Piezoelectric Electrospun Nanofibrous Materials for Tissue Engineering Applications
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Abstract

Cardiovascular disease is known as the major cause of death all around the world
today. In the majority of cases, cardiovascular disease leads to myocardial
infarction, heart attack, which can trigger heart failure and death. In these cases,
the damaged part of the heart will become scar tissue and the heart has poor
regeneration ability; by this way, tissue engineering is a suitable way for
regenerating the scar tissue. Electrospinning is a promising method for fabricating
scaffolds for cardiac tissue engineering. In this research, an electrospun nanofibrous
hybrid scaffold was fabricated. This scaffold was based on alginate. In order to
increase the mechanical properties and piezoelectric properties of the cited
scaffold, PVDF was added to alginate. To prepare this scaffold, alginate solution and
PVDF solution were prepared separately and then they transferred into two
different syringes; then by the help of dual electrospinning these two solutions,
with their own suitable rates, made the nanofibrous scaffold. The fabricated
nanocomposite scaffold was analyzed by scanning electron microscopy (SEM) to
determine the fiber diameter and evaluate the fiber morphology. Also, fourier
transform infrared (FTIR) spectroscopy and Water Contact Angle test were done in

this project to evaluate the properties of the fabricated hybrid scaffold.
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The schematic figure of the electrospinning process. The polymer solutions are
poured in the syringes; in this method high-voltage electricity is used to draw
charged threads of polymer solutions to fiber diameters.

Experimental Details

PVDF solution preparation

The solution was prepared by dissolving the powder of the PVDF polymer in the
mixture of solvents (DMF/acetone 5:5) at 70 °C (the polymer concentration in the
solvents was 18% wt). After 20 minutes, a homogeneous solution was obtained,
and the degassing was done at room temperature for 5 minutes.

Alginate solution preparation

The solution was obtained by solving 0.3 grams of alginate in 10 ml of distilled
water for 45 minutes. Meanwhile, for increasing the viscosity and preparing the
alginate solution a PEO solution was added to the alginate solution. The PEO
solution was prepared by solving 0.3 grams of PEO in 10 ml of distilled water
(overnight) at 50 °C. The final solution contained 70% alginate solution and 30%
PEO solution (these two solutions must be stirred at room temperature for about
30 minutes to make a homogenous solution).

The scaffold preparation
The Alginate/PVDF scaffold was prepared with the ratio of 70/30% wt.
Electrospinning preparation

The stable solutions at room temperature were transferred in two 5 ml syringes and
fed to the electrospinning needles. 18 kV was applied at the tip of the needles. The
flow rate of alginate solution was 0.3 ml/h and this parameter for PVDF solution
was 1.00 ml/h. The distance between the needles and the collector was fixed at 15
cm. The electrospinning machine in this research was supplied by Nano Azma.

Procedure of crosslinking

A day after the electrospinning, the fabricated mats soaked in 2:1 wt ethanol/water
solution with the addition of 3% wt CaCl2 for 2 purposes: elimination of the carrier
PEO and alginate crosslinking at the same time. Then, the rinse of the mats was
done, three times with distilled water, in order to eliminate the remaining
substances which were used for crosslinking. Finally, the lyophilization of the mats
was done, overnight, in order to take out the excess water amount.

Morphological study of the fabricated scaffolds

The fiber morphology of the fabricated scaffolds was analyzed by scanning electron
microscopy (SEM). Before imaging, gold coating of the scaffolds was done by using
a sputter coater. Image analysis software (Image J) was used to determine the
average fiber diameter. At least 10 fibers in each image were considered for
calculation.

Fourier Transform Infrared spectroscopy

Fourier Transform Infrared (FTIR) spectroscopy was carried out to understand the
presence of PVDF in the scaffold. It is also used for determining the crosslinked
scaffold.

Water contact angle

Hydrophilicity was determined on a video-based optical contact angle meter. 3 x 1
cm samples were used for measuring the contact angle and ascertaining the
hydrophilicity. These samples were fixed on a glass microscope slide. Then
instillation of a drop of water was done on the samples which were situated on
meter stage. The contact angle was measured in software and the average of 3
angles is reported for each sample.

Result and Discussion

Morphology of the fabricated scaffolds

SEM images as shown in figure 1, represent the fiber morphology of alginate/PVDF
(70/30% wt) and PVDF scaffolds. The measured diameter of the fibers in crosslinked and
non-crosslinked situations are almost equal. Consequently, the crosslinking does not
cause any specific changes on fibers’ diameter.

Figure 1: A: PVDF based scaffold. The average fiber diameter in this scaffold was 95.22
nm. B: Crosslinked Alginate/PVDF scaffold. The average Alginate fiber diameter in this
scaffold was 59.93 nm and PVDF fiber diameter was 104.55 nm .C: Non-crosslinked
Alginate/PVDF scaffold. The average Alginate fiber diameter in this scaffold was 51.4
nm and PVDF fiber diameter was 131.81 nm

Hydrophilic properties

The hydrophilicity of a scaffold for regeneration of scarred heart is a decisive factor. It
paves the way for better cell growth and attachment because cardiomyocytes favor
hydrophilic surfaces. PVDF is completely hydrophobic; on the other hand, alginate is
hydrophilic. Their combination has a contact angle between them. Both crosslinked and
non-crosslinked alginate/PVDF scaffolds were tested and as we expected the non-
crosslinked scaffold showed better hydrophilicity.
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a: the PVDF based scaffold showed a hydrophobic characteristic and the shape of the water drop
did not change during the test time. b: The crosslinked Alginate/PVDF scaffold showed better
hydrophilicity and c: the non-crosslinked Alginate/PVDF scaffold had the highest hydrophilicity

and the water drop had completely lost its drop shape.
FTIR Spectroscopy
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A: PVDF. The main peaks are shown between 1000 and 1500 cm-1; so, sharp peaks in this
period prove the presence of PVDF. B: Non-crosslinked Alginate/PVDF. The sharp peaks

between 1000 cm-1 and 1500 cm-1 can be observed which prove the presence of PVDF; also,

another sharp peak is shown in 3000 cm-1 which is related to presence of Alginate in the
fabricated polymer scaffold .C: Crosslinked Alginate/PVDF. In this figure not only are sharp

peaks related to PVDF and Alginate shown, but also other peaks can be observed which are

related to crosslinking materials and it can demonstrate that the crosslinking procedure is
done.
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Conclusion

We have fabricated a scaffold which has the combination of two different polymers
with different properties. In this project 3 different tests were done on the
fabricated scaffold and the results were discussed. Due to the piezoelectric
characteristic of PVDF, this polymer is able to speed up the regeneration process of
the heart. But PVDF is hydrophobic and non-biodegradable; therefore, it is not
allowed to be the predominant part of a scaffold. We chose alginate as the
predominant and main polymer of the scaffold because of its suitable
biocompatibility and hydrophilicity. In conclusion, the fabricated scaffold, based on
the tests which are done in this project, is able to provide suitable characteristics
and properties for cardiac tissue engineering.
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