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AbstractObtaining novel scaffolds on bone disease-affected cells with osteoconductivity has recently been the focus of tissue engineeringmethodologies. Chemical treatment and microwave radiation form a novel strategy to create graphene oxide nanosheets (Gns)that decorate carbon crystal structures. This approach is proven to be eco-friendly. Gns was characterized using "X-ray diffraction,ultraviolet, and Fourier transform infrared spectrophotometers". The XRD spectra confirmed the crystalline structure of Gns. TheGns product was analyzed using "Raman spectroscopy. Transmission electron microscopy and field-emission scanning electronmicroscopy" exposed few layered surfaces of Gns. The TEM images showed Gns specifically decorated with carbon nanoparticles.The evidence demonstrated the novelty of Gns as a very effective bactericidal agent, suggesting its potential as a future antibacterialagent. Different concentrations of Gns and its derivatives showed different cell viabilities toward various cell lines, demonstrating thedependency of a biocompatible environment for good attachment on MG63 cells.
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1. INTRODUCTION

A significant area of study in medicine is the application of
new therapeutic agents to enhance the effectiveness of ther-
apy. In the past, progress in the nanomaterial domain has
offered valuable biocompatible nanostructured materials and
nanocomposites that are well-suited for drug delivery systems
(Kang et al., 2017; Mohammadrezaei et al., 2018). A bone
scaffold is usually necessary for stem cells in bone tissue en-
gineering. Biomaterials are used for bone scaffolds because
they provide mechanical support while stimulating new bone
development. Scaffolds should be osteoconductive, biodegrad-
able, and low profile. Scaffold construction requires superior
mechanical properties, interconnected porosity, and biocom-
patibility (Kang et al., 2017; Sumathra et al., 2018).

Graphene and its derivatives are highly sought-after by
scientists in various domains, including biomedicine, tissue
engineering, and other emerging materials. Carbon nanotubes,
fullerenes, and graphene are materials that are frequently seen
as having great potential (Gürünlü et al., 2022; Zare et al.,
2021). Specifically, they enhance the attachment, growth, and
specialization of cells during the formation of bone cells (os-
teoblasts). Graphene’s biocompatibility with the biological sys-

tem is an important issue because of its potential medical appli-
cations (Li et al., 2024; Wang et al., 2021). Therefore, it must
be thoroughly tested before it could be used in humans. Figure
1 depicts the antimicrobial and osteogenesis-stimulating effects
of graphene oxide (GO) nanosheets (Gns) in bone and dental
implants (Jia et al., 2016; Kang et al., 2017).

Microbial disinfection via nanotechnology using metal nano-
particles and/or nanocarbons is straightforward, cheap, and
adaptable. However, antibacterial nanomedicine is only started
to be used in clinical settings (Jiang et al., 2018; Wang et al.,
2011). Graphene-based materials are commonly utilized to
treat bone infections due to their potent antibacterial proper-
ties (Suresh and Sivasamy, 2018; Szunerits and Boukherroub,
2016). Removing bacterial biofilms from tissue-engineered
scaffolds improves osteoblast adhesion and proliferation, allow-
ing Gns to fight infection while maximizing their osteogenic
qualities (Wang et al., 2020; Wu et al., 2021).

Gns has remarkable physical qualities, biocompatibility,
and chemical stability, making it one of the most promising
carbon derivatives in material science. First discovered in 2004,
GO is a monotonically thick, two-dimensional (2D) planar
sheet. Researchers have reported several biological and physi-
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Figure 1. Illustration of the Gns-Coated Osteogenic Implant and Its Processing (Karahan et al., 2018; Riley et al., 2021).

cal uses for GO, including medication loading and transport
(Daniyal et al., 2020; Wang et al., 2020). Graphene’ is a single
sheet of carbon that has been hybridized with sp2 in its honey-
comb structure". Comprised of sp2 hybridized carbon atoms
connected by Van der Waals connections 0.142 nm long, it
is a two-dimensional crystal. (Ganjoo et al., 2023; Mahmood
et al., 2023). Several methods have been established for the
creation of Gns, and they can be broadly categorized as either
physical or chemical.

Mechanical exfoliation or direct liquid-phase exfoliation
can be used to physically separate Gns layers beginning ar-
ranged graphite sheets by using van der Waals force disturbance
(Manikandan and Lee, 2023; Sontakke et al., 2023). The pro-
duction of goods incorporating graphene is accomplished by
chemical processes, including chemical vapor deposition, epi-
taxial growth, chemical reduction of GO (Anghel et al., 2023;
Obayomi et al., 2023; Yadav et al., 2023).

This study aimed to systematically establish Gns by using
nontoxic and eco-friendly chemicals. The proposed technol-
ogy’s simplicity, scalability, and environmental friendliness
could allow the mass production of Gns. In this study, the
graphene family’s medical and preclinical bone regeneration
applications were highlighted. By using the MG63 human
osteosarcoma cell line, which is a well-established cell line for
researching osteoblast function, Gns was tested in vitro for
Gram-negative and -positive antibacterial activities.

2. EXPERIMENTAL SECTION

2.1 Materials
Graphite powder purity 99% (40-100 𝜇m) purchased "Glen-
tham life science Co." from Germany. Glycine chemical for-
mula "NH2.CH.COOH" was supplied by Thomas Baker India

Co., India. sulfuric acid "H2SO4" was provided by "LOBA
Chemie," Maharashtra, India.

Figure 2. Gns Fabrication Scheme

2.2 Synthesis of Gns
Preparation of Gns show in Figure 2. Graphite powder (1
g) were immersed into 30 mL ice-cooled sulfuric acid from
overnight. Glycine (0.5 g) was dissolved in distilled water over a
magnetic hotplate stirrer (model SH-2) for 30 min. After being
handled, the graphite flakes were filtered and allowed to dry
naturally. Then, they were microwaved "Samsung, 2.45 GHz,
600 W, (105±5◦C)" at 1 min to deliver a radiation thermal
shock. Lightening and quick exfoliation of the precursors were
the side effects of microwave irradiation. The reaction mixture
was not subjected to longer periods or high microwave intensity
to avoid severe explosions.

2.3 Characterization Techniques
X-ray diffraction "Shimadzu XRD-6000 "with Cu Ka radiation
(𝜆 ) of 1.5406◦ A and scan angles of 2𝜃 between 20◦ and 80◦

© 2024 The Authors. Page 807 of 817



Abdullah et. al. Science and Technology Indonesia, 9 (2024) 806-817

Figure 3. A Process that Contributes to the Evolution of Antibiotic Resistance in Cells (Yousefi et al., 2017)

was utilized for structural analysis of Gns, with a 0.02◦ step
size and a rate of 5◦ (2) min-1, to evaluate the form and crys-
tallinity of Gns. Each specimen or species has one-of-a-kind
XRD pattern, because identifying such content is as simple as
comparing the achieved data with the database findings. XRD
can be used to identify samples of graphite and graphene, even
though it is not the best tool for spotting single-layer graphene.
When evaluating a material’s functional groups, Fourier trans-
form infrared (FTIR) spectroscopy can be used because it
provides a diagram connecting the permeability or absorption
to the number of waves. The chemical configuration of Gns
was determined using FTIR (Shimadzu, IRAffinity-1, Japan).
Compressed KBr discs were used in the sample preparation
process. The Gns absorption spectra varied between 400 and
4000 cm-1. The visible and NIR optical transmission and ab-
sorption spectra (300-900 nm) of Gns were examined using a
Shimadzu UV-Visible 1800 double beam spectrophotometer.
A 532 nm argon laser (Bruker Senterra Raman microscope)
with an incident laser power of 5 mW was used for Raman
spectroscopy. TEM, JEM-2100F, Japan and FESEM, FEI
NOVA NanSEM450 were used to analyze the morphology,
shape, and size of the formed Gns; examine edge flaws; and
determine layer thickness.

2.4 Anti-Bacterial Assay
The term "antimicrobial activity" refers to the effects of nano-
materials on the different growth stages of P. aeruginosa and S.
aureus, including the naive, healthy-mature, and early-decline

levels. Importantly, this study shows that the influence of phys-
iological factors is not specific to a particular bacterial species
or Gram-property. There are two possible modes of antibiotic
resistance transmission: horizontal and vertical. Figure 3 shows
several methods by which bacteria may become resistant to
antibiotics. These include blocking the absorption of drugs,
modifying antibiotic enzymes, changing target molecules, un-
dergoing metamorphosis, sequestering drugs, and actively re-
moving them from the cell. (Gungordu Er et al., 2023; Gu-
runathan et al., 2012; Karahan et al., 2018). The ability of
Gram-negative organisms to survive in the presence of Gns
was found to be significantly affected by the transition from
exponential to stationary phase. Evidence from a battery of
analyses of physiologically mature and immature cells’ surface
characteristics led to the hypothesis that the formation of the
outer membrane structure was an important Cut wells of 4 mm
in diameter were made in Mueller-Hinton agar plates, and 100
𝜇l of indole and Gns stoke solutions were added to each. The
negative control was composed of distilled water and DMSO.
A series of well-dispersed Gns solutions (containing 15, 30, 45,
and 60 𝜇g 𝜇L-1) were prepared by twofold serial dilution using
nutrient broth as diluent. The inhibitory zone was calculated
in millimeters after incubating the plates at 37◦C for 18 to 24
hours. A shaker incubator was used to maintain the pathogens
at 37◦C overnight while they were cultivated in nutrient broth
media.
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Figure 4. Characterization of Gns: a. XRD Patterns, b. UV–Visible Absorption Spectra, c. FTIR Spectra.

2.5 Cytotoxicity Assay
In this assay, the MG63 cell line was 37◦C and 5% CO2 was
mixed with air to keep the cells alive. Dulbecco’s Modified
Eagle Medium (DMEM; Gibco, Life Technologies, Waltham,
MA, USA) with 10% FBS and 1% PSF was supplied to the
cells (Esmaeilnejad et al., 2023) . At 75% confluence, the cells
were separated in PBS (37◦C) containing 0.25% trypsin (Gibco,
Invitrogen, Waltham, MA, USA) and 0.1% ethylenediaminete-
traacetic acid (Merck, Darmstadt, Germany). The cells were
subsequently suspended in DMEM supplemented with 10%
FBS and 1% PSF. Before the experiments, 96-well plates were
seeded with cells at a density of 5,000 cells per well and in-
cubated for 24 h. After being rinsed in phosphate-buffered
saline (PBS; pH 7.4), the cells were cultured in new media
containing the samples at various concentrations (50, 62.5,
125, 250, and 500 µg/mL). 3-(4,5-Dimethylthiazol-2-yl)-2,
5-diphenyltetrazolium bromide (MTT) dye reduction assay

was performed to determine whether the cells were still alive.
Cytotoxicity was evaluated using MTT at different sample con-
centrations. Following 72 h of incubation (37◦C, 5% CO2 in a
humid atmosphere), MTT (0.5 mg/mL in PBS) was applied
to each well, which was then incubated for 4 h at 37◦C. Then,
100 mL DMSO was used to dissolve the resultant formazan
before its absorbance was measured at 570 nm by using an
ELISA reader. The data presented were the average of three
separate tests. The concentrations of the samples at which 50%
of the cells were killed were determined (IC50 values) as follows
Equation (1) (Tasdemir et al., 2023) :

Cell Viability (%) =

Absorbance of the Medium
of Treated Cells

Absorbance of the Medium
of Control

×100% (1)
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3. RESULTS AND DISCUSSION

3.1 X-Ray Diffraction" XRD "
An analysis of Gns’s crystallinity and structure was performed
using XRD. XRD exhibits a unique pattern, akin to a finger-
print, that is specific to each species, because identifying such
content is as simple as comparing the achieved data with the
database findings (Balqis et al., 2023; Zhang et al., 2000). XRD
can be used to identify samples of graphite and graphene, even
though it is not the best tool for spotting single-layer graphene.
A base reflection (002) peak at 2𝜃 = 26.6◦ (d spacing = 0.335
nm) is seen in pure graphite when an XRD pattern is used,
as stated in (JCPDS, 75-1621) (Smith et al., 2019) . Small
peaks were detected in the XRD pattern of Gns, as shown
in Figure 4 (a). The structure of Gns was affected probably
because of the residual functional groups on the Gns sheets.
Converting natural graphite to Gns breaks interplanar carbon
bonds and reduces its crystalline size, as shown by a drop in
intensity and a broadening of the peak. Oxygen-based func-
tional compounds, for instance epoxy, carbonyl, hydroxyl, and
carboxyl groups, in nanosheet layers increase Gns d-spacing.
Moreover, structural flaws from sp3 bonding on graphite flakes
contribute to this phenomenon. In accordance with the Debye
Scherrer Equation (2), the Gns d-spacing was determined to be
0.9 nm by using the following equation, where K is Scherrer’s
constant, the X-ray source’s wavelength, 𝛽 is the peak widening
(FWHM) in radians, and the diffraction angle in degrees (Akin
et al., 2024) .

D =
K𝜆

𝛽 cos𝜃
(2)

3.2 UV-Vis Spectrophotometer
Figure 4 (b) displays the absorbance spectrum obtained from
measuring Gns with a UV-Vis spectrophotometer. For Gns,
there was only one peak in the absorbance results, and it was at
around 200, where the electronic transition between orbitals
peaks out. The orbital change can be linked to this peak. The
peak at 200 nm is caused by aromatic C C bond (𝜋 𝜋 · ) tran-
sitions. According to previous research, the 𝜋 𝜋 · transition
peaks can move to different locations of the energy spectrum de-
pending on the distribution (type and number) of oxygenated
functional groups on the Gns superficial (Faria et al., 2018) .
Absorbance spectra of Gns have this distinctive peak. The
absorbance is constant at longer wavelengths, much like pure
monolayer graphene.

3.3 Infrared Spectroscopy Using the Fourier Transform (FT-
IR)

Figure 4 (c) displays the FT-IR spectrum of the finished Gns.
The stretching vibrations of O H atoms produce a wide peak
around 3400 cm-1 group and 1415 cm-1 were seen as a re-
sult of the O H bond stretching and bending vibrations from
the (OH) functionality of Gns, while the peak at 2924.64
cm-1 was the characteristic peak of C H stretching, validating
the carbon-hydrogen functionalities in Gns. Gns also exhibit

C OH stretching vibrations and C O stretching vibrations,
as seen by the peaks at 1161 cm-1 and 1037 cm-1, respectively.
In addition, the (C C) bond peaks at 1634 cm-1 in the FTIR
spectra of ovalbumin-reduced graphene indicate skeletal vibra-
tions of the unoxidized graphite domain, and the amide I and
II peaks at 1558 cm-1, respectively, indicate amides I and II,
mainly for C O stretching (Alsunbul et al., 2023; Convertino
et al., 2023). The oxygen functionalities on the Gns have been
removed, creating ovalbumin-functionalized graphene, and the
amine group in ovalbumin amino acids reacts with graphene
oxide epoxy group (Zak and Hashim, 2023) .

3.4 Raman Spectra

Figure 5. Raman spectra of Gns

The interaction between photons that cause excitation and
the vibrations of molecular bonds leads to a change in the en-
ergy of the scattered photons. The phenomenon of energy
shift observed in this context is commonly referred to as the
Raman shift (Thyr and Edvinsson, 2023) . This shift is a dis-
tinctive attribute of bond vibrations and serves as a unique
identifier, allowing for the identification and characterization of
underlying materials and structures (Strankowski et al., 2016) .
Graphite, diamond, fullerene, graphene, carbon nanotubes,
and amorphous carbon may be identified by their Raman shifts
from (lengthy to short) range crystalline vibrations molecular
(Aswathappa et al., 2024) . Figure 5 illustrates the presence of
fundamental vibrations within the frequency range of (1100-
1700) cm-1 for Gns. The D vibration band, arising beginning
the A1g symmetry breathing mode of j-point photons, was ob-
served at a wavenumber of 1340.31 cm-1 for Gns. Conversely,
the G vibration band arising from the first-order scattering
of E2g phonons by sp2 carbon was seen at a wavenumber of
1580.19 cm-1 for Gns. In addition, the G vibration band is
influenced by the stretching of the C C bond, a characteristic
feature found in all sp2 carbon structures (Moseenkov et al.,
2023) . The bands observed in the Raman spectra, as depicted
in Figure 5, can be identified as the D and G bands, which are
commonly associated with disorder and tangential modes, re-
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Figure 6. TEM Images of Gns.

spectively. Overall, this finding is consistent with the increased
sp2 character in the activated carbon. The local crystallinity of
both forms of carbon is similar to that of graphite (Tan et al.,
2023) . The influence of the broadening on the peaks’ finer sizes
is visible. Defect locations were found on the "graphite-like
sheets", through a pentagonal pinch vibration mode observed
at 1460 cm-1. The relative intensity ratio of ID/IG, which was
determined after oxidation, was 0.85. Gns is not strictly a sp2

framework, but rather a highly dispersed one with a significant
sp3 component. Despite the typical sp2 materials, reducing de-
fects in Gns could lead to an increase in the D/G ratio because
of the increased number in sp2 carbon particles surrounding
the defects.

3.5 TEM Analysis
Demonstrates Gns quality and morphology, TEM was used.
This suspension contains well-exfoliated Gns, including multi-
layers and monolayers with large sheets Figure 6. A graphene

sheet with a single layer and a single, flat flake is shown in Fig-
ure 6 (a), (b). The high-resolution TEM photo in Figure 6 (a)
shows graphene monolayers in multiple survey flakes. Figure 6
(b) shows a small number of layers, with clearly defined edges
and sharp corners formed by the nanosheets. Reassembling is
difficult for reduced Gns due to their corrugated shape, which
is clear in Figure 6 (c). Its wrinkled shape is due to its high
aspect ratio, which spans several hundred nanometers while
being only a few nanometers thick. The surface of the Gns was
adsorbed with some carbon nanoparticles. We got Gns and
aggregative carbon nanoparticles, whose carbon nanoparticles
decorated Gns in Figure 6 (d), (e).

3.6 FE-SEM Analysis
The FE-SEM image shows a porous network with clearly de-
fined three-dimensional features, much like a layered sheet.
The image analysis revealed both opaque and translucent re-
gions. Dark spots on items’ surfaces can be caused by a combi-
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Figure 7. FESEM Images of Gns

Figure 8. Antibacterial Activity of Gns

nation of graphene sheets, graphite, and oxygen groups from
graphene oxide. Areas of very thin graphene layers are trans-

parent. The more see-through something is, the thinner its
sheets or the fewer oxygen groups it contains. Figure 7 depicts
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Figure 9. MTT Assay Was Used to Examine the Effects of
Varying Concentrations of Gns on the Viability of MG63 Cells

Gns, which reveal solid sheets with a glossy surface and dense
layers ranging in thickness from a few nanometers to 30nm.
Each layer of nanosheets has a distinct corner. Figure 9 shows
a flawless sheet with no visible flaws on its surface.

3.7 Activity of Gns Against Bacteria
To test for antibacterial activity in Figure 8, we used the agar
well diffusion technique using Gns. Staphylococcus aureus and
Pseudomonas aeruginosa, two common human pathogens, were
used to investigate the antibacterial properties of Gns. In-
hibitory activity data were collected at (15, 30,45, and 60)
𝜇g/mL after incubation at 37◦C for 24 hours. Gns inhibi-
tion zone is displayed in Table 1. Graphene’s antibacterial
efficacy is strongly affected by its physicochemical features, in-
cluding sheet size, layer number, oxidative stress mediation,
and surface modifications. Byproducts of Gns are selected
aimed at their biocidal action based on additional physico-
chemical parameters, such as temperature, exposure period,
and concentration/dose (Gupta et al., 2024) . Gns has oxy-
gen functional groups on its edges and basal planes, but pure
graphene doesn’t. This makes a mix of sp2 and sp3 carbon
domains that are hybridized. Various hydrogen-containing
functional groups, for instance hydroxyl, ether, and carboxylic
acid groups, and the number of water molecules interspersed
between the oxidized sheets might change. Hydrophobic Gns
stack. Microbes adsorb quickly and strongly on hydrophobic
surfaces and reversibly adhere to hydrophilic substrates (Liu
et al., 2020) . Thus, bacteria’s surface interactions will depend
on their chemical composition. The surface charge can also
affect bacterial adhesion. In addition to these varying chemical
compositions, graphene-based materials also display structural
differences in sheet size, from the micrometer to the nanoscale
range. nanosheets, physically damaged cell membranes cause
nucleus components to seep out and the membranes to lose

their integrity. Also, the bacterial cell wall could be subject
to oxidative damage (Azizi-Lalabadi et al., 2020) . The two
basic pathways by which oxidative stress manifests are those
that rely on reactive oxygen species (ROS) and those that do
not. Once again, the existence of radical species in the system
causes stress owing to oxidation, which in turn ruptures the
cell membrane and causes cell injury (Romero-Vargas Cas-
trillon et al., 2015) . Cell death follows lysis and occurs as a
result of the release of cell components. showing that Gns has
promising antibacterial properties. Researchers found that the
synthesized Gns had sharp edges that could be used as "nano
knives" in a FESEM and TEM analysis. When it this comes
into contact with the outer surface of a bacterium, it has the
potential to pierce through the cell wall and membrane (Hada
et al., 2023; Ravikumar et al., 2022).

Table 1. Gns Varied Concentrations of Two-Bacterial Inhibitory
Zone

S.NO
Concentrations Zone of Inhibition (mm)

(𝜇g/mL) P. aeruginosa S. aureus Control
1 15 18 17 0
2 30 23.6 20 0
3 45 26 24 0
4 60 33 30 0

3.8 Cell Viability
This study mainly aimed to demonstrate the comparable bio-
compatibility of Gns. MTT assay was used to determine if
the material produced was able to kill osteoblast-like MG-63
cells in a lab setting and still be alive after 72 hours show in
Figure 9. In accordance with ISO 10993-5, the decrease was
examined using a colorimetric experiment to investigate the
metabolic activity of mitochondrial dehydrogenase (Malhotra
et al., 2022; Mohammed et al., 2020). The vitality of MG63
cells varied greatly depending on the Gns dose (50, 62, 125,
250, and 500 𝜇g/mL) used in the incubation. After 72 hours
of treatment, the MTT assays showed decreased cell viability
with increasing concentration. Most members of the carbon
family tend to congregate in physiological fluids because of
electrostatic charges and nonspecific protein interactions ow-
ing to the oxygen- containing groups on its surface (Heister
et al., 2010; Ilie et al., 2022). Gns is more biocompatible and
hydrophilic. However, some research indicated that an over-
abundance of Gns may increase the production of ROS, which
may result in cell death. Moreover, synthetic Gns with lower
oxygenation produced significantly more ROS than those with
higher oxygenation. Ionic forces and protein adsorption can
affect cell adhesion to surfaces due to surface chemistry and
roughness (Das et al., 2013; Gohari et al., 2021; Peng et al.,
2017). So, using different varieties of graphene as a base could
make the surface rougher, which could speed up cell division.
Oxygen-containing groups on Gns are better at binding pro-
teins than other graphene derivatives because they have a larger
surface area, interact with molecules, and have surface flaws

© 2024 The Authors. Page 813 of 817



Abdullah et. al. Science and Technology Indonesia, 9 (2024) 806-817

Figure 10. Fluorescence Images of MG63 Cells of Gns after 72 Hours at Various Doses.

that can serve as binding sites for proteins that help cells stick
together and stay alive (Riss et al., 2004; Sylvester, 2011). Gns
with more acute edges explained in Figure 6 (a), (b) interact
with cell membranes more forcefully, which may result in more
rupture and permeability of the membrane. Damage to DNA,
alterations to proteins, and lipid peroxidation are just a few of
the many cellular damage pathways associated with oxidative
stress, which in turn impacts cell viability when ROS levels are
high ( Heister et al., 2010; Ilie et al., 2022).

The behavior of MG-63 cells exposed to varying doses of
Gns was examined using fluorescence microscopy. At various
doses of Gns, fluorescent pictures depicting cell attachment are
shown in Figure 10. After 72 hours of cell culture on the ma-
terial, the fluorescence images proved that the cells were alive.
Many cells adhered strongly to the surface layers, and upon
seeding, the morphology of all the specimens was consistent.
Results were comparable to the control, suggesting that all of
the prepared specimens, particularly Gns under (IC50=490
𝜇g/mL) calculated from Equation (1), provide a biocompatible
environment for good cell attachment.

4. CONCLUSION

Graphite can be treated with microwaves to create two types of
carbon nanomaterials with a single atomic layer: Gns nanosheets
and carbon nanoparticles. Analysis using XRD, FT-IR, UV,
and Raman verified the production of Gns. The FE-SEM and
TEM revealed the multi-layer configuration of the Gns struc-
tures. Gns and carbon nanoparticle formations were revealed
to have a layered layout by FE-SEM and TEM. As further

proof of the layered structure and sheet folding, the Gns lay-
ers were extremely thin sheets. Antibacterial activity testing
revealed that the produced Gns-decoration carbon nanoparti-
cle was quite effective against the tested bacterial species. The
MTT assay results that were previously reported provided ev-
idence that the specimens that were tested were compatible
with the MG-63 cells, which are representative of body cells.
The MTT experiment found that the amount of Gns in the
solution significantly affected the degree of mediated toxic-
ity, with lower concentrations of Gns resulting in more toxic
sheets. The cells’ survival rate was straight connected to the
concentration of surface functional groups. Toxic effects were
shown to be mediated by inducing ROS generation within the
cell. Our study introduces a novel materials approach to in-
vestigate the development of a synthetic structure for tissue
engineering scaffold technology with potential applications in
healthcare and biomedicine. This systematic discussion focuses
on the physical and biological features of a graphene biomedi-
cal scaffold, ranging from low-scale to high-scale percentages
of graphene. Research on biomedical scaffolds can serve as
a valuable point of reference for future studies on bones and
teeth. These biomedical scaffolds may be rapidly, effortlessly,
and inexpensively produced and can serve as a benchmark for
minimizing future research expenses.
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