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Abstract.	 The present study evaluated and compared the oxidative stress status of dogs undergoing laparoscopic or open ovariectomy. 
Twelve healthy female dogs were divided into two groups according to the type of the surgical procedure, laparoscopic or open ovariectomy. 
Plasma total oxidant status (TOS), total antioxidant status (TAS) and oxidative stress index (OSI) levels for the evaluation of oxidative stress 
were determined. Increases in plasma TOS and OSI levels and decreases in TAS levels were observed in both groups after surgery. The TOS 
level was significantly lower in the laparoscopic ovariectomy group compared with the open surgery group. Laparoscopic ovariectomy is a 
safe and beneficial surgical alternative to traditional ovariectomy with respect to oxidative stress status in dogs.
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Laparoscopic surgery is becoming widely accepted, be-
cause of some advantages in terms of postoperative pain, 
patient mobilization and recovery and systemic immune-
metabolic response, compared with open surgery [3, 4, 18, 
19]. On the other hand, there are concerns for adverse hemo-
dynamic changes associated with laparoscopic surgery, such 
as reduced venous return and increased systemic vascular 
resistance that are compromised by prolonged carbon diox-
ide (CO2) insufflations and increased intra-abdominal pres-
sure (IAP) [11]. In addition, mesenteric hypoxia and related 
gut ischemia-reperfusion injury, occurring during and after 
pneumoperitoneum, could be an important cause of oxida-
tive stress during laparoscopic surgical procedures [17].

Ovariectomy is a neutering method for healthy dogs, 
and several surgical approaches have been described [14]. 
Numerous studies have been evaluated in the bitch, includ-
ing operative time, complication, postoperative pain and 
systemic stress parameters according to the type of surgical 
techniques [6, 8, 10, 16]. However, no controlled studies 
have been conducted to evaluate oxidant-antioxidant status 
of laparoscopic ovariectomy in bitches.

In the present clinical study, we investigated and compared 
the oxidative stress status of dogs undergoing laparoscopic 
or open ovariectomy.

This study was approved by the Chungnam National 
University Animal Care and Use Committee (Approval No. 

CNU-00038). Twelve healthy female dogs, weighing 3.3 to 
5.4 kg, were collected from an Animal Shelter House, Ko-
rean Animal Welfare Association. Experimental dogs were 
kept in individual pens and received standard balanced diet 
throughout the experiment. Dogs were returned to the Shel-
ter House after experiment. The study was carried out 14 
days after procuring the dogs. The dogs were kept in a quiet 
room to avoid any stress-inducing factors during this period. 
The dogs were fasted for 8–12 hr before the experiments, 
and water was withheld 2 hr before anesthesia in order to 
prevent any potential adverse effects, such as vomiting or 
regurgitating stomach contents during anesthesia or during 
the recovery period. The dogs had received given intrave-
nous (IV) fluid therapy with Hartmann’s Solution (Hartmann 
Solution®, Daihan Pharm Co., Ltd., Seoul, Korea) at the 
infusion rate of 60 ml/kg/24 hr for 12 hr until starting the 
experiment. The dogs were divided into two groups accord-
ing to the type of the surgical procedure, laparoscopic (n=6) 
or open ovariectomy (n=6).

The dogs were premedicated with a subcutaneous in-
jection of atropine sulfate (0.04 mg/kg: Atropine Sufate 
Injection®, Daihan Pharm), an intramuscular injection of 
butorphanol (0.2 mg/kg: Butophan Injection®, Myungmoon 
Pharm, Seoul, Korea) and cefazolin (20 mg/kg, IV: Falexin®, 
Dong Wha Pharm, Seoul, Korea). Afterwards, propofol (4 
to 6 mg/kg: Aanepol Injection®, Hana Pharm, Seoul, Korea) 
was administered for tracheal intubation. Anesthesia was 
maintained with 2% of end-tidal concentration of isoflurane 
(Forane Sol®, Choongwae Pharm, Seoul, Korea) delivered 
with pure oxygen. During the surgical operation, the dogs 
were given intravenous fluid (Hartmann’s solution, 10 ml/
kg/hr).

Bilateral laparoscopic ovariectomy was performed 
through two 5 mm ports placed on midline approximately 3 
cm cranial to the umbilicus and 2 cm caudal to the umbilicus. 
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Insufflations with CO2 were provided via automatic insuffla-
tors with pressure set a 10 to 12 mmHg. Each ovary was 
elevated with grasping forceps and suspended from the body 
wall by passing a percutaneous needle and suture through 
the body wall and through the tissue adjacent to the proper 
ovarian ligament. A Harmonic ACE 5 mm ultrasonic scalpel 
(Ethicon Endosurgery, Cincinnati, OH, U.S.A.) was used to 
coagulate and cut the suspensory ligament, ovarian pedicle 
and fallopian tube. Each ovary was removed from one of 
port sites, and then, the port sites were closed with sutures in 
the body wall, subcutaneous tissue and skin.

A standard ventral midline incision was made from 2 
cm caudal to the umbilicus toward the pubis. After ventral 
median celiotomy, the ovarian pedicles were clamped using 
forceps, double ligated with suture and transected. The fal-
lopian tube and proper ovarian ligament were ligated with 
suture, and the ovary was removed. The abdominal, subcuta-
neous and skin layers were sutured routinely.

Heart rate (HR), mean arterial pressure (MAP), rectal tem-
perature (RT), end-tidal carbon dioxide (EtCO2), peripheral 
oxygen saturation (SpO2) and respiratory rates (RR) were 
monitored continuously during surgery by using a patient 
monitor (Pulscan-Component; Scionic, Seoul, Korea). Total 
anesthesia and surgical times were recorded each dog. Total 
anesthesia time was the time from the injection of propofol 
to when dogs achieved sternal recumbency. Total surgical 
time was the time from the first port placement (laparoscopic 
group) or skin incision with blade (open group) to the time 
of the port sites (laparoscopic group) or skin layers (open 
group) were closed. Blood samples were obtained for arte-
rial blood gases analysis before anesthesia and the end of 
surgery. After surgery, each animal was monitored until they 
were ambulatory. Dogs were given butorphanol 0.2 mg/kg 
intramuscularly at the end of the surgical procedure for post-

operative analgesia. A second dose of butorphanol 0.1 mg/
kg was given intramuscularly 6 hr after surgery. Water and 
moistened dog food were offered 12 hr after surgery.

Blood samples were collected via venipuncture from the 
jugular vein before the first port placement or skin incision 
(preoperative) and after closing the port sites or skin layers 
(postoperative). Approximately 3 ml blood was collected 
into a plasma separation tube containing heparin for analysis 
of oxidative stress markers. Blood samples were centrifuged 
at 3,000 rpm for 10 min to separate plasma, and the plasma 
samples were stored at −80°C until analysis. Plasma total 
oxidant status (TOS) and total antioxidant status (TAS) lev-
els for the evaluation of oxidative stress were determined us-
ing a commercially available kit developed by Erel [12, 13]. 
The results of TOS and TAS are expressed in micromolar 
hydrogen peroxide equivalents per liter (µmol H2O2 equiv/l) 
and mmol Trolox equiv/l, respectively. The ratio of TOS to 
TAS provided the oxidative stress index (OSI), an indicator 
of the degree of oxidative stress.

All statistical analyses were performed using SPSS ver-
sion 19.0 (Chicago, IL, U.S.A.). Results are expressed as 
median (inter-quartile range). A Mann–Whitney U-test was 
applied with a P-value<0.05 being considered significant.

All dogs were hemodynamically stable during anesthesia 
and surgery. There was no significant worsening in HR, 
MAP, RT, EtCO2, SpO2 and RR (data not shown). In addi-
tions, there was no statistically significant change in arterial 
blood gases values in both groups (Table 1). Total anesthesia 
and surgical time were significantly shorter in laparoscopic 
ovariectomy group compared with open surgery group (Fig. 
1). Increases in plasma TOS and OSI levels and decreases 
in TAS levels were observed in both groups after surgery 
(Table 1). Significant difference in TOS and OSI levels was 
observed as compared with baseline in both groups, but sig-

Table 1.	 Pre- and postoperative levels of ETCO2, PCO2, PO2, Ph, TOS, TAS and OSI in dogs undergoing open or 
laparoscopic ovariectomy

Parameters Group Preoperative Postoperative P 
ETCO2 (mm Hg) Open 46 (2.54) 48 (3.04) NS

Laparoscopy 44 (2.05) 47.5 (3.47) NS
PCO2 (mm Hg) Open 35.9 (2.22) 38.6 (3.31) NS

Laparoscopy 38.1 (2.16) 40.5 (2.48) NS
PO2 (mm Hg) Open 504.6 (15.96) 510.3 (21.34) NS

Laparoscopy 546.3 (36.58) 593.3 (27.26) NS
pH Open 7.36 (0.05) 7.34 (0.08) NS

Laparoscopy 7.38 (0.06) 7.36 (0.05) NS
TOS (μmol H2O2/l) Open 11.5 (2.62) 34.52 (8.60) 0.002*

Laparoscopy 10.9 (2.24) 22.34 (3.69) 0.002*, 0.009**
TAS (mmol Trolox equiv/l) Open 4.3 (1.17) 3.38 (1.15) NS

Laparoscopy 4.27 (1.30) 3.12 (1.36) NS
OSI (arbitrary unit) Open 2.7 (0.48) 10.3 (1.74) 0.002*

Laparoscopy 2.9 (1.47) 9.21 (5.93) 0.009*

Median (inter-quartile range), Open, open ovariectomy group; Laparoscopy, laparoscopic ovariectomy group. ETCO2, 
end-tidal CO2; TOS, total oxidant status; TAS, total antioxidant status; OSI, oxidative stress index; NS, not significant. 
*Statistically difference compared to “preoperative” (n=6). **Statistically difference compared to open surgery group 
(n=6).
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nificant change in the plasma TAS levels was not observed 
in both groups. Significant difference in TOS levels was 
found when the groups were compared. The TOS level was 
significantly lower in the laparoscopic ovariectomy group 
compared with the open surgery group.

In small animal surgery, many laparoscopic approaches 
with different techniques have been used for ovariectomy [6, 
8, 10, 16], and these techniques have been conducted to min-
imizing of surgical complication. This study represents the 
first clinical trial that compares oxidative stress parameters 
between open and laparoscopic ovariectomy in bitches. The 
results of this study showed that oxidative stress induced by 
anesthesia and surgical trauma and the changes in oxidative 
stress parameters were lower in laparoscopic surgery com-
pared with open surgery. In addition, total anesthesia and 
surgical times were comparable in both groups.

Oxidative stress in the body represents an imbalance be-
tween the production of reactive oxygen species (ROS) and 
the ability of the antioxidant defense mechanisms to detoxify 

the reactive intermediates [20]. The greater the oxidative 
stress, the more severe the resulting cellular damage during 
surgery may cause poor outcome in patients [20], and the 
minimization of oxidative stress is therefore very important.

Plasma TOS and TAS levels have been used to reflect 
overall oxidative stress and actions against oxidative stress, 
respectively. An evaluation of these oxidative stress param-
eters can indirectly reflect changes in organ microcirculation 
during surgery [12]. The blood contains many antioxidant 
molecules that prevent and inhibit the harmful effects of 
ROS. The effects of total antioxidant species reflect the 
antioxidative status of plasma. The cooperative actions of 
these various antioxidants in plasma protect organs against 
oxidative stress [12].

Surgery results in a wide spectrum of unfavorable al-
teration in normal body homeostasis, which is collectively 
referred to as surgical stress [1, 2]. In the present study, oxi-
dative stress was induced by anesthesia and surgical trauma 
in both groups. TOS levels of both groups were significantly 
increased after surgery. In a similar manner, a recent study 
on surgical patients reported that surgical trauma alone 
raises TOS [15].

Laparoscopic surgery has many advantages including 
less operative pain, minimal incision and short hospital day. 
But, several studies demonstrated the adverse effects of 
laparoscopic surgery. During laparoscopic operation, CO2 
pneumoperitoneum needs to be induced. This increases ab-
dominal pressure, which may be responsible for splanchnic 
hypoperfusion with oxidative damage [17]. These phenom-
ena raise reasonable doubts about the safety and advantages 
of laparoscopic surgery compared with open operations. 
Problems of the CO2 laparoscopy, such as hemodymic 
and metabolic effects including CO2 absorption and CO2 
intravasation, coupled with an increase in PCO2 have been 
described [7]. The result can be a metabolic acidosis and a 
hypercapnia as well as a hypoxemia in the tissue [21]. How-
ever, the clinical consequences of these events are uncertain 
and partially speculative. The results of this study showed no 
significant difference in PO2, PCO2, pH and ETCO2 between 
open and laparoscopic ovariectomy in dogs. Moreover, the 
changes in TOS were significantly lower in laparoscopic sur-
gery compared with open surgery. In contrast to the previous 
data that showed laparoscopy-induced ischemia-reperfusion 
injury, the results of the present trial suggest that laparoscop-
ic ovariectomy in dogs is associated with beneficial effects 
on oxidative stress status compared with open procedures 
during the operation.

The occurrence of possible side effects and complications 
is more significant in longer operations. In this study, total 
anesthesia and surgical times were significantly shorter in 
laparoscopic groups compared with open surgery group. Da-
vidson et al. (2004) showed that surgical time and compli-
cation rate were greater in laparoscopic ovariohyterectomy 
in dogs [9]. On the other hand, another study showed that 
operation time was found lower in patients who underwent 
laparoscopic cholecystectomy [5]. Although the surgical 
time may be dependent on the surgeon’s skills, type of 
surgery and surgical techniques, the operation time in lapa-

Fig. 1.	 Total anesthesia (A) and total surgical time (B) in dogs. 
Data are expressed as median (inter-quartile range) (n=6). Open, 
open ovariectomy group; Laparoscopy, laparoscopic ovariectomy 
group.
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roscopic ovariectomy was significantly shorter than that of 
open ovariectomy in this study. Therefore, these advantages 
of laparoscopic ovariectomy, such as less oxidative stress 
and shorter surgical time, might be useful to reduce oxida-
tive injury in dogs.

In conclusion, changes in oxidative stress parameters 
were evident during open or laparoscopic ovariectomy in 
dogs. Less change of TOS level was observed in laparo-
scopic ovariectomy group compared with open ovariectomy 
group. Moreover, total anesthesia and surgical times were 
significantly shorter in laparoscopic surgery compared with 
open surgery. Therefore, laparoscopic ovariectomy is a safe 
and beneficial surgical alternative to traditional ovariectomy 
on oxidative stress status in dogs.
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