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Iron is a vitally essential element for the maintenance of health in the living organism, 

however iron overload can have harmful effects on health. Nanoparticles constitute           

a therapeutic approach for the remedy of many disorders. So the study was performed to 

examine the potential ameliorative effects of cerium oxide nanoparticles (CeONPs) 

against ferrous sulfate (FS) induced oxidative stress, hepatic, renal and thyroid functional 

disorders in rats.  Twenty-eight male albino rats were equally assigned into four          

groups.  Group1 received 1 ml saline (control), FS group rats received ferrous           

sulfate (30mg/Kg/day), CeONPs group (0.5mg/Kg/day) and the fourth group received 

CeONPs + FS (0.5mg/Kg + 30mg/Kg). Rats in all groups were injected intraperitoneally 

for two weeks (5 days/week). Results revealed that FS increased serum levels of aspartate 

aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), 

total bilirubin, total protein, creatinine, and urea. In addition, hepatic and renal levels of 

malondialdehyde (MDA) were increased while glutathione (GSH), superoxide dismutase 

(SOD) levels in the liver, kidney and serum thyroxine level were reduced. Treatment with 

CeONPs restored liver, kidney and thyroid functions to almost the normal levels and 

improved the oxidant – antioxidant status. So the study pointed to the ameliorative effect 

of CeONPs against Fs-induced disorders on oxidative stress, liver, kidney and thyroid 

function. 
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INTRODUCTION 

Anemia especially iron deficiency anemia is one of 

the most widespread nutritional deficiencies in both 

developed and developing countries [1]. Iron deficiency 

results in weakness and learning dysfunction [2] and is 

involved in factors responsible for early neonatal arrival 

and their low weight [3].              .                

On the other hand, unbound iron is a potent catalyst 

for lipid peroxidation and hydroxyl radical [4].In 

excessive iron status, iron is stored in liver its main store 

[5] as ferritin which cannot interact in the Fenton 

reaction [6].  

Urinary excretion is one of the known pathways for 

iron elimination from the body. It was proposed that iron 

can cause renal failure [7] and it was involved in renal 

tubular damage due to the creation of hydroxyl (OH-) 

radicals [8].  Ferrous sulfate is the prevalent supplement 

advised for anemia and reveals suitable absorption, but 

notable results showed that ferrous sulfate can exhibit 

unbalanced alterations in colon bacteria and increase 

systemic infection and divisive signals of the 

epithelium [9]. 

Recently, nanotechnology has developed new 

techniques to ameliorate and mitigate different diseases 

by decreasing ROS production. So many nanoparticles 

such as CeONPs are created for this advantage [10]. 

Cerium as a lanthanide has different applications in 

industry and Nano-medicine. Lately, cerium oxide 

(CeO2) nanoparticles were examined for their potential 

of scavenging free radicals to prevent dangerous effects 

of chemical, biological and radiological attacks that 

enhance free radicals formation. The chemical structure 

of cerium oxide (CeO2) nanoparticles facilitates          

its effect as an advisable and potent free radical 

scavenger inhibiting the production of reactive oxygen 

species (ROS) and decreasing cell death and apoptotic 

response [11].  
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Cerium oxide is a non-crystalline compound 

characterized by cerium atom with two oxidation states 

4+ and 3+ [12]. The double oxidation state indicates that 

cerium oxide nanoparticle has oxygen vacancies [13], 

where reduction of Ce4+ to Ce3+ and loss of oxygen are 

followed by the formation of an oxygen vacancy. This 

crucial property of cerium oxide potentiates its 

scavenging ability and allowing them to play an active 

role as a catalyst in a broad range of reactions (e.g. 

enhancing the oxidation of carbon monoxide Co to Co2) 

[14]. Also, in the biological background, cerium oxide 

nanoparticles can mimic enzymes antioxidants such as 

superoxide dismutase [15] and catalase [16]. Several 

studies have reported the antioxidant and beneficial 

effects of CeONPs in various conditions associated with 

high production of ROS such as diabetes [17], chronic 

inflammation, cardiac and kidney damage [18]; 19], 

cancer [20], and necrosis and apoptosis [21].                                                  

Considering the above, cerium oxide nanoparticles 

provide a new therapeutic antioxidant for reducing and 

eliminating ROS, so in the current study, cerium oxide 

nanoparticles were  used  to contradict the ferrous sulfate 

disorders on liver, kidney and thyroid organs in addition 

to the ferrous sulfate oxidant-antioxidant disequilibrium. 

MATERIAL AND METHODS 

Experimental animals 

Twenty-eight (28) adult male rats’ average weights 

(180-190g) were derived from the Animal Breeding Unit 

of Biological Application Department at Nuclear 

Research Center, Atomic Energy Authority, Egypt. The 

animals were accommodated in cages under normal 

conditions of temperature (25 ± 2Cº) and humidity with  

a light/dark cycle which was alternated every 12 hours, 

supplied with water and food ad libitum. The animal 

experiments were performed according to the Guidelines 

of the National Institute of Health care (NIH) Laboratory 

animals for the use of the Ethics Committee of Atomic 

Energy Authority approved the design of the 

experimental protocol. The animals were allowed to be 

acclimatized for two weeks before the beginning of the 

experiment, Afterward, the rats were allocated equally 

into four groups (7 rats in each group): 

Group 1: Control group rats were intraperitoneally 

injected with 1 ml (0.9 %   saline)..  

Group 2: rats were injected intraperitoneally (i.p.) with 

Ferrous sulfate (FeSo4) 30mg / Kg B.wt. for 

two weeks (5days/week) 22].                                            

Group 3: rats were injected with cerium oxide 

nanoparticles (CeONPs) (0.5mg/Kg B.wt.) 

for two week (5days/week) [23].                        

Group 4: rats were injected i.p. with FeSo4 (30mg/Kg 

B.wt.) and CeONPs (0.5mg/gm B.wt.) for 

two weeks.                                      . 

During the experimental period, rats were observed for 

any abnormal clinical symptoms and behavior.   

Blood and tissue sampling 

At the end of the experimental period (14 days), 

blood was gathered after rats’ anesthetization from the 

heart, one half into heparinized tubes for estimating 

hematological indices, the other part of blood in test 

tubes to gain serum for biochemical parameters 

estimations, subsequently the liver and left kidney were 

quickly removed, washed using saline (NaCl 0.9%) then 

tissue was homogenized (1 gm of tissue in 10 ml cold 

buffer 50mM potassium phosphate, PH 7.5. 2mM 

EDTA). The homogenates were centrifuged at 4Cº at 

10,000Xg for 15 min. The resulted supernatants were 

collected and maintained at -80 for estimating lipid 

peroxidation indicator (MDA) levels and antioxidant 

markers glutathione and superoxide dismutase enzyme 

(SOD) activities according to the manufacturer’s guide-

line (Bio-diagnostics Co, Cairo Egypt).                .                                                                                               

Hematological analysis 

Determination 0f Red blood cells count (RBCs), 

Hemoglobin (Hb), Hematocrit (HCT), and White blood 

cells count (WBCs) using auto hematological counter 

SweLab alpha. 

Biochemical analysis 

Serum levels of aspartate aminotransferase (AST), 

alanine aminotransferase (ALT), alkaline phosphatase 

(ALP), urea, and creatinine,total protein, albumin and 

total bilirubin  were determined colorimetrically by 

commercial kits obtained from Biodiognostic Co. Egypt. 

Total iron binding capacity (TIBC) and serum iron(SI) 

levels were estimated by commercial kits.C-reactive 

protein (CRP) determined by Immuno- turbidimetry 

Assay using kits purchased from (Roche Diagnostics 

Gmbs, Mannheium, Germany) While serum level of 

thyroxine (T4) was assessed by radioimmunoassay using 

kits obtained from DIA source immunoassay S.A. Rue 

du Bosquet, 2-B 1348Louvain-La-Neuve-Belgium. 

Determination of glutathione in blood was performed by 

the available kits (Biodiagonstic kits).           . 
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Chemicals  

Cerium (IV) oxide nanopowder < 25 nm particle size 

(CAS Number: 1306-38-3) was purchased from Sigma-

Aldrich Co., St.Louis USA. CeONPs were suspended in 

distilled water. Ferrous sulfate (FeSo4) powder was 

obtained from NAT, Co., Laboratory chemical reagent, 

Egypt.                             

Statistical analysis 

Data were analyzed using analysis of variance 

(ANOVA) test .Duncan’s Range Test (DMRT) was 

prepared to compare between groups using SPSS. 

Software package V.20.0. 

RESULTS 

As presented in Table (1) FS treatment elevated 

levels of serum AST, ALT, ALP and serum total 

bilirubin as compared to the control group and CeONPs.  

Data showed that level of serum of total protein in         

rats treated with FS was significantly higher than            

those of control and CeONPs groups. Treatment with 

CeONPS significantly reversed changes in CeONPs + FS 

group.            

.Table (2): In FS treated group, kidney function 

markers (creatinine, urea) were significantly increased 

than the control group. I.P. injection of CeONPs lowered 

their elevations significantly in CeONPs + FS injected 

rats. CRP the inflammatory marker recorded                    

a significant increase in FS group and CeONPs + FS 

groups as parallel to control group. Moreover,                  

a significant decrease in CRP level in CeONPs group 

and CeONPs+FS group relative to FS group. The results 

revealed that FS decreased serum T4 levels significantly 

when compared to control group. CeONPs treatment 

increased T4 level compared to FS group.                                                         

Table (3): Showed changes in hepatic and renal 

MDA, GSH, and SOD activities. Data showed that FS-

treated group exhibited substantial decrease in GSH and 

SOD in liver and kidney tissue relative to control. 

CeONPs treatment increased GSH and SOD activities in 

liver and kidney tissues in CeONPS +FS group with 

respect to the FS group. This indicates the effect of 

CeONPs in reducing oxidative damage caused by FS. 

Rats treated with FS showed a marked elevation in MDA 

concentration in liver and kidney tissues, which reduced 

and restored near to control group in CeONPs + FS 

group. Reduced glutathione level in blood decreased 

significantly in FS group. Meanwhile, intraperitoneal 

injection of CeONPs increased GSH level significantly 

in CeONPs + FS group compared to FS group. 

Table (4) The Hematological parameters were 

illustrated in table (4) which showed a notable increase 

in, hemoglobin concentration, RBCs and hematocrit  in 

Ferrous sulfate (FS) group in comparable to the control 

group. Meanwhile, significant decrease in hemoglobin 

content, RBC’s count and hematocrit value in cerium 

oxide nanoparticles (CeONPs) treated group in 

comparison with control group, also a slight decrease in 

hematological indices in rats treated with both CeONPs 

+FS relative to control group. FS group treated rats 

showed significant decrease in WBC’s count than 

control group. Meanwhile, a significant increase in 

WBC’s count in CeONPs + FS group as compared to FS 

group was observed. Results in table (4) also, 

demonstrated that Ferrous sulfate treatment increased 

serum iron level with substantial decrease in TIBC. 

Conversely, in CeONPs treated group serum iron level 

lessened markedly with a high increase in TIBC.              

A remarkable increase in serum iron level and a decrease 

in TIBC in groups treated with CeONPs + FS compared 

to control group. 
 

Table (1): Effect of CeONPs on liver function tests (AST,  ALT, ALP, Total bilirubin, Total protein 

and Albumin) in Ferrous Sulfate treated rats 
 

Groups 

Parameters 

Control 

group 

FS 

group 

CeONPs 

group 

CeONPs + FS 

group 

AST (U/L) 48 ± 1.87b 58 ± 1.65a 45 ± 1.39b 55 ± 1.11a 

ALT (U/L)  211.57 ± 4.24c 255.57 ± 3.46a 202.42 ± 5.49c 223.85 ± 2.15b 

ALP (U/L) 137.39 ± 1.98b 209.23 ± 2.44a 137.49 ± 2.04b 143.54 ± 2.05b 

Total bilirubin(U/L) 0.88 ± 0.02b 0.94 ± 0.02a 0.86 ± 0.02b 0.91 ± 0.01ab 

Total protein (mg/dl ) 6.82 ± 0.12c 11.14 ± 0.27a 7.18 ± 0.25c 9.10 ± 0.24b 

Albumin(mg/dl) 4.03 ± 0.16a 3.79 ± 0.24a 4.11 ± 0.14a 4.01 ± 0.11a 

                   

                   Values are expressed as mean ± SE .N=7. 

                   Means with different superscript letters in the same raw (a,b,c) are significantly different at (p≤0.05) 
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                  Table (2): Effect of CeONPs on kidney function tests, CRP, and Thyroxin levels in Ferrous 

Sulfate treated rats 
 

 

Groups 

Parameters 

Control 

group 

FS 

group 

CeONPs 

group 

CeONPs + FS 

group 

Creatinine  (mg/dl) 0.66 ± 0.02c 0.80 ± 0.01a 0.58 ± 0.03d 0.72 ± 0.02b 

Urea (mg/dl) 43.4 ± 1.61b 58.8 ± 0.51a 39.8 ± 1.1c 42.2 ± 1.05bc 

CRP (mg/l ) 4.22 ± 0.09c 6.86 ± 0.10a 3.50 ± 0..08d 5.44 ± 0.12b 

T4 89.52 ± 2.78a 55.21 ± 1.58c 88.5 ±2.31a 70.08 ± 1.61b 

 Values are expressed as mean ± SE .N=7. 

 Means with different superscript letters in the same raw (a,b,c) are significantly different at (p≤0.05) 

 

Table (3): Effect of Cerium Oxide NPs on hepatic and renal  oxidant- antioxidant status ( SOD ,GSH and 

MDA) levels  and GSH  level in blood in Ferrous Sulfate treated rates                                   
 

Groups 

Parameters 

Control 

group 

FS 

group 

CeONPs 

group 

CeONPs + FS 

group 

GSH in Liver (mg/g 

tissue) 
25.41 ± 0.89a 14.87 ± 0.72c 25.31 ± 0.74a 21.99 ± 1.02b 

GSH in Kidney 

(mg/g tissue) 
18.97 ±0.96b 12.66 ± 0.59d 22.35 ± 0.83a 15.59 ± 0.26c 

GSH in blood(mg/dl) 59.57 ± 1.53a 34.77 ± 1.12c 61.42 ± 2.19a 47.46 ± 1.27b 

SOD in Liver  

(u/g tissue) 
304.06 ± 4.29ab 207.09 ± 5.43c 269.82 ± 5.13b 258.60 ± 2.99bd 

SOD in Kidney 

(uμ/g tissue) 
327.22 ± 2.06a 233.31 ± 6.8b 332.91 ± 17.3a 232.45 ± 6.12a 

MDA in Liver (nmol/g 

tissue) 

22.74 ± 0.73c 
 28.25 ± 0.78a 17.48 ± 0.76d 

 25.06 ± 0.54b 

MDA in Kidney 

(nmol/g tissue) 
44.43 ± 1.06b 51.32 ± 1.08a 28.42 ± 0.79c 45.79 ± 0.85b 

    Values are expressed as mean ± SE .N=7. 

    Means with different superscript letters in the same raw (a,b,c) are significantly different at (p≤0.05) 

 
Table (4): Effect of Cerium Oxide NPs on blood parameters, Serum Iron and Total Iron Binding 

Capacity in Ferrous Sulfate treated rates 

Groups 

Parameters 

Control 

group 

FS 

group 

CeONPs 

group 

CeONPs + FS 

group 

Hb (g/L) 13.66 ± 0.14b 14.47 ± 0.20a 9.23 ± 0.12d 12.49 ± 0.14c 

RBC’s(x106) 4.74 ± 0.11b 5.50 ± 0.19a 2.78 ± 0.10d 4.11 ± 0.08c 

HCT (%) 40.46 ± 0.45b 43.13 ± 0.64a 27.72 ± 0.35d 37.67 ± 0.37c 

WBC’s(x103) 11.32 ± 0.22a 9.71 ± 0.18c 10.57 ± 0.29a b 10.23 ± 0.31c b 

Iron(μ/dl) 69.0±0.72c 88 ± 1.79a 59 ± 1.85d 76 ± 0.95b 

TIBC (μ/dl) 186.25 ± 4.55b 146.63 ± 4.90d 205.23 ± 4.78a 160.40 ± 1.75c 

  Values are expressed as mean ± SE .N=7. 

  Means with different superscript letters in the same raw (a,b,c) are significantly different at (p≤0.05) 
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DISCUSSION 

Iron deficiency is one of the most prevalent 

nutritional disorders leading to mild or severe anemia 

[24]. The front line of iron deficiency anemia treatment 

usually takes the form of oral drugs mainly consisting of 

ferrous iron which is commonly absorbed but causes 

several implications such as constipation gastric 

irritation and nausea [25]; [26]. Such symptoms 

indicated the instability of ferrous iron that oxidizes to 

ferric iron in the presence of oxygen, with the production 

of reactive oxygen species (ROS) that cause direct 

inflammation of the intestinal mucosa [27]. In patients 

suffering from iron deficiency anemia, the rate of iron 

absorption from a recommended dose of ferrous sulfate 

(FS) is about ~10% [28] in doses ranged from 10 mg in 

children to 30 mg in pregnant women [29].            

 In this study, FS exhibited elevation of hepatic 

enzymes activities where excessive iron deposition in the 

liver activates liver damage partly because of hepatocyte 

damage and partly because it induces oxidative stress 

and increases ROS production [30, 31]. Serum level of 

total bilirubin was increased in the FS group, which is in 

line with the results of previous studies which 

demonstrated that iron caused hepatic injury; elevate 

levels of serum total bilirubin [32]. 

CeONPs treatment markedly ameliorates the serum 

levels of AST, ALT, ALP and total bilirubin and protects 

liver against iron–induced toxicity in FS+ CeONPs 

group. This could be attributed to antioxidant activity of 

CeONPs. As mentioned earlier the double oxidation state 

of CeONPs potentiates its scavenging ability; in addition 

CeONPs can mimic enzyme antioxidants.   

Iron overload is known to result in elevated serum 

creatinine and blood urea [33]. The present study 

showed that FS treatment induced renal damage and 

elevation in serum levels of creatinine and urea. 

Treatment with CeONPs probably through its 

antioxidative effect significantly reduced the FS-induced 

renal damage and kidney enzymes level decreased .Iron 

induces oxidative stress [34]. 

Oxidative stress arises due to an inequality of 

antioxidants and oxidants (ROS). Excessive production 

of ROS has potent cellular oxidizing potential and has 

harmful effects on different organ systems. SOD, GSH 

are presumed to be responsive indicators for hepatic and 

nephric oxidative stress factors. Glutathione (GSH) is the 

initial line of protection from oxidative stress effects and 

is an essential enzyme required for liver detoxifications, 

the decrease in GSH levels may be because of 

glutathione was consumed in the elimination of free 

radicals .Also, SOD stimulates the dismutations of 

superoxide radicals to hydrogen peroxide H2O2[35].                        

The results obtained in the current study 

demonstrated that FS promotes oxidative stress in the 

liver and kidney by decreasing SOD, GSH levels and 

increasing lipid peroxidation as proved by the increased 

levels of MDA, where the ROS resulted from FS can 

bind to protein and membrane lipids to produce MDA, 

causing cells damage. MDA is one of the primary 

reasons induced liver and intestine damage. CeONPs 

offer many active sites for the radical scavenging due to 

its large surface and the mixed valence states for unique 

redox chemistry, in which an auto regenerative reaction 

cycle continuous on the surface [Ce3+→Ce4+→Ce3+] [36] 

by which CeONPs gain an unexpected free radical 

scavenging potential[37]. In the current study, significant 

restoration of glutathione and SOD in the CeONPs +FS 

group and a significant decrease in MDA level [38] 

showed that the antioxidant activity of CeONPs was 

through raising the antioxidant SOD level and lowering 

the lipid peroxidation marker MDA. 

C-reactive protein (CRP) is a sensitive indicator of 

acute inflammation and tissue damage. FS treatment 

increases CRP level group. It is known that in the 

presence of oxygen, ferrous ions can be oxidized with 

generation of reactive oxygen species ROS, which intern 

cause inflammatory effects in the gut and at a systemic 

level [27]. CeONPs have high ability to eliminate free 

radicals, so decreasing CRP level in CeONPs +FS 

treated rats.  

The present results showed a decrease in thyroid 

gland function in FS treated rats this revealed by the 

significant decrease in the level of T4. This may be 

attributed to the reason that FS caused thyroid injury 

through increasing oxidative stress by disturbing the 

oxidant and antioxidant balance.                        

Hemoglobin is the principal component of red blood 

cells that convey oxygen to different parts of the body to 

be utilized by tissue [39].As iron is the main element        

of hemoglobin constitution, FS supplementation 

increases Hb content notably which was demonstrated  

in FS treated rats [40]. In CeONPs group Hb content  

was significantly lower than normal rats due to 

decreased iron level (table4).Where low serum iron 

consequently decreases iron in blood circulation leading 

to decreased Hb content and consequently RBC’s and 

HCT value[41].  
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Balance of iron occurs through the different steps that 

start with its uptake by intestine, iron transfer to other 

cells and its distribution to blood. It is allocated by 

transferrin (protein carrier) and deposited in many 

organs commonly liver and spleen as ferritin [42]. TIBC 

is the extreme quantity of iron necessary to combined 

with transferrin in blood. High doses of received or 

supplemented iron, increases iron level and reduce total 

iron binding capacity causing transferrin saturation to 

increase. In FS group iron is absorbed rapidly showed     

a high level of serum iron (SI) and low TIBC. CeONPs 

decreased SI, resulting in increased TIBC.   

CONCLUSION 

In this study ferrous sulfate (FS) can induce damage 

in the kidney and liver partly  due to its direct effect on 

hepatocytes & nephrons and mainly through its oxidative 

stress .Meanwhile, CeONPs activate the antioxidant 

enzyme system against oxidative stress caused by FS, 

and attenuated lipid peroxidation (MDA) in liver and 

kidney. However CeONPs have a negative effect on 

hematological parameters and the mechanism whereby 

CeONPs exert this effect will be further studied.                                

. 
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