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RESEARCH ARTICLE

Comparative Investigation of the Intraoperative Analgesic
Effects of Ketoprofen, Meloxicam and Buprenorphine Used
Before Orchiectomy in Rabbits *

In this study, 24 male New Zealand White rabbits aged 8 months-3 years, weighing 2.5-5.5 kg,
were used to examine the effectiveness of different analgesics before orchiectomy surgery. The
rabbits were divided into four groups: while the control group was not given an analgesic
substance, the other groups were administered meloxicam, ketoprofen and buprenorphine
analgesics intramuscularly, respectively. Ten minutes after analgesic administration, all rabbits
were anesthetized with medetomidine-ketamine combination. In the study, parameters such as
heart rate, respiratory frequency, body temperature, SpO, and pain scoring was performed.
Additionally, serum cortisol levels were evaluated with blood samples taken preoperatively, after
anesthesia, at the end of orchiectomy, and at the 2nd, 4th and 6th hours postoperatively. The
results showed that analgesic administration had significant effects on cortisol levels. Respiratory
frequency did not show any significant change between the groups at each time point, however, in
rabbits administered meloxicam, the preoperative measurements were significantly lower (p=0.008)
compared to the intraoperative period. In rabbits administered buprenorphine, intraoperative and
postoperative measurements were found to differ significantly from the preoperative measurements
at (p=0.020) and (p=0.015) levels, respectively. An average decrease of 0.5°C in body temperature
was observed in the meloxicam and buprenorphine groups, and anesthesia-related changes in
heart and respiratory frequencies were observed. According to the level of serum cortisol, which is
an acute biomarker of pain and pain response, it was concluded that the analgesic agent with the
strongest analgesic effect was buprenorphine and the analgesic agent with the weakest analgesic
effect was ketoprofen in the doses and administration routes specified in the study during
orchiectomy operations in rabbits.
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Tavsanlarda Orgiektomi Oncesi Kullanilan Ketoprofen, Meloksikam ve
Buprenorfinin Intraoperatif Analjezik Etkilerinin Karsilastirmali Olarak
Arastiriimasi

Bu galismada, orsiektomi operasyonu oncesi farkli analjeziklerin etkinligini incelemek amaciyla
yaslan 8 ay-3 yil ve agirliklari 2.5-5.5 kg arasinda degisen 24 adet erkek Yeni Zelanda Beyaz
tavsani kullanildi. Tavsanlar doért gruba ayrildi: kontrol grubuna analjezik bir madde veriimezken,
diger gruplara siraslyla meloksikam, ketoprofen ve buprenorfin analjezik maddeleri intramuskduler
olarak uygulandi. Analjezik uygulamasindan 10 dakika sonra tim tavsanlar medetomidin-ketamin
kombinasyonu ile anesteziye alindi. Calismada, kalp frekansi, solunum frekansi, viicut sicakhgi,
SpO2 ve agr skorlamasi gibi parametreler degerlendirildi. Ayrica, serum kortizol dlzeyleri
orsiektomi 6ncesi, anestezi sonrasi, orsiektomi sonrasi ve orsiektomi sonrasi 2., 4. ve 6. saatlerde
alinan kan 6rnekleri ile degerlendirildi. Sonuglar analjezik uygulamasinin kortizol dlizeyleri lizerinde
anlamli etkileri oldugunu gosterdi. Solunum frekansi her zaman noktasinda gruplar arasinda
anlamli bir degisim gostermezken, meloksikam uygulanan tavsanlarda preoperatif olgimler
intraoperatif doneme kiyasla anlaml derecede dusikti (p=0.008). Buprenorfin uygulanan
tavsanlarda intraoperatif ve postoperatif dlglimlerin sirasiyla (p=0.020) ve (p=0.015) dlzeylerde
preoperatif Olglimlerden anlamli derecede farkli oldugu bulundu. Meloksikam ve buprenorfin
gruplarinda vucut sicakliginda ortalama 0.5°C'lik bir disus goézlendi ve kalp ve solunum
frekanslarinda anesteziyle iligkili degisiklikler gozlendi. Tavsanlarda orsiektomi operasyonlari
sirasinda, akut agri ve agr yaniti biyobelirteci olan serum kortizol dizeyine goére, calismada
belirtilen doz ve uygulama yollarinda, en gli¢li analjezik etkiye sahip analjezik ajanin buprenorfin,
en zayif analjezik etkiye sahip analjezik ajanin ise ketoprofen oldugu sonucuna varildi.

Anahtar Kelimeler: Agri, analjezi, ameliyat sirasinda, orsiektomi, tavsan

Introduction

Studies on laboratory animals, as in the past, are still important for humanity in
many areas, including vaccine studies, discovery of new drugs, and cancer studies. The
pain that occurs during these experimental studies is a major source of stress and if the
necessary precautions are not taken, it negatively affects the results of the study and is
also a negative situation in terms of animal welfare. Despite the large number of rabbits,
the number of rabbits subjected to surgery, anesthesia, and analgesia protocols is still
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limited compared to cats and dogs (1, 2). Three studies
were conducted to classify conditions that may cause
pain in rabbits. In the first study in pet rabbits, common
conditions such as gastrointestinal diseases, fight
injuries, neutering and painful urinary tract diseases
were reported. The second study focused on the severity
of pain and the operations performed on pet rabbits.
Orthopedic procedures have been identified as the most
painful  procedure, following ovariohysterectomy,
castration, and surgical treatment of abscess. In the third
study in laboratory rabbits, orchiectomy and cesarean
section incisions caused mild to moderate pain, while
major laparotomy and organ incision were considered to
cause moderate to severe pain (2-4). In this study in
order to provide preemptive analgesia, different
analgesic substances that have not been used before in
rabbits will be wused preoperatively and their
intraoperative analgesic effects will be comparatively
investigated and thus animal welfare will be ensured by
making the animals feel less pain in future experimental
studies on rabbits. In addition, it is aimed to fill the gap in
the literature on this subject by contributing to increasing
the accuracy and reliability of the findings of the studies.

Materials and Methods

Research and Publication Ethics: This study was
carried out with the approval of Aydin Adnan Menderes
University Animal Experiments Local Ethics Committee
(ADU-HADYEK) dated 14.06.2022 and numbered
64583101/2022/53.

Animals and Experimental Groups: The animal
material in the study consisted of 24 male New Zealand
White Rabbits (Oryctolagus cuniculus), aged 8 months-3
years, weighing 2.5-5.5 kg. Rabbits were obtained from
a certified rabbit breeding farm in Manisa. Before being
brought from the rabbit farm, 24 rabbits were divided into
four groups (n=6) by simple randomization method and
placed in numbered individual cages. Wood shavings
and wheat straw were used as bedding materials. The
environment in which the animals were housed was at a
temperature of 18-22°C. Ad-libitum feeding consisting of
standard rabbit chow and dry alfalfa was provided to the
rabbits, and they were housed for 7 days to ensure their
adaptation after being brought from the production farm.
In our study while no analgesic substance was given to
the control group, the other groups were administered
meloxicam (Melosym®, Ipm) (1 mg/kg), ketoprofen
(Ketojezik®, Teknovet) (3 mg/kg) and buprenorphine
(Simbadol®, Zoetis) (0.025 mg/kg) to the m. quadriceps
femoris as intramuscularly, respectively (5, 6). The
inclusion criteria for this study included male, healthy, 8
months-3 years old and weighing 2.5-5.5 kg rabbits,
while the exclusion criteria included having general
health problems and old age.

Experimental Study Procedure: All rabbits were
weighed and recorded before the study. Preoperatively,
the doses of drugs were adjusted according to the
weight of the rabbits, bedside monitor probes were
connected to the patient and physiological parameters
were recorded via the monitor in a quiet and calm
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environment. T-0 blood was taken from the marginal ear
vein and the blood was centrifuged and the serum
portion was transferred to another tube and stored at -
20°C. Preemptive analgesic agent was applied 30
minutes before the orchiectomy operation. 10 minutes
after the analgesic agents were administered, the rabbits
were anesthetized by administration of combined
medetomidine (0.25 mg/kg) (Domitor®, Pfizer) and
ketamine (35 mg/kg) (Ketasol® 10%, Interhas)
intramuscularly (7). Following anesthesia, the rabbits
were placed on the operating table and the monitor
probes were reattached. Physiological parameters were
monitored and body temperature was measured rectally
with a digital thermometer. T-1 blood was collected 10
minutes after medetomidine-ketamine injection. Scrotum
incision and pain scoring were performed 30 minutes
after administration of the analgesic agent. While T-2
blood was collected at the end of the orchiectomy
operation, T-3, T-4 and T-5 at the 2nd, 4th and 6th hours
postoperatively, respectively. At the end of the study, the
rabbits were not euthanized and all rabbits were
administered Cephalexin (Cephaset®, Alke) after T-5
blood collection. While the control group was planned to
be administered meloxicam if they experienced
postoperative pain, the other 3 groups were not planned
to use rescue analgesia. NK was aware of the group
allocation at the different stages of the experiment
(during the allocation, the conduct of the experiment, the
outcome assessment, and the data analysis).

Monitoring of Rabbits: The red probe was placed
in the right armpit, the yellow probe was placed in the left
armpit, and the green probe was placed in the sternal
region using ultrasound gel. Pulse oximeter was placed
on the right/left front paw. In the measurements, heart
rate (HR) and respiratory frequency (fR) were monitored
and recorded with a monitor, body temperature (°C) with
a thermometer and SpO:2 (%), with a pulse oximeter
placed on the right front paw of the rabbits. Pain scoring
was performed by the surgeon during the scrotal skin
incision. A pain scoring system was used in the study to
asses pain (Score 0, no pain reaction and muscles are
relaxed. Score 1, increased muscle tone, slight
movement of the lower jaw and hind legs. Score 2, teeth
grinding and full movement of the hind legs. Score 3,
hind legs stamping hard on the ground and vocalization)

(8).

Laboratory Analyses: 0.5-1 mL blood samples
were taken from the marginal ear vein of rabbits into
Eppendorf tubes. Samples were centrifuged at 1000
rpm, 15 minutes, 2-8°C. The serum stored at -20°C.
Rabbit cortisol kit (Elabscience® QuicKey Pro, USA)
using the competitive ELISA principle was used to
determine serum cortisol levels according to the routine
ELISA test principle. An ELISA microplate reader device
(Optic Ivymen System® Microplate 2100-C, Spain) was
used to read the ELISA test kit.

Statistical Analysis: The numerical data from the
study results were tabulated and presented using
descriptive statistics. To determine whether the data
showed a normal distribution, the Shapiro-Wilk test was
applied. Parametric testing techniques were used for
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normally  distributed data, while non-parametric
techniques were applied to non-normally distributed
data. Specifically, Kruskal-Wallis ANOVA and Wilcoxon
tests were employed to compare data across the
preoperative, intraoperative, and postoperative periods.

For the analysis of cortisol level changes, the
statistical significance of changes based on group, time,
and group-time interactions was assessed using the
analysis of variance for repeated measurements. Prior to
performing repeated measures ANOVA, the assumptions
of normality, homogeneity of variances, and sphericity
were checked. The Shapiro-Wilk test confirmed
normality, while Mauchly's test of sphericity was used to
assess sphericity. If violations of sphericity were
detected, the Greenhouse-Geisser correction was
applied to adjust the degrees of freedom. Where
appropriate, non-parametric alternatives were
considered if the assumptions were violated and could
not be adequately addressed through corrections.

In all analyses, a significance level of p<0.05 was
used. The statistical analyses were performed using
SPSS 19.0 (IBM, USA). The initial sample size,
consisting of 3 groups and 24 animal subjects, was
determined using a power test in G*Power (Version
3.1.9.7, F-test, ANOVA).

Results

No preoperative or postoperative complications or
deaths were observed in any of the 24 New Zealand
White Rabbits used in the study due to anesthesia and
surgery. It was determined that the changes in HR did
not differ between the groups in terms of each operation
measurement time, however, the changes that occurred
according to the operation times in each application
group were not statistically significant (Table 1). It was
determined that fR did not change significantly between
the groups at each time point, whereas the
measurements taken in the preoperative period in the
animals administered meloxicam were significantly lower
(p=0.008) compared to the intraoperative period.
However, it was determined that the intraoperative and
postoperative measurements in the rabbits in the
buprenorphine group showed significant differences with
p values of 0.020 and 0.015, respectively, compared to
the preoperative measurements (Table 2). It was
determined that there was no difference in body
temperature between the groups at each measurement
time. In the measurements made at different times of the
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operation for each group, it was determined that there
were statistically significant changes between the
preoperative-postoperative and intraoperative-
postoperative periods in the meloxicam group, and there
were significant changes between the preoperative-
postoperative periods in the buprenorphine group. It was
determined that the changes in the intraoperative and
postoperative periods were significant in the control
group animals (Table 3). Regarding SpO2 (%) values, it
was determined that the ketoprofen and control group
measurements were significantly lower than the
buprenorphine group measurements in the
intraoperative period among the application groups. In
the changes that occurred in each group during their
own time period, it was determined that the SpO: levels
of the control group animals were lower in the
intraoperative and postoperative periods compared to
the preoperative period, while in the ketoprofen-
administered group, the preoperative SpO: level was
significantly higher than the postoperative period.
However, it was determined that the SpO: values of the
animals administered meloxicam in the postoperative
period were significantly different from those of the
animals administered ketoprofen and buprenorphine
(Table 4). It was determined that the changes in cortisol
(ng/ml) levels of animals that underwent orchiectomy
with analgesic application in the preoperative period
were statistically significantly different in terms of time,
group and group-time relationships (Table 5, Figure 1).

In this context, it was determined that the increases
in cortisol levels in the study group administered
ketoprofen after T-1 were significantly higher than in the
study group administered meloxicam and buprenorphine
and were close to the animals in the control group. In the
T-5 time period, it was determined that the highest
cortisol level was in the ketoprofen group within the 6th
hour postoperatively and that it was significantly higher
in the animals in the ketoprofen group than in the
meloxicam, buprenorphine and control groups.
Considering the 6th hour postoperative cortisol levels,
the most effective analgesic agent was determined to be
buprenorphine. Based on the pain scores in the rabbit
groups used in the study, it was determined that the
median value of the pain score of the animals in the
control group was 2. While the median value of the pain
score was 1 in the meloxicam and ketoprofen group, the
median value of the pain score was 0 in the
buprenorphine group.

Table 1. Changes in heart rates (min-') in rabbits during the study for each operation measurement time

Time Meloxicam Ketoprofen Buprenorfine Control
(x = SE) (x = SE) (x £ SE) (x £ SE)
Preoperative 190.8 £ 154 169.0 £ 13.4 193.5+16.5 211.8+21.5
Intraoperative 178.2+8.2 203.8+6.6 181.2+10.6 193.0+17.0
Postoperative 174.8 £10.9 197.8 £10.0 169.2 £ 8.6 185.3 +16.7

SE, Standard Error
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Table 2. Changes in respiratory frequencies (min-') in rabbits during the study for each operation measurement time

Time Meloxicam Ketoprofen Buprenorfine Control
(x £ SE) (x £ SE) (X £ SE) (x £ SE)
Preoperative 29.8 £9.5° 443+11.3 55.3+7.9° 34.3 £3.1
intraoperative 54.0 +8.3° 40.2+4.1 27.2+4.2° 447+73
Postoperative 453+45 36.5+2.7 27.7+3.9° 47.2+10.2

ab: Data shown with different letters in the same column are statistically different. SE, Standard Error

Table 3. Changes in body temperature (°C) in rabbits during the study for each operation measurement time

Time Meloxicam Ketoprofen Buprenorfine Control
(x = SE) (x = SE) (x = SE) (x £ SE)
Preoperative 39.8+0.12 39.3+0.3 39.4+0.12 39.3+0.2
intraoperative 39.5 +0.2° 39.4+0.3 39.1+0.2 39.0£0.3?
Postoperative 38.9+0.4° 38.3+0.3 38.4+0.4° 38.1+£0.4°
ab: Data shown with different letters in the same column are statistically different. SE, Standard Error.
Table 4. Changes in SpO2 (%) levels in rabbits during the study for each operation measurement time
Time Meloxicam Ketoprofen Buprenorfine Control
(x + SE) (x + SE) (x + SE) (x + SE)
Preoperative 98.0 £ 0.6 98.0 £ 0.4° 99.0+04 99.0 £ 0.5°
Intraoperative 96.3+2.3 88.8 +3.2° 99.0+ 0.8Y 88.7+2.7°
Postoperative 94.5+2.1* 85.3+1.8% 95.8 +2.7Y 90.3 +2.4°

abe: Data shown with different letters in the same column are statistically different. x,y: Data shown with different letters in the same
row are statistically different. SE, Standard Error.

Table 5. Changes in cortisol (ng/mL) levels in rabbits during the study for each operation measurement time

Time Meloxicam Ketoprofen Buprenorfine Control
(x + SE) (x + SE) (x + SE) (x + SE)
T-0 437+23 52.3+2.2 48.6 £3.3 49.8+2.6
T-1 474 +27 58.8+4.5 46.1+4.2 57.2+2.0
T-2 55.8 £ 2.6¥ 56.0 £+ 2.2* 482 +53 58.0 £4.3*
T-3 52.3+45 62.7 £4.3 451+3.6 51.0+29
T-4 58.5+6.8 62.6 £4.7 63.5+7.3 53.3+2.1
T-5 48.3 +4.4Y 60.5 + 2.2% 46.7 £ 4.0¢ 49.9+25
Time p<0.0001
Group p<0.0001
Group-Time p=0.033

*¥: Data shown with different letters in the same line are statistically different. T-0, before analgesia and anesthesia. T-1, 10 minutes
after medetomidine-ketamine administration. T-2, after orchiectomy. T-3, 2nd postoperative hour. T-4, 4th postoperative hour. T-5, 6th

postoperative hour.
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Figure 1. Graph of changes in cortisol (ng/mL) levels in rabbits during the study for each operation measurement time
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Discussion

In this study, preemptive analgesic agents,
buprenorphine, ketoprofen and meloxicam, were slowly
injected into the right m. quadriceps femoris of each
rabbit before orchiectomy, and then blood was taken at
regular intervals to evaluate the analgesic response by
looking at various parameters. For this purpose, stress
response-related pain score and serum cortisol level
were measured. In parallel with our study, metamizole,
carprofen and narcotic analgesic fentanyl were used
before orchiectomy in 6-month-old male rabbits (8). In
parallel with this, our study aimed to be more
comprehensive by taking blood from each rabbit in 6
different periods and measuring serum cortisol levels. In
rabbits, intramuscular, subcutaneous or oral routes are
generally preferred. According to the literature, oral use
of meloxicam has mostly been described (9, 10). In our
study, the intramuscular route was preferred based on
literature data, since oral meloxicam preparations are
not widely available in Tirkiye and oral drug use is
difficult due to the anatomical structure of rabbits.
Orchiectomy is a routine surgical operation in male
rabbits. Since the perineal region and scrotum are
extremely sensitive to pain, incision into the scrotum is
the most valid surgical procedure used to reveal the
potency of preemptive analgesics. For this reason,
orchiectomy was preferred as the surgical procedure for
pain scoring in our study (11).

The normal body temperature of a New Zealand
rabbit is 38.5-39.5°C (12). In a study in which cows were
infused with E. coli lipopolysaccharide and meloxicam
was administered, it was concluded that meloxicam has
an antipyretic effect in the treatment of acute mastitis in
cows (13). We can attribute the decreases in body
temperature until the postoperative period in the
meloxicam group to medetomidine and ketamine
anesthesia. Medetomidine may cause a decrease in
body temperature by affecting the thermoregulation
center in the hypothalamus (14, 15). Similar results were
observed in chinchillas as a result of ketamine
medetomidine application (16). In our study, it was also
observed that meloxicam caused statistically significant
decreases in body temperature. Unlike the meloxicam
group, in the ketoprofen group, there was no significant
change in body temperature during the study period. In
fact, there was an increase in body temperature in this
group as the study progressed. In a study comparing the
intraoperative effects of 3 different analgesic agents in
rabbits, it was reported that carprofen increased body
temperature from 38.9°C to 39.1°C intraoperatively (8).
In our study, body temperature increased similarly from
39.3°C to 39.4°C during the intraoperative period.
Similar effects have been observed since both carprofen
and ketoprofen are analgesics from the imidazole group,
which are nonsteroidal anti-inflammatory drugs. Defense
reactions and increased muscle activity that occur during
surgical incision can be considered as another reason
for this increase in body temperature. The changes in
the buprenorphine group are almost parallel to the data
in the meloxicam group, and statistically significant
decreases in body temperature are observed before
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scrotum incision. In a study comparing preemptive
buprenorphine and meloxicam in postoperative pain
management in female Dutch rabbits, no statistically
significant difference was found, and a decrease in
anesthesia-related body temperature was observed in all
rabbits, but they returned to normal body temperature
when they were returned to their cages (17). In parallel
with this, in our study the body temperature decreases
that occurred due to ketamine and medetomidine
returned to normal in the rabbits placed in their cages at
the end of the study, and hypothermia and related
complications were absent.

According to literature data in rabbits, the
physiological value for HR has been reported to be
between 180-300 per min, and higher HR is often seen
due to increased sympathetic tone due to stress (18). It
has been reported that meloxicam has no effect on HR
(19). Another study reported that perioperative
meloxicam administration reduced adverse
postoperative changes on the cardiovascular system
without affecting renal function (20). Therefore, this
decrease in HR in our study can be attributed to the
application of ketamine  medetomidine.  While
medetomidine causes a decrease in HR by causing a
decrease in sympathetic tone and an increase in vagal
tone, it stimulates peripheral a-2 receptors in the
vascular smooth muscles, causing an initial
vasoconstriction and then a decrease in HR in response
to this (21, 22). Unlike medetomidine, ketamine has a
stimulating effect on the circulatory system. Ketamine
has a positive inotropic effect on the heart by stimulating
B receptors and increases HR (23). Bradycardia
resulting from the administration of ketamine and
medetomidine has been described in other studies as
well as in our study (24). In the ketoprofen group the
reason for this increase in HR can be considered as
excessive muscle activity and muscle tremors that occur
as a result of scrotum incision. This dramatic decrease in
HR in the buprenorphine group is due to buprenorphine
as well as medetomidine. Because buprenorphine
causes a significant sinus bradycardia in all animal
species (25). Physiologically, the fR value in rabbits
varies between 32-100 per min. Both ketamine and
medetomidine cause a dose-dependent decrease in fR
(26, 27). In a study in which ovariohysterectomy was
performed in 168 cats, no significant difference in fR or
HR was observed between the control group and NSAID
groups or between different application times of NSAIDs
(28). Considering that meloxicam has no effect on fR, it
is thought that this increase in fR may be due to defense
reactions that occur as a result of scrotum incision. It can
be concluded that the fR decreasing to 45.3+4.5 per min
in the subsequent postoperative period is an indicator
that analgesia is adequate. In the ketoprofen group,
intraoperative fR per min decreased from 44.3+11.3 to
40.244.1, and this value is within physiological limits.
Observation of this decrease in fR during scrotum
incision shows that adequate analgesia was provided in
this group of rabbits. In one study, it was observed that
ketoprofen, a dual inhibitor of arachidonic acid
metabolism, completely prevented the changes in
hemodynamics and respiratory functions observed in
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animals treated with endotoxin (29). In the
buprenorphine group, statistically significant and
dramatic decreases in fR per min were observed both
intraoperatively and postoperatively. This dramatic
decrease reveals the potency of buprenorphine, a
narcotic analgesic substance. Narcotic analgesics, in
addition to providing good analgesia, are known to have
typical respiratory depression effects that cause
decreases in fR. The exact mechanism of
buprenorphine’s acute toxicity is still not fully
understood. Respiratory depression is the suspected
etiology of buprenorphine-related deaths. The majority of
opioids cause dose-related respiratory depression in
experimental models (30).

The SpO:2 level in rabbits physiologically varies
between 93-99% (31). In healthy rabbits, initial
monitoring values may sometimes not be measured
accurately because the rabbit does not sit comfortably
before the study. The decrease in SpO: value after
ketamine-medetomidine application has been
demonstrated in many studies (27, 32). In our study
intraoperatively SpO:2 level decreased to 96.3+2.3% in
the meloxicam group, 88.842.3% in the ketoprofen
group, and remained at approximately the same level in
the buprenorphine group. We can suggest that the
increased intraoperative fR is responsible for this
situation. Because the fR increased intraoperatively in
the meloxicam group and decreased in the other two
groups.

Cortisol level was found to be lowest in the
buprenorphine group at all times except T-4 time. This
was followed by meloxicam and ketoprofen groups,
respectively. Rabbits in the ketoprofen group had the
highest serum cortisol levels at all times. One study
investigated whether preemptive butarphanol and
carprofen administration before ovariohysterectomy had
any effects on serum cortisol, C-reactive protein and
other vital signs (33). As a result, no statistically
significant difference was found in cortisol level at any
time interval. In all groups, preoperative serum cortisol
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levels increased compared to the postoperative period.
However, this increase was evident in the control and
butorphapol groups. Since the serum cortisol level did
not increase significantly in the carprofen group, it was
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