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This investigation was addressed to eluciate the neuroprotective significance of a combination of grape 
seed extract (GSE) and lycopene (Lyco) against degenerative insult induced by ethanol (EtOH) or 
formaldehyde (FA) inhalation in rats. Fifty adult female rats were enrolled in this experiment and 
distributed into 5 equal groups; negative control, FA-challenged (FA), EtOH-challenged (EtOH), GSE 
and Lyco+FA, and GSE and Lyco+EtOH. Inhalation of FA or EtOH evoked significant elevation in brain 
CAT and Bcl-2 values, accompanied with significant depletion in the values of brain GSH-px, DA and 
BDNF. Moreover, significant upregulation in brain CAT gene expression whilst significant 
downregulation in brain GSH-px gene expression levels were detected in FA or EtOH-challenged group. 
In addition, the intensity of survivin immunopositive cells in the brain was significantly increased after FA 
or EtOH inhalation. Histological description of brain tissue section of rats in FA or EtOH- challenged 
group exhibited prominent neuronal derangement. On the opposite side, pre-treatment with a 
combination of GSE and Lyco along with FA or EtOH inhalation could significantly improve the targeted 
biochemical, molecular and immunohistochemical markers. Moreover, the ameliorative effect of GSE 
and Lyco combination was appreciated by histological description of brain tissue. Conclusively, the 
present research provides important insight into the neuroprotective potency of a combination of GSE 
and Lyco against neurodegeneration induced by FA or EtOH inhalation. The neuroprotective impact of 
this combination was possibly ascribed to modulation of oxidative stress, apoptosis and promotion 
neurotrophic factor signaling pathways. 
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INTRODUCTION 

Organic solvents are compounds that are 
characterized by volatile and lipophilic nature. The 

lipophilicity of these compounds makes them 
having great affinity to neuronal tissue that may 
lead to various neurological disorders (Hegazy et 
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al., 2010). Chronic exposure to organic solvents 
elicits emotional problems like depressive 
tendencies, anxiety and social withdrawal (Herpin 
et al., 2008).  

Formaldehyde (FA) is one of the simplest 
organic molecules in the aldehyde family (Kanter, 
2010). FA is broadly used in industrial (painting, 
insulating materials, furniture and paper industry) 
and medical (sterilization, disinfection, and 
preservative purposes). Inhalation of FA has been 
found to produce behavioural and memory 
disorders, thus was been classified as 'probable 
neurotoxic (Kanter, 2010). The neurotoxic effects 
produced by FA exposure are dependent on the 
concentration of FA and duration of exposure 
(Abdu et al., 2014). The neurotoxicity of FA 
appeared to be mediated by the motivation of free 
radical producing enzymes and by the 
suppression of free radical scavenger systems, 
thereby enhancing the generation of ROS (Songur 
et al., 2010).   

Ethanol (EtOH) is belonging to a group of 
chemical compounds whose molecules contain 
hydroxyl group (OH) bonded to a carbon atom 
(alcohols). EtOH is used in medical wipes and 
most common antibacterial hand sanitizer gels as 
an antiseptic (McDonnell et al., 1999). Moreover, 
EtOH is present in about 700 liquid preparations 
of medicine (Adams and Rans, 2013). It is a 
psychoactive substance and is the principal type 
of alcohol found in alcoholic drinks. EtOH 
promotes overwhelming ROS generation by the 
mitochondria, including hydrogen peroxide, 
superoxide, and lipid peroxide, leading to 
mitochondrial dysfunction. The CNS as it causes 
is particularly vulnerable to EtOH -induced 
significant deterioration in different areas of the 
brain, such as cerebellum, hippocampus, and 
frontal cortex (Oliveira et al., 2015). A number of 
potent mechanisms have been suggested for 
EtOH -induced brain injury; these involve the 
motivation of neuroinflammation, interference with 
the signaling pathway of neurotrophic factors, 
evoultion of oxidative stress and modulation of 
retinoid acid axis (Yang and  Luo, 2015). In the 
liver, the alcohol dehydrogenase enzyme 
transformed EtOH into acetaldehyde. 
Acetaldehyde is then destroyed by the aldehyde 
dehydrogenase enzyme, which converts it into 
acetate ions. The circulating levels of acetate 
following ethanol consumption and metabolism 
lead to increased neuroinflammation which 
enhances whole brain cellular apoptosis/ death 
and this may be the underlying cause of alcohol 
associated neurodegeneration (Hernández et al., 

2016).  
During the last decade, the antioxidant 

nutrients have been a focus of health promotion 
and disease prevention. Grape seeds are waste 
products of the grape juice industry. Grape seeds 
contain lipids, proteins, carbohydrates and 
flavonoids. Grape seed extract (GSE) has been 
reported to have a broad spectrum of 
pharmacological effects such as antioxidative, 
anti-inflammatory, and antimicrobial activity, as 
well as cardioprotective and hepatoprotective 
potentials. The underlying mechanisms 
responsible for GSE activity include oxygen free 
radicals scavenging ability inhibition of lipid 
peroxidation. Suppression of inflammatory 
cytokines production, reduction of the alterations 
in cell membranes receptors and modulation of 
gene expression levels (Nassiri and 
Hossienzadeh, 2009). 

Lycopene (Lyco), a carotenoid family 
member, is naturally synthesized by tomatoes and 
red color (Qu et al., 2011). Lyco has been found 
to possess potential neuroprotective (Hsiao et al., 
2004), anti-apoptotic, neurotrophic (Ahmed et al., 
2016), antitumor (Gunasekera et al., 2007), anti-
inflammatory (Kuhad et al., 2008), antioxidant (Qu 
et al., 2011) and hypocholesterolemic (Atessahin 
et al., 2005) activity. 

The goal of this research was to justify the 
underlying neuroprotective mechanisms of a 
combination of GSE and Lyco in antagonizing the 
neurotoxic impacts of FA or EtOH inhalation in rat 
model. 
 
MATERIALS AND METHODS 

Material 

1. Formaldehyde (H2C=O)  
Was purchased from LOBA CHEMIE PVT. 

LTO. (India). 

2. Ethanol (EtOH) (CH3-CH2-OH)  
Was obtained from Aldrich Chemica Co., 

GmbH (Germany). 

3. Lycopene (Lyco) 
 From tomato, product number 1.9879, CAS 

number 502-65-8, MDL MFCD00017350, formula 
C40H56 and formula weight 536.87 g/mol, was 
acquired from Sigma Company (St.Louis, 
Massouri, USA).  
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4. Grape Seed Extract (GSE) 
 Powder from seed extract with 

proanthocyanidins by UV ≥ 95%. was purchased 
from Sigma Company (St. Louis, Massouri, USA).  
All reagents, solvents and chemicals used for 
analysis met the quality criteria in accordance with 
International standards.  

5. Animals and Experimental groups 
Fifty adult female albino rats of Wistar strain, 

weighing 150-170 g, were procured from a 
breeding stock maintained in the Animal House of 
the National Research Centre, Giza, Egypt. 
Animals were kept in a group of 5 in a cage, 
housed in animal facility in an environmentally 
conditioned room with controlled illumination (12 h 
light: 12 h dark cycles), humidity (30-50%), 
temperature (18-22 ˚C) and fed with standard rat 
diet and water provided ad libitum. The 
experimental protocols and procedures were 
carried out according to the approval and 
guidelines given by the Institutional Ethics 
Committee of the National Research Centre, Giza, 
Egypt. 

After an adaptation period of 10 days,   rats 
were randomized into 5 groups (10 rats 
/group).Gp (1): Normal animals served as 
negative control group. Gp (2):  FA-challenged 
group, which was exposed to FA vapors (20 ppm) 
for 6 h daily, 5 days/week (Sogut et al., 2004) and 
assigned as FA 20 ppm, Gp (3): EtOH-challenged 
group which was exposed to EtOH (600 ppm) by 
inhalation for 6 hours daily, 5 days / week (Pastino 
et al., 1997) and assigned as EtOH 600 ppm. Gp 
(4): Grape seed extract and Lycopene – treated 
group before FA exposure which orally 
administered with a combination of GSE 
(150mg/kg b.wt) (Hemmati et al., 2008) and Lyco 
(10 mg/kg b.wt) (Kumar et al., 2007) one hour  
prior exposure to FA 5 days/week and labeled as 
GSE and Lyco + FA, Gp (5): Grape seed extract 
and Lycopene – treated group  prior EtOH 
inhalation which was orally administered with GSE 
(150mg/kg b.wt) and Lyco (10 mg/kg b.wt) one 
hour prior exposure to EtOH 5 days/week and 
labeled as (GSE and Lyco + EtOH).  

Inhalation Protocol 

1. Exposure Method:  
Whole body inhalation exposure method. 

2. Inhalation Period: 
Inhalation of FA or EtOH was conducted daily 

for 6 hours/5 days/ week for 12 weeks.  

3. Inhalation Doses:  
The doses used in the present study were 20 

ppm of FA and 600 ppm of EtOH. 

Dissection and Tissue Preparation 
After animal treatment was over, the diets 

were withheld from the experimental rats for 12 
hours. Then, the rats were sacrificed by cervical 
dislocation following light ether anesthesia and the 
brain specimens were quickly removed, rinsed in 
isotonic saline, blotted dry and weighed. The 
whole brain of each rat was partitioned into two 
halfs; the first half was further divided into two 
portions, the first portion was preserved in liquid 
nitrogen and stored at -80° C for molecular 
genetics analyses. The other portion was placed 
in 10% PBS-formalin saline solution to be used in 
histological and immunohistochemical slides. The 
second half was homogenized immediately to give 
10% (w/v) homogenate in ice-cold medium 
containing 50 mM Tris-Hcl (pH 7.4) and 300 mM 
sucrose (Tsakiris et al., 2004). The homogenates 
were centrifuged at 1800 xg for 10 min. at 4˚C and 
the supernatants were stored in aliquots at -20˚C 
for further analysis. 

Methods 

1-Biochemical Analyses 
Brain catalase (CAT) activity was detected by 

colorimetric procedure using kit purchased from 
Bio-diagnostic Co., Egypt following the method 
described by Aebi (1984). Glutathione peroxidase 
(GSH-Px) activity was determined in the brain by 
kinetic method using kit obtained from Bio-
diagnostic Co., Egypt according to the method of 
Paglia and Valentine (1967). Brain Bcl-2, was 
estimated by ELISA using Bcl-2 assay kit acquired 
from Glory Science Co., LTD, TX, USA according 
to the method of Barbareschi et al., (1996). Brain 
BDNF level was quantified by ELISA using BDNF 
assay kit purchased from Ray Biotech, Inc. Co., 
USA, following the method of Laske et al., (2007). 
Brain DA level was assayed using ELISA kit 
obtained from Labor Diagnostika Nord GmbH & 
Co, KG under the guidance of the manufacturer. 

2- Molecular Analyses for CAT and GSH-px 
Gene Expression Using Semi-Quantitative 
Real Time PCR  

Isolation of total RNA 
Total RNA was isolated from brain tissue of 

female rats by the standard TRIzol® reagent 
extraction method (Invitrogen, USA). Then, the 
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complete Poly(A)+ RNA was reverse transcribed 
into cDNA in a total volume of 20 µl using 
RevertAidTM first strand cDNA synthesis kit (MBI 
Fermentas, Germany).  

Semi-quantitative real time-polymerase chain 
reaction (RT-PCR) 

An iQ5-BIO-RAD Cycler (Cepheid, USA) was 
used to determine rat cDNA copy number. PCR 
reactions were set up in 25 µl reaction mixtures 
containing 12.5 µl 1× SYBR® Premix Ex Taq TM 
(TaKaRa, Biotech. Co. Ltd.), 0.5 µl 0.2 M forward 
primers, 0.5 µl 0.2 M reverse primer table (1), 6.5 
µl distilled water, and 5 µl of cDNA template.  

The reaction program: denaturation at 95.0°C 
for 15 sec; annealing at 55.0°C for 30 sec and 
extension at 72.0°C for 30 sec. At the end of each 
RT-PCR, a melting curve was performed at 95.0 
°C to check the quality of the used primers. The 
gene expression was calculated using the 
formulae of Bio-Rad laboratories Inc. (Bio-Rad 
Laboratories Inc., 2006). 

3- Immunohistochemical (IHC) Examination of 
the Intesity of Survivin Immunopositive Cells 

After fixation of brain samples of rats in the 
different studied groups in 10% PBS-formalin 
solution for 24 hours, washing was done in tap 
water then, ascending grade of ethanol alcohol 
was used for dehydration. Specimens were 
cleared in xylene and embedded in molten 
paraffin wax for 24 hours.  Sections  were  cut into  
4  µ  thick  by rotary microtome  then,  fixed  on  
positive  slides  in  65oC  oven  for  1  hr according 
to Bancroft et al., (2008). Image  analysis  was  
carried out using  the  image  J,  1.4 1a  NIH,  
(USA)  analyzer for determination of optical 

density (O.D) that reflects the intensity of 
immunostaining for survivin positive cells. 

4-Histological Investigation 
The prepared paraffin blocks for IHC 

procedure were sectioned on the microtome (4μ 
thickness) and stained with haematoxylin and 
eosin stain (Drury and Wallington, 1980). After 
staining, the slides were viewed with a light 
microscope and the image capturing was 
performed with a digital camera. 

5-Morphometric Analysis 
Using an image analyzer system, five 

randomly selected non overlapping high-power 
fields (original magnification ×400, light 
microscope) from the cortex and hippocampus 
were investigated separately from each section. 
Dead neurons and purkinje cells were counted 
and calculated for the negative control rats, rats 
challenged with FA (20 ppm) and EtOH (600 ppm) 
as well as rats pre-treated with a combination of 
GSE and Lyco along with exposure to FA (20 
ppm) and EtOH (600 ppm). 

Statistical analysis 
The experimental results were represented as 

arithmetic means with their standard errors (Mean 
+ S.E). Data were analyzed by one way analysis 
of variance (ANOVA) using the Statistical 
Package for the  Social  Sciences  (SPSS)  
program,  version  21,  followed  by  least  
significant  difference (LSD) to compare 
significance between groups (Armitage and Berry, 
1987).

 
Table (1): Primer sequences for RT-PCR 

Ref 

 Primer sequence (5 –3 ) Gene 

 
(Druse et al., 2006) 

 

F: CAGGTGCGGACATTCTATACGA 
R: GCTTTTCCCTTGGCAGCTATG 

Catalase (CAT) 

(Druse et al., 2006) F: GCCCTCCCACTGCAGAACTCC 
R: GCTGCCTGCCGCCTCATG 

Glutathoine peroxidase 
(GSH-px) 

(Druse et al., 2006) F: TGGAGTCTACTGGCGTCTTCAC 
R: GGCATGGACTGTGGTCATGA 

GAPDH 

F: forward primer; R: reverse primer. 
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RESULTS AND DISCUSSION 

Biochemical Results 
The data listed in Table (2) revealed that FA 

elicited enhancement (P< 0.05) in brain CAT 
(148.20%) enzyme activity paralleled by 
significant depletion (P< 0.05) in brain GSH-px (-
43.01%) enzyme  activity versus the negative 
control group. Meanwhile,  pre-treatment of rats 
with a combination of GSE and Lyco along with 
FA inhalation exhibited significant inhibition (P< 
0.05) in brain CAT enzyme activity (-23.92%), 
accompanied with significant stimulation (P< 0.05) 
in brain GSH-px enzyme activity (36.76%) relative 
to the FA-exposed group. Also, the results in 
Table (2) demonstrated significant elevation (P< 
0.05) in brain CAT (199.88%) activity in 
association with significant blunting (P< 0.05) in 
brain GSH-px enzyme activity (-50.69%) in ETOH-
exposed group in comparison with the negative 
control group. However, pre-treatment with a 
combination of GSE and Lyco along with ETOH 
inhalation evoked significant reduction (P< 0.05) 
in brain CAT enzyme activity (-23.20%) 
associated with significant rise (P< 0.05) in brain 
GSH-px enzyme activity (37.44%) versus the 
ETOH-exposed group. 

The findings in Table (3) illustrated that FA 
brought about significant increase (P< 0.05) in 
brain Bcl-2 content (81.57%)  in concomitant with 
significant decrease (P< 0.05)  in brain BDNF 
content ( -44.47 % ) relative to the negative 
control group. Whilist, rats exposed to FA (20 

ppm) and pre-treated with a combination of GSE 
and Lyco experienced significant drop (P< 0.05) in 
brain Bcl-2 content (-21.15%) in concomitant with 
significant rise (P< 0.05) in brain BDNF content 
(21.62%) when compared with FA-exposed group. 
Also, the records in Table (3) indicated that EtOH 
inhalation produced significant enhancement (P< 
0.05) in brain Bcl-2 content (101.31 %)  paralleled 
by significant reduction (P< 0.05)  in brain BDNF 
content (-48.90 %) relative to the negative control 
group. On the other side, rats exposed to EtOH 
(600 ppm) and pre-treated with a combination of 
GSE and Lyco displayed significant reduction (P< 
0.05) in brain Bcl-2 content (-21.29%) 
accompanied with significant elevation (P< 0.05) 
in BDNF content (21.91%) when compared with 
ETOH-exposed group.  

The results in Table (4) showed that FA 
inhalation resulted in significant blunting (P< 0.05) 
in brain DA (-33.46 %) content when compared 
with the negative control group. Also, the data in 
Table (4) revealed that EtOH inhalation evoked 
significant reduction (P< 0.05) in brain DA (-37.41 
%) content as compared to the negative control 
group. Pre-treatment with a combination of GSE 
and Lyco along with FA inhalation elicited 
significant enhancement (P< 0.05) in brain DA 
(21.86%) content as compared with FA-exposed 
group. Pre-treatment with a combination of GSE 
and Lyco along with EtOH inhalation induced 
significant enhancement (P< 0.05) in brain DA 
(21.94%) content when compared with EtOH-
exposed group. 

 
Table (2): Effect of pre-treatment with a combination of GSE and Lyco on brain antioxidant 

enzymes activity in FA and ETOH- challenged rats  

Groups CAT U /g tissue GSH-pxU /g tissue 

Negative control 0.865 ± 0.01 10.362 ± 0.04 

FA 20 ppm 
2.147 ± 0.05a 

148.20% 
5.905 ± 0.04a 

-43.01% 

EtOH 600 ppm 
2.594 ± 0.06a 

199.88% 
5.109 ± 0.02a 

- 50.69% 

GSE and Lyco +  FA 
1.729 ± 0.03b 

-23.92% 
8.098 ± 0.02b 

36.76% 

GSE and Lyco + ETOH 
1.992 ± 0.03c 

-23.20% 
7.022 ± 0.04c 

37.44% 

 
Data are represented as Mean ± SE (10 rats/ group) 
a: Significant change at P>0.05 in comparison with the negative control group. 
b: Significant change at P>0.05 in comparison with FA 20 ppm group. 
c: Significant change at P>0.05 in comparison with EtOH 600 ppm group. 
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Table (3): Effect of pre-treatment with a combination of GSE and Lyco on brain Bcl-2 and BDNF 
contents in FA and EtOH- challenged rats  

 
 
 
 
 
 
 
 
 
 

 
Data are represented as Mean ± SE (10 rats/ group) 
a: Significant change at P>0.05 in comparison with negative control. 
b: Significant change at P>0.05 in comparison with FA 20 ppm. 
c: Significant change at P>0.05 in comparison with ETOH 600 ppm. 

 
Table (4): Effect of pre-treatment with a combination of GSE and Lyco on brain dopamine (DA) 

content in FA and EtOH- challenged rats  

Groups DA ng / g tissue 

Negative control 942.375 ± 0.58 

FA 20 ppm 
627.022 ± 1.03a 

-33.46% 

EtOH 600 ppm 
589.784 ± 0.41a 

-37.41% 

GSE and Lyco +  FA 
764.093 ± 0.97b 

21.86% 

GSE and Lyco +  EtOH 
719.195 ± 0.93c 

21.94% 
Data are represented as Mean ± SE (10 rats/ group) 
a: Significant change at P>0.05 in comparison with the negative control group. 
b: Significant change at P>0.05 in comparison with FA 20 ppm group. 
c: Significant change at P>0.05 in comparison with EtOH 600 ppm group. 

Molecular Analyses for CAT and GSH-px Gene 
Expression Using Semi-Quantitative Real Time 
PCR 

The present findings in Table (5) indicated 
that FA inhalation brought about significant 
upregulation (P< 0.05) in the expression level of 
brain CAT gene (142.29 %) while it caused 
significant downregulation (P< 0.05) in the 
expression level of brain GSH-px gene (-44.73%) 
versus the negative control group. On the other 
side, pre-treatment with a combination of GSE 
and Lyco along with FA inhalation produced 
significant downregulation (P< 0.05) in brain 
expression level of CAT gene (-18.07%) 
accompanied by significant upregulation (P< 0.05)  
in the brain expression level of GSH-px gene 
(21.55%) in comparison with FA-exposed group. 
The data in Table (5) also demonstrated that 
EtOH inhalation evoked significant amplification 
(P< 0.05) in CAT gene expression level in the  

 
 
brain (170%) in concomitant with significant 
suppression (P< 0.05) in brain GSH-px gene 
expression level (-59.71%) as compared to the 
negative control group. Conversely, pre-treatment 
with a combination of GSE and Lyco along with 
EtOH inhalation caused significant blunting (P< 
0.05) in brain CAT gene expression level (-
18.36%) accompanied by significant amplification 
(P< 0.05) in brain GSH-px gene expression level 
(22, 00%) in respect with EtOH-exposed group. 

Immunohistochemical (IHC) Examination of 
the Intesity of Survivin Immunopositive Cells 

The tabulated results, in Table (6) 
demonstrated that FA inhalation triggered 
significant upregulation (P< 0.05) in the intensity 
of survivin immunopositive cells in the brain tissue 
of the exposed rats (127.90%) when compared 
with the negative control counterparts.  

Groups Bcl-2 Pg / g tissue BDNF Pg / g tissue 

Negative control 3.126 ± 0.022 651.500 ± 0.86 

FA 20 ppm 
5.676 ± 0.069a 

81.57% 
361.759 ± 1.01a 

-44.47% 

EtOH 600 ppm 
6.293 ± 0.102a 

101.31% 
332.900 ± 0.73a 

-48.90% 

GSE and Lyco +  FA 
4.475 ± 0.019b 

-21.15% 
439.997 ± 5.95b 

21.62% 

GSE and Lyco +  EtOH 
4.953 ± 0.028c 

-21.29% 
405.861 ± 0.97c 

21.91% 
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Table (5): Effect of pre-treatment with a combination of GSE and Lyco on the gene expression  of 
the antioxidant enzymes (CAT and GSH-px) levels in the brain of FA and ETOH- challenged rats  

Groups 
Relative expression of CAT 

gene(CAT / GAPDH) 
Relative expression of GSH-px gene 

(GSH-px / GAPDH) 

Negative control 0.740 ± 0.002 1.760 ± 0.005 

FA 20 ppm 
1.793 ± 0.003a 

142.29% 
0.979 ± 0.017a 

-44.37% 

EtOH 600 ppm 
1.998 ± 0.004a 

170% 
0.709 ± 0.004a 

-59.71% 

Lyco and GSE +  FA 20 ppm 
1.469 ± 0.003b 

-18.07% 
1.190 ± 0.005b 

21.55% 

Lyco and GSE + EtOH 600 ppm 
1.631 ± 0.003e 

-18.36% 
0.865 ± 0.008e 

22.00% 

Data are represented as Mean ± SE (10 rats/ group) 
a: Significant change at P>0.05 in comparison with the negative control group. 
b: Significant change at P>0.05 in comparison with FA 20 ppm group. 
c: Significant change at P>0.05 in comparison with ETOH 600 ppm group. 

 

Table (6): Effect of pre-treatment with a combination of GSE and Lyco on the intensity of survivin 
immunopositive cells in the brain of FA and ETOH - challenged rats  

Groups Intensity of survivin immunopositive cells 

Negative control 0.491 ± 0.02 

FA 20 ppm 
1.119 ± 0.01a 
127.90%% 

EtOH 600 ppm 
1.326 ± 0.02a 

170.06% 

GSE and Lyco +  FA 
0.917 ± 0.02b 

-18.05% 

GSE and Lyco +EtOH 
1.114 ± 0.03c 

-15.98% 
Data are represented as Mean ± SE (10 rats/ group) 
a: Significant change at P>0.05 in comparison with the negative control group. 
b: Significant change at P>0.05 in comparison with FA 20 ppm group. 
c: Significant change at P>0.05 in comparison with ETOH 600 ppm group. 

On the opposite side, rats pre-treated with a 
combination of GSE and Lyco along with FA 
inhalation experienced significant (P< 0.05) 
downregulation in the intensity of survivin 
immunopositive cells in the brain tissue (-18.01%) 
relative to the FA-exposed rats. 

In the same manner, EtOH inhalation elicited 
significant amplification (P< 0.05) in the intensity 
of survivin immunopositive cells in the brain tissue 
of the exposed rats (170.06%) versus the 
negative control counterparts. Meanwhile, rats 
pre-treated with a combination of GSE and Lyco 
along with EtOH inhalation displayed significant 
(P< 0.05) suppression in the intensity of survivin 
immunopositive cells in the brain tissue (-15.98%) 
in respect with the EtOH- exposed rats (Table 6).  

Histological Investigation 
Microscopic examination for brain tissue 

section of control rat showed normal structure of 

the cerebellar cortex, where it is formed of three 
layers, the inner most one is the granular layer 
composed of many small cells, the central layer is 
Purkinje cell layer, formed from large flask-shaped 
cells and the outermost molecular layer that 
contained a few small nerve cells and many 
unmyelinated nerve fibers (Fig.1a). Microscopic 
examinations of brain tissue section of rat in the 
group exposed to FA (20 ppm) showed thickening 
in the wall of blood vessel with hemorrhage in the 
meninges.  Dark picnotic nuclei in the neurons of 
cortex with corkscrew dendrites and more 
apoptotic neuron were also seen. The pyramidal 
cells appeared to be very small, darken and 
shrinkaged (Fig. 1b). Microscopic examination of 
brain tissue section of rat pre-treated with a 
combination of GSE and Lyco along with FA 
inhalation (20 ppm) showed that the granular layer 
cells and the pyramidal cells appeared normal 
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(Fig.1c). Microscopic examination for brain tissue 
from rats exposed to EtOH (600 ppm) showed 
signs of neurodegeneration (gliosis) in the 
cerebellum, congestion of cerebral blood vessel 
(Fig. 1d). Some of the dark picnotic neurons 
appeared with corkscrew dendrites and others 
appeared as extensive dark picnotic neurons. 
Microscopic examination of brain tissue section of 
rat pre-treated with a combination of GSE and 
Lyco along with Eth inhalation (600 ppm) showed 
normalization of the brain tissue layers(granular 
layer and purkinje cell layer) with a congestion of 
cerebral blood vessel (Fig.1e).  

Morphometric Analysis 
The morphometric analysis of the number of 

dead neuron in the cortex and hippocampus of 
rats exposed to FA (20 ppm) revealed remarkable 
increase as compared to the negative control 
counterparts (Table 7). In addition, the decreased 

number of the Purkinje cells in the cerebellum as 
compared to that in the negative control 
counterparts has been observed (Table 8). 
Likewise, the number of dead neurons in the 
cortex and hippocampus of rats exposed to EtOH 
(600 ppm) appeared to be increased as compared 
to that in the negative control counterparts. (Table 
7). Marked decrease in the number of Purkinje 
cells in the cerebellum has been detected in rats 
exposed to EtOH (600 ppm) when compared with 
that in the negative control counterparts (Table 8). 
In contrast, the morphometric analysis of the 
number of dead neurons in the cortex and 
hippocampus of the rats pre-treated with a 
combination of GSE and Lyco along with FA 
inhalation showed obvious decrease relative to 
that in the group of rats challenged with FA only 
(Table 7). 

 
(b) 

 
(a) 

 
(d) 

 
(c) 

 
(e) 
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Figure (1). Microscopic examination for brain tissue sections. 
 

Table (7): Protective effect of pre-treatment with a combination of GSE and Lyco on number of 
dead neurons of cortex and hippocampus areas of the brain of rats challenged with FA and EtOH.  

Groups 
Number of dead neurons 
 in the cortex (n=5) 

Number of dead neurons 
in the hippocampus(n=5) 

Negative control 10 9 

FA 20 ppm 85 102 

EtOH 600 ppm 76 92 

GSE and Lyco + FA 20 ppm 22 21 

GSE and Lyco +  EtOH 600 ppm 31 26 

 
Table (8): Protective effect of pre-treatment with a combination of GSE and Lyco on number of 

Purkinje cells in the cerebellum area of the brain of rats challenged with FA and EtOH.  

Groups Number of Purkinje Cells in the cerebellum (n=5) 

Negative control 26 

FA 20 ppm 10 

EtOH 600 ppm 10 

GSE and Lyco + FA 20 ppm 22 

GSE and Lyco + EtOH 600 ppm 21 

 
Also, the normalization of Purkinje cells 

number in the cerebellum has been demonstrated 
as compared to the untreated FA group (Table 8). 
The decreased number of dead neurons in the 
cortex and hippocampus areas of the brain of the 
rats pre-treated with a combination of GSE and 
Lyco extract along with EtOH inhalation has been 
recorded in respect with the group of rats 
challenged with EtOH only (Table 7). Moreover, 
the number of Purkinje cells appeared in the 
cerebellum to be increased when compared with 
the untreated EtOH group (Table 8). 
 
DISCUSSION 

In view of the present data, prolonged 
exposure to FA elicited significant elevation in 
brain CAT enzyme activity as well as CAT gene 
expression level paralleled by significant reduction 
in brain GSH-px enzyme activity and GSH-px 
gene expression level.  Our results come in line 
with those of Zararsiz et al., (2007) who stated 
that FA administration leads to oxidative stress 
with consequent reduction in GSH-px enzyme 
activity in rat prefrontal cortex. Oxidative stress 
and liberation of ROS have been found to be 
implicated in stimulating genes that are dependent 
on NF-κB (Ji et al., 2004) and Nrf2 (Zhu et al., 
2005). CAT is regulated by NF-κB dependent 
mechanisms (Kucharczak et al., 2003) and it also 
has an antioxidant response element that can 
bind to Nrf2 (Zhu et al., 2005). Therefore, it could 
be hypothesized that the activation of brain CAT 

enzyme as a consequence of FA inhalation is 
mediated by ROS-sensitive transcription factors 
(NF-κB and Nrf2). The inhibition of brain GSH-px 
enzyme activity in rats exposed to FA in the 
current study emphasized the exhaustion of this 
enzyme in the defense mechanism against 
oxidative events resulting from FA inhalation and 
the decreased glutathione level since this amino 
acid is metabolized by FA and the activity of GSH-
px is mainly depended on this amino acid (Teng et 
al., 2001). 

The present data revealed that inhalation of 
EtOH in rats significantly increased brain CAT 
enzyme activity and CAT gene expression level in 
association  with the significant depletion in brain 
GSH-px enzyme activity as  well as GSH-px gene 
expression level. EtOH administration has been 
reported to motivate the generation of free 
radicals including hydroxyl radicals (Calabrese et 
al., 2000). EtOH could react with the hydroxyl 
radical to form the alpha hydroxyl ethyl radical 
which triggers CAT activity (Gonthier et al., 2004). 
This explains the increased CAT enzyme activity 
in the brain of EtOH exposed rats. Regarding the 
significant inhibition of brain GSH-px enzyme 
activity as a consequence of EtOH inhalation in 
the present investigation, our findings fit those of 
Calabrese et al., (2000) study. Shirpoora et al., 
(2009) explained this phenomenon by the decline 
in GSH concentration. The mechanism of EtOH-
induced reduction of GSH includes conjugation of 
GSH with acetaldehyde, the reactive intermediate 
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of EtOH oxidation and/or the utilization of GSH for 
the detoxification of the generated free radicals 
resulting from ETOH exposure (Calabrese et al., 
2000).  

The current findings revealed that pre-
treatment with a combination of GSE and Lyco 
along with FA or EtOH inhalation could inhibit the 
activity of brain CAT enzyme and downregulate 
CAT gene expression level as well as stimulate 
brain GSH-px enzyme activity and upregulate 
GSH-px gene expression level. Grapes (Vitis 
vinifera) are rich in polyphenols, with 60–70% of 
grape polyphenols being found in the seeds, 
which are available as a nutraceutical agent 
(Hamza et al., 2018). GSE supplementation could 
modulate the CAT activity and it has a direct effect 
in the upregulation of GSH-px mRNA expression 
(Devi et al., 2011; Zhang and Hu, 2012). 
Proanthocyanidins (PAs) (the main active 
constituents in GSE) have been found to inhibit 
CAT enzyme activity in rats (Yamakoshi et al., 
2002). Yucel et al., (2009) reported that the 
treatment with PA recovers the decreased GSHpx 
enzyme activitiy in the brain tissue of rats. In 
general, the antioxidant activity of the phenolic 
compounds as those present in GSE is attributed 
to their redox characteristics that allowing them to 
play a role as reducing candidates through 
donating hydrogen and quenching singlet oxygen 
(Zhang et al., 2011). Moreover, Moskaug et al., 
(2005) stated that flavonoids (dietary plant 
polyphenols) can monitor gamma-
glutamylcysteine synthetase expression. This 
enzyme is a rate limiting enzyme in the synthesis 
of the most important endogenous antioxidant in 
the cells "glutathione" which promotes the 
synthesis of GSH-px. Lyco supplementation has 
been found to decrease CAT enzyme activity and 
its gene expression in the brain tissue (Sadek et 
al., 2016) while it increases the activity of GSH-px 
enzyme in the brain tissue (Sahin et al., 2010). 
The chemopreventive effect of Lyco could be 
ascribed to the amelioration of lipid peroxidation 
by stimulating the activity of the enzymes in 
glutathione redox cycle as Lyco has been found to 
protect against decline of GSH induced by T-2 
toxin in vivo (Leal et al., 1999; Bhuvaneshwari et 
al., 2001)). This explanation is further supported 
by the study of Bose and Agrawal (2007) who 
mentioned that Lyco elevates the concentrations 
of GSH, which plays a major role in maintaining 
high GSH-px activitiy. Additionally Sahin et al., 
(2010) reported that Lyco supplementation 
increases the levels of Nrf2/HO-1. Nrf2/HO-1 
signaling axis is responsible for the upregulation 

of the gene expression levels of a number of 
antioxidant enzymes such as GSH-px and 
protects cells against oxidative stress and 
inflammation (Kuhad et al., 2008). 

In this work, FA inhalation caused brain cells 
apoptosis as documented by the significant 
amplification in brain content of Bcl-2 in the 
exposed rats. This result is in keeping with that of 
Jakab et al., (2010) who stated that FA exposure 
produces apoptosis among people occupationally 
exposed to FA. The appreciable elevation in brain 
Bcl-2 content as a result of FA inhalation in the 
present study could be explained as an adaptive 
mechanism in response to apoptotic insult of FA. 
Moreover, the increased cellular levels of ROS 
due to exposure to FA could initiate several 
classes of genes, including those that are 
dependent on NF-κB (Ji et al., 2004). Because of 
Bcl-2, Bcl-xl and XIAP are governed by NF-κB 
dependent mechanisms (Kucharczak et al., 2003), 
it is likely to suggest that FA could induce up 
regulation of the expression of these genes 
through the stimulatory action of ROS on such 
ROS-sensitive transcription factor (NF-κB). This 
suggestion is greatly supported by the study of 
Zhang et al., (2013) who detected marked 
upregulation in the expression level of NF-kB in 
bone marrow after FA exposure. NF-kB/Rel 
transcription factor family plays key role 
monitoring apoptosis as well as other cellular 
processes (Sonenshein, 1997). Previous studies 
on various cell types have shown that the 
treatment with the known stimulators of NF-kB 
often lead to an amplification in the pro-survival 
mediators including Bcl-2 (Feng and Porter, 
1999).  

Despite of the mechanism(s) by which alcohol 
exposure could produce detrimental alterations in 
the brain have not been fully defined, 
experimental studies proposed that apoptosis is 
likely to be implicated (Ramachandran et al., 
2001). In view of the current data, EtOH exposure 
elicited significant elevation in brain Bcl-2 content 
of EtOH-exposed rats. Early biochemical and 
molecular findings proved that EtOH, even in 
physiologic levels, could promote rapid 
peroxidation of lipids followed by activation of NF-
кB in the microvascular wall of the brain (Altura 
and Gerbrewold, 1998) and cerebral vascular 
muscle cells (Burton et al., 2002). The stimulation 
of NF-кB occurs through the membrane oxidation 
and cellular entry of Ca21 and oxygen-free 
radicals, which initiate the phosphorylation and 
degradation of IkB resulting in the activation of 
NF-кB (Altura and Gerbrewold, 1998). As it is well 
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known that, before latent NF-кB can be activated, 
its inhibitor (IkB) must first be phosphorylated and 
degraded, permitting dissociation of NF-кB   and 

its subsequent translocation to the cell nucleus.In 

line with this evidence, an increase in NF-кB has 
been detected in intact rat brain after EtOH 
administration (Caroline et al., 2002).Thus, it 
could be hypothesized that EtOH-induced 
peroxidation of lipids and promotion of nuclear 
transcription factors particularly NF-кB possibly 
play a key role in alcohol-induced significant 
elevation in brain Bcl-2 content. 

In light of the present observations, pre-
treatment with a combination of GSE and Lyco 
along with FA or EtOH inhalation conferred 
significant decline in brain Bcl-2 content. 
Resveratrol (one of the common active 
constituents of GSE) has shown its ability to 
promote phosphatidylinositol 3-kinase 
(PI3K→pAkt), a pro-survival pathway, and inhibit 
apoptotic death by manipulating the activation of 
NF-кB pathways (Sadi et al., 2015). In this 
context, it could be proposed that the active 
compounds in GSE are responsible for this action 
as these compounds (procyanidins and 
proanthocyanidins in addition to resveratrol) with 
their well- known quenching activity for ROS could 
downregulate the expression of NF-кB dependant 
genes including Bcl-2. This is the possible 
underlying mechanism in favour of GSE-produced 
drop in brain Bcl-2 content of FA or EtOH-
exposed rats. Likewise, Lyco has been found to 
suppress the ROS-dependent stimulation of NF-
𝜅B transcription factor, which monitors the 
transcription of pro-survival genes, involving cyclin 
D, Bcl-2 and Bcl-xl (Palozza et al., 2010). 

Survivin is a smallest member of the inhibitor 
of apoptosis protein (IAP) family with multi-
functional properties and it suppresses apoptosis 
through inhibition of activated caspases (Lens et 
al., 2006). In the present approach, rats inhaled 
FA exhibited significant upregulation of survivin 
expression in the brain cells. It has been 
suggested that the motivation of NF-kB triggers 
the expression of genes that antagonize apoptotic 
axis and prevent cell death. NF-kB governs 
antiapoptotic proteins expression including 
survivin (Zhu et al., 2001).Therefore, the 
promotion of NF-kB expression as a consequence 
of FA inhalation (Zhang et al., 2013) constitutes 
the key player in the induction of the expression of 
the antiapoptotic protein (survivin) in the brain as 
shown in Table (6). 

In the present setup, rats inhaled EtOH 

experienced significant upregulation in survivin 
expression in the brain cells. Administration of 
50% EtOH has been reported to produce 
significant elevation in the expression levels of 
total survivin in the gastric mucosa (Jones et al., 
2010). These investigators explained this finding 
as that the up regulation of survivin may play 
critical role in mediating cytoprotection against 
gastric injury. Furthermore, it has been mentioned 
that the significant amplification in survivin 
expression in gastric epithelial versus endothelial 
cells likely play an emerging role in the increasing 
resistance to alcohol-induced deterioration and 
apoptosis of the gastric epithelial cells (Jones et 
al., 2010). Zhu et al., (2001) study proved the 
implication of NF-кB and PI3-kinase pathways in 
the amplification of survivin expression. Therefore, 
it is reasonable to assume that the upregulation of 
survivin may result from neurons adaptation to 
oxidative stress and hypoxia induced by EtOH 
inhalation (Bosco and Diaz, 2012).  

Results of this work showed that the pre-
treatment with a combination of GSE and Lyco 
along with FA or EtOH inhalation displayed 
significant downregulation in survivin expression 
in the brain cells.  Feng et al., (2005) study 
provided a clear evidence for the role of GSE as a 
neuroprotective candidate against hypoxia. GSE 
has been found to significantly reduce a hypoxia-
induced oxidative stress, ROS and thiobarbituric 
acid reactive substances (products of lipid 
peroxidation) in the brain cells. Thus, the 
suppression of free radicals after hypoxic 
ischemia due to FA or EtOH inhalation is one of 
the potential mechanisms underlying the neuro 
protective influence of GSE. Concerning Lyco it 
has been reported that it exhibits an inhibitory 
action on survivin and this explains its role in 
regression of survivin expression in the brain cells 
of the treated rats (Feng et al., 2010) as shown in 
table (6).  

In the present setting FA inhalation in rats 
caused significant blunting in the brain BDNF 
content. Gothoda et al., (2007) demonstrated that 
solvents inhalation in rats causes detrimental 
effect on the neurons of the spinal cord and 
produces brain molecular changes expressed by 
the depletion in brain BDNF. Li et al., (2004) 
studied the circulating markers in solvent exposed 
subjects, and found a significant reduction in their 
serum BDNF level.  

EtOH inhalation in rats in the current 
approach elicited significant drop in brain BDNF 
content. In accordance with our finding the in vitro 
study of Jia, (2012) revealed that EtOH exposure 
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reduces the secretion of BDNF and neurotrophin-
3 (NT-3) from cerebellar granule cells (CGC). 
Another in vitro study proved that dopamine 
induces BDNF secretion (Meredith et al., 2002). 
EtOH has been found to cause dopaminergic 
degeneration (Fernandez et al., 2016). Therefore, 
it is reasonable to assume that the decline of 
dopamine production due to EtOH exposure has a 
role in lowering BDNF secretion as shown in the 
present study. 

Results of this work showed that pre-
treatment with a combination of GSE and Lyco 
along with FA or EtOH inhalation could 
significantly recover the brain BDNF level. 
Resveratrol which is the main active constituent of 
GSE proved its ability to upregulate BDNF level in 
stressed rats (Rai et al., 2013).  In  another  in 
vivo  study,  resveratrol  has been found  to  
increase  hippocampal  BDNF  mRNA, 
documenting  its  neuroprotective action (Mostafa 
et al., 2011). Moreover, in earlier studies, 
resveratrol was reported to be an effective agent 
against neuronal cell dysfunction in various 
diseases like Huntington's disease (Parker et al., 
2005) and Alzheimer's disease (Marambaud et al., 
2005) through enhancing the production of BDNF. 
Rai et al., (2013). The chronic administration of 
Lyco in the study of Prakash and Kumar (2014) 
leads to enhancement of memory, relieving the 
oxidative damage of mitochondria, inhibition of 
neuro-inflammation and restoration of BDNF level 
in β-A1-42-treated rats. These authors concluded 
that Lyco displays a protection against β-A1-42-
induced cognitive aberration through amelioration 
of amyloidogenesis and promotion of BDNF 
production. This action of Lyco could be ascribed 
to its anti-inflammatory properties. As,  the 
suppression  of inflammatory  cascade with 
consequent reduction in the release of pro-
inflammatory mediators leads  to  motivation  of  
neurotrophic  factors  production (Ferrer et al., 
2001). 

In the current study, inhalation of FA 
presented significant decline in the brain content 
of DA in rats. In accordance with these findings, 
Lee et al. (2008) mentioned that FA exposure 
causes reduction in dopamine, norepinephrine, 5-
hydroxytryptamine contents in the brain of rats. 
These researchers concluded that FA has the 
ability to downregulate tyrosine hydroxylase (TH) 
expression, the limiting enzyme in the synthesis of 
dopamine.  

In this study EtOH inhalation evoked 
significant drop in brain DA content in rats. This 
finding is in harmony with that in the study of 

Vasconcelos et al., (2004) who mentioned that 
rats chronically exposed to EtOH experienced 
significant changes in  the monoamines [DA, NA] 
content and their metabolites in hippocampus and 
striatum. Budygin et al., (2001) emphasized that 
EtOH displays a profound effect on dopaminergic 
neurons, leading to suppression of DA 
neurotransmission in rat striatum.  

Pre-treatment with a combination of GSE and 
Lyco along with FA or EtOH inhalation in rats 
resulted in significant enhancement in the brain 
DA content. It has been demonstrated that the  
supplementation with  a  diet  containing  
resveratrol  (active compound in GSE) in  adult  
mice  prior  to  acute administration with 
dopaminergic toxin [1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP)] prevents  cellular  loss  
of DA in  the  substantia  nigra (SN) pars 
compacta  in vivo. Resveratrol could prevent the 
depletion of brain DA content as well as TH 
activity in the brain (Okawara et al., 2007). 
Moreover, anthocyanin (another active constituent 
in GSE) has been found to suppress monoamine 
oxidases (MOAs), offering neuro protective action. 
It is well known that the inhibition of MOA activity 
leads to enhancement of neural contents of 5 HT, 
NA, and DA (Dreiseitel et al., 2009). Likewise, 
inhibition of MAO is the probable mechanism by 
which Lyco operates to elevate the content of 
neurotransmitters like serotonin, norepinephrine, 
or dopamine in the brain (Schulz et al., 1998). 
Also, this compound seems to block synaptic re-
uptake of serotonin, dopamine, and 
norepinephrine. It is well known that blocking 
neurotransmitter re-uptake enhances their 
synaptic concentration (Chatterjee et al., 1998).  

In this work inhalation of FA in rats led to 
appearance of extensive dark neuron, as some 
neurons appeared necrotic; other neurons 
appeared with corkscrew dendrites  in addition to 
the appearance of some apoptotic neurons as 
demonstrated in the histopathological examination 
of brain tissue sections. Findings of the present 
work are in agreement with Kanter et al., (2010) 
who stated that exposure to FA causes severe 
degenerative alterations, shrunken cytoplasm with 
extensively dark picnotic nuclei of the frontal 
cortex neurons. Also Gurel et al., (2005) reported 
that exposure to FA induces severe hippocampal 
tissue degeneration with increased pyknosis and 
decreased neuronal number in the frontal cortex 
and hippocampus of rats. Additionally, other 
studies demonstrated FA exposure induces 
enhancement of neuronal apoptosis particularly in 
rat prefrontal cortex (Zararsiz et al., 2006, 2007). 
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       In the current work, the exposure of rats 
to FA evoked degeneration of some Purkinje cells 
and the mrophometric measurements showed an 
increase in the number of dead neuron in cortex 
and hippocampus. According to Chen and Hillman 
(1989), Purkinje cells are severely affected by FA 
with a progressive decrease in their number. 
Additionally, Siso et al., (2006) reported that the 
degenerative alterations in Purkinje cells include 
shrinkage of the molecular layer in severely 
affected cerebellar areas.  

In the current approach, inhalation of EtOH 
induced extensively dark picnotic nuclei in the 
neurons and some neurons appeared with 
corkscrew dendrites. Sings of neurodegeneration 
(gliosis) in the cerebrum have been observed. 
These histopathological findings echo those of 
Mitra et al., (1999), Phachonpai et al., (2012) and 
Asari et al., (2013) who reported that chronic 
alcohol exposure is associated with neuronal 
damage in the hippocampus and the neurons 
appeared with corkscrew dendrites. Also, Mitra 
and Mukherjee (2001) stated that the neuronal 
population is particularly vulnerable to alcohol-
induced neuronal damage and neuronal loss 
(death). Moreover, Prayson and Cohen (2000) 
stated that the onset of gliosis and cerebral 
infarction are indicative to brain deterioration since 
gliosis or astrocytosis is a process of brain 
response to injury or insult.  

  Morphometric results revealed that the 
exposure of rats to EtOH by inhalation produced 
degeneration of Purkinje cell. This observation is 
in keeping with Heaton et al., (2000); Pierce et al., 
(2006) and Kumar et al. (2015) who mentioned 
that EtOH induces reduction in Purkinje cells. The 
loss of purkinje cells as a consequence of EtOH 
exposure has been explained by Light et al., 
(2002) who observed that EtOH exposure causes 
the cleavage of DNA and activation (cleavage) of 
the caspase-3 enzyme in the Purkinje cells (i.e. 
Purkinje cells apoptosis).   

Histopathological description of brain tissue 
section of rat pre-treated with a combination of 
GSE and Lyco along with FA inhalation showed 
normal appearance of granular cells. Also, 
histological investigation of brain tissue section of 
rat pre-treated with a combination of GSE and 
Lyco along with EtOH inhalation showed normal 
histological structure of the granular layer and 
normalization of the Purkinje cell layer. These 
results could be attributed to the synergistic effect 
of both GSE and Lyco. GSE has the ability to 
protect multiple target organs including brain from 
chemicals and drugs. This cytoprotective effect of 

GSE could be attributed to its ability to modify 
critical molecular targets like DNA damage and 
DNA repair (Ray et al., 1999). GSE has been 
shown to block cell death signaling mediated via 
pro-apoptotic transcription factors (Sato et al., 
2001). Haibo et al., (2012) data revealed that 
there is a significant decrease in the number of 
cells undergoing apoptosis along with the 
attenuation of the oxidative stress in rat groups 
pre-treated with GSE prior exposure of rats to 
methyl mercury. Lyco has antiapoptotic activity 
through maintaining the balance between 
proapoptotic molecules (Dogukan et al., 2011). 
Lyco could also recover the proapoptotic Bax and 
anti-apoptotic Bcl-2 levels as well as inhibit 
caspase-3 activation (Kaur et al., 2011). These 
findings together are probably ascribed to the 
antioxidant activity of the two candidates (GSE 
and Lyco). Therefore, the combination between 
these agents could ameliorate the neurotoxic 
action of FA or EtOH on the structure integrity of 
rat brain tissue. 

CONCLUSION 
The outcomes of the present study encourage 

the use of a combination of GSE and Lyco as a 
powerful neuroprotective candidates antagonizing 
neurodeterioration induced by exposure to organic 
solvents. In general, the identification of the 
bioactive botanical products with significant 
inhibition potential on oxidative stress and 
apoptosis paralleled by significant motivation 
potency on neurotrophic factors signaling axis 
could open a new scenario in the field of 
neuroprotective mechanisms. 
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