EXPERIMENTAL STUDY

Beneficial effects of agomelatine in experimental
model of sepsis-related acute kidney injury
Nurşah Başol, M.D.,1 Oytun Erbaş, M.D.,2 Türker Çavuşoğlu, M.D.,3 Ayfer Meral, M.D.,4 Utku Ateş, M.D.5
1

Department of Emergency Medicine, Gaziosmanpaşa University Faculty of Medicine, Tokat-Turkey

2

Department of Physiology, İstanbul Bilim University Faculty of Medicine, İstanbul-Turkey

3

Department of Histology and Embryology, Ege University Faculty of Medicine, İzmir-Turkey

4

Department of Biochemistry, Dumlupınar University Evliya Çelebi Training and Research Hospital, Kütahya-Turkey

5

Department of Histology and Embryology, İstanbul Bilim University Faculty of Medicine, İstanbul-Turkey

ABSTRACT
BACKGROUND: Sepsis-related acute kidney injury (AKI) is a serious complication of sepsis. Problems persist regarding early diagnosis and treatment of AKI. The aim of the present study was to evaluate the efficacy of agomelatine, which is primarily known for its
positive effects on depressive and anxiety disorders in sepsis-related AKI.
METHODS: Sepsis model was created with cecal ligation puncture (CLP). Rats were separated into 4 groups of 8 each: the control
group, the sham-operated group, the CLP+saline group, and the CLP+agomelatine group. Agomelatine was administered intraperitoneally in doses of 20 mg/kg.
RESULTS: In the agomelatine group, reductions were observed in levels of tumor necrosis factor α (TNF-α), malondialdehyde
(MDA), blood urea nitrogen (BUN), and creatinine, as well as in histological kidney scores, compared to the non-treated group. In
addition, it was demonstrated that agomelatine treatment had positive effect on sepsis-induced morphological damage to renal and
tubular tissues.
CONCLUSION: Agomelatine showed strong efficacy in sepsis-related AKI, demonstrated with histological and biochemical results
in an experimental model. It is believed that antioxidant and pro-inflammatory effects of agomelatine are responsible for the improvement in kidneys.
Keywords: Acute kidney injury; agomelatine; cecal ligation puncture; sepsis.

INTRODUCTION
Sepsis is a complex clinical syndrome with high rates of morbidity and mortality.[1] According to criteria of the American College of Chest Physicians (ACCP) and the Society of
Critical Care Medicine (SCCM), the elementary definition of
sepsis is “a complex immune reaction against a microorganism.”[2] Sepsis is associated with multiple organ dysfunctions.[3]
Renal functions are particularly affected in the early stages of
sepsis.[4] Acute kidney injury (AKI) is a common and serious
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complication that increases mortality and is characterized by
rapid kidney failure due to micro- and macro-hemodynamic
impairment and immune toxicity in kidney tissue cells.[5,6]
Pathophysiology of AKI is not clear, though multifactorial
mechanisms containing ischemia–reperfusion injury, direct
inflammatory injury, coagulation, endothelial cell dysfunction,
and apoptosis are generally considered to be causes.[7]
Agomelatine, N-[2-(7-Methoxy-1-naphthyl)ethyl]acetamide,
is specified for the treatment of major depression, with dual
effects on sleep problems and depressive disorders.[8] It is a
synthetic drug, an agonist of melatonin receptors (MT1 and
MT2) and an antagonist of serotonin receptor (5-HT2C).[9–11]
Oxidative stress, which plays a key role in pathogenesis of
sepsis, is a leading cause of organ dysfunction in particular.
[12]
Melatonin at high doses is known for its strong antioxidant and anti-inflammatory activity.[13] In several experimental
studies, beneficial effects of melatonin have been demonstrated with sepsis models.[13–16] Although the exact mechanism is
not clear, it is thought that the antioxidant, anti-apoptotic,
anti-inflammatory, and immunomodulating effects of melato121
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nin are responsible for good effects on sepsis.[14] In addition,
reports have indicated protective effects of melatonin on renal functions.[17–19] However, exact pathophysiology of sepsisrelated AKI remains unclear and, in spite of new treatment
options, AKI continues to occur with high mortality.[20]
The aim of the present study was to research effects of
agomelatine, a melatonin analogue, on sepsis-induced AKI.
Cecal ligation puncture (CLP) was performed on rats to create an animal model of sepsis, and agomelatine effects on
renal functions were evaluated with biochemical and histopathological testing.

MATERIALS AND METHODS
Animals
Used in the present study were 42 male Sprague Dawley mature albino rats, each weighing 200–220 g. They were fed ad
libitum and housed in pairs in steel cages in a temperaturecontrolled environment (22±2°C) with light/dark cycle of 12
hours each. Protocol was approved by the committee for animal research and the study strictly conformed to the animal
experiment guidelines of the Committee for Human Care.

Drugs
All drugs were freshly prepared. Agomelatine (Valdoxan®,
Servier Laboratories Ltd., Slough, UK) was dissolved in saline.
Saline (0.9% NaCl) was used as control solution. All solutions
were administered intraperitoneally (IP) in a volume of 1 mL/
kg body weight.

Experimental Design
Rats were separated at random into 2 initial groups, and CLP
was performed on 26 rats to induce a sepsis model. Ten rats
(7 rats in the CLP+saline group and 3 in the CLP+agomelatine
group) died in the first 24 hours after surgical procedure and
were excluded from the study. No mortality occurred in the
sham-operated group. Study groups were designed as follows:
Group 1: Normal (non-operated and orally fed control, n=8)
Group 2: Sham-operated (n=8)
Group 3: CLP and 1 ml/kg 0.9 NaCl (saline) IP (n=8)
Group 4: CLP and 20 mg/kg agomelatine IP (n=8)
Rats were anesthetized IP with injection of combination 80
mg/kg ketamine hydrochloride (Alfamine®; Alfasan International BV., Woerden, Holland) and 7 mg/kg xylazine hydrochloride (Alfazyne®; Alfasan International BV, Woerden, Holland).
Under aseptic conditions, 3-cm midline laparotomy was performed to expose the cecum with the adjoining intestine.
The cecum was ligated tightly with a 3.0 silk suture at its base
under the ileocecal valve and punctured once with a 22-gauge
needle. The cecum was then gently squeezed to extrude a
small amount of feces from the perforation site. The cecum
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was returned to the peritoneal cavity, and the laparotomy
incision was closed with 4-0 polyglactin 910 sutures. Following surgery, the animals were permitted a period to recover
before being placed in their cages. In the sham group, under
aseptic conditions, only laparotomy was performed; the cecum was neither ligated nor punctured. Rats were considered septic 5 hours after CLP.[21] Treatments were performed
within the first hour of surgical procedure. The study was
concluded after 24 hours. The rats were euthanized with an
overdose of pentobarbital sodium, and blood samples were
collected by cardiac puncture for biochemical analysis.

Determination of BUN and Creatinine Levels
Blood urea nitrogen (BUN) and creatinine concentrations
were determined spectrophotometrically, using an automated system of analysis. BUN and creatinine concentrations
were expressed as mg/dL.

Determination of Plasma TNF-α Levels
Plasma TNF-α levels were measured using commercially available ELISA enzyme-linked immunosorbent assay kit (Quansys
Biosciences, Logan, UT, USA). Plasma samples were diluted
1:2, and TNF-α was determined in duplicate, according to
manufacturer’s guide. Detection limit for TNF-α assay was
<2 pg/mL.

Determination of Lipid Peroxidation
Lipid peroxidation was determined in plasma samples by measuring malondialdehyde (MDA) levels as thiobarbituric acidreactive substances (TBARS).[22] Briefly, trichloroacetic acid
and TBARS reagent were added to the plasma samples, then
mixed and incubated at 100°C for 60 minutes. After cooling on ice, the samples were centrifuged at 3000 rpm for 20
minutes, and the absorbance of the supernatant was read at
535 nM. MDA levels were expressed as nM, and tetraethoxypropane was used for calibration.

Histopathological Studies of Kidney
For histological and immunohistochemical studies, all animals
were IP anesthetized with 40 mg/kg ketamine and 4 mg/kg
xylazine, and were perfused with 200 mL of 4% formaldehyde
in 0.1 M phosphate-buffered saline. Formalin-fixed kidney
sections (4 μm) were stained with hematoxylin and eosin.
All sections were photographed with Olympus C-5050 digital
camera mounted on Olympus BX51 microscope.
Morphological evaluation was performed by computerized
image analysis system (Image-Pro Express 1.4.5; Media Cybernetics, Inc., Rockville, MD, USA) on 10 microscopic fields
per section, examined with ×20 magnification by an observer
blinded to the study group.
Kidney sections from all groups were evaluated semi-quantitatively to determine extent of tubular epithelial necrosis,
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Table 1.

Malondialdehyde, TNF-α, BUN and creatinine levels

Normal group
Sham-operated group
CLP + saline group
				

CLP + 20 mg/kg
agomelatine group

Malondialdehyde (nM)

65.3±3.2

71.2±3.5

218.9±7.5**

212.5±6.5##

TNF-α (pg/mL)

21.07±1.9

22.8±2.14

274.5±7.9

119.9±5.8##

Plasma BUN content (mg/dL)

24.7±1.2

21.6±1.5

55.01±3.2**

37.8±3.6#

Plasma creatinine content (mg/dL)

0.35±0.02

0.37±0.03

0.79±0.03

0.56±0.05#

**

*

Results are presented as mean ± SEM. *p<0.01, **p<0.000 (different from normal and sham-operated groups), ##p<0.000, #p<0.05 (different from CLP + saline Group).
TNF-a: Tumor necrosis factor alpha; BUN: Blood urea nitrogen; CLP: Cecal ligation and puncture.

luminal necrotic debris, tubular dilatation, hemorrhage, and
interstitial inflammation, rated as follows: 0-5% = score 0;
6-20% = score 1; 21-40% = score 2; 41-60% = score 3; 6180% = score 4; and 81-100% = score 5.[23,24]

Statistical Analysis
Data are presented as mean±standard error of the mean
(SEM). Data analyses were performed using SPSS software
for Windows (version 15.0; SPSS Inc., Chicago, IL, USA). Data
were analyzed with non-parametric Mann-Whitney U test, and
p values of 0.05 or less were considered statistically significant.

RESULTS
Serum TNF-α, MDA, BUN, and creatinine levels of all groups

are shown in Table 1. MDA is a predictor of lipid peroxidation, and in cases of sepsis, high levels indicate oxidative
stress. Plasma MDA levels were markedly elevated in the
CLP+saline group, compared to the normal and sham-operated groups (p<0.000). A significant decrease was observed
in the CLP+agomelatine group, compared to the CLP+saline
group (p<0.000). No differences were observed between the
normal and sham-operated groups.
TNF-α, which causes harmful effects of inflammation, is a
pro-inflammatory cytokine that can be used to determine
severity of sepsis as organ dysfunction. In the present study,
plasma TNF-α was also found to be significantly higher in the
CLP+saline group, compared to the normal and sham-operated groups (p<0.000). A significant decrease in TNF-α was

(a)

(b)

(c)

(d)

Figure 1. Kidney histolopathology. (a) Kidney from normal group, H&E x10 magnification, renal tubuls (T),
(b) sham group showed minimal histopathological alteration, (c) CLP+saline group showed severe histopathological alteration related to tubular injury (TI). (d) CLP+agomelatine group showed decrease in tubular injury.
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Table 2.

Changes in histopathological kidney injury scores

Normal group
Sham-operated group
CLP + saline group
				

CLP + 20 mg/kg
agomelatine group

Tubularepithelial necrosis

0

0.5±0.18†

3.3±0.18**

2.1±0.22##

Luminal necrotic debris

0

0.62±0.18

2.5±0.32

1.37±0.32#

Tubular dilatation

0

0.37±0.19†

3.1±0.22**

1.8±0.35#

Hemorrhage

0

0.5±0.18

3.0±0.3

1.9±0.22##

Interstitial inflammation

0

0.6±0.26†

3.25±0.5**

1.75±0.36#

†

**

†

**

Results are presented as mean ± SEM. †p<0.05 (different from normal group), **p<0.000 (different from normal and sham-operated groups), #p<0.05, ##p<0.01 (different
from CLP + saline group). CLP: Cecal ligation and puncture.

also observed in the CLP+agomelatine group (p<0.000). No
differences were observed between the normal and shamoperated groups.
AKI was assessed by measurement of BUN and creatinine levels. BUN levels were compared among the 4 groups, with the
highest in the CLP+saline group. BUN was significantly lower
in the CLP+agomelatine group, compared to the CLP+saline
group (p<0.05). Creatinine levels were markedly increased
in the CLP+saline group, compared to the normal and sham
groups (p<0.01). In the CLP+agomelatine group, a significant
decrease was observed in creatinine levels, compared to the
CLP+saline group (p<0.05). No difference in BUN or creatinine levels was observed in the normal or sham groups.
Histopathology of kidney tissue in all groups is shown in Fig.
1. Alteration of kidney tissue in sham group was minimal. Histopathological indicators of AKI (tubular epithelial necrosis,
luminal necrotic debris, tubular dilatation, hemorrhage, and
interstitial inflammation) were observed in the CLP+saline
group. Tubular injury was observed in the CLP+agomelatine
group, though to a lesser extent than in the CLP+saline group.
Mean±SD of kidney tissue tubular epithelial necrosis scores
were (0.5±0.18), (3.3±0.18), and (2.1±0.22); scores for luminal
necrotic debris were (0.62±0.18), (2.5±0.32), and (1.37±0.32);
scores for tubular dilatation were (0.37±0.19), (3.1±0.22),
and (1.8±0.35); scores for hemorrhage were (0.5±0.18),
(3.0±0.3), and (1.9±0.22), and scores for interstitial inflammation were (0.6±0.26), (3.25±0.5), and (1.75±0.36) in the
sham, CIP+saline, and CIP+agomelatine groups, respectively
(Table 2). A marked increase in tubular epithelial necrosis, luminal necrotic debris, tubular dilatation, hemorrhage, and interstitial inflammation was observed in the sham group, compared to the normal group (p<0.05). Scores of all histological
parameters in the CLP+saline group were higher than those
in the sham and normal groups (p<0.000). There was a significant decrease in scores of all histological parameters in the
CLP+agomelatine group, compared to the CLP+saline group
(p=<0.05 for luminal necrotic debris scores, tubular dilatation scores, and interstitial inflammation scores; p=<0.01 for
tubular epithelial necrosis scores and hemorrhage scores).
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DISCUSSION
The curative effect of agomelatine on the kidney was demonstrated in the present study with biochemical and histological
parameters in an experimental model of sepsis-induced AKI.
AKI occurs in nearly half of all septic patients and is associated
with increased mortality.[25] It has been suggested that AKI in
sepsis is correlated with important destructive effects. While
detection of acute lung injury is not easy in early stages, the
authors suggested that it can indicate severity of sepsis.[26]
Increased levels of BUN and creatinine were used to define
AKI. Craciun et al. reported that creatinine is a predictor of
glomerular filtration rate, which, though influenced by factors such as gender and age, can be used to detect AKI. It
was also reported that BUN can indicate kidney function, but
is less specific than creatinine. The authors suggested that
high levels of BUN can reflect mortality of sepsis.[27] In the
present study, in addition to BUN and creatinine levels, histopathological changes in renal and tubular tissues were used to
determine renal injury. Olguner et al. reported that an association between high kidney injury scores and sepsis has been
histologically demonstrated.[28] For example, the histological
kidney score was found to be higher in the sepsis group than
in the sham group of a study by Koca et al. These parameters
were also used to evaluate an agent in AKI.[29] In the present
study, histological findings were similarly used in the diagnosis
stage, as well as to evaluate effects of agomelatine on AKI.
Certain mechanisms are believed to contribute to the pathogenesis of AKI, which has yet to be clearly understood. In the
present study, TNF-α levels were higher in the sepsis group
than in the normal and sham groups. Luo et al. demonstrated that pro-inflammatory cytokines such as TNF-α increase
with sepsis-related AKI. The authors suggested that the inflammation largely contributed to the pathogenesis of AKI.
[30]
Similarly, Chancharoenthana and et al. demonstrated that
hypercytokinemia plays a more distinct role in sepsis-related
AKI than in non-sepsis related AKI.[31]
It has been determined that oxidative stress plays an important role in sepsis-related AKI.[32] The results of the present
Ulus Travma Acil Cerrahi Derg, March 2016, Vol. 22, No. 2
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study support this conclusion. MDA, the end-product of lipid
peroxidation, was higher in the sepsis group than in the normal and sham groups.

study, the authors suspect that agomelatine is more effective
than melatonin, due to its impact on the kynurenine pathway
in cases of sepsis-related AKI.

TNF-α, MDA, BUN, and creatinine levels were used to evaluate the effect of agomelatine on sepsis-induced AKI. Histological investigations and scores to determine kidney injury
were used for further assessment. Levels of TNF-α, MDA,
BUN, and creatinine were reduced, as were histological kidney injury scores, in the AKI group treated with agomelatine,
compared to the AKI group that was not. Put simply, decrease in BUN and creatinine can indicate the positive effect
of agomelatine on renal function. This suggestion is supported with histopathological kidney investigations.

Conclusion

Agomelatine is a melatonin analogue, known to be more potent than melatonin in antidepressant models.[33] The effect of
agomelatine on inflammation was studied by Molteni et al.[34]
Pro-inflammatory cytokines were found to be reduced in rats
treated with agomelatine, a finding similar to that of the present study. The authors reported that agomelatine modified
the expression of enzymes involved in the kynurenine pathway. It has been suggested that the kynurenine pathway is
aggravated in cases of septic shock.[35] Agomelatine may have
effects beneficial to this pathway, in addition to its antioxidant
and pro-inflammatory effects on sepsis-related AKI.
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Results of the present study indicate that pro-inflammatory and antioxidant mechanisms play important roles in the
pathogenesis of sepsis-induced AKI. While the mechanism is
not entirely clear, the present data suggest that agomelatine
may have beneficial effects on kidneys. Further studies are
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Sepsis nedenli akut böbrek hasarında agomelatinin etkilerinin değerlendirilmesi
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AMAÇ: Sepsis nedenli akut böbrek hasarı sepsisin önemli komplikasyonlarından biridir. Sepsisin erken dönemlerinde gelişir ve mortaliteyi artırır.
Hem erken tanı sürecinde hem de tedavi aşamasında hala problemler vardır. Bu çalışmanın amacı, genellikle anksiyete ve depresyonda kullanılan
agomelatinin sepsis nedenli akut böbrek hasarındaki olası etkilerinin değerlendirilmesidir.
GEREÇ VE YÖNTEM: Sepsis modeli çekal ligasyon ve delme (CLP) tekniği ile oluşturuldu. Sıçanlar her biri sekizerli dört gruba ayrıldı. İlk grup
normal, ikinci grup sham grubu olarak belirlendi. Üçüncü grup sepsis modeli oluşturulup sadece salin verilen grup, dördüncü grup ise sepsis modelini takiben agomelatin uygulanan grup olarak belirlendi. Yirmi dört saatin sonunda böbrek doku örnekleri ve kanlar alınarak histopatolojik ve
biyokimyasal yöntemlerle analizleri yapıldı.
BULGULAR: Çalışmada agomelatine uygulanan grupta sadece salin uygulanan gruba göre TNF-α, MDA, BUN, kreatin ve histolojik böbrek skorlaması daha düşük olarak bulundu. Aynı zamanda, histopatolojik değerlendirmede agomelatin tedavisinin böbrek dokularında sepsisin oluşturduğu
hasarlanmayı düzelttiği görüldü.
TARTIŞMA: Bu çalışmada, agomelatinin sepsis nedenli akut böbrek hasarında faydalı olduğu savunulmaktadır. Bu hem biyokimyasal hem de histolojik değerlendirmeler ile gösterilmiştir. Agomelatinin anti-oksidan ve proenflamatuvar etkilerinin böbreklerdeki bu düzelmeden sorumlu olduğu
düşünülmektedir.
Anahtar sözcükler: Agomelatin; akut böbrek hasarı; CLP; sepsis.
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