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Bacterial cellulose (BC) is a natural polymer with good mechanical
properties and hydrophilicity. Polyvinyl alcohol (PVA) is a synthetic
polymer widely used in medicine. Both have been researched for their
potential in drug release and acceptance. This study aims to determine the
role of BC and PVA as drug release matrices for tetracycline hydrochloride
(TCH), with additional fillers such as graphite (G) and TiOz. The results
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in porosity and swelling ability. The drug release testing of TCH from the

BC matrix composites was in zero order, while the PVA matrix was in first

credited.
order. The antibacterial activity of the composites on both matrices was
tested against Staphylococcus aureus. The results indicate that both
composites have potential applications in promising biomedical fields.
Keywords: Bacterial cellulose; polyvinyl alcohol; graphite; TiOz; tetracycline
hydrochloride.

Introduction drug  release  system of tetracycline

hydrochloride is essential in accelerating the
regeneration of osteoblasts, fibroblasts, and
various cell types closely related to wound
recovery, especially in the skinfl.

Controlling the release of drugs is a common
practice, but designing drug release
mechanisms is a complex process that requires
extensive research. The drug release system
aims to regulate the release of active
ingredients from a drug by the desired purpose
and importance of the drugll. Tetracycline

Bacterial cellulose (BC) has garnered attention
in various fields due to its versatility as a
biomaterial. It can be utilized in numerous

hydrochloride (TCH) is an antibiotic commonly
used to treat or prevent infections of the skin
and bones caused by Dbacteria through
enzymatic reactions, protein synthesis, and
ribosomes. It can also modify the synthesis of
the cytoplasmic membranel?Bl. Controlling the

ways, one of which is in the biomedical field.
BC is beneficial in wound treatment, organ
regeneration, disease diagnosis, and drug
transportation!l.

Another popular polymer in biomedicine is
polyvinyl alcohol (PVA). PVA is a synthetic
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polymer commonly used in this field due to its
low protein absorption, biocompatibility,
hydrophilicity, and high chemical resistanceldl.
Research conducted by Leitao et al.l®l shows that
PVA can have a more controlled impact on
solution diffusion in composites.

Controlled release of TCH drug can be
achieved by mixing it with two types of
polymers, namely BC and PVA, to form a
compositel’l®l.  Composites combine two or
more materials, producing heterogeneous
reinforcement between the matrix and filler. In
composites, the matrix is a place to distribute
the filler load, usually in polymers, ceramics,
and metals!. The filler in composites can be a
particle or fiber that functions as a support and
can come from nature or synthesis. Graphite
(G) and titanium dioxide (TiO2)l0'1 are some
fillers that can support the performance of BC
and PVA to be applied in the medical field with
both antibacterial and mechanical activity.
Graphite and its derivatives have been proven
to resist bacteria and damage the bacterial cell
membrane when subjected to graphite sheets!'2l.
Other chemical compounds, such as titanium
dioxide (TiO:2), have antibacterial activity
through the formation of reactive oxygen
species (ROS) compounds, as demonstrated by
research  conducted by Pathakoti and
colleagues!®3l.

In this study, two different methods were used
to examine the drug release system of TCH on
different composite matrices. The BC matrix
composite was synthesized using immersion!?,
while the casting method!¥! was used for the
PVA matrix composite. Different synthesis
methods aimed to determine the drug release
kinetics model of the two composite matrices.
The research aimed to conduct a profile study
of BC and PVA-based composites with G and
TiOx fillers as a TCH drug release matrix.

Experimental

Materials

The materials used in this study were BC
obtained from UMKM Yogyakarta, polyvinyl
alcohol, graphite (Merck), potassium persulfate

(Sigma-Aldrich), sodium hydroxide (Merck), n-
butanol 80% (v/v) (Sigma-Aldrich), tetracycline
hydrochloride  (Merck), cetyl
ammonium bromide (Merck), buffer solution
(Merck), methanol 96% (v/v) (Merck), and
titanium dioxide (Merck).

trimethyl

Equipment/Instruments

The research was conducted using standard
laboratory glassware, along with various
equipment, including a hot plate stirrer (IKA C-
MAG HS 7), FT-IR instrument (PerkinElmer),
oven (Memmert), ultrasonication device (Trias
Nathomi Chemindo), furnace
(ThermoScientific), analytical balance (Fujitsu),
pH meter (RoHS), EDS instrument (JEOL JCM-
7000), digital screw micrometer (T&E CR1632),
UV-Vis spectrophotometer instrument
(Thermofisher), and tensilon (INSTRON 5567).

Methods

Purification of Bacterial Cellulose

BC was obtained from UMKM NATA
Yogyakarta and produced using
Gluconacetobacter xylinus bacteria with coconut
water media. Bacterial cellulose was purified by
washing and heating repeatedly (5 times), then
soaked in 0.5 M NaOH (24 hours). Then BC was
rewashed with water until pH=7.

Fabrication of BC-Based Composite

According to Figure 1, to create the composite
material start by calcining 5 g of graphite in a
furnace at 1000 °C for 5 minutes. Then,
homogenize the graphite (0.5% w/v) with
CTAB (0.3% w/w) using ultrasonication for 7
hoursl?. Next, soak the BC in a graphite
solution (0.5% w/v) and homogenize it using
ultrasonication  for 7  hours.  After
homogenization, bathe the BC/G composite in a
mixture of PVA 3% (w/v), TiO2 1% (w/v), and
potassium persulfate 4% (w/v) and sonicate at
55 °C for 3 hours. Finally, dry the composite at
room temperature for two days.
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Figure 2. Schematic illustration of a method for synthesized PVA/BC/G/TiO2 composite

Fabrication of PVA-Based Composite

According to Figure 2, the PVA-matrix
composite was created using the casting
method with some modifications to the
procedure by Zhang et al.l'l. Solvated PVA was
prepared by dissolving 5 g of PVA in a 50 mL
methanol and water mixture (1:1) and stirring
at 120°C for 1 hour. Then, a BC slurry of 10 g
was sonicated for 30 minutes and added to the
PVA solution. The mixture was stirred at 55°C
for 1 hour, and graphite (0.375 g) was added,
followed by titanium dioxide (0.7 g). The
mixture was stirred again at 55°C for 1 hour.
Finally, potassium persulfate 4% (w/v) was
added to the suspension as an initiator agent
for 30 minutes at 55°C. The resulting

Physical and Mechanical Tests

To calculate composite thickness, a digital
screw micrometer (T&E CR1632) was used to
measure the average thickness of 10 randomly
selected spots from the sample, following—
equation 1.

_ tl+2+...+tn
t=—m———— )
n

The t indicates the average thickness, t is the
thickness at a certain point, and n is the number
of test points. The porosity test is carried out by
immersing a sample cut in a circular shape in
80% n-butanol (v/v) and then calculating it
based on equation 2.

PVA/BC/G/TiO2 suspension was molded and (Mb - Mk)
dried at 50°C for 4 hours. ~oBavE X 100% (2)
Where, Vk=m x 2 x t 3)
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The sample was measured in terms of its dry
mass (Mk) and wet mass (Mb), with oB
indicating the density of n-butanol, Vk
describing the dry volume of the sample, and r
radius. The
elongation of the composite at break (10 x 10
cm) was determined using an INSTRON 5567
with a 5.0 kN load cell to determine its tensile
strength. The test according to ASTM D638
tensile strength!’®l. The received data was then

representing the sample's

processed with the average formula equation 4,
determining tensile strength and Young's
Modulus.

ot=— 4
At @)
Ft is the tensile force perpendicular to the
surface, and At is the sample area.

Swelling Behavior

The weight of the dry sample (M) and the
sample after it was submerged (Mo) in a pH
6.86 buffer solution at room temperature were
used to calculate the swelling behavior.
Equation 5 was then used to determine the
degree of swelling.

(Mo - M)
S= EETERR 100% (%)

Kinetical Drug Release

The Arikibe et al. procedure was utilized to
ascertain the TCH drug release kinetics!'®l. After
being soaked in a TCH solution, the composite
sample was dried, and its maximum TCH
wavelength was determined in a buffer
solution with a pH of 6.86. A stock standard
solution was prepared, diluted, and examined
at a 200-400 nm wavelength using a UV-Vis
spectrophotometer to generate a TCH standard
curve. The drug release kinetics in a pH 6.86
medium were measured using the dissolution
test method over 4 hours with 30-minute
intervals. The data were fitted to first-order,
zero-order, Higuchi, Hixon Crowell, and
Kosmeyer-Peppas equations to choose the
kinetic modell'7l.

Antibacterial Tests

The disc diffusion method was used to test the
antibacterial ~activity of samples using
Staphylococcus aureus bacteria obtained from
FMIPA, Mataram University's Advanced
Biological  Laboratory. To assess the
antibacterial activity of a 20 mm? composite, it
was incubated at 37 °C for 24 hours in an agar
medium in a petri dish. The inhibition zone

was then measured!(18.

Results and Discussion

Physical and Mechanical Properties

Porosity is a unit expressing the number and
size of pores in composites. Porosity could be
affected by the density of the composites; the
more filler is successfully dispersed into the
matrix, the more the density of the composite
will increaselI2). Table 1 shows that
composites have different thicknesses, due to
the fabrication method, BC-matrix uses
impregnation while the PVA-matrix uses
casting. Also in Table 1, composites with BC-
matrix have a higher porosity than PVA-matrix;
adding filler can decrease porosity. This is also
found in research by Al-Mihyawi & Al-
Hussaini.l8], BC's porosity decreased by adding
filler (alginate/Ag) at 7.98%. A similar thing
was found in the PVA matrix; adding filler in
Mohamed et al. decreased the porosity?!l. The
research found that the porosity of PVA
decreases with the addition of Al20s due to the
trapping of filler in the pores between PVA
molecular chains.

Furthermore, the mechanical ability was tested
through a tensile strength test. According to
Figure 3 and Table 1, BC has the highest tensile
strength value and high porosity as well, due to
its unique properties of BC, the structure of BC
consists of microfibrils free of lignin and
hemicellulose in the form of a 3D network
structure caused it to be able to provide high
pore geometry and mechanical strength at the
same timel. Also according to Figure 3, the
mechanical capability of composite with BC-
matrix has decreased due to the uneven
distribution of stress and pressure with the
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addition of filler G and TiO2l"l22l. Interaction
between matrix with filler G reduced the
mechanical ability of BC-matrix composites due
to CTAB interaction with BC and PVA
molecules; CTAB can reduce O-H bonds
through its interaction with the matrix, as
occurred in the study by Susilo et al.l?’l; CTAB
successfully reduces the mechanical ability of
BC/G composites by 66,70%. Unlike the BC-
matrix, composite with PVA-matrix has
increased mechanical ability after adding fillers
due to a more even fillers dispersion that causes
the stress distribution to become more
thorough'si221,

FTIR Spectra

Composite  characterization using  FTIR
instrumentation aims to determine and identify
the presence of functional groups of
composites. Typical absorption of pure BC

synthesized using G. xylinus in coconut media
based by Sarkono et al.?¥l gives rise to the -OH
stretching absorption peak at 3356,14 cm.
According to Figure 4, the absorption peak of -
OH in BC was indicated by the appearance of a
peak at 3344 cm™8), this peak then shifted into a
smaller wavenumber at 3332 cm' in
BC/G/PVA/TiO:2 composite; due to interaction
between BC-matrix with fillerl.  The
appearance of stronger -OH absorption peaks
in composites with BC-matrix describes the
higher number of hydrogen bonds still present
in BC molecules!?l.

Similarly, BC has a C-H stretching vibration
peak observed at 2934 cm, this is supported by
the appearance of C-H bending at 1462 cm-.
This peak shifts to a lower wavenumber due to
the addition of fillers in both of BC-matrix and
PV A-matrix[®l,

Table 1. Data result of physical and mechanical properties

Sample Thickness (mm) Porosity (%)
BC 0.044 47.985
BC/G/PVA/TiO: 0.101 41.698
PVA/BC/G/TiO2 0.314 21.820
60.054
60 -
501
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=
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Figure 3. Tensile strength graph of composites
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Figure 4. FTIR Spectra of BC/G/PVA/TiOz2 and PVA/BC/G/TiOz

Besides that, absorption band -OH in the PVA-
matrix composite was successfully detected at
3200 cm4; this peak is shifted to a lower
wavenumber than Vo et al.?! research about
absorption -OH band in pure PVA, detected at
3337,6 cm?. This means that there is an
interaction between the PVA matrix and fillers.
According to Figure 4, the C-O-C bond in the
BC spectrum was suppressed in the
BC/G/PVA/TiO2 and PVA/BC/G/TiO:2 spectra
due to the TiO:2 molecules attached to the
surface of the two composites. Also, the
appearance of Ti-OH stretching absorption
bands at 1636 cm! and 1639 cm™ indicates that
TiO2 molecules successfully enter both
composite materials®!, supported by Ti-O
bending absorption at 500-700 cm? in the
fingerprint region?’l.

Chemical Properties of Composite

The interaction between matrix and filler of
composites is presented in Figure 5. According
to Figure 5. graphite interacts with BC with the
aid of CTAB as a surfactant. The hydrophobic

tail of CTAB molecule will interact with
graphite, while ammonium (N*), as the
hydrophilic head of CTAB, interacts with BC-
matrix through electrostatic bonding?’l. Unlike
BC-matrix, according to Figure 5. b, the
composite with PVA-matrix successfully
interacts with graphite with the aid of a
potassium persulfate. Potassium persulfate is
an initiator agent that promotes the oxidation
process of PVA into PVA molecules that have
vinyl acetate groups, which is
hydrophobici?8l291130l,  Similar to the CTAB
interaction, vinyl acetate groups interact with
graphite through hydrophobic interactions,
while the hydrophilic groups will interact with
BC through H-bondingl®l.

Next, the interaction of TiO2 with both matrixes
is presented in Figure 6. The TiO: metal
distributed in composite BC and PVA-matrix
surface interacted through H-bonding of atoms
O on TiO2 and atoms H in BC and PVA
molecules!®2.
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Swelling Behavior and release of drugs!'él. The swelling ratio of
composites are affected by several things, like
density, hydrophilicity, pH, temperature, and
so forth!®,

Studying the swelling behavior of composites
to be applied in the medical field is very
important, primarily to regulate the loading
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Figure 7. Graph of swelling behavior of BC and PVA-Matrix composites in time variations (a);
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Figure 8. EDS result of BC/G/PVA/TiO2 (a); PVA/BC/G/TiO2 composite

According to Figure 7. a BC/G/PVA/TIO:2
composite has a more extraordinary swelling
ability than PVA/BC/G/TiO2. Composite with
BC-matrix degrades after reaching swelling
equilibrium (~40 minutes) due to the glycosidic
breakdown in BC molecules by water
contact®4. Unlike BC-matrix, composites with
PVA-matrix have a lower swelling ability and
don't degrade due to filler interaction in
composites. Figure 5. b shows that interaction
between PVA-matrix and filler occurs through
H- H-bonding and hydrophobic interactions.
These hydrophobic interactions have more vital
interaction compared to electrostatic interaction
in BC-matrix, leading to a decreased chance of
degradation due to the repulsion of water
molecules, which is hydrophilict3l.

Morphological properties

The results of composite characterization prove
the presence of all elements in composites using
EDX instrumentation, demonstrating that all
aspects detected in both composites are the
same. Based on Figure 8, both composites give
rise to the Ti element, which describes the
presence of TiO2 molecules!l. Elements of
potassium (K) and sulfur (S), with a small
percentage, arise due.

The appearance of these elements is due to
several things such as incomplete radical
reactions of potassium persulfate (K25:0s) as an
initiator. If incomplete radical reactions of
potassium persulfate initiators (K25:0s) caused
by optimal conditions aren’t achieved within 1
hour (80 °C)®¢], the preliminary neutralization
process can also affect!?’].
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Drug Release Profile

According to Figure 9, the release of TCH drugs
from both composites occurred in two stages
with R? and k values shown in Table 2.

Based on Table 2, the kinetical drug release
model of BC-matrix composite in the first stage
is Zero Order with the highest R? value. This
model describes that the release of the TCH
from the composite isn’t affected by differences
in concentration, so it is suitable for application
as a release medium for antibiotics and blood

Zero Order ® BC/GEVATIO,
£ 60 ® PVABC/GTIO
= 1
E .- .

@ e t———.
z 40 —8— ¢ e
3 - —o—g —
£ 20
= First stage Secondstage
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= .
g RN .
& Y I
¥ - -
Zo o 4
3 "
220
é First stage Second stage
g0

50 65 B0 95110125140155
SQRT time (minutes)

pressure guards that require constant release
over timel®l. Next, PVA-matrix composites
have a First-Order drug release kinetics model
in the first stage (R=0,9981), like Sankarganesh
et al.¥l, the First Order model successfully
describes the drug release kinetics of PVA-
matrix composite, where the concentration in
composite and release medium affects the drug
release faster in the initial phase to reach
equilibrium. Still, it impacts the slow release in
the later phase because the rupture of the
release phase has already been passed®!.
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Figure 9. Kinetical drug release of BC/G/PVA/TiO2 and PVA/BC/G/TiO2 composites plotted as Zero
Order, First Order, Higuchi, Hixson-Crowell, and Korsmeyer-Peppas model.
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Table 2. Kinetical modeling result of TCH drug release in two based composites

Composites
Model BC matrix* BC matrix** PVA matrix* PVA matrix**
R2 k R2 k R2 K R2 k
Zero Order 1,0000 -0,0701  0,7760 0,1906 0,9974 0,2053 0,9795 -0,2761
First Order 0,9993  -0,0008  0,7460 0,0021 0,9981 0,0022 0,9795 -0,0031
Higuchi 0,9902 -1,1456  0,8991 3,2782 0,9805 3,3430 0,9827 -7,6708
Hixon-Crowell 0,9999 0,0015 0,8915 -0,0027 0.9936  -0,0045 0,9709 0,0060
Korsmeyer Peppas  0,9503 0,1223 0,8993 0,5237 0,9729 0,3266 0,9685 -1,3738
*First stages = 30-150 minutes; **Second stages = 150-240 minutes
Composite
16 Composite + TCH
15 Control TCH
14
T 124 12 166 12
g i
2 104 L
z 89
£ 6.
s
0
BC/GPVATIO, PVABC/GTIO,

M

Figure 10. Antibacterial activity composite against S. aureus (1) Control (a); BC/G/PVA/TiO2 (b);
PVA/BC/G/TiOz (c); Graph of inhibition zone composite (2)

Antibacterial Activity

Tetracycline hydrochloride is an antibiotic that
can inhibit microbial activity; this study used
TCH as an additional antibacterial agent
through diffusion*l. The graph in Figure 10. (2)
showed that both composites had antibacterial
activity before and after the addition of TCH
antibiotics. Due to fillers such as graphite and
TiO2 already having antibacterial activity,
graphite and TiO2 can inhibit bacterial activity
by damaging bacterial cells by targeting
bacterial cell walls. 112}, [41],

Conclusions

Composites with BC and PVA matrices were
successfully  synthesized
methods, namely impregnation and casting.
The study process of drug release kinetics

using  different

based on the kinetical model found that the
TCH drug release in both composites with
matrix variation is generally controlled by
diffusion. TCH drug release kinetics
composite with BC-matrix followed Zero Order

in

in the first stage and Kormeyer-Peppas in the
second stage, while composite with PVA-
matrix followed First Order in the first stage
and Higuchi in the second stage. Adding TCH
in both BC/G/PVA/TiO:2 and PVA/BC/G/TiO:2
composites increased antibacterial activity. The
results show that both composites can be
applied to promising biomedical fields.
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