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INTRODUCTION
Almost 165 million people worldwide suffer from wounds. 
Of these, more than 60 million people have wounds of 
non-surgical origins, including lacerations, burns, and 
chronic ulcers (diabetic, venous, pressure) [1]. Severe pain 
from acute and chronic wounds is widespread, but is fre-
quently underappreciated and poorly treated. For open 
wounds, patients report pain as the worst problem, which 

is severe in 70% of the cases [2,3]. Wound pain manage-
ment is medically challenging because it requires long-
term prescription of analgesics, as well as acute control of 
its exacerbation during routine wound care procedures 
such as dressing changes, cleansing, and debridement of 
necrotic tissue [4,5]. 

Current treatment for wound pain relies heavily on sys-
temic pain medications, mainly oral nonsteroidal anti-
inflammatory drugs (NSAIDs) and opioids [5,6]. These op-
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Background: Management of pain from open wounds is a growing unmet health-
care need. However, the models available to study pain from wounds or to develop 
analgesics for the patients suffering from them have primarily relied on incisional 
models. Here, we present the first characterized and validated model of open 
wound pain. 
Methods: Unilateral full-skin excisional punch biopsy wounds on rat hind paws were 
evaluated for evoked pain using withdrawal responses to mechanical and thermal 
stimulation, and spontaneous pain was measured using hind paw weight distribu-
tion and guarding behavior. Evaluations were done before wounding (baseline) and 
2-96 hours post-wounding. The model was validated by testing the effects of bu-
prenorphine and carprofen.
Results: Pain responses to all tests increased within 2 hours post-wounding and 
were sustained for at least 4 days. Buprenorphine caused a reversal of all four pain 
responses at 1 and 4 hours post-treatment compared to 0.9% saline (P < 0.001). 
Carprofen decreased the pain response to thermal stimulation at 1 (P ≤ 0.049) and 
4 hours (P < 0.011) post-treatment compared to 0.9% saline, but not to mechanical 
stimulation.
Conclusions: This is the first well-characterized and validated model of pain from 
open wounds and will allow study of the pathophysiology of pain in open wounds 
and the development of wound-specific analgesics.
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tions frequently provide inadequate pain control and often 
result in intolerable systemic adverse effects [4]. NSAIDs 
have numerous drawbacks, including risk of bleeding, 
gastric, renal, and cardiac complications [7,8]. These ad-
verse events are especially challenging for older patients 
that mostly comprise the chronic open wounds popula-
tion. Opioid drugs are also associated with numerous 
problems, including cognitive impairment, constipation, 
tolerance, addiction, abuse, and at high doses, respiratory 
depression. Opioid addiction and deaths due to overdose 
in the United States (US) have reached epidemic propor-
tions, leading to a National Public Health Emergency in 
2017 [9]. Therefore, there exists an unmet need for non-
opioid, alternative analgesic options for wound pain.

Currently, EMLA is the only topical analgesic with a 
robust effect to prevent pain due to wound debridement 
[10,11], but it requires a long application time, which is 
impractical for most wound care services. Several clinical 
studies have also shown local pain relief in patients with 
open wounds following the use of an ibuprofen-releasing 
foam dressing, however, the overall degree of acute an-
algesia was modest [12,13]. Thus, there is an imminent 
need to develop faster acting, effective analgesics for open 
wounds.

The lack of options for adequate management of pain 
associated with wounds, especially open wounds, may be 
the result of a lack of appropriate models to test potential 
candidates. Previously, animal models in rats and pigs 
were developed to characterize the mechanisms of pain 
responses following a surgical incision and to investigate 
novel treatments for post-operative wound pain [14-16]. 
Recently, rat models have been developed to investigate 
the pain mechanisms of burns [17,18], and evaluate treat-
ment modalities [17]. However, the investigation of anal-
gesics to treat pain from open wounds has not made much 
progress in decades.

The aim of this study was to develop, characterize, and 
validate a rat model of excisional wound pain. This new 
model is characterized by spontaneous pain behaviors 
as well as enhanced responses to evoked pain through 
mechanical and thermal stimulation. This model will be 
useful to facilitate the investigation of pain mechanisms in 
open wounds and for the testing of novel analgesic treat-
ments.

MATERIALS AND METHODS
1. Animals

The experiments were conducted with an equal number of 
200-400 g male and female Sprague Dawley rats from En-

vigo (Indianapolis, IN). Six to eight animals were used per 
group for all experiments as described in the respective 
section for a total of 40 animals. The animals were housed 
in temperature and humidity-controlled conditions with 
a 12-hour light/dark cycle and had free access to food and 
water. The animals were kept on Certified Irradiated Dia-
mond Soft bedding (7989C, Envigo) to provide a soft bed-
ding especially after wounding. The study protocol and all 
the procedures were ethically reviewed and approved by 
the local Institutional Animal Care and Use Committee of 
Nanospectra Biosciences, Inc. (D16-00790 [A4560-01]), ad-
hered to the Guide for the Care and Use of Laboratory Ani-
mals, the Research Council’s Guide for the Care and Use 
of Laboratory Animals, and the US Public Health Service’s 
Policy on Humane Care and Use of Laboratory Animals, 
and complied with Animal Research: Reporting of In Vivo 
Experiments (ARRIVE) guidelines.

The wound pain model was characterized by evaluat-
ing evoked pain: responses to thermal stimulation, me-
chanical stimulation, and spontaneous pain: hind paw 
weight distribution (HPWD) and guarding behavior. Eight 
(4 males and 4 females) rats were used for the thermal 
stimulation and HPWD tests and another set of 8 animals 
was used for the mechanical stimulation and guarding 
behavior tests. Therefore, a total of 16 animals were used 
for the model characterization. Animals were assigned to 
the study groups using a random sequence. An increase 
in pain score is indicated by a decrease in the time to 
withdrawal from thermal stimulation, decrease in force 
to withdrawal from mechanical stimulation, increased 
guarding behavior, and decreased weight bearing on the 
injured paw compared to the uninjured paw.

2. Experimental timeline

Animals were acclimated for 72 hours after receipt. On day 
-2, after acclimation, the animals were trained on the in-
struments, followed by baseline measurements on day -1. 
On day 0, they received a punch biopsy as described below 
and were tested once daily for the spontaneous and evoked 
pain responses on days 1-4, followed by euthanasia on day 
4. For all the testing procedures, the rats were acclimated 
to the testing room for 20-30 minutes and to the thermal 
stimulation and mechanical stimulation instruments for 
15-20 minutes. During the acclimation to the testing room, 
the animals had free access to food and water. 

3. Punch biopsy

The animals were anesthetized with isoflurane (5% for 
induction and 2%-3% for maintenance) by using a low flow 
anesthesia delivery system (SomnoSuite®; Kent Scientific, 
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Torrington, CT). The left hind paw was prepped with povi-
done iodine swab sticks and alcohol wipes (× 3). A hole was 
made in the sterile drape and the paw was pulled through 
the hole so adjacent contaminated parts of the animal 
were covered. A 5.0 mm sterile skin biopsy punch (RBP-
50; Robbins Instruments, Chatham, NJ) was used to apply 
pressure and twisted in a drilling motion until the blade of 
the skin punch pierced the epidermis of the skin. The pre-
cise site of biopsy was between the walking pads and the 
proximal edges of the heel of the hind-paw (Fig. 1A). The 
skin punch was removed after the blade had sufficiently 
carved out a cylinder of skin. The dermis of the cored skin 
was grabbed with forceps and using the scissors the cored 
skin was cut free. Excess blood was wiped off using a ster-
ile gauze and the rat was returned to a clean cage with soft 
bedding. 

4. Mechanical stimulation

The rats were acclimated to the testing environment by 
placing on a 1.1 cm2 mesh base platform in an acrylic ani-
mal enclosure (8 × 3.5 × 3.5 in) for 20-30 minutes. Von Frey 
filaments of 1.4, 2, 4, 6, 8, 10, 15, 26, and 60 g (Aesthesio®; 
DanMic Global LLC, San Jose, CA) were applied to the rat 
paw in ascending order. Filaments were applied from the 
underside of the mesh to the plantar surface (wound and 
peri-wound, Fig. 1A) of the rat’s hind paw, presented per-
pendicular to the rat paw and applied with enough force 
to cause a slight bend in the filament. The process was 
repeated with increasing filament weights until stimula-
tion elicited a hind paw withdrawal. At threshold, the rat 
responded by f licking its paw away from the stimulus. 
The mechanical withdrawal threshold was defined as the 

minimum filament force that elicited a withdrawal reflex. 
Once a response was noted, no further weights were ap-
plied to that region/paw. Each area was tested 4 times, 
with each set of stimulations at least a minute apart to 
avoid any sensitization or wind-up effects. Baselines were 
recorded on day -1 and testing was conducted as indicated 
(Fig. 1B) after the punch-biopsy or wounding. Most ani-
mals had developed a hard scab at the wound site within 
2-24 hours, making it difficult to obtain a response in the 
wound beyond those time points. Therefore, the peri-
wound area was also tested as indicated in Fig. 1A.

5. Thermal stimulation

Thermal stimulation was applied to the plantar surface 
of the animal paws using a heat source under a glass plat-
form. The rats were acclimated to the testing environment 
by placing them on the glass surface in an acrylic animal 
enclosure (8 × 3.5 × 3.5 in) for 20-30 minutes. Baselines 
were recorded on day -1 and testing was conducted as in-
dicated (Fig. 1B) after the punch-biopsy or wounding. Af-
ter acclimation, the infrared generator beam was adjusted 
using the guide until it was under the hind paw, below the 
wound (Fig. 1A, 2A) and the heat source was initiated. The 
paw withdrawal latency was recorded by the Plantar Test 
thermal stimulator (Hargreaves Apparatus; Ugo Basile, 
Gemonio, Italy) when the animal lifted the paw in re-
sponse to the heat stimulus. Each paw was tested 3 times, 
with consecutive stimulations at least a minute apart to 
avoid any sensitization or wind-up effects. The thermal 
stimulation lasted a maximum of 20.1 seconds to ensure 
there was no injury to the animal.

Day 4Day 3Day 2Day 12 hrDay 0Day 1Day 272 hr

Initial acclimation Testing

Training Baseline Punch
biopsy

Model development

Day 4Day 3Day 2Day 1Day 0Day 1Day 272 hr

Initial acclimation

Baseline before drug administration
and testing after administration at 0, 1,

4 and 24 hr

Training Baseline Punch
biopsy

Model validation

Saline or
carprofen

Saline or
buprenorphine

a

Biopsy
site

Peri-wound
area

A B

Fig. 1. (A) Schematic of the plantar side of the rat hind paw showing the punch biopsy site (5 mm diameter) and peri-wound stimulation areas. (B) Time-
lines for development (upper panel) and validation (lower panel) experiments in the excisional wound pain model in rats. Excisional wounds were gener-
ated by punch biopsy of the skin of the hind paw, followed by pain behavioral testing at different time points. The rats used for the validation experiments 
were also treated with carprofen or buprenorphine in a crossover manner. aSaline on day 1 and buprenorphine on day 3 or carprofen on day 1 and saline 
on day 3.
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6. Guarding behavior

The guarding behavior measurement method was adapted 
from Brennan et al. [14]. Animals were allowed to move 
freely on a mesh base. An investigator recorded the guard-
ing behavior as pain scores that represented the amount of 
weight the rat exerted on the injured paw (or to-be injured 
paw for baseline recording): full weight (0), partial weight 
with no blanching (1), completely off (2). Each rat was ob-
served for 1 minute every 6 minutes for 1 hour and the sum 
of the scores over the entire hour (total of 10 scores per rat) 
was recorded as the guarding behavior for each rat at that 
time point.

7. HPWD

Weight-bearing by the injured and uninjured hind paws 
was compared using a static weight-bearing instrument. 
Animals were acclimated to the rat enclosure of the Static 
Weight Bearing-Touch instrument (BIO-SWB-TOUCH-R; 
Bioseb, Pinellas Park, FL), and the operator ensured that 
the rat held the front paws on the incline and that each 
hind paw rested on the base weighing plates. Once the 
rats were acclimated, the weight exerted on each hind paw 
was recorded over 10 seconds. It was ensured that the rat 
stayed relatively stationary throughout the entire record-
ing time. If there were any major movements, the readout 
was disregarded and repeated. HPWD for each animal was 
recorded 6 times for the model development and 3 times 
for the testing of buprenorphine.

8. Model validation and drug administration

For validation of this pain model, two known systemic 

analgesics were tested: carprofen and buprenorphine. The 
baseline pain evaluations were made before wounding 
and on day 1, after wounding. The investigator conducting 
the evaluation was blinded to the drugs administered. Six 
rats (3 males and 3 females) per group were then admin-
istered 5 mg/kg carprofen (Carprieve®; Norbrook, Newry, 
Northern Ireland), 0.1 mg/kg buprenorphine (Simbadol®; 
Zoetis, Parsippany, NJ) or saline subcutaneously on the 
animals’ backs, and the responses to the different tests 
in the model were recorded prior to and at 1, 4, and 24 
hours post-drug administration. Twelve animals were 
used for mechanical stimulation and guarding behavior 
tests and 12 animals were used in the thermal stimula-
tion and HPWD tests. Therefore, a total of 24 animals were 
used in the model validation. The doses for carprofen and 
buprenorphine were selected based on previous reports 
[19-22]. Due to the scab formation, only the peri-wound 
site (Fig. 1A) was tested for the mechanical stimulation. A 
crossover design was implemented to reduce the number 
of animals used. One group of animals received carprofen 
on day 1 and saline on day 3; another group received saline 
on day 1 and buprenorphine on day 3 (Fig. 1B). Temporal 
groups were compared for analyses.

9. Statistical analysis

For all the rat experiments, sample size calculations used 
a power of 0.8-0.9, a P = 0.05, and a Cohen effect size (f) = 
0.6 [23]. The power analysis showed that 6-8 rats per group 
were sufficient to demonstrate statistical significance, as-
suming multiple groups with at least 4 measurements over 
time (repeated measures design). All the calculations were 
done with the software G*Power Version 3.1.

Data are presented as group mean ± standard error of 
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Fig. 2. (A) Representative images of the state of the excisional wound at 2, 24, and 96 hours after punch biopsy. (B) Average body weight over the course 
of the experiment (n = 20 rats per group). (C) Average wound size change from day of biopsy to end of study (n = 40 rats total). The error bars indicate 
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means. One-way and two-way analysis of variance, fol-
lowed by Sidak’s or Tukey’s post-hoc tests were used to 
analyze all the pain behaviors. Values of P < 0.05 were con-
sidered significant. Analyses were done using GraphPad 
Prism version 6.0h for Mac OS X (GraphPad Software Inc., 
San Diego, CA). 

RESULTS
Rats groomed normally and appeared to be in a good state 
of welfare during the experimental period. There was a 
small decrease in body weight (< 2% on average) for both 
males and females the first day after wounding. Subse-
quently, the weights remained stable or increased (Fig. 2B). 

Healing was progressive, and the diameter of the wound 
decreased from 5 mm to 4.35 mm (range: 3.11-5.08 mm) at 
the end of the observation period, 4 days after wounding 
(Fig. 2C).

1. Excisional wound pain model development

1) Mechanical stimulation

There was no difference in the baseline values for the me-
chanical von Frey force required for withdrawal between 
the two hind paws of the animals (n = 8). After punch 
biopsy, the force to withdrawal for the injured paw was 
different for the uninjured paw at 2, 24, and 48 hours (P 
< 0.001, P ≤ 0.049, and P < 0.011, respectively) (Fig. 3A). 
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Fig. 3. Responses at baseline and 2-96 hours post punch biopsy for injured and uninjured paw. (A) Force to withdrawal using von Frey filaments (including 
peri-wound area). Statistical comparisons were done using ordinary two-way analysis of variance (ANOVA) followed by Sidak’s post-hoc test (a repeated 
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tively. 
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Most animals had developed a hard scab at the wound 
site within 2-24 hours (Fig. 2A), making it difficult to ob-
tain a response in the wound beyond those time points. 
Therefore, the peri-wound area was also tested. The force 
to withdrawal for the peri-wound area on the injured paw 
was less than the uninjured paw at 2, 24, 48, 72, and 96 
hours (P < 0.001) (Fig. 3A).

2) Thermal stimulation

There was no difference in the baseline values for time to 
withdrawal following thermal stimulation between the 
two hind paws (n = 8). After punch biopsy, the time to in-
duce withdrawal in the injured paw was shorter at 2, 24, 
48, 72, and 96 hours compared with the uninjured paw (P 
< 0.001) (Fig. 3B).

3) Guarding behavior

Before punch biopsy, the animals showed minimal to no 
guarding behavior (n = 8). All animals showed a consistent 
increase in guarding behavior of the injured paw at 2, 24, 
48, 72 (P < 0.001), and 96 hours (P < 0.001) as compared to 
the baseline before wounding (Fig. 3C).

4) HPWD

At baseline before punch biopsy, the animals exerted 
equal weight (50%) on both hind paws (n = 8). After punch 

biopsy, the animals put significantly less weight on the 
injured paw at 2, 24 (P < 0.01), 48 (P < 0.001), 72 (P < 0.011), 
and 96 hours (P < 0.001) as compared to the baseline be-
fore wounding, showing an altered weight distribution 
between the hind paws (Fig. 3D).

2. Validation of the excisional wound model

1) Effect of carprofen on evoked pain responses

Carprofen increased the time to paw withdrawal following 
thermal stimulation on the injured paw at 1 (P < 0.05) and 
4 hours (P < 0.01) after administration (Fig. 4A) (n = 6). At 
24 hours after carprofen administration, the response to 
thermal stimulation returned back to baseline. However, 
carprofen did not change the response to mechanical 
stimulation (Fig. 4B). In the uninjured paw, the pain re-
sponses to mechanical or thermal stimulation remained 
unchanged after carprofen administration.

2) Effect of buprenorphine evoked and non-evoked pain  
      responses

All rats showed an increase in baseline pain score 72 hours 
after wounding on the injured paw, compared to the base-
line before wounding. There was no change in the pain 
score of the uninjured paw before or after wounding. 

Buprenorphine increased the withdrawal thresholds 
to mechanical or thermal stimulation on the injured paw 
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at 1 and 4 hours (P < 0.001) after administration (n = 6). At 
1-hour post-administration, buprenorphine also increased 
the time to induce withdrawal to thermal stimulus on 
the uninjured paw (P < 0.001) (Fig. 5A, B). Buprenorphine 
reduced the guarding behavior and restored the weight 
exerted on the injured paw at 1 and 4 hours (P < 0.001) after 
administration (Fig. 5C, D). At 24 hours post buprenor-
phine administration, the pain behaviors returned to 
baseline after wounding.

DISCUSSION
Pain from open wounds is a widespread and growing 
concern. Chronic wounds are an increasing healthcare 
burden, due to the rapidly rising incidence of diabetes 
and obesity, and the growing elderly population [24]. 
Traumatic wounds, often cared for in the emergency de-
partment [25], can result in severe pain as well. However, 
wound pain is a poorly managed problem and is frequent-
ly treated with systemic medications which have multiple 
undesirable effects. A major purpose of this study was to 
develop an excisional wound pain model that can evaluate 
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evoked and spontaneous pain behaviors and be useful for 
the evaluation of new analgesics for painful open wounds. 
A punch biopsy was used to create a full-thickness exci-
sional wound, which was left open to start healing by sec-
ondary intention. The excisional wound resulted in rapid, 
robust, stable, and long-lasting pain responses for at least 
96 hours after wounding and permitted the detection of 
analgesia after systemic drug administration. To the best 
of our knowledge, this is the first excisional, full-thickness, 
open wound pain animal model that has been extensively 
characterized and validated.

We chose Sprague Dawley rats to develop the model be-
cause they are commonly used for behavioral studies. Cur-
rently available techniques and instrumentation restrict 
some pain behavior testing depending on injury location. 
Rats have a sufficient plantar paw size that allows wound-
ing and permits evaluation of both evoked and spontane-
ous pain, in contrast to using other animal body areas (e.g., 
back [18]). Our studies used a 5-mm punch biopsy to create 
a wound big enough for testing, but not so large as to cause 
significant discomfort to the animal. After the punch bi-
opsy, the animals were evaluated for evoked pain behav-
iors (mechanical and thermal stimulations) and for spon-
taneous pain behaviors (HPWD and guarding behavior). 
As expected, the injured paw was more sensitive to the von 
Frey filaments compared to the uninjured paw or the pre-
wounding baseline and that this sensitivity lasts at least 
for 96 hours. Interestingly, the peri-wound area remained 
more sensitive to the mechanical stimulation compared 
to the wound itself. This was probably due to the forma-
tion of a hard scab on the wound surface which starts to 
form between 2 to 24 hours post-wounding. In the thermal 
stimulation test, the primary wound site on the injured 
paw was consistently sensitive up to 96 hours compared to 
the uninjured paw. We hypothesize that mechanical and 
thermal stimulation of the wound may be representative 
of any clinical intervention involving the application of 
physical forces or substances to an open wound (dressing 
application/removal, debridement or cleaning). Therefore, 
these tests may have predictive capability to evaluate fac-
tors that worsen or alleviate acute exacerbation of wound 
pain due to wound care procedures.

With regard to spontaneous pain behaviors, paw lick-
ing and the grimace scale were initially assessed, but the 
changes observed were inconsistent and small, and there-
fore, further evaluation was not conducted. Both HPWD 
and guarding behavior tests consistently showed that 
the animals preferred to bear less weight on the injured 
paw, which was consistent up to 96 hours. Even though 
both tests measure paw weight bearing, the HPWD test 
has some advantages over the guarding behavior test: (a) 
HPWD is a direct quantitative test and (b) can be done 

much faster and for multiple time points within an hour 
compared to the guarding behavior test. The main chal-
lenge of using the HPWD test is that the animals need to 
be well-trained and acclimated to the instrument to en-
sure stable readings. Under appropriate conditions, the 
HPWD test provides a reliable indication of spontaneous 
pain, which is informative and advantageous for the study 
wound pain at rest or due to posture or locomotion. 

A major reason for developing the rat excisional wound 
pain model was to allow evaluation of analgesic drugs. 
We validated the model using known systemic analgesics: 
an opioid, buprenorphine, and an NSAID, carprofen. Bu-
prenorphine is a partial mu-opioid receptor (MOR) agonist 
with very high affinity for the MOR and low intrinsic ef-
ficacy. The dose and route of administration of buprenor-
phine were based on previously published studies in rats 
[21,22]. A single dose of buprenorphine (0.1 mg/kg) showed 
a dramatic decrease in the pain responses in all four tests 
at the injured paw after 1 and 4 hours compared to the 
baseline after wounding and even caused a reduction in 
the sensitivity of the uninjured paw to thermal stimulation 
compared to baseline, probably due to a higher threshold 
of pain response conferred by buprenorphine. Carprofen 
reduced the pain responses to the thermal stimulation on 
the injured paw, although to a lesser extent than buprenor-
phine, but it did not have any effect on the pain responses 
to mechanical stimulation. The difference in the respons-
es to thermal versus the mechanical stimulation may be 
related to the dose of carprofen used or because the time 
points selected for measurement were suboptimal. Ad-
ditional experiments, including HPWD and guarding 
behavior, will have to be performed to further explore the 
analgesic profile of carprofen in our model. Carprofen is 
an NSAID whereas buprenorphine is an opioid. Therefore, 
it is likely that carprofen has a distinct analgesic profile in 
our model compared to buprenorphine. It will be interest-
ing to study the analgesics from different classes and the 
differences in their efficacy in our model of wound pain.

Previously described animal wound pain models 
[14,16,17] are for incisional wound pain, surgical wound 
pain or for burns. The most commonly used model is the 
Brennan model, which involves an incision on the hind 
paw in the skin and fascia and sometimes muscle, followed 
by suturing. This model has been widely used for the 
evaluation of pathophysiological mechanisms of wound 
pain [26] and post-surgical analgesic options [27,28]. The 
pain behaviors tested in the Brennan model show statisti-
cally significant differences only for up to 72 hours post-
wounding, which is a limitation in evaluating the duration 
of action of extended-release analgesics [29,30]. In addi-
tion, the mechanical stimulation testing is done on the 
area around the wound and not on the actual wound site. 
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A similar wound pain model has been developed in pigs, 
which involves a long incisional wound on the lower back 
followed by suturing. This wound model is characterized 
by a rapid, robust, stable, and long-lasting pain response 
to mechanical stimulation on an area proximal to the 
wound and not on the actual wound site, but no other pain 
behaviors have been consistently shown in this particular 
model [16,31-33]. This model could be useful for the evalu-
ation of topical analgesics since porcine skin is considered 
to closely resemble human skin. However, studies using 
pigs are expensive, and using them as the primary model 
for pain research is not always possible.

Another wound pain model in rats was developed by the 
US Army Institute of Surgical Research using a full-thick-
ness plantar thermal injury. The pain behaviors character-
ized in this model are long-lasting, but they are delayed, 
modest, and present only at the skin sites adjacent to the 
original point of injury [17,34]. More recently, a pain model 
with open wounds on the back in rats was described. How-
ever, the model was not extensively characterized, and 
the authors only evaluated the exacerbation of pain due to 
mechanical stimulation after local application of adreno-
corticotropic hormone on day 5 post-wounding [18].

Given the limitations of other rat wound pain models 
(pain behaviors of short duration in incisional wounds 
or delayed onset in burns), the open wound pain model 
presents multiple advantages: the possibility of direct 
and indirect stimulation of the primary site of injury with 
rapid, robust, stable and long-lasting pain responses. 
These differential characteristics may be useful for better 
understanding of open wound pain pathophysiology and 
development of analgesics aimed at treating wound pain. 
The open wound model allows testing for evoked (by both 
thermal and mechanical stimuli) as well as spontaneous 
pain, with consistent pain responses for at least 96 hours. 
The testing of evoked pain in our model provides a method 
to evaluate the potential effect of drugs on the pain expe-
rienced by patients during wound care procedures. In ad-
dition, the potential effects of analgesics on resting pain, 
or pain due to movement/and or postural changes can be 
evaluated using HPWD or guarding behavior. Moreover, 
no gross sex differences were observed for any of the tests. 
The major limitation of our model is the application of 
topical analgesics, since the wound site is located on the 
paw of the animal, it may require restraining to ensure 
sufficient contact for a topical analgesic to be tested in this 
model. Based on the other wound pain models, we evalu-
ated pain responses up to 96 hours, however since we see 
robust responses even at 96 hours, it may be interesting to 
explore the actual duration of the pain responses to fur-
ther characterize the model.

The incisional wound pain models have been instru-

mental in the non-clinical characterization of new local 
analgesic options for the treatment of post-surgical wound 
pain [29,31,32] (e.g., liposomal bupivacaine [35]). In con-
trast, there are few options available for pain associated 
with open wounds. We hypothesize that the development 
of analgesic options for open wounds will be facilitated 
by developing and using models that are specific for open 
wounds. Our excisional wound pain model can be used 
to study the pathophysiology of pain in open wounds, the 
mechanism of action of known drugs, and to test novel 
analgesics. We further anticipate that this model can be 
developed in other species like pigs. In conclusion, we 
present, for the first time, an open wound animal pain 
model with robust, long-lasting pain responses to evoked 
and spontaneous pain.
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