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ABSTRACT

The goal of the current study was to assess the anticancer effects of cisplatin and cerium oxide
nanoparticles on tumours caused by Ehrlich tumour cells in the skeletal muscles of female mice. The
Ehrlich solid carcinoma bearing female mice were divided into 5 groups, control group Ehrlich solid
carcinoma bearing mice were administered deionized dist. water for two weeks, Group 2 orally
administered with ( 5%CeNPs) Group 3: orally administered with ( 10%CeNPs) Group 4: orally
administered with ( 20%CeNPs) Group 5: Ehrlich solid carcinoma bearing mice were injected intra-
peritoneal with Cisplatin (1 mg/kg) daily for two weeks. Antioxidant parameters, comet assay,
histopathology, and mRNA expression of (P53 and K-ras ) genes were evaluated. The tumour mass
was consisted of sheets and clusters of neoplastic cells with small areas of necrosis. The addition of
cerium oxide nanoparticles lead to diminished the tumour masses and appearance of apoptotic holes.
In the first group, the present study found higher levels of malondialdehyde (MDA) and decreased
activity of the antioxidant enzymes glutathione peroxidase (GPx) and superoxide dismutase (SOD).
The addition of 20% CeNPs resulted in a drop in MDA and an increase in SOD, while the activity of
the GPx enzymes decreased. The K-Ras gene was up-regulated by the CeNPs, but the P53 gene was
down-regulated. Cisplatin also showed similar results to cerium oxide nanoparticles but less
prominent. The cerium oxide nanoparticle had antitumor efficacy as that of the cisplatin with low side
effects on the tissues.
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INTRODUCTION

The most prevalent rare-earth metal present in the
Earth's crust is cerium, a member of the
lanthanide metals with an atomic number of 58
[1]. Oxide of cerium is called ceria and has two
oxidation states Ce4+ (CeO2) and Ce3+
(Ce203). CeO2 has a cubic fluorite structure,
where each Ce+ cation is surrounded by 8 oxygen
anions, and each anion has a Ce+ tetrahedral
cation [2].

The capacity of oxidation potentials and the
quantity of electronegative oxygen atoms to
interact with certain biomacromolecules, such as
proteins, nucleic acids, and others, depends on
the medium [3].

Cerium nanoparticles can interact with the free
radicles that emerged from the tissues and passed
the biochemical reactions cycles. It had the
ability to regenerate every cycle [ 4].

The cerium oxide nanoparticle had the feature of
catalyst [5]. It also had the feature of antioxidants
and the activity of antiradicals [6]

The cerium oxide nanoparticle had the ability to
created oxidative stress [7 , 8]. The activity
depend on the ph and the tissue environment [9].

The application of cerium oxide nanoparticles as
chemotherapy for treatment of cancer because of
its ability to destroy cancer cells and made it
ready for radiation therapy. It also protects the
surrounding normal cells from ROS and also
protect the cells from its toxic effect. It
considered the drug of choice for treatemet of
cancer [10 ].

Cisplatin is widely used as one of the most
famous anti-cancer drugs. It was used for
treatement of many types of cancer [11, 12].

Although the cisplatin had powerful effect
against cancer cells but it had numerous side
effects including nephrotoxicity , allergy, GIT
disorders and other organs dysfunctions. The
mode of action of cisplatin mainly depend on
destruction of DNA repair system which lead to
cell apoptosis in cancer cells. [13 ].

One of the most prominent disadvantage of
cisplatin is induction of cytotoxicity via
destruction of DNA code mechanism of
replication [ 14]. It also activate many signalling

pathway in the tissues and activation of
mitochondrial pathway [15 ].

MATERIAL AND METHODS

Animals and ethical consideration

Mice were obtained from WNational Cancer
Institution (NCI) Animal house Unit. All mice
have left in the animal house for one week under
standard dark/light cycle to be acclimatized and
supplied with standard diet pellets and water ad
libitum. IACUC Protocol Number (CU I F 31
21)

Antitumor activity assessment

Tumor Inoculation and Grouping

-Safety dose of Cerium oxide nanoparticles was
determined to be 2000 mg/kg /b.w

- On the left hind thigh of 25 female mice, 0.2 ml
of Ehrlich tumour cell suspension (containing
around 2x106 viable cells) would be injected
intramuscularly.

- Once a solid tumour developed on day 14, mice
were separated into five groups, each with five
mice:

Group 1: Ehrlich solid carcinoma bearing mice
were orally administered deionized dist. water for
two weeks

Group 2: Ehrlich solid carcinoma bearing mice
were orally administered with 5% of the
determined safe dose of Cerium oxide
nanoparticles daily for two weeks.

Group 3: Ehrlich solid carcinoma bearing mice
were orally administered with 10% of the
determined safe dose of Cerium oxide
nanoparticles daily for two weeks.

Group 4: Ehrlich solid carcinoma bearing mice
were orally administered with 20% of the
determined safe dose of Cerium oxide
nanoparticles daily for two weeks.

Group 5: Ehrlich solid carcinoma bearing mice
were injected intraperitoneal with Cisplatin (1
mg/kg.bw) daily [ 16 ]for two weeks.

Collection of organs

-Animals were anesthetized by using isoflurane
(1-4%) and sacrificed by cervical dislocation
after 24 hour of the last administration. Samples
were collected from mice skeletal muscle tumor
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tissues for subsequent analyses. One-half of the
organs were placed in tubes containing 10%
formalin for fixation and histological analysis
while the other half were stored in sterilized tube
at -80 C° for later molecular assays.

Detection of DNA damage using Comet assay
To assess the DNA damage level in tumor tissues
. alkaline comet assay (Ph >13) was done
according to the method described by [18 ].

Measurement of the expression level of the p53
and K-ras genes

The expression levels of p53 and K-ras genes
were measured in tumor tissues using Real Time
Polymerase Chain Reaction (RT-PCR).

Extraction of whole RNA

First whole RNA was extracted from tumor
tissues using Gene JET RNA Purification Kit
(Thermo scientific, USA) with the following
steps:

1- Immersed about 30 mg of frozen tissues into
liquid nitrogen and grounded it with a mortar and
pestle then immediately transferred intoa 1.5 mL
microcentrifuge tube containing 300 pl of Lysis
Buffer supplemented with B- mercaptoethanol.
Vortexed for 10 second and mixed thoroughly.
2- Added 600 pl of diluted Proteinase K (10 pl of
the included Proteinase K diluted in 590 ul of TE
buffer), mixed by vortex and incubated at 250C
for 10 minute.

3- Centrifuged for 10 minute at 12000 x g,
transferred the supernatant into a new RNase-free
micro-centrifuge tube then added 450 pl of
ethanol (100%) and mixed by pipetting.

4- Transferred 700 pl of lysate to the GeneJET
RNA Purification Column inserted in a collection
tube, centrifuged for 1 minute at 12000 x g then
discarded the flow through.

5- Transferred the remaining of the lysate into the
column and centrifuged. Discarded the collection
tube containing the flow-through solution and the
GeneJET RNA Purification Column was placed
into a new 2 mL collection tube.

6- Added 700 pul of Wash Buffer 1 (supplemented
with ethanol) to the GeneJET RNA Purification

Column, centrifuged for 1 minute at 12000 x g
and discarded the flow-through.

7- Added 600 pl of Wash Buffer 2 (supplemented
with ethanol) to the GeneJET RNA Purification
Column, centrifuged for 1 minute at 12000 x g
and discarded the flow through.

8- Added 250 pul of Wash Buffer 2 to the
GeneJET RNA Purification Column, centrifuged
for 2 min at 12000 x g, discarded the collection
tube containing the flow-through solution and
transferred the GeneJET RNA Purification
Column to a sterile 1.5 mL RNase-free micro-
centrifuge tube

9- Added 100 pl of nuclease-free Water to the
center of the GeneJET RNA Purification Column
membrane, centrifuged for 1 min at 12000 x g to
elute RNA.

10- Discarded the purification and the purified
RNA were stored at -80 oC until used.

Reverse transcription of RNA

The whole extracted RNA was converted into
complementary DNA (cDNA) according to the
instructions of Revert Aid First Strandc DNA
Synthesis Kit (Thermo scientific, USA) as
follow:

1- Added 5 pg of template RNA and 1pl of
primer to a sterile and nuclease free water to
complete the final volume to 12 pl in nuclease
free tube on ice.

2- Added 4 pl of 5X Reaction Buffer to 1 pl of
RiboLock RNase Inhibitor (20 U/ul), 2 ul of 10
mM dNTP and 1 pl of Revert Aid M-MuLV RT
(200 U/ul) then completed the final volume to 20
pl. Mixed gently and centrifuged briefly.

3- Incubated samples at 42°C for 60 minute.

4- Terminated the reaction by heating at 70°C for
5 minute.

5- Stored the reverse transcription reaction
product at -70°C until used.

Quantitative RT-PCR reaction

Expression levels of p53 and K-ras genes were
quantified via SYBR green-based real-time PCR
using 7500 Fast systems (One Step Applied
Biosystem 7500, Clinilab, Egypt) with the
following steps.
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1- Mixed 1 ul of sample cDNA with 0.5 pl of
forward primer, 0.5 pl of reverse primer and 6 pl
SYBER green master mix then added 4 ul of
nuclease free water to complete final RT-PCR
volume into 12 pl.

2- RT-PCR was started with initial denaturation
15 minute at 950C then thirty-five cycles of
denaturation at 950C for 15 seconds, annealing at
58 for 30 second and extension at 720C for 1
minute were performed.

3- Duplicate of each group was quantified for
each gene and the results of gene expression were
normalized to f actin as a housekeeping gene.

4- Gene expression was quantified using the
comparative Ct (DDCt) method, as described in
the Assays-On-Demand User's Manual (Applied
Bio systems).

5- The fold values (x) were calculated using the
formula:

x = 2(-DDCt)
The DDCt was determined using the formula:

DDC (t) = DC (t) treated —DC (t) control, Where
DC (t) treated = C (t) target gene— C (t) reference
gene of the treated sample and DC (t) control = C
(t) target gene of control - C (t) reference control.

Histological examination

Small pieces of the skeletal muscle tumor from
each group were collected and preserved in
boiuns solution for histological analysis
according to [18 ].

Biochemical markers of oxidative stress assays
These assays were conducted only tumor tissue
in Antitumor activity groups Homogenates
(10%) were centrifuged at 4000 rpm for 20 min.
at 4°C and the supernatants were used for
determination  of  malondialdehyde  [19
].superoxide dismutase [20]. and glutathione
peroxidase activities [ 21 ].following the
instructions of kits (Bio- Dignostic, Egypt).

Preparation of cerium oxide nanoparticles
Ce(1) nitrate (Ce(NO3)3. 6H20 and Potassium
carbonate K2CO3 specified 99.99% pure were

purchased from Sigma-Aldrich and used without
further purification. CeO2 nanoparticles were
synthesized using simple co-precipitation
method as described in detailed [22]. The
specification of the size and structure of the
CeO2 nanoparticles were carried out. X-ray
diffractometer (XRD) was used to identify the
crystalline phase and to estimate the crystalline
size. The XRD pattern were recorded with 20 in
the range of 20 - 95° with type Malvern
Pananalytical X-Pert Pro MPD, Cu-Ka: A = 1.54
A.

Using a Zetasizer Nanoseries, dynamic light
scattering (DLS) was used to calculate the
polydispersity (% Pd) of the distribution and the
mean diameter of the CeO2 nanoparticles
(Malvern Instruments, UK). The sample was
tested three times using the unimodal model for
size distribution and the calculation factors
utilised were the refractive index and viscosity of
pure water. The results are provided as a mean
+SD for the polydispersity and mean diameter of
the CeO2 nanoparticles. At 25 °C, the size
distribution was observed as a function of
volume.

Zeta potential, a measurement of the electrical
charge on a particle's surface, is frequently used
to describe colloidal drug delivery methods. The
colloidal system's potential stability is indicated
by the zeta potential's magnitude. A more stable
colloidal dispersion will result from more particle
repulsion as the zeta potential rises. There won't
be any inclination for the particles to join
together if all of the particles in suspension have
a strong negative or positive zeta potential [23].

Statistical analysis

All experiments were performed at least three
independent times. Data shown here are
presented as mean =} SE unless stated otherwise.
For comparison between control and treated
groups, data were analyzed by one-way analysis
of variance (ANOVA) with Dunnett’s multiple
comparison tests using GraphPad Prism
(V0.5.01). Values with P-value < 0.05 were

considered statistically significant.
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RESULTS
The experimental X-ray powder diffraction
(XRD) pattern of the synthesized CeO2
nanoparticles is shown in ( Figure 1). The
characteristic peaks are very close to the fluorite
structured CeO2 crystal . The characteristic peaks
corresponding to the (111), (200), (220), (311),
(222), (400), (331), and (420) planes are located
at 20 = 28.55°, 33.09°, 47.5°, 56.36°, 59.1°,
69.44°, 76.72°, and 79.1° respectively are
identified using the standard data . The mean size
of the CeO2 nanoparticles have been estimated
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oo AN
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(220)

from the full width at half maximum (FWHM)
and Debye-Sherrer formula according to the
following equation:
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Where, 0.89 is the shape factor, A is the X-ray
wavelength, B is the full width at half maximum
(FWHM) in radians, and 0 is the Bragg angle.
The mean size of the CeO2 nanoparticles were
determined around 25 nm.
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FIGURE 1:

At 25 °C, the CeO2 nanoparticles' DLS size
distribution was unimodal and rather narrow

XRD Pattern of the CeO2 nanoparticles synthesized using the coprecipitation method.

Pd) had a mean value of 0.330%. Thus, samples

with% Pd <20% are often regarded as
(Figure 2). At 100% of the volume, the computed  monodisperse.
mean diameter was 25.02 nm. Polydispersity (%
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507
€ 40t \
€ 307
o T |
£ 20t I'.
g |
10+
01 | 10 100 1000 10000

Size (d nm)

FIGURE 2: Size distribution measured by (DLS) of the of the CeO2 nanoparticles synthesized

using the coprecipitation method.
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The surface potential of the synthesized CeO2
nanoparticles showed a potential of 35.31 mV.
The surface potential of > 25 mV along with a
sharp single peak of the size distribution confirm
that the CeO2 nanoparticles were monodispersed
and stable.

Biochemical results

The CeNPs showed significant decrease in MDA
as shown in the table 26.0 £ 0.82 in CeNPs 5% in
compare to the control group 44.0 £ 4.01 while
the cisplatin and safety dose of CeNPs 20 %
showed also decrease in MDA 31.0+5.78

The CeNPs showed significant increase in SOD
as shown in the table 38.0 £2.37 in CeNPs 5% in
compare to the control 12.38+ 1.06 while the
cisplatin showed also increase in SOD 14.1+0.28.
The safety dose of CeNPs 20 % showed increase
in SOD 26.0+ 0.87

The CeNPs showed significant decrease in Gpx
as shown in the table 0.08 + 0.03 in CeNPs 5%
in compare to the control 0.69 + 0.21 while the
cisplatin showed also decrease in Gpx 0.050 +
0.05. The safety dose of CeNPs 20 % showed
decrease Gpx 0.18 £+ 0.04 (Table.1 and Figure.3).

TABLE 1: Effect of different concentration of CeNPs and cisplatin on Biochemical parameters of
oxidative stress

Biochemical Tumor mass from tumor groups
parameters of | Control 5% 10% 20% Cisplatin
oxidative Mean + SD Mean + SD | Mean+SD | Mean £ SD Mean + SD F P
stress
SOD 12.38+1.06 | 38.0+2.37 | 35.9+3.13 | 26.0+0.87 14.1+0.28 243.8 | 0.000
MDA 440+401 |26.0+082 |355+210 |31.0+1.98 31.0+5.78 234 0.000
GPX 0.69+0.21 |0.08+0.03 |0.18+0.04 | 0.18+0.04 +0.05.00.05 31.9 0.000
Biochemical parameters of oxidative stress
60 A
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40 A % '} +
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. ] OMDA
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FIGURE 3: Effect of different concentration of CeNPs and cisplatin on Biochemical parameters of
oxidative stress
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Comet assay significant changes. The cisplatin showed less
The Ceo2 5% showed significant changes in tail  significant changes in tail length, % DNA and
length, % DNA and tail moment while the safety  non-significant changes in tail moment (table2)
dose of CeNPs 20 % did not showed any

TABLE 2: Effect of different concentration of CeNPs and cisplatin on DNA damage level in tumor

tissues

compounds Tumor tissue

Control 5% 10% 20% Cisplatin

Mean £ SD | Mean = SD Mean £ SD | Mean + SD | Mean £ SD F P
Length 791+325 | 13.06+0.49a | 8.00+1.07 | 8.92+2.43 | 10.75x0.54 | 3.92 0.036
DNA 22.18 + | 28.58+4.01 2254  +£|27.87 £ |28.32+0.21 3.18 0.062

5.29 1.25 1.91
Moment 445+268 | 7.15 £0.09 3.73+0.69 | 3.78 * | 477027 3.09 0.067

1.31

A: Significant with control group at p < 0.05
B: Significant with 5% group at p < 0.05

C: Significant with 10% group at p < 0.05
D: Significant with 20% group at p < 0.05

Tumor tissue
35 -

25 1

20 A
BLength

15 - ODNA
—— B Moment

10 1

N 1

Control 5% cerium oxide 10% cerium 20% cerium Cisplatin
oxide oxide

FIGURE 4 : Effect of different concentration of CeNPs and cisplatin on DNA damage level in
tumor tissue

Rt-PCR group in comparison to control group 4.16 £ 0.17.
The results showed that the relative mRNA  The safety dose of CeNPs 20 % was 2.27 + 0.28,
expression of P53 was significantly down-  while it was 1.98+0.23 in cisplatin group.
regulated. Itwas 1.00 +£0.00a in cerium oxide 5%
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The mRNA expressions of k-Ras was up-

safety dose of CeNPs 20 % was 0.57 + 0.05ab

regulated in 1.00 + 0.00a cerium oxide 5% group  while it was 0.44 + 0.05in cisplatin group. (table

in comparison to control group 0.44 + 0.05 . The

3)

TABLE 3: Effect of different concentration of CeNPs and cisplatin on mRNA expressions of P53

and k-Ras
Gene Tumor groups
Control 5% 10% 20% Cisplatin
Mean £ SD | Mean * | Mean * | Mean + | Mean+SDab | F P
SDa SDab SDabc
P53 416+0.17 | 1.00 2.06 +| 227 + | 1.98+0.23abd | 135.7 | 0.000
+0.00a 0.07ab 0.28abc
k-Ras 0.44+0.05 | 1.00 + | 0.75 + | 057 + | 0.72+0.03abd | 78.7 0.000
0.00a 0.04ab 0.05ab
A: Significant with control group at p < 0.05
B: Significant with 5% group at p < 0.05
C: Significant with 10% group at p < 0.05
D: Significant with 20% group at p < 0.05
Tumor RTPCR
6 -
_I_
5 -
==
3 i ——
_I_ QP53
BOK-ras
2 -
1 -
0 T il T T -_| 1

Control

5% cerium oxide

20% cerium
oxide

10% cerium
oxide

Cisplatin

FIGURE 5: Effect of different concentration of CeNPs and cisplatin on mRNA expressions of P53

Histopathology
The tumor mass of control untreated group (Fig.
1-2) revealed sheets and clusters of neoplastic
cells that infiltrates in-between muscle bundles.
neoplastic

The
pleomorphism,

cells
nuclear

exhibited
hyperchromacia,

and k-Ras

anisokaryosis and frequent atypical mitosis.
Small focal areas of necrosis were seen in-
between neoplastic cells clusters in some of the
examined sections. Cerium 5% treated (Fig.3-4)
exhibited mild improvement as the clusters of
neoplastic cells were existing with development

marked
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of few apoptotic holes and areas of necrosis
within. The frequency of mitosis was slightly
lowered. Regarding Cerium 10% treated group
(Fig. 5-6) the solid carcinoma masses were
decreased in size with increased area of necrosis
within the tumor cells clusters. Numerous
apoptotic holes were seen within the neoplastic
cells with marked reduction in mitotic figures.
Marked improvement was noticed in Cerium
20% treated group (Fig. 7-8), the tumor masses
were decreased in size with diffuse necrosis in

neoplastic cells. The mitotic frequency was
markedly reduced in the remnant neoplastic cells.
Some of the examined sections revealed few
neoplastic cells within apparently healthy muscle
bundles. Cisplatin treated group (Fig. 9-10)
showed marked improvement as well. The
neoplastic cells were replaced by wide areas of
necrosis with marked reduction in tumor cells
density. The mitosis frequency was greatly
reduced.

FIG. (1) Photomicrograph of Ehrlich tumor mass, Control untreated group showing sheet of
neoplastic cells infiltrating between muscles (H&E).
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FIG. (2) Photomicrograph of Ehrlich tumor mass, Control untreated group higher magnification
showing marked pleomorphism and frequent mitosis (arrows) in neoplastic cells (H&E).

FIG. (3) Ehrlich tumour mass photomicrograph, Cerium 5% treated group, displaying clusters of
malignant cells in between muscle bundles (H&E).

FIG. (4) Photomicrograph of Ehrlich tumor mass, Cerium 5% treated group showing clusters of
neoplastic cells with some apoptotic spaces (arrows) within (H&E).

FIG. (5) Photomicrograph of Ehrlich tumor mass, Cerium 10% treated group showing wide areas of
necrosis (arrows) with decreased neoplastic cells masses (H&E).

FIG. (6) Photomicrograph of Ehrlich tumor mass, Cerium 10% treated group higher magnification
showing wide areas of necrosis with decreased neoplastic cells mass (arrows) (H&E).

FIG. (7) Photomicrograph of Ehrlich tumor mass, Cerium 20% treated group higher magnification
showing few neoplastic cells (arrows) in-between muscle bundles (H&E).

FIG. (8) Photomicrograph of Ehrlich tumor mass, Cerium 20% treated group showing diffuse necrosis
within neoplastic cells (arrows) with less frequent mitosis (H&E).

FIG. (9) Photomicrograph of Ehrlich tumor mass, Cisplatin treated group higher wide area of necrosis
(arrows) with few neoplastic cells (H&E).

FIG. (10) Photomicrograph of Ehrlich tumor mass, Cisplatin treated group higher magnification

showing wide area of necrosis with few neoplastic cells (arrows) (H&E).

DISCUSSION

Lipid peroxidation (LPO) necessitates the
oxidative degradation of polyunsaturated fatty
acids (PUFA), which modifies the structure and
operation of membranes. This calls for a decrease
in membrane fluidity and the deactivation of
membrane-bound enzymes [24 ].The earliest
defence against oxidative stress brought on by
ROS is thought to be the SOD and GPx [25 ].Cell
damage might result from the ROS generation's
impact on mitochondrial performance and lipid
peroxidation (MDA) levels [26 ].

Our findings were reported that the cerium oxide
nanoparticles had antioxidants effect against the
tissue hazard caused by the induced tumour. The
cerium oxide nanoparticles decreased the MDA
and increased the antioxidant enzyme SOD
although the GPx not increased. These findings
also supported by the results of cisplatin group
but the intensity of results were directed toward
the cerium oxide nanoparticles. These results
were augmented by [27 ] although these authors
showed increase in GPx antioxidant

Although the cisplatin is used as chemotherapy in
the treatment of cancer that had excellent
penetration power [28 ] but it had numerous side

effects [ 29 ] that lead the pharmacist to search
for another substitutes that had low tissue toxicity
[ 30 ].The cisplatin accumulation encourages
cellular apoptosis and cytotoxicity [31,32 ]

In contrast to our work that cisplatin decreased
MDA and increased SOD and showed
improvements in histopathological alteration in
the tumour skeletal muscle [33  ]showed
increased MDA and decreased SOD and Gpx.
Cisplatin also accelerated the cells to undergoes
apoptotic pathway [34 ]

Owing to the industry's extensive usage of cerium
oxide nanoparticles [Ceo2 NPs; nanoceria (NC)]
and their employment in biology and medicine,
researchers have lately been interested in
examining their antioxidant qualities. [35 ].
According to [36 ]JNC with free radical
scavenging has a protective effect against
oxidative stress. This element's antioxidant
actions prevent apoptosis coupled with a
decrease in the buildup of reactive oxygen
species (ROS) [ 37 ].0ne of the most significant
types of nanomaterials, NC, has the potential to
undergo redox reactions.

Not only cerium oxide nanoparticles but all the
nanoparticles have the ability to have antioxidant
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activity and deal with ROS [38]. It also can
overcome the disorders or diseases [39].

The cerium oxide nanoparticle may have anti
invasive character against some cancer cells [40],
induces radio-sensitisation [41], and
simultaneously radioprotection of normal cells
by regulating antioxidant enzymes and quantity
of ROS [32 , 42]. It has low cytotoxic effect
agains human cancer cells [43 ]

According to our findings, P53's relative mMRNA
expression was dramatically down-regulated. It
was 1.00 £0.00a in cerium oxide 5% group in
comparison to control group 4.16 + 0.17. The
safety dose of CeNPs 20 % was 2.27 + 0.28,
while it was 1.98+0.23 in cisplatin group.

P53 protein, one of the most important tumor
suppressor proteins, is often abnormally
expressed in most human tumors [ 44 ]

When the expression of P53 was up-regulated the
induction of ROS was increased so the ROS is
considered one of the initiator of apoptosis in the
cells [45 ]

Cerium oxide down-regulated the mRNA of P53
in our current work while [46 Jshowed that the
cerium oxide may activated the P53 and induced
apoptosis

Cisplatin made direct inactivation of P53 and
interfere with the DNA of the cells via formation
of cross link and directly decreased apoptosis
[47,48 ]Jwho support that cisplatin made P53
stabalization in the cells.

Our results showed that the mRNA expressions
of k-Ras was up-regulated in  1.00 + 0.00a
cerium oxide 5% group in comparison to control
group 0.44 + 0.05 . The safety dose of CeNPs 20
% was 0.57 + 0.05ab while it was 0.44 + 0.05in
cisplatin group. Structure, localization, and
function of the KRAS protein. KRAS is a
member of the RAS superfamily, also known as
the RAS-like GTPases, which is a subset of small
GTP-binding proteins. In mammalian genomes,
more than 150 RAS-like genes have been
discovered [49  ].Activation of K-ras or
upregualtion of mRNA of K-Ras means that
tissue is fastly subjected to death and had poor
response to the treatment with the chemotherapy
[50 ].
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