide after 48 hrs
exposure to control (A), 48 pM bornyl acetate, 1.5 pM 5-FU (C), or their combination (D). Data is representative of
three independent experiments. G2/M cell population witnessed a sharp increase with the combination treatment.
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phology with the combination treatment using
bornyl acetate and 5-FU. Fluorescence microsco-
py showed that the gastric cancer cells developed
evident apoptotic features that included chroma-
tin condensation and nuclear fragmentation after
combination treatment with 5-FU and bornyl ac-
etate. DNA fragmentation assay using gel elec-
trophoresis revealed that DNA fragments became
obvious with the onset of combination treatment,
however, no DNA fragments were observed in the
control groups. Similarly, DNA fragmentation
was also observed at different time intervals us-
ing bornyl acetate and 5-FU combination. The re-
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