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ABSTRACT

PURPOSE: To analyze the healing effects of stromal vascular fraction (SVF) application compared to wound dressing with 2% silver
sulfadiazine in full thickness burn wounds in rats.

METHODS: Animals were divided into two groups: 2% silver sulfadiazine group and SVF group. Both groups received occlusive
bandages while the first one was treated with 2% silver sulfadiazine and the latter was treated with injections of SVF prepared from
adipose tissue extracted from an animal donor. The animals were accompanied through 3, 7 and 30 days for evaluation of macroscopic,
microscopic and morphometric aspects.

RESULTS: On day three, a significant increase (p<0.05) of infiltration of polymorphonuclear, fibrin formation and fibroblasts migration
in SVF group was observed. On the 7" day the mononuclear infiltrate, angiogenesis, collagen and fibroblasts were significantly increased
in the SVF group (p<0.05). At 30 days significantly increased collagen deposition was observed in the SVF group (p<0.05).
CONCLUSION: Adipose tissue derived stromal vascular fraction injections promotes better wound repair than 2% silver sulfadiazine
in the treatment of full thickness burn in rats during the evaluated experimental period.
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Introduction

Full thickness burns are characterized by destruction of
all skin layers. The destruction of the free nerve endings in the
dermis makes these lesions painless, and grafting procedures
are often needed to optimize tissue repair that usually evolves
with formation of hypertrophic scars, severe fibrosis and tissue
adhesion'.

The global incidence of burns requiring medical
intervention in 2004 was about 11 million people. Although the
majority of cases throughout the world are not fatal, fire related
burns are among the leading causes of disability in low and middle
income countries?.

The Brazilian Burn Society estimates that millions of
burn cases occur every year in Brazil. Approximately two hundred
thousand are treated at emergency wards and forty thousand
require hospitalization. Estimates presented in a study conducted
in the Federal District of Brazil showed a mortality rate of 6.2%
among hospitalized burns victims in emergency wards. Among
violent causes of death in Brazil burn injuries represent the third
most important cause after road accidents and homicides®.

The techniques conventionally used in the treatment of
burn wounds vary according to the extent of the lesion, affected
body area, age and previous individual health status. Prevention
of infections, removal of necrosis, and grafting procedures are
routinely used to treat such wounds®.

In full thickness burn injuries surgical debridement
followed by occlusive dressing are generally used in most clinical
centers dedicated to the treatment of these lesions. Moisturizing
agents such as glycerin and microbicides as 2% silver sulfadiazine
are incorporated into the occlusive dressing to promote the healing
process and prevent infection®.

While the outcomes in burn wound injury treatments
increased significantly in the last decades, as a result of
developments in surgical, nursing and rehabilitation procedures,
severe functional and cosmetic limitations are still highly prevalent
in burn patient populations®. The development of interventions
to reduce hypertrophic scarring, promote morphological
reconstruction and functional recovery are necessary in order to
achieve better results’.

Cell therapy is one of the most promising approaches to
morphological reconstruction and functional restoration of skin
burn damage. The effective application of cell populations that
optimize the repair processes and tissue regeneration in different

clinical conditions depends on several factors such as type of cell,

cell cultivation techniques, injured tissue and patient’s immune
response®. Of particular importance is the recognition of abundant
sources of cells, with great therapeutic potential®.

The separation of adipose tissue components by
enzymatic digestion and subsequent centrifugation of the material
raised new possibilities for using this tissue in regenerative
therapy. While initially the focus was turned to the use of mature
adipocytes, located in the upper region of tissue solution after
centrifugation, different studies have explored the therapeutic
applications of stromal vascular fraction (SVF)'.

Endothelial cells, lymphocytes, myelocytes, pericytes,
pre-adipocytes and adipose derived stem cells (ADSCs) are part
of its composition and, depending on the stimuli in the tissue
and the

capacity to proliferate and differentiate into distinct cell lines''.

microenvironment, present considerable plasticity,

Studies suggest that therapeutic effects of SVF are
primarily a result of the activity of ADSCs”'? such as modulation
of inflammatory response'®, increased migration of fibroblasts',
collagen production'® an angiogenesis!®8,

Considering the need to develop interventions which
address the reduction of fibrosis, restrictions in tissue mobility,
aesthetic deformities and functional limitations in full thickness
burn injuries, this study aimed to compare the microscopic,
macroscopic and morphometric effects between the treatments
with SVF applied intradermally and occlusive bandages with 2%
silver sulfadiazine in experimentally induced full thickness burn

wounds in rats.

Methods

The study was approved by the Ethics Committee on the
use of animals from the Universidade Federal de Goias (protocol
Number 035/13).

Stromal vascular fraction preparation and injection

procedure

One day after the burn procedure, euthanasia of the
donor animal was performed (lethal injection of thiopental sodium
100mg/kg) followed by the removal of the visceral adipose tissue
by surgical dissection. The material was conducted to laminar flux
in transport solution (Sterile Phosphate Buffer Solution at 2%
(PBS) and 1% antibiotics: 105 units/ml penicillin and 105ug/ml
streptomycin) washed in PBS to remove debris and red blood cells

and minced with fine tissue scissors. The fragmented tissues were
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incubated with type I collagenase (1.5 mg/ml) and kept in water
bath at 37°C for 50 minutes. After enzymatic digestion, the tissue
was filtered using a 70pm filter and collagenase was removed by
dilution with phosphate buffer solution (PBS). The cell suspension
was centrifuged at 363g (1800 rpm)/7 minutes and the supernatant,
composed primarily of mature adipocytes, was removed. The
pellet was formed by cells which were re-suspended in PBS. The
counting of viable cells was performed using the Tripan Blue stain
exclusion method. Injections were prepared adding PBS and a
SVF volume equivalent to 5 x10° cells/ml in 1 ml syringes. Four
injections of 0.2 ml were made in each wound edge and dripping

of 0.2 ml covering the wound bed.

Full thickness burn procedure

After local preparation of the dorsal skin, shaving
and antisepsis, the animals were anesthetized with
0.01ml/g of Ketamine 10% and 0.03ml/g of Xilazine 2%
via intraperitoneal. Afterwards, the full thickness thermal
injury was induced by the immersion of this region in
boiling water as described by Morais et al.'°. Briefly, each
animal was placed inside a PVC (polyvinyl chloride) plastic
cylinder with a 2x2 cm opening and sealed extremities,
the uncovered area was immersed in water at 95° for 14
seconds. The accomplishment of a full thickness burn by
the cited method was early verified by histological analysis
with hematoxylin-eosin preparation showing complete
destruction of the epidermis, dermis and hypodermis
confirming a full thickness burn wound with necrosis and
disarrangement of collagen fibers. On the day that followed
the burn procedure, animals received surgical debridement
under general anesthesia (0.06 ml/Kg of 10% ketamine,
0.01 ml/Kg distilled water and 0.03 mlI/Kg of 2% xylazine
applied intraperitoneally) to remove necrosis. Debridement
procedure initiated by dissection of skin with a Metzembaum
scissor in panniculus carnosum, at the suprafascial level.
The other edges were sectioned with a straight Mayo scissor
always in the internal border of demarcated area. A full
thickness skin (4 cm?) was excised from burn area by removing the
epidermis and dermis layer with a surgical blade (0.1 mm) until
the subcutaneous fat,avoiding the panniculus carnosum and the
muscle layer. Early post operative and three days post burn
pain management was performed by inclusion of 2 mg/ml

paracetamol in the rats’ drinking water.
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Animals and treatment

Thirty male adult Wistar rats weighing between 300 and
350g were used in this study. Adipose tissue extraction was made
once in each experimental series with durations of 3, 7 and 30 days,
with a total of three animals used as donors. Each experimental
group was composed by five animals. Each experimental group
received treatment after the debridement procedure, 2 days after
the injury induction. The 2% silver sulfadiazine group (CT)
received occlusive bandages with sterile gauze impregnated
with glycerine and 2% silver sulfadiazine. The stromal vascular
fraction treated group (SVF) received occlusive bandages with
sterile gauze impregnated with glycerine and injections of stromal
vascular fraction at a concentration of 5 x10° cells/ml. The
injection procedure was made only once after debridement in SVF
group and bandages were change in each group daily during the
experimental series.

The animals euthanasia was performed at each
experimental day with a lethal injection of thiopental sodium
100 mg/kg followed by collection of material for microscopic
examination and photographic register of the injury for
morphometric and macroscopic analysis.

Macroscopic evaluation

After euthanasia, wounds were photographed and
the component phases of tissue repair such as inflammation,
proliferation and maturation!® were macroscopically examined.
Parameters of hyperemia, necrosis, hemorrhage, crust formation,
tissue granulation and fibrosis were graded as absent (score 0),
discrete (up to 25% of committed area, score 1), moderate (from
26 to 50% of committed area, score 2) and accentuated (more
than 50% of committed area, score 3) in a semi-quantitative form.
Examination was performed by the same researcher, blind to
group allocation. The results were expressed in mean + standard

deviation.

Morphometric evaluation

Wound photographs were analyzed using the Imagel
software (National Institute of Health; version 1.3.1). Wound
areas were circulated by the researcher without knowing the group
allocation, and the contraction level was calculated using the
following equation:

CL= (area T°— area Teuhanasia day)y 100/area T°,were

CL=contraction level; T°= day of burn injury induction; Teuhanasia
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dy=days after injury induction. The morphometric evaluation
was performed at days 7 and 30 due to the absence of wound

contraction at the early stage of the healing process (3 days).

Microscopic evaluation

After euthanasia, the wound tissue and adjacent
skin were removed. This material was incubated with 10%
formaldehyde, included in paraffin blocks, prepared with sections
of 4 um and stained with hematoxylin-eosin (H&E). Tissue
slides were analyzed by optical microscopy of entire wound
area at magnifications of x10 and x40 and parameters of fibrin,
hemorrhage, polymorphonuclear infiltration, mononuclear
infiltration, hyperemia, angiogenesis, necrosis, fibroblasts and
collagen were graded as absent (score 0), discrete (up to 25% of
committed area, score 1), moderate (from 26 to 50% of committed
area, score 2) and accentuated (more than 50% of committed area,
score 3) in a semi-quantitative form. Examination was performed
by the same researcher, blind to group allocation. The results were

expressed in mean =+ standard deviation.

Statistical analysis

Statistical analysis was performed with the SigmaStat
2.3 software. Variables were tested for normal distribution
and homogeneous variance (Kolmogorov-Smirnov test). The
macroscopic and microscopic statistical analyses were performed
through the Mann-Whitney test. The morphometric analysis was
performed through the Student T test. Differences were considered

significant when p<0.05.

Results

Macroscopic results

General pathologic process associated with inflammation,
proliferation and maturation phases were observed in days 3, 7
and 30 respectively (Figure 1). Statistically significant differences
were found between the CT group and SVF group regarding
necrosis formation, which was significantly increased in the
CT group at day 3 (p<0.05). Other parameters such as crust,
hemorrhage, hyperemia, granulation tissue and fibrosis did not
present a macroscopic difference when comparing both treatments
(Table 1).

3 days

SVF group

v
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FIGURE 1 - Macroscopic evaluation of third degree burn wounds
experimentally induced in rats treated with 2% silver sulfadiazine and
adipose tissue stromal vascular fraction. (CT - control group) 2% silver
sulfadiazine. (SVF) adipose tissue stromal vascular fraction treated group.
(A) Arrow indicates discrete hyperemia. (B) Arrow indicates accentuated
granulation tissue. (C) Arrow indicates discrete fibrosis. (D) Arrow
indicates accentuated necrosis at wound edges. (E) Arrow indicates
moderate necrosis. (F) Arrow indicates accentuated fibrosis.

TABLE 1 - Macroscopic evaluation (mean + standard
deviation) of general pathological processes in third degree burn
wound in rats treated with 2% silver sulfadiazine and adipose
tissue stromal vascular fraction at days 3, 7 and 30.

Pathological CT SVF
Procegss DAI (n=5) (n=5) P
3 1.0+£0.6 03+0.8 p=0.01*
Necrosis 7 0.3+0.6 1.3+04 p=0.183
30 0.0=£0.0 0.0+£0.0 p=1.00
3 03+0.6 0.0£0.0 p=0.183
Crust 7 03+0.6 0.0+£0.0 p=0.183
30 0.0+£0.0 0.0+£0.0 p=1.00
03+0.6 1.3+£0.4 p=0.42
Hemorrhage 0.3+0.6 1.3+04 p=0.183
30 0.0£0.0 0.0£0.0 p=1.00
3 03+0.6 2.6+0.4 p=0,.57
Hyperemia 7  03+06 23+04 p=0.42
30 0.0£0.0 0.0£0.0 p=1.00
0.0£0.0 0.0£0.0 p=1.00
Granulation 03406 2.6+04  p=0.057
tissue
30 03=+0.6 0.0+£0.0 p=1.00
3 0.0+£0.0 0.0+0.0 p=1.00
Fibrosis 7 0.0+0.0 0.0£0.0 p=1.00
30 3.0£0.0 3.0+£0.0 p=1.00

SVEF: stromal vascular fraction group. CT: 2% silver sulfadiazine group. n: number
of animals in each group. DAI: days after injury induction. *Statistically significant
(p<0.05 — Mann-Whitney).
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Microscopic results

Fibrin

and fibroblast content were significantly increased in the SVF

formation, polymorphonuclear infiltration
group compared to the CT group at day 3 (p<0.05) (Figure 2).
The mononuclear infiltration, angiogenesis, fibroblast content
and collagen deposition were significantly increased in the SVF
group compared to the CT group at day 7 (p<0.05). 30 days after
burn injury induction hyperemia and collagen deposition were
significantly increased in the SVF group compared to the CT
group (p<0.05) (Table 2). Collagen disruption and hemorrhage
did not present significant differences between the treated groups

during the experimental days.
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FIGURE 2 - Microscopic evaluation of third degree burn wounds
experimentally induced in rats treated with 2% silver sulfadiazine and
adipose tissue stromal vascular fraction. (CT - control group) 2% silver
sulfadiazine. (SVF) adipose tissue stromal vascular fraction treated group.
(A) Arrow indicates moderate fibroblastic proliferation. (B) Arrows
indicate accentuated angiogenesis. (C) Arrows indicate accentuated
collagen formation. (D) Arrow indicates discrete polymorphonuclear cells
inflammatory infiltration. (E) Arrow indicates accentuated mononuclear
cells inflammatory infiltration. (F) Arrow indicates moderate mononuclear
cells inflammatory infiltration (x400 hematoxylin & eosin. Scale Bar
indicates 20 pm).
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TABLE 2 - Microscopic evaluation (mean + standard
deviation) of general pathological process in third degree burn
wound in rats treated with 2% silver sulfadiazine and adipose
stromal vascular fraction at days 3, 7 and 30.

P ag;‘(’)lc"egs'scal DAI CT(=5) SVF(@n=5) P

3 30+00 3.0+00  p=1.00

d?s‘;lll:;)gt;’:n 7 1.0£00 0306  p=0.183
30 06+05  00+£00  p=0.422

00+£00  00+00  p=1.00

Hemorrhage 1.8+0.7 1.0+ 0.0 p=0.183
30 02+04  03+04  p=1.00

1.6+£04  1.6+09  p=0.741

Hyperemia 0.6 +0.8 2.0+0.81 p=0.225
30 02+04  20+00  p=0.03*

3 03+06 3.0+00  p=0.03*
Fibrin 7 00+£00  0.0+0.0 p=1.00
30 00+£00  0.0+0.0 p=1.00

. 3 00+£00 1.6+04  p=0.03*
PMNﬁ‘(‘)‘:“ra' 7 06+12  10£00  p=1.00
30 00+£00  0.0+0.0 p=1.00

_ 3 06+048  1.0£00  p=0.183

MN t'i‘(‘flltm' 7 06+04  3.0£00  p=0.01%
30 08+07 20+00  p=0.183

3 00+00 13+04  p=0.057

Angiogenesis 0.3+0.6 3.0+ 0.0 p=0.01*
30 03+06  2.0+0.0 p=1.00

3 03+06 20+00  p=0.03*

Fibroblast 7 0.3+£0.6 2.0+£0.0 p=0.03*

30 03+06 3.0+£00  p=042
3 00£00  0.0+0.0 p=1.00

Collagen 0.3+£0.6 2.0£0.0 p=0.03*
30 03+06 3.0+00  p=0.03*

SVF: stromal vascular fraction group. CT: 2% silver sulfadiazine group.
PMN:plymorphonuclear cells; MN: mononuclear cells. DAI: days after injury in-
duction. *Statistically significant (p<0.05 — Mann-Whitney).

Morphometric results

No significant difference was observed between the SVF
group and the CT group regarding the wound contraction levels at
days 7 and 30 (Table 3).
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TABLE 3 - Morphometric evaluation of wound
contraction area in third degree burn wound in rats treated with
2% silver sulfadiazine and adipose tissue stromal vascular fraction
at days 7 and 30. Results expressed in percentage + standard
deviation.

Experimental group 7 DAI 30 DAI
CT 14476 £ 0.4  88.207+2.6
SVF 15.023 £0.5 88.203 +£5.8

p p=0.676 p=0.149

CT: 2% silver sulfadiazine group. SVF: stromal vascular fraction group. DAI: days
after injury induction. Statistical analysis: Student T test.

Discussion

This study demonstrated that the stromal vascular fraction
removed from the adipose tissue improved the microscopic and
macroscopic aspects of the healing process of full thickness
burn wounds experimentally induced in rats. These improvements
were observed in all phases of the healing process, inflammatory,
proliferative and maturation.

Stromal vascular fractions are composed of different cell
populations such as mesenchymal stem cells, T regulatory cells,
endothelial precursor cells, preadipocytes and macrophages. All
of them are capable of influencing the wound microenvironment
in many ways as they share similarities with bone marrow stromal
cells, including the capacity of multilineage differentiation®.

In this study, an amplification of the inflammatory
response evidenced by increased migration of polymorphonuclear
and fibrin deposition was observed at day 3. Studies applying
SVF or ADSCs previously expanded in culture on wound
models observed a reduction of the inflammatory response?'.
These different observations suggest that SVF could modulate
inflammation in a bi-directional manner.

Studies have shown that controlled amplification
of initial inflammatory episodes has been associated with
a shift in repair processes of different tissues towards more
regeneration and less scar formation?*24,

Trials designed to elucidate how different SVF
preparations influence burn wound repair, regarding the
type of adipose tissue utilized and dose-response curves for
application of different SVF concentrations are needed to
clarify the reasons for variable experimental findings.

A significant increase of fibrin and fibroblasts in the
SVF group compared to the CT group at day 3 was also
observed. Evidence suggests that fibronectin binding to

fibrin® and ADSCs paracrine secretion of growth factors

such as platelet derived growth factor (PDGF) and basic
fibroblast growth factor (bFGF) could be possible associated
mechanisms leading to the observed effect?.

At day 7, (p=0.01), fibroblasts
(p=0.03), mononuclear infiltrate (p=0.01) and collagen

angiogenesis

production (p=0.03) showed a marked increase in the SVF
group when compared to the control group at the same
experimental day. The secretome repertoire of ADSCs
has been reported to be composed by many cytokines
and growth factors which are able to influence these
parameters'?. Expression of potent angiogenic agents such
as vascular endothelial growth factor (VEGF), fibroblast
migration and activity stimulators like Transforming
Growth Factor (TGF) and macrophages chemotaxis agents
were expressed by ADSCs in studies performed in different
models®!4. Collectively, this process could accelerate the
proliferative phase and build better conditions for wound
repair as observed in our results.

Regarding mononuclear infiltration, classically
activated macrophages have been known to express high
levels of pro-inflammatory cytokines like IL-1, IL-6 and IL-
23 and under its influence, Th17 cells have released 1L-17
which induces increased recruitment of polymorphonuclear
cells towards the injury site?’. It was possible to observe
an increase in the mononuclear infiltration at day 7 with
no increase in polymorphonuclear infiltration. This result
suggested that the cytokines released by SVF cells could
change the macrophage activation profile from classic to
regulatory which improved the wound healing profile.
Corroborating this hypothesis is the observation of marked
collagen formation in the SVF group. Activated regulatory
macrophages have been known to increase the production
of extracellular matrix components and the release of
anti-inflammatory cytokines such as IL-10, controlling
the extension and intensity of inflammation, therefore
promoting better conditions for the occurrence of the
proliferative process.

Similarities between ADSCs in vivo morphology
and fibroblasts could also contribute to the observation of
increased fibroblast. Histological preparations with H&E
did not allow the differentiation between the two cell types,
nor the detection of fibroblasts that differentiate directly
from ADSCs?’.

The initial stimulation of fibroblasts at 3 and 7 DAI
in the SVF treated group resulted in increased collagen

deposition at day 30. These results are in accordance to the
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description that ADSCs up-regulate type I and III collagen
and fibronectin and down-regulate metalloproteinase
1(MMP-1), significantly accelerating healing from the
wound edges and increasing the tensile strength of scar
tissue®®. Studies approaching scar tissue tensile strength in
burn wounds treated with SVF and isolated ADSCs could
better elucidate the specific contributions of these different cell
populations regarding the functional outcomes in the burn wound
healing process and guidance of the clinical decision-making
process about which procedure would have a better cost-benefit
relationship.

SVF acquisition in humans using procedures such as
lipoaspiration have been reported as a method that does not cause
marked morbidity and have been easy to apply, particularly in
conditions requiring immediate medical interventions such as in

burn injuries's.

Conclusions

Intradermally applied SVF have improved full

thickness burn wound healing in rats when compared to occlusive
bandages with 2% silver sulfadiazine through amplification of the
initial inflammatory episode, have increased fibroblast migration
and collagen production. The improved wound healing process
observed in this study showed that therapeutic application of cells
extracted from adipose tissue could have a significant role in burn

wound care.
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