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Background: The healing process of burns includes coagulation, inflammation, and remodeling. Vascular endo-
thelial growth factor (VEGF) is involved throughout this healing process. Stem cells from the platelet-rich plasma
(PRP) with stromal vascular fraction (SVF) can increase concentrations of growth factors, including VEGF. This is
expected to accelerate burn healing. The aim of this study was to determine the effect of a combination of PRP
and SVF on VEGEF levels in a rats model of deep dermal burn wound healing.

Materials and methods: This is an experimental research study in rats using a post-test control group design with 4
groups: A) control, B) Vaseline, C) topical PRP and SVF, and D) PRP and SVF injection. Burn wounds were
induced according to the modified Guo method.

Results: In a rats model of deep dermal wound healing, topical Vaseline significantly increased serum VEGF
compared to control. Topical application and injection of stem cells also significantly increased serum VEGF
compared to control and Vaseline. The VEGF concentration was significantly higher following injection of PRP
and SVF, suggesting that the injection route is more effective at increasing VEGF levels compared to the topical
application of stem cells.

Conclusion: The combination of PRP and SVF, either by injection or topical application, can increase VEGF levels
during the healing process from deep dermal burns.

1. Introduction

A burn is defined by injury on the skin or underlying tissue caused by
radiation, heat, cold, chemicals, or electricity [1-3]. Many researches
have been performed to discover the best method in solving the problem
of burns and accelerating the burn healing process. One of them is stem
cell therapy [4]. Stem cells are undifferentiated primitive cells that have

the ability to differentiate from just one type of cell (unipotent), or into
several types of cells (multipotent). They can even become various types
of cells (totipotent). This ability can be utilized to repair body cells
damaged by disease or trauma [5].

The stromal vascular fraction (SVF) is a collection of lipoaspirate
components derived from fat tissue liposuction [6-9]. Lipoaspirate
contains a large number of adipose-derived stem cells (ASCs). SVFs from
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fat tissue contain T cell regulators, endothelial precursor cells, pre-
adipocytes, anti-inflammation macrophages, superoxide dismutase
(SOD), IGF, TGF, FGF, hepatocyte growth factor (HGF), interleukin (IL),
hematopoietic stem and progenitor cells, erythrocytes, fibroblasts,
lymphocytes, monocyte/macrophages and pericytes are found in the
SVF [10-13]. SVFs are known to promote burn healing by increasing cell
proliferation and vascularization, enhancing inflammation, and
increasing fibroblast activity [14,15].

Platelet-rich plasma (PRP) is a concentrate of thrombocytes in a
small volume of plasma. It include growth factors, vascular endothelial
growth factor (VEGF), hepatocyte growth factor (HGF), epidermal
growth factor (EGF), basic fibroblast growth factor (bFGF), platelet-
derived growth factor (PDGF), transforming growth factor-b (TGF-b),
and insulin-like growth factor-1 (IGF-1), which are secreted after
thrombocyte activation [13,15-21].

VEGF is key signal used by oxygen-hungry cells to stimulate blood
vessel growth [13]. VEGF is produced in large amounts by keratinocytes,
macrophages, endothelial cells, thrombocytes, and fibroblasts during
wound healing. Cell disruption and hypoxia, signs of tissue damage, are
strong initial inducers of angiogenic factors at the wound site, such as
VEGF and its receptor [22,23]. VEGF-A promotes the initial phase of
angiogenesis and is important for wound healing. It binds the surface
receptors tyrosine kinase Flt-1 (VEGF-1 receptor, or VEGFR-1) and KDR
(VEGF-2 receptor, or VEGFR-2). Flt-1 is needed for blood vessel orga-
nization, whereas KDR is essential for chemotaxis, proliferation, and
endothelial cell differentiation [24]. We aimed to investigate the com-
bination of PRP and SVF can increase the level of VEGF compared to
control and Vaseline-treated rats with deep dermal burns.

2. Methods

This was an experimental research study using rats with a post-test
control group design comprise a control group and 3 experimental
groups (sacrificed on Day 1,4,7,10 and 14 post experiment) conducted in
the animal laboratory in our institutions over 2 weeks. The subjects were
adult male rats (Rattus norvegicus), aged 10 weeks and weighing
150-250 g, obtained from the animal laboratory in our institution. A
total of 64 rats were divided into 4 groups. Group A was the negative
control in which samples were collected from the blood of healthy rats
without burns or treatment (negative control). The 3 experimental
groups were: Group B (Vaseline, topical), Group C (PRP and SVF,
topical), and Group D (PRP and SVF, injected). Groups B, C, and D
consisted of 5 groups of 4 rats, respectively. Group A was a group of 4
rats. This study was conducted in the animal laboratory Faculty of
Medicine, Hasanuddin University, and received approval from our local
Ethics Commission registration number: 216/UN4.6.4.5.31/PP36/
2020. The work was also carried out in line with the ARRIVE guidelines
for reporting animal research [25,26].

Table 1
Average change in VEGF level in each group.
Termination Group A  Group B GroupC  GroupD *p **p
Day- (mean (mean (mean (mean value value
=+ SD) + SD) =+ SD) + SD)
(pg/ml)  (pg/ml)  (pg/ml)  (pg/ml)
1 65.2 + 70.1 + 75.5 + 83.7 + 0.086 <0.001
0.7 1.5 4.0 5.0
4 65.2 + 75.7 + 86.3 + 96.1 + 0.051 <0.001
0.7 5.1 4.3 5.6
7 65.2 + 75.8 + 87.0 + 96.4 + 0.046  <0.001
0.7 4.3 5.2 4.0
10 65.2 + 77.8 + 89.8 + 98.7 + 0.166  <0.001
0.7 4.1 4.8 3.9
14 65.2 + 78.5 + 88.4 + 98.6 + 0.016  <0.001
0.7 2.4 7.2 3.7

*Levene test **One-way Anova test.
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2.1. PRP and SVF preparations

For PRP preparations, rats were first shaved on their backs and then
anesthetized using ether inhalation. The stem cell donor group under-
went a thoracotomy until the heart was exposed. The cardiac apex
identification was then conducted by aspirating blood from the cardiac.
The blood drawn was transferred to a tube containing EDTA. Briefly,
blood was centrifuged for 10 min at 2400 rpm (450 g) for the first
centrifugation. The supernatant plasma with a buffy coat was mixed
then for 15 min and again centrifuged at a speed of 3600 rpm (850 g).
The infranatant buffy coat was used to prepare the final PRP product [6,
27].

SVF preparations were derived from fat tissue of donor rats collected
by incising the groin area of the four limbs using a scalpel. Then, the fat
was washed with phosphate buffer salt and chopped until smooth and
transferred to a 15 cc tube. Then, 0.15% collagenase was added to the
tube containing fat and incubated for 30 min at 37 °C. To neutralize
collagenase activation, Dulbecco Modified Eagle Media (DMEM) with
10% FBS and 1% antibiotic-atimicotic was added and then samples were
centrifuged at 1,500 rpm for 5 min. Cell pellets were resuspended with
aquadest then treated with Trypan blue dye to count the number of SVF
cells in the Neubauer counting room [27,28]. A total of 50,000 SVF cells
mixed with 0.5 aquadest were transferred to the Eppendorf tube for the
final SVF product.

The combination of PRP and SVF was obtained by mixing 0.5 cc PRP
with 50,000 SVF cells [27].

2.2. Deep dermal burn model

In each treatment group, hair was removed in the treatment area
using the chemical Jolen (Veet®). Prior to burn injury, rats were anes-
thetized in a special box using ether inhalation until the state of
awareness decreased. The wound area was disinfected with 1%
povidone-iodine. Burn wounds were induced according to the modified
Guo method of exposure to a hot aluminum metal which its size 10 x 10
mm previously heated in 100 °C water [29]. After modeling the burns,
the experimental animals were orally administered an analgesic (sodium
dipiron/metamizole, 50 mg/kg BW) and antibiotic (amoxycillin, 15
mg/kg BW) for three consecutive days [29,30].

2.3. Wound analysis

Skin tissue was subjected to histopathological examination to
analyzed deep dermal burns using hematoxylin and eosin (H&E) stain-
ing. The histopathological slides were analyzed using a light microscope
(Leica Microsystems).

2.4. Vaseline and combination stem cell treatment

Vaseline (petroleum jelly) was used as a moisturizer in the burn
wound area [31]. In group B, topical Vaseline was applied to the burn
area. In group C, the topical combination of PRP and SVFs was applied to
the middle of the wound and the four edges of the wound at 6, 9, 12, 3
for a 50,000 SVF cells and total volume of 0.5 cc PRP per experimental
rats. In group D, rats received the combination of PRP and SVFs sub-
cutaneously injected into the middle of the wound and the four edges of
the wound at 6, 9, 12, 3 for a 50,000 SVF cells and total volume of 0.5 cc
PRP per experimental rats.

2.5. VEGF measurements

ELISAs were performed on days 1, 4, 7, 10, and 14 days following
treatment. All blood samples were examined using the VEGF ELISA from
MyBioSource, Inc. (catalog No: MBS724516) [6,32].
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Table 2

Comparison of VEGF levels between groups A and B.
Termination Day- Group A (Mean + SD) Group B (Mean + SD) *p value

(pg/ml) (pg/ml)

1 70.1 £ 1.5 0.001
4 75.7 £5.1 0.026
7 65.2 £ 0.7 75.8 £ 4.3 0.003
10 77.8 £ 4.1 0.008
14 78.5 + 2.4 <0.001

Independent t-test.

2.6. Statistical analysis

A Levene’s test, One-way ANOVA test and paired t-test were
employed by using a combination of SPSS statistics 24 (IBM Corp.,
Armonk, NY) and Excel (Microsoft Corp, Redmond, WA). A p-value of
less than 0.05 was considered statistically significant.

3. Results
In this study, 64 rats were divided into 4 experimental groups: A)

negative control, B) topical Vaseline, C) topical PRP and SVF, and D)
subcutaneously injected PRP and SVF. Groups B, C, and D consisted of 5
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value < 0.001.

3.1. Comparison between group A (negative control) and group B (topical
vaseline)

As shown in Table 2, VEGF levels in the Vaseline group were
significantly different from the control group (p < 0.05). Based on this
result, HO is rejected and H1 is accepted, suggesting there is a significant
effect of Vaseline on VEGF levels in a rat model of deep dermal burns on
days 1, 4, 7, 10, and 14. The VEGF levels with Vaseline were highest on
day 14 (Fig. 1). This result is similar to a study that reported VEGF serum
levels with Vaseline were lower than control on day 7, but higher than
control on days 14 and 21 [16]. In another study comparing Vaseline to
controls with an angiogenesis parameter, the researchers found that on
days 7, 14, and 21, Vaseline was better than the control group [17]. In
another study comparing VEGF levels in Pelnac, Vaseline, and a control
group found that on day 7, Vaseline was better than control and Pelnac
was significantly better than Vaseline [18].

groups of 4 rats, respectively. Group A was a group of 4 rats. Table 3
Based on Table 1, we can conclude the mean value of changes in Comparison of VEGF levels between groups B and C.
VEGEF levels for 14 days in 4 treatment groups. The group treated with Termination Day-  Group B (Mean + SD)  Group C (Mean £ SD)  “p value
vaseline, topical PRP and SVFs, and injection PRP and SVFs showed an (pg/ml) (pg/ml)
increase in VFGF levels from day one to day .10 and then decreased on 1 701 + 1.5 755 £ 4.0 0.047
day 14. This indicated that the peak increase in VEGF levels was on day 4 75.7 + 5.1 86.3 + 4.3 0.020
10. In the PRP and SVFs group, injection in each treatment day had the 7 75.8 + 4.3 87.0 + 5.2 0.017
highest mean value among all groups. In the group treated with vaseline, 10 77.8+4.1 89.8 + 4.8 0.010
. L 14 78.5 + 2.4 88.4 £ 7.2 0.041
PRP and SVFs topical, PRP and SVFs injection, and the control group,
there were significant differences in changes of VEGF levels with each p ? Independent t-test.
(pg/ml)
110 e Treatment
| ] Negative control
E Vaseline
100
CIV
TH
U] ]
w
=
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Fig. 1. Comparison result of VEGF levels between groups A and B.
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Fig. 2. Comparison of VEGF levels between groups B and C.

Table 4

Comparison of VEGF levels between groups B and D.
Termination Day- Group B (Mean + SD) Group D (Mean + SD) “p value

(pg/ml) (pg/ml)

1 70.1 £1.5 83.7 £ 5.0 0.002
4 79.0 £ 2.1 96.1 + 5.6 0.002
7 77.8 £ 4.1 96.4 + 4.0 <0.001
10 75.8 £ 4.3 98.7 +£ 3.9 <0.001
14 75.7 £5.1 98.6 + 3.7 <0.001

2 Independent t-test.

3.2. Comparison between group B (topical vaseline) and group C (PRP
and SVF, topical)

As shown in Table 3, the comparison of VEGF levels after topical PRP
and SVF to Vaseline on each day was significantly different (p < 0.05)
(Fig. 2). Based on this result, HO is rejected and H1 is accepted, sug-
gesting that topical application of stem cells is more effective than
Vaseline for increasing VEGF levels in a rat model of deep dermal burns
on days 1, 4, 7, 10 and 14.

3.3. Comparison between group B (topical vaseline) and group D (PRP
and SVF, injected)

As shown in Table 4, VEGF levels after stem cell injections were
significantly increased compared with Vaseline on each day (p < 0.05)
(Fig. 3). Based on this result, HO is rejected and H1 is accepted, sug-
gesting that injections of stem cells are better able to increase VEGF
levels compared with Vaseline in a rat model of deep dermal burns on
days 1, 4, 7, 10 and 14.

3.4. Comparison between group C (PRP and SVF, topical) and group D
(PRP and SVF, injected)

As shown in Table 5, VEGF levels were significantly increased after
injection of stem cells and topical stem cells (p < 0.05), and there was a
significant difference between the two groups (Fig. 4). Based on this
result, HO is rejected and H1 is accepted, suggesting the injection of stem
cells is better than topical stem cells in increasing VEGF levels in a rat
model of deep dermal burns on days 1, 4, 7, 10 and 14.

4. Discussion

One of the factors that plays an important role in the wound healing
process is angiogenesis, which is the process of forming new blood
vessels [33,34]. One of the most important and widely studied angio-
genic factors is vascular endothelial growth factor (VEGF) [34]. VEGF is
one of the most potent mediators of vascular permeability and vascular
regulation in angiogenesis. VEGF is also commonly called “vascular
permeability factor,” which refers to a specific endothelial cell mitogen
secreted as a 45 kDa protein consisting of two subunits that do not
induce cell proliferation in other cell types [24,34].

PRP contains many growth factors, including VEGF, HGF, bFGF,
EGF, TGF-b, IGF-1, and PDGF [35]. Angiogenesis is particularly stimu-
lated by VEGF, PDGF and basic fibroblast growth factor (bFGF).
Angiogenesis is also assisted by pericytes, which in turn depend on the
availability of PDGF and VEGF [36,37]. Likewise, ADSC/SVF that was
found contain many growth factors and cytokines, which in turn influ-
ence angiogenesis, as well as mononuclear infiltrates, fibroblast and
production on collagen. VEGF, a potent angiogenic agents, migration of
fibroblast and activity stimulators such as TGF, and macrophage
chemotaxis agents are regulated by ADSCs [38].

The administration of PRP and SVF, either topically or by injection
enhances VEGF levels up to day 10. This result was significant compared



S.R. Laidding et al.

(pg/ml)

Annals of Medicine and Surgery 64 (2021) 102254

110 b

100

90

VEGF

80

o1

Treatment
Vaseline
D PRP + SVF, injected

T T T
Day 1 Day 4 Day 7

T T
Day 10 Day 14

Times (Day)

Fig. 3. Comparison of VEGF levels between groups B and D.

Table 5

Comparison of VEGF levels between groups C and D.
Termination Day- Group C (Mean =+ SD) Group D (Mean + SD) “p value

(pg/ml) (pg/ml)

1 75.5 + 4.0 83.7 £ 5.0 0.045
4 86.3 + 4.3 96.1 + 5.6 0.034
7 87.0 £5.2 96.4 + 4.0 0.030
10 89.8 + 4.8 98.7 + 3.9 0.029
14 88.4+7.2 98.6 + 3.7 0.047

# Independent t-test.

to Vaseline and control (p < 0.05). Our findings are similar to a previous
study that reported the benefits of topical PRP gel in treating soft tissue
wounds, in which the recovery proceeded faster compared to Vaseline.
PRP gel is not only beneficial in chronic wound treatment, but is also
effective in acute injury [39]. Another study regarding the administra-
tion of the SVF and PRF combination showed significantly better results
in the concentration of VEGF levels compared to SVF or PRP alone with
VEGF levels peaking on day 7 and slowly declining on days 14 and 28
[40]. Additionally, another study showed that PRP and SVF injection
increased VEGF levels on day 1 to day 7 then decreased on day 10 [41].

In our study, we found a significant difference between injection and
topical PRP and SVF administration. PRP and SVF by injection is more
effective at increasing VEGF levels compared with topical PRP and SVF.
The main objective of PRP therapy is to centralize growth factors at the
injury site. These factors are considered beneficial in the healing process
in soft and hard tissue and are also considered the most effective way to
provide a biological stimulus to the tissue [42]. In a previous in vitro
study, it was stated that freezing and diluting PRP does not significantly
affect VEGF release. There was no significant difference in VEGF levels
after freezing for 1 h and 7 days. This study also concluded that kinetic
differences in VEGF release are not significantly affected by PRP

preparation; further clinical studies could explore and clarify the PRP
effect [35]. Based on our results, it can be concluded that the injection
route is significantly more effective than topical application for
increasing VEGF release.

In a study analyzing the musculoskeletal effect of PRP and SVF, the
authors stated that direct injection of PRP to the joints can control the
inflammatory response and promote long-term healing. The growth
factor components in PRP have special anti-inflammatory effects and
can also reduce pain. Anti-inflammation, immunomodulation, and
analgesia are also influenced by soluble factors excreted by SVF or
ADSCs, including HGF, VEGF, NGF, EGF, FGF and TGF-p [43].

Inflammation regulation, proliferation of cells, remodeling, deposi-
tion of extracellular matrix, angiogenesis and epithelization play
important role in skin wound healing. In the mouse skin, PRP and SVFs
can reduce inflammatory process, increase collagen deposition, and
promote angiogenesis and neurogenesis, thus promote wound healing
[44]. PRP and adipose-derived stem cells combination is potent in
stimulating increase of growth factor concentration (IGF-1, TGF- § 1,
HGF, and VEGF) [27]. PRP is an accessible cell therapy to helps treat
chronic wounds and severe burns [16,19]. PRP is an autologous cell
therapy containing a large number of bioactive factors involved in
wound healing and tissue repair. PRP can be used for treating and
stimulating wound healing in burns and split-thickness skin grafts,
which are often used for the management of burns [45].

Based on this study, further research is needed regarding the effect of
the combination of PRP and SVF on VEGF levels in dermal burn healing.
Future studies could involve determining the quantity of neo-
vascularization in burn healing through histopathological examination.

In addition, our results may be of interest to other researchers
investigating the additive and synergistic effects of therapeutic strate-
gies involving stem cells. The fact that the PRP and SVF efficacy data for
burn injuries are limited highlights the need for phase I-II clinical trials.
We hope that this research can serve as a fundamental resource and an
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Fig. 4. Comparison of VEGF levels between groups C and D.

additional reference when making decisions about the application of
PRP and SVF as a new breakthrough in the management of burn injuries.

5. Conclusion

In our study, we can conclude that the administration of PRP and SVF
by injection can significantly increase VEGF levels more effectively than
Vaseline in rats with induced deep dermal burns. Further, the admin-
istration of topical PRP and SVF significantly increased VEGF levels
compared to the Vaseline group. There is a significant difference be-
tween PRP and SVF administration by injection and topical application.
The injection of PRP and SVF is more effective at increasing VEGF levels
compared to topical application.

Provenance and peer review

Our study was non-commissioned and externally peer-reviewed.
Ethical approval

All procedure for Animal experiment has been approved by Ethics

Commission Faculty of Medicine, Hasanuddin University Number: 216/
UN4.6.4.5.31/PP36,/2020.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Author contribution

SRL, FJ, SB, and MF wrote the manuscript and participated in the
study design. SRL, FJ, SB, MF, ASB, WS, MNM, IDS, and AAI drafted and

revised the manuscript. SRL, FJ, SB, and MF performed deep dermal
burn model. SRL, FJ, MF, and IJP performed bioinformatics analyses and
revised the manuscript. All authors read and approved the final
manuscript.
Registration of research studies

None.
Guarantor

Sachraswaty Rachman Laidding.

Consent

This manuscript does not involve human participants, human data,
or human tissue.

Declaration of competing interest
The authors declare that they have no conflict of interests.
Acknowledgment

A higher appreciation to all staff from the Hasanuddin University
Medical Research Center (HUMRC), Makassar, Indonesia.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.amsu.2021.102254.


https://doi.org/10.1016/j.amsu.2021.102254
https://doi.org/10.1016/j.amsu.2021.102254

S.R. Laidding et al.

References

[1]

[2]

[3]

[4]

[5

=

[6

—

[7]

[8

—

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

ANZBA, Emergency Management of Severe Burns (EMSB), eighteenth ed., THE
EDUCATION COMMITEE OFAUSTRALIA AND NEW ZEALAND BURN
ASSOCIATION LTD, Albany Creek, 2016.

I. Kaddoura, G. Abu-Sittah, A. Ibrahim, R. Karamanoukian, N. Papazian, Burn
injury: review of pathophysiology and therapeutic modalities in major burns, Ann.
Burns Fire Disasters 30 (2017) 95-102. http://www.ncbi.nlm.nih.gov/pubmed
/29021720.

M.A.R. Stokes, W.D. Johnson, Burns in the third world: an unmet need, Ann. Burns
Fire Disasters 30 (2017) 243-246. https://pubmed.ncbi.nlm.nih.gov/29983673.
F. Ghieh, R. Jurjus, A. Ibrahim, A.G. Geagea, H. Daouk, B. El Baba, S. Chams,

M. Matar, W. Zein, A. Jurjus, The use of stem cells in burn wound healing: a review,
BioMed Res. Int. 2015 (2015) 684084, https://doi.org/10.1155/2015/684084.
V.K. Singh, A. Saini, M. Kalsan, N. Kumar, R. Chandra, Describing the stem cell
potency: the various methods of functional assessment and in silico diagnostics,
Front. Cell Dev. Biol. 4 (2016), https://doi.org/10.3389/fcell.2016.00134.

S.R. Laidding, F. Josh, Francisca, M. Faruk, A.S. Palissei, B. Satria, Warsinggih,
A. Bukhari, M.N. Massi, A.A. Islam, Combination of platelet-rich plasma and
stromal vascular fraction on the level of transforming growth factor-f in rat
subjects experiencing deep dermal burn injury, Ann. Med. Surg. 60 (2020)
737-742, https://doi.org/10.1016/j.amsu.2020.11.088.

P. Foubert, A.D. Gonzalez, S. Teodosescu, F. Berard, M. Doyle-Eisele, K. Yekkala,
M. Tenenhaus, J.K. Fraser, Adipose-derived regenerative cell therapy for burn
wound healing: a comparison of two delivery methods, Adv. Wound Care 5 (2016)
288-298, https://doi.org/10.1089/wound.2015.0672.

S. Atalay, A. Coruh, K. Deniz, Stromal vascular fraction improves deep partial
thickness burn wound healing, Burns 40 (2014) 1375-1383, https://doi.org/
10.1016/j.burns.2014.01.023.

J. Han, Y.J. Koh, H.R. Moon, H.G. Ryoo, C.-H. Cho, I. Kim, G.Y. Koh, Adipose tissue
is an extramedullary reservoir for functional hematopoietic stem and progenitor
cells, Blood 115 (2010) 957-964, https://doi.org/10.1182/blood-2009-05-
219923.

V. Tantuway, P. Bhambani, A. Nagla, P. Mantry, R. Sharma, P. Mehto, S. Bansal,
Autologous grafting of non manupulated freshly isolated - adipose tissue derived
stromal vascular fraction in single surgical sitting for treatment of knee
osteoarthritis, Int. J. Res. Orthop. 3 (2016) 107, https://doi.org/10.18203/
issn.2455-4510.IntJResOrthop20164834.

A. Darinskas, M. Paskevicius, G. Apanavicius, G. Vilkevicius, L. Labanauskas, T.
E. Ichim, R. Rimdeika, Stromal vascular fraction cells for the treatment of critical
limb ischemia: a pilot study, J. Transl. Med. 15 (2017) 143, https://doi.org/
10.1186/512967-017-1243-3.

K. Comella, R. Silbert, M. Parlo, Effects of the intradiscal implantation of stromal
vascular fraction plus platelet rich plasma in patients with degenerative disc
disease, J. Transl. Med. 15 (2017) 12, https://doi.org/10.1186/512967-016-1109-
0.

P. Gentile, M.G. Scioli, A. Bielli, A. Orlandi, V. Cervelli, Concise review: the use of
adipose-derived stromal vascular fraction cells and platelet rich plasma in
regenerative plastic surgery, Stem Cell. 35 (2017) 117-134, https://doi.org/
10.1002/stem.2498.

P. Bourin, B.A. Bunnell, L. Casteilla, M. Dominici, A.J. Katz, K.L. March, H. Redl, J.
P. Rubin, K. Yoshimura, J.M. Gimble, 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 So, Cytotherapy 15 (2013)
641-648, https://doi.org/10.1016/j.jcyt.2013.02.006.

J. Choi, K.W. Minn, H. Chang, The efficacy and safety of platelet-rich plasma and
adipose-derived stem cells: an update, Arch. Plast. Surg. 39 (2012) 585-592,
https://doi.org/10.5999/aps.2012.39.6.585.

E. Raposio, N. Bertozzi, S. Bonomini, G. Bernuzzi, A. Formentini, E. Grignaffini,
M. Pio Grieco, Adipose-derived stem cells added to platelet-rich plasma for chronic
skin ulcer therapy., wounds a compend, Clin. Res. Pract. 28 (2016) 126-131.

P. Borrione, A. Di Gianfrancesco, M.T. Pereira, F. Pigozzi, Platelet-rich plasma in
muscle healing, Am. J. Phys. Med. Rehabil. 89 (2010) 854-861, https://doi.org/
10.1097/PHM.0b013e3181flclc7.

A. Duran, S. Yasar, P. Gunes, S. Aytekin, A. Duran, Clinical and Histopathological
Evaluation of the Effects of Platelet Rich Plasma, Platelet Poor Plasma and Topical
Serum Physiologic Treatment on Wound Healing Caused by Radiofrequency
Electrosurgery in Rats, 2016.

T. Stessuk, M.B. Puzzi, E.A. Chaim, P.C.M. Alves, E.V. de Paula, A. Forte, J.

M. Izumizawa, C.C. Oliveira, F. Frei, J.T. Ribeiro-Paes, Platelet-rich plasma (PRP)
and adipose-derived mesenchymal stem cells: stimulatory effects on proliferation
and migration of fibroblasts and keratinocytes in vitro, Arch. Dermatol. Res. 308
(2016) 511-520, https://doi.org/10.1007/500403-016-1676-1.

M. Tohidnezhad, D. Varoga, C.J. Wruck, L.O. Brandenburg, A. Seekamp,

M. Shakibaei, T.T. Sonmez, T. Pufe, S. Lippross, Platelet-released growth factors
can accelerate tenocyte proliferation and activate the anti-oxidant response
element, Histochem. Cell Biol. 135 (2011) 453-460, https://doi.org/10.1007/
s00418-011-0808-0.

R.P. Martins, D.D. Hartmann, J.P. de Moraes, F.A.A. Soares, G.O. Puntel, Platelet-
rich plasma reduces the oxidative damage determined by a skeletal muscle
contusion in rats, Platelets 27 (2016) 784-790, https://doi.org/10.1080/
09537104.2016.1184752.

N.H. Mansoub, M. Giirdal, E. Karadadas, H. Kabadayi, S. Vatansever, G. Ercan, The
role of PRP and adipose tissue-derived keratinocytes on burn wound healing in
diabetic rats, Bioimpacts 8 (2018) 5-12, https://doi.org/10.15171/bi.2018.02.

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Annals of Medicine and Surgery 64 (2021) 102254

N. Subramaniam, J.J. Petrik, M.K. Vickaryous, VEGF, FGF-2 and TGFf expression
in the normal and regenerating epidermis of geckos: implications for epidermal
homeostasis and wound healing in reptiles, J. Anat. 232 (2018) 768-782, https://
doi.org/10.1111/joa.12784.

C.S. Melincovici, A.B. Bosca, S. Susman, M. Marginean, C. Mihu, M. Istrate, I.

M. Moldovan, A.L. Roman, C.M. Mihu, Vascular endothelial growth factor (VEGF) -
key factor in normal and pathological angiogenesis, Rom. J. Morphol. Embryol. =
Rev. Roum. Morphol. Embryol. 59 (2018) 455-467.

C. Kilkenny, W.J. Browne, I.C. Cuthill, M. Emerson, D.G. Altman, Improving
bioscience research reporting: the ARRIVE guidelines for reporting animal
research, PLoS Biol. 8 (2010), e1000412, https://doi.org/10.1371/journal.
pbio.1000412.

K.F. Schulz, D.G. Altman, D. Moher, CONSORT 2010 Statement: updated
guidelines for reporting parallel group randomised trials, BMJ 340 (2010) ¢332,
https://doi.org/10.1136/bmj.c332, ¢332.

S. Tajima, M. Tobita, H. Orbay, H. Hyakusoku, H. Mizuno, Direct and indirect
effects of a combination of adipose-derived stem cells and platelet-rich plasma on
bone regeneration, Tissue Eng. 21 (2014), https://doi.org/10.1089/ten.
TEA.2014.0336.

F. Josh, K. Kobe, M. Tobita, R. Tanaka, K. Suzuki, K. Ono, H. Hyakusoku,

H. Mizuno, Accelerated and safe proliferation of human adipose-derived stem cells
in medium supplemented with human serum, J. Nippon Med. Sch. 79 (2012)
444-452, https://doi.org/10.1272/jnms.79.444.

H.-F. Guo, R.M. Ali, R.A. Hamid, A.A. Zaini, H. Khaza’ai, A new model for studying
deep partial-thickness burns in rats, Int. J. Burns Trauma. 7 (2017) 107-114.

D. dos, S. Tavares Pereira, M.H.M. Lima-Ribeiro, N.T. de Pontes-Filho, A.M. dos,
A. Carneiro-Leao, M.T. dos, S. Correia, Development of animal model for studying
deep second-degree thermal burns, J. Biomed. Biotechnol. (2012) 460841, https://
doi.org/10.1155/2012/460841, 2012.

A. Sethi, T. Kaur, S.K. Malhotra, M.L. Gambhir, Moisturizers: the slippery road,
Indian J. Dermatol. 61 (2016) 279-287, https://doi.org/10.4103/0019-
5154.182427.

Warsinggih, B. Irawan, 1. Labeda, R.E. Lusikooy, S. Sampetoding, M.I. Kusuma, J.
A. Uwuratuw, E. Syarifuddin, Prihantono, M. Faruk, Association of superoxide
dismutase enzyme with staging and grade of differentiation colorectal cancer: a
cross-sectional study, Ann. Med. Surg. 58 (2020) 194-199, https://doi.org/
10.1016/j.amsu.2020.08.032.

R.J. Bodnar, Epidermal growth factor and epidermal growth factor receptor: the
yin and yang in the treatment of cutaneous wounds and cancer, Adv. Wound Care 2
(2013) 24-29, https://doi.org/10.1089/wound.2011.0326.

K.E. Johnson, T.A. Wilgus, Vascular endothelial growth factor and angiogenesis in
the regulation of cutaneous wound repair, Adv. Wound Care 3 (2014) 647-661,
https://doi.org/10.1089/wound.2013.0517.

N. Hosny, F. Goubran, B. BadrEldin Hasan, N. Kamel, Assessment of vascular
endothelial growth factor in fresh versus frozen platelet rich plasma, J. Blood
Transfus. 2015 (2015) 1-5, https://doi.org/10.1155/2015/706903.

J.I. Greenberg, D.J. Shields, S.G. Barillas, L.M. Acevedo, E. Murphy, J. Huang,

L. Scheppke, C. Stockmann, R.S. Johnson, N. Angle, D.A. Cheresh, A role for VEGF
as a negative regulator of pericyte function and vessel maturation, Nature 456
(2008) 809-813, https://doi.org/10.1038/nature07424.

N. Caporarello, F. D’Angeli, M.T. Cambria, S. Candido, C. Giallongo, M. Salmeri,
C. Lombardo, A. Longo, G. Giurdanella, C.D. Anfuso, G. Lupo, Pericytes in
microvessels: from “mural” function to brain and retina regeneration, Int. J. Mol.
Sci. 20 (2019) 6351, https://doi.org/10.3390/ijms20246351.

A.L. Cardoso, M.M. Bachion, J. de M. Morais, M.S. Fantinati, V.L.L. de Almeida, R.
S. Lino Junior, Adipose tissue stromal vascular fraction in the treatment of full
thickness burns in rats, Acta Cir. Bras. 31 (2016) 578-585, https://doi.org/
10.1590/50102-865020160090000002.

K. Kazakos, D.N. Lyras, D. Verettas, K. Tilkeridis, M. Tryfonidis, The use of
autologous PRP gel as an aid in the management of acute trauma wounds, Injury
40 (2009) 801-805, https://doi.org/10.1016/j.injury.2008.05.002.

Z.-J. Liang, X. Lu, D.-Q. Li, Y.-D. Liang, D.-D. Zhu, F.-X. Wu, X.-L. Yi, N. He, Y.-
Q. Huang, C. Tang, H. Li, Precise intradermal injection of nanofat-derived stromal
cells combined with platelet-rich fibrin improves the efficacy of facial skin
rejuvenation, Cell. Physiol. Biochem. 47 (2018) 316-329, https://doi.org/
10.1159/000489809.

N. Seyhan, D. Alhan, A.U. Ural, A. Gunal, M.C. Avunduk, N. Savaci, The effect of
combined use of platelet-rich plasma and adipose-derived stem cells on fat graft
survival, Ann. Plast. Surg. 74 (2015) 615-620, https://doi.org/10.1097/
SAP.0000000000000480.

A.D. Mazzocca, M.B.R. McCarthy, D.M. Chowaniec, M.P. Cote, A.A. Romeo, J.

P. Bradley, R.A. Arciero, K. Beitzel, Platelet-rich plasma differs according to
preparation method and human variability, J. Bone Jt. Surg. 94 (2012) 308-316,
https://doi.org/10.2106/JBJS.K.00430.

A. Fotouhi, A. Maleki, S. Dolati, A. Aghebati-Maleki, L. Aghebati-Maleki, Platelet
rich plasma, stromal vascular fraction and autologous conditioned serum in
treatment of knee osteoarthritis, Biomed. Pharmacother. 104 (2018) 652-660,
https://doi.org/10.1016/j.biopha.2018.05.019.

T. Liu, C. Qiu, C. Ben, H. Li, S. Zhu, One-step approach for full-thickness skin defect
reconstruction in rats using minced split-thickness skin grafts with Pelnac overlay,
Burn, Trauma 7 (2019), https://doi.org/10.1186/541038-019-0157-0.

K. Akhundov, G. Pietramaggiori, L. Waselle, S. Darwiche, S. Guerid, C. Scaletta,
N. Hirt-Burri, L.A. Applegate, W. V Raffoul, Development of a cost-effective
method for platelet-rich plasma (PRP) preparation for topical wound healing, Ann.
Burns Fire Disasters 25 (2012) 207-213.


http://refhub.elsevier.com/S2049-0801(21)00204-1/sref1
http://refhub.elsevier.com/S2049-0801(21)00204-1/sref1
http://refhub.elsevier.com/S2049-0801(21)00204-1/sref1
http://www.ncbi.nlm.nih.gov/pubmed/29021720
http://www.ncbi.nlm.nih.gov/pubmed/29021720
https://pubmed.ncbi.nlm.nih.gov/29983673
https://doi.org/10.1155/2015/684084
https://doi.org/10.3389/fcell.2016.00134
https://doi.org/10.1016/j.amsu.2020.11.088
https://doi.org/10.1089/wound.2015.0672
https://doi.org/10.1016/j.burns.2014.01.023
https://doi.org/10.1016/j.burns.2014.01.023
https://doi.org/10.1182/blood-2009-05-219923
https://doi.org/10.1182/blood-2009-05-219923
https://doi.org/10.18203/issn.2455-4510.IntJResOrthop20164834
https://doi.org/10.18203/issn.2455-4510.IntJResOrthop20164834
https://doi.org/10.1186/s12967-017-1243-3
https://doi.org/10.1186/s12967-017-1243-3
https://doi.org/10.1186/s12967-016-1109-0
https://doi.org/10.1186/s12967-016-1109-0
https://doi.org/10.1002/stem.2498
https://doi.org/10.1002/stem.2498
https://doi.org/10.1016/j.jcyt.2013.02.006
https://doi.org/10.5999/aps.2012.39.6.585
http://refhub.elsevier.com/S2049-0801(21)00204-1/sref16
http://refhub.elsevier.com/S2049-0801(21)00204-1/sref16
http://refhub.elsevier.com/S2049-0801(21)00204-1/sref16
https://doi.org/10.1097/PHM.0b013e3181f1c1c7
https://doi.org/10.1097/PHM.0b013e3181f1c1c7
http://refhub.elsevier.com/S2049-0801(21)00204-1/sref18
http://refhub.elsevier.com/S2049-0801(21)00204-1/sref18
http://refhub.elsevier.com/S2049-0801(21)00204-1/sref18
http://refhub.elsevier.com/S2049-0801(21)00204-1/sref18
https://doi.org/10.1007/s00403-016-1676-1
https://doi.org/10.1007/s00418-011-0808-0
https://doi.org/10.1007/s00418-011-0808-0
https://doi.org/10.1080/09537104.2016.1184752
https://doi.org/10.1080/09537104.2016.1184752
https://doi.org/10.15171/bi.2018.02
https://doi.org/10.1111/joa.12784
https://doi.org/10.1111/joa.12784
http://refhub.elsevier.com/S2049-0801(21)00204-1/sref24
http://refhub.elsevier.com/S2049-0801(21)00204-1/sref24
http://refhub.elsevier.com/S2049-0801(21)00204-1/sref24
http://refhub.elsevier.com/S2049-0801(21)00204-1/sref24
https://doi.org/10.1371/journal.pbio.1000412
https://doi.org/10.1371/journal.pbio.1000412
https://doi.org/10.1136/bmj.c332
https://doi.org/10.1089/ten.TEA.2014.0336
https://doi.org/10.1089/ten.TEA.2014.0336
https://doi.org/10.1272/jnms.79.444
http://refhub.elsevier.com/S2049-0801(21)00204-1/sref29
http://refhub.elsevier.com/S2049-0801(21)00204-1/sref29
https://doi.org/10.1155/2012/460841
https://doi.org/10.1155/2012/460841
https://doi.org/10.4103/0019-5154.182427
https://doi.org/10.4103/0019-5154.182427
https://doi.org/10.1016/j.amsu.2020.08.032
https://doi.org/10.1016/j.amsu.2020.08.032
https://doi.org/10.1089/wound.2011.0326
https://doi.org/10.1089/wound.2013.0517
https://doi.org/10.1155/2015/706903
https://doi.org/10.1038/nature07424
https://doi.org/10.3390/ijms20246351
https://doi.org/10.1590/S0102-865020160090000002
https://doi.org/10.1590/S0102-865020160090000002
https://doi.org/10.1016/j.injury.2008.05.002
https://doi.org/10.1159/000489809
https://doi.org/10.1159/000489809
https://doi.org/10.1097/SAP.0000000000000480
https://doi.org/10.1097/SAP.0000000000000480
https://doi.org/10.2106/JBJS.K.00430
https://doi.org/10.1016/j.biopha.2018.05.019
https://doi.org/10.1186/s41038-019-0157-0
http://refhub.elsevier.com/S2049-0801(21)00204-1/sref45
http://refhub.elsevier.com/S2049-0801(21)00204-1/sref45
http://refhub.elsevier.com/S2049-0801(21)00204-1/sref45
http://refhub.elsevier.com/S2049-0801(21)00204-1/sref45

	Combination of platelet rich plasma and stromal vascular fraction on the level of vascular endothelial growth factor in rat ...
	1 Introduction
	2 Methods
	2.1 PRP and SVF preparations
	2.2 Deep dermal burn model
	2.3 Wound analysis
	2.4 Vaseline and combination stem cell treatment
	2.5 VEGF measurements
	2.6 Statistical analysis

	3 Results
	3.1 Comparison between group A (negative control) and group B (topical vaseline)
	3.2 Comparison between group B (topical vaseline) and group C (PRP and SVF, topical)
	3.3 Comparison between group B (topical vaseline) and group D (PRP and SVF, injected)
	3.4 Comparison between group C (PRP and SVF, topical) and group D (PRP and SVF, injected)

	4 Discussion
	5 Conclusion
	Provenance and peer review
	Ethical approval
	Funding
	Author contribution
	Registration of research studies
	Guarantor
	Consent
	Declaration of competing interest
	Acknowledgment
	Appendix A Supplementary data
	References


