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Abstract

Multipotent mesenchymal stromal cells (MSCs) derived from adipose tissue have been increasingly studied due their less-
invasive extraction surgery, self-renew and differentiation potential. The literature has not been reported the comparison
of different sources of MSCs derived from distinct adipose tissues and the use of electrical stimulation (ES) for tooth and
bone tissue regeneration. The present study evaluated in vitro cell viability by MTT, cell proliferation by CCK-8 and the
osteogenic differentiation by alizarin red-S staining of MSCs from Wistar rats adipose tissue, abdominal (ABD) and inguinal
(ING), submitted to ES therapy. ES was applied during 60s, 150s and 300s at 10pA-intensity 3x/week. The ES therapy was
not cytotoxic at any time of the experimentation. MSCs from ING presented higher percentage of cell viability at 60s of ES
than MSCs from ABD stimulated for 150s and 300s. Moreover, MSCs from ING presented higher proliferation rate than
ABD at all three ES time-application. The use of ES therapy during the osteogenic differentiation contributed positively to
improve the mineralization process. MSCs from ING presented 30% greater mineralization at 150s, and 50% at 300s, while
ABD showed 50% greater at 60s of ES. In conclusion, MSCs from ING and ABD are able to increase cell proliferation
and improve osteogenic mineralization, but with different responses depending on the ES stimuli at the same experimental
condition, which reinforce the needing for further investigation on the use of MSCs derived from fat tissue and ES to
optimize their use for cell proliferation and mineralization in regenerative medicine.

Introduction

Tissue senescence is one of the main factors that can compromise the bone repair process, increasing the incidence of
morbidity and calcification, as a consequence of population aging [1]. Orthopedic traumas spend healthcare cost and time,
in addition to depend on approaches, such as transplants and long-hospitality, which share numerous disadvantages: high
costs, secondary surgeries, greater patient discomfort, risk of infections and rejections [2]. Clinical cases without the capacity
for spontaneous regeneration continue to be a challenge for the medical community. The understanding of new approaches
that can contribute to tissue repair and replacement of injured tissues is necessary, mainly for the elderly population. Efforts
have been done to explore alternative treatments for bone regeneration and bone hemostasis. Electrical stimulation and
regenerative medicine are therapies that have been explored to improve fracture healing and [2-4]. Tissue engineering
and regenerative medicine are based on the use of living cells to replace and regenerate damaged tissues and organs.
Multipotent mesenchymal stromal cells (MSCs), also known as mesenchymal stem cells, are the most widely used cells in
tissue engineering due to their capacity for self-renewal, release of paracrine factors, and multipotent differentiation, which
ensures the replacement of cells of specific lineages [5,6]. MSCs derived from adipose tissue (AD-MSCs - adipose-derived
mesenchymal stem cells) have been explored cause their less invasive extraction procedure. In addition, as demonstrated by
some studies, AD-MSCs have better proliferation capacity compared to bone marrow-derived MSCs [6,7].

In animal models, the most commonly used source of AD-MSCs for regenerative medicine in vitro study is the inguinal
adipose tissue because of its better capacity for cell differentiation. Nevertheless, the supply of adipose tissue from the
abdominal region is higher, easier and faster tissue collection, as well as a better comparison with AD-MSCs from human
adipose tissue already employed in clinical trials and/or therapies [6,7]. The use of in vitro MSCs for osteogenic differentiation
is also followed by potential mineralization optimizers: three-dimensional supports, growth factors and non-invasive
therapies such as electrical stimulation (ES) [3,8,9]. The use of ES in MSCs cultures has presented promising outcomes,
once the therapy may accelerate the osteogenic differentiation, cell proliferation, cytokines and growth factors synthesis
in attempt to create reproducible and improved strategies craniofacial reconstruction and odontology [9-11]. The use of
adipose-derived stem cells is reported as an alternative approach for viable source of MSCs for osteogenic differentiation
combined with and ES application. Previously, we already demonstrated the ES use in osteoblast. We reported the use of low-
intensity electrical stimulation did not present any cytotoxic effect, and enhanced the mineralization [9]. The present study
aimed to evaluate the viability, proliferation, and differentiation of multipotent mesenchymal stromal cells derived from
two regions of adipose tissue (abdominal and inguinal) of Wistar rats submitted to different time-application of electrical
stimulation at the lowest intensity (10 pA).
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Materials and Methods

Every experimental procedure involving cell culture, electrical stimulation,
animal care, surgical protocols and adipose tissue extraction were approved by
the Institution’s Ethics Committee on Animal Use (087/2018 and 064/2019) of the
University Center of Herminio Ometto Foundation - FHO/Araras. The experimental
design is shown in Figure 1.
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Figure 1: Experimental design of the research work.

Isolation and culture of MSCs derived from inguinal (ING) and
abdominal (ABD) tissues

MSCs were obtained from the inguinal (ING) and abdominal (ABD) adipose
tissue of 4 Wistar rats aged approximately 90 days. The animals were anesthetized with
10% Ketamine hydrochloride (30 mg/kg body weight) and 2% Xylazine hydrochloride
(10 mg/kg body weight) until deep anesthesia. The extracted tissue was kept separately
in PBS (phosphate buffered saline) solution supplemented with 2% penicillin/
streptomycin. After tissue extraction, the animals received another shot of anesthetic
solution and submitted to cervical dislocation. Cells were obtained by enzymatic
digestion of abdominal and inguinal tissues using a buffer solution (PBS) containing
0.03% collagenase enzyme type 1 (Sigma-Aldrich) at 37 °C for 30 minutes under
stirring. Enzyme activity was subsequently neutralized with culture medium (a-MEM
low glucose, 1% glutamine, 1% penicillin/streptomycin) supplemented with 10% SBF
(Gibco-Invitrogen). The solution was centrifuged and the sediment resuspended in
culture medium (the same as mentioned above) for cell growth in 75 cm? culture flasks
under 5% CO, at 37 °C. The culture medium was changed twice a week and passages
were performed when the culture reached 80% confluence. MSCs on the 4™ and 5%
passages were cultivated for experimentation [8].

Immunophenotypic characterization of MSCs derived from inguinal and
abdominal tissue

MSCs were immunophenotypically characterized by flux cytometry to evaluate
the expression of surface markers using monoclonal antibodies: anti-CD90, anti-
CD45, anti-CD44 and anti-CD34 (Santa Cruz Biotechnology, Santa Cruz, CA, USA)
[8]. The assays were performed with 30 minutes exposure at room temperature,
protected from light, repeated for 5 times at different passages. Flow cytometry was
performed in the FACSCantoTM System (BD Biosciences) by the responsible technical
professional.

Morphological characterization of MSCs derived from inguinal and
abdominal tissue

To evaluate the multipotency of MSCs from inguinal and abdominal tissue, in
vitro differentiation into adipocytes and osteoblasts was induced. MSCs from both
regions of adipose tissue were distributed in 24-wells culture plates at a concentration
of 1 x 10* cells/well, separately. Adipogenesis-inducing medium (a-MEM medium
supplemented with 10% SFB, 1 uM dexamethasone, 10 pug/mL insulin, 100 uM
indomethacin, 1% glutamine, and 1% penicillin/streptomycin) was added to the wells
destined for differentiation into adipocytes, while for osteoblasts differentiation,
osteogenesis-inducing medium was applied (a-MEM medium supplemented with
7.5% SBF, 0.1 uM dexamethasone, 200 uM ascorbic acid, 10 mM p-glycerolphosphate,
1% glutamine, and 1% penicillin/streptomycin)®. Some wells were kept with growing
medium for control (a-MEM medium supplemented with 7.5% SBF, 1% glutamine,

1% penicillin/streptomycin). The culture medium for both differentiations was
changed every 3 days. After 14 days, cells were washed with PBS and fixed in 4%
paraformaldehyde. The adipogenic differentiation was stained with 2% Sudan IV and
the osteogenic differentiation 0.2% Alizarin Red (ARS).

Electrical stimulation application

Direct and continuous ES was applied using a transcutaneous low intensity
equipment (Physiotonus Microcurrent, BIOSET®, Industria de Tecnologia Eletronica
Ltda., Rio Claro, SP, Brazil). Two metal electrodes attached to the equipment were
previously immersed in 70% alcohol for 10 minutes, dried with sterile gauze and
submerged carefully in the culture medium. Approximately 1 x 10* MSCs (ABD and
ING) suspended each one in 1 mL of supplemented a-MEM medium (7.5% SBF, 1% L-
glutamine, and 1% antibiotic-antifungal) were seeded into 24-well culture plates. After
24 h cells were treated with different ES application time (60 s, 150 s and 300 s), three
times a week, at 10 pA-intensity, based on our group data using parameters employed
in vivo [9,12,13]. Cells without ES application was considered for comparative effect.

Cell viability and proliferation evaluation

The mitochondrial activity of osteoblasts and MSCs was determined using the
colorimetric MTT assay (Sigma-Aldrich). Metabolically active cells are able to reduce
the chemical compound 3-(4,5-dimethylthiazol-2-yl) -2,5-diphenyltetrazolium into
purple formazan crystals, soluble in dimethyl sulfoxide (DMSO). The number of
viable cells is proportional to the absorbance value [14]. After 120 min incubation with
MTT, the optical density was obtained using ELISA reader (Biotek) at wavelength of
540 nm. The results were obtained considering cells without ES as 100% viability. Cell
proliferation was performed using the Cell Counting Kit 8 (CCKS8, Sigma-Aldrich).
The method uses tetrazolium salt soluble in water to evaluate metabolically viable
cells through its bioreduction by electron transporters, resulting in orange formazan
compound [15]. After 30 min of incubation, the optical density was obtained at a
wavelength of 450 nm. The results were obtained considering cells without ES as 100%
proliferation.

Differentiation of MSCs under ES-application therapy

ABD and ING MSCs were cultivated in 24-well culture plates at the concentration
of 1 x10* cells/well, separately, in 1 mL of osteogenesis-inducing medium, as described
before. After 24 h, ES application was done as reported before. MSCs without ES
application was considered for comparative effect (control). Evaluation of osteogenic
differentiation occurred on day 14" staining with Alizarin Red (ARS) 0.2%. The
intensity of the dye was evaluated at 450nm to assess the mineralization potential [8].

Statistical Analysis

The cell viability, proliferation and differentiation assays were carried out in
triplicate, repeated three times. One-way ANOVA with Tukey post-test was used to
determine the differences between the experimental groups. The differences were
considered statistically significant when the p value was less than 5% (p<0.05). The
GraphpadPrism 8.0 software (USA) was used for the statistical tests and graph
construction.

Results

Characterization of MSCs derived from abdominal and inguinal
tissue

Immunolabeling: The characterization of MSCs derived from abdominal and inguinal
adipose tissue was first performed by immunolabeling by flow cytometry. As expected,
for both cell cultures, anti-CD90 showed high expression (positive marker), while the
other markers showed low expression (negative markers). The results strengthen the
correct isolation and cultivation of MSCs from inguinal and abdominal adipose tissue.

Morphological characterization: The in vitro differentiation capacity of MSCs
derived from adipose tissue (inguinal an and abdominal) is demonstrated in Figure
2. MSCs derived from inguinal and abdominal sources when subjected to osteogenic
and adipogenic inducing medium for 14 days were able to differentiate into osteoblasts
and adipocytes, respectively. Cells groups of inguinal and abdominal MSCs were
cultivated in basal medium for control. Both characterization results (morphological
and immunolabeling) strengthen the isolation and correct employment of these cells.
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Figure 2: In vitro differentiation of MSCs derived from adipose tissue. (A)
inguinal source of MSCs and (B) abdominal source of MSCs after adipogenic and
osteogenic differentiation.

Evaluation of different MSC profiles

Viability and proliferation of MSCs from inguinal and abdominal
adipose tissue

Initially, the viability and cell proliferation of MSCs from inguinal and abdominal
adipose tissue submitted to ES at 10 pA on alternate days, for 60 s, 150 s and 300 s for 4
days was evaluated by MTT and CCKS8 protocols, respectively. After 4 days of treating
cell of ES (2 ES applications), cell viability and proliferation of both MSCs sources were
higher than 70%, compared to the non-stimulated group (control group, considered
as 100% viability/proliferation), both for MTT (Figure 3A) and CCKS assays (Figure
3B). All groups showed results greater than 70% cell viability (implying non-toxicity).
After 7 days of treating cell of ES, cell viability and proliferation of both MSCs sources
were also higher than 70%, compared to the non-stimulated group (control group,
considered as 100% viability/proliferation), both for MTT (Figure 3C) and CCKS test
(Figure 3D). The inguinal adipose tissue-derived MSCs group under ES for 60 s showed
23% higher cell viability than the abdominal adipose tissue-derived MSCs group under
ES for 150 s, 18% higher compared to the same cells with ES for 300 s.
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Figure 3: Assessment of viability and cell proliferation of MSCs derived from
inguinal and abdominal adipose tissue submitted to electrical stimulation. A) Cell
viability protocol by MTT after 4 days; B) Cell proliferation protocol by CCK8
after 4 days; C) Cell viability protocol by MTT after 7 days; D) Cell proliferation
protocol by CCK8 after 7 days.
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Mineralization assessment

As expected, the osteogenic media contributed positively to the osteogenic
differentiation of MSCs from abdominal and inguinal adipose tissue (Figure 4).
Regarding the different ES application times on the inguinal cells, the 300 s application
presented the greater mineralization than 60 s and 150 s time application groups,
in addition to around 50% higher than the cells treated with osteogenic media, but
without ES (tressed line as control group). On the other hand, the abdominal cells
treated with ES for 60 s showed 43% higher mineralization compared to the control
group, meanwhile 300 s and 150 s time application presented opposite results
compared to the inguinal ones. These results suggest different responses from the two
cellular profiles, even with the same ES application periods.
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Figure 4: Inguinal and abdominal adipose tissue-derived MSCs mineralization
assessment after 14 days. Cells were cultivated in osteogenic medium submitted to
electrical stimulation application. Datais expressed as percentage of mineralization
compared to cells cultivated in osteogenic medium without electrical stimulation.

Discussion

The ES therapy has been used for a long time. However, its therapeutical
application still needs further studies [16,17]. The ES promotes bone formation by
the activation of different cell signaling, which stimulate the releasing of growth
factors and the up-regulation of osteogenic gene expression [18]. Several research
works aimed to comprehend the effects of such stimulation on cells in a wide range
of experimental protocols, trying to understand the change on cells behavior and the
mechanisms induced by ES. A deep understanding of its use on isolated bone cells,
and posterior association to scaffolds for local and guided bone repair will definitely
be an important clue for its clinically use, however, it is far away from completely
comprehension [19]. The use of continuous current at 100 mA demonstrated great
results regarding proliferation and elongation of osteoblasts [20]. High intensity ES
(>100 V/cm) showed favorable results as well for cell proliferation in a short period
of time, yet a higher intensity might induce cell death [21]. It has been also proposed
that low ES intensity application (ranging from 10 pA to 50 pA) in vitro, as direct
current, might stimulate the repair process by cell stimulation [13,16,22]. Observed
enhanced proliferation and mineralization for 4 hours on in vitro osteoblasts by
applying capacitive coupling current [23]. Nevertheless, there are disagreement on this
matter, varying from protocols to cells lineages. The stimulating mechanisms are not
fully understood. Different effects may be observed depending on the cellular lineage
used, tissue or organs from which cells are isolated, cell culture medium, ES-time
application, intensity [3].

Many are the aspects presented by the literature regarding the ES, which impairs
the process of results comparison and the establishment of an adequate protocol for the
clinic [2,3]. It is more than necessary establishing the right parameters for intensity,
frequency, and application time, accordingly to each model of study. Initially, this
study aimed to evaluate in vitro the application periods and frequency (daily or
alternate) on osteoblasts, considering data from our research group, which used ES at
10 pA [9,12,13]. Our group reported the use of osteoblasts in vitro for ES application.
The choice for the UMR-106 osteoblasts (rat osteoblasts) was due its good availability
and use in several previous studies which employed the ES into bone repair protocols,
indicating no-cytotoxicity over 7 days [9,10,23,24].

MSCs are undifferentiated and unspecialized cells with the ability of generating
new cells, and under either physiological or experimental environments, differentiate
into other cellular lineages, a very important role for tissue formation and regeneration
[5,7]. Many works have compared the results from bone marrow MSCs and adipose
tissue MSCs, which could be harvested by human or animal abdominal liposuction,

or inguinal tissue from rats. However, few studies analyzed the adipose tissue-derived
MSCs cellular profile from different sources [3,5]. MSCs have been characterized,
expressing positive markers such CD90, CD105, and CD73, and do not express
markers from hematopoietic or endothelial lineages such CD44, CD34, CD45, CD14,
or CD11b [25]. MSCs also must have the ability to differentiate into in vitro adipocytes,
chondrocytes, and osteoblasts [26]. The results are under those criteria and reinforce
the fine MSCs isolation and proliferation.

According to some authors, one of the effects of in vitro ES therapy on adipose
tissue MSCs is its influence on bone cells differentiation and/or function, such as
migration, proliferation, differentiation, mineralization, and extracellular matrix
production. Different effects of ES are attrubuted to the use of different cell lines,
application period, medium condition [3]. It was noticed higher differentiation on
the MSCs from ING and ABD under 300s and 60s of ES, respectively. However, less
mineralization was observed for 150s and 300s on the ABD MSCs. Data different MSCs
responses for the same experimental environment.

There is a great variety of ES intensity and application protocols in the literature,
showing mainly about cellular migration and osteogenic differentiation of MSCs
derived from adipose tissue, but without comparing the different sources of this tissue
[24,27-29]. When used 200 pA of continuum current on Wistar mice for 4h for 21 days,
and observed a 100% improvement of calcium deposition when compared to the group
without ES [2]. When ES was applied along to voltage dependent calcium blockers,
the previous defects were restored. This data shows a need of calcium channels in the
process of cellular differentiation and a positive stimulus of ES during that process [2].
The use of ES during the initial processes of osteogenic differentiation of MSCs (until
the 7 day) is enough to induce a pro-osteogenic effect, capable of being maintained
for a long [30]. According to our data, the ES time application could vary according
to MSC choice, in order to enhance the osteogenesis. For tissue engineering, data
reported would benefit results, which could be possible the pre-treatment of MSCs ex
vivo with ES before applying them to the bone defect.

Conclusion

ES (direct current) at 10 p in vitro up to 300 s time application showed to
be safe (non-cytotoxic) for rat osteoblasts, inguinal and abdominal adipose
derived mesenchymal stem cells. The immunophenotypic and multipotentiality
characterizations revealed fine isolation of MSCs. Both MSCs sources presented
different mineralization response. Inguinal MSCs showed greater mineralization by
300s ES application, while abdominal MSCs showed greater by after 60, under the same
experimental conditions. Further investigation is required to fully understand its use
in the regenerative medicine, but both of them demonstrated osteogenic potential
under electrical stimulation therapy, which could provide an important cellular
stimulus for clinical craniofacial defects.
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