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Abstract

Olive mill wastewater (OMW) is produced seasonally by the olive oil-producing countries. A large amount
of liquid waste results from olive oil extraction, with a very high organic load which renders it difficult to treat.
Wastewater represents also a significant source of polyphenols which can be revalorized and used for medical or
agro-alimentary purposes. The extraction of polyphenols will improve the wastewater biodegradation and reduce
its phytotoxicity. The objective of this study was to extract polyphenols from OMW and to investigate their effect
on reactive oxygen species (ROS) production by human neutrophil. Polyphenols were extracted from OMW by
an established technique. Neutrophils, isolated from blood of healthy volunteers, were incubated with increased
concentrations of polyphenol extract and ROS production was measured by luminol-amplified chemiluminescence
and cytochrome c reduction techniques. Results show that the polyphenol extract from OMW inhibited phorbol-
myristate acetate (PMA)-stimulated neutrophil ROS production as measured by the chemiluminescence assay. The
polyphenols extract from OMW also inhibited neutrophil superoxide production as measured by the cytochrome ¢
reduction assay; as well as H,0, production as measured by flow cytometry. Also, the polyphenol extract reacted
with pure H,0, but did not affect superoxide anions production by the xanthine/xanthine oxidase enzymatic system.
Our results show that polyphenols extracted from OMW exert a strong antioxidant effect and they could have an
anti-inflammatory effect by inhibiting neutrophil ROS production and by scavenging hydrogen peroxide, thus limiting

their toxic effects. OMW could be used to extract polyphenols for medicinal applications.
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Introduction

The Mediterranean region is the first producer of olive oil in
the world. Despite the known beneficial properties of olive oil on
health, its production generates large amounts of by-products such
as olive mill wastewater (OMW) [1], which constitutes an important
environmental pollution product. The Mediterranean region accounts
for 95% of the global OMW product in the world [2]. Phenolic
compounds such as oleuropein, tyrosol, hydroxytyrosol and caffeic
acid are abundant in OMW [3,4]. The presence of polyphenols in olive
oil is believed to be responsible for its stability [5]. Olive polyphenols
are also known to play a role in preventing chronic human diseases
such as cardiovascular diseases and inflammatory diseases [6]. Several
in vitro and in vivo studies confirmed that phenolic compounds from
olive reduce the effect of oxidative stress associated with pathological
disorders including atherosclerosis [7,8], cancer [9,10], inflammatory
diseases [11-13], neurodegenerative diseases [14], and they have some
anti-microbial and anti-viral properties [15-18].

Reactive oxygen species (ROS) such as superoxide anion (O,"),
hydrogen peroxide (H,0,) and hydroxyl radical (OH") are powerful
oxidants produced by several enzymatic systems in the body [19].
Phagocytes such as neutrophils, monocytes and macrophages are
major ROS producing cells [20]. Neutrophil activation leads to the
production of ROS in a process called respiratory burst, mediated by
a multi-component enzyme NADPH oxidase. ROS produced by this
process are used by phagocytes to kill infectious agents. In contrast,
over production of ROS may cause oxidative stress, leading to many
deleterious effects for the organism [21]. In this context, polyphenol
compounds, known to have an antioxidant effect, can be used to protect
cell against oxidative damage and limit the risk of various degenerative
diseases associated to excessive ROS production by phagocytes. While,

individual polyphenol compounds have been shown to display anti-
oxidative effect, little is known about the effect of total polyphenol
extracts from OMW [22-25]. In this work, we used OMW, from
chemlal variety olive tree which is largely cultivated in Kabylia
(Algeria), to extract polyphenols. Polyphenol extract were tested on
ROS production by human neutrophils and enzymatic systems.

Materials and Methods
Materials

Ficoll, Dextran, cytochrome C, luminol, PMA (4b-phorbol-12b-
myristate-al3-acetate), xanthine, xanthine-oxidase, H,0,, HRPO
(horseradish peroxidase), 2,7 - Dichlorofluorescin diacetate (DCFH-
DA), Dulbecco’s Phosphate-buffered saline (PBS) and Hanks’ balanced
salt solution (HBSS) were purchased from Sigma- Aldrich Chemie
GmbH (Steinheim, Germany). The different solutions were diluted in
phosphate-buffered saline (PBS) immediately before use.

Extraction of polyphenols from olive mill wastewater

Polyphenols were extracted according to the method previously
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described [4]. Olive mill wastewater was collected from the region of
Kabylia, the most important producer of olive oil in Algeria (Algeria).
Liquid-liquid extraction of phenolic compounds with ethyl acetate
was carried out on olive mill wastewater samples obtained from a
continuous olive oil processing plant. OMW was acidified to pH 2 with
HCl and washed with hexane in order to remove the lipid fraction, the
mixture was vigorously shaken and centrifuged for 5 min at 3000 rpm.
The phases were separated and washed successively twice. Extraction of
phenolic compounds was then carried out with ethyl acetate: the washed
OMW samples were mixed with ethyl acetate and vigorously shaken
before centrifugation for 5 min at 3000 rpm. The phases were separated
and the extraction was repeated four times successively. The ethyl
acetate was evaporated using a speed Vac. The aliquots of polyphenol
extract without solvent were frozen (-20°C) until utilization.

Determination of total polyphenol content

Total polyphenol compounds in OMW extract was determined
by the Folin-Ciocalteu assay according to the method described
by Singleton [26]. The absorbance was read at 725 nm in Uvikon
931 (Contron, Milano, Italy) UV-Vis spectrophotometer and all
the experiments were performed in triplicate. The content of total
polyphenol is reported as gallic acid equivalents (EqQGA) by reference
to standard curve. For experiments, polyphenols extract was prepared
at 5 mg/mL in PBS then diluted in the assay at different concentrations.

Neutrophil preparation

Neutrophils were isolated from venous heparinized blood, freshly
collected from healthy volunteers. We used Dextran (T500) to remove
red blood cells, followed by centrifugation over Ficoll-Paque to remove
mononuclear cells and hypotonic lysis of any remaining contaminating
red blood cells as described previously [2]. Finally, the neutrophils were
centrifuged and suspended in PBS before being counted.

Determination of cell viability

Isolated human neutrophils were incubated with polyphenols
extract at concentrations of 0, 25, 50, 100, 200 and 250 pg/mL during
30 min. Cell viability was evaluated by the trypan blue exclusion test.

Measurement of ROS production by luminol-amplified
chemiluminescence

Neutrophils (5 x 10°/ 0.5 mL) were resuspended in HBSS in the
absence or presence of polyphenol extracts (0, 25, 50,100, 200 and 250
pg/mL ), in the presence of luminol (10 uM), for 15 min at 37°C, then
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PMA (100 ng/mL) was added and chemiluminescence was evaluated
with a luminometer (Auto Lumat LB953 model, EG & G Berthold).
Light emission was recorded in counted photons per minute (cpm)
during 30 min at 37° C. The percentage of inhibition was calculated in
comparison to the control without polyphenol extract. To test the effect
of polyphenol on H,0,, we use 0.003% H,O, mixed to 5U of HRPO
in the presence of luminol (10 uM) and increasing concentrations of
polyphenol extract (0, 10, 20, 50, 100 pg/mL). Chemiluminescence was
measured for 30 min as described above.

Measurement of superoxide production by the cytochrome ¢
reduction assay

Neutrophils (1 x 10°) were incubated during 10 min at 37°C with
cytochrome ¢ (1 mg/mL) and increasing concentrations polyphenol
extract (0, 25, 50, 100, 200, 250 pg/mL ), prior to stimulation with
100 ng/mL PMA. Superoxide anion production was determined by
measuring the ferric cytochrome ¢ reduction with a UVIKON 860
spectrophotometer at 550 nm during 10 min.

Xanthine-Xanthine Oxidase (XXO)-derived superoxide production
was determined in 1 mL PBS containing xanthine (100 mM) and
xanthine oxidase (1U), in the presence of cytochrome ¢ and increasing
concentrations of polyphenol extracts (0, 25, 50, 100, 200 and 250 pg/
mL). Superoxide anion production was determined by measuring the
ferric cytochrome c reduction with spectrophotometer at 550 nm over
10 min. Superoxide production values were calculated using the molar
extinction coefficient of reduced cytochrome ¢ (2.1 x 10* mol/L" cm™).

Measurement of intracellular H202 production by flow
cytometry

Intracellular H,O, production was measured using a flow cytometric
assay. The method is based on that when 2',7 -dichlorofluorescin di-
acetate (DCFH-DA) probe diffuses across neutrophils membrane, it is
hydrolyzed by intracellular esterases to DCFH which remains trapped
within the cells. In presence of H,O,, non-fluorescent intracellular
DCFH is oxidized to highly fluorescent 2',7'-dichlorofluorescein
(DCF). PMNs (5 x 10° cells) in Hank’s were incubated for 15 min with
2,7-DCFH-DA (100 mmol/l) in the dark and in a water bath at 37°C
with gentle agitation. Thereafter, polyphenol extract was added at
increasing concentrations (0, 25, 50, 100 and 200 pg/ mL) to the cells
and further incubated for 10 min. Neutrophils were stimulated with
PMA (100 ng/mL) over 15 min. The reaction was stopped at 4° for 15
min. Flow cytometric analysis was performed with a Becton Dickinson
FACSCantolI (Immuno cytometry Systems). The fluorescence intensity
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Figure 1: Effect of the polyphenols extract on ROS production by human neutrophils. Neutrophils were incubated with the OMW polyphenols extract at increasing
concentrations and stimulated or not with PMA. Luminol-amplified chemiluminescence was measured during 30 min. Data are expressed as means + SEM; n=3,* p < 0.05.
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Figure 2: Effect of the polyphenols extract on superoxide anions production by human neutrophils. Neutrophils were incubated with the OMW polyphenols extract at
increasing concentrations in the presence of cytochrome ¢ and stimulated or not with PMA. Production of superoxide anions was monitored at 550 nm. Data are expressed

as means = SEM; n=3, * p< 0.05.
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Figure 3: Effect of the polyphenols extract on DCFH-detected H202 production. Neutrophils were incubated with DCFH-DA at 37 °C at increasing concentrations of|
polyphenols extract. Flow cytometric analysis was performed with a Becton Dickinson FACSCantoll. Representative FACS profile of neutrophils stimulation and the effect
of polyphenols extract (Counts: number of neutrophils; MFI: Mean fluorescence intensity). The results are calculated using a stimulation index (SI), namely the ratio of MFI
of stimulated cells to that of unstimulated cells. Data are expressed as means + SEM, n=3; * p< 0.05.
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Figure 4: Effect of the polyphenols extract on neutrophil viability. Isolated human
neutrophils were exposed to polyphenols extract at concentrations. Viability was
evaluated with adding Trypan Blue, and blue cells were counted. % of viable cells
was expressed compared to control conditions (without polyphenols). Results are
expressed as mean+/- SEM, n= 3, * p< 0.05.

was measured simultaneously at wavelength of 488 nm for excitation
and at 530 nm for emission. The data were analyzed using FACSDiva
program and results are expressed as the mean fluorescence intensity

(MFI) was used to quantitate the responses. The effect of polyphenol

extract on H,O, production was calculated by using a stimulation
index (SI), namely the ratio of the MFI of stimulated cells versus that
of unstimulated cells.

Statistical analysis

The data are presented as a percentage of the control and was
calculated according to the equation: [% of control = (Response with
polyphenol extract/Control Response) x 100]. Statistical analysis was
established between controls and samples treated with polyphenols
extract using student ¢- test.

Results:

Extraction of polyphenols from olive mill wastewater

Olive mill wastewater was collected from the region of Kabylia
the most important producer of olive oil in Algeria. In this region,
most of the olive trees are chemlal olive trees. Extraction of phenolic
compounds was carried out on olive mill wastewater samples obtained
from a continuous olive oil processing plant as described in material
and method section. Total polyphenol compounds in OMW extract
was determined by the Folin-Ciocalteu assay according to the method
described by Singleton [26]. The content of total polyphenols is reported
as gallic acid equivalents (EQGA) by reference to standard curve. After
purification, we evaluated a content of polyphenol compounds in the
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Figure 5: Effect of the polyphenols extract on luminol-amplified chemiluminescence in acellular system. H202 and HRPO were incubated with polyphenols extract at
increasing concentrations. Luminol-amplified chemiluminescence was measured during 30 min. Data are expressed as means + SEM, n=3, *p< 0.05.
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Figure 6: Effect of the polyphenols extract on superoxide anion production by
the xanthine/xanthine oxidase cell free system. The polyphenols extract was
incubated at increasing concentrations with xanthine oxidase, xanthine was added
and superoxide was measured by the cytochrome c reduction assay at 550 nm.
Results are expressed as the % of control without the extract. Data are expressed
as means = SEM, obtained in three independent experiments.

OMW extract by 0.148 mg EqGA/mg extract.

Effect of polyphenol extract from OMW on neutrophil ROS
production

To evaluate the effect of the polyphenol extract on human
neutrophil ROS production, freshly isolated neutrophils were treated
with increasing concentrations of the polyphenol extract (0, 25, 50,100,
200 and 250 pug/mL), chemiluminescence was measured using luminol
as probe. Luminol-amplified chemiluminescence detects multiple
ROS, mainly superoxide anion, hydrogen peroxide and hypochlorous
acid. The result shows that the polyphenol extract inhibited total ROS
production by PMA-stimulated neutrophils (Figures 1A and 1B).
This result suggests that the total polyphenol extract from OMW may
scavenge ROS or affect the neutrophil NADPH oxidase activity or its
upstream activation.

Effect of the polyphenol extract on superoxide production by
neutrophils

To assess specifically the effect of the polyphenol extract on
superoxide anion production, neutrophils were pre-incubated for
10 min at 37°C with cytochrome ¢ and the polyphenol extract and
then were stimulated with PMA. Superoxide anion production was

determined by measuring the reduction of cytochrome ¢ at 550 nm
with a UVIKON 860 spectrophotometer. The result shows that the
polyphenol extract inhibited the cytochrome ¢ reduction (Figures 2A
and 2B). This suggests that the extract may affect NADPH oxidase
activity in neutrophils or could scavenge superoxide anions.

Effect of the polyphenol extract on H202 production by
neutrophils

To test the effect of increasing concentration of polyphenol extract
on intracellular production of H,O, by neutrophil in response to PMA,
we used DCFH probe which is fluorescent in presence of H,O, We
calculated the effect of polyphenol extract on H,O, production by
using a stimulation index (SI), namely the ratio of stimulated cells
to that of unstimulated cells. The neutrophils were identified on the
basis of forward and side scatter alone and analysed in combination
with the DCFH probe. The fluorescence intensity decreased in
neutrophils treated by polyphenols cells as compared to control cells,
this effect was dependent on increasing concentrations of polyphenol
extract. These results (Figures 3A and 3B) showed that the polyphenol
extract inhibited intracellular production of H,0,, although at higher
concentrations than those which inhibited chemiluminescence and
cytochrome c reduction.

The polyphenol extract from OMW has no effect on human
neutrophil viability

To verify that the inhibitory effect of the polyphenol extract was
not due to its toxic activity on neutrophils, we examined its effect on
cell viability using trypan blue exclusion assay. The result shows that
after 30 min of neutrophils incubation with increasing concentrations
of polyphenols, cell viability was greater than 95% (Figure 4). Thus cell
viability was not affected by polyphenol extract.

Effect of polyphenol extract on H202 and superoxide anion
in cell-free systems

To identify the specific target of polyphenols extract, pure H O,
was incubated with increasing concentrations of the polyphenol extract
and then the luminol-amplified chemiluminescence assay with HRPO
(5U) was used to detect H,O,. Results show that polyphenols extract
scavenges H,O, at low concentrations in a dose dependent manner
(Figures 5A and 5B). We also studied the effect of polyphenol extract
on superoxide anion produced by the Xanthine/Xanthine Oxidase.
Results show that polyphenols extract did not inhibit cytochrome ¢
reduction (Figure 6).
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Discussion

In this study, we extracted polyphenols from olive mill wastewater
(OMW) from a specific variety of olive tree, the chemlal olive tree
and tested its effects on ROS production by human neutrophils.
Firstly, we used luminol-amplified chemiluminescence, a technique
which detects the total ROS production. Results show that, in PMA
stimulated neutrophils, the polyphenol extract significantly inhibits
total ROS production in a dose-dependent manner. Secondly, using
the cytochrome c reduction assay, a specific method to measure
extracellular superoxide anions (O,”) production, we found that the
polyphenol extract significantly inhibited neutrophil’s O, production.
Thirdly, using flow cytometry and DCFH probe, we showed that the
polyphenol extract at low concentrations significantly inhibited the
intracellular production of H,0, ina dose-dependent manner. These
effects were not due to a toxic effect of the polyphenol extract since
cell viability was not affected. Interestingly, the polyphenol extract was
able to react with pure H,O, in vitro but not with O, produced by
the xanthine/xanthine oxidase system. These results suggest that the
polyphenol extract could have a double effect, 1) scavenging H,0, and
2) inhibiting NADPH oxidase activity or its upstream activation. To
check the second possibility, we tested the effect of the polyphenol
extract on isolated neutrophil membranes containing activated
NADPH oxidase. We found no effect on the isolated enzyme (data
not shown). These results suggest that the polyphenol extract is able
to affect NADPH oxidase activation, probably by interfering with the
neutrophil signaling pathways involved in NADPH oxidase activation.

Our results show that OMW from Chemlal variety is a rich source
of antioxidants such as phenolic compounds. Among the polyphenol
compounds present in olive mill wastewater, only hydroxytyrosol and
oleuropein showed a highly antioxidant effect [27-29]. Many recent
human and animal studies have shown a spectrum of highly interesting
bioactivities of polyphenols from olive, including antimicrobial
activity, anti-cancer activity, anti-inflammatory activity and beneficial
effect in cardiovascular diseases [3,8-10,12]. Also, these effects are well
sustained by epidemiological studies on Mediterranean diet [30].

It has been found that polyphenol compounds are highly absorbed
by human cells [31], and stored in vivo in some tissues such as prostate
and breast tissues [30,32,33]. These data suggest that assimilated
polyphenols can protect against H,O, toxicity and exert beneficial
effects on health. The total polyphenol extract could have a more
effective effect in vivo due to synergistic action and effects of individual
compounds.

It is well established that ROS generated by neutrophils and
monocytes/macrophages are involved in inflammatory diseases such as
inflammatory bowel diseases, cardiovascular diseases and rheumatoid
arthritis [34].The polyphenol extract could be beneficial in these
diseases due to its inhibitory action on neutrophil ROS production and
also by scavenging extracellular H,O, which is the most diffusible ROS.
Thus the polyphenol can protect tissues of different organs from H,0,,
limiting its bystander toxic effects. The scavenging of H,O, polyphenols
has also been reported in vitro by Ju et al. [35] and in neutrophils with
another extract by Paula et al [36].

In conclusion, the polyphenol extract from OMW is a powerful
hydrogen peroxide scavenger and a powerful inhibitor of neutrophil
NADPH oxidase activation. These compounds present in OMW could
contribute to the prevention of diseases in which ROS are involved.
OMW could also be used as immunomodulatory compounds and
a therapeutic adjuvant in the treatment of neutrophil-mediated

inflammatory diseases as an alternative to synthetic antioxidants in
pharmaceutical and agroalimentary process. As OMW is a significant
source of phenolic compounds beneficial for health, its utilization as
a resource of polyphenols can be valorized to reduce environmental
waste [37]. Thus, the extraction of polyphenol compounds from OMW
is a fundamental step before any biological degradation of this waste.
OMW could be used as a source of antioxidant compounds with a clear
impact on both health and environment.
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