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The neuroprotective potential of 1,8-Cineole (CIN) has
recently been documented in vitro. Here we studied potential beneficial therapeutic
effects of CIN, using the temporal lobe epilepsy (TLE) pilocarpine rat model
through up-regulation of Bcl-2, as an anti-apoptotic gene.

A total of 32 (n=8 per group) male Wistar rats were divided
into 4 groups as follows: i) normal rats (received CIN (50 mg/kg)). ii) Non-treated
epileptic rats. iii) VVehicle epileptic rats treated with 10% Polysorbate 20 (Tween 20).
iv) TLE-treated rats with CIN once daily (50 mg/kg), three days after the first seizure
and up to 28 days, four days a week (treatment group).

For the analysis, based on the Racine scale, the score of 4 and 5 was chosen. Rats were
sacrificed and primed 28 days after the first seizure for both histopathological and
quantitative real time PCR (QRT-PCR) analysis.

The findings showed that CIN prevents cell death caused by Pilocarpine,
via regulatory effect on apoptotic and anti-apoptotic gene expression. QRT-PCR
results showed a significant increment in the Bcl-2 expression, and a decrease in
Caspas-3 gene in the epileptic group treated with CIN. Also, amount of total
antioxidant capacity was higher in CIN treated group. Histological study of the brain
regions revealed a significant decrease in the apoptotic and necrotic hippocampal
cells in the treatment groups.

Collectively, the present study showed CIN significantly induced
neuroprotection effects for brain damage. It seems CIN can be a promising method
for improving the effectiveness of therapy.
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Introduction

Epilepsy is a chronic condition of the nervous system
that affects people of all ages. As one of the most
prevalent neurological disorders in the world, epilepsy
affects around 50 million people worldwide (1). It is
characterized by multiple epileptic seizures, which are
caused by repeated abnormal and simultaneous
electrical discharges, in a group of nerve cells in an area
of the brain (2). Although there are several types of
epilepsy, Temporal Lobe Epilepsy (TLE) is considered
a more severe form in humans. Hippocampal sclerosis,
degeneration of the nervous system and extensive
reorganization of the hippocampal networks are among
the neuropathological modifications reported in TLE
individuals (3).

Generally, brain damage from epilepsy is a dynamic
process. In epilepsy, multiple factors lead to brain
neurons death (4); these include genetic, oxidative
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stress, mitochondrial dysfunction, and ROS factors (5).
TLE is related to neuropathological changes, including
hippocampal sclerosis and degeneration of neurons,
and vast rearrangement of hippocampal circuits (6).
Thus, it is necessary to create complementary
therapeutic approaches, that can prevent the acute
status epilepticus (SE) transition to the chronic (7).

Researchers consider the pilocarpine rat model to be
the most widely recognized model for human epilepsy
(8). The relationship between oxidative stress and the
production of active oxygen species with epilepsy has
been proven (4). Oxidative stress and mitochondrial
dysfunction caused by reactive oxygen species (ROS)
have been reported as effective factors in the
pathophysiology of neurodegenerative disorders (9).
Seizures destroy neuron mitochondria in the rat
hippocampus, leading to loss of hippocampal neurons.
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The mitochondrial damage of hippocampal neurons in
epileptic rats is closely related to the expression of Fas and
Caspase-3(10).

Anti-epileptic drugs are the main form of treatment (9).
Targeting Caspase-3 upper and lower cascade activities
can also be used as a clinical target for epilepsy therapy
(11). Usage of antioxidant agents or biomolecules that
decrease apoptotic genes is a method to reduce neuronal
cell death (apoptosis/necrosis). There are usually two
main pathways for apoptosis: The Bcl-2 family and the
intrinsic or mitochondrial pathway mediated by the
members of the Bak / Bax pathway. Bax protein increases
mitochondrial membrane permeability and inhibits Bcl-2
(12). The external apoptosis pathway, which is initiated
by the TNF family receptors, resulted in the triggering of
Caspase-8 and subsequently Caspase-3 (13). Based on
the results of studies, oxidative stress plays a major role in
epilepsy pathogenesis (14).

Recently, drug therapy has been the main treatment for
epilepsy, and more than 10 forms of first-line antiepileptic
drugs are available in hospitals. However, multiple forms
of epilepsy cannot be adequately managed, creating a
significant financial burden for both patients and society
(15). CIN, a monoterpenic oxide is found in the leaves of
many herbs, including eucalyptus; it has been used as an
additive for food, as well as a drug for the improvement
of symptoms in the infectious respiratory diseases (16).

Eucalyptus has also been used in the pharmaceutical
industry to make various pharmaceutical formulations. In
the previous studies, its inhibitory properties have been
shown in the production of anti-inflammatory cytokines,
such as prostaglandins and leukotrienes. It has also
antimicrobial, anticancer, hepatoprotective, analgesic and
anti-inflammatory properties. In addition to the above, it
has antioxidant effects (17).

Interestingly, some antioxidant molecules were
reported to decrease the levels of oxidative stress by
scavenging ROS (18). Antioxidants alleviate the
oxidative stress; they have increasingly become headlines
in epilepsy treatment (19). In this study, we aimedto
investigate the antioxidant effect and neuroprotection of
CIN by examining the Bcl-2 and Caspase genes in
pilocarpine epileptic rat model.

Materials and Methods
Animal study design

The Ethics Committee of Zanjan University of Medical
Sciences has approved all procedures related to animal
treatment and use (Ethics code: ZUMS.REC.1394.29). In
the present study, 32 rats were divided into 4 main groups
(n=8 animals for each group). The details of each group
are as follows. i) normal rats (received CIN (50 mg/kg)).
ii) non-treated epileptic rats; iii) vehicle epileptic rats
treated with 10% Polysorbate 20 (Tween 20). and iv)
TLE-treated rats with CIN once daily (50 mg/kg), three
days after the first seizure and up to 28 days, four days a
week (treatment group).
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Pilocarpine Rat Model

Thirty-two adult Wistar male rats were housed in room
temperature (RT) (21-22°C), under regulated routine
conditions consisting of standard 12-hour light/dark cycle,
and 45-55% humidity. Access to food and water was
given to Rats. The mean weight was 250-300 g.

Pilocarpine rat model of epilepsy was used for this
study, as described previously. In short, the rats were
given methylscopolamine bromide (1 mg/kg s.c.) 30
minutes before the pilocarpine injection, to reduce the side
effects of the IP injection of pilocarpine hydrochloride
(350-400 mg/kg). An injection of 2,5 mg/kg of diazepam
was administered to the affected rat an hour after the first
epileptic occurrence. To assess the epileptic rats, we
performed the Racine behavioral test.

Animals with the Racine score of 4 and 5 were chosen
(20). They were sacrificed after 28 days for tissue
experiments and gene expression study. Researchers also
suggested that structural alterations in the hippocampus
and changes in the gene expression arise within four
weeks of epileptic seizure initiation (21).

TUNEL and Acridine orange (AQO) staining

The animals were anesthetized with Ketamine-
Xylazine (44 and 13 mg/kg) before scarifying, 28 days
after the first SE (after the last injection of CIN). Trans
cardiac perfusion was carried out with 20 ml of
heparinized saline and in PBS with 4 % paraformaldehyde
(pH 7.4). Over the next 24 hours, the brain tissue was
impregnated with the same fixative. For each animal, we
picked one hemisphere of 10 different sections, 7 wm thick
and located 2800-3800 mm from Bergman for
histological assessment by AO and TUNEL staining. The
different areas of which are shown in Figure 1.

Cell morphological necrosis changes were assessed by
AO staining. In the ethanol solution with different
dilutions (50%, 70%, 85%, 95%, and 100%) the paraffin
components were dehydrated. The sections were then
permeabilized by incubation in the PBS with % 0.1 Triton
X-100 and % 0.1 sodium citrate for 15 minutes, and 20
pg/mL proteinase K for 15 minutes (22). For AO staining,
the sections were incubated in 6 pg/mL AO (Sigma) in 0.1
M citric acid and, 0.2 M Na2HPO4 (pH 2.6) for 30
minutes at RT.

Under a fluorescent microscope, the stained segments
were observed. In this step, 200 cells were counted and the
number of orange/yellow stained cytoplasm necrotic cells
was measured. The nuclear necrotic cells had condensed
chromatin and fragmented nuclei, which resembled viable
cells. In order to stain the TUNEL, the sections were
assisted using the In Situ Cell Death Detection kit (Roche,
Germany), as directed by the manufacturer. TUNEL-
positive cells were exposed to 3, 3’-diaminobenzidine
tetrahydrochloride (DAB; Sigma-Aldrich, Germany)
chromogenic and hematoxylin-contained. Quantification of
TUNEL-positive cells was assessed in all regions of the
hippocampus (CA1, CA2, CA3, and CA4). Neuronal
apoptosis was determined by the TUNEL method.
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Figure 1: Different areas of the hippocampus

Real-time PCR

Real-time PCR (RT-PCR) was done for all the
experimental groups using prepared cDNA. TRIzol ®
(Invitrogen / Life Technologies) was used to isolate total
RNA from hippocampal tissues. Following the
manufacturer's guidance, 1000 ng of purified RNA was
used to synthesize 20 uL of ¢cDNA, according to the
RevertAid™ First Strand cDNA Synthesis Kit
(Fermentas, Germany). The mRNA levels of Bcl-2 and
Caspase-3 neurotrophins were quantified using cDNA.

Table 1: Primer parameters and Gen Bank accession number.

Gene Accession no. Sense 5' — 3'

Caspase-3 NM_012922.2
Bcl-2 NM_016993.1
GAPDH  NM_017008.4

CGCACCCGGTTACTATTCCTGG
GTGGCCTTCTTTGAGTTCGGTG

TTGTCAGCAATGCATCCTGCAC

As an internal normalization control, glyceraldehyde 3-
phosphate dehydrogenase (GAPDH) was used (Table 1).
PCR reactions were performed in a 12.5 pL final reaction
volume containing forward and reverse primers (200 nM
each), cDNA (0.5 pL; 25 ng of RNA samples), SYBR®
Green | (6.5 pL; Fermentas; Thermo Fisher Scientific,
Inc.) and nuclease-free water, up to final volume for 40
cycles; they were done at 95°C for 15s followed by 60°C
for 1 minute. Using the AACq method, relative changes in
target mMRNA levels were calculated (23).

Anti-sense 5' — 3' bp Tm
TGGCCACCTTCCGGTTAACAC 137 60
ATCCCAGCCTCCGTTATCCTG 147 60
GTCTGGGATGGAATTGTGAG 158 60

Primers were designed, using the GENE RUNNER Version 3.05; it is produced by Genfanavaran Company. Caspase3, cysteine-aspartic acid protease-
3; Bcl-2: B-cell lymphoma 2; GAPDH: glyceraldehyde-3-phosphate dehydrogenase.

Evaluation of Total Antioxidant Capacity (TAC) of
the Hippocampus

Hippocampi TAC assessment was performed using
plasma reduction capacity ferric (FRAP) assay. This assay
is based on the reduction of tripyridyl-s-triazine (TPTZ).
TPTZ complex is a coloring ligand, which produces a
deep blue color. To prepare the FRAP solution, 3
compounds of acetate (300 mM) iron (I11) chloride (20
mM), and TPTZ (10 mM) were combined.
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Various concentrations (0, 125, 250, 500, 750 and 1000
uM) of iron (II) phosphate was diagramed for the typical
FRAP curve. Sample supernatant were mixed with a 1.5
ml FRAP reagent. The wavelength was read at 593 nm.
By the use of standard curve, data were reported as pM
of iron (I1) per g of the sample (24).

Statistics

Statistical analysis was conducted by the SPSS
software v.15. Independent experiments were replicated
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five times; the data have been shown as a standard mean
error (SEM). One-way ANOVA was used to analysis the
data between the groups, followed by post hoc from
Tukey (P<0.05).

Results
Pilocarpine-treated rats

The rats exhibited peripheral side effects of cholinergic
symptoms, including diarrhea, salivation, and lacrimal
gland activation, 5 minutes after the pilocarpine injection.
The rats displayed the signs of head nodding, scraping,
masticatory jaw motions, chewing, and exploratory
actions over the following 15-20 minutes. Recurrent
seizures began approximately 38.42 + 7.29 minutes after
the pilocarpine injection. Approximately 72% of the
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animals exhibited seizures after the pilocarpine injection.
A seizure-free phase (latent) was followed by the initial
acute insult and eventually a chronic period.

Detection of apoptotic cells (TUNEL assay)

Figures 2 A and 3 show the results. In the CA1, CA2,
CA3 and CA4 regions of the hippocampus, the percentage
of necrotic cells was calculated. Figure 2 indicates the
average number of necrotic cells in CAL treated with CIN
(30.76 £ 2.31), CA2 (32.93 + 3.14), CA3 (33.85 + 1.79),
and CA4 (24.71 £ 2.38) groups, as well as for the non-
treated CAL (44.41 + 1.78), CA2 (46.54 + 2.27), CA3
(50.85+1.78), and CA4 (45.11 + 1.31) groups. Compared
to non-treated groups, apoptotic cells significantly
decreased in all regions in the CIN treated groups
(P<0.05). Figure 3 shows TUNEL staining of the cells
and hippocampal tissues.
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Figure 2: The results TUNEL and AO assays. The mean percentage of apoptotic (A) and necrotic (B) cells. In 4 regions (CAL,
CA2, CA3 and CA4) of the hippocampus, apoptotic and necrotic cells were recorded. The mean + SEM is shown by the bars;
*compared to CIN treated group; #compared to non-treated group; P<0.05. NT: non-treated epileptic rats; E-So: epileptic rats
treated with 10% Polysorbate 20; T: Epileptic rats treated with CIN once daily; N-Cin: normal rats (received CIN).

CA3

Non-Treatment

Treatment

Figure 3: Representative images of TUNEL and Hematoxylin stains in the hippocampus regions (CAL, CA2, CA3 and CA4).
In experimental groups, photomicrographs displayed positive TUNEL cells. DNA fragmentation and non-fragmentation are
indicated by red and black arrows. Hematoxylin was utilized for counterstaining. Magnification: 200-fold. Non-treated: non-
treated epileptic rats; Treatment: Epileptic rats treated with CIN once daily.
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Necrotic cell identification (Acridine staining)

The percentage of necrotic cells was calculated in the
CALl, CA2, CA3, and CA4 regions of the hippocampus.
Figure 2 shows the mean percentage of necrotic cells in
the CIN treated CA1 (17.32 £ 2.31), CA2 (21.71 £ 2.10),
CA3 (26.45 + 3.57), and CA4 (16.73 = 2.59) groups, and
non-treated (CAL (36.57 + 1.72), CA2 (40.40 £ 2.23),
CA3 (41.14 + 2.26), and CA4 (48.36 + 1.52) groups. The
necrotic cell significantly decreased in the CA3 and CA4
regions in the CIN- treated groups, compared to non-
treated groups (P<0.05) (Figures 2 B and 4).

Gene expression

Changes in Bcl-2 and Caspase-3 mRNA expressions in
test groups were studied using quantitative real-time PCR

CA4 CA3

Non-Treatment

Treatment

(QRT-PCR). The findings have been presented
independently compared to the normal group. The CIN
treatment group (relative to the normal group) had
significantly increased expression of Bcl-2 (3.351 + 0.35)
compared to non-treated (0.13 + 0.00) and vehicles
groups. Also, the treatment group had decreased
expression of Caspase-3 (0.13 + 0.05) compared to other
experimental groups (Figure 5).

TAC Evaluation

The results of the TAC assay showed a significant
difference in the antioxidant activity level between the
different groups. The amount of TAC was higher in CIN
treated groups compared to non-treated groups; the
difference was significant (P<0.001) (Figure 6).

CA2 CAl
a1

Figure 4: Acridine staining representative images in the regions of hippocampus. Photomicrographs of positive Acridine cells in
the experimental groups. Yellow and white arrows respectively show death and intact cells. Magnification: 200-fold. Non-Treated:
non-treated epileptic rats; Treatment: Epileptic rats treated with CIN once daily.
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Figure 5: qRT-PCR performance, relative to the normal group. The mRNA level of Bcl-2 (A) and Caspase-3 (B) Quantitative
gene expression data were normalized to the expression levels of GAPDH gene. The mean + SEM is shown by the bars; *

(compared to treated group), P<0.05.
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Figure 6: The effects of CIN on TAC activity in rats’ hippocampi. The mean + SEM is shown by the bars. **xP < 0 001

(compared to other groups).

Discussion

In the present study, our findings showed a
considerable increase in Bcl-2 mRNA expression of the
CIN treated epileptic rats. However, the mRNA
expression of Caspase-3 decreased relative to the intact
rats. Attained results from the present study indicate that
CIN treatment could reduce the number of apoptotic
neurons in hippocampal regions of the pilocarpine-
treated rats. Also, the results of TAC assay of the studied
groups showed the improvement of antioxidant activity
in the CIN-treated groups.

Our finding of the tissue assessment in this study
showed, that epileptic seizure causes apoptosis and
necrosis of a large number of neural cells in different
regions of the hippocampus. One of the main causes of the
pathogenesis of TLE is apoptosis of neural cells in the
brain regions, especially the hippocampal area (25).

Oxidative stress is recommended as a factor to monitor
aging and various neuropathies. Excess oxidants cause
antioxidant deficiencies, resulting in redox imbalances in
the body. Oxidative exposure is one of the causes of
neurodegenerative diseases (26). The brain is vulnerable
to oxidative stress due to the high content of
polyunsaturated fatty acids and high oxygen demand. The
imbalance between ROS production and degradation
initiates oxidative stress (27).

Oxidative stress and mitochondrial dysfunction have a
crucial influence on seizure start in epileptic patients (25).
The mitochondria role in TLE is very important. Free
radicals can be produced during brain damage induced by
seizures; overproduction of free radicals can damage
cellular components (28). Free radicals, in the presence of
Fe2 + and Cu2 +, can oxidize DNA and essential
biomolecules, and increase the excitability of the neuron
for epileptic seizure. Antioxidants can neutralize the free
radicals, in order to remove the unpaired state of the
radicals by accepting or donating electron(s) (29).

The TAC in epileptic group treated with CIN was more
than non-treated group; it indicates the supportive effect
of CIN on the neurons in the hippocampal region.
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Researches have shown, that CIN can effectively cross the
blood-brain barrier by operating on receptor sites or
enzyme structures; it can also have immediate brain
effects (30). Previous studies have shown the antioxidant
and neuroprotective effects of this compound (21). It is
thought, that in our study CIN has an aiding effect on anti-
oxidative system of the brain, which is seen in CIN treated
group, in TAC assay test.

Considering the role of apoptosis in neurodegenerative
diseases, preventing cell death might be one of the
potential therapeutic targets by reducing the involved
genes, such as Bcl-2 and Caspase-3; they can be regulated
by drug therapy. Overproduction of ROS is followed by
the Caspase-3 activation. It is reported, that CIN could
inhibit intra-cellular ROS production and expression of
catalytic antioxidant enzymes such as superoxide
dismutase, glutathione peroxidase, and glutathione
reductase. CIN may reduce apoptosis through reduced
Caspase-3 activity. It seems that the mechanism of its
antioxidant action is through ROS scavenging and
induction of nuclear Nrf-2 factor (2).

Our main goal was to determine the beneficial effects
of CIN in pilocarpine-induced TLE rats, and assess the
alterations in apoptotic and anti-apoptotic mMRNA
expressions in the CA1-3 regions of the hippocampus.
Studies on the analysis of brain samples of patients
with TLE show, that the expression of Bcl-2 and
Caspase-3 differs in the hippocampus of these patients
(31). A study was done on the kainic acid type of TLE
rat model also showed that SE activates signaling
factors, reducing the expression of Bcl-2 four hours
after the onset of SE; on the other hand, the expression
of Caspase-3 is induced during 24-16 hours after the
occurrence of SE increase (32).

Our analysis showed that neuronal apoptosis in the
CA1-3 hippocampus region was evident, using TUNEL
staining in TLE rat; it is in line with prior researches (19).
TUNEL stain directly finds apoptotic cells, and the
family of Bcl-2 proteins regulates the apoptosis by
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adjusting the release of mitochondrial apoptosis factors,
cytochrome c, and apoptosis (33). Previous experiments
have shown, that Bax and Caspase-3 dramatically are
stimulated in the brain of epilepsy rats, cleaved Caspase-
3 and pro-apoptotic Bax protein increases significantly,
and anti-apoptotic Bcl-2 protein decreases (34).

Our results confirmed these changes, and CIN
reversed the changes. The regulatory protein category,
such as anti-apoptotic Bcl-2, Bcl-XL and Nrf2 protects
cells against apoptosis. Many apoptotic pathways are
involved in the activation of Bcl-2, Bcl-XL and Nrf2
genes (34, 35). Analysis of the results of gene expression
in this study showed an amplify in the expression of Bcl-
2 in CIN treated groups, indicating the protective effect
of this compound.

We also evaluated the effect of CIN on pilocarpine-
induced neural loss in CA1-3 areas, via the TUNEL and
AO assays. Our results demonstrated significantly
decreased pilocarpine-induced cellular  death in
hippocampal regions in CIN-treated group. Our data
provided preliminary evidence, suggesting CIN can
protect a neuronal population from seizure-induced
apoptotic cell death. The up-regulation of several anti-
apoptotic genes such as Bcl-2 could result in certain
inhibitory effects.

Conclusion

Thus, the present study has shown, that CIN has an
important neuroprotective effect after pilocarpine-induced
TLE neurological damage. It provides neuroprotection after
delayed intervention after trauma; CIN prevents the onset
of oxidative stress and the death of hippocampal neurons
during TLE. It may be considered as an acceptable and low-
cost candidate for treatment of epilepsy and other diseases
of the nervous system. Further investigation is needed to
confirm the findings of this report and to explore the
underlying cellular and molecular mechanisms of the
neurotrophin regulation by CIN.
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