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RESULTS
Scanning Electron Microscopy (SEM)

Scanning electron microscopy (SEM)
images were obtained from the experimental
groups described in the methodology, which can
be observed in Figures 2 and 3.

The applied electrospinning technique
resulted in the synthesis of misaligned NFs for
all groups.

Measurement of the nanofiber diameter
by software imageJ

After obtaining the SEM images (Figure
2 and Figure 3), ImageJ software was used to
measure the NFs’ diameter. Table 2 was used to
analyze the distribution of diameters obtained
for each experimental group.

In G1, the obtained NFs had diameters
ranging from 97-254nm. However, the highest
percentage of NFs had a diameter in the range
of 128 to 160 nm, in which the mean value of
the fibers was 174.46nm.

In G2, the obtained NFs had diameters
ranging from 58-211nm. However, the highest
percentage of NFs had a diameter in the range
of 100 to 130nm, and the mean fiber value of
this group was 123.57nm.

In G3, the obtained NFs had diameters
varying between 117-239nm. However, the
highest percentage of NFs had a diameter in the
range of 150-190nm, and the mean value of the
fibers in this group was 178.69nm.

In G4, the obtained NFs had diameters
ranging from 82-327nm. However, the highest
percentage of NFs had a diameter in the range
of 82-123nm, and the mean value of the fibers
in this group was 143.11nm.

In G5, the obtained NFs had diameters
varying between 85-190nm. However, the
highest percentage of NFs had a diameter in the
range of 110-130nm, and the mean value of the
fibers in this group was 129.73nm.

In G6, the obtained NFs had diameters
varying between 83nm-392nm. However, the
highest percentage of NFs had a diameter in the
range of 125-170nm, and the mean value of the
fibers in this group was 160.83nm.

Table 2 - Mean and Standard Deviation of each group of
nanofibers (all measurements are in nanometers)

Gl G2 G3 G4 G5 G6

'\("nen?)” 174.46 123.57 178.69 14311 129.73 160.83
SD 2596 27.07 24.749 40.69 22.07 54.06

Figure 2 - Photomicrography of the experimental conditions (2000x).
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Figure 3 - Photomicrography of the smaller diameters of the experimental conditions (4000x and 5000x).

Fourier Transform Infrared
Spectrophotometer
FTIR was performed to physically

characterize the nanofibers obtained by the
PEMA and TiO2 blends. FTIR spectroscopy is
important in investigating the structure of the
compound, as it provides information on the
interactions between the various constituent
elements of polymer blends. Investigation
is possible by this assay because the atoms

forming the molecules have specific vibration
frequencies, which vary according to the
structure, composition and mode of vibration of
the specimen [18].

The following parameters were evaluated:
distance of 12cm between needle tip and
collector, flow rates of 0.05 and 0.08mLh' and
17kV, corresponding to groups 2 and 5 evaluated
by the SEM test and diameter measurement by
ImageJ software, being considered the most
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effective parameters in the synthesis of NFs. The
of PEMA and PEMA/TiO2 spectra in the flow rate
condition of 0.05m mLh-1 and the PEMA/TiO2
in the flow rate condition of 0.08mLh-1 overlap
the graphs in the previous visual comparison of
the obtained results.

According to the literature and chemical
structure of PEMA, and very similar to poly
(methyl methacrylate) (PMMA) [19], the
difference between them is in the chain of
the group allocated to methacrylate. PMMA
contains the methoxy group (-OCH 3) bonded
to the carbonyl (C = O), while the PEMA has
the ethoxy group (-OC 2 H 5) bonded to the
carbonyl.

The vibrational frequency of PEMA
can be found in the literature. According to
Venkatesh et al. (1985), the bands observed at
2991, 2942 and 2927cm™ have been attributed
to C-H stretching overlapping the methylene
(-CCH 3) and ethylene (-OC 2 H 5) groups. In the
study by Sim LN et al. (2012), the characteristic
peaks of PEMA due to the stretching of the
carbonyl group [v (C = 0O)], deformation of
CH2 [ (CH2)], asymmetric O-C2H5 flexion [y
(OC2H5), torsion of [T (CH2)] and vibration
asymmetry of COC stretching bond [va (COC)]
are observed at 1723, 1476, 1446, 1388 and
1142cm’!, respectively.

Regarding titanium, the bands at 700,
643 and 550cm! are characteristic of TiO? in the
anatase crystalline form [20].

Energy Dispersive X-Ray Spectroscopy
(EDS)

The specimen x-ray energy values from
the EDS spectrum are compared with known
characteristic x-ray energy values to determine
the presence of an element in the specimen.
Elements with atomic numbers ranging from
that of beryllium to uranium can be detected.

EDS showed the presence of C and O in
the nanofiber specimens, thus characterizing the
presence of PEMA, while Ti was also found by re-
calibrating the presence of TiO2 (Figure 5).

DISCUSSION

Antimicrobial agents have been pursued
as an alternative strategy for reducing initial
microorganisms adhesion and biofilm formation
on prosthesis surfaces [21,22]. Moreover,
biomaterial characteristics such as composition
and surface topography also influence the
biofilm [22]. In this study, a synthesis pattern
with the best biomimetic characteristics of
PEMA scaffold with TiO2 was studied.

The electrospinning technique produced
nanofibers with a thinner diameter and
consequently larger surface area than the
conventional  spinning  processes [23].
Nanofibers can present beads which are
considered a common problem, and whose
occurrence depends on avoiding processing
variables [24], as described by other studies
[16]. The desired morphology would have
uniform fibers without beads which would make
its reproduction reliable, and a smaller diameter
for obtaining hair surface area for higher storage
and consequently delivery drugs [25].

The mean diameter of a nanofiber
depends on the spinning parameters, but the
solution concentration is the most crucial
[26]. The solution concentration in this study
was the same for the all specimens, and the
mean diameters did not present a statistically
significant difference between the groups, thus
demonstrating that all parameter combinations
were effective for the NF production.

In the electrospinning process, the jet
goes against the collector as soon as the voltage
exceeds the superficial energy of the solution.
The jet may suffer instabilities in this stage,
resulting in non-uniform nanofibers with a
reticular aspect [27]. This formation can be
observed in the C and F micrographs.

The 12 cm distance between the needle
tip and the NF collector resulted in smaller
diameters for the two evaluated flow ratios,
and the 0.08 mLh-1 flow rate resulted in NFs
with the smallest diameter (123 um) (Figure 3).
The adjustment in the parameters is essential
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for NFs with desired morphology and diameter.
The distance between the tip of the injector
and the collector should be the minimum able
to guarantee total solvent evaporation, and the
maximum so that the electric field is effective in
stabilizing the Taylor cone, and consequently in
the formation of NFs [14,16].

By means of the diameters, we can
suggest that the execution ratio did not change
the graph pattern for the PEMA/TiO2 blends.
In addition, all components (PEMA and TiO2)
can be found in the final version of the NF. This
can be seen in Figures 4 and 5, in which we can
detect the presence of characteristic TiO2 and
PEMA bands.

The electrospinning process produced

nanofibers with potential applications in many
fields [28]. Nanofibers have been exploited
as novel means for the controlled release of
drugs because they have a surface area ratio by
increased volume [13]. A drug delivery system
is possible with scaffolds of biocompatible
polymer matrices to deliver therapeutic agents
[29]. The oral mucosa is an attractive site for
administrating drug delivery because it is
highly vascularized and has reduced enzymatic
activity when compared to mucous, intestinal,
rectal and nasal mucosa, and is less sensitive
to damage and irritation when compared to
nasal epithelium [30]. In this study, PEMA
nanofibers with TiO2 were produced aiming for
the controlled release of the agent in loco, acting
in the control and prevention of the Candida
albicans microorganism.
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Figure 4 - FTIR Spectra
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Figure 5 - EDS Spectra

The electrospinning technique was
efficient for producing NFs containing PEMA
and TiO2, while electrospinning parameters
influenced the structural morphology. The
most efficient parameters for producing NFs
from the blends (PEMA and TiO,) was the
distance of 12cm between the needle tip and

C Error (1 Sigma)

[wt. %]

the NF collector for the two studied flow rates,
maintaining the tension constant at 17kV; this
standardization is very important for optimizing
the in-scale production of these NFs. Regarding
future perspectives, these NFs can be inserted in
dental materials to obtain antifungal action.
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