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ABSTRACT

The composites are the materials, which have either one or more combination with other material and
exhibit extraordinary chemical characteristics. The present work describes the formation of composite
of copper and iron metal oxide (CuFeO,). The synthesized powder materials are in nanorange. The
nanocomposite nanoparticles (NCsNPs) were synthesized via solution process with using copper nitrate
hexahydrate, iron nitrate non hydrate as a main precursor material whereas sodium hydroxide was uti-
lized as a salt reducing agent. The formed NCsNPs were characterized with X-ray diffraction pattern
(XRD), Scanning electron microscopy (SEM), Transmission electron microscopy (TEM) and Fourier
Transform infra-red spectroscopy (FTIR) were used for the structural and chemical characteristic in detail.
It reveals that the NCNP is ~45 nm in size with clear spherical shaped morphology with good chemical
characteristics. The NCsNPs were utilized against cancer cells (C2C12 myoblast) for to reduce the growth
rate with different incubation (24 & 48 h) periods. The % cells death was examined through MTT assay at
different concentration (0.5 pg/mL, 1 pg/mL, 2 pg/mL, 5 pg/mL, 10 pg/mL, 25 pg/mL, 50 ug/mL, 100 pg/mL)
of NCs with different (24 & 48 h) incubations respectively. The apoptosis in cells were analyzed with
quantitative polymerase chain reaction (qPCR) study with apoptotic marker gens caspase 3 and 7 with
control and the obtained data reveals that with the exposure of NCs, upregulated in gene expression at
fixed concentration in 24 h incubation period. Based on acquired results a possible relation between
the NCs and cancer cells were also discussed.
© 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

the applications in various directions (Velicky and Toth, 2017).
Amid various single metal oxide nanostructures (such as zinc

The nanoscience and nanotechnology provide a range of differ-
ent shapes and size of nanostructures, which have technological
aspect and applied in various fields (Bayda et al., 2020). The struc-
tures are zero, one or two dimensional shapes and these structures
can be possible to process with physical and chemical methods for
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oxide, copper oxide, nickel oxide, magnesium oxide, iron oxide,
tin oxide etc.) (Chavali and Nikolova, 2019), the mixed metal
oxides/composites exhibit the possibility to generate a new inter-
dependent properties and it improves the overall application per-
formance due to wide band gap and appropriate combination of
individual oxide components (Hong et al., 2020). The composites
are the materials, which have two or more different constituent
materials, and each exhibit their own significant characteristic
and combined together to create a new material/substance with
superior properties than the original materials in a specific finished
structure. The nanocomposites (NCs) are those materials, which
have the nanostructural morphology such as nanoparticles, tubes,
rods etc. They are in multi-phasic property with dimensions ranges
from 10 to 100 nm. NCs are the best alternative for the single oxide
nanostructured material because it exhibit the larger band gap and
enhanced volume ratios. It can be classified based on their matrix
in dispersed phases (Sen, 2020; Ngo, 2020). NCs have improved
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physical and chemical properties as compared to single oxides
such as high thermal stability, improved surfaces, superior electri-
cal conductivity, enhanced chemical resistance and high optical
property etc (Camargo et al., 2009, Khan et al, 2019;
Jeevanandam et al., 2018). The NCs offers unique properties, which
arises from their small size, enhanced surface area, high interfacial
interaction between the phases (Torrisi and Ruffino, 2015). Their
unique property facilitates to utilize for to enhance the biological
activity of many drugs, biomaterials, catalysts, and also in some
high-value added materials (Li et al., 2020). The NCs can be classi-
fied by two major categories such as polymeric (polymer organic,
inorganic and hybrid) and non-polymeric (metal, ceramic and
ceramic-ceramic NCs) (Sen, 2020; Jeon and Baek, 2010; Khorshid
et al., 2020). A number of ways were applied for the preparation
of NCs with physical and chemical procedure’s for instance plasma
and hot chemical vapor deposition (Bita et al., 2020, Wu et al,,
2019), co-precipitations (Nithiyanantham et al., 2021), sol-gel
(Sheng et al., 2019), solvothermal (Zhan et al., 2019), micro emul-
sion (Li et al., 2019), combustion (Trusiano et al., 2019), vapor con-
densation (Patelli et al., 2019), spray pyrolysis (Leng et al., 2019),
template and surface derivatized methods and various others
(Fan et al., 2019). The cost is a crucial factor for the preparation
of such NCs and impacted a critical influence on the structural
morphology, subsequently effect on technological applications.
Within various types of synthesis procedures, the chemical
solution/co-precipitation is the best way to form versatile mor-
phology of the nanostructures (Chen et al., 2019). The NCs exhibit
the capability to optimize the size of nanostructures, applied in
various directions such as it hold drugs and deliver to the target
entities, functionalize the surfaces, chemical and biological sensors
also released the drug in blood for longer period, also exhibit great
impact and high potential to deal numerous characteristics
(Wahab et al., 2020a). Among various biological applications in dif-
ferent discipline very limited studies are available for the applica-
tion of NCs are available.

A number of research had been done related to the application
of NPs and related nanostructures in the area of biomedical appli-
cations (Ojo et al., 2021) but very limited studies are available
related to use of NCs in cancer studies. To keep this view the pre-
sent work was design and implemented for C2C12 cancer cell lines.
For this, copper and iron oxide (CuFeO,) NCs nanoparticles (men-
tioned to as CuFeO,NCsNPs) processed via chemical process and
were well analyzed. Beside these, the control (without CuFeO,-
NCsNPs) and treated cancer cells morphology with CuFeO,NCsNPs
were examined via inverted microscopy. The viable and non-viable
cells of toxicities were studied via MTT assays. Beside these gene
expressions were also conducted with caspase 3/7 with control
(GAPDH) gene in cancer cells after the exposure of 24 h of incuba-
tion. Based on the obtained results a discussion was also proposed.

2. Material and methods
2.1. Experimental

2.1.1. Synthesis of copper based iron oxide nanocomposite
(CuFeO3NCs)

For the formation of NCs, the chemicals such as copper nitrate
hexahydrate (Cu(NOs),.6H,0), iron nitrate non hydrate (Fe(NOs),-
-‘9H,0), sodium hydroxide (NaOH) were procured from Sigma-
Aldrich chemical corporation and used without any further modi-
fication. To perform successful synthesis, copper nitrate hexahy-
drate (Cu(NOs),.6H,0,3x1072M), iron nitrate nonhydrate (Fe
(NO5)»-9H,0, 3 x 1072M) were mixed in 100 mL of methanol
(MeOH) solvent. Once the solution was completely dissolved, alka-
line solution of NaOH (0.1 M) was added to this mixture for to form
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the hydroxide molecules of double salt under constant stirring for
~20 min. The solution pH (cole-parmer, U.S.A) was measured and
reached up to 12.70. The obtained solution was transferred it to a
refluxing flask and refluxed at 80 °C for ~60 min under continuous
stirring condition, and observed in the refluxing pot, once the heat-
ing temperature surges, the color of solution turns from dark red to
black. Once the set reaction was completed, the precipitated pro-
duct was cooled at room temperature, washed well with alcohol
and dried the product at room temperature and to store for further
analysis.

2.2. Characterizations of the prepared powder material (CuFeO,NCs)

The crystalline character, phases, size of the prepared powder
were examined via X-ray diffraction pattern (XRD, PANalytical
XPert Pro, Colorado, U.S.A.) with Cuy, radiation (A = 1.54178 A)
in range from 20 to 80° with 6°/min scanning speed. The morpho-
logical observation was confirmed via SEM (JEOL, JED-2200 series,
Tokyo, Japan) at room temperature. To analyse the processed pow-
der morphology, sprinkled homogeneously on a carbon tape and
pasted on sample holder. The sample holder was moved to sputter-
ing chamber, where conducting layer of platinum (Pt) was coated
for ~3 s. The sample was fixed in a sample holder and analyzed
the morphology at room temperature. Further the morphological
investigation was again analyzed via TEM (JEOL, JSM, 2010, Tokyo,
Japan). The functional chemical bonding in terms of asymmetric
and symmetric stretching mode of vibrations between the metal
and oxygen were confirmed via Fourier transform infrared (FTIR;
Perkin Elmer-FTIR Spectrum-100, Shelton, C.T, U.S.A.) spectroscopy
analyzed within the range of 4000-400 cm™ .

2.3. Cells culture

The cells (C2C12) were purchased from American Type Culture
and collection (ATCC, U.S.A). The procured cells vial were thawed at
37 °C for 2-3 min and then after transferred it to a 75 mm? flask
and cultured with cell culture medium (Dulbecco’s Modified
Eagle’s Medium, DMEM) containing 10-12% fetal bovine serum
(FBS), 100 IU/mL penicillin, and 100 pg/mL streptomycin) in a
humid environment incubated at 37 °C with 5% CO,. The medium
was refilled at an alternate day and were subcultured after reached
85-90% confluence.

2.4. MTT assay

The % cells viability was examined via using cell proliferation kit
I (MTT, ROCHE, Ltd, U.S.A)) and utilized as per instructions. The
cells were initially cultured in a 96-wells plates with concentration
range ~1 x 10% and nurtured the plate for 24 h at 37 °C in an incu-
bator with 5% CO,. When the cells were reached to their optimal
confluence, the different concentrations of NCs (0.5 pg/mL, 1 ug/
mL, 2 pug/mL, 5 pg/mL, 10 pg/mL, 25 pg/mL, 50 pg/mL, 100 ug/mL)
were mixed it and to keep the solution in an incubator for 24
and 48 h. For the viability test of the cells with NCs, the MTT assay
((3~(4,5-dimethyl thiazol-2-yl)-2,5-diphenyltetrazolium bromide,
10 uL/well)) was mixed with cell culture solution. Including the
control solution, the MTT solution was added with NCs samples
and again incubated the culture solution at 37 °C for 4 h. When
the incubation period was accomplished the sample was moved
from the incubator and to this sample a solubilizing buffer
(100 pL/well) was mixed. In the culture flask, a purple color solu-
tion was appeared and it fainted over pipetting. Due to MTT assay
as formazan precipitate was formed and it dissolved with DMSO in
both control and treated samples. The % viability was tested with
MTT assay through Elisa Reader (Bio Rad, 570 nm). The absorbance
of purple color solution was measured through spectrophotometer
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at usually ~570 nm wave length. The percentage (%) viability was
calculated as follows:

% Viability = OD (optical densities) in sample well/OD in control
well x 100

2.5. qPCR study

The RNA was extracted from the cultured cells with at low and
high concentration of the treated material with selective protocol
via Trizol as per according to the manufacturer’s protocol. The pur-
ity of RNA was examined via the optical density between 260 and
280 nm. The ¢cDNA was formed with using M-MLV reverse tran-
scriptase as acknowledged in the literature (Wahab et al., 2016).
The intensities of genes bands were measured from quantity one
program (Bio-Rad, USA) through gels electrophoresis.

2.6. Statistical analysis

The statistical assessments were expressed and authenticated
the student T-test, mean + SD and standard pool at significant
value (P < 0.05).

3. Result and discussions
3.1. X-ray diffraction (XRD) results

XRD provide the information related to the processed powder
crystallite size, phases and crystalline of the material. In this exper-
iment, the analysis was performed in range of 20-80° with 6°/min
scanning speed with 40 kV and 30 mA current. The obtained spec-
troscopic data reveals that all peaks and their corresponding posi-
tions are very clear such as ((006) (30.13), (012) (35.33), (015)
(43.21), (018) (57.18) and (110) (62.73) are with powder diffrac-
tion data analogous with Joint Committee on Powder Diffraction
Standards (JCPDS) with card number 039-0246. The acquired crys-
tal geometry of rhombohedral space group Rzm with lattice con-
stant lattice constant were a, = 53.03 A and ¢, = 517.09 A
respectively (Fig. 1) (Galakhov et al., 1997). In all the defined peaks
show that the material is highly crystalline with defined facts. The
diffraction pattern also shows that there is no other peaks related
to impurity was formed except the processed material NCs, which
again validates that the material is pure oxide nanomaterials. Aver-
age crystallite size and other parameters such as phases, peaks
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Fig. 1. XRD pattern of NCs via solution process.
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positions, FWHM of the processed powder was calculated to
~44 + 1 nm through well-known Scherer equation (Cullity, 1978).

3.2. Morphological evaluation of the processed powder

The powder morphology was examined through SEM and
obtained data is presented as Fig. 2. The low (Fig. 2a) and high
(Fig. 2b) magnification scales shows that in a larger amount of
NCsNPs are seen in a wide captured areas. Several particles are
seen in the images, some are combined with other one and some
are seems to be separate and single. The powder was also checked
at high magnification scale and found that the entire surface was
full of spherical shaped nanostructures, with combined to other
nanospheres (Fig. 2c & d). The grown crystallite surfaces exhibit
a defined shape with full array bunches of nanostructures with
an organized in manner.

Further for more detailed observation related to the structural
assessment of the prepared powder, sample was again checked
via TEM and the obtained result is presented as Fig. 3. From the
obtained images it illustrates that NCs are in a grouped with other
particles (Fig. 3) with spherical in shape. The average diameter of
each nanoparticle is in the range of 45-50 nm in size (Fig. 3).
The data’s are in full consistent with SEM and XRD observations
(Figs. 1 & 2).

3.3. FTIR spectroscopy results of NCs

Fig.4. Shows the FITR results of the prepared powder, which
shows a wide and shallow band observed in the range of 3200-
3600 cm! designates the hydroxyl (H-O-H, 3340 cm™!) group
vibration mode (Barnabé et al, 2013). The small peak at
2341 cm™! designates the atmospheric CO, whereas the sharp
peak observed at 1641 cm™! shows the vibrational mode of hydro-
xyl group (-OH) molecule. The vibrations of nitro group (NO3"),
was observed at 1053 cm™! respectively. The oxide peaks was
observed at 602 cm™! and it demonstrates the formation of
nanocomposite (CuFeO,). From the obtained data and their peaks
observations reveals that the -OH group changes to the oxides
and shows the formation of NCs (Fig. 4) (Schmachtenberg et al.,
2019).

3.4. Morphology of cultured cells visualized via microscopy

The cells were cultured in a culture medium DMEM and incu-
bated at defined time intervals 24 (Panel A) and 48 h (Panel B).
When the cells were incubated and reached to their optimal con-
fluence, the cells morphologies were captured as treated (with
NCs) and control (without NCs) cells and presented as Fig. 5. The
cells were exposed with different concentration of NCs (0.5 pg/
mL, 1 pg/mL, 2 pg/mL, 5 pg/mL, 10 pg/mL, 25 pg/mL, 50 pg/mL,
and 100 pg/mL) at different incubations (24 and 48 h) period. Ini-
tially, single cells were seen at many places were as it’s nucleated
upon their confluence. The nucleated/confluence cells were
exposed with NCs at an above mentioned condition. From the
recovered images, it's very clear that as the doses of NCs increases
with the cells, the cancer cells growth were much affected and high
density of cells were reduced (Fig. 5) (Wahab et al., 2016).

3.5. MTT assay results with nanostructures

From the MTT assay cells proliferation rate was to measure
under the manner of treated and untreated (control). The data
received from the MTT assay shows that the cell death or inhibi-
tory effects dependent on dose dependent manner against cancer
cells. The cultured cells were incubated with NCs with different
concentrations (0.5 pg/mL, 1 pg/mL, 2 pg/mL, 5 pg/mL, 10 pg/mL,
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Fig. 3. Displayed the low magnification TEM images of NCs.

25 pg/mL, 50 pg/mL, 100 pg/mL). With this, a series of different
concentration also included control to compare the growth rate
of cancer cells continuously. The cells were washed to remove
the medium and % cell death was determined through MTT
method (Wahab et al., 2016). A significant change was observed
at low concentration of the material but as the doses were
increased the cells viability was much influenced. The cells viabil-
ity at different concentrations at 0.5 pg/mL, 1 pg/mL, 2 ug/mL, 5 pg/
mL, 10 ug/mL, 25 pg/mL, 50 pg/mL, 100 pg/mL of, NCs are 101%,
100%, 93%, 88%, 78%, 64%, 51% and 35% of the cells, respectively.
The cells demise were varied at 48 h for the concentrations of
0.5 pg/mL, 1 pg/mL, 2 pg/mL, 5 pg/mL, 10 pg/mL, 25 pg/mlL,
50 pg/mL, 100 pg/mL of, NCs are 90%, 89%, 84%, 75%, 66%, 49%
and 37%, 21%% of the cells, respectively (Fig. 6). The interaction
of NCs with cancer cells and their % reduction express that NCs
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Fig. 4. Shows the FTIR spectra of grown NCs.

are much effective and can be possible to utilize as anticancer
agents (Wahab et al., 2018).

3.6. qPCR study induced by NCs

RNA expression was also analyzed with qPCR with NCs in pres-
ence of caspase gens (3/7) with cancer cells at low and high con-
centration of the material and NCs (25 pg/mL) and high (50 pg/
mL) at 24 and 48 h incubation time respectively. The obtained data
reveals that in 24 and 48 h of incubation caspase 3 with NCs were
express 2.52 and 3.75 fold changes respectively at low concentra-
tion of NCs (25 pg/mL). The data reveals that both the genes were
up-regulated. At higher concentration of NCs (50 pig/mL), a sequen-
tial changed has been observed and it was examined from 3.64 to
5.85 fold change in 24 & 48 h incubation period respectively. The
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(A)

Fig. 5. The microscopic images of cultured cells and their interaction with NCs at different concentrations, where Panel A at 24 h and Panel B at 48 h incubations respectively.
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Fig. 7. Effect of NCs on mRNA expression level of C2C12 cells for caspase 3 at
alternate incubation periods (24 & 48 h) in presence of control gene (GAPDH) for
the normalization of data reacted with NCs at low (25 pg/mL) and high (50 pg/mL)
concentration. The data represent as mean * SD of three identical experiments with
three replicates.

recovered data displayed that the employed NCs in causes the up-
regulation expression and indicates the apoptosis in cells with cas-
pase 3 genes (Fig. 7). The previous studies (Wahab et al., 2016;
2018) discloses that activities of caspases are responsible and nar-
rates to affect the apoptotic cells, which are present in naturally
growing cells. It also examined that the enhance fold change in cas-
pases are liable in cancer cells, when treated with NCs and com-
pared with the control gene (GAPDH). As per previous published
literature (Wahab et al., 2016; 2018), that oxide based nanostruc-
tures play a deadly substance for the growth of cancer cells. The
cells apoptosis are influenced directly or indirectly with various
parameters such as higher doses of used nanostructured materials,
culture medium concentrations, high rate of incubation and others,
increases the apoptosis in cells and resulted an up-regulation in
mRNA expression. The similar results were also found with caspase
7, once reacted with NCs at 24 & 48 h incubations. The cells were
incubated at 24 h and at low concentration of NCs (25 pg/mL), the
caspase 7 expressed 2.83 fold changes whereas at higher doses of
NCs (50 pg/mL), the rate of apoptosis increased 4.48 fold change
(Fig. 8) (Wahab et al., 2016; 2018). At low concentration of NCs
(25 pg/mL), caspase 7 expressed to 3.59 whereas at higher concen-
tration of NCs (50 pg/mL) its increased 7.28 fold change with 48 h
incubation period.

7.0 Caspase7 gene expression with NCs

o
=

#24h u48h

Normalized fold expression
@ = >
=S £ 2

[
=

Control NCs+(25 pg/mL) NCs-(50 pg/mL)

Concentrations of NCs

Fig. 8. Effect of NCs on mRNA expression level mRNA expression level of C2C12
cells for caspase 7 at an alternate incubation periods (24 & 48 h) in presence of
control gene (GAPDH) for the normalization of data reacted with NCs at low (25 pg/
mL) and high (50 pg/mL) concentration. The data represent as mean + SD of three
identical experiments with three replicates.

3.7. Discussions

On the basis of obtained results and their observations, a possi-
ble discussion related to cytotoxicity of cancer cells with NCs dis-
cussed. As according to the previously published research work
(Wahab et al., 2014), the toxicity in cancer cells were much influ-
enced with the inorganic based oxide nanostructures and other
numerous physicochemical parameters for instance crystallite size,
morphology of nano structures, utilized chemicals, different mate-
rials, concentration of nanostructures, incubation period of cells,
cultured cells concentration, endocytic uptake of cells etc
(Wahab et al., 2014). In the present case, the prepared NCs utilized
and at initially the NCs were interacted on the upper layer of can-
cer cells. Due to very small size of the NCs and each cell, which
have very small pores to provide easy passage for the entrance of
NCs on the upper surface of cancer cells and due to very small size
of each NC is ~45 nm as compared to the individual cell size (~18-
20 pm), it can be enter easily in cells. In a culture medium the
enhanced density of NCs sturdily favors formation of aggregated
molecules (Wahab et al., 2014, 2012, 2020b) and postulates that
these NCs destroy the internal cells organelles and are liable for
cells death. The current approach is also justified with the available
results such as microscopy, MTT and it reveals the cells death as
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with dose dependent manner (Wahab et al., 2021a,b). MTT assay
provides the quantitative analysis of the control and treated cells
and it shows that the initial concentration of applied NCs are not
much affected on the growth of cancer cells were as once the
concentrations of NCs roses, the cells growth were much
influenced (Wahab et al., 2021a). The apoptosis in cells leads the
cells death caused with the NCs and it analyzed via gene
expression study, also justified and in consistent. Several other
biochemical studies are required to disclose the phenomena why
these structures (NCs) are responsible to control/regulate the
growth or cell death of cancer cells (Wahab et al., 2021a). Why
the NCs are responsible for the retardation of cancer cells growth
and biochemical mechanism is under way to find out the exact
research detail.

4. Conclusions

The summary of the present work describes that the nanocom-
posite (CuFeO,NCsNPs) were formed via solution process and the
obtained product was characterized well. The XRD pattern reveals
that the processed material exhibit good crystallinity with an aver-
age size ~45 nm, whereas SEM indicates that each particle are
smooth with clear surfaces and rounded in shape. The morpholog-
ical clarification was further confirmed via TEM which states that
the particle size is ~45 nm and it analogous with SEM observa-
tions. The FTIR spectroscopy confirms the formation of composite
of copper and iron oxide (CuFeO,). The NCs were utilized against
to retard the growth of cancer cells. The % cells death were exam-
ined from the MTT assay and it reveals that at low doses of NCs
shows less cells death, whereas once the doses were increased
the % cells death were enhanced more and more. The cells deaths
were also affected with incubation period which is an important
factor for the cells reduction, and it seems less but when the dose
of NCs were increases it effectively reduces the cells growth. The
cells apoptosis with NCs were also studied in presence of caspase
3/7 and it illustrates that the NCs are responsible for the apoptosis
in cancer cells. Based on the acquired data and their observations a
mechanism related to the interaction of NCs and cancer cells are
also explained. The current study provides the new insights to con-
trol and regulate the cancer cells with using a low cost nanostruc-
tured material, because a number of therapies (chemotherapy,
radiotherapy, immunotherapy etc) and surgery are utilized, which
are very costly and difficult to afford for the deprived and low
income families.
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