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Abstract: The use of platelet-rich plasma (PRP) and adipose-derived stromal cells (ADSC)
have been investigated as a form of wound healing enhancement. The objective of
this work was to evaluate the association of red propolis (RP) and PRP as inducers of
ADSC for application in tissue regeneration. Adipose tissue post-collection and post-
cryopreservation was isolated with type Il collagenase, characterized by flow cytometry,
and differentiated into osteogenic, chondrogenic and adipose cell. The viability of ADSC
was evaluated when exposed to different concentrations of RP using the MTT and trypan
blue assay. Acridine orange and ethidium bromide (AO/EB) was performed to evaluate
cell death events. Horizontal migration methods were investigated in ADSC using
autologous and homologous PRP associated with RP (PRP/RP). All assays were processed
in triplicate. Flow cytometry and cellular differentiation showed that type Il collagenase
was effective for isolating ADSC post-collection and post-cryopreservation. RP extracts
at concentrations of up to 50 ug.mL" presented no cytotoxic effects. Association of PRP
and RP at 25 and 50 ug.ml” influenced ADSC migration, with total closure on the seventh
day after exposition. The results here presented could stimulate proliferation of ADSC
cells that may contribute directly or indirectly to the reconstructive process of tissue

regeneration.

Key words: adipose derived stromal cells, cell therapy, platelet-rich plasma, red propolis,

tissue regeneration.

INTRODUCTION

Therapywithadipose-derivedstromalcells(ADSC)
has shown promising results in dermatology,
helping correct skin deformities caused by
injury, disease and congenital deformity, like
heart disease and musculoskeletal disorders
(Lee et al. 2021, Shauly et al. 2022, Julian et al.
2023). The great advantage of ADSCs is that they
are found in abundance in the human body,
are easy to obtain with minimal morbidity for
patients, generate almost no moral and political
controversy regarding their use (Moak et al.
2021).

As support for the activation of dermal
fibroblasts and remodelling of the extracellular
matrix, cellular therapy with ADSC is an
alternative that uses techniques to correct
changes in the relief of the skin of the face and
other regions of the body, through minimally
invasive clinical procedures for rejuvenation (Suh
et al. 2019). ADSC have paracrine activity and are
capable of releasing bioactive molecules, such
as cytokines, antioxidant factors, chemokines
and growth factors, which contribute to the
formation of tissue granulation, these processes
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being considerably related to wound closure
(Trzyna et al. 2021, Qin et al. 2023).

Another protocol used in cell therapy is
platelet-rich plasma (PRP), that also promotes
tissue regeneration through the minimally
invasive treatment and can be obtained
autologously (Samberg et al. 2019). PRP is rich in
several growth factors and cellular metabolism,
among which are the presence of insulin-like
growth factor (IGF), platelet-derived growth factor
a and B (PDGF-a and -B), transforming growth
factor B1 (TGF-B1), vascular endothelial growth
factor (VEGF), epidermal growth factor (EGF) and
interleukin-1 (IL-1), playing an important role
in healing as they have anti-inflammatory and
regenerative properties (Li et al. 2019).

Significant improvements are observed
after PRP application for treatment of scars,
soft tissue injuries, burns and healing wounds.
It has been also reported that PRP in aesthetic
procedures attenuates static and dynamic
wrinkles (Menchisheva etal.2021, Diab etal.2022).
The ability of fibroblasts to produce collagen is
reduced over time due to the decrease in growth
factors, showing a direct impact on the elasticity,
sagging and skin aging (Xue et al. 2022). Thus, the
application of PRP in association with ADSC can
activate intracellular processes that stimulate
proliferation, migration, cell survival, as well as
the production of extracellular matrix proteins,
favouring the formation of new collagen (Franck
et al. 2019).

Studies in the area of biotechnology have
associated tissue regeneration, cell therapy and
natural products. Among them, red propolis (RP)
has been widely studied in the last decade. The
literature has pointed out interesting biological
activities related to the hydroalcoholic extract
of RP, such as antioxidant, antibacterial,
antimicrobial, anti-inflammatory and antitumor
activity (Frozza et al. 2013, Rufatto et al. 2018,
Novais et al. 2021). RP has also been reported to

CELL THERAPY AND FUNCTIONAL TISSUE REGENERATION

increase cell proliferation, activate metabolites,
and stimulate wound matrix remodelling
(Picolotto et al. 2019). Some studies confirm the
therapeutic efficacy of RP through quantitative
and qualitative analyses of the expression
of proteins such as type | and Il collagen in
the wound matrix, which favoured wound re-
epithelialization (Conceicao et al. 2022).

In view of the above statements and
considering the benefits of its bioactive
substances responsible for stimulating the
reconstructive process of damaged tissues, red
propolis (RP) extracts associated with adipose-
derived stromal cells (ADSC) and platelet-
rich plasma (PRP) are potential strategies for
the treatment of skin regeneration, restoring
impaired function. Therefore, this study aimed
to isolate and culture adipose tissue cells and
combine them with platelet-rich plasma gel-
based vehicles and red propolis extracts and
evaluate proliferation and migration aspects in
vitro of cell culture.

MATERIALS AND METHODS
Sample collection

The present study was approved under the
protocol number CAAE: 46199015.2.0000.534 -
Health Ministry Platform, and Ethics Committee
in Research of the University of Caxias do Sul
under the number: 1.230.848. Prior informed
consent for participation in the experiment was
obtained from human subjects.

For fat liposuction surgeries, the patient was
submittedtoepiduralanaesthesia,andthedonor
area where the liposuction was collected passed
through strict asepsis and antisepsis. After the
patient was under anaesthetic effect, a small
incision was made with a scalpel blade where a
liposuction cannula was inserted, coupled with
pressure. When the procedure was finished, the
incision was closed with suture. The collected
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material was washed 3 (three) times with sterile
9% saline to remove the erythrocytes and
broken fat cells, and placed in DMEM/F12 culture
medium (Dulbecco’s Modified Eagle’s Medium/
Nutrient Mixture F-12 Ham - Sigma Aldrich, St.
Louis, Missouri, USA), supplemented with 1%
P/S (penicillin/streptomycin- Sigma Aldrich, St.
Louis, Missouri, USA) and 10% FBS (Fetal bovine
serum - Cultilab, Campinas- SP, Brazil). The
adipose tissue collected was properly labelled,
sealed, transported in an aseptic environment
and immediately sent to the laboratory for
processing.

Red propolis extracts

Red propolis was collected in Alagoas, located
in North-eastern Brazil at geographic location of
9°41'59.7"S, 36720'10.7"W. Altogether 12 samples
were collected, one each month, during a year, to
ensure that a representative sampling could be
obtained and further tested. After collection, it
was stored in a location away from light exposure
and then frozen at -20°C until preparation of the
extract. Initially, 50 g of the red propolis powder
was mixed with 500 mL of 70% EtOH, stirring at
room temperature for 24 h. After extraction, the
mixture was filtered and the solvent evaporated
(37 °C) with subsequent lyophilized at -80 °C.
Final powder was maintained at -20 °C.

Platelet-rich plasma samples

The protocol of Vendramin et al. (2009) with
modifications was used for the preparation of
PRP samples. Initially, peripheral blood was
centrifuged at 400 g for 10 minutes and plasma
supernatant was collected and centrifuged to
obtain platelet-rich plasma. For the autologous
thrombin, 1 mL of the first centrifugation was
used and 0.3 mL of 10% calcium gluconate was
added with further heating in a water bath at
37°C for 15 minutes, until plasma gelatinize.
Centrifugation was performed in 800 g for 10
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minutes to obtain the thrombin. The platelet-
rich plasma gel was prepared by adding
autologous thrombin to the platelet-rich plasma
in a proportion of 1:5. After mixing, the gel was
formed in 1 min.

Cell culture assays

Isolation of stromal mesenchymal cells

Isolation of cells was based on the protocol
described by Zuk et al. (2002) with modifications.
The adipose tissue was consecutively washed
with 1x PBS and submitted to the enzymatic
process of complete tissue digestion with 1
mg.mL" of collagenase Il (Sigma Aldrich, St.
Louis, Missouri, USA) in 1x PBS for 30 minutes
in a water bath, with shaking every 5 minutes.
After, the adipose tissue was centrifuged for
10 minutes at 1400 rpm, the supernatant was
removed and Stromal Vascular Fraction (SVF)
was isolated. DMEM/F12 supplemented with 10%
FBS and 1% P/S was added to the inactivation
of the enzymatic digestion process and
centrifugation was performed at 1000 rpm for 10
minutes. The pellet was resuspended in DMEM/
F12 supplemented and seeded in culture bottle
and kept in a humidified incubator at 37°C with
5% CO,.

Characterization of stromal cells derived from
adipose tissue by flow cytometry

The identification of mesenchymal stromal cells
was performed according to the methodology
described by Dominici et al. (2006) with
modifications. After the third passage, trypsin
was added to cells and samples were further
characterized by flow cytometry, as standard
protocols using mesenchymal stromal cell
models. Thus, the characterization occurred
by the determination of positive specific cell
surface antigens: CD29, CD44, CD73, CD90, CD105;
and negative: CD14, CD34, CD45, CD 184, HLADR,
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STRO1 on FACSAria Il flow cytometer (Becton
Dickison Immunocytometry Systems, San Jose,
USA). Isotypes for all fluorochromes were used
to confirm specific staining. Initially, 5 pyL of
each antibody was added to a 100 pL aliquot.
The samples were incubated with the antibodies
at 4 °C in the dark for 30 minutes. After this
time, washes were performed with 1mL of PBS
1x and centrifuged at 1600 rpm for 5 minutes.
Subsequently, the supernatant was discarded
leaving 450 pL final volume. Finally, 7AAD was
added to each tube to confirm the analysis of
just live cells.

Osteogenic, chondrogenic and adipogenic
differentiation

To confirm the isolation of ADCS, differentiation
to other tissues was carried out, following
standard protocols for mesenchymal cells. First,
cells were detached with trypsin in the fifth
passage, counted and plated at 1x10* cells. mL"
in DMEM culture medium with 10% FBS and 1%
P/S, in 6-well plate. After five days, the culture
medium was replaced by the osteogenic and
chondrogenic differentiation inducing medium
(StemPro Kit, Gibco, USA) for 21 days, and
adipogenic differentiation inducing medium
(5 uM Indomethacin, 1 pM Rosiglitazone, 1.74
UM Insulin, T ygM Dexamethasone and 1 mM
3-Isobutyl-1-methylxanthine) for 14 days, with
medium changes every 48-72 hours. For the
evaluation of the differentiation process, the
monolayers were fixed in 4% paraformaldehyde
for 30 minutes, washed twice with distilled water
and covered with staining Alizarin Red S (Sigma-
Aldrich, USA), Alcian Blue (Sigma-Aldrich, USA)
for 5 minutes to osteogenic and chondrogenic
differentiation, were washed twice with distilled
water and analysed under reversed light
microscopy. Adipogenic differentiation showed
accumulation of lipid droplets in its cytoplasm.
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Cell viability assays

Indirect cytotoxic activity by MTT

Cytotoxicity was assessed by the MTT indirect
method, as described in the standards I1SO
10993-05 (2009) and ISO 10993-12 (2012).
This method is based on the reduction
of MTT (3- (4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) by the
mitochondrial dehydrogenase to form formazan
crystals (Denizot & Lang 1986). ADSC cells were
seeded in 96- well plate at a density of 8x10*
cells.mL" in 100 uL of DMEM culture medium
supplemented with 10% FBS and 1% P/S. After
70-80% confluence, ADSC cells were treated with
25, 50, 100 and 200 ug.mL' RP extract, incubated
at 37°Cin 5% CO, for 1, 2, 3 and 7 days. For the
negative control, DMEM medium (10% SFB and
1% P/S) was used. For the negative control,
DMEM medium (10% SFB and 1% P/S) was used.
For the positive control, an agent that causes
cell death was used, DMEM medium (10% SFB
and 1% P/S) with 5% DMSO (dimethyl sulfoxide).
The medium was removed and 1 mg.mL" of
MTT in SFB-free medium and P/S was added
to the wells. The plates were incubated at 37°C
for 2 h in humidified atmosphere with 5% CO..
Subsequently, the MTT solution was removed
and the formazan crystals were dissolved in
100 uL DMSO. Spectrophotometric reading at
570 nm was performed on a microplate reader
(M2e, Molecular Devices, USA) and the results
were expressed as percentage of viability. The
absorbance of the negative control represented
100% viability and the values of the treated
cells were calculated as a percentage of the
control. The same conditions mentioned above
were used for the evaluation of the ADSC cells
exposed to PRP, thrombin to the platelet-rich
plasma in a proportion of 1:5, autologous and
homologous, and exposed to red propolis
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extract at a concentration of 25, 50, 100 and 200
pg.mL" associated to PRP (PRP/RP)

Cell viability analysis with Trypan Blue

The method of exclusion of Trypan blue is based
on the fact that the non-viable cells allow the
incorporation of the dye (Salvadori 2003). Thus,
ADSC cells were initially seeded (8x10* cells.mL
') in 24-well plate. After 70-80% confluence, the
cells were treated with different concentrations
of RP extracts (25, 50, 100 and 200 pg.mL") for 1, 2,
3 and 7 days, at 37°C in humidified atmosphere
with 5% CO,. Treatment was withdrawn and the
cells washed twice with PBS and exposed to
trypsin. 20 pL of cells with Trypan blue solution
were prepared (1:1v/v) and 10 plL of the prepared
solution was pipetted and the cells were
analysed on a Neubauer chamber. The cells
were counted in the inverted microscope taking
into account: Cells.mL" = total counted x dilution
factor x 10" and Cell viability (%) = total viable
cells (not stained)/total cells (stained and not
stained) = 100.

Dual staining through acridine orange and
ethidium bromide

This assay is used to discriminate live from dead
cells on the basis of membrane integrity, also by
nuclear alterations and formation of apoptotic
bodies that are characteristic of apoptosis
(Kasibhatla et al. 2006). Thus, the ADSCs were
initially seeded (8x10* cells.mL") in 24-well plate
and incubated at 37°C in humidified atmosphere
with 5% CO,. After 70-80% confluence, cells
were treated with different concentrations
of RP extracts (25, 50, 100 and 200 pg.mL") for
1, 2, 3 and 7 days and washed twice with PBS
prior to trypsin incubation. Twenty microliters
of cells were placed on a glass slide with 2
uL of acridine orange (100 pg.mL") and 2 pL
of ethidium bromide (100 pg.mL"). Cells were
observed in the fluorescence microscope, with
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20x magnification. Two hundred cells were
counted in each treatment condition. The
analysis of images obtained by fluorescence
with AO/EB staining were analysed through the
Image) software to determine the number of
normal cells and the ones induced to apoptosis
and necrosis mechanisms. The analysis of the
images obtained by fluorescence with AO/EB
staining contributed to qualify and quantify
mechanisms of cell death, such as apoptosis.
Cellular staining patterns were analysed using
Image) software to determine induced cell
mechanisms of apoptosis and necrosis in
contrast to normal cells. The AO/EB colouring
method generates collared images, which were
initially treated by channels. The intensities of
the green and red channels below the threshold
were not quantified and are represented in
black.

Scratch-healing assay

The effect of platelet-rich plasma (PRP) and
platelet-rich plasma with red propolis (PRP/
RP) on migratory activity was evaluated using
the scratch-healing assay (GlaR et al. 2012).
ADSC cells (8x10“ cells.mL") were seeded in 24-
well plate and incubated at 37°C in humidified
atmosphere with 5% CO,. After confluence of 90%,
a linear scratch using a 200 pL tip was performed
by configuring a free area of cells in the cell
monolayer. Thereafter, the culture medium was
replaced for the removal of suspension cells.
The adherent cells were exposed to the PRP
with different concentrations of RP extracts (25,
50, 100 and 200 pg.mL") for 1, 2, 3 and 7 days,
negative control DMEM (10% of SFB and 1% P/S)
and positive control (DMSO 5%). After, cells
were photographed using an image acquisition
system coupled to the inverted microscope.
Photomicrographs were analysed using Image)
software (0.1 cm calibration) to determine the
area occupied by cells after treatment. The
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closure of the free area of cells characterized
the cell Migration Index that was obtained by
the following calculation:

Migration Index (%) = [*<%] x 100, where A0
refers to the original area and AT to the area at

time of scratch (1, 2, 3 e 7 days).

Statistical analysis

All assays were performed with three
independent replicates. Statistical significance
was assessed using t-test and One-way Analysis
of Variance (ANOVA) with the multiple mean
comparison test (Tukey) to evaluate statistical
differences in the case of normal distribution.
Significance was accepted for p less than 0.05
using the Statistical Package for the Social
Sciences (SPSS, version 19.0) for Windows.

RESULTS
Cell culture assay

Isolation of stromal cells derived from adipose
tissue

In most studies, stromal cell isolation is
performed with type | collagenase, however,
in this work, type Il collagenase was used in
the isolation of stromal cells, and 10 mL of
liposuction was obtained 1x10° cells.mL". As
required by isolation protocols, after 7 days
incubation the cells presented fibroblastic
morphology.

With the intention of storing the lipoaspirate
for later use, 10 mL of the liposuction was frozen
atlow temperatures (-809C) with FBS (1:2 v/v) and
20% DMSO. After 18 months of freezing, thawing
and enzymatic digestion with type Il collagenase
were performed. It was possible to obtain 1x10°
cells.mL’, and after 7 days of incubation the cells
also showed fibroblastic morphology.
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Characterization of stromal cells derived from
adipose tissue and differentiation

The characterization by flow cytometry analysis
shows the effectiveness of stromal cell isolation.
This assay showed that there were no significant
differences in surface markers profile among the
threedonorsamples,forboth, post-collectionand
post-freezing digestion with type Il collagenase.
In the third passage, the cell populations were
homogeneous in the expression of the positive
markers (Supplementary Material - Table SI).

To confirm ADSC isolation, differentiation
to other tissues must be performed. The ADSC
post-collection and post-freezing digestion
with type Il collagenase presented capacity for
differentiation in osteogenic, chondrogenic
and adipogenic. As mentioned, no differences
were observed between post-collection and
post-freezing results. Thus, when the ADSC
culture was evaluated in a medium that induces
osteogenic differentiation for 21 days, it was
observed calcium-matrix deposits identified in
red by Alizarin Red S staining. Rounded cells
surrounded by a glycosaminoglycan matrix
stained in blue by Alcian Blue dye were observed
in the inducing medium of chondrogenic
differentiation for 21 days. The ADSC cultured in
inducing medium of adipogenic differentiation
for 14 days presented morphological changes,
rounded-like and with accumulation of lipid
droplets in its cytoplasm.

Cell viability assay

Viability cells by MTT and Trypan Blue

ADSC cell viability showed similar effects of
red propolis (RP) through MTT (Figure 1a),
when compared trypan blue test (Figure 1b). All
results shown, were compared to the negative
control (DMEM, 10% of SFB and 1% P/S), which
was normalized to 100% cell viability. The
concentration of 25 pg.ml™ of RP in MTT test
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Figure 1. Cytotoxic effect obtained by performing an indirect test according to ISO 10993-5-2009-2 of the extracts
of RP (ug.ml") in comparison to NegCont (negative control - DMEM medium, 10% SFB and 1% P/S) and PosCont
(positive control - DMEM medium, 10% SFB and 1% P/S and DMSO 5%) on the viability of ADSC cells treated for 1,
2,3 and 7 days (a). Cytotoxic effect obtained by the trypan blue assay of RP extracts (ug.ml") compared to NegCont
(negative control - DMEM medium, 10% SFB and 1% P/S) and PosCont (positive control - DMEM medium, 10% SFB
and 1% P/S and DMSO 5%) on the viability of treated ADSC cells for 1, 2, 3 and 7 days (b). All assays were performed
with three independent replicates. * Letters correspond to the statistically significant differences, using the

ANOVA-Tukey test (p < 0.05).

showed an increasing proliferative activity, with
highest viability index at day 7 (109.27%). Thus,
due to similarity of results, we will only report
IC,, values for the MTT assay (Table /).

Once established RP concentrations,
the platelet-rich plasma gel autologous and
homologous associated with red propolis
(PRP/RP) in contact with ADSC was evaluated.
Therefore, differences in viability are shown
according to Figures 2a and 2b.

Autologous PRP showed increasing
proliferative activity with its highest viability
index on the third day (125.30%) and small
decrease on the seventh day (114.76%), same
was observed for the homologous PRP with
the lowest proliferative proportions, on the
second day (104.9%) and on the seventh day
(101.8%). The PRP with 25 and 50 pg.ml™ of RP
(PRP/RP), no demonstrate cytotoxic activity for
ADSC, however, there was no increase in cell

proliferation, as observed when we used only
autologous PRP.

Dual staining with Acridine orange and
ethidium bromide (AO / EB)

RP concentration was evaluated through normal
cells with green fluorescence (OA) in contrast
to dead cells with red fluorescence (EB). The
analysis of the results obtained by the treatment
of Image) software is presented in Table II.

At the concentration of 100 pg.ml”, an
increase apoptosis/necrosis proportions of
events were observed, until the second day, in
which 71.47% of cells showed green fluorescence
indicating viability. However, on the seventh day
of exposure no viable cells could be counted,
10.7% of them yield yellow-orange fluorescence
indicative of apoptosis and the majority, 89.3%,
red fluorescence corresponding to necrotic
events. The concentration of 200 pg.ml" showed
a low viability. Thus, was possible to observe
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Table I. IC_, values - 50% inhibitory concentration obtained in the MTT assay for ADSC cell after RP exposure 1, 2, 3
and 7 days of treatment. All assays were performed with three independent replicates.

Time 1day
Concentration of RP pg.mL" 119.93£2.45
Results presented as mean * SD.
a Ml NezCont

Eprp
MTT test - ADSC and autologous platelet [EJprp/RP 25 pg.mL1
rich plasma (PRP) with red propolis (RP) |IPRP/RP 50 pg.mL"!
PRP/RP 100 pg.mL!

2 days 3 days 7 days
95.22+1.56 90.75+2.77 73.56+1.32
b
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rich plasma (PRP) with red propolis (RP)
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Figure 2. Cytotoxic effect obtained by performing MTT indirect test according to 1SO 10993-5-2009-2 on PRP/RP.

(a) Autologous platelet-rich plasma with red propolis (PRP/RP) (25-200 pg.ml™), and (b) Homologous platelet-rich
plasma with red propolis (PRP/RP) (25-200 pg.ml"). PRP: platelet-rich plasma; NegCont: negative control (DMEM
medium, 10% SFB and 1% P/S) on ADSC viability treated for 1, 2, 3 and 7 days. All assays were performed with three
independent replicates. * Letters correspond to the statistically significant differences, using the ANOVA-Tukey

test (p < 0.05).

that concentrations of 25 and 50 pg.ml"of RP
were those that caused less necrosis in the cells.

Scratch-healing assay

Previous results from the viability tests using
concentrations of 25, 50 and 100 pg.ml" of
RP maintained cell viability above 70%. The
objective of the study was to evaluate the
association of platelet-rich plasmain autologous
gel associated with red propolis (PRP/RP) in
contact with ADSC, thus, compared PRP/RP to
the negative control (DMEM, 10% of SFB and 1%
P/S) and PRP, as demonstrated in the MTT test
(Figure 2a).

To determine the influence of platelet-rich
plasma (PRP) and the association of platelet-
rich plasma and red propolis (PRP/RP) on the

ADSC migration profile, cells were treated for 1,
2, 3 and 7 days. The migration of ADSC in the
presence of PRP and PRP/RP at 1,2, 3 and 7 days
was compared with the negative control of the
respective day. After 1 day, when comparing free
area of ADSC cells in the cell monolayer treated
with PRP/RP 100 pg.ml™ with the respective
negative control from day 1, no ADSC migration
was observed, therefore, the results in bars on
the graph not shown.

On day 2, when we compared the free area
of ADSC cells in the cell monolayer treated with
PRP/RP 25, 50 and 100 pg.ml™ with the negative
control on day 2, not observed ADSC migration,
results in bars on the graph not shown. The
same occurred for day 3, however on day 3,
PRP covered the entire the free area of ADSC
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Table II. Percentages of cellular events obtained by the Image J plugin for viable, apoptosis and necrotic cells after
1, 2, 3 and 7 days of exposure to different concentrations of RP. All assays were performed with three independent

replicates.
25 ug

Viable 96.03+0.90

Apoptosis 3.76+0.84

Necrosis 0.21+0.07

Viable 97.59+0.63

Apoptosis 2.41+0.63

Necrosis 0.00£0.00

Cell count (%)

Viable 98.37+0.50

Apoptosis 1.63+0.50

Necrosis 0.00+0.00
Viable 98.00+0.57

Apoptosis 1.88+0.55

Necrosis 012+0.02

Results presented as mean * SD.

cells in the cell monolayer. On day 7, when we
compared the migration area with the negative
control on day 7, we observed ADSC free area
in the cell monolayer was complete closure
for PRP and PRP/RP 25 and 50 ug.ml" (Figure
3). The results demonstrated that RP extracts
associated with PRP were capable of stimulating
proliferation of ADSC cells, that may contribute
directly or indirectly in the cell therapy and
tissue regeneration (Figure 4).

DISCUSSION

Patients with lost areas of tissue often require
treatment with cell therapy, and consequently,
the performance of several procedures to collect
cells. With the aim of carrying out a single
collection to obtain cells that can be used as
needed and minimizing the exposure of patients

50 pg 100 pg 200 pg

1day

93.99+1.28 86.42+1.53 7.00+1.89

6.01+1.28 5.57+0.54 2.95+0.54

0.00+0.00 8.01+1.92 90.05+2.26
2 days

97.25+0.58 81.84+0.98 1.47+0.66

2.75+0.58 4.84+0.73 3.52+1.53

0.00+0.00 13.32+1.66 95.01£0.89
3 days

94.79+1.40 46.53£2.64 0.00+0.00

2.80+0.50 4.61+0.30 10.08+1.43

2.41£0.70 48.86+2.43 89.92+1.43
7 days

76.52+1.02 0.00+0.00 0.00+0.00

7.59£0.53 9.4420.91 10.10+0.15

15.89+0.83 90.56+0.91 89.90+015

to the invasive procedures, enzymatic digestion
was also carried out with post-freezing adipose
tissue. The protocol using enzymatic digestion
with type Il collagenase was adequate for the
isolation of ADSC post-freezing (18 months), in
which adherent cells were able to differentiate
into other tissues (Feng et al. 2018, Laschke et
al. 2018). This is a mandatory requirement to
confirm whether the protocol used for ADSC
isolation was effective (Yuanzheng et al. 2015).
However, related to the yield of cell number after
enzymatic digestion, we observed a reduction
(1x10° cells.mL").

Autologous ADSC treatment can increase
collagen levels, reduce fibrosis, stimulate
angiogenesis, providing better cell proliferation
(Surowiecka & Struzyna 2022, Wang et al. 2023).
ADSC can be used individually or combined with
other substances to stimulate dermal fibroblasts
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Scratch-healing assay - ADSC and autologous
platelet rich plasma (PRP) with red propolis (RP)

150 -

Il NegCont
E PRP
(1D PRP/RP 25 pg.mL!
= 100 - - aaaa P77 PRP/RP S0 pg.mL!
£ PRP/RP 100 pg.mL"!
£ b
20
E 50 - c
e d
é e e
f 'I £
0 = I T T
1 2 3 7
Time (days)

Figure 3. Scratch-healing assay using ADSC and autologous platelet rich plasma (PRP) with red propolis (RP).
Effect of autologous PRP/RP on the ADSC migration in relation to the time 0 (NegCont - negative control - DMEM
medium, 10% SFB and 1% P/S) and after 7 days for the red propolis (RP) and PRP/RP (autologous platelet rich
plasma with red propolis concentrations). All assays were performed with three independent replicates. * Letters
correspond to the statistically significant differences, using the ANOVA-Tukey test (p < 0.05).

and promote skin regeneration (Zhou et al. 2019,
Liu et al. 2022). In addition to the use of ADSC for
the treatment of wounds, we can mention their
use in aesthetic protocols. The increasing age of
the population leads to the search for products
and methodologies that are not immunogenic
and that prevent aging, attenuating expression
marks (Glass & Ferretti 2019).

Our research group has investigated the
chemical composition of red propolis from
the northeast of Brazil and tested diferent
applications such as antioxidant properties,
antibacterial and antitumor activities (Frozza
et al. 2013, Frozza et al. 2017, Rufatto et al. 2018,
Picolotto et al. 2019). We have observed that
red propolis extracts could also be combined
for application in occlusive dressings with
natural latex rubber (Garcia et al. 2021). A

variety of compounds were found, among them
are phenolic ones, including flavonoids, that
have been considered the main biologically
active constituents of red propolis, together
with the cinnamic acid derivatives, esters, and
some terpenes, which contribute to favourable
biological activities such as antioxidant,
antibacterial and regeneration process (Rufatto
et al. 2018, dos Santos et al. 2019).

Total extract of RP is relatively safe to be
used in most of the models tested, and in the
present study, is also showed that can applied
associated with ADSC and PRP for revitalization
of tissues. Here, two approaches were used to
evaluate the cytotoxic activity of RP: the first
involving mitochondrial function variation -
MTT assay (Denizot & Lang 1986), and a second
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Figure 4. Representative scheme of treatment with association of platelet-rich plasma with red propolis extract
(PRP/RP) and adipose-derived stromal cells (ADSC) for functional tissue regeneration.

involving the integrity of the plasma membrane
- Trypan blue (Salvadori 2003).

Cellular viability of the trypan blue test
showed a decrease in comparison to MTT test,
but this event was observed for all conditions
and was in accordance with the biological cell
viability response seen for MTT. Initially, the
trypan blue technique was used, as a rapid
estimate of viability in mammalian cells, making
it an efficient tool in toxicological assays to
evaluate complex compounds (Gajski et al. 2012).
Also, it is known that MTT staining interacts
with the redox cell signalling in mitochondria,
reflectingin different patterns of cell metabolism
related to viability conditions, therefore both
tests were performed.

MTT assay showed IC, values that
progressively decreased from day 1 to day 7,
with lower values of 73.56+1.32 pg.ml” after one
week incubation. Lopez et al. (2015) exposed RP
extracts to human keratinocytes (HaCat) and

An Acad Bras Cienc (2024) 96(Suppl. 1)

demonstrated cytotoxic concentration of RP
above 50 ug.ml™. This same concentration using
canine mesenchymal stromal cells showed
that the extracts of RP at 50 pg.ml" showed
no cytotoxic activity (Bernardino et al. 2018).
In general, ADSC presented greater resistance
to exposure of different concentrations of
red propolis extract relative to secondary
keratinocytes and canine mesenchymal stromal
cells. Apparently, red propolis can be involved
in preventing and stabilizing pro-inflammatory
immune response, which also contribute to
wound healing (Magnavacca et al. 2022).

ADSC cells presented viability greater than
70% after exposition to RP, PRP and PRP/RP at
concentrations of 25 and 50 pg.ml™ in the period
of1,2,3and 7 days. The results for the autologous
and homologous PRP/RP at concentrations of
100 and 200 pg.ml”, reduce cell viability greater
than 30%. These results are in accordance
with standards for medical devices (ISO

€20240100 11117
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10993-5-2009-2). Cell proliferation was greater
when ADSC were exposed to autologous PRP.

Although we observed similarity in the
results when using autologous and homologous
PRP in association with RP, it should be
emphasized advantages in using autologous
PRP, once absence of transmissible pathogens
is expected, among other features, making its
application safer and more effective for the
patient (Li et al. 2019). In continuity, the growth
factors present in the autologous PRP are not
mutagenic and act stimulating the healing
process in an effective way, being able to be
used alone or in combination with stromal cells
in the tissue regeneration (Ramaswamy Reddy
et al. 2018).

When comparing the results obtained in the
MTT assay using PRP associated with RP (PRP/RP)
or RPP alone, it is clear that PRP alone increases
cell viability. However, when we compare the
results obtained in the MTT assay using only
the RP extract concentration 25 pg.ml™ (RP 25
concentration 25 pg.ml™) with the association
of PRP with RP concentration 25 ug.ml" (PRP/
RP 25 pg.ml”) we observed no difference in the
cell viability at lower concentrations, although
at 100 and 200 pg.ml”, cell viability was greater.
These data may indicate that a mechanism of
synergy may occur between the compounds,
allowing greater cellular resistance at higher
concentrations of RP when associated with PRP.

MTT assay showed that RP extract associated
with PRP at concentrations of 100 and 200 pg.ml”
increased viability. According to I1SO 10993-5
(2009), a material causes cytotoxic effects when
it causes a reduction in viability above 30% after
24 hours exposition. Higher concentrations of
RP, such as 100 and 200 pg.ml-1, in association
or not with PRP, were considered cytotoxic for
all exposure times tested in the present study.
A decrease in cell viability was observed in both
MTT tests, RP extract only and RP extract in

CELL THERAPY AND FUNCTIONAL TISSUE REGENERATION

association with PRP, however at concentrations
up to 50 ug.ml™, cell viability remained above the
cutoff point established by 1SO 10993-5-2009- 2,
therefore, being suitable for application.

Further tests were performed in order to
evaluate apoptotic activity of RP in ADSC through
the AO/EB staining analysis. Beside checking the
integrity of the plasma membrane, AO/EB assay
also covers nuclear alterations and formation
of apoptotic bodies (Rodrigues et al. 2019).
Viable ADSC cells percentages were observed
until the second day at a concentration of 100
pg.ml™ (81.84%). The data corroborate with those
previously showed by the MTT and trypan blue.
Bernardino et al. (2018) showed similar results
reported by flow cytometry using Annexin V/
propidium iodide of RP extract against canine
mesenchymal stromal cells, after the 3 days
incubation at the concentration of 50 pg.ml”,
with 98.5% of viable cells. In our study, apoptotic
events were observed on the third day in the
concentration of 100 pg.ml™ (46.53%) and at all
days in the concentration of 200 ug.ml”.

Research shows promising results for the
scratch-healing assay using only extract RP.
According to Basilio (2018), red propolis extract
showed an important role in the migration
process, allowing the closure of the free
area of cells, demonstrating that RP had an
important role in the migration in the 373 cells
(mouse embryonic fibroblasts). In this work,
after establishing the concentrations of the RP
extract in the MTT assay, with or without PRP,
we proceeded with the scratch-healing assay in
comparison to PRP.

The results showed that the presence of
PRP favoured the proliferation profile scratch-
healing assay. Qu et al. (2021) demonstrated that
after PRP exposition, a proliferation marker (Ki67)
was up-regulated, suggesting pro-proliferative
effect. A decrease of the free cell area was
observed for concentrations of 25, 50 and 100
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pg.mL" of PRP/RP, allowing the ADSC to migrate,
with their total closure only at the seventh day
of treatment. However, the concentration of 200
pg.mL" of RP, even associated with PRP, showed
deleterious effects on the stromal cells.

The PRP can be easily prepared, through
the collection of whole blood with subsequent
centrifugation, and, after the centrifugation
process, a greater proportion of platelets can
be obtained, with activation of their granules,
which in turn release factors that stimulate
tissue repair (Menchisheva et al. 2021).

Research has shown that with increasing
age, skin stem cells decrease, as well as the
ability of fibroblasts to produce collagen | and
Ilis reduced due to a decrease in growth factors
(Rorteau et al. 2022). Autologous PRP is well
tolerated and can stimulate and accelerate the
healing of complex wounds, especially in elderly
patients (Tian et al. 2019). In this work, we
suggest that the association of PRP with RP could
increase collagen stimulation, in addition to
presenting an important antibacterial potential
attributed to RP extract, due to its ability to
inhibit the proliferation of microorganisms, as
demonstrated in other studies of our group
(Rufatto et al. 2018, Picolotto et al. 2019).

The results demonstrated that red propolis
extracts associated with platelet-rich plasma
were capable of stimulating proliferation of ADSC
cells that may contribute directly or indirectly to
the reconstructive process of damaged tissues
and tissue regeneration. However, new analyses
must be carried out to confirm this hypothesis.

CONCLUSIONS

Althoughthere have beenadvancesinprocedures
for burns and other injuries involving skin loss,
it is important to study therapies which are
capable of aiding in the recovery of individuals
with skin lesions. The in vitro association of

CELL THERAPY AND FUNCTIONAL TISSUE REGENERATION

stromal cells derived from adipose tissue,
platelet-rich plasma and red propolis extracts
at concentrations up to 50 pg.ml” presents no
cytotoxicity and may contribute to enhancing
the wound healing process, decreasing the
peripheral area of the wound and stimulating
cell proliferation, thus providing proper cell
growth with the aim of reliably reproducing the
lost structure and function of the original skin.
This study showed the possibility of
collecting adipose tissue, submitting these cells
to cryopreservation at -80°C for several months.
The use of this protocol on a large scale and
in public health systems can be applied to
minimize complications, treatment time and
costs, thus ensuring the return of the individual
to normal activities as soon as possible.
Therefore, autologous grafts using ADSCs,
in combination with platelet-rich plasma and
antibacterial compounds, like the red propolis,
indicate potentialforapplicationinthetreatment
of skin wounds and tissue regeneration. This
offers a promising perspective in reconstructive
plastic surgery for the treatment and recovery
of burn patients or individuals with other types
of injuries requiring skin grafts, reducing pain
and modulating parameters such as wettability
in a wound, thus promoting neovascularization
and wound re-epithelialization. However, it is
essentialto carry out more studies related to this
association, to better understand its benefits.
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