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The present study assessed the pain threshold, behavioural changes and metabolic stress response 
associated with full thickness excision wounds in rats. Also, the analgesic efficacy and side effects of 
piroxicam used in the alleviation of pain post wound infliction were evaluated. The results of the study 
showed that full thickness excision wound induced acute pain which lasted up to 72 h. Rats showed 
decreased mobility, hunched posture and anorexia post wound infliction. The pain scores of piroxicam 
(7.5 and 10 mg/kg) treated rats were significantly lower than the pain scores of control rats on days 2 
and 3 post wound infliction. All doses of piroxicam significantly suppressed the glucose response 
induced by excision wounds. Wound contraction and epithelization were significantly delayed in rats 
treated with 7.5 and 10 mg/kg piroxicam. On day 6, the granuloma weight in the 7.5 and 10 mg/kg 
treated rats were significantly lower than granuloma weights obtained in the control and 5 mg/kg 
treated rats. The weight of rats in the group treated with 10 mg/kg declined significantly from day 4 post 
wound infliction. It was concluded that full thickness excision wound induced pain, behavioral changes 
and severe stress in rats. Piroxicam (5 mg/kg) alleviated the pain and stress associated with wounds in 
rats with minimal side effects. 
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INTRODUCTION 
 
Pain is defined as an unpleasant sensory and emotional 
experience associated with actual or potential tissue 
damage (IASP, 1979; Loeser, 2011). Acute pain occurs 
immediately after an injury and generally improves within 
three days post injury (Kahn, 2005). This type of pain is 
usually associated with neuro-endocrine, metabolic and 
behavioral changes (Bailey and Stanley, 1990; Martini et 
al., 2000). The stress responses to pain are important for 
the survival of the patient (ACVA, 2000). However, 
severe post-operative pain can be destructive since it 
heightens the cellular stress response, diminishes the 
autonomic, somatic and endocrine reflexes leading to 
protein breakdown, hyperglycemia, insulin resistance and 
suppression of immunity (Kehlet 1998; Singh, 2003). 
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Various reports have demonstrated the benefits of pre- 
emptive and post operative analgesia on patient welfare 
after surgery (Molony and Kent, 1997; Lemke et al., 
2002; Keita et al., 2010). However, many researchers do 
not routinely administer analgesics to their surgical 
patients (Schofeild and Williams, 2002). The reason for 
excluding analgesics in experimental protocol boarders 
largely on the assumption that the use of these drugs 
might introduce variability in the research outcome 
(Schofield and Williams, 2002). In as much as this might 
sound logical, this quest to eliminate non-experimental 
variable has taken priority over the welfare of 
experimental animals (Schofield and Williams, 2002). 

Literature search revealed that full thickness excision 
wounds are inflicted on rats under diethyl ether 
anesthesia (Shivhare et al., 2010; Ezike et al., 2010; 
Alqasoumi et al., 2011). These literatures did not 
document the administration of analgesics to rats post 
wound infliction. This  practice  we  presume  might  have  



 

 

 

 
 
 
 
caused pain and stress to the animals. Despite the 
justification for with-holding analgesic treatment from 
animals post-wound infliction, it must be borne in mind 
that all animals and humans feel pain (Schofield and 
Williams, 2002). Even more so, several researchers have 
shown that animals feel more pain than humans since 
they possess more diffuse neural networks (Calejesan et 
al., 2000; Sukumarannair et al., 2002; Hellyer et al., 
2007).  

Thus, if humans are given analgesic to alleviate pain 
induced by surgery or trauma, experimental laboratory 
animals should be treated likewise. This study was 
carried out to estimate the pain threshold and stress 
response associated with full thickness excision wounds 
in rats. The study also evaluated the analgesic efficacy 
and side effects of piroxicam used in pain alleviation. 
 
 
MATERIALS AND METHODS 

 
Animals 

 
Adult female albino rats weighing 140 to 200 g procured locally 
were used. They were maintained under standard experimental 
conditions and allowed free access to standard rodent diet and 
water. All experiments carried out were approved by the Animal 
Ethics Committee, University of Nigeria, Nsukka. Rats were 
randomly assigned to one control group and three piroxicam (5, 7.5 
and 10 mg/kg) treatment groups. All experimental groups consisted 
of 10 rats each. 

 
 
Pre-emptive analgesic treatment 

 
Thirty minutes before wound infliction, rats in piroxicam groups 
were injected intramuscularly (im) with 5, 7.5 and 10 mg/kg 
piroxicam (Laborate Pharmaceutical, India), respectively. Rats in 
the control group were injected with 1 ml/kg normal saline im. 

 
 
Infliction of excision wounds 

 
The rats were anaesthetized individually using ether by placing 
them for some seconds in a closed jar saturated with ether vapors. 
Once anaesthetized, the hairs on their dorsum were shaved and 
their skins disinfected with chlorhexidine (0.5%) before wound 
inflicted. Excision wounds of 2 cm diameter were created with the 
aid of a template (Morton and Malone, 1972).  

 
 
Post surgical treatments 

 
On day 1 post wounding, rats in piroxicam treated groups were 
injected with piroxicam 5, 7.5, and 10 mg/kg im, respectively every 
8 h. Subsequently, piroxicam was administered every 12 h im for 2 
days. Rats in the control group were injected with normal saline at 
the same dosing regimen used in the piroxicam treated groups. The 
wound sites of the rats in the control group and piroxicam treated 
groups were treated topically once daily with neomycin-bacitracin 
(Cicatrin

®
, Glasgow-Smithkline, Pakistan) powder until healing 

occurred. 
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Subjective pain assessments 
 
The activities, posture and appetite of rats were observed before 
and after wound infliction (post). Post wound infliction, numerical 
scores of 0 (no pain), 1 (mild pain), 2 (moderate pain) and 3 (severe 
pain) were assigned to observed changes in these indices 
(Udegbunam et al., 2008). Also, the respiratory rates of rats were 
determined before and after wound infliction (Eze and Nweke, 
2004). The percentage increases in respiratory rates from baseline 
were calculated and given numerical scores 0, 1, 2 and 3 (Gellasch 
et al., 2002; Udegbunam et al., 2008). The total subjective pain 
score was calculated by summing the activity, posture, appetite, 
and respiratory scores of rats. 
 
 
Assessment of metabolic stress response 

 
The fasting blood glucose levels of rats were determined pre and 
post wound infliction to assess the metabolic stress response to 
pain (Singh, 2003). Glucose determination was carried out by the 
glucose oxidase method (ADA, 2003). Rats were starved for 16 h 
before the blood glucose determination. The test strips were 
inserted into the window of the glucometer (Accucheck advantage 
II, Roche, Germany). The tails of rats were nipped and blood 
dropped on the test strips already fixed to the glucometer. The 
readings on the glucometer were recorded. The glucose levels of 
rats were determined before wound infliction (0 min) and post 
wound infliction at 45, 180, 540 and 1440 min. All rats were fed 
after obtaining the 180 min readings. Percentage changes in blood 
glucose level of rats were calculated. 
 
 
Assessment of piroxicam effect on feed consumption and 
weight of rats 
 
The feed consumption and weight of rats were determined before 
wound infliction (day 0) and subsequently daily for 7 days post 
wounding. 
 
 
Assessment of piroxicam effect on wound contraction and 
epithelization 

 
The wound diameters were measured with a meter rule every 3 
days. The initial wound area (cm

2
) and wound areas on the different 

measurement days were calculated using the formula; πr² (where π 
= 3.142, r = radius). The percentage of wound contraction on each 
measurement day was later calculated for each rat (Ezike et al., 
2010). The epithelization day was measured as the time for fall of 
the scar without leaving a bleeding surface (Nayak et al., 2009). 
 
 
Assessment of piroxicam effect on granulation tissue 
formation 
 
Dead space wound model was used to evaluate the effect of 
piroxicam treatments on granuloma tissue formation (Rao et al., 
2000). Under pentobarbitone (35 mg/kg) anesthesia, dead space 
wounds were created subcutaneously by implantation of 
polypropylene tubes (2.5 × 0.3 cm) on both sides of the dorsal 
paravertebral surface of rats. Group 1 served as control and 
received 1 ml/kg distilled water im. The animals in the three 
piroxicam groups were injected with 5, 7.5 and 10 mg/kg piroxicam 
im every 8 h on day 1, and subsequently, piroxicam was injected 
every 12 h for 2 days. Five rats were euthanized per group on days 
6 and 12 and the glass pits  carefully dissected  out  along  with  the  
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Table 1. Pain scores of rats in the control and piroxicam treated groups post wounding. 
 

Treatment 
Dose 

(mg/kg) 

Pain score 

Day 1 Day 2 Day 3 Day 4 

Normal saline - 2.33 ± 0.31 1.58 ± 0.19
b
 1.42 ± 0.23

b
 0.83 ± 0.27 

Piroxicam 5 2.00 ± 0.43 1.19 ± 0.20
ab

 1.33 ± 0.36
ab

 0.67 ± 0.28 

Piroxicam 7.5 1.93 ± 0.42 0.95 ± 0.23
a
 0.74 ± 0.17

a
 1.10 ± 0.16 

Piroxicam 10 1.67 ± 0.38 1.00 ±  0.16
a
 0.91 ± 0.14

a
 0.91 ± 0.14 

 

Different superscripts a and b in a column show significant difference (P < 0.05) between group means. 
 
 
 
surrounding granulomatous tissues. The granuloma tissues were 
dried and weighed.  
 
 
Data analysis 
 
The mean blood glucose levels, weights, feed intakes, percentage 
of wound contraction and epithelization days were compared using 
one-way analysis of variance (ANOVA). The mean pain scores of 
the treatment groups were compared using Kruskal-Wallis non-
parametric test. All comparisons were done at probability less than 
0.05 (P < 0.05). Duncan multiple range test was used to separate 
variant means. 

 
 
RESULTS 
 
Pain assessment 
 
On days 2 and 3  post wound infliction, the pain scores of 
rats treated with 7.5 and 10 mg/kg piroxicam were 
significantly lower than pain scores of rats in the control 
and 5 mg/kg treated groups (Table 1). The pain score of 
10 mg/kg piroxicam treated rats were significantly (P < 
0.05) least compared to pain scores of the other 
treatment groups (Table 1). 
 
 
Metabolic stress response 
 
The percentage of increase in blood glucose level of the 
treatment groups are presented in Figure 1. As shown in 
this figure, the blood glucose level of rats in the control 
group increased beyond 100% by 180, 540 and 1440 min 
post wound infliction. At all time points post wound 
infliction, the glucose response in the groups treated with 
5, 7.5 and 10 mg/kg piroxicam were significantly (P < 
0.05) lower than glucose response in the control group. 
 
 
Daily weight and feed intake post wound infliction 
 
As shown in Table 2, on days 4, 5 and 6, the weight of 
rats in 10 mg/kg treated rats were significantly (P < 0.05) 
lower than the weights of rats in control, 5 and 7.5 mg/kg 
piroxicam. The feed intake of rats in 5, 7.5  and  10 mg/kg 

piroxicam treated groups were significantly (P < 0.05) 
lower than feed intake of rats in the control group (Table 
3). 
 
 
Wound contraction and epithelization 
 
As shown in Figure 2, the use of 7.5 and 10 mg/kg 
piroxicam significantly suppressed wound contraction up 
to day 9 post wounding. All doses of piroxicam 
significantly (P < 0.05) prolonged epithelization time in 
the treated rats (Table 4). While complete epithelization 
occurred in the control rats on day 19.3 ± 2.0, 
epithelization occurred in 5, 7.5 and 10 mg/kg treated rats 
by  days 24.8 ± 1.1, 33.3 ± 1.7 and 39.3 ± 0.8, 
respectively.  
 
 
Granuloma tissue formatiom 
 
On day 6, the granuloma weight in the 7.5 and 10 mg/kg 
piroxicam were significantly (P < 0.05) lower than 
granuloma weights obtained in the control and 5 mg/kg 
treated rats (Table 5). By day 12, the granuloma weights 
obtained in all the groups were not significantly (P > 0.05) 
different. 
 
 
DISCUSSION 
 
Wound infliction in rats induced acute pain which lasted 
up to 72 h as was evident in the control rats. Behavioural 
changes seen post wounding included: decreased 
mobility, hunched posture, anorexia and reduced thirst. 
The pain scores of the piroxicam (7.5 and 10 mg/kg) 
treated rats were significantly lower than pain score of 
control rats on days 2 and 3 post wound infliction. The 
ability of this drug to alleviate pain felt by rats can be 
attributed to its anti-inflammatory property. Non-steroidal 
anti-inflammatory drugs (NSAIDs) like piroxicam are 
known to interfere with peripheral pain perception by 
inhibiting pain input to the peripheral nerve endings 
(Martin, 1994). This is achieved by inhibition of cyclo-
oxygenase (COX) enzymes responsible for conversion of  



 

 

 

Udegbunam et al.          1671 
 
 
 

-50

0

50

100

150

200

250

300

45 180 540 1440 

Time (min) 

C
h

a
n

g
e
 i

n
 g

lu
c
o

s
e

 (
%

) 

control 5 mg/kg 7.5 mg/kg 10 mg/kg  
 
Figure 1. Percentage change in blood glucose level of rats post wounding. 

 
 
 

Table 2. Daily weight of control and piroxicam treated groups post wounding. 
 

Treatment  
Weight (g) 

Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 

Normal saline 125.0 ± 4.9 107.1 ± 6.8 112.4 ± 6.0 111.7 ± 6.0 129.8 ± 7.4
b
 131.40 ± 7.3

b
 134.5 ± 7.9

b
 

Piroxicam (5 mg/kg) 126.9 ± 5.6 119.9 ± 5.1 125.5 ± 6.0 123.0 ± 8.6 117.1 ± 9.4
b
 120.0 ± 9.4

b
 120.3 ± 9.4

b
 

Piroxicam (7.5 mg/kg) 128.7 ± 8.6 115.7 ± 4.7 115.87 ± 8.5 113.1 ± 8.3 107.5 ± 5.9
b
 108.4 ± 5.4

b
 110.2 ± 6.0

b
 

Piroxicam (10 mg/kg) 126.9 ± 0.7 118.0 ± 0.6 123.6 ± 0.2 119.8 ± 0.9 48.5 ± 28.0
a
 53.7 ± 31.3

a
 53.0 ± 30.9

a
 

 

Different superscript
 
a, b, c, and d in a column indicate significant difference (P < 0.05) between group means. 

 
 
 

Table 3. Daily feed intake of control and piroxicam treated groups post wounding. 
 

Treatment  
Feed intake (g) 

Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 

Normal saline 32.3 ± 0.1 30.0±0.4 
c
 46.5±0.2

d
 41.7±0.4

d
 37.1±0.1

d
 35.7±0.1

d
 33.1±0.1

d
 

Piroxicam (5 mg/kg) 32.2 ± 0.2 24.0±0.4 
b
 17.2±0.5

a
 17.1±0.6

c
 26.1±1.2

c
 27.0±0.0

c
 18.5±0.1

b
 

Piroxicam (7.5 mg/kg) 32.3 ± 0.3 20.7±0.7
a
 20.1±0.1

b
 7.0± 0.4

b
 20.9±0.1

b
 24.7±0.1

b
 23.5±0.1

c
 

Piroxicam (10 mg/kg) 32.1 ± 0.4 20.4±0.1
a
 23.7±0.7

c
 4.0± 4.0

a
 2.0± 0.7

a
 1.8± 0.4

a
 1.0 ± 0.4 

a
 

 

Different superscripts a, b, c, and d in the column indicate significant difference (P < 0.05) between group means. 
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Figure 2. Percentage wound contraction of full thickness excision wounds of rats. 

 
 
 

Table 4. Epithelization time in the control and piroxicam treated groups. 
 

Treatment Dose (mg/kg) Epithelization time (day) 

Normal saline - 19.3 ± 2.0
a
 

Piroxicam 5 24.8 ± 1.1
b
 

Piroxicam 7.5 33.3 ± 1.7
c
 

Piroxiacm 10 39.3 ± 0.8
d
 

 

Different superscripts a, b, c, and d in the column indicate significant (P < 0.05) difference between 
group means. 

 
 
 

Table 5. Granuloma weight in control and piroxicam treated rats. 

 

Treatment Dose (mg/kg) 
Granuloma weight (g) 

Day 6 Day 12 

Normal saline - 0.12 ± 0.02
a
 0.06 ± 0.02 

Piroxicam 5 0.11 ± 0.03
a
 0.05 ± 0.01 

Piroxicam  7.5 0.06 ± 0.01
b
 0.05 ± 0.01 

Piroxicam 10 0.05 ± 0.0
b
 0.04 ± 0.01 

 

Different superscripts a and b in the column indicate significant (P < 0.05) difference between group means. 



 

 

 

 
 
 
 
arachidonic acid to prostaglandin (Martin, 1994; Lees et 
al., 2004). Previous studies carried out in animals have 
demonstrated the efficacy of NSAIDs in the alleviation of 
surgically induced pain (Lascelles et al., 1994; Grisneaux 
et al., 1999; Lemke et al., 2009; Udegbunam et al., 
2008). 

Serum cortisol concentration is recognized as one of 
the objective indication of stress and pain in many 
species (Schwarzkopf-Gensween et al., 1998; Carroll et 
al., 2006; Keita et al., 2010). However, the result of 
serum cortisol determination cannot be rapidly obtained 
(Grisneaux et al., 1999). This has precluded its 
application in rapid clinical determination of pain in 
animals (Grisneaux et al., 1999). Thus, other diagnostic 
tools such as glucose measurement may be used as 
rapid tools to assess the need for pain relief in the clinic. 
The results of this study showed that full thickness 
excision wound caused severe metabolic stress in rats as 
shown by the rise in the blood glucose level of control 
rats beyond 100%. Tissue injury leads to damage to 
superficial nerve endings leading to “fast” pain (Singh, 
2003). As the damaged tissues become inflamed, there is 
release of algogens: cytokines, leukotrienes, 
prostaglandins, serotonine and kallikrein-kinins (Singh, 
2003). These inflammatory mediators directly simulate 
the autonomic and central nervous systems leading to 
release of epinephrine, nor-epinephrine, cortisol, 
glucagon and other stress hormones (Singh, 2003). The 
increase in plasma epinephrine concentration causes 
hepatic glucogenolysis, gluconeogenesis, lipolysis and 
insulin resistance preventing the uptake of glucose by 
tissues (Bonica, 1968). Cortisol delays the metabolism 
and utilization of glucose (Singh, 2003). The 
hyperglycemic state induced by epinephrine and cortisol 
enables the provision of the energy needed by tissues 
such as the central nervous system, wound and red cells 
for survival (Cousin and Mather, 1984). However, 
continued hypermetabolism may cause exhaustion of 
glucose, fat and protein leading to weight loss, fatigue, 
decreased immunity, delayed ambulation and delayed 
wound healing (Pediani, 2001; Velickovic et al., 2002).  

The use of piroxicam altered the glucose response 
associated with infliction of full thickness excision wounds 
in rats. The effect of piroxicam on this stress response 
was dose dependent since the lowest blood glucose 
concentration was obtained in the 10 mg/kg treated rats. 
Reports show that the use of NSAIDs prevents the 
release of paracrines; thus, modifying the stress 
response (Kehlet, 1998; Velickovic et al., 2002). The 
result of this study is however at variance with that of 
Lemke et al. (2002) who reported that ketoprofen an 
NSAID could not alter the metabolic response of dogs to 
abdominal surgery. The reason for this variation in report 
can be attributed to the difference in potency of the two 
drugs, piroxicam being a stronger NSAID as compared to 
ketoprofen (Katzung and Furst, 1998). 
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The weight of rats in all treatment groups decreased by 
day 1 of post wound infliction. This initial weight loss may 
be due to severe substrate mobilization which might have 
occurred post wounding (Velickovic et al., 2002). Loss of 
appetite and weight loss have been noted in rodents post 
operatively (French et al., 1988; Liles and Flecknell, 
1993a; Liles and Flecknell, 1993b). While the weight of 
the control rats increased by day 2 post wounding, further 
weight loss was noted in the piroxicam treated rats. The 
severe weight loss observed in 10 mg/kg treated rats 
may be attributed to the adverse effect of piroxicam on 
rats. NSAIDs have been shown to slightly depress feed 
and water consumption in non-surgical patients 
(Flecknell, 1994). The gastrointestinal tract (GIT) is 
considered the major site for NSAID toxicity in humans 
and animals (Gunew et al., 2008; Lascelles et al., 2001). 
Although, data in rats is lacking, in humans and other 
species, COX-1 has a major role in maintaining the GIT 
mucosal integrity (Sparkes et al., 2010). Thus, 
suppression of prostaglandin synthesis may lead to the 
upper GI bleeding (Sparkes et al., 2010). Factors 
recognized to increase the risk of GIT adverse events in 
humans include the use of high dose of NSAIDs, age, 
liver diseases and pre-existing GI ulcers (Savage, 2005). 
Thus, administration of 10 mg/kg piroxicam three times 
daily with a total daily dosage of 30 mg/day might have 
predisposed the rats to the toxic effect of piroxicam 
(Katzung and Furst, 1998). 

A dose dependent suppression of wound healing was 
observed following wound infliction. The data obtained in 
this study showed that piroxicam at the dosing regimen 
used slowed down the initial phase of wound healing. 
NSAIDs have been shown to interfere with wound healing 
(Lu et al., 1996; Haws et al., 1996; Dvivedi et al., 1997). 
Despite this, these drugs are widely used to manage post 
operative pain (Muscara et al., 2000). 
 
 
Conclusion 
 
The results obtained in this study showed that full 
thickness excision wound induced pain and severe 
metabolic stress in rats. The administration of piroxicam 
alleviated the pain and stress induced by excision wound. 
Piroxicam (5 mg/kg) alleviated the pain and stress 
associated with wounds in rats with minimal side effects.  
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