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Bio-electrospraying (BES) is a technique used for the processing of cells and can

be applied to tissue engineering. The association of BES with scaffold production

techniques has been shown to be an interesting strategy for the production of

biomaterials with cells homogeneously distributed in the entire structure. Various

studies have evaluated the effects of BES on different cell types. However, until

the present moment, no studies have evaluated the impact of BES time on

mesenchymal stem cells (MSC). Therefore, the aim of this work was to standardise

the different parameters of BES (voltage, flow rate, and distance of the needle from

the collecting plate) in relation to cell viability and then to evaluate the impact of

BES time in relation to viability, proliferation, DNA damage, maintenance of

plasticity and the immunophenotypic profile of MSC. Using 15 kV voltage,

0.46 ml/h flow rate and 4 cm distance, it was possible to form a stable and

continuous jet of BES without causing a significant reduction in cell viability.

Time periods between 15 and 60 min of BES did not cause alterations of viability,

proliferation, plasticity, and immunophenotypic profile of the MSC. Time periods

above 30 min of BES resulted in DNA damage; however, the DNA was able to

repair itself within five hours. These results indicate that bio-electrospraying is an

adequate technique for processing MSC which can be safely applied to tissue

engineering and regenerative medicine. VC 2013 AIP Publishing LLC.

[http://dx.doi.org/10.1063/1.4819747]

I. INTRODUCTION

Tissue engineering, through the association of cells and scaffolds, is a promising tool for

the regeneration of damaged organs and tissue. One of the main challenges of the area is the

development of an efficient technique of seeding cells, which ensures a uniform occupation of

the cells on the scaffold structures and better interaction between the two components to pro-

vide fast and complete tissue regeneration.1 Bio-electrospraying (BES) is a technique in which

a cellular suspension is submitted to an electric field of high intensity and which, after passing

through a fine needle, is fragmented, creating micrometric drops containing cells.2–4 This tech-

nique can be applied to tissue engineering for the production of scaffolds already seeded with
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cells within them. Through the association of BES with scaffold production techniques such as

electrospinning, cells can be seeded at the same time that the scaffolds are being formed, ensur-

ing uniform cell colonisation on the entire structure of the biomaterial.5,6

Several studies have provided evidence that different cell types can be processed using

BES. It was observed that the method does not cause a significant reduction in mesenchymal

stem cell viability, significant chromosomal alterations in mononuclear cells, alterations in the

pluripotency of the embryonic stem cells or genetic and physical damage that can affect the de-

velopment of multicellular organism.7–10 Although these studies show that BES is a safe tech-

nique for cell processing, until now, no study has investigated if the time necessary for the

realization of BES can have a negative effect on the cells. Regarding the association of BES

with scaffold production techniques, the time parameter becomes an important factor for obser-

vation. The techniques must be combined for adequate and controlled time periods in order

that, at the end of the procedure, scaffolds with a resistant structure suitable for manipulation

and tissue engineering are produced and, at the same time do not create cellular damage.

Therefore, the aim of this study was to standardize the parameters, especially the time of BES

technique for human mesenchymal stem cell processing.

II. MATERIALS AND METHODS

A. Isolation and cultivation of mesenchymal stem cells

Primary mesenchymal stem cells (MSC) were isolated from human deciduous teeth pulp

(n¼ 5) as described by Bernardi and colleagues,11 after approval by the Ethics Committee of

the Federal University of Rio Grande do Sul.

The cells were cultivated in Dulbecco’s Modified Eagle’s Medium (DMEM) containing

2.5 g/l of Hepes (free-acid) (Sigma-Aldrich) supplemented with 10% bovine fetal serum (BFS)

(Gibco), 100 U/ml penicillin, 100 lg/ml streptomycin (Gibco) and 0.45 lg/ml gentamicin, and

maintained in a humid atmosphere of 5% CO2, at 37 �C. The culture medium was changed ev-

ery 3 or 4 days. When the cell culture reached 90% confluence, a passage using 0.5% trypsin-

EDTA solution (Sigma-Aldrich) was carried out. The cells at the sixth passage were used in all

the experiments.

B. Standardization of BES of MSC

To evaluate the biological effects of BES on MSC, this study was divided into two steps.

First, the BES parameters were standardized in relation to cellular viability. Second, after the

definition of the most suitable parameters to maintain maximum cell viability, the impact of

BES time on the behavior of the MSC was evaluated. Figure 1 shows the BES equipment used

for all subsequent experiments.

The BES parameters were compared in terms of their effects on cellular viability.

Suspension of MSC (3� 106 cells/ml) was electrosprayed for 15 min, using a voltage rang-

ing from 15 to 30 kV, a flow rate ranging from 0.28 to 2.60 ml h�1 and a distance of the

needle to the collecting plate varying from 4 to 8 cm. Each parameter was evaluated individ-

ually, e.g., while a parameter was tested, the others were kept constant. The electrosprayed

cells were collected in Petri dishes containing DMEM culture medium, containing 2.5 g/l of

Hepes (free-acid), supplemented with 10% BFS, 100 U/ml penicillin, 100 lg/ml streptomy-

cin (Gibco) and 0.45 lg/ml gentamicin at room temperature. Immediately after the end of

the BES, the medium was centrifuged at 300xg for 5 min. The viability of MSC was

assessed before and after BES procedure by trypan blue dye exclusion test. Besides cell via-

bility, the proportion of bioelectrosprayed cells that could be recovered from the collecting

Petri dishes was also determined. The number of electrosprayed cells was calculated from

the volume and concentration of the cellular suspension used for the BES process. The cells

collected in the Petri dishes after BES were counted by a hemocytometer. The environmen-

tal temperature during the BES procedures was maintained at about 23 �C and relative hu-

midity at about 30%.
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C. Evaluation of the impact of BES time on MSC

The time period which BES can be applied for the manipulation of MSC without the latter

suffering any kind of damage, was studied in terms of viability, proliferation, maintenance of

plasticity, immunophenotypic profile, as well as possible DNA cell damage. For these evalua-

tions, a MSC suspension (3� 106 cells/ml) was electrosprayed at 15 kV of voltage, 0.46 ml h�1

of flow rate and 4 cm of distance from the needle to the collector. Three time periods of dura-

tion of BES were evaluated: 15, 30, and 60 min. After each BES time, the number of recuper-

ated cells was counted in hemocytometer. The cells were then re-suspended in culture medium

and seeded in 24 well plates. For the cell proliferation assay and the evaluation of plasticity,

the cells were seeded at a density of 5000 cells/cm2. To evaluate possible DNA damage, a den-

sity of 22 000 cells/cm2 was used. For the immunophenotyping, the cells were seeded in 75 cm2

bottles at a minimum density of 5000 cells/cm2. Cells which were not submitted to BES were

seeded at the same densities for each experiment and used as control groups.

1. Evaluation of cellular metabolism/proliferation after bio-electrospraying

The metabolism/proliferation of the cells submitted to the different BES time periods was

evaluated by the colorimetric method of tetrazolium salt (MTT) (n¼ 5). After 1, 7, and 15

days of cultivation, the culture medium was removed and the cells were incubated with

0.25 lg/ml MTT in CMF buffer for 2 h at 37 �C. The MTT solution was then removed and the

formed crystals were solubilized in 400 ll of dimethylsulfoxide (DMSO). The obtained absorb-

ance was read by spectrophotometer (Wallac EnVision–Perkin Elmer) in the wave lengths of

560 nm and 630 nm. The results were calculated by the difference between the two readings

(560 nm�630 nm).

FIG. 1. Bio-electrospraying equipment.
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2. Evaluation of cellular plasticity after bio-electrospraying

When the cultures reached 70% confluence, the cells were induced to chondrogenic, adipo-

genic and osteogenic differentiation, as described by Nardi and Meirelles.12 Cells not submitted

to BES were similarly induced to differentiate in the same three lines (positive control) or kept

in conventional DMEM/Hepes medium (negative control) (n¼ 3).

a. Chondrogenic differentiation. The cells were cultivated in DMEM/Hepes medium supple-

mented with 6.25 lg/ml bovine insulin, 10 ng/ml transforming growth factor-beta 1 (TGF-b1),

and 50 nM ascorbic acid 2-phosphate. The medium was changed every 3–4 days. After approxi-

mately 21 days, the cells were fixed with 4% paraformaldehyde for 20 min and stained with 1%

Alcian Blue solution.

b. Adipogenic differentiation. The cells were cultivated for 3 weeks in Iscove’s Modified

Dulbecco’s Media (IMDM) supplemented with 20% human plasma, 10�7 M dexamethasone,

2.5 lg/ml bovine insulin, 5 lM indomethacin, 5 lM rosiglitazone, and 10 IU/ml of sodium hepa-

rin. The cells were fixed with 4% paraformaldehyde for 40 min and adipocytes were identified

by staining the lipid vacuoles with Oil Red.

c. Osteogenic differentiation. The cells were kept for 3 to 4 weeks in DMEM/Hepes medium

supplemented with 10% bovine fetal serum, 10�8 M dexamethasone, 5 lg/ml ascorbic acid 2-

phosphate and 10 mM b-glycerophosphate. Differentiation detection was performed using

Alizarin Red, which stains the phosphate crystals in the calcified extracellular matrix.

3. Evaluation of the immunophenotypic profile after bio-electrospraying

After BES, the cells were cultivated during 24 h and their immunophenotypic profile was

analysed by flow cytometry. The following conjugated antibodies against human cell surface

molecules were used: CD14/FITC, CD29/PE, CD34/PE, CD44/FITC, CD45/FITC, CD73/PE,

CD90/FITC, CD184/PE, HLADR/FITC and Stro1/PE (Pharmingen, Becton Dickinson, San

Jose, CA). The cells were trypsinized and 100 ll cellular suspension containing 105 cells/ml

was incubated with 5 ll of each antibody for 30 min at 4 �C, protected from light. The cells

were then washed and re-suspended in 1 ml of PBS. The marker 7AAD (7-Amino Actinomycin

D) was used for cellular viability evaluation. Living cells were analysed using FACSAria III

(Becton Dickinson) flow cytometer. Fluorescence adjustment was made with the aid of the PE

and FITC isotypic controls. Approximately 10 000 events were acquired for each sample. The

analysis of the data was performed using the FACSDiva software, version 6.0 (Becton

Dickinson).

4. Evaluation of DNA damage after bio-electrospraying

To evaluate possible DNA damage, the alkaline comet assay (n¼ 3) was performed, as

described by Singh et al.,13 with minor modifications.14,15 After BES, the cells were incubated

at 37 �C and 5% CO2 for 1, 3, and 5 h. After each time point, the cells were then trypsinized

and re-suspended in culture medium. Following this, 20 ll of cell suspension was mixed with

0.75% low-melting point agarose and immediately applied onto a glass slide, pre-coated with a

layer of 1% normal melting point agarose. Ice-cold lysis buffer (2.5 M NaCl, 100 mM EDTA,

and 10 mM Tris, pH 10.0, with 1% Triton X-100 and 10% DMSO) was added to the cells at

4 �C for at least 1 h in order to remove cellular proteins and membranes, leaving the DNA

nucleoids. The slides were then placed in a horizontal electrophoresis unit and incubated with a

buffer solution (300 mM NaOH and 1 mM EDTA, pH 13.0) at 4 �C for 15 min for the unwind-

ing of the DNA, and the expression of alkali-labile sites. Electrophoresis was conducted for

20 min at 25 V (94 V/cm). All the above stages were carried out under yellow lighting or in the

dark to avoid additional DNA damage. The slides were then neutralized (Tris 0.4 M, pH 7.5)

and stained, using silver staining in accordance with the protocol described by Nadin et al.16

044130-4 Braghirolli et al. Biomicrofluidics 7, 044130 (2013)



After the staining stage, the slides were dried at room temperature and analysed in a light

microscope. One hundred cells were analysed (50 cells from each of two replicate slide for

each sample) in relation to DNA migration. These cells were classified according to the tail

length into five classes: class 0: no damage, without tail; class 1: shorter tail with the same

diameter as the head of the nucleus; class 2: tail with length 1 or 2 times greater than the diam-

eter of the head; class 3: tail 2 times greater than the diameter of the head; class 4: comets

without heads. The DNA damage index (DI) was established for each sample. The DI is an ar-

bitrary score rating based on the number of cells with different categories of damage. The DI

scale varies from 0 (cells without damage: 100� 0) to 400 (cells with maximum migration:

100� 4).14,17 When selected, the cells which were like air bubbles, were disregarded.

D. Statistical analysis

The results were analysed by mean 6 standard error and the symmetry study of the distri-

butions was made using the Shapiro-Wilk test. The different groups were compared by one-way

analysis of variance (ANOVA) following the Tukey post test (in cell viability tests and comet

assay) or Kruskal-Wallis, followed by Dunn’s post test (in immunophenotypic profile analysis).

Multiple groups were compared by two-way ANOVA in metabolism/proliferation assays

(MTT). Differences between the groups were considered significant when P< 0.05.

III. RESULTS AND DISCUSSION

A. Standardization of BES

For the BES, a cellular suspension with concentration of 3� 106 cells/ml was electro-

sprayed. This cellular concentration provided an adequate and sufficient number of recovered

cells in the Petri dish, making further cell analysis possible. After evaluation of the variation of

each BES parameter, the cell viability was evaluated. Parameters that were able to form a stable

bio-electrospraying jet and at the same time did not provoke cell damage were chosen to carry

out the BES in all subsequent studies.

Voltages between 15 and 30 kV (using �1 kV in the contra-electrode) were examined.

When voltages below 15 kV were applied, unstable or no spray was formed. The use of voltage

between 15 and 20 kV did not reduce MSC survival. However, when the applied voltage was

increased to 25 and 30 kV, cell viability was significantly reduced in relation to initial viability

(p< 0.05 e p< 0.001 respectively) (Figure 2(a)). Similar results were reported by Sahoo et al.
where the application of 30 kV voltage BES provoked a reduction in the viability and in the

proliferation of bone marrow MSC.7 The use of strong voltage during the BES can induce the

formation of pores and cause damage to the cellular membrane, similar to electroporation tech-

nique.7 The mechanisms related to this cellular damage involve electric and thermal phenom-

ena. It is known that high fields strength provokes a supra-physiological potential though the

cellular membrane, causing an increase in the permeabilization of the membrane and disfunc-

tion of the membrane proteins, especially electrogenic pumps and voltage-gated ion channels.18

The increased permeability of the membrane for prolonged periods causes the loss of potassium

and other metabolites and the entrance of sodium and water, causing a cellular osmotic imbal-

ance.18 These effects lead to a loss of cellular homeostasis and subsequent cell death.7 When

15 kV voltage was applied, a stable BES jet was formed and cell viability was not altered. This

voltage was applied for all further experiments.

When the BES flow rate was evaluated, cell viability reduction was observed with flows

0.28 and 0.65 ml h�1 (p< 0.001), though this did not occur with flows of 0.46 and 2.60 ml h�1

(Figure 2(b)). It is therefore believed that there is no direct relationship between cell survival

and the BES flow rate. Although a reduction in the two flow rate values has been observed, it

should be emphasized that cell viability remained high, above 93%, for all the tested groups.

Although a significant reduction in the two flow rate values has been observed, there appears to

be no impact in physiological terms. It should be emphasized that cell viability remained high,

above 93%, for all the tested groups. The flow rate of 0.46 ml h�1 formed a continuous jet and
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was used for the other experiments. This intermediate flow rate was chosen because it provides

a sufficient concentration of recovered cells in the Petri dish, avoiding an unnecessary expense

of cells.

Cell viability was also maintained with the increase of the distance between the needle and

the collection plate (Figure 2(c)). Paletta and colleagues showed that survival of the cells is sig-

nificantly reduced when longer distances are used for BES. In their study, when the distance

between the needle and the collection plate was increased from 6 to 11 cm, cell viability

showed a reduction of approximately 10%.19 Under the conditions in which the present work

was realized, distances of up to 8 cm were favourable for BES, which did not cause a reduction

in cell survival (p> 0.05). However, the distance between the tip of the needle to the collecting

plate had effects on the efficiency of the BES process. When the collected cells in the Petri

dish were counted (recovered cells), it was observed that a greater number of cells was recov-

ered when a distance of 4 cm was used (Figure 2(d)). The increase of distance caused a great

loss of cells during the BES process. It is probable that the short distance (4 cm) created a more

direct cell jet directed to the Petri dish than the larger distances (6 and 8 cm), resulting in a low

cellular loss and subsequently better efficiency of the BES process. This, therefore, was the dis-

tance chosen for the ongoing work.

B. Impact of BES time on MSC

The BES technique is interesting for tissue engineering because of the possibility to associ-

ate it with techniques to produce scaffolds. This way, scaffolds with cells already incorporated

in their structure can be obtained. The choice of BES time is of great importance. A suitable

time is necessary in which scaffolds can be produced with an adequate structure for their manip-

ulation and for sustenance of the cells for use in regenerative medicine. At the same time, the

technique and the conditions in which the cells are submitted cannot cause damage to the latter.

FIG. 2. Influence of bio-electrospraying voltage (a), flow rate (b) and distance (c) on viability of MSC. Number of recov-

ered MSC after BES (d) (n¼ 4). (*P< 0.05 and ***P< 0.001 using ANOVA followed by Tukey post-test)

044130-6 Braghirolli et al. Biomicrofluidics 7, 044130 (2013)



As can be seen in Figure 3, when the cells were submitted to a longer time period of BES

(in previously established conditions) there was no reduction in cell survival, and no difference to

initial cell viability. Although the evaluation with Trypan blue demonstrated that the increase in

BES time did not alter MSC viability, a wider investigation was made in relation to the effects of

this parameter on MSC because of the lack of information in the literature on this subject.

After being submitted to different BES times, the MSC sustained the capacity of adherence

to the polystyrene plates, which was observed immediately after 1 h of the procedure. All the

cell groups submitted to BES presented normal mesenchymal morphology and they became

confluent during 15 days of cultivation, exhibiting similar behaviour to the control group

(Figure 4). In a study in which astrocytoma cells were used, it was shown that BES, despite

being applied for a period less than for those tested in the present study, did not cause

FIG. 3. Influence of bio-electrospraying time on viability of cells. (n¼ 4) No significant differences were observed using

Anova followed by Tukey post test.

FIG. 4. Morphology of bio-electrosprayed mesenchymal stem cells after 1 day of culture: control group (a) and 15 min (b),

30 min (c), and 60 min (d) of BES. Scale bars represent 1 lm. The images were taken using 200� magnification.
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alterations in the morphology, neither in the capacity for adherence and proliferation of this

type of cell which corroborates with the encountered results.20

1. Evaluation of cellular metabolism/proliferation after bio-electrospraying

The MTT test showed that the cells submitted to different BES times remained viable dur-

ing the 15 days of cultivation, presenting gradual and significant proliferation between 1, 7, and

15 days. As can be seen in Figure 5, within each period of evaluated time, no metabolic/prolif-

eration differences were found among the cells submitted to the different BES times and

between these and the control group.

These results show that the cells do not show alterations in their proliferation capacity

even after being exposed to BES for prolonged periods of time.

2. Evaluation of cellular plasticity after bio-electrospraying

After cultivation in induction medium, the cells which were submitted to different BES times

maintained their plasticity and were able to differentiate into adipocytes, osteoblasts, and chondro-

cytes at the same time as the cells which were not submitted to BES (positive control) (Figure 6).

These results are in accordance with a previous study that demonstrated no differences in the differ-

entiation capacity of mesenchymal stem cells in the same lineages after being submitted to BES.7

3. Immunophenotypic profile of MSC after bio-electrospraying

The cells were phenotypically characterized before and after the BES process by expressing

a set of cell surface markers and the absence of others. A list of markers has been described to

define the MSC population. For characterization as MSC, the cells should express mesenchymal

stem cell markers and should not express hemopoietic and endothelial cell markers. The cells

isolated from deciduous teeth pulp were phenotypically characterized as MSC. The cells

expressed MSC markers CD29, CD44, CD73, CD90 and not hemopoietic or endothelial

markers CD14, CD34, CD45, CD184, and HLA-DR. The STRO-1 is a mesenchymal stem cell

marker that showed low expression in this study. This value is in accordance with other works.

However, as shown in a previous study of this research group, there is the possibility of the

STRO-1 being internalized in these cells.11

The flow cytometry analysis showed that the cells submitted to BES maintained the same

characteristics of size and complexity, forming a homogenous cellular population (data not

shown). In corroboration with the in vitro differentiation, the flow cytometry results showed

that electrosprayed MSC were positive for typical markers of the mesenchymal stem cells and

showed low expression for non-mesenchymal markers, with no difference to the control group

FIG. 5. MTT assay showing no differences in the metabolism/proliferation between the control group and the bio-

electrosprayed MSC after 1, 7, and 15 days in culture. The bio-electrosprayed MSC showed a gradual and significant

increase of viable cells over 15 days. (n¼ 5) (***P< 0.001 using two-way ANOVA)
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(p> 0.05) (Table I). Even after longer BES time periods, there is no alteration in the immuno-

phenotypic profile of MSC, indicating that the multipotency of these cells was preserved after

BES. This result was also observed by Abeyewickreme et al., who demonstrated that after

BES, murine embryonic stem cells continue to express the genes Oct4, Sox2 and Nanog, main-

taining their pluripotency. However, it should be highlighted that the processing time of these

cells by BES was not cited by the authors.9

4. Evaluation of DNA damage after bio-electrospraying

The comet assay is widely used for the evaluation of DNA damage and repair in eukaryotic

cells. Performing the comet assay in alkaline conditions affords the detection of single and

FIG. 6. Chondrogenic, adipogenic and osteogenic differentiation of MSC after staining with specific dyes for each differen-

tiation protocol. The results showed no differences in the plasticity of bio-electrosprayed MSC at any time during analysis,

compared to the positive control group (n¼ 3). Black arrows indicate fat deposits. Scale bars represent 1 lm. The pictures

were taken using 400� of magnification.
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double strand breaks and alkaline label sites in the DNA macromolecule.21 Therefore, the

comet assay was performed with the aim of verifying if BES produces genotoxicity for MSC.

MSC were submitted to 15, 30, and 60 min of BES. After performing BES, the cells were incu-

bated for 3 different time periods (1, 3, and 5 h) and the comet assay was realized.

After 1 h of incubation, an increase of DI was detected in the cells submitted to 30 and

60 min BES (Figure 7(a)), indicating the existence of breaks in the DNA. These results suggest

that the submission of cells to BES for more prolonged periods of time provokes cellular geno-

toxicity. The effects of this technique on cell DNA have not been greatly studied. Many works

have been published regarding the genotoxic effects of electromagnetic fields; however, these

results have been both conflicting and controversial.8 In the studies that indicate an increased

genomic instability, it is suggested that DNA single and double breaks are one of the factors for

the increase of genotoxicity, though the exact mechanism of action has not been demonstrated.22

Another factor that may have caused the breakdown of cellular DNA was the fact that the

cells are not in a completely adequate environment during the BES process. The cells were

TABLE I. Immunophenotypic profile of bio-electrosprayed MSC (n¼ 3). Results less than 0.1% were considered 0%.

Time of BES

Control (0 min) 15 min 30 min 60 min

CD29 99.6 6 2.0% 98.9 6 1.2% 98.6 6 2% 98.4 6 2%

CD44 74.0 6 28% 74.6 6 23% 71.4 6 32% 69.8 6 38%

CD73 99.5 6 0.5% 99.3 6 0.7% 99.0 6 1% 99 6 1%

CD90 99.6 6 2.3% 99.3 6 0.7% 98.7 6 2.1% 99.1 6 1.4%

CD14 0.1 6 0.1% 0.2 6 0.3% 0.1 6 0.2% 0.1 6 0.06%

CD34 0% 0% 0% 0%

CD45 0.1 6 0.2% 0.1 6 0.1% 0% 0%

CD184 0% 0% 0% 0%

HLA-DR 0% 0.1 6 0.1% 0.1 6 0.2% 0%

STRO-1 0.1 6 0.1% 0.1 6 0.1% 0.1 6 0.2% 0.1 6 0.1%

FIG. 7. DNA damage evaluation in MSC after 15, 30, and 60 min of BES (n¼ 3). Cultured cells for 1 h before performing

the comet assay (a), cultured cells for 3 h before performing the comet assay (b) and cultured cells for 5 h before performing

the comet assay (c). Comparison between time of culture before performing the comet assay (d). The DI reduction suggests

DNA repair. (P< 0,05, **P< 0,01 and ***P< 0,001 using ANOVA followed by Tukey post-test)
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electrosprayed under different conditions from the ideal culture conditions (different tempera-

ture of 37 �C and different atmosphere of 5% CO2). These parameters may have caused or con-

tributed to DNA damage.

In order to evaluate the profile of these breakages over time, evaluations were also carried

out after 3 and 5 h BES. In these evaluations (3 and 5 h) no significant difference was observed

between the tested groups and the control (Figures 7(b) and 7(c)). These results indicate that

the cells incubated for more time, before performing the comet assay, have time to carry out

repairs of potential alterations to their DNA. To evaluate the possibility of DNA repair, the DI

in the same BES times was compared to the different incubation periods (inter-groupal analy-

sis). After 3 and 5 h incubation, it was verified that the DI in the group of 60 min of BES was

significantly reduced in comparison with 1 h incubation, corroborating with the fact that there is

probably a DNA repair mechanism (Figure 7(d)).

Although not significant, an increase in the DI was observed between 1 and 3 h incubation

for the group of cells submitted to 15 and 30 min of BES (Figure 7(d)). Some types of DNA

damage, such as oxidation, depurination and deamination of bases, which can be related to heat

and reactive oxygen species (ROS) induced by BES, did not directly cause macromolecule

breaks and therefore they are not detected by the comet assay. However, during the process of

DNA repair, the excision of the altered bases occurs, causing breaks in the DNA macromole-

cules.23 During this stage, an increase in DNA migration can be evaluated by comet assay. This

increase in the damage index which occurs after 3 h of cell recovery could be associated with

the beginning of the repair process of the bases.

It was observed that in the control group, the cells incubated for 1 and 3 h exhibited a

higher DI than the cells incubated for 5 h. The DI value of the control group in the three eval-

uated incubation times (1, 3, and 5 h) is in accordance with the history of Laboratory of

Genetic Toxicology for negative controls. The recommendations set out in the comet guidelines

have been followed. In these situations, there is no DNA damage induction and the damage

observed is derived from the cellular basal metabolism.17,24 When incubated for 5 h, the control

cells showed lower DI value. This event was probably observed as a result of the time available

for cellular DNA repair. The DI values found in the control group are also in accordance with

other works that showed a similar range of basal DI values.25 In the study of Ghaderi and col-

leagues, mesenchymal stem cells used as a control group of comet assay exhibited a higher

damage index from cell basal metabolism (until almost 40, arbitrary index) than the DI found

in the present study.26 The variation of DI values found in the control group also occurred in

other studies.27 In the work of Hackenberg and colleagues, the authors also show a variation of

DI values in the control groups using mesenchymal stem cells.28 This data suggest that the sig-

nificant difference observed in the DI values between the control groups (1 h and 5 h cells incu-

bation, 3 h and 5 h cells incubation) are not physiologically significant.

The comet assay showed important results about the MSC processing by bio-

electrospraying. However, the question remains about what causes cellular DNA damage: the

BES process, the inadequate environmental conditions during the BES process or both. In the

future, more studies about cell DNA damage will be carried out using a control group for each

MSC processing by BES (15, 30, and 60 min). Although the cause of cell DNA damage has not

been elucidated, this work brings substantial results about the use of BES to process MSC. The

study shows that the MSC from deciduous teeth can be safely electrosprayed until 15 min, with-

out have any type of damage. The results obtained after BES for cellular viability, proliferation,

plasticity and immunophenotypic profile does not seems to be a peculiarity of MSC. Different

types of cells have already been submitted to BES and had no change in their biological char-

acteristics.7,8,29 However, if different conditions or BES parameters are used, different results

may be found and then, new experiments can be performed.

IV. CONCLUSION

The study demonstrated that BES, using a 15 kV voltage and 15 min of time period, can be

applied to process MSC, without causing alterations to the cell viability, proliferation capacity,
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plasticity, immunophenotypic profile and DNA damage. When the BES time was increased, it

was observed that BES technique caused damage to cell DNA. Nevertheless, the cells were ca-

pable of repairing this damage after 5 h of cultivation. The results presented in this study dem-

onstrated that BES can be safely used as a seeding technique of human MSC in scaffolds and

therefore can be applied to tissue engineering. The combination of BES and electrospinning

techniques affords the development of scaffolds with cells homogeneously distributed along

their structures. This ensures the formation of a true 3-D system, favouring correct remodelling

and tissue formation.
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