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Abstract

Background Oleuropein (OLE), the main phenolic compound of the olive fruit and leaves, has many heathful effects. Gas-
tric cancer is the most fatal malignancy in many parts of the world and it is generally related to harmful dietetic factors. The
anticarcinogenic role of OLE in gastric cancer has not been studied sufficiently yet. In this study, we aimed to research the
cytotoxic, genotoxic and apoptotic effects of OLE on gastric adenocancer (AGS) cells in vitro.

Methods and Results A standard cell line derived from gastric adeno cancer (AGS) cells was employed, and its performance
following a 24-hour exposure to OLE at various doses was examined. The ATP cell viability assay, 2°,7’-dichlorodihydroflu-
orescein-diacetate assay (H2ZDCF-DA) and alkaline single cell gel electrophoresis assay (Comet Assay) were used to study
the cytotoxicity, production of reactive oxygen species (ROS) and genotoxicity respectively. The induction of apoptosis was
discovered using flow cytometry. OLE reduced AGS cells viability about 60% at maximum concentration (500 pmol/L) and
also resulted in approximately 100% DNA damage and about 40% apoptosis with necrosis in AGS cells depending on the
increased doses. Cell viability was also significantly decreased in relation to increased intracellular reactive oxygen species
(ROS) levels (p<0.05—-0.001).

Conclusions Oleuropein has shown significant anticarcinogen effects against gastric adenocancer (AGS) cells in vitro. Oleu-
ropein, a nutrient rich in olive and olive oil, seems to be both protective and therapeutic against gastric cancer and may be a
new chemotherapeutic agent in the future.
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Introduction

The olive tree and its fruits have been considered symbols of
peace and hope for centuries and are sacred in Holy Books.
Olive and olive oil, the traditional and essential foods of the
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Mediterranean diet, possesses many nutritional and health-
ful properties.

The phytochemicals which are beneficial for human
health in olives and olive oil are mainly oleuropein (OLE),
hydroxytyrosol, luteolin, apigenin and verbascoside. Olive
oil also contains high levels of triacylglycerols. The main
fatty acids in their structure are oleic acid, linoleic acid, pal-
mitic acid, palmitoleic acid, stearic acid and the triterpene
maslinic acid. In addition, olive oil contains versatile use-
ful compounds such as tocopherols, squalene, phytosterols
and phenolic compounds. OLE, the predominant phenolic
compound of the olive fruit and leaves of Olea europaca
L. (Olive tree), has many therapeutic effects such as anti-
carcinogenic, antiatherogenic, anti-inflammatory, neuropro-
tective, hepatoprotective and antimicrobial etc. [1-3]. OLE
also has hypotensive and hypoglycaemic specialities and it
is a powerful antioxidant [4, 5].
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In addition, it has restorative efficacy in organ injuries
induced by chemotherapy [6]. Gastric cancer is the most
frequent and fatal malignancy in many parts of the world
and it is generally related to harmful dietetic factors. Every
year, hundreds of thousands of people die of gastric cancer
in Eastern Turkey and all over the world [7, 8].

The anticarcinogenic role of OLE in gastric cancer has
not been studied sufficiently and the underlying mechanisms
of'its action remains yet unknown. In this study, we aimed to
assess the cytotoxic, apoptotic and genotoxic effects of OLE
on gastric adenocancer (AGS) cells in vitro.

Materials and methods
Chemical and reagents

OLE, FBS, H2DCF-DA, penicillin-streptomycin, ethidium
bromide (EB), 2,7-dichlorodihydrofluorescein-diacetate
(H,DCF-DA) and F-12 K Medium were purchased from
Sigma-Aldrich (Seelze, Germany). EBioscience provided
the Annexin V-FITC Human Apoptosis Detection Kit (300
tests/kit, Bendermed, San Diego, CA 92,121 USA). All of
the reagents used in the investigation are analytical grade
unless otherwise stated.

Dimethyl sulfoxide (DMSO) was used to generate a 500
uM OLE stock solution, which was subsequently diluted
with DMEM (which does not contain fetal bovine serum) to
achieve the necessary concentrations before usage. All solu-
tions had a final DMSO content of less than 0.1%. Before
starting the studies, it was determined that the concentra-
tion of DMSO and the serum-free media did not cause DNA
harm in the cells. The remaining reagents were freshly pre-
pared before every experiment.

Cell culture and maintenance

American Type Cell Culture Collection provided AGS cells,
a standard cell line derived from gastric adenocarcinoma
cells (ATCC, CRL-1739, Germany). AGS cells were grown
in F-12 K Medium at an equilibrium temperature of 37 °C
with 5% CO,. 10% FBS, 100 U/ml of penicillin, and 100
ng/ml of streptomycin were added to the medium as supple-
ments. The quantity of living cells was calculated using the
Trypan Blue Exclusion Test.

Cytotoxicity assay
ATP levels obtained using a luminescence assay were used
to investigate the cytotoxic effects of OLE on the cells

(Cell-Titer-Glo Luminescent Cell Viability Assay, Pro-
mega). Cells were seeded onto 96-well plates at a density
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of 5x 10 cells per well, which were then incubated for the
duration of the night at 37 °C with 5% CO,. The medium
was then replaced with the brand-new complete medium
that included OLE in concentrations ranging from 25 to 500
uM. DMSO at 0.1% was used to treat the control cells. Cells
were incubated for 24 h at 37 °C with humidified 5% CO,
and 95% O,. The cells were then washed with the culture
media and tested for the presence of ATP. 100 pL of the
reagent (Cell Titer-Glo Luminescent Cell Viability Assay,
Promega) was added to each sample before being mixed
for 2 min and left to sit for 10 min at room temperature.
The outcomes were assessed using luminometry (Varioskan
Flash Multimode Reader, Thermo, Waltham, MA). Relative
light units (RLU) were used to measure the light that was
produced when ATP was present. The amount of ATP in the
test sample is directly correlated with the intensity of light
quants that were released. It was calculated how much of
the cells were viable compared to the 100% negative con-
trol group. Non-linear regression analysis derived the half
maximum growth inhibitory concentration (ICs,) values
from the concentration-response curves. Each experiment
was repeated three times to ensure that the standard devia-
tion stayed within 5%.

Measurement of intracellular ROS generation

A cell-permeable fluorescent signal called CM-H2DCF-
DA (2,7-dichlorodihydrofluorescein-diacetate) was used
to measure ROS generation. As previously mentioned, the
production of ROS causes H2DCF-DA to oxidize into a
highly green fluorescent DCF (2,7-dichlorofluorescein).
OLE was pre-treated with a range of doses (25-500 uM)
for 24 h on AGS cells. After the cells had been treated for
24 h, they were washed with cold 1xdPBS (1xDulbecco’s
Phosphate Buffered Saline, Gibco) before being incubated
with 100 uM H2DCF-DA for an additional 30 min at 37 °C.
DCF fluorescence density was measured using a fluorescent
plate reader (Varioskan Flash Multimode Reader, Thermo,
Waltham, MA) at Ex./Em=488/525 nm. To ensure repro-
ducibility, the estimations were performed three times in
triplicate, with the same number of cells per treatment group
being used each time. The values were presented as percent-
ages of relative fluorescence to the control.

Apoptotic activity

For the purpose of identifying apoptosis, the Annexin-V-
FITC and PI staining kit (Roche Applied Science, Penzberg,
Germany) was applied as directed by the manufacturer.
Briefly, 1.5% 10° AGS cells per well were seeded into six-
well plates, and they were then left to adhere overnight
before being exposed to a range of OLE concentrations
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(25-500 uM) for 24 h. Trypsinized AGS cells were centri-
fuged at 200 x g for 5 min. Within an hour, the cell pellet
was re-suspended in 100 pL of Annexin-V-FITC labeling
solution and incubated at 15-20 °C for 10—15 min. The flow
cytometry (Becton Dickinson, FACS Canto II) analysis was
then performed.

Genotoxic activity assay

With a small alteration from Singh et al. [9], the single-
cell gel electrophoresis assay (Comet Assay) was carried
out to assess the genotoxic impacts of OLE on AGS cell
lines. AGS cells were plated into 6-well plates and exposed
to various OLE dosages under the IC50 condition for 24 h.
The cells were extracted using trypsin-EDTA and centri-
fuged at 400 x g after incubation. After being aspirated, the
supernatant was washed with dPBS at 400 x g for 5 min. A
slide that had already been covered with 1% normal melting
agarose received 15 pl of cell solution and 85 pl of 0.6%
low melting agarose. The gel was first frozen at +4 °C, then
incubated with lysis buffer at +4 °C, followed by 40 min
of dark incubation in an alkaline solution to unwind DNA
while cooling. Slides were electrophoresed for 25 min at
+4 °C (condition: 26 V, 300 mA). Subsequently, pictures
were taken after the slides were ethanol-dehydrated and
stained with 2 pg/mL ethidium bromide. Using a fluores-
cent microscope and the Comet assay [V software, all DNA
damage results were recorded as tail intensity (Leica DM
1000, Solms, Germany).

Statistical analysis

The average and standard deviation of the tree replicates
were used to represent the results. The Kolmogorov-
Smirnov test for normality was used in the statistical analy-
sis. In all trials, the statistical significance of nonparametric
data was assessed using the Kruskal-Wallis test. A statis-
tically significant result was one with a p-value less than
0.05. Nonlinear regression analysis was used to get the ICy,

Fig. 1 Cytotoxicity analysis
of OLE on AGS cell line.
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values of OLE for the cell lines. By using Pearson corre-
lation analysis, associations between ROS production and
cell viability metrics were examined. The SPSS package
application for Windows was used to conduct all statistical
analyses (Version 25, Chicago, IL, USA).

Results
Effects of OLE on the cell viability of AGS cells

Test solutions without OLE (negative control) or with OLE
(25-500 pmol/l) were applied to human AGS cells for 24 h.
After incubation, the ATP cell viability assay was used to
assess OLE’s effects. Before any trials, the cell viability in
AGS cell cultures was more than 95%. The cell viability
dramatically decreased when OLE was added (p<0.001,
Fig. 1). Compared to the untreated control cells (0 umol/l),
the concentration-response curve revealed a loss of cell via-
bility of 18.31% at 100 umol/l and 57.96% at 500 pumol/l
OLE. In a dose-dependent manner (200-500 pmol/l), sig-
nificant differences were seen between the control cells and
OLE-exposed cells (p <0.05—0.001). The viability of gas-
tric cancer cells decreased up to about 40% as the OLE dose
increased from 100 pmol/l to 500 pmol/l. and the ICs, value
was discovered to be 42 pmol/l.

Effects of OLE on reactive oxygen species (ROS)
generation in AGS cells

The fluorescent probe H2DCF-DA was used to identify ROS
production. In the human AGS cells, OLE was observed to
stimulate the production of ROS. In percentages, the mea-
sured relative fluorescence was displayed (Fig. 2). The
findings demonstrated that, in comparison to the control,
ROS production in cells increased considerably following a
24-hour exposure to OLE. Following exposure to 200-500
umol/l OLE, cells showed significant alterations in ROS
levels (p<0.05-0.001).

AGS cell viability after Oleuropein
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Fig.2 Reactive oxygen species
(ROS) content in AGS cells
exposed to OLE in comparison
to the control. ROS production
in cells increased considerably 2
following a 24-hour exposure

to OLE. Following exposure

to 200-500 umol/l OLE, cells
showed significant alterations in
ROS levels. The results are pre-
sented as the means from three
independent experiments + SD.
*p<0.05, ¥ p<0.01, ***
p<0.001
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Fig. 3 Apoptosis and necrosis

of AGS cells after treatment
with OLE (Flow cytometry).
Apoptosis and necrosis were
considerably found in AGS cells
in a concentration-time depen-
dent manner following treatment
with increasing doses of OLE
(25-500 pmol/1) for 24 h. The
combined percentage of apoptotic
and necrotic (dead) cells at 500
umol/l OLE was about 40%.
*p<0.05 indicate significant dif- 0
ferences compared to the control

group
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Apoptotic effect of OLE on AGS cells detected by
flow cytometry

Flow cytometry technique was used to observe the impact
of OLE on apoptosis. Induction of early (within 1 h) and
late (at 24 h) apoptosis and necrosis (dead cells) were found
in treated AGS cells in a concentration and time dependent
manner (OLE 200-500 pmol/l), following treatment with
increasing doses of OLE (25-500 umol/l) for 24 h (Fig. 3).
At 500 umol/l of OLE, the combined percentage of apop-
totic and necrotic (dead) cells was about 40%.

Genotoxic effect of OLE on AGS cells detected by the
comet assay

Using the comet assay, a specialized test for genotoxicity,
DNA damage caused by OLE was identified. DNA deterio-
ration was noticed as there was a production of comets [10].
Between the control cells and the cells exposed to OLE,
there were discernible differences in the DNA’s tail. OLE-
exposed cells (150-500 pmol/l) dramatically increased
DNA damage (Tail intensity) compared to the control cells.
Elevated OLE levels and DNA damage were shown to be
positively correlated (p < 0.05-0.001), (Fig. 4). We observed
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that DNA damage and tail formation were started after 25
pmol/l OLE exposure compared to control and DNA dam-
age was a distinct comet appearance after exposure to 500

umol/l OLE. (Fig. Sa and 5b).

Discussion

In a meta-analysis of 13,800 cancer patients and 23,340
controls, consumption of olive oil was found to be nega-
tively related to cancer prevalence and those who consumed
the most olive oil had a lower chance of developing any sort
of cancer than those who consumed the least [11]. Similarly,
two Mediterranean studies described the chemo-preventive
role of olive oil against gastric CA [12, 13]. Also, another
epidemiological study concerning 28 countries from four
continents has shown the protective role of olive oil on
colorectal cancer (CRC) development [14]. OLE is a phe-
nolic secoiridoid chemical that is primarily found in leaves,
fruits, and flowers of the olive tree. It is also found in the
form of OLE aglycon in olive oil. Many experimental stud-
ies revealed that OLE and its metabolite hydroxytyrosol
(HT) inhibited the development of both the digestive system
(colorectal, hepatic etc.) and other systemic (breast, lung,



Molecular Biology Reports (2023) 50:9099-9105

9103

DNA damage-Tail intensity

0
o
l—!

fc I F
B

Control LE25 OLES0

OLE100

Fig. 4 DNA damage-Tail intensity (% Tail) of AGS cells exposed to
OLE (25-500 pmol/l) by comet assay. There were noticeable differ-
ences in the DNA’s tail between the control cells and the cells exposed
to OLE. OLE-exposed cells (150500 umol/l) dramatically increased

Fig.5a DNA damage and “Tail” formation during the comet assay.
DNA damage and Tail formation started after 25 pmol/l OLE exposure
compared to control

blood, brain, urogenital, skin and soft tissue) malignancies.
Both olive oil phenols (OLE and HT) effectively inhibit the
growth, migration, invasion, and angiogenesis of cancerous
cells. By altering a number of oncogenic signalling path-
ways, they also function as anticancer agents [1, 15-17].
Numerous studies examined the chemoprotective and cura-
tive properties of olive oil against colon cancer. They found
that OLE and HT suppressed COX-2 and BCL-2 protein
expression. Moreover, they avoided DNA damage. Thus, the
beginning, development and metastasis of colorectal cancer
cells were all prevented by OLE and HT [18-20]. OLE has
been shown to have chemo-preventive effects against colon
cancer in C57bl/6 mice with colitis. OLE treatment pre-
vented inflammatory responses, cancer initiation and tumor
development via its antioxidant activity [21].

*% C
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M

DNA damage (Tail intensity) compared to the control cells. Elevated
OLE levels and DNA damage were shown to be positively correlated.
The results are presented as the means +SD. *p<0.05, ** p<0.01,
*x p<0.001

100 ym

Fig.5b DNA damage and “Tail” formation during the comet assay.
DNA damage is a distinct comet appearance after exposure to 500
pmol/l OLE

Several studies have reported the induction of apoptosis
of cancer cell lines and the inhibition of malignant cell pro-
liferation by OLE [22, 23]. Further research about the effec-
tiveness of OLE and HT on pancreatic cancer cells revealed
their cytotoxicity and apoptosis in these malignant cells.
OLE also displayed a selective protective effect on non-
tumorigenic pancreas cells [24]. Similarly, in another study
on prostate cancer, OLE has shown an anti-oxidant effect
in normal cells, whereas it induced pro-oxidant and anti-
proliferative actions in cancer cells [25]. Moreover, OLE
analogs stimulated immune (natural killer and lymphokine-
activated killer lymphocytes) activation against several
malignant cell lines [26]. Furthermore, in a study performed
in Albino mice affected by soft tissue sarcoma, 1% OLE in
drinking water provided complete tumor regression [27].
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OLE has also been shown to potentiate the effects of con-
ventional chemotherapy in a number of trials [1].

Nowadays, the effectiveness and anticarcinogenic role of
OLE and HT on gastric cancer cells has not been studied
satisfactorily, and the underlying mechanisms of its action
remain yet unknown. OLE has significantly reduced ROS
levels, increased total antioxidant status levels, and repaired
cisplatin-induced stomach cell damage in rats in an experi-
mental investigation about the antioxidant and therapeutic
effects of the substance [6]. Recently, the synthesis of Nano-
Paramagnetic Oleuropein has been reported as an inducer
of KRAS Over-Expression and inhibition of AGS Cancer
Cells. Also, it could trigger apoptosis in the AGS cell line
[28].

Our study is the first research on the cytotoxic, genotoxic,
apoptotic, and ROS-generating effects of OLE on AGS
cells simultaneously. We have detected that OLE decreased
AGS cell viability nearly 60% by increasing doses to the
maximum concentration (500 pmol/L). Apoptosis is a well
known mechanism induced by OLE on cancer cells. In our
study, we observed that OLE induced apoptosis and necrosis
for about 40%, associated with reduced AGS cell viability
by two methods. In parallel with the induction of apoptosis
and the reduction of AGS cell viability, intracellular ROS
levels were increased 1.5 times at the maximum concen-
tration of OLE. Several studies reported that OLE-caused
ROS production and ROS accumulation are involved in the
apoptosis of cancer cell lines by inhibition of some mito-
chondrial pathways [22, 23, 29, 30]. In our study, increased
ROS levels in parallel to OLE doses suggest their apoptotic
roles in AGS cells. Moreover, we established that increasing
doses of OLE ensured almost complete (100%) DNA dam-
age in AGS cells, suggesting its very successful genotoxic
effect on malignant cells.

Conclusion

In conclusion, we detected significant cytotoxic, apoptotic
and genotoxic effects of Oleuropein on AGS cells. Nutrition
rich in olive and olive oil seems to be both protective and
therapeutic against gastric cancer and Oleuropein may be a
new, potential chemotherapeutic agent in the future.

Author contributions M.Kiirsad Tiirkdogan and Abdiirrahim Kogyigit
contributed to the study conception and design. Material preparation
and data collection were performed by Abdiirrahim Kogyigit, Eray
Metin Giiler. Data analysis were performed by M.Kiirsad Tiirkdogan,
Abdiirrahim Kogyigit. The first draft of the manuscript was written by
M. Kiirsad Tiirkdogan and all authors commented on previous versions
of the manuscript. All authors read and approved the final manuscript.

Funding This work was supported by the Bezmialem Vakif University
Faculty of Medicine Scientific Research Project Fund (project number:

@ Springer

3.2014/35).

Data availability The datasets generated during and/or analysed dur-
ing the current study are available from the corresponding author on
reasonable request.

Declarations

Competing interests “The authors have no relevant financial or non-
financial interests to disclose.”

Ethics approval This study was performed in line with the principles
of the Declaration of Helsinki. No ethical approval is required since
this is a cell culture study.

References

1. Nediani C, Ruzzolini J, Romani A, Calorini L (2019) Oleuro-
pein, a bioactive compound from Olea europaea L., as a potential
preventive and therapeutic agent in non-communicable diseases.
Antioxidants 8(12):578. https://doi.org/10.3390/antiox8120578

2. Zheng Y, Liu Z, Yang X, Liu L, Ahn KS (2021) An updated
review on the potential antineoplastic actions of oleuropein. Phy-
tother Res 36(1):365-379. https://doi.org/10.1002/ptr.7325

3. Antoniou C, Hull J (2021) The anti-cancer effect of Olea euro-
paea L. products: a review. Curr Nutr Rep 10:99-124. https://doi.
org/10.1007/s13668-021-00350-8

4. Fabiani R, Rosignoli P, De Bartolomeo A, Fuccelli R, Morozzi G
(2008) Inhibition of cell cycle progression by hydroxytyrosol is
associated with upregulation of cyclin-dependent protein kinase
inhibitors p21(WAF1/Cipl) and p27(Kip1) and with induction of
differentiation in HL60 cells. J Nutr 138(1):42—-48. https://doi.
org/10.1093/jn/138.1.42

5. Rizzo M, Ventrice D, Giannetto F, Cirinna S, Santagati NA,
Procopio A et al (2017) Antioxidant activity of oleuropein and
semisynthetic acetylderivatives determined by measuring malo-
ndialdehyde in rat brain. J Pharm Pharmacol 69(11):1502—-1512.
https://doi.org/10.1111/jphp.12807

6. Geyikoglu F, Isikgoz H, Onalan H, Colak S, Cerig S, Bakir M
et al (2017) Impact of high-dose oleuropein on cisplatin-induced
oxidative stress, genotoxicity and pathological changes in rat
stomach and lung. J Asian Nat Prod Res 19(12):1214-1231.
https://doi.org/10.1080/10286020.2017

7.  Tiirkdogan MK, Akman N, Tuncer I, Uygan I, Késem M, Ozen S,
Kara K, Bozkurt S, Memik F (2005) Epidemiological aspects of
endemic upper gastrointestinal cancers in Eastern Turkey. Hepa-
togastroenterology 52(62):496-500.

8. Ilic M, Ilic T (2022) Epidemiology of stomach cancer. World J
Gastroenterol 28(12):1187-1203. https://doi.org/10.3748/wjg.
v28.112.1187

9. Singh NP, McCoy MT, Tice RR, Schneider EL (1988) A sim-
ple technique for quantitation of low levels of DNA damage
in individual cells. Exp Cell Res 175(1):184-191. https://doi.
org/10.1016/0014-4827(88)90265-0

10. Hartmann A, Agurell E, Beevers C, Brendler-Schwaab S, Burlin-
son B, Clay P et al (2003) Recommendations for conducting the
in vivo alkaline Comet assay. Mutagenesis 18(1):45-51. https://
doi.org/10.1093/mutage/18.1.45

11. Psaltopoulou T, Kosti RI, Haidopoulos D, Dimopoulos
M, Panagiotakos DB (2011) Olive oil intake is inversely
related to cancer prevalence: a systematic review and a
meta-analysis of 13800 patients and 23340 controls in 19


https://doi.org/10.3390/antiox8120578
https://doi.org/10.1002/ptr.7325
https://doi.org/10.1007/s13668-021-00350-8
https://doi.org/10.1007/s13668-021-00350-8
https://doi.org/10.1093/jn/138.1.42
https://doi.org/10.1093/jn/138.1.42
https://doi.org/10.1111/jphp.12807
https://doi.org/10.1080/10286020.2017
https://doi.org/10.3748/wjg.v28.i12.1187
https://doi.org/10.3748/wjg.v28.i12.1187
https://doi.org/10.1016/0014-4827(88)90265-0
https://doi.org/10.1016/0014-4827(88)90265-0
https://doi.org/10.1093/mutage/18.1.45
https://doi.org/10.1093/mutage/18.1.45

Molecular Biology Reports (2023) 50:9099-9105

9105

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

observational studies. Lipids Health Dis 10(1):1-16. https://doi.
org/10.1186/1476-511X-10-127

Buiatti E, Palli D, Decarli A, Amadori D, Avellini C, Bianchi S et
al (1990) A case-control study of gastric cancer and diet in Italy:
II. Association with nutrients. Int J Cancer 45:896-901. https://
doi.org/10.1002/ijc.2910440409

Palli D, Russo A, Ottini L, Masala G, Saieva C, Amorosi A et al
(2001) Red meat, family history, and increased risk of gastric can-
cer with microsatellite instability. Cancer Res 61(14):5415-5419.
Stoneham M, Goldacre M, Seagroatt V, Gill L (2000) Olive oil,
diet and colorectal cancer: an ecological study and a hypothesis.
J Epidemiol Community Health 54(10):756-760. https://doi.
org/10.1136/jech.54.10.756

Ahmad Farooqi A, Fayyaz S, Silva AS, Sureda A, Nabavi SF,
Mocan A et al (2017) Oleuropein and cancer chemoprevention:
the link is hot. Molecules 22(5):705. https://doi.org/10.3390/
molecules22050705

Imran M, Nadeem M, Gilani SA, Khan S, Sajid MW, Amir RM
(2018) Antitumor perspectives of oleuropein and its metabolite
hydroxytyrosol: recent updates. J Food Sci 83(7):1781-1791.
https://doi.org/10.1111/1750-3841.14198

Khan M, Maryam A, Qazi JI, Ma T (2017) Olive Oil: an Angel of
Protection Against Cancer. Adv Cancer Diet : 1-57.

Galeone C, Talamini R, Levi F, Pelucchi C, Negri E, Giacosa A et
al (2007) Fried foods, olive oil and colorectal cancer. Ann Oncol
18(1):36-39. https://doi.org/10.1093/annonc/md1328

Gill CI, Boyd A, McDermott E, McCann M, Servili M, Selvag-
gini R et al (2005) Potential anti-cancer effects of virgin olive oil
phenolson colorectal carcinogenesis models in vitro. Int J Cancer
117(1):1-7. https://doi.org/10.1002/ijc.21083

Llor X, Pons E, Roca A, Alvarez M, Mane J, Fernandez-Banares
F et al (2003) The effects of fish oil, olive oil, oleic acid and lin-
oleic acid on colorectal neoplastic processes. Clin Nutr 22(1):71—
79. https://doi.org/10.1054/clnu.2002.0627

Giner E, Recio MC, Rios JL, Cerda-Nicolas JM, Giner RM
(2016) Chemopreventive effect of oleuropein in colitis-associated
colorectal cancer in ¢57bl/6 mice. Mol Nutr Food Res 60(2):242—
255. https://doi.org/10.1002/mnfr.201500605

Cheng JS, Chou CT, Liu YY, Sun WC, Shieh P, Kuo,D.H., et al
(2016) The effect of oleuropein from olive leaf (Olea europaea)
extract on Ca2 + homeostasis, cytotoxicity, cell cycle distribution
and ROS signaling in HepG2 human hepatoma cells. Food Chem
Toxicol 91:151-166. https://doi.org/10.1016/j.£ct.2016.03.015
Yan CM, Chai EQ, Cai HY, Miao GY, Ma W (2015) Oleuro-
pein induces apoptosis via activation of caspases and suppres-
sion of phosphatidylinositol 3-kinase/protein kinase B pathway

24.

25.

26.

217.

28.

29.

30.

in HepG2 human hepatoma cell line. Mol Med Rep 11(6):4617—
4624. https://doi.org/10.3892/mmr.2015.3266

Goldsmith CD, Bond DR, Jankowski H, Weidenhofer J, Statho-
poulos CE, Roach PD et al (2018) The olive biophenols oleu-
ropein and hydroxytyrosol selectively reduce proliferation,
influence the cell cycle, and induce apoptosis in pancreatic
cancer cells. Int J M Olecular Sci 19(7):1937-1953. https://doi.
org/10.3390/ijms 19071937

Acquaviva R, Di Giacomo C, Sorrenti V, Galvano F, Santan-
gelo R, Cardile V et al (2012) Antiproliferative effect of oleuro-
pein in prostate cell lines. Int J Oncol 41(1):31-38. https://doi.
org/10.3892/ij0.2012

Samara P, Christoforidou N, Lemus C, Argyropoulou A, Ioannou
K, Vougogiannopoulou K et al (2017) New semi-synthetic ana-
logs of oleuropein show improved anticancer activity in vitro and
in vivo. Eur J Med Chem 137:11-29. https://doi.org/10.1016/j.
ejmech.2017.05.029

Hamdi HK, Castellon R (2005) Oleuropein, a non-toxic olive iri-
doid, is an anti-tumor agent and cytoskeleton disruptor. Biochem
Biophys Res Commun 334(3):769-778. https://doi.org/10.1016/j.
bbrc.2005.06.161

Barzegar F, Zaefizadeh M, Yari R, Salehzadeh A (2019) Synthesis
of nano-paramagnetic oleuropein to induce KRAS over-expres-
sion: a new mechanism to inhibit AGS cancer cells. Medicina
55(7):388. https://doi.org/10.3390/medicina55070388
Antognelli C, Frosini R, Santolla MF, Peirce MJ, Talesa VN
(2019) Oleuropein-induced apoptosis is mediated by mitochon-
drial glyoxalase 2 in NSCLC A549 cells: a mechanistic inside
and a possible novel nonenzymatic role for an ancient enzyme.
Oxidative medicine and cellular longevity. 1-10. https://doi.
org/10.1155/2019/8576961

Liu L, Ahn KS, Shanmugam MK, Wang H, Shen H, Arfuso F
et al (2019) Oleuropein induces apoptosis via abrogating NF-kB
activation cascade in estrogen receptor—negative breast cancer
cells. J Cell Biochem 120(3):4504—4513. https://doi.org/10.1002/
jcb.27738

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.

@ Springer


https://doi.org/10.3892/mmr.2015.3266
https://doi.org/10.3390/ijms19071937
https://doi.org/10.3390/ijms19071937
https://doi.org/10.3892/ijo.2012
https://doi.org/10.3892/ijo.2012
https://doi.org/10.1016/j.ejmech.2017.05.029
https://doi.org/10.1016/j.ejmech.2017.05.029
https://doi.org/10.1016/j.bbrc.2005.06.161
https://doi.org/10.1016/j.bbrc.2005.06.161
https://doi.org/10.3390/medicina55070388
https://doi.org/10.1155/2019/8576961
https://doi.org/10.1155/2019/8576961
https://doi.org/10.1002/jcb.27738
https://doi.org/10.1002/jcb.27738
https://doi.org/10.1186/1476-511X-10-127
https://doi.org/10.1186/1476-511X-10-127
https://doi.org/10.1002/ijc.2910440409
https://doi.org/10.1002/ijc.2910440409
https://doi.org/10.1136/jech.54.10.756
https://doi.org/10.1136/jech.54.10.756
https://doi.org/10.3390/molecules22050705
https://doi.org/10.3390/molecules22050705
https://doi.org/10.1111/1750-3841.14198
https://doi.org/10.1093/annonc/mdl328
https://doi.org/10.1002/ijc.21083
https://doi.org/10.1054/clnu.2002.0627
https://doi.org/10.1002/mnfr.201500605
https://doi.org/10.1016/j.fct.2016.03.015

	﻿Oleuropein exhibits anticarcinogen effects against gastric cancer cell lines
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Chemical and reagents
	﻿Cell culture and maintenance
	﻿Cytotoxicity assay
	﻿Measurement of intracellular ROS generation
	﻿Apoptotic activity
	﻿Genotoxic activity assay
	﻿Statistical analysis

	﻿Results
	﻿Effects of OLE on the cell viability of AGS cells
	﻿Effects of OLE on reactive oxygen species (ROS) generation in AGS cells
	﻿Apoptotic effect of OLE on AGS cells detected by flow cytometry
	﻿Genotoxic effect of OLE on AGS cells detected by the comet assay

	﻿Discussion
	﻿Conclusion
	﻿References


