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SUMMARY:  27 
The aim of this study was to develop a murine model of burn wound healing. A thermal burn was 28 
induced on the dorsal skin of mice using a preheated brass template. Burned tissue was debrided 29 
and overlaid with a skin graft harvested from the tail of a genetically similar donor mouse.  30 
 31 
ABSTRACT: 32 
Trivial superficial wounds heal without complications by primary intention. Deep wounds, such 33 
as full thickness burns, heal by secondary intention and require surgical debridement and skin 34 
grafting. Successful integration of the donor graft into a recipient wound bed depends on timely 35 
recruitment of immune cells, robust angiogenic response and new extracellular matrix formation. 36 
The development of novel therapeutic agents, which target some key processes involved in 37 
wound healing, are hindered by the lack of reliable preclinical models with optimized objective 38 
assessment of wound closure. Here, we describe an inexpensive and reproducible model of 39 
experimental full thickness burn wound reconstructed with an allogeneic skin graft. The wound 40 
is induced on the dorsum surface of anaesthetized inbred wild type mice from the BALB/C and 41 
SKH1-Hrhr backgrounds. The burn is produced using a brass template measuring 10 mm in 42 
diameter, which is preheated to 80 °C and delivered at a constant pressure for 20 s. Burn eschar 43 
is excised 24 hours after the injury and replaced with a full thickness graft harvested from the tail 44 
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of a genetically similar donor mouse. No specialized equipment is required for the procedure and 45 
surgical techniques are straightforward to follow. The method may be effortlessly implemented 46 
and reproduced in most research settings. Certain limitations are associated with the model. Due 47 
to technical difficulties, the harvest of thinner split thickness skin grafts is not possible. The 48 
surgical method we describe here allows for the reconstruction of burn wounds using full 49 
thickness skin grafts. It may be used to carry out preclinical therapeutic testing.  50 
 51 
INTRODUCTION: 52 
Surgical debridement and skin grafting are common clinical practices used in the management of 53 
chronic wounds1, burn wounds2, and acute wounds such as traumatic wounds3. Skin grafting 54 
refers to the surgical procedure, which involves the removal of healthy skin from one part of the 55 
body and transferring it to another. Donor grafts replace the lost tissue and provide a structural 56 
scaffold for cellular migration and growth. Following integration into the recipient site, skin grafts 57 
replace the lost skin barrier by providing protection from microbial invasion, harmful effects of 58 
the external environment and excessive loss of moisture4. Successful skin graft integration 59 
depends on several factors. These include adequate immune responses in the presence of 60 
microbial infections and timely resolution of inflammation, robust angiogenesis at the wound site 61 
and establishment of vascular anastomoses between the recipient bed and the donor graft5. As 62 
the graft begins to degrade, resident dermal cells must be replaced by cells capable of producing 63 
new extracellular matrix. At the same time, the epidermal keratinocytes must crawl over the 64 
newly produced matrix to form the neo-epidermis and re-epithelialize the wound. It is, therefore, 65 
evident that efficient migration of cells from the recipient bed into the donor graft is another 66 
determining factor that influences successful graft incorporation. Given the vast number of 67 
factors involved in wound healing6, which may be impossible to control in the human trials due 68 
to ethical limitations, models of pre-clinical experimental skin grafting are necessary. 69 
Development of pre-clinical models of burn wound healing and associated skin grafting will be 70 
important for understanding of complex mechanisms involved in cutaneous tissue repair and 71 
essential for the testing of new therapeutic agents. The in vitro models of wound healing are 72 
unable to accurately mimic the complexity of the cutaneous tissue. The in vivo animal models are 73 
an indispensable investigative tool in understanding the mechanisms involved in tissue repair.  74 
 75 
Several methods of skin grafting technique were developed in rodents to mimic surgical excision 76 
and burn wound reconstruction7-9. However, most of the previously described procedures failed 77 
to induce a thermal burn injury prior to skin grafting. Instead of the burn wound, a full thickness 78 
excisional wound was induced, which was then reconstructed with a full thickness skin allograft7. 79 
Various anatomical landmarks such as the ear, tail and back have been used for harvesting of the 80 
donor skin in rodents7,8. Different graft fixation and stabilization techniques were reported, 81 
including a “no suture technique”9, sutures7 and surgical glue10-12.  82 
 83 
The purpose of this study was to develop a murine model of a full thickness burn wound that 84 
would recapitulate the current gold standard approach in burn treatment, which involves 85 
nonviable tissue excision and skin grafting. A thermal burn was induced on the dorsum surface 86 
of a mouse using a preheated brass template. Burn eschar was excised and replaced with a full 87 
thickness graft harvested from the tail of a donor mouse. There are three key advantages to this 88 



   

Page 2 of 6   
 

experimental model. First, more than one burn wound may be induced on the back of the 89 
recipient mouse, and four donor skin grafts may be harvested from a single tail of the donor 90 
mouse. This means that several experimental and control treatments may potentially be 91 
compared using the same recipient and donor animals. Depending on the desired route of 92 
administration, the control treatment may include local or systemic administration of the vehicle 93 
or placebo control (e.g., topical application of ointment, subcutaneous, intraperitoneal or 94 
intravenous injection of solution). Second, timing of the treatment and the endpoint of the 95 
experiment may be controlled. Third, this model depends on the reconstruction of wounds using 96 
full thickness grafts harvested from the tail, which are known to have a higher probability for 97 
successful incorporation into the donor site compared to the skin harvested from the back13. This 98 
may be due to the lower number of epidermal Langerhans cells, which play a key role in 99 
cutaneous immunobiology, and are associated with the skin graft rejection14.  100 
 101 
The proposed model of wound healing and graft integration may well be applied to transgenic 102 
and knockout mice. The use of genetically modified mice will assist in elucidating the roles that 103 
certain genes may play during wound repair. Exogenous application of topical wound 104 
preparations or subcutaneous administration of therapeutic antibodies at the site of the injury 105 
may also be considered.  106 
 107 
Due to technical difficulties, split thickness skin grafts consisting of the epidermis and part of the 108 
dermis are difficult to obtain in mice. Full thickness skin grafts consisting of the epidermis and 109 
full thickness dermis are known to require a well-vascularized wound bed for successful 110 
integration. The inability to harvest split thickness skin grafts in mice may be regarded as a 111 
limitation of this model. The fixation of the skin graft to the recipient wound bed was achieved 112 
via the application of the surgical adhesive glue, which is associated with less trauma and rapid 113 
degradation compared to other means of tissue fixation15. Previous studies have shown that 114 
suturing is associated with stronger tissue fixation than the surgical glue at 24 h after the surgical 115 
procedure15, which may be considered as a disadvantage of the procedure. However, at later 116 
timepoints, the biomechanical strength of wounds treated with a surgical adhesive becomes 117 
comparable to sutures15 and better than staple fixation16. Following tissue fixation with the 118 
surgical glue, wounds must be covered with a wound dressing. Although wounds on the dorsal 119 
surface of the mouse are difficult for the animal to reach, the wound dressing, on the other hand, 120 
is easy for the animal to manipulate and remove. Frequent wound dressing changes may be 121 
warranted.  122 
 123 
Anesthesia-induced hypothermia in small rodents is a well-documented phenomenon17. 124 
Hypothermia is a side effect of this procedure, which causes complications, and potentially 125 
compromises both animal health and data quality. Therefore, this method warrants the 126 
implementation of temperature management strategies, especially if hairless SKH1-Hrhr are 127 
used.  128 
 129 
The most significant limitation of using mice to mimic human wound closure is the difference 130 
between the skin anatomy and physiology. Mouse wounds heal mostly via contraction, whereas 131 
human wounds heal through granulation tissue formation and re-epithelialization18. To account 132 
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for this discrepancy, the current model may be modified and used in combination with a splinting 133 
ring tightly adhered around the wound to prevent skin contraction19. Given some advantages and 134 
disadvantages of this in vivo protocol, this model could serve as a tool to study certain processes 135 
involved in wound healing that are impossible to study in vitro.  136 
 137 
PROTOCOL:  138 
 139 
All experiments were approved by the French Department of Higher Education and Research 140 
(Study Number: 122162017111616517670v2 and DAP180012). All mice were single-housed upon 141 
arrival in plastic cages and were allowed a 7-day acclimatization period prior to the study. The 142 
animal room was maintained at a 12/12 h light/dark cycle (lights on at 07:00). Food and tap water 143 
were provided ad libitum. BALB/c and SKH1-Hrhr mice were fed traditional wheat/soy-based diet. 144 
Sawdust bedding was provided along with nesting material. 145 
 146 
1. Equipment preparation 147 
 148 
1.1 Prepare a burning device for the procedure and set it to 80 °C using the temperature 149 
controller (Figure 1A). Verify the temperature of the brass template (Figure 1B,C) using the 150 
infrared thermal imaging camera. 151 
 152 
1.2 Ensure that the digital manometer is operating correctly. 153 
 154 
1.3 Cover the stage with a surgical drape and adjust the height of the table (Figure 1A).  155 
 156 
2. Pre-operative and intra-operative animal care  157 
 158 
2.1 Acquire BALB/c and SKH1-Hrhr mice, 6-8 weeks of age. 159 
 160 
2.2 Add paracetamol suspension at 3 mg/mL to drinking water and supply 12 hours before 161 
and up to 72 hours after the procedure.  162 
 163 
2.3 Using a 1 mL syringe and a 26 G needle, administer buprenorphine subcutaneously at 0.05 164 
µg/g 30 min before the procedure and every 6 hours for the first 72 hours after the procedure.  165 
 166 
2.4 Using a 1 mL syringe and a 26 G needle, administer lidocaine to the dorsum of the mouse 167 
and 2-3 mm distal to the area of the burn wound. Inject lidocaine at 0.05 µg/g subcutaneously 168 
15 min before the induction of the burn wound.  169 
 170 
2.5 Anesthetize mice using an intraperitoneal injection of xylazine at 10 mg/kg and ketamine 171 
100 mg/kg. Use a 1 mL syringe and a 26 G needle to administer the injection.  172 
 173 
2.6 Critical step: Place the anaesthetized mouse on a heated pad and keep the mouse warm 174 
to prevent hypothermia for the first 30 minutes after the induction of anesthesia and for at least 175 
15 minutes after the recovery from anesthesia. In addition to the heated pad, other modalities 176 
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including heat lamps, circulating warm liquids or air, and pre-warmed heat reservoirs may be 177 
used to regulate the body temperature.  178 
 179 
2.7 Apply lubrication gel on the eyes of the mouse to prevent dehydration of the cornea.  180 
 181 
2.8 Use the toe pinch withdrawal reflex to assess the depth of anesthesia. 182 
 183 
2.9 Using a 1 mL syringe and a 26 G needle administer 200 µL of Lactated Ringer’s Solution 184 
supplemented with 5% dextrose. Administer fluid replacement subcutaneously immediately 185 
after the induction of anesthesia and 6 hours after the procedure to prevent dehydration.  186 
 187 
3 Full thickness burn wound induction  188 
 189 
3.1 Shave the anaesthetized mouse with the hair clippers. 190 
 191 
3.2 Apply depilating cream on the dorsum surface of the mouse for 1 minute. Wipe off the 192 
cream using some sterile gauze and clean the area with a piece of damp gauze. Blot the skin with 193 
some gauze until dry.  194 
 195 
3.3 Place the mouse on the stage covered with a surgical drape and move the stage upward 196 
closer to the preheated brass template. 197 
 198 
3.4 Apply the circular brass template on the back of the mouse (80 °C for 20 s) using constant 199 
pressure of 0.15 N (Figure 2).  200 
 201 
3.5 Critical step: Immediately after the burn induction, place the anaesthetized animal on the 202 
heated pad to prevent hypothermia and keep the mouse warm during and after the procedure. 203 
Once recovered from anesthesia, return the mouse back to the cage.  204 
 205 
3.6 Critical step: Provide a mashed diet on the cage floor for the first 72 hours after the 206 
surgical procedure. Mice are sometimes reluctant to reach up to a sipper tube to drink water 207 
after a burn wound injury. 208 
 209 
4 Harvesting of the donor graft 210 
 211 
4.1 Make a longitudinal incision with a scalpel in the upper part of the tail of the donor mouse 212 
and gently remove the skin using surgical forceps. 213 
 214 
4.2 Place the tail skin into a sterile Petri dish filled with 10 mL of sterile 0.9% saline solution. 215 
Use a ruler to measure out individual grafts and cut the tail skin into pieces, each measuring 15 216 
mm, using a scalpel.  217 
 218 
4.3 Once prepared, keep the skin grafts in 0.9% saline solution at 4 °C for up to 2 hours. 219 
 220 
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5 Surgical excision and skin grafting 221 
 222 
5.1 Twenty-four hours after the burn induction, prepare the mouse for anesthesia by 223 
inhalation of isoflurane. Place the mouse into the induction chamber and induce anesthesia using 224 
5% isoflurane in 100% oxygen at a flow rate of 4 L/min. To maintain anesthesia during surgery, 225 
use 2% isoflurane at 2 L/min.  226 
 227 
5.2 Place a surgical drape on the mouse and cut out a window to expose the surgical field. 228 
Using the aseptic technique, swab the wound first with povidone-iodine and then with 70% 229 
alcohol. 230 
 231 
5.3 Gently pick up the burned tissue with a pair of surgical tweezers and excise all necrotic 232 
and nonviable tissue with sterile surgical scissors and tweezers. Remove the panniculus carnosus 233 
layer of the hypodermis to create a stable recipient bed.  234 
 235 
5.4 Place the skin graft on the freshly prepared wound bed. Gently pull the surrounding skin 236 
toward the skin graft using surgical tweezers. Apply some surgical adhesive to attach the graft to 237 
the wound bed and gently press to align the skin edges. Critical step: The size of the wound bed 238 
must be slight larger than the size of the skin graft to ensure successful engraftment. 239 
 240 
5.5 Allow the mouse to recover from anesthesia. Critical step: Place the mouse on a heated 241 
pad. Keep the mouse warm during and after the procedure to prevent hypothermia.  242 
 243 
5.6 Apply inert paraffin gauze dressing and adhesive secondary dressing over the grafted 244 
wound. 245 
 246 
5.7 Place the mouse into an individual cage. Critical step: Provide some mashed diet on the 247 
cage floor for the first 72 hours after the surgical procedure and monitor daily.  248 
 249 
5.8 Provide toys and enrich the environment. 250 
 251 
6 Digital imaging and post-mortem wound collection 252 
 253 
6.1 Photograph wounds with a digital camera by placing a ruler next to the wound (Figure 3).  254 
 255 
6.2 At the end point of the experiment, euthanize animals by exposure to carbon dioxide and 256 
cervical dislocation. Critical step: Excessive pulling action of the skin during the cervical 257 
dislocation may damage the graft.  258 
 259 
6.3 At post-mortem, surgically excise the dorsal burn wounds to the fascia using scissors. 260 
Bisect wounds. Fix half in 10% buffered formalin and process for histology and 261 
immunohistochemistry. Fast freeze the other half in liquid nitrogen for RNA extraction and 262 
protein quantitation and keep at -80 °C. 263 
 264 
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7 Skin histology, immunohistochemistry and collagen visualization 265 
 266 
7.1 Embed samples of skin into paraffin, cut to 4 µm sections and place onto positively 267 
charged slides. 268 
 269 
7.2 Use slides stained with hematoxylin and eosin to evaluate the rate of re-epithelialization 270 
(% of the original wound). The area of the wound that is covered with neo-epidermis may be 271 
expressed as a percentage of the entire wound (Figure 4). Use a digital microscope application 272 
and ImageJ software to perform the microscopic analysis of the sections. 273 
 274 
7.3 Use histological sections (4 µm thickness) prepared from formalin-fixed and paraffin-275 
embedded tissue and subject them to immunohistochemistry.  276 
 277 
7.4 To assess collagen I and fibronectin expression in wounds, apply primary antibodies and 278 
incubate for 1 h. Detection may be performed by species-specific horseradish peroxidase (HRP) 279 
or alkaline phosphatase (AP)-conjugated secondary antibodies.  280 
 281 
7.5 React sections with either: (i) HRP,3,3'-diaminobenzidine (DAB) or (ii) AP, Bond Polymer 282 
Refine Red (Table of Materials), which yields a bright red color (Figure 5). Scan the sections using 283 
an instrument and analyze with the digital microscope application and ImageJ.  284 
 285 
7.6 To enable histological assessment of collagen deposition, perform trichrome staining on 286 
histological sections using a commercial kit. 287 
 288 
7.7 For collagen fiber visualization, use multiphoton microscopy and second harmonic 289 
generation technique (Figure 5). Use a multiphoton microscope for tissue imaging as previously 290 
described20. Use a Ti:Sapphire laser with a center wavelength at 810 nm as the laser source for 291 
generating second harmonic and two-photon excited fluorescence signals (TPEF).  292 
 293 
7.8 Use a laser beam equipped with a 25x/0.95 W objective to collect and excite second 294 
harmonic generation (SHG) and TPEF. Detect signals as described previously21 by NDD PMT 295 
detectors. Use software for laser scanning control and image acquisition. 296 
 297 
REPRESENTATIVE RESULTS: 298 
The results demonstrate that the protocol developed is a straightforward method, which permits 299 
the induction of a full thickness burn wound in mice. Burns are induced using a preheated brass 300 
template (Figure 1A-C). The burned area appears as a circular wound with a white eschar and a 301 
hyperemic zone. The size of the burn wound is slightly larger at 24 hours after the burn injury as 302 
a result of the well-described phenomenon known as the burn injury progression, which is 303 
possibly due to acute inflammation22. After excision, burn wounds are reconstructed using 304 
allogeneic skin graft (Figure 3). On day 7 after the burn injury, wounds become vascularized5, 305 
which is an indication of successful engraftment. Epidermal keratinocytes migrate from the 306 
adjacent recipient skin in the effort to close the wound and bridge the gap between the two 307 
edges of the wounds. Microscopic analysis of H and E stained section of wounds revealed that 308 
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the length of the neo-epidermis becomes significantly longer on day 7 after burn injury compared 309 
to day 3 after burn injury (Figure 4B). Prior to performing a large study, it is highly recommended 310 
that researchers complete a pilot study, which enables the exploration of a novel intervention, 311 
assessment of feasibility, identification of modifications to the method to ensure reproducibility. 312 
Statistically significant effects are difficult to detect in smaller samples, whereas increasing the 313 
sample size is one way to boost the statistical power of a test. For example, to detect a statistically 314 
significant difference (p < 0.05) in the rate of wound re-epithelialization (Figure 4) between 315 
groups, the sample size should be between six and eight mice per group. All experiments should 316 
be repeated at least twice. As matrix producing cells, such as fibroblasts, migrate from the 317 
recipient tissue into the graft, key components of the extracellular matrix, including collagen I 318 
and fibronectin become highly expressed in the newly formed matrix (Figure 5).  319 
 320 
Figure 1: Burning device setup. (A) Placement and set-up of the burning device. The burning 321 
device is connected to the temperature controller and is attached to the digital monometer to 322 
enable the monitoring of pressure. The burning device is suspended above an adjustable stage – 323 
flat surface onto which mice are placed for the induction of burn. (B-C) A close up image of the 324 
brass template used to induce wound burns. (C) The diameter of the brass template is 1 cm.  325 
 326 
Figure 2: Schematic illustration of the different steps required to reproduce the experimental 327 
model described in this article. There are three main steps to the procedure: (i) induction of the 328 
burn wound using a preheated brass template; (ii) surgical excision of the non-viable necrotic 329 
tissue at 24 hours after the burn injury; (iii) surgical wound reconstruction using a full thickness 330 
allogeneic skin graft harvested from a donor mouse.  331 
 332 
Figure 3: The macroscopic view of reconstructed mouse burn wounds. Representative digital 333 
images of burn wounds reconstructed with allogeneic skin grafts on days 0, 1, 3 and 7 after burn 334 
injury. The ruler on images is in millimeters. 335 
 336 
Figure 4: Microscopic appearance of wounds at 3 and 7 days after burn injury. H&E-stained 337 
sections of wounds 3 and 7 days after burn injury. The length of neo-epidermis (dotted line) is 338 
significantly increased in (A) day 3 wounds compared to (B) day 7 wounds. In (A) and (B), the 339 
scale bar is 100 µm. (C) Graphical representation of the percentage of wound re-epithelialization. 340 
This was evaluated by measuring the length of neo-epidermis at day 3 and 7 post-burn injury and 341 
expressed as a percentage of the whole wound length. Results represent mean ± S.E.M. (n = 6 342 
mice in day 3 group; n = 6 mice in day 7 group, ∗p < 0.05; Student’s t-test).  343 
 344 
Figure 5: Assessment of the extracellular matrix and collagen I visualization. Representative 345 
images of immunohistochemistry analysis on day 7 mouse wounds stained for (A) collagen and 346 
(B) fibronectin. Note intense red staining in elongated spindle-shaped collagen I-positive cells. 347 
Note brown staining in fibronectin-positive cells in the dermis of day 7 wounds. Scale bar = 50 348 
µm in all images. In (A) and (B), e denotes epidermis and d denotes dermis. (C) Visualization of 349 
collagen fibers and histological assessment of collagen deposition. (D) Representative TPEF/SHG 350 
collagen image of day 7 mouse wounds. Simultaneous TPEF/SHG acquisition using circular 351 
polarization and SHG signals were selectively processed to obtain a binary distribution of SHG 352 
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after applying a threshold. TPEF images (green) and SHG images (white) were pseudo-colored 353 
and overlaid. Scale bar = 50 µm.  354 
 355 
DISCUSSION:  356 
According to the thickness classification of burn injury23, full thickness burns are characterized by 357 
evident involvement of the whole thickness of the skin and certain portion of the subcutaneous 358 
tissue. This type of wound can heal only by contraction or with skin grafting2. An inherent 359 
limitation of the method described in this article is that only full thickness grafts, as opposed to 360 
the split thickness grafts, which are often used in the clinical setting, were harvested from the 361 
tail of a mouse. This was due to the technical difficulty, as the mouse skin is too thin to obtain 362 
split thickness grafts. It must be pointed out that full thickness grafts require a well vascularized 363 
wound bed, whereas split thickness skin grafts are able to survive at donor sites with less 364 
vascularity24. Previous studies showed that a burn wound induced on the back of the mouse was 365 
associated with a robust formation of new vasculature5. This suggests that a well vascularized 366 
area, such as the dorsum of the mouse, could be considered as the anatomical landmark for the 367 
induction of burn wounds. 368 
 369 
Burn wound depth is an important factor to consider. The depth of the burn wound must be 370 
consistent between individual mice. The reproducibility of the burn wound depth depends on 371 
the temperature of the brass template, pressure and duration of the heat exposure. The burn 372 
wound depth must be verified histologically. It is important to keep in mind that excessive 373 
pressure or prolonged exposure of the skin to the preheated brass template may injure the 374 
underlying tissue. The tissue surrounding the vertebral column, including the components of the 375 
central and peripheral nervous system, are sensitive to heat, and if damaged may result in hind 376 
leg paralysis. 377 
 378 
Although no postoperative mortality was directly associated with the surgical procedure, a small 379 
number of hairless SKH1-Hrhr mice, which are especially sensitive to cold, developed 380 
hypothermia and failed to recover after the general anaesthesia. Therefore, supplementary heat 381 
must be provided during all aesthetic events and constant surveillance is required while the 382 
mouse is anaesthetized. 383 
 384 
The method described in this study was not associated with the surgical site infection. However, 385 
aseptic technique must be used to prevent the transfer of microorganisms into the surgical 386 
wound during the perioperative period. Inoculation of the wound with bioluminescent or 387 
fluorescent microorganisms may be incorporated into the procedure. This technique may be 388 
useful in studying infectious organisms and their pathogenesis25. For example, exogenous 389 
addition or injection of bioluminescent bacteria, may permit the monitoring of the microbial 390 
burden using the in vivo whole animal imaging25. Given that mouse hair is known to interfere 391 
with the in vivo whole animal fluorescence and bioluminescence imaging, hairless SKH1-Hrhr 392 
mice are ideal hosts for the studies involving fluorescent or bioluminescent reporters. 393 
 394 
Wound tissue samples may be collected at different time points and processed for histological 395 
and immunohistochemical analysis. Protein and RNA may be isolated from the skin biopsy and 396 
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molecular biology techniques may be used to assess the expression of key molecules involved in 397 
wound healing. 398 
 399 
In the present study, we described an experimental model of burn wound healing and allogeneic 400 
skin engraftment. This procedure can be modified and serve as a model for preclinical studies. 401 
 402 
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