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Copper oxide-reduced graphene oxide nanocomposites (CuO-rGO NCs) have received great attention
from researchers due to their exceptional physicochemical properties that cannot be achieved by a single
composition. CuO-rGO NCs have the potential to be used in diverse fields including agriculture, cosmetic,
textile, the food industry, and biomedicine. The growing application and production of CuO-rGO NCs
raises the concern of their effects on human and the environmental health. Knowledge on the toxicolog-
ical response of CuO-rGO NCs in biological systems is scarce. This study was aimed to explore the cyto-
toxicity and apoptosis response of CuO-rGO NCs in normal rat kidney cells (NRR52E). CuO-rGO NCs was
synthesized by a simple hydrothermal method using copper nitrate and graphene oxide (GO) as precur-
sors. X-ray diffraction (XRD), field emission scanning electron microscopy (FESEM), and energy dispersive
X-ray spectroscopy (EDS) confirmed the preparation of CuO-rGO NCs with high crystallinity, polygonal
shape, smooth surface morphology. Besides, CuO nanoparticles were tightly anchored on rGO nanosheets.
Biological results showed that CuO-rGO NCs induce a dose-dependent cytotoxicity in NRK52E cells evi-
dent by cell viability reduction and irregular cellular morphology. Fluorescent microscopic examination
of 2,7-dichlorofluorescin probe showed that CuO-rGO NCs generate intracellular reactive oxygen species
(ROS) in NRK52E cells. Acridine orange/ethidium bromide dual staining depicted that number of orange-
red stained cells (apoptotic cells) increases with increasing concentration of CuO-rGO NCs. The 40 , 6-
diamidino-2-phenylindole (DAPI) fluorescent staining exhibited that CuO-rGO NCs induce chromosomal
condensation while normal-shaped nuclei were observed in the control cells. In cell cycle analysis, cells
exposed to CuO-rGO NCs demonstrated significantly higher accumulation of apoptotic cells in subG1
phase. Altogether, we observed that CuO-rGO NCs induce cytotoxicity, ROS generation, and apoptosis
in NRK52E cells. This preliminary study warrants future research to evaluate the potential mechanisms
of CuO-rGO NCs toxicity at molecular level.
� 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

Nanotechnology commonly refers to the creation, manipula-
tion, and application of materials, structures, or devices with at
least one dimension in the 1–100 nm range (Ahamed et al.,
2015). Nanostructures of metal oxides including copper oxide
nanoparticles (CuO NPs) are being used in a number of products,
and their applications are anticipated to expand in coming years
(Cuillel et al., 2014; Sruthi et al., 2018). According to a recent
report, global consumption of CuO NPs will increase by 200–800
tons per year between 2020 and 2025 (Yang et al., 2020). Due to
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unique physicochemical properties CuO NPs are being used as cat-
alysts, batteries, solar energy, photovoltaic cells, and heat transfer
nanofluids (Nayak et al., 2020; Sarker et al., 2021). CuO NPs are also
utilized in paints, plastics, food containers, textiles, and biomedi-
cine because of their antimicrobial activity (Ahamed et al., 2014;
Azam et al., 2012). There is no dispute in the fact that CuO NPs pose
a serious threat to the environment and to people who come into
contact with them (Wu et al., 2020; Xu et al., 2017). Therefore,
the health safety of CuO NP exposure has moved to the top concern
for regulatory and scientific bodies (Naz et al., 2020). The toxico-
logical profile of CuO NPs has been reported through several
in vitro and in vivo studies at the cellular and molecular level
(Bugata et al., 2019; Siddiqui et al., 2013; Zhang et al., 2018). The
mechanistic approach suggested that CuO NPs induced inflamma-
tion, cytotoxicity, DNA damage, and apoptosis through the genera-
tion of reactive oxygen species (ROS) and oxidative stress
(Abdelazeim et al., 2020; Baeg et al., 2018).

Recent studies have concentrated on enhancing the physicochem-
ical characteristics of CuO NPs. The physicochemical properties of
CuO NPs can be tuned through various methods including doping
with metal ions and creating nanohybrids and nanocomposites
(NCs) (Arun et al., 2020; Islam et al., 2020). CuO NPs and graphene
derivatives-based nanocomposites (NCs) are being produced by
researchers because of their inherently superior properties that can-
not be achieved by a single composition (Zhang et al., 2016). Gra-
phene oxide (GO) and reduced graphene oxide (rGO) are two
important graphene derivatives that have received a lot of attention
over the last decade because of their unique structure and incredible
properties such as high thermal, electrical, and mechanical strength
(Padmajan Sasikala et al., 2018). The high surface area with a large
number of oxygen functional groups and surface defects enables
GO/rGO for various purposes e.g. nanohybrids/nanocomposites, sen-
sors, fuel cells, supercapacitors, and biomedicine (Ahamed et al.,
2022, 2021; Shewale and Yun, 2020). Recent studies observed that
CuO-rGO demonstrate better antimicrobial activity than individual
components (Rajapaksha et al., 2019; Siddique et al., 2021).

The growing application of CuO-rGO NCs raises the concern of
their impacts on human body. The suitability of nanostructures for
utilization in a wide range of products, including biomedicals, must
be supported by extensive research on their potential health hazards.
Investigations into the toxicological potential of CuO-rGO NCs are
scarce. This study was aimed to investigate the cytotoxicity and
apoptosis induction of CuO-rGO NCs in normal rat kidney cells
(NRR52E). CuO-rGO NCs was prepared through a facile hydrothermal
procedure utilizing copper nitrate and GO as precursors. Preparation
of CuO-rGO NCs was confirmed by X-ray diffraction (XRD), field
emission scanning electron microscopy (FESEM) and energy disper-
sive X-ray spectroscopy (EDS). Cytotoxicity of CuO-rGO NCs was
examined by cell viability assays (MTT and trypan blue) and cellular
morphology. Intracellular generation of reactive oxygen species
(ROS) following CuO-rGO NCs exposure was assessed by a fluores-
cent microscope using 2,7-dichlorofluorescin diacetate (DCFH-DA)
probe. CuO-rGO NCs induced chromosomal condensation was exam-
ined utilizing 40, 6-diamidino-2-phenylindole (DAPI) staining. Acri-
dine orange/ ethidium bromide (AO/EB) double staining was
applied to evaluate apoptosis response of CuO-rGO NCs using fluo-
rescent microscope. Cell cycle progression was examined by flow
cytometer using propidium iodide (PI).
2. Materials and methods

2.1. Synthesis of CuO-rGO NCs

CuO-rGO NCs was synthesized by a simple hydrothermal
method using copper nitrate (CuNO3�2H2O) (Sigma-Aldrich, St.
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Louis, MO, USA) and GO (Sigma-Aldrich) as starting materials. Ini-
tially, 0.1 g of GO was dispersed into 100 ml of de-ionized water
and sonicated for 2 h to obtain a uniform suspension. The 0.1 M
copper nitrate was dissolved in 100 ml of de-ionized water in a
separate flask. Then, 50 ml of GO suspension was added into
50 ml of copper nitrate solution and stirred for 1 h. The pH of
the reaction mixture was maintained 11 through dropwise addi-
tion of NaOH (0.04 M). The reaction mixture was further trans-
ferred into a Teflon-coated autoclave and heated at 120 �C for
5 h to get black precipitates. At the end, precipitate was washed
and dried at 120 �C for 5 h to get CuO-rGO NCs.

2.2. Characterization of CuO-rGO NCs

Crystallinity and phase purity of CuO-rGO NCs was examined at
X-ray diffraction (XRD) (PanAnalytic X Pert Pro) (Malvern Instru-
ments, WR14 1XZ, UK) using Cu-Ka radiation (k = 0.154 nm at
45 kV and 40 mA). Structural characterization was further carried
out by field emission scanning electron microscopy (FESEM, JSM-
7600F, JEOL, Inc., Tokyo, Japan). Elemental composition and ele-
mental mapping were examined at energy dispersive X-ray spec-
troscopy (EDS) associated with FESEM.

2.3. Cell culture

Normal rat kidney cell line (NRK52E, ATCC No. CRL1571) was
obtained from American Type Culture Collection (ATCC, Virginia,
USA). Cells were cultured in Dulbecco‘s Modified, Eagle Medium
(DMEM, Carlsbad, CA, USA) with high glucose and supplemented
with 10 % fetal bovine serum (FBS), 13.5 g/L sodium bicarbonate,
and antibiotic–antimycotic solution (50 unit/ml Penicillin, 50 lg/
ml Streptomycin, and 0.25 lg/ml Amphotericin-B). Cells were
maintained at 37 �C in a humidified incubator with 5 % CO2 supply.

2.4. Exposure of CuO-rGO to NRK52E cells

CuO-rGO NCs was suspended in de-ionized water to prepare a
stock suspension (1 mg/ml). The stock suspension was further
diluted in DMEM to get the desired concentration of CuO-rGO
NCs for exposure to NRK52E cells. Cells were treated to different
concentrations (1–200 lg/ml) CuO-rGO NCs for 24 h. Cells without
CuO-rGO NCs served as the negative control in each experiment.
For ROS estimation H2O2 was used as a positive control.

2.5. Assay of cytotoxicity, ROS, and apoptosis parameters

MTT cell viability assay was performed according to the method
of Mossman (Mosmann, 1983). Trypan blue dye exclusion assay
was also carried out for cytotoxicity estimation (Strober, 2015).
Morphology of control and CuO-rGO NCs exposed cells was exam-
ined at an inverted phase-contrast microscope. Microscopic visual-
ization of intracellular ROS generation following exposure to
different concentrations of CuO-rGO NCs for 24 h was carried out
using the fluorescent probe 2,7-dichlorofluorescin diacetate
(DCFH-DA) (Sigma Aldrich) as reported earlier (Wang and Joseph,
1999). Nucleus morphology of control and CuO-rGO NCs treated
cells was assessed using a 40, 6-diamidino-2-phenylindole (DAPI)
(Sigma-Aldrich), which binds to the adenine–thymine-rich region
of DNA. In brief, DAPI solution (1 mg/ml) was used to stain the con-
trol and treated cells and incubated for 10 min in dark at 37 �C.
DAPI-stained fluorescent nuclei images were grabbed with a Leica
DCF 295 camera using a Leica DM 100 microscope (Nussloch, Ger-
many). Acridine orange/ethidium bromide (AO/EB, Sigma-Aldrich)
dual fluorescent staining was applied to examine the apoptotic
response of CuO-rGO NCs in NRK53E cells. Briefly, 20 � 104 cells/
well were seeded in 12-well plate and exposed to 10 lg/ml and



Fig. 1. XRD spectra of CuO-rGO NCs. XRD: X-ray diffraction and CuO-rGO NCs:
Copper oxide-reduced graphene oxide nanocomposites.
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25 lg/ml of CuO-rGO NCs for 24 h. After the completion of incuba-
tion period, cells were washed with PBS and added the 2 ll dual
fluorescent staining solution (100 lg/ml AO and 100 lg/ml of
EB) to each well. Then, morphology of apoptotic cells was evalu-
ated within 20 min at a fluorescent microscope (Leica DM 100).
Cell cycle progression of NRK52E cells exposed to different concen-
trations of CuO-rGO NCs (1–10 lg/ml for 24 h) were analysed by
the flow cytometer (BD Influx TM Cell Sorter) using propidium
iodide (PI).

2.6. Statistical analysis

One-way analysis of variance (ANOVA) followed by Dunnett‘s
multiple comparison test was carried out to examine the statistical
significance of quantitative data. The p value < 0.05 was credited as
statistical significance.

3. Results and discussion

3.1. XRD, FESEM, and EDS characterization of CuO-rGO NCs

XRD, FESEM, and EDS techniques were applied to confirm the
synthesis of CuO-rGO NCs. Fig. 1 demonstrated the XRD spectra
of CuO-rGO NCs. All the diffraction peaks observed at 2h were cor-
responding to the crystal planes (110), (002), (111), (202), (020),
(202), (113), (311), and (220) that suggest the formation of mon-
oclinic structure of CuO according to Joint Committee on Powder
Diffraction Standards (JCPDS) card no. 45–0937 (Arun et al.,
2020). Absence of impurity peaks in XRD spectra suggested the
preparation of highly pure CuO-rGO NCs. The sharp and high-
intensity peaks of diffraction spectra indicate the good crystallinity
of CuO-rGO NCs. The rGO peaks were not appeared in CuO-rGO
NCs. This might be due to the homogeneous distribution of CuO
NPs on the surface of rGO nanosheets that prevented the restack-
ing of sheets (Ahamed et al., 2021). The crystallite size of CuO-
rGO NCs was estimated corresponding to the most prominent peak
(111) applying Scherrer s equation (Patterson, 1939). The crystal-
lize size of CuO-rGO NCs was around 45 nm. The surface morphol-
ogy, shape, and size of prepared CuO-rGO NCs were further
characterized by FESEM. The FESEM micrographs exhibited that
CuO NPs were in polygonal shape with smooth surface morphol-
ogy, and tightly anchored on the rGO nanosheets (Fig. 2A and B).
The average particle size of CuO-rGO NCs calculated from FESEM
was around 43 nm, which was almost similar to the size estimated
from XRD. Chemical composition and elemental mapping of CuO-
rGO NCs were further examined by energy dispersive X-ray spec-
troscopy (EDS) associated with FESEM. Fig. 2C shows the weight
and atomic percentage of Cu, O, and C elements present in CuO-
rGO NCs. Other elemental impurities were not detected in EDS
analysis that further supports XRD data. Elemental mapping fur-
ther indicates the uniform distribution of Cu, O, and C elements
in CuO-rGO NCs (Fig. 3). The characterization data of CuO-rGO
NCs observed in this study was according to earlier published
works (Dat et al., 2022; Zhang et al., 2017).

3.2. Cytotoxic response of CuO-rGO NCs

Cells were treated for 24 h with the various concentrations (0, 1,
5, 10, 25, 50, 100, and 200 lg/ml) of CuO-rGO NCs and cell viability
was assessed by MTT and trypan blue assays. These assays are sen-
sitive and integrated tests for assessing the cytotoxicity and cell
integrity against drugs, chemicals, and nanostructures (Ghasemi
et al., 2021; Strober, 2015). Results of the both assays showed that
CuO-rGO NCs induce a dose-dependent cytotoxicity in rat kidney
3

NRK52E cells. MTT data demonstrated that cell viability reduced
to 86 %, 55 %, 49 %, 16 %, 8 %, 3 %, and 3 % upon treatment of
CuO-rGO NCs for the concentrations of 1, 2, 5, 10, 25, 50, 100,
and 200 lg/ml, respectively (Fig. 4A). The IC50 value of CuO-rGO
NCs calculated from MTT assay was 9 lg/ml. Cytotoxicity data
obtained by trypan blue dye exclusion assay support the MTT
results. In trypan blue assay, cell viability decreased to 88 %,
57 %, 52 %, 20 %, 12 %, 7 %, and 4 % after exposure to CuO-rGO
NCs at the concentrations of 1, 2, 5, 10, 25, 50, 100, and 200 lg/
ml, respectively (Fig. 4B). The IC50 value of CuO-rGO NCs estimated
from trypan blue assay was 8.2 lg/ml. To confirm the cell viability
data, we further examined morphology of NRK53E cells following
exposure to CuO-rGO NCs at the concentrations of 25, 50, and
100 lg/ml for 24 h. Fig. 5 exhibited that CuO-rGO NCs exposure
induce cell death in a dose-dependent manner. Phase-contrast
inverted micrographs depicted that cells of control group were
healthy, with normal morphology, and attached on the surface
whereas cells in treated groups displayed irregular morphology,
floated in culture medium, and lowering of cell density with signif-
icant number of dead cells. These findings indicated that CuO-rGO
NCs has potential to exert dose-dependent cytotoxicity in NRK52E
cells. In earlier research, it was reported that pure CuO NPs induce
cytotoxicity in various types of mammalian cells (Fahmy et al.,
2020; Laha et al., 2014). A recent study also found the strong cyto-
toxic activity of CuO-GO NCs against human colon cancer (HCT116)
cells (Ganesan et al., 2020).
3.3. Oxidative stress response of CuO-rGO NCs

Oxidative stress has been suggested as one of the potential
mechanisms of nanostructure-induced toxicity in biological sys-
tems (Fahmy et al., 2020). This could be due to tiny size and higher
surface area of nanostructures that usually induce intracellular
ROS generation (Ahamed et al., 2015). ROS also act as signalling
molecules to elicit several cellular events such as inflammation,
genotoxicity, and apoptosis (Abdelazeim et al., 2020). ROS-
induced oxidative stress has been also associated with several
human diseases including heart disease, renal disease, and cancer
(Sárközy et al., 2018). In order to examine the ROS generating
potential of CuO-rGO NCs, NRK52E cells were treated for 24 h to
10 lg/ml and 25 lg/ml of CuO-rGO NCs. Hydrogen peroxide
(H2O2) was used as a positive control. The DCFH-DA dye was
applied to visualize the ROS levels in NRK52E cells. The DCFH-DA



Fig. 2. (A and B) FESEM micrographs and (C) elemental composition of CuO-rGO NCs analysed EDS. FESEM: Field emission scanning electron microscopy, CuO-rGO NCs:
Copper oxide-reduced graphene oxide nanocomposites, and EDS: Energy dispersive X-ray spectroscopy.

Fig. 3. Elemental mapping of CuO-rGO NCs obtained by EDS associated with FESEM. CuO-rGO NCs: Copper oxide-reduced graphene oxide nanocomposites, EDS: Energy
dispersive X-ray spectroscopy, and FESEM: Field emission scanning electron microscopy.
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Fig. 4. CuO-rGO NCs induced cytotoxicity in NRK52E cells. (A) MTT cell viability
assay and (B) trypan blue cell viability assay. Data are presented as mean ± SD of
three independent experiments (n = 3). *Significantly different from the control
(p < 0.05). CuO-rGO NCs: Copper oxide-reduced graphene oxide nanocomposites,
NRK52E: Normal rat kidney cells, MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide, and SD: Standard deviation.
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dye passively enters into cells where it reacts with ROS and con-
verted into highly fluorescent molecule DCF. Intracellular intensity
of DCF was captured by fluorescent microscope. Fig. 6 indicated
that CuO-rGO NCs significantly induce ROS production in NRK52E
cells. Fluorescent intensity of DCF (indication of ROS generation) in
CuO-rGO NCs treated cells was higher as compared to untreated
control cells. CuO-rGO NCs induced ROS generation observed in
the present study is comparable to earlier reports of ROS genera-
tion and oxidative stress response of pure CuO NPs (Abdelazeim
et al., 2020; Ahamed et al., 2015).
3.4. Apoptotic response of CuO-rGO NCs

Apoptosis potential of CuO NPs has been reported in several
studies (Ahamed et al., 2015). Our previous work also found that
CuO NPs induce DNA damage and apoptosis in human liver
(HepG2) cells (Siddiqui et al., 2013). Apoptosis response of relative
new nanostructures such as metal oxide-graphene derivatives
nanocomposites are not explored yet. Cell shrinkage and chro-
matin condensation are important morphological examination of
apoptotic cells (Naz et al., 2020). In this study, chromosomal con-
densation was examined by DAPI staining in NRK52E following
exposure to CuO-rGO NCs for 24 h. Fluorescent micrographs of
5

DAPI staining demonstrated that CuO-rGO NCs effectively induced
chromosomal/nuclear condensation and these phenomena
increases with increasing the concentrations (Fig. 7). Apoptotic
response of CuO-rGO NCs in NRK52E cells was further investigated
using acridine orange/ ethidium bromide (AO/EB) dual staining.
Cells were exposed for 24 h with CuO-rGO NCs at the concentra-
tions of 10 lg/ml and 25 lg/ml. AO is a vital dye that penetrates
cell nuclei of the both live and dead cells (green color), whereas
EB only stain cell nuclei that lost their membrane permeability
and emits orange-red fluorescent (Liu et al., 2015). The EB dye
bounds to concentrated DNA fragments and apoptotic bodies. Cells
undergoing apoptosis exhibit condensed chromatin and show
orange/red stain (AO/EB dual staining) compared with the live
healthy cells that appear green (only AO staining) when observed
under fluorescent microscope (Anantharaju et al., 2017). As we
can see in Fig. 8 that untreated control cells appear as green with-
out orange-red stain, revealing healthy and live cells. However,
exposure of CuO-rGO NCs instigated the appearance of orange-
red nuclei in a number of cell population. The number of orange-
red stained nuclei increases with increasing concentration of
CuO-rGO NCs (Fig. 8).

Cell cycle analysis supports a better understanding of
nanomaterial-induced cytotoxicity (Huang et al., 2017). In this
study, effect of different concentrations of CuO-rGO NCs (1, 2.5,
5, and 10 lg/ml for 24 h) on cell cycle progression of NRK52E cells
was further examined using the PI dye (Fig. 9A–F). The PI measures
the DNA content of damaged cells from each phase of cell cycle.
Cells contain damaged DNA gather in gap1 (G1), synthesis of
DNA (S), or gap2/mitosis (G2/M) phases of cell cycle. Cells that con-
tain irreparable DNA damage undergo apoptosis and accumulate in
subG1 phase of cell cycle (Huang et al., 2017). Fig. 9F exhibited that
cells exposed to CuO-rGO NCs showed a significant increase in cell
population of subG1 phase. The cell population of control group in
subG1 phase was 1.13 %, which increases 4.7 %�20 % after the
treatment of CuO-rGO NCs (1–10 lg/ml). Cell population with
damaged DNA was also increases in DNA synthesis phase (S) fol-
lowing CuO-rGO exposure. Besides, a significant decline of cell per-
centage in G1 phase was also noticed after the treatment of CuO-
rGO NCs. Cell cycle arrest due to metal oxide NPs including CuO
was also reported in earlier studies (Ahamed et al., 2016; Huang
et al., 2017). These results indicated the apoptotic potential of
CuO-rGO NCs in NRK52E cells.
4. Conclusion

CuO-rGO NCs was synthesized by a simple hydrothermal pro-
cess. XRD, FESEM, and EDS characterization data showed that pre-
pared CuO-rGO NCs were crystalline, polygonal shaped, smooth
surface morphology, and uniform distribution of Cu, O, and C ele-
ments. CuO-rGO NCs induced a dose-dependent cytotoxicity in
NRK52E cells. Intracellular ROS generation following CuO-rGO
NCs exposure was also observed. Induction of chromosomal con-
densation was detected after the treatment of CuO-rGO NCs
through DAPI staining. Acridine orange/ ethidium bromide (AO/
EB) double staining indicates apoptotic response of CuO-rGO NCs.
Cell cycle analysis showed that CuO-rGO NCs induce significantly
higher percentage of apoptotic cell population in subG1 phase.
Overall, these data showed cytotoxic and apoptotic potential of
CuO-rGO NPs in NRK52E cells. This work warranted further
research to explore the molecular mechanism of CuO-rGO NCs tox-
icity at suitable in vivo models.



Fig. 5. Morphology of NRK52E cells following exposure to CuO-rGO NCs for 24 h. (A) untreated control, (B) cells treated with 25 lg/ml, (C) 50 lg/ml, and (D) 100 lg/ml.
NRK52E: Normal rat kidney cells and CuO-rGO NCs: Copper oxide-reduced graphene oxide nanocomposites.

Fig. 6. Fluorescence microscopic observation of intracellular ROS generation in NRK52E cells following exposure to different concentrations of CuO-rGO NCs for 24 h. (A)
Control cells. (B) Cells treated with 10 lg/ml of CuO-rGO NCs. (C) Cells treated with 25 lg/ml of CuO-rGO NCs. (D) Cells treated with H2O2 for positive control. ROS: Reactive
oxygen species, NRK52E: Normal rat kidney cells and CuO-rGO NCs: Copper oxide-reduced graphene oxide nanocomposites, and H2O2: Hydrogen peroxide.
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Fig. 7. Fluorescence microscopic observation of chromosomal condensation of NRK52E cells following exposure to different concentrations of CuO-rGO NCs for 24 h. (A)
Control cells. (B) Cells treated with 25 lg/ml of CuO-rGO NCs. (C) Cells treated with 50 lg/ml of CuO-rGO NCs. (D) Cells treated with 100 lg/ml of CuO-rGO NCs. Red circles
indicate chromosomal condensation. NRK52E: Normal rat kidney cells and CuO-rGO NCs: Copper oxide-reduced graphene oxide nanocomposites.

Fig. 8. Fluorescence microscopic observation of acridine orange/ethidium bromide (AO/EB) dual staining of NRK52E cells following exposure to different concentrations of
CuO-rGO NCs for 24 h. CuO-rGO NCs induced apoptosis in NRK52E cells evident by the presence of orange-red stained cells in treated groups, whereas control cells appears as
green. AO/EB: Acridine orange/ethidium bromide, NRK52E: Normal rat kidney cells and CuO-rGO NCs: Copper oxide-reduced graphene oxide nanocomposites.
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Fig. 9. Cell cycle progression of NRK52E cells exposed for 24 h to different concentrations of CuO-rGO (1–10 lg/ml) (A-E). The percentage of cell population in SubG1, G1, S,
and G2/M phases were estimated (F). Data are presented as mean ± SD of three independent experiments (n = 3). *Statistically significant from the control (p < 0.05). NRK52E:
Normal rat kidney cells and CuO-rGO NCs: Copper oxide-reduced graphene oxide nanocomposites.
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