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Original Research
Abstract:
Chronic wounds represent a considerable challenge for healthcare systems, necessitating the identification of
effective wound dressings to facilitate healing. This study aimed to develop scaffolds utilizing biocompatible
materials such as albumin and gelatin, with the incorporation of vancomycin for its antibacterial properties
and graphene oxide nanoparticles to enhance mechanical strength. The scaffolds were fabricated through a
freeze-drying technique and subsequently evaluated for morphology using scanning electron microscopy (SEM),
functional groups via Fourier-transform infrared spectroscopy (FTIR), and assessed for swelling, biodegradability,
along with various mechanical, biological, and antibacterial properties. The release profile of vancomycin from
the G.5%Al.3%Go scaffold exhibited a more controlled pattern compared to that of the G.5%Al.1%Go scaffold.
Additionally, immersion of the scaffolds in phosphate-buffered saline for 30 minutes indicated that increased
graphene oxide content correlated with reduced swelling. Over a 15-day period, the degradation rate of the
scaffolds revealed that the G.10%Al.3%Go scaffold degraded by up to 35%, while the G.5%Al.1%Go scaffold
showed the lowest degradation rate at 18%. These results shows that the G.10%Al.3%Go scaffold may serve as a
promising candidate for atopic treatment.
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1. Introduction

Atopic dermatitis (AD), commonly referred to as atopic
eczema, is a chronic inflammatory skin condition that af-
fects millions, particularly infants and young children. This
disorder is characterized by itchy, erythematous, and scaly
skin lesions primarily located on the flexural surfaces of the
body (Michailidou and Bikiaris, 2022; Berke et al., 2012;
Azimi et al., 2017). The condition is attributed to a genetic
deficiency in the protein filaggrin, which increases skin per-
meability, leading to heightened itching, scratching, and
inflammation. The primary objective of managing AD is
to minimize exacerbations and alleviate skin scaling (Hu
et al., 2023; Wang et al., 2023a). Topical corticosteroids, de-

livered via ointments and lotions, are frequently employed
to treat AD, aiming to enhance skin moisture and guard
against corticosteroid-induced bacterial infections. Mast
cells are implicated in the pathogenesis of AD; over 90%
of AD patients exhibit colonization by Staphylococcus au-
reus in affected skin areas. Supernatants from S. aureus
cultures exhibit significant mast cell granulation activity,
with δ-toxin identified as a key granulation-inducing factor
(Guo et al., 2022; Wang et al., 2023b; Alizadeh et al., 2013).
The colonization of skin by Staphylococcus aureus triggers
the production of interleukin IL-4, contributing to allergic
skin diseases. Additionally, vancomycin has been shown
to induce mast cell degranulation. Gelatin, derived from
collagen, is recognized as a promising candidate for skin
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tissue engineering and repair due to its high biocompatibil-
ity, biodegradability, and safety profile (Nasalapure et al.,
2017; Ng et al., 2015; Grajales et al., 2023). Furthermore,
gelatin possesses properties such as adhesion, water reten-
tion, and the ability to activate platelets, thereby enhancing
hemostasis. In contrast to other biological materials that
necessitate complex purification, manufacturing processes,
or incur high costs, egg white is an easily accessible and
economical protein. An egg white has historically been
used as a poultice for burn treatment and wound healing.
Albumin, the most abundant protein in egg white, enhances
cell adhesion and proliferation. Lysozyme exhibits intrin-
sic antibacterial properties against both Gram-positive and
Gram-negative bacteria by cleaving the β-1,4 bond in the
bacterial cell wall in both its native and denatured forms
(Carr, 2013; Hu et al., 2009; Yang et al., 2012; Homem et al.,
2022). In comparison to traditional materials like collagen,
egg white demonstrates superior absorption of cytokines
and promotes neoangiogenesis (Kumar et al., 2013; Andri-
janto et al., 2016; Derkach et al., 2019). However, much of
the existing research has focused on egg white as a source
of bioactive compounds rather than as a hydrogel material.
Graphene oxide possesses a large surface area and numer-
ous functional groups; even a small quantity can enhance
the mechanical properties, electrical conductivity, biocom-
patibility, and antibacterial activity of scaffolds. High con-
centrations of graphene oxide can induce cytotoxicity and
diminish biocompatibility (Kalil et al., 2018; Michailidou
and Bikiaris, 2022; Zhao et al., 2012; Hoseini-Ghahfarokhi
et al., 2020; Abdelhamid and Hussein, 2021). Therefore,
determining the optimal concentration of graphene oxide
is essential for effectively modifying scaffolds to promote
skin wound healing (Huang et al., 2012; Piao and Chen,
2016; Shuai et al., 2018). The freeze-drying process, based
on the principle of sublimation, is utilized to prepare porous
scaffolds. In this method, a polymer is dissolved in an ap-

propriate solvent, and water is added to create an emulsion
(Alili-Firoozinezhad et al., 2015; Dong and Zhang, 2020;
Farrar et al., 2010). The emulsion is then poured into a
mold, frozen using liquid nitrogen, and subsequently dried
to eliminate the solvent and frozen water. This technique
avoids the use of high temperatures and eliminates the need
for a separate leaching step; however, it typically results
in a low pore size and involves a lengthy processing time
(Kumar et al., 2014; Sangeetha et al., 2018).
This research shows the design and fabrication of 3D scaf-
folds utilizing biopolymers through the freeze-drying tech-
nique, specifically focusing on a formulation comprising
gelatin, albumin, graphene oxide, and vancomycin. Vari-
ous scaffold compositions were developed, and their phys-
ical and morphological characteristics were evaluated us-
ing techniques such as field emission scanning electron
microscopy (FESEM) and Fourier-transform infrared spec-
troscopy (FTIR). The optimal scaffold was selected for
further biological assessments, including cell culture and
MTT assays. Given the significant damage statistics related
to this vital soft tissue, there is a pressing need for alterna-
tives that possess biomimetic properties. In this study shows
the integration of natural materials like gelatin and albumin
as foundational components for tissue repair. Graphene
oxide was incorporated to enhance mechanical properties,
while vancomycin was utilized for its antibacterial effects,
alongside natural polymers to improve skin hydration. The
freeze-drying technique was chosen for its capacity to pro-
duce suitable scaffold designs.

2. Materials and methods

2.1 Required materials and equipment
Table 1 is related to the materials used in the project. Also,
the devices and equipment used in the studies are listed in
Table 2.

Table 1. Specifications of materials used in making samples and tests.

Description Company Material name
Mw = 477.550 g/mol

C31H27NO4
Sigma-Aldrich Gelatin

. . .
Molecular Weight:

. . .g/mol
Sigma-Aldrich Graphene oxide

Vancomycin
CH3COOH

Molecular Weight:
60.052 g/mol

Sigma-Aldrich Acetic acid

PH = 7.3 ± (0.1) DNAbiotech
Phosphate-buffered saline

solution
H2O

Molecular Weight:
18.01528 g/mol

Zalal-Iran deionized water

CaCl2 ·2H2O
Molecular Weight:

110.98 g/mol
Gatran Shimi-Iran Calcium chloride

HCl
Molecular Weight:

36.46 g/mol
Neutron-Iran Hydrochloric acid
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Table 2. Equipment and devices used in the experiments.

Device brand Device model Equipment name

Japan, FX300I AND Digital scale
China, Alfa H5-860 Stirrer/Hot Plate

China Va-5II Drying-freezing
BOMEM SRG 1100G Infrared spectroscopy

Serontechnologies AIS2100 SEM
Bell/Italy MP-bell Optical microscope

Sarv Tehiz - Iran — Laboratory hood
Germany - Philips PW1730 X-ray spectroscopy (XRD)

Iran — Falcon
Branches HB170 Centrifuge

2.2 Preparation of samples
2.2.1 Albumin extraction polymer
Initially, the whites of 5 eggs were thoroughly combined,
using 3 cc of saline solution for every 1 cc of egg white. The
saline solution was prepared by dissolving 9 g of sodium
chloride and 4 mM of EDTA in 1 liter of distilled water.
The resulting mixture of egg white and saline was placed
on a magnetic stirrer and stirred for 1 hour at room temper-
ature. The pH of the mixture was adjusted to 4.5 by adding
half-normal hydrochloric acid, after which the solution was
stirred for an additional 30 minutes. The prepared solution
was then transferred to a Falcon tube and centrifuged for 10
minutes. The sediment formed at the bottom of the Falcon
tube was discarded, while the supernatant was retained for
subsequent analyses.

2.2.2 Fabrication of three-dimensional scaffold
Initially, 1.5 g of gelatin was dissolved in 50 mL of distilled
water. In containers labeled A and B, extracted albumin
was added to achieve a concentration of 5 wt.%. These
mixtures were then placed on a magnetic stirrer at a rotation
speed of 600 rpm for 4 hours at ambient temperature to
ensure complete homogeneity. Subsequently, 1% by weight
of graphene oxide was incorporated into glass A, while 3
wt.% was added to glass B. In containers C and D, a 10%
by weight concentration of albumin was utilized, and af-
ter ensuring complete dispersion of graphene oxide, 1%
and 3% by weight were added, respectively. A consistent
proportion of 2% by weight of vancomycin was included
in all solutions. 0.5 cc of glutaraldehyde was added as a
crosslinking agent to each milliliter of the solution. The
prepared solutions were then transferred into specialized
containers for freeze-drying.
Freeze-drying, or lyophilization, is a method that involves
drying a product at low temperatures under vacuum condi-
tions. In this process, the sample is first frozen, transforming
the water into a solid state, and then the ice is sublimated
directly into vapor without passing through a liquid phase.
A key advantage of freeze-drying is that the samples remain
at low temperatures throughout the drying process, preserv-
ing heat-sensitive components and maintaining the original
shape and size of the material. Consequently, the dried
products can be stored for extended periods without risk of

compositional changes or microbial contamination, owing
to the absence of water. The samples were initially placed
in a freezer for 24 hours and then in a nitrogen environment
until they were completely frozen, after which they were
immediately transferred to the freeze dryer for a duration of
24 hours. Following the freeze-drying process, the samples
were prepared for various analyses. Figure 1 (a) shows the
equipment used, while figure 1 (b) illustrates the resulting
scaffolds.
Figure 1 (a-b) shows a detailed overview of the study’s key
components. Figure 1 (A) shows features the freeze-drying
machine used in the research. The freeze-drying process, or
lyophilization, is crucial for preserving sensitive materials
by removing moisture while maintaining structural integrity.

2.3 Materials characterization

2.3.1 Identification of operative groups

2.3.1.1. Fourier transform infrared spectroscopy (FTIR)
The spectrometer (FTIR) can measure the transmission spec-
trum and the absorption spectrum in the wavelength range
of 400 cm−1 to 4000 cm−1. The device can identify and ana-
lyze compounds that have infrared absorption bands. Using
an infrared spectrometer SRG 1100G model, the experiment
was performed for 3D scaffolds.

2.3.2 Morphological examination

2.3.2.1. Optical microscope
An optical microscope was used for the initial observation
of the scaffolds and examination of the surface and porosity.
The optical microscope used is the MP-Bell model, which
was made for 3D scaffolds.

2.3.3 Scanning electron microscope (SEM)

A scanning electron microscope (SEM) was employed to
investigate the surface characteristics and morphology of
the scaffold. To enhance the conductivity of the samples,
a gold coating was applied. The samples were placed in a
vacuum chamber and subsequently coated with gold using
gold particles in a plasma deposition process. The SEM uti-
lized for this analysis was the AIS2100 model, specifically
designed for examining electrospun scaffolds.
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Figure 1. Image (A) A view of the freeze-drying machine, Image (B) Fabricated scaffolds, (a) G.5%Al.1%Go, (b) G.5%Al.3%Go, (c) G.10%Al.1%Go,
and (d) G.10%Al.3%Go.

2.3.4 Scaffold inflation check
To evaluate the degree of swelling and water absorption,
a swelling test was conducted. Initially, the samples were
weighed to determine their dry weight. Following immer-
sion in a phosphate-buffered saline (PBS) solution, the sam-
ples were weighed again to obtain their wet weight. The
swelling rate over a 30-hour period was calculated using
equation (1). Figure 2 (a-d) illustrates the samples sub-
merged in the PBS solution.

Inflation percentage =
W −W0

W0
×100 (1)

where W0 is the dry weight and W is the weight of the sub-
merged scaffold.
Figure 2 shows the placement of the scaffold sam-
ples in PBS solution, including formulations (a)
G.5%Al.1%Go, (b) G.5%Al.3%Go, (c) G.10%Al.1%Go,
and (d) G.10%Al.3%Go, highlighting their respective
swelling behaviors during the experiment.

2.3.5 Biodegradability
A biodegradability test was conducted to assess the stabil-
ity and measure the degradation rate of the scaffold in an
external environment. Initially, the scaffold was weighed
to determine its dry weight and then immersed in PBS for
15 days. At 24-hour intervals, the samples were removed

from the solution, dried using filter paper, and weighed.
The percentage of scaffold biodegradability was calculated
using equations (2) and 3.

Biodegradability percentage =
W0 −W

W0
×100 (2)

where W0 is the dry weight and W is the weight of the
submerged scaffold.

2.3.6 Checking mechanical properties

2.3.6.1. Compressive strength
In this test, the scaffold is positioned between 2 plates that
distribute the applied force across opposing surfaces of the
sample. These plates are subsequently pressed together us-
ing the Hi-500kg-SE universal testing device, resulting in
the flattening of the sample, as illustrated in figure 3.
When subjected to compression, the sample typically short-
ens in the direction of the applied force while expanding
in the perpendicular direction. The objective of pressure
testing is to assess the material’s behavior or response by
measuring variables such as strain, stress, and deformation
under applied compressive forces. Pressure tests were con-
ducted on the three-dimensional coated scaffolds using the
ZEMIC load cell model H3-C3-50kg-3B-D55 (see figure 3).

Figure 2. Placement of samples in PBS, (a) G.5%Al.1%Go, (b) G.5%Al.3%Go, (c) G.10%Al.1% Go, and (d) G.10% Al.3%Go.
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Figure 3. Device used for pressure test.

2.3.7 Drug release

2.3.7.1. Standard curve
The initial concentration of vancomycin was 2 ppm, which
was subsequently diluted with PBS to prepare four differ-
ent concentrations for the standard curve. The absorbance
of these samples was measured using a UV spectropho-
tometer. The area under the peak was calculated for each
concentration at a wavelength of 203 nm, allowing for
the construction of a standard curve for vancomycin con-
centration based on UV absorption. Figure 4 illustrates
the schematic of the antibacterial test process utilizing the
disc diffusion method. This technique involves placing
antibiotic-impregnated discs on an agar plate inoculated
with bacteria. The resulting inhibition zones are measured
to assess the antibacterial efficacy of the tested materials,
providing critical insights into their potential therapeutic
applications.
The equation of the line for the vancomycin standard graph
was determined to be R2 = 0.7778, with the relationship
described by the equation x = 0.0003 − 0.0005 x.
2.3.7.2. Dialysis bag preparation
The quantity of vancomycin extract loaded into the scaffold
and the amount of drug released were quantified using UV
spectrometry. To prepare the dialysis bag for the release test,
it was immersed in a solution containing 2% (w/v) baking
soda and 0.05% (w/v) EDTA for 30 minutes. Following
this, the bag was rinsed with double-distilled water and sub-
sequently placed in boiling double-distilled water.
2.3.7.3. Checking the amount of drug release
To conduct the tests, one end of the dialysis bag was secured

before inserting the sample. This end was then tied with
thread or clipped at the double-layered section to prevent
damage to the bag. 4 mg of the drug-containing scaffold was
placed into the dialysis bag, which was then sealed at the
other end. A total of 30 mL of PBS solution was added to a
container, and the dialysis bag containing the samples was
immersed to ensure that its entire surface was submerged.
The container was then covered and placed in a water bath
maintained at 37 °C, with the samples agitated on a shaker.
During the first two hours, samples were taken every 30
minutes, followed by hourly sampling for the subsequent 8
hours. During each sampling interval, 4 mL of PBS solu-
tion surrounding the dialysis bag was removed and replaced
with an equal volume of fresh PBS solution. It is important
to note that the container lid remained closed throughout
the sampling periods. The collected samples were ana-
lyzed using a UV spectrophotometer, and the percentage
of drug release was calculated to determine the amount of
vancomycin released from the scaffold over time.

2.3.8 Identification of elements and microstructure
2.3.8.1. X-ray differential diffraction analysis (XRD)
To study the crystal structure and check the phase composi-
tion of the samples, an X-ray differential diffraction analysis
was performed. The phase composition was evaluated by
X-ray diffraction (XRD) (PW1730-Philips) by scanning in
the Bragg-Brentano geometry using radiation (k = 1.5406
Å). The experimental conditions used were 1.5 hours of
scanning time with 2 hours of 0.020° scanning stage and a
scanning range between 4° and 90°, with a measurement
time of 50 seconds in each stage. The parameters of the
X-ray generator are voltage 45 kV and intensity 40 mA. The
anode is copper and the filter is nickel. The stopping time in
each step is one second, the step size is 0.02 degrees, and the
patterns are identified using references. X-ray diffraction
analysis was performed for 3D scaffolds.
2.3.8.2. Elemental identification analysis (Eds)
The Energy Dispersive Spectroscopy (EDS) analysis, uti-
lizing the AIS2100 model specifically designed for three-
dimensional scaffolds, enables the semi-quantitative identi-
fication of the constituent elements of the sample, requiring
a minimum of 5 mg of the particle sample. This analy-
sis can identify elements ranging from carbon to uranium,
providing both point and semi-quantitative assessments. Ad-
ditionally, the EDS test presents the energy spectrum of the
sample and is capable of detecting concentrations from 0.1%
to 100%.

2.3.9 Cell culture test (in vitro)
2.3.9.1. Culture of fibroblast cells
The cell culture test was conducted by the ISO10993-5
standard and indirectly. To prepare one-day extracts, first,
one sample with dimensions of 3 square centimeters was
prepared and placed inside a sterile microtube. Then one
milliliter of RPMI culture medium without FBS was poured
on them and placed inside the incubator. The cultivation con-
ditions inside the incubator include 5% CO2 carbon dioxide
gas, 90% humidity, and 37 °C cultivation temperature. The
floor of the 12-house plate was also used as a negative con-
trol to detect the lack of cytotoxicity response. Dimethyl
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Figure 4. Schematic of antibacterial test process using disc diffusion method.

thiazyl diphenyl tetrazolium bromide (MTT) test with a
concentration of 0.5 mg/mL was used to evaluate toxicity.
Thus, first, 5000 L929 cells in 100 microliters of culture
medium (RPMI) containing serum were poured into three
wells of a 12-well plate for each of the two samples and one
column as a control. After one day, the culture medium was
removed 100 microliters of extract containing 10% serum
was added to each well and FBS-containing medium was
added to the control column. After 24 hours, the extract was
removed and 100 microliters of MTT solution was poured
into each well. After four hours, the medium on the cells
was removed and 100 microliters of isopropanol was added
to them and placed in the incubator for 20 minutes to dis-
solve the purple formazan crystals. Then, the absorbance
of the substance dissolved in isopropanol was calculated at
a wavelength of 545 nm with an ELISA reader (Stat Fax
2000). The well with more cells shows a higher optical
density (OD) than the well with fewer cells. Therefore, it
can be determined from the relationship below the well with
more cells and compared with the control sample.

Toxicity% =

(
1− mean OD of sample

mean OD of control

)
Viability% = 100−Toxicity%

In living cells, the color of MTT in the mitochondria tran-
sitions from yellow to purple formazan crystals, with the
intensity of the color serving as an indicator of cell viabil-
ity. The percentage of cell survival is represented by the
data presented in the graphs of the following chapter, which
demonstrate the non-toxicity of the samples.

2.3.9.2. Proliferation of fibroblast cells
In this research, an L929 cell (NCBI C161) obtained from
the cell bank of the Pasteur Institute of Iran was used. After
freezing the cells, they were transferred to a flask containing
DMEM culture medium with 10% FBS and then the flask
was placed in an incubator at 37 °C, 90% humidity, and 5%
carbon dioxide concentration. It should be noted that the
culture medium was changed every 3-4 days.
2.3.9.3. Sample preparation
First, the sample was cut in dimensions of 1 × 1 cm and
placed in the bottom of the wells of the culture plate of 12
houses. Next, the samples were first sterilized with 70%
alcohol and then with UV.
2.3.9.4. Cell adhesion test
To assess cell adhesion, sterilized samples were placed in
each well of a sterile 12-well plate. Subsequently, 20,000
cells in a volume of 80 microliters were added to each sam-
ple and incubated for 4 to 5 hours to allow for cell adhesion.
Following this incubation period, a specified volume of cul-
ture medium containing 10% fetal bovine serum (FBS) was
added to each well. After 24 hours, the culture medium was
removed, and the samples were washed with PBS for 30
seconds. Then, 3.5% glutaraldehyde was applied for cell
fixation. After applying the fixative to each sample, they
were stored in a refrigerator for 2 hours. The fixative was
then removed, and the samples were rinsed with deionized
water, followed by washes with alcohols at concentrations
of 50%, 60%, 70%, 80%, and 96%. Finally, cell adhesion
to the samples was examined using an AIS2100 SEM.
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2.3.10 Antibacterial reaction
One method for assessing the antibacterial properties of a
substance involves measuring the diameter of the inhibition
zone. In this technique, a specific number of isolated bacte-
ria is suspended in serum medium and cultivated as a lawn
on Mueller Hinton Agar plates. The tested samples are then
placed onto the culture medium. After incubating the plates
at 37 °C for 24 hours, they are examined under light to
measure the area of inhibition. In the disc diffusion method,
the agar plate is inoculated with a standardized amount of
the test microorganism, followed by the placement of a
disc (approximately 6 mm in diameter) containing the test
compound at the desired concentration on the agar surface.
The Petri dish is then incubated under appropriate condi-
tions. Typically, the antimicrobial agent diffuses through
the agar, inhibiting the growth of the microorganism, after
which the diameter of the inhibition zone is measured. An-
tibiograms classify bacteria into sensitive, semi-sensitive,
or resistant categories based on qualitative results, making
this method essential for determining resistance phenotypes
among tested bacteria. These results can provide valuable
insights for experts. Escherichia coli and Staphylococcus
bacteria are evenly spread onto Petri dishes containing solid
LB medium, following the McFarland standard for concen-
tration.

3. Results and disscusion
Many studies introduced an injectable polyzwitterionic lu-
bricant aimed at stopping cardiac adhesions, while another
explored lecithin-based electrospun nanofibers to reduce
abdominal adhesions. These advancements hold promise
for improving patient outcomes in surgical care (Wang et al.,
2023c; Mirhaj et al., 2022; Zhou et al., 2022; Tavakoli et al.,
2022). Recent research in composite and biomaterials has
revealed exciting developments. One study investigated re-
inforced composite structures in acidic environments, while
another examined the mechanical behavior of glass fiber
reinforced polymer (GFRP) composites under similar condi-
tions (Rahmani et al., 2023b; Dadras et al., 2023; Gitiara et
al., 2021; Barbaz-Isfahani et al., 2023b). Additionally, the
impact of nanoclay and nanosilica on GFRP composites in
corrosive settings was analyzed. The synergistic effects of
eggshell powder and halloysite clay nanotubes on the prop-
erties of polypropylene composites were also explored (Rah-
mani et al., 2023a; Kamarian et al., 2023; Barbaz-Isfahani
et al., 2023a; Alimirzaei et al., 2024; Barbaz-Isfahani et
al., 2022; Barbaz-Isfahani et al., 2023c). Recent develop-
ments in composite materials, nanoparticles, and biomate-
rials have revealed promising applications across various
fields (Farazin et al., 2021; Liang et al., 2022; Moarrefzadeh
et al., 2023; Safaei et al., 2023; Khandan et al., 2020; Jaberi
et al., 2022). One study focused on creating a 3D bioprinted
alginate-gelatin hydrogel scaffold enriched with calcium
phosphates for dental pulp regeneration (Attaeyan et al.,
2024; Qian et al., 2020; Rajaei et al., 2022; Asefnejad,
2024). Other research aimed to improve the characteris-
tics of polyvinyl alcohol/chitosan matrices by incorporating
magnesium and silicon modifications (Oudeh Kadhim et al.,
2024; Ghomi et al., 2024; Dehkordi et al., 2023; Javidan

Bashiz et al., 2024). Additionally, studies examined the
mechanical properties of titanium-reinforced ceramics and
the use of nanoparticles in scaffolds for bone tissue engi-
neering (Raisi et al., 2020; Jasemi et al., 2022; Moghadas
et al., 2024; Sheikhbahei and Ari, 2024; Ghafari et al.,
2024). These advancements seek to enhance therapeutic
outcomes and improve material performance in medical and
industrial contexts (Shahmirzadi et al., 2024; Tavakoli et al.,
2024; Zakavi et al., 2023; Bahari et al., 2021; Bahari et al.,
2019). Figure 5 shows light microscope images of the three-
dimensional porous scaffolds. The images indicate that the
G.5%Al.1%Go and G.10%Al.1%Go scaffolds show irregu-
lar porosities. In contrast, the porosity of the G.5%Al.3%Go
and G.10%Al.3%Go scaffolds appears more uniform and
parallel. A FE-SEM was utilized. Recent research has made
exciting progress in preventing postoperative adhesions and
immune responses through innovative materials.

Figure 5. Optical microscope of (a) G.5%Al.1%Go, (b) G.10%Al.1%Go,
(c) G.5%Al.3%Go, and (d) G.10%Al.3%Go scaffolds.

The morphology of the porous three-dimensional scaffolds
was analyzed using a SEM, as illustrated in figure 6 (a-
d). SEM images correspond to the G.5%Al.1%Go and
G.10%Al.1%Go scaffolds, with pore sizes ranging from 209
to 50 micrometers and 515 to 50 micrometers, respectively.
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The layers formed in these two scaffolds exhibit irregular
porosity. The porous structure of the scaffolds containing
1% Go did not show distinctive characteristics in terms of
channel formation, as previously noted, instead develop-
ing a spherical porous structure with a three-dimensional
arrangement and interconnections, as depicted in figure 6 (a-
d).
Figure 7 (a-d) illustrates that the formation of parallel plates
occurs with an increase in the weight percentage of Go. A
comparable channel structure was observed in the freeze-
dried hydrogel produced by lyophilization. In this instance,
however, the plates were interconnected by thin bridges, as
showed in figures 7 (b-d).
Research has showed that graphene possesses exception-

ally high thermal conductivity, making it valuable in the
electrical industry for enhancing the thermal conductivity
of polymers, such as plastics and silicone gels. In contrast,
graphene oxide exhibits lower thermal conductivity due to
the transition of hybridized carbon atoms from sp3 to s2 con-
figuration. This alteration affects phonon transfer within sp2

domains, resulting in the formation of low-resistance chan-
nels. When ice crystals experience external stress, such as
rapid cooling, their orientation is influenced by the tempera-
ture gradient created by the gelatin hydrogel. The authors
observed that temperature variations lead to the develop-
ment of thin connections between the plates, likely resulting
in a lower temperature environment that facilitates the align-
ment of ice crystals and minimizes random crystallization.

Figure 6. SEM image, (a-b) G.5%Al.1%Go, (c-d) G.10%Al.1%Go.
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Figure 7. SEM image, (a-b) G.5%Al.3%Go, (c-d) G.10%Al.3%Go.

3.1 Identification of operative groups
3.1.1 Infrared spectroscopy (FTIR)
Figure 8 shows the peaks associated with graphene oxide
(GO) as observed in the Fourier-transform infrared (FTIR)
spectrum. The hydroxyl group (C-OH, phenol) appears
within the range of 3050-3800 cm−1, while the peak at 1070
cm−1 corresponds to the C-O vibrations of carboxylic acid
(COOH) and water (H2O). The peak observed at approx-
imately 3418-3412 cm−1 is attributed to the O-H stretch-
ing vibrations of C-OH groups and the water content in
the material. Various oxygen configurations related to the
GO structure exhibit vibrations in the ranges of 1234-1236
cm−1 (C-O-C epoxide), 1533 cm−1 (C=C hybrid, in-plane
vibrations), and 1642-1652 cm−1 (carboxyl COOH). An

increasing the weight ratio of GO in the G.5%Al.3%Go
scaffold has intensified the COOH peak. According to the
research conducted by Andrijanto et al. (Andrijanto et al.,
2016), a peak in the range of 1720 cm−1, associated with
the carbonyl stretching group (C=O), was not detected in
this study due to the presence of other substances.
In the FTIR spectrum, the presence of albumin was indi-
cated by peaks at 1652-1642 cm−1 corresponding to the
C=O stretching of the amide I band, and at 1533 cm−1 re-
lated to C-N stretching with bending mode (N-H), indicative
of the amide II band, confirming the presence of protein
in albumin. Additionally, peaks associated with gelatin are
observed in the range of 1389 cm−1, corresponding to the
amide III band. Research conducted by Svetlana R. Derkach
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Figure 8. Infrared spectroscopy, G.5%Al.1%Go and G.5%Al.3%Go scaffolds.

and colleagues (Derkach et al., 2019) has demonstrated that
gelatin’s chemical structure includes amides A and B, as
well as amides I, II, and III. It is important to note that the
detection of these groups can vary depending on the type
of gelatin used. The peak in the range of 2951-2878 cm−1

corresponds to the N-H stretching vibration of amide B. Fig-
ure 9 illustrates the FTIR spectrum for the G.10%Al.1%Go

and G.10%Al.3%Go scaffolds, clearly showing all identi-
fied peaks related to graphene oxide, albumin, and gelatin.
Figure 10 illustrates the process of synthesizing graphene
oxide from graphite. The schematic shows the presence of
carboxyl (COOH) and hydroxyl (OH) functional groups,
which were identified in the FTIR peaks.

Figure 9. Infrared spectroscopy, G.10%Al.1%Go and G.10%Al.3%Go scaffolds.
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Figure 10. Graphene oxide production schematic.

3.2 Identification of elements using EDS test
The weight and atomic percentages of elements including
carbon (C), oxygen (O), and nitrogen (N) were analyzed
using X-ray energy dispersive spectroscopy. Figure 11
presents the weight and atomic ratios of these elements for
each scaffold. The weight percentages of C and O for the
G.5%Al.1%Go and G.5%Al.3%Go scaffolds were found to
be 33% and 44% for carbon, and 25% and 52% for oxygen,
respectively.

Figure 11. X-ray energy diffraction spectroscopy for (a) G.5%Al.1%Go
and (b) G.5%Al.3%Go scaffolds.

The weight percentage of nitrogen (N) for both scaffolds
is between 21% and 22%. The results indicate that the ni-
trogen weight percentage does not influence the increase
of graphene oxide (GO). However, as the amount of GO
rises, the weight percentage of carbon (C) decreases while
that of oxygen (O) increases. Research has shown that the
weight percentage of oxygen is greater than that of car-
bon. Figure 12 (a-b) shows the energy dispersive spec-
troscopy (EDS) spectrum for the G.10%Al.1%Go and
G.10%Al.3%Go scaffolds, with the weight percentages of
C and O being 40% for the G.10%Al.1%Go scaffold and
36% and 45% for the G.10%Al.3%Go scaffold, respectively.
In contrast, the weight percentage of nitrogen for scaffolds
containing 5% albumin remains within the range of 21% to

22%.

Figure 12. X-ray energy diffraction spectroscopy for (a) G.10%Al.1%Go
and (b) G.10%Al.3%Go scaffolds.

3.3 Drug release
The primary objective of designing an optimal drug deliv-
ery system is to administer therapeutic agents within the
patient’s body in a controlled manner while minimizing
side effects on healthy tissues. Due to the limited solubil-
ity of certain chemotherapy drugs in water and their lack
of specificity in targeting affected tissues, these drugs fre-
quently result in significant adverse effects on non-target
tissues. In recent decades, advancements in tissue engineer-
ing have addressed some of these challenges by introducing
nano-sized drug carriers that are effective in drug release
systems. Nanomedicine has expanded its applications to
include bacterial inhibitors, imaging contrast agents, and
drug/gene delivery systems, owing to its favorable prop-
erties, biocompatibility, and operational ease. Graphene
nanostructures present a promising option as drug-loading
agents. Figure 13 shows the drug release process over a pe-
riod of 25 hours. The data indicate that the G.5%Al.3%Go
scaffold shows a higher release rate of approximately 28%
within the first 5 hours, whereas the G.5%Al.1%Go scaffold
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Figure 13. Drug release rate for 25 hours, G.5%Al.1%Go and G.5%Al.3%Go.

shows a release of about 24% during the same timeframe.
After 25 hours, the drug release rate for the G.5%Al.3%Go
scaffold (36%) was lower than that of the G.5%Al.1%Go
scaffold (40%), indicating that the G.5%Al.3%Go scaf-
fold exhibits controlled release characteristics. This phe-
nomenon may be attributed to the increased proportion of
graphene oxide. The drug is intercalated between the layers
of graphene oxide, and as the weight ratio of graphene oxide
rises, a greater quantity of drug is encapsulated within these
layers.

4. Conclusion
Tissue engineering and the replacement of damaged tis-
sues play a crucial role in medical science, often proving
to be more effective than organ transplantation between in-
dividuals. The development of wound dressings from both
natural and synthetic polymers with desirable properties
for tissue regeneration is rapidly progressing. The mate-
rials used in scaffold fabrication can be natural, synthetic,
or mineral-based, and they must exhibit biocompatibility
and biodegradability. Additionally, hydrophilicity is an
important characteristic for scaffolds. Natural polymers
such as gelatin, chitosan, and alginate demonstrate good
hydrophilicity and biocompatibility; however, they lack
inherent antibacterial properties. This research aimed to
prepare scaffolds utilizing biocompatible materials, specifi-
cally albumin and gelatin, while incorporating vancomycin
to impart antibacterial properties. Moreover, graphene oxide
nanoparticles were incorporated to enhance the mechanical
properties of the scaffolds. The scaffolds were produced
using a freeze-drying technique. Subsequently, the fabri-
cated scaffolds were evaluated through various tests, in-
cluding morphology assessment via SEM, functional group
analysis using FTIR, as well as assessments of swelling,
biodegradability, and mechanical and biological properties.
The results obtained are presented below. The morphol-
ogy of porous three-dimensional scaffolds was analyzed
using optical and scanning electron microscopy, revealing
plate-like layers with increased GO. FTIR spectroscopy
identified functional groups in graphene oxide, albumin,

and gelatin. Increased GO enhanced oxygen and carbon
content, while drug release studies showed better control
with the G.5%Al.3%Go scaffold. Swelling tests indicated
reduced swelling with higher GO, and biodegradation as-
sessments revealed a 35% degradation for G.10%Al.3%Go.
Mechanical properties improved from 2 MPa to 6 MPa with
GO. Biocompatibility tests showed 103% cell viability for
G.10%Al.3%Go, and antibacterial tests indicated effective
inhibition.

Suggestions
Animal studies will focus on the optimal scaffolds,
investigating in vivo tests to evaluate the tissue response
and behavior of living organisms in comparison to the
optimal sample. This research aims to assess how the
scaffolds perform in a biological environment, providing
insights into their effectiveness and biocompatibility for
potential therapeutic applications.
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