Texila International Journal of Public Health
Special Issue 2023
DOI: 10.21522/T1JPH.2013.SE.23.01.Art009

Fabrication, Characterization, Antibacterial and Biocompatibility Studies
of Graphene Oxide Loaded Alginate Chitosan Scaffolds for Potential
Biomedical Applications

Katheeja Rilah, V. Vishnu Priya®, R. Gayathri, Kavitha.S
Department of Biochemistry, Saveetha Dental College and Hospitals, Saveetha Institute of
Medical and Technical Sciences, Saveetha University, Chennai, India

Abstract

Graphene oxide nanomaterial possesses greater biocompatibility. Chitosan alginate is produced
from chitin by deacetylation, it is a biodegradable and biocompatible biomaterial. Graphene has a
large specific surface area that enhances the antibacterial effect by enabling biocompatible interactions
with bacterial membranes. To fabricate a biocompatible graphene oxide loaded alginate chitosan
scaffold for potential biomedical uses and perform the characterization, antibacterial, and
biocompatibility properties of ALG-CHI-GO scaffolds. The scaffolds were prepared by mixing the
solution of ChitosanHCI (5 %) and graphene oxide-oxidized alginate (10 %). This gelled mixture is
freeze-dried (lyophilization) to form the scaffold and is later characterized using FTIR and SEM, The
scaffolds were then tested for in biocompatibility towards peripheral blood mononuclear cells and
antibacterial properties against Enterococcus faecalis and Streptococcus mutans. The biocompatibility
towards peripheral blood mononuclear was checked using the annexin V Pl assay. To conclude that
the fabricated Graphene oxide loaded chitosan alginate scaffold was found to be biocompatible and
showed antibacterial properties.
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Introduction like biodegradability, biocompatibility,
nontoxicity, accelerated wound healing, and
excellent sterilization properties, chitosan (CS),
one of the most alluring substances, has garnered
considerable attention and it does not readily
cause syneresis [10, 11]. Alginate (Alg) is a
naturally occurring polysaccharide polymer with
a highly hydrophilic characteristic obtained from
algae or seaweed. It is extensively utilized in
biomedical applications as a thickening,
coagulant, and dispersion, particularly in wound
dressings [12, 13]. Other advantages include
biodegradability, simple removal from the body,
highly porous with interconnected spaces
favorable for the diffusion of gasses and
nutrients to cells and the migration of many cells
[14].

The method of using suitable biomaterials to
restore the biological function of injured tissues
is known as skin tissue engineering [1, 2]. To
guard against infections, dehydration, and
consequent tissue damage [3-5], an optimal skin
tissue engineering material should have a high
liquid-absorbing  capacity, adequate gas
permeability, biocompatibility, and antibacterial
characteristics In the last ten years, a wide range
of  biomaterials, including  electrospun
nanofibrous scaffolds, nanoparticles, sponges,
hydrogels, and more, have been employed to
heal skin tissue [6-8]. Among the various
materials, natural biomedical materials have
drawn a lot of interest in skin tissue engineering,
because of their great biocompatibility
characteristics [9]. Due to its unique qualities
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Graphene oxide (GO) has emerged as a
promising nanomaterial for various electronics,
biomedicine, energy, environment, and
biotechnology applications in recent years [15].
Many studies on GO demonstrated their
antibacterial effects against different bacterial
strains, including Gram-positive and Gram-
negative bacteria [16] In this study, we have
fabricated a graphene oxide-loaded alginate
chitosan  scaffold (ALG-CHI-GO) and
investigated  their  biocompatibility  and
antibacterial properties.

Experimental Section

Preparation of Chitosan HCI and
Oxidized Alginate

ChitHCI was prepared by the method reported
earlier [17]. About 10 g of chitosan was
dispersed in 100 mL of 60% ethanolic HCI and
stirred magnetically for 3 h at 20 °C. The
suspension was centrifuged, and the precipitate
was washed extensively with the acetone-water
mixture (6:2) and dialyzed against milli Q water

until the dialysate reached neutral pH. The
product was then freeze-dried and stored at 4 °C
until use.

The oxidation of sodium alginate was carried
out by a procedure as reported earlier [18].
About 220 mg of sodium m-periodate was added
into 10 mL of a 10% sodium alginate solution
and stirred under dark for 6h. After stirring, the
reaction was arrested by adding a few drops of
ethylene glycol. The contents were then dialyzed
against water for two days by frequently
changing the water. The solution was then
frozen, lyophilized to dryness, and stored in the
desiccator until use.

Preparation of ALG-CHI-GO Scaffolds

The scaffolds were prepared using the earlier
method [17]. About 500 pl of 5 % chitosan HCI
was added to a 10 % solution of oxidized
alginate with graphene oxide. This mixture is
freeze-dried (lyophilization) to form the scaffold
and is later characterized using various
instruments Figure 1 shows the lyophilized
scaffold.

Figure 1. Lyophilized Scaffolds of (a) ALG-CHI and (b) ALG-CHI-GO

Characterization Studies

The functional groups present in the ALG-
CHI scaffold and ALG-CHI-GO scaffold were
investigated using Fourier transform infrared
spectroscopy (FTIR) in the range of 3500 - 500

cm®. The size and structural morphology of
ALG-CHI-GO were analyzed using a Scanning
electron microscope (SEM) [19]. The water
contact angle of the scaffolds was measured to
test the hydrophilicity of the scaffolds [20].
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Antibacterial Studies

Antibacterial effect of the ALG-CHI-GO
against two different bacterial  strains
Enterococcus faecalis and Streptococcus mutans
was performed using Tube assay method [21,
22]. More briefly, serial dilutions (0.39 - 100
pg/mL) of the ALG-CHI-GO were prepared for
the study. A sterile 1.5 mL tube was set up with
S. mutans and Enterococcus faecalis separately.
Tube 1 contains control strains. Tubes 9-10
contain the serial dilution of ALG-CHI-GO
mixed with sloppy agar and the test organisms.
All the tube contents were thoroughly mixed
using the sterile micropipette, and the plates
were incubated at 30°C for 18 h. The lowest
concentration with no visible growth of
Enterococcus faecalis and Streptococcus mutans
was recorded as MIC.

Annexin V Pl Assay

To check the biocompatibility of developed
ALG-CHI-GO, an annexin V Pl assay was
carried out. Following the approval from the
institutional ethical committee, blood was
collected from healthy donors. An equal volume
of blood was added over histopaque and
centrifuged in gradient centrifuge at 2000 rpm
for 30 minutes to isolate Peripheral blood
mononuclear cells (PBMCs). Buffy coat
obtained after centrifugation was cultured in
RPMI media containing 10% Fetal Bovine
serum (FBS), 1% amino acid L-glutamine, 1%
Penstrep. 100 pl of ALG-CHI-GO was added to
the above culturing cells and the culturing was
done in triplicate for 12 h. Cells without ALG-
CHI-GO were taken as control. The cultured
cells were collected and stained. For staining 5ul
of Annexin V and 5ul of propidium iodide was
added and kept at room temperature for 15
minutes.

After incubation, 400 pL of 1X binding buffer
was added to all tubes and observed for
apoptosis using BD FACS Lyric flow cytometry.
Result analysis was done using FACSuite 4.1
software [23].

Results
Characterization of Scaffolds

Figure 2 represents the FTIR of ALG-CHI
and ALG-CHI-GO scaffolds. In the ALG-CHI
scaffold, the intense peaks were 3266, 2915,
2361, 1602, 1410, 1319, 1148, 1024, 816 and
558 cm™. The peak 3266 cm™ corresponds to O-
H / N-H / C-H stretching, indicating the presence
of carboxylic acid / secondary amine/alkyne
group. 2915 cm™ corresponds to C-H stretching,
indicating an alkane group. 1602 cm™®
corresponds to C=C stretching / N-H bending,
indicating conjugated alkene/amine / cyclic
alkene.1410 cm™ corresponds to O-H bending /
S=0 stretching, indicating the carboxylic
acid/alcohol/sulfate/sulfonyl chloride group.
1319 cm® corresponds to O-H bending,
indicating phenol group. 1148 cm™ corresponds
to C-O stretching, indicating a tertiary alcohol /
aliphatic ether group. 1024 cm™ corresponds to
S=0 stretching, indicating the sulfoxide group.
816 cm™ corresponds to C-Cl stretching / C=C
bending, indicating the halo compounds/alkene
group. 558 cm™ corresponds to C-Cl / C-Br / C-I
stretching indicating halo compounds. Similarly,
the FTIR of the ALG-CHI-GO scaffold gave
intense peaks at 3239, 1620, 1522, 1382, 1149,
1062, 1020, 640, 545 and 517 cm™. The peak at
3239 cm® corresponds to O-H stretching,
indicating the carboxylic acid group. 1620 cm™
corresponds to C=C stretching / N-H bending /
C-C stretching / C=C stretching, indicating
conjugated alkene/amine / cyclic alkene / o, B-
unsaturated  ketone group. 1522 cm*
corresponds to N-O stretching indicating the
nitro compound. 1382 cm™ corresponds to CH
bending, indicating the aldehyde/alkane group.
1149 cm™ corresponds to C-N stretching / C-O
stretching, indicating an amine / aliphatic ether
group. 1062 cm™ corresponds to C-O stretching
| S=0O stretching, indicating the primary
alcohol/sulfoxide group.1020 cm™ corresponds
to C-N stretching, indicating an amine group.
640 cm™ corresponds to C-Cl / C-Br stretching,
indicating a halo compound. 545 and 517 cm™
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correspond to C-Br / C-I stretching, indicating various functional groups are involved in the
halo compound. This analysis showed that fabrication of ALG-CHI-GO scaffolds.
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Figure 2. FTIR spectra of ALG-CHI (a) and ALG-CHI-GO (a) Scaffold
The SEM analysis revealed the porous The water contact angle measurement is
structure of the graphene oxide-loaded alginate depicted in Figure 4. The results showed an
chitosan scaffold. Figure 3 represents the SEM average angle of 38.13 degrees.
images of the ALG-CHI scaffold and ALG-CHI-
GO scaffold.

Figure 3. SEM Micrograph of ALG-CHI (a) and ALG-CHI-GO (b) Scaffolds
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Figure 4. Water Contact Angle of Porous ALG-CHI-GO Scaffold

Antibacterial Activity

Figure 5 represents the antibacterial studies of
ALG-CHI-GO scaffold on Enterococcus
faecalis and Streptococcus mutans. It was noted
that there was a change in color of the broth
medium, post-treatment with the ALG-CHI-GO
scaffold. When the ALG-CHI-GO concentration

increases, the zone of inhibition of microbes also
gradually increases, as the oxygen intake by the
organisms  decreases, thus proving its
antibacterial activity. The minimum inhibitory
concentration of Enterococcus faecalis and
Streptococcus mutans was found to be 10
mg/mL.

Streptococcus Mutans

Figure 5. Antibacterial activity of ALG-CHI-GO scaffold on Enterococcus faecalis and Streptococcus Mutans



Annexin V Pl Assay

Figure 6 represents the result of Annexin V PI
assay of ALG-CHI-GO scaffold. In the current
study, the percentage of viable cells was found
to be 81.82%, in which the annexin V and PI

tend to be in the negative. 18.13% of cells were
in the early apoptosis stage, in which the annexin
V was positive and Pl was negative, 0.05% of
cells were in late apoptosis, in which both
annexin V and PI were positive. No cells were
found to undergo necrosis.
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Figure 6. Biocompatibility of ALG-CHI-GO Scaffold
Discussion 38.36 degrees, indicating the scaffold’s

Graphene oxide (GO), alginate, and chitosan
nanocomposites have gained importance in the

medicinal  field due to their unique
physicochemical properties and
biocompatibility. These particles can be
fabricated in scaffold forms for better

biomedical applications. In our study we have
fabricated Graphene oxide-loaded alginate
chitosan scaffolds for biomedical applications.
Previously, graphene oxide-loaded alginate
chitosan collagen scaffolds were reported by
[24].

FTIR of ALG-CHI-GO scaffold gave a peak
in the fingerprint region of 3500 - 500 cm™ with
an intense peak at various regions, indicating the
presence of different functional groups; this was
concordant with the peak reported in the
fabrication of CS/GO/Cur [25]. SEM analysis of
ALG-CHI-GO was found to be good compared
with the previous report [26]. The water contact
angle measurement showed an average angle of

hydrophilic nature, which
adherence [27].

The minimum inhibitory concentration of
ALG-CHI-GO in Enterococcus faecalis and
Streptococcus mutans was found to be 10
mg/mL in our study. Similar antibacterial studies
were reported in composites of chitosan-
alginate-AgNPs against Escherichia coli and
Staphylococcus aureus. For Escherichia coli, the
zone of inhibition of 11.1 mm, and for
Staphylococcus aureus, a zone measuring 10.1
mm [28, 29]. A previous study also reported the
antibacterial activity of GO and GO-Ag
nanocomposite against Pseudomonas aeruginosa
using the conventional counting plate approach.
Minimal inhibitory concentration ranged from
2.5 to 5.0 g/mL and GO-Ag nanocomposite
demonstrated excellent biocidal activity. These
encouraging findings support the notion that
GO-Ag nanocomposites may be used as a
component of antibacterial coatings [30, 31].

supports  cell
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Few studies showed similar results for
biocompatibility to our study. One such study
stated that utilizing the radiotracer approach and
many biological experiments makes it possible
to assess the distribution and biocompatibility of
graphene oxide (GO) in mice. According to the
findings, GO was mostly deposited in the lungs,
where it was kept for a very long period. GO had
a lengthy blood circulation duration (half-time
53 1.2 h) and poor absorption in the
reticuloendothelial system compared to other
carbon nanomaterials. When mice were exposed
to 1 mg/kg body weight of GO for 14 days, no
pathological alterations were seen in the tested
organs.  Additionallyy, GO  demonstrated
excellent biocompatibility with red blood cells.
According to these findings, GO may be a
potential material for medicinal applications,
particularly for targeted medication delivery to
the lung [19, 32]. Based on all the above
analysis, ALG-CHI-GO scaffold is ideal for
application in the biomedical field, but further
studies are needed to confirm its action more
accurately.
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