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INTRODUCTION
Acrylamide (CH2=CHCONH2) is an , -unsaturated 
carbonyl compound with a significantly high chemical 
activity (1). It is extensively used mainly in the manu-
facture of water-soluble polymers. These polymers are 
primarily employed by the wastewater, paper, mining, 
and oil industry (2). ACR does not occur naturally. It 
was found in various fried, deep-fried and oven-baked 
foods. It occurs in foods that are regularly consumed 
throughout the years, not only crisps and bread, but also 
biscuits, crackers and breakfast cereals. Recent studies 
demonstrates that acrylamide can also be formed at 
physiological conditions (37 degrees C, pH 7.4) when 
asparagine is incubated in the presence of hydrogen 
peroxide (H2O2). Nevertheless, it is presumably not 
physiologically produced in toxic concentrations (1,3).

Acrylamide is toxic and an irrritant. Cases of acryla-
mide poisoning show signs and symptoms of local ef-

fects due to irritation of the skin and mucous mem-
branes and systemic effects due to the involvement of 
the central, peripheral, and autonomic nervous sys-
tems. Studies of neurotransmitter distribution and re-
ceptor binding in the brain of rats have revealed 
changes induced by acrylamide. In rats, changes in the 
concentration of neurotransmitters and in striatal do-
pamine receptor binding have been related to behav-
ioural changes. Degenerative changes in renal convo-
luted tubular epithelium and glomeruli and fatty de-
generation and necrosis of the liver have been seen in 
monkeys given large doses of acrylamide. In rats, im-
pairment of hepatic porphyrin metabolism has been 
observed. The toxicity of ACR is at least in part related 
to free radicals and free radical-mediated oxidative 
stress. Thus, it would be of therapeutic benefit to de-
velop new drugs that are capable of scavenging these 
free radicals in the treatment of acrylamide-induced 
damage (4).

ABSTRACT: Acrylamide (ACR), is a widely used industrial chemical which induces oxidative 
stress in the body. In this study we aimed to investigate the possible protective effect of 
melatonin (MEL), as an antioxidant agent, against experimental ACR toxicity in the liver and 
kidney of the rats. Wistar albino rats of either sex 200-250 g were divided into four groups 
each consisting of 6 animals. Rats received for 10 days; 1) 0.9% NaCl i.p.; control (C) group; 
2) MEL in a dose of 10 mg/kg i.p., 3) ACR in a dose of 40 mg/kg i.p. (dissolved in 0.9% NaCl) 
(ACR group) and 4) MEL (in a dose of 10 mg/kg i.p.) and ACR (in a dose of 40 mg/kg i.p.). 
After decapitation, liver and kidney tissues were excised. Malondialdehyde (MDA), glu-
tathione (GSH) levels, collagen contents and myeloperoxidase activity (MPO) were deter-
mined in the tissues, while enzyme activities and cytokine levels were assayed in blood 
samples. In the ACR treated group, GSH levels decreased significantly while the MDA lev-
els, MPO activity and collagen content increased in the tissues suggesting oxidative organ 
damage. In the MEL treated ACR group, all of these oxidant responses were reversed sig-
nificantly. Serum enzyme activities, cytokine levels and leukocyte apoptosis which increased 
significantly following ACR administration, decreased with MEL treatment. The results dem-
onstrate the role of oxidative mechanisms in ACR-induced tissue damage, and melatonin, by 
its antioxidant properties, ameliorates oxidative organ injury due to acrylamide toxicity.

KEY WORDS: Acrylamide, melatonin, lipid peroxidation, glutathione, myeloperoxidase

Melatonin protects against acrylamide-
induced oxidative tissue damage in rats

Ayfer Tozan-Beceren1, Ahmet Özer Şehirli2, Emel Eksioglu-Demiralp3, Göksel Şener2, 
Gülden Zehra Omurtag1

DOI: 10.12991/201216401



214

Tozan-Beceren et al., Marmara Pharm J 16: 213-221, 2012.

Melatonin, the chief indolamine produced by the pineal gland in all 
vertebrates and follows a circadian pattern. Melatonin was initially 
studied in terms of its role in endocrine physiology regulating circa-
dian and, sometimes, seasonal rhythms (5). However, evidence has 
been accumulated showing that melatonin influences the function of 
a variety of tissues not related to the endocrine system (5, 6) and that 
it has been played an important role in antioxidant and free radical 
scavenger (7-10). There is a substantial body of evidence for a pro-
tective effect of melatonin and its metabolites against DNA, lipids, 
and proteins, which are the result of a number of endogenous and 
exogenous free radical generating processes (11-15). In addition, be-
sides directly neutralizing a number of free radicals and reactive oxy-
gen and nitrogen species, melatonin stimulates several antioxidative 
enzymes (e.g., superoxide dismutase, glutathione peroxidase and 
glutathione reductase), which increase its efficiency as an antioxi-
dant. The marked protective effects of melatonin against oxidative 
stress are aided by its ability to cross all biological membranes. That 
is, melatonin, may reach to its highest concentrations in the nucleus 
of the cell where it, protects DNA from free radical damage (16,17).

The view of above findings has inspired us to study the role of oxi-
dative stress and protective effects in acrylamide-induced organ 
damage and to examine the putative protective effect of melatonin 
against acrylamide-induced injury in renal and hepatic tissues. 

MATERIALS AND METHODS
Animals
All experimental protocols were approved by the Marmara 
University School of Medicine Animal Care and Use Commit-
tee. Wistar albino rats (250-300 g) were housed in a room at a 
mean constant temperature plus or minus standard error of 
mean (SEM) of 22 ± 2 oC with a 12 hour light-dark cycle, and 
free access to standard pellet chow and water. 

Experimental groups
Wistar albino rats of either sex 200-250 g were administered 
acrylamide (Merck, 800830), (40 mg/kg/day i.p.) followed by 
either saline (ACR group) or melatonin (10 mg/kg/day i.p+40 
mg/kg/day i.p, respectively, ACR+Mel Group) for ten days. 
In the control rats saline (0.9% NaCl, control group) or Mela-
tonin (10 mg/kg/day i.p. MEL group) was injected for ten 
days, following saline administration (acrylamide vehicle). 
Each group consists of 6 animals.

The animals were decapitated on the tenth day and trunk 
blood samples were collected to analyse aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), blood urea ni-
trogen (BUN) and creatinine levels, lactate dehydrogenase 
(LDH) activity, tumor necrosis factor α (TNF-α), interleukin 
(IL)-1β, 8-hydroxydeoxyguanosine (8-OHdG) and total anti-
oxidant capacity (AOC). In the liver, and kidney tissue sam-
ples, stored at –70oC, malondialdehyde (MDA) levels, an end 
product of lipid peroxidation, glutathione (GSH), a key anti-
oxidant, and tissue-associated myeloperoxidase (MPO) activi-
ty, as indirect evidence of neutrophil infiltration, were meas-
ured. Additional tissue samples were placed in formaldehyde 
(10%) for the determination of collagen content. Serum en-
zyme activities, cytokine levels and leukocyte apoptosis were 
assayed in plasma samples. 

Assays
Blood urea nitrogen (18) and serum AST, ALT (19) and creati-
nine (20) concentrations and LDH levels (21) were determined 

spectrophotometrically using an automated analyzer (Bayer 
OpeRA biochemical analyzer, Germany). Serum levels of 
TNF-α and IL-1 β were quantified using enzyme-linked im-
munosorbent assay (ELISA) kits specific for the previously 
mentioned rat cytokines according to the manufacturer’s in-
structions and guidelines (Biosource Europe S.A., Nivelles, 
Belgium). The total antioxidant capacity in plasma were meas-
ured by using colorimetric test system (ImAnOx, cataloge no.
KC5200, Immunodiagnostic AG, D-64625 Bensheim), accord-
ing to the instructions provided by the manufacturer. The 
8-OHdG content in the extracted DNA solution were deter-
mined by enzyme-linked immunosorbent assay (ELISA) 
method (Highly Sensitive 8-OHdG ELISA kit, Japan Institute 
for the Control of Aging, Shizuoka, Japan). These particular 
assay kits were selected because of their high degree of sensi-
tivity, specificity, inter- and intraassay precision and small 
amount of plasma sample required conducting the assay.

Malondialdehyde and glutathione assays
Tissue samples were homogenized with ice-cold 150 mM KCl 
for the determination of MDA and GSH levels. The MDA lev-
els were assayed for products of lipid peroxidation by moni-
toring thiobarbituric acid reactive substance formation as de-
scribed previously (22). Lipid peroxidation was expressed in 
terms of MDA equivalents using an extinction coefficient of 
1.56 x 105 M–1 cm –1 and results were expressed as nmol 
MDA/g tissue. Glutathione measurements were performed 
using a modification of the Ellman procedure (23). Briefly, af-
ter centrifugation at 2000 g for 10 min, 0.5 ml of supernatant 
was added to 2 ml of 0.3 mol/l Na2HPO4.2H2O solution. A 0.2 
ml solution of dithiobisnitrobenzoate (0.4 mg/ml 1% sodium 
citrate) was added and the absorbance at 412 nm was meas-
ured immediately after mixing. GSH levels were calculated us-
ing an extinction coefficient of 1.36 x 104  M–1 cm –1. Results 
were expressed in μmol GSH/g tissue.

Myeloperoxidase (MPO) activity and tissue collagen 
measurement
MPO, an enzyme of activated polymorphonuclear cells 
(PMNs), is used as an indication of tissue neutrophil accumu-
lation. Tissue MPO activity was measured using a procedure 
similar to that documented previously (24). Tissue samples 
were homogenized in 50 mM potassium phosphate buffer (PB, 
pH 6.0), and centrifuged at 41,400 g (10 min); pellets were sus-
pended in 50 mM PB containing 0.5 % hexadecyltrimethylam-
monium bromide (HETAB). After three freeze and thaw cy-
cles, with sonication between cycles, the samples were centri-
fuged at 41,400 g for 10 min. Aliquots (0.3 ml) were added to 
2.3 ml of reaction mixture containing 50 mM PB, o-dianisidine, 
and 20 mM H2O2 solution. One unit of enzyme activity was 
defined as the amount of the MPO present that caused a 
change in absorbance measured at 460 nm for 3 min. MPO ac-
tivity was expressed as U/g tissue.

Tissue collagen was measured as a free radical-induced fibro-
sis marker. Tissue samples were cut with a razor blade, imme-
diately fixed in 10 % formalin in 0.1 M phosphate buffer (pH; 
7.2) in paraffin, and approximately 15 μm thick sections were 
obtained. Evaluation of collagen content was based on the 
method published (25), which is based on selective binding of 
the dyes Sirius Red and Fast Green FCF to collagen and non-
collagenous components, respectively. Both dyes were eluted 
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readily and simultaneously by using 0.1 N NaOH-methanol 
(1:1, v/v). Finally, the absorbances at 540 and 605 nm were 
used to determine the amount of collagen and protein, respec-
tively.

Evaluation Apoptosis and Cell Death (26)
Erythrocytes from heparinized blood samples of the groups 
were discarded using Flow Cytometric. White blood cells were 
washed and re-suspended in PBSG. Two tubes were prepared 
for each apoptosis experiments and 1 x 105 cells/ml were dis-
tributed into the tubes. One was induced for apoptosis using 
100 ng/ml of PMA at 370C for 2 hours, while other was incu-
bated at the same temperature without stimulation, as a con-
trol. To demonstrate early apoptosis, cells were washed with 
PBS following stimulation and were labeled with annexin V 
according to manufacturer’s instructions (Biovision, Mountain 
view, CA). Briefly 1μl of annexin V was added to the tubes and 
cells were incubated at dark for 15 minutes. Once propidium 
iodide (20 ng/ml) was added to label late apoptosis and cell 
death, cells were acquired by flow-cytometry. For analysis, 
lymphocytes and neutrophils were separately gated according 
to their granularity and size on forward scatter (FSC) versus 
Side Scatter (SSC) plot. Early apoptosis, late apoptosis, necro-
sis and cell death were evaluated on Fluorescence 1 (FL1 for 
annexin V) versus Fluorescence 3 (FL3 for propidium iodide) 
plots. Apoptosis and cell death ratios were calculated by di-
viding the values of after-stimulation to the values obtained 
prior to stimulation. 

Statistics
Statistical analysis was carried out using GraphPad Prism 3.0 
(GraphPad Software, San Diego; CA; USA). Each group con-
sisted of 6 animals. All data were expressed as means ± SEM. 
Groups of data were compared with an analysis of variance 
(ANOVA) followed by Tukey’s multiple comparison tests. 
Values of p<0.05 were regarded as significant. 

RESULTS
As an indication of hepatic injury, AST and ALT levels were 
significantly higher in the saline-treated acrylamide group 
when compared with those of the control groups (p<0.001). 
Melatonin treatment decreased both AST and ALT levels sig-
nificantly (p<0.01-0.001) and almost back to the control values. 
BUN and creatinine concentrations were studied to assess the 
renal functions. As shown in Table 1, although there is no sta-
tistical significance between the control and melatonin groups, 
BUN levels were tended to increase by ACR treatment due to 
melatonin administration prevented this increases. On the 
other hand serum creatinine levels in the saline-treated acryla-
mide group were found to be significantly higher than the con-
trol rats (p<0.001, Table 1). When melatonin was administered 
concomitantly with acrylamide, elevation in creatinine levels 
was prevented (p<0.001). 

Serum LDH activity, as an indicator of generalized tissue dam-
age showed a significant increase in the acrylamide group 
(p<0.001), and this effect was significantly suppressed by me-
latonin treatment (p <0.001, Table 2). In the saline-treated 
acrylamide group plasma TNF-α, IL-1 β and 8-OH dG, as an 
indicator of oxidative DNA damage, levels were significantly 
increased as compared to control group (p<0.001). Plasma 
AOC were decreased and these ACR-induced rises in plasma 
cytokines and decrease in AOC were significantly reversed 
with melatonin treatment (p<0.05-0.001, Table 2). 

Annexin V stainings alone were evaluated as early apoptosis, 
while annexin V along with propidium iodide stainings were 
evaluated as late apoptosis. Early apoptosis ratio in neutro-
phils was significantly higher in the control rats when com-
pared to other groups (p<0.001; Figure 1a). Similar results 
were obtained in the early apoptosis of control lymphocytes 
compared to the other groups (p<0.001; Figure 2a). Accord-
ingly, late apoptosis of neutrophils and lymphocytes were sig-

TABLE 1. Serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST), BUN and creatinine levels in the saline- or melatonin-treated control and 

acrylamide groups. Each group consist of 6 rats. Groups of data were compared with an analysis of variance (ANOVA) followed by Tukey’s multiple comparison tests.

Control groups Acrylamide groups

Saline-treated Melatonin-treated Saline-treated Melatonin-treated

ALT (U/l) 52.3 ± 5.3 56.7 ± 7.5 118 ± 9.1 *** 72 ± 5.1 ++

AST (U/l) 170 ± 11.2 169 ± 9.7 394 ± 34 *** 212 ± 9.6 +++

BUN (mg/dl) 22.0 ± 2.0 21.3 ± 1.8 83.3 ± 11.4 *** 31.8 ± 3.7 +++

Creatinine (mg/dl) 0.50 ± 0.08 0.53 ± 0.08 2.25 ± 0.24 *** 0.75 ± 0.09 +++

Data are mean ± SEM ***p <0.001, compared with saline-treated control group. ++ p <0.01, +++ p<0.001 compared with saline-treated acrylamide group.

TABLE 2. Plasma lactate dehydrogenase activity (LDH), tumor necrosis factor-alpha (TNF-), interleukin-1 beta (IL-1), 8-hydroxydeoxyguanosine (8-OHdG), levels 

and antioxidant capacity (AOC) in the saline- or melatonin-treated control and acrylamide groups. Each group consist of 6 rats.Groups of data were compared with 

an analysis of variance (ANOVA) followed by Tukey’s multiple comparison tests.

Control groups Acrylamide groups

Saline-treated Melatonin-treated Saline-treated Melatonin-treated

LDH (U/l) 2146 ± 195 2063 ± 190 4454 ± 265 *** 2721 ± 163 +++

TNF- (pg/ml) 5.2 ± 1.1 6.5 ± 0.9 29.7 ± 3.7 *** 13.2 ± 2.3 +++

IL-1 (pg/ml) 18.5 ± 1.6 16.9 ± 1.7 55.7 ± 6.2 *** 24.2 ± 5.4 +++

8-OHdG (ng/ml) 0.68 ± 0.05 0.70 ± 0.07 6.95 ± 0.24 *** 3.10 ± 0.18 ***, +++

AOC (pg/ml) 461 ± 18 466 ± 17 209 ± 16 *** 382 ± 27 +++

Data are mean ± SEM *** p <0.001 compared with saline-treated control group. +++ p <0.001 compared with saline-treated acrylamide group.
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nificantly increased in rats injected with ACR (p<0.001), while 
melatonin administration abolished the apoptotic effect of 
ACR on neutrophils (p<0.05 and p<0.001; Figure 1b and Figure 
2b). In addition, ACR significantly induced cell death (p<0.001) 
and melatonin prevented the cell death ratio in both neutro-
phils and lymphocytes (p<0.05 and p<0.01) (Figure 1c and Fig-
ure 2c).

MDA levels determined in the liver and kidney tissues were 
found to be significantly higher in the saline-treated ACR group 
than those in the control groups (p<0.001), while treatment with 
melatonin reversed this effect, bringing the MDA levels back to 
the control values (p<0.001; Figure 3). On the other hand, GSH 
levels in both tissues studied were significantly decreased due 
to ACR administration (p<0.001), and melatonin treatment in-
hibited the depletion of GSH stores (p<0.001) (Figure 4). 

In the saline-treated ACR group, MPO activities in the liver 
and kidney tissues were found to be increased significantly 
(p<0.001). On the other hand treatment with melatonin re-
versed these elevations (p<0.001; Figure 5). As an indicator of 
enhanced tissue fibrotic activity, the collagen contents in the 
liver and kidney demonstrated significant increases in saline-
treated ACR group (p<0.001); melatonin treatment prevented 
these alterations in the both tissues significantly (p<0.001; Fig-
ure 6). 

DISCUSSION
In the present study, increases in malondialdehyde levels, myeloper-
oxidase activity and collagen content as well as the decrease in glu-
tathione levels induced by ACR were prevented by melatonin treat-
ment, demonstrating that ACR caused oxidative organ injury in the 
liver and kidney tissues were ameliorated by antioxidant melatonin 

FIGURE 1. a) Early apoptosis, b) late apoptosis, and c) cell death in neutrophils 

in blood samples of saline- or melatonin-treated control and acrylamide groups. 

Apoptosis and cell death ratios were calculated by dividing the values of after-

stimulation to the values obtained prior to phorbol myristate acetate stimulation. 
***p<0.001 compared to saline-treated control group; + p<0.05, +++ p<0.001, 

compared to saline-treated acrylamide group.

FIGURE 2. a) Early apoptosis, b) late apoptosis, and c) cell death in lymphocytes 

in blood samples of saline- or melatonin-treated control and acrylamide groups. 

Apoptosis and cell death ratios were calculated by dividing the values of after-situ-

mulation to the values obtained prior to phorbol myristate acetate stimulation. 
***p<0.001 compared to saline-treated control group; +++ p<0.001, compared to 

saline-treated acrylamide group. 
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treatment. Moreover, impairments in hepatic and renal functions due 
to ACR were also improved by melatonin treatment, and plasma lev-
els of the proinflammatory cytokines TNF-α and IL-1 dG 
and oxidative DNA damage were reduced. These findings suggest 
that melatonin may be protective against ACR-induced oxidative in-
jury by inhibiting neutrophil infiltration, and subsequent activation of 
inflammatory mediators that induce lipid peroxidation. 

Acrylamide is a small, reactive conjugated vinyl compound. 
After consumption, it is absorbed in the circulation and dis-
tributed to various organs, where it can react with DNA, neu-
rons, hemoglobin, and essential enzymes (27). In the present 
study, we provide experimental evidence in support of the 
role of oxidative stress in ACR toxicity. 

In macrophages, nuclear factor κB (NF-κB) in cooperation with 
other transcription factors coordinates the expression of genes 
encoding both iNOS and TNF-α. NF-κB plays a critical role in 
the activation of immune cells by upregulating the expression 
of many cytokines essential to the immune response (28). In 
particular, NF-κB stimulates the production of IL-1, IL-6, 
TNF-α, lymphotoxin, and IFN-γ (29) These cytokines play im-
portant roles in the induction of PMN activation and infiltra-
tion and induce not only localized tissue injury, but also re-
mote organ injury (30). In accordance with these findings, in 
the present study, the plasma levels of the pro-inflammatory 
cytokines TNF-α, and IL-1 β were significantly elevated in 
ACR-induced hepatorenal injury, which was verified using 

biochemical assessment. Furthermore, melatonin reversed all 
these parameters of injury and the levels of the inflammatory 
mediators while protecting the renal tissue against reperfu-
sion-induced oxidative injury.

It is well known that increased ROS generation may cause a 
significant amount of single-strand DNA breaks which acti-
vate the nuclear poly (ADP-ribose) polymerase (PARP), a 
chromatin-bound enzyme involved in the repair of DNA 
breaks (31). However, activation of the nuclear PARP acceler-
ates NAD+ catabolism and depletion of NAD+ compromises 
the mitochondrial energy metabolism, which contributes to 
the toxicity of ACR (32). 8-OHdG is one of the most common 
adducts formed by oxidative DNA damage (33) and a reliable 
marker of oxidative DNA damage (34). The present results 
demonstrate that ACR treatment leads to a highly elevated 
plasma level of 8-OhdG, which is reduced when the rats are 
treated with melatonin. Thus, ACR-induced toxicity appears 
to be alleviated by melatonin through a mechanism that in-
volves the protection against oxidative DNA damage and as-
sociated changes in mitochondrial energy metabolism.

The result of oxygen radical formation is damage to an array of bio-
molecules found in tissues, including nucleic acids, membrane lipids, 
enzymes, and receptors. Membrane-associated polyunsaturated fatty 
acids are readily attached by OH in a process that leads to peroxida-
tion of lipids, which can disrupt membrane fluidity and cell compart-
mentation, resulting in cell lysis (35). Thus in rats ACR exposure 

FIGURE 3. Malondialdehyde (MDA) levels in the liver and kidney samples of sa-

line- or melatonin-treated control and acrylamide (ACR) groups. *** p< 0.001 com-

pared to saline-treated control group. +++ p <0.001 compared to saline-treated 

acrylamide group. Each group consist of 6 rats.

FIGURE 4. Glutathione (GSH) levels in the liver and kidney samples of saline- or 

melatonin-treated control and acrylamide (ACR) groups. * p< 0.05, *** p< 0.001 

compared to saline-treated control group. +++ p <0.001 compared to saline-treat-

ed acrylamide group. Each group consist of 6 rats.
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generating oxidative stress, may contribute to the impaired cellular 
function of the liver and kidney. In the present study, ACR caused 
significant increases in the hepatic and renal malondialdehyde levels, 
end products of lipid peroxidation, where function of these organs 
were also impaired as demonstrated by increased ALT, AST and cre-
atinine levels.

It is shown that hepatic and renal tissues produce large 
amounts of ROS at ACR toxicity in rats (1) highly reactive ROS 
directly attacks lipids, proteins in the biological membranes 
and cause their dysfunction (36). Peroxidation of lipid mem-
branes, disintegration of cytoskeleton and intracellular com-
partments by ROS might lead to the disturbances of digestive 
and lizosomal enzymes transport within the cell leading to the 
cell damage (37). Degradation of polyunsaturated fatty acids 
in cell membranes by ROS results in the destruction of mem-
branes and formation of thiobarbituric acid reactive substanc-
es, MDA or conjugated dienes as indicator of lipid peroxida-
tion in the course of ACR toxicity (1). Knowledge of the ab-
sorption and metabolism of exogenous indoleamine drug be-
comes essential before any conclusions may be drawn regard-
ing its potential to exert biological activity in vivo, as suggested 
by in vitro studies. Melatonin owes its free radical-scavenging 
property to the methoxy group at position-5 of the indole nu-
cleus and the acetyl group of the side chain of melatonin (38). 
In accordance with these findings, in the present study the in-
creased lipid peroxidation in the hepatorenal tissues, as dem-
onstrated by MDA assay, was also reversed with melatonin 
treatment, emphasizing the antioxidant action of melatonin on 

the deleterious consequences of reactive oxygen metabolites 
(ROMs) in oxidative ACR toxicity. 

GSH is a major intracellular antioxidant as well as an impor-
tant component in the metabolism of many xenobiotics, in-
cluding ACR (39). Both GSH functions can indeed be impor-
tant for mitigation of ACR toxicity in an in vivo exposure sce-
nario. In fact, besides the possibility of ACR being an oxidative 
stress inducer and this compound is efficiently conjugated 
with reduced glutathione (GSH) (40). Cellular oxidative stress 
can either lead to or indicate a depletion of GSH and may lead 
to apoptosis, cell proliferation, or transformation (41). This 
may explain significantly increased leukocyte apoptosis fol-
lowing ACR administration in our present study. Therefore, 
by depleting intracellular GSH, glutathione-ACR adduct for-
mation can favor cellular oxidative stress, which may be one 
possible mechanism governing ACR toxicity (42, 43).

Generally, the antioxidant and antitoxic effects of SH-containing 
amino acids, peptides, and proteins are due to several mechanisms 
including their ability to act as precursors of GSH, reducing agents, 
scavengers of reactive oxygen species, strong nucleophiles that can 
trap electrophiles such as ACR, thus preventing biological alkyla-
tion of DNA, and inducers of cellular detoxification (28, 44). Mela-
tonin is a well known direct free radical scavenger and besides di-
rectly neutralizing a number of free radicals and reactive oxygen 
and nitrogen species, it stimulates several antioxidative enzymes 

FIGURE 6. Collagen content in the liver and kidney samples of saline- or mela-

tonin-treated control and acrylamide (ACR) groups. *** p< 0.001, compared to 

saline-treated control group. +++ p <0.001, compared to saline-treated acryla-

mide group. Each group consist of 6 rats.

FIGURE 5. Myeloperoxidase activity (MPO) in the liver and kidney samples of 

saline- or melatonin-treated control and acrylamide (ACR) groups., ***: p< 0.001 

compared to saline-treated control group., +++: p <0.001 compared to saline-

treated acrylamide group. Each group consist of 6 rats.
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such as superoxide dismutase, glutathione peroxidase and glu-
tathione reductase which increase its efficiency as an antioxidant 
(45, 46). Thus, melatonin may be important in determining GSH 
homeostasis within the cell and may also determine the total amount 
of GSH within the cell. Since it was also shown to stimulate -glu-
tamylcysteine synthethase, it can be stated that, as well as recycling 
of GSH in the cell, it also influences the synthesis of GSH, thus 
having an important role in the maintenance of this crucial antioxi-
dant (16). 

Free radicals, besides their direct damaging effects on tissues 
as assesed by lipid peroxidation, seem to trigger the accumu-
lation of leukocytes in the tissue involved, and thus cause tis-
sue injury also indirectly through activated neutrophils. Ac-
tivated neutrophils are known to induce tissue injury through 
the production and release of reactive oxygen metabolites 
and cytotoxic proteins (e.g. proteases, myeloperoxidase, 
lactoferrin) into the extracellular fluid. In this study we have 
evaluated the MPO activity as an indirect index of neutrophil 
infiltration and found that ACR induced oxidative damage 
involves the interaction of neutrophils and the protective ef-
fects of the melatonin is mediated in part by blocking tissue 
neutrophil infiltration. This might also result in reduced lipid 
peroxidation and less accumulation of MDA; since activation 
of neutrophils might lead to the generation of oxygene reac-
tive metabolites (47).

In the present study, collagen contents of the hepatorenal tis-
sues, indicating the presence of tissue fibrotic activity, were 
significantly increased at the ACR administration, when the 
neutrophil-mediated oxidative injury was also evident. In the 
previous studies, melatonin treatment attenuated the fibrotic 
activity that would proceed with hepatic and renal scarring by 
limiting the activation and/or accumulationof neutrophils, 
which have a major role in oxidative damage along with the 
generation of proinflammatory cytokines and ROS (48, 49). 
Thus, the antioxidant melatonin might help in reducing the 
severity of chronic hepatorenal scarring.

In conclusion, our results demonstrate for the first time that in 
ACR toxicity, melatonin by inhibiting neutrophil infiltration, 
balancing oxidant-antioxidant status, and regulating the gen-
eration of inflammatory mediators protected the tissues and 
thus, supplementing with melatonin may be useful in individ-
uals who are at risk to ACR toxicity.
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