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Abstract
Background The present study was carried out to compare biomarkers of oxidative stress and antioxidant activity 
of agomelatine and melatonin in bitches undergoing laparoscopic ovariectomy. Twenty-four healthy female dogs 
were randomly divided into four groups: Control (C), laparoscopic ovariectomy (LO), agomelatine + laparoscopic 
ovariectomy (ALO), and melatonin + laparoscopic ovariectomy (MLO) consisting of 6 animals each. Melatonin 
and agomelatine were administered to the MLO group (0.3 mg/kg/day, p.o) and the ALO group (0.3 mg/kg/day, 
p.o) consequently one day before LO to 7 days post-intervention. Blood sampling was performed on days − 1, 0 
(immediately after surgery), 3, and 8 of the study. Total oxidant status (TOS), total antioxidant capacity (TAC), and 
malondialdehyde (MDA) in sera and superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx) in 
hemolyzed red blood cells (RBCs) were measured.

Results Among all indices analyzed over time, only the MDA index in the ALO group showed a significant difference, 
being significantly lower on day 3 post-surgery compared to days − 1 and 0 (p = 0.023). Significant differences were 
observed between groups in terms of TOS, TAC, GPx, and SOD levels. The LO group exhibited a significant increase 
in the TOS index on day 3 compared to all other groups (p = 0.008). The TAC index experienced the most significant 
increase in the MLO group on day 0 compared to other groups (p = 0.005), and this trend continued significantly until 
day 3, only in comparison to the LO and C groups (p = 0.024). Agomelatine significantly increased SOD levels in the 
ALO group on postoperative day 3 compared to groups C and LO (p = 0.009). GPx levels were significantly elevated in 
ALO and MLO groups on day 8 compared to groups C and LO (p = 0.003).

Conclusion The results of this study demonstrate that melatonin, by increasing total antioxidant capacity, and 
agomelatine, through enzymatic antioxidant pathways, contributed to the reduction of free radical levels in dogs. The 
present study revealed that administering agomelatine (0.3 mg/kg/day, p.o) could decrease MDA levels significantly 
after laparoscopic ovariectomy up to day 3.
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Background
Potential benefits of neutering dogs include population 
control, prevention and treatment of certain reproductive 
system diseases, and behavioral disorders [1–3]. With the 
advancement of surgical equipment, laparoscopic ovari-
ectomy (LO) has gained preference over traditional ovar-
iohysterectomy (OHE) and ovariectomy (OVE) neutering 
methods as a diagnostic and therapeutic procedure [4]. 
LO has been established as a safe and secure method for 
spaying dogs [5], and its advantages in mobility, patient 
recovery, and systemic immune response compared to 
the open approach are widely accepted [6–9].

Pneumoperitoneum (PNP) provides an optimal work-
space during laparoscopic surgery [10], and carbon diox-
ide (CO2) is the most suitable gas for establishing PNP 
due to its affordability, non-flammability, which enables 
safe electrocautery, high solubility in blood that mini-
mizes gas embolism, and rapid elimination through res-
piration [10, 11]. Despite the numerous advantages of 
laparoscopy compared to the open approach, insufflation 
of carbon dioxide into the abdominal cavity following 
laparoscopic surgery leads to an increase in intra-abdom-
inal pressure (IAP), reduced blood flow to the stomach 
and small hepatic vessels, ischemia of the spleen and kid-
neys, mechanical pressure on the abdominal blood ves-
sels, peritoneal dehydration, morphological changes in 
the mesothelium, hypercapnia, and oxidative stress in the 
body [11–17]. Additionally, evidence suggests that oxida-
tive stress remains even after abdominal deflation, IAP 
reduction, and increased splenic perfusion [13].

Oxidative stress in the body represents an imbalance 
between the production of free radicals and the abil-
ity of antioxidant defense mechanisms to detoxify active 
intermediates [10, 18]. The role of oxidative stress in the 
pathogenesis of many diseases has been demonstrated, 
and numerous studies have been conducted to estab-
lish the effect of free radicals on surgical stress [10]. The 
total antioxidant capacity (TAC) is the sum of the effects 
of all antioxidants in blood and body fluids. It is consid-
ered a valuable index of the body’s antioxidant status to 
counteract oxidative damage caused by reactive oxygen 
species (ROS) [10, 19].The catalase (CAT) is an essen-
tial endogenous antioxidant enzyme that catalyzes the 
detoxification of hydrogen peroxide (H2O2) [20], while 
glutathione peroxidase (GPx) and superoxide dismutase 
(SOD) activate the enzymatic defense system against 
reactive oxygen species [21, 22].

The release of ROS, disruption of microcirculation, and 
tissue hypoxia represent the initial stages of peritoneal 
injury, encompassing processes from mesothelial denu-
dation to inflammation and the development of adhe-
sions [11]. Biochemical markers of oxidative stress can 
detect early intracellular changes before the development 
of morphological alterations [14]. Numerous studies have 

demonstrated that oxidative stress markers experience 
changes following laparoscopic surgery [4, 6–8, 13, 15]. 
Total oxidant status (TOS) and Total antioxidant sta-
tus (TAS) are used to estimate overall antioxidant status 
[13]. Any injury caused by PNP and ischemia-reperfusion 
(IR) can lead to the production of free radicals [11, 12, 
14], which are neutralized by enzymatic (GPx, CAT, and 
SOD) and non-enzymatic antioxidants [23]. An imbal-
ance between pro-oxidants and the antioxidant defense 
system produces excessive ROS, H2O2, and hydroxide 
(OH−), pushing the cell toward oxidative stress [24]. Oxi-
dative damage to proteins, lipids, and deoxyribonucleic 
acid (DNA) leads to cellular toxicity [25]. This damage is 
caused by reactions of ROS with biomolecules, resulting 
in the formation of substances such as malondialdehyde 
(MDA), a valuable marker of lipid peroxidation [14, 21, 
26, 27]. In recent years, there has been a surge in research 
aimed at measuring oxidative stress markers following 
surgical procedures and developing strategies to mitigate 
oxidative damage. The selection of appropriate anesthetic 
and analgesic protocols also plays a crucial role in mini-
mizing oxidative injury [6–8, 14, 24, 28].

Multiple therapeutic approaches have recently been 
subjected to clinical trials for oxidative stress injury and 
IR. One of the compounds used for this purpose is mela-
tonin (N-Acetyl-5-Methoxytryptamine), a broad-spec-
trum antioxidant that directly inactivates ROS, reactive 
nitrogen species (RNS), and free radicals or indirectly 
(receptor-mediated actions) modulates the cellular anti-
oxidant system by acting on MT1, MT2, and MT3 (qui-
none reductase) melatonin receptors and increases 
endogenous enzymes such as SOD, GPx, and CAT. Mela-
tonin has shown promising results in reducing oxidative 
stress injury in animal models [27, 29, 30].

Agomelatine (N-[2-(7-methoxy-1-naphthalenyl)-
ethyl]-acetamide) is a synthetic analog of the hormone 
melatonin and a potential agonist at MT1 and MT2 
receptors, with antioxidant effects mediated through 
melatonin receptors [31–34]. It was first marketed in the 
European Union in 2009 under the brand names Val-
doxan® or Thymanax® [35]. Compared to melatonin, it 
has a longer half-life and a relatively higher affinity for 
MT1 and MT2 melatonin receptors in the suprachias-
matic nucleus and other brain regions [36]. Activation of 
melatonin receptors upregulates the expression of anti-
oxidant enzyme-associated genes. Melatonin receptor 
agonists directly affect ROS scavenging and indirectly 
stimulate the antioxidant defense system [34]. Agomela-
tine exhibits high affinity for MT1 and MT2 receptors 
(1000-fold higher than for the 5-hydroxytryptamine 2  C 
(5-HT2c) receptor) and minimal affinity for the 5-HT2 
receptor family. Additionally, agomelatine’s antagonistic 
action on 5-HT2B receptors has been reported to improve 
rodent neuropathic pain, visceral pain, and hyperalgesia 
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[37]. Furthermore, a study on plasma agomelatine con-
centrations revealed that oral administration of a single 
dose of agomelatine in fasted and fed conditions to Lab-
rador retriever dogs showed no side effects or behavioral 
changes up to 48 h later. Considering the clinical dose of 
agomelatine in humans (0.35 mg/kg), the dose adminis-
tered in this study was 25 times higher (8.9 mg/kg), and 
They suggested that agomelatine has a good safety profile 
in dogs [35].

Agomelatine has a longer half-life and a greater affin-
ity for MT1 and MT2 receptors than melatonin, which 
may result in different antioxidant effects. To our knowl-
edge, no clinical studies have directly compared the anti-
oxidant effects of these two drugs in mitigating oxidative 
stress indices induced by laparoscopic ovariectomy (LO) 
in bitches, particularly considering their unique pharma-
cokinetic properties.

Results
All dogs were hemodynamically stable throughout the 
experimental procedure (results not shown).

TOS level
The TOS index revealed a significant increase only in the 
LO group on day 3 compared to other groups (p = 0.008). 
No significant differences were found between the ALO 
and MLO groups on any sampling days (Tables 1 and 2). 
Additionally, according to Table 1, no significant changes 
in the TOS variable were observed over time in any of the 
study groups.

MDA level
No significant differences regarding serum MDA altera-
tions were observed between the groups on sampling 
days. Table  1 demonstrates that while no significant 
changes were observed over time in groups C, LO, and 
MLO, we found a significant decrease in the MDA vari-
able between days − 1 vs. 3 (p = 0.031) and days 0 vs. 3 for 
the ALO group (p = 0.031).

TAC level
In the case of the serum TAC variable, significant dif-
ferences between groups were observed only on days 0 
and 3. On day 0, the MLO group exhibited the most sig-
nificant increase compared to other groups (p = 0.005). 
Additionally, the MLO group on day 3 experienced a sig-
nificant increase in TAC levels compared to the C and 
LO groups (p = 0.024) (Tables 1 and 2); still, there was no 
significant difference compared to the ALO group. More-
over, no significant changes were observed over time for 
the study groups regarding the TAC variable (Table 1).

CAT level
The animals did not show any statistically significant dif-
ferences in terms of serum CAT level over time for each 
group and between the studied groups on the sampling 
days (Table 3).

SOD level
As detailed in Table 3, A significant increase in SOD lev-
els was observed exclusively in the ALO group on day 3 
compared to both groups C and LO (p = 0.009). However, 

Table 1 The serum concentration of MDA, TOS & TAC in four different groups. Data are expressed as median (25–75%)
Factor Groups (n = 6) Day − 1 Day 0 Day 3 Day 8 P value
MDA (nmol/ml) C 16.9 (16.56–17.12) 15.9 (15.42–16.47) 16.7 (16.17–16.95) 16.9 (16.65–17.2) 0.05

LO 17.25 16.65–17.52) 15.95 (15.02–16.75) 16.4 (15.6-17.65) 16.6 (16.17–17.55) 0.30
ALO 16.9a (16.67–18.7) 16.6a (15.67–17.55) 16.15b (14.95–16.90) 16.85 (16.57–17.87) 0.023*

MLO 17.1 (16.52–18.05) 16.35 (15.97–17.42) 16.9 (16.65–17.52) 17.15 (17.02–17.42) 0.21
P value ** 0.58 0.36 0.42

TOS (µmol Equiv./L) C 6.9 (6.12–8.05) 5.3 (4.32–5.97) a5.85 (4.87–6.95) 6.1 (5.35–6.87) 0.36
LO 6.3 (5.6–8.52) 6.05 (5.8–7.55) b8.15 (7.47–8.82) 6.4 (4.17–7.75) 0.18
ALO 5.9 (5.55–6.47) 6.3 (4.87–7.35) a6.1 (5.02–7.40) 5.3 (4.37–6.95) 0.49
MLO 7.15 (6.17–8.52) 6.05 (4.77–8.25) a6.8 (5.75–7.37) 6.55 (5.15–8.30) 0.45

P value ** 0.185 0.008* 0.651
TAC (mmol Fe2+/L) C 0.67 (0.63–0.71) a0.66 (0.63–0.71) a0.65 (0.62–0.70) 0.71 (0.66–0.78) 0.92

LO 0.70 (0.60–0.74) a0.65 (0.60–0.67) a0.63 (0.62–0.65) 0.66 (0.58–0.82) 0.88
ALO 0.85 (0.71–0.94) a0.75 (0.73–0.78) ab0.745 (0.68–0.83) 0.81 (0.70–0.95) 0.49
MLO 0.83 (0.77–0.96) b0.82 (0.80–0.95) b0.81 (0.77–0.94) 0.83 (0.78–0.90) 0.99

P value ** 0.005* 0.024* 0.52
ab In each column, different superscript letters on the left side of the median indicate significant differences between groups (p < 0.05)
ab In each row, different superscript letters on the right side of the median indicate significant differences between sampling days (p < 0.05)
* The right P value column indicates significant differences between sampling days (p < 0.05)
* The P value indicates significant differences between groups (p < 0.05) in each row

** According to the Quade Non-Parametric test, the effect of day − 1 in the study between groups has been adjusted

Abbreviations: C = Control, LO = Laparoscopic Ovariectomy, ALO = Agomelatine + Laparoscopic Ovariectomy, MLO = Melatonin + Laparoscopic
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no significant difference was found between the MLO 
and ALO groups. With regards to the SOD concentra-
tion, no significant changes were recorded in the SOD 
variable over time in the study groups (Table 3).

GPx level
A significant difference between the study groups was 
only observed on day 8 (p = 0.003) (Table 3). Both drugs 
significantly increased GPx levels compared to groups 
C and LO; however, no significant difference was found 
between the MLO and ALO groups in terms of GPx level 
(Table 2). According to Table 3, no significant changes in 
GPx were observed over time in the study groups.

Discussion
Due to melatonin’s therapeutic potential, extensive 
research and development efforts have been focused on 
melatonin analogs aiming to improve pharmacokinetics 

and receptor affinity in the past decade. Agomelatine is a 
melatonergic drug with limited clinical data on its antiox-
idant and protective effects in animals [30, 33]. A canine 
model was used to compare the antioxidant effects of 
melatonin and agomelatine since laparoscopic ovariec-
tomy surgery is a novel and less invasive method for ster-
ilization and treatment of reproductive system disorders 
[6, 8, 24].

Activation of phagocytic cells by pro-inflammatory 
cytokines produces ROS, leading to increased lipid per-
oxidation levels, as measured by MDA, through the 
oxidation of cell membranes. Lipid peroxidation and 
enzymatic antioxidants such as glutathione peroxidase 
are recognized as biomarkers of oxidative stress [34]. 
Despite a significant increase in TOS levels follow-
ing laparoscopy on day 3, serum MDA levels decreased 
significantly over time only in the ALO group, and no 
significant difference has been seen in the LO group, 

Table 2 Multiple comparison (LSD post hoc test)
Sampling
Times

Factor (I) Group
N = 6

(J) Group
N = 6

Mean Differences
(I-J)

P value

Day 0 TAC C LO 3.286 0.233
ALO C 1.505 0.580

LO 4.791 0.088
MLO C 7.542* 0.011

LO 10.829* 0.001
ALO 6.037* 0.035

Day 3 TOS LO C 12.085* 0.001
ALO 9.404* 0.008
MLO 7.905* 0.023

ALO C 2.680 0.414
MLO C 4.180 0.208

ALO 1.499 0.646
TAC C LO 3.311 0.308

ALO C 3.093 0.341
LO 6.405 0.057

MLO C 7.059* 0.038
LO 10.371* 0.004
ALO 3.966 0.225

SOD C LO 1.068 0.749
ALO C 10.549* 0.004

LO 11.618* 0.002
MLO 6.723 0.055

MLO C 3.825 0.259
LO 4.894 0.153

Day 8 GPx C LO 3.532 0.257
ALO C 6.364* 0.049

LO 9.896* 0.004
MLO C 8.472* 0.011

LO 12.004* 0.001
ALO 2.108 0.495

*Level of significance set at p < 0.05. Abbreviations: C = Control, LO = Laparoscopic Ovariectomy, ALO = Agomelatine + Laparoscopic Ovariectomy, 
MLO = Melatonin + Laparoscopic Ovariectomy

The standard deviation across the levels of the factor variable is constant for each fixed day
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suggesting that oxidative stress and lipid peroxidation 
may not have been induced in the present study. These 
findings indicate that LO via midline approach is a mini-
mally invasive procedure despite the insufflation of CO2 
gas into the abdominal cavity [6, 13]. The current results 
aligned with Martins’s study (2023), which states that 
two-port video-assisted OHE in cats induces an insuf-
ficient inflammatory response for inflammation detec-
tion in the immediate postoperative period (24  h), And 
this is likely due to the procedure’s minimally invasive 
nature [9]. Moreover, many studies have shown that OHE 
does not significantly affect serum MDA concentration 
in dogs and cats [38–40]. Kumari’s study (2022) demon-
strated that midline LO resulted in a significantly lower 
MDA level compared to OVE and laparoscopic triangle 
ovariectomy. Still, in this study, the MDA index increased 
significantly 4 days after surgery in all study groups [24]. 
Some results were reported that tissue oxygen tension 
and MDA increase after laparoscopic surgery [41, 42]. 
Other studies have shown that OHE in bitches leads to 
an increase in serum MDA concentration on the third 
day after surgery [43, 44]. Sakundech et al.. (2020) also 
reported that MDA levels peak on day 3 after surgery 
due to inflammation from surgical trauma and that dogs 
undergoing this procedure should receive antioxidants. 
They attributed this phenomenon to a decrease in anti-
oxidant capacity on the third-day post-OHE [43].

Our results showed that on day 0, the serum TAC lev-
els in the MLO group experienced the most significant 
increase compared to other groups. Additionally, on 
day 3, serum TAC levels were significantly higher in the 

MLO group compared to the LO and C groups. More-
over, there was a significant increase in SOD levels on 
day 3 only in the ALO group compared to the LO and C 
groups. Furthermore, the ALO and MLO groups dem-
onstrated a significant increase in GPx levels on day 8 
compared to the LO and C groups. Based on the present 
findings, the antioxidant effects appear to have become 
more pronounced in the treatment groups from the third 
day onward. Agomelatine caused a significant increase 
in antioxidant enzymes (SOD and GPx), a significant 
decrease in the TOS index, and a significant decrease in 
MDA over sampling days (-1,0 and 3). Melatonin caused 
a significant increase in the antioxidant enzyme GPx and 
the TAC index and a significant reduction in the TOS 
variable. Besides, neither agomelatine nor melatonin sig-
nificantly affected CAT levels of hemolyzed RBCs in any 
of the studied groups.

Similar to our results, Yapca et al.. (2014) demonstrated 
that agomelatine significantly reduced MDA levels and 
increased SOD and GPx levels in the ovarian tissue of rats 
subjected to IR injury [45], Furthermore, Aguiar et al.. 
conducted a pioneering study to compare the antioxidant 
effects of agomelatine (25, 50, 75 mg/kg, Intraperitoneal 
(IP) injection) and melatonin (50 mg/kg, IP) in the brains 
of Swiss mice subjected to a strychnine-induced seizure 
model. They found that in all doses, agomelatine dem-
onstrated a more significant reduction in TBARS levels 
than melatonin, and only agomelatine (25, 50 mg/kg, IP) 
significantly increased CAT levels compared to the con-
trol group in the brain [33]. Salavati et al.. (2021) showed 
that MDA levels peaked 3 days after surgery, Although 

Table 3 RBCs Hemolyzed concentration of CAT, SOD & GPx in four different groups. Data are expressed as median (25–75%)
Factor Groups (n = 6) Day − 1 Day 0 Day 3 Day 8 P value
CAT (nmol/g Hb) C 5.5 (5.12–5.87) 6.2 (5.62–7.45) 4.6 (4.22–5.82) 5.3 (5.2–5.47) 0.06

LO 5.25 (4.60–6.77) 6 (6.00-7.3) 6 (4.6–7.30) 6 (5.20–6.77) 0.60
ALO 4 (3.50–5.10) 4.8 (4.22–5.45) 4.35 (3.15–5.55) 4.7 (4.30–5.45) 0.46
MLO 3.6 (3.27–4.3) 4.3 (3.57–5.22) 4.85 (3.45–6.12) 3.6 (3.22–4.4) 0.24

P value ** 0.21 0.42 0.24
SOD
(U/g Hb)

C 475 (431.25–506.50) 383.5 (309–434) a422.5 (361.5-561.5) 470 (384.5-535.75) 0.42
LO 408 (390.75-451.25) 373.5 (328.5-516.5) a406.5 (370.25–455) 466 (379.5-554.25) 0.49
ALO 487.5 (433.25-543.25) 496.5 (443.25–644) b608.5 (557.5-665.75) 598 (553.75–622) 0.36
MLO 556 (475-580.25) 515 (470.75-601.25) ab470.5 (399.75–611.50) 543 (517.50-574.25) 0.33

P value ** 0.14 0.009* 0.11
GPx (mU/g Hb) C 247 (240.25-254.75) 303 (289.5-343.5) 281 (218.5–316) a270 (235–303) 0.10

LO 316 (247.5-365.75) 278 (259–341) 286.5 (241.75–341) a267.5 (251.75-284.25) 0.53
ALO 317 (307.75-342.25) 300.5 (261.25–340) 331.5 (306-367.75) b328.5 (296.25–366) 0.45
MLO 311.5 (286.5-332.75) 303 (290-328.25) 323.5 (289.5-351.25) b338.5 (312.5–374) 0.06

P value ** 0.53 0.44 0.003*

ab In each column, different superscript letters on the left side of the median indicate significant differences between groups (p < 0.05)
ab In each row, different superscript letters on the right side of the median indicate significant differences between sampling days (p < 0.05)
* The right P value column indicates significant differences between sampling days (p < 0.05)
* The P value indicates significant differences between groups (p < 0.05) in each row

** According to the Quade Non-Parametric test, the effect of day − 1 in the study between groups has been adjusted

Abbreviations: C = Control, LO = Laparoscopic Ovariectomy, ALO = Agomelatine + Laparoscopic Ovariectomy, MLO = Melatonin + Laparoscopic Ovariectomy
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melatonin (0.3  mg/kg/day, p.o.) significantly reduced 
MDA levels over time. No significant difference was 
observed between OHE and melatonin + OHE groups. 
Additionally, melatonin couldn’t completely modulate 
the activity of antioxidant enzymes (CAT, GPx, SOD) due 
to the high level of oxidative stress induced by the sur-
gical model [27]. Contrary to the results of Salavati and 
Aguiar, melatonin did not exhibit any significant effect on 
MDA levels in the MLO group in our results, in contrast, 
agomelatine significantly reduced MDA levels over time 
in the ALO group. Melatonin TAC results were in agree-
ment with Mistraletti et al. (2017) who stated that mela-
tonin administration increased whole blood antioxidant 
capacity, suggesting a potential beneficial role in critically 
ill patients due to its immunomodulatory and antioxidant 
properties [46]. Although agomelatine increased TAC 
levels, this increase was not statistically significant and 
could be influenced by factors such as PNP, tissue manip-
ulation, and antioxidant modulation.

Melatonin is a broad-spectrum antioxidant that 
directly exerts its antioxidant effects through MT1, 
MT2, and MT3 by acting on classic radical scavengers or 
through secondary metabolites [29, 30]. It also exhibits a 
powerful antioxidant effect through the receptor of the 
ovarian tissue’s Mel1 (melatonin membrane) [45]. Mela-
tonin’s anti-inflammatory effect seems associated with 
pain reduction due to its ability to decrease N-methyl-
D-aspartate (NMDA) receptor [47]. The activation of 
NMDA receptors in neurons can induce oxidative stress 
and cell death through a process that involves the extra-
cellular release of superoxide by nicotinamide adenine 
dinucleotide phosphate oxidase2 [48]. Therefore, mela-
tonin can modulate endogenous antioxidant enzymes 
through multiple pathways. On the other hand, agomel-
atine exerts its antioxidant effect to reduce ROS levels 
through MT1 and MT2 receptors, the mitochondrial 
redox system, and gamma-aminobutyric acid receptors 
(GABAergic mechanism) [33, 34]. GABA is involved in 
oxidative stress, as ROS have been shown to decrease 
both the release and uptake of GABA. Additionally, 
reduced GABA release and uptake in synaptosomes have 
been reported due to lipid peroxidation. The activity of 
agomelatine on GABA receptors likely indicates its anti-
oxidant activity. Due to the higher affinity of agomela-
tine for MT1 and MT2 receptors [36], the antioxidant 
effect through these receptors to reduce ROS and oxida-
tive stress is likely more substantial. Rebai et al.. (2021) 
also demonstrated that agomelatine normalizes cerebral 
oxidative status by significantly reducing TBARS lev-
els and significantly increasing GPx levels in the brains 
of mice with high-fat diet-induced neuroinflamma-
tion and depression-like behavior. This study suggests 
that the behavioral improvement induced by long-term 
administration of agomelatine is associated with its 

anti-inflammatory effects. The anti-inflammatory effect 
of agomelatine may be partly due to its regulatory effect 
on the genes encoding inflammatory cytokines such as 
TNF-α, IL-6, and IL-1β [49]. In this regard, Yigitturk et al. 
(2017) reported that the antioxidant effects of agomela-
tine are mediated by blocking the mechanisms of induc-
tion of oxidation or expression of inflammatory cytokines 
[50].

According to Table  3, the levels of GPx and SOD 
enzymes in the ALO group and the level of GPx enzyme 
in the MLO group exhibited an increase on days 3 and 
8 after LO compere to day 0. However, this increase was 
not statistically significant, possibly due to the small sam-
ple size in each group (total = 24, n = 6). Therefore, larger-
scale studies should be conducted in this area. To ensure 
the well-being of the shelter animals and minimize any 
potential stress, the sample size was made while balanc-
ing the ethical imperative of animal welfare with the need 
for sufficient data for statistical analysis [51].

In line with previous studies that established the stan-
dard surgical approach for sterilization in veterinary 
medicine, the present study’s findings support the effi-
cacy of the standard LO technique [5, 24]. The cur-
rent results also demonstrate that using antioxidants 
can minimize surgical complications. However, future 
research should focus on long-term periods to improve 
understanding of their therapeutic benefits and safety in 
clinical practice. It is suggested that both drugs be com-
pared in two surgical stress models, LO vs. OHE, along 
with pain assessment and measurement of inflammatory 
cytokines during the early post-operative hours, as well 
as with drug plasma concentrations.

Methods
This experimental interventional study was conducted 
at the educational hospital of the Faculty of Veterinary 
Medicine, Ferdowsi University of Mashhad (Iran). It 
was performed under the Iranian animal ethics frame-
work, with oversight provided by the Iranian Society 
for the Prevention of Cruelty to Animals and the Fer-
dowsi University of Mashhad Research Council (IR.
UM.REC.1402.045). All canine subjects in this study were 
recruited from an animal shelter. Written informed con-
sent was acquired from the shelter’s administration for all 
experimental protocols. The project was completed from 
May 31, 2023, to September 6, 2023.

Animals
Inclusion criteria for this study were a random selection 
of twenty-four healthy, mixed-breed bitches between 
the ages of 1 and 3 years and weighing between 15 and 
20  kg from an animal shelter. All dogs were neutered 
by LO and returned to the animal shelter. All dogs were 
housed in individual cages under a 12-hour light/12-hour 
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dark cycle and fed a standard commercial diet (300  g/
dog/day; Nutripet™; Behintash Co., Karaj, Iran). Access 
to water was provided to the dogs ad libitum. During the 
first three weeks of acclimatization, the dogs were treated 
with an anthelmintic tablet (fenbendazole, 150 mg; pyr-
antel embonate, 144 mg; praziquantel, 50 mg; Caniverm®, 
0.7  mg/10 kg, p.o.). Throughout the study, the general 
health of the animals was monitored by physical exami-
nation and hematological tests, and the pregnancy status 
of the dogs was assessed by ultrasonography (data not 
shown).

Experimental design
Dogs were randomly allocated to four groups of six 
(total = 24, n = 6). To minimize surgical duration and 
inflammatory effects, all surgeries were performed by an 
experienced laparoscopic surgery team. The control (C) 
group underwent neither sterilization nor administration 
of agomelatine and melatonin and, on day 0, received 
only an anesthesia regimen (maintenance time was con-
sidered 20  min, which was equivalent to the average 
time from CO2 insufflation to the last knot in the other 
groups). The LO group underwent LO only on day 0 and 
did not receive any medication (neither melatonin nor 
agomelatine). The agomelatine + laparoscopic ovariec-
tomy (ALO) group underwent LO on day 0 of the study 
and received agomelatine (25  mg, Agoleep®, Iran) at a 
dose of 0.3  mg/kg/day, p.o [27]. in the off-feed state on 
days − 1 to 7, and The melatonin + laparoscopic ovariec-
tomy (MLO) group underwent LO on day 0 of the study 
and received melatonin (3 mg, Razak Melatonin®, Iran) at 
a dose of 0.3 mg/kg/day, p.o [35]. in the off-feed state on 
days − 1 to 7. Blood samples were collected using 20  cc 
syringes via the jugular vein on days − 1 (24  h before 
surgery), 0 (immediately after surgery), 3 (3 days after 
surgery), and 8 (8 days after surgery) and transferred 
sequentially into two vacutainer tubes containing heparin 
tube, and ethylenediaminetetraacetic acid (EDTA) tube, 
and a plain tube. The serum was centrifuged at 3000 rpm 
for 10 min, then stored in 2 ml tubes and kept at -80 ℃ 
for evaluation of MDA, TOS, and TAC laboratory fac-
tors. Blood samples containing heparin were centrifuged 
at 3000  rpm for 5  min to separate plasma and erythro-
cytes. Erythrocyte samples were washed three times with 
normal saline (3x sample volume) at 3000 rpm for 5 min 
to remove residual plasma or buffy coat components. 
Finally, the sedimented erythrocytes were diluted 1:100 
with sterile distilled water and centrifuged at 10,000 rpm 
at 4  °C. The supernatants were carefully collected in 2 
mL microtubes at -80 °C for subsequent analysis of GPx, 
CAT, and SOD activity.

Equipment
The experimental work was carried out in the surgical 
area of the Ferdowsi University of Mashhad Veterinary 
Hospital. The LOs were performed using an Olympus® 
endoscopy tower, including equipment: an insufflator 
(Olympus UHI-2, Olympus®, Japan), a rigid endoscope, a 
medical CO2 bottle, a power LED light source (Olympus 
CLO-S40, Olympus®, Japan), laparoscopic veress needle, 
laparoscopic scissors, bipolar electrosurgical handpieces, 
10  mm cannulas, and Babcock forceps. An anesthesia 
monitoring system (cardio set, ARAD P10, SaIran Medi-
cal Industrial, Iran) was used for monitoring, and an 
EDP-neptune® anesthesia machine was used for inhala-
tion anesthesia. Furthermore, two centrifuges, including 
the Jouan® C312 (Great Britain) and MPW®-260R (Hun-
gary), Celltak MEK-6550 (Nihon Kohden®, Japan), and 
Mindray® BS-240 (India) were utilized for the preparation 
and analysis of hematologic markers.

Analgesia and anesthesia
Animals were fasted for 12 h before surgery with ad libi-
tum access to water. Premedication with acepromazine 
(0.05 mg/kg intramuscular (IM); Neurotranq 1%, Alfasan 
Co., Netherlands) was administered, followed by mor-
phine (0.5  mg/kg IM; Darou Pakhsh Co., Iran) 10  min 
later. Once the dogs were sedated, a 20-gauge catheter 
was placed in the right cephalic vein. Ringer’s lactate 
solution was infused at a rate of 5  ml/kg/h through-
out the anesthesia and surgical procedure. Meloxicam 
(0.1 mg/kg subcutaneous (SC); Rooyan Co., Iran), a non-
steroidal anti-inflammatory drug, was administered as 
a premedication before induction of anesthesia. Each 
animal received a single dose of the antibiotic cefazolin 
(22  mg/kg/IV, AFAZOLE®, Iran) as prophylaxis 30  min 
before surgery. Anesthesia was induced with a combi-
nation of ketamine (6  mg/kg, Ketaset 10%, Alfasan Co., 
Netherlands) and midazolam (0.25 mg/kg, Midazolam 5, 
Caspian Co, Iran) intravenously. Following tracheal intu-
bation, general anesthesia was maintained with isoflu-
rane gas (2% end-tidal concentration) (Terrel™, USA) and 
100% oxygen. The level of anesthesia and end-tidal CO2 
(< 55 mmHg) were monitored every 10 min until the end 
of surgery.

Surgical procedure
LO was performed using the three-portal technique with 
linear abdominal access [24, 52]. The patient was posi-
tioned in the Trendelenburg position on the tilt table. A 
stab incision was made about 0.5 cm caudal to the umbi-
licus to insert a veress needle. Then, CO2 gas was insuf-
flated at a constant rate of 1  L/Min to establish an IAP 
of 6–8 mmHg throughout the procedure. The first trocar 
was inserted through the initial incision for telescope 
placement (sub-umbilical port), and the abdominal cavity 
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was inspected for any bleeding or potential injury. After 
that, the second trocar was inserted through a stab inci-
sion 3 cm cranial to the umbilicus, and the third trocar 
was inserted through a stab incision 5 cm cranial to the 
pubic bone for additional grasping instrument insertion. 
The ovarian pedicle was coagulated and cauterized by a 
bipolar electrocautery. Upon confirmation of the absence 
of bleeding in the abdominal cavity, both ovaries were 
removed through the mid-port, the abdominal fascia was 
closed by an absorbable suture in a simple interrupted 
pattern, and the skin was closed by an absorbable suture 
in an intradermal pattern.

Laboratory measurements
MDA
Serum MDA concentration was determined by the Thio-
barbituric Acid Substances (TBARS) assay, which mea-
sures the reaction between MDA and thiobarbituric acid 
(TBA) at high temperatures to produce a pink-colored 
product. The assay used the NalondiTM-Lipid Peroxida-
tion Assay Kit (nmol/ml, Cat. NS-15023, Novin Navand 
Salamat Pishtaz Co., Iran). MDA concentration was mea-
sured at 550λ wavelength using a colorimetric method 
with 1nmol/ml sensitivity.

TOS
Serum TOS concentration was measured using the 
NatosTM-Total Oxidant Status Assay Kit (µmol Equiv./L, 
Cat. NS-15017, Novin Navand Salamat Pishtaz Co., Iran) 
at a wavelength of 530 λ with a sensitivity of 0.023U/ml.

TAC
Serum TAC concentration was measured by the fer-
ric reducing antioxidant power (FRAP) assay using the 
NaxiferTM-Total Antioxidant Capacity Assay Kit (mmol 
Fe2+/L, Cat. NS-15013, Novin Navand Salamat Pishtaz 
Co., Iran) at a wavelength of 593 λ and with a sensitivity 
of 2µmol Fe2+/L.

SOD, CAT, and GPx
Commercial kits Erythro-Nasdox™, Nactaz™, and Nag-
pix™ were utilized to measure the activity of SOD 
(U/g Hb), CAT (nmol/g Hb), and GPx (mU/g Hb) at 
wavelengths of 420 λ, 540 λ, and 340 λ, respectively, in 
hemolyzed RBCs using a colorimetric method. The kits 
exhibited sensitivities of 1U/ml, 2nmol/min.ml, and 
0.5mU/ml, respectively. (Novin Navand Salamat Pishtaz 
Co., Iran, SOD, Cat. NS-15037; CAT, Cat. NS-15053; 
GPx, Cat. NS-15083)

Statistical analysis
Statistical analyses were conducted using the statistical 
package for the social sciences (SPSS) software (IBM, 
SPSS Inc.), version 27. Due to the small sample size in 

each group (n = 6), the results of normality tests could 
not be relied upon. Therefore, equivalent non-parametric 
comparisons were used to evaluate the data. The Fried-
man non-parametric test assessed changes in the stud-
ied variables over time within each group separately. For 
within-group evaluation, the Wilcoxon signed-rank test 
was used. In addition, the Quade Non-Parametric test 
(non-parametric alternative to the repeated measures 
analysis of covariance) was used to compare the group’s 
parameters and adjusted each variable’s effect on the day 
before the intervention (day − 1). Furthermore, the least 
significant difference (LSD) post-hoc test was utilized to 
conduct pairwise comparisons between groups. The val-
ues were expressed as the median (interquartile range), 
and the significance level for all variables was considered 
p < 0.05.

Conclusion
This study revealed that while laparoscopy increased 
total oxidative stress (TOS), it did not induce significant 
changes in lipid peroxidation, suggesting a safe surgical 
protocol. Both agents significantly reduced laparoscopy-
induced TOS, possibly by enhancing the antioxidant 
system. However, no significant difference was observed 
between the two drugs in this regard. Melatonin appears 
to exert its antioxidant effects primarily by enhancing 
overall antioxidant capacity, as evidenced by the sig-
nificant increase in TAC and enzymatic antioxidant 
defense mechanism (GPx); on the other hand, agomela-
tine may act primarily by stimulating enzymatic antioxi-
dant defense mechanisms, as indicated by the significant 
increases in SOD and GPx levels. Notably, the study 
found a significant time-dependent decrease in malondi-
aldehyde levels in the agomelatine group, with a signifi-
cant reduction observed on day 3 compared to days − 1 
and 0. In summary, melatonin and agomelatine adminis-
tration at a daily oral dose of 0.3 mg/kg 1 day before and 
for 7 days after LO improves the antioxidant status of 
dogs.

Abbreviations
OHE  Ovariohysterectomy
OVE  Ovariectomy
LO  Laparoscopic ovariectomy
MDA  Malondialdehyde
TAC  Total antioxidant capacity
TOS  Total oxidant status
SOD  Superoxide dismutase
GPx  Glutathione peroxidase
CAT  Catalase
PNP  Pneumoperitoneum
IAP  Intra abdominal pressure
IR  Ischemia reperfusion
ROS  Reactive oxygen species
GABA  Gamma aminobutyric acid
TBARS  Thiobarbituric acid reactive substances
ANCOVA  Analysis of Covariance
OH−  Hydroxide
H2O2  Hydrogen peroxide



Page 9 of 10Azizi et al. BMC Veterinary Research          (2025) 21:224 

DNA  Deoxyribonucleic acid
RNS  Reactive nitrogen species
LSD  Least significant difference
FRAP  Ferric reducing antioxidant power
SPSS  Statistical package for the social sciences
IM  Intramuscular
SC  Subcutaneous
IV  Intravenous
EDTA  Ethylenediaminetetraacetic acid
5HT2  5-hydroxytryptamine

Acknowledgements
Not applicable.

Author contributions
Author Contributions: Conceptualization: Sepehr Azizi, Hossein Kazemi 
Mehrjerdi; Methodology: Sepehr Azizi, Mahdieh Zaeemi, and Hossein Kazemi 
Mehrjerdi Software: SepehrAzizi, Hossein Kazemi Mehrjerdi; Validation: Sepehr 
Azizi, Mahdieh Zaeemi, and Hossein Kazemi Mehrjerdi; formal analysis: Sepehr 
Azizi, Hossein Kazemi Mehrjerdi; investigation: Sepehr Azizi, Mahdieh Zaeemi, 
and Hossein Kazemi Mehrjerdi.

Funding
This study was financially supported by the Faculty of Veterinary Medicine, 
Ferdowsi University of Mashhad (Grant No. 3/60175). There was no financial 
support that could have influenced the study design, results, data analysis, or 
writing.

Data availability
 h t t p  s : /  / d o i  . o  r g /  1 0 .  6 0 8 4  / m  9 . fi   g s  h a r e  . 2  8 4 4 2 9 7 8 . v 1.  h t t p  s : /  / d o i  . o  r g /  1 0 .  6 0 8 4  / m  9 . f  
i g s  h a r e  . 2  8 4 4 3 0 1 4 . v 1.  h t t p s :   /  / d o  i .  o r  g  /  1 0  . 6 0   8 4   / m  9 . fi   g s h   a r  e . 2 8 4 4  2 9 0 6 . v 1.

Declarations

Ethics approval and consent to participate
The Iranian laboratory animal ethics framework, under the guidance of the 
Iranian Society for the Prevention of Cruelty to Animals and the Ferdowsi 
University of Mashhad Research Council (IR.UM.REC.1402.045), granted ethical 
approval for this study. The shelter obtained written informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 26 December 2024 / Accepted: 14 March 2025

References
1. Jarolmasjed S, Alizadeh F. Evaluation of the effectiveness of uterine Hook 

application in large breed canine ovariohysterectomy: physiological study. 
Iran J Veterinary Surg. 2017;11(2):31–8.

2. Arunkumar S. Comparison of right flank and ventral midline approach for 
ovariohysterectomy in dogs. 2017.

3. Gozer A, Bahan O, Gokcek I, Kaya U, Uyanık G, Dogruer G. Short-term effects 
of ovariohysterectomy on some antioxidant parameters in cats. J Appl Biol 
Sci. 2023;17(3):432–9.

4. Zhang J-t, Zheng X-y, Jiang L-h, Tao Z, Liu T. Protective effects of hydrogen on 
oxidative stress and liver function during CO2 Pneumoperitoneum in dogs. 
2020.

5. Fernandez-Martin S, Valino-Cultelli V, Gonzalez-Cantalapiedra A. Laparoscopic 
versus open ovariectomy in bitches: changes in cardiorespiratory values, 
blood parameters, and Sevoflurane requirements associated with the surgical 
technique. Animals. 2022;12(11):1438.

6. Lee JY, Kim MC. Comparison of oxidative stress status in dogs undergoing 
laparoscopic and open ovariectomy. J Vet Med Sci. 2014;76(2):273–6.

7. Corriveau KM, Giuffrida MA, Mayhew PD, Runge JJ. Outcome of laparoscopic 
ovariectomy and laparoscopic-assisted ovariohysterectomy in dogs: 278 
cases (2003–2013). J Am Vet Med Assoc. 2017;251(4):443–50.

8. van Nimwegen SA, Van Goethem B, de Gier J, Kirpensteijn J. A laparoscopic 
approach for removal of ovarian remnant tissue in 32 dogs. BMC Vet Res. 
2018;14:1–13.

9. Reginato Martins L, Trinks Fischborn N, Mariga C, Griesang JM, Carneiro 
Rodrigues Andrade J, Zarpellon AJ et al. Hyperbaric oxygen therapy positively 
interferes with oxidative metabolism in female cats undergoing video-
assisted elective ovariohysterectomy. Archives Veterinary Sci. 2023(1).

10. Alipour F, Emami MR, Mohri M. Endocrine and oxidative stress characteristics 
in different anesthetic methods during Pneumoperitoneum in dogs. Comp 
Clin Pathol. 2018;27:1667–73.

11. Umano GR, Delehaye G, Noviello C, Papparella A. The dark side of Pneumo-
peritoneum and laparoscopy. Minim Invasive Surg. 2021;2021:1–9.

12. Mila-Kierzenkowska C, Wozniak A, Drewa T, Wozniak B, Szpinda M, Krzyzyn-
ska-Malinowska E et al. Effects of open versus laparoscopic nephrectomy 
techniques on oxidative stress markers in patients with renal cell carcinoma. 
Oxidative medicine and cellular longevity. 2013;2013.

13. Lee JY, Choi SH. Evaluation of total oxidant and antioxidant status in dogs 
under different CO2 Pneumoperitoneum conditions. Acta Vet Scand. 
2015;57:1–6.

14. Milech V, de Oliveira JS, de Ataide MA, Coradini GP, Mann TR, Sarturi VZ et al. 
Effects of Heated Pneumoperitoneum on Inflammation, Oxidative Stress, 
and Peritoneal Histology in Female Dogs That Underwent Video-Assisted 
Ovariohysterectomy. Veterinary Medicine International. 2021;2021.

15. Hejazi M, sepehr Pedram M, Ashegh H, Jafari N, Ghazisaeedi F, Abdi M. Evalu-
ation of effects of intraperitoneal CO2 pressure in laparoscopic operations 
on kidney, pancreas, liver and spleen in dogs. Iran Red Crescent Med J. 
2013;15(9):809.

16. Arsalani-Zadeh R, Ullah S, Khan S, MacFie J. Oxidative stress in laparo-
scopic versus open abdominal surgery: a systematic review. J Surg Res. 
2011;169(1):e59–68.

17. Thomas S, Prabhu R, Balasubramanian K. Surgical manipulation of the intes-
tine and distant organ damage—protection by oral glutamine supplementa-
tion. Surgery. 2005;137(1):48–55.

18. Pizzino G, Irrera N, Cucinotta M, Pallio G, Mannino F, Arcoraci V et al. Oxidative 
stress: harms and benefits for human health. Oxidative medicine and cellular 
longevity. 2017;2017.

19. Suresh D, Annam V, Pratibha K, Prasad BM. Total antioxidant capacity–a novel 
early bio-chemical marker of oxidative stress in HIV infected individuals. J 
Biomed Sci. 2009;16:1–4.

20. Mehaney DA, Darwish HA, Hegazy RA, Nooh MM, Tawdy AM, Gawdat HI, et al. 
Analysis of oxidative stress status, catalase and catechol-O-methyltransferase 
polymorphisms in Egyptian vitiligo patients. PLoS ONE. 2014;9(6):e99286.

21. Serin G, Kiral F, Serin I. Acute effect of ovariohysterectomy on lipid peroxida-
tion and some antioxidant levels in dogs. Bull Vet Inst Pulawy. 2008;52:251–3.

22. Gogoi J, Leela V, Suganya G, Shafiuzama M, Vairamuthu S, Rajamanickam K, 
et al. Effect of ovariohysterectomy on oxidative stress markers in pyometra 
affected bitches. Int J Chem Stud. 2018;4:994–8.

23. Pavitra E, Acharya RK, Gupta VK, Verma HK, Kang H, Lee J-H, et al. Impacts of 
oxidative stress and anti-oxidants on the development, pathogenesis, and 
therapy of sickle cell disease: A comprehensive review. Biomed Pharmaco-
ther. 2024;176:116849.

24. Kumari A, Tiwary R, Kumar R, Guha SK. Oxidative stress and antioxidant activ-
ity in female dogs undergoing laparoscopic and open elective ovariectomy. 
Indian J Anim Sci. 2022;92(7):825–9.

25. Yao K, Zhao Y-f. Zu H-b. Melatonin receptor stimulation by agomelatine pre-
vents Aβ-induced tau phosphorylation and oxidative damage in PC12 cells. 
Drug Design, Development and Therapy. 2019:387– 96.

26. Russo C, Bracarense APFRL. Oxidative stress in dogs. Semina Cienc Agrar. 
2016;37(3):1431–9.

27. Salavati S, Mogheiseh A, Nazifi S, Amiri A, Nikahval B. The effects of melatonin 
treatment on oxidative stress induced by ovariohysterectomy in dogs. BMC 
Vet Res. 2021;17(1):1–8.

28. Michelsen J, Heller J, Wills F, Noble G. Effect of surgeon experience on postop-
erative plasma cortisol and C-reactive protein concentrations after ovariohys-
terectomy in the dog: a randomised trial. Aust Vet J. 2012;90(12):a474–8.

29. Torres FF, Bernardo VS, de Paula CP, da Silva JPMdO EA, da Cunha AF, et al. 
Influence of Melatonin Treatment on Cellular Mechanisms of Redox Adapta-
tion in K562 Erythroleukemic Cells. Genes. 2022;13(12):2337.

https://doi.org/10.6084/m9.figshare.28442978.v1
https://doi.org/10.6084/m9.figshare.28443014.v1
https://doi.org/10.6084/m9.figshare.28443014.v1
https://doi.org/10.6084/m9.figshare.28442906.v1


Page 10 of 10Azizi et al. BMC Veterinary Research          (2025) 21:224 

30. Bermudez-Gonzalez JL, Sanchez-Quintero D, Proaño-Bernal L, Santana-
Apreza R, Jimenez-Chavarria MA, Luna-Alvarez-Amezquita JA, et al. Role of 
the Antioxidant Activity of Melatonin in Myocardial Ischemia-Reperfusion 
Injury. Antioxidants. 2022;11(4):627.

31. Howland RH. Critical appraisal and update on the clinical utility of agomela-
tine, a melatonergic agonist, for the treatment of major depressive disease in 
adults. Neuropsychiatr Dis Treat. 2009:563–76.

32. Alruhaimi RS, Hassanein EH, Bin-Jumah MN, Mahmoud AM. Cadmium 
cardiotoxicity is associated with oxidative stress and upregulated TLR-4/
NF-kB pathway in rats; protective role of agomelatine. Food Chem Toxicol. 
2023;180:114055.

33. Aguiar CCT, Almeida AB, Araujo PVP, Vasconcelos GS, Chaves EMC, do Vale 
OC, et al. Effects of agomelatine on oxidative stress in the brain of mice after 
chemically induced seizures. Cell Mol Neurobiol. 2013;33:825–35.

34. Demirdas A, Nazıroglu M, Unal GO. Agomelatine reduces brain, kidney 
and liver oxidative stress but increases plasma cytokine production in 
the rats with chronic mild stress-induced depression. Metab Brain Dis. 
2016;31:1445–53.

35. Lebkowska-Wieruszewska B, Ziolkowski H, Sartini I, Lisowski A, Kowalski CJ, 
Poapolathep A, et al. Agomelatine: A novel melatonergic antidepressant. 
Method validation and first exploratory pharmacokinetic study in fasted and 
fed dogs. Res Vet Sci. 2021;139:140–4.

36. San L, Arranz B. Agomelatine: a novel mechanism of antidepressant action 
involving the melatonergic and the serotonergic system. Eur Psychiatry. 
2008;23(6):396–402.

37. Guardiola-Lemaitre B, De Bodinat C, Delagrange P, Millan M, Munoz C, 
Mocaer E. Agomelatine: mechanism of action and pharmacological profile in 
relation to antidepressant properties. Br J Pharmacol. 2014;171(15):3604–19.

38. Teixeira LG, Martins LR, Schimites PI, Dornelles GL, Aiello G, Oliveira JS, et 
al. Evaluation of postoperative pain and toxicological aspects of the use of 
dipyrone and tramadol in cats. J Feline Med Surg. 2019;22(6):467–75.

39. Torabi Asl M, Yasini SP, Shirazi Beheshtiha SH. Evaluation of antioxidant 
enzymes and lipid peroxidation before and after ovariohysterectomy in 
queen. Iran Veterinary J. 2022;18(1):71–6.

40. Yilmaz O, Korkmaz M, Jaroszewski J, Yazici E, Ulutas E, Saritas Z. Comparison of 
flunixin meglumine and meloxicam influence on postoperative and oxidative 
stress in ovariohysterectomized bitches. Pol J Vet Sci. 2014;17(3).

41. Poerwosusanta H, Gunadi, Noor Z, Oktaviyanti IK, Mintaroem K, Pardjianto B, 
et al. The effect of laparoscopy on mast cell degranulation and mesothelium 
thickness in rats. BMC Surg. 2020;20(1):111.

42. Gianotti L, Nespoli L, Rocchetti S, Vignali A, Nespoli A, Braga M. Gut oxy-
genation and oxidative damage during and after laparoscopic and open 
left-sided colon resection: a prospective, randomized, controlled clinical trial. 
Surg Endosc. 2011;25(6):1835–43.

43. Sakundech K, Chompoosan C, Tuchpramuk P, Boonsorn T, Aengwanich W. 
The influence of duration on pain stress, oxidative stress, and total antioxi-
dant power status in female dogs undergoing ovariohysterectomy. Veterinary 
World. 2020;13(1):160.

44. Gunata M, Parlakpinar H. A review of myocardial ischaemia/reperfusion 
injury: pathophysiology, experimental models, biomarkers, genetics and 
pharmacological treatment. Cell Biochem Funct. 2021;39(2):190–217.

45. Yapca O, Borekci B, Turan MI, Gulaboglu M. The effect of agomelatine on 
oxidative stress induced with ischemia/reperfusion in rat ovaries. Adv Clin 
Experimental Med. 2014;23(5).

46. Mistraletti G, Paroni R, Umbrello M, D’Amato L, Sabbatini G, Taverna M, et al. 
Melatonin pharmacological blood levels increase total antioxidant capacity 
in critically ill patients. Int J Mol Sci. 2017;18(4):759.

47. Hemati K, Pourhanifeh MH, Dehdashtian E, Fatemi I, Mehrzadi S, Reiter RJ, et 
al. Melatonin and morphine: potential beneficial effects of co-use. Fundam 
Clin Pharmacol. 2021;35(1):25–39.

48. Reyes RC, Brennan AM, Shen Y, Baldwin Y, Swanson RA. Activation of neuronal 
NMDA receptors induces superoxide-mediated oxidative stress in neighbor-
ing neurons and astrocytes. J Neurosci. 2012;32(37):12973–8.

49. Rebai R, Jasmin L, Boudah A. Agomelatine effects on fat-enriched diet 
induced neuroinflammation and depression-like behavior in rats. Biomed 
Pharmacother. 2021;135:111246.

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

51. Fox JG. Laboratory animal medicine. Elsevier; 2015.
52. Fransson BA, Mayhew PD. Small animal laparoscopy and thoracoscopy. Wiley; 

2021.

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


	The protective role of melatonin and agomelatine against oxidative stress following laparoscopic ovariectomy in dogs
	Abstract
	Background
	Results
	TOS level
	MDA level
	TAC level
	CAT level
	SOD level
	GPx level

	Discussion
	Methods
	Animals
	Experimental design
	Equipment
	Analgesia and anesthesia
	Surgical procedure
	Laboratory measurements
	MDA
	TOS
	TAC
	SOD, CAT, and GPx


	Statistical analysis
	Conclusion
	References


