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Ameliorative effect of selenium nanoparticles and ferulic
acid on acrylamide-induced neurotoxicity in rats
OMAYMA AHMED RAGAB ABOU ZAID , SAWSAN
1

ABSTRACT

MOHAMMED EL- SONBATY , WAEL EZZ EL- ARAB
2

Maillard reactions system in food products, where the as-

Objective: In the present study, the effect of selenium
nanoparticles (SeNPs) and ferulic acid (FA) on acrylamide (AC) induced neurotoxicity in rats was investigated.
Methods: Sixty adult male rats were divided equally
into six groups and orally treated as follows: Group I
(control): 1ml per day physiological saline; group II
(SeNPs): 0.5 mg/kg body weight per day SeNPs for 21
days; group III (FA): 100 mg/kg body weight per day
FA for 21 days; group IV (AC): 50 mg/kg body weight
per day acrylamide for 21 days; group V (AC+SeNPs):
AC 50 mg/kg body weight for 21 days then SeNPs as
group II. Group VI (AC+ FA): AC 50 mg/kg body
weight per day then FA as group III.
Results: AC significantly (P<0.05) increased the level
of β-amyloid (Aβ) in brain tissue and interleukin 6 (IL6) in serum and significantly (P<0.05) decreased the
level of Brain-Derived Neurotrophic factor (BDNF) in
the brain tissue compared to control group.
Treatment with FA or SeNPs significantly (P<0.05) decreased the level of Aβ in brain tissue and IL- 6 in serum and significantly (P<0.05) increased the level of
BNDF in brain tissue compared to acrylamide group.
AC induced histopathological changes in brain hippocampus and striatum which were improved with SeNPs
and FA treatment.
Conclusion: It is concluded from the present study that
ferulic acid and SeNPs had a therapeutic effect against
neurotoxicity induced by AC in experimental rats.

paragine route is the major one for the formation of AC [1].
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Introduction
Acrylamide (AC) is a low molecular weight vinylic compound. It is highly soluble in water, easily reactive in air
and rapidly polymerizable. It is present in cooked foods and
cigarette smoke. AC is considered as one of the main contaminants formed in potato, cereals and bakery products,
during the heat treatment of foods [1]. Water is one of the
major sources of exposure as polyacrylamide is used
mainly for the purification of drinking water as a flocculating agent. AC is also found in cocoa powder, and roasted
almonds. Coffee drinking and smoking are other major
sources of exposure [2]. AC is not a substance that is added
to food, but it is formed in food during heat processing. AC
formation follows different routes in conjunction with the

The low molecular weight and high water solubility of AC
enable this compound to easily pass through various bio-

Acrylamide neurotoxicity
Ferulic acid
Selenium nanoparticles

logical membranes [3]. Subsequently, the characteristic
chemical structure of AC and its ability to undergo metabolic transformation make it reacts with different (sub) cellular targets. AC can also bind to plasma proteins, primarily
Hb, with an, as of yet, undefined biological consequence.
Hb-bound AC is essentially considered as the internal dose
marker of exposure to AC.
Correspondence to:

Mr. Wael Ezz El-Arab Mohammed Barakat

Email: Barakat_w@yahoo.com

Furthermore, AC can undergo oxidative biotransformation
by cytochrome P450 2E1 (CYP2E1) [4]. The resulting metabolite is an epoxide derivative, i.e. glycidamide, which is
more reactive toward DNA and proteins than the parent
compound, AC [3]. AC is a well-recognized potent neurotoxin affecting both the central nervous system (CNS) and
peripheral nervous system (PNS). Only the AC monomer is
toxic while AC polymers are non-toxic [5]. Neurotoxicity
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is characterized by ataxia, skeletal muscle weakness, and

feruloylglycine, m-hydroxyphenylpropionic acid, dihydro-

numbness of the hands and feet produced by the sub-

ferulic acid, vanillic acid and vanilloylglycine. It was re-

chronic, low-level occupational exposure of humans to AC

ported that the major pathway of FA metabolism is the con-

[6]. Experimental AC intoxication was associated with neu-

jugation with glucuronic acid and/or sulfate which occurs

rogenic autonomic dysfunction, e.g. urinary retention, bar-

mainly in the liver by the action of sulfotransferases and

oreceptor dysfunction, and impaired vasomotor control [7].

uridine diphosphate (UDP) glucuronosyl transferases. On

The mechanism underlying neurotoxicity by AC is the sub-

the other hand, small amount of conjugation reaction takes

ject of debate. The morphological hallmark of this toxic

place in intestinal mucosa and kidney.

neuropathy was considered to be distal preterminal axon

amount of FA possibly metabolized in the liver through β

swellings of the longest myelinated fibers. These swellings

oxidation [12]. FA exhibits a wide range of biochemical ap-

contained an abundance of neurofilaments, tubulo-vesicu-

plication including antioxidant, antiallergic, hepatoprotec-

lar profiles and probably degenerating mitochondria [8].

tive, anticarcinogenic, anti- inflammatory, antimicrobial,

There are three important hypothesis considering AC neu-

antiviral, vasodilatory effect, antithrombotic, and helps to

rotoxicity: inhibition of kinesin-based fast axonal transport,

increase the viability of sperms [13]. FA is considered as a

alteration of neurotransmitter levels, and direct inhibition

powerful hunter of ROS and reactive nitrogen species

of neurotransmission. [9]. AC binds to and inhibits the mo-

(RNS) which, generated in the brain,lead to protein, DNA

tor protein kinesin, leading to the inhibition of the antero-

and RNA oxidation and lipid peroxidation [14]. Neuro-

grade and retrograde transport. Also AC could affect the

degenerative diseases such as AD and PD which are asso-

cellular energy generation and the deficiency of energy in-

ciated with chronic inflammation and formation of oxida-

duced the neurotoxicity. On the other hand, oxidative stress

tion stress resulting from ROS and RNS affect essential

has been demonstrated to be one of the key mechanisms in

proteins, damage DNA, RNA and produce lipid peroxida-

many chemical-induced cell injuries. Oxidative stress in the

tion which leads to neural dysfunction [15]. Due to the

cells and tissues refers to enhance generation of reactive

anti-inflamatory and antioxidant properties of FA, it plays

oxygen species (ROS) and/or depletion of antioxidant de-

an important role in the treatment and protection against

fense system, causing an imbalance between prooxidants

AD [16]. FA inhibits the formation of Aβ plaques and fi-

and antioxidants, potentially leading to damage. ROS can

brils so it could prevent the development of AD, not only

attack the polyunsaturated fatty acid in the biomembrane

through scavenging ROS but also through the direct inhibi-

and induce free radical chain reactions, leading to the en-

tion of the deposition of fibrils in the brain [17]. Selenium

hancement of lipid peroxidation. Oxidative stress can result

(Se) is a semi metal and it consequently possesses interme-

in a number of pathological conditions such as Alzheimer’s

diate properties between a metal and a non-metal [18]. It is

disease (AD), Parkinson’s disease (PD) atherosclerosis,

present in nature and in organisms as organic and/or inor-

cancer and diabetes. AC decreased glutathione (GSH) con-

ganic forms. The main organic forms are selenomethionine

tent and anti-ROS activity in the brain. GSH depletion and

(Semet) and selenocysteine (Secys). The inorganic forms

lipid peroxidation are considered as primary events in the

are selenite (SeO3−2), selenide (Se2−), selenate (SeO4-2) and

AC induced neuropathy [10].

Ferulic acid (FA) (4-hy-

the Se element [19]. The best metabolic pathway of Se

droxy-3-methoxycinnamic acid) is a widely plants consti-

compounds delivered from food is the reduction of sele-

tute. It is most abundant in cereal grains where FA can

nites to selenide H2Se and then its methylation to form tri-

reach the concentration of 2 g/kg dry weight. FA belongs

methylselenonium ions [(CH3)3Se+]. The selenide acts as

to a widely class of phenols in particular to the hydroxylcin-

active Se in the synthesis of selenoproteins [20]. The for-

namic acids [11]. In vivo FA converted into a variety of me-

mation of selenoproteins from Se plays many important

tabolites such as ferulic acid-sulfate, ferulic acid-glucu-

roles in many biological functions such as antioxidant de-

ronide, ferulic acid-sulfoglucuronide (major metabolites in

fense, formation of thyroid hormones, DNA synthesis, fer-

the plasma and urine of rats), ferulic acid-diglucuronide,

tility and reproduction [18].

ANNALS OF MEDICAL AND BIOMEDICAL SCIENCES. 2017; 3 (2): 35-45

Also, a small

ISSN 2059-9447

37 | P a g e

Se deficiency associates with lower cognitive function and

Ferulic acid preparation

damaged motor function [21]. Several studies indicate that

FA was dissolved in sterile water and oral administrated at

patients with AD and PD have a low level of Se and this

a dose of 100 mg/kg body weight.

may be due to the role of Se in the formation of selenoprotein in the brain inhibiting further oxidative damage [22].

Experimental animals
Sixty Swiss Albino male rats (150-200 g) were drawn from

Materials and Methods
Chemicals
Acrylamide dry crystals (C3H5NO, > 99% purity) was obtained from sigma chemicals Co, USA. Ferulic acid

animal house of The Nile Company for Pharmaceuticals &
Chemical Industries, Cairo, Egypt. They were maintained
on a standard pellet diet and tap water. The animals were
housed in suitable cages in conditioned atmosphere (20-22
°C) and they were allowed 7 days for adaptation.

(C10H10O4, Molar mass: 194.18 g/mol) was brought from
Acros Organics CO, USA. Selenium dioxide (SeO2, Mo-

Experimental design

lecular weight: 110.96 was obtained from Sigma-Aldrich,

Rats were divided into six groups (10 rats each):

part of Merck Company, USA. Ginger (Zingiber officinale

Group 1 (control): Animals were administrated orally by

rhizome dried roots was purchased from the local market,
and grinded to a powder).

gavage 1 ml of physiological saline.
Group 2 (SeNPs): Rats were administrated orally by gavage SeNPs (0.5 mg/kg body weight per
day) for 21 days.

Ginger extraction preparation
The extract of Zingiber officinale rhizome dried roots ex-

Group 3 (FA): Rats were administrated orally by gavage
FA (100 mg/kg body weight per day) for 21

tract was used to prepare selenium nanoparticles. About 20

days.

gm of Z. officinale rhizome dried roots powder was immersed in a beaker containing 200 mL double distilled wa-

Group 4 (AC): Rats were administrated orally by gavage
with AC (50 mg/kg body weight per day)

ter and boiled for 30 min. The extract was cooled down and
filtered with Whatman filter paper no.1 and the extract was

for 21 days.
Group 5 (AC+SeNPs): Rats were received AC as group 4

stored at 4 °C [23].

and then SeNPs as group 2.
Group 6 (AC+FA): Rats were received AC as group 4 and

Selenium nanoparticles preparation (SeNPs)

then FA as group 3.

The aqueous extract of ginger obtained was used as a precursor for synthesis of SeNPs. Ginger extract (2 ml) was

Blood samples

added drop wise into the 20 ml solution of SeO3 (10 mM),

At the end of the experiment, rats were scarified and blood

with vigorous stirring. The mixture was incubated by plac-

samples were collected by heart puncture. Serum of each

ing the solution onto a rotatory orbital shaker operating at

sample was collected by centrifugation at 3000 rpm for 10

200 rpm, 30 °C for 72 h in dark conditions. The reduction

min.

of selenium ions was monitored by sampling an aliquot (3
ml) of the mixture at intervals of 24 h, followed by measurement of absorption maximum. Absorption maximum
was determined by measuring optical density of the content
from wavelength 350 to 700 nm using UV–Vis spectrophotometer [24].

Brain tissues
Brain tissue of experimental animals were dissected and divided into two parts, one part was kept in 10% formaline
for histopathological studies and the other part was homogenized (10% w/v) in phosphate-buffered-saline (0.2 M sodium phosphate buffer with 0.15 M sodium chloride, pH
7.4) in a glass tissue homogenizer with Teflon pestle.
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Determination of brain derived neurotrophic factor

hol (methyl, ethyl and absolute ethyl) were used for dehy-

(BDNF) in brain tissue

dration. Specimens were cleared in xylene and embedded

BDNF was determined in the brain tissue homogenate us-

in paraffin at 56 degrees in a hot air oven for twenty-four

ing the kit supplied by Boster Biological Technology, Rat

hours. Paraffin bees wax tissue blocks were prepared for

BDNF PicokinTM ELISA kit.

sectioning at a thickness of 4 microns by sledge microtome.
The obtained tissue sections were collected on glass slides,

Determination of amyloid beta peptide 1-42 (Aβ 1-42)

deparaffinized, and stained by hematoxylin &eosin stain

in brain tissue

for examination through the light electric microscope [25].

Aβ 1-42 was determined in the brain tissue homogenate using the kit supplied by My Biosource, Rat amyloid beta

Statistical analysis

peptide 1-42 (Aβ1-42) ELISA Kit.

SPSS version 20 was used for the statistical analysis. The
data obtained were calculated by one- way analysis of var-

Determination of Interleukin 6 in plasma

iance (ANOVA). Difference were considered statistically

The level of (IL- 6) was determined in the plasma using

significant at P< 0.05.

enzyme-linked immunosorbent assay (ELISA) kit (Ray
Bio® Rat IL-6 ELISA kit).

Results
Brain derived Neurotrophic factor (BDNF) in the brain

Histopathological findings

tissue

Autopsy samples were taken from the rat brain tissue of
different groups and fixed in 10% formalin for twenty-four
hours. Washed with tap water then serial dilutions of alco-

BDNF level (Pg/ml) was determined in the brain tissue and
results were represented in (table,1) and (figure 1).

Table 1. Effect of SeNPs and ferulic acid on BDNF level in the brain of acrylamide treated rats.

ΒDNF (Pg/ml)

Control
Mean±SD
165.17±15.94

SeNPs
Mean±SD
162.57±9.73

FA
Mean±SD
169.92±3.74

AC
Mean±SD
49.12±8.06a

AC+SeNPs
Mean±SD
113.00±5.26a,b

AC + FA
Mean±SD
92.40±11.66a,b

a: significantly ( P< 0.05) different from the corresponding control group
b: significantly( P< 0.05) different from the corresponding acrylamide group

(control; 165.17±15.94, AC; 49.12±8.06). On the other
Figure 1. The effect of SeNPs and ferulic acid on the levels
of BDNF in the brain of acrylamide treated rats.

hand BNDF level was significantly (P<0.05) increased in
AC groups treated with SeNPs (AC+SeNPs) or FA
(AC+FA) compared to AC group (AC; 49.12±8.06,
AC+SeNPs; 113.00±5.26, AC+FA; 92.40±11.66).
II. β-Amyloid in the brain tissue
Aβ level (Pg/ml) was determined in the brain tissue and results were represented in (table, 2) and (fig. 2). Results
showed that Aβ level was significantly increased (P< 0.05)
in AC group compared to control (control; 5.83±2.47, AC;
26.67±10.18). Different treatments significantly reduced

*, statistically significant difference vs. Control group.
#, statistically significant difference vs. Acrylamide group.

Aβ level. It was significantly decreased (P< 0.05) in AC
groups treated with SeNPs (AC + SeNPs) or FA (AC + FA)

AC administration significantly (P<0.05) decreased BDNF
in the tested brain tissue in comparison to control group
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4.97±1.33, AC+FA; 11.10±3.08).
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Table 2. Effect of SeNPs and ferulic acid on β-Amyloid level in the brain of acrylamide treated rats.

β-Amyloid
(Pg/ml)

Control
Mean±SD

SeNPs
Mean±SD

FA
Mean±SD

AC
Mean±SD

AC+SeNPs
Mean±SD

AC + FA
Mean±SD

5.83±2.47

5.33±2.47

5.76±2.35

26.67±10.18a

4.97±1.33b

11.10±3.08b

a: significantly ( P< 0.05) different from the corresponding control group
b: significantly( P< 0.05) different from the corresponding acrylamide group

Figure 2. The effect of SeNPs and ferulic acid on the levels
of β-Amyloid in the brain of acrylamide treated rats.

III. Interleukin-6 (IL-6) in serum
IL-6 level (Pg/ml) was determined in the serum and results
were represented in (table, 3) and (figure 3). Results
showed that IL-6 level was significantly increased (P<
0.05) in AC group compared to control group (control;
29.60±2.34, AC; 123.38±5.63). On the other hand IL-6
level was significantly decreased (P< 0.05) in AC groups
treated with SeNPs (AC + SeNPs) or FA (AC + FA) in
compared to AC group (AC; 123.38±5.63, AC+SeNPs;
76.50±4.42, AC+FA; 88.87±6.76) .

*, statistically significant difference vs. Control group.
#, statistically significant difference vs. Acrylamide group.

Table 3. Effect of SeNPs and ferulic acid on IL-6 level in the serum of acrylamide treated rats.

IL 6
(Pg/ml)

Control
Mean±SD

SeNPs
Mean±SD

FA
Mean±SD

AC
Mean±SD

AC+SeNPs
Mean±SD

AC + FA
Mean±SD

29.60±2.34

31.68±6.25

34.95±9.49

123.38±5.63a

76.50±4.42a,b

88.87±6.76a,b

a: significantly ( P< 0.05) different from the corresponding control group
b: significantly( P< 0.05) different from the corresponding acrylamide group

Figure 3. Effect of SeNPs and ferulic acid on IL-6 level in
the serum of acrylamide treated rats.

*, statistically significant difference vs. Control group.
#, statistically significant difference vs. Acrylamide group.
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Histopathological findings
Histopathological changes in the control, SeNPs and FA
groups brain corpus striatum showing no histological
changes with normal neuclei, normal blood capillaries and
slight neuroglial cells. AC intoxicated group showing excess degenerative plaques, necrosis and apoptosis in neuronal cells, dilated blood capillaries and infiltration by excess neuroglial cells. AC + SeNPs group and AC + FA
group showing less degenerative changes, less necrosis and
apoptotic in neuronal cells but excess infiltration by neuroglial cells and newly formed dilated capillaries with
glaiosis. Large focal nodules of neuroglial cells and glaiosis
are clearly seen in AC + FA group (figure 4.). The semiquantitative histopathological changes of the brain striatum
are shown in (table 4). Histopathological changes in the
brain hippocampus showing normal neuronal cells and normal blood capillaries in control group, SeNPs group and
FA group while, AC intoxicated group showing massive
palisading necrosis, marked apoptosis and marked increase
in neuroglial cells infiltration.
ISSN 2059-9447
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Table 4. The histopathological changes in the brain striatum of the different groups.
Groups

Control
group

SeNPs
group

FA
group

AC group

AC+SeNPS
group

AC+FA group

Normal

Normal

Normal

Neuroglial cells

+

+

+

Excess degenerative
changes (+++)
+++

Slight degenerative changes (+)
++

Slight degenerative
changes (+)
+++

Blood capillaries

Normal
+

Normal
+

Normal
+

Degenerative plaques

----

----

----

New dilated capillaries
( ++)
+/-

New dilated capillaries
( ++)
++

Necrosis

----

----

----

New dilated capillaries
( ++)
+++
+++

+

++

Apoptosis

----

----

----

++

+

++

----

----

----

----

----

++

----

+

++

Pathological feature
Neuronal cells

Neuroglial cell nodules
Glaiosis

----

----

----

Figure 4. Histopathological changes in the brain corpus
striatum showing no histological changes with the normal
neuronal neuclei (black arrows), normal blood capillaries
(arrow heads) and slight neuroglial cells infiltration (wavy
arrows) in (A) control group, (B) SeNPs group and (C) FA
group. (D) AC intoxicated group showing excess degenerative plaques (black arrow), necrosis and apoptosis (triangles) in neuronal cells, dilated blood capillaries (arrow
heads) and infiltration by excess neuroglial cells (wavy arrows). (E) AC + SeNPs group and (F) AC + FA group
showing less degenerative changes and less necrosis and
apoptotic (triangles) in neuronal cells but excess infiltration
by neuroglial cells (wavy arrows) and newly formed dilated
capillaries (arrow heads) with glaiosis (asterisk). Large focal nodules of neuroglial cells and glaiosis (wavy arrows
and asterisk) are clearly seen in AC + FA group.

Table 5. showing the histopathological changes in the brain hippocampus of the different groups.
Groups
Pathological feature
Neuronal cells
Neuroglial cells
Blood capillaries
Palisading Necrosis
Apoptosis

Control
group

SeNPs
group

FA
group

AC group

AC+SeNPS
group

AC+FA group

Normal

Normal

Normal

massive necrosis
(+++)
Marked infiltration
(+++)
dilated
( ++)
Massive
+++
Marked
++

Slight degenerative (+)
Slight infiltration
(+)
slight dilated
( +)
Slight
+
Slight
+

marked necrosis
(++)
Marked infiltration
(+++)
dilated
( ++)
Marked
++
Marked
++

Normal

Normal

Normal

Normal

Normal

Normal

----

----

----

----

----

----

AC+SeNPs groups showing slight degenerative changes in

neuroglial cells (figure 5.). The semi-quantitative histo-

neuronal cells, slight apoptosis, infiltration by neurogalial

pathological changes of the brain hippocampus are shown

cells and slight increase blood capillaries. AC+FA group

in (table 5).

showing marked palisading necrosis in the lower third of
the neuronal cells with marked apoptosis and infiltration by
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Figure 5. Histopathological changes in the brain hippocampus showing normal neuronal cells (thin arrows) and
normal blood capillaries in (A) control group, (B) SeNPs
group and (C) FA group. (D) AC intoxicated group showing massive palisading necrosis (thick arrows), marked
apoptosis (triangle), marked increase in neuroglial cells
(wavy arrows) and blood capillaries (arrow heads). (E) AC
+ SeNPs groups showing slight degenerative changes in
neuronal cells (thick arrows), slight apoptosis (triangle), infiltration by neurogalial cells (wavy arrows) and slight
blood capillaries (arrow heads). (F) AC+FA group showing marked palisading necrosis (thick arrows) in the lower
third of the neuronal cells (thin arrows) with marked apoptosis (triangle) and infiltration by neuroglial cells (wavy
heads).

induced neurotoxicity in rats.
BDNF is one of the neurotrophic factors which are an extremely important brain development factor that maintains
neuron growth, synaptic functions, and neural plasticity.
BDNF supports the development of noradrenergic and serotonergic neurons and protects them from toxic damages.
It regulates neuronal continuity and plasticity with its positive effect on dendrite growth. The present results showed
declined activity of brain BDNF in AC treated rats. This
may be due to the oxidative stress of AC in the brain tissue.
In accordance, several studies indicated that AC induced
significant decrease in brain BDNF in rats. [30, 31].
Aβ peptide is an important risk factor and has a central role
in the onset and progression of AD. Aβ is produced in normal individuals but, under certain circumstances, this molecule may aggregate and start disease progression. There is
strong evidence emphasizing that Aβ oligomers play the
main role in neuronal dysfunction and AD [32]. The present
study also indicated that exposure to AC leads to significant
increase in the level of brain Aβ. This is due to acute disruption of transthyretin secretion by AC. Transthyretin
serves as a thyroxine transport and is involved in Aβ peptide chelation attenuating neurotoxicity. The decrease in
transthyretin levels induced by AC might be involved in
neurotoxicity by affecting nerve regeneration as it shown in

Discussion

many previous studies [33- 35]. IL-6 is a cytokine origi-

In Industrial and laboratory uses, it has been reported that

nally identified almost 30 years ago as a B-cell differentia-

the formation of AC is associated with high-temperature

tion factor, capable of inducing the maturation of B cells

(higher than 200°C) cooking processes in certain carbohy-

into antibody-producing cells. As with many other cyto-

drate-rich foods, especially when asparagine react with

kines, it was soon realized that IL-6 was not a factor only

sugar [26]. Dietary AC intake may increase the risks of kid-

involved in the immune response, but with many critical

ney and breast cancer [27] and tests on animals prove that

roles in major physiological systems including the nervous

AC has genotoxic and neurotoxic effects, causing gene mu-

system. IL-6 is now known to participate in neurogenesis

tation and DNA damage, and it may represent a health haz-

(influencing both neurons and glial cells), and in the re-

ard for humans [28]. AC is a well documented neurotoxi-

sponse of mature neurons and glial cells in normal condi-

cant in both humans and laboratory animals. Subchronic,

tions and following a wide range of injury models. Its ex-

low-level occupational exposure of humans to AC pro-

pression is affected in several of the main brain diseases,

duces neurotoxicity characterized by ataxia, skeletal mus-

and animal models strongly suggest that IL-6 could have a

cle weakness and numbness of the hands and feet [29]. The

role in the observed neuropathology and that therefore it is

present study, demonstrated the neurotoxicity effect of AC

a clear target of strategic therapies [36]. The present study

on some biochemical parameters such as (BDNF, A β and

showed that AC significantly increased the level of IL-6

IL- 6) and also in the histological changes in the brain of

and is in agreement with a previous study [37]. AC expo-

the experimental animals. The result of the current study

sure markedly decreased the glutathione (GSH), the deple-

showed that oral exposure to AC (50 mg / kg for 21 days)

tion of GSH may make the nerve tissue more sensitive to
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the oxidative stress in experimental animals [10]. The oxi-

can be transformed in the organism into different metabo-

dative stress and over production of ROS due to AC neuro-

lites. Some, like methylselenol, play a role in cancer pre-

toxicity increase the inflammation in the nerve tissue which

vention. Se also has a role, besides vitamin E, in muscle

leads to over production of IL-6. FA is a natural compound

function by improving endurance and recovery and slowing

that has phenolic group in its chemical structure. Health

the ageing process. The present study showed that the ther-

benefits of phenolic compounds such as FA attract the at-

apeutic effect of SeNPs in AC induced neurotoxicity in ex-

tention of many researches because of their antioxidant po-

perimental animals.

tentials [38]. In addition to its antioxidant properties, FA

The present study showed the treatment with SeNPs in-

also has anti-carcinogenic, hepatoprotective, anti-inflam-

creased the level of BDNF compared with AC intoxicated

matory, anti-mutagenic and neuroprotective properties

group. Se is a cofactor for many antioxidant enzymes such

[39]. The present study showed the therapeutic effect of FA

as glutathione peroxidase and thioredoxin reductase [49], it

on AC induced neurotoxicity in experimental animals.

decreases the oxidative stress and helps in the scavenging

Treatment with FA significantly increased the level of

of ROS from the brain tissue, as it helps to increase the lev-

BDNF due to anti-depressive effect of FA. Several previ-

els of BDNF. Previous studies indicated the relation be-

ous studies showed the anti-depressant-like effect of FA

tween the oxidative stress and the reduction in BDNF level

which minimises the depression resulted from oxidative

in the experimental animals [50, 51].

stress of AC [40-42].

The present study also showed that SeNPs also decreased

Also, treatment with FA significantly decreased the level of

the level of Aβ in the AC intoxicated group and this may

Aβ. FA is a phytochemical which exhibits both antioxidant

be due to the antioxidant and anti-inflammatory effect of

and anti-inflammatory properties that may be of interest in

SeNPs and this agreed with a previous study [52]. Other

the therapy of AD. Long-term, low dose FA administration

studies suggested interaction between Selenoprotein P and

via drinking water induces a resistance of the brain’s tox-

Aβ, leading to complex formation. Also Aβ is strong metal

icity to Aβ exposure [43]. Similarly, Kim et al. [44] demon-

chelator, binding for instance Cu and Fe [53-55].The accu-

strated that long term administration of FA effectively pro-

mulation of Cu and Fe appears to promote the progression

tects against Aβ toxicity by inhibiting microglial activation

of the Aβ cascade [56]. Ternary complexes can be formed

in vivo. Another study by Sultan et al. [45] showed that FA

between metal cations, Aβ and selenoproteins and such

significantly exerted protective effects against Aβ by mod-

complexes are presumably less toxic than Aβ-metal com-

ulating oxidative stress directly and by inducing protective

plexes alone.

genes in hippocampal culture. Finally, Ono et al. [46]

On the other hand, SeNPs decreased the level of IL-6 in the

showed that FA prevented the development of AD not only

AC intoxicated group and this is due to the anti-inflamatory

through scavenging ROS, but also through directly inhibit-

and antioxidant effects of Se. As many previous studies

ing the deposition of Aβ in the brain.

have indicated the anti-inflammatory effects of Se on IL-6

The present study showed that FA treatment decreased the

[57-59].

level of IL-6 in the AC intoxicated animals. AC induces

In the present study exposure to AC caused marked histo-

oxidative stress and increases the level of ROS and de-

pathological alternation in the brain tissues which were rep-

creases the level of GSH, which lead to the overproduction

resented by excess degenerative plaques, necrosis, apopto-

of inflammatory substances such as IL-6. FA acts as anti-

sis and dilated blood capillaries in brain striatum and hip-

inflammatory agent that helps in decreasing the inflamma-

pocampus. These results could be explained by the over

tion and IL-6 production. Many studies demonstrated the

production of ROS and oxidative stress related to AC ef-

anti-inflammatory effect of FA on IL-6 level [47, 48].

fects on the brain tissue. These findings are in agreement

Se is a trace element which is found in small amounts in

with those reported by many investigators [60-63].

the organism. The formation of selenoproteins from Se

The histopathological results of FA treated AC intoxicated

plays many important roles in many biological functions

group showed marked palisading necrosis and apoptosis in

such as antioxidant defense, formation of thyroid hor-

hippocampus and slightly decreased in the degenerative

mones, DNA synthesis, fertility and reproduction. Also, Se

plagues, necrosis and apoptosis in striatum. These results
could be attributed to the therapeutic effect of FA against
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the AC neurotoxicity. This may be due to the antioxidant

6

properties of FA in scavenging the ROS and decreasing the
oxidative stress as previously reported [64,65]
Also, the histopathological results show the role of SeNPs
in minimizing the toxic effect of AC in the brain tissue. The

7

SeNPs treated group showed less degenerative changes and
less necrosis and apoptosis in striatum and hippocampus.

8

SeNPs significantly reduced the brain tissue damage via
suppression of oxidative stress and Scavenging of ROS as
previously reported [66,67].

9

This study has shown that the FA and SeNPs have significant neuro therapeutic effect and significant decrease the

10

neurotoxicity induced by AC in some biochemistry and histopathology of brain tissue. From biochemical and histological view, it is clearly that SeNPs has potent therapeutic
activity in comparison with FA.

11

Conflict of Interest
We declare that we have no conflict of interest.

12

Acknowledgements
The authors are grateful to Dr Mohamed Elkabalawy , Pa-

13

thology Department, Taibah University, Dr Nashaat
Shawky, Ophthalmology Department, Taibah University

14

and Dr Ahmed Hamouda, Biochemistry Department, Taibah University for their invaluable help in completing this
research.

15

References
1

2

3

4

5

Krishnakumar T, Visvanathan R. Acrylamide in
Food Products: A Review. J Food Process Technol. 2014; 5(7):344
Lantz I, Ternité R, Wilkens J, Hoenicke K, Guenther H, van der Stegen GH. Studies on acrylamide
levels in roasting, storage and brewing of coffee.
Mol Nutr Food Res. 2006; 50: 1039–46.
Dearfield KL, Douglas GR, Ehling UH, Moore
MM, Sega GA, Brusick DJ. Acrylamide: a review
of its genotoxicity and an assessment of heritable
genetic risk. Mutat Res. 1995; 330: 71–99.
Sumner SC, Funnell TR, Moor TA, Chanas B,
Gonzalez F, Ghanayem BI. Role of cytochrome
P450 2E1 in the metabolism of acrylamide and acrylonitrile in mice. Chem Res Toxicol. 1999; 12:
1110–1116.
Smith EA, Oehme FW. Acrylamide and polyacrylamide: a review of production, use, environmental fate and neurotoxicity. Rev Environ
Health. 1991; 9(4):215–28.

ANNALS OF MEDICAL AND BIOMEDICAL SCIENCES. 2017; 3 (2): 35-45

16

17

18

19

20

Abelli L, Ferri GL, Astolfi M, Conte B, Geppetti
P, Parlani M, et al. Acrylamide-induced visceral
neuropathy: evidence for the involvement of capsaicin-sensitive nerves of the rat urinary bladder.
Neuroscience. 1991; 41: 311–21.
LoPachin RM. The role of fast axonal transport in
acrylamide pathophysiology: mechanism or epiphenomenon? Neurotoxicology. 2002; 23: 253–7.
Suzuki K, Pfaff LD. Acrylamide neuropathy in
rats. An electron microscopic study of degeneration and regeneration. Acta Neuropathol. 1973;
24:197–213.
Lopachin RM, Gavin T. Acrylamide-induced
nerve terminal damage: relevance to neurotoxic
and neurodegenerative mechanisms. J Agric Food
Chem. 2008; 56: 5994–6003
Zhu YJ, Zeng T, Zhu YB, Yu SF, Wang QS,
Zhang LP, et al. Effects of Acrylamide on nerve
tissue antioxidant system and sciatic nerve electrophysiology in rat. Neurochem Res. 2008; 33:
2310-2317.
Lempereur I, Rouau X, Abecassis J. Genetic and
agronomic variation in arabinoxylan and ferulic
acid contents of durum wheat (Triticum durum L.)
grain and its milling fractions. J Cereal Sci. 1997;
25: 103–110.
Zhao Z, Moghadasian MH, Chemistry, natural
sources, dietary intake and pharmacokinetic properties of ferulic acid: a review, Food Chem. 2008;
109: 691–702.
Ou S, Kwok KC, Ferulic acid: pharmaceutical
functions, preparation and applications in foods. J
Sci Food Agric. 2004; 84 : 1261–1269
Abou Zaid O, El-Sonbaty S, Hamam N. Biochemical role of ferulic acid in modulation and
treatment of hyperglycemia associated with hyperlipidemia. Benha Vet J. 2014; 27(2): 375-381
Barnham K J, Cappai R, Beyreuther K. Delineating common molecular mechanisms in Alzheimer’s and prion diseases. Trends Biochem Sci.
2006; 31(8): 465- 472
Kanski J, Aksenova M, Stoyanova A, Butterfield DA. Ferulic acid antioxidant protection
against hydroxyl and peroxyl radical oxidation in
synaptosomal and neuronal cell culture systems in
vitro: structure activity studies. J Nutr Biochem.
2002; 13 (5): 273-281.
Ono K, Hirohata M, Yamada M. Ferulic acid destabilizes preformed beta-amyloid fibrils in vitro.
Biochem Biophys Res Commun. 2005; 336: 444–
449.
El-Batal AI, Abou Zaid O, Noaman E, Ismail ES.
In vivo and in vitro antitumor activity of modified
citrus pectin in combination with selenium nanoparticles against Ehrlich carcinoma cells. Int J
Pharm Health Care. 2012; 2(6): 23-47
Graham TW. Trace element deficiencies in cattle.
Vet Clin North Am Food Anim Pract. 1991; 7:
153–215.
Mistry H D, Pipkin F B, Redman, C W, Poston
L. Selenium in reproductive health. Am J Obstet
Gynecol. 2012; 206: 21–30.
ISSN 2059-9447

44 | P a g e
21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

Akbaraly T N, Hininger-Favier I, Carriere I, Arnaud J, Gourlet V, et al. Plasma selenium over
time and cognitive decline in the elderly. Epidemiol. 2007; 18: 52–58.
Pillai R, Uyehara-lock JH, Bellinger FP. Selenium
and selenoprotein function in brain disorders.
IUBMB Life. 2014; 66(4); 229-239.
Velmurugan P, Anbalagan K, Manosathyadevan
M, Lee K, Cho M, Lee S, et al. Green synthesis of
silver and gold nanoparticles using Zingiber officinale root extract and antibacterial activity of silver nanoparticles against food pathogens. Bioprocess Biosyst Eng. 2014; 37:1935–1943.
Prasad KS, Selvaraj K. Biogenic Synthesis of Selenium Nanoparticles and Their Effect on As(III)Induced Toxicity on Human Lymphocytes, Biol
Trace Elem Res. (2014) 157(3):275-83.
Banchroft JD, Stevens A, Turner D R. Theory
and practice of histological techniques. Fourth Ed.
Churchil Livingstone: New York , London , San
Francisco , Tokyo; 1996.
Parzefall W. Minireview on the toxicity of dietary
acrylamide, Food Chem Toxicol. 2008; 46: 1360–
1364.
Olesen PT, Olsen A, Frandsen H, Frederiksen K,
Overvad K, Tjønneland A. Acrylamide exposure
and incidence of breast cancer among postmenopausal women in the Danish Diet, Cancer and
Health Study. Int J Cancer. 2008; 122(9): 2094–
2100.
Mojska H, Gielecińska I, Szponar L, Ołtarzewski
M. Estimation of the dietary acrylamide exposure
of the Polish population. Food Chem Toxicol.
2010; 48:2090–2096.
Deng H, He S, Zhang S. Quantitative measurements of vibration threshold in healthy adults and
acrylamide workers. Int Arch Occup Environ
Health. 1993; 65:53–6.
Kapczinski F, Frey BN, Andreazza AC, et al. Increased oxidative stress as a mechanism for decreased BDNF levels in acute manic episodes.
Rev Bras Psiquiatr. 2008; 30: 243–245.
Erdemli ME, Turkoz Y, Altinoz E, Elibol E,
Dogan Z. Investigation of the effects of acrylamide applied during pregnancy on fetal brain development in rats and protective role of the vitamin E. Human & Experimental Toxicology. 2016;
1-8.
Esparza TJ, Zhao H, Cirrito JR, et al. Amyloid
beta oligomerization in Alzheimer dementia versus high-pathology controls. Ann Neurol. 2013;
73: 104–119.
Cuenco KT, Friedland R, Baldwin CT, et al. Association of TTR polymorphisms with hippocampal atrophy in Alzheimer disease families. Neurobiol Aging. 2011;32(2):249-256.
Sousa JC, Marques F, Dias-Ferreira E, et al.
Transthyretin influences spatial reference
memory. Neurobiol Learn Mem. 2007; 88(3):
381- 385.
Yao X, Yan L, Yao L, Guan W, Zeng F, Gao F
and et al. Acrylamide exposure impairs blood-cerebrospinal fluid barrier function. Neural Regen
Res. 2014; 9(5): 555 - 560.

ANNALS OF MEDICAL AND BIOMEDICAL SCIENCES. 2017; 3 (2): 35-45

36

37

38

39

40

41

42

43

44

45

46

47

48

49

Erta M, Quintana A, Hidalgo J. Interleukin-6, a
major cytokine in the central nervous system. Int
J Biol Sci. 2010; 8(9):1254- 1266.
Ghorbel I, Maktouf S, Kallel C, Chaabouni SE,
Boudawara T, Zeghal N. Disruption of erythrocyte antioxidant defense system, hematological
parameters, induction of pro-inflammatory cytokines and DNA damage in liver of co-exposed rats
to aluminium and acrylamide. Chem Biol Interact.
2015; 236: 31-40.
Shanmugarajan TS, Krishnakumar E, Somasundaram I, Sivaraman D, Arunsundar. Salutary effect of ferulic acid against D-galactoseamine challenged liver damage. J Biol Sci . 2008;
8: 1271-1279.
Gerin F, Erman H, Erboga M, Sener U, Yilmaz A,
Seyhan H, et al. The effects of ferulic acid against
oxidative stress and inflammation in formaldehyde-induced hepatotoxicity. Inflammation.
2016; 39 (4): 1377-1385.
Yu L, Zhang Y, Liao M, Wang Y, Ma R, Zhang
X and et al. Neurogenesis-enhancing effects of sodium ferulate and its role in repair following
stress-induced neuronal damage. World J Neurosci. 2011; 1: 9-18
Yabe T, Hirahara H, Harada N, Ito N, Nagai T,
Sanagi T and et al. ferulic acid induces neural progenitic cell proliferation in vitro and in vivo. Neurosci. 2010; 165: 515-524.
Popa- Wagner A, Mitran S, Sivanesan S, Chang
E, Buga AM. ROS and brain disease: the good, the
bad and the ugly. Oxid Med Cell longev.
2013:1155
Yan JJ, Cho JY, Kim HS, Kim KL, Jung JS, Huh
SO, et al. Protection against beta-amyloid peptide
toxicity in vivo with long-term administration of
ferulic acid. Br J Pharmacol. 2003; 133: 89–96.
Kim HS, Cho JY, Kim DH, Yan JJ, Lee HK, Suh
HW, et al. Inhibitory effects of long-term administration of ferulic acid on microglial activation induced by intracerebroventricular injection of betaamyloid peptide (1–42) in mice. Biol Pharm Bull.
2004; 27 : 120–121.
Sultana R, Ravagna A, Mohmmad-Abdul H, Calabrese V, Butterfield D A. Ferulic acid ethyl ester
protects neurons against amyloid beta-peptide (1–
42)-induced oxidative stress and neurotoxicity: relationship to antioxidant activity. J Neurochem.
2005; 92 : 749–758..
Ono K, Hirohata M, Yamada M. Ferulic acid destabilizes performed β amyloid fibirils in vitro. Biochem Biophys Res Commun. 2005; 366: 444449
Vashistha B, Sharma A, Jain V. Ameliorative potential of ferulic acid in vincristine-induced painful neuropathy in rats: An evidence of behavioral
and biochemical examination. Nutr Neurosci.
2017; 20(1): 60-70
Liu C, Wang R, Ji T, Fan Y, Qin Z, Gao X. Effects
of ferulic acid in rotenone induced rat model of
Parkinson’s disease. J pharm Med Res. 2016; 2
(3): 55-59.
El-Batal AI, Abou Zaid O, Noaman E, Ismail ES.
Promising antitumor activity of fermented wheat
ISSN 2059-9447

45 | P a g e

50

51

52

53

54

55

56

57

58

germ extract in combination with selenium nanoparticles. Int J Pharm Health Care. 2012; 2(6): 122
Mitchell J H, Nicol F, Beckett G J, Arthur J R. Selenoprotein expression and brain development in
preweanling selenium-and iodine deficient rats. J
Mol endocrinol. 1998; 20: 203-210
Hacioglu G, Senturk A, Ince I, Alver A. Assessment of oxidative stress parameter of brain-derived neurotrophic factor heterozygous mice in
acute stress model. Iran J Basic Med Sci. 2016;
19(4):388-393.
Godoi GL, de Oliveira Porciúncula L, Schulz
JF, Kaufmann FN, da Rocha JB, de Souza DO, et
al. Selenium compounds prevent amyloid β-peptide neurotoxicity in rat primary hippocampal neurons. Neurochem Res. 2013; 38: 2359-2363
Ma QF et al Characterization of copper binding to
the peptide amyloid-β (1–16) associated with Alzheimer’s disease. Biopolymers. 2006 ; 83:20–31
Myhre O, Utkilen H, Duale N, Brunborg G, Hofer
T. Metal dyshomeostasis and inflammation in
Alzheimer’s and Parkinson’s diseases: possible
impact of environmental exposures. Oxid Med
Cell Longev. 2013;1-19
Syme CD, Nadal RC, Rigby SE, Viles JH. Copper
binding to the amyloid-b (Ab) peptide associated
with Alzheimer’s disease: folding, coordination
geometry, pH dependence, stoichiometry, and affinity of Ab-(1–28): insights from a range of complementary spectroscopic techniques. J Biol
Chem. 2004; 279:18169–18177.
Altamura S, Muckenthaler MU. Iron toxicity in
diseases of aging: Alzheimer’s disease, Parkinson’s disease and atherosclerosis. J Alzheimers
Dis. 2009; 16:879–895.
Terpilowska S, Siwicki AK. The role of selected
microelements: selenium, zinc, chromium and
iron in immune system. Centr Eur J Immunol.
2011; 36 (4): 303-307
Viezeliene D, Beekhof P, Gremmer E, Rodovicius
H, Sadauskiene I, Jansen E, et al. Selective induction of IL-6 by aluminum- induced oxidative
stress can be prevented by selenium. J Trace Elem
Med Biol. 2013; 226-229

ANNALS OF MEDICAL AND BIOMEDICAL SCIENCES. 2017; 3 (2): 35-45

59 Hoffman PR, Berry MJ. The infulemce of selenium on immune responses. Mol Nutr Food Res.
2008; 52(11):1273-1280.
60 Jangir
BL, Mahaprabhu
R, Rahangadale
S, Bhandarkar AG, Kurkure NV. Neurobehavioral alterations and histopathological changes in
brain and spinal cord of rats intoxicated with
acrylamide. Toxicol Ind Health. 2016; 32(3): 526540
61 Ismail NH. Assess effect of cucrumen in histopathological changes of cerebral cortex of offspring rats toxicity induced by fried foods. J Am
Sci. 2012; 8(8): 215-221
62 Rawi SM, Marie MA, Fahmy SR, El-Abied SA.
Hazardous effect of acrylamide on immature male
and female rats. Afr J Phar Pharmacol. 2012;
6(18): 1367-1386 .
63 El-Tantawi HG. The protective effect of Ginger
(Zingiber officinale) against acrylamide induced
neurotoxicity in mice. Egy J Histopathol. 2007;
30(2): 325-336.
64 Zhang L, Wang H, Wang T, Jiang NA, YU P,
Chong Y, et al. Ferulic acid ameliorates nerve injury induced by cerebral ischemia in rats. Exp
Ther Med. 2015; 9: 972-976
65 Beak SE, Kim JY, Song WT, Lee SH, Hong JH,
Lee CK, et al. Neuroprotective effect of rice bran
extract supplemented with ferulic acid in the rat
model of ischemic brain injury. Animal Cells Syst.
2014; 18(2): 93-100
66 Karavelioglu E, Boyaci MG, Simsek N, Sonmez
MA, Koc R, Karademir M, et al. Selenium protects cerebral cells by cisplatin induced neurotoxicity. Acta Cir Bras. 2015; 30(6): 394- 400
67 Erbil G, Ozbal S, Sonmez U, Pekcetin C, Tugyan
K, Bagriyanik A et al. Neuroprotective effects of
selenium and ginkgo biloba extract(EGb761)
against ischemia and reperfusion injury in rat
brain. Neurosciences. 2008; 13(3): 233-238.

ISSN 2059-9447

