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Background: The skin morphological characteristics of the Bama miniature pig are very similar to those of 
humans; thus, the Bama miniature pig is an ideal choice for establishing a skin burn model.
Methods: In this study, 6 ordinary, male, Bama miniature pigs (weight: 23–28 kg and length: 71–75 cm) 
were used to establish burn models. A mixture of 1 mg of Ketamine and Sumianxin II was used for Bama 
miniature pigs anesthetizing, and 1 mg of Pentobarbital sodium was added as necessary. The different burn 
depths were made using a continuous pressure of 1 kg and contact times of 0 s, 10 s, 15 s, 20 s, 25 s, 30 s, 35 s,  
40 s, and 45 s by the newly invented electronic burn instrument. The burned tissues were collected and 
examined with hematoxylin and eosin (H&E) and Masson staining.
Results: Burning for 10–15 s caused a first-degree burn; the blood vessels in the superficial dermis were 
dilated and congested, and necrosis occurred above the basal layer of the epidermis. Burning for 20–25 s 
caused a superficial partial-thickness burn; the whole epidermal layer was necrotic, and the collagen fibers 
were slightly deformed. Burning for 30–35 s caused a deep partial-thickness burn; the whole epidermal layer 
and dermal layers were necrotic with leukocyte infiltration zones, and the collagen fibers were disordered, 
degenerated, and necrotized. Burning for 40–45 s caused a third-degree burn; the skin layers and adipose 
tissues were necrotic, and the thick blood vessels in the skin adipose tissues were full of disintegrated and 
agglutinated red blood cells.
Conclusions: Stable burn depth models of Bama miniature pigs were constructed using a new and 
innovative electronic burn instrument. Our findings provide a basis for further research on the burn 
mechanism and evaluations of therapeutic drugs. 
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Introduction

The incidence of burn injury, for which the elderly and 
children comprise high-risk groups, is increasing year by 
year (1). In hospitalized children with accidental injuries, 
burn injury ranks 2nd among the causes of injury (2). 
The annual incidence rate of burn injury in China ranges 
from about 1.5–2%; that is, 20 million people suffer from 
different degrees of burns, of whom about 5% require 
hospitalization (3). In addition to having a considerable 
incidence rate, severe burns also cause disfigurement 
or even accidental death. Burns can be divided into the 
following 3 degrees and 4 levels according to damage 
severity: first-, second- and third-degree burns, of which 
second-degree burns can be further divided into superficial 
second-degree burns and deep second-degree burn. First-
degree, superficial second-degree, and deep second-
degree burns generally take about 5–7 days, 2–3 weeks, and  
3–4 weeks to heal, respectively. However, some of the more 
serious deep second-degree burn and third-degree burns 
require a longer time to repair, and some cannot even heal 
naturally, and require surgical skin grafting (4).

There have been significant advances in burn treatments; 
however, a new, effective treatment mode and drug still 
need to be developed. A large and ideal mammalian model 
with different degrees of burns needs to be established 
to observe skin repair, study the burn mechanism, and 
evaluate the potential of novel therapeutics and drugs. 
An animal model should be selected that is similar to the 
human structure, function, metabolism style, and disease 
characteristics. To date, mice (5), rats (6), rabbits (7), pigs (8), 
and dogs (9) have been commonly used to establish burn 
models; however, each has various problems.

The skin structure of the Bama miniature pig is very 
similar to that of the human in morphology, physiology, 
and pharmacology, including in relation to hair density, 
epidermal thickness, and humoral and metabolic changes 
in burned skin (10,11). Importantly, the burned skin of 
both pigs and humans repair through epithelization, 
so it is an ideal animal model for researching burn 
mechanism and evaluating novel therapeutics, and the 
data might provide theoretical foundation for further 
clinical transformation application. But the model also 
has a number of disadvantages, including high costs, and 
difficulties associated with the large size of the animals, and 
the complexity of the operation.

Depth-burn models with large animals, such as pigs 
and dogs, are prepared with combustible liquids, such 

as absolute ethanol, combustible solids, such as jellied 
gasoline, thermal burns, such as hot-water burns, steam-
induced burns, copper column boiled with hot-water 
burns, electrothermal burns, flame burns, radiation burns, 
chemical burns, and inhalation burns (12,13). However, 
these methods have different limitations, including 
unsteady temperatures, uncontrollable pressure on the 
contact surface, and inconsistent burn depth. In this study, 
a Bama miniature pig burn model with different degrees of 
burns was prepared using a new innovative electronic burn 
instrument (ZL201920043476.1). The new electronic burn 
instrument is characterized by accurate temperature control, 
uniform depth, and a controllable range of burn injury, 
and a more stable and reliable burn animal model was 
established using this burn instrument compared with other 
method. Our findings provide a basis for further research 
on the burn mechanism and evaluations of therapeutic 
drugs. We present the following article in accordance 
with the ARRIVE reporting checklist (available at https://
gs.amegroups.com/article/view/10.21037/gs-22-476/rc).

Methods

Animal care

All the experiments adhered to procedures consistent 
with the International Guiding Principles for Biomedical 
Research Involving Animals issued by the Council for the 
International Organizations of Medical Sciences (CIOMS) 
and were approved by the Institutional Animal Care and 
Use Committee at The Fourth Medical Center of PLA 
General Hospital (the ethics approval ID: 2021KY033-
KS001). A protocol was prepared before the study without 
registration. A total of 6 ordinary male Bama miniature 
pigs were purchased from the Beijing Strong Century 
Minipigs Breeding Base. The minipigs were housed at the 
Laboratory Animal Center of The Fourth Medical Center 
of PLA General Hospital (Beijing, China), and kept on a 
12:12-h light–dark cycle, at room temperature maintained 
between 20 and 22 with a humidity range of 50–60%, for  
1 week before the experiment for adaptation. 

Establishment of a Bama miniature pig burn model with 
different degrees

When the 6 male Bama miniature pigs reached a weight of 
23–28 kg and had a mean length of 71–75 cm, they were 
used to make burn models. Before the experiment, the hair 
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of each pig was shaved and depilated on the back. Each pig 
was then anesthetized with an intramuscular injection of 
1 mg of Ketamine and Sumianxin II. The anesthesia was 
maintained with 3% Pentobarbital sodium (0.2 mL/kg) as 
needed. To obtain consistent and controllable burn wounds, 
a new electronic burn instrument (ZL201920043476.1) 
was invented by our team (see Figure 1). In this study, 8 
round burn wounds with a diameter of 5 cm and different 
burn degrees were prepared separately on both sides 
of each pig’s back by applying a continuous pressure of  
1 kg perpendicular to the spine using the electronic burn 
instrument at 100 ℃. The different burn degrees were 
determined by the contact time of the electronic burn 
instrument, which were as follows: 0 s (control), 10 s, 15 s, 
20 s, 25 s, 30 s, 35 s, 40 s, and 45 s. The physiological state 
and burn wounds of the Bama miniature pigs were then 
closely observed.

Specimen collection and preparation of formalin-fixed 
paraffin-embedded (FFPE) tissue slides

The skin burn tissue on both sides of each pig’s back was 
cut at 24 h after the burn to the muscular layer. The cut 
site was in the middle of the burn wound. The skin samples 
were divided into small pieces, rinsed with phosphate 
buffered solution and fixed in 4% paraformaldehyde for 7 d 
at room temperature. Subsequently, the skin burn tissue was 
immersed in gradient ethanol, ethanol-xylene mixture, pure 
xylene, and pre-melted paraffin wax 1 by 1 to embed the 
skin burn tissue into paraffin. The paraffin specimens were 
sectioned in a plane perpendicular to the incision, while the 
section thickness was 5 μm.

Hematoxylin and eosin (H&E) staining

The sections of burn tissue for 0 s (control), 10 s, 15 s, 20 s,  
25 s, 30 s, 35 s, 40 s, and 45 s were successively immersed 
1 by 1 in dimethylbenzene, 2 times for 10 min each time. 
The deparaffinized sections were immersed in gradient 
ethanol and then rehydrated by flowing distilled water,  
3 times for 1 min each time, stained with hematoxylin dye 
solution for 5–10 min, and stained with eosin solution for 
5 min, dehydrated in gradient ethanol, and hyalinized in 
pure xylene 3 times for 2 min each time, and finally sealed 
by the appropriate amount of neutral gum. After drying, the 
skin morphology was observed under an optical microscope 
(Olympus, USA).

Masson staining

The pre-treatment of the sections of burn tissue was 
consistent with that of H&E staining. The pre-treated 
sections were immersed in potassium dichromate overnight 
at room temperature and then stained in hematoxylin 
solution for 3–5 minutes. After being washed with flowing 
distilled water for 1–3 min, the blue was reversed by 
immersing them in ethanol-hydrochloric acid solution. 
Subsequently, the sections were transferred into a dye 
solution composed of ponceau and acid fuchsin for  
10–15 min, phosphomolybdic acid aqueous solution for 3– 
5 min, aniline blue staining solution for 6 min, glacial acetic 
acid (1% v/v) for 2 min, and 95% ethanol and xylene for 5 s.  
The sections were dried in a ventilated place, and then 
covered with a cover slip with neutral balsam. After drying, 
the sections were observed under an optical microscope 
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Figure 1 Electronic scalding instrument. (A) Schematic diagram. Number 10: burned unit [including number 11 (copper plate with a 
diameter of 5 cm), number 12 (outer protective layer of steel pipe), and number 13 (handle)]. Number 20: temperature control unit [including 
number 21 (button for setting temperature), number 22 (temperature display screen), and number 23 (on-off button)]. Number 30: supply 
electricity unit. (B) Actual structure diagram. (C) The removable copper plate of the scalding instrument.

https://xueshu.baidu.com/usercenter/paper/show?paperid=197d0ax0x86g0vr0gm6h0gf0tp638854&site=xueshu_se
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(Olympus, USA); blue indicated normal collagen fiber 
structure, and red indicated collagen fiber degeneration and 
necrosis.

Results

A new electronic burn instrument

Previous studies have shown that the methods for making 
burn models have the disadvantages of an uncontrollable and 
unstable temperature, contact pressure, and burn area, which 
result in inconsistent burn degrees and poor experimental 
repeatability. Thus, a portable electronic burn instrument 
was invented according to the specific experimental 
requirements, for which a patent has been applied for 
in China (No. ZL 201920043476.1). The mechanical 
structure of this instrument is shown in Figure 1A,1B.  
The copper plate of the electronic burn instrument that 
comes in direct contact with the pig skin is removable, and 
it uses double electron tubes for heating, and thus has a 
rapid temperature rise of <1 min. The temperature of the 
burn components is constant, and the change is very low 
after contact with the pig skin and can be controlled within 
±0.1 ℃. The temperature control element is removable and 
has a variety of burn components, of which the shape can be 
round or square, and the size of burned component ranges 
from 1–10 cm (see Figure 1C). The contact pressure of 
the electronic burn instrument on the pig skin can also be 
adjusted to establish pig models with different burn degrees.

Thus, the new electronic burn instrument solved the 

problems related to an accurate temperature, pressure 
control and a consistent burn degree, and thus ensured the 
good repeatability and consistency of the experiment.

Preparation of the Bama miniature pig burn model

In total, 6 Bama miniature pigs were used to establish 
the structure burn model using the new electronic burn 
instrument. The injury conditions were as follows: 100 ℃, 
continuous pressure of 1 kg perpendicular to the spine, a 
wound surface diameter of 5 cm (see Figure 2A), contact for 
0 s (control), 10 s, 15 s, 20 s, 25 s, 30 s, 35 s, 40 s, and 45 s, 
respectively. Finally, we made 8 wounds with different burn 
degrees on both sides of the back of each pig with its own 
earmark (see Figure 2B). As Figure 2C shows, the wound 
sizes prepared at the different contact times were nearly the 
same and the wound edges were neat without ulceration 
and infection. No obvious blisters were observed to form in 
any of the burn wound tissues due to the thick cuticle of the 
pig skin, but the burn marks of pig skin gradually deepened 
with the extension of the burn time.

H&E staining

To further determine the depth of the burn, we observed 
the histopathological changes of the burned skin tissues by 
H&E staining detection. As Figure 3A shows, for normal 
skin (i.e., skin with a burn time of 0 s), the skin structure 
maintained its integrity and the collagen fibers were 
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Figure 2 The establishment of pig models with different burn depths. (A) Diameter of copper plate: 5 cm. (B) The earmark of the Bama 
miniature pig. (C) The burn model establishment: scalding conditions as follows: 100 ℃; a continuous pressure of 1 kg perpendicular to the 
spine, and a contact time of 0 s, 10 s, 15 s, 20 s, 25 s, 30 s, 35 s, 40 s, and 45 s, respectively. 
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arranged densely and orderly. As Figure 3B,3C show, for 
the first-degree burns (i.e., skin treated at 100 ℃ for 10 and  
15 s), the blood vessels in the superficial dermis were dilated 
and congested, and necrosis occurred above the basal layer 
of the epidermis. As Figure 3D,3E show, for the superficial 
partial-thickness burns (i.e., skin treated at 100 ℃ for 20 
and 25 s), the whole epidermal layer was necrotic, and the 
dermal papilla layer was also severely damaged. For the 
deep partial-thickness burns, (i.e., skin treated at 100 ℃ for 
30 and 35 s), the epidermis and dermis were necrotic with 
leukocyte infiltration zones, but the skin; appendages in 
the deep dermis remained alive (see Figure 3F,3G). For the 
third-degree burns, (i.e., skin treated at 100 ℃ for 40 and  
45 s), the skin layer and adipose tissue were all necrotic, 
thick blood vessels could be observed in the skin adipose 
tissue, and were filled with disintegrating and agglutinating 
red blood cells (see Figure 3H,3I). Thus, treatment at 100 ℃ 
for 30 s or more resulted in deeper skin burn injuries.

Masson staining

Masson staining was performed to observe the collagen 
fiber structure changes of the burned skin. Consistent 
with the H&E staining results, the Masson staining results 
showed that the epidermis and dermis structure of the 
normal skin was also complete, and the skin injury became 

more and more serious with the extension of the burn time. 
The collagen fibers were arranged neatly in normal skin 
(i.e., skin treated at 100 ℃ for 0 s; see Figure 4A), and there 
was almost no damage to the collagen fibers in the first-
degree burns. Consistent with the H&E results, the Masson 
results also clearly showed that the blood vessels in the 
superficial dermis were dilated and congested, and necrosis 
occurred above the basal layer of epidermis in the first-
degree burns (i.e., skin treated at 100 ℃ for 10 and 15 s; see 
Figure 4B,4C). In the superficial partial-thickness burns (i.e., 
skin treated at 100 ℃ for 20 and 25 s), the collagen fibers 
were slightly disordered and injured (see Figure 4D,4E). 
In the deep partial-thickness burns (i.e., skin treated at  
100 ℃ for 30 and 35 s), the structure of collagen fibers was 
partially degenerated and necrotized (see Figure 4F,4G). In 
the third-degree burns (i.e., skin treated at 100 ℃ for 40 
and 45 s), the collagen fibers were severely degenerated, or 
even completely necrotized (see Figure 4H,4I). The Masson 
staining results indicated that the collagen fibers were 
severely damaged with treatment at 100 ℃ for 30 s or more.

Discussion

Burns are a global health problem and cause serious 
physical and psychological harm to patients, especially 
children and the elderly. At present, about 265,000 people 
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Figure 3 H&E staining of the Bama miniature pigs with different burn depths at the following different contact times: (A-I) 0 s, 10 s, 15 s, 
20 s, 25 s, 30 s, 35 s, 40 s, and 45 s, respectively (optical microscope, ×50 and ×400). H&E, hematoxylin and eosin.
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worldwide have died of burns (14). It has been reported 
that the incidence of burns was 0.19% in the United States, 
2.43% in Southeast Asia, and 1.87% in the Mediterranean 
(15-18). In China, >20 million patients suffer from different 
degrees of burns (19). With the continuous development 
and improvement of burn treatments, most burn patients 
can enter the rehabilitation period smoothly. However, the 
dysfunction and disfigurements caused by scar contracture 
still occur frequently in the process of rehabilitation (20). 
Thus, the development of effective burn treatment 
methods and drugs is a research hotspot. A burn animal 
model provides the necessary basis for burn research. The 
selection of an appropriate burn animal model largely 
depends on practical problems, such as the experimental 
purpose, experimental condition, and experimental cost.

Bama miniature pigs are ideal to establish experimental 
animal modes to study skin burns, as they are similar to 
humans in terms of their body size, their physiological 
condition, and disease development. Most of the skin of 
Bama miniature pig is covered with white hair, which is 
convenient for experimental observation and operation (11). 
According to Liu, the skin morphological characteristics of 
the Bama miniature pig are similar to those of the human, 
including in relation to the thickness of the skin layer, the 
development of the surface vascular system, the structure 
of the dermal epidermal interface, and the extracellular 

matrix (10). However, the skin of Bama miniature pigs 
lacks many antigenic determinants corresponding to 
those of the skin of humans, and there is no cross reaction 
with human antiserum, which is helpful to further study 
the immunological characteristics of human skin (10). 
Additionally, the drug metabolism process of Bama 
miniature pig skin is similar to that of human skin, so the 
applicability, dose safety, and toxicological characteristics 
of burn drugs can be evaluated well (21). Thus, Bama 
miniature pig skin has unique value in skin research.

In the establishment of an animal burn model, it is 
difficult to determine the precise area and depth of injury 
due to differences in each animal body shape and skin 
structure/thickness. Thus, it is necessary to individualize 
the injury and clarify the burn depth in combination 
with wound conditions and pathological examinations. 
Previously, there was no standardized, high-precision 
and controllable effective method for preparing a Bama 
miniature pig burn model. Common methods for preparing 
burn models of pigs, dogs, and other large animals include 
thermal burns (hot-water burns, steam burns, and hot-
metal burns), electric-light source burns, flame burns 
(burns with combustible liquids, such as absolute ethanol, 
and combustible solids such as solidified gasoline powder), 
electric burns, radiation burns, chemical burns, and 
inhalation burn. However, these methods have various 
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Figure 4 Masson staining of the Bama miniature pigs with different burn depths at the following different contact time: (A-I) 0 s, 10 s, 15 s, 
20 s, 25 s, 30 s, 35 s, 40 s, and 45 s, respectively (optical microscope, ×50 and ×400).
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limitations, such as unstable temperatures, uncontrollable 
contact pressures, and inconsistent burn depths (12,13). For 
example, when a copper column heated by boiling water 
comes in contact with animal skin, the copper column cools, 
and thus the temperature drops. Similarly, a combustible 
liquid may extend to an unexpected, undesignated skin area, 
making it difficult to control the burn area. Additionally, 
the previous methods for preparing Bama miniature pig 
burn models were performed mechanically according to the 
preparation conditions of other animal models, which have 
not been explored or improved.

To overcome these defects, a new electronic burn 
instrument was invented. The heated copper plate of the 
new electronic burn instrument comes in direct contact with 
the pig skin, so the area and location of burns are strictly 
controlled. The copper plate is removable, the size ranges 
from 1–10 cm, and can be round or square in shape; thus, 
the size of the burn area can be flexibly adjusted, preventing 
an insufficient burn depth caused by too small a burn area, 
and a systemic reaction caused by a too large burn area. The 
copper plate of the new electronic burn instrument that 
comes in direct contact with the pig skin is heated by double 
electron tubes. The temperature of the whole copper plate 
is uniform, constant, and changes little after coming in 
contact with the pig skin, and can be controlled within  
±0.1 ℃. Additionally, the contact pressure of the copper 
plate on the pig skin can be adjusted according to the 
experimental purpose and physiological state of the Bama 
miniature pigs. The precise copper plate temperature and 
contact pressure on the pig skin ensure the consistency and 
controllability of the burn depth.

The new electronic burn instrument is suitable for 
preparing burn models of Bama miniature pigs, and other 
large animals. Additionally, the preparation conditions 
of an animal burn model, including the copper plate 
temperature, contact pressure on the skin, and burn area, 
need to be explored to prepare the different burn depths 
to meet the experimental designs of different studies. 
Further, the histopathological changes after injury at 
different times should be described to stabilize the animal 
model for further mechanism research and new treatment  
evaluations (22). The deep partial-thickness and third-
degree burns belong to deep burns in clinic, and burned 
wound healing is relatively slow, leaves severe scars, and 
may require skin grafting operation. Burn severity generally 
directly correlates to the total body surface area (TBSA) 
and burned deep of the injured tissue. Above 30% TBSA 

of deep burns in adult and 10% TBSA of deep burns in 
children, they are considered as severe burn and can induce 
multiple organ injury and excessive systemic inflammation. 
Severe burn is a complex and severe traumatic injury 
with high mortality in the acute phase, and prompt 
and appropriate treatment of severe burns is necessary, 
especially in the phase. In this study, the results showed that 
the preparation condition of 100 ℃, a continuous pressure 
of 1 kg perpendicular to the spine, and a contact time with 
the pig skin of 30 s or more was optimum for establishing 
deeper burns in the Bama miniature pigs. Notably, pre-
experiments were necessary to adjust the burn conditions 
according to the physiological state and age of the Bama 
miniature pigs and the experimental purpose.

In conclusion, this study provided an accurate and 
controllable stabilization method for the preparation of 
Bama miniature pig models with different burn depths 
using a newly invented electronic burn instrument. Further, 
these burn models provide a basis for further research on 
the burn mechanism and evaluations of therapeutic drugs.
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