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Clove oil (CO) is known for its antioxidant properties and has great potential for
pharmaceutical, food, cosmetic and agricultural uses. Acrylamide (AA) as a potent
neurotoxic agent and human exposure to AA involves dietary intake of
carbohydrates processed at high temperature. This study evaluated if CO
administration could protect against neurotoxicity induced by AA in rats. The rats
were grouped into five groups, (I) control (corn oil), (II) AA (20 mg/kg BW), (III)
CO (200 mg/kg BW), (IV) CO (100 mg/kg BW) in addition to AA (20 mg/kg BW)
and (V) CO (200 mg/kg BW) in addition to AA (20 mg/kg BW). All treatments
were administered for 21 days. AA produced oxidative stress and DNA damage in
brain. The neuroprotective effects of CO which reverse the oxidative stress in rats
treated with AA; increasing GSH, SOD and decreasing MDA levels. Moreover, it
decreases the level of GABA, while it increases the AChE level returning all
parameters towards normal levels. AA treatment induce a wide spread degeneration/
necrosis in pyramidal neurons of CA3 region and neurons of granular layer (GL) of
rat hippocampus. CO could minimize AA-induced neurotoxicity by attenuating
oxidative brain injuries.
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INTRODUCTION

Therefore, the present study was conducted to
investigate the neurotoxicity and DNA damage induced
by AA in rats and the ameliorative effect of CO.

Acrylamide (AA) has received attention as a result of
its neurotoxicity in animals and humans (Erkekoglu and
Baydar, 2014). Diet is the main route of AA toxicity as
AA is present in foods prepared at very high temperature
such as fried potato, cookies and crackers (Xu et al.,
2014). Also, AA is an industrial pollutant; this chemical
has been characterized as a carcinogen to animals and
might create a risk to human health (Friedman, 2003).
Acrylamide acts as a neurotoxic agent. Genetic mutations
and cellular transformation were occurred after high levels of
AA (Park et al., 2002). AA molecules could reach every organ
and tissue in the body and reacts with DNA, neurons,
hemoglobin (HB) and enzymes (Friedman, 2003).
The antioxidant activity and anti-inflammatory
properties of clove (Syzygium aromaticum) essential oil
made it one of the strongest essential oils (Chaieb et al.,
2007). CO had a different therapeutic activity starting
from antioxidant to anticancer due to presence of eugenol
which is a major component of CO, which reduced
neurotoxicity (Matan et al., 2006). It is safe, effective,
inexpensive and effective anaesthetic for sedating fish
(Jayakumar and Kanthimathi, 2012).

MATERIALS AND METHODS
Chemicals: AA was obtained from Sigma-Aldrich (USA)
as a white powder (99% purity), while CO was obtained
from El-Captain Company for extracting natural oils,
herbs, and cosmetics, El-Obour City, Cairo, Egypt.
Experimental animals: Fifty adult male Wistar albino
rats (185-210 g) were obtained from the laboratory
animal's center, Faculty of Veterinary Medicine, Benha
University, Egypt. Rats were kept in stainless steel cages
and standard pellet diet and tap water ad libitum were
provided. Ethical Committee Faculty of Veterinary
Medicine, Benha University (IACUCREB), approved the
study protocol.
Experimental design: Following 2 weeks of
experimental acclimation, the rats were grouped into 5
groups (each of 10 rats). Group (I) were administered corn
oil as vehicle. Group (II) AA were administered at a dose
1
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of 20 mg/kg BW (Rahangadale et al., 2012). Group (III)
CO (200 mg/kg BW). Group (IV) CO (100 mg/kg BW)
and AA (20 mg/kg BW). Group (V) CO (200 mg/kg BW)
and AA (20 mg/kg BW). The doses of CO; 100 and 200
mg/kg BW (El-Hadary and Ramadan Hassanien, 2016).
All treatments were given orally, once daily for 28 days.
At the end of experiment, blood samples were collected
through direct heart puncture for separation of serum
which was kept at -20oC until biochemical analysis of AChE.
Measurement of serum AChE, brain GABA and brain
lipid peroxidation and antioxidant status: Serum AChE
activity was determined according to Ellman et al., (1961).
Brain GABA content was measured by ELISA (Sutton and
Simmonds, 1974). Glutathione (GSH) Superoxide
dismutase (SOD) and Malondialdehyde (MDA) were
estimated according to Beutler et al., (1963), Nishikimi et
al., (1972) and Ohkawa et al., (1979), respectively.
Brain samples for comet assay: Brain from each rat in
each group were immediately dissected out after
scarification and put in ice cooled physiological saline 9%
then prepared for Comet assay to estimate DNA damage
parameters (Tail length, DNA in tail and tail moment)
(Olive and Banath, 2006).
Histopathology: The brain of each rat was removed
completely, the hippocampus was isolated and fixed in
10% formalin for 72 h, washed, dehydrated, embedded in
paraffin wax, serially sectioned with a microtome at 3μm
thickness and stained with hematoxylin and eosin (H&E)
for histopathological investigation.
Statistical analysis: Analysis were done by SPSS (24)
software (SPSS Inc., Chicago, USA).The results were
expressed as mean±SE using the analysis of variance test
(one way ANOVA) followed by Duncan’s multiple range
test to determine the differences between the averages.
RESULTS
Effect of AA and/or CO on serum AChE and brain
GABA: Table 1; showed, significant increase in brain
GABA concentration after AA administration (101.27±
1.60) as compared to control group (69.82±1.64). While
co-administration of CO in both low (93.95±1.98) and
high doses with AA (81.01±1.91), produced significant
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decrease in brain GABA concentration when compared to
AA treated group (Table 1). Serum AChE activity was
significantly decreased in AA treated group (32.99±1.88)
as compared to control group (92.83±1.53). While coadministration of CO in both low (54.30±2.04) and high
doses with AA (76.17±3.17), significantly increased serum
AChE activity when compared to AA treated group.
Brain lipid peroxidation and antioxidant status: AA
administration at a dose of 20 mg/kg in rats significantly
increased the oxidative stress marker MDA (8.71±0.52)
when compared to the control group (4.18±0.23).
Furthermore, AA significantly reduced brain antioxidant
capacity as indicated by declines in GSH (0.88±0.07) and
SOD levels (31.47±2.10) when compared to the control
group (4.23±0.21 and 70.67±4.78), respectively as
reported in Table 1. CO administration restored the
antioxidant capacity in the 4th and 5th groups of rat's brains
towards the normal capacity.
Comet assay of brain samples: As shown in table (2) in
AA treated group, tail length, DNA in tail%, and tail
moment were significantly increased (14.44±1.06;
9.90±0.86 and 0.82±0.08) compared with control
(6.46±0.29; 7.14±0.70 and 0.49±0.04) and CO treated
groups (6.51±0.26; 6.98±0.68 and 0.50±0.06),
respectively. These elevations were decreased in other
treated groups with AA in combination with CO.
Histopathological changes in hippocampus: AA
treatment induced a wide spread degeneration/ necrosis in
pyramidal neurons of CA3 region of rat hippocampus as
well as perineuronal edema (Figure 3B). In the other hand,
AA treatment with both low and high doses of CO
induced degeneration/ necrosis in a few and sporadic
pyramidal neurons of CA3 region of hippocampus (Figure
4B and C respectively). No pathological changes can be
observed in both negative control group (Fig. 3A) and CO
treated group (Fig. 4A).
AA treatment induced a wide spread degeneration/
necrosis in neurons of granular layer (GL) of rat
hippocampus (Figure 5 B). AA treatment with both low and
high doses of CO induced degeneration/ necrosis in a few
and sporadic neurons of granular layer of hippocampus
(Figure 6B and C respectively). No pathological changes
can be observed in both negative control group (Figure 5A)
and CO treated group (Figure 6A).

Table 1: Effect of AA and/or CO on serum AchE (U/L), brain GABA (µg/g) and brain antioxidant biomarkers [MDA (nmol/g), SOD (U/g) and GSH
(mg/g)] in rats (n=10)
Groups
AchE (U/L)
GABA (µg/g)
MDA (nmol/g)
SOD (U/g)
GSH (mg/g)
I
92.83±1.53a
69.82±1.64d
4.18±0.23d
70.67±4.78a
4.23±0.21a
II
32.99±1.88d
101.27±1.60a
8.71±0.52a
31.47± 2.10d
0.88±0.07d
III
94.09±1.08a
70.55±1.68d
4.06±0.13d
73.71±3.84a
4.10±0.18a
IV
54.30±2.04c
93.95±1.98b
6.73±0.33b
43.80±1.88c
2.18±0.19c
V
76.17±3.17b
81.01±1.91c
5.80±0.30c
56.61±3.28b
3.34±0.17b
Values are mean±SE; Means with different alphabets as superscripts differ significantly (P<0.05); Group (I); control. Group (II); AA treated group.
Group (III); Co treated group. Group (IV); AA and CO (100 mg) treated group. Group (V); AA and CO (200 mg) treated group.
Table 2: Comet assay (DNA damage) in control, AA and/or CO treated groups
Groups
Comet (%)
Tail length (PX)
DNA in tail (%)
Tail moment
I
15.82±1.43b
6.46±0.29c
7.14±0.70b
0.49±0.04b
II
25.40±1.51a
14.44±1.06a
9.90±0.86a
0.82± 0.08a
III
13.06±1.28b
6.51±0.26c
6.98±0.68b
0.50±0.06b
IV
22.94±2.19ab
9.53±0.82b
8.70±0.66ab
0.79±0.03a
V
17.73±1.64ab
9.43±0.83b
7.98±0.74ab
0.66±0.05ab
Values are mean±SE; Means with different alphabets as superscripts differ significantly (P<0.05); Group (I); control. Group (II); AA treated group.
Group (III); Co treated group. Group (IV); AA and CO (100 mg) treated group. Group (V); AA and CO (200 mg) treated group.
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Fig.2. Hippocampus; Rat; Control group, panoramic view: CA1, CA1
pyramidal layer; CA2, CA2 pyramidal layer; CA3, CA3 pyramidal layer;
H, hilus; GL, granular layer. HE stain, Lieca EZ4 D stereomicroscope.

Fig. 1: Comet assay of brain samples: A; control. B,C; AA treated
group. D,E; Co treated group. F,G; AA and CO (100 mg) treated group.
H,I; AA and CO (200 mg) treated group.

DISCUSSION
Low antioxidant content and high oxygen
consumption in the brain makes it the most sensitive
organ to oxidative stress (Samarghandian et al., 2017).
AA acts as a neurotoxic agent in both humans and
laboratory animals (Uthra et al., 2017).
Reactive oxygen species (ROS) caused antioxidant
stress and DNA damage. Antioxidant systems, including
SOD, MDA and GSH, protect DNA from oxidative
damage. Also, antioxidants in foods protect DNA and
increases resistance against oxidative stress (Jayakumar
and Kanthimathi, 2012). Oxidative stress was the main
cause of neurotoxicity of AA (Mehri et al., 2012).
The results showed that AA induced oxidative injuries
in the brain and confirmed the intracellular lipid
peroxidation (increased brain MDA concentrations)
(Badgujar et al., 2015). SOD and GSH were the first
defense line against oxidative breakdown (Gill and Dumka,
2016). CO is enriched with many antioxidant ingredients
which ameliorated the oxidative stress (Ogata et al., 2000).
Effects of the oxidative stress induced by AA were shown
by elevated MDA concentration and reduced activity of
antioxidant biomarkers GSH and SOD. Administration of
AA increases lipid peroxidation and changed antioxidant
enzymes system in brain of animals (Esmaeelpanah et al.,
2018). AA bind with GSH to create glycidamide, which is a
genotoxic and carcinogenic substance leading to
accumulation of free radicals, superoxide, nitric oxide (NO)
and hydroxyl radicals (Klaunig, 2008).
Oxidative stress has been concerned in mutation and
cancer development (Uthra et al., 2017). Genotoxicity
mainly occurred indirectly as a result of oxidative stress.
Glycidamide was a mutagenic metabolite of AA which has
a potent genotoxic agent. AA induced DNA damage and
oxidative changes in rat brain due to the high-affinity of
glycinamide to form DNA adducts (Alturfan et al., 2012).

Fig.3. CA3 region, Hippocampus, Rat. A) CO treated group: Showing
normal histological architecture; Pyramidal cells (arrow). B) AA and CO
(100mg) treated group: showing degeneration/ necrosis of sporadic
pyramidal neuron (arrow). C) AA and CO (200mg) treated group:
showing degeneration/ necrosis of sporadic pyramidal neuron (arrows).
HE stain, X 20.

CO has anti-genotoxicity effect due to eugenol and
provided protection against lipid peroxidation (Sharma et
al., 2011). The phenolic constituents of clove showed
significant DNA protection due to its antioxidant
properties and shown therapeutic potential including cytoprotective and DNA protective properties (Jayakumar and
Kanthimathi, 2012). CO is known for its antioxidant
characteristics.
CO
affected
both
cholinergic,
glutamatergic systems and directly inhibits the NMDA
induced cell neurotoxicity (Ogata et al., 2000).
Improvement of oxidative stress parameters in brain by
clove treatment was confirmed by previous reports in rats
(Jayakumar and Kanthimathi, 2012).
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Fig.4.
CA3
region,
Hippocampus, Rat. A) CO
treated group: Showing normal
histological
architecture;
Pyramidal cells (arrow). B) AA
and CO (100mg) treated group:
showing degeneration/ necrosis
of sporadic pyramidal neuron
(arrow). C) AA and CO (200mg)
treated
group:
showing
degeneration/
necrosis
of
sporadic
pyramidal
neuron
(arrows). HE stain, X 20.

Fig.5.
Hippocampus;
Rat,
neurons of granular layer (GL):
A), control group: Normal
histological
architecture.
Granular neurons (thin arrow);
Oligodendrocyte (thick arrow);
astrocyte (arrowhead); B) AA
treated group: showing wide
spread degeneration/ necrosis in
granular neurons (arrow) and
perineuronal
edema
(arrowhead).HE stain, X 20.

Fig.6.
Hippocampus;
Rat,
neurons of granular layer (GL):
A)
CO
treated
group:
Showingnormal
histological
architecture; granular neurons
(arrow). B) AA and CO (100mg)
treated
group:
showing
degeneration/
necrosis
of
sporadic
granular
neurons
(arrow). C) AA and CO (200mg)
treated
group:
showing
degeneration/
necrosis
of
sporadic
granular
neurons
(arrows). HE stain, X 20.
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Acetylcholine (ACh); an excitatory neurotransmitter
and Acetylcholinesterase (AChE) is associated with
neuronal damage and brain development (Zimmerman
and Soreq, 2006). Neurotoxicity induced by AA was
confirmed by decreased AChE activity (Uthra et al.,
2017). This decrease as a result of inhibition of
anterograde transport of AChE (Lopachin and Gavin,
2008). Administration of CO significantly recovered the
AChE activity towards normal values as a result of its
neuroprotective action (Jayakumar and Kanthimathi,
2012). After CO therapy, the improvement in the
histopathology of brain also supported these results.
GABA is one of the most important inhibitory
neurotransmitters in the CNS; low GABA level in the
brain created several neurological disorders and high level
of GABA produced synaptic depression and neuronal
damage (Tian et al., 2015). In this study, brain GABA
level was increased after AA treatment compared to
control group. An increase in expression of GABA was
occurred due to toxic effect of AA (Tian et al., 2015).
Histopathologically, AA toxicity in rats induced
atrophy and nuclear pyknosis in some hippocampal
neuronal cells (Mehri et al., 2015; Mansour et al., 2017).
In this study, AA treatment induced a widespread
neuronal injury in hippocampal neurons in CA3 region
and granular layer. Co-administration with CO attenuates
the neurotoxic effects of AA and this may be attributed to
the neuroprotective role of CO through increasing the
antioxidant activity, decreasing the oxidative stress and
normalizing the AChE and GABA levels.
Conclusions: Oxidative stress plays a major role in AAinduced neurotoxicity. CO is potent antioxidants, which
ameliorated the AA-induced neurotoxicity in rats,
probably through enhancing tissue antioxidant defenses.
Authors contribution: All authors contributed equally in
study (design, experimental work, analyzed the sera and
tissue samples, statistical analysis,writing the manuscript).
All authors interpreted the data, critically revised the
manuscript for important intellectual contents and
approved the final version.
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