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Abstract
Background  Gastric ulcer is a very common gastrointestinal disease that may be dangerous and even may lead to death. 
The current study was conducted to detect the prophylactic effects of agomelatine on indomethacin-induced gastric ulcer.
Methods  In this study, a total of 5 groups were created as the sham, ulcer, omeprazole, agomelatine 1 mg/kg and agomelatine 
5 mg/kg groups. The effects of agomelatine on indomethacin-induced gastric injury were investigated. Total antioxidant 
and oxidant levels; the oxidant parameters like oxidative stress index and the inflammation markers such as tumor necrosis 
factor-α, interleukin-1β, interleukin-6 and interleukin-10 levels in stomach tissue were determined by ELISA. In addition, 
the gastric mucosal injury occurred in stomach wall was examined with histopathological methods.
Results  While the levels of the inflammatory markers, total oxidant status and oxidative stress index increased at an obvious 
level especially in the indomethacin group, the total antioxidant status levels decreased. It was observed that these parameters 
were improved at a significant level in agomelatine 1 mg/kg and agomelatine 5 mg/kg groups when compared to ulcer group; 
and the results were similar to omeprazole group. It was also observed that our histopathological findings were consistent 
with all our other results.
Conclusions  The results of this study showed that agomelatine usage in indomethacin-induced gastric ulcer model provides 
beneficial results.
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Abbreviations
HCl	� Hydrochloric acid
NSAID	� Nonsteroidal anti-inflammatory drug
ROS	� Reactive oxygen species
MT1 and MT2	� Melatonin receptor 1 and 2
AGO	� Agomelatine
GI	� Gastrointestinal
DMOS	� Dimethyl sulfoxide
TAS	� Total antioxidant status
TOS	� Total oxidant status
IL-1β	� Interleukin 1-beta

IL-6	� Interleukin-6
IL-10	� Interleukin-10
TNF-α	� Tumor necrosis factor-alfa
OSI	� Oxidative stress index
NF-κB	� Nuclear factor kappa B

Introduction

The stomach is one of the organs which are affected by 
stress at the highest level. It was reported that some bio-
logical and psychosocial situations may increase stomach 
ulcer formation [1]. A total of 200,000 people are hospital-
ized on an annual scale with the diagnosis of ulcer; 3 mil-
lion people are admitted to polyclinics; and the financial 
cost of the treatment of this disease reaches about 4 billion 
dollars [2]. Various factors like Helicobacter pylori infec-
tion, smoking [3], indomethacin and nonsteroidal anti-
inflammatory drugs (NSAIDs) such as aspirin, ethanol, 
stress, free radicals, bile acids, protease, exercise, hunger, 
cold and immobility cause the formation of ulcers in the 
gastrointestinal (GI) system [4, 5]. While indomethacin 
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causes increase in acid release and pepsin activity, and 
decrease in the mucus layer and bicarbonate release; it 
also causes increases in the lipid peroxidation and reactive 
oxygen species (ROS) formation in the gastric mucosa [6]. 
Indomethacin-induced gastric ulcer model is one of the 
most common methods to induce gastric ulcer in rats [7].

Unlike conventional drugs, as a melatonin receptor 
(MT1 and MT2) agonist and a serotonin (5-HT2C) recep-
tor antagonist with a unique receptor profile, agomelatine 
(AGO) is an atypical antidepressant [8, 9]. Studies over 
past 5 years have suggested that AGO is a drug that can be 
used to treat symptoms of depression and anxiety [10] and 
to improve neuropathic pain caused by diabetes mellitus 
[11]. In addition, in several ischemia reperfusion mod-
els, in brain [12] and ovaries [13] AGO decreased injury 
by increasing the antioxidant properties and inhibiting 
apoptosis, and also it was found to reduce dose-depend-
ent injury in heart [14]. AGO, a naphthalene analogue 
of melatonin, is a new melatonergic drug with a longer 
half-life (approximately 2.3 h) and has greater affinity 
for melatonin receptors (MT1 and MT2) than melatonin 
[15]. The receptors for melatonin were identified and char-
acterized in the gastrointestinal tract of various species 
[16]. Melatonin has been shown to be a potent reactive 
oxygen metabolite scavenger and antioxidant that affects 
many physiological functions including secretion, motility, 
digestion and absorption of the gastrointestinal pathway 
[17]. In addition, melatonin has anti-inflammatory effect 
that may contribute to the protection of the gastrointestinal 
mucosa [18, 19].

In the present study, the purpose was to evaluate the anti-
oxidant, anti-inflammatory and anti-apoptotic properties 
of AGO, a melatonin derivative, in indomethacin-induced 
gastric ulcer treatment.

Materials and methods

Ethics and animals

The ethical COMMITTEE approval for the study was 
received from Atatürk University Experimental Animals 
Local Ethics Committee (Protocol no. 19.04.2016/45). All 
the experimental procedures applied to animals were per-
formed in line with the Ethics Committee Protocol.

A total of 40 Wistar Albino male rats, which weighed 
230–260 g were obtained from Atatürk University Experi-
mental Animals Laboratory. They were left hungry for 1 day 
before the study commenced; however, the rats were allowed 
to reach water freely. The medium in which the rats were 
placed was adjusted as 55% humidity, 20–22 °C temperature, 
and 12 h light/dark period.

Drugs

Agomelatine (Sigma Aldrich, Germany) was dissolved in 
Dimethyl sulfoxide (DMSO) (Sigma Aldrich, Germany) and 
then was administered to the rats as intraperitoneally. Ome-
prazole and indomethacin (Sigma Aldrich, Germany) were 
dissolved in DMSO and were administered to the animals 
by oral gavage.

The experimental groups

The rats were divided to 5 groups (n = 8) randomly and 8 
animals were placed in each group. The sham group was 
applied diluted DMSO (750 µl/250 g bw) only. After 90 min, 
the animals were sacrificed. Group 2, omeprazole (30 mg/
kg) was dissolved in DMSO and was orally administered 
to the animals. Group 3, indomethacin (100 mg/kg) was 
dissolved in DMSO and was orally administered to rats 
to induce a maximum level of acute ulcer. Groups 4 and 
5 comprised ulcerated rats pretreated with AGO 1 mg/kg, 
AGO 5 mg/kg, respectively. All AGO doses were applied 
as intraperitoneally. After 90 min, animals were sacrificed 
by an overdose of general anesthetic and stomach tissues 
were collected.

Sacrificing of the animals and collecting the tissues

The surgical procedures were applied to the rats when they 
were under general anesthesia by intramuscular administra-
tion of ketamine 60 mg/kg (Ketalar, Pfizer, Istanbul, Tur-
key), xylazine hydrochloride 10 mg/kg (Rompun, Bayer, 
Istanbul, Turkey). Gastric contents were washed with normal 
saline and then divided into two parts. One part was stored at 
10% formaldehyde for histopathological procedures and the 
other part was stored at − 80 °C for biochemical analyzes.

Tissue homogenization and determining 
the biochemical parameters

The stomach samples (100 mg) were homogenized with 
phosphate buffer (2 ml). The homogenized gastric tissues 
were centrifuged at 5000 rpm at + 4 °C for 20 min; and 
the supernatants obtained by this way were transferred to 
microcentrifuge tubes. The total antioxidant status (TAS) 
(Rel Assay Diagnostics, Gaziantep, Turkey), total oxidant 
status (TOS) (Rel Assay Diagnostics, Gaziantep, Turkey), 
interleukin 1-beta (IL-1β) (Elabscience, Wuhan, China), 
interleukin-6 (IL-6) (Elabscience, Wuhan, China), inter-
leukin-10 (IL-10) (Elabscience, Wuhan, China) and tumor 
necrosis factor-alfa (TNF-α) (Elabscience, Wuhan, China) 
levels were measured from the supernatants by employing 
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rat-specific ELISA kits. The measurements were made 
according to the protocols of the kits. Oxidative Stress 
Index (OSI) was calculated with the OSI = [TOS, mmol 
H2O2 equivalent/L]/[TAS, mmol Trolox equivalent/L] × 10 
formula [20].

Histopathologic examination

The inflammation and apoptotic features in the groups were 
investigated in an immunohistopathological manner by 
employing caspase-3 (Novus Biological, USA) and nuclear 
factor kappa B (NF-κB) (Abcam, UK). The tissue damage 
levels were determined by hematoxylin–eosin staining. The 
hematoxylin–eosin (H&E) and immunohistochemical stain-
ing procedures for gastric tissue were performed according 
to the protocols reported in the study of Aksak Karamese 
et al. [21].

Statistical analyses

The TAS, TOS, OSI, IL-1β, IL-6, IL-10 and TNF-α results 
were analyzed via IBM SPSS 20.0 Package Program. Fol-
lowing the One-Way ANOVA test for statistical measure-
ments, the Tukey test was employed for multiple compari-
sons of the groups. The data was shown as mean ± standard 
deviation (SD). In the analyses, p < 0.05 and p < 0.01 values 
were considered as statistically significant.

Results

Biochemical examination

The stomach tissue levels of TAS, TOS and OSI are indi-
cated in Table 1. Although TOS and OSI levels were not 
statistically significant in AGO 1 mg/kg Group, these val-
ues decreased in omeprazole and AGO 5 mg/kg groups at 
a significant level compared to ulcer group. Even if not at 
a statistically significant level, TAS level increased in ome-
prazole, AGO 1 mg/kg and AGO 5 mg/kg groups compared 
to ulcer group.

Gastric TNF-α, IL-1β, IL-6 and IL-10 were signifi-
cantly increased in indomethacin group when compared 

with normal control. Pretreatment with either omeprazole 
or AGO (1 mg/kg and 5 mg/kg) decreased gastric TNF-α, 
IL-1β, IL-6 and IL-10 levels significantly when compared 
with ulcer control group (as shown in Fig. 1).

Histopathologic and immunohistochemical findings

It was observed in sham group that gastric mucosa layer was 
compatible with normal histological structure. It consisted 
of a single-layered prismatic epithelium. Lamina propria was 
filled with gastric glands, and mucosa layer ended with a 
thin muscularis mucosa layer. In ulcer group, a huge amount 
of single-layer prismatic epithelial cells were degenerated; 
and there were deteriorations in epithelial integrity. It was 
also determined that gastric glands under the mucosa had 
dilatation, they showed irregular placement, and there were 
hemorrhagic areas among them. Hemorrhagic foci were 
determined in submucosa as well. Gastric surface epithe-
lium was in pieces and gastric crypts were damaged. Leu-
kocyte infiltration with polymorph-nuclei was observed in 
lamina propria. It was noted that there was extensive edema 
in lamina propria, submucosa and disruption in vessel wall. 
In immunohistochemical staining, intense (++++) immu-
nopositivities of NF-κB and caspase-3 were observed. In 
omeprazole group, in surface mucosal cells, it was observed 
that there were decreased injury, decreased degeneration in 
gastric pit and glandular cells, mucosal hemorrhage, and a 
decrease in lesions compared to ulcer group. In immuno-
histochemical staining, there were decrease in NF-κB (++) 
and caspase 3 (+++) immunopositivities. In AGO 1 mg/
kg group, the injury occurred in the apical part of gastric 
mucosa decreased partially. The amount of damaged struc-
tures that stretched towards lumen and which were observed 
clearly in ulcer and omeprazole groups, were less in AGO 
1 mg/kg group. However, there were moderate dilatation 
and mild congestion in gastric glands in this group, which 
is similar to ulcer groups. In AGO 1 mg/kg group, NF-κB 
and caspase 3 immunopositivities (+++) were observed 
at similar levels with omeprazole group. Mucosal damage 
was observed in AGO 5 mg/kg Group; however, there was 
less damage when compared to AGO 1 mg/kg group. No 
inflammatory cell infiltration and edema were observed. 
The NF-κB (+) and caspase-3 (++) immunopositivities still 

Table 1   The effects of 
agomelatine on TAS, TOS and 
OSI values in gastric injury rats

The TOS, and OSI levels were decreased at a significant level in the AGO 5 mg/kg and omeprazole groups 
compared to the ulcer group (*p < 0.05). The TAS level increased in the omeprazole, AGO 1 mg/kg and 
AGO 5 mg/kg groups, although it was not at a statistically significant level compared to the ulcer group

Groups/
parameters

Sham Ulcer Omeprazole AGO 1 mg/kg AGO 5 mg/kg

TAS 2.44 ± 0.40 3.59 ± 0.70 3.12 ± 0.86 3.27 ± 1.15 3.68 ± 1.75
TOS 11.91 ± 5.87 30.50 ± 26.04 10.45 ± 1.32* 11.66 ± 2.50 10.72 ± 3.56*
OSI 0.35 ± 0.17 0.20 ± 0.40 0.28 ± 0.47* 0.37 ± 0.11 0.32 ± 0.13*
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existed compared to other groups despite a decrease. Histo-
pathologic results were presented in Fig. 2 and in Table 2.

Discussion

Gastric ulcer is one of the most frequent diseases seen in 
the gastrointestinal tract, and affects 5% of the population 
of the world: Its prevention and management is very difficult 
[22]. The main problem in our present day is hemorrhage 
and mucosal lesions due to consumption of NSAIDs, which 
are known as the second common cause of peptic ulcer after 
Helicobacter pylori [23]. It is already known that NSAIDs-
induced gastric injury is the most common and dangerous 
side effect of these drugs, which accounts for a total of 25% 
of gastric ulcer cases [24].

Different pathogenic mechanisms were proposed for the 
purpose of explaining the pathophysiology of the indometha-
cin-induced gastric damage like overproduction of ROS [25] 
and inflammatory cytokines [26]. It was proven that indo-
methacin causes serious gastrointestinal injury and oxidative 
stress [27, 28]. The development of indomethacin-induced 
gastric mucosal lesions occurs basically via the formation 
of oxygen free radicals [29]. Oxidative stress is a systemic 

phenomenon in peptic ulcer disease [30]. Antioxidant scav-
enging of the ROS is a novel strategy for the prevention and 
treatment of chronic and degenerative diseases like peptic 
ulcer [31]. In addition, indomethacin induces apoptosis via 
the ROS formation and caspase-3 activation [32].

Gastric ulcers are usually treated with histamine-2 recep-
tor blockers or proton pump inhibitors (omeprazole, etc.). 
The aim of such treatments is to reduce the secretion of 
hydrochloric acid (HCl), facilitate the mucosal regenera-
tion and healing of ulcers. Although these drugs work, their 
long-term use causes several side effects. Therefore, sub-
stances with high antioxidant and gastroprotective proper-
ties are used in ulcer investigations. Current studies show 
that melatonin protects against gastric ulceration in a vari-
ety of ulcer models and gastric injuries [33–35]. Against 
indomethacin-induced gastric ulcer damage, AGO has gas-
troprotective effects with its antioxidant, anti-inflammatory 
and antiapoptotic features.

The highlights of this study are; AGO reduces dose-
dependent gastric mucosal damage induced by indomethacin 
in rats and it is a better gastroprotective agent at some points 
than omeprazole, the proton pump inhibitor, used in the 
pharmacology market. Indomethacin-induced ulcer model 
demonstrates ROS production during gastric ulceration by 

Fig. 1   Effect of Agomelatine on TNF-α (a), IL-1β (b), IL-6 (c) and IL-10 (d) levels in the stomach tissue of rats with or without indomethacin. 
*p < 0.01 Significantly different from the value in the control group. #p < 0.001 Significantly different from the value in the ulcer group
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leading to oxidation of cellular proteins and depletion of 
antioxidants [36]. ROS causes oxidative damage with the 
disruption of the antioxidant defense system [37]. Exces-
sive ROS production causes oxidation of lipids, proteins and 
nucleic acids, and disrupts the functioning of cells [38]. The 
measurement of the TAS provides much more information 
than other antioxidant paramaters measurement; and it is 
widely used to determine the total antioxidant capacity [39]. 
OSI is an indicator that can show the lipid and protein oxida-
tion with DNA damage that are caused by non-compensated 
free radicals which are produced due to increased oxidants 
or decreased antioxidants. For the oxidative stress and 

antioxidant situation evaluation, recently, OSI is detected via 
dividing total oxidants by total antioxidants [40]. We dem-
onstrated that TOS decreased with AGO treatment in indo-
methacin-induced ulcer injuries. This documents the AGO’s 
ability to act as a gastroprotective agent. AGO application 
did not affect TAS level but suppressed TOS level. AGO, 
like melatonin, was found to affect changes in the activities 
of the key antioxidant enzymes of the stomach [35].

NF-κB plays an active role in ulcer healing process [41] 
and NF-κB activation in tissues increases during gastric 
ulcer [42]. NF-κB plays a centric role in regulating the 
immune response [43, 44]; and triggers the transcriptional 

Fig. 2   Rat gastric tissue morphology after ulcer induction by indomethacin and protection via AGO. Histological sections were stained with 
H&E (line 1) and photographs were taken at 20X. In line 2, caspase-3 immunopositivity and in line 3 NF-κB immunopositivity were presented

Table 2   The histopathological 
findings in gastric tissues; 
epithelial damage, edema 
in the epithelium, leukocyte 
infiltration, hemorrhagic 
areas, Caspase-3 and NF-κB 
immunopositivity

Damage levels; − (none), + (less), ++ (mild), +++ (moderate), ++++ (severe), +++++ (very severe)

Groups/Parameters Sham (A) Ulcer (B) Omeprazole (C) AGO 1 mg/
kg (D)

AGO 
5 mg/kg 
(E)

Epithelial damage − +++++ +++ +++ +
Epithelial edema − ++++ ++ +++ −
Leukocyte infiltration − ++++ ++ ++ ++
Hemorrhagic areas − +++++ ++ ++ +
Caspase-3 immunopositivity − ++++ +++ +++ ++
NF-κB immunopositivity − ++++ ++ +++ +



989Agomelatine prevents indomethacin‑induced gastric ulcer in rats﻿	

1 3

up-regulation of proinflammatory cytokines such as IL-6, 
IL1-β and TNF-α [45]. It is already known that the TNF 
plays a key role in gastric damage that is caused by NSAIDs, 
and triggers the inflammation [46]. IL-1, NF-κB, TNF-α 
and IL-6 levels increase in studies conducted on jejunoilei-
tis [47], indomethacin-induced gastric ulcer [48–50], small 
intestine injury [51] and gastric damage [52, 53]. In a pre-
viously study, AGO decreased the levels of cytokines like 
TNF-α, IL-6; and performed protective effects in the liver 
[54]. The neuroprotective effects of AGO against con-
trast-induced nephrotoxicity in rats were shown in rats by 
decreasing the TNF-α, NF-κB and IL-6 levels [55]. TNF-α 
levels decreased in diabetic rat testis [56], major depres-
sive patients [57], sepsis-induced acute renal injury [58] and 
psychosis-related behavioral models [59] via AGO applica-
tion. IL-10 is one of the main regulatory cytokines suppress-
ing the inflammatory pathways [60]. It also inhibits IL-1β, 
TNF-α, IL-6 and other proinflammatory cytokine production 
[61]. In current study, AGO decreased the indomethacin-
induced gastric ulcer damage by decreasing the proinflam-
matory cytokine levels through NF-κB signal pathway, 
which is consistent with previous studies. We considered 
that the decreasing IL-10 levels might be associated with 
the decrease in the need for activation of anti-inflammatory 
mechanisms due to AGO reduces proinflammatory cytokine 
levels.

Apoptosis is a quite regulated process for removing the 
unwanted cells in the normal cell cycle during the devel-
opment and functioning of the immune system and in the 
re-modeling of the tissues. Apoptosis regulation disorder is 
associated with various diseases [62]. Caspase-3 is called as 
the “death-walker protease”; and it is located in the center 
of the apoptosis [63]. It is also the primary mediator of the 
apoptosis [64]. It was shown in studies conducted on indo-
methacin-induced peptic ulcer [65] and jejunal injury [66] 
that the caspase-3 levels increased. AGO administration in 
a cerebral ischemia reperfusion study demonstrated a neu-
roprotective effect via antiapoptotic properties by decreas-
ing the caspase-3 level [12]. In a rat stress model, increased 
caspase-3 levels in hippocampus were decreased with AGO 
[67]. AGO administration in neuronal PC12 cells decreased 
the caspase-3 levels [68]. In another research, melatonin 
decreased the mitochondrial DNA damage in the substan-
tia nigra, reduced the free radical production, and inhib-
ited the apoptosis [69]. In the present study, caspase-3 level 
increased in the ulcer group compared to the sham group, 
but it was decreased by AGO and omeprazole administra-
tion; and the gastroprotective effect of AGO was shown by 
preventing cell-tissue death via anti-apoptotic effect.

As a result, in current study, AGO reduced ROS pro-
duction and regulated cytokine formation by suppressing 
NF-κB expression in indomethacin-induced gastric ulcer. 
AGO also reduced cell damage by exhibiting similar effects 

to omeprazole. In order to better understand the effects of 
AGO on gastric ulcer, further clinical studies are needed by 
using different doses of AGO in different ulcer models sup-
ported by molecular studies.

Acknowledgements  This study was supported by the Department 
of Scientific Research Projects of Atatürk University (Project No. 
2016/51).

Compliance with ethical standards 

Conflict of interest  The authors declare that there is no actual or poten-
tial conflict of interest in relation to this article.

References

	 1.	 Cho CH, Koo MW, Garg GP, Ogle CW. Stress-induced gastric 
ulceration: its aetiology and clinical implications. Scand J Gas-
troenterol. 1992;27:257–62.

	 2.	 Routh H. What you should know about peptic ulcers. Occup 
Health Saf. 1980;9:13–26.

	 3.	 Riezzo G, Chiloiro M, Montanaro S. Protective effect of amtolme-
tin guacyl versus placebo diclofenac and misoprostol in healthy 
volunteers evaluated as gastric electrical activity in alcohol-
induced stomach damage. Dig Dis Sci. 2001;46:1797–804.

	 4.	 Szabo S. Gastroduodenal mucosal injury-acute and chonic: 
Pathways, mediators, and mechanism. J Clin Gastroenterol. 
1991;13:1–8.

	 5.	 al-Moutairy AR, Tariq M. Effect of vitamin E and selenium on 
hypothermic restraint stress and chemically-induced ulcers. Dig 
Dis Sci. 1996;41:1165–71.

	 6.	 Suleyman H, Albayrak A, Bilici M, Cadirci E, Halici Z. Different 
mechanisms in formation and prevention of indomethacin-induced 
gastric ulcers. Inflammation. 2010;33:224–34.

	 7.	 El-Ashmawy NE, Khedr EG, El-Bahrawy HA, Selim HM. Gas-
troprotective effect of garlic in indomethacin induced gastric ulcer 
in rats. Nutrition. 2016;32:849–54.

	 8.	 Millan MJ, Brocco M, Gobert A, Dekeyne A. Anxiolytic proper-
ties of agomelatine, an antidepressant with melatoninergic and 
serotonergic properties: role of 5-HT2C receptor blockade. Psy-
chopharmacology. 2005;177:448–58.

	 9.	 Olie JP, Kasper S. Efficacy of agomelatine, a MT1/MT2 receptor 
agonist with 5-HT2C antagonistic properties, in major depressive 
disorder. Int J Neuropsychopharmacol. 2007;10:661–73.

	10.	 Karaiskos D, Tzavellas E, Ilias I, Liappas I, Paparrigopoulos T. 
Agomelatine and sertraline for the treatment of depression in type 
2 diabetes mellitus. Int J Clin Pract. 2013;67:257–60.

	11.	 Chenaf C, Chapuy E, Libert F, Marchand F, Courteix C, Bertrand 
M, et al. Agomelatine: a new opportunity to reduce neuropathic 
pain-preclinical evidence. Pain. 2017;158:149–60.

	12.	 Chumboatong W, Thummayot S, Govitrapong P, Tocharus C, Jitti-
wat J, Tocharus J. Neuroprotection of agomelatine against cerebral 
ischemia/reperfusion injury through an antiapoptotic pathway in 
rat. Neurochem Int. 2017;102:114–22.

	13.	 Yapca OE, Borekci B, Turan MI, Gulapoglu M. The effect of 
agomelatine on oxidative stress induced with ischemia/reperfusion 
in rat ovaries. Adv Clin Exp Med. 2014;23:715–21.

	14.	 Jia P, Liu C, Wu N, Jia D, Sun Y. Agomelatine protects against 
myocardial ischemia reperfusion injury by inhibiting mitochon-
drial permeability transition pore opening. Am J Transl Res. 
2018;10:1310–23.



990	 E. Eraslan et al.

1 3

	15.	 Millan MJ, Gobert A, Lejeune F, Dekeyne A, Newman-Tancredi 
A, Pasteau V, et al. The novel melatonin agonist agomelatine 
(S20098) is an antagonist at 5-hydroxytryptamine(2C) recep-
tors, blockade of which enhances the activity of frontocortical 
dopaminergic and adrenergic pathways. J Pharmacol Exp Ther. 
2003;306:954–64.

	16.	 Barrett P, Conway S, Morgan PJ. Digging deep–structure-func-
tion relationships in the melatonin receptor family. J Pineal Res. 
2003;35:221–30.

	17.	 Brzozowska I, Strzalka M, Drozdowicz D, Konturek SJ, Brzozo-
wski T. Mechanisms of esophageal protection, gastroprotection 
and ulcer healing by melatonin implications for the therapeutic 
use of melatonin in gastroesophageal reflux disease (GERD) and 
peptic ulcer disease. Curr Pharm Des. 2014;20:4807–15.

	18.	 Li JH, Yu JP, Yu HG, Xu XM, Yu LL, Liu J, et al. Melatonin 
reduces inflammatory injury through inhibiting NF-kappa B acti-
vation in rats with colitis. Mediators Inflamm. 2005;2005:185–93.

	19.	 Dong WG, Mei Q, Yu JP, Xu JM, Xiang L, Xu Y. Effects of 
melatonin on the expression of iNOS and COX-2 in rat models of 
colitis. World J Gastroenterol. 2003;9:1307–11.

	20.	 Erel O. A new automated colorimetric method for measuring total 
oxidant status. Clin Biochem. 2005;38:1103–11.

	21.	 Aksak Karamese S, Toktay E, Unal D, Selli J, Karamese M, Mal-
koc I. The protective effects of beta-carotene against ischemia/
reperfusion injury in rat ovarian tissue. Acta Histochem. 
2015;117:790–7.

	22.	 Boligon AA, de Freitas RB, de Brum TF, Waczuk EP, Klimac-
zewski CV, de Avila DS, et al. Antiulcerogenic activity of Scutia 
buxifolia on gastric ulcers induced by ethanol in rats. Acta Pharm 
Sin B. 2014;4:358–67.

	23.	 Oloyede HO, Adaja MC, Ajiboye TO, Salawu MO. Anti-ulcero-
genic activity of aqueous extract of Carica papaya seed on indo-
methacin-induced peptic ulcer in male albino rats. J Integr Med. 
2015;13:105–14.

	24.	 Adhikary B, Yadav SK, Roy K, Bandyopadhyay SK, Chattopad-
hyay S. Black tea and theaflavins assist healing of indomethacin-
induced gastric ulceration in mice by antioxidative action. Evid 
Based Complement Alternat Med. 2011;2011.

	25.	 Handa O, Majima A, Onozawa Y, Horie H, Uehara Y, Fukui A, 
et al. The role of mitochondria-derived reactive oxygen species in 
the pathogenesis of non-steroidal anti-inflammatory drug-induced 
small intestinal injury. Free Radic Res. 2014;48:1095–9.

	26.	 Abbas AM, Sakr HF. Effect of selenium and grape seed extract on 
indomethacin-induced gastric ulcers in rats. J Physiol Biochem. 
2013;69:527–37.

	27.	 Takeuchi H, Nagira S, Yamamoto H, Kawashima Y. Solid dis-
persion particles of amorphous indomethacin with fine porous 
silica particles by using spray-drying method. Int J Pharm. 
2005;293:155–64.

	28.	 Okayama T, Yoshida N, Uchiyama K, Takagi T, Ichikawa H, 
Yoshikawa T. Mast cells are involved in the pathogenesis of indo-
methacin-induced rat enteritis. J Gastroenterol. 2009;44(Suppl 
19):35–9.

	29.	 Kim JH, Kim BW, Kwon HJ, Nam SW. Curative effect of selenium 
against indomethacin-induced gastric ulcers in rats. J Microbiol 
Biotechnol. 2011;21:400–4.

	30.	 Mei XT, Xu DH, Xu SK, Zheng YP, Xu SB. Zinc(II)-curcumin 
accelerates the healing of acetic acid-induced chronic gastric 
ulcers in rats by decreasing oxidative stress and downregulation 
of matrix metalloproteinase-9. Food and chemical toxicology. 
BIBRA. 2013;60:448–54.

	31.	 Fahmy SR, Amer MA, Al-killidar MH. Ameliorative effect of the 
sea cucumber Holothuria arenicola extract against gastric ulcer in 
rats. JOBAZ. 2015;72:16–25.

	32.	 Fujii Y, Matsura T, Kai M, Matsui H, Kawasaki H, Yamada K. 
Mitochondrial cytochrome c release and caspase-3-like protease 

activation during indomethacin-induced apoptosis in rat gastric 
mucosal cells. Exp Biol Med. 2000;224:102–8.

	33.	 Brzozowski T, Konturek PC, Konturek SJ, Pajdo R, Bielanski 
W, Brzozowska I, et al. The role of melatonin and l-tryptophan 
in prevention of acute gastric lesions induced by stress, ethanol, 
ischemia, and aspirin. J Pineal Res. 1997;23:79–89.

	34.	 De La Lastra CA, Cabeza J, Motilva V, Martin MJ. Melatonin pro-
tects against gastric ischemia-reperfusion injury in rats. J Pineal 
Res. 1997;23:47–52.

	35.	 Bandyopadhyay D, Bandyopadhyay A, Das PK, Reiter RJ. Mela-
tonin protects against gastric ulceration and increases the efficacy 
of ranitidine and omeprazole in reducing gastric damage. J Pineal 
Res. 2002;33:1–7.

	36.	 El-Ashmawy NE, Khedr EG, El-Bahrawy HA, Selim HM. Nebiv-
olol prevents indomethacin-induced gastric ulcer in rats. J Immu-
notoxicol. 2016;13:580–9.

	37.	 Katugampola S, Davenport A. Emerging roles for orphan G-pro-
tein-coupled receptors in the cardiovascular system. Trends Phar-
macol Sci. 2003;24:30–5.

	38.	 Ferrari R, Ceconi C, Curello S, Cargnoni A, Pasini E, Visioli O. 
The occurrence of oxidative stress during reperfusion in experi-
mental animals and men. Cardiovasc Drugs Ther. 1991;5(Suppl 
2):277–87.

	39.	 Yuvanc E, Tuglu D, Ozan T, Kisa U, Balci M, Batislam E, et al. 
Investigation of the antioxidant effects of pheniramine maleate 
and nebivolol on testicular damage in rats with experimentally 
induced testis torsion. Acta Cir Bras. 2018;33:125–33.

	40.	 Kohen R, Nyska A. Oxidation of biological systems: oxidative 
stress phenomena, antioxidants, redox reactions, and methods for 
their quantification. Toxicol Pathol. 2002;30:620–50.

	41.	 Takahashi S, Fujita T, Yamamoto A. Role of nuclear factor-kap-
paB in gastric ulcer healing in rats. Am J Physiol Gastrointest 
Liver Physiol. 2001;280:G1296–304.

	42.	 Kawai T, Akira S. Signaling to NF-kappaB by Toll-like receptors. 
Trends Mol Med. 2007;13:460–9.

	43.	 Karin M, Ben-Neriah Y. Phosphorylation meets ubiquitina-
tion: the control of NF-[kappa]B activity. Annu Rev Immunol. 
2000;18:621–63.

	44.	 Suzuki S, Singhirunnusorn P, Nakano H, Doi T, Saiki I, Sakurai 
H. Identification of TNF-alpha-responsive NF-kappaB p65-bind-
ing element in the distal promoter of the mouse serine protease 
inhibitor SerpinE2. FEBS Lett. 2006;580:3257–62.

	45.	 Wu LC, Fan NC, Lin MH, Chu IR, Huang SJ, Hu CY, et al. Anti-
inflammatory effect of spilanthol from Spilanthes acmella on 
murine macrophage by down-regulating LPS-induced inflamma-
tory mediators. J Agric Food Chem. 2008;56:2341–9.

	46.	 Musumba C, Pritchard DM, Pirmohamed M. Review article: cel-
lular and molecular mechanisms of NSAID-induced peptic ulcers. 
Aliment Pharmacol Ther. 2009;30:517–31.

	47.	 Nandi J, Saud B, Zinkievich JM, Yang ZJ, Levine RA. TNF-
alpha modulates iNOS expression in an experimental rat model 
of indomethacin-induced jejunoileitis. Mol Cell Biochem. 
2010;336:17–24.

	48.	 Vivatvakin S, Werawatganon D, Somanawat K, Klaikeaw N, 
Siriviriyakul P. Genistein-attenuated Gastric Injury on Indo-
methacin-induced Gastropathy in Rats. Pharmacogn Mag. 
2017;13:S306–10.

	49.	 Lee HJ, Han YM, Kim EH, Kim YJ, Hahm KB. A possible 
involvement of Nrf2-mediated heme oxygenase-1 up-regulation in 
protective effect of the proton pump inhibitor pantoprazole against 
indomethacin-induced gastric damage in rats. BMC Gastroenterol. 
2012;12:143.

	50.	 Diaz-Rivas JO, Herrera-Carrera E, Gallegos-Infante JA, Rocha-
Guzman NE, Gonzalez-Laredo RF, Moreno-Jimenez MR, et al. 
Gastroprotective potential of Buddleja scordioides Kunth Scro-
phulariaceae infusions; effects into the modulation of antioxidant 



991Agomelatine prevents indomethacin‑induced gastric ulcer in rats﻿	

1 3

enzymes and inflammation markers in an in vivo model. J Eth-
nopharmacol. 2015;169:280–6.

	51.	 Ishida T, Miki I, Tanahashi T, Yagi S, Kondo Y, Inoue J, et al. 
Effect of 18beta-glycyrrhetinic acid and hydroxypropyl gamma-
cyclodextrin complex on indomethacin-induced small intestinal 
injury in mice. Eur J Pharmacol. 2013;714:125–31.

	52.	 Kwiecien S, Brzozowski T, Konturek PC, Pawlik MW, Pawlik 
WW, Kwiecien N, et al. Gastroprotection by pentoxyfilline against 
stress-induced gastric damage. Role of lipid peroxidation, antioxi-
dizing enzymes and proinflammatory cytokines. J Physiol Phar-
macol. 2004;55:337–55.

	53.	 Magierowski M, Jasnos K, Kwiecien S, Drozdowicz D, Surmiak 
M, Strzalka M, et al. Endogenous prostaglandins and afferent sen-
sory nerves in gastroprotective effect of hydrogen sulfide against 
stress-induced gastric lesions. PLoS ONE. 2015;10:e0118972.

	54.	 Karakus E, Halici Z, Albayrak A, Polat B, Bayir Y, Kiki I, et al. 
Agomelatine: an antidepressant with new potent hepatoprotective 
effects on paracetamol-induced liver damage in rats. Hum Exp 
Toxicol. 2013;32:846–57.

	55.	 Karaman A, Diyarbakir B, Durur-Subasi I, Kose D, Ozbek-Bilgin 
A, Topcu A, et al. A novel approach to contrast induced nephro-
toxicity: the melatoninergic agent agomelatine. Br J Radiol. 
2016:20150716.

	56.	 Yigitturk G, Acara AC, Erbas O, Oltulu F, Yavasoglu NUK, Uysal 
A, et al. The antioxidant role of agomelatine and gallic acid on 
oxidative stress in STZ induced type I diabetic rat testes. Biomed 
Pharmacother. 2017;87:240–6.

	57.	 Gupta K, Gupta R, Bhatia MS, Tripathi AK, Gupta LK. Effect 
of agomelatine and fluoxetine on HAM-D score, serum brain-
derived neurotrophic factor, and tumor necrosis factor-alpha level 
in patients with major depressive disorder with severe depression. 
J Clin Pharmacol. 2017;57:1519–26.

	58.	 Basol N, Erbas O, Cavusoglu T, Meral A, Ates U. Ben-
eficial effects of agomelatine in experimental model of sepsis-
related acute kidney injury. Ulus Travma Acil Cerrahi Derg. 
2016;22:121–6.

	59.	 Inanir S, Copoglu US, Kokacya H, Dokuyucu R, Erbas O, 
Inanir A. Agomelatine protection in an LPS-ınduced psychosis-
relevant behavior model. Med Sci Monit: Int J Clin Exp Med. 
2015;21:3834–9.

	60.	 Maspi N, Abdoli A, Ghaffarifar F. Pro- and anti-inflammatory 
cytokines in cutaneous leishmaniasis: a review. Pathog Glob 
Health. 2016;110:247–60.

	61.	 Fiorentino DF, Zlotnik A, Mosmann TR, Howard M, O’Garra A. 
IL-10 inhibits cytokine production by activated macrophages. J 
Immunol. 1991;147:3815–22.

	62.	 Favaloro B, Allocati N, Graziano V, Di Ilio C, De Laurenzi V. 
Role of apoptosis in disease. Aging. 2012;4:330–49.

	63.	 Slee EA, Harte MT, Kluck RM, Wolf BB, Casiano CA, Newmeyer 
DD, et al. Ordering the cytochrome c-initiated caspase cascade: 
hierarchical activation of caspases-2, -3, -6, -7, -8, and -10 in a 
caspase-9-dependent manner. J Cell Biol. 1999;144:281–92.

	64.	 Riedl SJ, Shi Y. Molecular mechanisms of caspase regulation dur-
ing apoptosis. Nat Rev Mol Cell Biol. 2004;5:897–907.

	65.	 Soliman NA, Zineldeen DH, Katary MA, Ali DA. N-acetyl-
cysteine a possible protector against indomethacin-induced 
peptic ulcer: crosstalk between antioxidant, anti-inflamma-
tory, and antiapoptotic mechanisms. Can J Physiol Pharmacol. 
2017;95:396–403.

	66.	 Bessette C, Benoit B, Sekkal S, Bruno J, Estienne M, Leonil J, 
et al. Protective effects of beta-casofensin, a bioactive peptide 
from bovine beta-casein, against indomethacin-induced intestinal 
lesions in rats. Mol Nutr Food Res. 2016;60:823–33.

	67.	 Yucel A, Yucel N, Ozkanlar S, Polat E, Kara A, Ozcan H, et al. 
Effect of agomelatine on adult hippocampus apoptosis and 
neurogenesis using the stress model of rats. Acta Histochem. 
2016;118:299–304.

	68.	 Akpinar A, Uguz AC, Naziroglu M. Agomelatine and duloxetine 
synergistically modulates apoptotic pathway by inhibiting oxi-
dative stress triggered intracellular calcium entry in neuronal 
PC12 cells: role of TRPM2 and voltage-gated calcium channels. 
J Membr Biol. 2014;247:451–9.

	69.	 Chen LJ, Gao YQ, Li XJ, Shen DH, Sun FY. Melatonin protects 
against MPTP/MPP + -induced mitochondrial DNA oxidative 
damage in vivo and in vitro. J Pineal Res. 2005;39:34–42.

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Agomelatine prevents indomethacin-induced gastric ulcer in rats
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Ethics and animals
	Drugs
	The experimental groups
	Sacrificing of the animals and collecting the tissues
	Tissue homogenization and determining the biochemical parameters
	Histopathologic examination
	Statistical analyses

	Results
	Biochemical examination
	Histopathologic and immunohistochemical findings

	Discussion
	Acknowledgements 
	References




