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Abstract

Aims: This study aimed to evaluate in vitro antioxidant capacity of olive leaf
extract (OLE), Olea europaea L., and its protective effect on peroxyl radical-
induced oxidative damage in human erythrocytes.

Main methods: The OLE was evaluated by the following assays: i) total phenolic
and flavonoid content; ii) oleuropein content; iii) Ferric reducing antioxidant power
(FRAP); iv) antioxidant activity against ABTS™", DPPH" and reactive oxygen and
nitrogen species: superoxide anion (O, ~), hypochlorous acid (HOCI) and nitric
oxide (NO") and v) protective effect on peroxyl radical-induced oxidative
damages in human erythrocytes as hemolysis, thiobarbituric acid reactive
substances (TBARS) formation and oxyhemoglobin oxidation.

Key findings: Total phenolic and flavonoid contents were 131.7 & 9.4 mg gallic acid
equivalents/g dry weight (dw) and 19.4 £ 1.3 mg quercetin equivalents/g dw,
respectively. Oleuropein content was 25.5 £ 5.2 mg/g dw. FRAP analysis was 281.8
+ 22.8 mg trolox equivalent/g dw and OLE inhibittd ABTS™ (50% effective
concentration (ECsg) = 16.1 £ 1.2 pg/mlL) and DPPH" (ECsy = 13.8 &+ 0.8 pg/mL).
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The extract demonstrated effective ability to scavenge O, ~ (ECso=52.6 = 2.1 pg/mL),
NO' (ECsg = 48.4 & 6.8 pg/mL) and HOCI (ECsy = 714.1 4= 31.4 ng/mL). The extract
inhibited peroxyl radical-induced hemolysis (EC5y = 11.5 £+ 1.5 pg/mL), TBARS
formation (ECsy = 38.0 &= 11.7 ng/mL) and hemoglobin oxidation (ECsy = 186.3 +
29.7 pg/mL) in erythrocytes.

Significance: OLE is an important source of natural antioxidants; it has effective
antioxidant activity against different reactive species and protects human

erythrocytes against oxidative damage.

Keywords: Nutrition, Food science, Food technology

1. Introduction

The Olea europaea L. tree, known as olive, belongs to the Oleaceae family and has
great historical and commercial importance, especially in Mediterranean countries
[1]. Recent studies have shown that olive leaves have high contents of bioactive
compounds, including phenolic compounds, with diverse biological properties,
such as antioxidant, antimicrobial, antiviral, anti-inflammatory, in addition to regu-
lating blood pressure and cholesterol levels in animals [2, 3]. Thus, the research
community’s interest in olive leaves and their extracts has intensified in recent years
because of the olive’s great potential for use in medicine and the pharmaceutical in-
dustry [4, 5]. Furthermore, a previous study verified the effective antioxidant activity

of olive leaf extract as a potential natural functional ingredient in food products [6].

Free radicals, such as ABTS™t (2,2/ -azinobis-(3-ethylbenzothiazoline-6-sulfonic
acid)) and DPPH" (2,2-diphenyl-1-picrylhydrazyl) are used to evaluate the antioxi-
dant activity of plant extracts [7]; however, these radicals are not present in biochem-
ical oxidative processes. Considering the complexity of biological systems and the
generation of numerous reactive intermediates of cellular metabolism, a combination
of several techniques for estimating the activities of antioxidants may be favorable.
Techniques to evaluate scavenging activity against reactive oxygen and nitrogen
species that are produced in vivo, for example, hypochlorous acid (HOCI), superox-
ide anion (O, 7) and nitric oxide (NO"), are used to predict antioxidant effects on

biochemical processes [8].

Furthermore, peroxyl radicals, which are common products of chain reactions of
oxidative processes in biological systems, can be produced in vitro by thermal
decomposition of AAPH (2,2'-azobis (2-amidinopropane) dihydrochloride), a water
soluble azo compound. This radical generator is used to verify the antioxidant prop-
erties of a sample against peroxyl radical-induced oxidative damage in cellular
model systems, such as erythrocytes [9, 10]. These cells, also known as red blood
cells, have a simple structure and are susceptible to oxidative damage, such as lipid
and protein oxidation, and hemolysis [11].
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In spite of the clear antioxidant potential of Olea europaea L. leaves, studies related to
its scavenging capacity against reactive oxygen and nitrogen species and its protective
effect against free radical-induced cellular oxidative damage are scarce. The aim of
this study was to evaluate the in vitro antioxidant capacity of Olea europaea L.
leaf extract as a scavenger of superoxide anion, hypochlorous acid and nitric oxide
as well as its protective effect on peroxyl radical-induced oxidative damage in human
erythrocytes. In addition, the contents of total phenolic and flavonoid compounds and
oleuropein of olive leaf extract (OLE), their ferric reducing antioxidant power, and

their scavenging capacity against ABTS™™ and DPPH’ radicals were determined.

2. Materials and methods
2.1. Plants and chemicals

Commercial micronized powdered olive leaves were provided by Folhas de Oliva®
(Brazil). All chemical compounds were obtained from Sigma-Aldrich (St. Louis,
USA).

2.2. Olive leaf extract preparation

Ten grams of dried/micronized olive leaves were subjected to removal of n-hexane-sol-
uble compounds using a Soxhlet extractor [12]. The sample was subjected to extraction
with 200 mL of methanol/water (80:20, v/v), under agitation at 170 rpm (Shaker TE-420,
Tecnal, Brazil), protected from light at 25 °C for 24 h, and was centrifuged at 1 970 g for
10 min. The supernatant was filtered through Whatman n.1 (11 um) filter paper and
methanol was removed under reduced pressure (<50 °C) (Rotary evaporator SL-126,
Solab, Brazil). The concentrated extract was diluted in water (final volume 200 mL), son-
icated (Ultrasonic Disruptor Unique cells, Brazil) (2 cycles of 20 s at 100 W), and then
centrifuged at 1 970 g for 5 min. The supernatant was frozen and freeze-dried (Lyoph-
ilizer K-202, Liobras, Brazil) to obtain dried OLE. The OLE was diluted in phosphate-
buffered saline (PBS), pH 7.4. The OLE preparation was performed six times.

2.3. Determination of total phenolic, total flavonoid contents and
oleuropein content

The Folin-Ciocalteau colorimetric method was used for estimation of total poly-
phenol content of the extract [13]. The OLE (0.2 mg/mL) was incubated for 2 min
with Folin-Ciocalteau reagent, and then 0.708 mol/L sodium carbonate solution
was added. After 1 h of incubation at 25 °C, the absorbance at 760 nm was determined.

The results were expressed as gallic acid equivalent (GAE) per gram dry weight (dw).

The total flavonoid content was estimated according to Miliauskas et al. [14]. The

extract (10 mg/mL) was incubated with 0.150 mol/L ethanolic aluminium chloride.
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The absorbance at 415 nm was determined after 40 min of incubation at 25 °C. The

results were expressed as milligrams of quercetin equivalent (QE) per gram dw.

Oleuropein content of the extract was determined according to Altinyay and Altun
[15] and Tayoub et al. [16] with modifications. The dried extract was dissolved in
methanol HPLC grade at a final concentration of 10 mg/mL, and filtered through
Whatman filter paper (0.45 pm). The solution was injected in a Shimadzu HPLC sys-
tem consisted of a Shim-pack CLC-ODS column (5 pm) 4.6 x 250 mm, preceded by
a precolumn Shim-pack (5 pm) 4 x 10 mm (Shimadzu Corporation, Japao), equip-
ped with UV-visible detector at 280 nm that operated with LabSolutions software
(Shimadzu Corporation, Japao). A gradient of water with 0.1% phosphoric acid as
eluent A and methanol as eluent B was used in the following proportion: 60% A;
40% B. The flow rate was 1.0 mL/min. The retention time was 18 min and the total

time was 30 min at room temperature. Absorbance at 280 nm was recorded.

2.4. Determination of antioxidant activity of extract
2.4.1. Ferric reducing antioxidant power (FRAP)

FRAP analysis was evaluated according to Benzie & Strain [17], with modifications.
Reaction mixtures containing 50 pL of sample (0.2 g/mL) and 950 uL of FRAP re-
agent were incubated for 30 min at 37 °C and the absorbances were determined at
593 nm. Trolox was used as standard. The results were expressed as Trolox Equiv-

alent Antioxidant Capacity (TEAC) in mg/g of dried extract.

2.4.2. ABTS " and DPPH’ radical-scavenging activity

ABTS"" scavenging activity was determined according to Re et al. [18] with mod-
ifications. ABTS"" radical was obtained from reaction of 7.0 mmol/L. ABTS with
2.45 mmol/L ammonium persulfate in the dark, under constant agitation at room
temperature for 12—16 h. ABTS"" solution was diluted in ethanol to obtain an absor-
bance of approximately 0.70 at 750 nm. Final reaction mixtures containing different
concentrations of extract (3.3—26.7 pg/mL) and ABTS™ solution were incubated
for 6 min in the dark at room temperature and the absorbance determined at 750
nm. Inhibition percentage of ABTS™ was calculated according to the following
equation: ABTS™ inhibition (%) = [1 — (A/Aco)] x 100, where Ay is the absor-
bance of the control assay (no extract) at the initial time and A is the absorbance
of the sample assay after 6 min of incubation.

The DPPH' radical-scavenging was determined using the method proposed by Brand-
Williams et al. [19]. The reaction medium contained DPPH’ (65 pmol/L) and different
concentrations of extract (3.8—25.0 ng/mL). Absorbance measurements at 515 nm
were started immediately (t,) and after 3 h (ty) of reaction time. The results were ex-

pressed in percentage of inhibition of DPPH" according to the following equation:
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DPPH: inhibition (%) = [1 — (A/A¢,)] x 100, where A, is the absorbance of the con-
trol assay (no extract) at ty and A is the absorbance of the sample at t;. Methanolic
solutions of Trolox were tested in both ABTS™ and DPPH" assays.

2.4.3. Biological reactive species scavenging activity (0s ",
HOCI and NO’)

The O, ™ scavenging activity of OLE was evaluated according Ewing & Janero [20],
adapted by Valentao et al. [21] and Orak et al. [22], with some modifications. Reac-
tion medium containing PBS, nicotinamide adenine dinucleotide reduced form,
NADH (166 pmol/L), nitroblue tetrazolium, NBT (43 pumol/L), sample (20—160
png/mL) and phenazine methosulfate, PMS (2.7 pmol/L) was incubated for 2 min
at 25 °C and the absorbance was determined at 540 nm using a microplate reader
(Multiskan FC Thermo Scientific, USA). The inhibition percentage of O, = was
calculated according to the following equation: O, ™ inhibition (%) = [1 — (A/
Ac)] x 100, where Ac is the absorbance of the control assay (no extract) and A is

the absorbance of the sample.

The HOCI assay was performed according to Valentao et al. [21], with modifica-
tions. HOCI induces the oxidation of 5-thio-2-nitrobenzoic acid (TNB) to 5,5'-di-
thiobis (2-nitrobenzoic acid) (DTNB). The reaction was evaluated by TNB
absorbance at 412 nm. Reaction media containing 62.5 pmol/L. TNB in the absence
(control) and presence of OLE (100—1 400 pg/mL) at 25 °C were used to measure
absorbance at 421 nm before (ty) and 5 min after (t;) the addition of HOCI. The in-
hibition percentage of HOCI] was calculated according to the following equation:
HOC! inhibition (%) = [1 — (A; — Ap/(Ac; — Acy)] X 100, where A; and Ac; are
the absorbances of the sample and control, respectively, determined before HOCI
addition, and A¢ and A are the absorbances of the sample and control, respectively,
evaluated 5 min after HOCI addition.

NO’ scavenging activity of OLE was determined according to Marcocci et al. [23]
and Pooja et al. [24], based on the Griess reaction. The reaction medium contained
8.3 mmol/L sodium nitroprusside in phosphate buffer saline, pH 7.4 (PBS), prepared
immediately before use, in the absence (control) and presence of OLE (10—200 pg/
mL). The mixture was incubated for 3 h at 25 °C. NO,~ formation was quantified by
Griess reaction with sulphanilamide (58.0 mmol/L) and N-(1-naphthyl)-ethylenedi-
amine (3.86 mmol/L) at 540 nm using a microplate reader. The NO, ™ concentration
was obtained using a standard curve with sodium nitrite (1.5—100 pmol/L). The
values were expressed as inhibition percentage of NO', after 2 h of incubation, ob-
tained by the equation NO" inhibition (%) = [1 — (A/Ac)] X 100, where A is the

absorbance of the sample and A is the absorbance of the control.

Ascorbic acid (AA) was used as standard compound.
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2.5. Determination of protective effect on peroxyl radical-induced
oxidative damage on human erythrocytes

The protective effect of the extract on cellular oxidative damage was in vitro evalu-
ated by hemolysis, TBARS formation and hemoglobin oxidation induced by AAPH
in human erythrocytes. Besides, the protective effect of the extract was visually eval-
uated by optical microscopy and scanning electron microscopy (SEM). Peroxyl rad-
icals were generated by thermal decomposition of AAPH, inducing free-radical
chain oxidation in erythrocytes [11].

Blood was obtained from healthy volunteers who were non-smokers and not
receiving any pharmacological treatment. Blood was centrifuged at 2 332 g for 10
min and the plasma and buffy coat were removed. Erythrocyte suspensions were
washed three times with PBS [9]. The final cell suspension (5% hematocrit) was
maintained at 4 °C and immediately used for the assays. The volunteers signed a
Consent and Informed, previously approved by the Local Committee of Ethics in
Human Research (number: 493.382).

2.5.1. Effect on hemolysis

For the hemolysis assay [11, 25], cells (1% hematocrit) were pre-incubated with PBS
in the absence (control) and presence of OLE (1—25 pg/mL) for 30 min at 37 °C
with agitation (100 rpm). Then, erythrocytes were incubated in the absence and pres-
ence of 5 mmol/L AAPH for 5 h. Every hour, aliquots were collected and centrifuged
at 1 750 g for 5 min for quantification of hemolysis in the supernatant by absorbance
of hemoglobin at 540 nm. Total hemolysis (100%) was obtained in 1% erythrocytes
following incubation with water for 10 min at 37 °C. Ascorbic acid was used as a
reference antioxidant.

The results were expressed as % hemolysis, and % inhibition of hemolysis after 5 h
of incubation, according to the following equations: Hemolysis (%) = (A/A;p0%) X
100 and Hemolysis inhibition (%) = [1 — (A/A¢)] x 100, respectively, where A is the
absorbance in the OLE assay, A ;¢ is the absorbance of total hemolysis and A is

the absorbance of the control.

2.5.2. Effect on erythrocytes by SEM

The effect on erythrocytes was verified by scanning electron microscopy (SEM) ac-
cording to Pereira et al. [26] and Suwalsky et al. [27], with modifications. The same
incubation conditions as for the hemolytic assay were employed, except for the con-
centrations of AAPH (10 mmol/L) and OLE (25 and 50 pg/mL). After 4 h of incu-
bation, the reaction mixtures were centrifuged at 3 500 rpm for 10 min. Afterwards,
cells were fixed for 17 h at 4 °C with glutaraldehyde 2.5% (in PBS). Cells were
washed three times with PBS and dehydrated with sucessive washes in ascending
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sequence of acetone (25%, 50%, 75%, 95% (v/v): 10 min/each, and 99.5% (v/v): 10
min/each for 2 times). Aliquots (20 nL) were placed on glass cover, air-dried at room
temperature, and examined in scanning electron microscopy (TM3000, Hitachi,
Japan) at 15 kV and magnitude of 1 000—10 000x, using conductive carbon tape.

Images were captured by the equipment.

2.5.3. Effect on TBARS formation

Formation of thiobarbituric acid reactive substances (TBARS) was evaluated accord-
ing to Sato et al. [28], Simao et al. [25] and Chisté et al. [29], with modifications. Cells
(5% hematocrit) were pre-incubated with PBS in the absence (control) and presence of
OLE (25—250 pg/mL) for 30 min at 37 °C with agitation (100 rpm). Then, erythro-
cytes were incubated in the absence and presence of 50 mmol/L. AAPH for 4 h. Every
hour, aliquots were taken and added trichloroacetic acid (TCA) 12% (in the ratio 2.5:1)
and, after vigorous homogenization, centrifuged at 1 4000 rpm for 10 min. Subse-
quently, the supernatant and the thiobarbituric acid (TBA) solution 0.7% (in the ratio
1:1.25) were incubated for 15 min at 100 °C. After 5 min on ice to stop the reaction, the
absorbance was determined at 535 nm. Ascorbic acid was used as reference antioxi-
dant. For dose-response studies, the action of antioxidant (OLE or ascorbic acid) on
inhibition of TBARS formation after 3 h of cell incubation was evaluated.

The results were expressed as % inhibition of TBARS formation according to the
following equation: TBARS inhibition (%) = [1 — (A/Ac)] x 100, where Ac is
the absorbance of the control assay (no extract) and A is the absorbance of the

sample.

2.5.4. Effect on oxyhemoglobin oxidation

The protective effect of OLE on oxyhemoglobin (OxyHb) oxidation was assessed as
described by Chisté et al. [29] and Winterbourn [30], with modifications. Cells (5% he-
matocrit) were pre-incubated with PBS in the absence (control) and presence of OLE
(25—250 pg/mL) for 30 min at 37 °C with agitation (100 rpm). Then, reaction mixtures
were incubated in the absence and presence of 50 mmol/L AAPH for 4 h. Every hour,
the formation of (MetHb) was determined by removing aliquots and adding water at a
ratio of 1: 9 to induce the hemolysis. After gently homogenization, they were centri-
fuged at 5 000 rpm for 5 min and the absorption spectrum of the supernatant was veri-

fied between 500 and 700 nm. Ascorbic acid was used as reference antioxidant.

Furthermore, we evaluated the OxyHb oxidation on hemolysed and non-hemolysed
erythrocytes after 4 h of incubation as previously described. Aliquots of the reaction
mixtures were removed and placed on ice to stop the reaction. After centrifugation
at 5 000 rpm for 5 min, the absorbance of supernatant (hemolysed erythrocytes) was

determined at 630 and 577 nm. The pellet (non-hemolysed erythrocytes) was carefully
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washed with PBS twice and the cells were lysed with water. Then, after centrifugation

at 5 000 rpm for 5 min, the absorbance was also determined at 630 and 577 nm.

The concentrations of OxyHb and MetHb were calculated as proposed by Winter-
bourn [30] by the following equations: OxyHb concentration (umol/L) = 66As;;
— 80Ag30, and MetHb concentration (umol/L) = 279As30 — 3As77, where As77 is
the absorbance at 577 nm and Agjzp is the absorbance at 630 nm. Results of OxyHb
and MetHb concentration were corrected based on the hemoglobin content of each

fraction considering that 5% hematocrit is equivalent to 5.5 x 10® cell/mL [31].

The results were expressed as % inhibition of OxyHb oxidation according to the
following equation: OxyHb oxidation inhibition (%) = [1 — (A/Ac)] x 100, where
Ac is the absorbance of the control assay (no extract) and A is the absorbance of the

sample at 630 nm.

2.6. Statistical analysis

All assays were performed in triplicate and the results represent the means =+ stan-
dard deviation from up to six independent extractions (n = 6). ECs, (50% effective
concentration) values were determined using linear equations derived from inhibi-
tion (%) versus antioxidant concentrations. The data were evaluated by analysis of
variance (ANOVA), t-test and Tukey’s test for comparison of means, with a signif-

icance level of oo = 0.05.

3. Results
3.1. Total phenolic, total flavonoid and oleuropein contents

In present study, OLE was characterized in terms of total phenolic, flavonoids and
oleuropein. Total phenolic and flavonoid contents were 131.7 + 9.4 mg GAE/g dw
and 19.4 £+ 1.3 mg QE/g dw, respectively. Oleuropein content of extract was 25.5 +
5.2 mg/g dw. These results demonstrate the reducing power of OLE, suggesting high
antioxidant capacity in subsequent assays. Hence, under the tested conditions, these

values may indicate a high content of phenolics and flavonoids in hydrophilic OLE.

3.2. Antioxidant activity of extract

3.2.1. FRAP analysis and ABTS™" and DPPH radical-
scavenging activity

The extract antioxidant activity measured as FRAP analysis was 281.8 4 22.8 mg
TE/g dw. Antioxidant activity of OLE evaluated by inhibition of ABTS™ and
DPPH'’ radicals was associated with extract concentration with determination coef-
ficients (1) of 0.9969 and 0.9983, respectively. The ECs, for ABTS™ and DPPH’
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radicals was 16.1 + 1.2 pg/mL and 13.8 £+ 0.8 pg/mL, respectively. The extract
showed lower antioxidant activity in comparison with the standard trolox that pre-
sented ECsq values of 2.3 & 0.1 pug/mL and 3.0 & 0.2 pg/mL against ABTS™"
and DPPH’, respectively.

3.2.2. O, ", HOCI and NO’ scavenging activity

A direct relation was observed between extract concentration and inhibition effect
against O, ~, HOCI and NO’, and the mean values adapted a linear regression
with an 2 of 0.9111, 0.9182 and 0.7564, respectively. The ECsq values of extract
and AA for antioxidant activity against different reactive species are shown in
Table 1. These values demonstrate the dose-dependent effect of OLE on biological

reactive species.

Similar dose-response results were found for extract and ascorbic acid in the
0, ™ scavenging assay, with no statistical difference between ECs, values (Table
1). However, compared with AA, a higher concentration of OLE was necessary to
obtain HOCI inhibition. According to ECs values, the extract showed lower HOCI
scavenging activity than ascorbic acid. Extract and ascorbic acid showed similar ef-
fect in the NO' scavenging assay with no statistical difference between ECsq values.
These results indicate the good antioxidant potential of olive leaves in processes
involving O, ™ and NO’ and lower HOClI-scavenging activity, which suggests that
olive leaves are effective in preventing oxidative stress in biological systems.

3.3. Protective effect on peroxyl radical-induced oxidative
damage on human erythrocytes

3.3.1. Effect on hemolysis

OLE and AA exert a protective effect against peroxyl radical-induced hemolysis in
erythrocytes (Fig. 1). Erythrocytes exposed to peroxyl radicals generated by AAPH,

Table 1. ECs, values (ug/mL) of superoxide anion (O2 ~), hypochlorous acid
(HOCI) and nitric oxide (NO") scavenging capacity by olive leaf extract and
ascorbic acid.

Olive leaf extract Ascorbic acid

@ = 6) =4
Superoxide anion (0, ™) 52.6 +2.1* 59.3 £ 9.2°
Hypochlorous acid (HOCI) 714.1 £+ 31.4% 273 + 1.3°
Nitric oxide (NO") 48.4 + 6.8° 439 + 8.8°

ECs, effective concentration, the concentration required to decrease the oxidative effect of reactive spe-
cies by 50%.

Values are expressed as mean =+ standard deviation.

Means with different letters in the same line were significantly different (P < 0.05).
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Fig. 1. Effects of olive leaf extract (OLE) and ascorbic acid (AA) on AAPH-induced hemolysis in eryth-
rocytes. (A) Time course of AAPH-induced hemolysis, (B) Percentage inhibition of hemolysis at 5 h of
incubation. Erythrocyte suspension at 1% hematocrit was incubated with 5 mmol/L. AAPH at 37 °C in the
absence or presence of extract or ascorbic acid at the indicated concentrations. Values are expressed as

mean + standard deviation (n = 5).

showed progressive hemolysis after 2 h of incubation (Fig. 1A). This hemolytic pro-
cess was inhibited in the presence of OLE and AA in a concentration dependent
manner after 5 h of incubation (Fig. 1B) with r* values of 0.9602 and 0.9895, respec-
tively. This hemolysis study showed ECs( values after 5 h of incubation of 11.5 +
1.5 pg/mL and 8.6 £ 0.6 pg/mL for OLE and AA, respectively. Hemolysis was not
observed in erythrocytes incubated with extract in the absence of AAPH during 5 h
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of incubation, indicating that OLE does not cause hemolytic damage to erythrocytes
(results not shown).

3.3.2. Effect on erythrocytes by SEM

The scanning electron microscopy analysis is shown in Fig. 2. In the absence of
AAPH, RBC were in normal biconcave shape, and visually intact (Fig. 2A).
When incubated in the presence of 10 mM AAPH the shape and size of cells
have changed, with several protuberances in their surfaces (echinocytes), due to
oxidation by peroxyl radicals. These morphological changes caused by AAPH
were inhibited in the presence of OLE (50 pg/mL) (Fig. 2D). In presence of 25
pg/mL OLE only a few cells showed slight conformational changes (Fig. 2C).

3.3.3. Effect on TBARS formation

The effect of OLE on TBARS formation on erythrocytes exposed to AAPH was
shown in Fig. 3. The AA was used as standard antioxidant. In the presence of
AAPH, the TBARS significantly increased in a time dependent manner, reaching
a maximum value in 3 hours of incubation (1.47 4+ 0.15 umol/L). The TBARS

S ———— —e—
15kV  x5000 20um 15kV  x5000 20um

15kV  x5000 15kV  x5000 20um

Fig. 2. Scanning electron microscopy (SEM) evaluation of the effects of olive leaf extract (OLE) on
AAPH-induced hemolysis in erythrocytes. Erythrocyte suspension at 1% hematocrit was incubated for
4 h at 37 °C as follows: (A) erythrocytes alone (control); (B) erythrocytes plus 10 mmol/L AAPH;
(C) erythrocytes plus 25 pg/mL OLE and 10 mmol/L. AAPH; (D) Eryhtrocytes plus 50 pg/mL. OLE
and 10 mmol/L AAPH. 5000x magnification.
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Fig. 3. Effects of olive leaf extract (OLE) and ascorbic acid (AA) on TBARS formation in erythrocytes.
(A) Time course of AAPH-induced TBARS formation. (B) Percentage inhibition of TBARS formation at
3 h of incubation. Erythrocyte suspension at 5% hematocrit was incubated with 50 mmol/L. AAPH at 37
°C in the absence or presence of extract or ascorbic acid at the indicated concentrations. Values are ex-
pressed as mean =+ standard deviation (n = 5).

was reduced in the presence of OLE (25—250 pg/mL) from 2 hours of incubation.
Incubation of erythrocytes with OLE in the absence of AAPH showed TBARS
values similar to the control, indicating that under the tested conditions, the extract

does not cause lipid peroxidation in erythrocytes (results not shown).

Dose-response curve shows that inhibition of TBARS formation in erythrocytes by
OLE and AA after 3 h of incubation with AAPH (50 mmol/L) were linear relation
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with respective * 0.8573 and 0.9799. The ECs, value of OLE (38.0 + 11.7 png/mL)
was lower than AA (137.2 £ 24.1 pg/mL) (p < 0.01).

3.3.4. Effect on oxyhemoglobin oxidation

Fig. 4 shows OxyHb oxidation to MetHb induced by AAPH, over time, in absence
and presence of OLE. The AA was used as standard antioxidant. Maximum MetHb
concentration (718.1 £ 66.6 pM) after 4 h by AAPH erythrocytes exposure was

—e— AAPH A
800 | _@m— AAPH + OLE (100 pg/ml)

--EF- AAPH + AA (100 pg/mL)

—O— AAPH + OLE (250 pg/mL)

600 - --o-- AAPH +AA(250 pg/mlL)

400

200

Concentration MetHb (umol/L)

Time (hours)

100

E Olive leaf extract O Ascorbic acid

80

N i_\—‘ ijF
o | Wl |
50 100 150

Concentration (ug/mL)

Inhibition of MetHb (%)
3 3

N

250

Fig. 4. Effects of olive leaf extract (OLE) and ascorbic acid (AA) on AAPH-induced oxyhemoglobin
oxidation to methemoglobin in erythrocytes. (A) Time course of AAPH-induced hemoglobin oxidation,
(B) Percentage inhibition of hemoglobin oxidation at 4 h of incubation. Erythrocyte suspension at 5%
hematocrit was incubated with 50 mmol/L. AAPH at 37 °C in the absence or presence of extract or as-

corbic acid at the indicated concentrations. Values are expressed as mean =+ standard deviation (n = 5).
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seen. The formation of MetHb, as an indication of OxyHb oxidation, was reduced in
presence of different concentrations of OLE or AA. Only OLE or AA did not induces
OxyHb oxidation (result not shown).

The inhibition percentage of OLE and AA on MetHb formation was determinate af-
ter 4 h of AAPH erythrocytes exposure. Both OLE and AA inhibited the MetHb for-
mation, as noted 66.6 + 7.5% and 85.4 + 13.3% of inhibition by 250 pg/mL of these
antioxidants, respectively. A linear relationship was found between the inhibition
percentage and antioxidant concentration with r* 0.9793 and 0.9608 for EFO and
AA, respectively. Similar ECs, for OLE and AA were found, respective 186.3 +
29.7 ng/mL and 157.0 & 34.5 pg/mL, without significant difference (p < 0.05).

The erythrocyte OxyHb oxidation was evaluated in hemolysate from total hemoglo-
bin content (supernatant + pellet) and apart supernatant (hemoglobin outside the
cell) and pellet (hemoglobin inside the cell) (Table 2). Total hemoglobin content
shows a small MetHb concentration in relation to OxyHb on erythrocytes alone
(control). However in presence of AAPH the MetHb concentration is greater than
OxyHb, probably due to the action of peroxyl radicals from AAPH decomposition.
In supernatant, the control showed a less concentration of both OxyHb and MetHb,
indicating no hemolysis and no oxidation of OxyHb. In presence of AAPH, hemo-
globin was detected outside the cells, demonstrating the hemolytic action of this
oxidant. Moreover, the results show that 80% of this hemoglobin was found as
MetHb outside the cells. Control assay demonstrated higher hemoglobin concentra-

tion inside the cell (pellet) and small content when in presence of AAPH.

Table 2. Meta-hemoglobin and oxy-hemoglobin formation in total hemoglobin content, supernatant

(hemoglobin outside the cell) and pellet (hemoglobin inside the cell) after 4 hours of erythrocytes in-
cubation (5% hematocrit) in the absence or presence of AAPH (50 mM).

Experimental
condition

Control
AAPH

AAPH +50 pg/mL
OLE

AAPH +100 pg/mL
OLE

AAPH +150 pg/mL
OLE

AAPH +250 pg/mL
OLE

Total hemoglobin content Supernatant Pellet
MetHb OxyHb MetHb OxyHb MetHb OxyHb
(™M) (1WM) (1W™M) (M) (M)

19.6 £517 9564 + 406" 33+ 177 11.9 £ 32" 288 +£17.2 863.1 +36.7"
718.1 + 66.6 171.1 +£ 383  812.6 + 94.7 189.1 + 32.8 25.1 £ 4.6 74 +22
683.0 £ 70.1 2503 + 843 7295+ 475 2814 +41.6 205+ 7.5 75+ 19

5437 + 117.17  447.6 + 822" 5614 +78.7" 3717 £91.7" 16.1 £5.5" 132 + 3.6

406.0 £ 932" 6124 £459™ 3625+ 17.6" 387.8 £ 27.0" 324 + 188 1729 + 529"

207.8 + 335 712.0 & 109.8™ 18.1 £ 6.1 41 +24" 1274 +£314" 6359 £63.9"

Values are expressed as mean + standard deviation.
MetHb, meta-hemoglobin; OxyHb, oxy-hemoglobin; OLE, olive leaf extract.
Significantly different in relation to AAPH, in the same column: *p < 0.05; **p < 0.01 (t-test).
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Inhibitory effect of OLE on OxyHb oxidation was found. In order to show OLE activity
on OxyHb pre-hemolytic oxidation, the values of total hemoglobin content were cor-
rected for cell numbers (5% hematocrit = 5.5 10® cells/mL) and shown in Fi g. 5. Results
show that AAPH induced OxyHb oxidation on cellular content (pellet), demonstrating
the action of this compound on the oxidation of OxyHb to MetHb even within the cell.
So, OLE at 100 pg/mL and 150 pg/mL inhibited the MetHb formation in both superna-
tant and pellet, but at 250 pg/mL the inhibitory effect was found only in the pellet.

Although the AAPH concentration is the same in all assays (50 mM), the ratio of
AAPH:hemoglobin in the supernatant is dependent of hemolysis percentage. In
absence of OLE, AAPH-induced hemolysis generates about 1 000 pM of hemoglobin

O Oxyhemoglobin M Methemoglobin
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Fig. 5. Concentration of oxyhemoglobin and methemoglobin (umol/10'° cells) in (A) supernatant and
(B) pellet at 4 h of incubation of erythrocytes. Erythrocyte suspension at 5% hematocrit was incubated
at 37 °C in the absence or presence of 50 mmol/L AAPH. Values are expressed as mean =+ standard de-
viation (n = 5). Significantly different in relation to AAPH: *p < 0.05; **p < 0.01 (t-test).
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in supernatant medium. However, in presence of 50, 100, 150 and 250 pg/mL of OLE
the hemoglobin concentration is 984, 988, 747 and 21 uM, respectively, as a conse-
quence of the anti-hemolytic action of the extract. Thus, the ratio of AAPH:hemoglo-
bin was 0.05:1 in supernatant of erythrocytes exposure to AAPH only; however, the
respective ratios 0.05:1, 0.05:1, 0.07:1 and 2.3:1 were found for assays with AAPH
plus OLE (50, 100, 150 and 250 pg/mL). Except for assay containing 250 pg/mL of
OLE, the ratios were approximately 0.05 of AAPH for each hemoglobin unit. So, in
presence of 250 ng/mL of extract, the AAPH:hemoglobin ratio was 2.3:1, suggesting
greater hemoglobin exposure to the AAPH effects which may explain the fact that there
was no protection of the hemoglobin oxidation by OLE (Fig. 5A).

4. Discussion

The biological effects of olive leaves have been attributed to the composition of
phenolic compounds including flavonoids [32], which can be influenced by cultivar,
growing region and other factors [2, 22, 33]. Phenolic compounds of olive leaves
from different extraction methods have been studied [33, 34, 35]. Studies with meth-
anolic OLE showed total phenolic values of 12.7 and 24.1 mg GAE/g [35, 36]. In
addition, the removal of hexane-soluble compounds has been shown to increase
the efficiency of phenolic extraction [37]. The content of total flavonoids in this
study was similar to other results (21.5 mg catechin equivalents/g dw) [35].

Results indicate that the extraction process with ethanol/water was efficient for obtain-
ing an extract with reducing power, probably due to its phenolic and total flavonoids
composition, including oleuropein (25.5 mg/g dw), which suggests an antioxidant po-
tential. In fact, recent studies have shown high antioxidant power of oleuropein on NO
generated by HepG2 cells [38]. Other studies showed that methanol/water extracted
larger amount of polyphenols [34, 35]. They found 43.2 and 85.2 mg/g dw of oleur-
opein in methanolic OLE [39, 40], whereas other study observed 0.11 to 0.25 mg/g dw
for two cultivars at different harvesting stages [41]. Studies with ethanol/water veri-
fied 74 and 6.5 mg of oleuropein/g dw [42, 43]. However, ethanolic extracts from
different cultivars presented 44.6 to 87.2 mg of oleuropein/g dw [2].

FRAP analysis and ABTS™" and DPPH’ scavenging activities of OLE have been
verified in previous studies [22, 35, 44, 45]. Study with methanolic OLE showed
FRAP of 301 mg TE/g dw, similar to this study [6]. Other studies obtained TEAC
of 379.3 mg TE/g dw and ECs, of 34.58 pug/mL, for ABTS* and DPPH" scavenging
by methanolic OLE [44]. However, a lower ECs, (1.57 ng/mL) was observed in
DPPH' assay [45]. Differences in these results may be related to different methodol-
ogies and extraction procedures used.

The antioxidant capacity of olive leaves is attributed mainly to the presence of

phenolic compounds [32, 43, 46]. Several of these compounds were evaluated
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individually and the antioxidant effects were related to functional groups character-
istic, amount and hydroxyl position in their structures, which gives them redox prop-
erties [32]. In addition, some studies suggest that phenolic compounds have a
synergistic effect on antioxidant capacity when they are together, as in OLE,

when compared to their individual effects [43, 47].

The antioxidant activity of a sample can be assessed by various chemical analysis
methods [7]. In vitro determinations normally evaluate the scavenging ability of a
compound against free radicals or other reactive species. Synthetic ABTS™" and
DPPH’ radicals are normally used to evaluate antioxidant activity in vitro [35,
441]. However, in this study, interesting values were found for biological reactive
species scavenging by OLE. Results of O, ~ and NO’ scavenging activity demon-
strate that OLE have effects comparable to those of AA, indicating significant anti-

oxidant potential.

Our results are similar to others, who showed variation of ECs( (44—386 ng/mL) for
O, ™ scavenging in aqueous OLE from several cultivars [22]. The antioxidant effect
of plant aqueous extracts against O, ~ has been studied and authors have reported
that it may be due to the presence of hydroxyl groups in phenolic compounds [48].

There are no studies in literature with HOCl and NO" scavenging activity of OLE;
however, some studies have verified that the main polyphenols from olive, such
as oleuropein and hydroxytyrosol, have low HOCI scavenging capacity [49, 50].
A previous study evaluated 18 different Mediterranean plant species and observed
ECso from 51—604 pg/mL [51], which suggests that our OLE is an effective NO
scavenger in comparison with other plants. Studies reported that at 5 to 50 pmol/
L, oleuropein inhibited approximately 100% of NO® formation [49], and 100
pmol/L of hydroxytyrosol inhibited 61.3% of NO" [52].

Peroxyl radicals attack erythrocyte membrane components, such as proteins and
lipids, causing changes in their structure and function, which may result in hemoly-
sis. Recent study showed that antioxidant compounds can protect both hemoglobin
degradation and erythrocyte membrane during AAPH-induced hemolysis [53].
Oxidative processes in cell membrane, such as lipid peroxidation and protein oxida-
tion, can cause blistering and protuberances, which normally result in membrane
asymmetry and structural changes in erythrocytes [54]. Similarly, we observed the
effects of peroxyl radicals initiated by AAPH on human erythrocytes lysis. Studies
have shown an antioxidant effect of OLE on peroxyl radical-induced hemolysis in
sheep erythrocytes [36]. These authors verified a relationship between the antihemo-
Iytic effect of extracts and their radical scavenging activity, measured by DPPH
assay, suggesting that the mechanism of action in both cases is related to total phenol
content. In fact, studies showed protective effect of the main phenolic compounds
and their metabolites present in olive against oxidative hemolysis in human erythro-
cytes [55, 56].
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Lipid peroxidation in cellular membrane together with oxidative damage to mem-
brane proteins, have been related to structural and morphological alterations in eryth-
rocytes [54, 57]. Therefore, our results obtained in biochemical analyzes by TBARS
assays corroborates with the observations made in SEM analysis, suggesting that
OLE can prevent lipid peroxidation. Although the TBARS contend in intact eryth-
rocytes exposed to AAPH is related to a pool of substances reactive to thiobarbituric
acid and not only to the product of lipid peroxidation [29].

Manna et al. [55] found that hydroxytyrosol prevents lipid peroxidation and hemoly-
sis, induced by H,O, in human erythrocytes. In vivo study observed reduction in
TBARS values in liver, heart, kidneys and aorta of Wistar rats after oral administra-

tion of OLE rich in phenolic compounds such as oleuropein and hydroxytyrosol [39].

The mechanisms involved in oxidative processes induced by free radicals in erythro-
cytes are not fully understood. Studies have suggested that occurrence of hemolysis
when erythrocytes are exposed to AAPH is due to the action of peroxyl radicals on cell
membrane proteins and the induction of membrane lipid peroxidation [25, 28, 57].
However, some authors have verified that, prior to occurrence of AAPH-induced he-
molysis, there is no significant lipid peroxidation and/or hemoglobin oxidation in
erythrocytes, and suggest that AAPH has no ability to enter erythrocytes and access
hemoglobin and polyunsaturated fatty acids located in the cytosolic phase of the
membrane [58, 59]. Other studies have shown that AA is a potent inhibitor of peroxyl
radicals action and significantly reduces hemolysis and other oxidative damages in
erythrocytes [28, 60]. However, the OLE had a greater protective effect on lipid per-
oxidation than AA. Thus, results of this study demonstrate that OLE efficiently in-

hibits oxidative damages induced by peroxyl radicals in human erythrocytes.

In this study, OLE has shown a similar effect to AA on AAPH-induced hemoglobin
oxidation in human erythrocytes, which shows an important antioxidant potential of
the extract in prevention of cellular oxidative processes. These findings are consis-
tent with previous study in which metabolites of hydroxytyrosol prevent the oxida-
tion of hemoglobin to in human erythrocytes after AAPH exposure [61].

Pre-hemolytic oxidation of hemoglobin with MetHb formation was shown in Fig. 5.
However, another study did not observe MetHb occurrence in intact cells after 4
hours of incubation with AAPH (5 mM), and suggested that hemoglobin oxidation
does not appear to be part of the pre-hemolytic damages [25]. This difference in re-
sults may be related to the lower concentration of AAPH (5 mM) compared to this
study (50 mM). Our results show that OLE (100 and 150 pg/mL) protected the he-
moglobin oxidation in both extracellular medium (supernatant) and inside the eryth-
rocyte. However, 250 pg/mL of extract did not protect hemoglobin oxidative effects
in extracellular medium; instead the same concentration prevented the protein oxida-

tion inside the cell.
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In studies using phospholipid membrane models it has been observed that oleuropein
can cross the lipid membrane and act as an internal antioxidant, whereas the hydrox-
ytyrosol would act near the surface of the membranes [62]. In contrast, other studies
have proposed a superficial localization of oleuropein in phospholipid bilayer mem-

branes, where this compound would have an effective role as antioxidant [63, 64].

Regarding the process of MetHb formation inside the cell by AAPH exposure and the
consequent protection of this effect by OLE, it should be pointed that peroxyl radicals
from AAPH accessed the intracellular hemoglobin; this process caused Fe(Il)-
heminic oxidation of OxyHb producing Fe(IlI)-heminic protein or MetHb. Thus, an-
tioxidants present in OLE neutralized the deleterious effects of AAPH on erythro-
cytes. However, studies suggest that AAPH-derivate peroxyl radicals do not
induce significant oxidation in intracellular hemoglobin because of their low ability
to penetrate the cell membrane of erythrocytes [58, 59]. Another possible explanation
may be related to auto-oxidation process of OxyHb to MetHb, which occurs naturally

in erythrocytes [30], and this process is increased in the presence of the oxidant.

In this study, to quantify the oxidative damages on biomolecules, 10-fold higher
concentration of AAPH (50 mM) were used in relation to hemolysis assays. There-
fore, lower concentrations of AAPH are able to induce hemolysis in erythrocytes,
but were not sufficient to evaluate the induction of TBARS formation and hemoglo-

bin oxidation.

To our knowledge, this is the first study evaluating the antioxidant effects of olive
leaves on these reactive oxygen and nitrogen species (O, ~, HOCI and NO"), and
against peroxyl radical-induced oxidative damage in human erythrocytes, which
have great importance in biological systems. This antioxidant activity may be partly
responsible for some medicinal effects of olive leaves related to the generation of
free radicals, since excessive production of reactive oxygen and nitrogen species
is involved in various diseases. Therefore, our results represent an important contri-

bution to the understanding of the potential antioxidant activity of olive leaves.

5. Conclusion

Olive leaves are an important source of antioxidants, such as phenolic compounds and
flavonoids, which display effective antioxidant activity when various methodologies
are used. OLE inhibits the action of reactive species that participate in cellular
biochemical processes and protects human erythrocytes against oxidative damage.
These results show that olive leaves are effective antioxidant in biological systems,
suggesting that their intake may be related to prevention of oxidative stress in vivo,
with consequent health benefits. Moreover, OLE have the potential to be used as nat-
ural antioxidants in preservation of food products, pharmaceuticals and cosmetics, in

which chain reactions mediated by free radicals result in oxidative alterations.
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The compounds responsible for the antioxidant effects of OLE are not yet fully un-
derstood. Thus, additional studies are required for identification and isolation of
these compounds and their efficiency. In addition, further in vivo studies should

be performed to confirm the results obtained so far.
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