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Abstract

Background: As one of the most common surgeries performed in veterinary medicine, ovariohysterectomy (OHE)
can induce oxidative stress in dogs. The antioxidant properties of melatonin have been confirmed in various
studies. This study aimed to investigate the effects of melatonin administration on oxidative stress in dogs before
and after OHE. In this study, 25 mature female intact dogs were selected and randomly divided into five equal
groups: Melatonin (melatonin, no surgery), OHE (no melatonin, surgery), OHE + melatonin (melatonin, surgery),
anesthesia+melatonin (melatonin, sham surgery), and control (no melatonin, no surgery) groups. Melatonin (0.3 mg/
Kg/day, p.o.) was administrated to the dogs in the melatonin, OHE + melatonin, and anesthesia+melatonin groups
ondays —1,0, 1,2, and 3 (day 0= OHE). Blood sampling was performed on days — 1, 1, 3, and 5 of the study. Blood
samples were immediately transferred to the laboratory and sera were separated and stored at — 20 °C. Superoxide
dismutase (SOD), glutathione peroxidase (GPX), catalase (CAT) and malondialdehyde (MDA) concentrations were
measured with commercial kits.

Results: The levels of SOD, GPX and CAT were significantly higher in the melatonin and anesthesia+melatonin
groups compared to those of the control group at days 3 and 5. The level of antioxidant enzymes significantly
decreased in the OHE group compared to that of other groups at days 3 and 5. The administration of melatonin
increased the level of antioxidant enzymes in ovariohysterectomized dogs. Ovariohysterectomy significantly
increased the concentration of MDA in comparison to that of other groups at day 3. Melatonin administration
significantly decreased the level of MDA in melatonin, anesthetized, and ovariohysterectomized dogs at day 3.

Conclusions: Administration of melatonin on day — 1, 0, 1, 2 and 3 modulate the oxidative stress induced by OHE
in dogs by increasing antioxidant enzymes concentration and decreasing MDA levels.
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Background

Increased reactive oxygen species (ROS) can cause
damage to macromolecules (lipids and proteins), lead to
cell damage, and decrease ROS scavenging mechanisms,
resulting in oxidative stress [1]. There are several markers
that can be used to investigate the changes in the oxidative
status. These markers are substances that are formed as a
result of the reaction between ROS and biomolecules.
One of these substances produced through the above
reaction is malondialdehyde (MDA), which is a useful
indicator of lipid peroxidation [2—4]. One of enzymatic
antioxidants is catalase (CAT), which catalyzes hydrogen
peroxide detoxification [3, 5]. Glutathione is a non-
enzymatic antioxidant that is involved in vitamin metabol-
ism and plays a key role in cell membrane protection
[2, 6]. As antioxidant enzymes, Glutathione peroxidase
(GPX) and superoxide dismutase (SOD) activate the
enzymatic defense system against ROS [2, 7].

In recent years, oxidative stress markers have been
measured after spaying and the markers have been used
to identify possible solutions to reduce oxidative stress
[8]. As an elective and sometimes urgent method of spay-
ing, ovariohysterectomy (OHE) has been reported to have
some early side effects, such as increased oxidative stress
due to traumatic events during surgery, ischemia, increased
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levels of free iron and copper released from tissues, and
inflammation of serous membranes [2, 3, 9]. The balance
between oxidants and antioxidants is crucial for living
organisms to remain healthy and functional [10].

As a neurotransmitter, melatonin (N-acetyl-5-methoxy-
tryptophan) is a hormone produced and released by the
pineal gland or epiphysis during the night in a circadian
rhythm [11]. Under special conditions, the neuroendo-
crine cells of other organs, including the thyroid gland,
retina, skin, and gastrointestinal tract, can also produce
melatonin in vertebrates [12]. In our previous experi-
ments, we found that melatonin could have anti-oxidative,
anti-inflammatory, and anti-stress (based on cortisol level)
effects and regulate the secretion of metabolic hormones
in dogs following castration [13—16].

Due to the antioxidant effects of melatonin and the
presence of oxidative stress in dogs undergoing open
ovariectomy and OHE [7, 9, 17, 18], the present study
aimed to evaluate the effects of melatonin treatment on
oxidative stress before and after OHE and anesthesia.

Results

There was no difference in age, body weight, duration of
surgery, peri- or post-operative complications between
groups. The effects of time (days of sampling; Fig. 1) and
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Fig. 1 The mean + SD concentrations of superoxide dismutase (SOD), glutathione peroxidase (GPX), catalase (CAT), and malondialdehyde (MDA)
were compared between days of sampling in each group. Melatonin (0.3 mg/kg p.o.) was administrated on days -1, 0, 1, 2 and 3.
Ovariohysterectomy and anesthesia were performed on day 0. Different letters on bars indicate significant differences between days of sampling

in each group
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group (melatonin, OHE, OHE + melatonin, anesthesia+
melatonin, and control; Fig. 2) were analyzed for each
factor in this study.

SOD level

There was no statistically significant difference in SOD
concentrations between groups on day - 1. SOD concen-
trations significantly decreased after OHE (day - 1 vs. days
1, 3, and 5, P<0.01) in the OHE and OHE + melatonin
groups. Melatonin administration significantly increased
the SOD concentration in melatonin (day — 1 vs. days 1, 3,
and 5 (P<0.002) and day 1 vs. day 5 (P=0.02)) and
anesthesia+melatonin groups (day -1 vs. days 3 and 5,
(P <0.003)) (Fig. 1).

The SOD concentration decreased significantly in the
ovariohysterectomized dogs on days 1, 3 and 5 after sur-
gery in comparison with melatonin treated and control
groups (P <0.03). There were no significant changes in
SOD concentration between melatonin vs. anesthesia+
melatonin, OHE vs. OHE + melatonin (day 1, 3 and 5),
and anesthesia+melatonin vs. control (day 1) (Fig. 2).

GPX level
On days — 1 and 1 of sampling, there was no significant

Page 3 of 8

Interestingly, no significant difference in GPX concen-
tration was observed between days of sampling (-1, 1, 3
and 5) in all groups (Fig. 1).

The GPX concentration was significantly decreased
in OHE group in comparison with melatonin and
anesthesia+melatonin groups (day 3, 5, (P<0.01)).
The GPX concentration significantly increased in
melatonin and anesthesia+melatonin groups vs. OHE
and control groups (day 3, 5, P<0.04) (Fig. 2).

CAT level

On day - 1, the CAT concentration was not significantly
different between groups. The CAT concentration
significantly increased in the melatonin (between day -
1, 1, 3, 5, P<0.01) and anesthesia+melatonin groups
(between day - 1 and 1 vs. 3 and 5, P<0.01). The CAT
concentration significantly decreased in OHE (between
day -1, 1, 3, P<0.01) and OHE + melatonin groups
(between day - 1, 1, 3, P <0.03) (Fig. 1).

On days 1, 3 and 5, OHE significantly decreased the
CAT concentration in the OHE and OHE + melatonin
groups in compared with other groups (P <0.03). Also,
the CAT concentration significantly increased in the
melatonin and anesthesia+melatonin in compared with

difference in GPX concentration between groups. other groups on days 3 and 5 (P < 0.0001) (Fig. 2).
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Fig. 2 The mean + SD concentrations of superoxide dismutase (SOD), glutathione peroxidase (GPX), catalase (CAT), and malondialdehyde (MDA)
were compared between the study groups (melatonin, ovariohysterectomy (OHE), OHE+melatonin, anesthesia+melatonin, and control) in each
day of sampling. Melatonin (0.3 mg/kg p.o.) was administrated on days -1, 0, 1, 2 and 3. Ovariohysterectomy and anesthesia were performed on
day 0. Different letters (a, b, ¢, d) on bars indicate significant differences (P < 0.05) between groups on each day of sampling
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MDA level

On day -1 of sampling, the MDA concentration was
not significantly different between groups. The concentra-
tion of MDA was significantly decreased in the melatonin
between day — 1 vs. 3 and 5 and between day 1 vs. day 3
(P<0.02) and anesthesia+melatonin groups between day
-1 vs. days 3 and 5 (P<0.002). A significant increase in
the concentration of MDA was observed in OHE and
OHE + melatonin groups between day —1 vs. 1 and 3
(P <0.006; Fig. 1).

The MDA concentration was significantly decreased in
melatonin and anesthesia+melatonin groups vs. OHE,
OHE + melatonin, and control groups (days 1, 3 and 5,
P<0.01). The MDA concentration was significantly
higher in OHE and OHE + melatonin in compared with
melatonin and anesthesia+melatonin (days 1, 3 and 5,
P <0.04; Fig. 2).

Discussion

A significant decrease in the serum concentration of
antioxidant enzymes (SOD, GPX and CAT) along with a
significant increase in the serum concentration of MDA
were found in dogs after OHE. According to the present
results, melatonin treatment could increase the expres-
sion of antioxidant enzymes (SOD, GPX, and CAT) and
significantly decrease the MDA level after OHE. Mela-
tonin partially reduced the oxidative stress in dogs with
OHE, as suggested by a decrease in the concentration of
SOD, GPX, and CAT in all the groups that received
melatonin. The activities of antioxidant enzymes signifi-
cantly increased in the anesthesia group that received
melatonin. In addition, in the melatonin-treated groups,
melatonin led to a decrease in the level of MDA, which
had reached its peak (MDA concentration) 3 days after
surgery.

Other studies showed increased lipid peroxidation 24 h
after surgery [2, 19]. In another study, the MDA level
reached its peak 3 days after OHE in dogs but the CAT
level did not differ significantly between experimental
days. Also, the researchers indicated that the oxidative
stress caused by OHE and plasma MDA was higher on
day 3 post-OHE than before OHE and 3-h and 3-14
days post-OHE. Total antioxidant capacity on day 14
post-OHE was higher than pre-OHE, 3 h and 3-14 days
post OHE. They also suggested the ovariohysterecto-
mized dogs needed antioxidant for 7 days post-OHE to
protect their bodies from free radicals [3].

Furthermore, researchers were observed that OHE and
anesthesia, induced by a combination of Ketamine-
Xylazine, could lead to an increased in the oxidative
stress markers (Glutathione and MDA). The toxicity of
drugs commonly used in anesthesia can induce oxidative
stress. A significant decrease in antioxidative capacity
was reported in dogs after enflurane anesthesia. It was
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observed that the serum level of vitamin E and beta-
carotene significantly decreased whereas the serum level
of vitamin A and MDA significantly increased during
enflurane anesthesia in dogs [20].

Several studies have reported an oxidative stress
induced by OHE in dogs and efforts should be made to
identify potential antioxidant therapies [3, 18]. Mela-
tonin has been shown in numerous studies to have
antioxidant properties in dogs and human [14, 21]. In
dogs, oral melatonin (0.3 mg/kg) was administrated daily
for 1 month after castration [14]. Their findings indicated
that antioxidant enzymes (GPX, CAT and SOD) increased
and MDA concentration decreased in dogs treated with
melatonin in compared with control and castrated dogs
[14]. Melatonin increased antioxidant enzymes activity in
different tissues (brain, liver, and kidney) during physio-
logical (circadian rhythm) and pathological conditions.
Furthermore, melatonin has been shown to regulate the
activation or inhibition of several transcription factors
related to antioxidant response, which can justify the anti-
oxidative effects of this substance [21]. According to a
study, male dogs were not under oxidative stress after
castration due to the non-significant changes in the MDA
and CAT concentrations. They were observed a decrease
in total antioxidant capacity (TAC) on days 3, 7, and 10
compared to day 14, but their antioxidant system still
functioned with high effectiveness [22]. OHE under
ketamine-xylazine anesthesia was found to increase lipid
peroxidation and decreased antioxidant enzyme activity
in rats [23].

Other strategies have been previously studied in an
attempt to identify potential treatments to reduce the
oxidative stress induced by surgery or anesthesia. The
researchers investigated the physiologic effects of hyper-
baric oxygen (HBO) therapy on the antioxidant status in
healthy dogs after OHE. They found that while this
therapy, at the dose used in their study, had no adverse
effects on the treated group, it was ineffective in
reducing postoperative inflammation and improving the
oxidative status in them [17]. In the study on the effects
of flunixin meglumine (FM) and meloxicam on postop-
erative and oxidative stress after OHE, it is reported that
while FM reduced postoperative oxidative stress, it had
no influence on the oxidative stress status [24]. Elevated
fraction of inspired oxygen during and after general
anesthesia significantly increased MDA concentration 24 h
after surgery and decreased the body antioxidant defense
marker and glutathionyl hemoglobin in human [25].

In our previous study, we examined the effects of
melatonin treatment on the levels of sexual hormones,
serotonin, and cortisol in intact and castrated male dogs.
The results showed that melatonin increased the level of
serotonin but decreased the level of cortisol in intact and
castrated dogs [13]. This study indicated that postoperative



Salavati et al. BMC Veterinary Research (2021) 17:181

stress (increased cortisol concentration) continued for
1 week after castration and daily melatonin administra-
tion decreased cortisol concentration during 7 days
after gonadectomy in castrated dogs. Thus, the authors
suggested that melatonin administration considered
pre- and post-operation period for about 7 days after
OHE in the bitches. We also studied the effects of
melatonin administration on the levels of thyroid hor-
mones, leptin, and ghrelin in intact and castrated male
dogs. Melatonin could regulate metabolic hormones
and mitigate the metabolic side-effects of castration
[15]. Long-term side effects of castration and beneficial
effect of melatonin were reported in these studies [13, 15].
The melatonin treatment after gonadectomy may be
suggested for prevention of metabolic disorders in gonad-
ectomized dogs.

Malondialdehyde (MDA) represents one of the most
investigated end products of lipid oxidation. Despite
thiobarbituric acid test for MDA determination being
the most frequently used method to evaluate lipid perox-
idation, it has several pitfalls including thiobarbituric
acid reaction with several compounds, including sugars,
amino acids, bilirubin, and albumin, and the interference
of hemolysis that falsely increases the measured MDA
levels [26]. The most important antioxidant enzymes are
SOD, CAT, and glutathione-dependent enzymes, such as
GPX, and glutathione transferases. Changes of antioxi-
dant enzymes activity are dependent on age, obesity,
disease and stage of disease, different samples, processing
and cryopreservation procedures and different cell types of
blood [26]. Various methods were used for measuring
nonenzymatic antioxidants (nonenzymatic antioxidant cap-
acity, also named total antioxidant capacity) and included
endogenous (e.g., urine analysis, bilirubin, and thiols) and
nutritional (e.g., tocopherols, ascorbic acid, carotenoids,
and phenolics) compounds in plasma. The measuring of
the antioxidant enzymes activity can be replaced with total
antioxidant status assay [26].

In this study, melatonin administration decreased
oxidative stress in the ovariohysterectomized bitches. It
may reduce the side effects of the surgery. It is suggested
to measure melatonin concentration in dogs. Also, mela-
tonin treatment included in more aggressive surgeries than
castration or OHE, such as orthopedics and evaluated its
effects in much more oxidative stress and stressful condi-
tions. Bioavailability of oral melatonin following a 10 mg/
kg dose is moderate in rats and high in dogs and monkeys.
However, the bioavailability appears to be dose dependent,
at least in dogs and monkeys [27]. Therefore, further
studies are needed to determine the most appropriate
therapeutic dose of oral melatonin in dogs to achieve an
antioxidant effect.

The small sample size (n =5) in this study was consid-
ered because of minimal number of repeats in each group
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to provide one of the essential condition for performing
parametric statistical tests and regarding the standards in
the protection of animals [28]. Increasing sample size will
be helpful to decrease type II error. Injection of NSAIDs
following surgery may influence oxidative stress by pain
relief effect (pain can induce oxidative stress) [29]. There-
fore, in the next studies, it needs to be considered and
compared the effect of NSAIDs on oxidative stress with or
without melatonin treatment in experimental design.

Conclusion

In summary, melatonin administration at a daily oral
dose of 0.3 mg/kg 1 day before and for 3 days after OHE
surgery increased the activity of antioxidant enzymes
and decreased the level of MDA, a lipid peroxidation
index, leading to reduced oxidative stress. Melatonin
was also found to improve the antioxidant status of dogs
after anesthesia. Further studies are needed to determine
the potential role of melatonin and an optimal protocol
of administration to regulate oxidative stress in dogs
with various diseases.

Methods

This experiment was performed in accordance with the
Iranian animal ethics framework under the supervision
of the Iranian Society for the Prevention of Cruelty to
Animals and Shiraz University Research Council
(TACUC no: 4687/63).

Animals

Twenty-five clinically healthy mixed-breed adult female
dogs, between 1 and 3 year-old and weighing 15-20 kg,
were used in this study. The dogs were owned and taken
care of by Shiraz University School of Veterinary
Medicine. All the dogs were ovariohysterectomized at
the end of the study and kept in a non-governmental
organization shelter for adoption. All dogs were fed with
commercial dog food (300 g/dog/day; Nutripet™; Behintash
Co., Karaj, Iran) and given ad libitum access to water. The
dogs were kept under a controlled condition with 12:12h
light/dark cycles. During the first 2 weeks of
acclimatization, the animals were treated with antipara-
sitics (fenbendazole, 150 mg; pyrantel embonate, 144 mg;
praziquantel, 50 mg; Caniverm’, 0.7 mg/10kg, p.o.). The
overall health of dogs was evaluated daily during the study
by checking their body temperature, heart rate, respiratory
rate, appetite, and behavior at the time of feeding and
cleaning of their shelter. The pregnancy status of dogs was
examined by transabdominal ultrasonography.

Experimental design

The Oral melatonin (3 mg, L’'ORGANIQUE, Nutralab
Canada LTD, Canada) was administrated daily, the day
before (day - 1), the day of OHE (day 0) and 1, 2 and 3
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days after OHE (day 1, day 2 and day 3, respectively),
with a meal. Also, to examine the effect of OHE, mela-
tonin and anesthesia on oxidative stress [13—16], the
dogs were divided into five equal groups (n=5) in a
case-control randomized study (Fig. 3). The dogs in the
OHE-melatonin group were spayed on day 0, and
received melatonin on day -1, day 0, day 1, day 2 and
day 3. The melatonin group (melatonin, no surgery)
received melatonin (0.3 mg/kg, p.o.) once daily on days
-1,0, 1, 2, and 3. The dogs in the OHE group (no mela-
tonin, surgery) were spayed on day 0 but did not receive
melatonin. The dogs in the anesthesia+melatonin group
(melatonin) were anesthetized on day 0 and received
melatonin on days -1, 0, 1, 2, and 3. The control group
(no melatonin, no surgery) was neither spayed nor
received melatonin during the study. Blood sampling
was collected from the jugular vein into simple glass
tubes and ethylenediaminetetraacetic acid (EDTA) vacu-
tainer tubes on days - 1, 1, 3, and 5 (Fig. 3). The serum
was separated from each blood sample by centrifugation
at 750xg for 10 min and stored at — 20 °C until labora-
tory assays. Also, for assaying the glutathione peroxidase
(GPX), superoxide dismutase (SOD), and catalase (CAT)
activity, red blood cell (RBC) washing was performed
three times by adding 3 ml of normal saline to 0.5 ml of
blood samples from EDTA vacutainers and centrifuged
for 10 min and 3000 x rpm. After the last washing and
removal of the supernatant, 2 ml of distilled water were
added to the RBC. The samples were kept at 4 °C for 15
min and stored at — 20 °C.

Ovariohysterectomy

Ten dogs were ovariohysterectomized under general
anesthesia on day 0. The animals were kept off food and
water for 12 h prior to the surgery. The monitoring used
during surgery was at the discretion of the anesthesiologist.
The dogs were premedicated with acepromazine (0.05
mg/kg, im.) and xylazine (0.5 mg/kg, i.m.). Anesthesia
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was induced with ketamine (5 mg/kg, i.v.) and diaze-
pam (0.25 mg/kg, i.v.). After endotracheal intubation,
general anesthesia was maintained with isoflurane
(1.2%) vaporized in oxygen using intermittent positive
pressure ventilation. Ketoprofen (1 mg/kg, im.) and
ampicillin  (20-10 mg/kg, i.m.) were administered at
the induction and the end of surgery [30].

Laboratory measurements
The following commercial kits were used to colorimetri-
cally measure the activity levels of SOD, GPX, and CAT
(ZellBio Company, Germany; SOD, Cat. No. ZB-SOD-96A;
GPX, Cat. No. ZB-GPX-96A; CAT, Cat. No. ZB-CAT-96A)
at 420, 412, and 540 nm, respectively in hemolyzed RBCs.
The assay kit sensitivity was 1 unit/ml (inter-assay
coefficients of variability (CV): 5.8%) for SOD, 5 unit/ml
(inter-assay CV: 3.5%) for GPX and 0.5 unit/ml (inter-assay
CV: 6.3%) for CAT. The activities of the antioxidant
enzymes were all stated as units per gram of hemoglobin.
All kits were validated for dog samples in the laboratory.
An assay kit purchased from ZellBio GmbH (Germany)
was used to measure MDA (pmol/L; Cat. no. ZB-MDA-
96A). In this kit, MDA is measured based on its reaction
with thiobarbituric acid in an acidic condition and high
temperature. The color complex was measured colorimet-
rically at 535 nm. The assay kit sensitivity was 0.1 uM
(inter-assay CV: 5.8%) for MDA.

Statistical analysis

All data are presented as mean + standard deviation
(SD). Normal distribution was confirmed by analyzing
the data with Kolmogorov—Smirnov test. The statistical
analysis of the data was performed by two-way repeated-
measures ANOVA and Tukey’s test using GraphPad
Prism version 6 (GraphPad Software, San Diego, Califor-
nia, USA). The significant level was set at P < 0.05.

®

day-1 dav 0 day1

OHE or Anesthesia

Melatonin administration (0.3 mg/Kg, P.O; days-1,0, 1, 2, 3)
(Melatonin, OHE+Mel, Anesthesia+Mel groups)

Fig. 3 The schematic design of the study. Blood sampling on days -1, 1, 3, and 5 was performed before oral melatonin administration (0.3 mg/
kg) on days -1, 0, 1, 3, and 5 of the study. Ovariohysterectomy (OHE) and anesthesia were performed on day 0
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