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ABSTRACT

This study was constructed to explore the neuroprotective significance of grape seed extract (GSE) in management
of neurodeterioration produced by Ethanol (EtOH) inhalation in rats. Fifty adult female rats were enrolled in this
study and divided into 5 equal groups. The experimental period lasted 12 weeks, after which nitric oxide (NO),
hydrogen peroxide (H,O,), dopamine (DA), adrenaline (AD), noradrenaline (NA), brain derived neurotrofic factor
(BDNF), B-cell lymphoma 2 (Bcl-2) levels were assayed in the brain. Additionally, brain Bcl-xlI gene expression
level was determined using RT-PCR. Immunohistochemical technique was used for assessment of
survivinimmunopositive cells intensity in the brain tissue. Furthermore, histopathological investigation of brain
tissue was carried out. The results indicated that inhalation of EtOH elicited significant elevation in brain NO, H,O,
and Bcl-2 levels, accompanied with significant depletion in brain DA, AD, NA and BDNF levels. Sgnificant up-
regulation in brain Bcl-xI gene expression level was also recorded in EtOH-challenged groups. In addition,
significant elevation in the intensity of survivinimmunopositive cells in the brain has been detected due to EtOH
inhalation. Histological investigation of brain tissue section of ratsin EtOH- challenged groups showed pronounced
pathological alterations. However, pre-treatment of EtOH challenged groups with grape seed extract resulted in
significant improvement in the biochemical, molecular and immunohistochemical parameters. These findings were
documented by histological investigation of brain tissue which revealed the ability of grape seed extract to restore
the structural organization of the brain. In conclusion, the present study clearly indicated that grape seed extract
represented a good neuroprotective candidate against EtOH- induced neuropathy due to its powerful antioxidant
activity, anti- apoptotic potential and neurotrophic effect.

Keywords: Ethanol inhalation, neuropathy, grape seed extox@ative stress, apoptosis.

INTRODUCTION

Ethanol is a volatile, flammable, colorless ligwidh a slight chemical odor. It is used as an @ptii€, a solvent and
a fuel due to its low freezing point. Ethanol isatalled Ethyl alcohol, drinking alcohol, or simpllcohol which is
the principal type of alcohol found in alcoholicveeages, produced by the fermentation of sugargebgt. It is a
neurotoxicagent[1] with structural formula, CH3CH2OH and it is eft abbreviated as C2H50H, C2H60 or EtOH.
Ethanol is miscible with water and it is a good g@ah solvent. It is found in paints, tinctures, keas, and personal
care products such as mouthwashes, perfumes addrdets [2].
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EtOH exposure has been shown to induce seriougidmat and structural abnormalities in the CNS &mel most
affected regions are corpus callosum, cerebellippdtampus and basal ganglia[8]vitro studies, EtOH elicited
mitochondrial dysfunction and oxidative stress athbastrocytes [4]and immature neurons[5]. Als@I&tcould

damage the brain by inducing neuron apoptosigencbrtex, cerebellum, hippocampus, and doesaivell as
median raphdn vitro andin vivo[6].

Antioxidants have been found to significantly wgétie the neurotoxic effects of EtOH[7].Grape sé&@ssvinifera)
are waste products of the grape juice industry. 3éeds contain lipids, proteins, carbohydrates feEvnoids.
Grape seed extract (GSE) has been reported to gsossédroad spectrum of pharmacological effects sisch
antioxidative, anti-inflammatory, and antimicrobiattivities, as well as cardioprotective and hepudtective
potentials. GSE has ability to scavenger oxygea fealicals, inhibit lipid peroxidation, suppress formation of
the inflammatory cytokines, reduce the alterationsell membranes receptors and modulate gene ssiprg8]. As
it is rich in bioactive phytochemicals like flavads, polyphenols, proanthocyanidins, anthocyaninscyanidines
and the stilbene derivative, resveratrol which hidneeability to cross the blood-brain barrier aiffude through the
central nervous system [9].

This study was planned to elucidate the neuroptiggesignificance of grape seed extract againstourierioration
induced by EtOH inhalation in rats.

MATERIALS AND METHODS

1- Materials
1- Ethanol (EtOH) (CH s-CH,-OH): was purchased from Aldrich Chemica Co., GmbH (Gayi.

2- Grape Seed Extract (GSE) Form: powder, Part: seed extraction, Type: sdlwxtraction; grade 95%, Model
Number: grape seed extract, Assay: proanthocyaidin UV> 95%. The used extract solvent was water and
mEtOHyl alcohol 70%. This product was purchasedf@igma Company (St. Louis, Massouri, USA).

3- Animals

Fifty adult female albino rats of Wistar strain gleing 150-170 g were obtained from a breeding stnalntained
in the Animal House of the National Research Certiea, Egypt. Animals were maintained in stainlstel wire
meshed cages under environmentally controlled tiondi with respectto light, temperature or air hdityi and fed
with standard laboratory food and watet libitum. All protocols and procedures were approved byitlitonal
EthicsCommittee of National Research Centre, GEgpt and experiments were performed as per guoielaf
National Research Centre Ethical Committee for wadiesearch.

4- Experimental Set-up

After an acclimatization period of 10 days, ratsrevrandomly allocated into 5 groups (10 rats /gydap (1):
Normal healthy animals served as negative contal Gp (2):EtOH-challenged group (300 ppm); the animals in
this group were exposed to 300 ppm (low dose) @fHEby inhalation for 6 hours daily, 5 days / wedR[1Gp(3):
EtOH-challenged group (600 ppm); the animals iig tioup were exposed to 600 ppm (high dose) of Eb®H
inhalation for 6 hours daily, 5 days / wed&kp(4) GSE+ EtOH 300 ppm; the animals in this group wenaly
administered with GSE (150mg/kg b.wt)[11]prior egpee to EtOH (300 ppmEp(5): GSE + EtOH 600 ppm; the
animals in this group were orally administered WBBE (150mg/kg b.wt) prior exposure to EtOH (600npby
inhalation. The experiment lasted for 12 weeks.

Inhalation protocol

1. Exposure Method: Whole body inhalation exposnethod.

2. Inhalation period: Inhalation of EtOH was conigalcdaily for 6 hours/5 days/ week for 12 weeksnimic the
EtOH inhalation seen in human abusers.

3. Inhalation doses: The doses used in the presgy were 300 ppm and 600 ppm of EtOH.

At the end of the experimental period, rats westefd overnight and subjected to diethyl Ether ahasi&. Then
the rats were sacrificed by cervical dislocatiod #me brain was harvested, weighed, washed inesabiution and
blotted dry. Then each brain was divided into tvastions; the first portion was divided into two gons, one

collected in liquid nitrogen and stored at -80°c€ holecular genetics analyses and the other povias preserved
in formalin saline (10%) for histological investigan and immunohistochemical examination. The sdqoortion

was homogenized immediately to give 10% (w/v) hoerae in ice-cold medium containing 50 mMTris-HaH(

7.4) and 300 mM sucrose [12] for biochemical anegdys
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I1- Methods

1-Biochemical Analyses

Brain NO and HO, levels were determined by spectrophotometric nektising kit purchased from Bio-diagnostic
“Co., Egypt, according to the method described loptgomery and Dymock[13] and Aebi, [14]respectivddyain
Bcl-2, was quantified by ELISA using Bcl-2 assaypurchased from Glory Science Co., LTD, TX, USAdwing
the method of Barbaresc#Hi al. [15]. Brain BDNF level was assayed by ELISA usinDNB- assay kit purchased
from Ray Biotech, Inc. Co., according to the metliedcribed by Laslket al.[16]. Brain DA, AD and NA levels
were assayed by ELISA using 3 CAT ELISA fast traskay kit purchased from Labor Diagnostika Nord &nb
Co, KG according to the manufacturer's instructions

2- Molecular Analysis for Bcl-xI Gene Expression Usingsemi-Quantitative Real Time PCR

I solation of total RNA

Total RNA was isolated from brain tissue of fema#ts by the standard TRIzol® reagent extractionhoebt
(Invitrogen, USA). Then, the complete Poly{/BNA was reverse transcribed into cDNA in a totallve of 20 pL
using RevertAid" First Strand cDNA Synthesis Kit (MBI Fermentas r@any).

Semi-Quantitative Real time-polymerase chain reaabn (RT-PCR)

An iQ5-BIO-RAD Cycler (Cepheid, USA) was used tdetenine rat cDNA copy number. PCR reactions wete se
up in 25 pl reaction mixtures containing 12.5 pI¥BR® Premix Ex TagTM (TaKaRa, Biotech. Co. Ltd)5 pl

0.2 M forward primers, 0.5 pl 0.2 M reverse pringf ul distilled water, and 5 ul of cDNA template.

Table (1): Primers sequences for RT-PCR

Gene  primer sequence \r_) -'3 ) Ref
Bcl-xl  F: CAGTGAAGCAAGCGCTGAGA [17]
R: ACTTGCAATCCGACTCACCAA
GAPDH F:-TGGAGTCTACTGGCGTCTTCA(Q17]
R: GGCATGGACTGTGGTCATGA
F: forward primer; R: reverse primer.

The reaction program: denaturation at 95.0°C fosd& annealing at 55.0°C for 30 sec and exteraidi2.0°C for
30 sec. At the end of each RT-PCR, a melting cuvae performed at 95.0 °C to check the quality ef tised
primers. The gene expression was calculated ussfptmulae of Bio-Rad laboratories Inc.[18].

3- Immunohistochemical (IHC) Examination of the Intensity of survivin Immunopositive Cells

Brain samples of rats in the different studied gowere fixed in 10% formalin buffer for 24 houv8ashing was
done in tap water then, ascending grade of Etlodhall was used for dehydration. Specimens wereredemn
xylene and embedded in paraffin  for 24 hourecti®ns were cutinto 4 p thick by slidgecnotome then,
fixed on positive slides in 86 oven for 1 hr according to Bancreftal.[19].Image analysis was performed
using the image J, 1.4 la NIH, (USA) analyioe determination of optical density (O.D)thafleets the
immunostaining intensity of survivin positive cells

4-Histological Investigation
The prepared paraffin blocks for IHC examinatiorreveectioned on the microtome (4M thickness) aauhat with
haematoxylin and eosin stain [20].

5-Morphometric Analysis

Using an image analyzer system, five randomly chasen overlapping high-power fields (original mdgaition
x400, light microscope) from the cortex and hippopas were examined separately from each sectioad De
neurons and purkinje cells were counted and cdkxdiléor the negative control animals, animals amged with
EtOH 300 ppm and 600 ppm as well as animals treatédgrape seed extract (GSE) prior exposure @HEBOO
ppm and 600 ppm.

Statistical analysis

In the present study, all results were esggd as Mean + S.E of the mean. Data wegzed by one way
analysis of variance (ANOVA) using the StatistiPalckage for the Social Sciences (SPSS) progvansion 21
followed by least significant difference(LSD)tompare significance between groups [21].
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RESULTS

1- Biochemical Results

The data in Figs.1(& 2) showed that there is significant increase (P$)0i® brain levels of NO and 4@, in EtOH
challenged groups in comparison with the negatigatrol group. While, pre-treatment with GSE in gusu
challenged with EtOH (300 ppm or 600 ppm) produsigmificant decrease (P< 0.05) in brain NO Kitand
H,0,Fig. (2)levels versus the corresponding untreated EtOHerig#d groups.

NO umol /g tissue

160 -
140 -

a* a* b* c*
120 -
100 -
80 -
60 -
40 A
20 -
0 T T T T

Negative  EtOH 300 EtOH 600 GSE + EtOH GSE + EtOH
control ppm ppm 300 ppm 600 ppm

Fig. (1)

H202 mmol /g tissue

a*
a* c*
1.5 - b*
1 .
0'5 .
O T T T T

Negative = EtOH 300 EtOH 600 GSE + EtOH GSE + EtOH
control ppm ppm 300 ppm 600 ppm

Fig. (2)
Figs. (1 and 2): Effect of pre-treatment with grapeseed extract (GSE) on brain oxidative stress biomkers in EtOH challenged rats at
dose 300 ppm and 600 ppm
* ggnificant differenceat P< 0.05
a: significant difference versus negative control group
b:significant difference versus EtOH challenged group (300 ppm)
c:significant difference versus EtOH challenged group (600 ppm)

The results in Fig.3)Indicated that EtOH inhalation elicits significantrease (P< 0.05) in brain Bcl-2 level, in
concomitant with significant decrease (P< 0.05priain BDNF level Fig(4)relative to the negative control group.
On the other hand, pre-treatment with GSE in Et@Hllenged groups (300 ppm or 600 ppm) resultsgnitant
reduction (P< 0.05) in brain Bcl-2 level Fi@)éccompanied with significant elevation (P< 0.05BIDNF level Fig.
(4)when compared with the corresponding EtOH challdrggeups.
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Figs. (3 & 4): Effect of pre-treatment with grape ged extract (GSE) on brain antiapoptotic marker (Bt2) and neurotrophic factor

The data in Figs(5,6 & 7) revealed that daily EtOH inhalation evoked siguifit reduction (P< 0.05) in brain
DA(Fig. 5), AD(Fig. 6) and NA (Fig7)levels in comparison with the negative control grovieanwhile, pre-
treatment with GSE in groups challenged with EtGBQ(ppm or 600 ppm) produces significant incre&se(.05)
in brain, DA (Fig.5)NA(Fig. 6) and AD(Fig.7) levels when compared with the corresponding Et®Hllenged

groups.

Bcl-2 (Pg/ g tissue)
8 1 a*
7 - a* c*
6 - b*
5 -
4 -
3 -
2 -
1 -
0 . T T .
Negative EtOH 300 EtOH 600 GSE + EtOH GSE + EtOH
control ppm ppm 300 ppm 600 ppm
Fig. (3)
BDNF (Pg/ g tissue)
800 ~
700 -
600 - b*
500 - i a* a* c
400 -
200 A
100 -
0 . . T T
Negative EtOH 300 EtOH 600 GSE + EtOH GSE + EtOH
control ppm ppm 300 ppm 600 ppm
Fig. (4)

(BDNF) levels in EtOH challenged groups at doses 8@nd 600 ppm.
* dgnificant differenceat P< 0.05
a:significant difference versus negative control group
b:significant difference versus EtOH challenged group (300 ppm)
c:significant difference versus EtOH challenged group (600 ppm)
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DA ng/g tissue

1200 -
1000 -
800 -

b*
a* 2% c*
600
400 A
200 -
0 A . T . .

Negative EtOH 300 EtOH 600 GSE + EtOH GSE + EtOH
control ppm ppm 300 ppm 600 ppm

Fig. (5): Effect of pre-treatment with grape seeddract (GSE) on brain dopamine (DA) level in EtOH tallenged rats at dose 300and 600
* ggnificant differenceat P< 0.05
a:significant difference versus negative control group
b:significant difference versus EtOH challenged group (300 ppm)
c:significant difference versus EtOH challenged group (600 ppm)

AD ng / g tissue

100

80 -

b*
a* c*
a*
60
40 -
20 A
0 T T T T

Negative  EtOH 300 EtOH 600 GSE + EtOH GSE + EtOH
control ppm ppm 300 ppm 600 ppm

Fig. (6): Effect of pre-treatment with grape seedract (GSE) on brain adrenaline (AD) level in EtOH challenged rats at dose 300and
600 ppm
* dgnificant differenceat P< 0.05
a:significant difference versus negative control group
b:significant difference versus EtOH challenged group (300 ppm)
c:significant difference versus EtOH challenged group (600 ppm)
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NA ug / g tissue

500 +

400 A

b*
a* c
a*
300
200
100 -
0 T T T T

Negative EtOH 300 EtOH 600 GSE+EtOH GSE + EtOH
control ppm ppm 300 ppm 600 ppm

*

Fig. (7): Effect of pre-treatment with grape seedxract (GSE) on brain noradrenaline (NA) level in BEOH challenged rats at dose
300and 600 ppm
* dgnificant differenceat P< 0.05
a:significant difference versus negative control group
b:significant difference versus EtOH challenged group (300 ppm)
c:significant difference versus EtOH challenged group (600 ppm)

2. Molecular Genetic Results

2.1. Expression of Bclixl gene

The present findings in Fig8) showed that EtOH inhalation induces significamtréase (P< 0.05) in the expression
level of Bcl-xl gene in EtOHchallenged groups verthe negative control ones. In contrast, pre4tneat with GSE
causes significant decrease (P< 0.05) in brainesgiwn level of Bcl-xI gene in groups challengethvEtOH 300
ppm or 600 ppm relative to the corresponding Et@allenged groups.

Relative expression of Bcl-xI
gene (Bcl-xI/GAPDH)

a* c*
b*
1 4
) j i
O N T T T T

Negative EtOH 300 EtOH 600 GSE + EtOHGSE + EtOH
control ppm ppm 300 ppm 600 ppm

Fig. (8): Effect of pre-treatment with grape seeddract (GSE) on Bcl-xI gene expression level in bin tissue of EtOH challenged groups
at doses 300 and 600 ppm measured by semi-quantiteg real time -PCR.
* ggnificant differenceat P< 0.05
a:significant difference versus negative control group
b:significant difference versus EtOH challenged group (300 ppm)
c:significant difference versus EtOH challenged group (600 ppm)

3-Immunohistochemical Examination Results

Fig. (9) represented the effect of pre-treatment with @8Entensity of surviving immunopositive cells imetbrain
tissue of EtOH challenged groups. EtOH inhalatiomats (300 ppm or 600 ppm) elicits significantriease (P<
0.05) in the intensity of surviving immunopositigells in brain tissue as compared to the negativeral. On the
other side, EtOH challenged groups pre-treated Gt reveal significant (P< 0.05) decrease in tienisity of
surviving immunopositive cells in brain tissue tila to the corresponding EtOH challenged groups.
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Intensity of survivin
immunopositive cells

*
1.5 - ¢

a*
a* b*
1
0.5 - i i i
0 T T T T

Negative EtOH 300 EtOH 600 GSE + EtOH GSE + EtOH
control ppm ppm 300 ppm 600 ppm

Fig. (9): Effect of pre-treatment with grape seedract(GSE) on intensity of survivinimnmunopositivecells in the brain tissue of EtOH
challenged groups at doses 300 and 600 ppm
* dgnificant differenceat P< 0.05
a:significant difference versus negative control group
b:significant difference versus EtOH challenged group (300 ppm)
c:significant difference versus EtOH challenged group (600 ppm)

4- Histological and Morphometric Results

Microscopic examination of hematoxylin and eosmirstd braintissue section of rat in the negativetrod group
shows the normal appearance of the cerebral caridxcerebellum. The larger cells are neurons (remvy The
pink substance between cells is the neuropil. Adapillaries are also seen (black arr(®ig.10).

Microscopic investigation of brain tissue sectidnrat in EtOH challenged group at dose 300ppm, shextensive
dark neuron; some appear apoptotic and others egap@ath corkscrew dendrites. Hemorrhage in the inges is
observed and thrombotic vessels appear with merabbmund vacuolegFig. 11) Tangible degeneration of
Purkinje cells in the cerebellum has been obse(ieg 12) The morphometric analysis reveal an increasé&eén t
number of dead neuron in the cortex and hippocar{ipaislie 1), in association with the decrease in the numiper o
Purkinje cells in the cerebellum as compared tatgative controlTable 2).

Microscopic examination of brain tissue sectiorratfin EtOH challenged group at dose 600 ppm stsigrss of
neurodegeneration (gliosis) in the cerebellum. Thegestion of cerebral blood vessel is also notiéedensive
dark picnoticneurons have been detected; some appiéa corkscrew dendrites and others appear apiopto
Hemorrhage in the meninges is s€Eiy. 13). Marked degeneration of Purkinje cells has beenated Fig. 14).
The morphometric analysis reveals an increase nbien of dead neuron in the cortex and hippocanipabkle 1),
in concomitant with the decrease in the numberwkiRje cells in the cerebellum as compared to tiegaontrol
(Table 2).

Microscopic investigation of brain tissue sectidrrat in the group treated with GSE prior EtOH ilgten at dose
300ppm shows some improvement in the pathologitahges as compared to those in the correspondingated
ones. This improvement appears in the form of nbatmacture of granular cells as GSE can abolighftihmation
of dark neuron. The decreased size of pyramidds$ egth darkening of their nuclei and mild thickagi of the
meninges are also sedfid. 15). Observable decrease in the number of dead neurdhe cortex and hippocampus
has been recorded using morphometric analy@blé 1). Also, tangible increase in the number of Purkicgds
has been detected as compared to that in the ponésg untreated onesgble 2).

Microscopic examination of brain tissue sectionaifin the group treated with GSE prior EtOH intiala at dose
600 ppm shows some improvement in the pathologitigrations as compared to those in the correspgndi
untreated ones. This improvement appears in tha foff normal structure of granular cells in assaaiatwith
identifying the deeply easinophilic material of thlaque formatior{Fig. 16). The morphometric measurement by
image analysis of the cortex and hippocampus revgedkcrease in the number of dead neufbalsle 1). Also, an
increase in the number of Purkinje cells has beenahstrated as compared to that in the correspgnditreated
ones(Table 2).
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graph of bran tissue sectionfo ' ] (Fig.11):Photomicrograph of brain tissue

(Fig.10):
rat in the negative control group.Showing the largecells are section of rat inEtOH challenged group at
neurons(red arrow). The pink substance between csll dose 300 ppm.showingextensive dark
is the neuropil. A few capillaries are also seen lgck arrow). picnotic nuclei in neurons (blue curved
(Hx&Ex400) arrow), some appeared apoptotic(yellow

arrow).Hemorrhage in meninges (curved

red arrow) and thrombotic vessels show a
vessel with membrane bound vacuoles

(star).(Hx&Ex200)

y “,‘ ‘ RS N v
(Fig.12): Photomicrograph of brain tissue section forat in EtOH challenged group at dose  (Fig.13): Potomicrograph of brain tissue
300 ppmshowing degeneration of somepurkinje cellaffow). (Hx&Ex400) section of rat in EtOH challenged group

at dose 600 ppmshowed signs of
neurodegeneration  (gliosis) in the
cerebellum (double red arrow), congested
of cerebral blood vessel(curved black
arrow). Extensive dark neuron (red

arrow), some appeared as corkscrew
dendrites (black arrow) and apoptotic

neuron (yellow arrow), hemorrhage in

meninges were seen (black
arrow).(Hx&Ex200)

212



Hanaa H. Ahmedet al Der Pharma Chemica, 2016,8 (18):204-218

; " »

(Fig.14): Photomicrograph of brain tissue section forat in EtOH challenged group at dose (Fig.15): Photomicrograph of brain tissue

600 ppmshowing more degeneration of purkinje cell@arrow).(Hx&Ex400) section of rat treated with GSE prior
EtOHinhalayionat dose 300 ppmshowing
dilatation and congestion of many blood
capillaries (blue arrow) with mild
thickening of meninges above the surface
(red arrow), decrease in size of pyramidal
cells with darkening of their nuclei ( black
barrow) the granular cells appeared

normal.(Hx&Ex200)

o)

(Fig.16): Photomicrograph of brain tissue section forat treated with GSE prior EtOH inhalation at dose 600 ppmshowing normal
appearance of granular layer cells (blue arrow), deply eosinophilic material of the plaques formatior(red arrow).
(Hx&Ex400)

Table (1):Effect of grape seed extract (GSE) on theumber of dead neurons in the cortex and hippocamgs of EtOH challenged group at
doses 300 and 600 ppm

Parameters | Number of dead neurons in cortex| Number of dead neurons in hippocampus|
Groups (1M) (n=5) (HM) (n=5)
Negative control 12 10
EtOH 300 ppm 51 58
EtOH 600 ppm 76 92
GSE + EtOH 300 ppm 32 25
GSE + EtOH 600 ppm 39 36
Table (2):Effect of grape seed extract (GSE) on theumber of Purkinje cells in the cerebellum of EtOHchallenged group at doses 300
and 600 ppm.
Parameter | Number of Purkinje Cells in cerebellum
Groups (UM) (n=5)
Negative control 30
EtOH 300 ppm 15
EtOH 600 ppm 10
GSE + EtOH 300 ppm 25
GSE + EtOH 600 ppn] 21
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DISCUSSION

The CNS is one of the major targets for alcohol aledhol abuse may cause cognitive impairment mithmanent
structural brain damage [22].

The present data revealed that inhalation of Et@Hificantly increased the levels of NO ang® in rat brain. The
present findings are in harmony with the earliedgtof Calabreset al.[23]who postulated that brain exposure to
EtOH is associated with oxidative perturbation eflidar oxidant/antioxidant balance of the brainvéods the
formation of ROS such as NOyB,, 'HO and superoxide anion radicaD{) [24].The proposed mechanism for the
increased brain level of NO due to EtOH inhalai®the potentiation of INOS as well as eNOS[25].

A conceivable importance of EtOH effect is the bition of mitochondrial respiratory chain comporgemthich
stimulates the production of reactive species. Thidd be the origin of increased brain levels g®kand O, due
to EtOH exposure. Research studies have providieigrese that oxidative stress may be one mechanjsmhich
EtOH produces these events [26]. Moreover, NADHrnswn to generate superoxide anions radid@)( the
immediate precursor of J@,[27], and EtOH has been found to induce alcoholydedgenase E (AdhE) which
increases NADH level[28], with consequent generatit O, and HO..

The data presented in the current work revealedptient protective effect of GSE against EtOH ialtiah as
evidenced by the significant reduction in brain Bi@ HO, levels of the treated rats. Several studies stgdekat
GSE has a critical role as neuroprotective dele@® through inhibition of calcium signals andriu oxide
radical formation. Terr&t al. [30]demonstrated that GSE strongly down regulai##33 mRNA expression, with
consequent reduction in INOS protein and in turn N®@duction. Moreover, compounds such as resveyatro
quercetin and catach in which are enriched in geijre and seeds [31]have shown their ability tahittcytokine-
induced NO production in astrocytes [32].

GSE is a potent inhibitor of J,-induced oxidative stress and activation of fF-and MAPK signaling in human
lens epithelial (HLE) cells [33].These investigatexplained that the antioxidant property of GSEtigbutes to the
reduction of HO,-induced phosphorylation of MAPKs through modulatiof ROS. Therefore, the reduction of
MAPK and NFxB signaling pathways could potentially be promotgd GSE to activate certain antioxidant-
responsive genes to protect againgdfHnduced oxidative stress in HLE cells [33].

Although the mechanism(s) by which alcohol exposumald induce deleterious changes in the brain imatdoeen
fully elucidated, animal studies suggested thatpagmis is likely to be involved [34].In view of owata, EtOH
exposure experienced significant upregulation iairbBcl-2 protein as well as Bcl-xI gene expressienel.
Biochemical and molecular data indicated that Et@¥tn in physiologic concentrations, can produgedréipid
peroxidation followed by activation of NkB in the microvascular wall of the brain [35] andrebral vascular
muscle cells [36]. The activation of NdBis achievedviia membrane oxidation and cellular entry of Ca21 axyg
free radicals[35].In line with this evidence, Cémelet al. [37] as well as detected an increase inkBFn intact rat
brain as soon as 15 min after acute EtOH admitisiraThus, it could be suggested that EtOH-indutipid
peroxidation and activation of nuclear transcriptfactors particularly NkB probably play a key role in alcohol-
induced significant amplification in brain Bcl-2qtein level as well as Bcl-xI gene expression levd these
molecules we well knew NkB- dependent genes [38].

In light of the current data, pre-treatment of EtOhllenged groups with GSE significantly down de¢ed brain
Bcl-2 protein level and Bcl-xI gene expression le@&SE has been found to activate phosphatidyliab8ikinase
(PI3K—pAKkt), a pro-survival pathway, and reduce apoptddath by modulating the activation of NB-pathways
[33]. In this context, it could be suggested thht tactive phytochemicals of GSE (procyanidins and
proanthocyanidins) are responsible for this effexthey have a well known scavenging activity f@SRand hence
they can suppress the expression ofdBFand its dependent genes including Bcl-2 and Bcl-x

Survivin is a novel multi-functional protein thathibits apoptosisia inhibition of activated caspases [39]. In the
present setup, EtOH inhalation in rats producedifiognt increase in surviving immunopositive cetisthe brain.
Upregulation of survivin may result from adaptatiohthe neurons to stress (mainly hypoxia) indubgdetOH
inhalation [40, 41]. Furthermore, Ztai al.[38] study clearly demonstrated the involvementN$f-xkB and PI3-
kinase pathways in the upregulation of brains urvexpression.

In the present setting, pre-treatment with GSE t@HE challenged rats exhibited significant decreiassurviving

immunopositive cells in the brain. In line with seefindings, Fengt al.[42] provided a clear document for the
effect of GSE as a neuroprotective agent againgbxig. GSE significantly reduces hypoxia-induceddative
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stress and the increased brain ROS as well asatttibric acid reactive substances (product ofilipéroxidation).
Thus, the present data indicated that the suppresdifree radicals after hypoxic ischemia due tOHE inhalation
by GSE is the potentunderlying mechanism for itsraprotection.

Brain-derived neurotrophic factor (BDNF) is a membéa family of neurotrophic factors (NTFs) whiaicludes
nerve growth factor, neurotrophin-3, neurotrophii;heurotrophin-6 and neurotrophin-7 [43]. Thespra study
showed that EtOH inhalation elicited significantpligion in brain BDNF level ratdn vitro study revealed that
EtOH exposure inhibits the secretion of BDNF andirogophin-3 from cultured cerebellar granule cells
(CGC)[44]. Further study, demonstrated that EtOposxire blocks BDNF signaling in cultured CGCJ[45].

The results of this study showed that the pre-tineat with GSE prior EtOH inhalation reversed thepdin brain
BDNF level of rats. This finding could be attribdtéo the active constituents in GSE mainly resvetats Raiet
al.[46]confirmed the neuroprotective effect ofswveratrolvia its ability to enhance BDNF level in stressed
rats. In anothelinvivo study, resveratrol has been shown to enhdrppocampal BDNF mRNA, providing
its neuroprotective effect [47].

In his study, prolonged EtOH inhalation evoked Higant reduction in brain levels of DA, AD and Néf rats.
These results come in line with the study of Vasetwset al.[48]which demonstrated that rats chronically exjlose
to EtOH reveal significant alterations in the lesvef monoamines (DA, NA) and their metabolites iippocampus
and striatum. Also, Rothblktal. [49]reported that DA and NA levels are significgntlecreased in the striatum of
rats chronically received alcohol. Furthermore, Rid et al.[50] stated that EtOH exerts a profound effect on
dopaminergic neurons, resulting in a suppressiobAfneurotransmission in rat striatum. In additi®©OH has
been found to induce cellular and molecular malédapchanges in dopaminergic reward pathways, dioty
alterations in DA release [51].

Regarding the effect of EtOH inhalation on brain M&el in rats, the current result is in conformitith that of
Vasconcelot al.[48]who recorded significant changes in NA levellie striatum after repeated administration of
EtOH. Rossettét al.[52] found that EtOH at high dose (2 g/kg) inhilité outflow in the frontal cortex. Research
investigators have suggested that the decreaséidatdiA output may reflect the sedative-hypnotioerties of
EtOH at high doses. In fact, EtOH has been fouraffect the regional distributions of NA and DArimdent brain.
EtOH could change the activity of their relatedzynes, tyrosin hydroxylase (TH), dopamine-Q-hygtage
(DBH) and monoamine oxidase (MAO) in varioregions of rat brain[53].

Oxidative stress is implicated in the neuronal delath occurs in physiological settings and in odegenerative
disorders[54].Thus, it has been suggested thatatix@ stress- induced degeneration in adrenergicons is the
main cause of downregulation of AD level in theibraf EtOH- challenged rats as shown in the prestty.

Pre-treatment with GSE prior EtOH- inhalation itsrproduced significant increase in brain neuranaitters (DA,
NA and AD) levels. These findings are probably #ed to the active components in GSE mainly redxa@ravhich
possesses neuroprotective action against 1-metpifiedayl pyridium ion (MPP + )-induced oxidativeress and
cellular death [55]. Resveratrol has been showpravent the depletion of striatal DA as well as &ttivity.
Moreover, berry anthocyanin (polyphenols) has bfemd to inhibit monoamine oxidases (MOAS), prougli
neuroprotective effects as it is well known that guppression of MOA activity leads to the increaseural levels
of 5 HT, NA and DA [56].

The elevated brain NA level in rats treated withE3Sior exposure to EtOH inhalation in the currstitdy is in
agreement with other study which indicated that @8k increase the biosynthesis of NA [57]. Measemof NA
after proanthocyanidin administration (50 mg/kgdwkd an increase in both frontal cortex and hippumss[58].
Regarding the enhancing effect of GSE on brain &l in rats inhaled EtOH, this effect could beilittted to its
resveratrol content which rescues adrenergic neufiom the damaging impact of EtOH due to its pduter
antioxidant activity. This leads to increasing cahAD level as shown in the present study.

In the current study, inhalation of EtOH at doseele800 or 600 ppm induced extensively dark pianoticlei in the
neurons and some neurons appeared with corkscredritess. Morphometric measurement showed significan
increase in number of dead neuron. Sings of negertEation (gliosis) in the cerebrum, especiall§Ca ppm have
been observed. Therefore, histological alterationghe brain architecture observed in the presepeemental
setting are dose dependent. Histopathological figsliof the present work are in agreement with Mited.[59],
Phachonpagét al.[60] and Asariet al. [61]who reported that chronic alcohol exposuressoaiated with neuronal
damage in the hippocampus and the neurons appwittedorkscrew dendrites. These findings suppottede of
Mitra and Mukherjee [62]who stated that neurongdyation, in particular, is vulnerable to alcohdiieh induces
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neuronal damage and neuronal loss (death). A sutftincrease in oxidative stress is considerededhe most
important factor in the neurodegenerative actiofct®®H. Shirpooret al. [63]reported that oxidative stress plays a
crucial role in alcohol-induced brain damage, maby induction of apoptosis. Ramachandetal.[64]and Heaton

et al. [65]proved that alcohol administration induces aptip death in primary cortical neuron culturesasasured
by increased release of cytochrome ¢ from mitocharahd increased caspase-3 activity.

In this work, the exposure of rats to EtOH by imitimih produced degeneration of Purkinje cell. Pyekicells
represent a unique cellular profile in the cerebelland are the only output cells of the cerebrateso
Interestingly, Purkinje cells are highly susceibd a variety of abnormal conditions. In humarkihije cells are
affected in a variety of diseases ranging from mi@ition to exposure to toxic agents such as altahnd lithium
[66]. Results of this study come in line with Heatb al.[67]and piercest al.[68] who reported that EtOH induces
reduction in Purkinje cells. Also Kumat al.[69]found that EtOH exposure leads to significaogsl of cerebral
Purkinje and granule cells. The loss in purkinjiscas a consequence of EtOH exposure has beeniesglby
Pierceet al.[70] and Lightet al.[71]who indicated that EtOH exposure involves cheges of DNA and activation of
caspase-3 enzyme in the Purkinje cells. Thus Et@Hddnduce Purkinje cells apoptosis. The mainutatldamage
caused by EtOH results from ROS-induced alteratibmacromolecules such as polyunsaturated fattgtsaiti
membrane lipids, proteins, and DNA. Lipid peroxidatplays a crucial role in alcohol-induced braianthge
mainly by induction of apoptosis. Although manyttas can induce apoptosis, it is generally belietret ROS
serve as a common initiator of the apoptotic pre¢ég].

In the current work, the pre-treatment with GSBPEtOH inhalation restored the pathological changfethe brain
of treated rats. According to Saéb al. [73],GSE could block cell death signaling mediatedough the pro-
apoptotic transcription factors. This means thaE®@s antiapoptotic property in addition to itsi-amffammatory
actions, oxygen free radical scavenging propernty, anti-lipid peroxidation activity. Hwanef al.[74] stated that
GSE provides powerful antioxidant efficacy thatibits DNA oxidative damage in the gerbil forebraschemia
model and hence it shows a potent neuroprotecffeetfr5]. Moreover, Haibat al.[76] data showed that there is a
significant decrease in the number of cells undieggapoptosis along with the attenuation of oxidastress in rat
groups pre-treated with GSE prior exposure to nigtagcury.

CONCLUSION

Based on the current results, it could be conclutlatiethanol inhalation displayed negative impactshe central
nervous system. A protection afforded by grape seddact was likely attributed to the powerful amtdant
activity, antiapoptotic potential and neurotropproperty of the active ingredients of this extract.
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