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ABSTRACT

The infection of burn injuries by Pseudomonas aeruginosa represent a biggest challenges facing doctors. Therefore, treating
infected burns area requires finding an animal model that helps standardize the treatment protocols used to treat infected
burns, as well as to test appropriate medications. The current study aims to prepare a model of burnt ears as well as those
infected with P. aeruginosa. In the present study, the posterior portion of mice back was burned using an iron bar heated
with boiling water (100 °C). After one hour, the burn area was contaminated with a standard dose of P. aeruginosa (50 pl
of 108 c.f.u./ml). The changes that occur in burned skin and bacteria contamination were observed with the neck eye, in
addition to collect skin pieces (after 48 h) from infected area and put them in 10 % of formalin for histological examination.
The results of the histological examination showed damage to the tissues that were burned and that were exposed to the
standard dose of P. aeruginosa, where the destruction of epithelial layer and damage to the dermis layer was observed, in
addition to the appearance of edema, as well as the infiltration of leukocytes. As for tissues taken from mice that were
subjected to burning (posterior portion) without contamination with bacteria, minor changes were observed and they quickly
returned to their normal status. It can be concluded that the method used was effective in preparing a model of burned
mice infected with bacteria, and this will help in conducting experiments to standardize the protocol of treatments.
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1. INTRODUCTION

A burn is a type of injury caused by the application of heat,
electricity, chemicals, or irradiation to the body. It can result in
partial or full-thickness damage to the skin. Burns are classified
into thermal, electrical, and chemical categories. They are
among the most devastating injuries and a major global public
health crisis. Burns can cause various symptoms such as
erythema, blisters, and pain. Traditional treatments for burns
include topical treatments, special diets, and in some cases,
phlebotomy. Burns have significant medico-legal importance
and can be considered the most common cause of unnatural
death in certain regions. Good early management of burns is cr-

ucial for proper resuscitation, but burns are often mismanaged
[1-3]. Burn infections have several risk factors. Poor hand
hygiene and lack of adherence to wearing Personal Protective
Equipment (PPE) and contact isolation precautions were
identified as significant contributing factors to acquiring
infections [4]. Burn patients are at high risk of infections due to
severe impairment of immunity and loss of skin barrier function
[5]. The history of antibiotic usage, length of intensive care unit
stay, mechanical ventilation, and catheter usage were found to
be important risk factors for infections associated with antibiotic-
resistant Gram-negative bacilli [6]. Multiple factors increase bu-
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burn patients' risk of invasive infection and sepsis, including
underlying factors and co-morbidities, the percent total body
surface area of the burn, delays in burn wound excision, and
microbial virulence/bacterial count [7]. Risk factors associated
with time to first healthcare-associated infection (HAI) in burn
patients include burn size (TBSA > 20%), burn mechanism
(flames and scalds), central venous catheter use, and mestizo
race [8].

Burn infections are commonly caused by a variety of bacteria.
Staphylococcus aureus is a predominant bacterium responsible
for burn infections, found in multiple studies [9]. Pseudomonas
aeruginosa is another common bacterium associated with burn
infections [10]. Acinetobacter baumannii is also identified as a
significant pathogen in burn wound infections [11]. Other
bacteria that have been isolated in burn infections include
Klebsiella pneumoniae, Escherichia coli, Proteus mirabilis,
Citrobacter freundii, Enterobacter spp., and S. epidermidis [12].
These bacteria exhibit varying levels of resistance to antibiotics,
including methicillin-resistant Staphylococcus aureus (MRSA)
and extended-spectrum B-lactamase (ESBL) producers. It is
important to note that the specific bacteria responsible for burn
infections may vary depending on the geographical location and
duration of hospital stay [13].

Animal models commonly used for burn studies include small
animals such as rodents and large animals such as pigs and
sheep. Small animal models, particularly rodents, are more cost-
effective and can be used to answer specific questions related
to burn injuries [14]. They have been modified to be appropriate
for studying burns and have been used extensively in burn
research [15]. Large animal models, such as pigs and sheep,
have anatomical similarities to humans, making them valuable
for studying burn healing, scarring, inhalation injury, and sepsis
[16]. However, these models are more expensive and
demanding in terms of labor and resources [17]. In addition to
these models, some invertebrate models have been developed
to study burn trauma and wound infection, providing an
alternative to traditional vertebrate models [18]. These models
offer the potential for high throughput screening and genetic
studies. In the present study, the mice burn model post-
exposure to the infection dose of P. aeruginosa, and the
histological changes in the skin tissue of the mouse were
examined.

2. MATERIALS AND METHODS
2.1. Clinical isolates

A P. aeruginosa clinical isolate that was previously isolated from
infected burn wounds. The isolate was procured from the Department
of Biology, College of Science, University of Baghdad, Baghdad, Iraq.
Bacterial isolate was preserved by culturing onto nutrient agar slant
and incubated at 37°C for 18 h, and then the slants were kept at 4 °C
for a month.

2.2. Mouse

BALB/c mice 6-8 weeks old, weighing 20-25 gm procured from
central animal house, AL-Nahrain University, Baghdad, Iraq. Animals
were kept in clean polypropylene cages and fed on the standard
antibiotic-free diet. The mice that were used in the current study were
male.

2.3. Animal model

In the current study, the standard method of Tavares Pereira Ddos et
al. (2012) with little modification to be in line with the aims of the
present study was followed to obtain a second-degree thermal burns
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mice model to evaluate the healing action of therapeutic agents of
topical use [19]. Thermal injuries were made with a solid aluminum
bar 10 mm in diameter. The bar was previously heated in boiling water.
The bar was maintained in contact with the animal skin on the last third
of the middle mouse's back for 15 sec. The pressure exerted on the
animal skin corresponded to the mass of 100 gm of aluminum bar used
in the burn induction. Immediately after the procedure, the mouse was
put in a cool place to relax. 50 ul of 108 c.fu/ml of P. aeruginosa
(washed three times with sterile normal saline) were applied onto the
burn region post 1 h of skin burn. The burn area that was contaminated
with bacteria was covered by sterile surgical tape. The infected mice
should be kept in very clean and sterile cages and fed sterile and
antibiotic-free food and water. The mice were scarified and dissected
in 3" days post inoculating with bacteria. The burn and infected area
was removed and put in 10 % formalin. The burnt tissue pieces
contaminated with bacteria were examined histologically to notice the
most important tissue changes that occurred as a result of the burn, as
well as, as a result of the effect of the bacterial infection. The results
were compared with the skin pieces of healthy mice.

2.4. Histopathological examinations of skin

The standard method of Zgair and Chhibber was followed to prepare
formalin-fixed and paraffin-embedded skin sections. The skin pieces
of test and control groups of mice were prepared after the animals were
killed. Sections of the skin were stained with haematoxylin and eosin
[20].

3. RESULTS
3.1. Preparing the burn-mouse model

The burn wound was made in an experimental animal with a
special heated bar (cylinder bar, diameter of bar 0.9 cm). The
burn areas were contaminated with overnight growth of P.
aeruginosa. The infected burn wound was developed after 2
days post inoculation with overnight growth of infection dose of
P. aeruginosa (50ul of 108 c.f.u./ml). Fig 1 shows the mouse post
two days of burn and contaminated with P. aeruginosa. It was
seen clearly the infected area and it can be seen the pus
overflow from the wound. In this figure also it can be seen the
burn that was from Il degree, as the completely the skin was
destroyed and removed. In this type of burn the skin is only
affected. The edema intensity was mild, with no bubbles and the
formation of a thick and dry crust from the 2" day. In the control
group, the burn area was red only, due to the removal of the skin
layer due to the burn by the heated bar, in addition to the
inflammation (redness) occurring as a result of exposure to high
temperature, and pus was not seen in the burn area, due to the
absence of bacterial infection.

3.2. Histopathological study

The histological examination of the posterior portion of the
mouse's back post thermal exposure with a hot bar and after 2
h of contamination with P. aeruginosa (50ul of 108 c.f.u./ml). The
sections made post 48 h of time of contamination when the burn
wound got the feature of contaminated wound (pus appear). The
sections showed the destruction of the upper layer of skin
(epithelial layer) and the destruction reached the mid layer of
skin. It can be seen the heavy infiltration of leukocytes confirms
the infection with bacteria (P. aeruginosa) (Fig 2 c and d). This
matched what was seen with the naked eye in terms of noticing
ulceration of the burn area and the appearance of pus in the
posterior portion of the mouse's back post-thermal exposure
with a hot bar and after 2 h of contamination with P. aeruginosa.
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Fig 1. Animal (mouse) burn model. a, The posterior portion of the mouse's
back after hair removal. b, The posterior portion of the mouse's back after
hair removal and exposure to burning by a hot bar. It clearly shows the
removal of the skin due to the burn. ¢, The posterior portion of the mouse's
back two days after it was burned by a hot bar and exposed to the infectious
dose of P. aeruginosa, it was seen the pus covered the burn area. d, The
posterior portion of the mouse's back and two days after it was burned by a
hot bar and exposed to sterile normal saline, can be seen only the redness
of the burn area without any indicator of infection.

f

The result of the current experiment was compared with
sections of the posterior portion of the mouse's back not
exposed to any thermal exposure (Fig 2 a and b). In the sections
of control (normal skin) can be seen the normal structure of the
skin (all layers) and the hair follicle appeared close to the
epithelial layer of the skin. That proved the success of the
experiment in terms of getting the burn animal model. This mode
will be used in further experiments to identify the possibility of
using different substances in treating the infected burn area with
P. aeruginosa.

4. DISCUSSION

Burn injuries can be classified into different types based on the
cause and severity. The types of burn injuries include thermal
burns, which are caused by hot liquids, hot solids, or flames [21].
Electrical burns occur due to contact with electricity [22].
Chemical burns result from contact with chemicals. Radiation
burns are caused by exposure to radiation or radioactivity [23].
Additionally, burns can be classified based on the depth of the
injury, such as superficial, superficial partial-thickness, deep
partial-thickness, and full-thickness burns [23]. It is important to
note that burns can have local effects on the skin as well as
systemic consequences, leading to severe and prolonged
inflammatory responses [23]. There are several animal models
were used to study the effect of burn on the host and the effect
of exposing the burn area to infected bacteria, especially those
resistant to different kinds of antibiotics that make the treating of
burn infected area very difficult and considered a big challenge
to the physicians [14].
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Fig 2. Hematoxylin and eosin staining of mice skin. a, section of normal mice
skin showing the normal structure of the skin and the epithelial layer and
dermal layer were normal, no heavy infiltration of leukocytes, and the follicle
of hair appeared near the surface layer (bar 100 um). b, High power of
normal mouse skin (bar 65 um). ¢, Section in mouse skin post thermal
exposing with hot bar and contaminated with 50ul of 108 c.f.u./ml of P.
aeruginosa, the result harvested post 48 h of bacterial contamination, the
upper layer of skin destroyed and the high leukocyte infiltration (bar 120
pum). d, high power of mouse skin thermal exposing with hot bar and
contaminated with 106 C.F.U of P. aeruginosa the result harvested post 48
h of bacterial contamination, showing the high number of leukocyte
infiltration with destroyed of an upper layer of skin (bar 75 pym).

In the current study, mice were used as a model to study the
effect of second-degree burns infected by P. aeruginosa. The
mouse's skin was burned using an iron rod heated with boiling
water to produce a second-degree skin burn. The burned area
was then inoculated with a standard dose of P. aeruginosa. Two
days later, the results showed that the skin of the proposed
infected mouse with the bacteria had developed a typical burn
model attributed to the inflammation phenomenon in addition to
ulcerations resulting from the infiltration of leukocytes into the
burned-infected area. The development of a model of a second-
degree burn wound has a great medical benefit, as it provides
an opportunity to test appropriate treatment mechanisms and
the possibility of using new methods or the possibility of
standardizing methods and medications used in treating burn
infections.

The mouse skin contains the major layers of human skin
(epidermis, dermis), and there are significant histological and
physiological differences of these skin layers to that of humans.
For instance, mice have a thinner epidermis and dermis
compared to humans [24], and the interphase of the human
epidermis and dermis is highly undulated whereas in the mouse
it is flat [24]. Also, mouse skin dorsum is covered with dense hair
that undergoes a defined cycle of hair growth that is significantly
different from human hair. For example, the mouse hair cycle is
usually three weeks, whereas human hair cycles can last
several years [24].

Additionally, mouse skin is unique in having a distinct panniculus
carnosus (a thin skeletal muscle layer found only at the platysma
of the neck in humans) [24]. Thus, these are important
considerations one should factor in when assessing the
translational accuracy of utilizing mice in wound healing studies.
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Hiyama et al. (2013) prepared a burn mouse model by involving
a small (6-8 weeks old) healthy mouse. Initially, they
anesthetized mice intraperitoneally with injections of Ketamine
and Xylazine. They also gave the mice 1 ml of saline
subcutaneously along the spine to cushion the spinal cord from
any injury. Following this, the hair on the dorsum is shaved off
to ensure even burn wounding. The dorsum is an ideal choice
because it is difficult for the animal to reach and as such
prevents further injuries to the wound area. The exposed area
of the mouse from the template is then immersed in a 100°C
water bath for 8 seconds to inflict a full-thickness burn [25]. The
temperature (60-100°C) and exposure time (8-12 seconds) vary
from study to study; Younan et al. (2010) exposed the mouse to
54 0C for 25 seconds [26].

5. CONCLUSION

It can be concluded from the current study that the model that
was prepared was very suitable for conducting future experi-
ments, as the experiments showed the appearance of all the
characteristics of second-degree burns in the mouse model
prepared in this experiment, where suppuration and destruction
of the epithelial cell layer appeared, in addition to the occurrence
of filtration of white blood cells. All these features appear only
post-bacterial infection.
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