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A B S T R A C T

Ischemic brain injury is a dynamic process involving oxidative stress, inflammation, cell death and the
activation of endogenous adaptive and regenerative mechanisms depending on the activation of tran-
scription factors such as hypoxia-inducible factor 1-alpha. Accordingly, we have previously described a
new focal hypoxia model by direct intracerebral cobalt chloride injection. In turn, oleanolic acid, a plant-
derived triterpenoid, has been extensively used in Asian countries for its anti-inflammatory and anti-
tumor properties. A variety of novel pharmacological effects have been attributed to this triterpenoid,
including beneficial effects on neurodegenerative disorders – including experimental autoimmune en-
cephalomyelitis – due to its immunomodulatory activities at systemic level, as well as within the central
nervous system. In this context, we hypothesize that this triterpenoid may be capable of exerting
neuroprotective effects in ischemic brain, suppressing glial activities that contribute to neurotoxicity while
promoting those that support neuronal survival. In order to test this hypothesis, we used the intraperi-
toneal administration of oleanoic acid in adult rats for seven days previous to focal cortical hypoxia induced
by cobalt chloride brain injection. We analyzed the neuroprotective effect of oleanoic acid from a mor-
phological point of view, focusing on neuronal survival and glial reaction.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Traditional medicines and phytopharmaceutical compounds have
both been used for the treatment of inflammatory and degenera-
tive diseases. For example, the Mediterranean diet, whose health
benefits have long been attributed to a high content of monoun-
saturated fatty acids and in which olive oil is the major source of
dietary fat intake, has been associated with low incidence of car-
diovascular diseases (Chiva-Blanch et al., 2014; Delgado-Lista et al.,
2014) and cancer (Bao et al., 2014; Villar et al., 2014).

Terpenes in general, and triterpenes in particular, show anti-
inflammatory activity and act as immunomodulators in nutraceutical
agents. In particular, oleanolic acid (OA) (3b-hydroxy-olea-12-en-

28-oic acid), a pentacyclic triterpene, is a natural compound found
in various plants, fruits and herbs, and it is isolated from chloro-
form extract of Olea ferruginea Royle after the removal of organic
bases and free acids (Sultana and Saify, 2012).

Several studies have been shown promising effects including anti-
neoplastic (Srivastava et al., 2010), gastroprotective (Rodriguez et al.,
2003), antibacterial (Fontanay et al., 2008) and anti-inflammatory
(Lee et al., 2013). Neuroprotective effects were also described for
OA in models of degenerative disease. OA suppreses NF-κB p65, Bax
and cleaved caspase-3 production, and retains Bcl-2 expression (Tsai
and Yin, 2012). In inflammatory demyelinating diseases like mul-
tiple sclerosis and its animal model, experimental autoimmune
encephalomyelitis (EAE), the OA protected against EAE by restrict-
ing infiltration of inflammatory cells into the central nervous system
(CNS) and by preventing blood–brain barrier disruption (Martin et al.,
2012).

Often a result of ischemic stroke, hypoxia is defined as a situa-
tion in which O2 supply is insufficient for normal metabolism, which
produces a reduction in aerobic metabolism, loss of cellular func-
tion and eventual cell death (Ratan et al., 2007). With an approximate
global incidence of 250–400 in 100,000 and a mortality rate of
around 30%, stroke is the third most common cause of mortality
and one of the leading causes of long-term disability (Lloyd-Jones
et al., 2010). According to the World Health Organization, 15 million
people suffer stroke worldwide every year, out of whom 5 million
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die and another 5 million are permanently disabled (Mackay and
Mensah, 2004). Although there are currently no effective treat-
ments to enhance functional recovery following stroke, which is why
it poses a massive socio-economic burden worldwide (Kunz et al.,
2010), in vitro and in vivo models of hypoxia have shown
neuroprotective effects against ischemic injury conferred by novel
tritepenoid compound (Zhang et al., 2012).

We have previously used a hypoxia model, consisting in an
intracortical injection of CoCl2, which is widely used to induce
hypoxic conditions both in vivo and in vitro (Karovic et al., 2007).
Cobalt inactivates HIF-specific proline-hydroxylases (Berra et al.,
2006; Epstein et al. 2001), impairing the binding of von Hippel–
Lindau protein with HIF-1α (Yuan et al., 2003), causing the
stabilization of HIF-1α and preventing its degradation by the
proteasome. This in turn produces a focal hypoxia-like lesion by sta-
bilizing and inducing HIF-1a and exhibiting neuronal and glial
alterations (Caltana et al., 2009).

On the basis of the apparent protective effects of the Mediter-
ranean diet against cardiovascular diseases, its high concentration
of triterpenes such as oleanolic acid, and previous reports where
the pretreatment with triterpenes protected the heart against myo-
cardial infarction (Janahmadi et al., 2014), the aim of this work was
to analyze the potential neuroprotective effect of OA pre-treatment
(as a tool to prevent or attenuate the consequences) in a model of
focal cerebral chemical hypoxia, focusing on neuronal survival and
glial reaction.

2. Materials and methods

2.1. Animal treatment

Animal care for this experimental protocol was in accordance
with the NIH guidelines for the Care and Use of Laboratory Animals
and the principles presented by the Society for Neuroscience in the
Guidelines for the Use of Animals in Neuroscience Research, and
authorized by the CICUAL (Comité Institucional de Cuidado y Uso
de Animales de Experimentación, School of Medicine, University of
Buenos Aires). All efforts were made to reduce suffering and the
number of animals used.

Sixteen adult male Wistar rats (250–300 g) obtained from the
animal facility in the School of Pharmacy and Biochemistry, Uni-
versity of Buenos Aires, were used in this study. Rats were housed
in a controlled environment (12 h/12 h light/dark cycle, con-
trolled humidity and temperature, free access to standard laboratory
rat food and water).

First, rats were divided into two groups –OA and SS–, which re-
ceived, from day 1 to day 7, an intraperitoneal (i.p.) injection of either
OA (6 mg/kg/day dissolved in DMSO and saline solution) or vehicle
(DMSO dissolved in an equivalent volume of saline solution), re-
spectively. Each group was in turn divided in two subgroups –CoCl2

and SS– which received, on day 8 and at intracortical level, a sur-
gically administered injection of either a solution of 50 mM cobalt
chloride (CoCl2) or saline solution (Caltana et al., 2009), respective-
ly. Briefly, animals were subjected to a unilateral lesion by placing
them in a stereotaxic apparatus and drilling a small hole on the skull
in the frontoparietal cortex at Bregma -1.30 mm (Paxinos and
Watson, 2013). Once the underlying pia was reached, a Hamilton
syringe was used to inject sterile solution of CoCl2 (50 mM) or saline
solution in the right hemisphere, 1 mm below the pia level in the
cerebral cortex (layers 3–4). The CoCl2 solution was prepared in
sterile-diluted saline solution adjusted to reach a physiological os-
molarity of 310 mOsm/kg soon after the CoCl2 was added. Then, the
incision in the overlying skin was closed using the temporal muscle
and the attached fascia to cover the lesion site. During surgery and
the whole emergence period, animals’ body temperature was main-
tained by means of a heating pad. Surgical procedures were

performed under anesthesia induced with sevofluorane 8% (v/v) and
each animal was later put in a separate cage for recovery. For two
more days following surgical procedures, rats continued receiving
OA or SS.

Experimental groups were thus as follows:

Control groups:

Group 1: SS-SS: intracerebrally injected with saline and pre-
treated with vehicle.
Group 2: SS-OA: intracerebrally injected with saline and pre-
treated with OA.

Hypoxic groups:

Group 3: CoCl2-SS: intracerebrally injected with CoCl2 and pre-
treated with vehicle.
Group 4: CoCl2-OA: intracerebrally injected with CoCl2 and pre-
treated with OA.

On the 11th day each animal was deeply anesthetized with
sevofluorane 8% (v/v) and perfused through the left ventricle, ini-
tially with saline solution added to 50 IU heparin and 0.05% (w/v)
NaNO2, and subsequently with a fixative solution containing 4% (w/
v) paraformaldehyde and 0.25% (v/v) glutaraldehyde in 0.1 M
phosphate buffer, pH 7.2 (PB). Brains were removed and postfixed
in the same cold fixative solution for 2 h. Brains were then washed
three times in cold 0.1 M phosphate buffer, pH 7.4, containing 5%
(w/v) sucrose, and left in the same washing solution for 18 h at 4 °C.
Finally, brains were cryoprotected by immersion in a solution con-
taining 25% (w/v) sucrose in PB and stored at –20 °C until used.
Coronal 40-μm-thick brain sections corresponding to the area of
saline and CoCl2 injection sites were obtained using a cryostat and
mounted on gelatin-coated slides.

2.2. Fluoro-Jade® B staining procedure

Brain sections were mounted with distilled water onto gelatin-
coated slides and dried on a slide warmer at 50 °C for at least half
an hour. Sections were then immersed in a solution containing 1%
(w/v) sodium hydroxide in 80% alcohol for 5 minutes, followed by
2 minutes in 70% (v/v) alcohol and 2 minutes in distilled water.
The slides were then transferred to a solution of 0.06% (w/v) po-
tassium permanganate for 10 minutes. Slides were rinsed for 2
minutes in distilled water and then transferred to the Fluoro-
Jade® B: 0.0004% staining solution for 20 minutes. After staining,
sections were rinsed three times in distilled water. Excess water
was drained off and slides were rapidly set at approximately 50 °C,
until they were fully dry. Once dry, slides were immersed in xylene
and then coverslipped using Permount mounting media. Sections
were examined with an epifluorescence microscope using a filter
system suitable for fluorescein or FITC visualization (Balan et al.,
2006).

2.3. Immunohistochemistry

Cryostat brain sections of animals belonging to the different ex-
perimental groups were simultaneously processed as previously
described (Evrard et al., 2006). Briefly, after phosphate-buffered saline
(PBS) rinses, endogenous peroxidase activity was inhibited with 0.5%
(v/v) H2O2 in PBS for 30 minutes at room temperature. Brain sec-
tions were then blocked for 1 hour with 3% (v/v) normal goat serum
in PBS. After rinsing in PBS, sections were incubated for 48 hours
at 4 °C with the primary antibodies and then rinsed and incu-
bated 1 hour at room temperature with biotinylated secondary
antibodies (1:400). After further washing in PBS, sections were in-
cubated for 1 hour with the Extravidin complex solution (1:400).
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After washing five times in PBS and twice in an 0.1 M acetate buffer,
pH 6, the development of peroxidase activity was carried out with
0.035% (w/v) 3.3′-diaminobenzidine plus 2.5% (w/v) nickel ammo-
nium sulfate and 0.1% (v/v) H2O2 dissolved in acetate buffer. After
enzymatic incubation, sections were washed with distilled water,
dehydrated and coverslipped using Permount.

All antibodies, as well as the Extravidin complex, were dis-
solved in PBS containing 1% (v/v) normal goat serum and 0.3% (v/
v) Triton X-100, pH 7.4. Primary antibody dilutions were 1:3000 (glial
fibrillary acidic protein, GFAP, Dako), 1:400 (inducible nitric oxide
synthase, iNOS, Sigma), 1:1000 (microtubular associated protein-
2, MAP2, Sigma), 1:800 (PAN, Abcam), 1:800 (S-100b protein, Sigma),
1:500 (Vimentin, VIM, Sigma).

Controls for the immunohistochemistry procedure were rou-
tinely performed by omitting the primary antibody. These control
sections did not develop any immunohistochemical labeling.

2.4. Lectin staining

Sections were rinsed in PBS and endogenous peroxidase activ-
ity was inhibited with 0.5% (v/v) H2O2 for 30 minutes at room
temperature. Brain sections were blocked for 1 hour with 3% (v/v)
normal goat serum in PBS. After rinsing in PBS, sections were in-
cubated for 48 hours at 4 °C with the biotynilated lectin (Ignácio
et al., 2005) and then rinsed and incubated 1 hour with the Extravidin
complex solution. After washing five times in PBS and twice in an
0.1 M acetate buffer, pH 6, the development of peroxidase activity
was carried out with 0.035% (w/v) 3.3′-diaminobenzidine plus 2.5%
(w/v) nickel ammonium sulfate and 0.1% (v/v) H2O2 dissolved in
acetate buffer. After enzymatic incubation, sections were washed
with distilled water, dehydrated and coverslipped using Permount.
The dilutions of the L. esculentum lectin were used at 6 μg/ml
(Sigma). Controls for the lectin staining procedure were routinely
performed by omitting the lectin. These control sections did not
develop labeling.

2.5. Nicotinamide-adenine dinucleotide phosphate-diaphorase
(NADPH-d)

Tissue was processed with the NADPH-d histochemical method,
following Scherer-Singler et al. (1983), which reveals the neurons
that synthesize NO. Briefly, free floating sections were incubated
for 1 h at 37 °C in a solution containing 0.1% β-NADPH (1 mg/ml)
and 0.02% (0.2 mg/ml) nitro blue tetrazolium chloride diluted in 0.1 M
phosphate buffer, pH 7.4, with 0.3% Triton X-100 (all reagents from
Sigma). Negative controls were obtained by incubating floating sec-
tions in a reaction mixture without β-NADPH. Sections were
mounted on gelatin-coated glass slides and coverslipped with
Permount.

2.6. Morphometric analysis of digital images

Measurements of both groups of control and treated sections
were carried out in standardized conditions (at the same session,
in the same day). In each tissue section, each microscopic field was
selected within the limits of the anatomical area of interest, the pen-
umbra (for a description, see Caltana et al., 2009), to be
morphometrically analyzed. Tissue images were obtained through
an Axiolab Zeiss light microscope equipped with an Olympus Q-Color
3 cooled digital camera. Counting and morphometry were per-
formed using Image Pro PLUS 4.5 (Media Cybernetics, Warrendale,
PA, USA) and Image J (NIH, http://rsb.info.nih.gov/ij/) software.

As an indirect measurement of the concentration of S-100b in
astrocytes and NOS in nervous cells, the intensity of the S-100b
protein and iNOS immunostaining and NADPH-d staining were evalu-
ated by means of a relative optical density (ROD) value, in respective

cells. As previously described (Evrard et al., 2006), ROD values were
obtained after the transformation of each mean gray value using
the following formula: ROD = log (256/mean gray). In order to rule
out local background ROD, a background parameter was obtained
from each section out of the immunolabeled structures and sub-
tracted from each cell ROD value before statistically processing the
values obtained. ROD values are expressed as ROD units.

The number of Fluoro-Jade® B+ cells, VIM+ cells, and lectin+ cells
were counted in a microscopic field of 1 mm2.

For astrocytes (GFAP+ cells), we evaluated the individual cell area.
In order to evaluate the PAN+ and MAP2+ fibers, the total area

of the immunolabeled fibers was related to the total area of the cor-
responding microscopic field (20× primary magnification), thus
rendering a relative area parameter.

Three separate immunohistochemical experiments were run for
each immunostaining study. Individual experiments were com-
posed of 6 to 10 tissue sections of each animal from each group.
Five to ten fields were measured from each brain area in each section
of each animal by stereological analysis. Inter-animal differences in
each of the four groups, as well as inter-experiment differences, were
statistically non-significant. Reported values represent the
mean ± SEM of experiments performed for each marker.

2.7. Statistical analysis

Differences among the means of the four groups were statisti-
cally analyzed by one-way analysis of variance (ANOVA). Tukey’s
multiple comparison test was conducted following the significance/
non-significance of overall ANOVA. For Fluorajade+ cells, a t-test was
performed. Statistical significance was set at p < 0.05. Statistical anal-
yses were carried by means of GraphPad Prism v5.00 software
(GraphPad Software Inc.). For graphic simplification, some values
of the different groups are expressed as percentages of SS-SS values
(100%).

3. Results

3.1. OA pre-treatment prevented hypoxia-induced neuronal
degeneration and cytoskeleton changes in neurons

After CoCl2 intracortical injection, the number of degenerated
neurons (Fluoro-Jade® B+) was lower in CoCl2-OA animals than in
the CoCl2-SS group, while neither the SS-OA nor the SS-SS showed
degenerated neurons (Fig. 1).

In this study, the neuronal cytoskeleton was analyzed by two pa-
rameters: the dendritic tree, labeled with MAP2, and the axons,
labeled with neurofilament marker PAN. The area analyzed was the
penumbra region of the primary and secondary motor cortex (M1/
M2), where the intracortical injection was administered.

MAP2 is a microtubule-associated protein shown in dendrites
and cell bodies, used as a specific marker to analyze the dendritic
tree and its extension. In our analysis of the area covered by MAP2+
fibers, non-hypoxic groups (SS-SS and SS-OA) showed equivalent
expression patterns. The CoCl2-SS group experimented a decrease
in this parameter, while the other groups did not show changes
(Fig. 2). In the CoCl2-OA group, the area covered by MAP2+ den-
drites reached values similar to those observed in the control groups.

PAN-labeled axonal prolongations showed a pattern similar to
MAP2+ dendrites, with the CoCl2-SS group exhibiting a lower number
of PAN+ fibers than the other groups (Fig. 3).

The ROD of NADPH-d (used as a parameter of neuronal nitric
oxide synthase, nNOS, activity) showed an increase after CoCl2 in-
jection with a decreasing tendency in OA treatment, although
statistically non-significant (Fig. 4).
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3.2. OA pre-treatment reduced astroglial reaction

Astroglial reaction was analyzed by measuring GFAP, the main as-
trocytic intermediate filament, and studying changes in each GFAP+
astrocytic area. No changes were observed in the astrocytic area, shape
or organization pattern in the control groups, SS-SS or SS-OA (Fig. 5).
In turn, the astrocytic area increased after chemical hypoxia in the
CoCl2-SS group, but exhibited no changes in the CoCl2-OA group.

In addition, VIM, an intermediate filament of immature astro-
cytes, was used to determine the number of VIM+ cells. Results
revealed a decrease after chemical hypoxia, which remained at
normal levels in the CoCl2-OA group (Fig. 6).

Finally, S-100b protein immunostaining was used to label the cell
body and some of the primary astrocytic cytoplasmic projections and
S-100b ROD was measured. Results showed no significant S100b ROD
differences in control groups, while CoCl2-SS rats showed a decrease
in S100b ROD that was not observed in the CoCl2-OA group (Fig. 7).

3.3. OA prevented microglial reaction

The extent of microglial activation was assessed by determin-
ing the number of lectin+ cells. No differences were found between
the SS-OA and the SS-SS groups, with microglial cells typically rami-
fied with multiple branches. In contrast, a robust microglial response

Fig. 1. A. Fotomicrography of Fluoro-Jade® B staining. Primary magnification 20×. B. Number of Fluoro-Jade® B + cells/mm2. The groups SS-SS and SS-OA did not show Fluoro-
Jade® B+ cells. Significance between treatments after one-way ANOVA and Tukey’s post-test. * p < 0.05. Red arrows show Fluoro-Jade® B+ cells.

Fig. 2. A. Fotomicrography of MAP2 immunostaining. Primary magnification 20×. B. Relative area covered by MAP2+ fibers. Significance between treatments after one-way
ANOVA and Tukey’s post-test. * p < 0.05.
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was noted after CoCl2 injection, as evidenced by a significant in-
crease in the number of lectin+ cells (Fig. 8). Lower microglial
activation was observed in the CoCl2-OA group, although a com-
parison with the control group rendered it non-significant. In turn,
no significant changes were found in iNOS ROD, except for an in-
creasing tendency in the CoCl2-SS group (Fig. 9).

4. Discussion

OA is a ubiquitous triterpenoid in the plant kingdom and an in-
tegral part of the human diet. During the last decade, it has been

the focus of over 700 research articles, which reflects increasing in-
terest and progress in the understanding of its properties. In this
context, this study was designed to further ascertain the
neuroprotective properties of OA after cerebral chemical hypoxia.

OA is relatively non-toxic and has been used in cosmetics and
health products. Bibliographical evidence proves that the oral ad-
ministration of OA is not as effective in inhibiting inflammatory
reactions as i.p. or subcutaneous (s.c.) injections. Singh et al. ob-
served no mortality during a 5-day period following a single s.c.
injection of OA (1.O g/kg) in mice or rats (Singh et al., 1992). In turn,
the multiple administration of OA (180 mg/kg, orally) for 10 days

Fig. 3. A. Fotomicrography of PAN immunostaining. Primary magnification 20×. B. Relative area covered by PAN+ fibers. Significance between treatments after one-way ANOVA
and Tukey’s post-test. * p < 0.05.

Fig. 4. A. Fotomicrography of NADPH-d staining. Primary magnification 40×. B. ROD of NADPH-d. Significance between treatments after one-way ANOVA and Tukey’s post-
test. * p < 0.05; **p < 0.01; *** p < 0.001.
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has proven not to generate abnormalities in the brain, heart, lung,
liver, kidney, thyroid, testes, stomach, spleen or intestine (Hunan
Med. Inst., 1977). In addition, at a dose of 50 mg/kg/day, s.c.
triterpenes including OA, erythrodiol and uvaol have been proven
safe and protective against inflammatory and degenerative dis-
eases. In this study, we used an i.p. 6 mg/kg/day dose of OA, which
is within the range (5–25 mg/kg/day) in which triterpenes are re-
ported to be effective in brain-related disorders (Rong et al., 2011;
Sarkar et al., 2014), and we show a decrease in neuronal degener-
ation and glial reaction. The neuroprotective effects of OA are

evidenced by a reduction in Fluoro-Jade® B + cells and a recovery
in dendritic and axonal extension, in agreement with other
examples of the use of agents in ischemic injuries (Ramos et al.,
2004).

During hypoxia, the generated free radicals damage DNA, pro-
teins and lipids, thus producing neuronal death. nNOS and iNOS
induce neuronal damage following hypoxia (Moro et al., 2004), while
nitric oxide generated by high S-100b protein induces apoptosis in
astrocytes (Hu and Van Eldik, 1996) and neurons in vitro (Hu et al.,
1997). In our work, NADPH-d activity, which reflects nNOS

Fig. 5. A. Fotomicrography of GFAP immunostaining. Primary magnification 20×. B. Area covered by GFAP+ astrocytes. Significance between treatments after one-way ANOVA
and Tukey’s post-test. * p < 0.05; **p < 0.01.

Fig. 6. A. Fotomicrography of VIM immunostaining. Primary magnification 20×. B. Number of VIM+ cells/mm2. Significance between treatments after one-way ANOVA and
Tukey’s post-test. * p < 0.05; **p < 0.01. Red arrows show VIM+ cells.
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activity, increased after CoCl2 injection and showed a decreasing ten-
dency in the OA pre-treated group.

OA reduced the GFAP+ astrocytic area and the number of VIM+
cells (Evrard et al., 2006), showing a decrease in astrogliosis.

Regarding the astrocytic response, it has been established that
S-100b protein affects astrocytes in an autocrine manner and
stimulates astrocyte cell line proliferation at low doses (Selinfreund
et al., 1991). In our work, S-100b protein had no changes in any of
the groups studied; however, when considering the relation between
its expression and astrocytic reaction, and the increase in VIM+
cells in the OA pre-treated group, an increase was determined in

CoCl2-OA animals. S100-b protein exerts neurotrophic effects on
neurons, stimulating neurite outgrowth and regeneration in vitro
and in vivo, and enhancing neuronal survival after injury
(Nardin et al., 2007). The protective effects of S-100b on neurons
may also be indirect, with this protein stimulating the uptake of
neurotoxic glutamate by astrocytes, and thus reducing the
neurotoxin-dependent activation of microglia and astrocytes
(Tramontina et al., 2006). In this way, S100-b protein might con-
tribute to reduce the number of activated astrocytes during the
course of brain injury and play a role in the process of resolution
of inflammation.

Fig. 7. A. Fotomicrography of S-100b protein immunostaining. Primary magnification 20×. B. ROD of S-100b protein. Significance between treatments after one-way ANOVA
and Tukey’s post-test. Red arrows show S100b+ cells.

Fig. 8. A. Fotomicrography of lectin staining. Primary magnification 20×. B. Number of lectin+ cells/mm2. Significance between treatments after one-way ANOVA and Tukey’s
post-test. * p < 0.05. Red arrows show lectin+ cells.
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Over 300 synthetic derivatives of OA have been generated and
tested for their ability to inhibit oxidant stress and nitric oxide pro-
duction in activated macrophages by abrogating the synthesis of iNOS
and cyclooxygenase 2 (Honda et al., 2002). The mechanisms in-
volved in the role of triterpenoid compounds include decreasing the
levels of reactive oxygen species (ROS) through the activation of Nrf2-
dependent transcription of anti-oxidant and detoxification genes
(Dinkova-Kostova et al., 2005; Thimmulappa et al., 2006). In our
study, iNOS optical density increased after CoCl2 injection and
showed a decreasing tendency in the OA-pre-treated group, in ac-
cordance with the inhibition of the nitrergic system in microglia.

In previous reports (Caltana et al., 2009), the hypoxic model
induced by the intracortical injection of CoCl2 produced focal hypoxic
injury within the brain cortex. Here we report that OA is capable
of protecting cortical neurons when administered before and after
brain hypoxic conditions. In particular, OA was able to increase neu-
ronal survival, improve dendrite recovery and reduce astroglial and
microglial reaction. In line with our results, the ability of natural
OA and its synthetic analogs to modulate microglial, astrocytic and
neuronal activities, thus providing neuroprotection against inflam-
matory damage, has also been described in in vitro and in vivo models
of neurodegenerative diseases, including multiple sclerosis and Al-
zheimer’s (Dumont et al., 2009; Graber et al., 2011; Martin et al.,
2012; Tran et al., 2008).

With these results, and considering that neuronal damage ac-
tivates astroglial and microglial response, which interfere with
neuronal recovery, we hypothesize that the pre-treatment with OA
might act as a neuroprotective agent, reducing both neuronal damage
and glial reaction, and hence taking part in nervous tissue recov-
ery after injury.
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