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Abstract

Although there are many studies on the biological activities and chemical profiles of Olea europaea,
changes in its activities and chemical contents can be observed according to the characteristics of the
region where it grows (environmental conditions such as soil composition, climate type, altitude,
rainfall etc.). Therefore, in this study, it was aimed that the antioxidant capacity and cytotoxic
activities of leaves of the Domat cultivar of Olea europea L. collected in Akhisar province were
determined by DPPH and ABTS radical scavenging activity and MTS methods, respectively. In
addition, the phenolic constituents of the olive leaves were determined by HPLC. Cytotoxicity of the
olive leaves prepared ethanol and methanol extracts (0-100 mg / L) on healthy human lymphocyte
cells was investigated. The antioxidant activity results showed to be effective both of the DPPH and
ABTS radicals. ICsp values were determined for DPPH between 0.16— 0.20 mg/mL. ICsg values were
determined for ABTS between 0.023 — 0.079 mg/mL. The most effective extract was determined as
ethanol extract. Moreover, all extracts of olive leaves were determined to scavenge both DPPH and
ABTS radicals with quite strong activity. According to the MTS test results, it was observed that
ethanol and methanol extracts of Olea europea preserved lymphocyte cell viability at all dose ranges,
and cell viability varied only depending on the incubation period. It was observed that 0.5 mg/L dose
of ethanol extracts increased lymphocyte cell viability in the 24-hour incubation period, and 1 mg/L
dose in the 48-hour incubation period. Oleuropein, 5-hydroxytyrosol, tyrosol and rutin hydrate were
found highest proportions as the phenolic constituents of the leaves, respectively.
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1. INTRODUCTION

Olive is one of the richest plants in phenolic compounds and has been widely used from ancient times
in different countries such as Spain, Italy, Greece, France, Israel, Algeria, Tunis, Turkey, and
Mediterranean islands due to their nutritional and medicinal properties (Sahin et al. 2018) (Shalaby,
Anwar, and Sallam 2018). An important agricultural waste obtained during the harvesting or
processing of olive fruits is olive leaves. They are accumulated in high amounts especially during
pruning of olive trees and are considered as a cheap raw material. Olive leaves are taken into account
to be high value-added phytochemicals in the preparation of nutraceuticals and functional foods
(Bouaziz et al. 2008) . In this scope, olive leaves are used as natural sources of bioactive
phytochemicals such as oleuropein, hydroxytyrosol, tyrosol, phenolic acids, rutin, apigenin 7-o-
glucoside, caffeic acid and luteolin 4-o-glucoside (Shalaby et al. 2018).

Since prehistoric times, olive leaves are widely used in traditional treatments in Mediterranean
countries and Europe. Olive leaves, which are the richest part of the olive tree after its fruit, contain
many phenolic compounds that show antioxidant properties. Olive leaves extract contains sequeroids,
flavonoids, simple phenols, phenolic acids and terpenoids. Phenolic compounds showed protective
effects against the harmful effects of genotoxic carcinogens by scavenging reactive oxygen species
(ROS) and increasing host antioxidant defense systems. Therefore, it has been shown that antioxidant
activities found in plant natural products can provide protective effects by preventing DNA oxidative
damage. Phenols are one of the most important groups of natural antioxidants. They are found only in
plant-derived samples and are known to protect easily oxidizable components from oxidation (Bouaziz
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et al. 2008). The polyphenol content of olive leaves varies depending on their regional distribution. In
addition, the antioxidant activities of polyphenols differ greatly according to their compositions (Sahin
et al. 2018) . Olive leaf extracts include many ingredients such as glycosides, flavonoids, simple
phenols, phenolics acids and terpenoids. They are of commercial importance due to their rich content
(Benavente-Garcia et al. 2000). Olive leaf extracts, which are a natural source of antioxidants, have
been widely used in human diet as concentrated liquid, powder, capsule or dry leaf tea.

Olive leaves can be used not only for therapeutic but also for cosmetic purpose. Besides, olive leaf
extracts have been investigated as an additive supplemented to food products, such as oils and meats
to extend shelf-life and impart the image of wholesomeness to consumers. Thus, they are
commercialized according to several forms (such as intact leaves, powdered leaves, extract) for their
advantages to health (Aouidi et al. 2011). For decades, synthetic antioxidants such as butylated
hydroxytoluene (BHT), butylated hydroxyanisole (BHA) and ter-butyl hydroquinone (TBHQ) are
used as food additives to increase the oxidation resistance of vegetable and animal fats. However,
synthetic antioxidants have been reported to have many health risks such as toxic, cancer and
carcinogenic effects. Therefore, the most powerful synthetic antioxidant (TBHQ) is not allowed for
food application in Japan, Canada, Europe and Turkey. Similarly, BHA has been removed from the
list of safe compounds (Bouaziz et al. 2008).

Recently, there has been a significant interest in finding natural antioxidants that can be used in foods
or medicinal materials to replace synthetic antioxidants, which are restricted due to their carcinogenic
effects (Celikler et al. 2009). Most medicinal plants consumed by humans are considered safe due to
their long tradition of use (Verschaeve and Van Staden 2008). Also, the plants can produce naturally
toxic, mutagenic or carcinogenic compounds (Pukalskiené et al. 2018). Therefore, the first priority in
herbal research is to determine the safety of herbal products (Shafaei et al. 2015). All plants, including
medicinal plants synthesize toxic substances that in nature serve as a defense against infections,
insects and herbivores, but which usually affect organisms that feed on them. Therefore, evaluation of
their cytotoxic potential is required to ensure the relatively safe use of medicinal plants Among the
methods frequently used to determine the cytotoxic effect of a substance such as a plant extract are
tested with tetrazolium salts. One of them is the MTS tetrazolium salt. MTS assay is well-known in
vitro cytotoxicity assay that has the indispensable characteristics of a good measurement system like
being easy to use, a rapid and precise indicator of toxicity (Michelis et al. 2002), (Afonso et al. 2019).
It is a colorimetric method for determining the number of viable cells in proliferation. MTS reagent is
reduced by cells to an aqueous (soluble) formazan product in a culture medium and dehydrogenase
enzymes found in metabolically active cells are responsible for this conversion (Shahneh et al. 2013).
Therefore, cell viability is in direct proportion to the quantity of formazan product which is determined
by the absorbance at 490 nm (Shahneh et al. 2013).

The aim of this work was to determine the ethanolic and methanolic extracts from the Olea europaea
L. leaves of the Domat cultivar in Akhisar province by scavenging activities against DPPH and ABTS
radicals and cytotoxic effect on lymphocyte cell lines isolated from healthy humans. Then, it was
correlated these results to their phenolic profile based on the chromatographic determination by
HPLC.

2. MATERIALS AND METHODS
2.1. Materials

All chemicals were purchased from Sigma-Aldrich and Merck, were analytical purity and used
without further purification. The leaves of Domat olive variete were collected from Akhisar in Turkey
during the pruning period. The leaves were the same colour and the same size. Collected olive leaves
were washed five times with purified water to remove dust, separated into four parts and dried
separately as following.
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2.1.1. Preparation of olive leaves extracts

The extracts were prepared with methanol and ethanol solutions. 0,5 g of the powdered samples were
added into tube 5 mL of methanol and ethanol was added into 0.5 g of each sample and kept in a
fridge (+4°C) overnight. The samples were centrifugated for 15 min at 4500 rpm and supernatant was
removed. Then, 5 and 2 mL methanol and ethanol were added into pellets and centrifugated under the
same conditions, respectively. The supernatants were combined. The extracts were stored at -20 °C
until analysis (Lee et al. 2009)

2.1.2. Preparation of Lymphocyte Culture from Blood

FBS and Penicillin/Streptomycin, which should be stored at -20 °C, were melted in an ultrasonic bath
at 37 °C. In preparation of the medium, 100 ml of FBS containing growth factor for lymphocytes was
added into 77.5 ml of RPMI 1640 medium. Against any contamination that may occur during the
experiment, 0.5 ml of Penicillin/Streptomycin and 1 ml of Phtohemagglutinin, which will promote
cleavage, were added to the medium. Removed for use at -20°C. 0.5 ml of blood was inoculated into
the prepared cultures and cultured in a 37°C oven for 72 hours. (Yilmaz et al., 2018)

2.1.3. Determination of antioxidant capacity
2.1.3.1 DPPH

The antioxidant capacity of olive cultivars was determined using the radical scavenging activity of
1,1-diphenyl-2-picrylhydrazil (DPPH). DPPH (0.6 mM) was dissolved in MeOH in a flask. 0.05 mL
of plant extract (0.1-100 mg/L), 2.5 mL of DPPH and 2.5 mL of MeOH were added to a test tube and
kept in the dark for 30 min. Spectrophotometric measurements were performed at 517 nm, and ICso
values of radical scavenging activity of the samples was calculated.(Genc et al. 2020).

2.1.3.2 ABTS

ABTS" radical solution (2mM) was prepared using equal volumes of ABTS salt and ammonium
persulfate and kept in the dark overnight. For sample analysis, 2.95 mL ABTS" solution and 0.05 mL
plant extract (0.1-100 mg/L) It was added to a 3 mL cuvette, and measurements were performed by
UV-Visible spectrophotometer at 734 nm.(Genc et al. 2020).

2.1.4 MTS Assay

Tetrazolium salts are cyclic organic compounds. Tetrazolium salts are reduced by gaining electrons
and cause a color change. Since the tetrazolium ring is only broken by the active mitochondria, the
color change is observed only in living cells. In dead cells, tetrazolium compounds cannot be reduced
and do not cause any color change. The test samples prepared certain concentrations were interacted
with the newly isolated lymphocytes and no test sample was added for the lymphocyte solution used
as a negative control. All samples and control groups were incubated at 37 °C in a 5% CO;
environment for 2 days. At the end of the 24th and 48th hours, lymphocyte cells were added to the 96-
Well Plate with 100 uL in each well and 20 pL of MTS reagent was added to them and the incubation
process was started for 4 hours. Then, measurements were taken at 490 nm with a spectrophotometer
with a microplate reader (Dogan et al. 2019).

2.1.5 HPLC analysis

The phenolic constituents of the olive leaves were performed by HPLC (An Agilent 1260 Infinity LC
system equipped with a UV-Visible detector and Thermo Scientific C18 column (150 x 4.6 mm, 3 um
particle size)). Mobile phases were prepared with water (2% acetic acid) and acetonitrile (0.5% acetic
acid). The separation was achieved using the following elution gradient conditions: 10- 35% solution
B for 15 min, 35- 55% solution B for 10 min, 55- 65% solution B for 5 min. The injection volume and
flow were adjusted 20 uL and 1 mL min-1, respectively. The detector was set at 280 nm for the
phenolic compounds. After the calibration of the standards mixture was defined, the retention time
was used to identify the phenolics in the plant extracts (De villiers et al., 2004, Dogan et al., 2022).
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3. RESULTS

In this study, the antioxidant capacity of the Domat cultivar of Olea europea L. was determined by
using DPPH and ABTS, and its cytotoxic effects of olive leaves ethanol extracts (0-100 mg / L) on
healthy human lymphocyte cells were investigated by MTS test.

3.1. Antioxidant capacity of olive leaves

The antioxidant capacities of Domat olive leaves were performed in DPPH and ABTS radical
scavenging methods.

Table 1. Antioxidant activity of Domat olive leaves (ICso: mg /mL)

DPPH ABTS

Radical scavenging activity Radical scavenging activity
Ethanol extract 0.16 £0.02 0.023+0.002
Methanol extract 0.20 +0.02 0.035+ 0.003

3.2. Cytotoxic effects of olive leaves

The data of the cytotoxic analyzes performed by the MTS method are presented in Figures 1 and 2.
Extracts prepared with ethanol and methanol (8 different doses such as 0.1, 0.25, 0.50, 1, 10 and 25
mg/L) were added to the cultures prepared with human lymphocyte cells. Incubations for 24 and 48
hours were then performed and statistical analysis was performed compared to the negative control.
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Fig. 1. Cytotoxicity results of ethanolic extract. *indicates statistical significance (p<0.05).
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Fig. 2. Cytotoxicity results of methanolic extract. *indicates statistical significance (p<0.05).

3.3. Phenolic constituents

The phenolic constituents of the leaves of the Domat olive cultivar were analyzed by HPLC, and they
were listed in Table 2. Nine phenolic compounds of the tested olive cultivar were identified and

quantified by this analysis.

Table 2. The phenolic constituents of the leaves of Olea europaea 'Domat’ cultivar.

Phenolic Constituents | Amounts (ug/g)
Oleuropein 2726.91+£33.61
Hydroxytyrosol 426.38+£7.96
Tyrosol 288.75+20.74
Rutin hydrate 274.8+6.87
Ferulic acid 6.41+0.21
p-coumaric acid 2.99+0.27
Quercetin 2.61+0.22
Caffeic acid 1.64+0.12
Vanilic acid 1.06+0.14

4. DISCUSSION

DPPH and ABTS are indicator radicals that are commonly used to evaluate of antioxidant activity of
samples. According to Table 1, it can be said that the radical scavenging activities of ethanol extract
are higher than methanol extract. In addition, the ABTS radical scavenging activity of both extract
types was found to be higher than DPPH radical scavenging activity. In the literature, Abaza et al.
determined the antioxidant capacity of Chétoui olive leaves as 17 pug /mL in methanolic extracts and
97 ug /mL in aqueous extracts (Abaza et al. 2011). In the study carried out by Lfitat et al. in 2021,
they determined the antioxidant capacity of olive leaves of the Moroccan Picholine cultivar as 0.490
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mg/mL in methanolic extracts and 0.705 mg/mL in aqueous extracts (Lfitat et al. 2021). Khaliq
determined the antioxidant capacity of 8 different olive cultivars (Dolece-Agogia, Mission, Moriolo,
Maurino, Carotina, Leccino, Gemlik, Uslu) prepared with water as 22.46 ug /mL and 115.5 ug /mL
(Khaliq et al. 2015). Efssafi et al. determined antioxidant capacity between 41.56 pug /mL and 63.52
pg /mL in methanol extracts of 4 different olive cultivars in Tunisia (Essafi et al. 2019). Zairi et al.
reported that ABTS and DPPH radical scavenging activities (ICsp values) of olive leaves aqueous
extracts of Tunisian chemlali and meski olive cultivars were determined as 0.13 and 0.19 mg/mL for
DPPH, and 0.30 and 0.78 mg/mL for ABTS, respectively (Zairi et al. 2020). In another study,
Kalaycioglu et al., presented the results of antioxidant activity (DPPH radical scavenging activity) of
olive leaves of 7 different provinces in Turkey, including Bursa, Izmir, Manisa, Istanbul, Balikesir,
Yalova and Mugla, calculated as ICso (ug/mL). The DPPH scavenging activities of the methanol-water
(v/v, 80/20) extracts were between 63.2 and 163 ug/mL (Kalaycioglu, Kopar, and Erim 2020) In the
present study, it was observed that methanolic and ethanolic extracts showed better antioxidant
activity than aqueous extracts compared with the literature. In addition to the compatibility of our
results with the literature, it was stated that the Domat cultivar showed better activity than olive
cultivars in other regions.

The results of the ethanol extracts prepared from the leaf parts of the Olea europea 'Domat' plant are
given in Figure 1. It was observed that the various doses in 24 hours incubation caused statistically
significant increases in absorbance when compared to the negative control (p<0.05). It was observed
that the 0.50 mg/L dose supported lymphocyte cell viability by giving the highest absorbance value
when compared to the negative control. Although 50 and 100 mg/L doses gave absorbance values

similar to the negative control, these changes were not statistically significant (p>0.05). In 48 hours of
incubation, 0.25, 0.50, 1 and 10 mg/L doses caused statistically significant increases in absorbance
when compared to the negative control, while 100 mg/L doses caused a statistically significant
decrease in absorbance. Most doses (0.1, 0.25, 1, 10 mg/L) at 48 hours of incubation were observed to
increase cell viability compared to 24 hours of incubation. It was observed that methanol extracts of
the plant gave absorbance values similar to the negative control at the other doses except for 25, 50
and 100 mg/L doses after 24 hours of incubation (Figure 2). Although the 1 mg/L dose caused an
increase in absorbance compared to the negative control, these observed changes were not statistically
significant (p>0.05). It was observed that all doses gave values similar to the negative control during
the 48-hour incubation period. These similarities were not determined statistically significant (p>0.05).
In the literature, although there is no study on the cytotoxic activity of ethanol and methanol extracts
prepared from the leaf parts of the Olea europea 'Domat' plant on lymphocyte cells, there are few
studies on the cytotoxic activity of the plant. For example; in a study by Cumaoglu et al., they isolated
oleuropein from Olea europea L. leaf and fruit and investigated the viability of cytokine-induced
insulin-producing B-cells (INS-1) with MTT test. Researchers reported that oleuropein did not reduce
the amount of both apoptotic and necrotic cells, but significantly protected the cells against cytokine-
induced death(Cumaoglu et al. 2011). Chatzikonstantinou et al. investigated the cytotoxic activity of
water extracts prepared from the leaf parts of Olea europea plant by MTT test on human embryonic
kidney 293 cells (HEK293, ATCC®CRL-1573) and leiomysarcoma cells (LMS) isolated from
leiomyosarcoma tumors in Wistar rats. Researchers reported that water extracts did not cause
cytotoxic effects on HEK293 and LMS cells in 24 hours of incubation, but increased cell proliferation
at the highest doses (500pg/mL) (Chatzikonstantinou et al. 2022). Belscak-Cvitanovic et al.
investigated the cytotoxic activity of water extracts of Achillea millefolium L., Crataegus oxyacantha
L., Glechoma hederacea L. and Olea europea L. on human laryngeal cancer (HEp2) cells by NR test.
Researchers have shown that these plants reduce cell viability and the formation of reactive oxygen
species in a dose- and time-dependent manner (BelScak-Cvitanovic et al. 2014) Bouallagui et al.
isolated the hydroxytyrosol polyphenol compound from Olea europea plant and investigated the
cytotoxic activity of 2, 2.2, 2.4, 2.6, 2.8 and 3 mg/mL doses in MCF-7 cell line with MTT and neutral
red tests. Researchers reported that the hydroxytyrosol polyphenol compound inhibited the growth of
MCF-7 cells depending on the dose amount (Bouallagui et al. 2011) .Chiaino et al. investigated the
cytotoxic activity of PRES (extracts from Olea europaea L. leaves and Hibiscus sabdariffa L. flowers)
on human neuroblastoma cells (SH-SY5Y) by MTT assay. Researchers have observed that PRES
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reduces cell viability due to its concentration. When the cytotoxic activity of Olea europea L. and
Hibiscus sabdariffa plants were examined separately, it was found that they caused significantly lower
toxicity than the cytotoxic activity caused by PRES (Chiaino et al. 2020).

It was mentioned in the introduction section that olive leaf extracts are rich in phenolic contents. In
this study, the concentrations of nine different compounds in olive leaves were determined as a result
of chromatography analysis. When Table 2 is examined, the highest concentration of oleuropein was
found, followed by hydroxytyrosol, tyrosol, rutin hydrate, ferulic acid, p-coumaric acid, quercetin,
caffeic acid and vanillic acid. In previous studies related to olive leaf extracts, it was found similar and
different results to this work. For instance, Zairi et al. found in their study that oleuropein was the
predominant phenolic compound in olive leaf extracts. But, hydroxytyrosol and tyrosol were noted a
small concentration in phenolic composition (Zairi et al. 2020). In our results, although the oleuropein
concentrations were similar in the tested cultivars, hydroxytyrosol and tyrosol proportions were found
higher concentrations than in the above-cited work. It is well known that oleuropein, hydroxytyrosol
and tyrosol were revealed to possess antibacterial, antioxidative, and anti-inflammatory properties, and
also trigger cell proliferation (Antoniou and Hull 2021). Boruga et al. profiled the phenolic content of
the olive leaves' ethanolic extract obtained with the maceration method by LC/MS. As a result of the
experiment, they found that luteolin and rutin were the main components of the extract. Also, they
determined many components, including caffeic acid, ferulic acid, p-coumaric acid, etc (Boruga et al.
2021). Sarikurkcu et al. determined verbascoside, luteolin 7-hexosides and apigenin 7-hexosides as the
main components of the extract of olive leaves obtained with boiled water. They determined the
presence of many components including vanillic acid, caffeic acid, p-coumaric acid, ferulic acid and
quercetin by LC-ESI-MS/MS (Sarikurkcu et al. 2020). There are many factors for the differences in
concentration of the constituents both in the literature and in this work. These differences may vary
depending on the experimental alternative such as extraction method and solvent type, as well as
geographical features where the plant grows such as soil composition, moisture and climate
(Kalaycioglu et al. 2020).

5. CONCLUSIONS

Since most of the developed and developing countries depend on plants for health services, it has
Therefore, in this study, the antioxidant capacity of ethanol and methanol extracts of Olea europea
'Domat' leaves and their cytotoxic effects on lymphocyte cells were investigated. When the antioxidant
capacity results were examined, it was found that both extracts showed strong radical scavenging
activity. When the antioxidant capacity results were examined, the samples prepared with ethanol
showed the best results in both DPPH and ABTS tests. According to cytotoxicity test results, ethanol
and methanol extracts of Olea europea 'Domat' plant preserved the viability of healthy human
lymphocyte cells at all doses and did not cause a cytotoxic effect. Also, increased variability of cell
viability was observed with respect to the amount of extract dose and incubation times. In order to
define total extracts such as oleuropein, tyrosol, hydroxytyrosol, caffeic acid, etc., the main
components of olive leaf were measured in the same experimental system, and the sources of strong
antioxidant and non-cytotoxic activities were proven. This study highlight for further studies and adds
new information to the literature about the Olea europaea 'Domat' plant, especially with its cytotoxic
test.
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