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Objective: We evaluated the protective activity of an extract from a by-product such as olive stones, through its ability to inhibit H202 induced
apoptosis in the SH-SY5Y human neuroblastoma cell line.
Material and methods: To such end, 20,000 cells/well were cultivated and differentiation with retinoic acid was initiated. Once the cells were
differentiated, apoptosis was induced with and without H2O2 extract. Finally, cDNA extraction was performed, and pro-apoptotic genes Bax and
anti-apoptotic genes Bcl-2 were analyzed. Quantification of the gene expression was performed using the GAPDH gene marker.
Results: Cell viability with the extract is 97.6% (SD 5.7) with 10 mg/l and 62.8% (SD 1.2) to 50 mg/l, using 10 mg/l for the biomarker assay.
The retinoic acid differentiated SH-S cell line (10 µM) shows a clear apoptosis when treated with H2O2 150 µM, with a Bax/Bcl-2 ratio of 3.75
(SD 0.80) in contrast to the differentiated control cells subjected to H2O2 and with extract, which have the same ratio of 1.02 (SD 0.01-0.03).
Conclusion: The olive stone extract shows anti-apoptotic activity in the provoked cell death of SH-SY5Y human neuroblastoma cells in their
normal state, defending them from oxidative stress which produces a significant increase in the apoptotic gene ratio in contrast to anti-apoptotic
genes (Bax/Bcl-2).
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Objetivo: evaluar la actividad protectora del extracto de un subproducto como son los huesos de aceitunas, mediante su capacidad de inhibir
la apoptosis en la línea celular humana de neuroblastoma SH-SY5Y inducida con H2O2.
Material y métodos: se han cultivado 20.000 cel/pocillo, iniciando diferenciación con ácido retinoico y, una vez diferenciadas las células, se
ha inducido la apoptosis con H2O2 con extracto y sin presencia del mismo. Finalmente se efectúa la extracción de cDNA y el análisis de los genes
proapoptótico Bax y antiapoptótico Bcl-2. La cuantificación de la expresión génica se realiza frente al gen marcador GAPDH.
Resultados: la viabilidad celular con el extracto es del 97,6% (SD 5,7) con 10 mg/l y 62,8% (SD 1,2) a 50 mg/l, utilizando 10 mg/l para el
ensayo de biomarcadores. Las células de la línea SH-S diferenciadas con ácido retinoico (10 µM), muestran una clara apoptosis al ser tratadas
con H2O2 150 µM, con una relación Bax/Bcl2 de 3,75 (SD 0,80) frente a las células diferenciadas control y sometidas a H2O2 y con extracto que
tienen la misma relación de 1,02 (SD 0,01-0,03).
Conclusión: el extracto de huesos de aceitunas presenta una actividad antiapoptótica frente a la provocación de la muerte celular por peróxido
de hidrógeno, preservando a las células de neuroblastoma humano SH-SY5Y en su estado de normalidad, al defenderlas del estrés oxidativo
que produce un significativo aumento de la relación de genes apoptóticos frente a antiapoptóticos (Bax/Bcl2).
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PROTECTION BY POLYPHENOL EXTRACT FROM OLIVE STONES AGAINST APOPTOSIS PRODUCED BY OXIDATIVE STRESS
IN HUMAN NEUROBLASTOMA CELLS
INTRODUCTION
Antioxidants can prevent the harmful effects of free radicals in
cells in the same way that a diet rich in polyphenols can decrease
the risk of cancer (1), heart disease, and some neurological diseases (2), and prevent neurodegeneration caused by oxidative
stress, among others (3).
Olive trees constitute a natural source of bioactive compounds.
The processing of olives leads to different types of secondary
matrices, which are generally considered as by-products. One
characteristic these by-products have in common with plant
waste generated from agroalimentary activity is their potential as
a source of bioactive compounds. Therefore, a way of evaluating
these residues is to use them as a raw material for extracting
compounds with satiating properties: fiber, fatty acids and proteins, which have a high economic value and can be used for their
satiating and neuroprotective properties in the agroalimentary and
pharmaceutical industry, or even as functional compounds in
foods. One area of focus regarding olive trees is to obtain aqueous
effluents from the olive oil process (4). In other cases, the recuperation of substances of interest focuses on other types of matrices
like solid waste: pulp, leaf or olive wood. The major component of
olive leaf is oleuropein, it is also abundant in hydroxytyrosol (5),
which is the main compound derived from oleuropein and has
high antioxidant ability. However, the general activity from these
extracts seems to be supported by the synergetic effects between
the substances they are composed of. The polyphenols from olive
trees have become the subject of many studies due to their powerful antioxidant activity and anti-inflammatory properties.
The importance of phenolic compounds in diets is mainly due to
their antioxidant ability. They are scavengers of free radicals and
have the ability to chelate transition metal ions, thereby stopping
oxidative chain reactions in cells (6). All the polyphenols studied
show a high antioxidant activity (7). The most abundant phenolic
compound in olive tree extracts is (3.4-dihydroxyphenyl) ethanol
or hydroxytyrosol: it presents scavenging activity of the superoxide
radical generated by the hypoxanthina-xanthine oxidase system,
and of the hydrogen peroxide generated by the reaction of guaiacol (8); it inhibits oxidation of salicylic acid by the radical -OH9; it
reduces the catalase inactivation mediated by hypochlorous acid;
it can act on reactive species of nitrogen like peroxynitrite (8); and
it acts against linoleic acid autooxidation in lipophilic environments, as a metal chelantor –for example, iron and copper, which
are essential for the organism, but can be potentially dangerous
since they are capable of transferring electrons and acting as
catalyzers of autooxidation reactions.
These antioxidant properties suggest that hydroxytyrosol and
other polyphenols (verbacoside, elenolic acid, cycloolivil, caffeic
acid, gallic acid, etc.) that are present in the olive tree could have a
protector role against the oxidation of lipoproteins and in this way
they can contribute to the prevention of cardiovascular disease (9).
Its anti-cancer properties are also apparent in the context that the
generation of free radicals seem to be involved in cancer pathology, suggesting that these phenolic compounds can be related
to the low incidence of different types of cancer associated with
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diets which are rich in these compounds (10), by protecting the
DNA of prostate cells from harm caused by free radicals, thereby
preventing mutagenic activity caused by oxidative stress (11) and
by ultraviolet light (12).
These polyphenols also inhibit platelet aggregation (13) and
present in vitro antimicrobial properties against several infectious agents from the gastrointestinal and respiratory tract (14).
They have also been attributed a neuroprotector function (8,15),
digestive protection, as well as an antihypercholesterolemic and
antihyperglycemic regulator of adipose tissue.
Although other studies have shown various biochemical characteristics (16,17), no one has determined the neurological protection effectiveness of the olive seed extract. Therefore, we performed a study evaluating the anti-apoptotic activity of an extract
from olive stones, rich in polyphenols, in cell death induced by
oxidative stress in human neuroblastoma cultures.
MATERIAL AND METHODS
The study of the activity of the olive stone extracts was carried out through the study of protection against apoptosis, using
SH-SY5Y human neuroblastoma cell line (94030304, ECCC)
(18,19). To do so, “neuronal death”, apoptosis, was induced in
vitro and an evaluation was made of how the presence of the
extracts affects the process, analyzing two marker genes: the
Bax gene from the pro-apoptotic gene family (“cell death genes”)
and the Bcl-2 gene from the anti-apoptotic gene family (“survival
genes”). The neuroprotector effect was considered as such if the
ratio between both molecules decreased: Bax/Bcl-220.
To perform the assay, cells were seeded into 24-well plates at
a concentration of 20,000 cell/ well and were incubated at 37 °C
and 5% CO2 in the medium recommended by ECACC (Ham’s
F12:EMEM [EBSS] [1:1] + 2mM L-Glutamine + 1% Non-Essential Amino Acids [NEAA] + 15% Fetal Bovine Serum [FBS]). After
24 hours incubation, differentiation was started with retinoic acid
10 μM (Sigma transretinoic acid [RA]) in a medium with 1% FCS
for 6 days, changing the medium every three days. One day before
the experiment, the medium was replaced with specific medium
without serum and 1% N2 (Invitrogen) supplement. After 24 hours
incubation, the extract treatment was started at the selected and
previously described biosecure concentrations (21). They were
incubated for 2 hours with the extracts (10 and 50 mg/l), cell
viability was measured, and afterwards cell damage was induced
with H2O2 150 μM for 5 hours (22,23). Once the treatment was
finished the cells were collected for rt-PCR molecular analysis.
The analysis of the gene expressions was made from the cells
by means of RNA extraction. The extraction was performed with
the Rneasy Mini Kit (74104 QIAGEN). c-DNA was obtained from
the RNA through the transcriptase enzyme (High Capacity cDNA
reverse transcription kit [4368814] Applied Biosystems). PCR was
performed in real time from the cDNA, so for the pro-apoptotic
BAX gene the primers Hs00180269_m1 from Applied Biosystems were used; and for the anti-apoptotic Bcl-2 gene the primers Hs00608023_m1 from Applied Biosystems were used, and
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GAPDH (Primers Hs02758991_g1) were used as control gene.
The reaction conditions were 10 μl (1X) TaqMan Gene Expression
Mastermix 4369016 Applied Biosystems; 2 μl (0.3 μM) of each
primer, 2 μl (0.1μM) of gene marker serum, 0.4 μl of PCR internal
control, (DNA exo 50X), 2 μl Mix EXO and 2 μl (50 ng) of c-DNA.
The amplification conditions in the thermocycler (7300 Applied
Biosystem) were universal: 50 °C for 2 min, 95 °C for 10 min and
40 cycles of: 95 °C-15 sec and 60 °C-1 min.
Relative quantification of genetic expression was carried out,
obtaining the scale of the physiological changes in the biomarker
gene in comparison with a reference gene. The formula 2-∆∆Ct was
used for the calculations.
Quantification was measured in each PCR cycle by the amount
of amplicon produced through the addition of the fluorophores
that become attached to the amplicon quantitatively. The real
time PCR system detects the quantity of fluorescence produced
in each PCR cycle and the software analysis represents this fluorescence graphically in relation to the number of cycles. The
quantity of amplicon produced is proportional to the number of
initial RNA/DNA molecules, so that in those samples with a greater
gene expression, fluorescent amplicon will appear in the previous
cycles. Reference samples were the live cells (without cell damage) and the GAPDH gene was the internal control gene.
All the assays were carried out in two different periods and
duplicated, so the result is the average of four values. The statistical study was made by calculating averages, standard deviations
and intervals of confidence at 95% (95% CI), as well as the comparison between groups (t-test) using the Epidat 3.1 software.
RESULTS AND DISCUSSION
The viability of the SH-SY5Y human neuroblastoma cell cultures,
prior to the cell damage induced by hydrogen peroxide, is 97.6%
(SD 5.7) (95% CI: 88.5-100%) at 10 mg/l of extract, and 62.8% (SD
1.2) (95% CI: 60.9-64.7%) at 50 mg/l. As viability was lower than
80% (biosecurity limit) at 50 mg/l concentration, only the 10 mg/l
concentration of extract was used for the genetic biomarkers assay.
Figure 1 shows the SH-S cell line differentiated with retinoic
acid (10 µM), before and after being treated with H2O2 150 µM.

A

The results for the genetic biomarkers at 10 mg/l are shown
in table I, where the ratio of the Bax and Bcl-2 gene expression
is shown. The data given is related to the control cells (without oxygenated water treatment). In cell damage conditions, the
expression of the Bax and Bcl-2 ratio increases indicating higher
pro-apoptotic gene (Bax) ratio in contrast to anti-apoptotic (Bcl2) gene. This occurs when the cell culture is subjected to H2O2
150 μM and, therefore, shows a tendency towards early cell death
(apoptosis). For cell viability of the extract (10 mg/l), although the
culture is subjected to hydrogen peroxide, which is an agent that
clearly induces cell death, it is possible to observe a balanced
ratio of gene expression, which is exactly the same as the one that
occurs without the cell death inductor and the extract.
Therefore, the extract has an anti-apoptotic ability on oxidative
stress in human neuroblastoma cells, which equals the ratio of
pro-apoptotic and anti-apoptotic genes in their normal state. If
100% cell viability is considered as normal conditions, the effect
of the extract presents a cytoprotector effect of 100%.
To date, neurodegenerative pathologies of multifactorial origin
present a difficult scenario for establishing therapeutic strategies. Nevertheless, neuroprotector mechanisms can be dealt with
from dietary modifications. The polyphenols contained in olive tree
extracts present antioxidant properties that make them candidates
for research into neurodegenerative diseases (24). Apart from
Table I. Bax and Bcl-2 gene expression
ratio in SH-SY5H cells incubated with
olive extract at a concentration of
polyphenols 10 mg/l and with H2O2
150 μM in contrast to control culture
Bax/Bcl-2
expression

Control
groupa

H2O2
groupb

10 mg/l extract
+ H2O2 groupc

Mean

1.02

3.75

1.02

SD

0.01

0.80

0.03

95% CI

0.97-1.07

2.50-5.02

1.00-1.04

SD: Standard deviation; CI: Conﬁdence interval. P-value for mean differences
(t-test): a vs. b, p < 0.001; a vs. c, p ≈ 1; b vs. c, p < 0.001.

B

Figure 1.
Effect of neuronal damage on SH-SY5Y
line with hydrogen peroxide. A. SH-SY5Y
line differentiated with retinoic acid 10 µM.
B. SH-SY5Y line differentiated with retinoic
acid 10 µM and treated with H2O2 150 µM).
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other beneficial effects, the protective power against dementia
from the intake of flavonoids and phenolic compounds contained
in wines, vegetables and fruit has been demonstrated (25).
In vitro and in vivo evaluation of bioactive compounds is based
on experimental models that reproduce the biological process
of interest through systems which are sensitive to external factors and whose possible fluctuations are measurable. The global objective of this paper was the study of the neuroprotector
ability from a natural compound obtained from the olive stones
applied to in vitro models in cell lines. To do so, the SH-SY5Y
human neuroblastoma cell line (94030304, ECCC) was used
(18,19), whose differentiation leads to cells which are similar
to human neurons. The result shows some cells that present a
postmitotic neuronal phenotype with a well-defined morphology
and polarity, and the expression of typical neuronal markers
(26). These SH-SY5Y cells constitute a homogenous and highly
reproducible model of cells which are similar to human neurons
in culture. Nowadays, a multitude of apoptotic stimulants are
used in order to study the molecular mechanisms which lead
to cell death, for example: the withdrawal of trophic factors,
oxygen deprivation, thermic shock, or the administration of toxic
agents which selectively cause harm in DNA or in certain cell
organs (27). For the evaluation of the effect of the extract on
apoptosis, gene markers were analyzed: the Bax gene from the
pro-apoptotic family (“death cell genes”) and the Bcl-2 gene
from the anti-apoptotic family (“survival gens”), thus the balance
between both defines the threshold of programmed cell death
(28,29). The neuroprotector effect is considered as such, if the
ratio between both molecules Bax/Bcl-2 decreases (20). This
study has shown the neuroprotector effect of olive stone extract
on apoptosis induced by hydrogen peroxide.
Other authors have found similar effects using different models,
like Schaffer et al. (30) who use the PC12 cell line from brain cells
to study polyphenols from waters from the olive process. They
subjected the cells to oxidative stress and measured cytotoxicity, observing a cytoprotection of the cerebral cells with extracts.
Other authors have used primary cultures from mouse neurons
and mixed culture systems of cerebellar cells enriched by Purkinje
neurons (31). These neurons, which constitute the only efferent
projection of the cerebellum, present a low rate of survival in
culture, but constitute a very interesting model for the study of
neuron-glia interactions (32) and other neuronal functions (33).
A possible mechanism of protection against apoptosis to
be described is the inhibition of the glycogen synthase kinase
enzyme - 3(GSK-3), which provokes a protector effect against
pro-apoptotic stimulants (34,35). So, after verifying that GSK-3
inhibition increases the anaerobic intake of glucose through glycolysis, measured by extracellular release of lactate, this metabolic
change was analyzed to see whether it is at least partly responsible for the neuroprotector effect against death by mitochondrial
dysfunction. By inhibiting the glycolytic pathway with 2-desoxiglucose (2-DGlc), it can be observed that it completely neutralizes the
neuroprotector effect of chronic inhibition from GSK-3, supporting
the hypothesis of a change towards the glycolytic metabolism
which is less dependent on mitochondrial respiration.
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Another possible neuroprotector mechanism is the possible
involvement of neurotrophin BDNF (neurtrophic factor), given its
role in anti-apoptotic signaling, as well as its neuroprotector effect
in some neuronal damage models (36,37).
Recent studies suggest that olive tree extracts inhibit inflammation (38) and reduce oxidative stress, which has been observed
in rats with a provoked cerebral isquemia (38). For example, the
neuroprotector effects of dry olive leave extract on global transient
cerebral isquemia in Mongolian gerbils (39), and the evaluation of
different parameters of oxidative stress and neuronal damage in the
hippocampus. These effects were compared to those of quercatin,
which is a flavonoid known to be a neuroprotector. The treatment
with this extract significantly inhibits the production of superoxide and
nitric oxide, decreases lipid peroxidation and increases the activity
of the superoxide dismutase, the effects being significantly higher
than those from quercatin, indicating that it exercises a potent neuroprotector activity against neuronal damage in the hippocampus
after global transient cerebral isquemia, which can be attributed to
its antioxidant properties. The majority of studies about the effects of
polyphenols from olive tree extracts indicate that their neuroprotector
action is due to their antioxidant ability by eliminating reactive oxygen
and nitrogen species involved in human diseases (8).
CONCLUSIONS
The olive stone extract presents an anti-apoptotic activity against the provocation of cell death by hydrogen peroxide,
returning the SH-SY5Y human neuroblastoma cells to their normal
state, by defending them against oxidative stress which produces
a significant increase in the apoptotic gene ratio in contrast to the
anti-apoptotic gene (Bax/Bcl-2).
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