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Controlled Delivery of Amoxicillin and Rifampicin by Three-

Dimensional Polyvinyl alcohol/Bismuth Ferrite Scaffolds

Sule llgar,”® Songul Ulag,*™ <% Ali Sahin,®® Oguzhan Gunduz,

Cem Bulent Ustundag™ "

Skin is a protective barrier that can protect against environ-
mental influences and renew itself. However, in some cases,
this regenerative property is lost, and this causes delays in
wound healing. Wound healing is a complex and long-lasting
phase. Any bacterial infection during the wound healing
process delays wound healing. The therapeutic efficacy can be
increased by using nanocarrier drug delivery systems to the
target tissue with modern wound dressings. Controlled nano
drug delivery systems increase the therapeutic efficacy in the
treatment of diseases and provide a faster recovery process. In
this study, amoxicillin (AMX) and rifampicin (RIF) were loaded
into the bismuth ferrite (BFO) particles which were synthesized
with the co-precipitation method. Then, these drug-loaded BFO

Introduction

The increase in the number of people worldwide with chronic
wounds that are difficult to heal (4 million patients per year in
Europe alone) places a significant burden on society and health
systems as it requires long hospital stays and costly treatments.
In addition, patients with decreased wound healing have to
live with a low quality of life due to the difficulty of controlling
the pain caused by chronic wounds." Skin is a protective
barrier against environmental hazards.? It has regenerative
properties, and wounds or cuts on the skin can be healed
through a highly regulated cascade of physiological events in
the human body. However, in some cases, this regenerative
property is impaired, and wounds do not heal in time, putting
patients at significant health risk.”’ Additionally, pain is known
to cause delays in wound healing. Therefore, providing
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particles (0.075%) were added separately to 13% polyvinyl
alcohol (PVA) solution and the solutions were printed three-
dimensionally to obtain three dimensional scaffolds. With these
designed scaffolds, it is aimed to reduce the risk of inflamma-
tion in wound tissues and increase therapeutic efficacy with
controlled release. The SEM images proved that homogeneous
pore distributions could be achieved with these combinations.
The tensile test results showed that drug-loaded BFO addition
increased the mechanical strength of the 13% PVA scaffold.
The biocompatibility test results demonstrated that the highest
viability values of the human adipose tissue-derived mesen-
chymal stem cells were obtained for AMX-added 13% PVA
scaffolds.

appropriate therapeutic solutions for less painful wound
healing is receiving more attention in developing future wound
care solutions.” The traditional dressings are in the form of
gauze, plasters, and bandages, while modern dressings are in
the form of films, foams, hydrogels, and hydrocolloids. They
absorb and dry out wound exudates when applied over the
wound. When they are taken out, they remove some of the
tissue around the wound, which increases the infection. A low
oxygen permeability, a lack of biomimicry, and difficulties with
adequate drug loading are some additional negative effects of
conventional dressings. In addition, modern dressings can
increase epidermal migration, promote angiogenesis, provide
gas exchange, and protect against pathogens.”® Also, better
wound healing can be achieved by using nanocarrier drug
delivery systems in these modern wound dressings.”” Con-
trolled delivery can provide an excellent means of delivering
drugs to wound sites consistently and adequately without the
need for frequent dressing changes. The dressing that will
deliver an active substance to the wound area in a controlled
manner for a long period causes an increase in its therapeutic
effectiveness.® Drug delivery systems are particularly important
because of the inability to deliver adequate doses of the drug
to tissues when the drug is administered systemically. In
addition, the side effects of some drugs, the low half-life of
biological factors, and the dynamism of the wound environ-
ment require drug delivery systems to deliver drug molecules
to the target tissue at the appropriate dose.”” Nanoparticles
have several advantages in drug delivery systems. Due to their
internal volume or large surface area, large amounts of drugs
can be loaded into the nanoparticle"” Drug-loaded nano-
particles can penetrate host cells via endocytosis and sub-
sequently release drug payloads to treat microbe-caused intra-
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cellular infections."" It can be used to treat different diseases

by adding more than one drug molecule simultaneously. Due
to its nano-sized structures, it can stay in the body for a long
time, which can increase the therapeutic effectiveness of the
drug. Due to these benefits, nanoparticles have emerged as
potential new medication carriers in therapeutic settings.'”
Recent research has shown that materials with both magnetic
and electrical properties are of interest to researchers looking
to develop new materials or structures due to their controlled
abilities."® Multiferroics are materials with electrical, magnetic,
and structural order properties that simultaneously produce
ferroelectric, ferromagnetism, and ferroelasticity effects in the
same material."¥ Bismuth ferrite (BFO) is a multiferroic material
at room temperature with magnetically arranged and high
thermal stability ferroelectric states.™ It is a semiconductor
with a narrow bandgap in the visible light range of 2.1 to
2.8 eV. Due to this property, it can also be utilised as a
photocatalyst."®'”" Polyvinyl alcohol (PVA), a hydrophilic, bio-
degradable, and biocompatible semicrystalline synthetic poly-
mer, is widely used in various biomedical applications."®2% It is
one of the polymers that are most frequently used in the
biomedical industry because of its mechanical qualities, high
film-forming capacity, non-toxicity, water solubility, non-carci-
nogenicity, hydrophilicity, good compatibility with human
tissues and fluids, and biodegradability.?" In addition, the
highly hydrophilic nature of PVA increases its solubility when
conjugated with carriers and drugs.”? In this study, Amoxicillin
(AMX) and Rifampicin (RIF) loaded BFO particles were added
into the 13% PVA solution, and 13% PVA/BFO, 13% PVA/BFO_
RIF, and 13% PVA/BFO_AMX scaffolds were fabricated using a
3D printing process to observe the release behaviours of the
drugs from the scaffolds. 3D printing is about overlapping
layers of material to create 3D models. Thus better controlling
pore sizes, pore morphology, and porosity of the matrix
compared to other fabrication methods.”? The hydrophilic
drug amoxicillin has a high capacity for hydration as well as an
antimicrobial effect.” Rifampicin is a hydrophobic antibiotic
with bactericidal action.”>*® The release behaviours of these
drugs from the scaffolds were investigated with in-body fluids
at different time intervals.

Experimental Section
Materials

Iron (lll) nitrate nonahydrate (Fe(NO,);¥9H,0, MW =403.95 g/mol),
Bismuth (lll) nitrate (Bi;O(OH)4(NO;),, MW =1.461,99 g/mol) and
Nitric acid (65 %) were bought-in Merck KGaA, Germany. Ammonia
Solution (25%, MW =35.05 g/mol) was purchased from ISOLAB
(Wertheim, Germany). Polyvinyl alcohol (PVA, MW = 89,000-98,000,
99 + % hydrolysed) was bought in Sigma Aldrich (USA). The distilled
water was provided by a water distiller (MP MINIPURE). The
amoxicillin (MW= 365.4 g/mol) and rifampicin (MW 822.94 g/mol)
were bought from Sigma Aldrich (USA).
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Synthesis of AMX and RIF Loaded BFO Particles with Co-
precipitation Method

Bismuth ferrite particles were synthesised by the co-precipitation
method. This method allows water-soluble particles to be directly
obtained with a high yield in a simple process. Firstly, 1.86 g of
Bi(NO,;); 5H,0 was mixed in 10 mL of nitric acid in a magnetic
stirrer at 300 rpm for 30 minutes. Then 2.58 g of iron nitride (Fe
(NO5);.9H,0) was mixed in 10 mL of distilled water at 300 rpm for
15 minutes. After two solutions were completely dissolved, the two
solutions were mixed in the same beaker, and 20 mg of AMX was
added to it and mixed at 300 rpm for 30 minutes to obtain a
homogeneous mixture. The same procedure also was applied for
20 mg of RIF. Then the solution was stirred on a magnetic stirrer at
300 rpm for 60 minutes. Then, ammonia solution was added to
BFO_AMX and BFO_RIF solutions separately until the pH value
reached 10.04 at room temperature. The formed precipitate was
filtered through filter paper and washed several times with distilled
water. Then, the resulting powders were dried in an oven at 100°C
for 24 hours, and AMX and RIF-loaded BFO particles were obtained.

Preparation of the 13% PVA, 13% PVA/BFO_AMX, and 13%
PVA/BFO_RIF Solutions

1.3g PVA was dissolved in 10 mL of distilled water, and the
prepared 13% PVA solution was put in the magnetic stirrer at
90°C, 300 rpm. The 7.5 mg of BFO/AMX and BFO/RIF particles were
added into the 13% PVA solution separately and mixed in the
magnetic stirrer at 300 rpm, room temperature. Then, the prepared
13% PVA/BFO_AMX and 13% PVA/BFO_RIF solutions were soni-
cated for 10 minutes to obtain more homogeneous solutions.

Fabrication of the Scaffolds

The Solidworks program was used to design the dimensions of the
scaffold (20x20x1 mm?®). The prepared solutions were loaded into a
10 mL syringe attached to a needle with a 0.2 mm diameter value.
In the 3D printing process, scaffolds with 8-layer were produced at
a 10 mm/s printing speed, 1mL/h flow rate, and 96% infill
percentage. After the fabrication, 5 mL of Glutaraldehyde (GA) was
put on the desiccator with scaffolds, and they were put together in
the oven at 60°C for 3 hours. Then, the scaffolds were crosslinked
with GA vapour. The preparation of the solutions and fabrication of
the scaffolds were summarized in Figure 1.

Physical Properties of the Prepared Solutions

The density, surface tension, and viscosity measurements of all the
solutions were performed at room temperature. All equipment was
calibrated before the tests, and each test was repeated three times.
The density values of the solutions were determined using a
standard density bottle (10 mL, DIN ISO 3507-Gay-Lussac Boru Cam
Inc., Republic of Turkey). The surface tension values of the prepared
solutions were measured using a force tensiometer (Sigma 703D,
Caution, Germany). The viscosity values of all prepared solutions
were determined using a digital viscometer (DV-E, Brookfield
AMETEK, USA).

Fourier Transform Infrared Spectroscopy (FT-IR)

The molecular structure of the scaffolds and the presence of
chemical groups were analysed using Fourier transform infrared
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Figure 1. The schematic illustration of the experimental study.

spectroscopy (FTIR, 4700 Jasco, Japan), which has a 4000-400 cm™’
scanning range and 4 cm ™' resolution.

Morphological Analysis of the Scaffolds

The surface morphology of the 3D scaffolds was analysed using
scanning electron microscopy (SEM, EVA MA 10, ZEISS). Before
imaging, the surface of the scaffolds was coated with Au for 120
seconds using a coating machine (Quorum SC7620, USA). The
Analysis5 (Olympus, USA) software was used to measure the pore
sizes.

Thermal Behaviours of the Scaffolds

The thermal properties of the scaffolds were determined using
Differential Scanning Calorimetry (DSC, Shimadzu, Japan). The tests
were performed at a 25 to 300°C temperature range at the
scanning rate of 10°C/min.

Mechanical Possessions of the Scaffolds

The mechanical properties of the scaffolds were analysed using a
uniaxial tensile tester (Shimadzu, EZ-LX, Japan). Before testing, the
thickness values of the scaffolds were measured using a digital
micrometre (Mitutoyo MTI Corp., USA). The upper and lower parts
of the scaffolds were placed horizontally in the corresponding
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| In vitro characterizations
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compartment of the device. 5 mm/min test speed and 5 kN force
were applied to all the scaffolds during the test.

Swelling and Degradation of Possessions of the Scaffolds

In the swelling test, scaffolds were placed in 1 mL of phosphate-
buffered saline (PBS, pH 7.4). The scaffolds were kept in the thermal
shaker (BIOSAN TS-100) at 37 °C for 24 h. The initial weights (W,) of
the scaffolds were measured and recorded. The wet weights (W,
of the scaffolds were measured every day, and the swelling rate (Sg)
was calculated using equation 1.2

_WW_WO-I

Sk A

00 Mm

To observe the degradation behaviours of the scaffolds, they were
removed from the PBS and put in the oven for 24 h, at 37°C to dry
the scaffolds. Then, all dried scaffolds were weighed and labeled as
W,. The degradation rate (Dg) was calculated using equation 2.

W, —w,
Dr =—°Wo £.100 (2)
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MTT Cytotoxicity Assay, DAPI Staining, and Sem Imaging

Firstly, the scaffolds were sterilised overnight under UV in 96-well
plates, and they were incubated with a growth medium (DMEM)
which was supplemented with 10% FBS and 0.1 mg/mL penicillin/
streptomycin. The incubator had a 37°C temperature value and a
5% CO, atmosphere. The 5x10* human adipose tissue-derived
mesenchymal stem cells (hAD-MSCs) were seeded onto scaffolds in
96-well plates as in the standard cell culture procedure. The
cytotoxicity detection kit (MTT from Glentham Life Sciences) was
used to investigate the cytotoxicity properties of the scaffolds after
the 1%, 3, and 7" days of incubation. The absorbance values were
measured with the ELISA reader (Perkin Elmer, Enspire) at a
wavelength of 560 nm.

DAPI staining was performed to investigate the attachment of
hAD-MSCs to the 3D scaffolds. After 1 and 3 days, the medium was
removed, and the scaffolds were rinsed with PBS. After that, all
scaffolds were fixed at room temperature for 30 minutes with 4%
formaldehyde. Afterwards, the scaffolds were rinsed with PBS and
then stained with 1 pg/mL DAPI (Invitrogen), kept at room
temperature for 20 minutes to stain the nuclei of the cells. In the
final stage, scaffolds were inserted between the slide and coverslip,
and the images were taken using an inverted fluorescent micro-
scope (Leica).

SEM imaging was used to examine the cellular morphology of
hAD-MSCs on the scaffolds. The growth medium was discarded
after 3 days, and all scaffolds were fixed with 4% glutaraldehyde
(Sigma), dried with serial ethanol dilutions, and air-dried.

In Vitro Drug Release

The release behaviours of the AMX and RIF from the 13% PVA/
BFO_AMX and 13% PVA/BFO_RIF scaffolds were performed with
PBS (pH: 7.4) in a thermal shaker (BIOSAN TS-100 Q). Firstly, five
different (2, 4, 6, 8, and 10 pg/mL) drug concentrations were
prepared, and the calibration curves of AMX and RIF were
determined in the wavelength range of 190-400 nm. In the release
stage, scaffolds were weighed (5 mg) and placed in the eppendorf
tubes with 1 mL PBS (pH=7.4). The absorbance values were taken
with a UV spectrophotometer (Shimadzu, Japan). After each
measurement, PBS was changed with a fresh one. The absorbance
wavelength points were 228 nm and 334 nm for AMX and RIF,
respectively.

Results & Discussions

FTIR Analysis

Figure 2 represents the FTIR spectrum of all scaffolds. Figure 2 (a)
shows the FTIR spectrum of the BFO particle. The two distinct and
strong peaks were observed around 400-550 cm ™. The stretching
vibrational modes of Fe—O bonds, which are characteristic of the
tetrahedral FeO, and octahedral FeO, groups in perovskite
compounds at 424cm™' and 524 cm '*® The bands observed
between 800 and 1000 cm™' corresponded to the characteristic
Fe—O band, confirming the formation of the high crystalline phase,
while the bands around 1000 cm™' corresponded to the Bi—O
bond'’s vibrational modes.”” Figure 2 (b, ¢) shows the absorption
peaks of BFO/AMX and BFO/RIF particles, respectively. The peaks
around 1300cm™" are due to trapped nitrates in the BFO
particles.”™ Figure 2 (d) represents the characteristic PVA peaks
which are C-H broad alkyl tensile band (2850-3000 cm™'), the
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Figure 2. FTIR spectrums of the pure BFO (a), BFO-AMX (b), BFO-RIF (c), 13%
PVA (d), 13% PVA/(0.075)% BFO_AMX (e), 13% PVA/(0.075)% BFO_RIF (f).

strong hydroxyl bands typical for free alcohol (unbonded —OH
stretch band at 3600-3650 cm™'), and hydrogen bonded band
(3200-3570 cm™').%"*@ The strong hydroxyl bands, such as the O—H
stretch band typical of free alcohol at 3271 cm™', the C—H alkyl
tension band induced in CH; bending at 2909 cm™, and the strong
band from the carbonyl group at 1712 cm ™' were confirmed.” The
proportion of crystallinity of PVA can be determined using FTIR
spectra. The absorption bands at 1142 and 1712cm™ are
crystallinity-sensitive.® Since the PVA is highly hydrolysed, the lack
of signal in the 1700 cm™ region indicated that only a small
number of acetate groups could be found in the polymer chain.®”
It is caused by coupling OH vibrations at 1371 cm™" and 1425 cm™
with CH wagging vibrations in a 13% PVA scaffold.*® A strong
peak at 1074-1020 cm™' is assigned for a stretching C-O in a
C—O—H group.®” Figure 2 (e, f) showed the absorption peaks of the
13% PVA/(0.075)% BFO_AMX and 13% PVA/(0.075)% BFO_RIF
scaffolds, respectively. The O—H stretch band typical for free alcohol
at 3271 cm™’, and C—H alkyl tension band peaks induced in CH,
bending at 2909 cm™' indicated the presence of PVA in the
scaffolds. In addition, it showed the presence of trapped nitrates
belonging to the 1300 cm™" peak of BFO particles in the scaffolds.

Morphological Properties of the Scaffolds

The porosity and pore size values are critical for cell proliferation
and migration.®® Figure 3 shows the SEM images and pore size
distributions of the scaffolds. Figure 3a represented the 13% PVA
scaffold with homogeneous pore size distributions. The mean pore
size of the 13% PVA was 211.75+12.82 um. Figure 3b shows the
SEM images and pore size distributions of the 13% PVA/(0.075)%
BFO_AMX scaffold, and it had a mean pore size value of 173.25+
7.4 um. In Figure 3¢, the pore size of the 13% PVA/(0.075)% BFO_
RIF scaffold was 184.08 £6.1 um. The SEM images showed that the
AMX and RIF addition decreased the pore size value of the 13%
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Figure 3. SEM images of the 13% PVA (a), 13% PVA/(0.075)% BFO_AMX (b), and 13 % PVA/(0.075)% BFO_RIF (c).

PVA scaffold. The minimum pore size was obtained for 13% PVA/
(0.075)% BFO_AMX scaffold.

ChemistrySelect 2023, 8, €202204798 (5 of 10)

DSC Analysis

Figure 4 showed the DSC curves of the synthesized BFO, BFO_AMX,
and BFO_RIF particles, 13% PVA, 13% PVA/(0.075)% BFO_AMX and
13% PVA/(0.075)% BFO_RIF scaffolds. The DSC curve of the BFO
particles prepared by the co-precipitation method is depicted in
Figure 4. The formation of the Bi,O; and Fe,O; phases accounts for
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Figure 4. DSC curves of the pure BFO, drugs-loaded BFO, and 3D scaffolds.

the exothermic peak around 285°C. Furthermore, this peak
corresponded to the mass loss caused by the decomposition of
Bi(OH); and Fe(OH);®¥ AMX and RIF-loaded BFO particles exhibited
similar thermal behaviour to pure BFO particles. The melting point
of highly crystalline PVA is approximately 230°C."” In these results,
the melting point of the 13% PVA was found to be 228°C which is
very close to the melting temperature value of pure PVA. In
addition, the results showed that the melting temperature of the
13% PVA did not change significantly with the addition of drug-
loaded BFO particles.

Mechanical Properties of the Scaffolds

The structural properties of the scaffolds, such as pore size and
porosity, are critical for mechanical qualities and nutrient transport
and can potentially alter their performance once they penetrate
the defect site.”” Table 1 showed the tensile test results of the
scaffolds. The results indicated that 13 %PVA scaffolds with BFO_RIF
particles had the highest tensile strength value (8.92+1.23 MPa)
compared to the others. 13% PVA scaffold had the lowest tensile
strength value (6.82+ 2.61 MPa). 13% PVA/(0.075)% BFO_AMX and
13% PVA/(0.075)% BFO_RIF scaffolds exhibited similar tensile
properties. According to the results, it can be said that the addition
of BFO to the scaffolds caused an increase in strength values. On
the other hand, 13% PVA scaffold had the highest strain at break
(62.39%) value compared to the others. In addition, it was
observed that 13%% PVA/ (0.075)% BFO_RIF scaffolds (45.54 %)
had lower strain at break compared to 13% PVA/(0.075)% BFO_
AMX scaffolds (53.24%). The low interfacial adhesion of PVA and
BFO particles is due to poor bonding between PVA and BFO
particles.™™ As a result, the addition of BFO to the scaffolds
decreased strain at break values since the interaction of PVA and
BFO was less.

Table 1. Tensile test results of the scaffolds.

Scaffolds Tensile strength Strain at break (%)
(MPa)

13% PVA 6.82+ 2,61 62.39+4.15

13% PVA/(0.075)% BFO_AMX 8.40+ 0.38 53.24+0.35

13% PVA/(0.075)% BFO_RIF 892+ 1.23 45.541+4.07
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Swelling and Degradation Behaviours of the Scaffolds

According to the swelling test results (figure 5A), 13% PVA (figure 5
(A, a)) showed a high swelling rate since it is a hydrophilic polymer,
but the highest swelling rate belonged to the 13% PVA/(0.075)%
BFO_AMX scaffold (figure 5 (A, c)). The swelling rate of 13% PVA
scaffold was lower than 13% PVA/(0.075)% BFO_RIF (figure 5 (A,
b)). The lowest swelling rate on the first day was observed in the
13 % PVA scaffold. After 3 hours of incubation, all scaffolds reached
the maximum swelling rate. After this time, swelling rates of all
scaffolds started to decrease. When the degradation behaviours of
the scaffolds were examined (figure 5B), the lowest degradation
rate was observed in the 13% PVA/(0.075)%BFO_AMX scaffold. It
was observed that 13% PVA and 13% PVA/(0.075)% BFO_RIF
scaffolds showed nearly the same degradation behaviour.
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Figure 5. Swelling (A) and degradation (B) graphs of the scaffolds; 13 % PVA
(a), 13% PVA/(0.075)% BFO_RIF (b), and 13 % PVA/(0.075)% BFO_AMX (c).
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MTT Assay

The MTT assay was used to assess the biocompatibility of 13% PVA,
13% PVA/(0.075)% BFO_AMX, and 13% PVA/(0.075)% BFO_RIF
scaffolds with human adipose tissue-derived mesenchymal stem
cells (hAD-MSCs) after 1, 3, and 7 days of incubation. As seen in
Figure 6, it was observed that 13% PVA, 13% PVA/(0.075)% BFO_
AMX, and 13 % PVA/(0.075)% BFO_RIF scaffolds were not cytotoxic
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Figure 6. MTT graph of all scaffolds after 1, 3, and 7 days of incubation.

1stday

13% PVA
+

0,075% BFO _ AMX

13% PVA
+

0,075% BFO_RIF

compared to the 2D group (control group). After the first day of
culture, the results showed that the maximum cell viability (85.8 %)
was observed for 13% PVA/(0.075)% BFO_AMX scaffolds, and
minimum cell viability (75.8%) was detected for 13% PVA/(0.075)%
BFO_RIF scaffolds. The highest cell viability (87 %) was observed in
the 13% PVA scaffold after 3 day of culture, and the highest
viability value (90%) was observed in the 13% PVA/(0.075)% BFO_
AMX scaffold at the end of the 7 day. In addition, the 13% PVA
and 13% PVA/(0.075)% BFO_RIF scaffolds had 80% and 77%
viability values, respectively. According to the results, it can be said
that cell growth on the 13% PVA/(0.075)% BFO_AMX was higher
than others.

Figure 7 represented the fluorescence images of the DAPI stained
hAD-MSCs on 13% PVA, 13% PVA/(0.075)% BFO_AMX, and 13%
PVA/(0.075)% BFO_RIF scaffolds after 1 and 3™ days of incubation.
According to the images, it can be observed that the cells were
more spread on the 13% PVA/(0.075)% BFO_RIF compared to the
13% PVA/(0.075)% BFO_AMX scaffold for both 1 and 3™ days of
the culture period.

In Figure 8, the cell morphologies on the scaffolds were observed
with SEM after 7 days of the culture environment. The human
adipose tissue is a good source for collecting human adipose-
derived mesenchymal stem cells (hAD-MSCs). They can divide and
reproduce themselves repeatedly over a long period.*? The
scaffolds cultured with hAD-MSCs revealed a significant micro-
environment for the cells. The cells developed a distinct three-
dimensional morphology on the scaffolds, with partial cell-cell
interactions.”® The 13% PVA/(0.075)% BFO_RIF scaffold showed
more significant spreading morphology than the others. According
to the results, it can be concluded that strong adhesion and

3rd day

Figure 7. Fluorescence images of the scaffolds after 1 and 3 days of the culture period.
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a)

Figure 8. SEM images of the cells on the scaffolds after 7 days of incubation, 13% PVA (a), 13% PVA/(0.075)% BFO_AMX (b), and 13 % PVA/(0.075)% BFO_RIF

(c).

proliferation were observed, proving the biocompatibility of all
scaffolds.

AMX and RIF Release from the 13 % PVA/(0.075)% BFO
Scaffolds

The AMX has a short (1-1.5 hours) circulating half-life after oral
administration, necessitating frequent dosing to keep blood plasma
concentrations steady. Therefore, achieving controlled or continu-
ous drug delivery is crucial to boost stability or bioavailability and
direct the drug delivery to a specific site.*” The release of AMX
from scaffolds was examined in a thermal shaker at pH 7.4. The
calibration curve of AMX was obtained from stock solutions (0.2,

ChemistrySelect 2023, 8, €202204798 (8 of 10)

0.4, 0.6, 0.8 and 1.0 pg/mL) and is given in Figure 9a. Figure 9b
represents the absorbance plot of the AMX at 228 nm. Figure 9c
shows the cumulative release behaviour of the AMX from the 13%
PVA/(0.075)% BFO scaffold. The results showed that during the 15
minutes, 79% of the AMX was released from the scaffolds, which is
attributed to the quite water-soluble properties of PVA. After 30
minutes, 88% of cumulative release was obtained, and the whole
AMX (100 %) was released from the scaffolds after 180 minutes.

Figure 9d shows the calibration curve of the RIF. In this figure, five
different ratios of stock solutions (0.2, 0.4, 0.6, 0.8 and 1.0 pg/mL)
were prepared and absorbance values were obtained at 334 nm
(figure 9e). Figure 9f represents the cumulative release behaviour of
the RIF from the 13% PVA/(0.075)% BFO scaffolds. The 7% of
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Figure 9. The calibration curve of AMX (a), absorbance graph obtained at
228 nm (b), and cumulative release behaviour of the AMX from the scaffolds
(c), the calibration curve of RIF (d), absorbance graph obtained at 334 nm (e),
and cumulative release behaviour of the RIF from the scaffolds (f).

cumulative release was obtained in the first 15 minutes. The release
amount reached 32% after 300 minutes. After 3 days, 100% of RIF
was released from the scaffold.

Conclusions

In this study, drug-loaded bismuth ferrite-doped PVA scaffolds
were successfully produced using a 3D printer. The homoge-
neous pore structures were observed for all scaffolds according
to the SEM images. The pore size ranged from 170 to 210 um.
It is observed that the pore size value did not significantly alter
by the addition of AMX and RIF-loaded BFO. DSC results
showed that drug-loaded BFO particles did not change the
specific thermal points of the PVA scaffolds significantly. As a
result of FTIR analysis, characteristic peaks of 13% PVA and
drug-loaded BFO were observed in the scaffolds and the
addition of drug-loaded BFO in the 13% PVA solution did not
cause significant shift in the main peaks of 13% PVA. According
to the release test, it was observed that the AMX-loaded BFO
particles were rapidly released from the scaffolds and the RIF-
loaded BFO particles demonstrated a more controlled release.
According to the biocompatibility test results, it can be
concluded that both AMX and RIF-loaded 13% PVA/(0.075)%
scaffolds are biocompatible and can be used in wound dressing
applications. This study also showed that BFO has the potential
to be used for electrically controlled drug release applications
as a further studies.
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