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Abstract: Acrylamide is a substance occured carbohydrate-rich foods during cooking high temperature and
because of its small and hydrophilic structure, it can diffuses easily throughout the body. Due to this reason all
tissues teorically become the target according to the acrylamide toxicity. In this study it was investigated
whether acrylamide has any effect on the renal function of the male and female rats receiving long term
acrylamide. In total, 25 male and 25 female Wistar rats were involved in this experiment. Animals in each sex
were segregated into three groups. Two of them were treatment groups and one of them was control group.
Each treatment group consisted of ten animals and each control group consisted of five animals. Acrylamide
was administered to the treatment groups at 2 and 5 mg/kg/bw/day via drinking water for 90 days. At the end of
the experiment, plasma samples were analyzed for sodium, potassium, chlor, calcium, phosphor, urea, uric acid
and creatinine levels with the spectrophotometric method. At the end of the study it was observed that serum
urea and creatinin levels statistically increased in the male and female rats just treated with 5 mg/kg/bw/day
acrylamide (p<0.05) when compared to the rats treated with 2 mg/kg/bw/day acrylamide and control groups.
Besides this there was no statistically difference serum sodium, potassium, chlor, calcium, phosphor and uric
acid levels in rats treated with 2 and 5 mg/kg/bw/day acrylamide when compared to the control groups
(p>0.05). According to the our findings it was possible to say that acrylamide treatment affects negativelly renal
function in rats. In parallel with this the finding of acrylamide in most consumed foods such as potato chips may
have negative effect on human health.
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1. INTRODUCTION

Acrylamide, is a substance having a molecular formula as CsHsNO (CH,=CH-CONHy,) and molecular
weight of 71.08 which is colorless, odorless, in a crystalline structure and can just be dissolved in
polar solvents such as aceton, methanol, ethanol as well as water [1]. Acrylamide polymer
(polyacrylamide) is used commonly in various application areas such as drinking and wastewater
treatments, paper pulp and paper production, mining and mineral processing, in the composition of
various cosmetics products and molecular research laboratories [2]. While people are exposed to
acrylamide by dermal or by inhalation exposure because of their jobs, in 2002, some Swedish
researchers [3, 4] revealed that acrylamide occurred carbohydrate rich foods during cooking at high
temperatures and this indicated that this substance might be ingested via foods.

Acrylamide is absorbed very rapidly by digestion system after its inception by humans and animals as
well as is distributed to the whole body. Following its absorption, it spreads to many organs such as
thymus, liver, heart, brain and kidney [5], moreover, might reach fetus after passing through placental
barrier [6]. Its presence was also determined in breast milk [7].

After incoming the body acrylamide either transforms into glycidamide, epoxide metabolite of
acrylamide, via oxidation by cytochrome P450 2E1 enzyme [8, 9], or conjugates with glutathione
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(GSH) [10]. Epoxidation of equal amounts of acrylamide to glycidamide is 2-4 times less in humans
when compared to rodents [11-13]. Toxicokinetic studies in humans indicated that 60% of absorbed
acrylamide is mostly eliminated in urine (86%) as GSH and just 4.4% of this incoming acrylamide
was unchanged. A small amount of unchanged glycidamide was also determined in human urine [11].
Acrylamide and its metabolites accumulate in blood by combining with hemoglobin. Moreover, it was
also stated that they accumulate in nervous system, male reproduction system, liver and kidney [14].

Since acrylamide molecule is small and has hydrophillic structure, this makes it possible for it to
reach every organ and so every tissue in the body naturally [8]. For this reason, all tissues are in the
target of negative effects of acrylamide theoretically.

Residual products (urea, creatinin, uric acid, etc.) formed as a result of metabolic reaction of any
substance incoming the body are removed from the blood by kidneys which are natural treatment
system of the body. In addition to this, kidneys can perform many vital functions such as regulation of
water balance in the body and protection of body liquids (acidity/alkalinity). Kidneys can filtrate
about 200 litres of blood per day and remove toxic materials and excess liquid via 1.5 liter urine.
Within this period, any imbalance occurred might cause disorder of kidney functions rapidly [15].
Kidney function disorder is resulted as accumulation of toxic substances in the blood that should be
removed from the body [16]. In practice, blood and urine tests are carried out for the assessment of
kidney functions and determination of degree and level of function disorders. Such tests indicate to
what extent kidneys are successful to filtrate these residual products and excess liquid in the body
[17]. Creatinin and blood urine nitrogen (BUN) can be searched in a blood sample. As filtration
process of kidneys decreases, the levels of these residual products increase in the blood. Abnormal
results obtained are generally first indicators of kidney diseases [18].

In this study it was investigated whether acrylamide has any effect on the renal function of the male
and female rats receiving long term acrylamide.

2. MATERIALS AND METHODS
2.1 Test Chemical

Acrylamide (Cas 79-06-1) was received from Sigma Aldrich Chemical Company. The material was a
white odourless crystalline solid, with a chemical purity of > 99% (for electrophoresis). The test
material was prepared weekly and stored at room temperature. All other chemicals used were of
analytical grade.

2.2 Dosing

In our study acrylamide must be given to the rats either with gavage or with drinking water. Our
experimental period is too long to give this substance by gavage because of making any degeneration
in rats esophagus and the water solubility of acrylamide is very high (2.16 g/ml at 30 °C) and there
isn’t any residue in water. Therefore we prefered to give acrylamide to the rats via drinking water. We
decided our acrylamide doses as 2 and 5 mg/kg/day in our study since not to occure a characteristic
sign of acrylamide-induced neurotoxicity such as hindlimb foot splaying [19, 20].

2.3 Animals and husbandry

Male and female weaned Wistar rats, weighing 65-75 g and aged 3-4 weeks old, were obtained from
Selcuk University Experimental Medicine Research and Application Centre (Konya, Turkey). The
rats were housed in wire-topped opaque polycarbonate cages and maintained under constant
environmental conditions with a 12 h light/dark schedule. The environmental temperature was 20+2
°C and humidity was 50%. Commercial food pellets and drinking water were provided by ad libitum.
The protocols of the animal experiments were approved by the internal ethical commitee of the
University.

2.4 Experimental design

In total, 25 male and 25 female Wistar rats were involved in this experiment. Animals in each sex
were segregated into three groups. Two of them were treatment groups and one of them was control
group. Each treatment group consisted of ten animals and each control group consisted of five
animals. Acrylamide was administered to the treatment groups at 2 and 5 mg/kg/day via drinking
water for 90 days. Tap water was administered to five animals of control group in the same manner as
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in the treatment groups. All animals were sacrificed 24h after the last treatment by cervical
dislocations under ether anesthesia.

2.5 Sample analyses

Cardiac puncture was used to collect blood samples at the indicated sacrifice times. Blood samples
were centrifuged at 2500 rpm for 10 min and serum was taken. Urine and serum sodium, chlorine,
calcium, urea, uric acid and creatinin levels were measured using autoanalyser (Synchron LX System
(Beckman Coulter, Fullerton CA).

2.6 Statistical analysis

All data are expressed as mean + standart deviations. Statistical analyses were done using SPSS v.
16.0 (SPSS Inc., IL, USA). Groups of data were compared to an analysis of variance (ANOVA)
followed by Tukey’s multiple comparison tests. Differences were considered significant at a
probability level of p<0.05.

3. RESULTS

In order to determine its effect on kidney functions of rats, 2 and 5 mg/kg/day acrylamide was given
to male and female rats via drinking water for 90 days and after application the serum samples taken
from the rats were investigated in terms of sodium, chloride, calcium, urea, uric acid and creatinin
levels whereas urine samples were investigated in terms of calcium and creatinin levels. As a result of
these investigations, the findings obtained are given in Table 1. During experiments, any diseases,
decrease in activity or mortality were not observed in rats.

According to the results of analysis belonging to the serum of rats, it was observed that there wasn't a
statistically significant difference in male and female rats which were applied 2 and 5 mg/kg/day
acrylamide when sodium, chloride, calcium, urea, uric acid and creatinin levels as well as calcium
levels in urine were compared within themselves and with control group (p>0.05). On the other hand,
when serum urea and creatinin levels as well as urine creatinin levels of male and female rats which
were applied with 5 mg/kg/day acrylamide were compared with other groups, it was found
statistically and significantly higher (p<0.05).

Table 1. The results of serum and urine parameters of rats in whole groups (All values are mean + standart
deviation).

Parameters Group Control 2mg/kg/day acrylamide  5mg/kg/day acrylamide
Sodium (Na) Male 13715 1.38+20 1.37£0.9
(mEg/L) Female 1.36 0.9 1.37+15 1.35+ 1.7
Chlorine (CI) Male 100.0+1.9 99.1+£27 99.6+1.8
(mEg/L) Female 103.0£1.3 100.1+ 1.6 99.8+1.2
Calcium (Ca) Male 10.0+0.2 10.1+ 0.4 10.2+0.4
(mg/dL) Female 10.1+0.2 10.1+0.5 10.1£0.5
Urea (mg/dL) Male 35.80+2.6 40.0+5.9 45.25 + 4.9

Female 38.75+1.7 46.20 +6.5 49.0 +4.9°
Uric acid Male 0.65 + 0.05 1.03£0.42 1.03 £0.47
(mg/dL) Female 0.67 £0.07 0.84 +0.09 1.15+0.7
Creatinine Male 0.24 +0.02 0.28 £0.03 0.38+0.07°
(mg/dL)

Female 0.31£0.02 0.36 + 0.07 0.43 +0.09°
Urine (Ca) Male 470+2.1 542+2.4 47111
(mg/dL)

Female 356+15 590+2.2 540+ 2.7
Urine creatinine Male 12,24 + 3.6 18.11+13.3 28.67 +30.6°
(mg/dL)

Female 9.95+0.1 10.43+£0.9 36.36 +29.4%

#p<0.05 statistically different group when compared with control group.
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4. DISCUSSION

Because of increase and perfusion of concentration of residual products formed as a result of
metabolism in kidney tubules, the kidneys are easily injured organs [21]. The levels of urea and
creatinin in serum are used as indicators for determination of kidney functions, however,
concentration of serum creatinine is a more effective indicator than urea concentration at the initial
stages of kidney diseases [22].

In 2002, presence of acrylamide unexpectedly in various food products at high amounts necessitated
performing additional experiments in order to determine negative effects of this material on health
[23]. In studies carried out to understand formation mechanism of acrylamide in foods, it was
determined it formed as a result of Maillard reaction between amino acids (especially asparagine) and
sugars during cooking of some foods [3, 4]. As a result of experiments performed with rodents to
determine its effects on health, it was stated that acrylamide has different neoplastic effects such as
follicular thyroid tumours, scrotal mesothelioma, breast gland tumours, lung carcinoma, glial brain
tumours, mouth cavity papillomas and uterine adenocarcinoma both in male and female mice and rats
[24-27]. As a result of these assessments, acrylamide is classified as "possible human carcinogen™
(Group 2A) by IARC [1]. It was clearly revealed as a result of in vivo and in vitro experiments that
acrylamide and its basic metabolite, glycidamide, have genotoxic and clastogenic effects [5, 28-30].
Large intestine, bladder and kidney are the organs that are more target to the acrylamide incoming
body via foods because acrylamide and its basic metabolite, glycidamide are detoxified by glutathione
conjugation, absorbed rapidly by digestion system after dissolving in water and removed from the
body via urine [1].

Since humans are always exposed to low-dosages of acrylamide within their diets, this study was
designed to determine how chronic acrylamide intake affects kidney parameters in terms of
experimental animal. Therefore, the weaned male and female Wistar rats were applied acrylamide in 2
and 5 mg/kg/day acrylamide via drinking water for 90 days. The serum samples taken from the rats
after application were investigated in terms of sodium, chloride, calcium, urea, uric acid and
creatinine levels whereas urine samples were investigated in terms of calcium and creatinine levels.
When the data obtained from serum and urine samples were compared with control groups, it was
determined that urea and creatinine levels in serum as well as creatinine level in urine increased in
both male and female rats just at the highest dosage and a significant difference was not indicated in
other serum and urine parameters.

In a study carried out with Sprague-Dawley rats, they were fed by their basic diets mixed with
15%and 30% potato chips and toasted bread for 6 weeks. As a result of experiments, it was observed
that serum glucose and creatinine levels as well as many biochemical parameters (serum MDA, ALT
and AST, total cholesterol, HDL-cholesterol, LDL-cholesterol levels) significantly increased [31]. In
another study performed by Abd-EIl Mottaleb and Rashed [32], 75 and 150 mg/L (1/20 and 1/10 of
acrylamide LDs, dosage) acrylamide were applied to male albino rats in drinking water for 28 days
and its toxic effects on brain, thyroid gland, testis, liver and kidney were investigated. As a result of
acrylamide toxicity, it was determined that there were variations in some biochemical parameters such
as significant decrease in urea concentration, some enzymatic activities (ALT and AST) were
inhibited, there was a decrease in testosterone, T3 and T4 hormones, the most affected organs were
brain, thyroid gland and testis followed by liver and kidney according to histopathological evaluation.
In addition to this, a significant difference was not determined in serum total protein, aloumin and
creatinine levels. In a study where 50 mg/kg/day acrylamide dosage was applied to Wistar male rats
through oral route for 10 days and the protective effect of selenium was searched against acrylamide
toxicity, it was stated that it caused a significant increase in direct bilirubin, total bilirubin, total
cholesterol, LDL-cholesterol indicating liver activity as well as creatinine, urea and uric acid
indicating Kidney activity. It was emphasized that selenium application decreased the increase in
parameters and in fact decreased the level of serum creatinine to basal level [33].

In another study, experiments were performed to investigate the effect of acrylamide on its oxidative
damage in organs such as kidney, spleen, testis and brain, a diet including 0.34 gram acrylamide per
kg of their consumed diet was applied to male Sprague-Dawley rats for 11 days. Moreover, the effect
of garlic powder added in the diets at the rates of 2.5% and 5% on acrylamide-sourced oxidative
damage was investigated. As a result of the research, it was concluded that applied acrylamide caused
oxidative damage in the examined tissues and moreover resulted in a significant increase in LDH
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activity as well as serum urea and creatinine levels. It was indicated that garlic powder application had
a protective effect against acrylamide and decreased biochemical variations [34]. A similar study was
carried out with Wistar rats and the protective effect of N-acetyl-L-cysteine as an antioxidant agent
against acrylamide toxicity formed experimentally was investigated in brain, lung, liver, kidney and
testis of rats which were applied with 40 mg/kg/day acrylamide intraperitoneally. It was determined
that oxidative damage occurred by acrylamide in the examined tissues and it caused significant
increase in serum creatinine level. It was concluded that the applied antioxidant agent was beneficial
against acrylamide toxicity risk and balanced oxidant-antioxidant situation [35]. In another study
performed by the same researchers, protective effect of melatonin was searched against acrylamide
toxicity. It was found that serum creatinine levels measured to assess the kidney function increased
due to acrylamide, however, this increase was prevented in groups which were applied melatonin and
moreover oxidative organ damage sourced from acrylamide toxicity was reformed by means of
antioxidant properties of melatonin [36].

In the study performed by Rawi et al. [37], 15 mg/kg/day acrylamide was given to male and female
rats through oral route for 28 days and it was resulted that acrylamide caused some variations in
serum creatinine, urea and uric acid levels of rats when compared to control group. Moreover, these
findings were supported histopathologically and it was determined that some occlusions occurred in
cortical blood vessels depending on swelling and degeneration of epithelium cells laying in kidney
tubules and continuous acrylamide exposure caused local bleeding between tubules in corticomedullar
region.

In these studies which indicated that acrylamide given to rats caused damages in organs such as brain,
thyroid gland, spleen, liver, testis and kidney, acrylamide was generally applied at high dosages in
short times. In our study the effect of acrylamide on kidney function was assessed and it was
determined that serum urea and creatinine levels increased. It was also determined that the same effect
observed in other studies might occur at low dosages in long times.

There are many epidemiological studies in literature in which the relationship between acrylamide
incoming to humans via various ways and different cancer types was searched [38-41]. In a study
which was performed with 371 workers exposed to acrylamide by means of organic dyes, it was
determined that the rate of death occurred as a result of especially digestion and respiration system
cancers was more than expected [42]. In another study carried out with 8500 workers exposed to
acrylamide due to their jobs, it was suggested that there was an increase in thyroid cancer and
pancreas cancer depending on the exposure dosage [43].

In a study, the relationship between acrylamide intake in humans depending on the diet and kidney
cancer, it was revealed that the kidney function was affected and there was a positive relationship
between acrylamide and increase in kidney-cell cancer [44]. Moreover, it was also determined that
there was a positive relationship between kidney cancer formation in humans as well as animals and
oestrogen hormone [45, 46]. It was indicated that glycidamide, epoxide metabolite of acrylamide,
affected regulation of genes catalysing the transformation of inactive androgen and oestrogen
precursors to active forms such as testosterone and 173-estradiol [47].

Consequently, it was determined in this study that acrylamide, having some negative effects on health,
significantly increased serum urea and creatinine levels of male and female rats at low dosages and
for long time intake. Based on this study which indicated the negative effects of acrylamide on some
kidney parameters and based on different studies which indicated its negative effects on human
beings, it is suggested that a diet in which consumption of foods including this material decreased
should be selected and all precautions should be taken.
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