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ABSTRACT
Objective: To compare uncultured cell spray and conventional surgery in deep second-degree burns in rats and create an experi-
mental model for the use of this method.
Study Design: An experimental study.
Place and Duration of the Study: Hacettepe University Experimental Animals Application and Research Center, Ankara, Turkey,
from October 2018 to December 2020.
Methodology: Twenty-four Wistar albino rats were divided into 4 groups. Two deep second-degree burns were created on the
dorsal  skin  in  different  locations.  On  the  5th  day  of  the  burn  wound,  a  split-thickness  skin  graft  was  applied  to  one  of  the  burn
wounds with half of the donor graft. Two-stage enzyme application was performed on the other half of the donor graft and keratino-
cytes were applied as a spray to the other tangential excision burn wound. Samples taken by excisional biopsy on certain days were
examined macroscopically and histologically.
Results:  In  all  the experimental  groups according to sacrification days,  macroscopic healing percentages,  non-epithelised areas,
inflammation and neovascularisation scoring were similar between graft side and spray side.
Conclusion:  The effects of  conventional  split-thickness skin graft  and uncultured cell  spray on wound healing were comparable,
suggesting that the uncultured cell spray method can be used as an alternative method to the classical burn treatment.
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INTRODUCTION

Skin burns are treated according to their degree and extent.
Since the epidermis and skin components are damaged in deep
second-degree and higher-degree burns, healing occurs with
scar tissue.1

The classical treatment of deep burns comprises the debride-
ment of the burned wound and the closure of the defect with skin
grafts taken from the intact part of the body.2 Complications
such as infection,  prolongation of  hospitalisation,  the emer-
gence of aesthetic problems, and delayed healing can be seen
in  burn  treatment.3  To  minimise  these  complications,  many
auxiliary methods have been introduced including the transfer
of autologous keratinocytes into the wound.4

 

Correspondence  to:  Dr.  Safa  Kursat  Nural,  Department  of
General  Surgery,  Faculty  of  Medicine,  Hacettepe  Univer-
sity,  Ankara,  Turkiye
E-mail:  dr.safakn@gmail.com
.....................................................
Received: October 25, 2022;  Revised: April  12, 2023;
Accepted:  May  25,  2023
DOI:  https://doi.org/10.29271/jcpsp.2023.06.673

Keratinocytes have a high proliferative capability, especially in
the process of wound healing.5 Given that the keratinocyte-rich
uncultured autologous cell spray method has many advanta-
geous cosmetics and functional effects in the wound healing
process, a method for implementation of uncultured autolo-
gous cells in patients has been reported recently.6,7 However,
this method has been reported in the form of case reports, and
clinical or experimental studies investigating the efficacy of
this method are lacking.7

Due to the complex pathophysiology of burn injuries and their
effects on various organ systems, in vitro experiments have
been insufficient to explain the destructive effects of burns and
improve  the  healing  process,  so  animal  experiments  are
needed.8 While many animals can be selected in experimental
burn models, rats are one of the most preferred animals since
they are small and easy to control. Rats are similar to humans in
terms of  many organ systems.9,10  However,  there are some
differences in terms of wound healing. Since wound contrac-
tions  are  rapid,  healing  time  is  reduced.11  This  allows
researchers to examine the wound healing mechanism quickly.
This  innovative  approach  to  burn  healing  (uncultured  cell
spray) needs animal experiments before it can be accepted as
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a new treatment method for burns and can be compared with
conventional methods. The aim of this study was to evaluate
the method for implementation of uncultured autologous cells
in the treatment of burns by creating an animal experimental
model.

METHODOLOGY

This study was approved by Hacettepe University Animal Exper-
iments Local Ethics Committee (Approval no: 2018/61). The
experimental phase of the study was carried out at Hacettepe
University  Experimental  Animals  Application  and  Research
Centre, from October 2018 to December 2020.

A total of 24 male Wistar albino rats weighing 250-350 grams
were included in the study. Rats that died due to sepsis, burn
shock, and dehydration were excluded from the study. Animals
were fed with standard feed without water restriction in indivi-
dual cages 10 days before being used in the experiment, and
they were allowed to adapt to the environmental conditions.
They were housed at a constant temperature, 12 hours of dark-
ness, and 12 hours of light. Rats were randomly divided into 4
groups of 6 rats each group by using computer-generated chart
(Microsoft Excel’s function RANDBETWEEN). Group 1 had stan-
dard wound care and follow-up for 3 days, postoperatively.
Group 2 had standard wound care and follow-up for 7 days, post-
operatively. Group 3 had standard wound care and follow-up
for 14 days, postoperatively, and Group 4 had standard wound
care and follow-up for 21 days, postoperatively.

Subjects were anaesthetised by intraperitoneal administration
of a mixture of 90 mg/kg ketamine hydrochloride (Ketalar®,
Eczacıbaşı,  İstanbul,  Turkey)  and  10  mg/kg  Xylazine  HCl
(Alfazyne® 2%, 20 mg/ml, 30 ml, Alfasan Int B V. Netherlands).
After  shaving  the  dorsal  skin  of  the  anaesthetised  rats,  an
aluminium plate weighing 51 grams with a surface area of 2 cm²
was dropped into boiling water heated to 100°C under ther-
mometer  control,  by  the  previously  described  method,  to
create a second-degree deep burn. As a result of contact with
the weight of the plate for 15 seconds on the dorsal part of the
rats, two deep second-degree burns of approximately 2 cm²
were created.12,13 Immediately afterwards, metamizole sodium
(Onpyron®, Onfarma, Samsun) 40 mg/kg was administered
subcutaneously to the dorsal neck for analgesia, followed by
oral administration of 200 mg/Kg of metamizole sodium mixed
with drinking water. In addition, 5 ml of saline was injected
subcutaneously into the dorsal neck for hydration.

Subjects were reprocessed 5 days later for tangential excision,
skin- and spray-grafting. After anaesthesia, the donor area was
disinfected with chlorhexidine (Dermanios Scrub®, Anios). A
partial-thickness skin graft of 4×1 cm was taken from the right
inguinal region with the help of a scalpel. The skin graft taken
was divided into two in the middle and two 2×1 cm skin grafts
were  obtained.  Tangential  excision  was  made  with  a  hand
dermatome (Wecprep™ Blades, Pilling Weck Surgical, PA, USA)
on both of the formed burned tissue.

A split-thickness skin graft was applied to the upper part of the
burned areas. The graft  was fixed with a 4.0 monofilament
absorbable suture (Maxon™ Covidien).

The remaining 2x1 cm part of the skin graft was taken into a
sterile container and cut into small pieces. The specimen was
incubated for 40 minutes in a container containing Dispase II
(Dispase II Neutral Protease, NC, USA) solution until the dermis-
epidermis connection was separated. Then, it was soaked into
Ringer's lactate solution to remove the enzyme. The epidermis
and dermis were mechanically separated with the help of a
scalpel  and  forceps.  The  epidermis  was  kept  in  a  tube
containing Trypsin/EDTA (Trypsin EDTA Solution C 0.05/0.02%,
Biological  Industries,  USA)  solution for  15 minutes,  shaking
occasionally. Then, the specimen was washed with Ringer's
lactate solution to remove the enzyme. The cell suspension was
passed  through  a  70-micrometer  cell  strainer  (70µM  Cell
Strainer,  Orange  Scientific,  Belgium).  This  suspension
containing  regenerative  basal  keratinocyte  is  added  to
Ringer's lactate and centrifuged at 200 g for 5 minutes. The
ringer  lactate  remained in  the upper  part  of  the tube after
centrifugation was discarded. A fresh Ringer's lactate solution
was added to the suspension containing regenerative basal
keratinocytes, which remained precipitated in the tube. The
obtained keratinocyte-rich solution was applied to the burn
wound with the help of a syringe. The subjects were taken into
individual cages after the procedure. After then, routine wound
care was continued in the form of dressing in petrolatum-im-
pregnated sterile gauze (Xeroform®, Covidien, USA).

After the groups were sacrificed with the high-dose anaesthetic
agent on the 3rd, 7th, 14th, and 21st postoperative days, biopsies
were taken from intact skin and from two sites on which skin
grafts and uncultured cell spray were applied.

Pathological  findings  were  assessed  by  one  of  the  authors
blinded to group allocations. After sacrification, all  subjects
were macroscopically evaluated by direct observation method
and their photographs from the same angle and distance were
taken.  Wound  healing  in  all  groups  was  evaluated  by  the
measurement of the necrotic area. It was scored as 1 if the
healing  is  detected  in  more  than  half  of  burned  area;  0  if
necrosis  was  seen.  The  percentage  area  of  macroscopic
healing was also recorded as described.14

Samples were taken parallel  to the long axis of the burned
areas. They were fixed with 10% buffered formaldehyde and 5-
mm-thick  sections  were  stained  with  routine  hema-
toxylin-eosin. Tissues were evaluated semi-quantitatively in
terms  of  wound  healing  findings  (non-epithelialised  area,
neovascularisation,  inflammation).  These  parameters  were
scored histologically by giving a score between 0-3 in terms of
neovascularisation and inflammation (Table I).15

Data were analysed using SPSS version 23.0 (IBM Corporation,
Armonk, NY, USA). During the evaluation of the data collected
in the study, normality tests were performed with the Shapiro
Wilk's test. When the Q-Q plot graphics were examined, non--
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parametric methods were preferred. Wilcoxon test was used
for the macroscopic analysis. Correlation tests were performed
with the Spearman test. A p-value of less than 0.05 was consid-
ered to show a statistically significant result.
Table  I:  Histological  scoring  system.

 0 1 2 3
Acute Inflammation None Scant Moderate Abundant
Neovascularization None <5

/HPF
6-10
/HPF

>10 /HPF

Table  II:  Median  histological  scores  of  graft  and  spray  groups.

 Acute Inflammation Neovascularisation

 Graft           
        

Spray p* Graft        Spray p*

Day 3 2 1.5 0.06 1 2.5 0.71
Day 7 3 2 0.57 1.5 2.5 0.48
Day 14 2 1 0.71 1 3 0.45
Day 21 2.5 1 0.56 2 1.5 0.16

Figure 1: Macroscopic appearance of spray and skin graft in burn wounds
on the 3rd, 7th, 14th, and 21st days after the procedure.

RESULTS

Before sacrification, 4 rats - two rats from group 3 and another
two rats from group 4- died of procedural complications (shock
and sepsis). Therefore, the remaining 20 subjects were evalu-
ated for macroscopic analysis, amount of non-epithelialised
area, inflammation, and neovascularisation.

When  skin-grafted  and  spray-applied  sides  were  compared
according to days, there was no statistically significant differ-
ence between areas of healing (Figure 1). The difference was
the greatest  on the 14th  day [spray side median (IQR) 90%
(85-95)  vs.  skin  graft  side  75%(60-80)];  however,  it  was
equalised at the end of the 21st day [spray side median (IQR)
100% (90-100) vs. skin graft side 92.5% (90-97.5)]. Overall, the
median  (IQR)  percentages  of  macroscopic  healing  of  the
subjects were 80% (65-90) vs. 70% (50-80) on spray and skin
graft applied sides, respectively (p=0.011).

Regarding the sacrification day, the non-epithelialised area of
the  skin  graft  and  spray-applied  sides  were  statistically
indifferent; however, the difference was the greatest on the 3rd

day [(13.5 mm (2-20) vs. 20mm(20-21), respectively]. Overall,
the median (IQR) values of non-epithelialised areas were 11.5
(2.5-18.5) mm in skin-grafted side compared to 8 mm (1-15.5)
in spray-applied side (p=0.192).

Figure 2: Histological appearances of the skin graft and spray side of the
groups  according  to  sacrification  day.  Morphological  landmarks  of
healing process was comparable in both groups.

There was no significant difference between neovasculariza-
tion or inflammation scores of spray and skin graft sides (Table
II and Figure 2). Subjects were also compared with the percen-
tage of macroscopic healing and non-epithelialised area. There
was a moderately strong, negative correlation between the
percentage of macroscopic healing and the size of the non-
epithelialised area (r= -0.52, p=0.016, Spearman's test).

DISCUSSION

Burn cases can be complicated depending on the surface area
size and depth and may result in death. While first and superfi-
cial  second-degree burn wounds can only heal with wound
care;  deep second and third-degree  burns  require  surgical
treatment. Closure of burn wounds by the use of autograft is
the standard treatment method for these patients. Neverthe-
less, the search for ideal treatment continues due to problems
such as requiring long-term wound care, infection, donor site
care, and complications.16 Therefore, the use of uncultured cell
spray as an alternative treatment has become the main topic
of interest in recent years.6,7 However, studies investigating
the effectiveness of this method against classical burn wound
treatment are not sufficient.17  In order to contribute to the
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studies  on this  subject,  the authors  planned to  investigate
whether uncultured cell spray with an animal experimental
model could be a method that can replace the classical treat-
ment. The aim of this study was to examine an alternative and
innovative burn treatment method with animal experimenta-
tion in terms of complications and the healing process.

The literature was used to obtain the appropriate burn model.
Pereira et al. reported some criteria to provide standardisation
in the creation of deep second-degree burns in rats. To create
the burn model, they prepared an aluminium plate weighing
51 grams and kept this plate in boiling water heated to 100 °C.
In their histological and macroscopic studies, they observed
that deep second-degree burns occurred in this way.18 While
creating the wounds, the aluminium plates were left with their
weight without the application of any additional pressure.13

When the subjects were re-examined on the 5th  day of the
procedure, a deep second-degree burn was observed. When
the literature was examined again, it was seen that the macros-
copic and histopathological changes in the burn wound were
more evident on the 3rd, 7th, 14th and 21st days, respectively, in
animal experiments, and the studies were more appropriate.
For this reason, these days were selected in this study.18

Skin regeneration is a dynamic process in which progenetic
cells reorganise tissue structure and function, led by different
cell types and cell signalling mechanisms. It is thought that
using the patient's autologous cells accelerates healing and
increases the quality of recovery.7,19 Esteban et al. listed the
advantageous aspects of uncultured cell spray as requiring
minimal cell manipulation, reducing progenitor and epidermal
stem cell loss, and using the patient's tissue as a bioreactor.7

Gerlach et al. reported that regenerative basal keratinocytes
in the epidermis cannot be isolated by conventional methods.
He argued that these cells could be revealed.19 In this study,
the authors also applied this method to rats and created an
experimental rat model with uncultured cell spray.

This innovative approach originally emerged as the applica-
tion of cultured cells. Although cultured epidermal autografts
have been used for some time; the process may take longer
and the results may not be satisfactory. Besides, the use of
differentiated keratinocytes often results in cosmetically inad-
equate regeneration.20 The uncultured cell spray method put
an end to the problem of the long processing time spent during
culture. Moreover, it reduced the amount of in vitro cell manipu-
lation and, more importantly, prevented early cell differentia-
tion with loss of progenitor cells and epidermal stem cells.

Today, classical surgical treatment is applied in the form of
early  tangential  excision  and  split-thickness  skin  graft.
However,  this  classical  surgical  treatment  modality  causes
many problems. The main problems can be listed as infection,
long hospital stays due to the need for long-term wound care,
donor site problem in patients with extensive burns and func-
tional and aesthetic losses. Esteban et al. reported that the
uncultured cell spray method was faster re-epithelialisation

than conventional autografting.7 Gravante et al. argued that
epithelialisation develops faster in the uncultured cell spray
method, and it is easier to use in burns in specific areas.21 In
addition, studies showed that the use of uncultured cell spray
and  split-thickness  skin  graft  together  is  more  effective  in
wound healing in adult patients.22 However, the experimental
studies and infrastructure of this method in the literature are
insufficient. Filling this gap, this study provided a model for the
treatment of burns with the spray method and suggested a
resource for further studies in this field.

In this study, wound healing in the spray and autologous skin
graft were comparable both macroscopically and microscopi-
cally.  Interestingly,  the  percentage of  macroscopic  healing
and histological scores on the skin graft side was inferior to the
spray group in the first days. However, this gap closed in the
following days. This might be due to the higher complication
rate (graft infection, necrosis, etc.) in skin grafting. Another
explanation could be the better contact of the solution applied
in the form of a spray with the underlying tissue. Spray applica-
tion  is  proved  to  achieve  successful  results  similar  to  skin
grafting with lower complications compared to skin graft appli-
cation even with an advantage in the early period.

Neovascularisation  is  a  very  important  process  in  wound
healing. Deep burns require neovascularisation for healing to
occur. In a study conducted on deep burns, it was stated that
the fluid in burn blisters contributes to neovascularisation and
its evaluation is an indicator of burn healing.23 The neovascu-
larisation and inflammation scores between the two groups in
this  model  had  no  statistically  significant  difference
suggesting that uncultured autologous cell spray can be as
effective as a standard treatment and may be used as an alter-
native effective treatment method.

In this study, a useful animal model of uncultured cell spray
was proposed, and comparable results in the healing process
of second-degree deep burns in conventional autograft appli-
cation were obtained with uncultured cell spray compared to
standard treatment. The results of treatment methods based
on the use of progenitor stem cells are quite exciting. Gaps in
the  literature  indicate  that  these  new  treatment  approach
modalities need to be developed. This study, which has similar
aspects with some methods used in clinical applications (eg.
ReCell®), is also very important because of the creation of an
experimental animal model.24 On the other hand, there are
some limitations of this study. The nutrition of the grafts is only
provided by diffusion from the underlying tissues during the
first four days.25 Therefore, contact of the graft with a well-
blooded tissue underneath is essential for the survival of the
graft. In this model, a burn area was created in the midline with
the vertebrae. This area may have made it difficult for the
conventional skin graft to adhere to some areas of the wound.
Since  non-cultured  autologous  cells  in  these  areas  were
applied to the wound in liquid-spray form, contact with the
tissue may have been better. The comparison of uncultured
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autologous cell spray and split-thickness skin graft in different
parts of the animal body may be an interesting subject of a new
study.

CONCLUSION

Uncultured cell spray was observed to be similarly successful
with the application of split-thickness skin grafts in the healing
process of deep second-degree burns. The results were close to
each  other  in  the  parameters  examined.  This  innovative
research tried to be examined more objectively with an animal
experimental  model.  However,  more  studies  are  needed
before it can be used as a completely alternative treatment
method.
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