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Popular scientific summary

» Extra Virgin Olive Oil (EVOO) has been reported as a neuroprotector in various animal models” hypoxia/
ischemia (H/T) brain tissue, including ischemic stroke. The bioactive components, including tocopherols
and phenolic compounds in EVOO monosaturated fatty acid (MUFA), have been shown to produce
natural antioxidants that may dampen the reactive oxygen species in H/I. We analyze the expression
of HSP27 using immunohistochemistry in the cerebral cortex of the middle cerebral artery occlusion
(MCAO)-male rodents as the established H/I animal models. We then compared it with animals treated
with two doses of EVOO for 14 days to study EVOO’s potential antioxidants and neuroprotection
effects. We observed significant differences in the cellular composition and HSP27 expression in the
cerebral cortex of the animals compared to the control (p<0.05). A bigger significant difference was
observed in the higher dose of EVOO (2 mL/Kg body weight) than the lower dose (0.5 mL/kg body
weight). Here, we found that the EVOO administration could down-regulate the HSP27 expression and
modulate the neuron and glial cell numbers in the cerebral cortex of MCAO-H/I male rodents.

Abstract

Background: Ischemic stroke produces oxidative stress in neurons and neuroglial, triggering a cellular response
with HSP27 as one of the markers. Extra virgin olive oil (EVOO) is reported to act as a neuroprotection by
inhibiting reactive oxygen species, which can modulate HSP27.

Objective: To analyze the potential neuroprotection of EVOO containing 7-g MUFA on the expression of HSP27
in the cerebral cortex of Rattus norvegicus Wistar strain middle cerebral artery occlusion (MCAQO) model.
Design: MCAO-Rattus norvegicus Wistar male rodents (n = 32), randomly divided into negative control
(sham), positive control (P0), MCAO added EVOO 0.5 mL/kg body weight (P1), and MCAO added EVOO 2
mL/kg body weight (P2); the experiment was conducted 14 days. The nuclei of neurons, glial, and expression
of HSP27 on the cerebral cortex were analyzed using Image J software, data were compared between groups
with a significance level of P < 0.05.

Results: There were significant differences in the neuron and glia nuclei numbers between groups (P = 0.01).
There was also a significant difference in cerebral cortex HSP27 expression between groups (P = 0.006).
Conclusion: There was a significant down-regulated of HSP27 in the cerebral cortex of the male Rattus nor-
vegicus Wistar strain MCAO model given EVOO with 7 g of MUFA content at a dose of 0.5-2 mL/kgBW.
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by the brain’s blood flow disruption (1). Recently,

stroke has been the second leading cause of death
and long-term disability worldwide, whose incidence con-
tinues to increase. According to WHO Global Health
Estimate 2019, stroke is the second leading cause of death
with 11% rate and the third cause of disability in the
world (2). Stroke can be either ischemic (caused by block-
age of a blood vessel) or hemorrhagic (caused by rupture
of a blood vessel) (1). When an ischemic stroke occurs, the
brain’s blood supply is disrupted and causes glucose and
oxygen deprivation of brain cells. It leads to high-energy
phosphate compounds, such as adenosine triphosphate
(ATP) failure (3, 4).

ATP synthesis failure prevents the plasma membrane
Ca2+ ATPase from maintaining its low intracellular
calcium concentration. High levels of intracellular
calcium, sodium, and adenosine diphosphate (ADP)
cause mitochondria to produce reactive oxygen species
(ROS) that would cause cell damage. Excess ROS rel-
ative to antioxidant defense is defined as an oxidative
stress (5).

Cells respond to stress conditions in various ways, from
activating survival pathways or initiating damaged cell
death through apoptosis, necrosis, and autophagy (6).
The ischemic cascade also activates various neuroprotec-
tive mechanisms to defend against apoptotic cell death
and necrosis, one of which is heat shock response (3). This
response will induce heat shock proteins (HSP) such as
HSP27 and HSP70 (6).

Heat shock protein 27 (HSP27) can function as an
antioxidant by increasing intracellular glutathione
levels to reduce ROS (7). HSP27, under stress condi-
tions, will interact with phosphatidylinositol 3-kinase
(PI3-K), which can increase the expression of protein
kinase B (Akt). Akt will phosphorylate Bax, which
in turn prevents the formation of pores in the mito-
chondrial membrane, thereby preventing the release of
cytochrome C (8). HSP27 requires phosphorylation to
suppress cell death mediated by apoptosis signal-regu-
lating kinase 1 (ASK1) and as neuroprotection against
ischemic injury (9).

Extra virgin olive oil (EVOO) is a Mediterranean diet
component used as the main source of fats. It contains
polyphenols such as oleuropein (OLE) and its derivatives,
one of which is hydroxytyrosol (HT) (10). The antioxidant
and antiinflammatory properties of phenolic compounds
in olive oil have been considered a neuroprotective food
ingredient that can be used to prevent and treat ischemic
brain injury (11).

Oleuropein (OLE) exerts neuroprotective activity by
reducing brain infarction volume and improving neuro-
behavioral function after ischemic-reperfusion cerebral
injury in rats. Quantitative analysis showed that OLE

Stroke is a rapid focal neurological deficit caused
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treatment significantly decreased caspase-3. In addition,
oleuropein exhibits an antiapoptotic effect by increasing
the Bcl-2/Bax ratio through increasing Bcl-2 expression
and decreasing Bax expression (12).

In a previous study, pre-treatment of heart muscle using
phenolic components such as OLE, HT, and quercetin,
one of the components found in olive leaves and fruit,
caused a decrease in HSP27 phosphorylation by reducing
ROS and eliminating the prosurvival pathway regulated
by HSP27 (13). The neuroprotective effects of olive oil
are generally well described; however, the effect of EVOO
on HSP27 in brain tissue remains unknown. This present
study examines whether EVOO, with its phenolic content,
is associated with changes in the HSP27 in response to
cerebral ischemia.

Materials and methods

The Animal Care and Use Committee (ACUC) Faculty
of Veterinary Medicine, Universitas Airlangga, examined
and approved the study procedure.

Experimental animals

This study used healthy 4 months old male Rattus norvegi-
cus Wistar strain with body weight between 175 and 225 g
who were given the same treatment before the experiment.
The domestic ethics committee has approved all experi-
mental protocols. A total of 32 rats were used in this study
(8 rats in each experimental group).

Middle cerebral artery occlusion model

Middle cerebral artery occlusion (MCAQO) models were
made using modified MCAO model by bulldog clamps
guideline by Machin et al. (14). To make the MCAO
model, we give Ketamine 80 mg/kgBW and Xylazine
10 mg/kgBW intraperitoneally to anesthetize Rattus
norvegicus. Following anesthesia of the Rattus norvegi-
cus, we perform an excision in the right neck until the
carotid communis can be seen, distinguish the carotid
artery until we find the internal carotid, and then clamp
the artery using a small bulldog clamp for 180 min.
After 180 min, the bulldog clamp is released, and the
neck incision is closed. After the anesthesia wore off,
the rats were gently held by the tail, maintained at the
height of 1 meter above the floor, and observed for their
forelimbs’ flexion. Normal rats will extend both their
forelegs towards the floor, whereas rats with ischemia
will keep their extremities flexed in the contralateral
hemisphere.

EVOO treatment

In this study, rats were divided into four experimen-
tal groups: (1) sham vehicle group (sham), (2) MCAO
model without EVOO treatment (P0), (3) MCAO model
treated with 0.5 mL/kgBW EVOO (P1), and (4) MCAO
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Table 1. The result of neuron cell nuclei numbers in the cerebral cortex of the Rartus norvegicus model MCAO

Group Mean + SEM Median Normality Shapiro-Wilk (P)  Homogenity Levene (P) One-way ANOVA (P)
Sham 44.513 + 2.54365 45.1500 0.855 0317 0.0

PO 30.703 + 1.81728 31.8600 0.502

Pl 46.113 £ 1.7297 45.1000 0.560

P2 47.613 £ 1.5441 47.8500 0.794

SEM, standard error of the mean; EVOO, extra virgin olive oil; PO, control group (MCAO without EVOO); PI, MCAO with 0.5 mL/kgBW of EVOO; P2,

MCAOQ with 2 mL/kgBW of EVOO.

model treated with 2 mL/kgBW EVOO (P2). EVOO was
bought in a local supermarket (-7.267310535221966,
112.77149463276754), and the MUFA content for P1 is
0.35 g/kgBW and for P2 is 1.4 g/lkgBW g. EVOO interven-
tion was given peroral once a day for 14 consecutive days.

Tissue preparation and immunohistochemistry

On the 15th day, rats were given propofol anesthesia at a
dose of 0.1 mg/100 g BW and were sacrificed. Rat brains
were carefully removed and embedded in paraffin. The
paraffin block was cut into 5 um thick sections, placed
on the slide, and melted at 65°C for 2 h. After that, slides
were dipped in xylene solution three times (5 min each) to
remove paraffin, rehydrated with ethanol (99, 96, 80, and
70%), and further used for immunohistochemistry (IHC).
Slides were then soaked in tris buffer for 1 h. Endogenous
peroxidase activity was quenched using a 3% peroxide
solution and rinsed with tris buffer for 3 min. The pri-
mary antibody used was rabbit HSP27 (74C) monoclonal
antibody (1:100, bsm-52757R, Bioss, USA) and counter-
stained by hematoxylin.

Immunohistochemistry reading

Ten fields of view photos of the neurocortex were taken
using Olympus Microscopes, Japan (CX31) with 400x
magnification and a computer with Windows OS to
transfer the output from the microscope into a computer
image. Photos were then analyzed and quantified using
ImageJ software (15).

Statistical analysis

Statistical analysis was performed using the SPSS version
25.0 (IBM Corp, Armonk: NY, USA). All variables were
tested descriptively. The normality and homogeneity tests
were performed using the Shapiro-Wilk and Levene tests.
Expression differences between groups were assessed using
the Kruskal-Wallis followed by the Mann-Whitney test or
one-way ANOVA followed by the post-hoc Tukey test. A
probability of < 0.05 was considered statistically significant.

Results
To evaluate neuronal and glial survival after MCAO and
the effect of EVOO therapy, we did routine staining of
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Tuable 2. The result of the post-hoc Tukey test of neuron cell nuclei
number in the cerebral cortex of the Rattus norvegicus model MCAO

Group | Group 2 P
Sham PO 0.01*
Pl 0.937
P2 0.677
PO Pl 0.01*
P2 0.01*
Pl P2 0.947

MCAO, middle cerebral artery occlusion; PO, control group (MCAO
without EVOO); PI, MCAO with 0.5 mL/kgBW of EVOO; P2, MCAO
with 2 mL/kgBW of EVOO.

*P < 0.005.

brain tissue using hematoxylin and eosin (H&E). Neuron
cell nuclei and glial cell nuclei were counted and com-
pared. Neuron has open-faced type nucleoli that are
clearly visible with basophilic cytoplasm. Astrocyte cell
has round, open-faced type nucleoli, while the oligoden-
drocyte cell nucleus is round decent chromatin type with
invisible nucleoli. The microglia cell nucleus looks oval
or flat.

After MCAO induction, the cerebral cortex’s total
number of neuron cells decreased (P < 0.005). EVOO
administration for 14 days in the MCAO model at a dose
of 0.5 mL/kgBW dose or 2 mL/kgBW increased the num-
ber of neuron cells (P < 0.005) (see Tables 1 and 2).

After the MCAO model, glial cells increased due to
gliosis and glial cell response to central nervous sys-
tem (CNS) damage. Contrary to the increased number
of neuron cell nuclei, EVOO administration at a dose
of 0.5 mL/kgBW dose and 2 mL/kgBW in the MCAO
model decreased glial cell nuclei (P < 0.005) (see Tables
3 and 4). (see Figure 1).

Table 5 presents the result of HSP27 expression in
Rattus norvegicus model MCAO given EVOO. The
median values of the sham, PO, P1, and P2 groups in
HSP27 expression are 1.2655, 2.1785, 1.1700, and 0.
8200, respectively. There is a significant difference in H
SP27 expression between the four groups (P = 0.006).
T a ble 6 presents the result of the Mann-Whitney test
of H SP27 expression in the cerebral cortex. There was
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Tuable 3. The result of glial cell nuclei number in the cerebral cortex of the Rattus norvegicus model MCAO

Group Mean + SEM Median Normality Shapiro-Wilk (P) Homogenity Levene (P) One-way ANOVA (P)
Sham 25.1875 + 1.2241 23.8000 0.051 0.321 0.01*

PO 26.1531  1.7237 28.6000 0.077

Pl 28.9750 + 2.0237 28.5000 0.128

P2 24.4000 * 2.0691 21.4000 0.794

MCAQO, middle cerebral artery occlusion; SEM, standard error of the mean; EVOO, extra virgin olive oil; PO, control group (MCAO without EVOO); P,

MCAOQO with 0.5 mL/kgBW of EVOO; P2, MCAO with 2 mL/kgBW of EVOO.

Table 4. The result of post-hoc Tukey test of glial cell nuclei number
in the cerebral cortex of the Rattus norvegicus model MCAO

Table 6. The result of the Mann-Whitney test of HSP27 expression
in the cerebral cortex of the Rartus norvegicus model MCAO

Group | Group 2 P Group | Group 2 P
Sham PO 0.01* Sham PO 0.046*
Pl 0.948 Pl 0.401
P2 0.947 P2 0.083
PO Pl 0.01* PO Pl 0.009*
P2 0.01* P2 0.005*
Pl P2 0.7 Pl P2 0.083

MCAQ, middle cerebral artery occlusion; PO, control group (MCAO
without EVOO); PI, MCAO with 0.5 mL/kgBW of EVOO; P2, MCAO
with 2 mL/kgBW of EVOO.

*P < 0.005.

Table 5. The result of HSP27 expression in Rattus norvegicus model
MCAO given EVOO

Group Mean * SEM Median Normality Homogenity Kruskal-
Shapiro-Wilk Levene (P) Wallis (P)
P)
Sham 1.2204 + 1.2655 0.624 0.0l 0.006*
0.1021
PO 24190+ 2.1785 0.156
0.4546
Pl 1.1220 + 1.1700 0.030
0.1526
P2 0.9080 + 0.8200 0.154
0.1526

MCAO, middle cerebral artery occlusion; SEM, standard error of the
mean; EVOO, extra virgin olive oil; PO, control group (MCAO without
EVOO); PI,MCAO with 0.5 mL/kgBW of EVOO; P2, MCAO with 2 mL/
kgBW of EVOO.

*P < 0.05.

a significant difference in the glial cell nuclei number
between PO with sham, P1, and P2 groups (P = 0.046,
P = 0.009, P = 0.05, respectively) (see Table 6 and
Figures 2 and 3).

Discussion

The widely used meal EVOO has positive health advan-
tages. Olive oil is a mechanically extracted product from
the Olea europaea L. (family Oleaceae) plant that contains
a glycerol fraction of 90-99% and a non-soap fraction of
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MCAO, middle cerebral artery occlusion; PO, control group (MCAO
without EVOO); P, MCAO with 0.5 mL/kgBW of EVOO; P2, MCAO
with 2 mL/kgBW of EVOO.

*P < 0.05.

0.4-5% (16). EVOO is an olive oil kind that goes through
the greatest natural processing with the least amount of
outside assistance. EVOO is made by mechanically press-
ing olives to obtain their natural oil (17). The EVOO
product has an inadequate acidity level of 0.8% and no
flavor flaws (18).

As previously described, we observed changes in the
expression of HSP27 as a biomarker and therapeutic tar-
get of cerebral ischemic condition (19, 20). Based on the
results of descriptive and statistical analysis, it was seen
that the PO (MCAO without EVOO) group had the highest
average HSP27 expression compared to the other groups.
This is consistent with previous studies where ischemia
conditions can increase HSP27 expression, especially in
reactive astrocytes, and some are also found in neuronal
cells (19, 21). This is caused by changes in HSP27 oligom-
erization due to oxidative stress (22).

Treatment groups P1 (MCAO with EVOO 0.5 mL/
kgBW) and P2 (MCAO with EVOO 2 mL/kgBW)
showed decreased HSP27 expression. This decrease
was probably caused by EVOO administration. EVOO
administration may cause depression in HSP27 expres-
sion in rat cerebral cortex. EVOO contains polyphe-
nols such as oleuropein (OLE) and its derivatives
such as hydroxytyrosol (HT), which have neuropro-
tective benefits and antioxidants that can be used in
the prevention and therapy of brain injury ischemia
(10, 11). HSP27 expression, as an antiapoptotic agent,
decreases mitochondrial damage and cell apoptosis
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Fig 1. Comparison between neuron cell nuclei numbers and glial cell numbers in the cerebral cortex of Sham, PO (MCAO with-
out EVOO), P1 (MCAO with EVOO 0.5 mL/kgBW) group, and P2 (MCAO with EVOO 2 mL/kgBW). Counted cells consist
of (a) neurons, (b) astrocytes, (c) oligodendrocytes, and (d) microglia. MCAO, middle cerebral artery occlusion; EVOO, extra
virgin olive oil.

Fig. 2. The result of the IHC staining for HSP27 expression in the cerebral cortex of Sham, PO (MCAO without EVOO), P1
(MCAO with EVOO 0.5 mL/kgBW), and P2 (MCAO with EVOO 2 mL/kgBW) groups. MCAO, middle cerebral artery occlu-
sion; EVOO, extra virgin olive oil.

HSP27
4
3,5
3
2,5
2
1,5
1
0,5
0
Sham PO P1 P2

Fig. 3. Quantitative data of HSP27 expression in rat cerebral cortex in four experimental groups.

during stress. Inhibiting HSP27 expression will make
cells more susceptible to apoptosis, which may result
in organ failure. Due to its ability to regulate both
cell death and survival, HSP27 now occupies a crucial
position. HSP27 also works as an antioxidant, reduc-
ing ROS and iron levels while increasing intracellular
glutathione levels. By reducing ROS levels, HSP27
maintains a balanced redox state to prevent mito-
chondrial malfunction, cell damage, and cell death.
Overexpressing HSP27 in HSP27 transgenic mice pre-
vented cells from suffering further neuronal damage by
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preventing ASK1-dependent MKK4/JNK activation
(23). Intravenous injection of HSP27 in the MCAO
mouse model also showed inhibition of apoptosis and
inflammatory responses (7). However, the antioxidant
benefits that HSP27 has to exist during its large oligo-
meric conditions (24).

Increased intracellular ROS at the beginning of oxi-
dative stress induce HSP27 in the form of large oligo-
mers that have antioxidant functions. At the same time,
MAPKAP kinase 2/3 starts phosphorylating HSP27, ren-
dering it to a small oligomeric form (25). Phosphorylated
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HSP27 inhibits the rise of intracellular glutathione, inhib-
iting its function as an antioxidant (24).

In previous research, the phenolic compounds of
the olive plant, such as oleuropein (OLE), hydroxyty-
rosol (HT), and quercetin, caused a decrease in HSP27
phosphorylation. It has also been shown to decrease
MAPKAP kinase 2, which plays a role in HSP27 phos-
phorylation. In addition, these phenolic components also
have a protective effect by reducing ROS and eliminating
prosurvival pathways regulated by HSP27 (13). Another
study also found that antioxidant enzyme administration
reduced ROS explosion and decreased the HSP27 (26).
Several EVOO components, especially polyphenols and
vitamin E, have clear antioxidant benefits for cells and
tissues (27, 28).

In summary, our study highlights the effect of EVOO in
the Rattus norvegicus model MCAO through downregula-
tion of HSP27 expression. This action is possible because
EVOO could decrease the ROS and lipid peroxidation.

Our study is a true experimental study that uses EVOO.
It provides new insights into the neuroprotective mecha-
nism of EVOO in stroke models that should be followed
in clinical trials. Our study allows us to manage potential
confounding variables because it is a true experimental
trial.

The current study’s shortcomings should also be taken
into account. Firstly, to determine the efficacy of EVOO
consumption in stroke patients, our study uses an animal
model that should be validated in clinical trials, includ-
ing humans. Secondly, we used the semiquantitative data
from the THC method, which required assistance from
other researchers to quantify the markers.

Conclusions

There was a significant downregulation of HSP27 in
the cerebral cortex of the male Rattus norvegicus Wistar
strain middle cerebral artery occlusion (MCAO) model
given EVOO with 7 g of MUFA content at a dose of 0.5
mL/kgBW and 2 mL/kgBW.
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