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ABSTRACT
Acrylamide (AA), is an important industrial compound, formed during food processing under high temperature. Due
to its potential carcinogenic effect, it has been recognized as a human health concern. In this study, we investigated
the role of oxidative stress in acrylamide’s genotoxicity and protective role of L- carnitine (LCA) in human
lymphocytes. The micronucleus test (MNT) was used to monitor AA genotoxicity after 20h exposure to
concentrations of 0.25,50 and 100 mM. Furthermore we evaluated oxidative stress markers, such as reactive oxygen
species (ROS), lipid peroxidation (LPO) and glutathione (GSH) content. In MNT, It has been found that AA at high
concentrations (50 and 100 µM) significantly increased the micronuclei (MN) frequencies. On the one hand, AA
exposure induced ROS formation, LPO and also GSH oxidation in treated lymphocytes. On the other hand,
pretreatment with LCA (100 and 200µM) inhibited AA-induced oxidative stress which subsequently led to
decreasing of the micronuclei (MN) frequencies in human lymphocytes. In overall, the clastugenic effect of
acrylamide was confirmed. Also, it has been observed that LCA prevented AA genotoxicity via amelioration of
oxidative stress in human lymphocytes. Therefore, oxidative stress suggested as an important factor involved in
acrylamide-induced genotoxicity.
Keywords: Acrylamide, L- carnitine, micronucleus, oxidative stress, genotoxicity

 Author

of correspondence: fshaki.tox@gmail.com, fshakki@mazums.ac.ir

Braz. Arch. Biol. Technol. v.61: e18160685 2018

2

Zamani, E et al

INTRODUCTION
Acrylamide (CH2=CH–CO–NH2; 2-propenamide) is a white crystalline vinylic
compound with a molecular weight of 71.08 kDa (1).It is a colorless, odorless solid that
is formed during food processing under high temperature via the Maillard reaction,
especially during the processing of food containing asparagines and glucose(2).
Processed potato products, bread, breakfast cereals, biscuits, cookies, snacks, and
coffee have been found to contain different levels of acrylamide residues (3).Also, it has
been used in the industry, especially in the form of polyacrylamides utilized in
adhesives and grouts, soil stabilizers and in laboratory gels since 1950(4, 5). In the
environment, acrylamide (AA) has a high mobility in soil and in ground water.
Therefore, AA can be considered as an environmental and occupational pollutions(6, 7).
Investigations of AA toxicity have focused primarily on its neurotoxicity ever since
this effect was first observed in laboratory animals and industrial workers over 30
years ago(4).In 1994, the International Agency for Research on Cancer (IARC 1994)
classified AA as “potentially carcinogenic to humans”(8), and in 2001, the Scientific
Committee on Toxicity, Ecotoxicity and the Environment firmly demonstrated its
toxic properties including neurotoxicity, genotoxicity to the both somatic and germ
cells, carcinogenicity and reproductive toxicity(9).
In addition, EU Risk Assessment Report indicated that acrylamide was carcinogenic in
animals and increased incidences of a number of benign and malignant tumors in a
variety of organs (e.g. thyroid, adrenals and testicular mesothelioma)(10).
Besides, physical, chemical and biological agents can act in the DNA, resulting in
genotoxicity which involves in carcinogenicity(11). Genotoxicity can be also
considered as one of causes of acrylamide's carcinogenicity. IARC reported that AA
induces gene mutation, structural chromosomal aberrations, sister chromatid exchange
and mitotic disturbances in mammalian cells. AA and its metabolite glycidamide can
make covalent adducts with DNA and create genotoxicity(4).
Several studies revealed the role of oxidative stress in the pathogenesis of AA toxicity
(12-14)
. Moreover, Induction of genotoxicity via oxidative damage to the DNA by
oxidant compounds have been shown in several studies (15-17).Oxidative stress defined
as an imbalance in the biological oxidant-to-antioxidant ratio. Oxidative stress results
from excess reactive oxygen species (ROS), especially due to the exposure to
environmental pollution(18). ROS can attack to cellular macromolecules, including
lipids, proteins, and DNA and induce cellular damage(19).
There has been several studies that showed antioxidant compounds can inhibit DNA
oxidative damage and genotoxicity (20-22). For example, yang et al showed that
antioxidant such as, zinc could prevent aflatoxin-induced cytotoxicity and
genotoxicity, induced in rats via attenuation of oxidative stress pathway(11).
L carnitine (LCA) is a compound that shows antioxidant effects. Regarding the
antioxidant capacity of LCA, human and animal data support the notion that LCA
treatment exerts beneficial effects in several disorders that are related to oxidative
stress.
In this study we evaluated the role of Acrylamide induced oxidative stress in its
genotoxicity in human lymphocytes. Also, the protective effect of LCA against
Acrylamide –induced oxidative stress and subsequently its genotoxicity was
investigated (23).
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METHODS
Sample Preparation
The study was carried out by using blood sample from healthy, young (20–24 years)
male. The criteria of acceptability to ensure reliability of the experiment were: having
good health, without serious illness and receiving any medical therapy, from nonalcoholic non-smoker person(24).
Micronucleus Test
The Micronucleus test (MNT) in human lymphocytes can be performed using whole
blood cultures. The MNT was conducted according to the method of Fenech et al. (25).
Briefly, 0.5ml of whole blood was mixed with 4.5 ml of RPMI-1640 medium
supplemented with20% fetal calf serum, 100U/ml penicillin and 100 mg/ml
streptomycin.0.2mg/ ml phytohaemagglutinin-M (PHA) was added to stimulate the
culture. Cultures were incubated in duplicates at 37°C for 72h.At the 24h of the first
day, cells treated as follows: control, AA (10, 25, 50 and 100mM), AA (50 mM) that
pretreated with LCA (100 and 200 mM). After 20 h exposure, Cytochalasin-B (5
mg/ml) was added to arrest the cells atcytokinesis(26).
The cultures were harvested by centrifugation after 28 h. The lymphocytes were
subjected to mild hypotonic treatment with 0.075 M KCl for 5 min, then fixed in fresh
fixative solution (3:1, methanol: acetic acid). This fixation was repeated twice. Few
drops of cell suspension was smeared on pre-cooled microscopic slides and air-dried.
The slides were stained using 10% giemsa of pH 6.8 for 10 min. around one thousand
binucleated lymphocytes per culture were scored at 400X magnification. Frequency of
micronuclei (MN) and nucleoplasmic bridges per 1000 cells was calculated and
reported as percentage(26).
Measurement of Reactive Oxygen Species
The intracellular reactive oxygen species (ROS) production was measured using
dichloro- di hydro-fluorescein diacetate (DCFH-DA) by method developed by
Halliwell and Whiteman, with some modification(27). DCFH-DA breached the cells
and was hydrolyzed by intracellular esterase to the nonfluorescent DCFH, which could
be rapidly oxidized to the highly fluorescent 2,7-dichlorofluorescein (DCF) in the
presence of ROS(28). 2 ml medium contained lymphocytes (1×106 cells) from treatment
group were washed twice with cold PBS and then suspended in PBS, and incubated
with DCFH-DA at a final concentration of 10µM for an additional 20 min at 37 ºC in
the dark. The fluorescent intensity of the cell suspensions was measured with a
Shimadzu RF5000U fluorescence spectrophotometer Excitation and emission
wavelengths were 500 and 520 nm, respectively(29). The results were expressed as
fluorescent intensity per 106 cells.
Measurement of Lipid Peroxidation
The content of malondialdehyde (MDA) was determined by the thiobarbituric acid
(TBA) reactive substances introduced as the amount of MDA produced, during an
acid-heating reaction. Briefly, 0.25 ml sulfuric acid (0.05 M) was added to 106
lymphocytes (from every groups)., with later addition of 0.3 ml 0.2% TBA. All the
micro tubes were placed in a boiling water bath for 30 min. At the end, the tubes were
shifted to an ice-bath, while 0.4 ml n-butanol was added to each tube. Then, they were
centrifuged at ×3500 g for 10 min. The amount of MDA formed in each sample was
assessed by measuring the absorbance of the supernatant at 532 nm with an ELISA
reader (Tecan, Rainbow Thermo and Austria). Tetramethoxypropane was used as a
standard and MDA content was expressed as nmol/mg protein(29).
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Measurement of Glutathione Content
Glutathione (GSH) content was evaluated using 5, 5’-dithiobis-2-nitrobenzoic acid
(DTNB) as the indicator and spectrophotometer method for treated lymphocytes.
Before the addition the Cytochalasin-B, 106 Lymphocytes, which was treated with AA
(50 mM) and AA + LCA (100 and 200 µM ), selected and added into 0.1 mol/l of
phosphate buffers and 0.04% DTNB in a total volume of 3.0 ml (pH 7.4). The
produced yellow color was read at 412 nm on a spectrophotometer (UV-1601 PC,
Shimadzu, Japan). GSH content was observed as µM(29).
Statistical Analysis
Results are presented as mean ± standard error. All statistical analyses were performed
using the SPSS software, (version10). Assays were performed in triplicate, and the
mean was used for statistical analysis. Statistical significance was determined using
the one-way ANOVA test, followed by the post-hoc Tukey test. Statistical
significance was set at P < 0.05.
RESULTS
Micronucleus Test
MNT was performed in the current study to investigate whether AA was genotoxic to
lymphocytes or not. Cytogenetic damage measured as frequency of MN in binucleated
lymphocytes (Figure 1). Frequency of MN after treatment of lymphocyte with
different concentration of AA (5, 25, 50 and 100mM) was measured. As shown in
Figure 2, the significant increase in frequency of MN was observed at concentration of
50 and 100mM (P<0.05). Also, pre-treatment with LCA significantly protected
against AA-induced genotoxicity in lymphocytes (Figure 2 B).

Figure 1. Geimsa stained binucleated cell in human lymphocytes: A) control (without the micronucleus), B) AA
treated (with the micronucleus)
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Figure 2. Frequency of micronuclei (MN) in human lymphocytes. A) Concentration-effect of Acrylamide (AA) on
frequency of MN. B) Effect of L-carnitine (LCA) on AA-induced genotoxicity. Values represent as Mean ± SEM,
*** P<0.001 compared with control group, ### P<0.001 compared with AA 50

Reactive Oxygen Species
The concentration of intracellular ROS was evaluated by the changes in DCF
fluorescence intensity. As illustrated in Figure 3, ROS formation significantly
enhanced by AA (50mM) than control group (P<0.05).In the other hand, LCA
significantly reduced AA-induced ROS production compared to AA-treated group
(P<0.05).

Figure 3. Protective effect of LCA against AA-induced intracellular ROS generation. Values represent as Mean ±
SEM, *** P<0.001 compared with control group, ## P<0.01 compared with AA 50

Lipid Peroxidation
Lipid peroxidation (LP) was the result of oxidative stress and evaluation of MDA (a
final product of LP) that was used for assessment of oxidative stress. As shown in
Figure 4, AA (50mM) significantly increased MDA concentration compared to control
group (P<0.05). Whereas pretreatment with LCA (100 and 200 µM), inhibited LP in
lymphocytes as the concentration-depended manner (P<0.05).
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Figure 4. Protective effect of LCA against AA-induced lipid peroxidation. Values represent as Mean ± SEM, ***
P<0.001 compared with control group, # P<0.05 compared with AA 50, ### P<0.001 compared with AA 50

Glutathione Content
The GSH was an utmost antioxidant defense agent against free radicals. GSH could
directly react with ROS in non-enzymatic reaction and oxidized to Glutathione
disulfide (GSSG) (28).
The GSH concentration in samples were evaluated to determine the extent of oxidative
stress induced by AA. Exposures to AA (50, mM) led to decrease in GSH levels to
86.75±7.22 (nM), as compared to 149.25±7.22 (nM) in the control group (Figure 5).
Whereas, LCA treatment inhibited AA-induced GSH oxidation in lymphocytes that
showed significant effect at concentration of 100mM (P<0.05).

Figure 5. Protective effect of LCA against AA-induced GSH depletion. Values represent as Mean ± SEM, ***
P<0.001 compared with control group, ** P<0.01 compared with control group, ### P<0.001 compared with AA 50
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DISCUSSION
Acrylamide (AA) is found in many high carbohydrates foods prepared at high
temperatures(>120ºC)(30). Recently, it has been gained attention because of adverse
effects of dietary intake of AA for human and animals(6, 31).Genotoxicity is an
important toxic effect of AA reported in many in vivo and in vitro studies (4, 28, 32).
Various in vivo genotoxicity tests demonstrated that AA could develop the
genotoxicity properties like induction of aberrations and micronuclei in blood cells
such as, peripheral RBC and spleen lymphocytes(33), transgenic gene mutation in liver,
and DNA damage in Comet assay in various organs(34-37). Genotoxic effects include
deletions, breaks and/or rearrangements can increase risk of cancer if the DNA
damage does not immediately repair or promote into the cell death. DNA damage can
be induced by a wide range of biological and chemical agent. The IARC based on
finding of rodent carcinogenicity introduced AA as a probable human carcinogen (2A
category)(8). Furthermore, previous studies showed that AA initiated tumors in
numerous organs including mammary gland, peritesticular mesothelium, thyroid, and
central nervous system, even though the genotoxicity of AA in all of these organs
have not been demonstrated.(38). In contrast, AA has revealed negative results in
bacterial gene mutation assays and comet assay even at high concentrations(35). While,
AA showed chromosome aberration and sister chromatid exchange in couple of tests
like, MNT assay. These results proposed that AA was clastogenic without directly
damaging DNA(35). However in the present study the higher concentrations of AA
were significantly increased frequency of MN in the MNT assay (50 and 100 m M)
(P<0.05). While, in the other study by koyama et al, genotoxic effect of AA in MNT
assay was observed in concentrations higher than 12.5 mM (35), which confirmed the
clustogenic properties of AA.
Genotoxic compounds could induce DNA damage through mechanisms such as,
oxidative stress or inflammatory procedures. Oxidative DNA damage can be induced
by several pathways such as, chemical modification of nucleotides direct action of
ROS on DNA, or indirectly via aldehydic lipid peroxidation degradation products(15).
Recent studies reported the relation between AA-induced toxicity and cellular
oxidative stress (39). Many studies confirmed the ability of AA in production of ROS.
ROS are very active free radicals that can attack to cellular macromolecules such as
DNA. Free radicals can react with all segments of the DNA molecule (both the purine
and pyrimidine bases and also the deoxyribose backbone). Genetic changes resulting
from these ROS induced oxidative damage can play the first step involved in
mutagenesis, carcinogenesis and ageing.
It is well established that free radical-mediated DNA damage occurred in various
cancers. and the classifying of AA as a “potentially carcinogenic” compound to
humans confirmed the ability of AA in inducing DNA damage.in other hand our
studies showed AA ( in concentrations ≥50mM) can promote frequency of MN (40) .
Also, ROS can attack to membrane lipids and induced lipid peroxidation. Lipid
peroxidation is a destructive chain reaction which can lead to generation of more free
radicals. Our results showed high concentration of AA(50mM ) increased lipid
peroxidation in lymphocytes.
The harmful effects of ROS are detoxified by the antioxidant agents. Glutathione
(GSH) is an important intrinsic antioxidant tripeptide capable of preventing harmful
effect of ROS. In this procedure, glutathione oxidized to glutathione disulfide (GSSG).
Our result showed high concentration of AA led to depletion of GSH level of
lymphocytes (41).
However AA decreased oxidative stress markers such as LP and GSH oxidation. In
fact, a positive relation was found between rise of oxidative stress level and frequency
of MN after the exposure. In the other hand, several researches revealed antioxidant
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protection against oxidant challenge might decrease the rate of mutation and
genotoxicity; hence helped to prevent genotoxic-related disease including cancer(13, 16,
28, 42)
.For confirmation the role of oxidative stress in AA genotoxicity, LCA, a wellknown antioxidant, was used for protection against AA genotoxicity.
l-Carnitine is a dietary supplement that plays an important role in passing of the longchain fatty acids across the inner mitochondrial membrane for β-oxidation and ATP
production. l-carnitine is a free radical scavenger, which shields antioxidant enzymes
from oxidative damage then it prevents the accumulation of end-products of oxidative
stress(19, 43). Antioxidant properties of L-carnitine was shown in several experimental
studies. For example in one study L- carnitine reduced lipid peroxidation in aging rats
(44)
. In other studies, using of l-carnitine improved oxidative damage induced by
benzene in bone marrow cells (45). Our results showed LCA treatment not only
decreases the level of oxidative stress markers in lymphocyte exposed to AA, but also
significantly inhibited the frequency of MN in these cells (P<0.05). These data
confirmed the role of oxidative stress in promotion of AA genotoxicity in human
lymphocytes.

CONCLUSION
In overall, the clustogenic effect of AA in human lymphocytes was proven. In
addition, oxidative stress was suggested as an important mechanism involved in
genotoxicity effect of AA. Also, LCA showed beneficial effect for amelioration of AA
induced genotoxicity through its anti-oxidative effects.
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