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Abstract Key words 
     Nanoceria have shown numerous unique characteristics, such as 

biocompatibility and are excellent agents for biological applications. 

The aim of this study is to investigate cerium oxide nanoparticles for 

2, 2- diphenyl-1-picryl-hydrazyl-hydrate (DPPH) free radical 

scavenging activity and their ability to offer protection against 

ionizing radiation. In vitro antioxidant activity study of  nanoceria 

particles has shown good free radical scavenging activity for DPPH 

radical assayed within a concentration range of 0.01 to 0.05 g/l,  at 

higher concentrations of nanoparticles showed reverse trend in 

absorbance and inhibition indicating this finite rang of concentration 

is suitable for scavenging free radicals, also nanoparticles were found 

to have significant antioxidant capacity and thus can be used as 

potential radical scavenger against deleterious damages caused by the 

free radicals. The results of histopathological examination showed 

effectiveness of CeO2 nanoparticles in radioprotection of skin cells in 

animal models during radiation exposure.  
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دراست فعاليت كسح الجذور الحزة مختبزيا والحمايت الاشعاعيت لجسيماث اوكسيذ السيزيوم 

 النانويت

 اسيا حميذ حمذ و رنا محي ياس

 قسى انفيضياء, كهيت انعهىو, جايعت بغذاد

 الخلاصت 

انعذيذ يٍ انخصائص انفشيذة, يثم انتىافق  (CeO2 NPs) انُاَىيت قذ أظهشث جسيًاث اوكسيذ انسيشيىو     

والهدف مه هذي الدراست هى اختببرفعبلٍت جزٌئبث أكسٍد . انبايىنىجي وعىايم يًتاصة نهتطبيقاث انبيىنىجيت

وقدرتهب على diphenyl-1-picryl-hydrazyl-hydrate (DPPH ) -2 ,2السٍزٌىم لكسح الجذور الحزة

ذساست فعانيت يضاداث الأكسذة في انًختبش اٌ انجسيًاث انأظهزث . انًؤيٍت ضد الإشعبع تىفٍز الحمبٌ

nanoceria  نها َشاط كسح جيذ نهجزوس انحشةDPPH   لتزالذي كبن /غى 0.00الى  0.01ضًٍ يذي انتشكيض

نك وكذ. انعكسي في الايتصاصيت وانتثبيظ مىبسبب بٍىمب فً التزاكٍز الاعلى للجسٍمبث الىبوىٌت أظهزث التأثٍز

 نلأكسذة, وبانتاني يًكٍ استخذايها بىصفها كاسحاث في يضاداثانجسيًاث انُاَىيت نذيها انقذسة انهايت  وجذ أٌ

فعانيت  (histopathological) وأظهزث وتبئج فحص الأوسجت. نىخيًتالأضشاس ا انحشة انتي سببج هجزوسن

  .خلايا انجهذ في انًُارج انحيىاَيت خلال انتعشض نلإشعاعن الاشعاعيت  في انحًايت CeO2 انُاَىيت

 

Introduction 

     Living organisms are continuously 

exposed to ionizing radiations from 

natural radiation. In addition, 

exposures occur as a result of human 

activities and medical practices. 

Radiations are broadly categorized into 

natural and man-made sources. Man-

made radiation exposure to populations 

occurs mainly from medical uses of 

radiation and radioisotopes in health 

care. Use of ionizing radiation in 

medical diagnosis and therapy is 

widespread and constantly increasing 
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due to useful newer health care 

applications. Ionizing radiation may be 

divided into directly and indirectly 

ionizing for the understanding of 

biological effects [1]. Electromagnetic 

radiations, x and  rays, are indirectly 

ionizing because they do not produce 

chemical and biological damage 

themselves but produce secondary 

electrons (charged particles) after 

energy absorption in the material. 

     Ionizing radiation causes damage to 

living system through a series of 

molecular events, such as 

photoelectric, Compton and Auger 

effects, depending on the radiation 

energy. Since the predominant 

molecule in biological systems is 

water, it is usually the intermediary of 

the radical formation and propagation. 

The major radiation damage is due to 

the aqueous free radicals, generated by 

the action of radiation on water. A free 

radical is an electrically neutral atom 

with an unshared electron in the orbital 

position, where the radical is highly 

reactive [2].  

     When radiation interacts with target 

atoms, energy is deposited, resulting in 

ionization or excitation. The absorption 

of energy from ionizing radiation 

produces damage to molecules by 

direct and indirect actions. For direct 

action, damage occurs as a result of 

ionization of atoms on key molecules 

in the biologic system. This causes 

inactivation or functional alteration of 

the molecule. Indirect action involves 

the production of reactive free radicals 

whose toxic damage on the molecule 

results in a biologic effect [3]. The 

radicals formed after passage of 

radiation and water radiolysis, namely 

the hydrated electron (eaq -), the 

hydrogen atom (H
.
) and the hydroxyl 

radical (OH
.
) contribute in causing 

damage to biological systems [4]. 

Protection against ionizing radiation is 

of serious importance during 

accidental and unavoidable exposures 

to radiation and development the 

effective approaches to reduce 

radiation damages using non-toxic 

radioprotectors are of considerable 

interest for defense, nuclear industries, 

radiation accidents, space travels, etc., 

besides the protection of normal tissues 

during radiotherapy of tumours and 

medical diagnostic exposures [5]. 

     Nowadays it is a growing interest in 

the development of nanotechnology, 

the science which deals with the 

creation, production, characterization 

and manipulation of materials at the 

nanoscale [6, 7]. Nano-sized materials, 

known as nanoparticles, possess 

unique and improved properties 

because of their larger surface area to 

volume ratio and are considered 

building blocks of nanotechnology to 

design materials with interesting 

properties [8].  

     Cerium is a rare earth metal 

belonging to the lanthanide series. In 

the nanoparticle formulation, cerium 

combined with oxygen and adopts a 

fluorite crystalline structure that has 

unique antioxidant properties [9, 10] 

derived from the kinetics and 

thermodynamics of the redox 

processes on the nanoparticle surface. 

Cerium can shift between Ce4+ and 

Ce3+ states under oxidizing and 

reducing conditions by reversibly 

binding with oxygen. The loss of 

oxygen and the reduction of Ce4+ to 

Ce3+ are accompanied by the creation 

of oxygen vacancies in the 

nanoparticle lattice [11]. 

     The noble metal nanoparticles are 

found to be effective in scavenging 

oxygen based free radicals and exhibit 

promising catalytic activities for 

radical scavenging reactions [12]. A 

cerium oxide nanoparticle (CeO2NP) 

due to its electronic structure at the 

nanoscale leads to their antioxidant 

activity. Both large surface-area-to-

volume ratio with the reduction in 

particle size and ability to reversibly 
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switch between two state  present on 

the surface result in the formation of 

oxygen defects in the crystal lattice 

that act as reactive site for free radical 

scavenging [13].  

     Nanoceria have shown numerous 

unique characteristics, such as 

biocompatibility, cellular, and nuclear 

membrane permeability, and are 

excellent agents for biological 

applications [14]. 

     Functionalities can be added to 

nanomaterials by interfacing them with 

biological molecules or structures. 

Because of the size of nanomaterials is 

similar to that of most biological 

molecules and structures; therefore, 

nanomaterials can be useful for both in 

vivo and in vitro biomedical research 

and applications [15]. Recently, 

nanoparticles are gaining interest in the 

field of radioprotection as cerium 

oxide nanoparticles, yttrium oxide 

nanoparticles, carbon nanoparticles, 

etc. were found to possess antioxidant 

properties and several works have 

shown the ability of these 

nanoparticles to offer protection 

against radiation damages [16-18].  

     The DPPH method is rapid, simple, 

accurate and inexpensive assay for 

measuring the ability of different 

compounds to act as free radical 

scavengers or hydrogen donors, and to 

evaluate the antioxidant activity of 

foods and beverages [19]. 

     DPPH (2, 2- diphenyl-1-picryl-

hydrazyl-hydrate) free radical method 

is an antioxidant assay based on 

electron-transfer that produces a violet 

solution in ethanol. This free radical, 

stable at room temperature, is reduced 

in the presence of an antioxidant 

molecule, giving rise to colorless 

ethanol solution. The use of the DPPH 

assay provides an easy and rapid way 

to evaluate antioxidants by 

spectrophotometry, so it can be useful 

to assess various products at                  

a time [20]. In the present study 

CeO2NPs have been analyzed for use 

against deleterious effects of gamma 

radiation throw in vitro scavenging 

activity study and in vivo study for 

radiation protection.  

 

Materials and methods  

Chemicals  

     DPPH (2, 2- diphenyl-1-

picrylhydrazyl) and Cerium oxide (IV) 

nanoparticle (40nm) is a pale yellow-

white powder, were supplied from 

Sigma Aldrich, Germany by united 

tetra group for medical and scientific 

supplies / Jordan. 

 

Animals   

     Albino mice of 10-12weeks old, 

weighing 20-25g was obtained from 

national center for control and 

pharmaceutical research. There were 

kept under standard condition of 

temperature    and humidity in the bio-

technology research center/Al-Nahrian 

University.  

 

Irradiation with gamma-radiation 

     Irradiation was carried out using a 
137

Cs gamma source at a dose rate of 

0.2rad / hr for water samples in an in 

vitro free radical scavenging study. For 

in vivo study, the animals were 

irradiated by 
137

Cs gamma source of 

whole body exposure at a dose rate of 

0.96 rad/hr.  

 

 Preparation of cerium oxide 

nanopowder solution  

     The colloidal solution was prepared 

with different amounts of CeO2 

nanopowder dispersed in 10ml 

dionozed (DIW) in a test tube. The 

solutions were shaken ultrasonically 

for 30 min without any suspension 

materials. The absorbance of solutions 

was measured by UV-Vis 

spectrophotometer. It was found that 

the best absorbance in the 0.001 g/ 

10ml concentration. The absorbance 

spectrum was recorded for the 
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nanoparticles dispersed in water. Since 

water is used as a blank. A strong 

absorption below 400 nm was 

observed. Depending on this 

concentration, increasingly consecutive 

amounts from this solution were used 

to study the in vitro scavenging 

activity. The concentrations are ranged 

from 0.01 to 0.08 g/l.  

 

Determination of free radical 

scavenging activity 

     The free radical scavenging 

capacity of cerium oxide nanoparticles 

was assayed using the modified DPPH 

method as reported previously [21]. 

DPPH (2, 2- diphenyl-1- 

picrylhydrazyl) is a stable free radical 

and has been used as a model free 

radical compound to evaluate the 

effectiveness of antioxidant. Ethanolic 

solution of DPPH (0.1 mM) was 

prepared and incubated at ambient 

temperature. To prevent free radical 

formation, CeO2NPs added to the 

water samples before and after 

irradiation process. Different 

concentrations (0.01-0.08g/l) of 

CeO2NPs were added, in equal 

volume, to ethanolic DPPH solution 

and water sample. The mixture was 

shaken vigorously and allowed to 

stand for 30 min in the dark and the 

absorbance of all samples was 

monitored around 520 nm. DPPH 

solution without nanoparticles served 

as the control. The percentage 

inhibition of DPPH was calculated 

according to the formula: 

% Inhibition (I%) =[(Ac -As)/Ac] x 100 

                                                          (1) 

where Ac is the absorbance of 

irradiated water with DPPH radical 

samples as a control, and As is the 

absorbance of samples with different 

concentration of cerium oxide 

nanoparticles. 

 

  

Radioprotection ability of cerium 

oxide nanopartecles  
     To protect the mice tissues due to 

radiation effect (whole body exposure) 

by the advantage of nanoparticles, the 

animals were divided into three 

groups. The first group is the normal 

without any irradiation and treatment, 

Second group is the animals exposed 

to gamma radiation of 
137

Cs with 

equivalent dose 1.2 Sv and third group 

is the animals treated with CeO2NPs 

(0.2 ml equivalent to 50 µg/ml) prior to 

whole body exposure with the same 

radiation equivalent dose.     

 

Histopathological examination   
     The histological analysis over the 

oxidative stress after the irradiation 

was performed by examining the 

morphological changes in skin tissue 

induced by radiation, furthermore the 

analysis of the treatment with 

nanoparticles. The present study was 

carried out at the bio-technology 

research center/ Al-Nahrin University. 

After four day of irradiation and 

treatment, the animals were sacrificed. 

The tissue of interest, skin, were 

immediately fixed in 10% buffered 

neutral formalin solution, embedded in 

paraffin, and cut into         5-μm-

thicksections. The fixed sections were 

stained for analysis using hematoxylin 

and eosin (H and E) staining. The 

sections were examined under light 

microscope and photomicrographs of 

the fixed skin tissues were obtained for 

study the microscopic morphology of 

the skin. 

 

Results and discussion  

DPPH radical scavenging activity of 

CeO2NPs 
     There is not adequate study to 

assess the free radical scavenger 

activity     with    CeO2NPs   by  DPPH 
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assay, although it has anti-oxidant 

properties. However the range of 

concentration which was used very 

restricted. 

     In order to investigate in vitro 

antioxidant activity of nanoceria, this 

work were carried out in two 

experiments with a range of CeO2 NPs 

concentrations added to the samples 

before irradiation to prevent free 

radical formation and added after 

irradiation to scavenge free radicals 

and reduce their risk. DPPH is a stable 

organic free radical which is widely 

used as a substrate to evaluate 

antioxidant activity of different 

compound. DPPH absorbances at 

525nm for all samples for both 

experiments are sketched in Figs.1 and 

2.  DPPH absorbance behavior as well 

as inhibition% as a function of 

increasing CeO2NPs concentration are 

compatible in both cases, the inhibition 

was found to be high in a concentration 

0.05g/l. However, higher than 0.06 g/l 

concentration, their activity decreased 

markedly below the level observed for 

0.05 g/l (Figs.3a and 3b). The results 

showed reverse trend in absorbance 

and inhibition indicating this finite 

rang of concentration is suitable for 

scavenging free radicals. Antioxidant 

reacts with DPPH· which is stable free 

radical and convert it to 2, 2-diphenyl-

1-picrylhydrazine. The radical 

scavenging potential of the antioxidant 

was measured by the degree of 

discoloration. This assay provides 

information on the reactivity of the test 

compounds with a stable free radical. 

DPPH· gives a strong absorbance 

around 520 nm due to the odd electron. 

When the electron became paired off 

in the presence of free radical 

scavengers, the absorption decreases. 

The results of the present study show a 

strong antioxidative property of 

nanoceria. The reverse trend of CeO2 

parameter, may be  is due to the 

valence and defect structure of CeO2 is 

dynamic and may change 

spontaneously or in response to 

physical parameters such as 

temperature, oxygen partial pressure, 

and doping with other ions as well as 

an electrical field or surface stresses.  

 
Table 1: Values of DPPH absorbance and inhibition % with CeO2NPs concentrations. 

Water samples Before irradiation After irradiation 

DPPH 

absorption 

Inhibition 

% 

DPPH 

absorption 

Inhibition 

% 

Normal water 0.6050  0.6050  

irradiated 0.6652  0.6652  

CeO2  nanoparticles 

concentration g/l 

   

0.01 0.5810 12.65 0.5984 10.04 

0.02 0.5857 11.95 0.5932 10.82 

0.04 0.5246 21.13 0.5731 13.84 

0.05 0.5008 24.71 0.5241 21.21 

0.06 0.5341 19.70 0.6078 8.62 

0.07 0.6589 0.94 0.6139 7.71 

0.08 0.6635 0. 25 0.6344 4.63 
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Fig. 1: DPPH absorption as a function of CeO2NPs concentration before irradiation. 

 

 
Fig. 2: DPPH absorption as a function of CeO2NPs concentration after irradiation. 

 

          
Fig. 3: Free radicals inhibition% as a function of CeO2NPs concentration, a: before and    

b: after irradiation. 

 

Histopathological studies 
     The in vivo study of radiation 

protection with cerium oxide 

nanoparticles by histological analysis 

was carried out over the skin tissues of 

albino mice. In order to examine the 
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potency of cerium oxide nanoparticles 

to prevent the tissues from damage 

because of free radical formation. The 

results of histopathological skin 

section of normal animal demonstrate 

no clear lesions and abnormality 

feature in skin cells as shown in        

Fig. 4a. The whole body exposure of 

animals to gamma radiation with      

1.2 Sv revealed apparent damage such 

as thickness of epidermis due to 

initiated proliferation of basal cells of 

epidermis with inflammatory cells 

infiltration in the dermis (Fig.4b). For 

the purpose of avoiding these damages 

in skin tissues caused by gamma 

radiation, the animals were treated 

with cerium oxide nanoparticles. The 

in vivo experiment of mice treated by 

CeO2 nanoparticles reinforces the 

conclusion that CeO2 nanoparticles 

confer tolerable protection from 

ionizing radiation as shown in 

Fig.(4.c). Thus CeO2NPs decrease the 

accumulation of ROS, and prevent the 

activation of the ROS-induced 

inflammatory, aggregation and 

proliferation of the skin cells, the 

antioxidant capability of CeO2 

nanoparticles has been suggested as the 

key mechanism by which CeO2 

nanoparticles as radioprotection.  

 

  
Fig. 4: Histopathological section in the skin of animal, a: normal skin without any lesions, 

b: with whole body irradiation (1.2Sv) shows thickness of epidermis  due to   initiated 

proliferation of basal cells of epidermis          with inflammatory cells infiltration in the 

dermis         (H &E stain 400X) and c: with whole body irradiation  and treated with 

CeO2NPs. 

 

Conclusions 

     The present results suggest the 

possibility of using CeO2NPs as an 

anti-oxidant agent by inhibition the 

formation of free radicals and 

scavenging free radicals from the 

irradiation water samples in a finite 

range of CeO2 NPs concentration. The 

results of in vivo study suggest the 

possibility of using cerium oxide 

nanoparticles to protect animals from 

radiation damage due to its oxidative 

stress. Therefore the antioxidant 

behavior of nanoparticles makes them 

useful in therapy of many diseases 

caused by oxidative stress and 

potential candidates for medical 

applications.    
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