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Abstract 
 
The healing of cutaneous wounds is a dynamic process including overlapping phases of inflammation, proliferation, re-
epithelialization and remodeling. Proper wound healing is essential for the reestablishment of structural and functional 
integrity of the damaged tissue. Rodents are valuable biological tools for understanding tissue repair process and for 
developing effective treatment strategies, despite anatomical and physiological differences between human and animal 
skin. The purpose of the study is to evaluate the cutaneous wound healing assessment for an excisional wound model in 
rats, for further testing with innovative medical devices loaded with biological active compounds. CD-SD female rats 
were surgically operated to excise one full‐thickness circular skin patch, 20 mm diameter, in the dorsal region. Patches 
applied were changed every other day and samples of wounds/scars were collected on the 7th and 14th postoperative 
days. Macroscopic monitoring and histopathological examination assessed the wound healing process over time. 
Results showed that rats provide an optimal animal model for cutaneous wound healing, as data obtained can provide 
valuable translational information and can contribute in optimizing treatment protocols. 
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INTRODUCTION 
 
Skin, the largest organ of the human body, 
plays a crucial role in the protection against 
microorganisms, vitamin D synthesis initiali-
zation, excretion, thermal regulation and 
detection of sensory information about the 
external environment (Abdallah et al., 2017; 
Tottoli et al., 2020; Reinke & Sorg, 2012). 
A wound is a breakdown in the protective 
function of the skin, a disruption of cellular, 
anatomical, and functional continuity of the 
cutaneous tissue. A wound may be described 
by its aetiology, anatomical location, whether it 
is acute or chronic, by the method of closure 
and by the appearance of the predominant 
tissue types in the wound bed. It may be 
produced by physical, chemical, thermal, 
microbial, or immunological insult to the tissue 
(Negut et al., 2018; Thakur et al., 2011; 
Wilhelm et al., 2016). 

Wound healing is the interaction of a complex 
cascade of cellular and biochemical actions 
leading to the restoration of structural and 
functional integrity with regain of strength of 
injured tissues (Gurtner et al., 2008). Wound 
healing involves multiple cell populations, the 
extracellular matrix and the action of soluble 
mediators such as growth factors and cytokines 
(Gonzales et al., 2016; Velnar et al., 2009). The 
healing process consists of a sequence of 
overlapping events including inflammatory 
responses, regeneration of the epidermis, 
shrinkage of the wound and finally connective 
tissue formation and remodeling (Alizadeh et 
al., 2007; Hasamnis et al., 2010). 
Wound healing models have been developed 
over many decades in attempt to understand the 
tissue repair process and test new treatment 
protocols (Masson-Meyers et al., 2020). 
Although in vitro models have been important 
in underlying the mechanisms of this wound 
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repair process, in vivo models remain the most 
predictive models, allowing to obtain 
information on the multifactorial nature of the 
wound healing process, which may be 
influenced by external factors (Dorset-Martin 
2004; Gottrup et al., 2000; Wong et al., 2011). 
The advantage of using animal models is that 
the wound healing process is accelerated in 
animals and it is possible to study the process 
over days rather than longer periods of time 
needed in humans (Chang et al., 2019; 
Mogford, 2001). Currently used animal models 
for wound healing research are: rodents 
(mouse, rat), rabbit and pig. 
Rats have been widely used in the study of skin 
wound healing by allowing the standardization 
of the type, size, shape, and depth of the wound 
injury (Dorset-Martin 2004). This particular 
animal species is often selected for its wide 
availability, tractable nature and cheapest cost 
in terms of housing, maintenance, and 
reproduction. Also, a wide variety of specific 
reagents are available for research purposes. 
Despite of their small size, rats are large 
enough to provide a suitable skin area for 
wound healing studies. (Grada et al., 2018; 
Masson-Meyers et al., 2020).  
The purpose of the study was to evaluate the 
wound healing assessment for an excisional 
wound model in CD-SD female rats. This expe-
riment is part of a study that will evaluate the in 
vivo healing potential of an innovative medical 
device loaded with biological active compounds. 
The following aspects were assessed during the 
experiment: clinical examination and general 
appearance, macroscopic wound monitoring 
and histopathological examination of samples 
collected at the end of the study. Blood samples 
were collected for hematological analysis. 
Results showed that rats provide an optimal 
animal model for wound healing, as data 
obtained can provide information for a better 
understanding of the benefits and limitations of 
this model in translational applications. 
 
MATERIALS AND METHODS 
 
This study was carried out in compliance with 
the principles of ethics and in accordance with 
the provisions of EU Directive 63/2010 on 
compliance with the rules for the care, use and 
protection of animals used for scientific 
purposes. 

This study was approved by the Ethics 
Committee of Cantacuzino National Medical-
Military Development Research Institute and 
approved by the competent authority. The 
animals were provided by Băneasa SFP 
(Specific Pathogen Free) Animal Facility area 
for rats and mice of Cantacuzino National 
Medical-Military Development Research 
Institute, Bucharest.  
All aspects related to animal housing and care 
were undertaken in accordance with the 
national and international regulations 
concerning animal testing. The food and the 
water were administered ad libitum during the 
entire experiment period The animals were kept 
under standard conditions, temperature 18-
24°C, humidity 35-75% and in light controlled 
conditions (12 h/12 h light and dark cycles). 
During the study, the animals were housed into 
individual cages. 
For this study, 20 CD-SD female rats, weighing 
200-300 g, 12 weeks age were surgically 
operated to excise one full‐thickness skin 
patch, in the dorsal region. The animals were 
anesthetized by intraperitoneal injection of a 
cocktail of medetomidine (0.5 mg/kg; Biotur) 
and ketamine (75 mg/kg; Farmavet). The back 
of the animals was shaved and the selected area 
was disinfected using 70% ethanol and 3% 
betadine solution. The animal was placed on 
the lateral side and one circular full-thickness 
wound (20 mm in diameter) was made on the 
dorsum cervical region, using a sterile straight 
surgical scissors, a tissue forceps and a scalpel 
blade (no. 24). Bleeding was controlled with 
gauze compresses until hemostasis. Each 
wound was covered with an untreated textile 
patch (25 x 25 mm) and then covered with 
sterile gauze and flexible, self-adhesive 
bandage (Petflex). Patches were changed every 
other day after hydration with 0.9% saline 
solution (Figures 1 and 2). 
Animals were randomly divided in 2 groups (n 
= 10 in each group), according to the moment 
of tissue sample collection. Half of the animals 
were euthanized using an anesthetic overdose 
on the 7th post-operative day and the other half 
of the animals on the 14th post-operative day. 
Clinical examination of the animals was 
performed daily and wounds were measured 
using a vernier caliper (length and width). 
Wounds measurements, macroscopic descrip-
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tion of the lesions and evaluation of the healing 
process were performed every 48 h. For 
reproducibility, the measurement of the wound 
area was performed by a single observer 
throughout the experimental time. 
 

 
Figure 1- Surgical instruments used for skin patch 

excision and wound measurement 
 

 
Figure 2- Surgical excision and wound coverage 

 
At the end of the study, blood samples for 
hematological tests were collected from the 
retro-orbital sinus. For hematological tests, 
blood was sampled in EDTA pre-conditioned 
tubes and IDEXX ProCyte Dx 5 Diff analyzer 
was used. 
Tissue specimens were obtained from the 
wound site by sharp dissection using the same 

instruments (surgical scissors and scalpel 
blade), on the 7th and 14 th post-operative days 
and histopathological examination was 
performed. 
The full thickness wound tissues, including the 
adjacent skin, were fixed immediately in for-
malin and paraffin embedded for routine histo-
logical processing. A 4 μm section obtained 
from each paraffin block was stained with 
hematoxylin and eosin (H&E) and evaluated 
using a light microscope with specific image 
analysis software (Olympus SC 50). 
 
RESULTS AND DISCUSSIONS 
 
All the animals showed good general health 
condition throughout the study, as assessed by 
their weight gain, food consumption and 
mobility. Temporarily, some of the animals 
presented pruritus on the dorsal region, but 
without interfering with the wound healing 
process. No signs of intercurrences in wound 
healing, such as edema, erythema or 
suppuration in the wound area was observed 
during the experiment. 
The average wounds area (mm2) was calculated 
every 48/72 h by measuring the two dimensions 
(length x width). By day 7, the average wound 
area for group 1 had been reduced from 400.58 
mm2 to 170 mm2, representing 42.43% from 
the initial excisional wound. By day 14, the 
average wound area for group 2 had been 
reduced from 400.82 mm2 to 69.36 mm2, 
representing 17.30 % from the initial wound. 
The measurement results are presented in 
Tables 1 and 2 and graphically represented in 
Figure 3. Macroscopic images of the wound-
healing process over time are presented in 
Figure 4 (group1) and Figure 5 (group 2). 
 

Table 1- Wounds area during the study for group 1 
(mm2) 

Animal ID Day 0 Day 2 Day 4 Day 7 
1 400 360,99 239,94 164,64 
2 403,6 384 285,65 171,2 
3 400 364,7 255,76 166,44 
4 400 362 269,01 195,3 
5 400,8 354,9 277,24 149,03 
6 400,2 355,12 251,12 219,45 
7 400,6 361 264 163,8 
8 400 299,28 159,6 129,36 
9 400 329,42 225 142,74 
10 400,6 370,54 250,56 198,12 
Average 400,58 354,195 247,788 170,008 
STDEV 1,04861 22,4723 33,844 26,0612 
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Table 2- Wounds area during the study for group 2 (mm2) 
Animal ID Day 0 Day 2 Day 4 
1 403,8 399,96 361,6 
2 401,2 380,79 305,04 
3 400,8 362,34 267 
4 400 387,93 327,69 
5 400,6 356,57 294,84 
6 400,4 382 306,55 
7 400,4 341,9 241,08 
8 400 362,18 363,3 
9 400,4 372,37 304 
10 400,6 384,07 342,09 
Average 400,82 373,01 311,31 
STDEV 1,0486 16,377 37,054 
Animal ID Day 7 Day 11 Day 14 
1 283,24 248,89 106,02 
2 236,88 147,6 69 
3 191,54 98,4 27,36 
4 149,16 100 50,3 
5 202,94 105,3 78,1 
6 306,44 121,18 57,53 
7 237,8 167,99 95,16 
8 354,65 175,44 69,93 
9 348,52 163,52 78,96 
10 303,4 136,8 61,32 
Average 231,1 146,512 69,368 
STDEV 65,914 43,568 21,237 

 

 
Figure 3 - Time evolution of wounds area for each group 

 

 
Figure 4 - Macroscopic images of wound-healing process 

on 2nd, 4th and 7th post-operative days (group 1) 

 
Figure 5- Macroscopic images of the wound-healing 

process on 2nd, 4th, 7th, 9th, 11th and 14th post-
operatives days (group 2) 

 
Hematological analyzes performed at the final 
day did not reveal significant differences 
between animals euthanized on 7th post-
operative day and the ones on 14th day, for 
none of the determined cell lines 
(erythrocyte/leukocyte/platelet). Hematological 
inflammation markers (total WBC count, 
lymphocyte/granulocyte count) registered low 
degree variations, with values within the 
normal reference range and were not influenced 
by the wounds area.  
Histopathological evaluation of tissues samples 
of wounds/scars collected at the end of the 
experiment included: bridging of cells and 
keratinization, inflammatory cells, 
neoangiogenesis, proliferation of fibroblasts 
and neocollagenesis. Histopathology aspects 
are presented in Figures 6 and 7. 
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Day 7 

 
Figure 6 - Histopathology of tissue samples at 7th post-
operative day, stained with H&E, 4X (Olympus SC 50) 

Early epithelialization with granulation tissue extending from 
the surface of the defect to the hypodermis and skeletal muscle 

layer; Abundance of polymorphonuclear and mononuclear 
inflammatory cells; Perivascular inflammatory cells and mast 
cells; Frequent fibroblasts and thin collagen fibers; Activation 
of local microvascular endothelial cells lining the inner surface 

of blood vessels (neoangiogenesis) 
 
Day 14 

 
Figure 7- Histopathology of tissue samples at 14th post-
operative day, stained with H&E, 4X (Olympus SC 50) 

Epidermal hyperplasia with parakeratosis, low granulation 
tissue, the defect being largely covered by epithelialization; 

moderate to low number of mononuclear inflammatory cells; 
dense collagen fibers, firmly orientated; Vertical orientation of 

the blood vessels in the granulation tissue with discreet 
angiogenesis 

The purpose of this study was to establish a 
reproducible, predictable and quantifiable rat 
model of excisional wound healing, for further 
wound healing medical device testing.  
Wound healing process was assessed by the 
measurements made during the experiment and 
histopathologic analysis in both time points 
(days 7th and 14th).  
The gradual maturation of the granulation 
tissue and subsequent transformation into the 
primary fibrous scar is considered one of the 
important morphological features of wound 
healing progression.  Neovascularization is 
critical for efficient wound healing, since it is 
required for the delivery of nutrients and 
maintenance of oxygen homeostasis, to allow 
cellular proliferation and tissue regeneration to 
occur (Pastar et al., 2021). 
Murthy et al., (2013) created an excisional 
wound model by surgically removing a full-
thickness skin area of 500 mm2 and assessed 
the wound healing process. The rate of wound 
healing in control rats was 21.6% to 68.3% 
from day 4 to day 12 and 80.6% to 98.1% from 
day 14 to day 20, while complete epitheliali-
zation and healing were observed on day 24. 
Caetano et al. (2014) tested the efficacy of 
wound healing materials by performing two 
circular full-thickness wounds on rats dorsal 
region by using 15mm diameter punch and 
collected tissue samples on days 2,7,14 and 21. 
Macroscopic and histological analysis showed 
similar results to this study, most wounds being 
completely healed from the 14th day on. 
Santos et al. (2021) performed 8 mm wounds 
on the back of Wistar rats for the wound 
healing assay. On day 7, granulation involved 
the full-thickness of dermal tissue and re-
epithelialization was limited to the marginal 
area of the wound. On day 14, a remarkable 
increase in collagenesis, as well as reduction of 
the interfibrillary spaces was observed, with 
most of the defect being fully re-epithelialized. 
Rat cutaneous wound healing does not 
perfectly mimic human skin wound healing 
because the skin morphology is different 
(Abdullahi et al., 2014, Petersen et al., 2016).) 
Rat skin is unique in having a subcutaneous 
panniculus carnosus layer (a thin muscle layer 
between the subcutaneous fat and dermal 
layer), that facilitates skin healing by both 
wound contraction and collagen formation 
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(Davidson & Opalenik, 2013). Consequently, 
wound contraction, which is usually more rapid 
than epithelialization, causes a decrease in the 
overall healing time of rat wounds (Chang et 
al., 2019; Masson-Meyers et al., 2020; Wong et 
al., 2011). In contrast, human wounds heal by 
re-epithelialization and granulation tissue 
formation, important differences to consider 
when assessing the translational relevance of 
rodent studies (Rouselle et al. 2018). The 
inherent differences between human and rat 
skin should be considered in determining 
whether rats are appropriate in wound-healing 
models. Rats have been classified as “loose-
skinned animals”, primarily because of their 
skin’s elasticity and its lack of a strong 
adherence to the underlying structures 
compared to humans (Abdullahi et al., 2014). 
Efforts have been made to create modified 
models, where contraction is retarded to more 
closely mimic the physiology of human wound 
healing (Sharpe & Martin, 2013). Grada et al. 
(2018) discusses the limitations in using rats as 
a model due to contraction wound healing 
mechanism and mentions the use of splinting 
technique in order to avoid healing primarily 
via contraction. Son DO & Hinz, (2021) also 
describes a procedure to splint the edges of 
full-thickness rodent skin with a sutured plastic 
frame to prevent wound closure by granulation 
tissue contraction. Therefore, the wound will 
heal through granulation tissue formation and 
re-epithelialization, similar to the process in 
humans. 
The diferences between human and rat skin are 
also present internally, as rats possess the 
enzyme l-gluconolactone that converts l-
gluconogammalactone to vitamin C, therefore 
rats do not require diets with added vitamin C. 
This is particularly relevant in wound healing 
as vitamin C plays a vital role in collagen 
synthesis (DePhillipo et al., 2018). Main 
characteristics of human and rat skin are 
presented in Table 3. 
Developing an animal model that can mimic 
the complexity of human healing process may 
seem an unattainable goal, because non-healing 
and delayed healing wounds in humans are 
often the result of a combination of external 
factors (Davidson & Opalenik, 2013; Dorset-
Martin, 2004). Despite their limitations, rats are 
often selected for their availability, easy 

manipulation, low cost, and small size, as well 
as defined genetic backgrounds. Rats are large 
enough to provide a suitable area of skin for 
studies which require larger or more numerous 
wounds per animal (Grada et al., 2018).) 
 

Table 3- Characteristics of human and rat skin 

Trait Human Rat 
Epidermis Thick Thin 

Dermis Thick Thick Thin 
Skin adherence Tight Loose 

Panniculus carnosus Absent Present 
Hait coat Sparse Dense 

Hair growth Mosaic Patches 
Vitamin C source Exogenous Endogenous 

Keloid/ 
hypertrophic scar 

Possible No 

Wound Healing 
Mechanism 

Re-
epithelialization 

Contraction 

 
Excisional wounds are the most commonly 
used wound healing models, generated by the 
surgical removal of all skin layers. Excisional 
models commonly use the rat’s dorsum as the 
wound location as dorsal sites tend to be more 
effective in keeping the animal from reaching 
and manipulating the wound. This model 
allows the investigation of inflammation, 
granulation tissue formation, re-
epithelialization, angiogenesis and remodeling 
tissue. (Masson-Meyers et al., 2020; Dorset-
Martin, 2004). 
 
CONCLUSIONS 
 
Rats provide a valuable animal model for 
cutaneous wound healing and further research 
will improve wound assessment methods to 
provide a better understanding of the benefits 
and limitations of this model in translational 
applications. 
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