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Abstract

Acrylamide (ACR) is a neurotoxic, genotoxic, and carcinogenic compound.
Ferulic acid, a phyto-constituent (FA), which has antioxidant and anti-
inflammatory activities. The objective of the current study is to investigate the
neuroprotective role of FA treatment on acrylamide ACR-induced oxidative
damage of lipid, protein and DNA in rat brain. Forty adult male albino rats were
divided into four groups as follows: control, FA (25 mg/kg), ACR (20 mg/kg) and
FA+ACR groups. ACR and FA were administered orally by gavage for 30 days.
The results showed that administration of ACR caused a locomotor
abnormalities and muscular distension. In addition, individual treatment of ACR
and FA induced significant decrease (P<0.05) in brain acetylcholine esterase
(AChE) activity. Moreover, ACR significantly increased the levels of tumor
necrosis factor-a (TNF-a), nitric oxide (NO), 8-hydroxydeoxyguanosine (8-
OHdG), malondialdehyde (MDA) and protein carbonyls (PC) levels, as indicators
of oxidative damage of DNA, lipid and protein, respectively, in rat brain. In
addition, ACR treated rats exhibited decreased glutathione (GSH) content and
also inhibited enzymatic activity of glutathione-S-transferase (GST) and
glutathione peroxidase (GPX) activity in the brain, indicating the occurrence of
oxidative stress. Combined treatment resulted in ameliorative effect against ACR
toxicity, where it minimized the oxidative damage, and remarkably antagonized
the decreasing effect of ACR on both monoamines and free amino acid in rat
brain tissues. Despite that both ACR and FA share an inhibitory effect on AChE
activity, ACR’s effect represent neurodegenerative effect, whereas FA might
represent an activation or modulation for cholinergic neurotransmission,. Thus,
the study indicated that FA provided a neuroprotective effect against ACR-
induce neurotoxicity in rat.

Key words: acrylamide, ferulic acid, rats, oxidative stress, Acetylcolinesterase,
monoamines, amino acids, brain.

INTRODUCTION

Acrylamide (ACR) has been classified as a neurotoxic, genotoxic and carcinogenic substance [1-
3]. Maillard browning is proposed as the most probable mechanism within several hypotheses
for the development of acrylamide formation in cooked foodstuff from the chemical reaction
between reducing sugars and free amino acids especially asparagines [4-5]. Acrylamide caused
oxidative stress like affection of lipid peroxidation as well as reduction of glutathione (GSH) and
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catalase enzyme [6]. Consistently, high doses of acryalmide induced oxidative stress with the
loss of free radical scavenging activity in discrete regions of heart [7]. ACR induced a significant
DNA damage in the lymphocyte and liver cells and the micronucleus formation in bone marrow
cell were significantly alleviated [8]. Acrylamide is metabolized by hepatic CYP 2E1 producing
glycidamide, which is reactive toward protein and nucleic acid nucleophiles [9,10]. Despite that
acrylamide is known to be a neurotoxic, genotoxic, and carcinogenic compound, the same dose
of its metabolite- glycidamide- had more toxic effects and damage effects to the mice compared
to that of acryalmide [11,12].

Ferulic acid [(E)-3-(4-hydroxy-3-methoxy-phenyl) prop-2-enoic acid)] is a common
polyphenolic compound found abundantly in vegetables particularly artichokes and eggplants
[13]. Protein oxidation and lipid peroxidation were reduced by FA in hippocampal neuronal
cells [14] and in female rat livers [15]. Moreover, the expressions of endothelial and inducible
nitric oxide synthases (NOS) in mouse hippocampus [16] and in rat cortical neurons [17] were
inhibited after FA administration. Ferulic acid had protective effects against various diseases
such as cancer, diabetes, and neurodegenerative diseases [17,18]. Ferulic acid plays a
neuroprotective role against transient focal cerebral ischemia through its anti-oxidant and anti-
apoptotic effects [19]. Ferulic acid reduces focal cerebral ischemic injury by modulating the
expression of apoptosis-related proteins and regulating inflammatory reactions [19,20].
Moreover, ferulic acid protects cortical neuronal cells against glutamate toxicity and modulates
the phosphatidylinositol 3-kinase (PI3K) and extracellular signal regulated kinase (ERK)
pathways [21].

The aim of present study is to investigate the neuroprotective effect of FA on acrylamide-
induced toxicity in rat.

MATERIALS AND METHODS

Chemicals

Acrylamide, glutathione (GSH), 5,5’-dithiobis 2-nitrobenzoic acid (DTNB), thiobarbituric acid
(TBA) 2,4-dinitrophenyl hydrazine (DNPH), guanidine hydrochloride and Griess reagent were
purchased from Merk-Schuchardt Chemical Company (Hohenbrunn, Germany), with purity of
99%. Ferulic acid was obtained from Sigma Chemical Company, USA. All other chemicals were of
analytical grades.

Grouping of animals

Rats were divided into four equal groups (n=10) and treatment was given as follows:

Group 1- control.

Group 2- acrylamide (20 mg/kg, p.o).

Group 3- ferulic acid alone (25 mg/kg, p.o).

Group 4- ferulic acid (25 mg/kg p.o)+acrylamide (20 mg/kg, p.o)

Acrylamide and ferulic acid were given by oral gavage administrations for 30 days.

The visual observation of gait problems

Behavioral testing was performed on the 30th day. After completion of treatment, the rats were
placed in a clear plexiglass box and were observed for 3 min. Following observation, a gait score
was assigned from a normal, unaffected gait; a slightly affected gait (foot splay, slight hind limb
weakness and spread); a moderately affected gait (foot splay, moderate hind limb weakness,
moderate limb spread during ambulation) and a severely affected gait (foot splay, severe hind
limb weakness, dragging hind limbs, inability to rear) [22].

After completion of visual observation, rats were sacrificed by cervical dislocation to obtain
blood and brains. Blood samples were collected and kept without anticoagulant at room
temperature for 1h, then centrifuged at 3000 rpm/30min and the separated serum was used for
estimation of AChE activity, 8-OHdG and MDA contents. The brains were excise from the skull.

Preparation of brain homogenates
Brains were washed with cold saline (0.9 %). Brains were divided into two halves. One half of
brains tissues under investigation were homogenized in ice-cold 1.15% KCI-0.01 M sodium,
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potassium phosphate buffer pH 7.4 with a Potter-Elvehjem glass homogenizer to prepare 10 %
w/v homogenate. The homogenates were centrifuged at 10,000 rpm for 20 min at 4°C (Sigma-
3K30, Germany). The resultant supernatant was used for different enzyme assays. The other
halves were homogenized into 70% methanol to prepare 10 % w/v homogenate. This
homogenate was used to determine monoamines and free amino acids.

Determination of biochemical parameters:

Nitric oxide (NO) level was as total nitrate using the colorimetric method of Montgomery and
Dymock [23]. protein carbonyls (PC) Levels were determined according to method of Levine et
al. [24] modified by Adams et al. [25]. Determination of glutathione-S-Transferases (GST) was
carried out according to Habig et al. [26]. Glutathione Peroxidase (GPX) assay was determined
according to Rotruck et al. [27]. Malondialdehyde levels, as a marker of lipid peroxidation, was
determined according to the thiobarbituric acid reaction described by Ohkawa et al. [28].
Acetylcholinesterase (AChE) Activity was determined according to a Ellmann et al. [29].
Reduced glutathione level was assayed in tissue homogenates according to the method of
Ellman [30]. Protein content was determined according to method of Lowry et al. [31]. Levels of
TNF-a and 8-OHdG were quantified using ELISA kits according to the manufacturer’s
instructions and guidelines. Brain Monoamines was determined by HPLC method [32] and free
amino acids were determined by using HPLC method [33].

Statistical analysis

The values were expressed as the mean+SE for the 10 rats in each group. Differences between
groups were assessed by one way analysis of variance (ANOVA) using the statistical package for
social sciences (SPSS) software package for Windows (version 13.0). Post hoc testing was
performed for intergroup comparisons using the least significant difference (LSD) test. A value
corresponding to P<0.05 was considered statistically significant.

RESULS
Behavioral testing by visual observation:
Acryalmide treated animals exhibited moderate gait problems in comparison to normal control.
FA treated animals did not differ from control group. Combined treated animals exhibited slight
gait problems
Neurochemical Study:
The activity of AChE activity significantly decreased in the ACR-treated group when compared
with the control group (P<0.05). FA treatment decreased AChE activity significantly (P<0.05)
compared with ACR-treated group (Table 1). In the ACR treated group, 8-OHdG and MDA levels
significantly increased in the rat serum. In the ferulic acid treated ACR group, these parameters
were reversed significantly (P<0.05, Table 1).
In the ACR treated group, NO and TNF-a levels significantly increased while, AChE activity
significantly decreased in rat brain, compared to control group, FA markedly (P<0.05) improved
these parameters. In spite of the inhibitory effects of both FA and ACR, combined treatment
moderately enhance the enzyme activity compared to ACR treated rats (Table 2).
As an indicator of oxidative damage lipid, protein and DNA, MDA, PC and 8-OHdG levels in rat
brain cells were significantly increased in the ACR group and this effect was ameliorated
significantly by FA treatment (P<0.05, Table 2). In addition, the level of nitric oxide and TNFa a
significantly increased in ACR treated rats, combined treatment attenuated ACR effect (Table 2).
Acrylamide treated rats exhibited reduced glutathione levels and decreased catalytic activity of
both GST and GPX enzymes, while FA co-treatment significantly (P<0.05) reduced this effect
(Table 3).
Results depicted in table (4) showed that ACR treatment significantly decreased free amino
acids in brains of treated animals. Whereas combined treatment with ferulic acid remarkably
minimized ACR decreasing effects on brain free amino acids.

ACR treatment significantly decreased brain monoamines. On the other hand, combined
treatment with ferulic acid remarkably minimized ACR decreasing effects on brain monoamines

(Table 5).
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Table 1 Effects of ferulic acid (FA, 25 mg/kg) on AChE activity and 8-OHdG and MDA
levels of rat serum treated with acryalmide (ACR, 20mg/kg,p.o).

Parameters Control ACR FA FA+ACR

AChE (U/1) 552.64+2.62 263.31+1.81a 354.79+2.72a 320.09+7.21ab
8-OHdG (ng/ml) 1.1910.09 5.97+0.15a 1.0710.13b 2.64+0.14ab
MDA (nmol/ml) 5.5510.05 13.59+0.272 5.3010.092 7.6610.482ab

Data are expressed as Mean * S.E. for 6-rats/group
a significant from control group with one way ANOVA at P < 0.05.
b significant from acrylamide group with one way ANOVA at P < 0.05.

Table 2 Effect of ferulic acid (FA,25 mg/kg) on MDA, PC, 8-OHdG, NO and TNF-a levels and
AChE activity of rat brain exposed to acryalmide (ACR, 20mg/kg,p.o).

Parameters Control ACR FA FA+ACR
MDA . 0.37+0.02 2.3440.152 0.35+0.02b 3.38+.082p
(nmol/mg protein)

PC 24.39+0.71 43.53+0.912 22,12+ 1.08b 23.6% 0.86"
(nmol /ml)

8-OHdG . 3.81+0.11 7.63%0.292 3.66%0.17" 5.31+0.18"
(ng/mg protein)

NO . 7.81 +0.24 17.49+ 0.382 6.73 £ 0.32) 8.77 £ 0.39?
(wmol/mg protein)

TNF-a . 12.54+ 0.29 34.22+0.882 10.54+0.23b 18.17+ 0.612b
(pg/mg protein)

AChE

(nmol/min/mg 23.20+0.65 9.76+0.474 14.43+0.8042b 13.21+0.582b
protein)

Data are expressed as Mean # S.E. for 6-rats/group
a significant from control group with one way ANOVA at P < 0.05.
b significant from Acrylamide group with one way ANOVA at P < 0.05.

Table 3 Effect of ferulic acid (FA, 25 mg/kg) on GST, GPX activities and GSH content of rat
brain exposed to acryalmide (ACR, 20mg/kg,p.o).

Parameters Control ACR FA FA+ACR

GST
(umol/ min/mg  131.53%2.63  74.62%4.92a  129.51+1.69" 108.56%2.652b
protein)
GPX
(nmol/min/mg 20.43+1.02 9.75+0.87a 19.94+1.1b 13.89+0.772b
protein)
GSH

: 539+ 0.14  2.68+0.163 5.65+ 0.07b 4.47+ 0.212b
(ng/mg protein)

Data are expressed as Mean * S.E. for 6-rats/group
a significant from control group with one way ANOVA at P < 0.05.
b significant from Acrylamide group with one way ANOVA at P < 0.05
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Table 4 Effect of Ferulic acid (FA, 25 mg/kg, p.o) on levels of free amino acids in rat brain
exposed to acryalmide (ACR, 20mg/kg,p.o ).

Parame Aspartic Glutamic
trs acid acid Glycine Taurine | Histamine GABA
1.663 * 2.297 0.329 0.231 % 0.771 % 0.636
C 0.081 0.137 0.01 0.007 0.057 0.021
3.179 3.874 0.156 * 0.129 0421+ 0.376
ACR 0.117- 0.212a 0.0122 0.008= 0.034> 0.028=
2.769 3.719 0.163 0.105 0.481 + 0.441 *
FA 0.198ab 0.188ab 0.0062 0.004- 0.0362 0.013ab
2.074 2.867 * 0.22 % 0.211 % 0.791 % 0.515 +
FA+ACR 0.079ab 0.052ab 0.011ab 0.012b 0.061b 0.017ab

Data are expressed as Mean # S.E. for 6-rats/group
a significant from control group with one way ANOVA at P < 0.05.
b significant from Acrylamide group with one way ANOVA at P < 0.05.

Table 5 Effect of Ferulic acid (FA, 25 mg/kg) on Levels of Dopamine (DA). Nor -
epinephrine (NE) and Serotonin (5-HT) content of rat brain tissues exposed to
acryalmide (ACR, 20mg/kg,p.o).

Parameters NE DA S5HT
C 0.657 £0.011 1.812 + 0.085 0.694 £ 0.022
ACR 0.397 £ 0.0262 1.02 £ 0.037- 0.462 £ 0.0142
FA 0.513 £ 0.029ab 1.327 + 0.062b 0.521 £ 0.012ab
FA+ACR 0.599 £ 0.027b 1.432 + 0.1063> 0.595 + 0.025ab

Data are expressed as Mean # S.E. for 6-rats/group
a significant from control group with one way ANOVA at P < 0.05.
b significant from Acrylamide group with one way ANOVA at P < 0.05.

DISCUSSION

The present study indicated declined activity of brain AChE in ACR- treated rats. This may cause
persistent accumulation of acetylcholine in the synaptic clefts, resulting in an acute cholinergic
syndrome via continuous stimulation of cholinergic receptors. In accordance, several studies
indicated that ACR induced significant decrease in brain AChE activity in both rat and mice
[34,35] On the other hand, Pennisi et al. [36] showed that ACR enhanced activity of AChE in
peripheral nerves. One of the most important mechanisms of ACR-induced cholinergic
dysfunction is related to the ACR reaction with cysteine residues in the presynaptic membranes
and inhibition of the neurotransmitter release into the synaptic cleft [37,38]. This suits well the
declined AChE activity, which is directly correlated with acetylcholine availability through its
release. However, there are other mechanisms influencing AChE activity. One of them may be
related to direct binding of ACR and/or its metabolite glycidamide with active —SH sites of the
enzyme. The second one may be related to oxidation of the cysteine in the enzyme by free
radicals. Both mechanisms participate in AChE inhibition by pesticides [39]. In the present
study, the appearance of gait problems in ACR- treated rats might support the involvement of
the cholinergic dysfunction in ACR induced neuromuscular deficit. This does not rule out the
involvement of other neurotransmission in ACR effects.

The observation that ACR induced significant decrease in the levels of DA, NE and 5-HT in
treated rats might indicate that ACR induced common inhibition of monoaminergic
neurotransmission. This might be interpreted that ACR might inhibit monoamines synthesis and
/Jor activate their degradation. In accordance, a previous study indicated that ACR increased the
catalytic activity of monoamine oxidase (MAO) in rat brain [34]. This might support that active
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degradation might cause the decreased brain monoamine levels in ACR treated rat. This might
plat a role in the gait problems in ACR treated rats.

In addition, ACR treated rats exhibited decreased levels of free amino acids, which might
indicate a disturbing effect of ACR on the levels of both brain excitatory and inhibitory amino
acids. In addition, previous studies indicated that certain amino acids, including glycine,
histidine, cysteine, glutamine and tryptophan, exhibit anti-inflammatory effects and histidine
and glutamine suppress NF-kB activation [40-42]. This might explain the elevated level of TNFa
in the present work.

The present study showed that ACR significantly increased levels of MDA, PC and NO; and
decreased GSH level and inhibited catalytic activities of SOD and glutathione peroxidase in rat
brain. This might indicate that ACR might induce oxidative stress leading to lipid and protein
peroxidation. Moreover, the increased level of cytosolic 6 deoxy-8 hydroxyguanosine- a marker
of DNA damage and increased the level of TNF-a in brains of ACR treated rats might indicate the
occurrence of inflammation and cell apoptosis. Consistently, a previous study showed that ACR
and its metabolite glycidamide, enhance the production of reactive oxygen species (ROS) [43].
In addition, a special role is attributed to the SH-containing compounds. Reduced glutathione,
the predominant non-protein sulfhydryl in cells, has a dual role in tissues exposed to ACR. The
first, GSH conjugates with ACR and/or glycidamide. Second, GSH and other -SH containing
compounds take part in the neutralization of free radicals [44]. The conjugation reaction with
thiols reduces ACR and glycidamide toxicity. On the other hand, conjugation leads to the
depletion of the GSH and other thiol reserves that has negative influence on the redox balance
[44]. The oxidation of unsaturated fatty acids produces different compounds. MDA belongs to
the secondary products and is used as a convenient marker for lipid peroxidation [45]. We have
indicated an increased concentration of MDA and PC in brain of ACR treated rats. Noteworthy,
lipid and protein peroxidation play a significant role in neural system disorders including
neurodegeneration.. An increased MDA concentration was found in neurofibrillary tangles of
Alzheimer’s disease brains [46]. Similar data on MDA occurrence after exposure to ACR were
presented by Zhu et al. [47]. This means that ACR has significant influence on redox balance in
brain. These observations suggest that intoxication with ACR may not only affect on-going brain
functions, by AChE inhibition and altering the monoaminergic neurotransmission, but may also
participate in etiology of neurodegeneration. Accordingly, several studies indicated that
oxidative stress is a key mechanism in many ACR induced cell injuries and
neurodegenerative diseases [48-50]. In addition, the increased levels of the pro-inflammatory
cytokine TNF-a and oxidative DNA damage product, 8-OHdG In ACR treated rats might support
this interpretation.

The present findings showed that ferulic acid treatment remarkably reversed the
harmful effects of ACR on most parameters except for AChE. Ferulic acid pretreatment restored
the normal redox status and reset the normal levels of both brain monoamines and amino acids
in ACR treated rats. In accordance, a recent study indicated that ferulic acid reverses the
cognitive dysfunction caused by amyloid 3 peptide 1-40 through anti-oxidant activity and
cholinergic activation in rats by activating central muscarinic and nicotinic receptors and anti-
oxidant enzymes [51]. FA restored the normal activates of superoxide dismutase, catalase,
glutathione peroxidase against the decreasing effect of nicotine [52]. In addition, ferulic acid
showed anti-inflammatory and antioxidant potentials against vincristine-induced painful
neuropathy in rats [53]. Consistently, Khanduja et al. [54] showed that FA reduced hydrogen
peroxide-induced lipid peroxidation in peripheral blood mononuclear cells. Moreover, a
previous study showed that ferulic acid amliorated learning and memory deficits, which might
be due to antioxidation, the improvement of cholinergic system in brain, or the inhibitory of
nerve injury by excitatory amino acids [55]. In accordance, a previous study indicated that
ferulic acid plays a neuroprotective role against transient focal cerebral ischemia through its
anti-oxidant and anti-apoptotic effect [56].
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In conclusion, the present study might suggest that ACR, induce its detrimental neurotoxic effect
on cholinergic neurotransmission, monoaminergic system and free amino acids in brain directly
ACR by modulating the activities of the enzymes and receptors in the respected
neurotransmission and through disturbing the redox status and initiating the inflammatory
process

REFERENCES:

[1]-Pruser, K.N., and Flynn, N.E., 2011, Acrylamide in health and disease. Front Biosci (Schol Ed)
;3:41-51.

[2]-Pingot, D., Pyrzanowski, K., Michatowicz, J., and Bukowska B., 2013, Toxicity of acrylamide
and its metabolite - glicydamide. Med Pr.;64(2):259-71.

[3]-Ishii, Y., Matsushita, K., Kuroda, K., Yokoo, Y., Kijima, A., Takasu, S., Kodama, Y., Nishikawa, A.,
and Umemura T., 2015, Acrylamide induces specific DNA adduct formation and gene
mutations in a carcinogenic target site, the mouse lung. Mutagenesis.;30(2):227-35.

[4]-Stadler, R. H., Robert, F., Riediker, S., Varga, N., Davidek, T., Devaud, S., Goldmann, T, Jérg Hau
, J, and Blank, 1., 2004, In-depth mechanistic study on the formation of acrylamide and
other vinylogous compounds by the Maillard reaction. J. Agric and Food Chem, 52(17),
5550-5558

[5]-Barutcu, I, Sahin, S, and Sumnu. G., 2009, Acrylamide formation in different batter
formulations during microwave frying. ] Food Sci Technol,, 42, 17-22

[6]-Mannaa, F., Abdel-Wahhab, M.A., Ahmed, H.H., and Park, M.H., 2006, Protective role of Panax
ginseng extract standardized with ginsenoside Rg3 against acrylamide induced
neurotoxicity in rats. ] Appl Toxicol.; 26: 198-206.

[7]-Swamy MV, Suman B, Kamala K, Rao K] and Thyaga Raju K (2013). Toxic effect of acrylamide
on body weight, the study of antioxidants and histoarchitecture of heart in the developing
chick embryo. Indian Journal of Applied Research, 3 (7): 27-30.

[8]-Zhao M, Liu X, Luo Y, Guo H, Hu X, Chen F. (2015). Evaluation of protective effect of freeze-
dried strawberry, grape, and blueberry powder on acrylamide toxicity in mice. | Food
Sci. 80(4):869-874.

[9]-Ghanayem BI, McDaniel LP, Churchwell MI, Twaddle NC, Snyder R, Fennell TR, Doerge DR.
(2005). Role of CYP2E1 in the epoxidation of acrylamide to glycidamide and formation of
DNA and hemoglobin adducts. Toxicol Sci.; 88: 311-318.

[10]-Luo YS, Long TY, Shen LC, Huang SL, Chiang SY, Wu KY. (2015): Synthesis, characterization
and analysis of the acrylamide- and glycidamide-glutathione conjugates. Chem Biol
Interact. 2015 Jul 25;237:38-46.

[11]-Lakshmi D, Gopinath K, Jayanthy G, Anjum S Prakash D and Sudhandiran G (2012)
Ameliorating effect of fish oil on acrylamide induced oxidative stress and neuronal
apoptosis in cerebral cortex. Neurochem Res 37: 1859-1867.

[12]-Wang ET, Chen DY, Liu HY, Yan HY, Yuan Y. (2015): Protective effect of allicin against
glycidamide-induced toxicity in male and female mice. Gen Physiol Biophys.;34(2):177-
87.

[13]-D'Archivio M, Filesi C, Di Benedetto R, Gargiulo R, Giovannini C, Masella R. (2007):
Polyphenols, dietary sources and bioavailability. Ann Ist Super Sanita.;43(4):348-61.
[14]-Kanski, ]J.; Aksenova, M.; Stoyanova, A.; Butterfield, D.A. 2002) Ferulic acid antioxidant
protection against hydroxyl and peroxyl radical oxidation in synaptosomal and neuronal

cell culture systems in vitro: structure-activity studies. ] Nutr Biochem 13:273-281.

[15]-Srinivasan M, Rukkumani R, Ram Sudheer A., Menon, V.P. (2005) Ferulic acid, a natural
protector against carbon tetrachloride-induced toxicity. Fundam Clin Pharmacol 19:491-
496.

[16]-Cho JY, Kim HS, Kim DH et al (2005) Inhibitory effects of long-term administration of
ferulic acid on astrocyte activation induced by intracerebroventricular injection of beta-
amyloid peptide (1-42) in mice. Prog Neuropsychopharmacol Biol Psychiatry 29:901-
907.

http://mutagens.co.in 3641



Journal of Global Biosciences Vol. 5(2), 2016 pp. 3635-3644
ISSN 2320-1355

[17]- Sultana R, Ravagna A, Mohmmad-Abdul H, Calabrese V, Butterfield DA.(2005) Ferulic acid
ethyl ester protects neurons against amyloid betapeptide(1-42)-induced oxidative stress
and neurotoxicity: relationship to antioxidant activity. ] Neurochem 92:749- 758.

[18]-Srinivasan M, Sudheer AR, Menon VP. Ferulic Acid: therapeutic potential through its
antioxidant property. Ferulic Acid: therapeutic potential through its antioxidant property.
] Clin Biochem Nutr 2007; 40(2): 92-100.

[19]-Cheng CY, Ho TY, Lee EJ, Su SY, Tang NY, Hsieh CL. Ferulic acid reduces cerebral infarct
through its antioxidative and antiinflammatory effects following transient focal cerebral
ischemia in rats. Am ] Chin Med 2008; 36(6): 1105-1119.

[20]-Koh PO. (2012): Ferulic acid prevents the cerebral ischemic injuryinduced decreases of
astrocytic phosphoprotein PEA-15 and its two phosphorylated forms. Neurosci Lett;
511(2):101-105.

[21]-]Jin Y, Yan EZ, Fan Y, Guo XL, Zhao Y], Zong ZH, Liu Z. (2007): Neuroprotection by sodium
ferulate against glutamate-induced apoptosis is mediated by ERK and PI3 kinase
pathways. Acta Pharmacol Sin.;28(12):1881-90.

[22]-LoPachin RM, Ross JF, Reid ML, Das S, Mansukhani S, Lehning EJ: 2002 Neurological
evaluation of toxic axonopathies in rats: Acrylamide and 2,5 hexanedione.
Neurotoxicology, 23:95-110.

[23]-Montgomery, H., and J. Dymock. 1961. The determination of nitrite in water.Analyst86:
414-7.

[24]-Levine RL, Williams JA, Stadtman ER, Shacter E.(1994): Carbonyl assays for determination
of oxidatively modified proteins. Methods Enzymol 233: 346-357, 1994.

[25]-Adams S, Green P, Claxton R, Simcox S, Williams MV, Walsh K, Leeuwenburgh C.(2001):
Reactive carbonyl formation by oxidative and non-oxidative pathways. Front Biosci 6: 17-
24.

[26]-Habig, W.H., Pabst, M.].,, Jakoby, W.B., 1974. GlutathioneStransferases. The first enzymatic
step in mercapturic acid formation. ]. Biol. Chem. 249, 7130-7139

[27]-Rotruck ]], Pope AL, Gantter HE and Swanson AB. 1973; Selenium: Biochemical role as a
component of glutathione Peroxidase. Science.179: 588 - 590.

[28]-Ohkawa H, Ohnishi N, Yagi K (1979). Assay for lipid peroxides in animal tissues by
thiobarbituric acid reaction. Anal Biochem 9:351-358

[29]-Ellman, G.L., Courtney, K.D. Anders, V.J.R, Featherstone, RM., 1961. A new rapid
colorimetric determination of acetylcholinesterase activity. Biochem. Pharmacol. 7, 88-
95.

[30]-Ellman, G.L., 1959. Tissue sulthydryl groups. Arch. Biochem. Biophys. 82, 70-77.

[31]-Lowry, O.H., Rosebrough, N.]J,, Farr, A.L., Randall, R.J.,, 1951. Protein measurement with the
Folin Phenol Reagent. |. Biol. Chem. 193, 269-275.

[32]-Pagel P, Blome ], Wolf HU: High-performance liquid chromatographic separation and
measurement of various biogenic compounds possibly involved in the pathomechanisms
of Parkinson’s disease. ] Chromatogr B Biomed Sci Appl 746: 297-304, 2000.

[33]-Heinrikson RL. and Meredith SC. (1984): Amino acid analysis by reverse-phase high-
performance liquid chromatography: precolumn derivatization with
phenylisothiocyanate. Anal Biochem.;136(1):65-74.

[34]-Ghareeb DA., Khalil, AA. Elbassoumy, AM. Hussien, HM., Abo-Sraiaa. MM. (2010):
Ameliorated effects of garlic (Allium sativum) on biomarkers of subchronic acrylamide
hepatotoxicity and brain toxicity in rats. Toxicological & Environmental Chemistry,92, (7),
1357-1372.

[35]-Kopanska, M., Lukac, N. KapustaE.and Formicki, G (2015): Acrylamide Influence on
Activity ofAcetylcholinesterase, Thiol Groups, andMalondialdehyde Content in the Brain
of Swiss Mice. ] Biochem Molecul Toxicol. 29 (10): 472-478.

[36]-Pennisi M, Malaguarnera G, Puglisi V, Vinciguerra L, Vacante M, Malaguarnera M. (2013):
Neurotoxicity of acrylamide in exposed workers. Int ] Environ Res Pub Health ;10:3843-
3854

http://mutagens.co.in 3642



Journal of Global Biosciences Vol. 5(2), 2016 pp. 3635-3644
ISSN 2320-1355

[37]-Barber, D.S., LoPachin, R.M. 2004. Proteomic analysis of acrylamideprotein adduct
formation in rat brain synaptosomes. Toxicol. Appl. Pharmacol. 201, 120-136.

[38]-LoPachin RM, Barber DS. (2006): Synaptic cysteine sulfhydryl groups as targets of
electrophilic neurotoxicants. Toxicol Sci ;94:240-255.

[39]-Celik I, Isik I. Neurotoxic effects of subacute exposure of dichlorvos and methyl parathion
at sublethal dosages in rats. Pest Biochem Physiol 2009;94:1-4

[40]-Liboni KC1, Li N, Scumpia PO, Neu J. (2005):. Glutamine modulates LPS induced IL-8
production through IkB/NF-kB in fetal and adult intestinal epithelium. J Nutr 2005;
135:245-51.

[41]-Kim C], Kovacs-Nolan ], Yang C, Archbold T, Fan MZ, Mine Y.(2009): L-cysteine
supplementation attenuates local inflammation and restores gut homeostasis in a porcine
model of colitis. Biochem Biophys Acta 2009; 1790:1161-9

[42]-Kim C], Kovacs-Nolan JA, Yang C, Archbold T, Fan MZ, Mine Y. (2010): I-Tryptophan
exhibits therapeutic function in a porcine model of dextran sodium sulfate (DSS)-induced
colitis. ] Nutr Biochem 2010; 21:468-75.

[43]-VenkataswamyM, Divya K, Pallavi C, Thyagraju K. Characterization of glutathione-s-
transferases-suppression of antioxidant enzymes by acrylamide in developing chick
embryonic brain. Int ] Pharmacol Biol Sci 2013;4:668-677

[44]-Swaran ]S, Flora. Structural, chemical and biological aspects of antioxidants for strategies
against metal and metalloid exposure. Oxid Med Cell Longev 2009;2:191- 206.

[45]-Ayala A, Munoz MF, Arg " uelles S.(2014): Lipid peroxidation: " production, metabolism, and
signaling mechanisms of malondialdehyde and 4-hydroxy-2-nonenal. Oxid Med Cell
Longev DOI/10.1155/2014 /360438

[46]-Matveychuk D, Dursun SM, Wood PL, Baker GB. Reactive aldehydes and neurodegenerative
disorders. Bull Clin Psychopharm 2011;21:277-288.

[47]-Zhu Y, Zeng T, Yu S, Wang Q, Zhang L, Gu X, Xie K. Effects of Acrylamide on the Nervous
Tissue Antioxidant System. and Sciatic Nerve Electrophysiology in the Rat. Neurochem
Res 2008;33:2310-2317.

[48]-Prasad SN, Muralidhara. (2014): Mitigation of acrylamide-induced behavioral deficits,
oxidative impairments and neurotoxicity by oral supplements of geraniol (a
monoterpene) in a rat model. Chem Biol Interact.;223C:27-37.

[49]-Mehri S, Meshki MA, Hosseinzadeh H. (2015): Linalool as a neuroprotective agent against
acrylamide-induced neurotoxicity in Wistar rats. Drug Chem Toxicol. 2015
Apr;38(2):162-6.

[50]-Santhanasabapathy R, Vasudevan S, Anupriya K, Pabitha R, Sudhandiran G. (2015):
Farnesol quells oxidative stress, reactive gliosis and inflammation during acrylamide-
induced neurotoxicity: Behavioral and biochemical evidence. Neuroscience.;308:212-27.

[51]-Tsai FS, Wu LY, Yang SE, Cheng HY, Tsai CC, Wu CR, Lin LW. (2015): Ferulic acid reverses
the cognitive dysfunction caused by amyloid 8 peptide 1-40 through anti-oxidant activity
and cholinergic activation in rats. Am ] Chin Med. 2015;43(2):319-35.

[52]-Sudheer AR, Muthukumaran S, Kalpana C et al (2007) Protective effect of ferulic acid on
nicotine-induced DNA damage and cellular changes in cultured rat peripheral blood
lymphocytes: a comparison with N-acetylcysteine. Toxicol InVitro 21:576-585.

[53]-Vashistha B, Sharma A, Jain V. (2014): Ameliorative potential of ferulic acid in vincristine-
induced painful neuropathy in rats: An evidence of behavioral and biochemical
examination. Nutr Neurosci. 2014 Dec 15. [Epub ahead of print]

[54]-Khanduja KL, Avti PK, Kumar S et al (2006) Anti-apoptotic activity of caffeic acid, ellagic
acid and ferulic acid in normal human peripheral blood mononuclear cells: a Bcl-2
independent mechanism. Biochim Biophys Acta 1760:283-289.

[55]-Luo Y, Zhao HP, Zhang ], Wang ], Yang WL, Yang M, Liao ZG. (2012):Effect of ferulic acid on
learning and memory impairments of vascular dementia rats and its mechanism of action.
Yao Xue Xue Bao. 2012 Feb;47(2):256-60.

http://mutagens.co.in 3643



Journal of Global Biosciences Vol. 5(2), 2016 pp. 3635-3644
ISSN 2320-1355

[56]-Gim SA, Sung JH, Shah FA, Kim MO, Koh PO (2013). Ferulic acid regulates the AKT/GSK-
3B3/CRMP-2 signaling pathway in a middle cerebral artery occlusion animal model. Lab
Anim Res 2013: 29(2), 63-69.

http://mutagens.co.in 3644



