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ABSTRACT

Paracetamol may cause kidney damage when used in supratherapeutic doses. Ago-
melatine which is a melatonin analogue is an antidepressant drug. In the light
of this information, we aimed to determine the protective effect of Agomelatine
on high dose paracetamol-induced nephrotoxicity by biochemical method. In our
study, 42 Sprague Dawley male rats were divided into 7 groups; Control, Paraceta-
mol (2 g/lkg), NAC+Paracetamol (140 mg/kg+2 g/kg), Agomelatine+Paracetamol
(20 mg/kg+2 g/kg), Agomelatine+Paracetamol (40 mg/kg+2 g/kg), Agomelatine
(40 mg/kg), NAC (140 mg/kg). Biochemical examinations were performed on
tissue and blood samples obtained from all groups 24 hours after paracetamol ad-
ministration. In the biochemical examination, the urea and creatinine levels were
significantly increased in the group induced nephrotoxicity with paracetamol, and
it was determined that serum levels of urea and creatinine decreased significantly
with the administration of agomelatine according to paracetamol group. This de-
crease did not change in different doses of agomelatine. In the evaluations made
at the tissue level, in the group induced nephrotoxicity with paracetamol, GSH
and SOD levels decreased significantly and MDA level increased significantly; It
was determined that GSH and SOD levels increased significantly and MDA levels
decreased significantly in the groups treated with agomelatine. As a result; It has
been shown biochemically that agomelatine has a therapeutic effect in preventing
nephrotoxicity caused by high dose paracetamol. This result was promising that
agomelatine can be used in paracetamol poisoning seen in the clinic.
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OZET

Parasetamol supraterapdtik dozlarda kullanildiginda bobreklerde hasara neden
olabilmektedir. Agomelatin ise melatonin reseptdr analogu olan antidepresan
etkili bir ilagtir. Bu bilgiler 1s1¢inda Agomelatin’in yiiksek doz parasetamol ile
olusturulan nefrotoksisite lizerine koruyucu etkisini biyokimyasal olarak belirle-
meyi amagladik. Calismamizda 42 adet Sprague Dawley cinsi erkek rat 7 gruba
ayrildi; Kontrol, Parasetamol (2 g/kg), NAC+Parasetamol (140 mg/kg+2 g/kg),
AgomelatintParasetamol (20 mg/kg+2 g/kg), Agomelatin+Parasetamol (40 mg/
kg+2g/kg), Agomelatin (40 mg/kg), NAC (140 mg/kg). Parasetamol uygulama-
sindan 24 saat sonra tlim gruplardan alinan doku ve kan 6rneklerinde biyokimya-
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sal incelemeler yapildi. Yapilan biyokimyasal incelemede, parasetamol ile nefrotoksisite olusturulmus grupta iire ve kreatinin

degerlerinin anlaml sekilde yiikseldigi, agomelatin ile tedavi edilen gruplarda ise; lire ve kreatinin serum seviyelerinin sadece

parasetamol verilen gruba gore anlaml sekilde azaldig: tespit edildi. Bu azalis miktar1, agomelatinin farkli dozlarinda degi-

siklik gostermedi. Doku diizeyinde yapilan degerlendirmelerde de parasetamol ile nefrotoksisite olusturulmus grupta GSH

ve SOD seviyelerinin anlamli olarak diistiigii ve MDA seviyesinin anlamli sekilde yiikseldigi, agomelatin ile tedavi edilen

gruplarda ise; GSH ve SOD seviyesinin anlamli olarak yiikseldigi ve MDA seviyelerinin anlamli sekilde azaldig tespit edildi.

Sonug olarak; yiiksek doz parasetamoliin neden oldugu nefrotoksisitenin dnlenmesinde agomelatinin tedavi edici etkisinin

oldugu biyokimyasal olarak gosterildi. Bu sonug, klinikte goriilen parasetamol zehirlenmesinde agomelatin kullanilabilecegi

konusunda umut verici olmustur.

Anahtar Kelimeler: Agomelatin, bobrek, nefrotoksisite, parasetamol, rat

1. INTRODUCTION

Paracetamol is widely available and used without a
prescription or prescription as a single compound or
in combination with other medicines. Increasing us-
age and being ecasily accessible brings with it the risk
of toxicity. [1, 2] When paracetamol is used in thera-
peutic doses, 90-95% of the paracetamol conjugated
with glucronic acid with the help of the glucuronyl
transferase enzyme in the liver, conjugated with sul-
furic acid (~%35) with the help of the enzyme sul-
fotransferase and excreted in the urine in 24 hours.
2% of it is excreted unchanged from the urine. [3]. A
small proportion of 3% of paracetamol undergoes N-
hydroxylation through the hepatic cytochrome P450
enzyme system (CYP2E1 and CYP1A2 isoenzymes)
and forms a highly reactive intermediate, N-acetyl-
p-benzoquinonimine (NAPQI) [4, 5]. This metabo-
lite harms by covalently binding to other intracellu-
lar proteins and is reacted with sulfhydryl groups in
glutathione (GSH) in physiological conditions and
excreted in the urine as mercapturic acid and cys-
teine conjugates [4]. However, when paracetamol is
taken at high doses, this reactive product consumes
hepatic GSH stores and generate liver damage [6].
Paracetamol is deacetylated in the kidneys and turns
into a nephrotoxin p-aminophenol metabolite. The
p-aminophenol formed in therapeutic doses is con-
jugated with glutathione in the liver, similar to the
NAPQI metabolite, and is excreted as inactive glu-
tathione conjugates. In addition, reactive intermedi-
ates resulting from oxidation of paracetamol by the
cytochrome p450 system in the kidney cortex may
cause damage to the kidney cortex [7].

Studies have shown that high-dose paracetamol
causes renal cortical necrosis in humans and ex-
perimental animals. Pathways involving cytochrome
p450 enzyme system, prostaglandin synthase and
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N-deacetylation enzyme systems play a role in renal
toxicity mechanisms. The resulting cellular damage
causes damage especially to the proximal tubule and
slower glomerular filtration rate. As in the liver, renal
microsomes oxidize paracetamol with p450 enzyme
system. Acute kidney damage due to this paraceta-
mol shows that it occurs by biochemical mechanisms
as in the liver. The conditions that may affect chronic
liver failure, sex and p450 enzyme system may affect
renal toxicity [8].

Agomelatine is melatonin analog. Agomelatine has
antagonist effect on seratonin 5-HT2C receptors and
agonist effects on melatonin MT1 and MT2 recep-
tors with higher affinity [9,10] Melatonin shows
many properties including immunomodulatory [11],
oncostatic [12], antiaging [13] and antioxidant [14].
Four different mechanisms of action have been de-
scribed for melatonin: (a) interacting with mem-
brane receptors; [15] (b) binding to nuclear receptors
[16]; (c) interaction with cytoplasmic proteins [17];
and antioxidant activity including radical scaveng-
ing feature [18]. In vivo studies have shown that
melatonin exerts its hepatoprotective effects against
paracetamol toxicity by reducing both oxidative
stress and inflammation [19, 20].

In this study, the protective effect of agomelatine on
paracetamol-induced kidney damage will be exam-
ined in comparison with N-acetyl cysteine (NAC).
Serum urea and creatinine levels, superoxide dis-
mutase (SOD) activity and glutathione (GSH) and
malondialdehyde levels were measured in order to
evaluate the protective effect of agomelatine on kid-

ney damage.

Kartal et al.
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2. MATERIALS-METHODS

2.1. Animals

In this study, a total of 42 male Sprague Dawley
rats from the experimental animal laboratory within
Atatiirk University Experimental Research and Ap-
plication Center (ATADEM). Animal experiments
and procedures were performed in accordance with
the national guidelines for the use and care of labo-
ratory animals and were approved by Atatiirk Uni-
versity’s local animal care committee (24.02.2012/
B.30.2.ATA.023.85-30) and Atatiirk University
Institute of Health Sciences Ethics Committee
(8.05.2012/ 2012.2.1). Rats is weighing around 240-
260 grams are housed in groups of six per standard
plastic cages on sawdust bedding in an air-condi-
tioned room at 22°C under lighting controls (14-hr
light/10-hr dark cycle). Standard rat chow and tap
water were given ad libitum.

2.2. Chemicals

Paracetamol (Doga ilag Raw Materials Trade Ltd.
Co.): 2 g of paracetamol was dissolved in 1% CMC
(Carboxymethyl Cellulose) containing PBS (phos-
phate solution) and mixed at a slight temperature.

Agomelatine (VALDOXAN® 25 mg tablet, Servi-
er): 25 mg of single tablet as dissolved in 0.9% NaCl
solution.

N-Acetyl Cysteine (NAC) (Asist 200 mg capsule,
Hiisnii Arsan Pharmaceuticals: 600 mg of single
tablet NAC was dissolved in 0.9% NaCl solution.

Thiopental Sodium (IE ULAGAY): 50 mg / kg was
given by intraperitoneally for euthanasia.

2.3. Treatment

In the study, total 42 rats were divided into 7 groups
of 6 rats each, one of these groups used as control.
All groups were fasted for 24 hours before the ex-
periment. The fasted animals were get involved in
the experimental protocols indicated in Table 1.

All doses of paracetamol and agomelatine used in
this study were determined according to literature
[21, 22] and previous animal studies [23], respec-
tively. In treatment groups, NAC and agomelatine
were administrated 1 h later paracetamol administra-
tion. At 4 hours after paracetamol application, rats al-
lowed free access of food and water. At 24 hours af-
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ter paracetamol administration, animals were eutha-
nized by i.p injection of 50 mg/kg thiopental. Blood
samples of animals in all groups were collected and
their kidneys removed. The kidneys were separated
for biochemical analysis and stored at -80°C. Col-
lected blood was kept in -80°C freezer.

2.4. Biochemical Analysis

2.4.1. Analysis of Kidney Tissue

100 mg tissue of each rat was homogenized with
ultra-turrax on ice in specific homogenate buffer (in
appropriate buffer). It was then centrifuged accord-
ing to the kit procedure.

SOD activity and MDA and GSH levels from each
supernatant was measured in duplicate for each rat
kidney tissues with high sensitivity kits Cayman
Chemical Superoxide Dismutase Assay Kit Item
Number 706002, Cell Biolabs OxiSelect™ TBARS
Assay Kit (MDA Quantitation) STA-330 and Cell
Biolabs OxiSelect™ Total Glutathione (GSSG/GSH)
Assay Kit STA-312 ELISA respectively. In addition,
all data in all kidney supernatants homogenized with
the appropriate buffer are shown as mean + standard
deviation for each mg protein.

2.4.2. Protein determination

Protein concentrations were determined using the
Lowry method that used commercial protein stand-
ards (Sigma Aldrich, Total protein kit-TP0300-1KT-
USA).

2.4.3. Analysis in Serum

2.4.3.1. Determination of serum urea and

creatinine levels

Bloods taken into anti-coagulated tube were centri-
fuged for 10 minutes at 4000 g and serums were sep-
arated. Separated serum samples were transferred to
eppendorf tubes and placed on the instrument “Co-
bas C-501” for analysis on the auto analyzer. Urea
and creatinine activity were calculated automatically
by the device.

2.5. Statistical analysis

Statistical analysis of biochemical studies was car-
ried out using IBM SPSS Statistics 20 software.
One-way analysis of variance (ANOVA) test and
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Table 1. Experiment Plan

Groups Number of animals Treatment Dose
I 6 Control 2 ml PBS
11 6 Agomelatin 40 mg/kg
11 6 NAC 140 mg/kg
v 6 Paracetamol 2 g/kg
v 6 Paracetamol + NAC 140 mg/kg +2g/kg
VI 6 Paracetamol + AGO 20 mg/kg 20 mg / kg+2 g/kg
viI 6 Paracetamol + AGO 40 mg/kg 40 mg / kg+2 g/kg

“Duncan” technique, which is one of the post-hoc
tests, were used in the analysis of parametric data.
The values obtained were given as mean + standard
deviation and P values below 0.05 were considered
statistically significant.

3. RESULTS

3.1. Biochemical Results

As seen in Table 2, while the mean of creatinine and
urea levels in the serum of control groups were found
as 0.29 £ 0.06 U/ L and 47.55 £ 10.77 U / L, these
levels were found as 0.56 = 0.12 U / L and 81.15 +
21.39 respectively in the group given 2g/kg paraceta-
mol. Creatinine and urea levels were determined as
0.30+0.04 U/Land 48.80+6.81 U/ L, respectively,
in the positive control group where only NAC was
given. The mean of creatinine and urea levels in rats
given paracetamol + NAC were 0.36 + 0.08 U/L and
57.23 +£9.21 U/L, respectively.

In the paracetamol + 20 mg/kg Agomelatine group,
creatinine and urea levels were measured as 0.38 +
0.09 U/L and 52.21 + 6.58 U/L, respectively; in the
paracetamol + 40 mg/kg Agomelatine group was
measured as 0.36 + 0.07 U/ L and 46.48 + 8.70 U/L,
respectively.

It was observed that the creatinine value was signifi-
cantly high in the paracetamol group and there was a
statistically significant difference between the other
groups. It was observed that the creatinine value in
the Para + NAC group was lower than the paraceta-
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mol group and had approximately the same creati-
nine values as the Para + AGO 20 mg/kg and Para +
AGO 40 mg/kg groups.

When the urea levels were analyzed, it was observed
that this value was very high in the paracetamol
group and there was a statistically significant differ-
ence compared to other groups. Although there was
no statistically significant difference between Para +
NAC, Para + AGO 20 mg/kg and Para + AGO 40 mg/
kg groups, the best improvement in urea values was
observed in Para + AGO 40 mg/kg group.

As seen in Table 3, while the average of SOD activ-
ity, GSH and MDA levels in kidney tissue of intact
rats was 37.35 = 10.01 U / mg protein, 2.32 £ 0.38
nmol / mg protein and 38.43 +23.07 pug / mg protein
respectively, these levels were determined as 22.52
+ 6.14 U/mg protein, 1.69 + 0.66 nmol/mg protein
and 137.57 + 4526 png/mg protein in the group
that administered 2 g/kg paracetamol, respectively.
These parameters in NAC group were determined
as 34.78+10.91 U/mg protein, 2.54+0.60 nmol/mg
protein and 76.70+£27.69 ng/mg protein, respective-
ly. SOD activity, GSH and MDA levels in the ago-
melatine 40 mg / kg group were 36.49 + 13.22 U /
mg protein, 2.29 + 0.56 nmol / mg protein and 47.71
+ 20.20 pg / mg protein, respectively. SOD activity,
GSH and MDA levels in the agomelatine 40 mg / kg
group were 36.49 + 13.22 U/ mg protein, 2.29 + 0.56
nmol / mg protein and 47.71 + 20.20 ug / mg protein,
respectively.

While in the Paracetamol + NAC group, these values
were measured as 34.84 + 6.85 U / mg protein, 2.38

Kartal et al.
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Table 2. Mean Creatinine and Urea Levels

Creatinine (U/L)

Urea (U/L)

Control
AGO 40 mg/kg
NAC
PARA
PARA+NAC
PARA+AGO 20 mg/kg
PARA+AGO 40 mg/kg

0.29+0.06* 47.55+10.77¢
0.32+0.012° 43.83+3.16%°
0.30+0.04%° 48.80+6.812°
0.56+0.12¢ 81.15+£21.39¢
0.36+0.08° 57.23+£9.21°
0.38+0.09° 52.21+6.58
0.36+0.07° 46.48+8.70*°

*** AGO:Agomelatine, PARA: Paracetamol. Statistics were evaluated with Duncan technique in One-Way ANOVA test. <
Means in the same column with the same letter are not significantly different; means in the same column with different letters
indicate significant differences between the groups according to the Duncan test. P <0.05 was considered significant. (Values:

Mean + SD)

+ 0.21 nmol/mg protein and 95.44 £ 17.97 ug / mg
protein, respectively; in the Paracetamol + AGO 20
mg/kg group was determined as 38.56 = 8.69 U / mg
protein, 2.20 £+ 0.36 nmol/mg protein 61.90 + 32.40
pg/mg protein; in the Paracetamol + AGO 40 mg/
kg group, it was determined as 41.90 = 7.90 U/mg
protein, 2.28 + 0.24 nmol/mg protein, 57.20 = 10.30
pg/mg protein.

It was observed that there was a statistically signifi-
cant difference in SOD activity between paracetamol
group and other groups and this value decreased
significantly. No significant difference was found
between Paracetamol + AGO 20 mg/kg and Par-
acetamol + AGO 40 mg/kg groups, but SOD activity
was higher in these groups compared to Paracetamol
+ NAC group. In addition, it was found that SOD
activity increased in these groups compared to the
group treated with NAC.

GSH values measured in the paracetamol group were
statistically significantly lower than the other groups.
No significant difference was observed between two
different doses of Agomelatine in terms of increasing
GSH levels. The increase observed in GSH level was
parallel in all treatment groups. Although there was
no significant difference, NAC administration was
observed to be more effective than agomelatine in
increasing GSH levels.

As seen in Table 3, it was observed that MDA sig-
nificantly increased in paracetamol group. It was
observed that MDA levels showed a significant
improvement in agomelatine and NAC treatment
groups. Although no statistically significant differ-
ence was observed between treatment groups with
agomelatine, the highest improvement in MDA level
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belonged to the Paracetamol + AGO 20 mg/kg group.
In addition, the improvement in terms of MDA in
the group treated with NAC was significantly higher
than the treatment groups with Agomelatine.

4. DISCUSSION

In this study, the effects of agomelatine, a melatonin
analogue, on experimentally induced paracetamol
toxicity in rat kidneys were demonstrated.

Paracetamol has a reasonable safety profile when
consumed in therapeutic doses, but causes severe
hepatotoxicity and nephrotoxicity when used in su-
pratherapeutic doses. [3] NAC, the specific antidote
of this drug, is used in the treatment of patients ad-
mitted to the hospital due to paracetamol toxicity.
NAC shows similar effects in experimental animals.
[23] In our study, it was used as a positive control
group. The effects of various antioxidant agents
other than NAC have been evaluated in the preven-
tion of experimental damage caused by paracetamol.
Among these, a wide range of agents can be shown
such as melatonin, vitamin E, Bosentan, infliximab.
Likewise, the effects of various agents such as vita-
min C and ginger have been evaluated in preventing
kidney tissue from paracetamol toxicity. [25-27]

Agomelatine, an antioxidant substance used in this
study, is melatonin analogue. Melatonin has been re-
ported to inhibit paracetamol-induced hepatotoxicity,
including lipid peroxidation and protein oxidation, in
mice. [19] Melatonin is known to increase cellular
GSH concentrations in human vascular endothelial
cells by inducing the c-glutamylcysteine synthetase
enzyme, the speed limiting enzyme in GSH synthe-
sis. [31] In vivo studies have shown that melatonin
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Table 3. Mean SOD activity and GSH and MDA levels

SOD GSH MDA

(U/mg protein) (nmol/mg protein) (ng/mg protein)

Control 37.35+10,01° 2.32+0.38° 38.43+23.07°

AGO 40 mg/kg 36.49+13,22° 2.29+0.56° 47.71£20.20*°

NAC 34.78+10,91° 2.54+0.60° 76.70+27.69°¢
PARACETAMOL 22.52+6.14* 1.69+0.66° 137.57+45.26¢

PARACETAMOL+NAC 34.84+6.85° 2.38+0.21° 95.44+17.97¢
PARACETAMOL+AGO 20 mg/kg 38.56+8.69° 2.20+0.36" 61.90+32.40°
PARACETAMOL+AGO 40 mg/kg 41.90+7.90° 2.28+0.24° 57.20£10.30%°

***AGO:Agomelatine, Statistics were evaluated with Duncan technique in One-Way ANOVA test. “*“¢Means in the same
column with the same letter are not significantly different; means in the same column with different letters indicate signifi-
cant differences between the groups according to the Duncan test. P <0.05 was considered significant. (Values: Mean + SD)

exerts its hepatoprotective effects against paraceta-
mol toxicity by reducing both oxidative stress and
inflammation.[19, 20] More recently, ROS (reactive
oxygen compounds) formation following lipid per-
oxidation occurred in hepatocytes with paracetamol
administration in in vitro study with primary mouse
hepatocyte culture, and pre-administration of mela-
tonin suppressed ROS production and lipid peroxi-
dation formation in hepatocytes [20] In our study,
this nephroprotective effect may be the result of
stabilization in the redox step with agomelatine and
maintenance of antioxidant capacity. This may also
be due to the effect of agomelatine on melatonin re-
ceptor activity.

Although it is very rare, examination of renal bi-
opsy performed due to paracetamol toxicity in light
microscopy has been observed in tubular epithelial
cells in both proximal and distal parts of tubules.
[29] Renal insufficiency induced by paracetamol is
associated with acute tubular necrosis (ATN). Urine
analysis can be used to differentiate other causes of
renal failure from this condition. During ATN, urine
sedimentation increased with hematuria and pyuria.
In other renal toxicities, acute urinary sedimentation
increases less. Urine sodium and osmolality may
also provide additional information. In ATN, urine
sodium level is> 20 mmol/L. In addition, serum urea
and creatinine levels can be used to assess kidney
damage due to paracetamol toxicity to evaluate kid-
ney function. [9, 30]
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Paracetamol is excreted through the kidneys after be-
ing metabolized in the liver. Therefore, high doses of
paracetamol are known to cause damage to the kidney
as well as the liver. There are many studies aimed to
reduce kidney damage caused by high dose paraceta-
mol. Cekmen et al. when they analyzed the effects of
turmeric in their experiments that they caused kidney
damage by giving 1000 mg/kg of paracetamol, they
observed that urea and creatinine values increased
compared to control in paracetamol group, whereas
in paracetamol + turmeric group they approached the
values in the control group [31]. In their study, where
Lucas et al. examined the protective effects of ribose
cysteine (RibCys) in kidney damage, it was reported
that RibCys triggered GSH synthesis and prevented
toxicity by binding NAPQI, a toxic metabolite of
paracetamol, to the cellular proteins in the kidney by
binding to GSH with a covalent bond [32] Biotrans-
formation (oxidation, reduction, hydrolysis and con-
jugation) of xenobiotics takes place in kidney proxi-
mal tubules. Accordingly, it is known that damage to
proximal tubule cells can change creatinine and urea
levels. In our study, we observed that kidney damage
in the group we administered paracetamol increased
urea and creatinine levels in line with the literature,
and that agomelatine administration decreased these
values to values close to the control group.

Lipid peroxidation is one of the most important mech-
anisms causing tissue damage due to paracetamol and
occurs due to free oxygen radicals. MDA is the end
product of lipid peroxidation and one of the most

Kartal et al.
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widely used determinants of lipid peroxidation. Tis-
sues exposed to oxidative stress have an increase in
the level of MDA. In other words, plasma MDA level
can be used as biomarker for oxidative stress. [33]

In a study conducted by Yapar et al, liver toxicity in-
duced with paracetamol in mice and hepatoprotective
effects of L-Carnitine were investigated, and in this
study, MDA values in the blood samples taken 24
hours after paracetamol application decreased in the
groups given L-Carnitine while increased paraceta-
mol toxicity group [34]. In another study conducted
by Hsu et al., It was found that MDA increased with
paracetamol toxicity compared to the healthy group
and this increase improved with treatment [35]. In
their study, Karakus et al. noted a decrease in liver
lipid peroxidation when agomelatine was used. [36]

We also showed that MDA levels increased signifi-
cantly in the paracetamol group after administration
of agomelatine. Thus, we showed that agomelatine
has a protective effect on paracetamol-induced ne-
phrotoxicity by improving the MDA level, which in-
creases due to oxidative damage due to paracetamol.

GSH is one of the most important molecules in-
volved in cellular defense against chemically reac-
tive toxic compounds or oxidative stress. As a me-
diator of oxidative stress at sufficiently high doses of
paracetamol, NAPQI is known to lead to a decrease
in GSH levels and an increase in lipid peroxidation
due to this decrease. This toxic metabolite binds to
critical cellular proteins, leading to hepatic necrosis.
[38]

In the study conducted by Manda et al., blood GSH
levels were found to be decreased in the group
liver toxicity induced by paracetamol compared to
the control group, and these levels were increased
with the given B-carotene treatment [39]. In a simi-
lar study by Yapar et al.; serum GSH values were
found to be decreased in paracetamol-induced toxic-
ity and it was found that these decreased GSH values
increased with the given L-Carnitine treatment.[34]
In the study of Karakus et al., GSH levels decreased
in the liver with paracetamol administration and it
was shown to be increased again with agomelatine
administration [36]. In our study, it was determined
that kidney GSH value decreased in paracetamol-in-
duced nephrotoxicity. In our study, we found that the
decrease in GSH values in kidney tissues of rats with
paracetamol toxicity increased statistically signifi-
cantly in the groups treated with agomelatine. This
result supports the positive effects of agomelatine
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on the antioxidant system in paracetamol-induced
nephrotoxicity.

SOD is a family of enzymes that catalyze the dis-
mutation of superoxide in oxygen and hydrogen per-
oxide. For this reason, it is an important antioxidant
defense mechanism in almost all cells exposed to
oxygen and decreases in SOD enzyme activities in
paracetamol toxicity [40].

In a study by Gao et al., acute organ damage was
induced by administering paracetamol to mice and a
decrease in SOD activity was observed in the group
where paracetamol toxicity was established [40]. In
another study by Xin et al., serum SOD activities
were found to be reduced in mice with toxicity by
paracetamol .[42] In the study of Karakus et al., it
was noted that SOD activity in the rat liver improved
and lipid peroxidation decreased when using ago-
melatine.[36] In our study, we showed that the de-
crease in SOD enzyme activity in the toxicity group
tended to ameliorate significantly with agomelatine
administration. This result supports that agomelatine
has a positive effect on paracetamol toxicity on anti-
oxidant enzyme system.

The results of this study, which we examined the ef-
fects of agomelatine on acute kidney toxicity with
paracetamol are promising. NAC is used in current
antidotal treatment in paracetamol overdose. There-
fore, we compared the effects of agomelatine with
NAC treatment. As a result of experimental stud-
ies; serum urea and creatinine levels, which are
important indicators of kidney damage, showed an
improvement similar to NAC group in agomelatine
group. The effects of agomelatine on MDA levels,
the primary precursor of tissue damage, were ob-
served to be better than NAC treatment. The effects
of agomelatine and NAC on the antioxidant system
(SOD and GSH) parameters were found close to
each other. In all these results; melatonin receptors
may have a role in kidney damage due to paraceta-
mol; It has been demonstrated by administering ago-
melatine, a melatonin analog. Kidney MDA, serum
urea and creatinine levels, which increased due to
paracetamol application, decreased with agomela-
tine administration, kidney SOD activity and GSH
levels tended to improve significantly.
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S. CONCLUSION

In conclusion, we can say that the data obtained in
our study contributed to science in terms of show-
ing that agomelatine can be a new antioxidant agent
that can be used in paracetamol poisoning if it is sup-
ported by further research.

Funding

This study was supported by the Scientific Research
Council of Atatiirk University with the number of
2012/76.

Acknowledgement

This study is presented as Master Thesis of Nevin
Tugce KARTAL

REFERENCES

1. Lewis RK, Paloucek FP: Assessment and treatment of aceta-
minophen overdose. Clinical Pharmacology 1991, 10(10):765-
774.

2. Spooner JB, Harvey JG: The history and usage of paraceta-
mol. The Journal of International Medical Research 1976, 4(4
Suppl): 1-6.

3. Larson AM: Acetaminophen hepatotoxicity. Clinical Liver Di-
sease 2007, 11(3):525-548.

4. Mitchell JR, Jollow DJ, Potter WZ, Gillette JR, Brodie BB:
Acetaminophen-induced hepatic necrosis. IV. Protective role
of glutathione. Journal of Pharmacology and Experimental
Therapeutics 1973, 187(1): p. 211-217.

5. Dahlin DC, Miwa GT, Lu AY, Nelson SD: N-acetyl-p-
benzoquinone imine: a cytochrome P-450-mediated oxidation
product of acetaminophen. Proceedings of the National Aca-
demy of Sciences 1984, 81(5):1327-1331.

6. Hinson JA, Reid AB, McCullough SS, James LP: Acetaminop-
hen-induced hepatotoxicity: role of metabolic activation, reac-
tive oxygen/nitrogen species, and mitochondrial permeability
transition. Drug Metabolism Reviews 2004, 36(3-4):805-822.

7. Barile AF: Clinical Toxicology Principles and Mechanisms.

2004, Boca Raton, Florida: CRC Press LLC.

8. Blantz RC: Acetaminophen: acute and chronic effects on re-
nal function. American Journal of Kidney Diseases 1996, 28(1
Suppl 1), 3-6.

9. Dolder CR, Nelson M, Snider M: Agomelatine treatment of
major depressive disorder. The Annals of Pharmacotherapy
2008, 42(12):1822-1831.

Volume 39 / Number 2 / July 2019 / pp. 81-89 88

10. Millan MJ, Gobert A, Lejeune F, Dekeyne A, Newman-Tanc-
redi A, Pasteau V, Rivet JM, Cussac D: The novel melatonin
agonist agomelatine (S20098) is an antagonist at 5-hydroxytr-
yptamine2C receptors, blockade of which enhances the acti-
vity of frontocortical dopaminergic and adrenergic pathways.
Journal of Pharmacology and Experimental Therapeutics
2003, 306(3): 954-964.

11. Guerrero JM, Reiter RJ: Melatonin-immune system relations-
hips. Current Topics in Medicinal Chemistry 2002, 2(2):167-
179.

12. Cos S, Fernandez R, Giiézmes A, Sanchez-Barcel6 EJ: Inf-
luence of melatonin on invasive and metastatic properties of
MCF-7 human breast cancer cells. Cancer Research 1998,
58:4383-4390.

13. Reiter RJ, The ageing pineal gland and its physiological con-
sequences. BioEssays: news and reviews in molecular, cellular
and developmental biology 1992, 14(3):169-175.

14. Reiter RJ, Oxidative damage in the central nervous system:
protection by melatonin. Progress in Neurobiology 1998,
56(3):359-384.

15. Dubocovich ML: Melatonin receptors: are there multiple subt-

ypes? Trends in Pharmacological Sciences 1995, 16(2):50-56.
16. Wiesenberg I, Missbach M, Kahlen JP, Schriader M, Carlberg

C: Transcriptional activation of the nuclear receptor RZR alp-
ha by the pineal gland hormone melatonin and identification
of CGP 52608 as a synthetic ligand. Nucleic Acids Research
1995, 23(3):327-333.

17. Benitez-King G, Huerto-Delgadillo L, Anton-Tay F: Bin-
ding of 3H-melatonin to calmodulin. Life Sciences 1993,
53(3):201-207.

18. Reiter RJ: Antioxidant actions of melatonin. Advances in
Pharmacology, 1997. 38: p. 103-17.

19. Sener G, Sehirli AO, Ayanoglu-Dulger G: Protective effects
of melatonin, vitamin E and N-acetylcysteine against aceta-
minophen toxicity in mice: a comparative study. Journal of
Pineal Research 2003, 35(1):61-68.

20. Kanno S, Tomizawa A, Hiura T, Osanai Y, Kakuta M, Kitajima
Y, Koiwai K, Ohtake T, Ujibe M, Ishikawa M: Melatonin pro-
tects on toxicity by acetaminophen but not on pharmacological
effects in mice. Biological & Pharmaceutical Bulletin 2006,
29(3):472-476.

21. Chattopadhyay RR: Possible mechanism of hepatoprotective
activity of Azadirachta indica leaf extract: part II. Journal of
Ethnopharmacology 2003, 89(2-3): 217-219.

22. Kuralay F, Akarca US, Oziitemiz AO, Kutay F, Batur Y: Pos-
sible role of glutathione in prevention of acetaminophen-in-
duced hepatotoxicity enhanced by fish oil in male Wistar rats.

Journal of Toxicology and Environmental Health, Part A 1998,
53(3):223-229.

Kartal et al.



Hacettepe University Journal of the Faculty of Pharmacy

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Loiseau F, Le Bihan C, Hamon M, Thiébot MH: Effects of
melatonin and agomelatine in anxiety-related procedures in
rats: interaction with diazepam. European Neuropsychophar-
macology 2006 Aug,16(6):417-428.

Flanagan RJ, Meredith TJ: Use of N-acetylcysteine in clinical
toxicology. American Journal of Medicine 1991: 91(3C):131S-
139S.

Yayla M, Halici Z, Unal B, Bayir Y, Akpinar E, Gocer F: Pro-
tective effect of Et-1 receptor antagonist bosentan on parace-
tamol induced acute liver toxicity in rats. European Journal of
Pharmacology 2014 Mar, 5;726:87-95.

Bektur NE, Sahin E, Baycu C, Unver G: Protective effects of
silymarin against acetaminophen-induced hepatotoxicity and
nephrotoxicity in mice. Toxicology and Industrial Health 2016
Apr, 32(4):589-600.

Ferah I, Halici Z, Bayir Y, Demirci E, Unal B, Cadirci E: The
role of infliximab on paracetamol-induced hepatotoxicity in
rats. Immunopharmacology and immunotoxicology 2013,
35(3):373-81.

Urata Y, Honma S, Goto S, Todoroki S, Iida T, Cho S, Hon-
ma K, Kondo T: Melatonin induces gamma-glutamylcysteine
synthetase mediated by activator protein-1 in human vascular
endothelial cells. Free Radical Biology&Medicine 1999, 27(7-
8):838-847.

Bjorck S, Svalander CT, Aurell M, Acute renal failure after
analgesic drugs including paracetamol
Nephron 1988, 49(1):45-53.

(acetaminophen).

Cobden I, Record CO, Ward MK, Kerr DN: Paracetamol-indu-
ced acute renal failure in the absence of fulminant liver dama-
ge. British Medical Journal 1982, 284(6308):21-22.

Cekmen M, Ilbey YO, Ozbek E, Simsek A, Somay A, Ersoz
C: Curcumin prevents oxidative renal damage induced by
acetaminophen in rats. Food and Chemical Toxicology 2009,
47(7):1480-1484.

Lucas AM, Hennig G, Dominick PK, Whiteley HE, Roberts
JC, Cohen SD: Ribose cysteine protects against acetaminop-
hen-induced hepatic and renal toxicity. Toxicologic Pathology
2000, 28(5):697-704.

Nielsen F, Mikkelsen BB, Nielsen JB, Andersen HR, Grand-

jean P: Plasma malondialdehyde as biomarker for oxidative

89

34.

35.

36.

37.

38.

39.

40.

41.

42.

stress: reference interval and effects of life-style factors. Clini-
cal Chemistry 1997, 43(7):1209-14.

Yapar K, Kart A, Karapehlivan M, Atakisi O, Tunca R, Ergin-
soy S, Citil M: Hepatoprotective effect of L-carnitine against
acute acetaminophen toxicity in mice. Experimental and Toxi-
cologic Pathology 2007, 59(2):121-128.

Hsu CC, Lin CC, Liao TS, Yin MC. Protective effect of s-allyl
cysteine and s-propyl cysteine on acetaminophen-induced
hepatotoxicity in mice. Food and Chemical Toxicology 2006,
44(3):393-397.

Karakus E, Halici Z, Albayrak A, Polat B, Bayir Y, Kiki I, Ca-
dirci E, Topcu A, Aksak S: Agomelatine: An antidepressant
with new potent hepatoprotective effects on paracetamol-indu-
ced liver damage in rats. Human & Experimental Toxicology
2013 Aug, 32(8):846-857.

Zhao YL, Zhou GD, Yang HB, Wang JB, Shan LM, Li RS,
Xiao XH: Rhein protects against acetaminophen-induced he-
patic and renal toxicity. Food and Chemical Toxicology 2011,
49(8):1705-1710.

Atkuri KR, Mantovani JJ, Herzenberg LA: N-Acetylcysteine-
-a safe antidote for cysteine/glutathione deficiency. Current
Opinion in Pharmacology 2007, 7(4):355-359.

Manda K, Bhatia AL, Role of B-carotene against acetaminop-
hen-induced hepatotoxicity in mice. Nutrition Research 2003,
23:1097-1103.

Chularojmontri L, Wattanapitayakul SK, Herunsalee A, Cha-
ruchongkolwongse S, Niumsakul S, Srichairat S: Antioxidati-
ve and cardioprotective effects of Phyllanthus urinaria L. on
doxorubicin-induced cardiotoxicity. Biological & Pharmaceu-
tical Bulletin 2005; 28(7):1165-1171.

Gao H, Zhou YW: Anti-lipid peroxidation and protection of
liver mitochondria against injuries by picroside II. World Jo-
urnal of Gastroenterology 2005, 11(24):3671-3674.

Lei XG, Zhu JH, McClung JP, Aregullin M, Roneker CA. Mice
deficient in Cu, Zn-superoxide dismutase are resistant to ace-
taminophen toxicity. Biochemical Journal 2006. 399(3):455-
461.

ISSN: 2458 - 8806



