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Abstract:

The olive (Olea europaea L.) is one of the most important plants grown in many Mediterranean countries that has a high
economic value. Olives, which are specific to each region, have different bioactive components. In this study, we investigated the
phenolic/flavonoid contents, as well as antioxidant, antimicrobial, and antithrombotic activities of the fruit, leaf, and seed extracts
obtained from the Halhali olive grown in Arsuz district of Hatay, Turkey.

Antioxidant activities of the phenolic compounds found in the olive fruit, seed, and leaf extracts were determined by employing
established in vitro systems. Total phenolics were determined as gallic acid equivalents, while total flavonoids were determined
as quercetin equivalents. Also, we evaluated a possible interaction between oleuropein and aggregation-related glycoproteins of
the platelet surface via docking studies.

The extracts showed effective antioxidant activity. The seed extract had the highest phenolic content of 317.24 pg GAE, while
the fruit extract had the highest flavonoid content of 4.43 pg. The highest potential for metal chelating activity was found in the
leaf extract, with an IC, value of 13.33 mg/mL. Also, the leaf extract showed higher levels of antioxidant, antithrombotic, and
antimicrobial activity, compared to the fruit and seed extracts. The docking scores of oleuropein against the target molecules
GPVI, a2f1, and GPIba were calculated as —3.798, —4.315, and —6.464 kcal/mol, respectively.

The olive fruit, leaf, and seed extracts used as experimental material in our study have remarkable antioxidant, antimicrobial, and
antithrombotic potential.
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INTRODUCTION

The olive (Olea europeae L.), the oldest fruit tree
known to be cultivated in the world, belongs to the Olea
genus of the Oleaceae family and takes its name from
the Greek “elaia” and the Latin “olea”. People consume
its fruit and other products for both nutritional and
health benefits [1-3].

Like most plants, the olive tree is constantly exposed
to environmental stresses such as high temperatures
and UV radiation. To protect itself in this situation, the
plant produces chemical components with antioxidant

properties defined as phenolic compounds (phenolic
acids, phenolic alcohols, secoiridoids, and flavonoids).
These components vary qualitatively and quantitatively
depending on certain factors such as the olive species,
the degree of its fruit/leaf’s ripening, the climate, and
the geographical location [4-8]. Phenolic compounds
are found in the olive’s fruit, leaves, and seeds. They
contribute to the color and flavor of the fruit depending
on their concentration, which differs considerably
between various tissues [9, 10].

Olive groves, which cover 8 million hectares of
Mediterranean countries, have a very important social
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and economic value. Olive oil is the main product pro-
duced by these countries on a large scale. However, the
by-products of such production are used beneficially,
too. They include olive cake (olive seed and pomace, the
fleshy part), black water, twigs, and leaves.

There is a lot of research on olive leaves and seeds,
which have been used in folk medicine for a long time
but have become more popular recently. Olive leaves
are commercially produced in the form of herbal tea
and olive leaf extract is offered in the form of tablets,
both considered as food support products. In cosmetics,
products containing olive leaf extract are used in skin
care due to their antioxidant and antiaging effects.

Recently, some medicines made from olive leaf
extract have started to be used for human and animal
health [11, 12]. These medicines have natural antibiotic
and antiparasitic effects [13]. Olive leaves contain
polyphenols (oleuropein, hydroxytyrosol, and luteolin)
that can inhibit platelet aggregation and eicosanoid
production [14]. Olive leaf extract has an antimicrobial
effect against all kinds of bacteria, viruses, yeasts, and
fungi. It is used in the treatment of common bacterial
infections such as bronchitis and tonsillitis, fungal
infections in the vaginal areas of women, and viral
infections such as herpes [15-19].

The olive seed, which is the main waste of olive oil
and table olive production, is a lignocellulosic structure
made up of hemicellulose, cellulose, and lignin. It
contains oil that is rich in polyunsaturated fatty acids.
The amount of protein in the seed is higher than in the
remaining part of the olive [20]. In addition, it contains
different polyphenols such as tyrosol, hydroxytyrosol,
oleuropein, and 3,4-DHFEA-EDA. The olive seed is also
used for therapeutic purposes in folk medicine practices.
In particular, to treat rheumatic pain or accelerate wound
healing, the olive is crushed with its seed and applied
onto the lesion. It can also be used for gastritis and
stomach ulcers.

According to recent research, oleuropein is the most
active polyphenolic antioxidant in the olive’s fruit, seed,
and leaves [21, 22]. This compound was discovered as
early as 1908 by Bourquelot and Vintilesco in a study
on the olive’s fruit, but its structure was only identified
in 1960 [23]. Most researchers agree that the therapeutic
properties of olives and their by-products come from
oleuropein, the most abundant phenolic compound in
their composition [24-26].

The value of the olive tree lies not only in its
fruit, but also in its oil, seeds, branches, roots, and
leaves. Therefore, in this study, we aimed to determine
phenolic components and antioxidant, antimicrobial,
and antithrombotic activities of the fruit, leaf, and seed
extract of the olive tree (O. europaea L.).

In addition, we evaluated a possible interaction
between oleuropein and aggregation-related glyco-
proteins of the platelet surface via a docking study. The
fruit, leaves, and seeds were collected from the Halhali
olive tree growing in the Hatay region (Turkey) during
the harvest period.

STUDY OBJECTS AND METHODS

Plant materials. For the experiments, olives and
olive leaves were collected during the harvest period
from the Halhal1 olive trees growing in Arsuz District of
Hatay, Turkey.

Preparation of samples. Prior to analysis, the leaf
samples were cleared of impurities with distilled water
and dried in the shade on blotting paper. When the
leaves became brittle, they were pounded in a mortar
and ground into powder. The seeds were mechanically
separated from the fleshy part of the fruit, washed with
distilled water, laid on drying paper, and dried overnight.
The dried seeds were crushed by pounding in a mortar
and turned into a slurry owing to a very small amount of
gel-like substances. The olives were separated from their
seeds, pounded in a mortar, and then turned into a slurry
using an IKA T25 knife homogenizer. On completion
of the preliminary preparations, the samples were made
ready for Soxhlet extraction.

Soxhlet extraction. In order to obtain extracts
from the prepared samples, 30 g of raw olive fruit, 16 g
of dried olive leaves, and 40 g of dried olive seeds
were placed in the cartridge of the Soxhlet apparatus.
Each sample was first extracted at 55°C for 3 h using
400 mL of petroleum ether, with non-polar lipophi-
lic components removed. Afterwards, the extraction
process was continued with 400 mL of ethanol used
as a solvent. For this, ethanol was evaporated under
vacuum in a rotary evaporator, and the high-density
ethanol extracts remaining in the balloon were weighed.
The prepared extracts were dissolved in distilled water
to obtain stock solutions for the measurements. These
stock solutions were divided into 10 equal volumes, each
poured into tubes with plastic caps and stored in a deep
freezer at —40°C until the measurements.

Methods for quantitative determination. In this
study, all the measurements for each parameter were
performed in duplicate and the data were presented as
their arithmetic means.

Determination of total phenolic content. The total
amount of phenolic substances contained in the three
extracts (fruit, seed, and leaf) was determined according
to the method of Slinkard and Singleton using the
Folin-Ciocaltacu reagent [27]. Gallic acid was used as
a standard. Total phenols were calculated as gallic acid
equivalents using a standard calibration curve obtained
from the absorbance values read against the gallic
acid solutions in ethanol at 25, 50, 100, 150, 200, 250,
and 500 pg/mL concentrations. Spectrophotometric and
absorbance measurements were performed at 765 nm on
a Shimadzu 1201 device.

Determination of total flavonoid content. The
total flavonoid content in the samples was determined
according to the method of Moreno et al., which was
based on the formation of complexes of flavonoid groups
with metal ions [28]. In this study, we used aluminum
as a metal ion and quercetin as a standard molecule. A
stock solution was prepared with a final concentration
of quercetin in methanol reaching 100 ug/mL. Dilute
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solutions with concentrations of 15, 30, 45, 60, and
75 pg/mL were prepared from this solution. For this,
we placed 100 uL of 10% AI(NO,), in the test tubes,
first adding 100 uL of 1 M CH,COOK and 3.8 mL of
methanol, and then adding 1 mL of the standard/extract
solutions. The mixture was vortexed and incubated
for 45 min in a shaking water bath at 25°C. The absor-
bance of the formed yellow complex was measured at
415 nm in the spectrophotometer. Total flavonoids were
calculated as quercetin equivalents with the help of the
quercetin standard curve.

Determination of reducing capacity. The Oyaizu
method was used to determine the reducing capacity of
the samples [29]. This method is based on monitoring
the absorbance at 700 nm for the yellow color that
turns green in the experimental environment with the
Fe¥*/Fe** conversion, with high absorbance correspon-
ding to high reduction potential. The solutions with 5,
10, 25, 50, 100, and 150 pg/mL concentrations of bu-
tylated hydroxyanisole were used as standards. The
standard graph was drawn using the absorbances
of the butylated hydroxyanisole standards spectro-
photometrically measured at 700 nm. The reducing
potential of the samples was determined using this
calibration graph.

Determination of metal ion chelating activity.
The chelating of ferrous ions by the ethanol extracts
of Halhali olives was estimated by the method of
Dinis et al. [30]. For this, the extracts were added to a
solution of 2 mM FeCl,. The reaction was initiated by
adding 5 mM of ferrozine, and the mixture was shaken
vigorously and left standing at room temperature for
10 min. The absorbance of the solution was then
measured spectrophotometrically at 562 nm. Ethylene-
diamine tetraacetic acid (EDTA) was used as a positive
control. The percentage of inhibition of the ferrozine-
Fe*" complex formation was calculated using the formula
below:

Inhibition = [(4,—4)/A,]x100 )
where A4 is the absorbance of the control; 4, is the
absorbance in the presence of the extract samples or
standards.

Determination of H,O, scavenging activity. The
hydrogen peroxide scavenging activity was determi-
ned according to the titration method developed by
Zhang [31]. Ascorbic acid was used as a positive control.
The sample or the positive control (at concentrations
ranging from 50 to 1000 pg/mL) and H,O, (0.10 mM)
were added to an Erlenmeyer flask for the titration reac-
tion. Ammonium molybdate (3%), H,SO, (2.0 M), and
KI (1.8 M) were added and mixed. The resulting yellow
mixture was titrated with 5 mM Na,S O, until the yellow
color disappeared. The hydrogen peroxide removal
activity (%) of the extracts and standard substances was
calculated according to the formula below:

H,0, Scavenging activity = [(V,—V)/V,]x100  (2)
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where ¥ is the control titrant volume; V| is the sample
and standard titrant volume.

Determination of DPPH radical quenching
activity. The 2,2-diphenyl-1-picrylhydrazyl (DPPH) ra-
dical quenching activity was determined according to
the method of Blois [32]. This long-established method
evaluates the potential of DPPH, which is a stable free
radical, to react with phenolic molecules with hydrogen
donor properties in the reaction medium. The DPPH
concentration decreased due to the reaction can be
monitored spectrophotometrically at 517 nm. Butylated
hydroxyanisole was used as a positive control. Dilute
solutions of the standard at concentrations of 5, 10, 25,
50, 100, and 150 pg/mL were prepared. The 0.1 mM
solution of DPPH was prepared in 70% methanol. 3 mL
of the standard/sample solution was taken and placed
in test tubes. After adding 1 mL of the DPPH solution,
the mixture was thoroughly vortexed and incubated
for 30 min at room temperature in the dark. At the end
of the incubation, absorbance was measured in the
spectrophotometer at 517 nm. The radical scavenging
effects (%) of the solutions were calculated using
the equation below based on the absorbance values
compared to the DPPH solution used as a control:

DPPH radical scavenging activity = [(4,~A4,)/4,]<100 (3)

The solution prepared by mixing only 3 mL of me-
thanol and 1 mL of DPPH solution without adding any
chemicals was used as a control solution.

A, is the absorbance of control; 4, is the absorbance of
sample/standard.

Determination of antimicrobial activity. The an-
timicrobial activity of the olive leaf, fruit, and seed
extracts was determined using the agar dilution method
recommended by the Clinical and Laboratory Standards
Institute. Minimal inhibitory concentrations (MICs)
for each extract were tested against standard bacterial
(Staphylococcus aureus ATCC 29213, Enterococcus
faecalis ATCC 29212, S. aureus MRSA ATCC 43300,
Escherichia coli ATCC 25922, Klebsiella pneumoniae
ATCC 700603, Pseudomonas aeruginosa ATCC 27853,
and Acinetobacter baumannii ATCC 19606) and fungal
(Candida glabrata ATCC 90030 and Candida albicans
ATCC 14053) strains. The strains were obtained from
the American Type Culture Collection (Rockville, USA).
The bacterial strains were grown in a Mueller Hinton
Broth (Merck), while the fungal strains were grown in
a RPMI 1640 Broth (Sigma-Aldrich Chemie GmbH
Taufkirchen, Germany).

To obtain a standard inoculum, the turbidity of
bacteria and fungi was prepared according to the
Mcfarland 0.5 chart. All dilutions were made with
distilled water. The final concentrations of the extracts
were diluted to 800, 400, 200, 100, 50, 25, 12.5, and
6.25 pg/mL. Fluconazole was used as a standard drug
for fungi, while ampicillin, ciprofloxacin, amikacin,
ampicillin, tigecyline, and vancomycin were used as
standard drugs for bacteria. Standard inoculums of
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bacteria and fungi (10° CFUs/mL) were inoculated
onto agar plates with a sterile plastic ring-tipped loop
(0.01 mL). The plates were evaluated after they were
kept in an oven at 35°C for 16-20 h for bacteria and
48 h for fungi. Minimal inhibitory concentrations were
determined as the lowest concentrations that inhibited
the growth of bacteria and fungi [33, 34].

Determination of antithrombotic activity. The
antithrombotic activity of the extracts was determined
by using a Chronolog aggregometer and the optical
aggregometry technique [35]. Optical aggregometers
are modified spectrophotometric instruments. They
measure changes in light transmittance through the
cuvette by adding a stimulating agent (an agonist such
as collagen or ADP) while the platelet-rich plasma is
mixed at a certain speed and the platelets form aggre-
gates. The system calibrates itself to detect 100 units
of transmission difference between the platelet-poor
plasma and the platelet-rich plasma.

In our experiments, 75 mL of venous blood taken
from a 47-year-old healthy male after 8 h of fasting was
poured into tubes with EDTA, 3 mL for each tube. The
platelet-poor plasma was obtained by centrifugation at
1000 rpm for 10 min, and the platelet-rich plasma was
obtained by centrifuging at 3500 rpm for 10 min. For all
the measurements, 950 pL of these plasmas was added
to the measuring cuvettes. For the blank measurement,
only the platelet-rich plasma was added (without any
extract), and the aggregation was measured after adding
the agonist (collagen). For the sample measurements, the
extracts were added to the platelet-rich plasma samples
at varying concentrations and incubated at 37°C for
5 min. The aggregation measurement was performed by
adding the agonist at the end of the incubation. All the
measurements were carried out in duplicate to calculate
the averages. On completion of the measurements, the
percentage of aggregation inhibition corresponding to
a concentration of 1 mg/mL was calculated for each
extract according to the formula below:

Antithrombotic activity = [(7-T))/T,]x100  (4)

T is the

where T, is the transmission of control, %; T,

transmission of sample, %.

Docking studies. The Maestro 12.8 (Schrddinger,
New York) program was used in all molecular docking
studies. The ligand structures were prepared with
the 2D Sketcher. The ligands were minimized using
the LigPrep, a utility of the Schrddinger software.
The crystal structure of human platelet Glycoprotein
VI (GPVI, pdb id: 2GlI7), integrin alpha2 I domain/
collagen complex (¢2f1, pdb id: 1DZI), and the complex
of the wild-type von Willebrand factor Al domain
and Glycoprotein Ib alpha (GPIba, pdb id: 1SQ0) were
downloaded from the RCSB Protein Data Bank (www.
rcsb.org) [36-38].

Schrodinger’s modules (Protein  Preparation
Wizard Prime, Impact, Epik, Propka, and Prime) were
used to remove the ligands and solvent molecules in
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protein, add hydrogens, assign charges, and delete polar
hydrogens for clarity. After the target region of the
proteins was determined, a grid box was created with
the grid generation panel. Then, the prepared ligands
were docked in this grid map 50 times in the standard
precision mode using the Glide software [39].

RESULTS AND DISCUSSION

Oxidative damage is involved in the etiopathogenesis
of many diseases and antioxidants play an important role
in preventing the formation and progression of many
diseases [40]. Plants, especially those used as natural
resources, provide a diverse set of broad substrates for
drug discovery. They have therapeutic properties due
to the presence of phytochemicals with antioxidant
properties such as phenols, flavonoids, and sterols.

In our study, we aimed to investigate the phar-
maceutical potential of the Halhali olive’s leaf, fruit, and
seed extracts using several different methods. For this
purpose, we compared the antioxidant, antimicrobial,
and antithrombotic activities of the extracts, and
tested the interaction of oleuropein, the most effective
molecule in olive composition, with the platelet surface
receptors GPVI, a2f1, and GPIba by the docking
technique.

The phenolic contents of the extracts were cal-
culated as gallic acid equivalents (pug gallic acid/mg
extract) using the standard graph (Fig. 1). Similarly,
the flavonoid contents were calculated as quercetin
equivalents (ug quercetin/mg extract) using the stan-
dard graph (Fig. 2). The total phenolic and flavonoid
equivalent substance contents of the extracts are given
in Table 1.

The total phenolic content of the fruit extract was
found to be lower than that of the leaf and seed extracts,
while its total flavonoid content was the highest at
4.43 ng, compared to 4.24 and 0.86 pg in the leaf and
seed extracts, respectively. The percentage of flavono-
ids in the total phenolic content was determined as
1.51% for the leaf extract, 1.63% for the fruit extract,
and 0.27% for the seed extract. These values show that
the jelly-oily component, which is found in the interior
of the olive pit and contains bioactive components in
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Table 1 Total phenolic and flavonoid contents of olive fruit,
leaf, and seed

Raw material ~ Total phenols, Total flavonoids,
ng GAE ng QUE

Leaf extract 280.19 + 0.40 4.24+£0.10

Fruit extract 270.99 +0.30 4.43+0.10

Seed extract 317.24+0.20 0.86 £ 0.10

the olive pit extract, is rich in phenolics. However, its
percentage of flavonoids in total phenolics is lower
compared to that in the leaf and fruit extracts. Cetinkaya
and Kulak, in their study of olives from the Kilis region,
reported that the ratios between the total phenolic
content and the flavonoid composition of this content
differed depending on the development period of the
olive [41].

The free radical scavenging effect of all the
extracts was measured by DPPH assays. The DPPH
radical quenching activity was determined according
to the method of Blois [32]. The calibration curve was
prepared using diluted solutions of 5, 10, 25, 50, 100,
and 150 pg/mL of butylated hydroxyanisole, a strong
radical scavenging antioxidant used as a standard.

The IC,; values calculated for the DPPH radical
scavenging activity were 9.22 pg/mL for butylated
hydroxyanisole and 3.80, 9.47, and 5.25 mg/mL for
the leaf, fruit, and seed extracts, respectively. The
antiradical activity values defined as 1/IC,, were 0.26,
0.11, and 0.19 for the leaf, fruit, and seed extracts,
respectively. The strongest DPPH radical scavenging
effect was observed in the leaf extracts, followed by the
seed and fruit extracts.

Martinez et al. reported that olive fruit extracts had
strong radical scavenging activity against the DPPH
radical [42]. Stankovich et al., who used the DPPH
method to determine antioxidant activity in olive leaf
extracts from France and Serbia, found IC,, values of
113.30 and 94.39 ug/mL, respectively [43]. Orak et al.
reported the IC, values in Cekiste and Uslu olive leaf
extracts to reach 0.63 and 0.65 mg/mL, respectively [44].

The reducing potential of Fe(III) to Fe(I) of the olive
leaf, fruit, and seed extracts was determined according
to the Oyaizu method [29]. Butylated hydroxyanisole

88

120
100
80
60
40

Inh, %

46.60 ~

22.45
/ y=92.412x + 17.972

R>=0.9459
201 Z1673

0 . . :
0 02 04 06 08 1.0 12

Concentration, pg/mL

Figure 3 Inhibition-concentration curve for EDTA

was used as a standard molecule. According to our
findings, the reducing potentials of 1 mg/mL extracts
in terms of butylated hydroxyanisole equivalents were
257.6, 77.25, and 21.24 pg/mL for the leaves, fruit, and
seeds, respectively. We observed the strongest reducing
potential in the seed extract. Altemimi et al., who tested
antioxidant parameters in methanol and ethanol extracts
of olive leaves, found that methanol extracts had the
highest phenolic content, while ethanol extracts had
higher reducing potential [45]. Fu et al. reported the
ferric reduction value of the extractable components of
olive samples to be 2.70 + 0.03 pmol Fe(Il)/g [46].

The metal chelating potentials of the olive fruit,
leaf, and seed extracts and the standard chelator (EDTA)
were determined according to Dinis method [30].
The % inhibition-concentration graph (Fig. 3) was
created by using dilute solutions of EDTA at varying
concentrations.

According to our findings, the highest metal
chelating activity (IC,) was seen in the leaf extract
(13.33 mg/mL), followed by the seed and fruit extracts
(17.37 and 24.76 mg/mL, respectively). Wang et al.
reported that neuron damage due to lead toxicity in
the brain was significantly prevented, and antioxidant
capacity increased, in the mice that received olive leaf
extracts [47]. Fabiani et al. suggested that olive phenolic
components protected human mononuclear blood
cells and reduced oxidative damage due to their metal
chelating abilities among other factors [48].

The hydrogen peroxide scavenging activity was de-
termined according to the method of Zhang et al. [31].
Ascorbic acid was used as a standard molecule. We
observed that the leaf extract had the strongest activity,
with an IC,  of 4.27 mg/mL, while the values for the
fruit and seed extracts were 36.39 and 30.50 mg/mL,
respectively (Fig. 4). Lins et al. reported that olive leaf
extracts showed protective activity against oxidative
stress on erythrocytes in vitro, inhibiting the lysis
of erythrocytes and reducing MDA levels formed by
oxidation of erythrocyte membrane lipids [49].

The antimicrobial activity of the olive leaf, fruit,
and seed extracts was determined using the agar
dilution method recommended by the Clinical and
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Table 2 Docking scores of oleuropein against potential target
macromolecules

Docking Scores, kcal/mol

2GI7 (GPVI) ~3.798
1DZI (a281) 4315
1SQ0 (GPIba) —6.464

Laboratory Standards Institute [33,34]. The lowest
effective concentrations that prevented the growth
of bacteria and fungi were determined as minimal
inhibitory concentrations (MICs). They were tested
against the standard bacterial and fungal strains.
Fluconazole was used as a standard drug for fungi,
while ampicillin, ciprofloxacin, amikacin, ampicillin,
tigecyline, and vancomycin were used as standard drugs
for bacteria. The extracts showed varying degrees of
antimicrobial and antifungal activity against all tested
microorganisms. However, the leaf extract showed
stronger antimicrobial and antifungal effects (100—
200 pg/mL) compared to the fruit and seed extracts
(200—400 pg/mL).

While the leaf extracts were similarly effective on all
the tested microorganisms, the fruit and seed extracts
were found to be less effective against Pseudomonas
aeruginosa, Acinetobacter baumannii, and MRSA,
which are most commonly isolated from hospital
infections (400—800 pg/mL).

Pereira et al. analyzed the phenolic compounds in
the aqueous extract of powdered olive leaves using
HPLC/DAD and investigated their antimicrobial
properties. They reported that the inhibitory effects
of different concentrations of the obtained extract on
microorganisms were respectively found as Bacillus
cereus ~ Candida albicans > Escherichia coli >
Staphylococcus aureus > Cryptococcus neoformans ~
Klebsiella pneumoniae ~ P. aeruginosa > Bacillus
subtilis [50].

The antithrombotic activity was determined by
using the Chronolog system and the turbidimetry
technique. According to our data, all three extracts
showed antithrombotic activity at certain rates, but the
leaf extract had higher values compared to the fruit and

&9

seed extracts. The relative antithrombotic activities of
the extracts were 23.22, 5.01, and 7.36% for the leaves,
fruit, and seeds, respectively, with the control activity of
100%.

Dub and Dugani, in their study on rabbits, reported
that the application of repeated amounts of olive leaf
extracts reduced thrombus formation and the potential
for attachment to the vessel wall by changing the
thrombus morphology [51]. Gorzynik-Debicka et al.
found that olives and olive oil had antiatherogenic
and antithrombotic effects, as well as anticarcinogenic
effects [52]. Zbidi et al. showed that oleuropein
and (+)-cycloolivil molecules isolated from the olive
tree had strong antithrombotic effects [53]. Similarly,
Petroni et al. reported that polyphenolic compounds
extracted from olives inhibited eicosanoid production
and platelet aggregation [54].

The molecular docking technique evaluates the
interaction of a molecule with the binding site of an
enzyme or a receptor with a protein structure. Certain
score algorithms simulate the placement of a molecule
in the protein structure by taking into account many
factors, including the electro negativities of the atoms,
their positions to each other, and the conformation of the
molecule to be placed into the protein structure.

In this study, we selected platelet adhesion receptors
GPVI, a2f1, and GPlbo as potential targets and
investigated the docking scores and interactions of
oleuropein, the olive’s major bioactive component, with
these targets [55]. We calculated the docking scores of
oleuropein against the target molecules (Table 2).

Oleuropein hydrogen bonded with LYS 41, GLN 50,
and GLN 48 in the epitope part of the active site
of GPVI. It interacted hydrophobicly with ALA
57, PRO 56, ILE 55, PHE 54, and LEU 53, and had
polar interactions with SER 43, SER 44, and SER 6l.
Oleuropein established a metal coordination bond with
Co?" in the active site of the o281 protein. Oleuropein
hydrogen bonded with GLU 256, SER 257, and
GLU 299. The molecule interacted hydrophobically
with LEU 220, PHE 224, and LEU 296, and polarly with
SER 153, ASN 154, SER 155, THR 221, SER 257,
HIE 258, and ASN 295. Oleuropein hydrogen bonded
with ARG 64, ASP 83, ASP 106, LYS 132, and GLN
604 in the active site of GPIba. It also interacted with
ASN 61, SER 85, HIS 86, SER 108, SER 154, GLN
232, THR 176, and VAL 104. It interacted polarly with
PHE 109, TRP 230, ILE 605, TYR 600, MET 239,
LEU 178, TYR 130, and LEU 131 (Figs 5 and 6).

CONCLUSION

Since oxidant/antioxidant imbalance is extremely
dangerous for the organism and new side effects of
synthetic antioxidants are revealed every day, the
value of natural antioxidants cannot be overestimated.
Our study showed that although the olive leaf extract
was more effective, all the extracts (fruit, seed, and
leaf) had remarkable antioxidant, antimicrobial, and
antithrombotic effects. Our results confirmed their
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traditional use in the treatment of various disorders.
This should promote the potential use of Halhali
olive leaves as a nutraceutical and pharmacological
agent. Further studies can be conducted to isolate and

characterize bioactive components in olive leaves, fruits,
and seeds, as well as to reveal various drug candidate
molecules.
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