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Abstract: Oleuropein, the major active compound in olive leaf, has been of considerable interest for its many health
benefits. This work aims the determination of oleuropein in olive leaves from Turkey by a rapid and simple capillary
electrophoretic method, and then to correlate the oleuropein amounts and the bioactivities of olive leaf extracts. The
optimal separation medium was composed of 30 mmol/L borate (pH: 9.6), 25 mmaol/L2-hydroxypropyl-p-
cyclodextrin (2-HP-B-CD), 10% (v/v) methanol. Moreover, olive leaf extracts were examined for antioxidant,
antidiabetic, and anti-inflammatory activities. The antioxidant activities were determined by 1,1-diphenyl-2-picryl-
hydrazyl (DPPH) radical scavenging activity. The antidiabetic activities were predicted using a-glucosidase
inhibitory effects. For the anti-inflammatory activities of the extracts, their reduction power of pro-inflammatory
tumor necrosis factor (TNF)-alpha were measured. Oleuropein concentration ranged between 11.7-106 mg/g dry
leaf. Strong correlations were detected between each biological activity and the oleuropein content of olive leaves.

Keywords: Capillary electrophoresis; olive leaf; oleuropein; antioxidant activity; anti-inflammatory activity;
antidiabetic activity. © 2020 ACG Publications. All rights reserved.

1. Introduction

The olive tree (Olea europaea L.), native to the Mediterranean region, is famous for its fruit,
olive. Olive has unigue characteristics and also is the primary source of olive oil which has been known
for its value for centuries [1]. Although olive is also widely cultivated in several parts of the world,
the Mediterranean region is still the major production area. Turkey is one of the producing countries
and is ranked as the world's second-biggest producer [2].

Recently, there has been an increasing scientific interest on the olive by-products such as olive
leaves [3]. Olive leaf is considered as both an important agricultural biomass and an easily available
industrial by-product. In ancient times, olive leaves have been used in the treatment of malaria and
fever.

Olive leaf and olive leaf extracts have been used in pharmaceutical and food industries due to
their many bioactivities [4, 5]. Hence, the chemical composition of olive leaf has attracted a great deal
of attention. The presence of phenolic derivatives, pentacyclic triterpenes, and alditols in significant
concentrations is responsible for these various pharmacological properties.

Oleuropein is one of the most important phenolic derivatives present in the olive leaf. The
pharmacological importance of oleuropein stands out with its antioxidant, anti-inflammatory,
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antidiabetic, anticancer, antimicrobial, and antiviral activities [6-10].The scientific studies on
thetherapeutic effects of oleuropein have been extended, and specific reviews were recently reported [11,
12].The typical bitterness of olive is derived from the oleuropein.

The level of oleuropein changes according to the olive varieties. Thus, the oleuropein amount is
an indicator showing the quality of olive leaf.

Oleuropein in olive leaf extracts has been quantified by HPLC [13-15].However, capillary
electrophoresis (CE) presents rapid analysis time, high efficiency, and low sample consumption compared
to HPLC. CE methods developed for the determination of oleuropein in olive products were reported [16,
17].

In the present study, we developed a CE method for the analysis of oleuropein in the olive leaf
extracts. The optimized method was used to quantify oleuropein in 7 olive leaves collected from different
regions of Anatolia and in 2 commercial olive leaf tea samples. Then, the antioxidant activity, antidiabetic
activity, and anti-inflammatory activity of the extracts were evaluated. Finally, a statistical correlation
was established between the oleuropein contents of leaves and their bioactivities. To our knowledge, this
is the first capillary electrophoretic method applied for the oleuropein analysis in olive leaf. Moreover,
the correlations between oleuropein contents of olive leaves from different parts of Anatolia and their
antidiabetic and anti-inflammatory activities were searched in this study for the first time.

2. Materials and Methods

2.1. Chemicals

Standard oleuropein, 2-hydroxypropyl-p-cyclodextrin (average My ~ 1460 and 0.8 molar
substitution), a-glucosidase (EC 3.2.1.20), genistein, p-nitrophenyl-a-D-glucopyranoside substrate (p-
NPG), and butylated hydroxyanisole (BHA) were obtained from Sigma (Steinheim, NRW, Germany).
Disodium tetraborate decahydrate, sodium hydroxide, 1,1-diphenyl-2-picrylhydrazyl, sodium carbonate,
methanol, sodium dihydrogen phosphate dihydrate, and disodium hydrogenphosphate dodecahydrate
were from Merck (Darmstadt, Germany).

The stock solution of oleuropein was prepared by methanol at 1000 pg/mL concentration and kept
at 4°C. Calibration solutions were prepared from this stock solution diluting with methanol.

2.2. Plant Materials and Sample Preparation

Olive growing generally spreads across the Aegean and Marmara Regions of Turkey, yielding a
very rich heritage of native varieties. The mature green olive leaves were collected from different areas
of Turkey, including Bursa, Istanbul, and Yalova from the Marmara Region; [zmir, Manisa, Balikesir,
and Mugla from the Aegean Region. The collection was carried out in the summer. Fresh leaves were air-
dried at room temperature for 72 h. Dried leaves were ground in a laboratory blender. Two different
brands of commercial olive leaf tea samples were supplied from markets in Istanbul. Q1

The homogenized olive leaves were accurately weighed as 0.1 g and extracted with 5 mL of 80%
methanol - 20% water (v/v) mixture. The mixture was vortexed for 5 min and then ultrasonicated for 1 h.
After centrifugation at 3500 rpm for 10 min, it was filtered through a filter paper. The sediments were
extracted again with 5 mL of 80% methanol - 20% water (v/v) for 30 min by ultrasonicator. Combined
extracts were diluted to 10 mL. Injections were done after the extracts passed through 0.45 micron filters.

2.3. Instrumentation

Agilent 1600 capillary electrophoresis (Waldbronn, Germany) was utilized for oleuropein
analysis. The detection was done with a diode-array detector (DAD). Data were collected and processed
by Agilent ChemStation software. Separations were performed in a fused silica capillary column (50 cm
length and 50 um diameter) purchased from Polymicro Technologies, Phoenix, AZ, USA. Injections were
done at 50 mbar pressure for 6 seconds. The temperature was fixed at 25 °C. The fused silica capillary
column was flushed with 1 mol/Lsodium hydroxide for 30 min and deionized water for 10 min before
use. Prior to work, the column was rinsed with 0.1 mol/Lsodium hydroxide, deionized water, and working
buffer solution, respectively. The capillary was rinsed with 0.1 mol/L sodium hydroxide and deionized
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water for two minutes between injections. Then the column was flushed for five minutes with working
buffer.

Bioactivity measurements were carried out by a BioTek PowerWave™ XS (Winooski, VT, USA)
96-well microplate reader coupled with Gen5 Data Analysis software. The correlations between the
oleuropein amounts and the bioactivities of olive leaf extracts were evaluated by Pearson’s correlation
coefficient.

The solutions were prepared using deionized water obtained from Elga Purelab Option-7-15 water
purification system (Elga, UK).

2.4. DPPH Radical Scavenging Activity Assay

Olive leaf extracts were analyzed by the method developed by Blois [18].Ten pL of each sample
solution were added to 90 uL methanolic 0.1 mM DPPH solution. The final concentrations of the extracts
in solutions were 10, 25, 50, and 100 pg/mL. After the extracts waited for thirty minutes in the dark, the
absorbances were measured at 515 nm. The percentage inhibition of DPPH free radical was calculated by
the following equation:

Percentage |nh|b|t|0n (I %) = [(Acontro|'Asamp|e)/Acontro|] X 100 qu

Asample: Absorbance of sample
Acontrol: Absorbance of control

ICs0 (50% inhibitory concentration) was calculated by curves constructed from inhibition %
values, and the corresponding sample extract concentrations. The synthetic antioxidant, BHA, was served
as a positive control.

2.5 a-Glucosidase Enzyme Inhibitory Assay

Antidiabetic activity is commonly measured by testing the a-glucosidase enzyme inhibition
power of extracts. The a-glucosidase enzyme inhibitory activity is based on the measurement of p-
nitrophenol releasing from p-NPG in the presence of a-glucosidase. The method described by Shai et al.
was used with a little modification [19]. Fifty uL of phosphate buffer solution (100 mM) at pH:6.8, 10
uL of a-glucosidase enzyme (0.5 U/mL), and 20 pL of extracts prepared at 10, 25, 50, 100 pg/mL
concentrations were pipetted onto the microplate and waited for 15 min at 37 °C. Twenty pL of 5 mM p-
NPG substrate was added for the initiation of an enzymatic reaction. After twenty minutes of incubation,
the reaction was ended with the addition of 50 pL of 100 mmol/L sodium carbonate solution. The
absorbance of p-nitrophenol was monitored at 405 nm using MicroplateReader. Genistein, which is
known as a a-glucosidase enzyme inhibitor, was also tested as a positive control. The negative control
was the solution without the olive leaf extract. The inhibition percentage of a-glucosidase was calculated
according to the Eq.1.

2.6 Anti-inflammatory Activities of Olive Leaf Samples

Tumor necrosis factor-o (TNF-a) is a pro-inflammatory cytokine, which production in high levels
causes inflammation. The TNF-a inhibition measurement is one of the most common ways for the
evaluation theanti-inflammatory activity. The serum levels of TNF-a of sample extracts were determined
by in vitro enzyme-linked immunosorbent assay (ELISA) kit based on the protocol obtained by the
manufacturer (ThermoFisher Scientific, Waltham, MA). The assay was employed on a 96-well plate
coated with an antibody certain to TNF-a. The sample extracts were loaded into the wells. The
immobilized antibody bounded the TNF-a present in the samples. Each well was washed by washing
buffer, and a biotinylated antibody reagent was pipetted into the wells. Before horseradish peroxidase
(HRP)-conjugated streptavidin addition, the unbound biotinylated antibody was washed away. The wells
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were washed by washing buffer after an incubation step. Each well was filled with the TMB substrate
(3,3",5,5'-tetramethylbenzidine).

According to the amount of bounded TNF-a, blue color was formed. Finally, the reaction was
finished by adding the stop solution (1 M phosphoric acid) and the blue color turned into yellow.
MicroplateReader was used to detect the color intensity at 450 nm. Inhibition of TNF-a in percent (I %)
was calculated by using Eq.1.

3. Results and Discussion

3.1. Capillary Electrophoretic Separation of Oleuropein

Under alkali conditions, polyphenols are mostly negatively charged which ensures the separation
depending on charge-to-mass ratios of the deprotonated polyphenols. Borate (pKa=9.6) is one of the most
effective running buffers in the capillary electrophoretic separation of phenolic compounds. In this study,
borate was chosen as the separation buffer.

In order to optimize the analysis condition, the running buffer concentration and pH were firstly
considered. The borate concentration was changed between 20 and 40 mM at pH 9.6. 30 mM was chosen
as the optimal concentration for oleuropein in terms of peak height, peak symmetry, and migration time.
The effect of pH was examined by adjusting the borate buffer pH between 9.0 and 10.0. Eventually, it
was found that pH 9.6 represented the most satisfactory analysis time.

The separation medium was fixed to 30 mmol/L borate at pH:9.6, and an olive leaf extract was
injected to CE. However, the separation of oleuropein from minor compounds present in the
electrophoretic profile was poor in this buffer system (Figurela). In order to obtain a good resolution for
oleuropein, 2-HP-B-CD solution was added into the borate in the changing concentration between 10 and
30 mmol/L. The optimum separation was obtained with25 mmol/L 2-HP-B-CD (Figurelb). We also
investigated the effect of methanol. A visible improvement both in the resolution and peak intensity of
oleuropein was obtained with the addition of 10% (v/v) methanol into the buffer as seen from Figurelc.
Consequently, we chose 30 mmol/Lborate (pH 9.6), 25 mmol/L 2-HP-B-CD, 10% (v/v) methanol as the
optimal separation medium.

3.2. Method Validation

Intra- and interday repeatabilities were performed in order to determine the precision. Standard
oleuropein was injected to CE for six times in 1 day and 3 different days. RSD % values both for the
retention times and corrected peak areas were lower than 2.50 and 4.50% for the intra-day precision and
inter-day precision, respectively. The method linearity was checked by plotting peak areas as a function
of oleuropein concentration. The calibration graph was obtained by six levels in the range of 50-1000
ug/mLwith a correlation coefficient of 0.996. The calibration equation was y=0.00036x-0.00402.
LOD and LOQ values were calculated as three and ten times of the S/N, respectively. The LOD value
was 13.4 pg/mL, and the LOQ was 44.8 pg/mL for oleuropein.

The olive leaf extacts were spiked with standard analyte solution corresponding to 50, 100, and
200% of the oleuropein concentration in the real sample. Thereby, OL1 was fortified with 53, 106, and
212 mg/g oleuropein. OL7 was spiked with 5.85, 11.7, and 23.4 mg/g whereas Brand-1 was fortified with
17.9, 35.8, and 71.6 mg/g oleuropein, respectively. According to CE analysis of spiked samples, the
recovery percentage of oleuropein was calculated. Satisfactory recovery values were obtained between
106% and 109% (Table S1 in supporting information).

The estimated standard uncertainty, u, was calculated from the repeatability of sample
measurements and the method's intra-day precision. The combined uncertainty (U) was found by
multiplying u by k, where k was chosen 2 for 95% CL. U values are given in Table 1.
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3.3. Selection of Extraction Condition of Oleuropein from Olive Leaf

A certain amount of olive leaf was extracted in different solvents at different compositions. In
this way, the solvent effect on the extraction efficiency of oleuropein was determined. Each time 0.1 g of
olive leaf was extracted with 5 mL of five different extraction solvents (water, 100% methanol, 100%
ethanol, 80% methanol - 20% water (v/v), 80% ethanol - 20% water (v/v)) for 1 hour by ultrasonicator.
After centrifugation and filtration, the residues were re-extracted with their own extraction solvents for
30 min. Combined extracts were completed to 10 mL, filtered through 0.45 um pore-sized microfilters
and injected to the capillary.
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Figure 1.Electropherogram of an olive leaf extract (OL1) in a) 30 mM borate buffer at pH: 9.6; b) 30 mM
borate + 25 mM 2-HP-B-CD at pH:9.6; ¢) 30 mM borate + 25 mM 2-HP-B-CD + 10% (v/v)
methanol at pH 9.6. V: 25 kV, t: 25 °C, Injection: 50 mbar, 6 s.
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The peak areas obtained from each extracts were compared. The highest extraction efficiency for
oleuropein was obtained when 80% methanol - 20% water (v/v) combination and this mixture was used
as extraction solvent. The olive leaves were ultrasonicated in the 80% methanol - 20% water (v/v) for
different times. According to the relative peak areas, the maximum oleuropein amount was obtained in 1
h. Since the peak area did not change after 1 h, 1 h ultrasonication was chosen for each sample.

3.4. Oleuropein Amount of Olive Leaf Samples

The optimized extraction and CE methods were applied for the determination of oleuropein in
olive leaf samples collected from 7 different locations in Turkey. Two different brands of commercial
olive leaf were also analyzed. The olive leaf extract was prepared as described above. Figurelc shows the
electrophoregram of an olive leaf extract (collected from Bursa) obtained in the certain conditions. The
oleuropein contents of olive leaf samples are represented in Table 1. As seen from Table 1, oleuropein
content of olive leaf samples varied between 11.7 (Mugla) and 106 (Bursa) mg/g. Oleuropein amounts in
commercial brands (Brand 1 and Brand 2) were inside the limits of the amounts of the collected samples.
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Table 1. Oleuropein contents in olive leave samples

Olive leaf sample Collection Locations Oleuropein (mg/g DW + U)*
OoL1 Bursa 106 £ 6.0
oL2 [zmir 61.3+3.4
OoL3 Manisa 455+24
OoL4 Istanbul 38.2+2.6
OL5 Balikesir 17.9+0.7
OL6 Yalova 17.2+0.6
OL7 Mugla 11.7+04

Brandl 35.8+3.7
Brand?2 34.7+4.0
DW: dry weight
*k=2

Many factors, such as soil type and its content, may affect the oleuropein content. In olive leaves
of 11 French varieties, oleuropein was found in the range of 92.7-134 mg/g by an HPLC technique
[14].Ansari et al. analyzed 8 olive leaf cultivars from Iran by HPLC and found oleuropein between 6.1 —
13 mg/g[13]. Oleuropein content of Syrian olive leaves (n=7) reported as 4.3 — 9.2 mg/g [15]. Sahin et al.
reported the oleuropein amount of one olive variety from izmir province as 37.84 mg/g [20].Can et al.
analyzed 14 Turkish olive leaf cultivars and found the average oleuropein as 3.24 mg/g [21].

3.5. Antioxidant Activity of Olive Leaf Samples

The results of DPPH scavenging activities of the tested extracts were reported as 1Cso (ug/mL).
The DPPH scavenging activities of the samples were between 63.2 and 163 pg/mL. The lower 1Cso values
indicate a higher DPPH scavenging activity. As seen from Table 2, the olive leaf collected from Bursa
province (OL1) has the highest antioxidant activity (63.2 pg/mL), followed by that of izmir province
(OL2) (79.0 pg/mL). Among 9 samples, the olive leaves collected from the region of Istanbul (OL4) (163
ug/mL) and Mugla (OL7) (161 pug/mL) showed the lowest antioxidant activity.

Our results are consistent with the literature in terms of 1Cso value of DPPHradical scavenging
assay. ICso of Pakistan olive leaves (n=8) were found in the range of 22.46-198 pg/mL [22].

Oleuropein is the substantial antioxidant component in olive leaf. Thus, the correlation between
oleuropein content in the sample extracts and the DPPH scavenging activity was searched. As was
expected, the correlation between the oleuropein contents and the ICso values of the olive leaf extracts
was negatively strong (r=-0.833) (p < 0.05).

3.6. a-Glucosidase Enzyme Inhibition Activity

The a-glucosidase inhibition effects of the olive leaf extracts were given in Table 2. Samples
collected from Bursa (OL1) and Izmir (OL2) provinces presented the lowest ICso values (23.8 and 24.5
pg/mL, respectively), indicating the highest a-glucosidase inhibition activities. Sample from Mugla
(OL7) was the least active (106 pg/mL). The correlation between oleuropein content and 1Cso values was
negatively strong (r = -0.703) (p < 0.05). Oleuropein has received much attention for its antidiabetic
activity [7]. Thus it can be assumed that there is a strong relationship between oleuropein and the
antidiabetic effect of olive leaf.

There are many studies on the antidiabetic effect of olive leaf in the literature. The results of the
ex-vivo studies showed that the treatment with olive leaf extract has a beneficial hypoglycemic effect both
in diabetic people and rats [4, 23, 24]. According to our literature survey, a-glucosidase inhibition activity
of olive leaf extract has not been reported before.
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3.7. Anti-inflammatory Activities of Olive Leaf Samples

Anti-inflammatory effects of the olive leaf extracts were reported as TNF-a inhibition in percent,
as seen in Table 2. The olive leaf samples collected from the Bursa (OL1) (73.4%) and Manisa (OL3)
(71.3%) provinces inhibited TNF-o almost equally. Brand 1 (63.3%) and OL2 (62.2%) showed more or
less the same effect on TNF-a, as well. TNF-a inhibitory effects of the rest of the samples changed
between 48.9% (Brand 2) and 35.1% (OL6). Most notably, there is no extract showing anti-inflammatory
effect lower than that of low control.

The correlation was tested to link the anti-inflammatory activity measured by the TNF-a
inhibition method and the oleuropein contents of olive leaf samples. According to Pearson’s correlation
coefficient, our study showed a highly positive correlation (r= 0.780) (p < 0.05).

It is well-known that oleuropein possesses a high anti-inflammatory effect against pro-
inflammatory agents, including tumor necrosis factor alpha (TNF-a) [9]. Anti-inflammatory effects of
olive leaf extracts were also studied by in-vivo techniques with several rat models [25, 26]. In the study
of Qabaha et al., a significant decrease was observed in TNF-a secretion level in cell cultures treated with
olive leaf extract [27]. Our study shows a clear correlation between the oleuropein amount of olive leaf
and the anti-inflammatory effects of extracts (r=0.780). There is no study searching the TNF-a inhibition
of olive leaf extracts by an in-vivo technique, to the best of our knowledge. Moreover, the anti-
inflammatory activities of olive leaf extracts from different regions of Turkey were compared in this study
for the first time.

Table 2. Biological activities of the olive leaf samples

Olive leaf DPPH radical o-Glucosidase TNF-o inhibition
sample scavenging activity enzyme inhibitory (%)
(1Cso, pg/mL) activity (1Cso, pg/mL)
OoL1 63.2+1.2 23.8+1.4 73.4+1.1
OL2 79.0+0.9 245+ 2.6 62.2+2.7
OoL3 102 +2 36.4+2.38 71.3+4.3
oL4 163+3 459 +3.1 441 +3.7
OL5 145+5 87.9+3.9 452 +3.7
OL6 130+ 4 83.7+5.4 351+1.1
OoL7 161 +2 106 £ 6 436+1.1
Brandl 152 +3 43.7+3.4 63.3+2.7
Brand2 133+ 4 70.6 +4.8 489+43
BHA 7.02 £0.05
Genistein 4.16 +0.18
Control high 96.3+4.8
Control low 31.4+£37

4. Conclusions

In this study, the capillary electrophoresis technique developed for the oleuropein was applied to
nine different Anatolian olive leaves, two of which were commercially available. In fact, oleuropein
contents show quantitative differences, which are related to the variety of the olive leaves. Since the
developed method provides good repeatability and accuracy, it can be used as an analytical tool to
authenticate olive leaves and to determine their quality. Additionally, we have demonstrated the relation
between antioxidant, antidiabetic, and anti-inflammatory activities of extracts and their oleuropein
contents. To conclude, olive leaf, as an inexpensive and rich source of oleuropein, could be useful for the
improvement of new medicines in the battle of diabetes and inflammation.
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