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Abstract

Introduction: Green synthesis of nanoparticles is a promising technique for creating functionalized nanoparticles
(NPs) without generating byproducts, unlike chemical synthesis methods compared to traditional cancer treatments.
Aim: To determine the potential impact of Graphene-Oxide/Cerium Oxide nanoparticles GO/CeO2 NPs as an anti-tumor
agent in biomedical field, an in vitro study. Methods: In the current study, CeO2 was synthesized using co-precipitation
method. The method of preparation used is considered green due the usage of Allium Sativum extract in the synthesis
of CeO2 nanoparticles. Graphene -Oxide (GO) was prepared by pulsed laser ablation in water (PLAL) which is also
considered as a green method. The decoration of CeO2 on GO was achieved by mixing the GO with CeO2 nanocolloid,
then characterized. For the in vitro study, CeO2 concentrations were used (0.98 — 250 pg/ml) as duplicate against
human breast cancer cell line AMJ13, brain cancer cell line AMGMS5, human esophagus cancer cell line SK-GT-4 and
compared with normal cell line REF. Results: The FESEM results show that the CeO2 NPs are homogeneous and
nearly spherical in its shape with an average dimension of 55 nm. The in vitro results showed that the GO/CeO2 had
significant potential impact in the high concentration 250 pg/ml at p> 0.05 against breast cancer cell line AMJ13 (with
growth inhibition 51.04%) compared with other cell lines that showed less significant effect at p> 0.05 on brain cancer
cell line AMGMS (with growth inhibition 37.12%) and increased the proliferation rate on pp cancer cell line SK-GT-4
compared with no effects on control normal cell line REF during 48 h. of time exposure. Conclusions: Based on the
results, we concluded that the synthesized CeO?2 is a promising tool for use as a drug delivery agent against breast
cancer, demonstrating high safety for the normal REF cell line.
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Introduction

Cerium oxide nanoparticles (CeO, NPs) are highly
captivating due to their exceptional electronic and optical
properties and their wide range of applications. These
include biomedical uses such as antibacterial, antifungal,
and anticancer treatments, as well as catalytic applications
and technologies in optics and sensors. Various synthetic
methodologies have been reported for the synthesis of CeO,
NPs, including chemical, photochemical, electrochemical,
microemulsion, and microwave techniques. However,
these methods often involve the use of carcinogenic
chemical compounds, which can pose health risks and
require stringent reaction conditions, leading to potential

environmental pollution. Among these methods, green
synthesis stands out as a rapid and eco-friendly approach
to produce CeO, nanoparticles [1].

Cerium dioxide is a versatile compound utilized in
a wide range of technological applications, including
catalysis, oxygen sensors, synthetic membranes, and
biomedicine. The use of a capping agent is crucial in
nanoparticle synthesis to prevent agglomeration, which
can affect the nanoparticles’ size and functionality [2, 3].

Allium species are fascinating plants with numerous
active components used in medical applications. These
plants help reduce the risk of cardiovascular diseases
and diabetes, boost the immune system to protect against
infections, and have antifungal, antimicrobial, and anti-
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aging properties. Notably, they also serve as anti-cancer
agents for various cancer types, a fact confirmed by
epidemiological data from human clinical studies [4].
Garlic is rich in various mineral components such as
sulfur, potassium, phosphorus, selenium, germanium,
as well as adequate amounts of vitamins A and C, and
essential amino acids. There is a significant demand
for biocompatible and environmentally friendly nano
products. Due to its importance, we utilized garlic in
our study to prepare CeO, nanoparticles through an eco-
friendly synthesis method [5].

The main objective of this study is to evaluate the
potential of CeO, nanoparticles as an anticancer agent
against a panel of human cell lines, including the breast
cancer cell line AMJ13, brain cancer cell line AMGMS,
and esophagus cancer cell line SK-GT-4, in comparison
to the normal cell line REF.

Materials and Methods

Materials

Phosphate Buffered Saline (PBS) (Reidel de Haen,
Germeny),, Distilled water (D.W.), 96 microtiter well
plate (Cel-Cult, U.K), millipore filter 0.45 (Sigma, U.S.A),
tissue culture flasks (Falcon, U.S.A), crystal violate
(Sigma Aldrich, USA), MEM medium (US biological,
USA), RPMI- 1640 medium (US biological, USA), Fetal
bovine serum FBS (Capricorn- Scientific, Germany),
penicillin and streptomycin (Capricorn- Scientific,
Germany), trypsin-EDTA (T.V.) (Capricorn-Scientific,
Germany), Ce(NO3)3.6H20 from Sigma Aldrich
(India), CAS No. 10294-41-4, purity 99.9%, NaOH from
AVONCHEM (UK), CAS NO. 1310-73-2, purity 9.9%,
Allium Sativum from the local market, absolute Ethanol,
O 45 filter paper, graphite pellet with dimensions of Poly
vinyl alcohol (C2H40)n (PVA) from Didactic (Spain),
CAS NO. 9002-89-5. All the materials were used in the
study without further purification.

Method

This study was carried out at the experimental therapy
department, Iraqi Center of Cancer and Medical Genetics
Research (ICCMGR), Mustansiriyah University, Baghdad,
Iraq. And the protocols of this work were approved by
ethics committee of scientific committee of ICCMGR.

Green Synthesis of CeQO, nanoparticle
Allium Sativum Extract

Thirty-two grams of Allium sativum cloves (collected
from local Iraqi markets and authenticated according to
Iraqi plant ethics for this study) were washed with tap
water, followed by distilled water, and allowed to dry.
The cloves were then peeled and crushed using a mortar
and pestle. The crushed cloves were placed in 45 mm
filter paper, and 1 liter of distilled water was poured over
them to obtain Allium sativum extract. This extract was
stored in a glass bottle at room temperature and covered
to protect it from light exposure.

CeO, nanoparticles synthesis
CeO, nanoparticles were prepared using a
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co-precipitation method. In this process, 1 M of
Ce(NO3)3.6H20 was dissolved in 70 mL of distilled water
(D.W.). Then, 10 mL of Allium sativum extract was added
to the solution. A 1 M NaOH solution was slowly added
from a 50 mL burette until the color change indicated the
formation of CeQ, precipitate. The precipitate was washed
several times with distilled water, followed by absolute
ethanol. The CeO, precipitate was then dried in an oven
at 80 °C for 1 hour and subsequently calcined in a furnace
at 850 °C for 1 hour.

GO preparation

A graphite pellet with dimensions of (@ 25 mm X
5 mm) was used as a target. The graphite target was
immersed in 7 mL of distilled water (D.W.) inside a 40
mL beaker, which was placed in a 50 °C water bath. An
x-y galvanometer with a 1064 um fiber laser, operating at
5W, 20 kHz, and a speed of 100 mm/s, was used to ablate
the target [6, 7]. The synthesized graphene oxide (GO) was
dried using a heating plate and has a final weight of 7 mg.

PVA/GO/CeO,

0.01 g of polyvinyl alcohol (PVA) was dissolved in 50
mL of distilled water (D.W.) at 80 °C using a magnetic
stirrer. Next, 5 mg of the synthesized CeO, was added
to the PVA solution and stirred vigorously for 3-4 hours.
The PVA/CeO, mixture was then ultracentrifuged at
20,000 rpm and -20 °C for 30 minutes. The precipitate
at the bottom of the tube was placed in a beaker, and 20
mL of PBS was added. This mixture was then subjected
to ultrasonication for 20 minutes until a homogeneous
solution was obtained. The dried GO was then added
to the sonicated solution with vigorous stirring until a
homogeneous solution was achieved. The ratio of CeO,
to GO was 1:3.333 (w/w). The GO/CeO, in PBS was then
used on normal and cancerous cell lines after filtration
through a sterile filter.

In Vitro study
Cell Lines

Three human cancer cell lines were used as AMJ13,
AMGMS5, SK-GT-4, and one normal cell line REF
that were provided and authenticated by the cell bank
unit/ experimental therapy department/ ICCMGR,
Mustansiriyah University.

AMIJ13. (as a locally Iraqi established cell line), [8]
that cultured in a RPMI-1640 medium, supplemented with
10% fetal bovine serum (FBS), 100 units/mL penicillin,
and 100 pg/mL streptomycin.

AMGMS. Ahmed-Majeed-Glioblastoma-
Multiforme-2005 the Iraqi locally brain cell line that
stablished in the experimental therapy department/
ICCMGR, Mustansiriyah University. It’s a human brain
Glioblastoma GBM cell line which was isolated from
a 72-year-old Iraqi man who underwent a surgery for
an intracranial tumor. This cell line was cultured and
maintained on RPMI-1640 with 10% FBS, with 100 units/
mL penicillin, and 100 pg/mL streptomycin [9].

SK-GT-4. Esophageal carcinoma cell line was created
from a primary human patient who had dysphagia as
a result of a well-differentiated adenocarcinoma that



originated in the distal esophageal Barrett epithelium.
It was grown and maintained in MEM growth medium
with 10% FBS, 100 units/mL penicillin, and 100 pg/mL
streptomycin [10].

REF. The rat embryonic fibroblast cell line as normal
cells, was established in the experimental therapy
department/ ICCMGR for used as control. This cell line
was grown in RPMI-1640 medium with 10% FBS, with
100 units/mL penicillin, and 100 pg/mL streptomycin.

Cell culture and maintenances

All cell lines used in this study were cultured at 37
°C in a 5% CO, incubator, authenticated, and tested for
mycoplasma by the cell bank unit of the Experimental
Therapy Department at [CCMGR. The AMGMS5, AMJ13,
and REF cell lines were grown and maintained in RPMI-
1640 growth medium, while the SK-GT-4 cell line was
cultured and maintained in MEM medium at 37 °C in
a humidified atmosphere of 95% air and 5% CO2 [11].

Cells were harvested after being trypsinized with
trypsin-EDTA (T.V.) for use in this study. Once cellular
growth reached an adherent confluent monolayer, the
RPMI media was decanted, and T. V. (2-3 ml) was added to
the flask, which was gently rocked. After 30 seconds, most
of the T.V. was poured off, and the cells were incubated
at 37 °C until they detached. The cells were then further
dispersed by pipetting them in the RPMI medium, making
them ready for the next experiments [12, 13].

Cytotoxicity assay

Under sterile conditions, the GO/CeO, nanocolloid
was filtered using a sterile syringe filter with a pore
size of 0.45 um to prepare a stock solution for the
cytotoxicity assay. In this assay, three cancer cell lines
(AMIJ13, AMGMS, and SK-GT-4) and a normal cell
line (REF) were used. The study involved nine different
concentrations (250, 125, 62.5,31.25,15.6,7.8,3.9, 1.9,
and 0.98 ng/ml) along with a control. Each concentration
was tested in five replicates.

Under sterile conditions, 1x10* cells per well in 200
ul of growth media with 10% FBS were added to each
well of a sterile 96-well microtitration plate. The plate was
covered with a lid and incubated overnight at 37 °C in a
CO2 incubator. The next day, the medium in each well was
removed and serial dilutions of the GO/CeO, nanoparticle
colloid in serum-free media (SFM) were added. The SFM,
prepared without FBS, consisted of RPMI-640 medium
supplemented with 100 pg/ml streptomycin and 100
units/ml penicillin. The plates were then sealed with a
self-adhesive film, covered, and incubated for 72 hours
to allow for exposure.

Finally, after the exposure period, the cell culture
supernatants were discarded from the wells. Then, 100
pl of crystal violet stain was added to each well, and
the plates were covered and incubated for 20 minutes at
37°Cina CO, incubator. After incubation, the cells were
washed with tap water and allowed to dry. The optical
density (OD) was then determined at a wavelength of 584
nm using a fluorometer (BMG LABTECH, Germany),
[12, 14]. Then, microscope images for both treated and
control cells were taken using an inverted light microscope
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(Leica, Karl Klob, Scientific Technical Supplier, Driesch
Germany).

The percentage of Inhibition rate (I.R.) and cell
viability were calculated according to the following

equations:
L.R.%=(C-C_t)/C*100% 1
Cell Viability %=100-1.R% 2)

Where: I.R.% is the percentage of inhibition rate of
cells, C= O.D of the control, Ct is the O.D. of the treated
cells with the as-prepared material., Cell viability % is the
percentage of the cell viability.

Statistical Analysis

Experiments data of variance were used for data
comparison between studied groups (control and
samples) using five replicates for each experiment. It was
determined using one-way ANOVA and one sample t- test.
A P value < 0.05 was considered statistically significant.
For this analysis, we used the GraphPad Prism 8 software
(GraphPad Software, Inc. San Diego, California).

Results

XRD Analysis

Figure 1 (a) and (b) shows the XRD characteristics
peaks of the as-prepared CeO, and GO nanosheet
respectively. From examining Figure 1 (a) we can see that
all the peaks are related to CeO, and there are no peaks
for any other phase, which indicates the high purity of the
as-synthesized CeO,. The characteristic peaks are narrow
and indicates the multi-crystallinity of the as-prepared
material. The prominent peak corresponds to [111] located
at 20=28.757°. while the other peaks correspond to [200],
[220], [311], [222], [400], [331], [420] and [422] located
at 20 = 33.256, 47.743, 56.620, 59.733, 77.091, 79.544,
88.762 and 95.824 [15]

The peaks are in good agreement with JCPDS card
no: 34-0394. The CeO, nanoparticles have face centered
cubic structure with lattice parameters a=b=c=5.4100 A°
and o=B=y = 90° [16].

The crystal size D can be calculated using Debye-
Sherer’ equation where:

D=D=(0.9 1)/(B cos (0)) (1)

Where D is the crystal size in nm, A is the wavelength
of x-ray 1. 5406 A° 0 is the angle of diffraction, B is the
FWHM of the diffraction peak. The crystal size was found
to be 27 nm [17].

Figure 1 (b) illustrates the XRD pattern of GO
nanosheet. The sharp diffraction peak at 26=25.545°
corresponds to 002 diffraction plane which indicates
the graphene layer distance, this coincides the results
obtained by [18] and [19]. The d-spacing according to
equation 1 has a value of 0.927 nm. The position of 002
peak indicates that the aromatic carbon sp2 lattice spacing
was closely restored or completely [20]. The high value
of the interlayer d-spacing of GO is proportional to the
content of oxygen [21].
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Figure 1. The XRD Pattern of (a) The as- Prepared CeO2 nanoparticles, (b) The as-prepared GO nanosheet.
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Figure 2. FESEM of the as Prepared (a) CeO,, (b) Graphene Oxide Nano Sheet.

Morphology

Figure 2. (a) and (b) shows the morphology of the as-
prepared CeO, and graphite oxide nanosheet respectively.
Figure. 2 (a) shows the FESEM image of the CeO, which
are nearly spherical in its shape and homogeneous. The
average particle size is 55 nm. The obtained results are in
good agreement with the results obtained by.[20]

The EDS analysis illustrates that CeO, consists mainly
of Ce with a percentage of 65% and the rest are divided
between Oxygen and Carbon with a percentage of 25%
and 8% respectively (Figure 3 & 4).

The Table 1. illustrates the elemental analysis of CeO,

Table 1. The Elemental Analysis of CeO, Used in This
Study which Consists of 65.7% Ce, 75.9% O, and
8.5% C.

Weight % Weight  Atomic %  Atomic  Element
Error % Error %

0.2 8.5 0.7 253 C
0.4 25.9 0.9 579 (0]
0.6 65.7 0.2 16.8 Ce

and Table 2. illustrates the percentage elemental content
of GO, which consists of 40% C and 28.3% O.

Uv-Visible Analysis

Figure 5. illustrates the optical properties of the as-
prepared CeO,, which are depicted by  Figure 5. (a &
b) that show the Uv-visible spectrum and the Tauc plot
respectively. Figure 5 (a) clearly shows an absorption
peak located at 287 nm. The absorption peak is sharp and
strong indicates that the as-prepared CeO, has a narrow

Table 2. The Percentage Elemental Content of GO
Nanosheet Used in This Study, that Consists of 40% C
and 28.3% O.

Weight %  Weight  Atomic %  Atomic  Element
Error % Error %

0.4 40 0.5 53.5 C
0.3 28.3 0.3 28.4 (¢}
0.1 313 0.1 17.9 Si

0 0.3 0 0.1 S

0 0.1 0 0.1 Cl
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Figure 4. The EDS Analysis of the as-Prepared GO Nanosheet

particle size distribution [22] Comparing this peak with
those reported in the literature, we can see that there is a
blue shift towards lower wavelengths. There are no other
peaks related to the impurities or defects observed in the
spectrum, which assures that the as-prepared CeO, is pure.
[16] Figure 5 (b) illustrates Tauc’s plot for direct allowed
transition. The value of the Eg is 3.55 eV which was found
to be higher than that for the bulk. The increase in the
band gap energy is due to the quantum confinement effect
which explains the blue shift in the absorption peak [22]

0.35 4
0.33 4
0.31 4
0.29 4
0.27 4
0.25 4

0.23 4

Absorptiona.u.

0.21 4

0.19 4

0.17 4

0.15

250 350 450 550 650 750 850 950 1050
A (nm)

In Vitro Study

The cytotoxicity of the GO/CeO, NPs on the breast
cancer cell line AMJ13 was concentration dependent,
the cells viability was decreased significantly (at P value
< 0.05) with the highest effect at a concentration of 250
pg/ml (51%) as shown in Figure (6- a) and Figure (7- a
&b) compared with control. The brain cancer AMGMS5
showed cytotoxic effects (37%) significantly at P value
< 0.05 with the highest effects at 250 pg/ml as shown
in Figure (6- b) and Figure (7- ¢ &d) compared with
control. The esophagus cancer SK-GT-4 showed increased
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Figure 5. (a) The Uv-visible spectrum of the as-prepared CeO,, (b) The Tauc-plot
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Figure 6. The Percentage of Cell Viability of Cells Lines (AMJ13, AMGMS, SK-GT-4, REF) (a-d) after being exposed
to CeO2 for 72 h. incubation time that showed a significant effect with highly effect on AMGMS (a) and AMJ13 (b)
at P value < 0.05 while with no cytotoxic effects on both SK-GT-4 (¢) and REF (d).

proliferation rate (with non-significant effects compared
with control) as shown in Figure (6- c¢) and Figure (7- ¢
&f) compared with control. While, the results showed
that the GO/CeO, nanoparticles was safe on the normal
cell in culture (REF cell line) as shown in Figure (6-d)
and Figure (g &h).

According to the above results, GO/CeO, NPs have
the best effect on breast cancer AMJ13 and less than in
brain cancer cell line AMGMS, therefore it’s indicated
that this drug may be used promising tool in drug delivery
against breast cancer treatment, especially with its safety
on normal cells.

Discussion

According to the literature, CeO, nanoparticles are
highly biocompatible, easily eliminated from the body,
and exhibit low environmental toxicity [23]. CeO,
nanoparticles exhibit antioxidant properties at a neutral
pH, while in an acidic tumoral environment, they display
prooxidant abilities [24]. Acidic cancer cells, being
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sensitive, promote the prooxidant effect of nanoparticles.
In contrast, multidrug-resistant cells and normal cells
exhibit a more alkaline pH [25]. In this study, we reported
the biocompatibility of GO/CeO, on a normal cell line. The
cytotoxicity study clearly showed that as the concentration
of GO/CeQ, increased, the viability of the AMJ13 cancer
cell line decreased. The changes in cell morphology,
particularly cell shrinkage, indicated apoptosis. This
apoptosis is a result of damage induced by reactive oxygen
species (ROS) through the oxidation of intracellular
macromolecules such as DNA, lipids, and proteins [26].
Several studies have reported the concentration-dependent
cytotoxic effects of CeO, nanoparticles against various
cell lines, including MCF7 (breast cancer), A549 (lung
cancer), and HCT116 (colorectal cancer) [27]. The
cytotoxic activity of CeO, nanoparticles is attributed to
their ability to penetrate cancer cells through endocytic
pathways. Recent studies suggest that nanoparticles
prepared using plant derivatives have a higher potential to
inhibit cancer cells. This enhanced effectiveness is likely
due to the plant secondary metabolites involved in the
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(e) SK-GT-4 - Control

(g) REF- Control

(h) REF- 250 pg/ml

Figure 7. Microscope Images of Cytotoxicity of Cell Line AMGMS, AMJ13, SK-GT-4, REF before and after been
exposed to CeO, (for 48 h.). (a, c, e, g) control and (b, d, f, h) 250 pg/ml that showed a highly cytotoxic effect on
AMIJ13 compared with other cell lines as shown by the inverted microscope at 10X.

green synthesis of the nanoparticles.

In conclusions, from the results of the in vitro study,
we can conclude that GO/CeO, nanoparticles were found
to be safe on normal cell lines and show great potential
as a drug delivery tool against the breast cancer cell line
AMIJ13.
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