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Abstract

Objective: To determine role of Stromal Vascular Fraction (SVF) in wound healing process of hot water
induced burns.
Materials and methods: Wound healing is characterized as the reclamation of the congruity of living
tissue and is an incorporated reaction of a few cell types to damage. SVF was obtained from inguinal fat
of rats. Artificial burns were induced in rats with help of hot water. VEGF, PCNA analysis performed in
different groups with histological evaluation of deep burns and fibrosis.
Results: On day 10, aggravation intensity was watched to be extraordinarily expanded in the control set,
while it was diminished in the treatment group and the contrast between the groups was measurably
critical. The Vascular endothelial growth factor (VEGF) values were statistically significant between the
therapy and control groups at 3 and 10 days. Statistically significant differences were observed among
day 3 and other days in both the groups.
Conclusion: The wound healing benefit is associated with a more efficient vascular network. This topical
therapy provides a potential novel therapy for the treatment of various wound based atrophies.
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Introduction
Skin harm can happen as a delayed consequence of abrasions,
cuts and scratched zones to fluctuating degrees of reality. If not
repaired, any break of the skin may exchange off its
impediment limit and reveal the body's tissues to microbial
infections and mechanical mischief. The recovering of
cutaneous wounds obliges complex interchanges between the
dermal and epidermal cells, the extracellular matrix (ECM),
also, the nervous and vascular parts of the hurt besides,
including skin [1,2]. Recovery from cutaneous injuries takes
place in specific phases: incendiary reactions, proliferation and
remodelling. Different types of cells, chemokines and
hormones are involved in these interconnected phases, in
which the injured part is repaired and the integrity of the tissue
is restored [3].

Healing of wounds takes place in a sequence of stages, namely,
inflammation, hemostasis, aggravation, scar tissue
development and the resulting remodelling [4]. Mesenchymal
stem cells (MSCs) are non-hematopoietic, adherent multipotent
stromal cells that can potentially differentiate into the
antecedent cells for bone, ligament, muscle, tendon, stroma and
fat tissues [5,6]. A stem cell is described by its capacity to
undergo self-restoration, its capacity for multi-lineage

separation and frame terminally separated cells. Stem cells
used for regenerative therapeutic applications should
preferably satisfy these criteria: (1) they must be found in
abundance (millions to billions of cells). (2) It must be possible
to collect them minimally intrusively. (3) It must be possible to
separate them along various cell lineage pathways in a
reproducible way. (4) It must be possible to transplant them
securely and adequately to an autologous or an allogeneic host
[7].

Superficial injuries may recover without enlisting
undifferentiated cells; but repair of deeper tissue damage or
wounds requires immature stem cells with mesenchymal and
natural origin. However, also inhabitant tissue-particular
undeveloped cells all through entirely unexpected all around
deliberate repair falls vital for compensation of tissue [5,8]
Senescent cells that are incapable of replicating themselves,
which may influence adjacent typical cells, are involved in the
complex set of changes that influence cell replication. Intra-
cellular changes, for example, oxidative damage to DNA and
changes in mitochondrial effectiveness and in cell layers, in
maturing cells and tissues have been studied [9].

Adipose tissue, like bone marrow, is derived from the
mesenchyme and consists of a uniform stroma that is
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effectively separated. Given this, adipose tissue may represent
a source of stem cells that could have broad impacts [10]. The
cellular reactions to injuries are primarily facilitated by
mesenchymal stem cells that produce paracrine indicators or
signals and induce antecedent hematopoietic stem cells, follicle
stem cells and epithelial tissue to separate into the inhabitants
of tissues. These cell types have specific roles in every stage of
repair, and they expedite inflammation [3]. In the present study,
the use of stromal vascular fractionate to treat wounds caused
by burns was investigated. In vivo and in vitro testing was used
to confirm the efficacy of stromal cells in healing burn
wounds.

Materials and Method

Experimental animals
Twenty male adult Wistar rats weighing between 187 and 380
g were used in this study. The rats were monitored within a
standard laboratory environment. All the rats were fed with
standard laboratory diet before and during the study.

Chemicals for anesthesia
The rats were anesthetized using the combination of ketamine
hydrochloride [+/- Ketamine HCl, Sigma Aldrich (50 mg/kg)]
and xylazine hydrochloride [Xylazine hydrochloride ≥ 99% |
Sigma-Aldrich, (5 mg/kg)] intraperitoneally. Early post-
operative and five days post-burn pain management was
performed by adding 2 mg/ml Acetaminophen
(Acetaminophen, Sigma-Aldrich) in rats drinking water
[11,12].

Figure 1. Schematic representation of the site of harvesting of stromal
vascular fractionate (SVFs) from the rats. The bar represent site of
incision.

Figure 2. Hematoxylin and Eosin (H&E) stained histopathological
picture of Control (2.A) Deep burn (2.B).

Stromal vascular fractionate preparation
Both inguinal regions of the rats were clipped and cleaned with
sterile 10% povidone iodine. Inguinal fat pads of 20 rats were
removed (two for each rat) and 1 cm3 adipose tissue was
excised from each inguinal fat pad on both sides. The incisions
were closed by 3/0 silk sutures (Figure 1). We collected
inguinal cells from the same rats to make a master batch of
(stromal vascular fractionate cells) SVFs. The extracted fat
tissues were washed with phosphate buffer solution (PBS,
Sigma-Aldrich, China) to evacuate the polluting cells and red
platelets. Then the tissues were minced using tissue separating
scissors (Fine). The separated tissues were incubated in a slow
shaking water bath at 37°C for 120 minutes with 0.1%
collagenase (collagenase from Clostridium histolyticum
C0130, Sigma-Aldrich, China). The tissues were then
removed, and the samples were further washed with PBS. The
cell suspension was centrifuged twice at 1300 rpm (260 xg) for
8 minutes. The supernatant, which consisted of mature
adipocytes, was decanted. The precipitate, which had collected
at the bottom, was filtered using a 100 mm mesh filter,
providing SVFs [13-15]. The number of viable cells was
assessed by adding trypan blue to the SVFs and counting them
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using a Thoma slide. There was approximately 4×106 viable
cells/ml [16].

Deep partial thickness burn
The rats were primed by clipping the hair on their back skin
and cleaned with sterile 10% povidone iodine underneath
general anesthesia. Burns were performed with the pet bottle
opening area of 7 cm2 with a radius of 1.5 cm. The burn injury
was made by exposing the back skin of the rat to hot water
80°C in the bottle. Deep partial thickness burns were found and
confirmed by histopathologically (Figure 2). Open
management without the application of topical antibiotics
treated burn wounds. Created burn wound area was
approximately 2% of total body surface area (TBSA) which
was calculated by the formula defined by Gilpin [17]. On the
exact SVFs harvestation, the burn injury were made by
applying 80°C hot water for 30 sec on the back skin of the rats
and then they were randomized into therapy and control groups
of 10 rats each.

Figure 3. Histopathological evaluation (a). Mild, (b). Moderate, (c).
Severe vascular proliferation (X200, H&E), (d). Mild, (e). Moderate,
(f). Severe inflammatory invasion mainly composed of lymphocytes
(X400, H&E). (g). Mild, (h). Moderate, (k) severe fibroblastic
proliferation (X200, H&E).

Vascular endothelial growth factor (VEGF)
expression
Vascular endothelial growth factor expression was assessed
using 400X magnification for the presence VEGF positive cells
and the staining intensity. The percentage of VEGF positive

was scored as follows: (1) <33 % of the cells, (2) 33-66% of
the cells and (3) >66% of the cells. The staining intensity of
VEGF expression was graded as (1) weak, (2) moderate and
(3) strong. The sum of these scores was calculated as the
VEGF index [18,19].

Proliferating cell nuclear antigen analysis (PCNA)
Nuclear brown staining was assessed as positive distinct by
proliferating cell nuclear antigens antibody in the tissue
section. PCNA was appraised by counting 100 cells under the
400X magnification. The PCNA index was determined by the
ratio of the number of positive nuclei/100 nuclei [20,21].

Histopathology evaluation of the burn sites
Biopsies were taken sequentially from each quadrant of 7 cm2

circular burn under general anesthesia at 3, 7, 10 and 14 days,
respectively. About 5 × 10 × 5 mm of the tissues were carried
by biopsy and were embedded in paraffin blocks and were
stained using hematoxylin-eosin.

Statistical analysis
Data are expressed as mean ± standard error. Differences
between means were assessed using two tailed unpaired
Student’s t test for two independent groups and paired
Student’s t test for two repeated measures. When there were
more than two repeated measures, we used repeated measures
ANOVA with the post hoc Hochberg procedure. Statistical
significance was accepted at p<0.05.

Results
As per the dissected tissue samples, both gatherings had very
nearly break even with intense inflammation at post burn on
the third and seventh days. On day 10, exacerbation power was
viewed to be exceptionally extended in the control group,
while it was decreased in the treatment group and the
difference between the groups was quantifiably discriminating.
The histopathological evaluation was carried and depicted as
shown in Figure 3. While on the on day 14, inflammation was
decreased in the control group compared to the therapy group.
Statistically significant differences between both the groups
were observed about the vascularization at 3, 10, and 14 days.
The fibroblastic proliferation showed significant difference
between 3 and 14 days, whereas there was no significant
difference at 7 and 10 days. The variance analysis of
distribution of fibroblastic proliferation relative to the biopsy
days in control group revealed that there were differences at 3,
7 and 10 days. Stromal cells including the endothelial cells and
fibroblasts showed positive for the PCNA and the same was
tested to find the PCNA index. The comparison of the values
showed statistically significant differences on 3, 10 and 14
days (Figures 4a-4d). Vascular endothelial growth factor
expression was seen in stromal cells including endothelial
cells, inflammatory cells and fibroblasts. The VEGF values
were statistically significant between the therapy and control
groups at 3 and 10 days. The therapy group had a VEGF
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expression score that was almost twice the value of the control
group on day 3. The VEGF expression scores continued to be
higher in the therapy group than in the control group until day
10. On day 14, both groups had similar VEGF expression
scores (Figure 4e). The VEGF expression score was double
compared to the control group on the day 3. Increased
expression scores of VEGF sustained in the therapy group than
in the control group till day 10. Statistically significant
differences were observed among day 3 and other days in both
the groups.

Figure 4. Assessment of (a). Inflammation (b). Vascularization (c).
Fibroblastic proliferation (d). PCNA index and (e). VEGF scores.
*p<0.05.

Discussion
The injury recuperating process in adult humans can be
partitioned into three covering stages: inflammation,
multiplication and rebuilding. These techniques include the
facilitated endeavours of keratinocytes, fibroblasts, endothelial
cells, macrophages and platelets, directed by a mind boggling
flagging system of particles. Cell relocation or migration is a
crossroads in skin wound healing. Subsequently, the
examination of variables that effect dermal fibroblast and
epidermal keratinocyte development may help target
medications for upgraded cutaneous damage healing [22].
Thermal injuries demonstrate a characteristic cutaneous injury
pattern, which is divided into three zones based on blood
perfusion and tissue viability: zone of coagulation, zone of
stasis, and zone of hyperemia. The final zone of hyperemia is
an area of intense vasodilatation and inflammation that
contains viable tissue and is not usually at risk of progression
to necrosis [23].

The proliferative phase is characterized by the formation of
granulation tissue, which is a pink, soft, highly vascularized
platform for tissue formation. Granulation tissue is largely a

product of two cell types: fibroblasts and vascular endothelial
cells. Fibroblasts are evident at the wound site within 2-5 days
and become the predominant cell type after the first week [24].
Angiogenesis and the development of granulation tissue take
place simultaneously during the injury recuperation process
[25].

It was further recommended that dermal fibroblast relocation
be then ended as keratinocytes relocate to launch
reepithelialisation, after which a further influx of fibroblast
movement happens amid the tissue renovating phase of wound
healing. TGF-β1 has arranged parts in cutaneous injury
mending, including a stimulatory action on re-epithelialisation,
wound contracture, angiogenesis, scar development and ECM
accumulation [26]. In particular, TGF-β1 rouses increased cell
migration in dermal fibroblasts [27] and keratinocytes [28].
Investigations of knock-out mice have suggested that IL-6
structures a key component of the standard cutaneous injury
recuperating process by controlling dermal fibroblast
relocation [29], has likewise been indicated to invigorate
keratinocyte [30] and proliferation [31,32].

Conclusion
We have demonstrated the process of angiogenesis, and healing
of burn wounds, using stromal cells. Healing of wounds
remains an integral function of modern surgical science, for all
surgical patients and especially those with burn injuries. The
biology of wound healing entails many integrated, parallel
processes that lead to the decontamination and closure of a
wound. Angiogenesis is a fundamental process for wound
mending/healing. It is also involved in the pathogenesis of a
few ailments. Our study gives a hint about the use of SVFs in
treating injuries.
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