
Page 1/16

The Effects of Melatonin Treatment on Oxidative
Stress Induced by Ovariohysterectomy in Dogs
Sina Salavati 

Shiraz University School of Veterinary Medicine
Asghar Mogheiseh  (  mogheiseh@yahoo.com )

Department of Clinical Sciences, School of Veterinary Medicine, Shiraz University
https://orcid.org/0000-0002-3136-2288

Saeed Nazi� 
Shiraz University School of Veterinary Medicine

Atefeh Amiri 
Shiraz University School of Veterinary Medicine

Behrooz Nikahval 
Shiraz University School of Veterinary Medicine

Research article

Keywords: Dog, Surgery, Oxidative stress, Melatonin, Antioxidants

Posted Date: December 10th, 2020

DOI: https://doi.org/10.21203/rs.3.rs-123019/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-123019/v1
mailto:mogheiseh@yahoo.com
https://orcid.org/0000-0002-3136-2288
https://doi.org/10.21203/rs.3.rs-123019/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/16

Abstract
Background: As one of the most common surgeries performed in veterinary medicine, ovariohysterectomy
(OHE) can induce stress in dogs. The antioxidant properties of melatonin have been con�rmed 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 �ve equal groups: Melatonin, OHE, melatonin+OHE+melatonin,
melatonin+anesthesia+melatonin, and control groups. Melatonin (0.3 mg/Kg/day, p.o.) was
administrated to the dogs in the melatonin, melatonin+OHE+melatonin, and
melatonin+anesthesia+melatonin groups on days -1, 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), and catalase (CAT) concentrations were signi�cantly higher in the melatonin and
melatonin+anesthesia+melatonin groups compared to those of the control group.

Results: The level of antioxidant enzymes signi�cantly decreased in the OHE group compared to that of
other groups. The administration of melatonin increased the level of antioxidant enzymes in
ovariohysterectomized dogs. OHE signi�cantly increased the concentration of malondialdehyde (MDA) in
comparison to that of other groups. Melatonin administration signi�cantly decreased the level of MDA in
intact, anesthetized, and ovariohysterectomized dogs.

Conclusions: It can be stated that the administration of melatonin one day before and during one week
after OHE could control oxidative stress in dogs with increased antioxidant enzymes and decreased MDA
levels.

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, 2]. 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]. Another oxidative stress indicator is catalase (CAT), which catalyzes hydrogen
peroxide detoxi�cation [2, 5]. Glutathione is a non-enzymatic antioxidant that is involved in vitamin
metabolism and plays a key role in cell membrane protection [3, 6]. As antioxidant enzymes, Glutathione
peroxidase (GPX) and superoxide dismutase (SOD) activate the enzymatic defense system against ROS
[3, 7].

In recent years, many studies have been designed to measure oxidative stress markers after spaying and
propose some solutions to reduce oxidative stress [8]. As an elective and sometimes urgent method of
spaying, ovariohysterectomy (OHE) has been reported to have some early side effects, such as increased
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oxidative stress due to traumatic events during surgery, ischemia, increased levels of free iron and copper
released from tissues, and in�ammation of serous membranes [2, 3, 9]). The balance between oxidants
and antioxidants is crucial for living organisms to remain healthy and functional [10]. It has been shown
that oxidative stress during the postmenopausal period can lead to some metabolic disorders, such as
osteoporosis and cardiovascular diseases [11–13]. In addition, some studies have reported that
ovariectomy could have long-term effects, including increased oxidative stress and a decrease in
estrogen and ovarian hormones, on rats [1].

As a neurotransmitter, melatonin (N-acetyl-5-methoxytryptophan) is a hormone produced and released by
the pineal gland or epiphysis during the night in a circadian rhythm [14]. Under special conditions, the
neuroendocrine cells of other organs, including the thyroid gland, retina, skin, and gastrointestinal tract,
can also produce melatonin in vertebrates [15]. In our previous experiments, we found that melatonin
could have anti-oxidative, anti-in�ammatory, and anti-stress effects and regulate the secretion of
metabolic hormones in dogs following castration [16–19].

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

Results
The mean concentrations and activities of antioxidant enzymes (SOD, GPX, and CAT) and the oxidative
stress index (MDA) were compared between the study groups (Fig. 2). Furthermore, the effects of time
(days of sampling) and group (melatonin, OHE, melatonin + OHE + melatonin, melatonin + anesthesia + 
melatonin, and control) were analyzed for each factor in this study (Table 1).
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Table 1
The changes in mean ± SEM antioxidant enzymes, including superoxide dismutase (SOD), glutathione

peroxidase (GPX), and catalase (CAT), and oxidative stress index (malondialdehyde (MDA)) were
compared between different groups and different sampling days in each group. Melatonin was

administrated on days − 1, 1, 3, and 5 and OHE surgery was performed on day 0.
Factors Groups Day − 1 Day 1 Day 3 Day 5

SOD
(U/gHb)

Melatonin (n = 5) a1063.8 ± 
7.31

b1080.2 ± 
6.39a

bc1087±5.89a c1093.4 ± 
6.42a

OHE (n = 5) a1064.6 ± 
7.35

b1045±6.36c b1037±7.40b b1041.6 ± 
6.91b

Mel + OHE + Mel (n = 
5)

a1066.2 ± 
7.50

b1052.6 ± 
6.31c

b1045.4 ± 
7.74b

b1048.8 ± 
6.90b

Mel + Anesthesia + 
Mel (n = 5)

a1064±7.23 ac1075.2 ± 
6.24ab

bc1081.8 ± 
6.30a

b1091±6.98a

Control (n = 5) 1063.4 ± 
6.65

1065.4 ± 
6.65b

1061.4 ± 
6.65c

1062.6 ± 
8.60c

GPX
(U/gHb)

Melatonin (n = 5) 480.4 ± 
7.43

486.2 ± 7.51 492.2 ± 7.57a 496.2 ± 
7.63a

OHE (n = 5) 479.2 ± 
7.28

470.6 ± 7.01 465.8 ± 7.03b 468.2 ± 
6.83b

Mel + OHE + Mel (n = 
5)

478.2 ± 
7.85

475.4 ± 7.35 470.8 ± 
6.15bc

472.8 ± 
6.79b

Mel + Anesthesia + 
Mel (n = 5)

479.4 ± 
7.43

484 ± 7.64 489.8 ± 
7.64ac

493.6 ± 
7.50a

Control (n = 5) 478.2 ± 
7.28

479 ± 6.87 479.6 ± 7.26 477 ± 8.02

CAT
(U/gHb)

Melatonin (n = 5) a0.7 ± 0.01 b0.74 ± 0.02a c0.782 ± 
0.02a

d0.814 ± 
0.02a

OHE (n = 5) a0.704 ± 
0.02

b0.656 ± 
0.01b

c0.604 ± 
0.02b

b0.672 ± 
0.01b

Mel + OHE + Mel (n = 
5)

a0.706 ± 
0.02

b0.676 ± 
0.02b

c0.64 ± 0.02c ab0.684 ± 
0.01b

Mel + Anesthesia + 
Mel (n = 5)

a0.71 ± 
0.02

a0.734 ± 
0.02a

b0.772 ± 
0.02a

c0.804 ± 
0.02a
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Factors Groups Day − 1 Day 1 Day 3 Day 5

Control (n = 5) ab0.702 ± 
0.01

ab0.712 ± 
0.01a

a0.692 ± 
0.01d

b0.72 ± 0.01c

MDA
(mmol/L)

Melatonin (n = 5) a0.55 ± 
0.01

ab0.532 ± 
0.01a

c0.5 ± 0.01a b0.504 ± 
0.01a

OHE (n = 5) a0.56 ± 
0.008

b0.632 ± 
0.008b

b0.622 ± 
0.01b

a0.584 ± 
0.01bc

Mel + OHE + Mel (n = 
5)

c0.548 ± 
0.008

b0.602 ± 
0.01bc

ab0.586 ± 
0.009c

ac0.564 ± 
0.01b

Mel + Anesthesia + 
Mel (n = 5)

a0.554 ± 
0.01

ab0.538 ± 
0.01a

b0.51 ± 0.01a b0.512 ± 
0.01a

Control (n = 5) 0.564 ± 
0.01

0.576 ± 0.01c 0.554 ± 0.01d 0.572 ± 
0.01c

abcd In each column, different superscript letters on the right side of mean ± SEM indicate signi�cant
differences between groups with regard to each study variable.

abcd In each row, different superscript letters on the left side of mean ± SEM indicate signi�cant
differences between sampling days in each group.

Note: Mel = Melatonin; OHE = Ovariohysterectomy.

SOD level
The SOD level decreased in the ovariohysterectomized dogs in comparison with that of the dogs in the
control, melatonin, and melatonin + anesthesia + melatonin groups (P < 0.0001). Melatonin administration
increased the SOD level in the intact and melatonin + anesthesia + melatonin groups compared to the
OHE and melatonin + OHE + melatonin groups (P < 0.0001). There were no signi�cant differences between
the melatonin and melatonin + anesthesia + melatonin groups; thus, it can be concluded that anesthesia
did not have an effect on the SOD level. No signi�cant differences were observed between the OHE and
melatonin + OHE + melatonin groups, indicating that treatment with melatonin could not compensate for
the reduction in the SOD level in the OHE group compared to the control group (P = 0.004; Fig. 2).

On the day before OHE, there were no signi�cant differences between the study groups in terms of the
SOD level. One day after OHE, there were signi�cant differences between all groups, except between the
melatonin vs. melatonin + anesthesia + melatonin, OHE vs. melatonin + OHE + melatonin, and control vs.
melatonin + anesthesia + melatonin groups. The level of SOD activity decreased in the
ovariohysterectomized dogs one day after surgery (P < 0.03) but increased in all groups treated with
melatonin (P < 0.03), except for melatonin + anesthesia + melatonin and melatonin + OHE + melatonin
groups. On days 3 and 5 after OHE, the mean SOD level was signi�cantly different between all groups (P 
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< 0.02), except between the OHE vs. melatonin + OHE + melatonin and melatonin vs. melatonin + 
anesthesia + melatonin groups (Table 1).

In the control group, there were no signi�cant differences in the SOD level between sampling days.
Melatonin administration in intact dogs signi�cantly increased the SOD level between day − 1 vs. days 1,
3, and 5 of the study (P < 0.002) and day 1 vs. day 5 (P = 0.02). A signi�cant decrease in the level of SOD
was observed between day − 1 vs. days 1, 3, and 5 in the OHE and melatonin + OHE + melatonin groups
(P < 0.01). Also, signi�cant differences were observed in the SOD level between day − 1 vs. days 3 and 5
in the melatonin + anesthesia + melatonin group (P < 0.003) (Table 1).

GPX level
A signi�cant decrease was observed in the level of GPX in the ovariohysterectomized dogs compared
with the dogs in other groups (P < 0.0004), except for the melatonin + OHE + melatonin group. Melatonin
administration signi�cantly increased the level of GPX in intact and anesthetized dogs compared with the
dogs in other groups (P < 0.0001). The administration of melatonin did not signi�cantly increase the GPX
level in the ovariohysterectomized dogs compared with the OHE and control groups (Fig. 2).

On days − 1 and 1 of sampling, there was no signi�cant difference between any of the groups in terms of
the GPX level. On day 3, the mean GPX level was signi�cantly different between melatonin vs. OHE and
melatonin + OHE + melatonin groups (P < 0.03) and between OHE vs. melatonin + anesthesia + melatonin
groups (P = 0.01). On day 5, melatonin administration signi�cantly increased the GPX level in intact and
anesthetized dogs compared with the dogs in the OHE and melatonin + OHE + melatonin groups (P < 0.04)
(Table 1).

Interestingly, no signi�cant difference was observed between sampling days for any of the study groups
regarding the level of GPX (Table 1).

CAT level
Melatonin administration signi�cantly increased the CAT level in intact and anesthetized dogs compared
to the dogs in the OHE and melatonin + OHE + melatonin groups (P < 0.003) (Fig. 2).

On day − 1 of sampling, there was no signi�cant difference between the study groups regarding the CAT
level. On day 1, OHE signi�cantly decreased the CAT level in the OHE and melatonin + OHE + melatonin
groups compared to the control and melatonin + anesthesia + melatonin groups (P < 0.03). Also,
melatonin administration signi�cantly increased the CAT level in the intact dogs compared with dogs in
the OHE and melatonin + OHE + melatonin groups (P < 0.0001). There were signi�cant differences
between all groups (P < 0.01) on day 3 of sampling, except between the melatonin vs. melatonin + 
anesthesia + melatonin groups. On day 5, while there were no signi�cant differences between melatonin
vs. melatonin + anesthesia + melatonin groups and between OHE vs. melatonin + OHE + melatonin groups
regarding the level of CAT, there was a signi�cant difference between all other groups regarding the level
of CAT (P < 0.01) (Table 1).
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The increase in the level of CAT was signi�cantly different between all days of sampling in the melatonin
group (P < 0.01). In the OHE group, the decrease in the level of CAT was signi�cantly different between all
days of sampling (P < 0.01), except between day 1 vs. day 5. The level of CAT was not signi�cantly
different between day 5 vs. days − 1 and 1 in the melatonin + OHE + melatonin group, but it was
signi�cantly different between other sampling days (P < 0.03). In the melatonin + anesthesia + melatonin
group, the administration of melatonin led to signi�cant differences in the level of CAT between sampling
days (P < 0.01), except between day − 1 vs. day 1. There was no signi�cant difference in the CAT level
between sampling days, except between day 3 vs. day 5, in the control group (Table 1).

MDA level
While OHE led to an increase in the MDA level, the administration of melatonin decreased its level. The
MDA level was signi�cantly different between all groups (P < 0.0001), except between the melatonin vs.
melatonin + anesthesia + melatonin and control vs. melatonin + OHE + melatonin groups (Fig. 2).

On day − 1 of sampling, there was no signi�cant difference between the study groups in terms of the
MDA level. A signi�cant difference was observed between all groups, except between the melatonin + 
OHE + melatonin vs. OHE and control and between the melatonin vs. melatonin + anesthesia + melatonin
groups, on day 1 (P < 0.01). On day 3, there were signi�cant differences between all groups (P < 0.04),
except between the melatonin vs. melatonin + anesthesia + melatonin groups. On day 5, the
administration of melatonin signi�cantly decreased the MDA level in intact dogs compared with the dogs
in other groups (P < 0.0001). The MDA levels were not signi�cantly different between the melatonin + 
OHE + melatonin vs. OHE and control and between the OHE vs. control groups (Table 1).

In the control groups, there was no signi�cant difference between sampling days. In the melatonin group,
the decrease in the level of MDA was signi�cantly different between day − 1 vs. days 3 and 5 and
between day 1 vs. day 3 (P < 0.02). In the OHE group, the increase in the level of MDA was signi�cantly
different between all sampling days (P < 0.006), except between day − 1 vs. day 5 and day 1 vs. day 3. In
the melatonin + OHE + melatonin group, a signi�cant difference was observed between day − 1 vs. days 1
and 3 and between day 1 vs. day 5 (P < 0.006). In the melatonin + anesthesia + melatonin group, the
decrease in the level of MDA was signi�cantly different between day − 1 vs. days 3 and 5 (P < 0.002)
(Table 1).

Discussion
As documented in the previous studies and veri�ed in the present study, a decrease in the level of
antioxidant enzymes can lead to increased oxidative stress. According to the present results, melatonin
treatment could increase the expression of antioxidant enzymes (SOD, GPX, and CAT) and signi�cantly
decrease the MDA level in the surgery groups. Although melatonin increased the levels of SOD, GPX, and
CAT in all melatonin groups, the oxidative stress induced by surgery seemed to be so high that melatonin
could not completely modulate the activity of these antioxidant enzymes. Anesthesia seemed to lead to
less oxidative stress because the activities of antioxidant enzymes signi�cantly increased in the
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anesthesia groups 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 after 3 days.

There are also some other surgical procedures, such as OHE in dogs and abdominal hysterectomy in
women, that have been reported to increase lipid peroxidation 24 h after surgery [3, 21]. In Sakundech et
al.’s (2020) study, the MDA level reached its peak 3 days after OHE in dogs but the CAT level did not differ
signi�cantly between treatment days. They also reported that the pain score reached its maximum after 3
days due to in�ammation caused by tissue injury. Similar results were reported by Quarterone et al.
(2017), who compared ovariohysterectomized and ovariectomized dogs and rats regarding postoperative
analgesia (Quarterone et al., 2017). Sakundech et al. (2020) also concluded that due to the oxidative
stress caused by OHE, the ovariohysterectomized dogs should receive some treatment that can protect
their bodies from free radicals [2, 22].

Furthermore, Serin et al. (2008) observed that OHE and anesthesia, induced by a combination of
Ketamine-Xylazine, could lead to an increase in the oxidative stress markers (Glutathione and MDA). The
toxicity of drugs commonly used in anesthesia can induce oxidative stress [3]. Gunay (1999) reported a
signi�cant decrease in antioxidative capacity in dogs after en�urane anesthesia [23]. In another study, it
was observed that the serum level of vitamin E and beta-carotene signi�cantly decreased whereas the
serum level of vitamin A and MDA signi�cantly increased during en�urane anesthesia in dogs [24].

According to Aengwanich et al. (2019), male dogs were not under oxidative stress after castration due to
the non-signi�cant changes in the oxidative stress markers, such as MDA and CAT. However, they
concluded that antioxidant treatment may be bene�cial for the male dogs in their study because they
observed a decrease in total antioxidant capacity (TAC) on days 3, 7, and 10 compared to day 14 [25].
OHE under ketamine-xylazine anesthesia was found to increase lipid peroxidation and decreased
antioxidant enzyme activity in rats [13]. The activities of SOD, GPX, and CAT decreased in bitches
affected with pyometra due to oxidative stress, but their activities increased after OHE [7].

The post-spaying period in dogs is similar to the post-menopausal period in women. Six weeks after
surgical menopause, the decrease in the blood estrogen may lead to some changes in oxidant and
antioxidant status. It has also been shown that estrogen therapy, alone or in combination with
progesterone, in perimenopausal and postmenopausal women can improve the antioxidant status.
Moreover, some studies have suggested that estrogen can lead to higher concentrations of essential trace
elements, of which some are antioxidants, in the body and that estrogen itself may serve as an
antioxidant and thus prevent the oxidation of lipoproteins [26–28]. Based on these studies, those women
who underwent surgical menopause showed increased oxidative stress while in those who retained their
ovaries, estrogen levels increased after surgery. Accordingly, it can be stated that estrogen is a potential
endogenous protector against oxidative stress even in postmenopausal women.

Several studies have reported an increase in the oxidative stress biomarkers after OHE [2, 23]. Therefore,
the researchers should �nd a way that minimizes the harmful effects of free radicals. Melatonin has been
shown in numerous studies to have antioxidant properties [17, 29]. Mogheiseh et al. (2019) found that
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dogs were under oxidative stress after castration and that melatonin improved the antioxidant status of
intact and castrated dogs [17].

Gautier and et al. (2020) investigated the physiologic effects of hyperbaric oxygen (HBO) therapy on
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 in�ammation and
improving the oxidative status in them[30]. In their study on the effects of �unixin meglumine (FM) and
meloxicam on postoperative and oxidative stress after OHE, Yilmaz et al. (2014) reported that while FM
reduced postoperative stress, it had no in�uence on the oxidative stress status [31]. Salavati et al. (2018)
examined the effects of melatonin treatment on the levels of sexual hormones, serotonin, and cortisol in
intact and castrated male dogs. Their results showed that melatonin increased the level of serotonin but
decreased the level of cortisol in intact and castrated dogs [16]. Taheri et al. (2019) also studied the
effects of melatonin administration on the levels of thyroid hormones, leptin, and ghrelin in intact and
castrated male dogs. They observed that melatonin could regulate metabolic hormones and mitigate the
metabolic side-effects of castration [18]. Furthermore, melatonin has been shown to regulate the
activation or inhibition of several transcription factors related to antioxidant response, which can justify
the antioxidative effects of this substance [29].

Conclusion
In summary, melatonin administration at a dose of 0.3 mg/kg on days before and after OHE surgery
increased the activities 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. There are many factors, including the dose of melatonin administered, the time of
melatonin administration (before and after surgery), and the type (open versus closed) and duration of
surgery, that could in�uence the results of studies such as the present study. Therefore, more studies are
required to investigate the effects of each of these factors and their correlation on the �nal results.

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 (IACUC no: 4687/63).

Animals
Twenty-�ve clinically healthy mixed-breed adult female dogs, aged about 1–3 years and weighing 15–
20 kg, were used in this study. The dogs were owned and kept by Shiraz University School of Veterinary
Medicine. All the dogs were ovariohysterectomized at the end of the study and kept in a NGO shelter. 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 12:12 h light/dark
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cycles. During the �rst two weeks of acclimatization, the animals were treated with antiparasitics
(fenbendazole, 150 mg; pyrantel embonate, 144 mg; praziquantel, 50 mg; Caniverm, 0.7 mg/10 kg, 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
As in our previous studies, melatonin was administrated daily just before and after spaying. Also, since
the effect of anesthesia on oxidative stress had to be examined in comparison with other groups [16–19],
the dogs were divided into �ve equal groups (n = 5) in a case-control randomized study (Fig. 1). The
melatonin group received melatonin (0.3 mg/kg, p.o.) once daily on days − 1, 0, 1, 2, and 3. The dogs in
the OHE group were spayed on day 0 but did not receive melatonin. The dogs in the Melatonin-OHE-
Melatonin group were spayed on day 0 and received melatonin on days − 1, 0, 1, 2, and 3. The dogs in the
melatonin + anesthesia + melatonin group were anesthetized on day 0 and received melatonin on days − 
1, 0, 1, 2, and 3. The control group was neither spayed nor received melatonin during the study. Blood
sampling was performed from the jugular vein into simple glass tubes on days − 1, 1, 3, and 5 (Fig. 1).
The serum was separated from each blood sample by centrifugation at 750 × g for 10 minutes and stored
at -20 °C until laboratory assays.

Ovariohysterectomy
Ten dogs were ovariohysterectomized under general anesthesia on day 0. The animals were kept off food
and water for 12 hours prior to the surgery. The anesthetic protocol used in this study was selected at the
discretion of the anesthesiologist assigned to the case. The dogs were premedicated with acepromazine
(0.05 mg/kg, i.m.) and xylazine (0.5 mg/kg, i.m.). Anesthesia was induced with ketamine (5 mg/kg, i.v.)
and diazepam (0.25 mg/kg, i.v.). After endotracheal intubation, general anesthesia was maintained with
iso�urane (1.2%) vaporized in oxygen using intermittent positive pressure ventilation. Ketoprofen
(1 mg/kg, i.m.) and ampicillin (20 − 10 mg/kg, i.m.) were administered at the induction and the end of
surgery [20].

Laboratory measurements
The following commercial kits were used to colorimetrically measure the activity levels of SOD (U/gHb),
GPX (U/gHb), and CAT (U/gHb) (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 in hemolyzed RBCs, following the
manufacturer’s instructions. The assay kit sensitivity was 1 unit/ml for SOD and 5 units/ml for GPX.

An assay kit purchased from ZellBio GmbH (Germany) was used to measure MDA (mmol/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 colorimetrically at 535 nm.

Statistical analysis
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All data are presented as mean ± standard error. 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, California, USA). The signi�cant level was set at P < 0.05.
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Figures

Figure 1

The schematic design of the study. Blood sampling and oral melatonin administration (0.3 mg/kg) were
performed on days -1, 1, 1, 3, and 5 of the study. Ovariohysterectomy was performed on day 0.
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Figure 2

The mean±SEM levels of superoxide dismutase (SOD), glutathione peroxidase (GPX), catalase (CAT), and
malondialdehyde (MDA) were compared between the study groups (melatonin, OHE,
melatonin+OHE+melatonin, melatonin+anesthesia+melatonin, and control). Melatonin (0.3 mg/kg) was
administrated before and after ovariohysterectomy and anesthesia. Different letters on bars indicate
signi�cant differences.
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