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ABSTRACT

Cerebral ischemia commonly occurs when the blood flow to the entire brain or some part of the brain is disrupted.
Global cerebral ischemia attenuates the nucleus tractus solitaries (NTS) EEG rhythm, increases the free radicals
production and brain inflammation. Ellagic acid (EA) has antioxidative and anti-inflammatory effects against
neural damages. The aim of this study was to evaluate the role of ellagic acid on EEG power in the global cerebral
ischemia.Rats were divided into four groups: SO (sham) received normal saline, EA+SO, I/R (normal saline +
ischemia/reperfusion), and EA + I/R. EA (100 mg/kg, dissolved in normal saline) or normal saline was administered
orally (gavage) for 10 days. Animal underwent to 20 minutes of ischemia followed by 30 minutes of reperfusion in
I/R and I/R+EA groups. EEG was recorded from NTS and serum antioxidant enzyme activity was measured.Data
showed that ellagic acid improved electrical power of NTS. Theta and delta bands frequencies in the ischemic
animals were decreased in I/R group with compared to SO group significantly (P<0.001). Ellagic acid has
beneficial effect on superoxide dismutase activity in the ischemic animals with compared to I/R group (P<0.01). In
contrast, ellagic acid has no significant role on glutathione peroxidase activity in the pretreated ischemic rats in
comparison with I/R group.These findings suggest that ellagic acid increased antioxidant enzymes activity that
scavenge the ROS due to ischemia so that it may have neuroprotective effect on NTS neurons and consequently
reverse its electrophysiology pattern.
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INTRODUCTION

Cerebral ischemia commonly happens when the blood flow to the entire brain or
some part of the brain is disrupted which ensuing in the brain tissue deficiency of
oxygen and glucose and may injure neuronal cells forever [1]. Focal ischemia also
called brain stroke and global ischemia occurs in some situations such as cardiac
arrest, coronary artery bypass surgery and cardiorespiratory failure [2,3]. In addition,
cerebral ischemia is second cause of death in the universe, so many investigators
focused on severe cerebral ischemia (global cerebral ischemia) to minimize the
lesion and neurodegeneration [4].

In the electroencephalography (EEG) recording, the cortical electrical activity has
been categorized affording to the frequency/spectral content of the signals [5]. With
a growing body of evidences, EEG rhythms become slow during global cerebral
ischemia [6,7]. It has been established that the EEG signal records denotes numerous
phases of brain recovery and signals flattening rapidly if cerebral blood flow reduced
drastically such as in the global cerebral ischemia situation [8,9]. Each pattern of
EEG sub-waves namely delta, theta, alpha, beta, and gamma waves has described
development of during global cerebral ischemia and after reperfusion [10,11,12].
Several line of investigations revealed that theta and delta bands are more
susceptible to cerebral ischemia [13, 14].

The preventive role of phytochemicals and phenolic compounds were found against
cerebral ischemia [15]. Ellagic acid is a secondary metabolite of many natural plants,
particularly fruits such as strawberry, cranberry, and raspberry [16]. Phenolic
profiles and antioxidant capacities of the ellagic acid have been proved in many
neurodegenerative diseases [17, 18]. Also, ellagic acid ameliorated the cell death and
apoptosis during focal cerebral ischemia [19] but there is no evidence over the role
of ellagic acid in experimental model of cardiac arrest or global cerebral ischemia.
NTS was attends to incorporate cardio-respiratory reflexes and also encourage
behaviors activities and adjust the cerebral cortex of brain electrical activity [20, 21].
Therefore, stimulation of the NTS electrically may alter brain electrophysiology
activity and ameliorates the EEG frequency [22, 23]. As well as modulatory role on
electrical activity, the NTS stimulation regulates cerebral blood flow [24].
Accordingly, monitoring NTS electrical activity via local EEG recording is helpful
method to monitor global cerebral ischemia.

Previous findings indicated that ellagic acid has amended brain electrophysiological
activity in neuronal damages such as traumatic brain injury and Parkinson’s disease
[18]. In continue of these investigations, we planned to record the local EEG pattern
of nucleus tractus solitaries (NTS) in rats after global cerebral ischemia/reperfusion
(I/R) that pretreated with ellagic acid. In this study, EEG frequency powers of NTS
such as theta and delta bands in I/R rats were measured. To identifying the
antioxidant properties of ellagic acid, we measured glutathione peroxidase and
superoxide dismutase activity and also cytokines in the blood serum samples.

MATERIAL AND METHODS

Thirty two adult male Wister rats (280-300 g) were obtained from Laboratory
Animals Breading Center of Ahvaz Jundishapur University of Medical Sciences and
housed in standard cages under controlled temperature (22+2 oC), humidity and a 12
h light/dark cycle (light on 07:00 am), with food and water ad libitum. All animals
were handled before testing for 5 days (10 minutes daily) [25]. The experiments
were approved by Local Committee of Animal Ethics in Ahvaz Jundishapur
University of Medical Sciences (No.ajums.B-9348). All efforts were done to
minimize animal suffering, and to reduce the number of animals used.
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Rats were divided randomly into four groups of eight rats in each, as following: 1)
SO (sham operated); were only received 1.5 ml/kg solvent orally by gavage for 10
consecutive days before tests, 2) EA+SO; received 100 mg/kg EA orally by gavage
for 10 consecutive days before tests, 3) I/R; rats received 1.5 mL/kg of solvent by
gavage for 10 consecutive days and then were exposed to global cerebral ischemia
for 20 min and subsequently 30 min reperfusion (I/R), and 4) EA+I/R; rats received
ellagic acid (100 mg/kg/day) orally by gavage for 10 consecutive days before
I/R[26]. The dose of EA (100 mg/kg) was selected based on previous reports and our
pilot experiments [7,18,27]. Induction of I/R was carried out 24 hours after last
gavage.

Chemicals and compounds

Ketamine hydrochloride and xylazine (Alfasan Co., Holland), ellagic acid and
dimethyl sulfoxide (DMSO) pur c hased fr om Sigma-Aldrich Co. (USA).
Ellagic acid was dissolved in DMSO/normal saline (10%), buffered to a pH=7, (100
mg/kg/1.5 ml, daily by gavages for 10 days).

Surgery

Rats were anaesthetized with ketamine/xylazine (100/5 mg/kg wi/w), body
temperatures were monitored using heating pads and their heads mounted in a
stereotaxic device for electrode implantation surgery before I/R surgery. A teflon
coated stainless steel bipolar metal wire electrode (0.005" bare, 0.008" coated, A-M
systems, Inc. WA) was implanted into the brain NTS with stereotaxic coordination
according to rat brain stereotaxic atlas of Paxinos’ and Watsons’ [28]: AP:-14.04
mm to bregma; ML:0.4 mm, and DV:8 mm from the dura respectively. All implants
were fixed to the skull by dental acrylic cement and two stainless steel glass anchor
small screws [29, 30]. Establishment of microelectrodes at the right site was
confirmed by passing the DC through the active wire in order to making lesion at
electrode tip point and histological section performed at the end of experiments.

Local EEG recording

Electrical field potentials (local EEG) from the NTS of anaesthetized rats were fed to
an ML135bio-amplifier, 4-Channels PowerLab and LabChart Software version 7.
(ADInstruments, Australia) with 1 mV amplification, sample recording 400 Hz, and
0.3-70 Hz band pass filtration for 5 minute. The basic EEG variations period of 5
seconds were compared in all groups before and after I/R induction in the related
groups. Electrical power of frequency bands were measured as pV2/Hz [30]. The
local EEG recording was done at 1st and 11th days before and after I/R.

Induction of global cerebral I/R

On the first day, after anesthesia, animals underwent transient forebrain global
ischemia, as described by Pulsinelli and Brierley [31]. As briefly, a neck ventral mid
line incision was made, the common carotid arteries (CCA) were exposed and
separated from the vagus nerves. Then, a sterile field around each common carotid
artery was carefully placed, without interrupting the carotid blood flow and the
incision was then sutured. A second incision, 1 cm in length, covering direct
occipital bone at the back of the first two cervical vertebrae was then made. The
muscles around the spine from the midline, separating the left and right alar hole of
the first cervical vertebrae were thus exposed. Vertebral artery spinal canal passed
under the alar foramen before the posterior fossa. 0.5 mm diameter electrocautery
needles (Bowie Monopolar Electrocautery, Cincinnati, Ohio) were placed through
each vertebral artery foramen

electrocauterized alar, and were permanently blocked.
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On the second day, under anesthesia, both CCA were occluded by microclamps for
20 minutes to produce 4-vessel occlusion (4VO) [26]. Reperfusion (30 minute
duration) was started by opening the carotid clamps after 20 minutes of ischemia.
Only ischemic rats with flattened EEG during the ischemia period were assigned to
further studies [32]. Similar procedures were carried out in SO and EA+ SO groups
without vertebral arteries electro-coagulation and carotid arteries occlusion [33]. The
blood samples were collected from the heart and after coagulation (at room
temperature) was centrifuged at 4000 rpm (10 minutes at ambient temperature). The
collected serum samples were stored at -80 °C until assay.

Measurement of the serum antioxidants enzymes

Superoxide dismutase of the collected serum samples was measured
spectrophotometrically using appropriate kits (Pars Azmoon Co., Iran) and its level
was calculated according the kit’s instruction. The absorbance was read at 450 nm
according to manufacturer’s instructions. The final presentation of SOD activity was
unit per milligram of protein. [34].

Glutathione peroxidase of the collected serum samples was detected using
appropriate kits (Pars Azmoon Co., Iran) and its level was calculated according the
kit’s instrument. GPx activity was determined in serum samples by
spectrophotometry at 340 nm using a commercially available kit (Pars Azmoon Co.,
Iran) The GPx activity was unit per milligram of protein. [35].

Statistical analysis

All data were presented as meant SEM and were assessed by one- way ANOVA
followed by Tukey’s post hoctest. The P-values less than 0.05 were assigned as
significance difference.

RESULTS

Timeline of EEG records before and after global cerebral ischemia

Figure 1 represents the timeline of EEG records before ischemia induction (base line
EEG), during ischemia and reperfusion phases. During ischemia the EEG power fall
down compared to base line. During reperfusion EEG pattern started to increase its
power.
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EEG power of experimental groups

Recorded local EEG from NTS before beginning the gavage at the first day of
experiment showed that in all groups the EEG power were identical and normal
(fig.2A). Pretreatment with ellagic acid or normal saline for 10 days also had no
significant effect on EEG power before I/R induction (fig. 2B).

Results of EEG power showed that there was no difference between before ischemia
and reperfusion phases in SO, EA+SO, and also EA+IR groups while it decreased
significantly in I/R group after I/R induction (P<0.01). On the other hand, 10 days
ellagic acid pretreatment in ischemic animals reversed the power of EEG
significantly with compare to IR (P<0.01, Fig. 3).
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Theta band power was detected in the reperfusion phase, as shown in figure 4, data
showed that theta band power had no significant change between SO and EA+SO
groups while decreased significantly in I/R when compared with SO group
(P<0.001). Theta power increased in pretreated EA+I/R group with EA in
comparison to I/R group significantly (P<0.001, Fig. 4A).

Delta band power was also detected in the reperfusion phase, as shown in figure 4,
delta band power had no significant change between SO and EA+SO groups while
decreased significantly in I/R when compared with SO group (P<0.001). Delta
power increased in pretreated EA+I/R group with EA in comparison to I/R group
significantly (P<0.001, Fig. 4B).
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Serum antioxidants levels

As figure 5 shows SOD and GPx levels in serum, SOD had no significant change
between SO and EA+SO groups while decreased significantly in I/R when compared
with SO group (P<0.001). SOD increased in pretreated EA+I/R group with
comparison to I/R group significantly (P<0.01, Fig. 5A), although it was lesser than
in SO group. Serum GPx level was reduced in the I/R with compared to SO group
(P<0.01, Fig. 5B). Pretreatment of I/R rats with ellagic acid couldn’t change itslevel.
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DISCUSSION

In the present study, we monitored and analyzed the protective effects of ellagic acid
on brain NTS local EEG and its two sub-frequency powers (theta and delta)
following transient global (4-VO) cerebral I/R. Current results recognized that
ellagic acid significantly protected the I/R disruptive against EEG power. To
illustrating more details about role of ellagic acid against global cerebral ischemia,
we detected EEG and also its two sub-frequencies powers (theta and delta). Besides
it, serum antioxidant enzymes levels such as SOD and GPx were evaluated. SOD
level was increased in treated ischemic animals with ellagic acid while, had no
defensive role on serum GPx level in same animals.

Antioxidant role of polyphenols was discovered from ancient times and these
compounds were used in traditional medicine. Ellagic acid was a derivation of
ellagitannins which taken from some fruits and plants [36,37]. The main subject
related to neurodegenerative diseases was oxidative toxicity and the neuroprotective
role of ellagic acid as polyphenol was predictable.

However, several lines of studies demonstrated that ellagic acid could influence
antioxidant enzymes and hence defenses brain from any neuronal oxidative
conditions such as Alzheimer’s disease, brain trauma, Parkinson’s disease and focal
cerebral ischemia [18, 19, 38, 39]. The precise role of ellagic acid against global
cerebral ischemia which is an experimental model of cardiac arrest has not been
distinguished. Based on our previous studies, the dose of 100 mg/kg EA has more
protective role against neuronal and myocardial injury [40], thus we used same dose
of EA on EEG power and antioxidant enzymes in I/R animals. Since, NTS of brain is
an important area regulates baro-reflexes and other cardiorespiratory function in both
normal and pathophysiological states [41, 42], we targeted NTS region to detect
EEG power and ECG changes in experimented subjects simultaneously.

Al-Nashash and Thakor in 2005 checked the five sub-frequencies powers of EEG
records after global cerebral ischemia which induced by asphyxic cardiac arrest [43].
They demonstrated that all sub-frequencies powers were changed during and after
global cerebral ischemia and these alterations of each sub-frequency power was
dependent on time of records in reperfusion phase from rodent brain [43]. Similarly,
Bezerianos and colleagues confirmed that there is a relationship between time point
of record following reperfusion and EEG sub-frequencies powers [44]. However,
many researches detected the global cerebral ischemia role on EEG power [45, 46]
but our findings established the all sub-frequencies powers changed in the 4-VO
model after 30 minutes reperfusion peroid. Although, time-dependent study should
be performed in the future studies and analyzed the EEG sub-frequencies powers
with respect to time course in the reperfusion phase for illuminating more knowledge
in sub-wavelets adjustments. Ellagic acid, as a potent phenol, improved NTS local
EEG power and its bands frequencies. Our observations are in agreement with our
newly published data and also with Pang et al., 2014 findings for

beneficial role of ellagic acid against global and focal cerebral ischemia respectively
[19, 40].

However, the long-time study in reperfusion phase to show more specific role and
perceive mechanism of EA effect should be designed in future studies.

Several line of evidences consistently supports the claim that ellagic acid improves
antioxidant enzymes and subsequently these enzymes might defend neuronal cells
against produced free radicals in brain injuries [47,48,49]. Herein, we detected the
two antioxidant enzymes (SOD and GPx) in the present or absence of ellagic acid in
ischemic rats' tissues. Ellagic acid could recover SOD level in the ischemic animals
and conversely, GPx level was not changed by administration of EA in ischemic rats.
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With respect to numerous reports in antioxidant role of EA on neuodegeneration [47-
50], we can confirm anti-oxidative profile of EA. The SOD enzyme produces
substrate for GPx activity in the brain under stressful situations [51, 52]. Consistent
with very short time of reperfusion in the current study (30 minutes reperfusion), we
might proposed that brain level of GPx was not reached into high level in this time
point so we can suggest that long time reperfusion following a cerebral ischemia
required. Moreover, EA has no role in the SOD and GPx levels alone which revealed
the EA antioxidative role probably faced under

harmful condition. Our reports and also other studies confirmed this observation that
EA triggered antioxidant enzymes following injuries [7, 18, 40, 50].

Some studies have been shown that deficits or inhibition of antioxidant enzymes has
a key influence on NMDA and GABA receptors in the brain [41, 53]; these receptors
modulate synaptic plasticity and down-regulation of these receptors caused
behavioral and electrophysiological abnormities [54, 55]. As a result, perhaps EA
has defensive effect on EEG pattern through activation of antioxidant enzymes.

CONCLUSION

In conclusion, it is recommended that EA pretreatment could enhance brain EEG
power and subwaves frequencies in the NTS region after global cerebral ischemia
model in male rats. Further findings also demonstrated that EA improves serum
antioxidant level which we can conclude that EA increased antioxidant enzymes in
the body and subsequently these enzymes might protect neuronal plasticity which
finally improve brain electrophysiology pattern.
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