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Introduction: Thermal burns release reactive oxygen species, which cause profound sys-
temic and local changes. Stromal vascular fraction cells (SVFs) combined with platelet-rich 
plasma accelerate burn wound healing. This study investigated the effect of a combination of 
locally injected SVFs and PRP on malondialdehyde (MDA) and nitric oxide (NO) serum and 
tissue levels in a deep dermal burn model in Wistar rats.
Methods: Thirty-six adult Wistar rats weighing between 150 and 250 grams were used in 
this study to establish a deep dermal degree burn wound model. They were randomly divided 
into 4 groups: locally injected the combination SVFs and PRP, the Vaseline group, the 
placebo group, and healthy Wistar rats (the normal control group). MDA and NO levels in 
blood serum and burn wound tissue were measured at 8, 24, and 48 hours. Data were 
analyzed with one-way ANOVA followed by multiple comparisons tests and regression tests.
Results: Local injection of SVFs and PRP in combination affected blood MDA, tissue 
MDA, blood NO and tissue NO levels, with reductions of 0.257µmol/L, 0.427 µmol/L, 
21.78nmol/mg, and 23.777nmol/mg, respectively. Injection of SVFs and PRP in combination 
reduced tissue MDA levels by 1.282 times, NO blood levels by 2.305, and NO tissue levels 
by 2.377 times compared to Vaseline application.
Conclusion: The combination of SVFs and PRP undeniably reduced the MDA and NO 
levels in blood and tissue compared to those in the Vaseline and placebo groups. The 
injection of these two preparations in combination inhibited the local and systemic stress 
oxidative response, as illustrated by the decreased MDA and NO levels in blood serum and 
tissue.
Keywords: stromal vascular fraction cells, platelet rich plasma, malondialdehyde, nitric 
oxide, burn injury

Introduction
Burn injury is a burden in the health care system, considering its fatal complica-
tions, such as shock, electrolyte imbalances, kidney failure and metabolic 
disorders.1 The initial response to thermal trauma involves protein denaturation 
and cell membrane destruction, which are followed by a change in cytokine levels 
through the release of proinflammatory mediators such as tumor necrosis factor 
alpha (TNF-α) and interleukin (IL) and secretion of reactive oxygen species (ROS) 
or reactive nitrogen species (RNS).1–3
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ROS and RNS cause the production of free radicals 
that are responsible for oxidative damage to cellular 
macromolecules. Oxidative stress arises from the overpro-
duction of ROS and RNS, which are responsible for the 
pathophysiological changes that occur locally and far from 
the site of trauma during the development of burn injury.4,5 

New evidence suggests that overproduction of ROS and 
RNS leads to cell membrane and nucleic acid destruction, 
lipid peroxidation, double-strand DNA breaks, single- 
strand DNA breaks, and eventually cell apoptosis.6

MDA is a secondary product, a metabolite, and an 
indicator of lipid peroxidation. MDA is formed when 
free hydroxyl radicals react with fatty acid components, 
which cause a chain reaction known as lipid peroxidation. 
This process breaks down fatty acid chains into various 
toxic products and causes further damage to cell 
membranes.7 On the other hand, nitric oxide (NO) is 
a physiological mediator that regulates vascular function 
and inflammation and acts as a neurotransmitter. However, 
when the homeostasis of the oxygen-oxidation reaction is 
not well balanced, NO may be converted into pro- 
inflammatory and cytotoxic substances through the forma-
tion of RNS products.8,9

Stromal Vascular Fraction Cells (SVFs) are heteroge-
neous cells and have the ability to enhance regeneration.10 

SVFs have been obtained through fat processing via 
mechanical or enzymatic processes. SVFs may reduce 
the level of inflammation, as indicated by lower expression 
of inflammatory cytokines and higher expression of anti- 
inflammatory cytokines (lower IL-6 and TNF-α expression 
and higher IL-10 expression and M2 macrophage 
numbers).11–13 Platelet Rich Plasma (PRP) is known to 
play an important role in burn healing, mainly due to the 
many growth factors it contains.14–16 Platelet-derived 
endothelial cell growth factor (PDGF) and insulin-like 
growth factor-I (IGF-I) are examples of growth factors 
that are present in PRP, inhibit the apoptotic pathway 
during cell turnover and facilitate different stages of 
wound healing. Both SVFs and PRP have the ability to 
accelerate epithelialization, induce angiogenesis, and sti-
mulate fibroblasts.17 PDGF accelerates wound healing, 
increases the levels of fibroblast growth factors (FGFs), 
epidermal growth factors (EGFs), vascular endothelial 
growth factors (VEGF) and transforming growth factor 
(TGF).18 EGFs scientifically proven accelerate epitheliza-
tion, which VEGF is an angiogenesis mediator. TGF is 
a stimulator of fibroblast proliferation and extracellular 
matrix deposition.14 It is expected that the combination 

of SVFs and PRP will reduce the production of ROS and 
RNS, followed by a reduction in oxidative stress and 
cellular damage. This will eventually affect the time 
needed for the injury to heal and hopefully reduce the 
burden of burn injury. It is highly expected that local 
injection of a combination of SVFs and PRP can control 
the balance of oxidative stress products, which results in 
decreased systemic inflammatory reactions, prevents mul-
tiple organ failure and, more importantly, reduces the 
mortality rate of burn injury.

This study is a continuation of the previous 
studies.10,16,17 The results obtained from the previous stu-
dies which compared the local injection of SVFs, PRP, the 
combination of SVFs and PRP, and Vaseline (positive 
control) found that the combination of SVFs and PRP 
showed a better epithelialization result (complete closure 
on day 10) compared to SVFs group, PRP group, or 
Vaseline group alone. In addition, the formation of col-
lagen was thicker, and the number of fibroblasts were 
higher in the combination group.17 Therefore, we focused 
on further exploring of the combination of SVFs and PRP 
in reducing oxidative stress (malondialdehyde and nitric 
oxide level) in the acute phase of burn injury, in line with 
the previous studies which assessed burn wound healing.

The aim of this study was to investigate the effect of 
locally injected SVFs and PRP in combination on malon-
dialdehyde (MDA) and nitric oxide (NO) serum and tissue 
levels in a Wistar rat deep dermal burn model.

Methods
This research had a posttest control group design and was 
performed in animals. The study was conducted after 
obtaining approval from the animal research ethics com-
mittee of Hasanuddin University (Code number: 69/ 
UN4.6.4.5.31/PP36/2020). The laboratory animals are 
treated according to National Institutes of Health (NIH) 
guidelines and this work was carried out in line with the 
ARRIVE Guidelines for Reporting Animal Research.19.

Population and Sample
The subjects were adult male Wistar rats (Rattus norvegi-
cus), 2–3 months old, weighing approximately 150 to 250 
grams, all rats were obtained from Hasanuddin University 
Animal Laboratory. Total thirty-six animals were used in 
this study, 9 animals for each group (Federer formula). 
Animals were divided into 4 groups, as follows: the treat-
ment group (locally injected SVFs and PRP in combina-
tion), positive control group (topically applied Vaseline), 
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negative control group (locally injected placebo), and nor-
mal control group (healthy Wistar rats). Sacrifice was 
performed at 8, 24, and 48 hours after treatment. Wound 
tissue and serum were collected to assess MDA and NO 
levels.

Deep Dermal Burn Modeling
The hair in the back area of the rats was shaved, and the 
animals were anesthetized with 2% isoflurane. The shaved 
area was disinfected with povidone iodine. A deep dermal 
burn model was established by contacting the back skin of 
the rat for 15 seconds with a 51-gram, 1-cm-diameter 
round-bottom metal bar that was previously incubated in 
100°C hot water for 5 minutes.20 The deep dermal burn 
model was confirmed by histopathological examination 
with hematoxylin-eosin staining.

Platelet-Rich Plasma Preparation
PRP was prepared following the Juntendo University 
Tokyo PRP protocol. In brief, whole blood was drawn 
preoperatively via cardiac puncture with a 3 mL 25G 
needle syringe into blood collection tubes containing ethy-
lenediaminetetraacetic acid (EDTA). Thirty milliliters of 
pooled whole blood from donor rats was collected and 
then centrifuged for 10 minutes at 2400 rpm (450 xg). 
The supernatant plasma and buffy coat were collected and 
centrifuged at 3600 rpm (850 xg) for 15 minutes. After 
the second centrifugation, 3 mL of the infranatant plasma 
containing the buffy coat was reserved as the PRP, which 
was then frozen in liquid nitrogen and thawed before use. 
The PRP was then activated by a 10% CaCl2 solution 
(Merck, Germany) for transplantation.21

Stromal Vascular Fraction Cell 
Preparation
SVFs were prepared from the inguinal fat pad of 
Wistar rats following the established Juntendo 
University Tokyo SVF protocol. Fat was collected 
from the right and left groin via an incision. Then, 
the fat was washed with phosphate-buffered saline 
(PBS) solution (Gibco-BRL, Grand Island, NY, USA). 
Finely minced fat tissue was placed into a 15 mL tube, 
and 0.15% collagenase (Wako, Osaka, Japan) was 
added. After incubation at 37°C for 30 minutes, control 
medium (Dulbecco’s modified Eagle’s medium 
[DMEM, Gibco-BRL] and 1% antibiotic-antimycotic 
(Sigma-Aldrich, St Louis, USA) supplemented with 

10% fetal bovine serum (Gibco-BRL) were added to 
neutralize the collagenase effect. After being centri-
fuged for 5 minutes at 1.500 RPM, cell pellets were 
resuspended in sterile water. The number of SVFs was 
counted with Trypan blue (Gibco-BRL) and Neubauer 
counting chambers. A total of 50,000 SVF cells were 
transferred into an Eppendorf tube, and PRP was added 
until a volume of 500 µL was reached.22 All SVF 
procedures were performed at Hasanuddin University 
Medical Research Center (HUM-RC).16

Topical Injection, Vaseline, and Placebo 
Application Method
Intradermal injection of a combination of SVFs and 
PRP (treatment group) was performed at the 12, 3, 6, 
and 9 o’clock positions, and one injection was per-
formed at the center of the wound. A total of 500 µL 
of SVFs and PRP in combination was injected for each 
wound, with 100 µL for each point. In the positive 
control group, Vaseline petroleum jelly was topically 
applied to the wound surface. In the placebo group, 
injured rats were injected intradermally with 500 µL of 
sterile water using the same approach used for the 
treatment group.

All wounds were then covered with transparent film, 
which was then placed in a circular corset covering all the 
wounds. Antibiotics and analgesics were given to all animals. 
After 8, 24, and 48 hours, animals in each group were 
sacrificed.

Malondialdehyde and Nitric Oxide 
Measurements
Before sacrifice, all animals were anesthetized with 2% iso-
flurane. They underwent thoracotomy, and blood was col-
lected using a 3 mL 25G needle syringe, followed by 
injection of formalin. Skin burn wound tissues were subjected 
to MDA and NO tissue level measurements; MDA and NO 
levels in blood and tissue were measured at various time 
points (8, 24, and 48 hours). Enzyme-linked immunosorbent 
assay (ELISA) was used for measurements as described in 
the rat MDA kit protocol (Bioassay Technology Laboratory) 
and the nitric oxide ELISA kit protocol (Bioassay 
Technology Laboratory, Shanghai, China). The MDA level 
was measured in µmol/L, and the NO level was measured in 
nmol/mg. ELISA was performed at Hasanuddin University 
Medical Research Center (HUM-RC).
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Statistical Analysis
Data were divided based on type and presented as graphs 
and tables. The data were subjected to statistical analysis 
using SPSS version 25 (IBM Corp.). Normality tests were 
carried out using the Shapiro–Wilk test followed by 
a homogeneity test. Then, the data were analyzed using one- 
way ANOVA, and the least significance difference (LSD) 
was used as a multiple comparisons test. A regression test 
was conducted to analyze the effect of the combination of 
SVFs and PRP on MDA and NO levels.

Results
Burn Modeling
Skin burn tissue was subjected to histological examination 
and stained with hematoxylin-eosin (HE). The results showed 
full destruction of the epidermal and dermal layers of the skin 
with preservation of the hypodermal layer (Figure 1).

Blood Malondialdehyde Level After 8 
Hours
Based on Table 1, the highest blood MDA level was 
observed at 8 hours in the negative control group, with 
an average of 0.813 µmol/L ± 0.078, and the lowest 
average blood MDA level was in the treatment group, 
with a value of 0.550 µmol/L ± 0.113.

One-way ANOVA showed that there was a significant 
difference (p = 0.014) between interventions (Table 1). 
The least significance difference (LSD) test showed that 
the treatment group was significantly different from the 
negative control group (p= 0.005) but not significantly 
different from the positive control group or normal control 
group (p = 0.453 and 0.962, respectively) (Figure 2). The 
positive control group was significantly different from the 
negative control group, with p= 0.014; nevertheless, the 
positive control group was not significantly different from 
the treatment group or the normal control group, with 
p-values of 0.453 and 0.481, respectively.

Blood Malondialdehyde Level at 24 Hours
Based on Table 1, the highest average blood MDA level at 24 
hours was in the negative control group (0.820 µmol/L ± 
0.171). The lowest average blood MDA level at 24 hours 
was in the treatment group (0.537 µmol/L ± 0.185). One- 
way ANOVA demonstrated that p= 0.080, so it can be con-
cluded that there was no significant difference between the 
groups (Figure 2).

Blood Malondialdehyde Level at 48 Hours
The highest average blood MDA level at 48 hours was 
observed in the positive control group (0.880 µmol/L ± 
0.072), and the lowest average blood MDA level was in 
the normal control group (0.550 µmol/L ± 0.069), followed 
by the treatment group (Table 1). Based on the results of 
one-way ANOVA, the p-value was smaller than α (p = 
0.004), so it can be concluded that there was a significant 
difference within interventions. The treatment group differed 
significantly from the positive control group and negative 
control group, with significance values of 0.004 and 0.015, 
respectively. The treatment group was not significantly dif-
ferent from the normal control group, with a significance 
value of 0.559. The positive control group differed signifi-
cantly from the treatment group and the normal control 
group, with significance values of 0.004 and 0.002, respec-
tively. The positive control group was not notably different 
from the negative control group, with p= 0.375 (Figure 2).

Tissue Malondialdehyde Level at 8 Hours
Table 1 shows that the highest average tissue MDA level at 8 
hours was in the negative control group (0.843 µmol/L ± 
0.125), and the lowest average tissue MDA level was in the 
treatment group (0.593 µmol/L ± 0.050). One-way ANOVA 
showed a value of p= 0.036, and it can be concluded that 
there was a significant difference between intervention 
groups. A further test was carried out using the LSD test 
with the following results: the treatment group differed sig-
nificantly from the negative control group, with p-value = 
0.007. The treatment group was not significantly different 
from the positive control group and normal control group, 
with significance values of 0.217 and 0.389, respectively. The 
positive control group was not significantly different from the 
negative control group, with a significance value of 0.054, 
and the positive control group was not significantly different 
from the treatment group (p= 0.217) or normal control group 
(p= 0.678). The negative control group was significantly 
different from normal control group (p=0.028) (Figure 3).

Tissue Malondialdehyde Level at 24 
Hours
Based on Table 1, the highest average 24-hour tissue MDA 
level was in the negative control group (0.767 µmol/L ± 
0.081), and the lowest was in the normal control group 
(0.650 µmol/L ± 0.096). The data were normally distrib-
uted and homogeneous (p> 0.05). Based on the results of 
one-way ANOVA, the p-value was greater than α (0.339> 
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0.050), so it can be concluded that there was an insignif-
icant difference among interventions (Figure 3).

Tissue Malondialdehyde Level at 48 
Hours
Based on Table 1, the highest average 48-hour tissue MDA rate 
was in the negative control group (1.523 µmol/L ± 0.256), and 
the lowest was in the treatment group (0.570 µmol/L ± 0.656).

The Kruskal–Wallis test showed that the p-value was 
smaller than α (0.041 <0.050), so it can be concluded that 
there was a significant difference. To see where the differ-
ence was, the Mann–Whitney test was performed, with the 
following results: the treatment group differed signifi-
cantly from the positive control group and negative control 
group, with a significance value of 0.050. The treatment 
group was not substantially different from the normal 

Figure 1 Histopathological view of the deep dermal burn model with hematoxylin-eosin staining shows the absence of the epidermal and dermal layers of the skin (HE 
staining, magnification 40x).

Table 1 Measurement Results for Malondialdehyde and Nitric Oxide Levels and p-values (One-Way ANOVA)

Time Points Group of Intervention Blood MDA Level Tissue MDA Level Blood NO Level Tissue NO Level

8th hours Treatment Group 0.550 (±0.113) 0.593 (±0.050) 15.333 (±3.055) 20.667 (±1.528)

Positive Control 0.603 (±0.065) 0.687 (±0.029) 40.333 (±9.866) 35.000 (±3.605)

Negative Control 0.813 (±0.078) 0.843 (±0.125) 48.333 (±4.619) 33.667 (±2.309)
Normal Control 0.553 (±0.067) 0.657 (±0.100) 14.000 (±1.000) 18.333 (±1.528)

p= 0.014* p= 0.036* p= 0.000* p= 0.000*

24th hours Treatment Group 0.537 (±0.185) 0.677 (±0.076) 19.333 (±4.509) 18.000 (±7.211)

Positive Control 0.703 (±0.015) 0.730 (±0.061) 28.333 (±4.619) 16.667 (±6.028)

Negative Control 0.820 (±0.171) 0.767 (±0.081) 36.000 (±1.000) 28.000 (±2.646)
Normal Control 0.547 (±0.064) 0.650 (±0.096) 13.333 (±0.577) 18.667 (±1.528)

p= 0.080 p= 0.339 p= 0.000* p= 0.079

48th hours Treatment Group 0.593 (±0.137) 0.570 (±0.656) 21.667 (±3.786) 3.333 (±3.519)

Positive Control 0.880 (±0.072) 0.713 (±0.032) 24.667 (±2.517) 31.667 (±9.713)

Negative Control 0.813 (±0.035) 1.523 (±0.256) 37.333 (±5.859) 51.667 (±6.110)
Normal Control 0.550 (±0.069) 0.653 (±0.104) 15.000 (±1.000) 15.667 (±1.155)

p= 0.004* p= 0.041* p= 0.001* p= 0.000*

Note: *95% confidence interval.
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control group, with a value of p= 0.376. The positive 
control group differed significantly from the treatment 
group and negative control group but was not significantly 
different from the normal control group, with 
a significance value of 0.513 (Figure 3).

Blood Nitric Oxide Level at 8 Hours
Based on Table 1, the highest average blood NO level at 8 
hours was in the negative control group (48.333 nmol/mg 
± 4.619), and the lowest average value was in the normal 
control group, followed by the treatment group (14.000 
nmol/mg ± 1.000 and 15.333 nmol/mg ± 3.055, 
respectively).

The NO blood level at 8 hours showed a significantly 
different result, with p= 0.000 (Table 1). Then, to determine 
the value of the differences among groups, multiple compar-
isons were performed with the LSD test (Figure 4). The 
combination of SVFs and PRP showed a statistically signifi-
cant difference compared to the Vaseline group (p= 0.0007) 
or negative control group (p = 0.0001). There was no sig-
nificant difference compared to the normal control group.

The positive control group showed a significant differ-
ence from the treatment group (p = 0.0001) and normal 

control group (p = 0.0006). However, there was no sig-
nificant difference from the negative control group. The 
negative control group showed a statistically significant 
difference compared to the treatment group (p= 0.0001) 
and normal control group (p= 0.0001).

Blood Nitric Oxide Level at 24 Hours
Based on Table 1, the highest average 24-hour blood NO 
level was in the negative control group (36.000 nmol/mg ± 
1.000), and the lowest value was in the normal control 
group, followed by the treatment group (13.333 nmol/mg 
± 0.577 and 19.333 nmol/mg ± 4.509, respectively). One- 
way ANOVA showed a significant result, with p= 0.000 
(Table 1). The results of the LSD test (Figure 4) showed 
that the treatment group was significantly different from 
the positive control group (p = 0.009) and the negative 
control group (p = 0.0003). There was no difference com-
pared to the normal control group.

The positive control group showed a significant differ-
ence compared to the treatment group (p = 0.0099), nega-
tive control group (0.021) and normal control group (p= 
0.0005). The negative control group showed a significant 
difference compared to the treatment group (p= 0.0003), 

Figure 2 Multiple comparisons of blood malondialdehyde levels. *p< 0.05.
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positive control group (p= 0.021) and normal control 
group (p= 0.0001) (Figure 4).

Blood Nitric Oxide Level at 48 Hours
Based on Table 1, the highest average blood NO level at 
48 hours was in the negative control group (37.333 
nmol/mg ± 5.859), and the lowest value was in the 
normal control group, followed by the treatment group 
(15.000 nmol/mg ± 1.000 and 21.667 nmol/mg ± 3.786, 
respectively). One-way ANOVA showed a p-value of 
0.001, indicating that there were differences among 
interventions.

The LSD test showed that the treatment group was 
significantly different from the negative control group (p 
= 0.001) but not significantly different from the positive 
control group or normal control group (p = 0.355 and p = 
0.61, respectively). The negative control group showed 
a significant difference compared to the treatment group 
(p= 0.001), positive control group (p = 0.003) and normal 
control group (p= 0.000). The normal control group 
showed no significant difference compared to the treat-
ment group (p = 0.06) (Figure 4).

Tissue Nitric Oxide Level at 8 Hours
Based on Table 1, the highest tissue NO level at 8 hours was in 
the positive control group, followed by the negative control 
group (35.000 nmol/mg ± 3.605 and 33.667 nmol/mg ± 2.309, 
respectively). The lowest tissue NO level was in the normal 
control group, followed by the treatment group (18.333 nmol/ 
mg ± 1.53 and 20.667 nmol/mg ± 1.528, respectively).

One-way ANOVA showed a significant difference among 
interventions, with p= 0.000. The LSD test showed that the 
treatment group was significantly different from the positive 
control group and the negative control group (p = 0.000 and 
p = 0.000, respectively). However, it was insignificantly dif-
ferent from the normal control group (p = 0.268) (Figure 5).

Tissue Nitric Oxide Level at 24 Hours
Based on Table 1, the highest average 24-hour tissue NO 
level was in the negative control group (28.000 nmol/mg ± 
2.646), and the lowest value was in the positive control 
group, followed by the treatment group (16.667 nmol/mg 
± 6.028 and 18.000 nmol/mg ± 7.211, respectively). One- 
way ANOVA showed that the results were not signifi-
cantly different (p= 0.079) (Figure 5).

Figure 3 Multiple comparisons of tissue malondialdehyde levels. *p< 0.05.
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Tissue Nitric Oxide Level at 48 Hours
Based on Table 1, the highest average tissue NO level was 
in the negative control group (51.667 nmol/mg ± 6.110), 
and the lowest value was in treatment group, followed by 
the normal control group (3.333 nmol/mg ± 3.519 and 
15.667 nmol/mg ± 1.155, respectively). One-way 
ANOVA showed significantly different results (p = 
0.000). The LSD test showed that the treatment group 
was significantly different from the positive control 
group, negative control group, and normal control group 
(p= 0.000, p= 0.000 and p= 0.037, respectively) (Figure 5).

Regression Test Results
A regression test was conducted to evaluate the effect of 
locally injected SVFs and PRP in combination. It was also 
conducted for the positive control group to distinguish 
which group had reduced MDA and NO levels.

As showed in Table 2, local injection of SVFs and PRP 
in combination had an effect on blood and tissue MDA 
and NO levels (P< 0.05). A regression test for the treat-
ment group was carried out with the following results:

● Regarding the blood MDA level, the R-square value 
of 0.766 (76.6%) indicated that local injection of 
SVFs and PRP in combination reduced blood MDA 
levels by 76.6%, while the remaining levels (23.4%) 
were influenced by other factors. The equation (Y= 
0.817 + (−0.257X)) indicates that each injection of 
SVFs and PRP in combination will decrease the 
blood MDA level by 0.257 µmol/L.

● Regarding the tissue MDA level, the R-square value 
of 0.932 (93.2%) indicated that the local injection of 
SVFs and PRP in combination reduced MDA tissue 
levels by 93.2%, while the remaining levels (6.8%) 
were influenced by other factors. The equation (Y= 
1.043 + (−0.427X) indicates that each injection of 
SVFs and PRP in combination will decrease the 
tissue MDA level by 0.427 µmol/L.

● Regarding the blood NO level, the R-square value of 
0.968 (96.8%) indicated that local injection of SVFs and 
PRP in combination reduced NO blood levels by 96.8%, 
while the remaining levels (3.2%) were influenced by 
other factors. The equation (Y= 40.557 + (−21.78X)) 
indicates that each injection of SVFs and PRP in 

Figure 4 Multiple comparisons of blood nitric oxide levels. *p< 0.05.
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combination will decrease the NO blood level by 21.78 
nmol/mg.

● Regarding the tissue NO level, R-square was 0.982 
(98.2%), which indicated that the local injection of 
SVFs and PRP in combination reduced NO tissue 
levels by 98.2%, while the remaining levels (1.8%) 
were influenced by other factors. The equation (Y= 
37.778 + (−23.777X)) indicates that each injection of 
SVFs and PRP in combination will decrease the NO 
tissue level by 23.777 nmol/mg.

As shown in Table 3, Vaseline had an effect on 
tissue MDA levels, blood NO levels (P< 0.05), and 
tissue NO levels while the rest of the experiments 

showed insignificant results. A regression test for the 
positive control group was carried out with the follow-
ing results:

● Regarding the blood MDA level, the P-value of 0.114 
(>0.05) indicated that there was no significant effect 
of topically applied Vaseline on MDA blood levels.

● Regarding the tissue MDA level, the R-square value of 
0.898 (89.8%) indicated that topical application of 
Vaseline influenced MDA tissue levels by 89.8%, 
while the remaining levels (10.2%) were influenced 
by other factors. The equation (Y= 1.043 + 
(−0.333X)) indicated that each Vaseline application 
would decrease the tissue MDA level by 0.333 µmol/L.

Figure 5 Multiple comparisons of tissue nitric oxide levels. *p< 0.05.

Table 2 Regression Test Results in the Treatment Group

P-value R R-Square Equation

MDA Blood 0.022* 0.875 0.766 Y= 0.817 + (−0.257X)

MDA Tissue 0.002* 0.965 0.932 Y= 1.043 + (−0.427X)
NO Blood 0.000* 0.984 0.968 Y= 40.557 + (−21.78X)

NO Tissue 0.000* 0.991 0.982 Y= 37.777 + (−23.777X)

Note: *95% confidence interval.
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● Regarding the blood NO level, the R-square value of 
0.742 (74.2%) indicated that Vaseline reduced NO 
blood levels by 74.2%, while the remaining levels 
(25.8%) were influenced by other factors. The equa-
tion (Y= 40.557 + (−9.447X)) indicated that each 
Vaseline application would decrease the blood NO 
level by 9.447 nmol/mg.

● Regarding the tissue NO level the R-square value of 
0.689 (68.9%) indicated that Vaseline reduced NO tis-
sue levels by 68.9%, while the remaining levels (31.1%) 
were influenced by other factors. The equation (Y= 
37.777 + (−10X)) indicated that each Vaseline applica-
tion would decrease the tissue NO level by 10 nmol/mg.

In summary regression test result the treatment showed 
a greater reduction in MDA and NO levels than the posi-
tive control group, with the following results:

● Regarding blood MDA levels, injection of SVFs and 
PRP in combination reduced MDA blood levels by 
0.257 µmol/L, while in the positive control group, appli-
cation of Vaseline did not affect blood MDA levels.

● Regarding tissue MDA levels, injection of SVFs and 
PRP in combination reduced tissue MDA levels by 
1.282 times compared with Vaseline application.

● Regarding blood NO levels, injection of SVFs and 
PRP in combination reduced blood NO levels by 
2.305 times compared with Vaseline application.

● Regarding tissue NO levels, injection of SVFs and 
PRP in combination reduced tissue NO levels by 
2.378 times, while in the positive control group, 
application of Vaseline did not affect tissue NO 
levels.

Discussion
Burn injury causes local and systemic responses in the 
body. Locally, tissue ischemia and inflammation will lead 
to necrosis if not treated in a prompt manner; a zone of 
stasis will become a zone of necrosis. In extensive burn 

injury, defined as 20% or more of total body surface area 
(TBSA) affected or 10% of TBSA affected for children, 
there are systemic consequences that result in the release 
of pro-inflammatory mediators and the production of ROS 
and RNS.2,3

Activated neutrophils and macrophages are one 
mechanism by which ROS are formed. These leucocytes 
require ROS as free radicals to form oxidants that act as 
physiological antimicrobials. In addition, the physiological 
process of ROS formation can modulate lymphocytes, 
inducing them to become more potent immune agents. 
However, when the homeostasis of these oxidants is dis-
turbed, there is an overload of oxidants and destructive 
oxidative stress.23–28 In burn patients, neutrophils accumu-
late in tissues such as the gastric mucosa, liver and lungs, 
which will then be followed by the formation of ROS, 
explaining why organ damage occurs in a different place 
from the primary location of the burn.29

Another mechanism by which ROS form is fatty acid 
peroxidation, which is a reaction of oxygen with unsa-
turated lipids. One of the pathways for lipid peroxidation 
involves the biosynthesis of thromboxane A2 (TXA2). 
TXA2 itself is an active metabolite of the cyclooxygen-
ase process that is involved in arachidonic acid produc-
tion. The second route is the reaction with oxygen 
radicals. In the end, these pathways form secondary 
products, namely, aldehydes, one of which is MDA. In 
contrast to free radicals in general, these products of 
lipid peroxidation easily diffuse and circulate throughout 
tissues that are far from the primary location.7 This 
could be the reason why a burn injury that is initially 
localized (increased tissue MDA levels) can become 
a systemic problem; in this study, this was illustrated 
by the increased blood MDA levels.

NO is a direct product of activated macrophages due 
to oxidative stress in burns. When there is severe inflam-
mation in the tissue, there will be a burst of NO produc-
tion through the inducible Nos synthesis (iNOS) 
mechanism. When the NO level exceeds a certain limit 

Table 3 Regression Test Results in the Positive Control Group

P-value R R-Square Equation

MDA Blood 0.114 0.710 0.504 Y= 0.817 + (−0.090X)
MDA Tissue 0.004* 0.948 0.898 Y= 1.043 + (−0.333X)

NO Blood 0.028* 0.861 0.742 Y= 40.557 + (−9.447X)

NO Tissue 0.041* 0.830 0.689 Y= 37.777 + (−10X)

Note: *95% confidence interval.
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and exceeds other protective cofactors, NO will react 
with oxygen radicals to form RNS. RNS can oxidize, 
titrate, decompose, and produce more destructive spe-
cies. NO is an important mediator of immunosuppres-
sants after burn injury and is mainly responsible for 
inhibiting the proliferative response through the forma-
tion of peroxynitrite and its acid conjugate. This will 
eventually result in damage to genomic DNA, with the 
depletion of cell energy and cell death.29 In other words, 
in this study, ROS were measured through the assess-
ment of the metabolite MDA, and RNS was measured 
through the assessment of the mediator NO.

MDA and NO levels will increase in the early phase of 
burn injury and decrease over time. In this study, MDA and 
NO levels were significantly increased (P< 0.050) compared 
to those in the normal control group (Figures 2–5). This 
indicates that when burns occur, inflammatory and oxidative 
reactions follow both local and systemic processes.

SVFs are known to act as agents that accelerate the 
healing process of burn wounds, with fibroplasia, angio-
genesis, modulation of inflammatory cells to become con-
structive cells and increased collagen synthesis. Similarly, 
PRP is very rich in growth factors that play a role in 
wound healing by inducing inflammatory cell migration, 
cell proliferation and cell differentiation. In summary, the 
potential antioxidant and anti-inflammatory effects of 
these two agents make the combination of SVFs and 
PRP a very promising, new and interesting therapeutic 
approach for burn patients.30,31

This study showed that MDA and NO levels in the 
treatment group were lower than those in the negative 
control group (placebo). This indicates that the injection 
of both SVFs and PRP significantly reduced oxidative 
stress. As reported by Kim et al,32 SVFs contain IGF, 
pigment epithelium-derived factor (PEDF), secreted super-
oxide dismutase, and glutathione peroxidase, and PRP 
contains many growth factors, such as IGF-1 and PDGF, 
as protective agents against free radical toxins.14

In this study, it was found that the blood MDA levels in 
the treatment group (combination of SVFs and PRP) were 
significantly different from those in the positive control 
group (Vaseline) at 48 hours but not at 8 and 24 hours 
prior to burn injury (Figure 2). This may have occurred 
because Vaseline has natural antioxidant and local anti- 
inflammatory effects.33 In addition, MDA is a byproduct 
of lipid peroxidation and parameters of severe tissue 
necrosis that may not occur 6 hours after burn injury, but 
due to the prolonged inflammatory response and the 

overproduction of MDA over time, Vaseline is not able 
to maintain its antioxidant and anti-inflammatory 
activities.

Tissue NO levels in the treatment group (combination 
of SVFs and PRP) showed statistically significant results 
compared to the positive control group (Vaseline) at 8 and 
48 hours after injection. However, blood NO levels 
showed insignificant results at 48 hours. This may be 
because NO is a direct product of activated macrophages 
due to oxidative stress, which is affected locally by burn 
injury. Local injection of SVFs and PRP has a local effect 
by reducing tissue NO production. Local injection of the 
combination of SVFs and PRP may also suppress the 
production of ROS and RNS and balance the production 
of inflammatory and anti-inflammatory mediators so that 
oxidative stress can be properly maintained.

Local injection of SVFs and PRP induces the healing 
phase earlier, suppresses the production of ROS/RNS, and 
prevents the burn zone from becoming deeper. This was 
proven to be statistically significant in this study; in the 
treatment group, blood and tissue MDA and NO levels 
decreased and are approaching with those in the normal 
control group. The combination treatment also shows bet-
ter long-term effects in the later phase of burn injury. The 
more severe the tissue damage is, the longer the inflam-
matory response. Similarly, the longer the healing process 
starts, the more toxic compounds are excreted.4,34

This study found that the local injection of SVFs and PRP 
in combination decreased blood MDA, tissue MDA, blood 
NO and tissue NO levels by 76.6%, 93.2%, 96.8%, and 
98.2%, respectively, while the remaining MDA and NO 
levels were influenced by other factors. This study also 
found that local injection of SVFs and PRP in combination 
reduced MDA and NO levels better than Vaseline, a reduction 
of 1.282-fold was observed for tissue MDA levels, 
a reduction of 2.305-fold was observed for blood NO levels 
and a reduction of 2.378-fold was observed for tissue NO 
levels. In particular, Vaseline showed no significant effects on 
blood MDA; while the SVFs and PRP in combination treat-
ment reduced blood MDA levels by 0.257 µmol/L after 
injection. This could occur because MDA was constantly 
formed in areas distant from the primary site of the injury, 
while Vaseline mostly acted as a local antioxidant. NO levels 
in tissue were higher at 48 hours than at 24 hours, which 
suggests that NO levels began to rise as burn injury continued 
to develop. This shared the same trend as NO blood levels but 
not as high as NO tissue levels. NO was primarily formed in 
tissue and eventually released into the blood circulation, 
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which could be the reason why the NO blood level 48 hours 
after injury was lower than the NO tissue level 48 hours after 
injury. This could be the reason why Vaseline reduced NO 
levels in the tissue but not the blood.

The effectiveness of the combination SVFs and PRP 
against burns of various depths also needs to be studied 
further, especially in full-thickness burn injuries. In daily 
medical practice, the treatment of early-phase burn injury 
is a critical stage in determining the future prognosis of 
patients. Although it was proven in this study that the 
combination of SVFs and PRP reduced MDA and NO 
levels, emergency treatment for severe-critical burn injury 
requires much time and attention from medical personnel. 
In addition, the preparation of SVFs and PRP is relatively 
difficult to perform in an emergency setting in critical burn 
patients. This highlights the usage of autologous SVFs 
combination PRP in emergency room remains a challenge.

Conclusion
Local injection of SVFs and PRP in combination is a new 
idea and a breakthrough in burn management. In this 
study, it was proven that the combination of these two 
preparations undeniably reduced the MDA and NO levels 
in blood and tissue compared to those of the Vaseline and 
placebo groups. This result indicates that the combined 
injection of these two preparations inhibits the local 
response to burn injury, which prevents the occurrence of 
a severe systemic inflammatory burn response.
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