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Introduction 
The olive tree (Olea europaea L.) has great historical and 

commercial importance, being its main product olive oil, well known 
for its antioxidant effects and health benefits.1 The olive leaves 
have shown high bioactive compounds content, including phenolic 
compounds.2,3 These compounds have important antioxidant potential, 
mainly due to their structure, ideal for free radical scavenging, in 
which polyphenols can avoid chain reactions.4,5 Recently, studies 
have shown that olive leaves have antioxidant activity on induced 
hemolysis and free radicals with biological characteristics.6 Thus the 
olive leaf extract has been showing interest due to its potential use in 
the medical, pharmaceutical, cosmetic and food fields.7–10

Antioxidant activity has been evaluated by several chemical 
analysis methods.11 Synthetic free radical as DPPH• (2,2-diphenyl-1-
picrylhydraza) and ABTS•+ [2,2-azino-bis- (3-ethylbenzothiazoline-6-
sulfonic acid)] were used for antioxidant activity evaluation.12,13 Other 
methods based on the ability of antioxidants to reduce metal ions such 
as ferric and cupric has been used, as FRAP (ferric ion reducing power) 
and CUPRAC (cupric ion reducing capacity) analyzes. In addition, 
antioxidant activity on reactive oxygen species with biological 
characteristic has been employed. Reactive species as hypochlorous 
acid (HOCl), hydrogen peroxide (H2O2), superoxide anion (O2

•-), 
hydroxyl radical (HO•) and nitric oxide (NO) were used.6,11,14

The aim of this study was to evaluate the in vitro antioxidant action 
of Olea europaea L. leaf extract by: i) trolox equivalent antioxidant 
activity using three methods as ABTS•+, DPPH• and FRAP; ii) species 
with biological characteristics as O2

•-, HOCl and NO compared to 
ascorbic acid antioxidant.

Materials and methods
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).

Olive leaf extract preparation

Ten grams of dried/micronized olive leaves were subjected to 
removal of n-hexane-soluble compounds using a Soxhlet extractor.15 
The sample was subjected to extraction with 200mL of methanol/
water (80:20v/v), under agitation at 170rpm (Shaker TE-420, Tecnal, 
Brazil), protected from light at 25°C for 24h, and was centrifuged at 
1970g for 10min. The supernatant was filtered through Whatman (11 
m) 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), sonicated 
(Ultrasonic Disruptor Unique cells, Brazil) (2 cycles of 20s at 100W), 
and then centrifuged at 1 970 g for 5 min. The supernatant was frozen 
and freeze-dried (Lyophilizer K-202, Liobras, Brazil) to obtain dried 
extract. The extract was diluted in phosphate-buffered saline (PBS), 
pH 7.4. The extract preparation was performed six times.

Determination of total phenolic 

The Folin-Ciocalteau colorimetric method was used for estimation 
of total polyphenol content of the extract [16]. The extract (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). 

Antioxidant action on ABTS•+, DPPH• and FRAP

ABTS•+ scavenging activity was determined according to Re et 
al.,17 with modifications. ABTS•+ radical was obtained from reaction 
of 7.0mmol/L ABTS with 2.45mmol/L ammonium persulfate in 
the dark, under constant agitation at room temperature for 12−16h. 
ABTS•+ solution was diluted in ethanol to obtain an absorbance of 
approximately 0.70 at 750nm. Final reaction mixtures containing 
different concentrations of extract (3.3−26.7μg/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: 
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Abstract

This study aimed to evaluate in vitro antioxidant action of olive leaf extract (Olea europaea 
L.) by: i) Trolox equivalent antioxidant capacity (TEAC) by ABTS•+, DPPH and Ferric 
reducing antioxidant power (FRAP) assays; ii) scavenging of superoxide anion (O2

•-), 
hypochlorous acid (HOCl) and nitric oxide (NO), compared to ascorbic acid. Results showed 
TEAC values as 0.148±0.015, 0.215±0.076 and 0.282±0.023 gram of trolox equivalent per 
gram of dry extract weight, to respective ABTS•+, DPPH• and FRAP. Olive leaf extract was 
better antioxidant than ascorbic acid on O2

•- scavenging, at concentrations over 50 µg/mL; 
similar effects on NO scavenging for both was seen and on HOCl inhibition, the extract 
showed lower antioxidant action than ascorbic acid at all concentrations. Olive leaf extract 
showed potentiality to be used as antioxidant in biological systems. 
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                  ABTS•+ inhibition (%) = [1- (A/AC0)] x 100

Where, AC0 is the absorbance of the control assay (no extract) 
at the initial time and A is the absorbance of the sample assay after 
6min of incubation. The results were expressed as Trolox Equivalent 
Antioxidant Capacity (TEAC) in g/g dw.

The DPPH• radical-scavenging was determined using the 
method proposed by Brand-Williams et al.,18 The reaction medium 
contained DPPH• (65μmol/L) and different concentrations of extract 
(3.8−25.0μg/mL). Absorbance measurements at 515nm were started 
immediately (t0) and after 3 h (tf) of reaction time. The results were 
expressed in percentage of inhibition of DPPH• according to the 
following equation: 

                     DPPH• inhibition(%)=[1 - (A/ACo)]x100

Where, ACo is the absorbance of the control assay (no extract) at 
t0 and A is the absorbance of the sample at tf. Methanolic solutions 
of Trolox were tested in both ABTS•+ and DPPH• assays. The results 
were expressed as Trolox Equivalent Antioxidant Capacity (TEAC) 
in g/g dw.

Ferric reducing antioxidant power (FRAP) analysis was evaluated 
according to Benzie and Strain.,19 with modifications. Reaction 
mixtures containing 50 µL of sample (0.2g/mL) and 950µL of FRAP 
reagent were incubated for 30min at 37oC and the absorbances were 
determined at 593nm. Trolox was used as standard. The results were 
expressed as Trolox Equivalent Antioxidant Capacity (TEAC) in g/g 
dw.

Antioxidant action on O2•-, HOCl and NO• 

The O2
•- scavenging activity of extract was evaluated according 

Ewing and Janero.,20 adapted by Valentão et al.,21 and Orak et al.,22 

with some modifications. Reaction medium containing PBS, NADH 
(166µmol/L), Nitroblue tetrazolium (43µmol/L), sample (20−160µg/
mL) and phenazine methosulfate (2.7µmol/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 O2

•- was calculated according to the following 
equation: 

                     O2
•- 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. Ascorbic acid (AA) was used as 
standard compound. 

The HOCl assay was performed according to Valentão et al.,21 with 
modifications. HOCl induces the oxidation of 5-thio-2-nitrobenzoic 
acid (TNB) to 5,5´-dithiobis (2-nitrobenzoic acid) (DTNB). The 
reaction was evaluated by TNB absorbance at 412nm. Reaction media 
containing 62.5µmol/L TNB in the absence (control) and presence of 
extract (100−1400µg/mL) at 25°C were used to measure absorbance 
at 421nm before (t0) and 5 min after (tf) the addition of HOCl. The 
inhibition percentage of HOCl was calculated according to the 
following equation: 

          HOCl inhibition (%)=[1- (Ai – Af)/(ACi–ACf)]x100

Where, Ai and ACi are the absorbances of the sample and control, 
respectively, determined before HOCl addition, and Af and ACf are 
the absorbance’s of the sample and control, respectively, evaluated 
5min after HOCl addition. Ascorbic acid (AA) was used as standard 
compound. 

NO scavenging activity of extract 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 
PBS), prepared immediately before use, in the absence (control) and 
presence of extract (10−200µg/mL). The mixture was incubated for 
3 h at 25°C. NO2

- formation was quantified by Griess reaction with 
sulphanilamide (58.0mmol/L) and N-(1-naphthyl)-ethylenediamine 
(3.86mmol/L) at 540nm using a microplate reader. The NO2

- 
concentration was obtained using a standard curve with sodium nitrite 
(1.5−100µmol/L). The values were expressed as inhibition percentage 
of NO, after 2 h of incubation, obtained by the equation 

                         N• inhibition (%) = [1- (A/AC)] x 100

Where, A is the absorbance of the sample and AC is the absorbance 
of the control. Ascorbic acid (AA) was used as standard compound. 

Statistical analysis
All assays were performed in triplicate and the results represent 

the means±standard deviation from up to six independent extractions 
(n=6). The data were evaluated by analysis of variance (ANOVA), 
t-test and Tukey’s test for comparison of means, with a significance 
level of α=0.05.

Results 

In present study, total phenolic contents were 0.118±0.084 g GAE/
gdw. The data were mean±standard deviation (n=6). 

Trolox equivalent antioxidant capacity (TEAC) 

TEAC values obtained by ABTS•+, DPPH• and FRAP assays can 
be seen in Table 1. Results show significant difference between the 
values of TEAC from different methods (p<0.01), the following 
ascending order of antioxidant activity: ABTS•+, DPPH• and FRAP 
was see. 

Table 1 Antioxidant activities of olive leaf extract on ABTS•+, DPPH• and FRAP 
assays

TEAC (gTE/gdw)

FRAP ABTS•+ DPPH•

0.282±0.023a 0.148±0.015c 0.215±0.076b

TEAC, Trolox equivalent antioxidant capacity; TE, trolox equivalent; 
Mean±standard deviation (n=6). Different lowercase letters represent 
significant difference (p<0.01)

Antioxidant action on O2•-, HOCl and NO 

In present study, dose-response between extract concentration and 
inhibitory effect of reactive species was seen (Figure 1); significant 
differences between extract effect and ascorbic acid effect were 
detected. For O2

•- scavenging-radical, greatest effect was observed for 
the extract compared to ascorbic acid, when in 50, 60, 80, 10 and 
160 µg/mL; but at low concentrations (20 and 30µg/mL) ascorbic 
acid showed better antioxidant action than the extract (P<0.05). No 
difference between extract and ascorbic acid at 40µg/mL on O2

•- 
radical-scavenging was detected. Maximum inhibition action of 
extract and ascorbic acid on O2

•- radical-scavenging were 76.4±1.7% 
and 69.1±1.9%, respectively, at 160 µg/mL for both. Concentrations 
above 160µg/mL did not increase the O2

•- radical-scavenging 
compared to the values found in this concentration, for both extract 
and ascorbic acid (results not shown).
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Figure 1 Effect of olive leaf extract and ascorbic acid on O2
•- (A), HOCl (B) 

and NO (C) scavenging.

For HOCl, the extract showed inhibitory action at higher 
concentrations 100µg/mL, but at low concentrations (5-50µg/mL) no 
effect was detected. HOCl inhibition by ascorbic acid was greater than 
olive leaf extract in all concentration. Maximum HOCl inhibition of 
96.7±0.4% and 59.1±1.8% for the respective ascorbic acid and extract 
at 1400µg/mL were observed; similar effects were detected at higher 
concentrations (above 1400µg/mL) (results not shown).

Except for 200µg/mL, no significant difference between extract 
and ascorbic acid on NO inhibition was detected, when ascorbic acid 
inhibited 80.1±4.2% and olive leaf extract inhibited 63.3±5.7% of 
NO. Similar inhibitions values were found at concentrations greater 
than 200µg /mL (results not shown).

Discussion 

The antioxidant activity of olive leaf extracts against ABTS•+, 

DPPH• and FRAP has been verified in previous studies.6,11,21 Similar 
to the results presented in Table 1, olive leaf extract showed 301mg 
TE/g dry extract and 379.3mg TE/g dry extract for respective FRAP 
and ABTS•+ .24 Lins et al.,6 showed 281mg TE/g dry olive leaf extract, 
similar to that showed in the present work; these study found lower 
EC50 values (16.1µg/mL) for ABTS•+ radical-scavenging compared 
to EC50 (13.8µg/mL) for DPPH• radical-scavenging; suggesting 
higher antioxidant activity of olive leaf extract on ABTS•+ scavenging 
corroborating with the results of Table 1. Determination of antioxidant 
activity has been shown to be dependent of reaction conditions; but 
nevertheless studies have shown a high correlation between these 
different methodologies.24,25

The antioxidant capacity of olive leaves is mainly attributed to 
phenolic compounds presence.26–29 Antioxidant action from several 
phenolic compounds present in olive leaves has been evaluated and 
antioxidant effects were related to functional groups characteristics.4,27 
In addition, some studies suggest that phenolic compounds have a 
synergistic effect on antioxidant capacity when combined, as in olive 
leaf extracts.30–32 The total phenolic content found in the present study 
was similar to that previously found to olive leaf extract (131.7mg 
GAE/gdw).6 Phenolic compounds have demonstrated major role 
for antioxidant activity of olive leaves is attributed,26–28 assessed 
individually or by the synergistic effect between them.26,28,30

Recent study shows a direct relation between olive leaf extract 
concentration and inhibition effect against O2

•-, HOCl and NO,6 
similarly, in the present study we observed a relation between extract 
concentration and inhibitory effect on reactive species (Figure 1); 
however, it is evident a significant differences between extract action 
and ascorbic acid action. Unlike the extract, ascorbic acid showed 
excellent antioxidant action on HOCl. Both the extract and ascorbic 
acid had a moderate effect on O2

•- and NO scavenging, and the extract 
had better effect than ascorbic acid on O2

•- and roughly equal values 
on NO scavenging. Studies show that the main polyphenols, such 
as oleuropein and hydroxytyrosol, have low HOCl elimination,32,33 
suggestive for the low antioxidant power of olive leaf extract. In fact, 
other studies show reduced HOCl scavenging by olive leaf extract.6 
However the olive leaves extract has shown effective NO scavenger 
in comparison with other plants.32 Active compounds present in 
olive leaf such as oleuropein inhibited approximately 100% of NO 
formation,33 and hydroxytyrosol inhibited 61.3% of NO.34 

Conclusion
Olive leaf extract showed antioxidant action on synthetic reactive 

species and on reactive species with biological characteristics; 
suggesting potentiality on biological systems. Olive leaf extract 
showed similarity to ascorbic acid on O2

•- and NO scavenging, being 
less efficient over HOCl. The action mechanisms for the antioxidant 
effects of olive leaf extract are not fully understood. Thus, further 
studies will be conducted to identify compounds to elucidate the 
antioxidant mechanisms; In addition, further in vivo studies will be 
important to evaluate the antioxidant capacity of olive leaf extract.
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