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A B S T R A C T   

Background and aims: Nanoparticles could represent a therapeutic approach for the treatment of various diseases. 
It has been reported that cerium oxide nanoparticles (CeO2 NPs) have potential useful effects. Therefore, we 
aimed to examine the protective effects of the CeO2 NPs in two models of liver injury, non-alcoholic fatty liver 
disease (NAFLD) and carbon tetrachloride (CCl4)-induced liver fibrosis, in rats. 
Methods: In this experimental study, male rats were randomly divided into different experimental groups 
including: Experiment 1; group1: healthy rats received normal saline, 2: CCl4 group, 3: CCl4 + nanoparticle. 
Experiment 2; group1: healthy rats received chow diet, 2: NAFLD group, 3: NAFLD + nanoparticle. The oxidative 
stress markers were determined in the liver and intestine. Tumor necrosis factor-α (TNF-α) levels were measured 
by ELISA. Histopathological changes of liver and intestine were evaluated by light microspore. 
Results: Total antioxidant capacity (TAC) and glutathione (GSH) levels significantly decreased, while malon
dialdehyde (MDA) and total oxidant status (TOS) were significantly increased in the liver, and intestine of the 
NAFLD and CCl4 group compared with control rats. However, the use of nanoparticles significantly normalized 
these markers. The levels of the TNF-α were significantly reduced in the nanoparticle group as compared with 
NAFLD model and CCl4-treated rats. CeO2 NPs also normalized the liver and intestinal histological changes. 
Conclusions: Our finding revealed that CeO2 NPs has potential protective effects by increasing antioxidant ac
tivity, and reducing inflammation.   

1. Introduction 

Liver is known as the main organ that is involved in the metabolism 
of macromolecules, excretion and detoxification of circulating agents, 
synthesis of proteins, and bile acids. Experimental animal models are 
vital to know the mechanisms responsible for liver diseases. Among the 
animal models of liver cirrhosis and fibrosis, the most generally used is 
the carbon tetrachloride (CCl4) and high-fat diet (HFD), which closely 
resembles the histological and hemodynamic features of human disease 
[1]. HFD is known as a main risk factor for the prevalence of various 
disorders such as non-alcoholic fatty liver disease (NAFLD), obesity, 

dyslipidemia, cardiovascular disease (CVD), and diabetes. NAFLD is 
known as the main form of chronic liver disorders throughout the world 
[2], considering approximately 24% of the worldwide population with 
the highest estimates reaching in the Middle East (32%) and in South 
America (31%) [3]. The pathogenesis of NAFLD is defined in terms of 
the “two hits”, including lipid accumulation (first hit) and increased 
oxidative stress, inflammation, mitochondrial dysfunction and lipid 
peroxidation (second hit) which are mainly are responsible for the onset 
NAFLD to develop non-alcoholic steatohepatitis (NASH) and liver 
cirrhosis [4]. On the other hand, hepatotoxins, such as carbon tetra
chloride (CCl4) which is recognized by variable grade of hepatocyte 
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degeneration and cell death [5,6]. CCl4 is a chemical pollutant that has 
numerous adverse effects on the kidney, liver, blood and heart by 
elevating lipid peroxidation and generating free radicals [7]. CCl4, as a 
prominent toxin among the other hepatotoxins, is commonly used to 
induce experimental animal models that mimic human hepatotoxicity. 
In the liver, the cytochrome P450 enzymes catalyzed CCl4 into tri
chloromethyl radical (CCl3•), which quickly reacts with oxygen to form 
trichloromethyl peroxy radical (CCl3OO•), the extremely reactive de
rivative. Both of these radicals by covalent binding to the cell proteins 
induce lipid peroxidation and oxidative stress (OS), consequently can 
lead to liver damage [5,7]. The CCl3• and CCl3OO• mediated lipid 
peroxidation and is known as a major mechanisms of liver damage 
induced by carbon tetrachloride [5]. Moreover, CCl4 can increase in
flammatory markers in the body [8]. Inflammatory cytokines such as 
tumor necrosis factor-α (TNF-α) worsen pathological progression, and 
lead to liver fibrosis that complicates the liver treatment [9]. 

Oxidative stress itself has been confirmed to mediate various cellular 
responses causing diverse outcomes such as cell growth and apoptosis 
[10]. Oxidative stress is a consequence of the imbalance between 
cellular antioxidant capacity and reactive oxygen species (ROS) gener
ation [11]. These free radicals are involved in the etiology of various 
disorder conditions such as neurodegenerative disorders, cancers, car
diovascular diseases, and aging [12]. Therefore targeting lessening of 
inflammation and oxidative stress are a beneficial strategy to combat 
liver injury [13]. Unfortunately, therapeutic strategies designed to 
relieve liver injury have progressed at a slow pace, perhaps because of 
the adverse effects of chemical medicines [14,15]. Hence, patients often 
resort to natural products or new agents as an alternative therapy for 
their illnesses [16–19]. 

The nanoparticles administration has been documented as a poten
tial therapeutic because of a better cellular uptake and distribution than 
other chemical medicines. The cerium oxide nanoparticles (CeO2 NPs) 
are one of the main favourable nanoparticles for anti-inflammatory and 
antioxidant applications [20]. Cerium has two oxidation states, 
including Ce+3 and Ce+4. The beneficial effect is attributed to its capa
bility to mimic superoxide dismutase (SOD), acting as effective ROS and 
reactive nitrogen species (RNS) scavengers (Ce+3 to Ce+4) and mimic 
catalase activity (conversion of H2O2 into oxygen and water) and 
peroxidase activity (reducing H2O2 into hydroxyl radicals). CeO2 NPs 
related to antioxidant activity renders the nanoparticles a precious agent 
for treatment of oxidative-related disorders [20,21]. Hence, we hy
pothesize that CeO2 NPs can potentially reduce liver injury, inflamma
tion, and oxidative stress in experimental HFD (NAFLD model) and 
CCl4-induced liver fibrosis. CCl4 can lead to liver fibrosis, but no insulin 
resistance, nor obesity, and it is no NAFLD model by itself, which is why 
we use two different liver animal models. In this experiment, we eval
uated the effects of CeO2 NPs on liver and intestine by assessing the 
antioxidant activity, chemical factors and histological changes. The aim 
of the study was to reveal whether CeO2 NPs can prevent oxidative 
stress, and inflammation in the liver and intestine in NAFLD rats models 
and CCl4-induced liver injury. 

2. Material and methods 

All chemicals agents had analytical grade and were purchased from 
Sigma-Aldrich (Poole, UK). CeO2 NPs were obtained from NanoSany 
(NanoSany Corporation, Mashhad, Iran). 

2.1. Animal handling and treatment 

Male Wistar rats weighing 170–200 g, and aged 7-week were housed 
in the animal hosue under standard conditions (60–70% humidity, 25 ±
2 ◦C and 12 h light/dark cycle). The rats were fed on a standard diet and 
water. The animals were maintained for 7 days prior to the beginning of 
the experiments. After adaptation, animals randomly divided into 
different groups as bellow: 

Experiment 1; group1: healthy rats received normal saline, 2: 
healthy + nanoparticle 3: CCl4 group, 4: CCl4 group + nanoparticle. 

Nanoparticle (NanoSany Corporation, Mashhad, Iran. Fig. 1.) was 
administered for two weeks (0.1 mg/kg, i.v. twice a week for 2 weeks) 
[22,23], and 2 h after the last administration, liver injury was induced 
by CCl4 (1 ml/kg of 50% CCl4, mixture in olive oil, i.p.) [24]. After 24 h, 
all rats were euthanized (by diethyl ether) and blood samples were 
collected from the heart. 

Experiment 2; group 1: healthy rats, 2: healthy rats + nanoparticle, 
3: NAFLD group) 60 kcal% fat), 4: NAFLD group + nanoparticle. 
Nanoparticle was administered for 4 weeks (0.1 mg/kg, i.v. twice a 
week). After 24 h, all rats were euthanized (by diethyl ether) and blood 
samples were collected from the heart. 

To achieve serum, the blood sample was allowed to clot and then 
centrifuged at 3000 g for 10 min. Serum was used for the detection of 
biochemical tests. Then the animals were sacrificed by cervical dislo
cation and the liver, and intestine from each animal was removed, and 
washed in ice-cold saline. Small portion of the liver (left lobe), and in
testine (same part for each animal) immersed in liquid N2, and stored at 
− 80 ◦C for antioxidant tests [25]. All steps of this experiment were done 
in accordance with the Hamadan Medical University ethics committee 
(Ethic code: IR.UMSHA.REC.1398.520). 

2.2. Biochemical factors 

The serum levels of alkaline phosphatase (ALP), aspartate amino
transferase (AST), alanine aminotransferase (ALT), bilirubin, total pro
tein, albumin, fasting blood sugar, total cholesterol and triglyceride 
concentrations were measured by colorimetric methods using auto
mated chemical analyzer (Cobas Integra 400 Plus, China). 

2.3. Protein estimation 

About 0.1 g of tissue was homogenized in an 800 μL phosphate- 
buffered saline (PBS) buffer. The homogenates then were centrifuged 
to get supernatant, which was used for antioxidant tests. 

Protein concentrations were measured by Bradford reagent. Bovine 
serum albumin was used as the standard [24]. 

2.4. Lipid peroxidation 

The concentration of malondialdehyde (MDA), a lipid peroxidation 
marker, in tissues homogenate was determined by assay of thio
barbituric acid reactive substances (TBARS) formation. The absorbance 
of the TBARS-MDA complex was read by a spectrophotometer at 532 
nm. Results were presented as nmol of MDA/mg protein [26,27]. 

2.5. Total antioxidant activity (TAC) 

TAC levels were determined by ferric reducing antioxidant power 
(FRAP) method. Homogenate samples reduce ferric ions (Fe3+) to 
ferrous (Fe2+) in the presence of tripyridyl-s-triazine (TPTZ). The 
absorbance of the blue Fe2+-TPTZ complex was measured by a spec
trophotometer at 593 nm. The amounts of TAC were expressed as nmol/ 
mg protein [28]. 

2.6. Total oxidative status (TOS) 

The total oxidative status (TOS) of the sample was determined by the 
oxidation of ferrous iron to ferric in the samples. The ferric measurement 
was performed by xylenol orange. Light intensity was measured by a 
spectrophotometer at 560 nm [26,27]. 

2.7. Glutathione levels 

The level of glutathione (GSH) was determined according to the 
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manufacture instruction (Zellbio, Germany). The amount of GSH was 
expressed as nmol/mg protein. 

2.8. Tumor Necrosis Factor-α (TNF-α) levels 

The TNF-α levels were measured in the serum by ELISA kit according 
to manufacture instruction (BioLegend, UK). The results were expressed 
as pg/mg protein. 

2.9. Histopathological analyses 

For morphological evaluation, the liver and intestine samples from 
different groups were taken and fixed in 10% formalin. Then, fixed 
samples were embedded in paraffin and cut into 5 μm thick sections. 
Samples were then stained with haematoxylin and eosin (H & E), and 
observed by optical microscope. The severity of lesions was classified 
according to the previous published paper [29]. 

2.10. Statistical analysis 

The data were analysed using SPSS 20 software and presented as 
mean ± standard error of mean (Mean ± SEM). The results were ana
lysed by ANOVA followed by Tukey as post-hoc test. A p value less that 
0.05 was assumed significant. 

3. Results 

3.1. Body weight 

Tables 1 and 2 revealed the body weight of animal groups. The body 
weight significantly reduced in CCl4 -treated rats and increased in 
NAFLD group. We did not find any significant change in body weight 
between the hepatotoxic and CeO2NPs group, while NPs reduce body 
weight in the NAFLD group. 

3.2. Blood chemical markers 

Tables 1 and 2 exhibit the biochemical factors in different treated 
animals. The hepatotoxic rats displayed markedly (p < 0.05) higher 
serum activity of ALP, AST and ALT than the normal group. Pretreat
ment with nanoparticles significantly normalized ALP, ALT and AST 
levels in hepatotoxic rats. High levels of liver enzymes induced by HFD 
and CCl4 were alleviated markedly in nanoparticles treatment rats. 
Furthermore, exposure to CCl4 significantly reduced (p < 0.05) total 
protein, and increased total and direct bilirubin levels. CeO2NPs effec
tively ameliorated these markers as compared with the NAFLD and CCl4 
group. 

Changes in the glucose levels were not significant. Table 1 also re
veals a significant (p < 0.05) increase in cholesterol and triglyceride 
levels in the NAFLD group compared to the control rats. Nanoparticle 
administration significantly reduced these markers. 

Fig. 1. A: Transmission electron microscopy (TEM), B: scanning electron microscope (SEM), and C: X-ray analysis of Cerium Oxide Nanoparticle (CeO2, 99.97%, 
10–30 nm). NanoSany Corporation, Mashhad, Iran. 
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3.3. Oxidative stress marker 

GSH levels markedly reduced in the liver and intestine of NAFLD 
group CCl4-treated animals compared with the control rats. Adminis
tration of CeO2NP was increased GSH concentration in these tissues in 
the hepatotoxic rats. We found a significant rise in TOS in the liver, and 
intestine of the hepatotoxic and NAFLD group compared with the 
healthy rats. Furthermore, HFD and CCl4 decreased TAC concentration 
and increased MDA levels in the liver and intestine of animals. 

Treatment with CeO2NPs significantly increased TAC concentrations 
and reduced MDA levels as compared with the NAFLD and CCl4 group 
(p < 0.01), which showed the mitigation of oxidative stress in these 
organs (Figs. 2–5). 

3.4. TNF-α level 

The TNF-α level of rats in NAFLD and CCl4 groups were significantly 
higher as compared to control rats (Fig. 6). However, the TNF-α level in 
the NAFLD and CCl4 group which were treated with CeO2NPs was 
obviously (p < 0.05) lower than the untreated group. 

3.5. Histological alteration 

The histological finding supported the liver function test and 
oxidative stress. Liver samples from healthy group revealed normal 
lobular structure and cells with a well preserved cytoplasm, and well- 
defined nucleus without any irregular histological alterations in hepa
tocytes and lobular architecture (Fig. 7). Liver of NAFLD and 
CCl4–treated rats showed wide liver injuries revealed by moderate ne
crosis around the central vein, cholangiocyte hyperplasi, hepatic 
fibrosis, vacuolization and hepatocellular hydropic degeneration. 
Nonetheless, administration of CeO2NPs significantly alleviated the 
pathological damages. 

The histological results revealed mucosal injury, mild edema, 
disruption, mononuclear cell infiltration, shortening and loosening of 
intestinal villi, accompanied by spotty hemorrhage, change in the crypt 
structure, and necrosis in the intestine of NAFLD and CCl4–treated rats. 
But these alterations were not present in the nanoparticle treated ani
mals (Fig. 8). 

4. Discussion 

In this study we evaluate the hepatoprotective effects of CeO2 NPs in 
the animal models. Previous studies also documented the beneficial ef
fects of CeO2 NPs against hepatic oxidative damage caused by the 
acetaminophen and pyrrolizidine alkaloid monocrotaline [30]. Consid
ering the useful properties of CeO2NPs, we further examined whether 
this nanoparticle may also restore liver functions in NAFLD rats models 
and CCl4 -treated rats. The common dose used in the previous experi
ment was 0.1 mg/kg [22,23]. In this effective dose, the CeO2 NPs 
decrease oxidative stress, alleviate liver steatosis, and showed 
anti-inflammatory properties. Therefore, in this study we administered 
CeO2 NPs at the dose of 0.1 mg/kg. 

It is well known that HFD substantially alters intestinal physiology 
and structure. Moreover, HFD promotes intestinal inflammation, 
oxidative stress and altered barrier integrity [31]. CCl4 also can induce 
oxidative stress in the intestine and increase the production of proin
flammatory cytokine and inflammatory cell infiltration in the intestine 
[32]. 

In this experiment, the ability of CeO2 NPs to protect against HFD 
and CCl4-induced liver injury, oxidative stress and inflammation were 
examined. Nanoparticles absorption may decrease due to agglomera
tion/aggregation of the particles in the intestine. Therefore, intravenous 
administration can be distributed to various organs [33]. In this study, 
CeO2 nanoparticle was administered by intravenous route. 

CCl4 is a lipophilic agent and is extremely toxic to the hepatocyte [7]. 
CCl4 is metabolized in the liver to generate potentially reactive free 
radicals and ROS. It is also identified that its oxy metabolite could cause 
liver toxicity by the depletion of liver GSH. Furthermore, HFD can 
induce ROS production, accompanied by increased nitric oxide and 
TNF-α secretion, which promotes chronic inflammation and tissue 
damage [1]. Our results propose that CeO2 NPs can have potential 
antioxidant properties (by increasing GSH and TAC as well as reducing 
TOS and MDA). 

CCl4 intoxication and HFD significantly increased liver enzymes. 

Table 1 
Biochemical factors in different treated animals.  

Factors/Groups Control Control +
CeO2 NPs 

CCl4 CCl4 + CeO2 

NPs 

Body weight 
(gram) 

210.50 ±
4.50 

220 ± 8 205.30 ± 5.0 208.40 ±
6.50 

Liver weight 
(gram) 

5.5 ± 0.4 5.0 ± 0.5 5.9 ± 0.3 5.3 ± 0.35 

FBS (mg/dL) 138.20 ±
5.23 

134.40 ±
10.7 

134.00 ±
10.39 

161.40 ±
17.24 

Total cholesterol 
(mg/dL) 

69.8 ±
6.25 

68.8 ± 3.1 110.00 ±
10.25# 

70.80 ±
8.62* 

Triglyceride (mg/ 
dL) 

59.0 ±
4.15 

66.4 ± 5.5 121.60 ±
7.71### 

74.80 ±
7.61** 

AST (U/L) 59.8 ±
3.46 

48.8 ± 7.5 405.60 ±
33.53### 

179.80 ±
11.14 *** 

ALT (U/L) 84.4 ±
5.22 

78.2 ± 5.9 456.20 ±
50.19### 

312.40 ±
2.12* 

ALP(U/L) 112.7 ±
9.95 

117.2 ± 10.7 921.00 ±
68.31### 

681.40 ±
6.14 * 

Total protein (g/ 
L) 

70.8±
6.87 

66.8 ± 4.9 48.40 ±
3.98### 

68.80 ±
4.76** 

Albumin (g/L) 36.60 ±
3.00 

32.5 ± 4.3 22.40 ±
1.69### 

32.40 ±
2.65** 

Total bilirubin 
(mg/dL) 

0.29 ±
0.01 

0.25 ± 0.03 0.84 ±
0.03### 

0.36 ±
0.033*** 

Direct bilirubin 
(mg/dL) 

0.12 ±
0.03 

0.12 ± 0.02 0.23 ± 0.03# 0.07 ±
0.007* 

FBS: fasting blood sugar, AST: aspartate aminotransferase, ALT: alanine 
aminotransferase, ALP: alkaline phosphatase, CCl4: carbon tetrachloride. 

Table 2 
Biochemical factors in different treated animals.  

Factors/Groups Control Control +
CeO2 NPs 

NAFLD NAFLD +
CeO2 NPs 

Body weight 
(gram) 

220.50 ±
6.0 

230.0 ± 8.0 260.50 ±
15### 

230.00 ±
10* 

Liver weight 
(gram) 

6 ± 1.5 5.5 ± 1.0 13 ± 2.5### 6.3 ± 1.4 

FBS (mg/dL) 85.60 ±
4.16 

70.50 ± 8.5 116.00 ±
4.03# 

91.40 ±
10.27* 

Total cholesterol 
(mg/dL) 

65.0 ±
4.15 

88.6 ± 7.8 125.5 ±
7.71# 

80.0 ± 7.5* 

Triglyceride (mg/ 
dL) 

75.80 ±
6.25 

70.5 ± 7.3 162.60 ±
10.1### 

76.80 ±
8.62** 

AST (U/L) 61.00 ±
2.75 

43.40 ± 5.5 143.80 ±
6.31### 

107.60 ±
7.52*** 

ALT (U/L) 57.00 ±
5.25 

60.0 ± 8.0 118.00 ±
5.71### 

64.40 ±
5.22*** 

ALP(U/L) 87.8 ±
6.62 

90.6 ± 8.1 135.40 ±
6.49### 

101.40 ±
9.37* 

Total protein (g/L) 70.6±
5.62 

66.2 ± 6.7 43.60 ±
3.41## 

67.80 ±
5.05*** 

Albumin (g/L) 32.00 ±
2.45 

28.2 ± 4.5 20.00 ±
2.0## 

33.20 ±
3.12** 

Total bilirubin 
(mg/dL) 

0.28 ±
0.02 

0.22 ± 0.09 0.85 ±
0.35### 

0.37 ±
0.02*** 

Direct bilirubin 
(mg/dL) 

0.06 ±
0.03 

0.07 ± 0.01 0.32 ±
0.06### 

0.11 ±
0.02*** 

FBS: fasting blood sugar, AST: aspartate aminotransferase, ALT: alanine 
aminotransferase, ALP: alkaline phosphatase, NAFLD: non-alcoholic fatty liver 
disease. 
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Fig. 2. Oxidative stress in the intestine of different treated groups. 
Results are presented as means ± SEM. *P < 0.05, **P < 0.01, and ***P < 0.001 as compared with Hepatotoxic group (CCl4 group). ###P < 0.01 compared with 
control. Results are expressed as means ± SEM of six rats/group. TOS: total oxidant status, TAC: total antioxidant capacity, MDA: malondialdehyde, GSH: gluta
thione, NPs: nanoparticles. 

Fig. 3. Oxidative stress in the liver of different treated groups. 
Results are presented as means ± SEM. *P < 0.05, **P < 0.01, and ***P < 0.001 as compared with Hepatotoxic group (CCl4 group). ###P < 0.01 compared with 
control. Results are expressed as means ± SEM of six rats/group. TOS: total oxidant status, TAC: total antioxidant capacity, MDA: malondialdehyde, GSH: gluta
thione, NPs: nanoparticles. 
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Fig. 4. Oxidative stress in the intestine of different treated groups. 
Results are presented as means ± SEM. *P < 0.05, **P < 0.01, and ***P < 0.001 as compared with Hepatotoxic group (NAFLD group). ###P < 0.01 compared with 
control. Results are expressed as means ± SEM of six rats/group. TOS: total oxidant status, TAC: total antioxidant capacity, MDA: malondialdehyde, GSH: gluta
thione, NPs: nanoparticles. 

Fig. 5. Oxidative stress in the liver of different treated groups. 
Results are presented as means ± SEM. *P < 0.05, **P < 0.01, and ***P < 0.001 as compared with Hepatotoxic group (NAFLD group). ###P < 0.01 compared with 
control. Results are expressed as means ± SEM of six rats/group. TOS: total oxidant status, TAC: total antioxidant capacity, MDA: malondialdehyde, GSH: gluta
thione, NPs: nanoparticles. 
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Liver necrosis causes raises of ALP, AST and ALT levels and an elevated 
severity of histological hepatic injuries in the animals. In agreement 
with previous studies [14,15], our result showed a noticeable raise in the 
ALT, AST, and ALP levels in the hepatotoxic group. CeO2 NPs normal
ized the serum enzymes (ALT, AST and ALP) and led a subsequent 

recovery towards normalization as compared to the healthy rats, indi
cating the liver protective effects of CeO2 NPs. The noticeable raise in 
the liver enzyme activity is a sign of the liver injury in the experimental 
animals [13,34]. Liver is the main organ involved in the blood protein 
synthesis, particularly albumin. In this experiment, circulating albumin 

Fig. 6a. TNF-α levels in different treated groups. 
Results are presented as means ± SEM. *P < 0.05, **P < 0.01, and ***P < 0.001 as compared with Hepatotoxic group. ###P < 0.01 compared with control. Results 
are expressed as means ± SEM of six rats/group TNF-α: tumor necrosis factor-α, NPs: nanoparticles. b. TNF levels in different treated groups. 
Results are presented as means ± SEM. *P < 0.05, **P < 0.01, and ***P < 0.001 as compared with NAFLD group. ###P < 0.01 compared with control. Results are 
expressed as means ± SEM of six rats/group TNF-α: tumor necrosis factor-α, NPs: nanoparticles. 

Fig. 7. Histological analysis of intestine and liver section in different treated groups stained with H&E. A: healthy rats, B: healthy rats received nanoparticle C: CCl4 
received rats, D: CCl4 received rats received nanoparticle. Liver section of hepatotoxic (CCl4) group shows abnormal hepatic structure with vacuolization, necrosis, 
mild hemorrhage, moderate inflammation, cell hyperplasia, cell infiltration and apoptosis. Liver section of treated animals restored morphological alterations. 
Original magnification 100 × . 
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concentration was used to determine liver synthetic ability. The 
assessment of this protein concentration indicates that CeO2 NPs can 
prevent the reduction of protein likely through neutralizing ROS by 
scavenger compounds or stabilizing endoplasmic reticulum [35]. 

Toxic chemicals such as CCl4 are oxidized by cytochrome P450 with 
the following release of liver tissue damaging RNS or ROS resulting in 
the leakage of liver enzymes into blood. Production of trichloromethyl 
free radicals (active metabolite of CCl4) lead to liver necrosis, malon
dialdehyde (MDA) production and extracellular matrix destruction. 
Trichloromethyl radical in the presence of oxygen is converted to tri
chloromethyl peroxyl radical. These free radicals can covalently bind to 
protein and membrane lipids to produce MDA, leading to damage to the 
cells. MDA formation is one of the main reasons of CCl4 induced liver 
and intestine injury. The reduced MDA levels in the liver of the treated- 
hepatotoxic groups (CCl4 and NAFLD), propose the antioxidant and 
hepatoprotective properties of CeO2 NPs [36]. 

In the present study, marked restorations of glutathione levels and 
TAC in nanoparticle group were observed when compared with the 
NAFLD group and CCl4 treated groups [37]. TAC is a main defense 
system against hydroperoxide, ROS, and environmental toxicity. Simi
larly, glutathione is the first line of defense against oxidative stress [13]. 
GSH, a main cellular antioxidant, has been recognized as a vital factor 
needed for liver detoxifications. The depletion of glutathione levels in 
the liver and intestine may be because of augmented glutathione use in 
the elimination of trichloromethyl peroxyl radical. Glutathione has a key 
role in detoxifying the toxic metabolites and liver damage begins when 
glutathione levels are significantly reduced. Glutathione has long been 
considered as a key factor in detoxification of the toxic metabolites of 
CCl4. 

CCl4 and high consumption high fat diets, induce a permanent state 
of inflammatory cytokines. Inflammation is usually related with liver 
fibrosis. In this respect, TNF-α is a main factor that induces the inflam
matory pathways involved in liver injury [9]. Administration of CeO2 
NPs significantly reduced TNF-α concentration in different organs as 
compared to hepatotoxic groups. TNF-α activates the different pathways 
after liver damage, consequently induces hepatocyte apoptosis, hepa
tocyte proliferation, and liver inflammation [38]. 

Liver has a vital role in the metabolism of macronutrients. Admin
istration of CCl4 and HFD lead an obvious rise in the total cholesterol 
(TC) and triglyceride (TG) levels. The disturbance in the phospholipids 

metabolism and decrease in protein synthesis may result in dyslipide
mia. Pretreatment with CeO2 NPs modulated blood lipid profiles. It has 
been reported that CCl4 induces the transfer of acetate into hepatocytes 
and causes rise in cholesterol synthesis. CCl4 also elevate the triglyceride 
synthesis from acetate and increases lipid esterification. The TG accu
mulation in the liver may happen because of the suppression of lipase 
activity and secretion of very-low-density lipoprotein (VLDL) [35]. On 
the basis of our results, a better lipid clearance rate in nanoparticle 
treated rats was observed. 

The hepatoprotective influence of CeO2 NPs was further approved by 
histopathological analyses. High fat diet and CCl4 induced liver dam
ages, including necrosis, steatosis, foam cell formation, degeneration of 
biliary and vacuolization. Nevertheless, in the CeO2 NPs treated rats, 
less degeneration was observed, indicating that this nanoparticle can 
prevent liver injury or cause the restoration of damaged liver paren
chyma [35]. CeO2 NPs also normalized histopathological change in the 
intestine. Our results showed that CeO2NPs normalized intestine and 
liver function by reducing oxidative stress and inflammation. Therefore, 
this nanoparticle treatment may be consider as a potential agent for liver 
diseases. 
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Fig. 8. Histological analysis of intestine and liver section in different treated groups stained with H&E. A: healthy rats, B: healthy rats received nanoparticle, C: 
NAFLD group, D: NAFLD rats received nanoparticle. Furthermore, the NAFLD rats showed hepatic steatosis with ballooning degeneration, inflammatory cell 
infiltration, and lipid droplet accumulation. Treatment with nanoparticle normalized all of these alterations. Original magnification 400 × . 

E. Abbasi et al.                                                                                                                                                                                                                                  



Metabolism Open 12 (2021) 100151

9

Acknowledgments 

This work was supported by Hamadan University of Medical Sci
ences (Grant number: 9806264976). 

References 

[1] Tan BL, Norhaizan ME. Effect of high-fat diets on oxidative stress. Cellular 
Inflammatory Response and Cognitive Function 2019;11. 

[2] Ong JP, Younossi ZM. Epidemiology and natural history of NAFLD and NASH. Clin 
Liver Dis 2007;11:1–16 [vii]. 

[3] Younossi Z, Anstee QM, Marietti M, Hardy T, Henry L, Eslam M, et al. Global 
burden of NAFLD and NASH: trends, predictions, risk factors and prevention. Nat 
Rev Gastroenterol Hepatol 2018;15:11–20. 

[4] Wiwanitkit V. Alcoholic consumption behavior and death due to swine flu. Egypt J 
Chest Dis Tuberc 2016;65:169–71. 

[5] Weber LW, Boll M, Stampfl A. Hepatotoxicity and mechanism of action of 
haloalkanes: carbon tetrachloride as a toxicological model. Crit Rev Toxicol 2003; 
33:105–36. 

[6] Yeh Y-H, Hsieh Y-L, Lee Y-T, Hsieh C-H. Protective effects of cholestin against 
carbon tetrachloride-induced hepatotoxicity in rats. e-SPEN, Eur e-J Clin Nutr 
Metab 2011;6:e264–71. 

[7] Risal P, Hwang PH, Yun BS, Yi HK, Cho BH, Jang KY, et al. Hispidin analogue 
davallialactone attenuates carbon tetrachloride-induced hepatotoxicity in mice. 
J Nat Prod 2012;75:1683–9. 

[8] Dai C, Xiao X, Li D, Tun S, Wang Y, Velkov T, et al. Chloroquine ameliorates carbon 
tetrachloride-induced acute liver injury in mice via the concomitant inhibition of 
inflammation and induction of apoptosis. Cell Death Dis 2018;9:1164. 

[9] Schwabe RF, Brenner DA. Mechanisms of Liver Injury. I. TNF-alpha-induced liver 
injury: role of IKK, JNK, and ROS pathways. Am J Physiol Gastrointest Liver 
Physiol 2006;290:G583–9. 

[10] Wang Y, Ausman LM, Russell RM, Greenberg AS, Wang XD. Increased apoptosis in 
high-fat diet-induced nonalcoholic steatohepatitis in rats is associated with c-Jun 
NH2-terminal kinase activation and elevated proapoptotic Bax. J Nutr 2008;138: 
1866–71. 

[11] Abbasi-Oshaghi E, Khodadadi I, Mirzaei F, Ahmadi M, Tayebinia H, Goodarzi MT. 
Anethum graveolens L. alleviates sperm damage by limiting oxidative stress and 
insulin resistance in diabetic rats. Open Med Chem J 2020;14. 

[12] Giannini EG, Testa R, Savarino V. Liver enzyme alteration: a guide for clinicians. 
CMAJ (Can Med Assoc J) 2005;172:367–79. 

[13] Chen Z, Tian R, She Z, Cai J, Li H. Role of oxidative stress in the pathogenesis of 
nonalcoholic fatty liver disease. Free Radic Biol Med 2012;52:59–69. 

[14] Iorga A, Dara L. Cell death in drug-induced liver injury. Adv Pharmacol 2019;85: 
31–74. 

[15] Hoofnagle JH, Bjornsson ES. Drug-induced liver injury - types and phenotypes. 
N Engl J Med 2019;381:264–73. 

[16] Murphy A, Abdi Z, Harirchi I, McKee M, Ahmadnezhad E. Economic sanctions and 
Iran’s capacity to respond to COVID-19. Lancet Public Health 2020;5:e254. 

[17] Goodarzi MT, Khodadadi I, Tavilani H, Abbasi Oshaghi E. The role of anethum 
graveolens L. (Dill) in the management of diabetes, vol. 2016; 2016. p. 1098916. 

[18] Oshaghi EA, Khodadadi I, Tavilani H, Goodarzi MT. Effect of dill tablet (Anethum 
graveolens L) on antioxidant status and biochemical factors on carbon 
tetrachloride-induced liver damage on rat. Int J Appl Basic Med Res 2016;6:111–4. 

[19] Oshaghi EA, Khodadadi I, Mirzaei F, Khazaei M, Tavilani H, Goodarzi MT. 
Methanolic extract of dill leaves inhibits AGEs formation and shows potential 

hepatoprotective effects in CCl4 induced liver toxicity in rat, vol. 2017; 2017. 
p. 6081374. 

[20] Charbgoo F, Ahmad MB, Darroudi M. Cerium oxide nanoparticles: green synthesis 
and biological applications. Int J Nanomed 2017;12:1401–13. 

[21] Lopez-Pascual A, Urrutia-Sarratea A, Lorente-Cebrian S. Cerium oxide 
nanoparticles regulate insulin sensitivity and oxidative markers in 3T3-L1 
adipocytes and C2C12 myotubes 2019;2019:2695289. 

[22] Ribera J, Rodriguez-Vita J, Cordoba B, Portoles I, Casals G, Casals E, et al. 
Functionalized cerium oxide nanoparticles mitigate the oxidative stress and pro- 
inflammatory activity associated to the portal vein endothelium of cirrhotic rats 
2019;14:e0218716. 

[23] Carvajal S, Perramon M, Oro D, Casals E. Cerium oxide nanoparticles display 
antilipogenic effect in rats with non-alcoholic fatty liver disease 2019;9:12848. 

[24] Ravan AP, Bahmani M, Ghasemi Basir HR, Salehi I, Oshaghi EA. Hepatoprotective 
effects of Vaccinium arctostaphylos against CCl4-induced acute liver injury in rats. 
J Basic Clin Physiol Pharmacol 2017;28:463–71. 

[25] Mohammadi A, Mirzaei F, Jamshidi M, Yari R, Pak S, Norouzian P, et al. Influence 
of flaxseed on lipid profiles and expression of LXR [alpha], in intestine of diabetic 
rat. Int J Biol 2013;5:23. 

[26] Abbasi-Oshaghi E, Mirzaei F, Mirzaei A. Effects of ZnO nanoparticles on intestinal 
function and structure in normal/high fat diet-fed rats and Caco-2 cells. 
Nanomedicine 2018;13:2791–816. 

[27] Abbasi-Oshaghi E, Mirzaei F, Pourjafar M. NLRP3 inflammasome, oxidative stress, 
and apoptosis induced in the intestine and liver of rats treated with titanium 
dioxide nanoparticles: in vivo and in vitro study. Int J Nanomed 2019;14:1919–36. 

[28] Kassaee SM, Taghi Goodarzi M, Abbasi Oshaghi E. Antioxidant, antiglycation and 
anti-hyperlipidemic effects of Trigonella foenum and Cinnamon in type 2 diabetic 
rats. Jundishapur J Nat Pharm Prod 2018;13. 

[29] Shahryari J, Poormorteza M, Noori-Sorkhani A, Divsalar K, Abbasi-Oshaghi E. The 
effect of concomitant ethanol and opium consumption on lipid profiles and 
atherosclerosis in golden Syrian hamster’s aorta. Addict Health 2013;5:83–9. 

[30] Cordoba-Jover B, Arce-Cerezo A, Ribera J, Pauta M, Oro D, Casals G, et al. Cerium 
oxide nanoparticles improve liver regeneration after acetaminophen-induced liver 
injury and partial hepatectomy in rats 2019;17:112. 

[31] Rohr MW, Narasimhulu CA, Rudeski-Rohr TA, Parthasarathy S. Negative effects of 
a high-fat diet on intestinal permeability: a review. Adv Nutr 2020;11:77–91. 

[32] Ma W, Tao L, Zhang W, Zhu Y, Xue D, Zhang J, et al. Xia-Yu-Xue decoction inhibits 
intestinal epithelial cell apoptosis in CCl4-induced liver fibrosis. Cell Physiol 
Biochem 2017;44:333–44. 

[33] Geraets L, Oomen AG, Krystek P, Jacobsen NR, Wallin H, Laurentie M, et al. Tissue 
distribution and elimination after oral and intravenous administration of different 
titanium dioxide nanoparticles in rats. Part Fibre Toxicol 2014;11:30. 

[34] Ritesh KR, Suganya A, Dileepkumar HV, Rajashekar Y, Shivanandappa T. A single 
acute hepatotoxic dose of CCl4 causes oxidative stress in the rat brain. Toxicol Rep 
2015;2:891–5. 

[35] Mahmoodzadeh Y, Mazani M, Rezagholizadeh L. Hepatoprotective effect of 
methanolic Tanacetum parthenium extract on CCl4-induced liver damage in rats. 
Toxicol Rep 2017;4:455–62. 

[36] Moreira PR, Maioli MA, Medeiros HC, Guelfi M, Pereira FT, Mingatto FE. 
Protective effect of bixin on carbon tetrachloride-induced hepatotoxicity in rats. 
Biol Res 2014;47:49. 

[37] Boshy M, Abdelhamidb F, Richab E, Ashshia A, Gaitha M, Qustya N. Attenuation of 
CCl4 induced oxidative stress, immunosuppressive, hepatorenal damage by 
fucoidan in rats. J Clin Toxicol 2017;7:1–7. 

[38] Orfila C, Lepert JC, Alric L, Carrera G, Beraud M, Vinel JP, et al. Expression of TNF- 
alpha and immunohistochemical distribution of hepatic macrophage surface 
markers in carbon tetrachloride-induced chronic liver injury in rats. Histochem J 
1999;31:677–85. 

E. Abbasi et al.                                                                                                                                                                                                                                  

http://refhub.elsevier.com/S2589-9368(21)00075-X/sref1
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref1
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref2
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref2
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref3
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref3
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref3
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref4
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref4
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref5
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref5
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref5
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref6
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref6
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref6
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref7
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref7
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref7
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref8
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref8
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref8
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref9
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref9
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref9
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref10
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref10
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref10
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref10
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref11
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref11
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref11
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref12
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref12
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref13
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref13
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref14
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref14
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref15
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref15
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref16
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref16
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref17
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref17
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref18
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref18
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref18
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref19
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref19
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref19
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref19
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref20
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref20
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref21
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref21
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref21
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref22
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref22
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref22
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref22
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref23
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref23
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref24
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref24
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref24
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref25
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref25
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref25
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref26
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref26
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref26
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref27
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref27
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref27
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref28
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref28
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref28
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref29
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref29
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref29
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref30
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref30
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref30
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref31
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref31
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref32
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref32
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref32
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref33
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref33
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref33
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref34
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref34
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref34
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref35
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref35
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref35
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref36
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref36
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref36
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref37
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref37
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref37
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref38
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref38
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref38
http://refhub.elsevier.com/S2589-9368(21)00075-X/sref38

	Protective effects of cerium oxide nanoparticles in non-alcoholic fatty liver disease (NAFLD) and carbon tetrachloride-indu ...
	1 Introduction
	2 Material and methods
	2.1 Animal handling and treatment
	2.2 Biochemical factors
	2.3 Protein estimation
	2.4 Lipid peroxidation
	2.5 Total antioxidant activity (TAC)
	2.6 Total oxidative status (TOS)
	2.7 Glutathione levels
	2.8 Tumor Necrosis Factor-α (TNF-α) levels
	2.9 Histopathological analyses
	2.10 Statistical analysis

	3 Results
	3.1 Body weight
	3.2 Blood chemical markers
	3.3 Oxidative stress marker
	3.4 TNF-α level
	3.5 Histological alteration

	4 Discussion
	Availability of data and material
	Declaration of competing interest
	CRediT authorship contribution statement
	Acknowledgments
	References


