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ABSTRACT 
 

Oleuropein is a fundamental polyphenol contained in olive fruit, oil, and leaf, with a bitter taste. A 
decrease in its level is observed as the fruit ripens. Leaves of oil tree were used in this study as a 
possible origin of oleuropein. In this study, cytotoxic, genotoxic, apoptotic and antiangiogenic 
impacts of isolated oleuropein (0.5xIC50, IC50 and 2xIC50) on MCF-7 human breast 
adenocarcinoma cells were examined by means of 3-[4,5- Dimethylthiazol-2-yl] 1-2,5-
diphenyltetrazolium bromide (XTT) kit, Comet assay, Poly (ADP-Ribose) Polymerase (PARP) 
cleavage ELISA Kit and Vascular Endothelial Growth Factor (VEGF) Human ELISA Kit for 24, 48 
and 72 h, respectively. The IC50 value of oleuropein on MCF-7 cells was found to be 11.02±0.52, 
9.43±0.41 and 6.81±0.18 µg/mL for 24, 48 and 72 h, respectively. The time and concentration-
related cytotoxic impacts of oleuropein were determined to be significant. Cleaved PARP level was 
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significantly increased especially with an increase in the concentration of oleuropein. However, a 
significant decrease in VEGF level was observed (p<0.05). Furthermore, oleuropein increased 
damage on DNA for 48 and 72 h. Findings showed oleuropein as a potential antiangiogenic, 
apoptotic and genotoxic agent for the breast cancer cells.  
 

 
Keywords: Oleuropein; VEGF; PARP; MCF-7; comet. 
 
1. INTRODUCTION 
 
The most common type of cancer is breast 
cancer. At the same time, it represents the main 
reason for cancer-related deaths in women 
around the world [1]. An increase in the burden 
of breast cancer is observed in developing 
countries, and its mortality is excessively high [2]. 
Moreover, changes in the nutritional habits lead 
to an increase in the occurrence of breast cancer 
everywhere throughout the world. Much of this 
international variation is due to differences in 
established reproductive risk factors such as age 
at menarche, parityandage at births, and breast 
feeding but differences in dietary habits and 
physical activity may also contribute [3].However, 
the occurrence of cancer in the countries situated 
in the Mediterranean region is relatively lower 
when compared to other European countries and 
the United States [4]. The nutritional practices 
are among the main causes of this, along with 
potential genetic factors. Products of plant origin 
at a high rate, red meat at a relatively low rate, 
and olive oil and its products at a high rate are 
included in the conventional Mediterranean diet.  
 
Various studies on positive health impacts of 
olive oil are encountered in the literature. In 
some studies it was stated that olive oil is more 
advantageous against cancer when compared to 
other forms of added lipids since a large number 
of monounsaturated fatty acids are contained in it 
[5-10]. 
 
Three classes of polyphenols, hydroxytyrosol, 
secoiridoid such as oleuropein and lignans that 
demonstrate exceptional antioxidant activities 
present in olive oil in a large amount [6]. Phenolic 
compound that presents in olives at the highest 
rate is oleuropein [11]. As a result of the studies 
conducted, various pharmacologic and health 
promoting characteristics of oleuropein, such as 
antiatherogenic [12], antiviral [13], antimicrobial 
[14], hypotensive [15], and antidiabetic impacts 
[16], were determined. A great number of the 
aforementioned characteristics have been 
described because of the antioxidant nature of 
oleuropein [17-19]. Accordingly, oleuropein and 
hydroxytyrosol, being the metabolite of 
oleuropein, have anti-cancer features. Actually, 

high doses of oleuropein led to a decrease in cell 
viability and inhibition of cell growth in MCF-7 
breast cancer cells [11]. 
 
Poly (ADP-ribose) polymerases (PARPs) are 
characterized as cell signaling enzymes which 
are responsible for catalyzing the transfer of 
ADP-ribose units from NAD+ to some acceptor 
proteins. PARP-1 is a member of the PARP 
family defined in the best way and at the moment 
it contains 18 members. PARP-1 represents an 
abundant nuclear enzyme causing cellular 
reactions to DNA damage induced by genotoxic 
stress. PARP plays a role in DNA repair and 
transcriptional regulation and is currently 
considered to play a key role in cell survival and 
cell death. Furthermore, it is accepted as a 
master component of many transcription factors 
which are involved in tumor development [20]. 
 
Angiogenesis is a typical phenomenon in breast 
cancer and it has a key part in tumor 
advancement and breast cancer metastasis 
[21,22]. Tumor angiogenesis is defined as a 
process of creation of new blood vessels from 
prior ones. Three different modified cell functions 
of endothelial cells describe it enabling new 
possibilities for antiangiogenic therapy, such as 
crosstalk with the extracellular matrix, slow 
migration and rapid increase in cell growth, 
therefore ensuring new cells for vessel 
elongation [23]. There is often a correlation 
between the development of breast tumor and 
excessive angiogenesis. Accordingly, it causes 
us to determine and generate new therapeutic 
strategies for the prevention of angiogenic 
process [24]. The overexpression of VEGF is 
observed in different solid tumors, and it induces 
the generation of new blood vessels [25-27]. 
Besides, the molecular mechanisms that 
determine the impacts of PARP on angiogenesis 
are not fully investigated yet. However, in order 
to prevent VEGF-induced proliferation, migration, 
and tube formation in tumor models, minimum 
five PARP inhibitors have been employed in vitro 
in an efficient way [28-30]. 
 
In accordance with these data, dose      
dependent cytotoxic, genotoxic, apoptotic and 
antiangiogenic impacts of oleuropein on MCF-7 
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human breast adenocarcinoma cells were 
examined in this study. 
 
2. MATERIALS AND METHODS 
 
2.1 Extraction Procedure 
 
The isolation of oleuropein was performed from 
Olea europaea leaves described previously [31]. 
Olive tree leaves gathered in Uşak Province in 
June 2014 were used for the extraction of 
oleuropein. The procedure of drying the leaves 
was performed at room temperature for a period 
of 15 days. Afterwards, they were crushed by 
means of the mill (Retsch ZM 200, Haan, 
Germany) and sieved to a size of 80 – 100 µm 
mesh. The extraction of the leaves in the form of 
powder (100 g) was performed with 600 mL 
ethanol (EtOH) by applying intermittent stirring at 
30°C for 1 h. Whatman filter paper was used for 
the filtering of the EtOH extract, and the 
evaporation of the solvent was performed under 
decreased pressure below 40°C. The residue of 
green color was again dried in a vacuum oven at 
30 - 35ºC, producing 7 g oleuropein. 
 
2.2 Determination of the Antiproliferative 

Impact of Oleuropein on MCF-7 Cells 
 
In this study, the MCF-7 cell line, being a model 
cell line for human mammary carcinoma, was 
employed. A number of properties of 
differentiated mammary epithelium present in this 
cell line and it was preserved as an attached type 
monolayer culture in RPMI 1640 medium to 
which 10% heat-inactivated fetal bovine serum, 
L-glutamine, and antibiotics were added. It was 
kept under the conditions of incubation at 37ºC in 
a humidified atmosphere of 5% CO2. The effect 
of the oleuropein on the growth of MCF-7 cell line 
was examined using 96-well microtiter plates. 
The XTT cell proliferation kit was used for the 
assessment of the antiproliferative impact of 
oleuropein on MCF-7 cells. Briefly, cells were 
seeded into 96-well microtiter plates (5x103 

cells/well) and their incubation was performed for 
24 h, 48 h, and 72 h in a medium containing 
horizontal dilutions of the compound. Then, XTT 
reagent was implemented in order to produce a 
soluble dye measured at 490 nm with an ELISA 
reader (Biotek). Cell viability on control wells was 
set to 100%. Means of viable cell numbers at 
various oleuropein concentrations were given in 
the form of a percentage of the control. The 
curve of percent cell growth versus log 
(oleuropein concentration) shows the 
antiproliferative impact of the drug on cells. The 

prevention of cell growth and IC50 values were 
evaluated. The results were derived from the 
data of at least three assays.  
 
2.3 Determination of DNA Damage 
 
The analysis of DNA injury was performed with 
the COMET assay as mentioned earlier with 
small modifications [31]. MCF-7 cells were 
subjected to oleuropein(0.5xIC50, IC50 and 
2xIC50), negative and positive control (Paclitaxel, 
10 µM) for 24, 48 and 72 h. Afterwards, the cells 
were scraped, washed two times (300 g, 10 min, 
4°C) with cold 1× PBS (Ca 2+/Mg2+ free), and 
suspended again in 1 mL of cold 1× PBS. 30 µl 
of the cell suspension and 120 µl of 0.8% 
agarose with a low melting point were mixed. 
Then, the mixture was spread on a cold slide, the 
pre-coating of which was performed with a layer 
of 1.0% agarose with a normal melting point 
which was covered by cover slips and kept at 
cold slabs for 5 min. The slides were then 
immersed in a newly prepared cold (4ºC) lysis 
solution (2.5 M NaCl, 1% Nasarcosine,100 mM 
EDTA-Na2, 10 mM Tris–HCl, pH 10–10.5; 1% 
Triton X-100 with 10% DMSO that was added 
just before application) for minimum 1 h. 
Electrophoresis (25 V/300 mA, 25 min) was 
carried out in a newly prepared alkaline 
electrophoresis buffer (0.3 M NaOH and 1 mM 
EDTA-Na2, pH >13) at 4°C for the purpose of 
unwinding (40 min). All stages were performed 
under the least illumination possible. Following 
the electrophoresis, the slides were washed (0.4 
M Tris–HCl, pH 7.5) for the period of 5 min and 
their staining with 2 µg/mL ethidium bromide (70 
µL/slide) was performed. Afterwards, the slides 
were covered with a coverslip, and a 
fluorescence microscope was used for the 
analysis. The analysis of 100 comets on 3 slides 
was performed visually by means of a 
fluorescent microscope (Olympus BX50, Japan) 
in the comet tail was assigned values such as 0, 
1, 2, 3 or 4 (depending upon the degree of 
damage). 
 
2.4 Measurement of Cleaved PARP 

Levels  
 
Cleaved PARP levels were determined by using 
PARP ELISA kit (Elisa Cleaved PARP 
Kit).Cleaved PARP Human ELISA (Enzyme-
Linked Immunosorbent Assay) kit is an in vitro 
enzyme-linked immunosorbent assay for the 
quantitative measurement of 89 kDa fragment of 
Human PARP-1 in cell and tissue lysates, 
including lysates of adherent and suspension 
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cells grown in 96-well microplate format and 
lysed directly in culture media. The assay 
employs an antibody specific for the 89 kDa 
fragment of Human PARP-1 coated onto well 
plate strips. This antibody reacts with the N-
terminal end formed by the cleavage adjacent to 
Asp214; It thus recognizes the apoptosis-specific 
89 kDa catalytic domain fragment, but it does not 
recognize the full-length PARP-1 or the 24 kDa 
DNA binding domain fragment. Standards and 
samples was pipetted into the wells and 
analyzed present in the sample that bound to the 
wells by the immobilized antibody. The wells 
were washed and an anti-PARP-1 primary 
detector antibody was added. After washing 
away unbound primary detector antibody, HRP-
label specific for the primary detector antibody 
was pipetted to the wells. The wells were again 
washed, a TMB substrate solution was added to 
the wells and color develops in proportion to the 
amount of analyte bound. The developing blue 
color was measured at 600 nm. 
 
2.5 Measurement of VEGF Levels 
 
MCF-7 cells were treated like Comet assay. 
VEGF levels were determined by using ELISA kit 
(USA & Canada/R&D Systems, Inc.).  
 
The pre-coating of a monoclonal antibody which 
is particular for VEGF had been performed onto 
a microplate. Standards and samples were 
pipetted into the wells. At the same time, any 
VEGF found was bounded by the antibody which 
was immobilized. Following washing away all 
substances that were unbound, the 
supplementing of an enzyme-linked polyclonal 
antibody particular for VEGF was done to the 
wells. Subsequent to washing, a substrate 
solution was supplemented to the wells and color 
developed proportionately to the amount of 
VEGF that was bound at the initial stage. The 
development of the color was ended and the 
measurement of the color intensity was 
performed. Briefly; assay employs a specific 
capture antibody coated on a 96 wellplate. 
Standards and samples are pipetted into the 
wells and the target protein present in a sample 
is bound to the wells by the immobilized 
antibody. The wells are  washed and a 
biotinylated detection antibody specific forthe 
target protein is added. After washing away 
unbound biotinylated antibody, HRP-conjugated 
streptavidin is pipetted tothewells. The wells 
areagain washed, a TMB substrate solution is 
added to the wells and color develops in 
proportion to the amount of target protein bound. 

The Stop Solution changes the color from blue to 
yellow, and the intensity of the color is measured 
at 450 nm. 
 
2.6 Statistical Analyses 
 
Experimental results were presented in the form 
of means and standard deviation of means (± 
SD), two-tailed t test and one-way analysis of 
variance (ANOVA) was employed for their 
analysis, after which Duncan post-hoc tests were 
performed on SPSS (18.0) software computer 
program. A difference between mean values of p 
<0.05 was regarded as significant. The 
correlation analysis was used for the 
determination of dose response relationships. 
 

3. RESULTS  
 
3.1 Impact of Oleuropein on the Inhibition 

of Cell Proliferation in MCF-7 Cells 
 
Treatment of MCF-7 cells was performed with 
various doses of oleuropein for 24, 48 and 72 h 
(Fig. 1). A decrease in the cell viability of MCF-7 
cells was observed as a result of the dose-
dependent incubation of cells with oleuropein for 
24, 48 and 72 h. The antiproliferative activity of 
oleuropein after 48 and 72 h was found stronger 
than that after 24 h. The IC50 value of oleuropein 
on MCF-7 cells was found to be 11.02±0.52, 
9.43±0.41 and 6.81±0.18 µg/mL for 24, 48 and 
72 h, respectively (Table 1). As the incubation 
period increased the IC50 values decreased 
which means that the oleuropein exhibited a 
more antiproliferative effect on the cells as the 
incubation period elongated. Therefore, 0.5xIC50, 
IC50 and 2xIC50 doses of oleuropein were 
employed in the tests for 24, 48 and 72 h. 
 
Table 1. Antiproliferative effects of oleuropein 

in MCF-7 cells 
 
Exposure time  IC50 (µg/mL) ± SD*  
24h 11.02 ± 0.52a ,b 
48h 9.43 ± 0.41a 
72h 6.81  ± 0.18b 

* significant difference between groups (a, bp< 0.05, 
two-tailed t-test). SD: Standart Deviation 

 
3.2 Impact of Oleuropein on the DNA 

Damage in MCF-7 Cells 
 
Comet assay was carried out in MCF-7 cells 
against oleuropein at the concentrations 
of0.5xIC50, IC50 and 2xIC50 for 24, 48 and 72 h. 
The data are presented in Fig. 2.   
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Fig. 1. Inhibition of proliferation of MCF-7 cells by oleuropein 
 

 
 

Fig. 2. Effects of oleuropein on DNA damage evaluat ed by the alkaline comet assay 
 in MCF-7 cells 

 * Means with the same column do not differ statistically at the level of 0.05. AU: Arbitrary Unit. Data represents 
the mean ± Standard deviation of three replicates 

 
There was no statistical difference observed at 
24h in treated cells compared to the untreated 
cells. Oleuropein increased DNA damage at IC50 
and 2xIC50 for 48h and at all tested 
concentrations for 72 h. It was observed that 
there is a significant difference (P< 0.05) 
between the mean DNA damage 2xIC50 for 48 h, 
IC50 and 2xIC50 for 72 h as compared to the 
control group. The comet assay results 
demonstrated that all tested concentrations        
of oleuropein for 72 h also induced            
damage on DNA dose dependently (r=0.869 
p=0.005).  
 

3.3 Impact of Oleuropein on the VEGF 
Levels in MCF-7 Cells 

 
The impacts of oleuropein on the VEGF level in 
MCF-7 cells are shown in Fig. 3. There          
were dose-dependent significant decreases of 
VEGF (p< 0.05) levels in the oleuropein 
treatment group in comparison with the control 
group for the 24 h (r=-0.996 p=0.01), 48 h (r=-
0.995 p=0.01) and 72 h (r=-0.999             
p=0.01). VEGF level of 2xEC50 was found very 
similar to thepositive group for the 48 and         
72 h. 
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3.4 Impact of Oleuropein on the Cleaved 
PARP Level in MCF-7 Cells 

 
Fig. 4 shows the impact of oleuropein on the 
cleaved PARP level in MCF-7 cells. Oleuropein 
significantly increased cleaved PARP level dose 
dependently in 24 h (r=0.942 p=0.01), 48 h 
(r=0.994 p=0.01) and 72 h (r =0.993 p=0.01). 
However, increased PARP levels were found to 
be lower when compared to the positive control 

group. On the other hand, cleaved PARP levels 
were determined to be higher in the oleuropein 
treatment groups when compared to the control 
group (p< 0.05). 
 
4. DISCUSSION 
 
In this study, the antitumoral activity of 
oleuropein on MCF-7 breast cancer was 
assessed by means of in vitro models. The XTT

 

 
 

Fig. 3. Effects of oleuropein on VEGF activity in M CF-7 cells 
* Means with the same column do not differ statistically at the level of 0.05. Data represents the  

mean ± Standard deviation of at five replicates 
 

 
 

Fig. 4. Effect of oleuropein on activity cleaved PA RP activity in MCF-7 cells 
* Means with the same column do not differ statistically at the level of 0.05. Data represent the  

mean ± Standard deviation of at five replicates 
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metabolization values of MCF-7 cells decreased 
dose-dependently as a result of the treatment 
with oleuropein, which signifies an 
antiproliferative/proapoptotic activity. Proliferation 
decreased time-dependently in MCF-7 cell lines. 
Similarly, oleuropein inhibited cell proliferation on 
MCF-7 cells [11,32-36]. Oleuropein increased 
DNA damage at IC50 and 2xIC50 for 48 h and at 
all tested concentrations for 72 h. A prooxidant 
activity is observed in oleuropein under standard 
culture conditions which is completely associated 
with the generated H2O2 entering cells and 
leading to oxidative damages because of sodium 
bicarbonate, being an element of most media 
formulation [37]. 
 
Moreover, it has alreadybeenobservedthat 
oleuropein treatment inhibits ultraviolet B 
radiation-induced skin damage [38], soft tissue 
sarcomas [39], and breast cancer [36]. In 
addition to this, the antitumor action of oleuropein 
can be associated with its antiangiogenic 
function affecting tumor cells directly. Scientists 
have recently concentrated their major efforts on 
determining and analyzing antiangiogenic 
compounds as therapeutics for cancer. At the 
moment, clinical tests examine a number of 
antiangiogenic agents. A large portion of these 
agents represent small molecule inhibitors which 
aim at molecular mediators of angiogenesis and 
growth factor receptors, for instance VEGF. 
Tumourigenesis in breast cancer cells is caused 
by the overexpression of VEGF. VEGF controls 
tumor advancement by means of paracrine and 
autocrine mechanisms. VEGF is believed to be a 
main proangiogenic factor for tumor endothelial 
cells. At the same time, it is admitted to be a 
survival factor for MCF-7 cells [40,41]. VEGF has 
developed as an appealing focus in the treatment 
strategies of antiangiogenesis [42,43]. In this 
study, oleuropein decreased higher VEGF levels. 
So, our findings correlate with other studies and 
our findings can contribute to the literature of 
these effects of oleuropein on MCF-7 cells [44-
46]. According to the findings, oleuropein is an 
antiangiogenic agent for MCF-7 breast cancer 
cells. 
 
Oleuropein increased cleaved PARP levels. 
Because, PARPs can be activated in cells 
experiencing stress and/or DNA damage. PARP 
may also prompt programmed cell death via the 
generation of PARP. Therefore, we thought 
oleuropein’s high doses increased DNA damage 
and levels of PARP by inducing cell apoptosis on 
MCF-7 cells. PARPs have a part in apoptosis 
and its cleavage inhibits the working of DNA 

repair enzyme. Therefore, it increases apoptosis 
by preventing the activation of PARP. Li et al. 
[47] also studied the effects of resveratrol 
treatment on MCF-7 cells and demonstrated 
PARP cleavage and significant apoptosis which 
signifies the role of PARP in apoptosis. 
 
5. CONCLUSION 
 
Our study refers that oleuropein possesses a 
potent in vivo anti-cancer activity in MCF-7 cells. 
For instance, due to its antioxidant property, it 
can protect cells from inducing genetic damage 
which causes oncogenesis. At the same time, 
the prevention of tumor progression is possible 
due to oleuropein’s being an antiangiogenic 
agent. At last, tumor regression can be observed 
since oleuropein directly suppresses cancer 
cells. However, further studies are needed for 
anticancer effects of oleuropein for its properties. 
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