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Abstract: Background: Persistent oxidative stress can lead to chronic inflammation and
mediate most chronic diseases including neurological disorders. Oleuropein has been
shown to be a potent antioxidant molecule in olive oil leaf having antioxidative properties.

Objective: The aim of this study was to investigate the protective effects of oleuropein
against oxidative stress in human glioblastoma cells.

Methods: Human glioblastoma cells (U87) were pretreated with oleuropein (OP) essential
oil 10 pM. After 30 minutes, 100 uM H,0O, was added to the cells for three hours. Cell
survival was quantified by colorimetric MTT assay. Glutathione level, total oxidant capaci-
ty, total antioxidant capacity and nitric oxide levels were determined by using specific
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DOI:
10.2174/1871523018666190201145824 Results: According to viability results, the effective concentration of H,O, (100uM) signif-
icantly decreased cell viability and oleuropein pretreatment significantly prevented the cell
@ CrossMark losses. Oleuropein regenerated total antioxidant capacity and glutathione levels decreased

by H,0, exposure. In addition, nitric oxide and total oxidant capacity levels were also de-
creased after administration of oleuropein in treated cells.

Conclusion: Oleuropein was found to have potent antioxidative properties in human glio-
blastoma cells. However, further studies and validations are needed in order to understand
the exact neuroprotective mechanism of oleuropein.
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1. INTRODUCTION protective effect against Alzheimer’s or Parkin-
son’s diseases [1]. This effect of monounsaturated
fatty acids could be related to their role of main-
taining the structural integrity of neuronal mem-
branes [1, 2]. Oleuropein is the main phenolic
compound in olive leaf and responsible for the
characteristic bitterness of immature and unpro-
cessed olives. It is heterosidic ester of elenolic acid
* Address correspondence to this author at the Department of and hydroxytyrosol and possesses beneficial ef-
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Ageing is one of the most important factors in
the pathologies of diseases such as Alzheimer’s
and Parkinson’s that occur in advanced ages. Re-
cent studies have supported that high intake of
food rich in monounsaturated fatty acids has a
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antioxidant, anti-inflammatory, anti-carcinogenic
and antiviral activity [4-10].

Many neurodegenerative diseases result in
damage to neurons and disruptions in their struc-
tural functions. Oxidative stress is one of the most
important key factors in aging and leads to the de-
velopment and progression of neurodegenerative
diseases [11]. Hydrogen peroxide is produced in
neurons and it is one of the major contributors to
oxidative damage. Olive, in its leaf and oil, con-
tains some biologically active polyphenols like
oleuropein, hydroxytyrosol, tyrosol and caffeic
acid. These compounds have important antioxidant
effects and protect brain cells against oxidative
damage. Oleuropein may prevent oxidative stress
by leading an enhancement of the antioxidant re-
sponse and scavenging free radical species [12].
Therefore, in this study, it was aimed to investi-
gate the effects of oleuropein on H,O, induced
neuronal toxicity in human glioblastoma cells.

2. MATERIALS AND METHODS
2.1. Cell Culture and Treatments

Human glioblastoma (U87) cells were obtained
from American Tissue Culture Collection (Manas-
sas, VA) and maintained in DMEM supplemented
with 10% fetal bovine serum, 2mM glutamine, 100
U/ml penicillin and 100 pg/ml streptomycin, at
37°C with 5% CO; conditions. Then the cells were
plated in 24-well plates (0.4x10°cells/ml). In order
to measure the effective concentration of exoge-
nously applied H,O; (5-250 uM), the maintenance
medium was removed, medium containing H,O,
was added, and the cells were incubated for 24h.
Similarly, the effective concentration of oleuro-
pein (Sigma, EU) was identified. For this purpose,
Oleuropein stock solution (1mM) was prepared by
dissolving it in cell culture media. It was applied
to the cells at different concentrations (5-100 pM)
taking into account the required dilution factors.
The cells were pretreated with oleuropein for 30
minutes before H,O; application and then incubat-
ed for 24h.

2.2. Viability Assay

Cell viability was determined by MTT (4-5-
dimethylthiazol-2-yl)-2-5-diphenyltetrazolium bro-
mide) assay [13]. Briefly, the viable cells produced
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a dark blue formazan product, whereas no such
staining was formed in the dead cells. The cell vi-
ability was calculated by the normalization of op-
tical densities (OD 570 nm) to the untreated con-
trol cells.

2.3. Homogenate Preparation

Cells were homogenized in ice-cold homogeni-
zation buffer (10 mM Tris, 1| mM EDTA, 25 mM
MgCl,, 0.1 mM dithiothreitol, 0.25 M sucrose, pH
7.4) containing complete protease inhibitor cock-
tail (aprotinin, phenylmethylsulfonyl fluoride,
leupeptin, sodium fluoride) (Sigma, Germany).
Homogenates were centrifuged at 4°C, 15000xg
for ten minutes and the soluble fraction was re-
tained. The protein concentrations of cell extracts
were measured by the Bradford reagent using bo-
vine serum albumin as a standard.

2.4. Spectrophotometric Analyses

Nitric oxide concentration in cultured cell me-
dium was determined indirectly by measuring the
nitrite levels based on Griess reaction [14]. Sam-
ples were deproteinized with 75 mM zinc sulphate.
Total nitrite was determined by spectrophotomet-
rically at 546 nm after conversion of nitrate to ni-
trite by copperized cadmium granules. Non-
enzymatic antioxidant (GSH) content of U87 cell
homogenates was determined according to the
method of Sedlak and Lindsay [15].

2.5. Total Antioxidant Capacity (TAC) Analy-
ses

TAC levels in homogenates were analyzed by
using commercial kits (Rel Assay Diagnostics,
Turkey). Absorbance measurements were per-
formed on the spectrophotometer at the wave-
length of 660 nm. TAC values of the samples were
recorded as umol Trolox Eqiv./L.

2.6. Total Oxidant Capacity (TOC) Analyses

TOC levels in homogenates were analyzed us-
ing commercial kits (Rel Assay Diagnostics, Tur-
key) by following the procedures given. The ab-
sorbance values of the standard and the samples
were read at the wavelength of 530 nm in the spec-
trophotometer. The TOC values of the samples
were recorded in pmol H,O, Eqiv/L.
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Fig. (1). Dose dependent effect of H,O, on U87 cell viability. The data is represented as Mean = SEM of five inde-

pendent experiments (¥*p<0.05 compared to control group).

2.7. RNA Isolation and qRT-PCR Analyses

Real-time PCR was performed in a qPCR sys-
tem (Bio-RAD CFX96, Touch-South Korea). To-
tal RNA from U87 cells were extracted using TRI-
reagent (Sigma, USA) according to the manufac-
turer’s instructions. One pg of total RNA was re-
verse-transcribed with reverse transcriptase kit
(Thermo, Germany) in 20ul reaction volume. One
ul of each cDNA was used as a template for am-
plification by using SYBER Green PCR amplifica-
tion reagent and gene-specific primers. The human
primer sets used were obtained from Thermo Elec-
tron Corporation (Germany): iNOS forward: 5’-
GGC CTC GCT CTG GAA AGA A-3’, reverse:
5’-TCC ATG CAG ACA ACC TT-3’. The amount
of RNA was normalized to B-actin amplification in
a separate reaction. B-actin forward: 5’-CAT CGT
CAC CAA CTG GGA CGA C-3’, reverse: 5°-
CGT GGC CAT CTC TTG CTC GAA G-3’. The
cycling method was performed shortly as an initial
5m denaturing step at 95°C, followed by 40 cycles
of 95°C for 10s, 60°C for 30s, and 72°C for 15s.
Relative quantification of iNOS expression levels
was elevated by the 2”°°“" method.

2.8. Statistical Analyses

The one-way analysis of variance (ANOVA)
and post hoc Duncan tests was performed on the

data to examine the differences among the groups
using the SPSS statistical software package. The
results are presented as Mean + SEM. A value of
p<0.05 was considered significant.

3. RESULTS

The viability of U87 cells was decreased steadi-
ly in a concentration-dependent manner over the
range of 5 to 250uM following H,O, treatment.
The data showed that 100uM H,0O, killed about
24% (0.331 + 0.009) of the cells at the end of the
incubation when compared to the control (0.437 +
0.021) (*p<0.05) (Fig. 1).

Our viability results indicated that 10pM OP
(0.480 £ 0.016) increased the number of viable
cells by 7.6% when compared to the control (0.446
+ 0.011). This concentration was used as a cell
protective concentration for further experiments.
Treatments utilizing 50uM and higher concentra-
tions of OP decreased cell viability (Fig. 2)
(*p<0.05). Dose-response studies demonstrated
that 10uM OP pretreatment (0.428 + 0.014) de-
creased cell losses by 18% caused by H,O, (0.347
+ 0.006) (**p<0.05) (Fig. 3).

In the present study, H,O, exposure of the cells
in culture medium elevated nitrite levels by 4.4
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Fig. (2). Dose dependent effect of OP in viability. The data is represented as Mean = SEM of five independent ex-
periments. *P<(0.05 compared to control group.
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Fig. (3). Dose dependent protective effect of OP on H,0O,-induced cytotoxicity in cells. The data is represented as
Mean = SEM of five independent experiments. ¥*P<0.05 compared to control group. **P<0,05 versus H,O, group.
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Fig. (4). Effects of OP, H,0, and H,O,+OP treatments on nitrite levels in neuronal cells The data is represented as
Mean £ SEM. *P < 0.05 compared to control group; **P < 0.05 compared to H,O,-treated group (n = 5).
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Fig. (5). Analysis of iNOS expression in U87 cells. The results were normalized with housekeeping gene B actin.
The data is represented as Mean = SEM. *P < 0.05 compared to control group; **P < 0.05 compared to H,O,-
treated group (n = 6).

fold (2.2 + 0.196) in comparison to control group  In addition, H,O, exposure significantly induced
(0.5 = 0.029)(*P<0.05). A significant decrease  iNOS (4.2 fold) mRNA expressions in comparison
(54%) in nitrite production was observed in cells  with control cells (Fig. 5). As shown in the same
pretreated with 10uM OP (1.01 = 0.016) figure, OP pretreatment decreased iNOS mRNAs
(**p<0.05) according to H,O, treatment (Fig. 4). by 21%, when compared to the H,O, group.
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Fig. (6). Measured GSH levels of U87 cells with H,O,, OP and H,O,+OP. The data is represented as Mean = SEM.
*P < 0.05 compared to control group; **P < 0.05 compared to H,O,-treated group (n = 6).
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Fig. (7). Total oxidant status of the cells in the groups after the incubation periods. The data is represented as Mean
+ SEM. *P < 0.05 compared to control group; **P < 0.05 compared to H,O,-treated group (n = 6).

In order to determine the effect of H,O, expo-
sure on oxidant and antioxidant homeostasis, we
measured reduced glutathione (GSH) levels in
U87 cells. There was a significant decrease (52%)
in GSH levels in H,O, treated cells (1.71 £ 0.24)
when compared to the control (3.57 £ 0.61)
(*p<0.05). A significant increase (2.83 fold) in
GSH production was observed in cells pretreated
with 10 uM OP (4.86 + 0.34) according to H,O,
treated group (**P<0.05) (Fig. 6).

After incubation periods, H,O, increased the to-
tal oxidant capacity about 4 times (10.2 = 0.21)
with respect to control group and it was found that
this increase was suppressed by oleuropein in OP
pretreated group (2.7 £ 0.25) by 3.7 fold (Fig. 7).
On the other hand, H,O, increased total antioxi-
dant capacity by 12% (1.33 + 0.14) and in the
oleuropein pretreated group, this increase was ob-
served as 35% (1.6 = 0.08) according to control

group (Fig. 8).
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Fig. (8). Total antioxidant status in the groups after incubation periods. The data is represented as Mean + SEM. *P
< 0.05 compared to control group; **P < 0.05 compared to H,O,-treated group (n = 6).

4. DISCUSSION

Oxidative stress is one of the most important in-
tracellular stimuli caused by reactive oxygen spe-
cies such as H,O; and superoxide anion [16]. The
process of neuron injury is complicated and asso-
ciated with oxygen free radical injury, inflammato-
ry factor damage [17]. Many researches have
demonstrated that H,O, is used extensively in cell
culture studies to explore the molecular mecha-
nism of oxidative stress to glial cells, because the
production of H,O, is one of the main causes of
oxidative damage [18, 19]. Sun et al., [20] docu-
mented that the application of H,O, (100uM)
caused significant cell loss in in vitro neuroblas-
toma culture. This data is in agreement with those
of Malhotra et al., [21] who reported that 1h incu-
bation of H,O, caused significant cell losses on
viability. In previous researches [22-24], it has
been reported that H,O, caused cell losses by in-
creasing ROS production, pro-apoptotic Bax pro-
tein levels and DNA fragmentation. Here, we used
an oxidative stress model of neuronal injury in
U87 cells by addition of exogenous H,O,. H,O;
(100 uM) decreased cell proliferation in a dose-
dependent manner and caused significant cell loss
in neuronal cells.

Olive oil phenols are known to have strong an-
tioxidant activity [25]. Recent literature indicates
that oleuropein has also neuroprotective activity

against Alzheimer’s and Parkinson’s diseases [1].
It was reported that OP significantly inhibited cell
losses on PC-12 neuron cells [22] and also pre-
vented H,Os-induced B cell losses [26]. In our
study, we observed increased cell proliferation at
increasing concentrations of oleuropein and 10 uM
oleuropein was found to be the most effective con-
centration. In addition, it was observed that
oleuropein pretreatment showed good protection
against neuronal cell losses induced by H,O,.

Oxidative stress in the brain of elderly people is
mainly caused by the excessive production of ROS
and impaired function of the antioxidant system
[27]. Glutathione, a tripeptide present in almost all
cells, has important roles like taking part in oxida-
tion-reduction reactions, acting as cofactors in en-
zymatic reactions, scavenging free radical species
and toxic xenobiotics. Porres-Martinez et al., [28]
reported that administration of 100 uM H,O, for
30 m significantly reduced intracellular GSH lev-
els in cells in the hydrogen peroxide-induced neu-
ronal oxidative damage model. Moreover, GSH
levels were shown to be reduced significantly with
100 uM H,0, treatment in H,O,-induced neuronal
oxidative damage [29]. In a recent study, the
amount of GSH increased significantly in a dose-
dependent manner by the application of oleuropein
to the rats in Alzheimer model of hippocampal ar-
ea neurons. In addition, oleuropein significantly
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increased antioxidant capacity and GSH in the
carbon tetrachloride-stimulated hepatotoxicity
[30]. Similarly, our results indicated that 100 uM
H,0; reduced intracellular GSH contents of the
cells by half. On the other hand, oleuropein pre-
treatment prevented the reduction in GSH levels.
Oleuropein treatment alone increased the intracel-
lular GSH levels and oleuropein administration
before H,O, regenerated the levels of GSH re-
duced by hydrogen peroxide. Moreover, oleuro-
pein administration decreased the total oxidant ca-
pacity that increased by H,O, and enhanced total
antioxidant capacity in a similar manner. Moreo-
ver, similar to the data we obtained in our study, it
was reported that GSH injection decreased NO
levels at 3 and 6 hours in an in vivo study [31].
Based on this information, it can be said that one
of the causes of cell damage of hydrogen peroxide
is its reducing effect in the amount of GSH levels
in the cells. Also, it can be proposed that one of
the most important reasons for the antioxidant
properties of oleuropein is that it regulates the in-
tracellular GSH molecule responsible for the scav-
enging of reactive oxygen and nitrogen species.

NO is an important molecule in the develop-
ment, maintenance and regulation of brain circuits.
However, under oxidative stress, nitric oxide (NO)
and its metabolites give rise to the formation of
neurodegeneration by oxidizing biomolecular tar-
gets such as proteins, lipids and nucleic acids [32,
33]. Hu et al., [34] reported that H,O, application
increased both iNOS and nitrite levels in neuronal
damage. In addition, it was shown that iNOS ex-
pression was significantly increased in hydrogen
peroxide toxicity model of spiral ganglion cells
[35]. Our study indicated that H>O, significantly
increased NO levels and upregulated iNOS gene
expression in the cells. However, oleuropein pre-
treatment attenuated the increase in a considerable
amount in NO and iNOS gene expression levels.
Oxidative stress-induced cell damage is particular-
ly associated with prostaglandins, interleukins and
nitric oxide-induced inflammation. Cabrerizo
et al., [36] used hydroxytyrosol, a metabolite of
oleuropein, in their in vitro and in vivo neuro-
degeneration studies. They reported that hydroxy-
tyrosol has an anti-oxidant and anti-inflammatory
effect by suppressing the increase of hypoxia-
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induced nitric oxide levels via increasing intracel-
lular glutathione capacity. Besides, hydroxytyrosol
was found to reduce both the activity and expres-
sion levels of inducible enzymes of COX-2 and
iNOS [37]. Cell death due to neuroinflammation is
mostly due to the long-term effects of reactive ox-
ygen and nitrogen species (RONS) that play an
important role in the emergence of apoptotic cell
death due to irreversible oxidative or nitrosative
damage of neuronal cells. Therefore, oleuropein in
our study can be said to have the antioxidant and
anti-inflammatory potential to neurodegeneration
by increasing glutathione level, ameliorating in-
creased NO amounts and downregulating iNOS
expression.

CONCLUSION

Many researches focus on the neuroprotective
role of oleuropein which constitutes a possible
pharmacological agent against oxidative stress-
related neurodegeneration. Taken together, above
results indicated that oleuropein, as the most active
polyhydroxyl component of olive leaf and olive
oil, can be said to be an effective natural com-
pound for decreasing oxidative and nitrosative
stress in hydrogen peroxide-induced neuronal tox-
icity. However, recent researches on the neuropro-
tective role of oleuropein are still very few and
further analysis is a need in this area.
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