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In this work, polyvinylidene fluoride (PVDF) fibre
loaded with mineral powders, such as titanium dioxide (TiO;),
barium titanate (BaTiO;), and calcium magnesium silicate
(CaxMgSi;0,), were prepared by electrospinning polymeric
suspensions containing 20 wt.% PVDF and 3 wt.% powder.
The piezoelectric polymer was combined with powders
having antibacterial, piezoelectric, or bioactive properties,
respectively, in the desire to obtain multifunctional materials
compatible with the requirements of the medical field. All
powders were characterized in terms of morphology and
crystalline structure, which confirmed the nanometric
character of TiO, samples and micrometric one for the other
two, as well as the lower crystallite size for TiO, specimens
as against BaTiO; and CaMgSi;0,. The final fibrous scaffolds
were homogeneous, composed of individual fibres with a
diameter below 1 um and decorated with aggregates of
inorganic particles, placed either inside the fibres or attached
to their surface. The biological evaluation demonstrated the
superiority of the composites towards the plain polymer in
terms of cell viability.

in aceasta lucrare, fibrele de fluorura de
poliviniliden (PVDF) incarcate cu pulberi minerale, cum ar
dioxid de titan (TiO,), titanat de bariu (BaTiO;s) si silicat de
calciu si magneziu (Ca.MgSi.0O,), au fost preparate prin
electrofilarea de suspensii polimerice contindnd 20 %grav
PVDF si 3 %grav pulbere. Polimerul piezoelectric a fost
combinat cu pulberi avadnd proprietdti antibacteriene,
piezoelectrice, respectiv bioactive, din dorinta de a obtine
materiale multifunctionale compatibile cu cerintele
domeniului medical. Toate pulberile au fost caracterizate din
punctul de vedere al morfologiei si structurii cristaline, ceea
ce a confirmat caracterul nanometric al probelor de TiO; si
cel micrometric pentru celelalte douda, precum si
dimensiunea de cristalit mai mica pentru specimenele de
TiO; fata de BaTiO; si Ca.MgSi.O,. Scaffoldurile fibroase
finale au fost omogene, compuse din fibre individuale cu
diametru sub 1 um si decorate cu agregate de particule
anorganice, plasate fie in interiorul fibrelor, fie atasate la
suprafata acestora. Evaluarea biologicd a demonstrat
superioritatea compozitelor fata de polimerul simplu in ceea
ce priveste viabilitatea celulara.
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1.Introduction

Tissue  engineering  represents  the
combination of two increasingly studied fields of
research, materials engineering, and medical
engineering, which lead to the development of
materials that can be used to obtain potential
substitutes for biological tissue [1, 2, 3]. Thus, the
corresponding researchers have studied materials
belonging to different classes in their attempt to find
the best combinations that lead to optimized
properties. Considering the category of inorganic
materials, these were mostly approached for solving
hard tissue-related problems, such as small,
localized defects or extended defects generated by
trauma or resections. Therefore, systems like
calcium phosphates [4], simple or mixed oxides [5,
6], and even complex compounds from the class of
silicates [7] were extensively integrated into
applications for which biocompatibility is a key
feature. For example, the in vivo tests performed on
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calcium pyrophosphate (Ca2P207) demonstrated
that it can be recommended for the regenerative
treatment of bone defects [8]. It was also reported
that the scaffolds made of calcium orthophosphate
(CaPO4) induce bone formation and vascularization
[9]. Switching to oxides, these were mostly
approached as active phases, which could either
confer antibacterial properties to the bone substitute
matrix or open the possibility of external control
through controllable stimuli. Titanium dioxide (TiOz2)
can be included in the first situation, since it showed
strong antibacterial potential against both Gram-
negative and positive bacteria and antioxidant
activity [10], while barium titanate (BaTiOs) was
proven to possess piezoelectric properties
comparable to dry bone [11] or ferromagnetic
features which allows the development of
personalized implants by controlling the local
magnetic response through the applied field and
spatial arrangement [12]. The third important family
of compounds is that of calcium magnesium silicates
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(CMS), which were recently loaded on
polycaprolactone fibres, resulting in cell-friendly
supports with a better cellular proliferation as the
powder concentration increases and enhanced
bioactivity with calcium content growth [13].

In the field of tissue engineering and
regenerative engineering, polymers are also of real
interest. Due to its unique mechanical properties,
polyvinylidene fluoride (PVDF, (C2H2F2)n) is
considered among the most important synthetic
polymers [14]. PVDF is a semi-crystalline, flexible
polymer [15], with thermal and chemical stability
[16], biocompatibility, and resistance to aging over
time [17]. It has five polar and non-polar phases: a,
B, v, € and 06 [18]; from them all, the B phase is the
best for demonstrating its excellent piezoelectric
and pyroelectric properties [19, 20], therefore it can
be integrated into various applications, such as
electronics [21], energy storage [17], sensors [22]
and medical devices [23]. Several researchers have
already demonstrated the potential of PVDF-based
materials for the design of wearable sensors and
human energy harvesters [24]. In terms of tissue
engineering purposes, it has been shown that
electrosprayed PVDF substrates naturally induce
human mesenchymal stem cell differentiation into
other lineages when chemically stimulated [25].
PVDF was also employed for the fabrication of an
intestinal sleeve implant, being concluded that the
films inserted in the digestive tract of rats for the
treatment of type 2 diabetes show potential for the
control of these diseases [26].

The electrospinning method is the best one
for obtaining fibres due to the adjustable parameters
[27] and the results obtained [28], namely long and
continuous fibres [29], with different diameters [30].
After analysing the influence of the processing
parameters on the morpho-structural and electrical
properties of PVDF fibrous layers, Castkova et al.
[31] revealed that the mean fibre diameter
decreases and (3 phase content increases as the
applied voltage rises; moreover, the piezoelectric
activity was higher in the transversal direction than
in the longitudinal one. When combined with silver
nanoparticles, PVDF electrospun mats exhibited
higher permittivity due to the conductive nature of
the metal and improved interfacial polarization; such
behaviour recommends these composites for
applications such as supercapacitors,
nanogenerators and self-powering devices [32].
Sta. Agueda et al. [33] also studied PVDF fibres
synthesized by electrospinning, the promising
mechanical integrity of the corresponding scaffolds
offering the opportunity to develop an alternative
treatment for End Stage Renal Disease.

PVDF fibres are used in the medical field
either as unitary systems or for obtaining composite
materials. Some researchers reported the obtaining
of bifunctional PVDF/TiOz fibrous scaffolds by
electrostatic spinning technology and hydrothermal
reaction method; these presented high efficiency in

oil/lwater emulsion separation and excellent
photocatalytic degradation performance of organic
dyes [34]. Arif et al. [1] also prepared PVDF/TiO2
composite membranes by a phase-inversion
technique and demonstrated their antibacterial
activity generated by TiO2 nanoparticles; briefly, the
growth rate of E. coli decreased dramatically with
the increase of TiOz loading, but a too high
concentration of oxide could lead to particle
agglomeration and subsequently to fewer active
sites for bacteria killing. On another hand, Su et al.
[35] showed that the dielectric properties of
PDVF/BaTiOs composite membranes with finger-
like pore structure are increased thanks to BaTiO3
nanoparticles incorporation in PVDF membranes
processed by a non-solvent induced phase
separation, even though the particles were not
dispersed uniformly; the compatibility and
dispersion were enhanced by using a silane
coupling agent. Another group tried to mimic the
extracellular matrix and enhance the piezoelectric
response, so he proposed PVDF/BaTiOs fibrous
scaffolds fabricated by electrospinning onto a
rotating drum to promote the fibre alignment and
embedding micro- and nanosized tetragonal
BaTiOs particles; the presence of BaTiOs powder
led to a decrease in fibre diameter and superficial
charge density but also hindered the bioactivity of
PVDF fibres [36]. Moreover, Rodrigues et al. [37]
developed PVDF/nano-hydroxyapatite (nHAp)
fibrous scaffolds by electrospinning the polymer,
modifying the surface by oxygen plasma treatment
and electrodepositing nHAp; the slight reduction in
thermal stability was counterbalanced by the
important bactericidal and bioactive properties, as
well as the high osteoblasts viability, making them
a feasible alternative for bone grafts. When it comes
to the combination of PVDF with silicates, no paper
was found in the scientific literature. There are only
some studies regarding the development of
PVDF/SiO2 composite membranes. One of them
describes the production of such materials by a
non-solvent thermally induced phase separation
method, which allows the tunning of membrane
morphology and pore structure, resulting in high-
performance systems suitable for oil/water
emulsion separation [38].

The present work reports on the integration
of titanium dioxide (TiOz), barium titanate (BaTiO3s),
and calcium magnesium silicate (CaxMgSi2Oy)
powders into polyvinylidene fluoride (PVDF) fibres
through the electrospinning technique. Afterward,
the samples were analysed from physicochemical
and biological point of view to determine their
potential for the development of specific medical
applications.  Such  combinations  between
polymeric and mineral phases, processed in the
form of one-dimensional structures, have been
addressed to a small extent by now, which gives us
the opportunity to propose new and improved
biomaterials with multifunctional properties.
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2. Materials and methods

2.1.Materials

The mineral powders were synthesized by
wet-chemistry methods, as follows: titanium dioxide
(TiO2) by sol-gel (T-sg) and precipitation (T-pp),
calcium magnesium silicate (A, starting from
akermanite oxide composition) by sol-gel, while
barium titanate (BaTiOs, BT, 99 %, particles < 3 um,
Sigma-Aldrich) was commercially available. The
details of all routes are given in [39] for TiO2 and [40]
for A. Briefly, titanium(IV) isopropoxide (Ti(O-i-Pr)4,
97 %, p = 0.96 g/mL, Sigma-Aldrich, Burlington, MA,
USA) and isopropyl alcohol (i-PrOH, = 98 %) were
used as Ti precursor and solvent, with nitric acid
(HNOs) for pH adjustment in the case of sol-gel
method and calcination at 500 °C for both situations.
On the other hand, calcium nitrate tetrahydrate
(Ca(NOs)2-4H20, 99 %, Sigma-Aldrich, Burlington,
MA, USA), magnesium nitrate hexahydrate
(Mg(NOs3)2-6H20, 99 %, Sigma-Aldrich, Burlington,
MA, USA) and tetraethyl orthosilicate (Si(OEt)s,
TEOS, 98 %, Sigma-Aldrich, Burlington, MA, USA)
were used as cationic precursors, with nitric acid
(HNOs) as pH regulator and thermal treatment at
1300 °C.

Polyvinylidene fluoride (PVDF, (CH2CF2)n,
275.000 g/mol, Sigma-Aldrich, Burlington, MA,
USA), dimethylformamide (DMF, HCON(CHzs)2, =
99.9 %, Sigma-Aldrich, Burlington, MA, USA) and
acetone (Ac, CH3COCHSs, = 99.9 %, Sigma-Aldrich,
Burlington, MA, USA) were employed as polymer
and solvents for the fibres fabrication.

2.2.Methods

The electrospinning approach was selected
for the obtaining of fibres based on PVDF and
inorganic powders (T-sg, T-pp, BT, A). First, 3 wt%
powder was dispersed in the solvent mixture
(DMF:Ac = 2:3) by ultrasonication for 10 min; then,
20 wt% PVDF was added and solubilised by
magnetic stirring for 3 h, at 80 °C. The solvent ratio
and polymer concentration were chosen after an
extended study previously performed by our
research group [6]. Thus, DMF as a single solvent
or the combination of DMF with dimethyl sulfoxide
did not allow the formation of one-dimensional
structures, while a ratio of 1:1 or 4:1 between DMF
and Ac led to beaded fibres or favoured the
electrospraying process instead of electrospinning.
However, the increase of PVDF concentration up to
20 % always had a beneficial impact on diameter
constancy over long distance. The homogenised
solutions were electrospun using as spinneret a
blunt tip stainless steel needle with an inner
diameter of 0.8 mm and applying the following
conditions: 1 mL/h feeding rate, 18 kV high voltage,
20 cm spinneret - collector distance, aluminium foil
collector, 23 °C ambient temperature and 39 % air
humidity.

2.3.Materials characterization

The samples morphology and elemental
composition were investigated by scanning electron
microscopy (SEM), with a Quanta Inspect F
microscope (FEI Company, Hillsboro, OR, USA)
equipped with energy-dispersive X-ray
spectroscopy (EDS) probe, as well as dynamic light
scattering (DLS), with a DelsaMax Pro equipment
(Beckman Coulter, Brea, CA, USA). To ensure
conductive surfaces for the SEM evaluation, the
samples were coated with a thin layer of gold by DC
magnetron sputtering; during operation, the
electron beam was accelerated under a voltage of
30 kV, having a spot size of 3.5. For the DLS
experiments, 4 mg of powder were dispersed in 12
mL ultrapure water by ultrasonication for 10 min;
two measurements on different specimens from the
same sample were conducted. In order to elucidate
the phase composition and crystal structure, X-ray
diffraction (XRD) was also performed, with a
Shimadzu XRD 6000 diffractometer (Shimadzu
Corporation, Kyoto, Japan), employing Ni-filtered
Cu Ka radiation (A = 1.54 A); 26 was ranged
between 20 and 70 °, with a scan speed of 2 °/min
and a step size of 0.02 °.

2.4.Biological characterization

Mouse fibroblast cells L929 were grown in
MEM supplemented with 2 mM L-Glutamine, 10 %
fetal calf serum (FCS), 100 units/mL of penicillin,
and 100 pg/mL of streptomycin, at 37 °C, in a
humidified incubator, under an atmosphere
containing 5 % CO2. All cell cultivation media and
reagents were purchased from Biochrom AG
(Berlin, Germany).

Cell viability was evaluated using 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay at 24 and 48 h after the cells
were seeded onto the analysed fibrous scaffolds.
Briefly, the surfaces were sterilized in flow with UV
light, 15 min on each side. Following the
sterilization, 1 cm? squares were placed in 24-well
plates and seeded with 20.000 cells/well for 24 and
48 h. After the desired time passed, the medium
was exchanged with medium containing MTT and
further incubated for 4 h in the incubator. Finally, the
solution was extracted and the formed crystals were
dissolved in dimethyl sulfoxide (DMSO). Negative
control was represented by cells cultivated only in
medium on aluminium foil. The percentage of viable
cells was obtained using Equation (1).

Cell viability = [(As,q0f treated cells)/
(Asyp0f untreated cells)] x 100 (%) (1)
Fluorescence microscopy was used to
investigate the cellular morphology of L929 cells
grown for 24 h on the prepared materials. The cells
were grown as described above for 24 h, then
washed with PBS, fixed in 4 % paraformaldehyde
dissolved in PBS for 15 min, and washed again with
PBS for 15 min. Further, the cells were stained with
Acridine Orange (20 pg/mL) for 15 min and washed
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Fig. 1 - SEM mages of the mineral powders: (a) T-,

(b) T-pp, (c) BT, and (d) A.

Imagini SEM ale pulberilor minerale: (a) T-sg, (b) T-pp, (c) BT si (d) A.

again with PBS. Finally, the samples were mounted
on glass slides, and the fluorescence images were
recorded using a disc scanning confocal
microscope (Andor DSD2 Confocal Unit, Belfast,
UK) mounted on an Olympus BX51 epifluorescence
microscope, equipped with a 40x objective. A
suitable filter cube (excitation filter 466/40 nm,
dichroic mirror 488 nm, and emission filter 525/54
nm) was employed for the acquisition of the images.

3. Results and discussion

The features of the mineral powders
employed as decorations are shown in Fig. 1. Both
TiO2 powders (T-sg and T-pp) are nanosized, with
quasi-spherical particles gathered in micrometric
agglomerates; the particle size estimation led to
values below 10 nm, maybe slightly higher for the
sol-gel method (Fig. 1a vs. Fig. 1b). BT powder, a
valuable piezoelectric ceramic [41-43], corresponds
to the description provided by the supplier,
consisting of polyhedral pieces with dimensions
below 3 ym, sometimes tightly packed in bunches
(Fig. 1c). Going to the silicate powder, it is obvious
that the applied temperature of 1300 °C enabled a
partial sintering, fact that promoted the occurrence
of porous bodies of several micrometres, in which
the boundaries between large, rounded grains are
clearly visible (Fig. 1d). Basically, powdery systems
consisting of entities with sizes ranging from several
nanometers to few microns were selected as
inorganic phases for studying both the
morphological impact on PVDF fibre formation
through electrospinning and the effect of such
combinations on the cellular behaviour at short
stages.

For an overview of the previously approached
powders, DLS experiments were conducted, the
results being listed in Table 1. According to the size
evaluation performed by optical means, the particle
diameter is quite different for the two TiO2 samples,
namely a diameter at least double for T-pp
compared to T-sg; however, this result can be an
artifact if we consider that the aggregates made of
nanoparticles are difficult to split due to their high
surface energy that can be reduced only by creating
clusters. The value obtained in the case of BT
powder is compatible with the information given in
the product sheet, as well as the SEM observations.
A surprising diameter was achieved only for A
sample, below 1 pm, which suggests that the
application of ultrasounds before analysis has a
pronounced repercussion on the disintegration of
the noticed micrometric porous bodies. The values
of Zeta potential place all powders in the area of
instability, while the polydispersity index reveals a
larger size distribution for A powder, bimodal and
asymmetric.

The inorganic loadings were also
investigated from a structural point of view (Fig. 2).
The associated XRD patterns indicate single phase
and tetragonal symmetry for both TiO2 (ICDD 00-
084-1286) and BT (ICDD 00-081-2201). It can be
observed that a very small quantity of secondary
phase appears in the case of T-sg, namely another
type of order in TiO2 (rutile as against anatase,
ICDD 00-084-1284). The silicate powder consists of
four crystalline phases, all in high proportions and
with well-known bioactive potential [44]: tetragonal
akermanite (Ca:MgSi2O7z, ICDD 00-083-1815),
monoclinic merwinite (CasMgSi2Os, ICDD 00-074-
0382), monoclinic diopside (CaMgSi2Os, ICDD 00-
083-1817) and monoclinic calcium disilicate
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Table 1

Hydrodynamic diameter, Zeta potential, and polydispersity index of the mineral powders, extracted from the dynamic light
scattering experiments / Diametrul hidrodinamic, potentialul Zeta si indicele de polidispersitate ale pulberilor minerale, extrase din
experimentele de impréastiere dinamica a luminii.

Powder Hydrodyn(annr:;: diameter Zeta(;l)Tc‘)\t;)entlal Polydispersity index
T-sg 608.15 + 11.24 25.82+0.44 0.23 +0.01
T-pp 1467.60 + 159.24 21.64 +1.70 0.10+0.12
BT 960.00 + 12.45 —22.38+0.13 0.16 + 0.01
A 737.60 + 35.50 —26.35+ 1.34 0.57 + 0.00

(CazSiO4, ICDD 00-083-0464, ICDD 00-083-2457).
Even though the synthesis started from the oxide
composition of akermanite, the reactions that
occurred at high temperatures enabled the
formation of binary or ternary compounds, the
difficulty of obtaining single-phase in such cases
being well-known.
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Fig. 2 - XRD patterns of the mineral powders: (a) T, (b) BT, and
(c) A./ Analizele XRD ale pulberilor minerale: (a) T, (b) BT si (c)
A

In Fig. 3a, non-woven networks of fibres,
arranged randomly, with various diameters
(between 100 and 1000 nm) and fusiform entities in
places can be distinguished. The number of beads
is probably reduced due to the application of a high
voltage of 18 kV. The addition of mineral powders
into the electrospinning solutions caused significant
changes in terms of scaffold morphology (Figs. 3b-
e). In the case of T-sg powder (Fig. 3b), the fibres
mostly embed agglomerations of TiO2 particles,
which is not beneficial for expressing their
antibacterial activity [45], the active surface being
blocked. However, T-pp powder (Fig. 3c) is
localized as agglomerations of TiO2 particles
between PVDF fibres, which is desirable for the final
application, namely the limitation of bacteria growth
and reproduction. In both cases, the powder
distribution appears to be quite homogeneous over
large areas. Arif et al. [1] employed 0.005, 0.01, and
0.02 g TiO2 with anatase phase per 1 g of PVDF,
the powder being incorporated in the polymeric
membrane; the corresponding samples exhibited
excellent antimicrobial properties against Gram-
negative E. coli. In our case, the weight ratio
between PVDF and TiO2 was 20:3, namely 0.15 g
TiO2 per 1 g of PVDF, which means a much higher
content of inorganic powder in the resulting fibrous
scaffolds. Taking into account the fact that some of
the particles can sediment gravitationally in the
syringe before being expelled in the electric field,
the real concentration of the discontinuous phase
may be significantly lower than the designed one.
Nevertheless, it is expected to achieve a good
response in terms of antibacterial activity even in
these conditions.

The addition of BT powder (Fig. 3d) leads
to a network that includes BT particles in a manner
that does not affect the fibre continuity and does not
dramatically change its diameter (300 - 900 nm). A
much better spatial dispersion and a narrower size
distribution of the mineral clusters seem to be
reached, maybe because the efficiency of the
applied ultrasounds in the homogenization stage
was higher than in the case of the nanosized
powders. Almeida et al. [36] used three different
sizes of commercial BT powder and set the weight
ratio between PVDF and BT at 6:1, 4:1, and 3:1;
considering the closest concentration to ours (6:1),
the electrospun composite fibres displayed an
average diameter of 0.7 ym, which is quite similar
to the results in this paper, but also the highest
percentage of living cells at the cytotoxicity analysis.
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Fig. 3 - SEM images of the electrospun samples with 3 % powder loading:
(a) PVDF, (b) PVDF-T-sg (c) PVDF-T-pp, (d) PVDF-BT and (e) PVDF-A.
Imagini SEM ale probelor electrofilate cu incarcare de 3 % pulbere:

(a) PVDF, (b) PVDF-T-sg (c) PVDF-T-pp, (d) PVDF-BT si (e) PVDF-A.
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Moreover, the authors also showed that BT
particles hinder the alignment of PVDF in the fibres,
a fact that could alter the piezoelectric properties.

Akermanite powder (Fig. 3e) is found both
inside and outside the fibre because the high
processing temperature favored the formation of
large, sintered blocks. However, the fibres are not
interrupted and have constant diameters over long
distances (400 - 900 nm). Moreover, the beads do
not disappear completely, being sometimes
confused with the diameter increase given by the
powder inclusion. The inorganic phase is present to
a lesser degree, an aspect that was expectable to a
certain extent since the large volume of Ak entities
stimulates their deposition at the bottom of the
syringe, making impossible their further embedding
in the fibres. Though, anchoring of some bioactive
blocks at the surface of PVDF fibres could ensure
active areas for fast mineralization when introduced
in simulated body fluids or living organisms.

The EDX spectra recorded on the plain
PVDF fibres, as well as those combined with
inorganic powders (Fig. 4) highlight the common
elements, namely: C, F, O (fluoropolymer), Al
(collecting foil), and Au (coating for SEM analysis).
Considering the EDX spectra made on network
areas having obvious decorations with different
types of aggregates, Ti, Ba, Ca, Mg, and Si
elements also appear, as proof of the successful
fibre loading.

Al
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°EF§§E
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Fig. 4 - EDX spectra of the electrospun samples with 3 %
powder loading / Spectrele EDX ale probelor electrofilate cu
incarcare de 3 % pulbere.

After the cellular testing, it was found that
the proposed scaffolds are not cytotoxic and sustain
cell proliferation. Thus, the cell viability of PVDF-T-
sg, PVDF-BT, and PVDF-A grew with the increase
in seeding time, while PVDF-T-pp presented a
slightly lower value after 48 h, as can be seen in Fig.
5. Overall, the response given by the composite
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Fig. 5 - Cell viability for fibroblast cells in contact with the
electrospun samples for 24 and 48 h.
Viabilitatea celulara pentru celule fibroblaste in contact cu
probele electrofilate timp de 24 si 48 h.

samples is superior to the one displayed by the
polymeric network, which encourages the
continuation of this study in order to extend the
biological characterization.

The fluorescence images of L929 cells
grown on the analysed samples are presented in
Fig. 6; these were used to investigate cell
morphology, adhesion, and spreading on the
surface, the interaction between cells and material
also indicating its biocompatibility. Cell attachment
to other cells or surfaces plays an important role in
cellular processes and signalling, like cell growth,
division, and migration [46, 47]. Depending on the
surface properties, the attachment and spreading of
the cells can vary from conditions that favor the
development of the cells, found for biocompatible
materials, to ones where the cells exhibit rounded
and shrank morphology, indicating a surface to
which the cells show less affinity [48-51]. The
images recorded for fibroblast cells grown on glass
slides  (Control  conditions) exhibit their
characteristic morphology: a large, oval nucleus
and a spindle shape cell body with the size between
20 and 30 pm (Fig. 6A). When it comes to the
prepared scaffolds, L929 cells displayed a good
attachment to the corresponding surfaces after 24
h, with the typical morphology of the Control cells,
independent of the surface composition (Figs. 6B-
F). Based on the morphological features of the
investigated cells, it can be stated that the images
reveal similar results to those previously reported
for cell viability. Thus, the results indicate that
independent of the sample characteristics, all
developed materials have good biocompatibility
concerning L929 cells.
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Fig. 6 - Morphological evaluation of fibroblast cells in contact with the samples for 24 h:
(A) Control, (B) PVDF, (C) PVDF-T-sg, (D) PVDF-T-pp, (E) PVDF-BT and (F) PVDF-A.
The scale bar is 20 pm and the same for all images. / Evaluarea morfologicéa a celulelor fibroblaste in contact cu probele timp de 24 h:
(A) Control, (B) PVDF, (C) PVDF-T-sg, (D) PVDF-T-pp, (E) PVDF-BT si (F) PVDF-A.
Scala este de 20 um si este aceeasi pentru toate imaginile.

4. Conclusions

Using the electrospinning  method,
composite fibre networks based on polyvinylidene
fluoride were successfully produced, these being
loaded with mineral powders with the aim of
fabricating scaffolds with suitable properties for
application in tissue engineering. The inorganic
components were represented by titanium dioxide,
barium titanate, and calcium magnesium silicate,
motivated by the possibility of conferring additional
properties: antibacterial activity (titanium dioxide)
enhanced piezoelectric properties (barium titanate),
or bioactivity (calcium magnesium silicate).
Following the analyses carried out on the obtained
composites, it can be stated that they show good
homogeneity in terms of loading with inorganic
powders, these being arranged both inside the
fibres and suspended at the intersection between
several fibres. The final materials present a
morphology that facilitates the penetration of cells
inside the scaffold due to the degree of porosity and
pore size, this being beneficial in the targeted
applications. Nevertheless, it should be noted that
the samples based on PVDF and BT particles have
a different appearance, the corresponding fibres
being a little thicker and their continuity not being
modified by the embedded aggregates. The viability
of fibroblast cells contacted with the composites was
always higher than that of PVDF fibres,
demonstrating the potential of these materials to be
integrated into tissue engineering devices as
multifunctional components.
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