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A B S T R A C T

Objective

Acrylamide is a potentially neurotoxic and carcinogenic chemical and naturally creates during the heating 
process of carbohydrate-rich foods, such as potato chips and breakfast cereals. Acrylamide might be 
ingested by people via consuming food that contains it. Therefore, we investigated the effect of acrylamide 
given orally to male and female rats on plasma retinoic acid and α-tocopherol and serum sialic acid and 
malondialdehyde levels.

Method

A total of 50 Wistar rats were used (25 female and 25 male, three-four weeks old). The rats of each sex 
were given 2 and 5mg/kg/day acrylamide via drinking water for 90 days. At the end of the treatment, the 
animals were euthanized by cervical dislocation. Blood specimens were collected through cardiac puncture, and 
serum and plasma samples were analysed using the high-performance liquid chromatography technique with a 
Ultraviolet detector.

Results

The analysis of the plasma and serum samples revealed that serum sialic acid and malondialdehyde levels in 
both sexes given 5mg/kg/day acrylamide were significantly increased, and the serum sialic acid levels were 
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higher in female rats given 2mg/kg/day acrylamide. The plasma retinoic acid and α-tocopherol levels significantly 
decreased in both sexes given only the highest dose. 

Conclusion

The results show that acrylamide causes an increase in oxidative stress and leads to a decrease in the levels of 
retinoic acid and α-tocopherol which play a role in the defense mechanism against this stress.

Keywords: Acrylamide. Malondialdehyde. Retinoic acid. Sialic acid. α-tocopherol.

R E S U M O

Objetivo

A acrilamida é um químico potencialmente neurotóxico e carcinogênico, sendo naturalmente criada durante o 
processo de aquecimento de alimentos ricos em carboidratos, como batatas fritas e cereais matinais. Dado que 
o composto pode ser ingerido através do consumo de alimentos, o presente trabalho teve por objetivo investigar 
o seu efeito, quando administrado oralmente a ratos, medindo-se os níveis plasmáticos de ácido retinoico e 
α-tocoferol, bem como os níveis séricos de ácido siálico e malondialdeído

Métodos

Foram utilizados cinquenta ratos Wistar, sendo metade de cada sexo, com idade entre três e quatro semanas.  
Os animais foram divididos em dois grupos, os quais receberam diferentes doses diárias de acrilamida, via água 
potável, durante noventa dias: o primeiro ingeriu 2mg/kg/dia; e o segundo, 5mg/kg/dia. Ao final do tratamento, 
os animais foram eutanasiados por meio de luxação cervical. Amostras de sangue foram coletadas através de 
punção cardíaca, assim como amostras de soro e plasma foram medidas usando-se a técnica de cromatografia 
líquida de alta performance com detector de Ultravioleta. 

Resultados

A análise das amostras de plasma e soro revelou que os níveis de ácido siálico e malondialdeído, em ratos de 
ambos os sexos tratados com acrilamida de 5mg/kg/dia, foram significativamente aumentados, ao passo que 
os níveis séricos de ácido siálico foram maiores em ratas tratadas com 2mg/kg/dia de acrilamida. Já os níveis 
plasmáticos de ácido retinoico e α-tocoferol diminuíram significativamente em ratos de ambos os sexos, quando 
tratados com a dose mais elevada. 

Conclusão

Os resultados mostram que a acrilamida causa um aumento no estresse oxidativo e leva a uma diminuição 
nos níveis de ácido retinoico e α-tocoferol, que desempenham um papel no mecanismo de defesa contra esse 
estresse.

Palavras-chave: Acrilamida. Malondialdeído. Ácido retinoíco. Ácido siálico. α-tocoferol.

I N T R O D U C T I O N

Acrylamide, a possible human carcinogen, has been shown to be generated in carbohydrate-
rich foods during the heating process [1], and humans continuously receive a small amount of 
acrylamide via these foods [2,3].  In addition, contamination of food packaging material or water 
treatment and smoking are important sources of exposure to acrylamide [4]. Recent studies have 
shown that for human beings, the intake of acrylamide via food is approximately 0.31-1.1µg/kg 
body weight/day [5-7]. The acrylamide exposure and its detrimental effects in children and 
adolescents are two times higher than that of adults due to their lower body weight and higher 
consumption of acrylamide-containing foods, such as crisps [7-9]. Acrylamide is easily absorbed 
by the intestinal cells and usually conjugates with glutathione. This conjugation leads to the 
reduction of cellular glutathione levels, which in turn increases reactive oxygen species inducing 
cellular damage [10].  
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Cells have glycoprotein layer on their surfaces and this layer has sialic acid at the end of 
the sugar chain. Glycoprotein has many significant roles in cells concerning immune response and 
cell-cell interaction. Sialic acid found in this layer is a useful marker of the acute response stage in 
several disorders. The elevated level of sialic acid indicates excessive cell membrane damage [11]. 
α-tocopherol, a type of vitamin E, is an antioxidant that breaks the lipid peroxidation chain and 
deactivates free radicals by converting them to an oxidized product of α-tocopheroxyl free radical 
[12,13]. The formation of sufficient amount of α-tocopheroxyl in cells defends the body against 
oxidative stress. Retinoic acid, the acid corresponding to retinol, exists in both cis-trans isomeric 
forms, and is now considered a normal metabolite of vitamin A [14]. Vitamin A is required for growth 
and development ranging from organogenesis to metabolism and immunological wellness [15]. 
Recent findings indicate that reduction of retinoic acid can lower immunity while excess retinoic acid 
can induce inflammatory disturbances [16], Free radicals and reactive oxygen species formed during 
the metabolic processes of cells attack cellular components, such as proteins, deoxyribonucleic 
acid, and especially lipids. This causes oxidative degradation of lipids, and eventually leads to their 
peroxidation [17]. Malondialdehyde, a lipid peroxidation product, is frequently used as an indicator 
of cell membrane injury formed as a result of oxidative stress [18].

In the literature, there is only limited and inconclusive data concerning the oxidative status of 
plasma or serum in acrylamide exposure. These data are generally related to the acute and high dose 
effects of acrylamide. However, people are exposed to acrylamide chronically at low doses through 
intake of processed or contamined food. In addition, to our knowledge, the long-term low-dose 
effects of acrylamide on plasma retinoic acid, α-tocopherol and serum sialic acid levels in rats have not 
yet been examined. Therefore, in this study, we investigated these parameters in rats that received 
acrylamide.

M E T H O D S

Acrylamide was provided from Sigma and the chemical purity was >99%. Acrylamide solutions 
were prepared weekly dissolving in tap water and maintained at room temperature. 

In this type of study, acrylamide must be given to rats either by gavage or in drinking water. 
However, the experimental period of our study was too long to give the substance by gavage 
without causing degeneration of oesophagus. Furthermore, considering the high water solubility 
of acrylamide (2.16g/mL at 30ºC), we chose to expose the rats to acrylamide via drinking water. We 
used 2 and 5mg/kg/day doses to prevent acrylamide toxicity manifested as paralysis in the hind limb 
of animals [19]. 

Wistar rats of each sex, aged 3-4 weeks old, were obtained from Selcuk University Experimental 
Medicine Research and Application Centre (Konya, Turkey). The rats were kept at a controlled 
temperature and humidity (20±2ºC, 50%) in 12h light/dark cycle. 

A total of 50 Wistar rats were used (25 female and 25 male). The body weights and birth 
times of the rats used for our study were comparable. Prior to the experiment, the rats were divided 
randomly and equally into five cages, five of each sex in each cage. During the 1 week acclimatization 
period, the average daily water consumption of rats in each cage was recorded and the amount 
consumed by each rat was calculated. Because the ages of the rats were the same and the body 
weights were comparable to within 5g, the slight differences among rats were ignored. We then 
calculated the amount of acrylamide to be given as mg/kg/day and dissolved this amount in the 
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volume of water they normally comsumed. In addition, dosages to be administered according to 
increasing water consumption every two weeks were adapted to take daily. The rats of each sex were 
divided into three groups as follows: Two groups (10 rats each) constituted the experimental groups 
that received 2 and 5mg/kg/day acrylamide through drinking water for 90 days. The third group was 
the untreated control group that consisted of five rats, which were only given drinking water for 
90 days. At the end of the treatment, the animals were euthanized using cervical dislocation. Blood 
specimens were collected through cardiac puncture. The serum and plasma were separated and kept 
at -80ºC until the time of analysis. All rats were fed with commercial food pellets, and drinking water 
was provided ad libitum throught the experiment.  

The plasma retinoic acid and α-tocopherol levels were measured by a Chromsystems Indicator 
Kit (Munich, Germany) using high-performance liquid chromatography with a UV-detector.

The sialic acid levels were measured by a colorimetric assay developed by Warren [20]. 
Briefly, sialic acid was oxidized using sodium periodate in a strong acid solution. The resulting 
product was combined with thiobarbituric acid, and the chromophore obtained was separated 
into cyclohexanone. 

Thiobarbituric acid-reactive substances were determined using the method described by 
Draper & Hadley [21]. The principle of this method is based on the spectrophotometric measurement 
of the colour that occurs during the reaction between thiobarbituric acid and malondialdehyde. A 
portion of serum (200µL) was mixed with 2mL of a solution containing 15%(w/v) trichloroacetic acid, 
0.38%(w/v) thiobarbituric acid, and 0.25N of hydrochloric acid. The mixture was heated at 100ºC for 
30 minutes, followed by centrifugation, and the absorbance was measured at 535nm. 

The results of the experiment were assessed by the Statistical Package for the Social Sciences 
(IBM®, New York), and the significance was calculated using Tukey’s multiple comparison tests. All 
the results are expressed as mean ± Standard Deviations. The Internal Ethical Committee of Selcuk 
University approved the experimental animal procedure implemented in the study (No: 2011-095).

R E S U L T S

The analysis of the plasma retinoic acid and α-tocopherol, serum sialic acid and malondialdehyde 
levels in rats after acrylamide treatment did not reveal any symptoms of sickness or mortality. Table 1 
and Figure 1 present the plasma retinoic acid and α-tocopherol, serum sialic acid and malondialdehyde 
levels in all groups. According to the results, the plasma retinoic acid and α-tocopherol levels of rats 
in both sexes given 5mg/kg/day of acrylamide presented a statistically significant decrease (p<0.05 
and p<0.01, respectively) compared to the rats given 2mg/kg/day acrylamide and the control groups. 
However, there was no statistically significant difference between the groups depending on the dose 
(Table 1 and Figure 1).

When the serum sialic acid and malondialdehyde levels were examined in both sexes, it was 
found that the serum sialic acid levels showed a statistically significant increase in male rats given 
5mg/kg body weight/day acrylamide (p<0.001) whereas in female rats, these levels presented a 
statistically significant increase in both dosage groups (p<0.01). There was a statistically significant 
increase in the serum malondialdehyde levels of both sexes given just 5mg/kg body weight/day 
acrylamide (p<0.05 and p<0.01, respectively). However, no statistically significant difference was 
observed between the rats given 2mg/kg body weight/day acrylamide and the control groups (Table 
1 and Figure 1).
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Table 1. Plasma retinoic acid and α-tocopherol, serum sialic acid and malondialdehyde levels of all groups (mean ± standard deviations).

Parameters Groups
Control 2mg acrylamide/kg 5mg acrylamide/kg

Mean comparison (p)
M SD M SD M SD

Retinoic acid 

(µmol/L)

Male 1.19 (± 0.2) 0.71 (± 0.3) 0.47 (± 0.2c)

<0.001Female 1.76 (± 0.4) 1.28 (± 0.4) 1.03 (± 0.1c)

α-tocopherol 

(µmol/L)

Male 26.78 (± 3.5) 25.95 (± 5.1) 18.28 (± 3.3b)

<0.001Female 31.72 (± 7.2) 28.15 (± 2.5) 11.10 (± 1.9a)

Sialic acid 

(mmol/mL)

Male 6.64 (± 2.4) 9.80 (± 4.5) 18.18 (± 3.6a)

<0.001Female 8.86 (± 6.8) 15.88 (± 3.9b) 18.28 (± 1.6b)

Malondialdehyde 
(µmol/L)

Male 7.43 (± 1.1) 9.98 (± 1.0) 11.27 (± 1.7c)

<0.01Female 8.22 (± 1.6) 11.54 (± 2.4) 12.91 (± 2.8b)

Note: ap<0.001, bp<0.01, cp<0.05 statistically different compared to the control group.

M: Mean; SD: Standard Deviations.
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D I S C U S S I O N

Sialic acid usually exists as a terminal constituent of carbohydrate chains in glycoproteins and 
glycolipids [22]. Lijima et al. [23] reported that monomeric sialic acid is a potential defence molecule 
against oxidative damage caused by hydrogen peroxide. Oxidative stress can cause the removal of 
the sialyl groups of glycoproteins of plasma proteins [24]. In the current study, the amount of serum 
sialic acid in rats after acrylamide treatment was higher than that of the control rats. This indicates 
that the removing of sialyl groups of glycoproteins in blood was increased with in the presence of 
acrylamide. In some studies, this was attributed to oxidative stress caused by acrylamide [25]. On the 
other hand, during inflammatory processes, the level of sialic acid in serum rises due to the increased 
high amount of sialylated glycoproteins [26,27]. Researchers have suggested a positive correlation 
between the level of sialic acid and c-reactive protein in serum [28,29]. In addition, the level of 
c-reactive protein increases in serum in case of response to inflammation. It has also been reported 
that food-based acrylamide intake may cause chronic inflammation [30,31]. Therefore, we concluded 
that acrylamide may lead to a proinflammatory state.

Figure 1. Changes in the levels of plasma retinoic acid and α-tocopherol, serum sialic acid and malondialdehyde levels of male and 

female rats in all groups.

Note: ap<0.001, bp<0.01, cp<0.05 statistically different compared to the control group.
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When acrylamide enters the body by the oral route, it is metabolized in two ways; through 
conjugation with Glutathione (GSH) or through oxidation to glycidamide, an epoxide metabolite of 
acrylamide [32,33]. In the latter case, glycidamide may then conjugate with reduced GSH [32]. Yousef 
& El-Demerdash [25] reported that acrylamide depleted GSH content in rats. The reduction of GSH 
to critical levels causes an increase in lipid peroxidation [34,35]. In the current study, it was observed 
that the levels of malondialdehyde, the yield of lipid peroxidation, were increased in the serum of the 
rats that received acrylamide. This may have resulted from the formation of reactive oxygen species 
due to the increased oxidative damage in these rats. In turn, increased ROS can lead to the oxidation 
of membrane lipids. Similar findings have been reported showing elevated serum malondialdehyde 
levels in rats after acrylamide treatment [36,37].

Retinoic acid and α-tocopherol (non-enzymatic antioxidant defence system) directly detoxify 
free radicals [38]. We also observed a decrease in the levels of these parameters after acrylamide 
treatment. This decrease may have occurred due to the increased defence against oxidative stress 
caused by acrylamide. Our results consistent with previous reports that acrylamide decreased 
enzymatic antioxidant levels [36,39].

C O N C L U S I O N

The results of the present study showed that acrylamide increases oxidative stress and causes 
cell membrane injury. This increased oxidative damage not only leads to the removal of the siayl 
groups of plasma proteins, but also leads to a decrease in the levels of retinoic acid and α-tocopherol 
that play a role in the defense mechanism against this damage.
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