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Abstract

Hereby, fabrication of hyaluronic acid/gelatin/sodium alginate (HA/Gel/SA)

polymeric films, which contain electroconductive poly(3,4ethylenedi-

oxythiophene)/poly(styrenesulfonate) (PEDOT:PSS) particles, is studied for

drug release applications. The characterization of synthesized PEDOT:PSS and

HA/Gel/SA-(PEDOT:PSS) films is verified by using FT-IR and RAMAN spec-

troscopy. Conductivity values of the films containing 0, 4, and 6% v/v PEDOT:

PSS are found via a four-point probe technique to determine the optimum

composition of the films for the targeted field. Additionally, swelling, mechani-

cal, and cytotoxicity tests are carried out according to the related methods. Cip-

rofloxacin (CIP), which is a commonly used antibiotic, is loaded into the

polymeric matrix and its release behavior is investigated. All results indicate

that the incorporation of PEDOT:PSS increases the mechanical performance

and decreases the burst release of drug resulted in more sustained release pro-

file. The HA/Gel/SA-(PEDOT: PSS) formulation is clearly a promising drug

carrier that also supports cell viability due to its high cytocompatibility.
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1 | INTRODUCTION

In recent years, electroconductive polymeric films based
on the polysaccharides have been increasingly used to
produce drug carriers for controlled release applications,
since the strong combination of conductivity and biocom-
patibility provides a more controlled release rate and pro-
file in the targeted region as well as supports cell
proliferation, growth, and intercellular electrical
interactions.1–8 This combination provides not only the
electro-sensitive nature, that is a crucial requirement
especially for the transdermal drug release, but also
repeatability of the delivered flux due to the redox prop-
erties of electroconductive networks.9,10 Drug release sys-
tems based on the electroconductive structures promote
the binding and releasing of drugs through electrostatic

interactions, that leads to modulated drug release
patterns with electrical stimulation.9 Additionally, the
formation of electroconductive networks could improve
the mechanical stability of the drug carriers so they reach
the targeted region by acting as a filler material.10–12

Among the conductive polymers, poly(3,4-ethylenedi-
oxythiophene) (PEDOT) is one of the most promising
conductive polymers, which has been used in the forma-
tion of the electroactive biomaterials.13–16 Although
PEDOT has excellent properties, including high conduc-
tivity, ease of synthesis and good thermal and oxidative
stability, it is insoluble in many solvents.17–19 This draw-
back could be eliminated by doping of PEDOT with
poly(styrenesulfonate) (PSS) to create a water-soluble
structure with good film-forming properties. Addition-
ally, using of the PEDOT:PSS in a polymeric network as a
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filler material gives the possibility to enhance the
mechanical strength of the structure. Despite all these,
the low bio-functionality and biocompatibility of PEDOT:
PSS restricts its usage in the biomaterial applications.20

Therefore, the incorporation of PEDOT:PSS within the
polysaccharides such as hyaluronic acid, gelatin, sodium
alginate, chitosan, collagen, and cellulose was mostly pre-
ferred in the production of electroconductive materials,
since these biomaterials have desirable bioactivity and
they improve the biocompatibility and biodegradability
of the structure.21 In the current study, the electro-
conductive polymeric film was fabricated by incorporat-
ing conductive PEDOT:PSS into the sodium alginate
(SA), hyaluronic acid (HA), and gelatin (Gel)-based poly-
meric network for its potential usage as a drug carrier.
SA, whose structure consists of 1,4-linked β-D man-
nuronic acid and α-L-guluronic acid units, is a natural
and nontoxic polysaccharide. It has been commonly used
for various drug delivery systems, because the functional
groups of the structure enable to easily modification.22–25

HA which was used as an anionic polysaccharide, is com-
posed of repeating N-acetyl glucosamine and glucuronic
acid units, possesses the property of the polyelectrolyte
and has an ability to enhance the interfacial
hydration.26–29 Additionally, it shows excellent properties
such as biocompatibility, biodegradability, and being
antifouling towards proteins.30–34 Therefore, there are
many reports involving the controlled drug release from
HA and HA-based polymeric networks.35 However, poor
mechanical performance of HA causes us to limit the
application fields that need the protection of the material
integrity.36–38 The fabrication of HA-based polymeric net-
works, which includes other biopolymer components,
can offer significant advantages compared to the single
use of HA, since the mechanical performance and stabil-
ity are crucial in these type of applications as well as
non-toxicity and biocompatibility.39–41 A possible
approach to improve the mechanical performance is the
modification of HA with Gel due to its mechanical stabil-
ity and good film forming ability.36,37,42,43 Gel is produced
by partial hydrolysis of collagen and has been widely pre-
ferred in biomaterial production owing to its good
bioactivity.44–48 Furthermore, Gel generates outstanding
cell responses because of its arginine-glycine-aspartic acid
sequences supported cell attachment and
proliferation.49–52 As a result of these, it should be clear
that the combination of these three polysaccharides
might create a desired polymeric network with brilliant
properties coming from each of the components. The
structural analysis, electrical conductivity, swelling per-
formance, and mechanical properties of obtained
HA/Gel/SA-(PEDOT:PSS) polymeric films were evalu-
ated, as well as cytotoxicity regarding as the aimed

application field. Ciprofloxacin (CIP), which has a high
efficacy against most of the bacterial pathogens, includ-
ing gram-positive and gram-negative bacteria, was
selected as the model antibiotic drug.53–57 CIP was loaded
into the electroconductive polymeric films to investigate
their usage as a drug carriers. Following that, the release
studies were performed. Many researchers have focused
on producing polymeric networks by using different poly-
saccharides for the controlled release of CIP. In particu-
larly, the binary combination of the polymers is
considered as more favorable to achieve desirable proper-
ties.58 A number of studies have demonstrated drug car-
riers for sustained release of CIP via blending of two
polymers including Gel, SA, HA, and chitosan in order to
eliminate insufficient features such as sensitivity to deg-
radation, poor flexibility and mechanical stability
depending on the aimed application field.59–64 Consider-
ing all of these, the ternary combination of HA/Gel/SA
was prepared in the current study to obtain the drug car-
rier with improved physico-mechanical characteristics
compared to the polymeric network formed by the binary
polymer combination or the individual polymer. The
drug release results indicated that the CIP release from
the HA/Gel/SA-(PEDOT:PSS) polymeric film occurred in
a more controlled manner with a slower release rate com-
pared with the previous studies in the literature, since
this formulation formed a stronger network, where the
drug molecules are encapsulated. The findings of this
study proved that the produced HA/Gel/SA-(PEDOT:
PSS) electroconductive polymeric film formulation might
be potentially used as a drug carrier to provide a favored
network with great cytocompatibility, improved mechan-
ical performance, and controlled release profile for drug
delivery systems.

2 | EXPERIMENTAL

2.1 | Materials

Hyaluronic acid (HA, food grade, MW = 8 � 105 Da), gel-
atin (Gel, medical grade, 280–320 bloom, Type A),
sodium alginate (SA, medical grade, viscosity 250 cps,
25�C), and 1-Ethyl-(3-3-dimethylaminopropyl) carbo-
diimide (EDC) were purchased from Heze Better Bio-
chemical Co., Ltd. (China). 3,4 ethylenedioxythiophene
(EDOT), iron (III) nitrate nonahydrate (Fe[NO3]3.9H2O),
poly(sodium-4-styrene sulfonate) (NaPSS), phosphate
buffer saline (PBS) tablet, ciprofloxacin (C17H18FN3O3),
and ethanol (EtOH) were obtained from Sigma Aldrich.
Cell culture chemicals and solutions including medium
(Dulbecco's Modified Eagle Medium-Roswell Park
Memorial Institute, DMEM-RPMI), antibiotic, trypsin,
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fetal bovine serum (FBS) were purchased from PAN Bio-
tech (Germany). (4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-
2H-5-tetrazolio] 1,3 benzenedisulfonate) (WST-1) cell
proliferation reagent was provided by Roche
(Switzerland). L929 (Murine Fibroblasts) cell lines were
received as gifts from Prof. Julide Akbuga (Marmara Uni-
versity). All the chemicals were used without any
purification.

2.2 | Synthesis of PEDOT:PSS

EDOT (0.8 ml) was dispersed into a 0.1 M NaPSS solution
(15 ml), and the obtained solution was mixed for 30 min
at room temperature. Then, Fe(NO3)3.9H2O (15.3 g) was
dissolved in distilled water (5 ml) and added into the
solution. The reaction was carried out under continuous
stirring for 2 h. The product was collected via centrifuga-
tion at 6500 rpm for 10 min. Following that, the precipi-
tate was cast into a petri dish and dried at 50�C under a
vacuum for 24 h.

2.3 | Fabrication of HA/gel/SA-(PEDOT:
PSS) conductive films

HA/Gel/SA-(PEDOT:PSS) conductive films were fabri-
cated by the solvent casting evaporation method. The
stock polymer solution was obtained by dissolving HA,
Gel, and SA in distilled water (1% w/v) with a proportion
of 10, 45, and 45%, respectively. The PEDOT:PSS suspen-
sion was prepared in PBS (0.1% w/v) by ultrasonic treat-
ment for 10 min and the different amounts of this
suspension (4 and 6 v%) were added into the stock poly-
mer solution. EDC dissolved in EtOH (0.5% w/v) was
added into the obtained mixtures as a coupling agent.
Finally, all mixtures were dried in petri dishes at 37�C for
3 days.

2.4 | Characterization

While the HA/Gel/SA-(PEDOT:PSS) conductive films
were characterized by Fourier transform infrared spec-
troscopy (FT-IR), the chemical structure of PEDOT:PSS
was verified by FT-IR and RAMAN spectroscopy. FT-IR
analyses were carried out using a Perkin Elmer Spectrum
One FT-IR with an attenuated total reflectance (ATR)
unit in the scanning range of 500–4000 cm�1. A Raman
analysis was recorded with a STEX-100 Compact Confo-
cal Raman spectrometer with a laser at 532 nm as the
excitation source. The surface morphologies of the poly-
meric films sputter coated with Au/Pd were investigated

using scanning electron microscopy (SEM) (ZEISS
EVO MA10).

2.5 | Electrical conductivity of HA/gel/
SA-(PEDOT:PSS) films

The electrical conductivity of the films (4% and 6%
PEDOT:PSS v/v) was determined by using Lucas Labs S-
302 Four Point Resistivity Probing Equipment which was
connected to a Gamry Instrument power source in order
to supply the constant current and to read the operating
voltage. Sheet resistivity (ρ) was found by using
Equation (1);

ρ¼ πtV
ln2I

ð1Þ

where t (cm) is the film thickness, V (V) is the potential
difference between the two inner probes, and I (A) is the
current through the outer pair of probes. Then, the con-
ductivity (σÞ values of the films were calculated by using
Equation (2);65

σ¼ 1
ρ

ð2Þ

2.6 | Swelling properties

The water uptake capacity of HA/Gel/SA-(PEDOT:PSS)
films (0% and 4% v/v PEDOT:PSS) was evaluated by
swelling the films in pH 7.4 buffer solution at 37�C for
24 h in an orbital shaker-incubator and measuring the
weight difference of dry and swollen films gravimetri-
cally. Following that, the swelling ratio (SRÞ of the films
was determined according to Equation (3);

SR %ð Þ¼Ws�Wd

Wd
�100 ð3Þ

where Wd and Ws are the weight of the films before and
after swelling, respectively.

2.7 | Mechanical performance

The mechanical performance of film samples was tested
by using a universal testing machine (Zwick Z010 univer-
sal tensile tester, Kennesaw, GA) equipped with a 0.01 N
load cell and 2 mm/min crosshead speed. Film speci-
mens were cut to the same dimensions as a rectangular
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forms (1 � 5 cm). Three film samples were tested for
each condition at room temperature and the average
values were recorded. The results were evaluated in
terms of tensile strength (MPa), elastic modulus
(N/mm2), and elongation at break (%). Tensile strength
and elongation at break were calculated by Equation (4)
and Equation (5) respectively;

TS¼Fmax

A
ð4Þ

E %ð Þ¼ L
L0

�100 ð5Þ

where Fmax (N) and A (mm2) correspond to the
maximum force at break and the cross-sectional area of
the specimen, respectively. L (mm) is the final length of
the film sample at rupture, and L0 (mm) represents the
original length of the film sample prior to the
mechanical test.

2.8 | Cytotoxicity tests

Cytotoxicity of the film samples was investigated by
WST-1 cell proliferation and viability assay with the L929
cell line (Murine Fibroblast) according to the protocol
described precisely in our previous study.66 The measure-
ments were carried out by comparing the number of via-
ble cells (WST-1) between a sample-free control group
and a seeded sample. The absorbance value of WST-1 for
each sample was determined spectrophotometrically at
450 nm by using a Promega Glomax-Multi + detection
system.

2.9 | Drug loading and in vitro release
studies

The film samples, precut into 1 cm2 dimensions, were
swollen in a 500 ppm CIP drug solution for 3 days. Drug
loaded film samples were taken out of from the solution
and washed with distilled water (3 ml) in order to remove
any excess of drug on the surface of the film samples. Fol-
lowing that, the film samples were dried at room tempera-
ture for 24 h. The drug loaded-dried film samples were
immersed into the falcon tubes containing of buffer solu-
tions (15 ml) at 37�C for incubation (at 130 rpm). During
the release process, the solution (3 ml) was withdrawn and
replaced with the same amount of fresh buffer solution at
predetermined time intervals to provide a constant volume
release medium. The releasing amount of CIP from the
film samples was followed by measuring the intensity of

the UV absorbance at 270 nm using an UV–vis spectropho-
tometer (Agilent Cary 60 Spectrophotometer).

2.10 | Statistical analyses

Statistical analysis was done and reported as a
mean ± standard deviation (SD) by using GraphPad
Prism Software (V.5, San Diego, USA) including one-way
ANOVA. A Tukey test was performed as a comparison
test. The results were expressed as means ±standard devi-
ation (SD) and significance was defined as a p-
value<0.05.

3 | RESULTS AND DISCUSSION

3.1 | Synthesis of PEDOT:PSS

PEDOT:PSS was synthesized by means of the oxidative
reaction, which was depicted in Figure 1. In the first step,
NaPSS acted as the oxidizing agent, dissociating into sul-
fate radicals and sodium ions. Following that, oxidation
of EDOT monomers occurred, which resulted in the for-
mation of EDOT radicals. The protons which were gener-
ated by the coupling of EDOT radicals were removed in
the propagation step, while the sulfate ions and PSS
chains could interact with the formed PEDOT chains via
electrostatic forces and interchain entanglements. At the
end of the polymerization, the color transformation aris-
ing from the chromic nature of the PEDOT was used as
an indication to confirm the formation of PEDOT:PSS.4,67

3.2 | Fabrication of HA/gel/SA-(PEDOT:
PSS) conductive films

In the present study, PEDOT:PSS-reinforced electro-
conductive polymeric films including biocompatible con-
stituents (HA, Gel, and SA) were fabricated to overcome
the challenges related to the complex usage of drugs,
since the nature of these types of electroconductive poly-
meric films enables to control of release rate and profile
(Figure 2).1,68,69

As shown in Figure 3, while the pure film was trans-
parent, the color of films containing PEDOT:PSS became
darker owing to the incorporation of PEDOT:PSS into the
polymeric network. Due to its less cytotoxic nature com-
pared to conventional ones, EDC was employed as the
coupling agent to support an environmentally friendly
synthesis approach.70 Furthermore, the usage of Gel in
the ternary network enabled to obtain mechanically
strong and flexible polymeric films as expected.

AYCAN ET AL. 4 of 11

 10974628, 2022, 32, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/app.52761 by M

arm
ara U

niversity, W
iley O

nline L
ibrary on [07/07/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



FIGURE 2 Schematic diagram of producing HA/gel/SA-(PEDOT:PSS) polymeric film [Color figure can be viewed at

wileyonlinelibrary.com]

FIGURE 3 Images of fabricated polymeric films with different amount of PEDOT:PSS [Color figure can be viewed at

wileyonlinelibrary.com]

FIGURE 1 Reaction mechanism of synthesis of PEDOT:PSS

5 of 11 AYCAN ET AL.
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3.3 | Characterization

The chemical structure of PEDOT:PSS was characterized
by FT-IR analysis and RAMAN spectroscopy. In the FT-
IR spectrum of PEDOT:PSS (Figure 4a), the peaks at 1635
and 1400 cm�1 represent C C and C C stretching

vibrations of the quinoidal structure of the thiophene
ring, respectively.71,72 The bands appeared at 825 and
655 cm�1 are associated with the C S stretching of the
thiophene ring. Additionally, the intense peak at
1035 cm�1 corresponded to the stretching vibrations of
C O C in the ethylenedioxy group.72 While the peak

FIGURE 4 FT-IR spectrum (a) and Raman spectrum (b) of PEDOT:PSS

FIGURE 5 FT-IR spectra (a) and SEM images (b) of HA/gel/SA and HA/gel/SA-(PEDOT:PSS) polymeric films [Color figure can be

viewed at wileyonlinelibrary.com]
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located at 1185 cm�1 was assigned to the asymmetric and
symmetric vibrations of S O in sulfonate groups of PSS
chains, the S C phenyl bond in sulfonic acid was
observed at 1060 cm�1.73–75 Figure 4b shows the Raman
spectrum of PEDOT:PSS. As shown in the spectrum, the
major characteristic bands of PEDOT:PSS structure
appeared at between 900 and 1600 cm�1. The peaks at
1280, 1438, and 1500 cm�1 were attributed to Cα- Cα'
inter-ring stretching, Cα = Cβ symmetric stretching and
Cα = Cβ asymmetric stretching vibrations of PEDOT:PSS,
respectively.76,77 The vibrational modes of PSS were
observed at 984, 1150, and 1575 cm�1.78–80 All these
results confirm that PEDOT:PSS was synthesized
successfully.

The FT-IR spectra of HA/Gel/SA and HA/Gel/SA-
(PEDOT:PSS) films are depicted in Figure 5a. The charac-
teristic peaks coming from HA, Gel, and SA structures
were observed in both spectra. As shown in both spectra,
the peaks at 3260 cm�1 ( OH and NH stretching),
1027 cm�1 (C O C stretching), 1600 cm�1 (N H bend-
ing of amide II), 1400 cm�1 (COO� stretching), and
1536 cm�1 (C N stretching) confirm the HA/Gel/SA
polymeric network structure.43,81 In comparison with the
FT-IR spectrum of HA/Gel/SA-(PEDOT:PSS) film, the
bands appearing at 3250, 2900, 1600, and 1536 cm�1 in
the spectrum of HA/Gel/SA film were decreased. It could
be explained by the forming of hydrogen bonds between
the S groups of PEDOT:PSS and hydroxyl or carboxyl
groups of the polymeric network.27,52,82 Besides, the
slight shifting of the peaks to lower regions at around
1400 cm�1 is mainly related to the interaction between
positively charged groups of the PEDOT:PSS and nega-
tively charged groups of the polymeric network.83

A SEM analysis was performed to observe the surface
morphologies of the polymeric films. As seen from
Figure 5b, PEDOT:PSS particles were homogenously

distributed through the polymeric network, which had a
quite smooth surface before the incorporation of the
PEDOT:PSS into the structure.

3.4 | Electrical conductivity of HA/gel/
SA-(PEDOT:PSS) films

The electrical conductivity of the polymeric films was
measured by using a four-point probe technique and the
results are shown in Figure 6a. Electrical conductivity
property was provided with the incorporation of PEDOT:
PSS into the polymeric network. The highest electrical
conductivity was found as 9.2 � 10�3 S/cm for HA/Gel/
SA- 4 v% (PEDOT:PSS) owing to uniform dispersion of
PEDOT:PSS in polymeric network and continuous elec-
tron transporting path which creates by PSS chains in the
structure.84,85 Since the human body has low micro-
current intensity, this result is accepted as an efficient
value, which is in the range of semiconductors (10�2–
10�6 S/m).86,87 As seen from Figure 6a, the conductivity
value decreased with an increase in the PEDOT:PSS
amount from 4 to 6 v%. This decrease could be attributed
to the agglomeration of PEDOT:PSS molecules within the
polymeric network, which prevents homogenous distri-
bution and reduces electron mobility. Therefore, poly-
meric films with 4 v% of PEDOT:PSS was considered the
most favorable candidate for the targeted application
field and the other tests were performed using this
formulation.

3.5 | Swelling properties

The swelling behavior of HA/Gel/SA and HA/Gel/SA-
4 v% (PEDOT:PSS) polymeric films was investigated in

FIGURE 6 Electrical conductivity (a) and swelling capacity (b) of the HA/gel/SA-(PEDOT:PSS) polymeric films
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PBS medium at 37�C. While the hydrophilic nature of
each component in the polymeric network ensured a
good swelling trend for pure film, the swelling capacity
additionally increased with the incorporating of PEDOT:
PSS into the structure in a good extent (Figure 6b). This
phenomenon probably lies in the presence of highly
hydrophilic sulfonic acid groups of PSS part in the
PEDOT:PSS structure.88 Furthermore, the addition of
PEDOT:PSS into the structure may have reduced the
crosslinking density of the polymeric network, resulting
in an increment of the water uptake capacity of the poly-
meric structure.

3.6 | Mechanical performance

Mechanical properties are considered one of the crucial
requirements in controlled drug release applications, as

high mechanical stability provides protection to the
integrity of the drug carrier until reaching the desired
region. Actually, the usage of Gel in the ternary composi-
tion reinforced the mechanical performance of the films
by creating a tough and physically-crosslinked network.
In addition to these, the effect of PEDOT:PSS incorpora-
tion on mechanical performance was evaluated regarding
elastic modulus, tensile strength and elongation at break.
As shown in Figure 7, while incorporation of PEDOT:PSS
into the structure has no any contribution on the elastic
modulus of polymeric films, since PEDOT:PSS into a
structure makes the material stiffer and tougher, both
tensile strength and elongation at break values increased
considerably by incorporating PEDOT:PSS into the struc-
ture because of the stiff nature of PEDOT:PSS.52,82 Fur-
thermore, the formation of hydrogen bonding between
functional groups of PEDOT:PSS and polymeric network
makes the structure stronger, which results in the

FIGURE 7 Tensile strength (a), elongation at break (b) and elastic modulus (c) of HA/gel/SA and HA/gel/SA-(PEDOT:PSS) polymeric

films, stress–strain curves of HA/gel/SA (d) and HA/gel/SA-(PEDOT:PSS) (e) polymeric films [Color figure can be viewed at

wileyonlinelibrary.com]
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improved mechanical stability. On the other hand
PEDOT:PSS could not contribute to the elastic modulus.
This contribution of PEDOT:PSS on the mechanical per-
formance could be also seen from the typical stress–strain
curves of pure film and PEDOT:PSS based film given in
Figure 7. Adding of PEDOT:PSS to the structure
enhanced mechanical parameters including tensile
strength and stress at yield compared to pure film.
According to these results, HA/Gel/SA-4 v% (PEDOT:
PSS) polymeric film exhibits acceptable mechanical per-
formance required for the favorable functionality of the
drug carrier.54,89,90

3.7 | Cytotoxicity tests

The cytotoxic effect of HA/Gel/SA and HA/Gel/SA-
(PEDOT:PSS) polymeric films on the L929 cells was
investigated by using WST-1 assay. As shown in Figure 8,
the cell viability (%) of the each sample was found to be
almost 99% owing to non-toxic and biocompatible nature
of the each component in the polymeric network. There
results demonstrates that the interaction between the
produced polymeric films and cell was agreeable, which
had good cytocompatibility. The high cell viability value
of PEDOT:PSS containing polymeric films might be
related to the binding properties of PEDOT:PSS incorpo-
rated surfaces, that precisely effect cell adhesion.91,92

3.8 | Drug loading and in vitro release
studies

In vitro release behaviors of CIP from HA/Gel/SA and
HA/Gel/SA- 4 v% (PEDOT:PSS) polymeric films were car-
ried out at pH 7.4, 37�C and 130 rpm, resembling the

physiological conditions of plasmatic environment.93 As
seen from Figure 9, the CIP release from PEDOT:PSS con-
taining polymeric films occurred in a slower manner. It is
worth to mention that while the cumulative drug release
of CIP from different formulations occurred within the
minutes in the literature, the release from our HA/Gel/
SA-(PEDOT:PSS) films took place over a period of
hours.54,57 The cumulative drug release in first 10 min was
found as 0.53 and 0.14 mg drug/g polymer from HA/Gel/
SA and HA/Gel/SA-(PEDOT:PSS) polymeric films, respec-
tively. It is an obvious evident that the burst release of
CIP, which causes the loss a great amount of drug in a
short time period, was decreased by the incorporation of
PEDOT:PSS into the structure. This case could be
explained that the reduction of the voids in the structure
with PEDOT:PSS particles provided the prolonged release
of drug because of the additional resistance to the fast
migration of the drug. In other words, it ensured more
favorable medium to retain the drug molecules within the
polymeric network. A more controlled release behavior
was provided owing to the filler effect of PEDOT:PSS,
while the release profile of pure HA/Gel/SA film showed
an unstable behavior like successive declines and incre-
ments. These results indicate that HA/Gel/SA-(PEDOT:
PSS) formulation had a tough network could function as a
favorable drug carrier for a sustainable release profile.

4 | CONCLUSION

The HA/Gel/SA-(PEDOT:PSS) conductive polymeric
films were successfully fabricated for drug release appli-
cations. The incorporation of PEDOT:PSS into the poly-
meric network made the mechanical performance of the

FIGURE 8 In vitro proliferation of L929 cells on HA/gel/SA

and HA/gel/SA-(PEDOT:PSS) polymeric films and polystyrene well

(control sample) FIGURE 9 Controlled release behavior of CIP from HA/gel/

SA and HA/gel/SA-4 v% (PEDOT:PSS) polymeric films [Color

figure can be viewed at wileyonlinelibrary.com]
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films better compared to HA/Gel/SA films. The prepared
HA/Gel/SA-4 v% (PEDOT:PSS) film was selected as the
optimum composition for the use of an electroconductive
drug carrier according to the conductivity test results.
Besides, the effect of PEDOT:PSS incorporation on swell-
ing properties and cytotoxicity was observed. The drug
release experiment results revealed that the burst release
of the drug was reduced and the release behavior of CIP
became slower and more controlled manner by the addi-
tion of PEDOT:PSS into the polymeric network. Conse-
quently, these results demonstrated that HA/Gel/SA-
(PEDOT:PSS) conductive polymeric films with enhanced
mechanical performance and good cytocompatibility
could be employed as an effective carrier for the model
antibiotic drug CIP, which was selected with the aim of
treating bacterial infections.
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