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Abstract
The objective of the present study is to investigate the protective effect of cerium oxide nanoparticles (15mg, 30mg/kg) on
hepatorenal injuries induced by thioacetamide (100mg/kg). The size of cerium oxide nanoparticles (CeO2NPs) was 50nm. We
evaluated the protective effect of CeO2NPs by studying their effect on oxidative stress, inflammatory markers, and
histopathological changes in the liver and kidney. CeO2NPs improved antioxidant status in liver or kidney as manifested by
enhancement of reduced glutathione (GSH) and a reduction in malondialdehyde (MDA), Nitic oxide (NO), and oxidized
glutathione (GSSG). Also, CeO2NPs mitigated the decrease in plasma catalase (CAT), total antioxidant capacity (TAC), and
hepatorenal ATP content resulting from thioacetamide (TAA). Moreover, the treatment of rats with CeO2NPs + TAA alleviated
the significant increase in plasma liver enzymes (Gamma-glutamyltransferase (GGT), Aspartate aminotransferase (AST),
Alanine aminotransferase (ALT), alkaline phosphatase(ALP)), kidney function parameters (Creatinine, urea, uric acid) and
inflammatory markers (C-reactive protein (CRP), tumor necrosis factor-alpha(TNF-α), interleukin-6(IL-6)). The protective
effect of ZnO-NPs was affirmed by histopathological study of the liver and kidney. Our results proposed that CeO2NPs may
relieve TAA-hepatorenal toxicity via their antioxidant and anti-inflammatory properties that participated in the suppression of
oxidative stress.
Keywords: Cerium oxide nanoparticles, Hepatorenal injuries, Oxidative stress, Inflammatory markers , Histopathology.

1. Introduction
Liver diseases are chronic and widespread
worldwide. Hepatic fibrosis is a persistent toxic
reaction that is associated with substantial morbidity
and death. Chronic hepatic damage causes hepatic
fibrosis. Extracellular matrix (ECM) buildup disturbs
the natural architecture of the liver, causing fibrosis.
Hepatic activated stellate cells (HSC) are the main
source of excess collagen. After a fibrogenic
stimulation, HSCs go from dormant to active[1].
Tumor necrosis factor-α (TNF-α) is one of the
cytokines released in inflammation that results in liver
fibrosis by activating local HSCs and turning them
into fibrogenic myofibroblasts[2,3]. Excessive ROS
production, which leads to mitochondrial oxidative
stress, apoptosis, and cell injury, is another pathway

involved in liver fibrosis [4,5]. Thioacetamide (TAA)
is a hepatotoxin that has been shown to cause
hepatorenal injuries in animals [6]. It had previously
been reported that there is a link between liver disease
and renal failure in cirrhosis patients [7].
The nanoparticle has a beneficial action that
cannot be produced by conventional therapy due to the
inability of the latter to deliver an adequate
concentration of therapeutic agents into the liver and
most organs [8–10]. CeO2NPs compared to other
nanometallic oxides, have the property of being
antioxidants since their shift from the reduced to the
oxidized state is reversible and the process may be
restarted [11]. Besides CeO2NPs have a potent
antioxidant properties, its medicinal uses as
antibacterial and neuroprotective are reported due to
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its ability to retain higher surface area because of its
small crystal size [12–14]. Despite debates about
CeNPs toxicity, some reports resolved the controversy
where the CeO2NPs toxicity and efficacy depend on
its synthesis [15].
The acceptable issue for hepatorenal
dysfunction is the good control for prevention of
disease progression leading to the liver or kidney
failure, and cirrhosis. So, our aim is to demonstrate the
biological activity of CeO2NPs in the mitigation of
TAA- induced hepatotoxicity and nephrotoxicity.
2. Experimental
2.1. Material
2.1.1 Drug and chemicals
TAA and Cerium oxide nanoparticles were
purchased from “Sigma-Aldrich, Co., USA”. The size
of CeO2NPs was 50nm. Methanol (HPLC grade) was
secured from Loba Co, India. Perchloric acid was
bought from Loba Co, India. Sulphosalsilic acid and
P-amino benzyl glutamate and pyrogallol were
purchased from TMMEDIA Co, India. The 1, 1, 3, 3tetraethoxypropane, glutathione (GSH), and oxidized
glutathione (GSSG) were gotten from Sigma Aldrich
(USA). Other used chemicals were of purity grade and
were bought from known supplies.
2.2. Animals
Adult albino Wistar rats (150–200 gram)
were purchased from the National Research Centre
(Cairo, Egypt) and given a normal laboratory diet with
tap water available as needed. The experimental
animals were kept in an air-conditioned room with
equal time of light/dark cycle at ambient temperature.
The study methods were carried out in accordance
with the “Medical Research Ethics Committee
(MREC)” at the “National Research Centre's ethical
standards” for the care and use of experimental
animals, which were approved by the “MREC” (Reg.
No. 19218). Also, according to the national and
international ethical guidelines stated by the bioethics
committee of NRC that comply with the (National
Research Council (US) Committee for the Update of
the Guide for the Care and Use of Laboratory Animals,
2011).
2.3. Experimental design
After two weeks as an acclimatization period,
animals were randomly divided into four groups (n=8)
as follows. Group 1: received same volume of vehicle
and aided as normal control. Group 2: received TAA
(100 mg/kg) intraperitoneally three times per week for
six weeks [16]. Groups 3 and 4: received CeO2 NPs
(15 and 30 mg/kg suspended in distilled water, IP) [17]
daily for six weeks with TAA. CeO2 NPs were
injected half an hour before TAA injection.
2.4. Collection of Blood Samples and tissue
homogenates.
________________________________________________
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At the end of the experimental period, all animals
fasted overnight and blood samples were taken from
the retro-orbital vein under diethyl ether anesthesia
[18]. After settling, blood was centrifuged for 15 min
at 3000 rpm (Sigma Laborzentifugen, 2K15,
Germany) and separated plasma was stored in
Eppendorf tubes at -30˚ for biochemical analysis.
Animals were killed by cervical dislocation under
ether anesthesia. Liver and kidney were immediately
removed, washed in cooled saline. A weighed part of
each tissue was homogenized with cooled saline (0.9%
NaCl) to prepare homogenate. The homogenate was
then centrifuged at 3000 rpm for 10 min. at 5°C using
a cooling centrifuge and the supernatant was kept at 80 ֯C[19].
2.5. Hepatorenal function and lipids tests
The obtained plasma was used to estimate the
levels of AST, ALT, ALP, GGT, total cholesterol,
triglycerides, glucose total protein, albumin, urea,
creatinine and uric acid using kits produced by Salucea
Company.
2.6. Oxidative stress parameters
2.6.1. In plasma
Antioxidant parameters, MDA, GSH, SOD,
catalase and total antioxidant capacity (TAC) were
evaluated calorimetrically using kits from by
“Elabscience Biotechnology Kit (Building B18,
Biomedical Park, #858 Gaoxin Road, Donghu HiTech Development Area, Wuhan, Hubei, P.R.C)”.
2.6.2. In liver and kidney homogenates
Hepatic and renal content of GSH, GSSG,
NO, MDA, and ATP were evaluated by HPLC system
of “Agilent HP 1200 series (USA)[20–23].
2.7. Inflammatory markers
Plasma TNF-α, IL-6 and CRP Elisa kits were
purchased from “Sunlong Biotech Co., Ltd, China”.
2.8. Histological Examination.
Liver and kidney samples from several
groups of rats were fixed in 10% buffered neutral
formalin and processed for paraffin slices. The
specimens were washed in tap water, dehydrated in
ethyl alcohol serial dilutions, clarified in xylene, and
lastly embedded in paraffin. Haematoxylin and eosin
stain was used to stain 4–5 mm thick paraffin blocks
(H&E) [24].
2.9. Statistical Analysis.
All values are provided as means ± standard error
(SE). This study's data were analysed using “one-way
ANOVA followed by Tukey's as a multiple
comparisons test”. These statistical tests were
performed using “Graphpad Prism 8 (Inc., San Diego,
USA)”. p≤0.05 was judged significant.
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3. Results
3.1. Liver enzymes
The present results revealed that induction of
hepatotoxicity by TAA elevated plasma levels of
ALT, AST, ALP and GGT, as compared to the normal
control group (Table 1). CeO2NPs low dose treatment
significantly reduced plasma levels of ALT, AST,
ALP and GGT by 220, 238, 289 & 95 % respectively,
the dose-dependent efficacy has appeared where
treatment with CeO2NPs high dose significantly
reduced plasma levels of ALT, AST, ALP and GGT
by 401, 392, 487 and 146 % respectively as compared
with TAA-intoxicated groups (Table 1).
The synthetic capacity of liver is affected by
TAA injection where TAA-induced hepatotoxicity
reduced albumin and total protein by 61 and 32%
respectively as compared to normal control group but
this capacity significantly improved by treatment with
CeO2NPs at dose-dependent manner as follow 36 and
18% respectively for low dose and 60 and 29%
respectively for high dose as compared with TAAintoxicated group.

while TAC and CAT levels decreased significantly as
compared to control group. Alternatively, the
administration of rats with TAA + CeO2NPs at low or
high doses has significantly reduced levels of GSH,
MDA and SOD and elevated significantly TAC and
CAT levels Compared to TAA-intoxicated groups, in
a dose-dependent way.

3.2. Kidney function
The present results indicated a marked
upsurge in levels of plasma uric acid, urea and
creatinine of rats treated by TAA (Table 2) as
compared to control group. While in the groups treated
with TAA+low or high dose of cerium nanoparticles,
the levels of plasma uric acid, urea and creatinine were
significantly reduced. The values of CeO2NPs high
dose were significantly less than those of low dose.
3.3. Lipid profile and glucose
The present results revealed that induction
of hepatotoxicity by TAA elevated plasma levels of
TC, TG and reduced glucose level, as compared to
normal control group (Table 3). Conversely, the
administration of CeO2NPs at low or high dose to
TAA -intoxicated rats significantly reduced plasma
levels of TC, TG and elevated glucose levels. High
dosage CeO2NPs have higher impact than low dose.
3.4. Oxidative stress parameters
3.4.1. In Plasma
The results illustrated in Fig. 1 showed that
the administration of rats with TAA led to a
momentous increase in levels of SOD, GSH and MDA

Fig.1 Effect of cerium oxide nanoparticles on
oxidative stress parameters of rats treated with
thioacetamide. Each value represents the mean of
8 animals ± SE. Statistical analysis was performed
using one-way ANOVA followed by the TukeyKramer multiple comparisons test. (* vs control
group, @ vs TAA group and # vs TAA+CeO2 NPs L
group) at p<0.05. L: 15mg/Kg, H: 30mg/Kg
3.4.2. In liver and kidney homogenates
The injection of TAA resulted in a
significant elevation in both hepatic and renal content
of MDA, GSSG and NO as well as a significant
depletion in content of reduced glutathione and ATP
as compared to the control group (Figs 2, 3). In the
TAA+ CeO2NPs (low or high dose) groups, the
hepatic and renal oxidative stress parameters were
improved as evidenced by a reduction in MDA, GSSG
and NO contents and enhancement of GSH and ATP
levels as compared with TAA- intoxicated groups. The
results of correlation (Fig4) indicated a positive
correlation between hepatic MDA and plasma liver
enzymes. Also, there is a positive correlation between
hepatic MDA and plasma kidney function parameters.

Table 1. Effect of cerium oxide nanoparticles on liver function of rats treated with thioacetamide
Groups
ALT (U/l)
AST (U/L
GGT (U/L)
Albumin
ALP (U/L)
Total
(g/dL)
Protein(g/dL)
11.13±2.90
10.75±3.11
16.38±3.93
3.85±0.62
87.88±13.28
7.29±0.58
control
70.38±12.28* 63.88±14.22* 50.63±11.94*
1.51±0.53*
539.90±60.68*
4.96±0.55*
TAA
6.24±0.21*@
TAA+CeO2 NPs L 45.86±5.58*@ 38.29±5.16*@ 35.00±4.58*@ 2.91±0.35*@ 285.60±28.35*@
*@#
@#
*@
@#
@#
21.71±6.24
26.71±4.75
3.83±0.63
111.90±11.28
7.04±0.44@#
TAA+CeO2 NPs H 25.71±5.62
Each value represents the mean of 8 animals ± SE. Statistical analysis was performed using one-way ANOVA followed
by Tukey-Kramer multiple comparisons test. (* vs control group, @ vs TAA group and # vs TAA+CeO2 NPs L group) at
p<0.05. L: 15mg/Kg, H: 30mg/Kg.
________________________________________________
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Table 2. Effect of cerium oxide nanoparticles on kidney function of rats treated with thioacetamide
Groups
Creatinine (mg/dL)
Uric Acid (mg/dL)
Urea (mg/dL)
0.57±0.12
5.14±0.84
43.76±8.04
control
0.98±0.16*
9.55±1.36*
98.59±9.74*
TAA
TAA+CeO2 NPs L
0.78±0.09*@
7.11±0.91*@
64.37±7.29*@
@
@#
TAA+ CeO2 NPs H
0.71±0.13
5.41±1.03
49.50±4.91@#
Each value represents the mean of 8 animals ± SE. Statistical analysis was performed using one-way ANOVA followed by
Tukey-Kramer multiple comparisons test. (* vs control group, @ vs TAA group and # vs TAA+CeO2 NPs L group) at p<0.05.
L: 15mg/Kg, H: 30mg/Kg.
Table3. Effect of cerium oxide nanoparticles on plasma lipid profile and glucose of rats treated with thioacetamide.
Groups
Total cholesterol (mg/dL)
Triglycerides (mg/dL)
Glucose (mg/dL)
71.44±6.14
79.21±12.33
101.50±9.70
control
197.90±13.66*
172.60±20.49*
63.09±5.79*
TAA
TAA+CeO2 NPs L
96.31±8.03*@
96.41±8.35@
97.01±10.01@
TAA+ CeO2 NPs H
82.71±6.58@#
88.13±8.72@#
97.37±13.87@
Each value represents the mean of 8 animals ± SE. Statistical analysis was performed using one-way ANOVA followed by
Tukey-Kramer multiple comparisons test. (* vs control group, @ vs TAA group and # vs TAA+CeO2 NPs L group) at p<0.05.
L: 15mg/Kg, H: 30mg/Kg

3.5. Plasma inflammatory markers
Injection of TAA results in a substantial
elevation in TNF-α, IL-6, and CRP (642, 259 and 369
% respectively) as compared to the control group
(Fig.5). On the contrary, the treatment of rats with
TAA and CeO2NPs at low or high doses significantly
reduced the elevation of inflammatory markers as
compared to TAA group. There is a positive
correlation between hepatic MDA and plasma
inflammatory markers (Fig.6).
3.6. Histopathological result
3.6.1. Histological results of liver:
Histopathological examination of liver
tissues treated with TAA only showed the hepatic
architecture was disorganized with marked affection
of the hepatocytes in the form of cirrhotic nodules ,
fibrous tissue run in septa between the hepatocytes
lobules forming
pseudolobules, hyperchromatic
nuclei with clumped chromatin(High grade dysplasia),
and some apoptotic cells with hypereosinophilic
cytoplasm ,pyknotic and fragmented nuclei. Many
blood vessels were obviously congested, while some
hepatocytes swelled or other appear with binucleated
cells. Macrovesicular steatosis was noticed and the
cytoplasm of some hepatocytes was replaced by
bubbles of fat. Most of the blood sinusoids appeared
narrow or obliterated. Moreover, Cytoplasmic
hydropic degeneration and many of hepatocytes with
vacuolated cytoplasm were observed in TAA group
(Fig7A&B&C&D). The histological sections of rats in
the group treated with TAA and subjected to low dose
of cerium oxide nano particles revealed well
preserved of hepatic architecture in the form of no
cirrhotic nodules no fibrosis no apoptotic cells no
dysplasia ,most hepatocytes appeared normal, the
hepatocytes are arranged in cords but some hepatocyte
appeared swelling , others cells were necrotic or
binucleated cells. Thickening of portal vein vascular
wall, fibrotic and hyperplasia of bile duct, dilated
________________________________________________
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congested central vein were also detected in the
previous group (Fig8A&B). In the case of rats treated
with TAA and subjected to high dose of cerium oxide
nano particles, some improvement in pathological
changes in the form of regeneration of normal hepatic
features were noticed although the congestion, dilation
of portal vein , hyperplasia of the bile duct, aggregates
of lymphocytic inflammatory cells, thickening of
portal vein vascular wall , and mild fibrosis. Also,
necrotic changes in hepatocytes, hyperchromatic
/pyknotic nucleus and some apoptotic cells with
hypereosinophilic cytoplasm were observed in TAA+
CeO2NPs high dose group beside congested portal
vein and aggregation of inflammatory cells (white
arrow). (Fig8C&D).

Fig.2. Effect of cerium oxide nanoparticles on
hepatic oxidative stress and energy parameters of
rats treated with thioacetamide. Each value
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represents the mean of 8 animals ± SE. Statistical
analysis was performed using one-way ANOVA
followed by the Tukey-Kramer multiple
comparisons test. (* vs control group, @ vs TAA
group and # vs TAA+CeO2 NPs L group) at p<0.05.
L: 15mg/Kg, H: 30mg/Kg

Fig.3. Effect of cerium oxide nanoparticles on renal
oxidative stress and energy parameters of rats
treated with thioacetamide. Each value represents
the mean of 8 animals ± SE. Statistical analysis was
performed using one-way ANOVA followed by the
Tukey-Kramer multiple comparisons test. (* vs
control group, @ vs TAA group and # vs
TAA+CeO2 NPs L group) at p<0.05. L: 15mg/Kg,
H: 30mg/Kg

Fig.4 Correlation between
plasma liver enzymes

hepatic MDA and

________________________________________________
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Fig.5. Effect of cerium oxide nanoparticles on
plasma inflammatory markers of rats treated with
thioacetamide. Each value represents the mean of
8 animals ± SE. Statistical analysis was performed
using one-way ANOVA followed by the TukeyKramer multiple comparisons test. (* vs control
group, @ vs TAA group and # vs TAA+CeO2 NPs L
group) at p<0.05. L: 15mg/Kg, H: 30mg/Kg

Fig.6 Correlation between hepatic MDA and
plasma inflammatory markers
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appeared shrinkage with cytoplasmic vacuolation and
an increased bowman space (Fig. 10B & C).

Fig(7): Photomicrographs of rat liver(A) Normal
control showing normal hepatic architecture,
central vein (CV), blood sinusoids (BS), kupffer
cells (red arrow) and endothelial cells, (B) liver
section of rat treated with TAA only showing
cirrhotic nodules, thick fibrous bands formed
many fibroblast, and the collagen fiber (yellow
arrow), hyperchomatic nuclei with clumping
chromatin(dysplasia) (red arrow), some of the cells
are binucleated (orange arrow), and others
swelling (black arrow) and congested of many
blood vessel(CBV),(C) liver section of rat treated
with TAA only(another filed) showing liver
hepatocytes apoptosis, (D) liver section of rat
treated with TAA only(another filed) showed
macrovesicular steatosis (star), pyknotic cells (red
arrow), most of the blood sinusoids appeared
narrow or obliterated (black arrow).
3.6.2. Histological results of kidney:
Histopathological examination of kidney
tissues treated with TAA only showed some tubular
necrosis with dilatation in the lumen of tubules with
epithelial flattening, hyaline casts are present in the
medullary of some tubules. Degenerated glomeruli
with intraglomerular hemorrhage, increased Bowmans
space and hemorrhage in interstitium were found in
TAA sections. The Kidney section of TAA group is
characterized by Atrophy of some tubules, few
inflammatory infiltrations, cytoplasmic vacuolation
and the presence of vacuoles in the renal tubular
epithelium (Fig9A&B&C&D). The sections of rats in
the group treated with TAA and subjected to low dose
of cerium oxide nano particles (Fig.10 A) showing
good improvement in histological changes induced
by TAA in the form of no hyaline cast, no
degeneration of glomeruli although cytoplasmic
vacuolation in
some renal tubular epithelium,
thickening of brush of some tubules and narrowing of
lumen. Pathological examination of kidney sections
concerned rats treated with TAA and high dose of
cerium oxide nano particles, revealed some
improvement in pathological changes in the form of
normal distal and proximal tubule, but some glomeruli
________________________________________________
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Fig(8): Photomicrographs of rat liver(A)liver
section of rat treated with TAA and a low dose of
cerium oxide nanoparticles showed well preserved
of hepatic architecture, most hepatocytes appeared
normal, although some hepatocyte appeared
swelling(white arrow), thickening of portal vein
vascular wall and fibrotic(red arrow). Hyperplasia
of the bile duct(BD), (B) liver section of rat treated
with TAA
and subjected to cerium oxide
nanoparticles at a low dose(another filed) showed
dilated and congested central vein (DCCV), some
binucleated cells(red arrow) with a few necrotic
cells(orange arrow),(C) liver section of rat treated
with TAA
and subjected to cerium oxide
nanoparticles at high dose showed some
improvement in pathological changes although
congested portal vein(DCPV), (D) liver section of
rat treated with TAA and subjected to cerium
oxide nanoparticles at high dose (another
filed)showed dilate congested portal vein and
aggregates of inflammatory cells(white arrow).

Fig(9): Photomicrographs of rat kidney(A)Normal
control
showing
proximal
convoluted
tubules(PCT), distal convoluted tubules(DCT), (B)
kidney section of rat treated with TAA only
showing some tubular necrosis with extensive
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tubular dilatation, epithelial flattening, (red
arrow)hyaline casts are present in the medullary of
some tubules(star),(C) kidney section of rat treated
with TAA
only (another filed) showing
degenerated glomeruli with intraglomerular
hemorrhage (yellow arrow), hemorrhage in the
interstitium (star), and atrophic of some tubules
(orange
arrow),
few
inflammatory
infiltrate(IF),(D) kidney section of rat treated with
TAA only (another filed) showing vacuoles in renal
tubule
epithelium(black
arrow),
increase
Bowman's
space
and
interglomerular
hemorrhage(red arrow).

Fig(10): Photomicrographs of rat kidney(A) kidney
section rat treated with TAA and a low dose of
cerium oxide nanoparticles showed good
improvement in pathological changes in the form
of normal glomeruli with Bowman's capsule and
distal tubules but cytoplasmic vacuolation in some
renal epithelium (V), and narrowing lumen(red
arrow),(B) kidney section of rat treated with TAA
and subjected to cerium oxide nanoparticles at high
dose showed improvement in pathological changes
in the form of the normal distal and proximal
tubule. However, some glomeruli appeared
shrinkage,(C) Another field in the kidney of
TAA+CeNPs high dose group showed increased
bowman space(BS)
and few mononuclear
inflammatory cells(IF), vascular congestion in
interstitial tissue (star).
4. Discussion
In this study, the treatment of rats with
nanometallic cerium oxide (CeO2NPs) reduced
oxidative stress, inflammation, and hepatorenal
pathology induced by Thioacetamide (TAA). In the
current study, the administration of rats with TAA led
to hepatorenal toxicity assured by the significant
increase in plasma ALT, AST, GGT, ALP, creatinine,
uric acid, and urea[25]. Moreover, TAA induced
histopathological changes as fibrosis, steatosis and
narrowing blood sinusoids in liver or degeneration of
some glomeruli with intraglomerular hemorrhage,
increased Bowmans’s space and interstitium
hemorrhage in kidney. The histopathological changes
________________________________________________
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can be attributed to an increase of hepatic or renal
oxidative stress as evidenced by a significant increase
in MDA, and nitric acid contents and a decrease of
GSH content. The sulphydryl group on GSH makes it
an important endogenous antioxidant that protects
cells from ROS and detoxifies external chemicals [26]
The results indicated a positive correlation between
hepatic MDA and liver enzymes or between renal
MDA and creatinine or uric acid levels. MDA is a lipid
peroxidation marker and an indicator of oxidative
stress [25]. MDA is thought to be one of the primary
chemical processes involved in oxidative damage to
cell structures and cell death [27]. Hydroperoxides and
their aldehyde derivatives limit protein synthesis [28].
As a manifestation of oxidative stress cascade due to
liver toxicant, plasma level of MDA and SOD
markedly elevated which was previously reported
[18,29], who also displayed the relation between
increased production of free radicals and progression
of liver cirrhosis. Another report also implied the link
between the nephrotic syndrome and elevated level of
MDA.[30].
TAA is one of the potent hepatotoxin liberating
radicals where a single dose could produce
centrilobular hepatic necrosis, and chronic
administration led to cirrhosis [31,32]. It is reported
that the main mechanism of TAA toxicity is due to
oxidative stress, manifested as lipid peroxidation,
protein oxidation and alterations in tissue antioxidants
[33]. This mechanism dragged into a cascade of
cellular degenerative changes [5] followed by as
leakage of cellular cytosol (elevated ALT, AST) the
specific mirror of hepatocellular degeneration [24].
Also, plasma ALP level elevated due to defective
hepatic excretion as a reflection of hepatobiliary and
hepatocellular injury [34,35]. These structural changes
and oxidative damage could also affect the secretory
function of liver leading to hypoproteinemia and
hypoalbuminemia which in turn leads to circulatory
and renal dysfunction[36].
CeO2 nanoparticles have exhibited CAT- and
SOD-like action to cut down oxygen radicals and
hydrogen peroxide levels, they also act as scavengers
for ROS and for nitric oxide radical [37,38]. In the
current investigation, CeO2NPs reduced oxidative
stress evoked by TAA as evidenced by the decrease in
hepatorenal MDA, GSSG and nitric oxide contents
and enhanced the GSH level in liver or kidney [27].
Also CeO2 NPs enhanced TAC and catalase levels in
blood of TAA- treated rats. Total antioxidant capacity
is used to measure the antioxidant action to free
radicals generated in disease [39]. The improvement
of both hepatic and renal functions of TAA -group
treated by CeO2NPs can be attributed to a decrease in
oxidative stress. It was reported that the treatment of
rats with CeO2NPs at doses 15 mg/kg lowered renal
oxidative stress [40]. Furthermore, CeO2NPs prevent
the decrease in ATP content of liver and kidney or a
decrease in plasma glucose. During the early stages of
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cirrhosis, hepatocytes are unable to sustain high levels
of energy production via glycolysis due to increasing
mitochondrial respiration impairment [41]. The
kidney is one of the most energy-consuming organs in
the human body. Kidney dysfunction is linked to a
decrease in cellular ATP [42].
CeO2NPs have a protective effect against
oxidative damage and they able to scavenge oxygen
free radicals and hence effectively protect mammalian
cells against damage [43]. In addition, CeO2NPs offer
many active sites for free radical scavenging because
of their large surface/volume ratio and also the mixed
valence states for unique redox chemistry [44].
Furthermore, the free radical scavenging property of
CeO2NPs is regenerative, which is not the case for
other antioxidants [42]. It was documented that
CeO2NPs have a protective role in acetaminophen induced liver injury[45].
Also, a big correlation was previously reported
between oxidative stress due to TAA leading to
chronic liver disease and deficiency of functional LDL
receptor causing hypercholesteremia [46] which
explain the increment of lipid profile in the present
study and other chronic treatment with TAA. Here,
CeO2NPs reduced the significant elevation of plasma
cholesterol and triglycerides due to TAA treatment.
Also, it is reported that CeO2NPs have a significant
role in reduction of blood lipids in fipronil-induced
hepatic steatosis [47] and in non-alcoholic fatty liver
disease[48]
The histopathological results indicated the
decrease of hepatic fibrosis in rats treated with TAA+
CeO2NPs. It appears that CeO2NPs protect the liver
against TAA-induced fibrosis via reducing hepatic
lipid peroxidation [49] or inflammatory markers
implicated in the pathophysiology of different
inflammatory hepatic disorders [50,51] .
It was concluded that CeO2NPs have antiinflammatory effects in peritonitis caused by
Staphylococcus epidermidis infection [52]. ROS
internally and externally contribute to stellate cell
activation, persistent inflammation (TNF-α, IL-6)
[53], apoptosis [54], and hepatic fibrosis [55].
Moreover, CeO2NPs inhibit the increase of hepatic
nitric oxide that has a pivotal role in cellular
inflammation and liver damage [56]. CeO2NPs could
improve kidney function by decreasing renal oxidative
stress. It was reported that CeO2NPs with anti-oxidant
and anti-apoptotic properties attenuate renal injury
evoked by Cyclophosphamide [57].
It is worthy to mention that, CeO2NPs (50, 100,
and 200 mg/kg) did not affect liver enzymes, liver, or
renal tissues. CeO2NPs are safe for medicinal usage
and appear to protect against oxidative stress [58].
Administration CeO2NPs in current study resulted in
1. Retain optimal antioxidant capacity by improving
GSH, 2. Decrease the elevated NO level caused by
TAA intoxication, 3. The more prominent action was
the control and limitation of cytokines release (CRP,
________________________________________________
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TNF-α and IL-6). So, it is suggested that the main
mechanisms by which CeO2NPs attain hepatorenal
damage were a decrease of oxidative stress and
inhibition of inflammatory mediators as well as
control of NO release or preserving hepatorenal ATP
content. Controlling oxidative stress or inflammatory
markers may be offer a promising strategy for liver
fibrosis therapy. As an antioxidant, CeO2NPs can treat
illnesses caused by unregulated oxidative stress.
5.

Conflicts of interest
The authors declare that there is no conflict of
interest.
Formatting of funding sources
Funding source: National Research Centre
6.

[1]

[2]

[3]

[4]

[5]

[6]

[7]

References
A.F. Aydin, Z. Küskü-Kiraz, S. DoğruAbbasoğlu, M. Güllüoğlu, M. Uysal, N.
Koçak-Toker, Effect of carnosine against
thioacetamide-induced liver cirrhosis in rat,
Peptides.
31
(2010)
67–71.
https://doi.org/10.1016/j.peptides.2009.11.02
8.
S.S. Abd El-Karim, H.S. Mohamed, M.F.
Abdelhameed, A. El-Galil E. Amr, A.A.
Almehizia, E.S. Nossier, Design, synthesis
and molecular docking of new pyrazolethiazolidinones as potent anti-inflammatory
and analgesic agents with TNF-α inhibitory
activity, Bioorg. Chem. (2021) 104827.
https://doi.org/10.1016/j.bioorg.2021.104827.
Y.M. Yang, E. Seki, {TNFα} in liver fibrosis,
Curr. Pathobiol. Rep. 3 (2015) 253–261.
https://doi.org/10.1007/s40139-015-0093-z.
H. Cichoż-Lach, A. Michalak, Oxidative
stress as a crucial factor in liver diseases,
World J. Gastroenterol. 20 (2014) 8082–8091.
https://doi.org/10.3748/wjg.v20.i25.8082.
S.A.E. Bashandy, A. Salama, A.M. Fayed,
E.A. Omara, S.A. El-Toumy, J.Y. Salib,
Protective effect of Mandrin (Citrus
Reticulata) peel extract on potassium
dichromate induced hepatotoxicity and
nephrotoxicity in rats, Plant Arch. 20 (2020)
2231–2242.
A. Ahmad, F.A. Al-Abbasi, S. Sadath, S.S.
Ali, M.F. Abuzinadah, H.A. Alhadrami, A.A.
Mohammad Alghamdi, A.H. Aseeri, S.A.
Khan, A. Husain, Ameliorative {Effect} of
{Camel}’s {Milk} and {Nigella} {Sativa}
{Oil} against {Thioacetamide}-induced
{Hepatorenal}
{Damage}
in {Rats},
Pharmacogn. Mag. 14 (2018) 27–35.
https://doi.org/10.4103/pm.pm_132_17.
H.M. Wadei, M.L. Mai, N. Ahsan, T.A.
Gonwa,
Hepatorenal
syndrome:
pathophysiology and management, Clin. J.
Am. Soc. Nephrol. CJASN. 1 (2006) 1066–

275
THE PIVOTAL ROLE OF CERIUM OXIDE NANOPARTICLES IN THIOACETAMIDE-INDUCED …..
__________________________________________________________________________________________________________________

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

1079. https://doi.org/10.2215/CJN.01340406.
J.K. Patra, G. Das, L.F. Fraceto, E.V.R.
Campos, M.D.P. Rodriguez-Torres, L.S.
Acosta-Torres, L.A. Diaz-Torres, R. Grillo,
M.K. Swamy, S. Sharma, S. Habtemariam, H.S. Shin, Nano based drug delivery systems:
recent developments and future prospects, J.
Nanobiotechnology.
16
(2018)
71.
https://doi.org/10.1186/s12951-018-0392-8.
H.M.I. Abdallah, N.M. Ammar, M.F.
Abdelhameed, A.E.N.G. El Gendy, T.I.M.
Ragab, A.M. Abd-Elgawad, M.A. Farag, M.S.
Alwahibi,
A.I.
Elshamy,
Protective
mechanism of acacia saligna butanol extract
and its nano-formulations against ulcerative
colitis in rats as revealed via biochemical and
metabolomic assays, Biology (Basel). 9
(2020)
1–21.
https://doi.org/10.3390/biology9080195.
M.F. Abdelhameed, G.F. Asaad, T.I.M.
Ragab, R.F. Ahmed, A.E.-N.G. El Gendy, S.S.
Abd El-Rahman, A.M. Elgamal, A.I.
Elshamy, Oral and Topical Anti-Inflammatory
and Antipyretic Potentialities of Araucaria
bidiwillii Shoot Essential Oil and Its
Nanoemulsion in Relation to Chemical
Composition, Molecules. 26 (2021) 5833.
https://doi.org/10.3390/molecules26195833.
B. Corral-Diaz, J.R. Peralta-Videa, E.
Alvarez-Parrilla, J. Rodrigo-García, M.I.
Morales, P. Osuna-Avila, G. Niu, J.A.
Hernandez-Viezcas, J.L. Gardea-Torresdey,
Cerium oxide nanoparticles alter the
antioxidant capacity but do not impact tuber
ionome in {Raphanus} sativus ({L}), Plant
Physiol. Biochem. PPB. 84 (2014) 277–285.
https://doi.org/10.1016/j.plaphy.2014.09.018.
A. Thill, O. Zeyons, O. Spalla, F. Chauvat, J.
Rose, M. Auffan, A.M. Flank, Cytotoxicity of
{CeO2} {Nanoparticles} for {Escherichia}
coli. {Physico}-{Chemical} {Insight} of the
{Cytotoxicity} {Mechanism}, Environ. Sci.
\& Technol. 40 (2006) 6151–6156.
https://doi.org/10.1021/es060999b.
A. Arumugam, C. Karthikeyan, A.S. Haja
Hameed, K. Gopinath, S. Gowri, V. Karthika,
Synthesis of cerium oxide nanoparticles using
Gloriosa superba L. leaf extract and their
structural, optical and antibacterial properties,
Mater.
Sci.
Eng.
C.
49
(2015).
https://doi.org/10.1016/j.msec.2015.01.042.
M. Amer, Protective Effects of Cerium Oxide
Nanoparticles on Oxaliplatin induced
Neurotoxicity in Adult Male Albino Rats,
Zagazig J. Forensic Med. 18 (2020).
https://doi.org/10.21608/zjfm.2019.7954.102
3.
M. Nyoka, Y.E. Choonara, P. Kumar, P.P.D.
Kondiah, V. Pillay, Synthesis of Cerium

________________________________________________
Egypt. J. Chem. 65, No. 10 (2022)

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Oxide Nanoparticles Using Various Methods:
Implications for Biomedical Applications,
Nanomaterials.
10
(2020).
https://doi.org/10.3390/nano10020242.
S.A.E. Bashandy, A. Alaamer, S.A.A.
Moussa, E.A. Omara, Role of zinc oxide
nanoparticles in alleviating hepatic fibrosis
and nephrotoxicity induced by thioacetamide
in rats., Can. J. Physiol. Pharmacol. 96 (2018)
337–344. https://doi.org/10.1139/cjpp-20170247.
H. Moridi, S.A. Hosseini, H. Shateri, N.
Kheiripour, A. Kaki, M. Hatami, A. Ranjbar,
Protective effect of cerium oxide nanoparticle
on sperm quality and oxidative damage in
malathion-induced testicular toxicity in rats:
{An} experimental study, Int. J. Reprod.
Biomed.
16
(2018)
261–266.
https://www.ncbi.nlm.nih.gov/pmc/articles/P
MC6004590/ (accessed August 20, 2021).
S.S. Mohamed, A.H.M. Fayed, Anti-obesity
synergistic effect of pomegranate seed oil
(PSO) and arabic gum (AG) in Albino Rats,
Int. J. Vet. Sci. 9 (2020) 84–89.
A. mohsen M. Hammam, A.K. Elmotayam,
W.M. Elnattat, G.A. Ali, A. elnaser M.
Madbouly, R.M. El Khatteb, M.F.
Abdelhameed, A.H. Ali, S. Qasim, S.R.
Ahmed, Assessment of Ferula hermonis Boiss
fertility effects in immature female rats
supported by quantification of ferutinin via
HPLC
and
molecular
docking,
J.
Ethnopharmacol. 289 (2022) 115062.
https://doi.org/10.1016/j.jep.2022.115062.
T. Yoshida, Determination of reduced and
oxidized glutathione in erythrocytes by highperformance liquid chromatography with
ultraviolet
absorbance
detection,
J.
Chromatogr. B Biomed. Sci. Appl. 678 (1996)
157–164.
F. Karatas, M. Karatepe, A. Baysar,
Determination of free malondialdehyde in
human serum by high-performance liquid
chromatography, Anal. Biochem. 311 (2002)
76–79.
I.N. Papadoyannis, V.F. Samanidou, C.C.
Nitsos, Simultaneous determination of nitrite
and nitrate in drinking water and human serum
by high performance anion-exchange
chromatography and UV detection, J. Liq.
Chromatogr. Relat. Technol. 22 (1999) 2023–
2041.
T. Teerlink, M. Hennekes, J. Bussemaker, J.
Groeneveld, Simultaneous determination of
creatine compounds and adenine nucleotides
in myocardial tissue by high-performance
liquid chromatography, Anal. Biochem. 214
(1993) 278–283.
A. Salama, M.F. Abdelhameed, S. Mostafa,

276
THE PIVOTAL ROLE OF CERIUM OXIDE NANOPARTICLES IN THIOACETAMIDE-INDUCED …..
__________________________________________________________________________________________________________________

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

S.A. Nada, H.S. Taha, A.A. Amer, Influence
of extract derived cell cultures of broccoli
against osteoporosis in ovariectomized rats,
Egypt. J. Chem. 64 (2021) 3521–3539.
https://doi.org/10.21608/ejchem.2021.64803.
3419.
A.A. El-Fadaly, N.A. Afifi, W. El-Eraky, A.
Salama, M.F. Abdelhameed, S.S.A. ElRahman, A. Ramadan, Fisetin alleviates
thioacetamide-induced hepatic fibrosis in rats
by inhibiting Wnt/β-catenin signaling
pathway, Immunopharmacol. Immunotoxicol.
(2022)
1–12.
https://doi.org/10.1080/08923973.2022.2047
198.
N.H. Cnubben, I.M. Rietjens, H. Wortelboer,
J. van Zanden, P.J. van Bladeren, The
interplay of glutathione-related processes in
antioxidant defense, Environ. Toxicol.
Pharmacol.
10
(2001)
141–152.
https://doi.org/10.1016/s13826689(01)00077-1.
S.S. El-Hawary, W.E. Hammam, M. ElMahdy El-Tantawi, N.A.Z. Yassin, F.N.
Kirollos, M.F. Abdelhameed, M.A.O.
Abdelfattah, M. Wink, M. Sobeh, Apple
leaves and their major secondary metabolite
phlorizin exhibit distinct neuroprotective
activities: Evidence from in vivo and in silico
studies, Arab. J. Chem. 14 (2021).
https://doi.org/10.1016/j.arabjc.2021.103188.
M. Dianzani, G. Barrera, S. Álvarez, P.
Evelson, A. Boveris, Pathology and
physiology of lipid peroxidation and its
carbonyl products., Undefined. (2008).
https://www.semanticscholar.org/paper/Patho
logy-and-physiology-of-lipid-peroxidationand-DianzaniBarrera/727862447855091f2a28925149132a
6db273e002 (accessed August 20, 2021).
S. Ozenirler, B. Sancak, U. Coskun, Serum
and Ascitic Fluid Superoxide Dismutase and
Malondialdehyde Levels in Patients with
Cirrhosis, Biomark. Insights. 3 (2008).
https://doi.org/10.4137/BMI.S639.
H. Begenik, Y.U. Soyoral, R. Erkoc, H. Emre,
A. Taskın, M. Tasdemir, M. Aslan, Serum
malondialdehyde levels, myeloperoxidase and
catalase activities in patients with nephrotic
syndrome, Redox Rep. 18 (2013) 107–112.
https://doi.org/10.1179/1351000213Y.00000
00048.
T.-M. Chen, Y.-M. Subeq, R.-P. Lee, T.-W.
Chiou, B.-G. Hsu, Single dose intravenous
thioacetamide administration as a model of
acute liver damage in rats, Int. J. Exp. Pathol.
89 (2008). https://doi.org/10.1111/j.13652613.2008.00576.x.
M. Sayan, D. Karabulut, S. Özdamar,

________________________________________________
Egypt. J. Chem. 65, No. 10 (2022)

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Assessment of the protective and therapeutic
effect of melatonin against thioacetamide‐
induced acute liver damage, J. Biochem. Mol.
Toxicol.
34
(2020).
https://doi.org/10.1002/jbt.22450.
S.C. Lu, Z.Z. Huang, H. Yang, H. Tsukamoto,
Effect of thioacetamide on the hepatic
expression of γ-glutamylcysteine synthetase
subunits in the rat, Toxicol. Appl. Pharmacol.
159
(1999)
161–168.
https://doi.org/10.1006/taap.1999.8729.
M. Abdelbaset, M.M. Safar, S.S. Mahmoud,
S.A. Negm, A.M. Agha, Red yeast rice and
coenzyme Q 10 as safe alternatives to
surmount atorvastatin-induced myopathy in
hyperlipidemic rats, Can. J. Physiol.
Pharmacol.
92
(2014)
481–489.
https://doi.org/10.1139/cjpp-2013-0430.
A.A.A. Salama, A.-H.M. Fayed, T.A. Attia,
E.A. Seham, I.E. Ismaiel, A. Hassan,
Protective Effects of Moringa oleifera extract
on Isoniazid and Rifampicin Induced
Hepatotoxicity in Rats: Involvement of
Adiponectin and Tumor Necrosis Factoralpha, Egypt. J. Vet. Sci. (2018).
https://doi.org/10.21608/EJVS.2018.2349.10
25.
R. Spinella, R. Sawhney, R. Jalan, Albumin in
chronic liver disease: structure, functions and
therapeutic implications, Hepatol. Int. 10
(2016). https://doi.org/10.1007/s12072-0159665-6.
H.J. Kwon, D. Kim, K. Seo, Y.G. Kim, S.I.
Han, T. Kang, M. Soh, T. Hyeon, Ceria
{Nanoparticle} {Systems} for {Selective}
{Scavenging}
of
{Mitochondrial},
{Intracellular},
and
{Extracellular}
{Reactive}
{Oxygen}
{Species}
in
{Parkinson}’s {Disease}, Angew. Chemie Int.
Ed.
57
(2018)
9408–9412.
https://doi.org/10.1002/anie.201805052.
Y. Xue, Y. Zhai, K. Zhou, L. Wang, H. Tan,
Q. Luan, X. Yao, The vital role of buffer
anions in the antioxidant activity of {CeO2}
nanoparticles, Chemistry. 18 (2012) 11115–
11122.
https://doi.org/10.1002/chem.201200983.
C.P. Rubio, J. Hernández-Ruiz, S. MartinezSubiela, A. Tvarijonaviciute, J.J. Ceron,
Spectrophotometric
assays
for
total
antioxidant capacity ({TAC}) in dog serum:
an update, BMC Vet. Res. 12 (2016) 166.
https://doi.org/10.1186/s12917-016-0792-7.
A. Sepanjnia, H. Ghasemi, R. Mohseni, A.
Ranjbar, F. Shabani, F. Salimi, N. Kheiripour,
Effect of {Cerium} {Oxide} {Nanoparticles}
on {Oxidative} {Stress} {Biomarkers} in
{Rats}’ {Kidney}, {Lung}, and {Serum},
Iran. Biomed. J. 24 (2020) 251–256.

277
THE PIVOTAL ROLE OF CERIUM OXIDE NANOPARTICLES IN THIOACETAMIDE-INDUCED …..
__________________________________________________________________________________________________________________

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

https://doi.org/10.29252/ibj.24.4.251.
T. Nishikawa, N. Bellance, A. Damm, H.
Bing, Z. Zhu, K. Handa, M.I. Yovchev, V.
Sehgal, T.J. Moss, M. Oertel, P.T. Ram, I.I.
Pipinos, A. Soto-Gutierrez, I.J. Fox, D.
Nagrath, A switch in the source of {ATP}
production and a loss in capacity to perform
glycolysis are hallmarks of hepatocyte failure
in advance liver disease, J. Hepatol. 60 (2014)
1203–1211.
https://doi.org/10.1016/j.jhep.2014.02.014.
M. Das, S. Patil, N. Bhargava, J.-F. Kang,
L.M. Riedel, S. Seal, J.J. Hickman, Autocatalytic
ceria
nanoparticles
offer
neuroprotection to adult rat spinal cord
neurons, Biomaterials. 28 (2007) 1918–1925.
https://doi.org/10.1016/j.biomaterials.2006.1
1.036.
J. Colon, L. Herrera, J. Smith, S. Patil, C.
Komanski, P. Kupelian, S. Seal, D.W. Jenkins,
C.H. Baker, Protection from radiation-induced
pneumonitis
using
cerium
oxide
nanoparticles,
Nanomedicine
Nanotechnology, Biol. Med. 5 (2009) 225–
231.
https://doi.org/10.1016/j.nano.2008.10.003.
E. Heckert, A. Karakoti, S. Seal, W.T. Self,
The role of cerium redox state in the {SOD}
mimetic activity of nanoceria, Biomaterials.
29
(2008)
2705–2709.
https://doi.org/10.1016/j.biomaterials.2008.0
3.014.
B. Córdoba-Jover, A. Arce-Cerezo, J. Ribera,
M. Pauta, D. Oró, G. Casals, G. FernándezVaro, E. Casals, V. Puntes, W. Jiménez, M.
Morales-Ruiz, Cerium oxide nanoparticles
improve
liver
regeneration
after
acetaminophen-induced liver injury and
partial
hepatectomy
in
rats,
J.
Nanobiotechnology.
17
(2019).
https://doi.org/10.1186/s12951-019-0544-5.
S.J. McPhee, G.D. Hammer, Pathophysiology
of {Disease} {An} {Introduction} to
{Clinical} {Medicine}, {Sixth} {Edition}, 6th
editio, McGraw-Hill Medical, New York,
2009.
L. Wasef, A.M.K. Nassar, Y.S. El-Sayed, D.
Samak, A. Noreldin, N. Elshony, H. Saleh,
Y.H.A. Elewa, S.M.A. Hassan, A.A. Saati,
H.F. Hetta, G.E.-S. Batiha, M. Umezawa,
H.M. Shaheen, The potential ameliorative
impacts of cerium oxide nanoparticles against
fipronil-induced hepatic steatosis, Sci. Rep. 11
(2021). https://doi.org/10.1038/s41598-02079479-5.
D. Oró, T. Yudina, G. Fernández-Varo, E.
Casals, V. Reichenbach, G. Casals, B.
González de la Presa, S. Sandalinas, S.
Carvajal, V. Puntes, W. Jiménez, Cerium

________________________________________________
Egypt. J. Chem. 65, No. 10 (2022)

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

oxide nanoparticles reduce steatosis, portal
hypertension and display anti-inflammatory
properties in rats with liver fibrosis, J.
Hepatol.
64
(2016).
https://doi.org/10.1016/j.jhep.2015.10.020.
R.D. Situnayake, B.J. Crump, D.I. Thurnham,
J.A. Davies, J. Gearty, M. Davis, Lipid
peroxidation and hepatic antioxidants in
alcoholic liver disease., Gut. 31 (1990) 1311–
1317.
https://www.ncbi.nlm.nih.gov/pmc/articles/P
MC1378706/ (accessed August 20, 2021).
Y. Dong, Y. Liu, X. Kou, Y. Jing, K. Sun, D.
Sheng, G. Yu, D. Yu, Q. Zhao, X. Zhao, R. Li,
M. Wu, L. Wei, The protective or damaging
effect of {Tumor} necrosis factor-α in acute
liver injury is concentration-dependent, Cell
\&
Biosci.
6
(2016)
8.
https://doi.org/10.1186/s13578-016-0074-x.
G. Tarantino, P. Conca, F. Pasanisi, M.
Ariello, M. Mastrolia, A. Arena, M. Tarantino,
F. Scopacasa, R. Vecchione, Could
inflammatory markers
help diagnose
nonalcoholic
steatohepatitis?,
Eur. J.
Gastroenterol. \& Hepatol. 21 (2009) 504–
511.
https://doi.org/10.1097/MEG.0b013e3283229
b40.
Y. Li, H. Sun, Z. Yin, X. Guo, J. Yan, Anti{Inflammatory} {Effects} of {Cerium}
{Dioxide} {Nanoparticles} on {Peritonitis} in
{Rats} {Induced} by {Staphylococcus}
epidermidis {Infection}, Adv. Polym.
Technol.
2020
(2020)
e3591508.
https://doi.org/10.1155/2020/3591508.
A.M. Ghanim, A.S. Girgis, B.M. Kariuki, N.
Samir, M.F. Said, Bioorganic Chemistry
Design and synthesis of ibuprofen-quinoline
conjugates as potential anti-inflammatory and
analgesic drug candidates, 119 (2022).
A.M. Srour, S.S. Panda, A. Mostafa, W.
Fayad, M.A. El-Manawaty, A. A. F. Soliman,
Y. Moatasim, A. El Taweel, M.F.
Abdelhameed, M.S. Bekheit, M.A. Ali, A.S.
Girgis, Synthesis of aspirin-curcumin mimic
conjugates of potential antitumor and antiSARS-CoV-2 properties, Bioorg. Chem. 117
(2021)
105466.
https://doi.org/https://doi.org/10.1016/j.bioor
g.2021.105466.
J.P. Mann, M. Raponi, V. Nobili, Clinical
implications of understanding the association
between oxidative stress and pediatric
{NAFLD}, Expert Rev. Gastroenterol. \&
Hepatol.
11
(2017)
371–382.
https://doi.org/10.1080/17474124.2017.1291
340.
S.L. Friedman, Liver fibrosis -- from bench to
bedside, J. Hepatol. 38 Suppl 1 (2003) S38--

278
THE PIVOTAL ROLE OF CERIUM OXIDE NANOPARTICLES IN THIOACETAMIDE-INDUCED …..
__________________________________________________________________________________________________________________

[57]

[58]

53.
https://doi.org/10.1016/s01688278(02)00429-4.
M. Hamzeh, F. Amiri, S.Y. Beklar, S.
Hosseinimehr, Nephroprotective effect of
cerium
oxide
nanoparticles
on
cyclophosphamide-induced
nephrotoxicity
via anti-apoptotic and antioxidant properties
in
{BALB}/c
mice,
(2018).
https://doi.org/10.12991/MPJ.2018.55.
M.B. Khorrami, H.R. Sadeghnia, A. Pasdar,
M. Ghayour-Mobarhan, B. Riahi-Zanjani, A.
Hashemzadeh, M. Zare, M. Darroudi,
Antioxidant and toxicity studies of

________________________________________________
Egypt. J. Chem. 65, No. 10 (2022)

biosynthesized cerium oxide nanoparticles in
rats, Int. J. Nanomedicine. 14 (2019) 2915–
2926. https://doi.org/10.2147/IJN.S194192.

