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Abstract
Objective: The purpose of this study was to compare the efficacy of two NSAIDs,
meloxicam and ketoprofen in controlling post-operative pain following ovariectomy in
rats.
Study design: Experimental study
Animals: Twenty one healthy and adult female Sprague-Dawley rats weighting
approximately 200 gr.
Methods: Intramuscular injection of the combination of xylazine (10 mg/kg) and
ketamine (75 mg/kg) was used to induce general anesthesia in all rats. Then the selected
rat was assigned for a group prior to surgery in the following order: Group A, received no
extra analgesic, group B, received subcutaneous injection of 5 mg/kg ketoprofen at the
time of induction of anesthesia and group C received subcutaneous injection of 2 mg/kg
meloxicam (7.5 mg/ml) at the time of induction of anesthesia. Then ovariectomy was
performed through two dorso-lateral abdominal incisions. Score of pain at 2, 4 and 24
hours after the surgery using VAS, serum levels of cortisol and CPK at 2 hours after the
surgery were evaluated in all rats.
Results: The score of pain was significantly different in group A, compared to group B
and C (P=0). Also the concentration of cortisol was significantly increased in all groups
following the surgery. This increase was significant in group A compared to group B and
C (P<0.05). Although CPK concentration was increased significantly in all groups after
the surgery, no significant correlation was found among groups.
Conclusion: It is concluded that either meloxicam or ketoprofen have similar effects in
controlling pain following ovariectomy in rats.
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Introduction
The use of analgesics for pain management is an integral part of clinical veterinary medicine
while paying attention to animals’ welfare.1Therefore different drugs and their combinations
have been used to help prevent or reduce pain. Opioids are currently known as the most
powerful agents to alleviate postoperative pain in small animals. However because of variety
of adverse effects like respiratory depression, bradycardia, hypotension, dysphoria, abnormal
behaviors and also limitations of prescription in many rural clinics, the use of other nonopioid analgesics considered as an alternative.2 Both meloxicam and ketoprofen are nonsteroid anti-inflammatory drugs (NSAID) that possess analgesic properties and are clinically
being used frequently in veterinary medicine including mice and rats. 3 They exert their
analgesic effects by inhibiting cyclooxygenase enzyme (COX) which results in decreased
production of prostaglandin that causes pain. Although meloxicam is a COX-2 preferential
NSAID, ketoprofen is a nonselective COX inhibitor. Evidence suggests that COX- 2 is the
dominant COX isoform in the spinal cord and is associated the recognition of pain by central
nervous system during inflammation. In addition they are less harmful to renal and
gastrointestinal system. Therefore the use of the drugs that have more affinity to COX-2 is
preferred than the drugs without any selective activity to COX due to their less side effects.4, 5
The objective of this study was to compare the efficacy of two non-opioid analgesics,
ketoprofen and meloxicam in controlling pain following ovariectomy in rats.
Material and methods
Animals
Twenty one healthy and adult female Sprague-Dawley rats, weighting 200 gr (180±30 gr)
were used in this experiment after the approval received from the University Research
Committee in accordance with the guidelines of its Institutional Animal Experimentation
Ethics Committee. The rats kept in cages in a similar condition at the ambient room
temperature with a 12 h-day/night cycle. They were feed with the standard laboratory pellets
and allowed free access to water. The rats used in this experiment were handled for 15
min/day for a 2-week period before the tests in order to preclude stress-induced analgesia
during the study. The intramuscular injection of the combination of 10 mg/ kg xylazine
(Rampon®, 2% Bayer, Germany) and 75 mg/kg ketamine (Ketalar®, 10%, Alfasan,
Woerden, Holland) was used to induce general anesthesia in all rats. Then the selected rat was
assigned for a group prior to surgery in the following order:
Group A: Received no extra analgesic as a control group.
Group B: Received subcutaneous injection of 5 mg/kg ketoprofen (10%, Ketophen, Razi,
Iran) at the time of induction of anesthesia for analgesia.
Group C: Received subcutaneous injection of 2 mg/kg meloxicam (7.5 mg/ml, BoehringerIngelheim, Germany) at the time of induction of anesthesia for analgesia.
Surgical Technique
All surgeries were performed by the same surgeon. Following induction of general anesthesia,
the animal was positioned to dorsal recombency and the abdominal area was prepared for
aseptic surgery. The locations of the ovaries in rats were first detected on a cadaver. A one cm
dorso-lateral skin incision of the flank was made sharply by scissors. The incision was
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approximately near the inguinal area right over the ovary. Then the underneath abdominal
muscles dissected bluntly. The ovary was found at the cranio-lateral border of the incision. If
the ovary could not be located, a uterus horn was followed cranially to reach the ovary. The
connection of the oviduct and uterine horn was found and a ligature of 3-0 polyglyconate was
used to ligate the ovarian vessels. Then the connection was cut, ovary was removed and the
pedicle checked for hemorrhage. The muscles bring back together without sutures, but either a
cruciate suture or two simple interrupted sutures were used to close the skin incision with 4-0
polyamide. The similar procedure was repeated for the other ovary. (Fig 1& 2).

Figure 1. Ovary and oviduct with the
associated fat tissues is being ligated.

Figure 2. The skin incision is closed using
two simple interrupted sutures.

Measured parameters
The surgical time, intra and post-operative complication was recorded in all rats. Serum level
of cortisol and creatine phosphokinase (CPK) was assessed prior to surgery and 2 hours after
the surgery. Video recording of each rat was done before, 2 hours, 4 hours and 24 hours after
the surgery. A trained observer scored pain in all rats at the recorded times by reviewing
recorded movies using Visual Analogue Scale (VAS).
Statistical analysis
Single point measurements, at any particular times, were analyzed using repeated measure
ANOVA. Kruskal-Wallis test was implemented as a post hoc test using SAS. Changes in
parameters over time were analyzed using GLM procedure in SAS, including repeated
measures in the model. A spearman's rank correlation coefficient was used to identify any
relation between concentration of cortisol and cpk. Data were presented as Mean±SEM. A
value of P < 0.05 was considered significant.
Results
Mean±SEM duration of surgery was 4.2 ± 0.56 minutes in all rats. Two rats died due to
severe hypothermia after the surgery and excluded from the study. The score of pain was
significantly higher in group A, compared to group B and C at any particular time (P=0).
However it does not differ significantly between group B and C (P=0.77) (Table 1). The
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highest pain scores animal suffered was in 2 hours after surgery which were 5, 4 and 3 in
group A, B and C respectively. Also the highest pain scores observed 4 hours after surgery (5,
3 and 3 in group A, B and C respectively). The animals observed to be free of pain 24 hours
following ovariectomies.

Table 1. Comparing Mean scores of pain among groups of the study at different times following ovariectomy in
rats.

Groups
Group A (control)
Group B
Group C

2 hours after
the surgery
4 Aa
3Ba
2Ba

4 hours after
the surgery
4Aa
2Ba
1Bb

24 hours after
the surgery
No pain
No pain
No pain

ABC
abc

Values within columns with different superscripts differ (P<0.05).
Values within rows with different superscripts differ (P<0.05).

Results regarding serum levels of cortisol indicated that the concentration of cortisol
increased after the surgery in all groups. This increase was significantly higher in group A
compared to group B and C (P<0.05). However no significant difference was recorded
between group B and C (P=0.07). There was no correlation in concentration of CPK among
groups, although CPK was increased significantly within groups following surgery. No
significant correlation detected between the concentration of cortisol and CPK prior and after
surgery (P>0.05). (Table 2).
Table 2. Comparing serum levels of cortisol (µg/dl) and CPK (IU/l) (Mean±SEM) among groups of the study
before and 2 hours after the surgery.
Cortisol (µg/dl)

CPK (IU/l)

Groups

Before the
surgery

2 hours after
the surgery

Before the
surgery

2 hours after
the surgery

Group A (control)

2.6±0.76Aa

5.7±1.14Bb

636.8±279Dd

3845.1±310Ee

Group B

2.5±0.33Aa

4.48±0.73Cc

1993.1±180Dd

5920.4±1940Ee

Group C

1.8±0.16 Ab

4.2±0.79Cc

751±245Dd

4140.4±270Ee

ABC
abc

Values within columns with different superscripts differ (P<0.05).
Values within rows with different superscripts differ (P<0.05).

Discussion
Rats are principal laboratory animals that are used widely to study osteoporosis as an
experimental model for humankind. Ovariectomy is considered to be the procedure that gives
reliable model of osteoporosis. 6 Also it produces mild to moderate postoperative pain and is
used as a standard surgery to assess pain beside ovariohysterectomy in animals. 2 The
technique used in this study to perform ovariectomy was the one explained by Lasota et al. in
2004 to be superior to other techniques.6 The score of pain and serum level of cortisol was
significantly different in group A compared to group B and C. This result insisted on the use
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of analgesics, which are not only effective but also necessary to alleviate pain following the
surgery in laboratory animals like rat.
Ketamine and xylazine that used in this experiment to induce analgesia, reported to have no
analgesic properties after 15 to 30 minutes following one administration.7 So because the
combination was given once to each animal, it is expected to have similar effect on the
results. The analgesics were administered at the time of induction of anesthesia in this
experiment. It may take 30 to 60 minutes for NSAID to exert their analgesic effects. 8 By
considering 15 to 30 minutes analgesic duration of the combination of ketamine and xylazine,
the use of either meloxicam or ketoprofen as analgesic at the time of inducing anesthesia
seems to be appropriate. Cortisol concentration was used to interpret post-operative pain in
this study. Serum cortisol concentration is recognized as one of the most objective criteria for
pain assessment in animals and found to have direct relation with post-operative pain9.
Significant increase of cortisol following the surgery indicated that the animals in all groups
suffered from pain disregarding the use of analgesia. But this increase was higher in group A.
However no significant difference observed between the use of meloxicam and ketoprofen.
The increase in CPK has been shown to occur in response to anesthesia as well as with
intramuscular injections.10, 11 CPK also increased by skeletal muscle injury and recumbency.
Therefore, it was considered as unreliable pain indicator in dogs.10, 12 These findings could
suggest that CPK may not be a good pain indicator in rats as well. No correlation was found
between groups and within groups after ovariectomy in this regard. Therefore the result
indicated that CPK could not be a reliable indicator of pain in rats. This finding needs specific
investigation on serum levels of CPK in rats following the surgery.
Mathews et al compared the analgesic efficacy and safety of meloxicam with ketoprofen and
butarphanol in dogs undergoing abdominal surgery.13 They reported that analgesic effects of
meloxicam is comparable to ketoprofen and superior to butarphanol. Also Baba et al. studied
the efficacy of ketoprofen and meloxicam to manage post-operative pain following castration
in dogs and reported that both drugs have equal effects in controlling pain.14 Similar result
was obtained in this experiment in a rat model. Therefore being a COX-2 preferential did not
influence the analgesic efficacy of meloxicam.
It is concluded that the administration of meloxicam or ketoprofen to control post-operative
pain following ovariectomy in rats has similar effect without any clinical priority. Also to
obtain a right time analgesia, administration of these two analgesics at the time of inducing
anesthesia is recommended.
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چکیذه
مقایسه تاثیر کتوبروفه و ملوکسیکام در کاهص درد
پس از عمل جراحی برداضت تخمذان در رت
*

آریه توکلی  ،علی اکبر ضعبان ویا ،لیال محمذیار

1گرٍُ علَم درهاًگاّی ،داًطکذُ داهپسضکی داًطگاُ آزاد اسالهیٍ ،احذ گرهسار ،گرهسار ،ایراى.
هذفّ -ذف از ایي هطالعِ هقایسِ هیساى تاثیر دٍ دارٍی ضذ التْاب غیرر اسرترٍییذی در تٌتررر درد ار

از عورح راحری

ترداضت تخوذاًْا در رت هی تاضذ.
مطالعه -هطالعِ تجرتی
حیواوات 11 -سر رت سالن هادُ تا ٍزى تقریثی  122گرم.
مواد و روش کار -از تسریق عضالًی ترتیة دارٍیی زایالزیي ( 12هیلی گرم تر تیلَگرم) ٍ تتاهیي ( 57هیلی گرم تر تیلَگرم)
ْت القای تیَْضی در رتْا استفادُ ضذ .سپ رت تیَْش ضذُ تِ صَرت تصادفی در یکری از گرٍّْرا ترِ ترتیرة زیرر ررار
گرفت :گرٍُ ّ ،Aیچ ضذ درد اضافِ ای دریافت ًٌوَد .در گرٍُ  C ٍ Bترِ ترتیرة تترَترٍفي (  7هیلری گررم ترر تیلرَگرم) ٍ
راحری
هلَتسیکام ( 1هیلی گرم تر تیلَگرم) تِ عٌَاى ضذ درد در زهاى القای تیَْضی تِ صَرت زیر لذی تسریق ضذ .سپ
اٍریکتَهی از هحح ترش ضکوی -اًثی اًجام ضذ .اهتیاز درد ا از عوح در زهاًْای  14 ٍ 4 ،1سراعت ار از راحری ترِ
رٍش  ، VASهیساى تَرتیسٍر ٍ تراتیي فسفَتیٌاز سرم ًیس در ثح ٍ  1ساعت ا از راحی اًذازُ گیری ضذ.
وتایج -اهتیاز درد ا

از عورح ترِ صرَرت هعٌری داری در گررٍُ  ،Aتیطرتر از گررٍُ  C ٍ Bترَدّ .(P=0).وچٌریي هیرساى

تَرتیسٍر سرم ا از عوح راحی تِ صَرت هعٌی داری در گرٍُ  Aتیطتر از گرٍُ  C ٍ Bافسایص یافتِ ترَدّ .رر نٌرذ ایري
تغییر تیي دٍ گرٍُ  C ٍ Bفا ذ اختالف هعٌی داری تَد ) .(P>0.05اگر نِ هیساى تراتیي فسفَتیٌاز ا از راحی تِ صرَرت
هعٌی داری تیطتر از ثح از راحی تَد ،اها هیساى آى تیي گرٍّْا فا ذ اختالف هعٌی داری تَد(P>0.05) .
وتیجه گیری -دٍ دارٍی تتَترٍفي ٍ هلَتسیکام تاثیر هطاتْی در تاّص درد ا

از عوح در راحی اٍریکتَهی در رتْا دارًذ.

کلمات کلیذی -هلَتسیکام ،تتَترٍفي ،اٍریکتَهی ،رت
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