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Study of Anticancer Properties of Graphene Oxide–Metal
Oxide Composite

Shweta D. Dabhi, Swati Gahlot, Sheefa Mirza, Medha Pandya, Rakesh Rawal,
Vaibhav Kulshrestha, and Prafulla K. Jha*

Graphene and graphene oxide (GO) have garnered significant attention due to
their exceptional properties. GO, enriched with various functional groups
such as epoxy, hydroxyl, and carboxylic groups, has exhibited remarkable
potential in biomedical applications. The combination of GO with metals has
proven to be a promising platform for cellular imaging, with this study
focusing on the preparation of diverse hybrids of GO with metal oxides
(GO/MO) and their potential as anticancer agents. In this research, GO is
functionalized with MOs like TiO2, Fe3O4, and Cu2O using specific chemical
methods and investigated for the anticancer activity for the application as
cancer therapeutic agent. The resulting GO/MO hybrids exhibits favorable
thermal and mechanical properties. Moreover, their cytotoxicity against
human lung cancer cells is assessed in vitro, revealing the promising
anticancer activity of GO/MO hybrids. Notably, the GO/Cu2O hybrid
demonstrates particularly high cytotoxicity in human lung cancer cells.

1. Introduction

Graphene and graphene oxide (GO) has been capturing a great
deal of attention in variety of research fields such as physics,
chemistry, material science as well as life science.[1] Unveiling its
remarkable properties like mechanical, thermal, optoelectronic,
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chemical as well as large surface area,
graphene can be used in wide range of ap-
plications including energy conversion and
storage devices.[2–4] The promising and ver-
satile method to produce graphene or re-
duced graphene oxide (rGO) is by chem-
ical exfoliation of graphite and reduction
of GO, which is one of the major ad-
vantages of GO for mass production of
graphene.[5–7] Over the past few years, re-
search on drug delivery has attracted a great
attention of many researchers. GO provides
a new platform with admirable opportuni-
ties for the development of carriers for drug
and gene delivery,[8–10] cell imaging, and
photo-therapy of cancer.[11–13] To improve
the properties of material and to use GO
for a specific application, composites with
metal or metal oxide (MO) can be prepared.

The nanocomposites help in understanding of fundamental
properties of hybrid nanostructures for their potential applica-
tions.
Lung cancer represents a major global health concern, and

the use of human lung cancer cell lines aligns the research
with the disease’s actual clinical context. Understanding the
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complex genetic and environmental factors driving its pathogen-
esis is paramount for effective prevention and treatment strate-
gies. Nanomaterials have emerged as promising tools in the
fight against lung cancer, offering innovative approaches to di-
agnosis, treatment, and monitoring. Numerous nanomaterials
have been employed as cutting-edge carriers for cancer treat-
ment. Carbon based nanomaterials, e.g., graphene, carbon nan-
otubes have been used a lot in biological applications.[14] One
of the active research fields in nanotoxicology is the interac-
tion between nanoparticles and living things and the biologi-
cal reactions that follow.[15] In a study by Montes-Duarte et al.,
GO, as well as silver, ceria nanoparticles, and combinations of
thesematerials, have been thoroughly examined and assessed for
their effectiveness in deactivating Escherichia coli and Salmonella
Typhimurium.[16] The integration of silver and ceria nanopar-
ticles with GO significantly enhanced its performance, result-
ing in elevated inactivation rates and reduced exposure times re-
quired to achieve complete deactivation. Cuprous oxide (Cu2O)
is a well-known p-type semiconductor with a narrow band gap
of 2.0–2.2 eV, high optical absorption. It exhibits fast recombi-
nation of the photo-generated electron–hole pairs and therefore
can be used in photocatalysis, high performance electrode, so-
lar cell, hydrogen production,[17–19] organic contamination degra-
dation under visible light,[20,21] etc. Further, Cu2O is less toxic,
abundant, inexpensive, and easily manufactured which makes
it prime candidate for the decomposition of water and degrada-
tion of organic pollutants. Synthesis of CuO nanoparticles and
CuO-GO nanocomposites using an environmentally friendly ap-
proach using abundant and eco-friendlyAcalypha indica plant has
been done for investigating.[22] This study demonstrated the po-
tential of prepared nanocomposites as catalysts in photocatalytic
and anti-cancer activities. Notably, the cytotoxic activity showed a
remarkable 70% inhibition rate against HCT-116 human colon
cancer cells at a concentration of 100 µg mL−1. Development of
a bimetallic mixed MO employing nitrogen-doped graphene ox-
ide (N-GO) and nickel oxide and copper oxide (NiO/CuO) led
to the production of NiO/CuO/N-GO nanocomposite.[23] Addi-
tionally, the nanocomposite’s potential for antibacterial and an-
ticancer properties was looked into. E. coli, Staphylococcus au-
reus, and Bacillus cereus were each inhibited by NiO/CuO/N-GO
(50 g mL−1) with inhibition zones of 18.5, 15.25, and 17.5 mm,
respectively. NiO/CuO/N-GO nanocomposite’s anticancer abil-
ity and impact on cell cytotoxicity were assessed in both normal
HEK293 human embryonic cells and A549 human lung cancer
cells. Dual labeling with ethidium bromide and acridine orange
was used to determine cell viability. The NiO/CuO/N-GO com-
posite’s anticancer potential was confirmed by a study on the for-
mation of reactive oxygen species.
Composites of GO with titanium dioxide (GO/TiO2), mag-

netite (GO/Fe3O4) have also received a great deal of attention
for the application in anticancer therapy.[24,25] TiO2, a well-known
n-type semiconductor with a band gap of 3.0–3.2 eV, has been
investigated as an excellent photocatalyst and mediated toxic-
ity destroyer for the cancerous cells.[26,27] Further, it possesses
a very less or no dark toxicity as revealed through in vitro and
in vivo study.[28] GO/TiO2/doxorubicin nanoparticles were effec-
tively synthesized and evenly distributed within the carbon lay-
ers of GO sheets.[29] The findings revealed that an increase in
the ratio of PLA to chitosan, TiO2 content, and GO/TiO2/DOX

content led to a slower release rate of DOX over time. The re-
lease of DOX from nanofibers with a thickness of 10 µm followed
non-Fickian diffusion, while nanofibers with thicknesses of 30
and 50 µm followed Fickian diffusion. Furthermore, the results
from cell viability assays indicated that the inhibitory effect on
the proliferation of target cancer cells was intensified with higher
DOX content in the chitosan/PLA/TiO2/DOX/GO nanofibers.
The chitosan/PLA/TiO2/DOX/GO nanofibers, when combined
with an external magnetic field, demonstrated enhanced killing
of A549 cancer cells.
However, from the all knownmaterials which show anticancer

activity, magnetic nanoparticles are introduced as an excellent
candidate for the biological imaging or separation.[30,31] Magnetic
nanoparticles have been utilized for drug and gene targeting,[32]

separation of proteins, DNA and cells from samples,[33,34] asmag-
netic biosensors,[35] in cancer therapy as heat mediator.[36] Fe3O4
possesses large surface area with reactive surface, it is easily sep-
arable by magnetic field, both magnetically and chemically sta-
ble and owes very less toxicity.[37,38] Furthermore, Fe3O4 can be
self-assembled in the presence of external magnetic field which
indicates that it can be controlled as required when external field
is applied.[39] In a study, a simple method was employed to cre-
ate a superparamagnetic graphene oxide (SPMGO) nanocompos-
ite using a chemical precipitation technique. The nanocompos-
ite was easily modified by incorporating cyanuric chloride as a
connecting agent for drug loading.[40] The in vitro compatibility
with blood of the covalently immobilizedmethotrexate (MTX) on
the modified nanocarrier was contrasted with the physical im-
mobilization of MTX on the unmodified nanocarrier. The cyto-
toxicity test demonstrated that SPMGO/CC/MTX exhibited the
most significant anti-tumor activity against Caov-4 cells, reaching
an impressive 89%. Moreover, based on the overall results, the
combination of high drug loading, potent toxicity against tumor
cells, optimal drug release, and blood compatibility contributed
to enhanced therapeutic effectiveness. Regarding its properties,
the synthesized nanocarrier can serve as an innovative option for
controlled drug delivery, facilitating targeted drug release, MRI
imaging, and magnetic field-guided targeted therapy.
In line with the interactive research on GO with oxide

nanocomposites, we have reported an approach for the facile
preparations of GO decorated with TiO2, Fe3O4, and Cu2O sep-
arately. GO/MO nanocomposites were synthesized using chem-
ical methods. Various characterization techniques have been ap-
plied to study the structure andmorphology of prepared GO/MO
hybrid nanocomposites. Due to interaction between GO sheets
and nanoparticles, it enables fast electron transport from particle
to carrier inducing enhanced electrochemical performance. An-
ticancer activity of GO and GO/MO hybrids are investigated in
order to study the role of MO hybrid for their possible applica-
tion as cancer therapeutic agent. To assess the cytotoxic potential
of GO and its composites, lung cancer cell line (A549) was used
for the present study.

2. Result and Discussion

2.1. Structural Analysis

XRD, SEM, and TEM are the essential tools to determine the
structure, crystallinity, particle size, and morphology of the
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Figure 1. XRD patterns of graphene oxide (GO), GO/TiO2, GO/Fe3O4,
and GO/Cu2O.

nanostructures. XRD patterns of GO, GO/TiO2, GO/Fe3O4, and
GO/Cu2O nanocomposites are depicted in Figure 1. In XRD pat-
tern of GO prepared via modified Hummer’s method, a char-
acteristic peak at 11.2° is visible. It corresponds to (001) crystal
plane of GO with d-spacing of 7.9 Å. Compared to graphite, peak
of GO shifts to lower degree due to oxidation. For GO and its
composites, broad peaks of XRD suggests nanocrystalline size
of GO/MO composites. In GO/TiO2, XRD peaks at 20° is due
to rGO and peaks at 25.29°, 48.03°, 54.27°, 62.92°, and 71° are
attributed to the diffractions of facets (101), (200), (105), (204),
and (220) of TiO2. GO/Fe3O4 shows peaks at 14.2° and 26.6° cor-
respond to GO and rGO, respectively. XRD diffraction peak at
30.1°, 35.4°, 43.2°, and 62.8° corresponds to (220), (311), (400),
and (440) planes of cubic Fe3O4.

[41] For GO/Cu2O peaks obtained
at 29.57°, 36.46°, 42.36°, 61.52°, 73.71°, and 77.5° correspond to
diffraction planes at (110), (111), (200), (220), (311), and (222) of
Cu2O as per JCPDS No.78-2076 similar to the results obtained by
ref. [41].
Using SEM and TEM analysis, the morphology and structure

of pristine GO and its nanocomposites with MO were character-
ized. Figures 2 and 3 show SEM and TEM images respectively
for GO and GO/MO hybrids. Firstly, considering the pure GO
particles TEM shows the formation of two-dimensional smooth
sheets. Similarly, from SEM (Figure 2a) we can observe simi-
lar flakes like structure randomly aggregated with distinct edges,
wrinkled surfaces, and folding. For the GO decorated TiO2, low
magnification TEM image as shown in Figure 3c clearly reflects
uniformly distributed dark contrast dots which are due to the
presence of nanosized TiO2 over GO surface. The outline of GO
and embedded nanoparticles can be easily differentiated. The
crystallographic structure of GO/TiO2 can be confirmed using se-
lected area electron diffraction (SAED). The SAED pattern taken
from nanocomposites showed polycrystalline nature. There is
uniform distribution of TiO2 nanoparticles in GO plane. In SEM
image of GO/TiO2 shown in Figure 2b, GO had a sheet-like struc-
ture with thick sheets, smooth surfaces, and wrinkled edges. It is
clearly observed that TiO2 spheres were supported on the surface
of GO sheets.

In GO/Fe3O4, compared to the pristine GO, it is distinctly seen
that Fe3O4 nanoparticles were embedded into GO surfaces to
make nanocomposite structure without any obvious aggregation
in Figure 3e,f. Most of the Fe3O4 nanoparticles are highly dis-
persed on GO sheet. The SAED pattern indicates that magnetite
nanoparticles are polycrystalline in nature. It is worthwhile that
there are no large areas of GO sheet without Fe3O4 nanoparticles
decorated on the surface and no traces of aggregation onto the
surface could be observed.
Cu2O nanoparticles have spherical morphology as clearly seen

from SEM image (Figure 2c). Compared to GO, the strength-
ening effect of GO/MO is appreciable when processed by
molecular-level mixing with metal. Likewise other embedded
composites of GO, GO/Cu2O composites characterized by SEM
shows the implantation of GO within the matrix where smooth
surface of GO is covered with small Cu2O particles. It is further
confirmed via TEM, there is Cu2O particles surrounded through-
out the matrix with little agglomeration. High resolution TEM
image in Figure 3g,h shows GO sheets with decoration of Cu2O.

2.2. Spectroscopic Characterization

In the spectroscopic analysis of any material, electromagnetic
radiation interacts with matter which reveals the useful infor-
mation related to vibrations of material. FTIR and Raman spec-
troscopic investigation were carried out for prepared GO and
GO/MO nanocomposites. Raman spectroscopy is a fingerprint
characterization to identify vibrational, rotational, and other low
frequency modes in material.
Figure 4 shows the obtained results for Raman spectra of

GO, GO/TiO2, GO/Fe3O4, and GO/Cu2O. Raman spectra of GO
clearly shows well referred D band and G band at 1353 and 1600
cm−1, respectively. D band is due to the distorted structure in
graphene in presence of sp3 defects. Thus, it measures the dis-
order in sp2 hybridized carbon sheet. The G band at 1600 cm−1

represents E2g mode which arises due to the in-plane stretching
of C–C bonds and commonly observed in sp2 carbon systems.
Decrease of Raman shift in D band and G band for GO/MO com-
posites is clearly observed. In GO/TiO2 sample, Raman peaks at
145 and 631 cm−1 due to Eg mode, at 396 cm−1 represents B1g
mode and B1g + A1g mode at 514 cm−1confirms the presence of
anatase phase of TiO2. For GO/Fe3O4, spinel ferrite structure of
Fe3O4 give rise to three T2g, one Eg, and one A1g mode. Raman
peak corresponding to 485 cm−1 is due to doubly degenerate T2g
mode. For Cu2O/GO, peaks at 146, 520, and 630 cm

−1 which can
be well described for T1u, T2g, and T1u mode, respectively.[42]

FTIR is a vibrational spectroscopic technique used to obtain
an infrared spectrum of absorption or emission of any material.
Figure 5 shows FTIR spectra of GO, GO/Fe3O4, and GO/TiO2 hy-
brids. As discussed earlier, GO possesses various oxidizing func-
tional groups (Figure 5a). Therefore, several peaks correspond-
ing to different functional groups are observed. Due to unoxi-
dized graphitic plane, C = C vibrations at 1622 cm−1 is observed.
Peaks at 1064 and 1227 cm−1 correspond to alkoxy and epoxy (C–
O) stretching vibrations. While peaks at 1397 and 1720 cm−1 are
due to the carboxylic and ketonic (C = O) groups, respectively.
Due to the extensive oxidation, a strong and broad O–H stretch-
ing vibration peak at 3396 cm−1 in GO is clearly visible.

Macromol. Symp. 2024, 413, 2300086 © 2024 Wiley-VCH GmbH2300086 (3 of 8)

http://www.advancedsciencenews.com
http://www.ms-journal.de


www.advancedsciencenews.com www.ms-journal.de

Figure 2. SEM micrographs of a) graphene oxide (GO), b) GO/TiO2, and c) GO/Cu2O.

Figure 3. TEM images of A, B) graphene oxide (GO), C, D) GO/TiO2, E, F) GO/Fe3O4, and G, H) GO/Cu2O.
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Figure 4. Raman spectra of graphene oxide (GO), GO/TiO2, GO/Fe3O4,
and GO/Cu2O.

For GO/MO hybrid nanocomposites, vibrational modes as
discussed for GO FTIR spectra are also observed with slight
variation in wavenumber. For GO/Fe3O4, a new peak at 467
cm−1 arises due to stretching vibration of Fe–O bond while for
GO/TiO2 composite, Ti–O vibrational mode is observed for 658
cm−1 (Figure 5b, c).

2.3. Thermal Stability

The thermal stability of synthesizedGOandGO/MOhybrid com-
posites were evaluated by TGA. This analysis is helpful to trace
behavior of material at higher temperature to determine the ther-
mal stability, oxidation/reduction, and combustion, etc.
Figure 6 displays TGA curves of GO and GO/MO hybrids.

As observed in earlier experiment for GO,[43] approximately 35%
weight loss occurs at 200°C which is due to the decomposition of
oxygen containing functional groups present in GO. The loss at
higher temperature can be attributed to the removal of more oxy-
gen containing groups present in GO. Weight loss of GO/TiO2
is only 15% up to 400°C. The results are comparable to reported
literature for rGO-anatase TiO2 by Wang et al.

[44] 10% thermal
reduction in mass of GO/Fe3O4 could be attributed to the loss
of the adsorbed H2O. GO/Cu2O being thermally quite stable and
only 10% weight loss is observed upto 600°C due to higher sta-
bility of CNT. Overall, an increase in thermal stability is clearly
depicted from figure for GO/MO nanocomposite compared
to GO.

2.4. Anticancer Activity of GO/MO Hybrids

The discovery of nanomaterial graphene in 2004 has fascinated
much responsiveness for potential biomedical applications like
gene therapy and drug delivery.[45] The in vitro anticancer activ-
ity of GO and three GO/MO nanocomposites were evaluated us-
ing MTT assay with A549 cells. Cancerous cells were introduced
to GO and GO/MO hybrid for 24 h for different concentration
of doses and so obtained are described Figure 7. The viability of
the untreated lung cancer cells (without compounds) was set as
100%, and the viability of the compound-treated A549 cells was
calculated in accordance.
As shown in Figure 7, the compounds GO, GO/TiO2, and

GO/Fe3O4 have negligible cytotoxicity to cells at lower concentra-
tions. Even when the concentration is six to eight times higher,
the cytotoxicity of the GO/MO hybrids is still very low except
GO/Cu2O. GO unveiled slight viability cost toward A549 cells.
Even though at the significant concentration (400 µg mL−1),
the viability of cells remained above 45% after 24-h exposure
(Figure 7a), it was found that the IC50 of GO was 230 µg mL−1

against malignant cells and suggested that the concentration of
GO did not significantly diminish the viability of cells after 24
h. The low cytotoxicity of GO was possibly accredited to the fine
oxygen atoms in the form of carboxyl, epoxy, and hydroxyl groups
on the surface of GO.[46] To date, several approaches resembling
that different parameter like size, the shape of the GO flacks are
the factors affecting the cell viability.[47]

In present study, GO/TiO2 andGO/Fe3O4 nanocomposites did
not cause significant decrease of cell viability and no 50% cell
death is observed in 400 and 500 µg mL−1 range, respectively
(Figure 7b, c). GO could enter A549 cells and located in the cyto-
plasm and nucleus without causing any cell damage. The TiO2-
GO composite separated into GO and TiO2 after TiO2-GO com-
posite entered A549 cells.[48] The cytotoxicity of GO/TiO2 com-
posite was probably attributed to TiO2 nanoparticles. In 2012,
Zhen et al.[29] revealed that GO/TiO2 composites have exceptional
light driven photodynamic anticancer activity without dark cyto-
toxicity. As reported by Wang et al.,[49] the Fe3O4/GO has good
drug loading capacity however do not show toxicity even at higher
concentration. Chemically and thermally reduced GO demon-
strated significant in vitro anticancer activity.[50] In this study,
GO/Cu2O nanocomposite has more prominent inhibitory effect
on the cell viability with IC50 of 11.22 µg mL−1 (Figure 7d). The
Cu2O–reduced GO has great cytotoxic effect under visible and
near-infrared light irradiation on lung cancer cells and normal
cells which indicated photothermal effects.[22] However, obtained
results depicted that GO/Cu2O reveals good cytotoxic effects to-
ward the malignant cell without any additional factor like irradi-
ation of light, drug loading, and doping.

3. Conclusions

In summary, this study conducted an experimental investiga-
tion into GO and its composites with various MO (GO/MO). Us-
ing a chemical precipitationmethod, we successfully synthesized
GO and three GO/MO nanocomposites – namely, GO/TiO2,
GO/Fe3O4, and GO/Cu2O. These materials underwent exten-
sive characterization, including XRD, SEM, TEM, FTIR, Raman,
and TGA analyses, to probe their structural, spectroscopic, and
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Figure 5. FTIR spectra of GO and GO/MO hybrid nanocomposites. GO, graphene oxide; MO, metal oxide.

Figure 6. TGA curves of graphene oxide (GO), GO/TiO2, GO/Fe3O4, and
GO/Cu2O.

thermal properties. The primary focus of this research was to ex-
plore the biomedical potential of graphene-based materials, par-
ticularly their anticancer activity. In vitro cytotoxicity assessments
were performed on A549 cell lines across various nanocomposite
concentrations using theMTT assay. Among allmaterials consid-
ered, GO/Cu2O exhibited the highest cytotoxicity against human
lung cancer cells, indicating its promising therapeutic potential
for cancer treatment. These findings underscore the potential
of GO–MO composites in advancing targeted and personalized
cancer therapies. These innovative materials can synergistically
enhance therapeutic efficacy, enabling multimodal imaging and
treatment, andmay also serve in gene delivery and immunomod-
ulation strategies. As research progresses, addressing biosafety
concerns, optimizing synthesis methods, and conducting thor-
ough preclinical investigations will be pivotal steps toward trans-

lating these advancements into clinical applications. Such devel-
opments hold the potential to revolutionize cancer treatment by
providing precise and effective interventions tailored to individ-
ual patient needs.

4. Experimental Section
Materials: Graphite powder was purchased from Acros Chemicals. Car-

bon nanotubes and poly acrylic acid were procured from TCI chemicals.
Titanium isopropoxide (TTIP), NaNO3, KMnO4, FeCl3, and FeCl2 were ob-
tained from SD Fine Chemicals India Ltd. All other reagents were of an-
alytical grade and commercially purchased which were used without any
further treatment.

Synthesis of Graphite Oxide: Graphite oxide was prepared by oxidizing
natural graphite powder using Hummer’s method.[51,52] A definite quan-
tity of graphite and NaNO3 powder were added to H2SO4 (98% conc.).
This solution was kept in ice bath to maintain 0–5 °C temperature with
continuous stirring for 2 h. Further KMnO4 was gradually added to the so-
lution and stirred for 2 h at room temperature. Distilled water was added
to dilute the solution and stirred for another 2 h to increase the oxida-
tion degree of GO. Finally, hydrogen peroxide solution (5% H2O2) and
water were added and left overnight. The prepared graphite oxide was
isolated by multiple washing with DI water in centrifuge to remove salt
impurities, acid, etc. Synthesized graphite oxide was dispersed in dis-
tilled water and subsequently exfoliated using ultrasonication to obtain
nano-GO.

Synthesis of GO/Fe3O4: Synthesis of GO/Fe3O4 was done as
follow.[41] 0.7 g synthesized GO was dispersed in 450 mL of distilled wa-
ter by ultrasonication for 1 h. 0.4 g FeCl3 and 0.16 g FeCl2 each dispersed
in 25 mL distilled water were slowly added to above GO solution at room
temperature. 30% ammonia was added dropwise to maintain the 10 pH
of solution. Temperature was increased to 90 °C and 10 mL hydrazine was
added followed by stirring for 4 h.

Synthesis of GO/TiO2: GO/TiO2 was prepared by the method de-
scribed elsewhere.[44] 11.44 mL acetic acid, 0.44 g polyacrylic acid (PAA),
and 88mL (0.5 g L−1) GOweremixed and stirred for 1 h at 60 °C. Titanium

Macromol. Symp. 2024, 413, 2300086 © 2024 Wiley-VCH GmbH2300086 (6 of 8)

http://www.advancedsciencenews.com
http://www.ms-journal.de


www.advancedsciencenews.com www.ms-journal.de

Figure 7. Cell viability for different concentration of GO and GO/MO hybrids. GO, graphene oxide; MO, metal oxide.

precursor (3.3 mL TTIP, 14.4 mL ethylene glycol, and 2.3 mL acetic acid)
was added dropwise to the above solution. The whole solution was kept in
microwave at 200 °C temperature for 45min to get GO/TiO2 nanocompos-
ites. The obtained precipitate was centrifuged and washed with DI water
to remove unwanted impurities and ions. The final precipitate was dried
in oven at 50 °C.

Synthesis of GO/Cu2O: Following method of Zeng et al.,[53] CNT was
also assembled in GO/Cu2O nanocomposites which showed the strong
𝜋–𝜋 interaction and resulted in stable suspension in water. Acid treated
CNTwas prepared by adding 0.1 gmulti-walled CNTs in 255mL aqua regia
medium (sulfuric acid and nitric acid in 1:3 proportion) which was mixed
with 30 mL GO solution (1 g L−1). After keeping this solution in ultrasonic
bath for 30 min, 25 mL gelatin was added and again sonicated for 30 min.
50 mL 0.7 m copper sulfate (CuSO4) and 50 mL 0.5 m glucose were mixed
and added to above solution. The whole solution was stirred for 15 min
and then 30 mL 7 m sodium hydroxide (NaOHaq) was added followed by
heating for 10 min. As a result, reddish brown precipitate was collected
which was centrifuged to separate precipitate and to remove unreacted
reagents. The obtained precipitate was dried in vacuum at 80 °C to remove
water content and get powder form GO/Cu2O.

Cell Line and Culture Condition: Human lung cancer cell lines A549
were obtained from National Centre for Cell Science (NCCS), Pune. A549
cells were cultured in RPMI-1640 containing sodium bicarbonate, sodium
pyruvate, and 25 mm HEPES buffer supplemented with 10% FBS (Cell-
clone), 1% v/v minimal essential medium nonessential amino acids (Hi-
Media), and antibiotic & antimycotic (penicillin, streptomycin, and am-
photericin B; Hi-Media) in humidified atmosphere of 5% CO2 at 37 °C.

Cell Viability Assay: Cell counting kit-8 (CCK-8) was used to measure
the cell proliferation and cytotoxicity. Cultured cell (A549 cell line) sam-
ple was centrifuged at 2500 rpm for 10 min and the supernatant was dis-
carded. The resulting pellet was resuspended in appropriate amount of
media and viability count was performed using trypan blue dye exclusion
assay by automated cell counter TC10 (Bio Rad). Cells were plated in 96-
wells at a final density of 1 × 104 cells per well. Cells were exposed to
nanoparticles for 24 h. Cell counting kit-8 cytotoxicity assay (MTT) was
performed to find out the effective concentration.

MTT Cell Proliferation Assay: The MTT (3-[4,5-dimethylthiazol-2-yl]-
2,5-diphenyltetrazolium bromide) tetrazolium reduction assay was the
first homogeneous cell viability assay developed for a 96-well format that

was suitable for high throughput screening (HTS) and was broadly used
to measure the in-vitro cytotoxic effects of drugs on cell lines or primary
patient cells.

Reagents: PBS, MTT (5 mgmL−1 in PBS) (Hi-Media) – filtered and kept
in dark, freshly prepared dimethyl sulfoxide (DMSO) (Hi-Media), 96-well
plate (flat bottom).

Procedure: TheMTT assay was used to determine the cytotoxicity of GO
composites in A549 cell line. 1.48 × 103 cells per well/100 µL was seeding
density. Cells were plated into 96-well tissue culture plates and allowed
to attach overnight at 37 °C. Afterwards, cells were treated with increas-
ing concentrations of a GO and GO/MO composites. The range used to
check IC50 (inhibitory concentration) value was 400–6.25 µgmL−1 for GO,
GO/Cu2O, and GO/Fe3O4 and 500–7.8 µg mL−1 for GO/TiO2. After 24 h,
MTT (5 mg mL−1, Hi-Media) was added to each well and plate was incu-
bated at 37 °C for 4 h. Then, 100 µL of DMSO was added to each well and
mixed thoroughly to dissolve the formazan crystals. Optical density (OD)
was measured at 570 nm using an ELISA reader (Multiskan spectrum mi-
croplate reader, Thermo scientific).

Characterization: Philips X’Pert MPD system using Cu K𝛼 radiation
with 1.54 Å for scattering angle (2𝜃) range 1°–80° was used for XRD
measurement. SEM images were obtained using LEO microscope after
gold sputter coating. JEOL, JEM 2100 microscope with an accelerating
voltage up to 200 keV was used for the TEM measurements. FTIR spec-
tra of GO and GO/MO composites was done using KBr pellet method
with a spectrum GX series 49387 spectrometer in the frequency range
4000–400 cm−1. Ramanmeasurements were carried out using AIRIX STR-
500 Raman spectrometer with 532 nm laser radiation. TGA measure-
ments were carried out under nitrogen atmosphere on Mettler Toledo
TGA/SDTA851e with stare software, with a heating rate of 10 °C min−1.
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