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ABSTRACT. This research aimed to study the short-term effect of ovariohysterectomy on
oxidant/antioxidant status in healthy cats. Twenty-two female cats were allocated to the present study. All
the cats were anesthetized with the xylazine-ketamine and spayed. Blood samples were collected before
(D0) and three and ten days after the ovariohysterectomy to determine serum malondialdehyde, glutathione,
catalase, and glutathione peroxidase concentrations. There was a statistical increase in MDA concentrations
on Day 3 compared to Day 0 (p<0.05). There were no statistical differences in the MDA concentrations
between Day 3 and Day 10. Catalase activity showed a remarkable increment on Day 3 compared to Day
0 and then a declination on Day 10 compared to Day 3 (p<0.05). Glutathione activity was greater on Day
3 and Day 10 compared to Day 0. Glutathione peroxidase activity was decreased on Day 3 compared to
Day 0 and then increased on Day 10. Nevertheless, these increases were not significant. In conclusion, this
study clearly showed that ovariohysterectomy surgery resulted in oxidative stress within the first three days
after ovariohysterectomy and oxidative stress disappeared ten days after ovariohysterectomy.
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INTRODUCTION

Ovariohysterectomy is defined as removal of the both the ovary and uterus through a
midline or flank laparotomy [1]. It is one of the most performed surgeries by veterinarians
for preventive and therapeutic purposes such as mammary and uterine tumors [2, 3, 4].
Ovariohysterectomy is also the most radical treatment option for many diseases such as
pyometra, ovarian and uterine tumors, ovarian cysts, and ovarian remnant syndrome [5,
6, 7]. In addition, ovariohysterectomy is one of the practices for preventing the
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overpopulation of stray animals which are the important carrier of zoonoses and pose a
threat to public health [8, 9].

Surgical operations lead to surgical stress response in which endocrine, humoral,
immunological, local, and systemic inflammatory systems are activated. Activation of the
inflammatory system includes the production of cytokines and provoking the blood cell
such as mast cells, platelets, and macrophages. This situation leads to the production of
reactive oxygen species (ROS) including superoxide (O2), peroxyl (ROz2), hydroperoxyl
(RO2), hydrogen peroxide (H202), ozone (Oz), and hypochlorous acid (HOCI). Under
physiological circumstances, ROS were eliminated by means of antioxidant enzymes [10,
11]. But, in the case of excessive production of ROS, depletion of the antioxidant reserve
may occur and this situation may cause the accumulation of excessive ROS, therefore
resulting in oxidative stress [12, 13]. Oxidative stress is explained as a situation in which
excessive reactive oxygen species production surpasses the capacity of the living
organism to detoxify ROS [14, 15]. Reactive oxygen species induce peroxidative damage
to macromolecules such as lipids and proteins, consequently leading to
immunosuppression and deterioration of the many metabolic and physiological processes
[13, 16].

Despite its many therapeutic and preventive purposes, ovariohysterectomy surgery
causes oxidative stress during the operation and postoperative period [17, 18, 19, 20, 21].
Even though there are numerous studies regarding the effect of ovariohysterectomy on
the oxidative stress parameters in various species [17, 21], little is known about whether
OHE induces oxidative stress in domestic cats [22, 23]. The aim of present study was to
evaluate the effect of ovariohysterectomy on oxidant/antioxidant status in domestic
queens.

MATERIALS AND METHODS
Ethics

This research was approved by Hatay Mustafa Kemal University Animal Experiments
Local Ethics Committee with the decision numbered 2022/08-15.

Animals

The study consisted of 22 non-pregnant healthy cats (aged from 5 months to 4 years;
body weights from 2.0 to 4.0 kg) admitted for spaying surgery at the Hatay Mustafa
Kemal University Veterinary Health Application and Research Hospital Directorate.
Prior to surgery, routine hematological examinations were performed.

Ovariohysterectomy (OHE) Operation

Ovariohysterectomy was performed according to Coe et al. [1]. Xylazine
hydrochloride (1 mg/kg, IM, Basilazine 2%, Bavet, Turkey) and ketamine hydrochloride
(10 mg/kg, IM, Ketasol 10%, Interhas, Turkey) was used as anesthetic medication. After
induction of anesthesia, cats were laid in dorsal recumbency. A 0.2 mg/kg dose of
meloxicam (Maksikam, Bavet, Turkey) was administered subcutaneously as an analgesic
close to the completion of the operation. To prevent postoperative infections, cats
received 20 mg/kg of cefazolin sodium (Cefazol, Mustafa Nevzat, Turkey) twice a day
for 5 days. Sutures were removed on Day 10.
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Blood Samplings and Analyses

Blood samples were collected into the tubes without anticoagulants for the
measurements of the malondialdehyde (MDA), catalase (CAT), glutathione (GSH), and
glutathione peroxidase (GSH-Px) before the surgery (Day 0) and at 3 (Day 3) and 10 days
(Day 10) after OHE. Sera were obtained by centrifuging the blood at 5000 rpm for 5
minutes and stored at -20 °C until the analyses.

Malondialdehyde Measurement: Malondialdehyde concentrations were measured
according to the concentration of thiobarbituric acid reactive substances. The amount of
MDA produced will be used as an index of lipid peroxidation. The MDA level was
measured at 532 nm and expressed in nanomoles [24].

Catalase Measurement: Catalase was measured according to Goth [25]. A 0.2 mL serum
plasma sample was taken and incubated in 1.0 mL substrate at 37 °C for 60 seconds. This
enzymatic reaction was with 32.4 mM ammonium molybdate and the measurement was
made against the blank at 405 nm in the spectrophotometer. Catalase activity was
expressed as KU/L.

Glutathione Measurement: Glutathione concentrations were measured using Sedlak and
Lindsay’s method [26]. Sera were precipitated by the 50% trichloroacetic acid (TCA).
The supernatant of the sediments was separated. Then, 0.5 mL of the supernatant was
mixed with 2 mL of Tris-EDTA buffer (0.2 M, pH=8.9) and 0.1 mL of 0.01 M 5,5'-dithiol-
bis-2-nitrobenzoic acid. This mixture was incubated at 25 °C for five minutes. The results
of the reaction were measured by the 412 nm wavelength.

Glutathione Peroxidase Measurements: Glutathione Peroxidase measurements were
performed according to the method described by Lawrence and Burk [27]. A solution
including 1l mM EDTA, 1 mM sodium azide, 0.2 mM reduced NADPH, 1 IU/mL oxidized
glutathione reductase (GSSG), 1 mM GSH, and 0.2 mM H20; and 50 mM potassium
phosphate buffer was prepared. 0.1 mL of sera and 0.8 mL of solution were mixed. Then,
0.1 mL of peroxide solution was added and incubated at 25 °C. Results were expressed
as IU/L by measuring their absorbance at 340 nm within 5 minutes.

Statistical Analyses

Before performing the statistical analysis, data were examined for parametric test
assumptions. Descriptive statistics for each variable were calculated and presented as
“mean =+ standard error of the mean”. To test the differences in MDA, GSH, catalase, and
GSH-Px between sampling days, general linear models with repeated measures design
were used. When a significant difference was revealed, pairwise comparisons were
determined with Bonferroni correction. P<0.05 was considered significant in all analyses.
IBM SPSS Statistics Software Version 23.0 was used in the analysis of the data.

RESULTS AND DISCUSSION
The results of the mean hematological parameters were summarised in Table 1.
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Table 1. Mean hematological results of the cats (n=22) in the study.

Parameters Mean+ SD (Min-Max) Reference
Range
WBC (m/mm?3) 9.90 + 2.77 (5.76-15.90) 5-19.5
LYM (%) 39.06 + 15.42 (10.30-67.5) 12-45
LYM (#) 3.80 + 1.67 (0.90-6.80) 1-7
MON % 5.71 +1.37(3.70-7.40) 2-9
MON (#) 0.57 £ 0.25 (0.30-1.20) 0.07-1.9
GRAN % 53.35 + 16.04 (24.50-85.10) 25-85
GRAN (#) 5.34 +£2.35 (2.10-9.50) 2-15
EOS (%) 2.61 +2.23 (0.70-7.40) 0-4
RBC (m/mm?3) 9.92 +1.26 (6.55-11.90) 4.6-10
MCV (fL) 40.52 +4.02 (35.70-47.0) 39-52
HCT (%) 40.02 +5.18 (30.5-48.70) 28-49
MCH (pg) 12.32 £ 0.96 (11.20-14.0) 13-21
MCHC (g/dl) 30.58 + 1.54 (28.70-33.10) 30-38
RDW (%) 13.75 £ 2.46 (10.8-18.40) 14-18
HGB (g/dl) 12.31 + 1.65 (9.20-14.80) 8-16
THR (m/mmd) 300.31 + 133.20 (48-520) 100-514
MPV(fL) 9.98 +0.98 (8.10-11.50) 9-18
PCT (%) 0.29 +0.14 (0.04-0.50) 0.14-0.62

White blood cell (WBC), lymphocyte (LYM), monocyte (MON), granulocyte (GRAN), easinophil (EOS),
red blood cell (RBC), mean corpuscular volume (MCV), hematocrit (HCT), mean corpuscular
hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), red cell distribution width
(RDW), hemoglobin (HGB), mean platelet volume (MPV), platelet distribution width (PDW), platelet
(PLT), platelet crit (PCT)

In various surgical operations, the occurrence of oxidative stress is a common
phenomenon. Surgical operations reduce the lipid peroxide concentration and increased
the free radicals, consequently resulting in oxidative stress [11, 28, 29, 30]. This study
was carried out to indicate the effect of ovariohysterectomy on oxidative stress parameters
(serum malondialdehyde, glutathione peroxidase, glutathione, and catalase) in domestic
queens. In the current study, there was a statistical increase in the MDA concentration on
Day 3 compared to Day 0 (p<0.05). There were no statistical differences in the MDA
concentration between Day 10 and Day 3. Catalase activity increased on Day 3 compared
to Day 0 and then decreased on Day 10 compared to Day 3 (p<0.05). Glutathione activity
was greater on Day 3 and Day 10 compared to Day 0. Glutathione peroxidase activity
was decreased on Day 3 compared to Day 0 and then increased on Day 10. However,
these alterations were not significant. Table 2 illustrated the serum MDA concentrations
and GSH, Catalase, and GSH-PX activity in cats before and after ovariohysterectomy.
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Table 2. Serum MDA concentrations and Catalase, GSH, and GSH-PX activity.

Samplings P
Parameters Before the OHE | 3 days after OHE | 10 days after OHE value
(Day 0) (Day 3) (Day 10)
MDA (nmol/mL) | 46.655 + 1.004° 50.618 + 1.2322 48.439 +1.174® | 0.048
Catalase (KU/mL) | 344.653 + 38.344° | 533.702 + 54.788% | 301.805 +38.703° | 0.001
GSH (IU/L) 3.396 +£0.07 3.584 +£0.087 3.573 £0.098 0.211
GSH-PX (IU/L) | 542.869 +110.38 | 356.748 +28.269 587.137+75.233 | 0.084

ab values within a row with different superscripts differ significantly at P<0.05

As mentioned in the literature review, ovariohysterectomy results in oxidative stress
in the laboratory and domestic animals. Anadol et al. [20]. showed that
ovariohysterectomy caused a substantial increase in the MDA concentrations 24 h after
OHE in rats. Serin et al. [17] indicated that MDA concentrations increased 24 h after
OHE with performed by xylazine-ketamine anesthetic combination. It has been reported
that MDA concentrations increase 72 h after OHE in the bitch [21,31] and returned to the
preoperative days levels 14 days after OHE in bitches [21]. On the other hand, many
reports have indicated that ovariohysterectomy has no significant effect on the MDA
concentrations in dogs and cats [22, 23, 33]. In the current study, serum MDA
concentration increased significantly 3 days after the OHE (p<0.05) whereas it returned
to preoperative levels on Day 10 (Table 2). The results of this study were compatible with
the previous studies [17, 20, 21, 31]. It has been stated that oxidative stress induced by
the surgical operation is related to the surgical technique, anesthetic agents (xylazine-
ketamin), the duration of the surgery, hypothermia, ischemia, inflammation, and
postoperative pain [17, 30, 34, 35]. In the current study, it seems hard to explain to what
extent the abovementioned mechanisms were involved in the formation of oxidative
stress. It was assumed that all the factors may contribute to oxidative stress occurrence
within the first 3 days after ovariohysterectomy. All the parameters evaluated remained
the same at the 10 days after ovariohysterectomy. Therefore, the current study indicated
that ovariohysterectomy causes oxidative stress in the first three days and oxidative stress
disappeared at 10 days after ovariohysterectomy in domestic cats.

It has been reported that ovariohysterectomy has no remarkable effect on catalase
activity in dogs and cats [21, 23]. On the contrary, Azevedo et al. [37] stated that
ovariectomy diminished the catalase activity in the intraperitoneal macrophages in rats 1
month after ovariectomy. It was reported that catalase is the most adaptive antioxidant
enzyme in normal conditions [38] and antioxidant enzyme activity adapts according to
the quantity of ROS production [39]. Continuous scavenging of ROS by the antioxidant
enzymes may result in the depletion of the antioxidant reserves [40]. In this study, the
increase in the catalase activity on day 3 may be a compensatory mechanism for
eliminating oxidative stress. Decreased activity of catalase on Day 10 may be related to
the depletion of the antioxidant enzymes.

Glutathione (GSH) is an antioxidant enzyme containing glycine, glutamic acid, and
cysteine [41]. It has higher intracellular levels and remarkable electron-donating ability.
It detoxifies the free radicals and protects the DNA, proteins, and lipids against oxidative
stress, thereby sustaining the equilibrium of the oxidant/antioxidant system [42]. It has
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been stated that ovariectomy caused a reduction in GSH activity [17, 43]. On the contrary,
Yilmaz et al. [33] concluded that ovariohysterectomy has no effect on the GSH activity
in bitches. In the present study, although not significant, there were a slight increase in
the GSH activity, which may be due to the oxidative stress after ovariohysterectomy.

It has been stated that the activity of the GSH-Px decreased one day after
ovariohysterectomy and returned to preoperative levels ten days after ovariohysterectomy
in the rats [20]. Similarly, Torabi et al. [23] stated that ovariohysterectomy did not cause
significant alterations in GSH-Px activity one month after ovariohysterectomy in cats. On
the contrary, Szczubial et al. [19] also indicated that GSH-Px activity increased at 14 days
after OHE in bitches. In our study, although not significant, GSH-Px activity decreased
on Day 3 and increased on Day 10 compared to Day 0. The severity of declination in the
activity of the GSH-Px depends on the duration of the surgery and ischemia-reperfusion
syndrome [30, 34]. Xylazine-ketamine anesthesia also caused a crucial increase in
oxidative stress and a decrease in the GSH-Px after ovariohysterectomy. The results of
the current study were in line with the previous studies [19, 20, 23].

CONCLUSION

In conclusion, ovariohysterectomy causes oxidative stress within the first three days
after surgery. After completion of the recovery period, the oxidant-antioxidant balance
returned to the preoperative levels in domestic cats. This study indicated that oxidative
stress disappeared ten days after ovariohysterectomy.
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