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Garlic Oil ameliorates the acrylamide-induced neurotoxicity in Albino Rats

via promoting Vaso-endothelial growth factor (VEGF) in brain tissue.
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Abstract:

Acrylamide is an organic highly toxic compound that induces neurotoxic influences, it’s
extensively used in the industrial fields, especially in food products manufacturing. It is necessary
to find natural compounds that can counteract their neurotoxic patterns. This study was carried out
to highlight the possible neuroprotective mechanisms of garlic oil (GO) upon the biological
changes induced by Acrylamide in rats. Forty rats were randomly sub-divided into four
experimental groups: control, garlic oil, acrylamide, and acrylamide plus garlic oil. After recording
the neurological symptoms, rats from each group were decapitated and brain tissues were excised
for biochemical, molecular, and histopathological evaluation. In the Acrylamide group, rats showed
ataxia and weakness followed by hind limb paralysis. On the genetic level, showing low mRNA
and protein expression of the VEGF indicated acrylamide genotoxicity, affecting the brain blood
supply which was confirmed histopathologically by congestion, and hemorrhage. The group of
acrylamides co-treated with garlic oil, rats showed an interesting improvement in the previously
mentioned clinical signs and retrieved mRNA and protein expression of the VEGF. Treatment with
GO improved the biochemical and morphological features of the brain. They enhanced our
hypothesis about the oral administration of GO which provides protection and healing ability upon

acrylamide neurotoxicity via modulations of both antioxidant and oxidative activities.
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1. Introduction:

Environmental factors due to unhealthy lifestyle and industrialization have major evidence in the
patterns of different pathogens. Acrylamide (ACR) is an environmental neurotoxin; it is a highly
chemically active water soluble industrial materials [1]. Acrylamide mainly used in the
manufacturing of cosmetics, paints and some laboratory materials [2]. Processed food is the major
source for human acrylamide toxicity [3]. All tissues can be affected by ACR, but brain is the main
target for ACR toxicity [4]. ACR exposure affect brain and results in neurotoxicity [5]. The ACR
neurotoxicity mechanism still unclear, some studies showing that the neurotoxicity is due to low
antioxidant capacity and lipid peroxidation of nerve tissue, furthermore its cytotoxic effects
through ROS elevation [6]. Some studies showed that neurotropic factors such as VEGF is involved
in the repair of injured peripheral nerves [7]. It was reported that ferroptosis might be used as a
therapeutic strategy for treatment of acrylamide-induced nerve damage via increased the
expression of VEGF and other parameters, which were down-regulated by ACR toxicity [8].
Naturally occurring antioxidant defense mechanisms have a crucial role in the amelioration of
various toxic effects in the body. Some plants or its products have potent antioxidant capabilities
[9-12]. Garlic (Allium sativum) is a plant which belongs to the genus Allium, widely used in
cooking and also for its medicinal properties [13,14]. Garlic contains allicin which is the
biologically active compound in which by its degradation can lower ROS, playing a vital role in
the immune enhancement via its anti-oxidant, anti-microbial, anti-infective and anti-cancer
mechanisms [15-19]. Garlic can be used as a potent therapeutic agent in diabetes, cancer and
cardiovascular disease, via different mechanisms, such as its ability to induces or inhibits
angiogenesis [20]. Reports have been showed that; Organo-sulfur Garlic Compounds stimulates
neovasculogenesis in human EPCs and so it has a protective effect against blood vessels injuries
[21]. Furthermore a study reported that; garlic possibly enhanced angiogenesis in the diabetic
animal’s myocardium via serum lipid modulation and the pro-angiogenic miRs expression [22]. In
this study we investigated the effect of Garlic oil on blood picture, the angiogenic marker
expression (VEGF) and the histopathological picture of blood vessels of brain in rats exposed to

ACR.
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2. Material and methods:
2.1.Reagents:

Acrylamide: purchased from Sigma Aldrich Company for Trading Chemicals, Medicines and
Medical Appliances, Egypt. Garlic oil was obtained from the local market at Aswan Governorate.

2.2.Experimental animals:

Forty adult male albino rats of 4-5 weeks old and weighting 125 gm used in the experimental
investigation of this study. Rats were obtained from the Laboratory animal research center, Faculty
of veterinary medicine, South Valley University. Rats housed in separate wire mesh cages and kept
at constant environmental and nutritional conditions throughout the period of experiment. (Animals
accommodated in appropriate normal conditions). The animals left 15 days for acclimatization
before the beginning of the experiment. Animals admitted in the department of biochemistry at
Faculty of Veterinary Medicine, South Valley University. Following the ethical consideration of
experimental animals of South Valley no. (VM/SVU/23(2)-17).
2.3.Experimental design:

The animals will be randomly divided into four groups of 10 animals each,

1-Group A (control group): Contained ten rats which served as control.
2- Group B (GO group): 10 rats’ will feeds on basal ration and DW with the well-known dose of
oil (50 mg/kg b.wt) diluted with corn oil via gastric tube twice a week for 28 days [23].
3- Group C (ACR group): 10 rats were administered ACR (25 mg/kg b.wt) daily for 28 days in
drinking water according to [24].
4- Group D (ACR+GO group): 10 rats given at first the garlic oil with the admitted dose then after
one hour given the acrylamide.
The experiment started 15 days after purchase of the rats until adaptation. At the end of experiment
on 4th weeks rats of each group e scarified by cervical decapitation, brain tissue from the same rat
quickly dissected out and divided into different parts. One part subjected for histopathological

analysis. Another fresh tissue parts used for RNA/protein isolation and kept within -80oc.

2.4.Complete blood count:

The whole blood samples were analyzed using an automatized blood analyzer (Urite, China) for

red blood cell count (RBCs), hemoglobin (Hb) concentration, white blood cell count (WBC),
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thrombocytes count and blood indices. The Peripheral blood films smear was examined.
Differential white cell counts were performed on blood films stained with Giemsa stain.

2.5.Conventional-PCR:

Total RNA was extracted using QIAzol Reagent (QIAGEN®, QIAzol™) according to the
manufacturer’s instructions. Total RNA concentration and quality checked with a Nanodrop ND-
1000 spectrophotometer. The RNA quality was estimated at the 260/280 nm absorbance ratio. The
cDNA synthesized from 1 p g RNA with the RNA PCR kit with oligo(dT) primers (TaKaRa) and
then used as a template for rt-PCR analysis. Band intensities quantified with the NIH Image J
software the primers used for VEGF, and GADPH.

Primer for | Forward (from 5' to 3") Reverse (from 5' to 3")
VEGF CACTGGACCCTGGCTTTACT | GACGTCCATGAACTTCACCA
GADPH | GACATGCCGCCTGGAGAAAC | AGCCCAGGATGCCCTTTAGT

2.6.Western blot:

Protein fractions were isolated from the organic phase of QIAzol Reagent-treated fatty tissue
samples (QIAGEN®, QIAzol™) following the manufacturer protocol, supplemented with a
proteinase inhibitor cocktail (Sigma-Aldrich) and phosphatase inhibitor tablet (PhosStop, Roche).
Equal amounts of protein samples loaded, separated by SDS-poly acrylamide gel electrophoresis
and then blotted to a polyvinylidene difluoride membrane (PVDF, Immobilon-P, Millipore). The
membranes blocked in PBS—Tween (0.1%) with 1% BSA or 5% nonfat dried milk and then probed
with the primary antibodies diluted PBST-BSA or 5% nonfat dried milk. The bands were detected
using Lumi-light Plus kit (Roche) and BioRAD chemidoc machine. Band intensities quantified
with the NIH Image J software. All primary antibodies were used at a dilution of 1:1000.

Antibody against. Manufacturer. | Catalog no. | Clone no. | Dilution factor.
VEGF-rl Cell signaling | #64094 E7T9H 1/1000
VEGF-12 Cell signaling | 9698# D5B1 1/1000
B —actin Sigma-Aldrich | A5441 AC-15 1/1000
Goat Anti-Rat I[gG/HPR | Abcam ab205720 1/1000

2.7.Histopathology analysis:

The histopathology were prepared according to [25,26]. Specimens from brain tissues fixed in 10%

buffered formalin solution, then tissues suspected to different concentration of ethyl alcohol (70-
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80-90-100%) and embedded in paraffin blocks, 2-um-thick sections were prepared. Paraffinized
sections deparaffinized with xylene and rehydrated through a decreasing gradient of ethanol
solutions. Slides stained with hematoxylin and eosin (H&E), cover slipped with mounting medium,
and viewed under a light microscope. Slides scanned with digital scanner (MIRAX; Carl Zeiss)
and then viewed with MIRAX software (Carl Zeiss).

2.8.Statistical analysis:

We used the two-tailed Student’s t-test and Mann—Whitney U-test for comparisons within each
parameter, while ANOVA and Dunnett t-tests used for multiple comparisons; compare each of a
number of treatments with a single control. Differences considered statistically significant when
the P value was <0.05.

3. Results:

3.1.Clinical signs of ACR toxicity and the improvement via garlic oil co-treatment:

In rats intoxicated with ACR, it showed neurological abnormalities in the walking pattern including
weakness and ataxia of hind limbs end with quadri-paralysis as proven in Figure 1(a). In ACR +
GO co-treated group: There was a significant improvement in the clinical signs along the

experimental period as proven in Figure 1(b).

Figurel. presents the clinical signs after ACR toxicity; a) rat after 4 weeks post treatment with ACR showing

weakness, ataxia, and development of Quadri-paralysis. b) Rat after 4 weeks of ACR co-treated with garlic oil

showing significant improvement of the clinical signs.
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3.2.Effect of ACR on CBC parameters and the ameliorating effect of GO in rats:

Our data revealed changes in the complete blood count; significant decrease in the number of RBCs,
platelets, and hemoglobin concentration, furthermore there a significant elevation in the number of
leukocytes (total WBCs, lymphocytes, and neutrophils) after exposure to ACR oral administration
compared to the control group. On the other hand, ACR rats co-treated with GO showing significant
amelioration enhanced by the antioxidant and protective effect of garlic oil compering with the

control groups as shown in Figure 2 (A: F). Mean + SE *P<0.05 vs. control group.
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Figure 2. Hematological changes; RBCs (A), WBCs (B), Lymphocytes (C), Neutrophils (D), HB (E),
and Platelets (F). Mean + SE *P<(.05.

(ASWJST 2021/ printed ISSN: 2735-3087 and on-line ISSN: 2735-3095) https://journals.aswu.edu.eg/stjournal



(ASWJST / Volume 4, issue 3/ September 2024) Page 50

3.3.The mRNA expression of VEGF in brain tissue:

The mRNA expression of VEGF was detected by rt-PCR, where it is diminished significantly in
ACR treated group in comparison with the control group. Interestingly after co-treatment between
ACR and GO the mRNA expression of VEGF was significantly retrieved again as shown in Figure
3 (a). To confirm previous result, the band intensity of the expressed VEGF was measured by using
Image J software and statistically checked showing the significant increase in the expression of
VEGF mRNA as showed in Figure 3 (b), where the data are representative three different

individuals in each group as the Mean + SE *P<0.05 vs. control group.
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VEGF
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Figure 3. mRNA expression of VEGF in rats brain tissue. a) The mRNA expression of VEGF in brain
tissue against the level of B-actin measured by rt-PCR. b) The band intensity was measured by
IMAGE J software, the data are representative of three different individuals from each group, Mean

+ SE *P<0.05.
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3.4.The protein expression of VEGF receptors in brain tissue:he protein expression of
VEGF receptors (VEGF-rl & VEGF-r2) was detected by western blotting, where it is
diminished significantly in ACR treated group in comparison with the control group.
Interestingly after co-treatment between ACR and GO the receptors protein expression was
significantly retrieved again as shown in Figure 4 (a). To confirm previous result, the band
intensity of the expressed VEGF receptors was measured by using Image J software and
statistically checked showing the significant increase in the expression of VEGF receptors

protein as showed in Figure 4 (b), where the data are representative three different
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Figure 4. Protein expression (WB) of VEGF in rats brain tissue. a) The protein expression of VEGF
receptors 1 &2 in brain tissue against the level of B-actin. b) The band intensity was measured by

IMAGE J software, the data are representative of three different individuals from each group, Mean

+ SE *P<0.05.

3.5.Histopathological changes in the vascular tissue in the cerebrum of rats:

Histopathological sections of cerebrum stained by H&E (Figure 5) from control (a), garlic oil (b),
acrylamide (c) and garlic oil +acrylamide (d) groups. Control and garlic oil groups showed thin

piamater (P), outer molecular layer (M) and various layer of pyramidal cells (PV), where both
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showed normal blood vessels and normal histological patterns of cerebrum. Acrylamide treated
rats represented by a sever necrosis and congestion of cortical blood vessels (red arrow), interstitial
hemorrhage (black arrow) with degenerated neurons. Oil and acrylamide showed mild congestion
with intact endothelium in the brain blood vessels with mild degenerated neurons. (e) Total lesion
scores were measured by using Image J software and statistically checked, Mean = SE *P<(.05.

All these data confirm the ability of garlic oil to counteract the ACR generated ROS adverse effect.
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Figure 5. Histopathological sections of cerebrum from control (a), garlic oil (b), acrylamide (c) and
garlic oil +acrylamide (d) groups. Control and oil groups showed thin piamater (P), outer molecular
layer (M) and various layers of pyramidal cells (PV). Acrylamide treated rats showed congestion of
cortical blood vessels (red arrow), hemorrhages (black arrow) with degenerated neurons. Oil and
acrylamide showed mild congestion and mild degenerated neurons. (e) Total lesion scores Mean + SE

*P<0.05.

Graphical abstract:

The possible mechanism of Garlic Oil on ACR generated ROS via enhancing inducible

VEGF gene expression as shown in Figure 6.
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Figure 6. Graphical abstract showing the possible mechanism of Garlic Oil on ACR generated ROS

via enhancing inducible VEGF gene expression.

4. Discussion:

The exposure to high levels of acrylamide induces neurotoxicity in brain and spinal cord in both
humans and animals [27]. ROS that resulted from ACR exposure may play a crucial role in the
pathogenesis induced in brain tissue. In our study, administration of ACR in drinking water with a
dose of 25 mg/kg b.w, caused progressive abnormalities of hind limbs and ended with paralysis as
showed in Figure 1. These findings are consistent with the symptoms recorded in previous studies
[24,28]. The present study was designed to evaluate the chemopreventive and protective effects of
garlic oil against vascular damage in the brain of rats intoxicated by acrylamide (ACR). The data
in our present study after analyzing the hematological parameters showed that the levels of RBCs,
hemoglobin, thrombocytes, WBCs, lymphocytes and neutrophil were significantly altered
(decreased or increased according to the parameters type) in rats that were treated with 25 mg/kg
acrylamide, resulting in the presence of microcytic anemia as showed in Figure 2 in agreement
with similar previous reports [29-33]. Furthermore, our data had proven that: GO supplementation
had highly significant positive effects on the hematological and histopathological parameters in

ACR exposed rats as shown in Figure 1. All these findings improved our hypothesis that GO is a
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potential protective agent that can alleviate the toxic effects of ACR. As documented by previous
researches which come in agreement with our study [23,34,35]. Gene expression of vascular
endothelial growth factor (VEGF) including mRNA and protein expression shows significant
decrease in ACR intoxicated group than control. Recent study has been demonstrated that reduced
VEGEF level result in neuro-degeneration in part by impairing perfusion of neural tissue, the mRNA
and protein expression of VEGF was retrieved by co-treatment with garlic oil (Figure 3 & 4) as
reported in various studies [23,28,36]. Thus, we conclude that toxicity with ACR induced ROS in
brain tissue It also induced many neuro-pathological lesions. However, co-treatment with garlic oil
ameliorated and prevented the oxidative damage induced by ACR neurotoxicity.

5. Conclusion:

The present research study aimed to investigate the potential effects of garlic oil as a means to
alleviate the detrimental neurotoxic effects of acrylamide on rats. It is noted that the inclusion of
garlic oil improved brain histopathological patterns, moreover the hematological parameters. The
findings of the present study indicate that the incorporation of garlic oil into acrylamide toxicity
holds substantial potential for enhancing its ability of alleviation ACR adverse effects.

List of Abbreviations:

GO: Garlic oil

ACR: Acrylamide.

ROS: Reactive oxygen species.

VEGF: Vasoendothelial growth factor.
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Figure Legends:

Figurel. presents the clinical signs after ACR toxicity; a) rat after 4 weeks post treatment with

ACR showing weakness, ataxia, and development of Quadri-paralysis. b) Rat after 4 weeks of ACR

co-treated with garlic oil showing significant improvement of the clinical signs.
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Figure 2. Hematological changes; RBCs (A), WBCs (B), Lymphocytes (C), Neutrophils (D), HB
(E), and Platelets (F). Mean = SE *P<0.05.
Figure 3. mRNA expression of VEGF in rats brain tissue. a) The mRNA expression of VEGF in
brain tissue against the level of B-actin measured by rt-PCR. b) The band intensity was measured
by IMAGE J software, the data are representative of three different individuals from each group,
Mean + SE *P<0.05.
Figure 4. Protein expression (WB) of VEGF in rats brain tissue. a) The protein expression of VEGF
receptors 1 &2 in brain tissue against the level of B-actin. b) The band intensity was measured by
IMAGE J software, the data are representative of three different individuals from each group, Mean
+ SE *P<0.05.
Figure 5. Histopathological sections of cerebrum from control (a), garlic oil (b), acrylamide (c)
and garlic oil +acrylamide (d) groups. Control and oil groups showed thin piamater (P), outer
molecular layer (M) and various layers of pyramidal cells (PV). Acrylamide treated rats showed
congestion of cortical blood vessels (red arrow), hemorrhages (black arrow) with degenerated
neurons. Oil and acrylamide showed mild congestion and mild degenerated neurons. (e) Total
lesion scores Mean + SE *P<0.05.
Figure 6. Graphical abstract showing the possible mechanism of Garlic Oil on ACR generated

ROS via enhancing inducible VEGF gene expression.
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