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ABSTRACT 

Background: Despite the advances in treating burn injuries, burn severity remains one of the most challenging cases to 

be treated. As technologies advance, regenerative therapies using stem cells have been established and found to be 

effective and friendly as a regenerative tool. Stromal vascular fraction (SVF), extracted from adipose tissue, has a great 

potential for multipotent mesenchymal stem cells differentiation. Recent research has determined the therapeutic effects 

of SVF on burn injury. Previous finding has proved the efficacy of using SVF that is isolated enzymatically. This research 

aimed to examine the efficacy of allogenic mechanically isolated (MI) SVF in treating deep partial-thickness burns in a 

Wistar rat. 

Materials and Methods: After burn induction, 45 rats were divided into three groups of 15 as follows: group one (control, 

treated with phosphate-buffered saline), group two (treated with silver sulfadiazine (SSD), and group three (injected with 

SVF). SVF was harvested from the inguinal fat pad of six rats and mechanically processed. All injections were administered 

intradermally at the four edges of the burn to cover the entire wound bed. Morphological and histopathological analyses 

were performed for all groups at three different time points (4, 8, and 32 d post-treatment). 

Results: Treatment with MI SVF significantly reduced edema formation and dryness of the wound bed on day one compared 

to the control (P = 0.001). Histopathological results showed that SVF significantly reduced inflammation compared to the 

control (P = 0.045) on day one and increased neovascularization on day 8 (P = 0.016). Epithelial thickness was significantly 

greater in the SVF group compared to the SSD group (P = 0.034). 

Conclusions: The results of this study indicated the therapeutic potential of MI SVF on deep-partial-thickness burns by 

increasing neovascularization and epithelial thickness and reducing inflammation. 
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INTRODUCTION 

Burn could be fatal to injured patients worldwide, with over 73 million injuries globally and 
around 180 000 deaths annually1. For severe burn injury, burn management depends on the 
burn’s size, degree, and the availability of normal skin. Deep-partial thickness burn usually 
takes long period of time for healing and requires systemic and local treatment. It could end 
with delayed healing, abnormal healing or abnormal scar formation, depending on the 
presence of complications in patients. Treatment should be able to enhance healing, reduce 
fibrosis and improve skin’s thickening. Therefore, new and improved methods are required 
to improve treatment options. 

Over the last decade, biological therapies have been used as alternatives to pharmacological 

and surgical treatments. Research has shifted to using mesenchymal stem cells for treating 

different types of injuries2,3. Mesenchymal stem cells isolated from bone marrow (BMSC) and 

from adipose tissue (ADSC) have proven their efficacy in treating burn injuries4–8, by improving 

skin angiogenesis, collagen deposition, and re-epithelization and reducing inflammation and 

scarring 9,10. 
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However, using both BMSC and ADSC for treating burn injury 
requires time for their isolation, culturing, and expansion, 
which could increase the risk of contamination, causing 
difficulties in clinical applications. Hence, research has shifted 
toward using a diverse cell population isolated from adipose 
tissues, called the stromal vascular fraction (SVF). 

Since the establishment of stromal cells and connective tissue 
cells in adipose tissues, the regenerative capability of these 
cells was documented11. SVF contains stromal, pericytic, 
endothelial, and hematopoietic lineages. SVF contains two 
types of stromal cells; adipose-derived stromal/stem cells, 
which are cultured cells, and cells that cannot be cultured. 
Stromal cells in tissues have reparative, regenerative, and 
immunological effects on injured tissues12. SVF cells can be 
verified using cell surface identification markers such as CD45-

 

, CD31-, CD34+, CD73+, CD90+, and CD105+ 11. 

After liposuction, SVF can be harvested via enzymatic or 
mechanical processes. Enzymatic isolation (EI) depends on the 
enzymatic digestion of fat by collagenase, dispase, and trypsin. 
In this technique, the enzyme destroys the extracellular matrix, 
then stromal cells are collected by centrifugation. This isolation 
technique has been used in both research and clinical settings. 
However, this technique requires an enzyme purification step, 
which destroys the microenvironment called the cell niche that 
surrounds cells and aids in cell communication, proliferation, 
and differentiation. Recently, a mechanical, non-enzymatic, 
isolation (MI) method, has been developed to reduce the timing 
of the procedure, avoid contamination of cells and culturing, 
lower the cost, reduce the regulatory burden, and avoid ethical 

issues 13. Compared to EI, MI protects both stromal cells and the 
extracellular matrix. Tonnrad et al. (2013) described a MI 
method using Luer-Lock syringes. It depends on the mechanical 
emulsification of lipoaspirate by shifting fat many times to 
destroy adipose cells, followed by filtration to obtain a liquid 

suspension 14. Recently, different tools and devices have been 
developed to optimize MI to provide minimal manipulation of 
cells and clinical accessibility. Previous research showed that 
cell viability and cellular composition did not differ between 
using non-enzymatic and enzymatic procedures, with slight 
differences in cell counts15,16. Therefore, the treatment in this 
study used the MI of SVF by microlization. This technique of 
microfragmentation uses sharpened-edge microblades with a 
honeycomb design. Previous tests on this gadget showed a high 
ratio of cell count and viability (around 90%) and the presence 
of mesenchymal cell markers (CD90 and DC105) [17]. 
Therefore, this technique offers a cost-effective option with 
desired cell count and viability. 

Previous research has investigated the effect of EI SVF on burn 
injury when used alone or in combination with other 
treatments. SVF has improved burn wound healing by reducing 
inflammation and increasing neovascularization, re- 
epithelialization, collagen deposition, and tissue regeneration 
17–20. This study aimed to examine the therapeutic potential of 
allogenic treatment with non-enzymatic or MI SVF in treating 
deep-partial thickness burn injury and investigate the 
morphological and histopathological effects post-treatment at 
three different time points, at 4, 8, and 32 d, in Wistar rats. 

 
 

METHODS 

Experimental animals 

This study was approved by the Research Ethics Committee, 
Faculty of Pharmacy, King Abdulaziz University (Ref: PH-1443- 
21). Fifty-one male Wistar rats, weighing 265 ± 31 g, were 

included in this study. All rats were kept at (25 ± 1°C) with a 
12-h light vs. dark cycle. They were fed with standard 
laboratory chow with free access to water. In this study, forty- 
five rats were assigned into three groups randomly, and six rats 
were used as donors for adipose tissue extraction. Treatment 
groups were assigned as follows: control rats (n=15) were 
treated with saline solution (Group 1, C). In the second 
treatment group, rats (n=15) were treated with silver 
sulfadiazine cream (Flamazine®) (Group 2, SSD). Rats from the 
third treatment group (n=15) were treated with MI SVF (1 ×106 

cells/rat) intradermally (Group 3, SVF). The experiment was 
run for 32 days. The day of burn induction was considered as 
day (D0) of the experiment and day (1) was the treatment day 
(D1). Five rats of each group were euthanized on days 4, 8, and 
32 (D4, D8 and D32). Day 4 (D4) represents the inflammation 
phase, day 8 (D8) represents the proliferation phase and day 32 
(D32) represents the remodeling phase of burn healing. The 
cervical dislocation was used to euthanize all rats at the end of 
the study period. 

 

 
Deep-partial thickness burn induction 

In each rat, the dorsal skin was shaved and disinfected. The 
burn was induced to the dorsum area by using flat, round- 
bottom iron stamps 1.8 cm in diameter weighing 22 g for 6 
seconds without applying pressure (the stamp was allowed to 
rest on its weight 22g). All burn induction was done by the same 
person to ensure the consistency of all wounds. The induction 
of deep-partial thickness was evaluated by histopathological 
analysis. The reliability of this method has been validated 
previously [21], [22]. Ringer lactate solution was used to 
resuscitate animals immediately to prevent spinal shock 
intraperitoneally (2 ml/100 g body weight) [21]. Every rat was 
kept individually in a separate cage bedded with a cotton pad 
and changed daily for 5 days to minimize wound infection. 

 
 

Pain and distress measurement 

Post-burn, 2 mg/ml paracetamol was added to rats drinking 
water for three days22. Pain and distress change was examined 
based on four physical signs (the body weight, grooming, hair 
coat, animal’s appetite, and animal activity and posture). The 
measurements were observed and recorded daily by the same 
researcher. 

 
 

SVF mechanical isolation and preparation 

From six rats, the inguinal area was disinfected, and the 
inguinal adipose tissue was collected as previously described17. 
The fat tissue was washed with normal saline solution and finely 
minced using two sterilized scalpels. The minced fat was 
transferred to mycrolizer (BSLrest Inc., Turkey). This gadget 
provides a closed filtration system by using female-to-female 
luer-lock adaptors for connecting two syringes together. The fat 
was shifted manually for 10 times between two syringes to 
achieve emulsification of fat 23. The emulsified fat was 
centrifuged at 400x for 5 minutes to separate the SVF. The fat 
layer and supernatant were discarded. SVF pellet was washed 
with saline and centrifuged twice. Then, cells were filtered 
over the sterile nylon cloth (100 μm) and the effluent was 
collected in a sterile tube and centrifuged at 400× g for 5 min 
(Figure 1)17,18. After counting cells using Trypan blue, SVF 
solution was prepared with normal saline resulting in cell 
volume equivalent to 1 × 106 cells/ml. On the same day of MI of 
SVF, total cells were injected intradermally at the four edges 
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of the burn to cover all the wound bed18,23. 

 
 

 

A. Fat collection B. Fat mincing 
 

 

C.   Mechanical isolation of SVF D. SVF pellet 
 

 
 

 
Wound contraction 

Figure 1: SVF isolation process. 

 
image-J analysis program (ImageJ; National Institute of Health, 
Bethesda, MD, USA) to calculate the wound space. Wound 

All photos of rats were taken from the same distance (24 cm) 
by the same researcher every two days for evaluating the 
wound contraction. The following equation was used to 
measure the wound contraction percentage change: 

Original wound area − specific day wound area 

contraction was measured on day 7, 15, 21, 29, and 32 to 
evaluate wound contraction for deep partial-thickness burns. 

 
 

Macroscopic analysis 

CL = 
Original wound area 

× 100
 The macroscopic change was examined based on four criteria: 

skin color, edema, wound bed dryness, and hair growth (Table 
CL= contraction level, Original wound area= (size of the wound 
on day 1), specific day wound area= the area of wound 
measured on that day 24. Wound images were scanned using an 

1) 24,25. Changes were examined and recorded daily by the same 
researcher. 
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Table 1: Macroscopical wound changes grading system in burn wound healing 

Criteria Score Parameter 

 
Color 
(Redness) 

0 Absence of color 

1 Presence of color 

2 Mild of color 

3 Moderate of color 

4 High color 

 
 

Edema 

0 Absence of edema 

1 Presence of edema 

2 Mild of edema 

3 Moderate of edema 

4 High edema 

 
Wound bed 
dryness 

0 Absence - wound bed is wet 

1 Presence of dry wound bed 

2 Mild dry wound bed 

3 Moderate dry wound bed 

4 High – complete dry 

 
Hair 
Growth 

0 Absence of hair growth 

1 Presence of hair growth 

2 Mild hair growth 

3 Moderate hair growth 

4 High hair growth 

 
 

Histological analysis 

After H&E staining, the entire wound was evaluated based on 
three parameters: inflammation, neovascularization, and re- 
epithelization, and the presence of skin appendages, such as 
hair follicles and sebaceous glands, on days 4, 8, and 32 of the 
experiment duration. Measurements were conducted using the 
Philips IntelliSite Pathology Solution (Philips Digital Pathology 
Solution, Netherlands) software. The measurements of 
inflammation, neovascularization, and re-epithelization were 
conducted for all samples from 20 different areas for every 
tissue specimen using a grid (0.1 mm2) and graded as described 
in (Table 2)17,26, 27. 

 
Inflammation 
The inflammation was assessed by counting the inflammatory 
cell density and graded at (x40 magnification) from 20 
different areas for every tissue specimen. The mean of the 
total count was estimated for every tissue specimen. All 
samples are examined by the same researcher blindly. 

 
 

Neovascularization 

The neovascularization was assessed by counting newly formed 
vessels for every tissue specimen at (x40 of magnification) from 
20 different areas for every tissue specimen. The mean of the 
total count was calculated for every tissue specimen. All 
samples were examined by the same researcher blindly. 

 

 
Table 2: grading of different histopathological criteria used in this study 

Criteria Score Parameter 

 
 

Inflammation (x40) 

0 Normal (neutrophil count <20/field) 

1 
Moderate - many inflammatory cells (neutrophil count 
20-300/field) 

2 
Sever - exaggerated inflammatory cellularity 
(neutrophil count >300/field) 

 
 

Neovascularization 
(x40) 

0 Absence of vascular formation 

1 
Presence of vascular formation (capillary count 1- 
5/field) 

2 Discrete vascular formation (capillary count 6-10/field) 

3 High vascular formation (capillary count >10/field) 

 

 
Re-epithelization 

(x5) 

 
1 

Discrete – partial re-epithelization with a small 
epithelial layer (the epithelial tongue occupies, at 
most 1/3 of the wound gap) 

 

2 
Moderate - partial re-epithelization with a longer new 
epithelial layer (the epithelial tongue occupies more 
than 1/3 of the wound gap) 

3 Complete re-epithelization 
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Re-epithelization 

The re-epithelization was assessed by the length of the newly 
formed epithelial layer by measuring the ratio between the 
length of the wound gap and the length of the epithelial tongue. 
The calculation was done for every tissue specimen at (x5 
magnification) as described previously28. The mean of the total 
count was calculated for every tissue specimen. All samples 
were examined by the same researcher blindly. 

 
 

Measuring epithelial thickness 

The thickness of the epithelial layer was assessed on day 32. 
Measuring the distance between the stratum basale and the 
stratum corneum of the epithelial layer in each tissue specimen 
was measured at (x20 magnification) from 20 different areas 
for every tissue specimen as described previously19. The mean 
of the measurements was estimated for every tissue specimen. 
All samples were examined by the same researcher blindly. 

 

 
Skin appendages regeneration 

The skin appendage regeneration was assessed by the hair 
follicles and sebaceous glands presence on day 32. A grid was 
used (0.1 mm2) to count 20 different areas for every tissue 
specimen at (x10 magnification). The mean of the total count 
was calculated for every tissue specimen. 

Statistical analysis 

Statistical analysis was performed using SPSS Win 10.0 software 
and data were presented as mean ± standard deviation. 
Normality was tested for all data. The mean was compared 
between groups using one-way ANOVA and non-parametric 
Mann-Whitney U test and Kruskal-Wallis H test or t-test were 
used, depending on normality results The significant level was 
considered as P value less than 0.05. 

 
 

RESULTS 

Deep-partial thickness burn induction 

Burn injury was induced using two duration of time (6 and 10 
seconds) to ensure burn degree before proceeding with the 
experiment. Histological analysis showed that scalding for 6 
seconds induced partial damage up to the muscular layer while 
scalding for 10 seconds induced full damage to the muscle 
layer. Therefore, deep-partial thickness burn was created in all 
experimental rats by exposure to 100 o C for 6 seconds. 

 
 

Pain and distress measurement and management 

Pain and distress changes including, the body weight, grooming, 
hair coat, animal appetite, and animal activity and posture, 
were examined during the experiment at D1, D4, D8 and D32. 
On D1, body weight of rats from SSD group was reduced 
significantly compared to the C group (P = 0.032). However, 
there were no significant differences between all treatment 
groups at D4, D8 and D32 (Figure 2). Other distress markers did 
not appear to be significantly different between all treatment 
groups (P = 1). No death was recorded for all experimental rats. 

 

 

 

Figure: Meaasurement of body weight on days 1,4, 8, and 32. Control: Normal saline (n=15), SSD: Silver sulfadiazine (n=15), and 
SVF: Stromal vascular fraction (n=15). Data are expressed as mean ± standard error. * Indicates p˂0.05 for comparison between 

control and SSD groups 

 
 

SVF preparation 

After SVF isolation, a total of 8.12 X106 cell/ml were isolated 
and then calculated as described above to be injected in each 
rat. Cell viability was 98%. 

 

Wound contraction 

Wound contraction was measured at D1, D7, D15, D21, D29 and 
D32. There were no significant differences between all 
treatment groups (P= 1, 0.2, 0.4, 0.2, and 0.4, respectively for 
all days) (Figure 3). 
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Macroscopic analysis 

Skin color, edema, wound bed dryness, and hair growth were 
measured for all groups on D1, D4, D8, and D32 to evaluate the 
treatment's effect on deep partial-thickness burns. At D1, the 
burn wound area exhibited swelling and edema. Only the SVF 
group recorded a significant reduction in edema formation on 
D1 compared to the C and SSD groups (P= 0.001 and 0.001, 
respectively). There were no significant differences between 
the control and SSD groups. Similarly, SVF group showed a 
higher rate of dryness on day one compared to C and SSD groups 
(P= 0.001). There were no significant differences between all 
groups for other criteria. All groups showed hyperemia. All 
animals recorded no hair growth during the experiment 

duration (figure 4). 

 
 

Histological analysis 

Inflammation 

On day 4, SVF showed a significant reduction in inflammation 
compared to the C group (P= 0.045). However, the reduction 
was not significantly different compared to the SSD group (P= 
0.465). There were no significant differences between all 
groups on day 8 and 32 (P=0.5 and 1; respectively) (figure 5) 

Control SSD SVF 
 

 

   
 

 

   
 

 

   
 

 
Figure 3: Photographs showing wound contraction rate of rat skin burned wounds on days 1, 7, 15, 21, 29, and 32 post-treatment. 

Control: Normal saline (n=15), SSD: Silver sulfadiazine (n=15), and SVF: Stromal vascular fraction(n=15) 
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Neovascularization 

Examination of vascular density showed no significant 
differences between all groups on D4. Rats from SVF group 
showed significantly higher neovascularization compared to the 
C group (P= 0.016) at D8. However, no significant differences 

were noted in comparison with the SSD group (P= 0.340) (Figure 
6). Similarly, at D32, no significant differences were recorded 
between SVF group compared to the C group (P= 0.806), and to 
the SSD group (P= 0.340); and between the SSD group and the 
control group (P= 0.623). 

 

 

B 

Figure 4: Macroscopic burn wound changes of (a) edema and (B) the wound bed dryness of the deep partial-thickness burn wound 
on days 1,4, 8, and 32. Control: Normal saline (n=15), SSD: Silver sulfadiazine (n=15), and SVF: Stromal vascular fraction (n=15). 

Data are expressed as mean ± standard error. * Indicates p˂0.05 for comparison between groups. 

 
 

Figure 5: Comparison of inflammation scores between the study groups in deep partial-thickness burn wounds on days 4, 8, and 
32. Control: Normal saline (n=14), SSD: Silver sulfadiazine (n=15), and SVF: Stromal vascular fraction (n=15). Data are expressed 

as mean ± standard error. * Indicates p˂0.05 for comparison between control and SVF groups. 
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Figure 6: A. Comparison of neovascularization scores between the study groups on days 4, 8, and 32. Control: Normal saline 
(n=14), SSD: Silver sulfadiazine (n=15), and SVF: Stromal vascular fraction (n=15). Data are expressed as mean ± standard error. * 

Indicates p˂0.05 for comparison between control and SVF groups. 

 
 

Re-epithelization 

The re-epithelization evaluation determined clear signs of 
recovery in all study groups post-treatment, but no significant 
differences between all treatment groups were recorded. 

 
 

Epithelial thickness 

The epidermis layer was completely formed as mentioned 
above on day 32 post-treatment in all groups. The SVF group 
showed a thicker epidermis layer (87.47 ± 15.575) than the C 
group (76.13 ± 25.625), but it was not significant (P= 0.436). 
The epidermal thickness of SVF group was significantly thicker 
than SSD group (58.72 ± 19.832, P= 0.034) (Figure 7). 

 
 

Appendages 

The SVF group showed higher presence of skin appendages (1.65 

± 0.799) than the C group (0.79 ± 0.595), but it was not 
significant (P= 0.117). Rats from SSD group showed lesser 
presence of skin appendages, but it was not significant 
compared to the SVF group (1.18 ± 1.268, P= 0.503). No 
significant differences were recorded between the C group and 
the SSD group (P= 0.589). 

 
 

DISCUSSION 

The aim of burn treatment is to avoid complications, enhance 
tissue regeneration, and restore skin functionality. In severe 
burn injuries, the treatment depends on the burn’s severity and 
size. For severe burn injury, the standard treatment depends 
on using skin grafting or skin substitutes for full-thickness burn 
while deep-partial thickness burn usually has delayed healing 
duration and could lead to scarring. Therefore, there is a need 
for interventions to reduce fibrosis and enhance burn healing 
outcomes. Regenerative therapies, using SVF, could provide 
effective and friendly treatment options. 

 
 

 

Control SSD SVF 

Figure 7: 1. Microscopic evaluation of epithelium thickness (μm) changes in deep partial-thickness burn wound on day 32. Data 
are expressed as mean ± standard error. * Indicates p˂0.05 for comparison between SVF and SSD groups. 2. Histopathological 
image showed the epithelium thickness on day 32 post-treatment at x20 (H&E, scale bar: 50 μm). (A) Control: Normal saline 

(n=14), (B) SSD: Silver sulfadiazine (n=15), (C) SVF: Stromal vascular fraction (n=15). Blue line indicates the epithelium thickness 
(μm). 
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Burn wound healing requires cell communication by releasing 
mediators from keratinocytes, macrophages, and fibroblasts. 
The influx of macrophages into granulation tissue aids in 
replacing damaged tissues. Thus, cell-based therapies have 
become promising alternatives to pharmacological and surgical 
treatments. In the last decade, mesenchymal stem cells derived 
from various tissues were investigated for their capability to 
differentiate and modulate the release of various mediators of 
cell growth and differentiation, such as chemokines, cytokines, 
and growth factors29. Thus, mesenchymal stem/stromal cells 
can promote burn’s healing. Despite advances in the use of 
ADSC in burn treatment, the isolation method consumes time, 
is costly, and requires culturing and expansion, which can 
increase the risk of contamination. Therefore, research has 
shifted toward using heterogeneous cells (SVF) isolated from 
adipose tissue for their regenerative and repairing ability. SVF 
isolation is a fast procedure, affordable, applicable in clinical 
practice, and costless when compared to ADSC isolation. 
Therefore, it is appropriate to isolate SVF from the fat of the 
patient to avoid ethical and allogenic reactions. 

EI is the common method for SVF isolation using collagenase or 
trypsin [30]. This method has proved to be effective, but it is 
expensive, time-consuming, and destroys the 
microenvironment31. According to the Food and Drug 
Administration in the United States and the European Medicines 
Agency in the European Union, adipose tissue needs to be 
minimally manipulated, and the procedure should be 
performed on the same day32. Enzymatically isolated adipose- 
derived stem/stromal cells are regarded as more than 
minimally manipulated and are classified as drugs in the United 
States15. MI was standardized for the minimal manipulation of 
cells, through preserving cell surface, and glycocalyx 
arrangement. This method is fast and is applicable in clinical 
settings. Therefore, this study used MI of SVF by microlyzer as 
it has not been used previously in burn treatment. However, 
others have reported that the cell count was lower in MI 
adipose-derived stem/stromal cells than in EI adipose-derived 
stem/stromal cells but both isolation methods displayed same 

CD markers15. This study investigated the therapeutic effect of 
MI SVF macroscopically and microscopically on deep partial- 
thickness burn in Wistar rat. To our knowledge, this study was 
the first to investigate the effects of MI technique for SVF on 
burn healing, without using collagenase. 

Previous research has reported the therapeutic effect of SVF in 
burn injuries using the EI technique. Treatment with 
enzymatically isolated SVF improves burn wound healing by 
enhancing re-epithelization, collagen formation, and 
neovascularization and reduces inflammation and scar 
formation 8,17,18,28. Others reported the use of enzyme-free SVF 

isolation in burn injury20. However, the methodology included 
incubation with collagenase type I. This study demonstrated the 
efficacy of MI SVF by using microlization and did not involve the 
usage of collagenase. 

In this study, deep-patrial thickness burn was induced by 
scalding, to have a homogeneous burn. It was done on the skin 
of the back of the rats at 100 ℃ for 6 s. This method has been 

reported previously33,34,21. The results were confirmed 
histologically. Burn healing was monitored and evaluated for 32 
days post injury. 

MI SVF was injected immediately after the extraction. Burn 
injury conversion is preventable if appropriate treatment is 
applied within the first 72 h35. A total of 1X106 cells per rat were 
injected intradermally at the four edges of the burn. The 
effectiveness of this technique has been reported previously 
[18]. Results from this study showed that injection of allogenic 

SVF did not increase pain or distress in burned animals. Wound 
contraction was not significantly different between groups. 
Similar results have been reported for EI SVF18,24. These findings 
suggest that both isolation methods have the same impact on 
wound contraction. However, adding platelet-rich plasma (PRP) 
to SVF increased the contraction rate [24]. No infections or 
deaths have occurred during the experiment. 

In this study, MI SVF reduced edema on day 1 post-treatment 
and increased wound bed dryness when compared to other 
groups. Our results agreed with those obtained in studies using 
EI SVF, showing a reduction in edema formation24. Similar 
results have been reported in rats treated with both SVF and 
PRP on day 7 post-treatment24. The difference in reduction 
duration between this study's results and previous studies 
suggested that MI SVF could have higher potency in reducing 
edema compared to EI SVF. Edema is a sign of inflammation due 
to increased vascular permeability, an effect of the acute 
inflammatory response to the injury. Our results showed an 
early impact on inflammation through the reduction of edema. 
SVF contains stromal/stem cells that can help reduce the 
release of tumor necrosis factor-alpha (TNF-α) and interleukin- 
2 (IL-2) and induce apoptosis in activated macrophages at the 
transplanted site [36]. Reduction in inflammation resulted in 
reduced edema formation and thus increases wound bed 
dryness. Other macroscopic parameters did not differ between 
the groups in this study. Similarly, treatment with EI SVF did 
not show differences in wound dryness, hemorrhage, 
hyperemia, granulation tissue, and fibrosis compared to the 
control but decreased necrosis18. This study showed that using 
MI SVF is safe and does not cause adverse effects. 

After an injury, tissue inflammation increases cells’ infiltration 
to the injury’s site. The results from this study showed a 
reduction in inflammation as early as day 4 post-burn in the SVF 
treatment group compared to the control, indicating the anti- 
inflammatory and regulatory effects of SVF. Day 4 represents 
the inflammation phase of burn healing. Others reported that 
the anti-inflammatory effect of EI SVF treatment was on days 7 
and 10 post-treatment 17,24. These results showed that MI SVF 
has an early anti-inflammatory when compared to EI SVF for 
treating deep-partial thickness burn. After burn injury, an 
elevation in the levels of proinflammatory cytokines, such as 
TNF, IL-1β, and IL-6, was observed in the SVF treatment group, 
but these levels returned to normal between the second and 
seventh-day post-burn21. ADSC reduced inflammation by 
enhancing anti-inflammatory cytokines, such as IL-10, and 
lowering proinflammatory cytokines [37]. These data are 
consistent with our results. Measurement of inflammatory 
markers is required. 

The proliferative phase aids in wound closure and 
neovascularization. On day 8 post-treatment in this study, an 
improvement was observed in neovascularization and capillary 
count in the SVF treatment group compared to the control 
group. This period represents the proliferative phase of the 
burn healing process. Wound closure and neovascularization 
occur in keratinocytes and fibroblasts 38. Our results are 
consistent with EI SVF treatment of burn injuries. SVF increased 
neovascularization at days 7, 10, and 14 through releasing 
growth factors, such as vascular endothelial growth factor 
(VEGF) 17,18,24,8. Stromal cells in the SVF affect endothelial 

proliferation by releasing VEGF at the injured site39. Therefore, 
both isolation methods positively enhanced neovascularization. 

Remodeling is the last phase of burn healing, where re- 
epithelization and collagen deposition occurs. Re- 
epithelialization was complete in the epidermis layer for all 
groups on day 32 post-treatment. Previous research has 
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reported complete healing between approximately 21–30 

days18, 40, 41. Completion of re-epithelization depends on the 
burn’s size, depth, and the presence of comorbidities, leading 
to inflammation. In this study, the epithelial thickness was 
thicker in the SVF group than in the SSD group. Similar results 
have been recorded for EI SVF [24]. Previous results showed 
that EI SVF significantly enhanced Ki67, as an indicator of 
proliferation, CK17, as an epithelial cell marker, and 
proliferating cell nuclear antigen (PCNA) index around 21 days 
post treatment of burn wounds17,20. Thus, results from this 
study suggest that SVF can enhance the proliferation of 
keratinocytes through cell differentiation or paracrine 
signaling. Further investigation of proliferation markers is 
required. 

Research has shown that the combined treatment of SVF with 
other biomaterials enhances healing compared to SVF 
alone24,40,42,43. For instance, applying EI SVF, using both 
collagenase type I and II, and MI SVF, using collagenase type I, 
to full-thickness burn significantly improved histopathological 
scores in rat model20. The application of SVF+ PRP increased 
neovascularization and re-epithelization [24][39]. The effect 
could be mediated through increasing growth factors such as 

transforming growth factor–beta (TGF-) and VEGF levels39. 

EI SVF has been used in the treatment of various injuries and 
illnesses and has shown promising therapeutic effects. This 
study showed that MI SVF positively impacts the healing of deep 
partial-thickness burns by increasing neovascularization and re- 
epithelization and decreasing early inflammation. These results 
could be due to different population of cells in the SVF that 
function through paracrine signaling and their ability to 
differentiate. Investigating factors underlying the effect of MI 
SVF is required. Increasing the number of SVF cells and 
combining treatment with other biomaterials could enhance 
the therapeutic effect of SVF. 

This study used an SVF isolation Microlyzer (BSLrest, Inc., 
Turky). Currently, other kits and devices with different names 
are available for mechanical isolation and can be investigated 
in diverse clinical settings [32]. The availability of these devices 
could advance the treatment of various diseases for their 
applicability in clinical setting and to avoid ethical and 
application issues associated with enzymatically isolated SVF. 

 
 

CONCLUSIONS 

This study showed that MI of the SVF positively impacts deep 
partial-thickness burns healing. Results from this study are 
consistent with those for EI SVF. This technique is safe and helps 
reduce the time for isolation with efficacy in burn healing by 
enhancing proliferation, neovascularization, and reducing 
inflammation. Further investigation of signaling pathways and 
different activated regulatory markers behind these results are 
required. 

 
 

ACKNOWLEDGEMENTS 

This work was funded by the University of Jeddah, Jeddah, 
Saudi Arabia, under grant No. (UJ-22-DR-28). The authors, 
therefore, acknowledge with thanks the University of Jeddah 
for its technical and financial support. Special thanks to Dr. 
Rasheed Ahmad Shaik for helping during the experimental 
period. 

CONFLICT OF INTEREST 

The authors declared no potential conflicts of interest. 

 
 

Ethical approval 

PH-1443-21 

 
 

REFERENCES 

1. WHO (2016) Burns Fact Sheet worldwide. 2:9. 
2. Zhou, L., Xu, L., Shen,J., Song,Q., Wu, R., Ge, Y., Xin, H., Zhu, J., 

Wu, J.,& Jia,R. (206). Preischemic Administration of Nonexpanded 
Adipose Stromal Vascular Fraction Attenuates Acute Renal 
Ischemia/Reperfusion Injury and Fibrosis, Stem Cells Translational 
Medicine, 5(9):1277-288. https://doi.org/10.5966/sctm.2015- 
0223. 

3. Zhou, L., Song, Q., Shen, J., Xu, L., Xu, Z., Wu, R., Ge, Y., Zhu, J., 
Wu, J., Dou, Q., & Jia, R. (2017). Comparison of human adipose 
stromal vascular fraction and adipose-derived mesenchymal stem 
cells for the attenuation of acute renal ischemia/reperfusion 
injury. Scientific reports, 7; 44058. 

https://doi.org/10.1038/srep44058 
4. Leonardi, D., Oberdoerfer, D., Fernandes, M. C., Meurer, R. T., 

Pereira-Filho, G. A., Cruz, P., Vargas, M., Chem, R. C., Camassola, 
M., & Nardi, N. B. (2012). Mesenchymal stem cells combined with 
an artificial dermal substitute improve repair in full-thickness skin 
wounds. Burns: journal of the International Society for Burn 
Injuries, 38(8): 1143–1150. 

https://doi.org/10.1016/j.burns.2012.07.028 
5. Zhou, X., Ning, K., Ling, B., Chen, X., Cheng, H., Lu, B., Gao, Z., & 

Xu, J. (2019). Multiple Injections of Autologous Adipose-Derived 
Stem Cells Accelerate the Burn Wound Healing Process and Promote 
Blood Vessel Regeneration in a Rat Model. Stem cells and 
development, 28(21), 1463–1472. 
https://doi.org/10.1089/scd.2019.0113 

6. Foubert, P., Liu, M., Anderson, S., Rajoria, R., Gutierrez, D., Zafra, 
D., Tenenhaus, M., & Fraser, J. K. (2018). Preclinical assessment of 
safety and efficacy of intravenous delivery of autologous adipose- 
derived regenerative cells (ADRCs) in the treatment of severe 
thermal burns using a porcine model. Burns : journal of the 
International Society for Burn Injuries, 44(6), 1531–1542. 
https://doi.org/10.1016/j.burns.2018.05.006 

7. Loder, S., Peterson, J. R., Agarwal, S., Eboda, O., Brownley, C., 
DeLaRosa, S., Ranganathan, K., Cederna, P., Wang, S. C., & Levi, 
B. (2015). Wound healing after thermal injury is improved by fat 
and adipose-derived stem cell isografts. Journal of burn care & 
research: official publication of the American   Burn 
Association, 36(1), 70– 

76.https://doi.org/10.1097/BCR.0000000000000160 
8. Chang, Y. W., Wu, Y. C., Huang, S. H., Wang, H. D., Kuo, Y. R., & 

Lee, S. S. (2018). Autologous and not allogeneic adipose-derived 
stem cells improve acute burn wound healing. PloS one, 13(5), 
e0197744. https://doi.org/10.1371/journal.pone.0197744 

9. Abbas, O. L., Özatik, O., Gönen, Z. B., Öğüt, S., Özatik, F. Y., 
Salkın, H., & Musmul, A. (2019). Comparative Analysis of 
Mesenchymal Stem Cells from Bone Marrow, Adipose Tissue, and 
Dental Pulp as Sources of Cell Therapy for Zone of Stasis 
Burns. Journal of investigative surgery : the official journal of the 
Academy of Surgical Research, 32(6), 477–490. 
https://doi.org/10.1080/08941939.2018.1433254 

10. Zahorec P., Sarkozyova, N., Ferancikova, N., Bukovcan, P., 
Danisovic, L., Bohac, M., Tomas, M., & Koller, J. (2021). 
Autologous mesenchymal stem cells application in post-burn scars 
treatment: a preliminary study. Cell Tissue Bank, 22(1), 39–46, doi: 
10.1007/s10561-020-09862-z. 

11. Bourin, P., Bunnell, B. A., Casteilla, L., Dominici, M., Katz, A. J., 
March, K. L., Redl, H., Rubin, J. P., Yoshimura, K., & Gimble, J. M. 
(2013). Stromal cells from the adipose tissue-derived stromal 
vascular fraction and culture expanded adipose tissue-derived 
stromal/stem cells: a joint statement of the International 
Federation for Adipose Therapeutics and Science (IFATS) and the 
International Society for Cellular 

https://doi.org/10.5966/sctm.2015-0223
https://doi.org/10.5966/sctm.2015-0223
https://link.springer.com/article/10.1007/s10561-020-09862-z#auth-Nina-Sarkozyova
https://link.springer.com/article/10.1007/s10561-020-09862-z#auth-Nikola-Ferancikova
https://link.springer.com/article/10.1007/s10561-020-09862-z#auth-Peter-Bukovcan
https://link.springer.com/article/10.1007/s10561-020-09862-z#auth-Lubos-Danisovic
https://link.springer.com/article/10.1007/s10561-020-09862-z#auth-Martin-Bohac
https://link.springer.com/article/10.1007/s10561-020-09862-z#auth-Miroslav-Tomas
https://link.springer.com/article/10.1007/s10561-020-09862-z#auth-Jan-Koller


Fakiha K et al: Mechanically isolated stromal vascular fraction improves healing of deep-partial thickness burn in rat model 

169 Journal of Complementary Medicine Research ¦ Volume 14 ¦ Issue 3 ¦ 2023 

 

 

Therapy (ISCT). Cytotherapy, 15(6), 641–648. 
https://doi.org/10.1016/j.jcyt.2013.02.006 

12. Schildberg, F. A., & Donnenberg, V. S. (2018). Stromal cells in 
health and disease. Cytometry. Part A : Journal of the International 
Society for Analytical Cytology, 93(9), pp. 871–875. doi: 
10.1002/cyto.a.23600. 

13. Trivisonno, A., Alexander, R. W., Baldari, S., Cohen, S. R., Di Rocco, 
G., Gentile, P., Magalon, G., Magalon, J., Miller, R. B., Womack, 
H., & Toietta, G. (2019). Intraoperative Strategies for Minimal 
Manipulation of Autologous Adipose Tissue for Cell- and Tissue- 
Based Therapies: Concise Review. Stem cells translational 
medicine, 8(12), 1265–1271. https://doi.org/10.1002/sctm.19- 

0166 
14. Tonnard, P., Verpaele, A., Peeters, G., Hamdi, M., Cornelissen, M., 

& Declercq, H. (2013). Nanofat grafting: basic research and clinical 
applications. Plastic and reconstructive surgery, 132(4), 1017–1026. 
https://doi.org/10.1097/PRS.0b013e31829fe1b0 

15. Raposio, E., Simonacci, F., & Perrotta, R. E. (2017). Adipose- 
derived stem cells: Comparison between two methods of isolation 
for clinical applications. Annals of medicine and surgery (2012), 20, 
87–91. https://doi.org/10.1016/j.amsu.2017.07.018 

16. De Francesco, F., Mannucci, S., Conti, G., Dai Prè, E., Sbarbati, A., 
& Riccio, M. (2018). A Non-Enzymatic Method to Obtain a Fat Tissue 
Derivative Highly Enriched in Adipose Stem Cells (ASCs) from Human 
Lipoaspirates: Preliminary Results. International journal of 
molecular sciences, 19(7), 2061. 

https://doi.org/10.3390/ijms19072061 
17. Atalay, S., Coruh, A., & Deniz, K. (2014). Stromal vascular fraction 

improves deep partial thickness burn wound healing. Burns : journal 
of the International Society for Burn Injuries, 40(7), 1375–1383. 
https://doi.org/10.1016/j.burns.2014.01.023 

18. Cardoso, A. L., Bachion, M. M., Morais, J. M., Fantinati, M. S., 
Almeida, V. L., & Lino, R. S., Júnior (2016). Adipose tissue stromal 
vascular fraction in the treatment of full thickness burns in 
rats. Acta cirurgica brasileira, 31(9), 578–585. 
https://doi.org/10.1590/S0102-865020160090000002 

19. Eyuboglu, A. A., Uysal, C. A., Ozgun, G., Coskun, E., Markal Ertas, 
N., & Haberal, M. (2018). The effect of adipose derived stromal 
vascular fraction on stasis zone in an experimental burn 
model. Burns : journal of the International Society for Burn 
Injuries, 44(2), 386–396. 
https://doi.org/10.1016/j.burns.2017.08.016 

20. Karakol, P., Bozkurt, M., Gelbal, C., & Tuglu, M. I. (2023). Efficacy 
of stromal vascular fraction and enzyme-free mechanical isolation 
therapy in experimental full thickness burn wounds. Journal of 
plastic surgery and hand surgery, 57(1-6), 78–94. 
https://doi.org/10.1080/2000656X.2021.1993234 

21. S. Yuhua, L. Ligen, C. Jiake, and S. Tongzhu, “Effect of Poloxamer 
188 on deepening of deep second-degree burn wounds in the early 
stage.,” Burns, vol. 38, no. 1, pp. 95–101, Feb. 2012, doi: 
10.1016/j.burns.2010.06.002. 

22. [22] W. Zhang et al., “Cell-free therapy based on adipose tissue 
stem cell-derived exosomes promotes wound healing via the 
PI3K/Akt signaling pathway.,” Exp. Cell Res., vol. 370, no. 2, pp. 
333–342, Sep. 2018, doi: 10.1016/j.yexcr.2018.06.035. 

23. M. L. Zocchi et al., “Regulatory, ethical, and technical 
considerations on regenerative technologies and adipose-derived 
mesenchymal stem cells,” Eur. J. Plast. Surg., vol. 42, no. 6, pp. 
531–548, 2019, doi: 10.1007/s00238-019-01571-5. 

24. Karina et al., “Combination of the stromal vascular fraction and 
platelet-rich plasma accelerates the wound healing process: Pre- 
clinical study in a Sprague-Dawley rat model,” Stem Cell Investig., 
vol. 6, no. July, pp. 1–8, 2019, doi: 10.21037/sci.2019.06.08. 

25. H.-F. Guo, R. M. Ali, R. A. Hamid, A. A. Zaini, and H. Khaza’ai, “A 
new model for studying deep partial-thickness burns in rats.,” Int. 
J. Burns Trauma, vol. 7, no. 6, pp. 107–114, 2017. 

26. T. Görgülü, A. Olgun, M. Torun, and E. Kargi, “Application of N- 
Butyl Cyanoacrylate to Split-Thickness Skin Grafts in Rats: An 
Experimental Study.,” Dermatologic Surg. Off. Publ. Am. Soc. 
Dermatologic Surg. [et al.], vol. 41, no. 9, pp. 1024–1029, Sep. 
2015, doi: 10.1097/DSS.0000000000000456. 

27. L. R. de Moura Estevão, P. Cassini-Vieira, A. G. B. Leite, A. A. V. de 
Carvalho Bulhões, L. da Silva Barcelos, and J. Evêncio-Neto, 
“Morphological Evaluation of Wound Healing Events in the Excisional 
Wound Healing Model in Rats.,” Bio-protocol, vol. 9, no. 13, p. 
e3285, Jul. 2019, doi: 10.21769/BioProtoc.3285. 

28. N. Roshan, T. Rippers, C. Locher, and K. A. Hammer, “Antibacterial 
activity and chemical characteristics of several Western Australian 
honeys compared to manuka honey and pasture honey,” Arch. 
Microbiol., 2017, doi: 10.1007/s00203-016-1308-3. 

29. E. Dinç et al., “Evaluation of Anti-Inflammatory and Antiapoptotic 
Effects of Bone Marrow and Adipose-Derived Mesenchymal Stem 
Cells in Acute Alkaline Corneal Burn.,” J. Ocul. Pharmacol. Ther. 
Off. J. Assoc. Ocul. Pharmacol. Ther., vol. 37, no. 1, pp. 24–34, 
2021, doi: 10.1089/jop.2020.0103. 

30. T. Alstrup, M. Eijken, A. B. Bohn, B. Møller, and T. E. Damsgaard, 
“Isolation of Adipose Tissue-Derived Stem Cells: Enzymatic 
Digestion in Combination with Mechanical Distortion to Increase 
Adipose Tissue-Derived Stem Cell Yield from Human Aspirated 
Fat.,” Curr. Protoc. Stem Cell Biol., vol. 48, no. 1, p. e68, Feb. 
2019, doi: 10.1002/cpsc.68. 

31. L. S. Sherman, A. Condé-Green, V. S. Kotamarti, E. S. Lee, and P. 
Rameshwar, “Enzyme-Free Isolation of Adipose-Derived 
Mesenchymal Stem Cells.,” Methods Mol. Biol., vol. 1842, pp. 203– 
206, 2018, doi: 10.1007/978-1-4939-8697-2_14. 

32. P. Gentile, C. Calabrese, B. De Angelis, J. Pizzicannella, A. Kothari, 
and S. Garcovich, “Impact of the Different Preparation Methods to 
Obtain Human Adipose-Derived Stromal Vascular Fraction Cells (AD- 
SVFs) and Human Adipose-Derived Mesenchymal Stem Cells (AD- 
MSCs): Enzymatic Digestion Versus Mechanical Centrifugation.,” Int. 
J. Mol. Sci., vol. 20, no. 21, Nov. 2019, doi: 10.3390/ijms20215471. 

33. M. Xiao et al., “Rapamycin reduces burn wound progression by 
enhancing autophagy in deep second-degree burn in rats.,” Wound 
repair Regen. Off. Publ. Wound Heal. Soc. [and] Eur. Tissue Repair 
Soc., vol. 21, no. 6, pp. 852–859, 2013, doi: 10.1111/wrr.12090. 

34. M. Xiao et al., “Role of autophagy and apoptosis in wound tissue of 
deep second-degree burn in rats.,” Acad. Emerg. Med. Off. J. Soc. 
Acad. Emerg. Med., vol. 21, no. 4, pp. 383–391, Apr. 2014, doi: 
10.1111/acem.12352. 

35. J. W. Shupp, T. J. Nasabzadeh, D. S. Rosenthal, M. H. Jordan, P. 
Fidler, and J. C. Jeng, “A review of the local pathophysiologic bases 
of burn wound progression.,” J. Burn care Res. Off. Publ. Am. Burn 
Assoc., vol. 31, no. 6, pp. 849–873, 2010, doi: 
10.1097/BCR.0b013e3181f93571. 

36. T. Kotani, R. Masutani, T. Suzuka, K. Oda, S. Makino, and M. Ii, 
“Anti-inflammatory and anti-fibrotic effects of intravenous adipose- 
derived stem cell transplantation in a mouse model of bleomycin- 
induced interstitial pneumonia.,” Sci. Rep., vol. 7, no. 1, p. 14608, 
Nov. 2017, doi: 10.1038/s41598-017-15022-3. 

37. M. A. González, E. Gonzalez-Rey, L. Rico, D. Büscher, and M. 
Delgado, “Treatment of experimental arthritis by inducing immune 
tolerance with human adipose-derived mesenchymal stem cells.,” 
Arthritis Rheum., vol. 60, no. 4, pp. 1006–1019, Apr. 2009, doi: 
10.1002/art.24405. 

38. M. P. Rowan et al., “Burn wound healing and treatment: review and 
advancements.,” Crit. Care, vol. 19, p. 243, Jun. 2015, doi: 
10.1186/s13054-015-0961-2. 

39. S. R. Laidding et al., “Combination of platelet-rich plasma and 
stromal vascular fraction on the level of transforming growth 
factor-β in rat subjects experiencing deep dermal burn injury,” 
Ann. Med. Surg., vol. 60, no. November, pp. 737–742, 2020, doi: 
10.1016/j.amsu.2020.11.088. 

40. G. Khorasani, S. J. Hosseinimehr, P. Zamani, M. Ghasemi, and A. 
Ahmadi, “The effect of saffron (Crocus sativus) extract for healing 
of second-degree burn wounds in rats.,” Keio J. Med., vol. 57, no. 
4, pp. 190–195, Dec. 2008, doi: 10.2302/kjm.57.190. 

41. L. Baoyong, Z. Jian, C. Denglong, and L. Min, “Evaluation of a new 
type of wound dressing made from recombinant spider silk protein 
using rat models.,” Burns, vol. 36, no. 6, pp. 891–896, Sep. 2010, 
doi: 10.1016/j.burns.2009.12.001. 

42. F. bertrand, B., Eraud, J., velier, M., Cauvin, C., MAcagno, N., 
BOucekine, M., Philandrianos, C., Casanova, D., MAgalon, J. and 
Saatier, “Supportive use of platelet-rich plasma and stromal 
vascular fraction for cell-assisted fat transfer of skin radiation- 
induced lesions in nude mice,” Burns, vol. 46, no. 7, pp. 1641–1652, 
2020. 

43. F. Josh, T. H. Soekamto, J. R. Adriani, B. Jonatan, H. Mizuno, and 
M. Faruk, “The combination of stromal vascular fraction cells and 
platelet-rich plasma reduces malondialdehyde and nitric oxide 
levels in deep dermal burn injury,” J. Inflamm. Res., vol. 14, no. 
June, pp. 3049–3061, 2021, doi: 10.2147/JIR.S318055. 


