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Vahabodin Goodarzi, PhD, Applied In this study, grafted gelatin with oligoaniline (GelOA) was synthesized and then
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19945-546, Tehran, Iran. PVA/GelOA were electrospun to fabricate electroactive scaffolds. GelOA was charac-
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mixed with Poly (vinyl alcohol) (PVA). Several scaffolds with different ratio of

terized using Fourier-transform infrared spectroscopy (FTIR); moreover, nanofiber

Mohammad Reza Saeb, PhD, Department of properties were evaluated by differential scanning calorimetry (DSC), thermogravi-

Resin and Additives, Institute for Color metric analysis (TGA), and scanning electron microscope (SEM) analyses. Nanofibers
Science and Technology, P.O. Box 16765-654, . . - . .

Tehran. Iran. diameter was decreased with aniline oligomer increment form 300 to 150 nm because
Email: saeb-mr@icrc.ac.ir of the hydrophobic nature of the aniline oligomer. Aniline oligomer electroactivity was

studied using cyclic voltammetry, which exhibited two redox peaks at 0.4 and 0.6.
Moreover, aniline oligomer enhancement resulted in melting point increasing from
220°C to 230°C because of the crystallinity increment. To assess the biocompatibility
of nanofibers, cell viability and cell adhesion were tracked using mesenchymal stem
cell (MSCs). It was revealed that the presence of aniline oligomer leads to enhancing
the conductivity, thermal properties and lowering the degradation rate and drug
release. Among of different scaffolds, sample with high content of GelOA shows bet-

ter behavior in physical and biological properties. Accumulative drug releases under
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1 | INTRODUCTION

As mimicking tissue is a main goal in tissue engineering, various tech-
niques have been developed to fabricate biomimic scaffolds such as
salt leaching, 3D bioprinting, phase separation, casting, self-assembly,
gelation, and electrospinning. Emulating extracellular matrix (ECM) as
a dynamic cell niche by scaffolds can improve the tissue regeneration.®
3D scaffolds as porous media can structurally mimic the EMC, which
can regulate the cell behavior. Architected scaffolds should exhibit
the proper biocompatibility, cell proliferation, growth, adhesion, and
differentiation. Designed scaffolds should also possess the high inter-
connected porosity with enormous specific surface area to provide the
proper milieu with sufficient oxygen and nutrient permeation to sup-
port cell population and their distribution appropriately.>*

Among different methods, nonwoven nanofiber mats can be fab-
ricated by electrospinning technique as a simple and useful skill in
which fibers diameter can be altered from microns to nanometers.”
Various natural and synthetic polymers such as chitosan,®” agarose®
starch,”1© Poly(lactic acid) PLA,** polycaprolactone (PCL)*2 have been
used to fabricate the electrospun nanofibers.'® In this regards, wide
ranges of properties such as enriched mechanical/thermal proper-
ties,1* conductivity® and porosity*® can be achieved by the selection
of proper materials. Nanofibers along with high surface to volume
ratio and adjustable mechanical, porous topological features, low cost,
tunable flexibility, and strength as an applicable technique have been
utilized in various applications with on large scale!” such as removal,'®
wearable strain sensors,'” high temperature detector,®® and fuel
cells,?* exchange membrane®?> moreover, nanofibers can provide a
proper milieu for cellular activities.?®

Gelatin is one of the most promising biocompatible materials,
which are fabricated form collagen hydrolysis as a major protein of
connective tissue. This material is more affordable in comparison with
collagen containing Arg-Gly-Asp (RGD)-like sequences of amino-acids,
which enhance cell proliferation, adhesion, and migration. However,

gelatin lacks suitable mechanical properties and rapid degradation rate

applied electrical field at 40 minutes showed that the drug release for stimulated con-

dition is about 33% more than the unapplied electrical field one.

conductive fiber, electroactive scaffold, gelatin, nanofiber, oligoaniline, tissue engineering

because of collagenase action.2*2° To overcome such problem, gelatin
has been blended with other polymers to enhance its properties. Poly
(vinyl alcohol) (PVA) as a semicrystalline synthetic, hydrophilic polymer
with proper mechanical, chemical, and thermal properties has been
widely used for in tissue engineering. PVA properties depend on its
polymerization and hydrolysis degree.?>?” It was reported that the
oxidized level of the PVA affects the nerve regeneration. Oxidized
PVA (OxPVA) along with axon regeneration exhibited the proper elas-
ticity and manipulation. OxPVA promoted the myelination and axon
density.?® In comparison with other biomaterials, PVA shows an excel-
lent effects in biomedical application like to ECM. For example, epoxy
materials due to existing of toxic low molecular weight can resulted in
cell toxicity.2?32 Moreover, PVA has hydrophilic property and dissolve
in water, but epoxy families are soluble in organic solvent.>*¢ There-
fore, this result is powerful warranter in biocompatibility and biode-
gradability of PVA. In comparison with polyolefin families,” !
hydro-catalytic degradation rate of PVA can be tuned to targeted tis-
sue. PVA exhibits a proper hydrophilicity role in cell attachment while
this property in polydimethylsiloxane (PDMS) and other thermoplastic
polymers are very weak.*>** Various types of polymeric scaffolds can
be generated by many methods. Electrospinning is a powerful tech-
nigue in manufacturing of numerous scaffolds. In this method poros-
ity, size of fibers and also mechanical properties can be easily
controlled by operational factors.*> Production of biodegradable
nanofibers can be effective in generation of high performance scaf-
folds. On the other hand, doped PVA with various nanoparticle and
other conductive materials developed a new class of materials with
unique features and high application in many fields such as photocat-
alytic activity, anticorrosive, and hyperthermia.*¢? Therefore, modifi-
cation of PVA is performed based on its application and properties. A
main method for improving of PVA properties is blending with other
polymeric materials. In this regard, some related researches have been
reported in Table 1.

In recent decades, requirement to new materials is very necessary

due to progress in many scientific fields. In among of various materials,

TABLE 1 Some related researches about of properties and applications of Poly (vinyl alcohol) (PVA)

Material Application

Graphene oxide-PVA Enzyme immobilization

Polyvinyl alcohol-chitosan Antioxidant
Chitosan/polyvinyl alcohol/zeolite Membrane
Starch-polyvinyl alcohol Packaging

ZnO/polyvinyl alcohol/chitosan Wound dressing

Abbreviation: PVA: Poly (vinyl alcohol)

Three-dimensional network structure, more binding sites, high stability
Freezing-thawing, enhanced thermal and mechanical performances
Increased tensile strength, high adsorption rate

Biodegradable, high tensile strength, controlled permeability

Low water vapor transmission rate, low absorption of wound fluids

Properties Ref

50

51

52

53

54



SHOJAIE ET AL.

WI LEY@%?@%_ s

conductive materials are very interested. Conductive materials such as
carbon nanotube,®” graphene,®® graphene oxide,>” polyaniline,”® poly-
pyrrole,®” and metal®®? have been widely used in various applications
2 electromagnetic interference (EMI) fielding,®®

t,%4 catalysis,65 battery,f"s"67 CO, reduction,®®
71-73

including corrosion,®
polluted water treatmen

970 and medicine.

structural composites,

It has been demonstrated that the conductive substrates enhance
the cellular activity with and without electrical stimulation. Different
electroactive moieties including gold, carbon nano tubes, graphene,
and conductive polymers have been utilized in tissue engineering.”*
Conductive polymers like polyaniline, polypyrrole, and polythiophene
have attracted intense attentions because of their adjustable properties
and unique behavior. Cellular/protein attachment can be altered by
adjusting the redox state of the conductive polymer. Among
conductive polymers, polyaniline due to the ease of synthesis, tunable
conductivity, and affordable cost has been widely used for biomedical
applications.”® However, in vivo usage of conductive materials due to

d.”® Due to such

their nondegradability/poor degradability is restricte
restriction, new emerging conductive oligomers have been attracted
significant attentions in tissue engineering field. Oligoaniline-based
conductive bio materials have been proposed to provide the proper
biocompatibility and conductivity along with proper degradation rate.””

Mohammadi et al synthesized polyaniline-based nanofibers for

cardiac tissue engineering. It was demonstrated that the conductive
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FIGURE 1
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technologies
substrate enhance the induced pluripotent stem cell differentiation
to myocardium cell in comparison with nonconductive substrate.”®”?
Also, it has been reported that the agarose-aniline pentamer enhances
the neural regeneration.® Oligoaniline-based biomaterial degradation
rate can be tuned in comparison with polyaniline. Aniline oligomers
can be used to adjust the scaffold properties such as mechanical fea-
ture, hydrophilicity, and degradation rate and drug release.! Atoufi
et al synthesized alginate-aniline tetramer scaffold, which exhibited
the shape-memory behavior, adjustable swelling, and degradation
rate.®2 Gelatin-aniline oligomer hydrogel was synthesized with on-
demand electro-responsive properties in which the loaded drug was
fabricated
PLA/polyaniline nanofibers for bone regeneration. It was reported that

released with arbitrary pattern®® Chen et al
the nanofibrous structure resulted in proper cytocompatibility, calcium

mineralization, proliferation, and osteogenic differentiation.®*
Fernandes et al fabricated poly lysine/polyaniline nanofibers for car-
diac regeneration. Electrical stimulation using such platform enhanced
the cellular activity.®> Cellular behavior can be regulated using various
stimulation methods such as electrical stimulation, hydrodynamic

798687 \which it has been demonstrated

pressure, and culture media,
that the electrical stimulation as a unique technique enhances the cel-
lular activity.2® Baheiraei et al fabricated electroactive scaffolds com-
posed of polyurethane/aniline pentamer, blended with PCL as

cardiac patch. Synthesized samples exhibited electrical conductivity
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(A) Fourier-transform infrared spectroscopy (FTIR) peaks of sample (B) UV-Vis of doped and undoped samples (C) cyclic voltammetry
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in semiconductor range (~107> S/cm) and upregulated neonatal
cardiomyocytes genes compared with that on nonconductive sub-
strate.®” In another study, the authors demonstrated that
polyurethane/siloxane films containing aniline tetramer, as an
electroactive structures, are compatible with proliferation of C2C12
and have the potential to improve formation of myotubes even with-
out external electrical stimulation.”®
In our previous study,®3 conductive hydrogel based on gelatin was
synthesized, and the optimum percentage of the aniline oligomer was
determined to achieve the best biocompatibility. Here, in this study,
conductive nanofibers based on gelatin-oligoaniline/PVA were syn-
and well-defined scaffolds

thesized, were manufactured by

electrospinning technique. We hypothesized that enhanced
electroactive role of the architected scaffolds can be effective on cel-
lular function. Furthermore, we extensively studied general and cell
behavior including conductivity, electroactivity, thermal behavior,
morphology, and biocompatibility on the developed gelatin-

oligoaniline/PVA scaffolds.

2 | MATERIALS AND EXPERIMETALS

2.1 | Materials

Gelatin, PVA, N-Phenyl-p-phenylenediamine, glutaraldehyde, and
p-phenylenediamine were purchased from Sigma-Aldrich Co.,
Germany. Succinic anhydride, ammonium peroxidisulfate (NH,),5,0s),
and solvents were received from Merck Company (Germany). All

materials were utilized without any purification.
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2.2 | Gelatin-aniline oligomer synthesis and spinning
solutions preparation

To achieve the carboxylic capped aniline oligomer, the same molar of
succinic anhydride and N-Phenyl-p-phenylenediamine were dissolved
in dichloromethane being reacted at 50°C for 48 hours. After that, it
was added to gelatin solution, and ammonium peroxidisulfate was
added dropwisely to the mixture to achieve the gelatin with
oligoaniline (GelOA).

PVA was dissolved in water for 24 hours, then, solution was stirred
at 50°C for 4 hours to achieve the 15 wt.% aqueous homogeneous
solution. Different ratios of PVA/GelOA (1:10, 3:10, and 5:10) were
prepared, which were designated G1, G2, G3, respectively. Spinning
solution was stirred at room temperature overnight. 10 cc syringes with
0.4 mm inner diameter needle were utilized for electrospinning. The
flow rate, needle-collector distance, and applied voltage were
50 pl minutes™2, 15 cm, and 15 kV, respectively. After electrospinning,
nanofibers were exposed to the glutaraldehyde vapors overnights.
Finally, electrospun nanofibers were rinsed using deionized and then

were rinsed using PBS to remove the nonreacted residual.

2.3 | Characterization

The synthesized structures were characterized using Fourier-
transform infrared spectroscopy (FTIR) apparatus using Bruker instru-
ment (Germany) form 4000 to 600 cm™! wavelength at room temper-
ature. UV-Vis was utilized to determine the oligoaniline transition

state using Shimadzu Multispec spectrophotometer (Japan).

PVA
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G

FIGURE 2
[Colour figure can be viewed at wileyonlinelibrary.com]
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(A) Synthesis route of gelatin with oligoaniline (GelOA) (B) electrospinning method (C) schematic of GelOA (D) self-assembly of GelOA
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2.4 | Conductivity measurement and electroactivity
evaluation

Four-probe method was utilized to determine the samples conductiv-

ity using the following Equation 1:

(-9

where S, d, R, and o are surface area, thickness, resistance, and
conductivity. Cyclic voltammetry (C.V.) and UV-Vis were utilized to
assess the electroactivity using micro auto lab and UV spectroscopy
instrument, respectively. Doped and undoped transition states of
oligoaniline were studied in the ranges of 260-1000 nm. To evaluate
the C.V. working, reference and counter electrodes were carbon paste,
Ag/AgCl and platinum, respectively along with scan rate of 50 mVs™1.

WI LEY@SL@%{;’%_ s
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2.5 | Thermal behavior analysis

Thermal behavior of samples was studied using thermogravity analysis
(TGA) and differential scanning calorimetry (DSC). DSC was performed
under nitrogen atmosphere from 0°C to 250°C at 10°C minutes ..
TGA was utilized to investigate the thermal stability under nitrogen
atmosphere from ambient temperature to 800°C at 10°C minutes !

heating rate.

2.6 | Morphology analysis

Nanofibers morphology was studied using Hitachi (Japan) scanning
electronic microscopy (SEM). To prepare for SEM imaging, the nanofi-
bers were sputter coated using gold sprouting. Nanofibers diameter

and their distribution were also studied using Image J software.
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(A) Poly (vinyl alcohol) (PVA) nanofibers (B) G1 nanofibers (C) G2 nanofibers (D) G3 nanofibers [Colour figure can be viewed at
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2.7 | In vitro biodegradation

To assess the degradation rate, nanofibers were immersed in PBS
being incubated at 37°C. At specific time intervals, nanofibers were
removed from PBS, washed with deionized water, and dried. After
that, samples were weighted to calculate the degradation rate (%)
using Equation 2. To assess the degradation rate, sterilized scaffolds
were dried and weighed before being placed in PBS (pH = 7.4) at
37°C. At different intervals, samples were taken out, washed with DI
water, and dried in a vacuum. The percentage of weight loss was cal-
culated as

loss(%) = w x
1

Weight 100, 2)

where W4 and W, are the weights of the samples before and after
degradation, respectively.

2.8 | Drug release behavior

Drug release behavior from nanofibers was studied using dexametha-

sone (DX) from corticosteroid family member with immune-
suppressant and anti-inflammatory feature. In this regards, determined
amount of DX was poured in spinning solution and was electrospun.
To evaluate the release pattern, nanofibers were soaked in PBS to
determine release rate. The release amount of drug was determined

by UV-Vis spec at 237 nm.

2.9 | Biocompatibility evaluation

To evaluate the biocompatibility, mesenchymal stem cells (MSCs)

(received from Pastor Institute of Iran) were cultured on nanofibers,
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and MTT assay was performed. In this regards, samples were sterilized
using UV and ethanol. Samples were immersed in culture medium
(Dulbecco's Modified Eagle's Medium) overnight. Following that, sam-
ples were rinsed by PBS, and MSCs were seeded on them,; after that,
cell viability was assessed. Cytocompatibility evaluation was per-
formed using 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium
bromide (MTT, Sigma) colorimetric assay after 1, 3, and 5 days post
seeding. Before cell culture, sterilized scaffolds were incubated with
complete medium of Dulbecco's Modified Eagle's Medium F12
(DMEM F12; Gibco) with 100 IU/mL penicillin, 100 IU/mL streptomy-
cin, and 10% fetal bovine serum (FBS; Gibco) over night. Then, 3 x 104
cells were seeded over scaffolds in 96 well culture plates and incu-
bated at 37°C. At each interval, 150 uL solution containing a 5:1 ratio
of media and MTT (5 mg/mL in PBS) was added to each well for
3 hours. The medium was then removed, and the formazan precipi-
tates were dissolved in dimethyl sulfoxide (DMSO, Gibco). The optical
absorbance at 570 nm was measured using a microplate reader.

The morphology of the cultured cells was evaluated by SEM after
48 hours. Cells were fixed in 2.5% glutaraldehyde and dehydrated
with graded ethanol solutions (10%, 30%, 70%, 90%, and 100%)
before being coated with gold and investigated by SEM.

2.10 | Statistical analysis

One way analysis of variance (ANOVA) was used for significant differ-

ence (P < 0.05) of deviation among parameters.

3 | RESULTS AND DISCUSSIONS

Succinic anhydride was used to cap the oligoaniline to hinder the fur-

ther reactions. Oligoaniline carboxylic capped was reacted with gelatin
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(A) Differential scanning calorimetry (DSC) and (B) thermogravimetric analysis (TGA) diagram of samples (C) thermal analysis of
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amine groups using ammonium peroxidisulfate. To assess the chemical
structure of the GelOA, FTIR spectrum was utilized, which is presented
in Figure 1A in which reveals the peaks at 1236 and 1520 cm™t is
related to the N—H out-of-plane bending bond of amine types Il and
Il. C=0 stretching vibration is presented around 1630 cm™%, and C—H
stretching vibration alkyl groups appear around 2935 cm™*. Character-
istic peaks of GelOA is presented around 1496 cm™ and 1580 cm™?,
which are attributed to the benzenoid diamine ring (—N—B—N—) and

—=—PVA/Gel

Residual Weight (%)

s
g0 —v—G3 v _
T . T & T " T * T
1 3 5 7 9

Degradation Time (Week)

FIGURE 5 Degradation kinetics of nanofibers [Colour figure can be
viewed at wileyonlinelibrary.com]
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Amirkabir University
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quinine diimine ring (—N=Q=N-—). Figure 1B depicts two transition
peak at 334 nm relate to the rt-it* transition and peak at 584 nm ascribe
to the (MB-nQ).
Solvatochromism effect was observed after doping GelOA using cam-

benzenoid-to-quinoid  excitonic  transition
phor sulfonic acid, which peaks was shifted to 320 and 420 nm.

Figure 1C illustrates that the electroactivity the aniline oligomer,
which fluctuates between reduction and oxidation states. CV test
exhibits two reversible peaks at 0.4 relate to transition from
leucoemeraldine to emeraldine state and 0.6 ascribe to emeraldine
state | to emeraldine state Il (Figure 1D). Steric hindrances and short
chain segments caused to restrict in complete redox state transition
and two state of redox state were observed. Four probe method
was used to evaluate the nanofibers conductivity. It was revealed that
the GelOA content increment resulted in conductivity increasing. DC
conductivity measurements of G1, G2, and G3 were about
2.1 x 107, 8.4 x 1074, and 3.6 x 107> (S/m), respectively, which are
adequate value (human body voltage is about 1 ~ 5 mV) for bioelectri-
cal signal transfer and tissue regeneration.”!

The synthesis steps from preparing of GelOA component and for-
mulating of PVA/GelOA solution for electrospinning method are sche-
matically shown in Figure 2.

SEM images (Figure 3) of nanofibers reveal that the oligoaniline
addition decreases the nanofibers diameter. Fiber diameter of PVA,
G1, G2, and G3 were around 342, 283, 228, and 195 nm, respectively.
Oligoaniline presence in polymeric chain segment resulted in hydro-
phobicity of nanofibers (Figure 3B, Figure 3C, and Figure 3D). In aque-
tended to

ous media,

oligoaniline

segments encapsulate
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FIGURE 6

(A) Cell adhesion on G1, (B) cell viability of nanofibers [Colour figure can be viewed at wileyonlinelibrary.com]
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spontaneously within the soft gelatin chains, and nanofibers diameters
were decreased. Aniline oligomer presence enhanced the solution
hydrophobicity, and the solution viscosity was decreased. Viscosity
decrement resulted in fiber diameter decrement.”?

Thermal behavior of nanofibers was studied by TGA and DSC
(Figure 4). DSC results revealed that the oligoaniline enhanced the
crystallinity and melting temperature of the nanofibers. Oligoaniline
acted as a nucleating agent and enhance the crystallinity, and there-
fore, melting temperature was increased. TGA was utilized to study
the thermal stability of the nanofibers. Oligoaniline presence in poly-
mer chains enhances the thermal stability because of its rigid struc-
ture. Three steps are observed in TGA curves, which first step before
250°C is attributed to the solvent and moisture volatilization trapping
within mats, the second step between 200°C and 400°C is related to
the gelatin/PVA degradation, and final step is related to the
oligoaniline degradation and carbonization.”®

Figure 5 exhibits the degradation rate of the nanofibers degrada-
tion rate. It is revealed that the nanofibers diameter and hydrophobic-
ity are effective factors in degradation process. Accordingly, all
samples obeyed the same degradation kinetics. All samples obeyed
the same degradation kinetics. Lower diameter of nanofibers resulted
in higher surface area of nanofibers exposes with aqueous media;
hence, degradation rate was enhanced with lowering the nanofibers
diameter. On the other hand, oligoaniline presence in nanofibers
structure hindered the aqueous media penetration and repels the
aquatic milieu. In this regards, G1 represented the lower degradation
rate. Fibers degradation can be attributed to the polymer chain and
hydrolytic chain cleavage relaxation in aquatic milieu.?*

The cell adhesion on surface of selected nanofiber matt (G1) and
MTT assay were investigated and presented in Figure 6. Cell attachment
of G1 sample is depicted in Figure 6A and 6B at two magnifications.
Notably, attached cells on surface of scaffolds can be clearly seen. This
observation advent in electroactive gelatin-oligoaniline pair of scaffolds.
This property extensively increases rate of ions exchange, and cells grow

more. MTT assay was utilized to evaluate metabolic activity of cells grow-
ing on prepared platforms and obtained results showed in Figure 6C. It
was demonstrated that the G1 had the highest biocompatibility.
Oligoaniline endowed the conductivity to the nanofibers, which
enhanced the cellular activity due to the electroactivity of substrate
causing to chemical and energy exchange between platform and cells.
In this regards, MSCs proliferation was enhanced on conductive
nanofiber rather than nonconductive one. It was speculated that the
increment of oligoaniline concentration in nanofibers caused to cellular
toxicity, and cellular growth was hindered. Hence, oligoaniline content
should be optimized, which G1 exhibited the best performance.

Dynamic drug release from nonconductive and conductive nano-
fibers (NF), stimulated and passive release and mechanism of drug
release of electroactive scaffold were presented in Figure 7.

Dynamic drug release from scaffolds with nonconductive and
conductive NF without applied electrical field was presented in
Figure 7A. Release pattern of DX from nonconductive NF was higher
than conductive NF. This can be due to the presence of grafted
oligoanilines on gelatin backbone because its hydrophobicity
increases. Therefore, resistance to water penetration in conductive
NF enhanced. This finding is a critical feature in electroactive scaffolds
for modulating of drug release. Such method can be used as an on-
demand drug release with desired pattern.”>?¢

Drug release from electroactive scaffold with and without electri-
cal field was depicted in Figure 7B. As can be realized from this figure,
applied electrical field (stimulated) has substantially effect on release
profile. By comparing between cumulative drug releases values of pas-
sive and stimulated conditions showed that the drug release at
40 minutes for stimulated condition is about 33% more than the pas-
sive one. As expected, drug accumulation centers inside of
electroactive scaffold destroyed under applied electrical field.

For better realizing about drug release from electroactive scaffold
under applied electrical field, a clear mechanism was presented in
Figure 7C.
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4 | CONCLUSION
Mimicking the ECM behavior as a cell niche is a challenging task in tis-
sue engineering. Nanofibrous conductive scaffolds can recapitulate the
ECM milieu. In this regards, conductive polymer based on gelatin and
oligoaniline was synthesized after that it was electrospun to achieve
the nanofibrous structure. FTIR was utilized to characterize the nanofi-
bers characteristics. DSC and TGA were used to evaluate the thermal
behavior of the samples. Oligoaniline presence endows the conductiv-
ity to the nanofibers along with thermal stability enhancement. Nanofi-
bers diameters were reduced with increasing the oligoaniline content
because of the oligoaniline hydrophobicity and solution viscosity dec-
rement. Nanofibers diameter decrement causes to higher exposure
with aquatic media, which resulted in increasing degradation rate.
Oligoaniline content should be optimized to achieve the best content
to achieve the proper conductivity along with higher compatibility,
which G1 exhibited the best biocompatibility. Oligoaniline presence in
nanofibers hindered the drug release rate because of the entrapment
of DX within oligoaniline. On-demand drug release can be achieved
by electrical stimulation. Conductive nanofibers because of the ECM-
like structure can be used potentially as a wound dressing, neural con-
duit, and cardiac patch. Such platform can pave a way to design novel
scaffolds to emulate the tissue properties.
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