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Abstract— Cerium oxide nanoparticles have received substantial attention in the field of nanotechnology due to their biomedical 

applications and have become a focus of various studies. The current study deals with the fabrication of cerium oxide nanoparticles 

using biosynthetic route. The synthesized nanoparticles have been characterized by UV–visible absorption and X-ray diffraction 

spectroscopy. The size and morphology of the fabricated nanoparticles are assessed by transmission electron microscopy. The in 

vitro cytotoxicity test of nanoparticles on L929 fibroblast cells has been evaluated and observed to be surprisingly less. Furthermore, 

the phytosynthesized nanoparticles show potent wound healing activity.  
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I. INTRODUCTION 

Cerium oxide (CeO2) is a rare earth metal oxide of lanthanide series [1], which possesses unique physico-chemical 

properties and applications in numerous fields including fuel oxidation catalysis, semiconductor industry, hydrogen 

production and gas sensing. It has a cubic fluorite structure of very high chemical and thermal stability even at high 

temperatures. Different physical and chemical methods have been reported by researchers for the synthesis of nano CeO2 [2, 

3]. Recently, phytogenic CeO2 nanoparticle synthesis protocols that use natural materials as reducing agents have gained 

great importance because they help to relieve perturbs of biocompatibility. Such biogenic procedures provide safer routes for 

fabricating CeO2 nanopartricles (NPs), which are potentially utilized for biomedical applications [4]. Here, we have 

synthesized CeO2 NPs through biogenic method. It is a well established fact that metal oxide NPs exhibit bio-mimetic 

properties. The pharmaceutical properties of CeO2 NPs earmark them for use as potent drug delivery and biomedical agents. 

The fundamental concept of these activities are the thermodynamic efficacy of redox-cycling between different valence 

states (3+ and 4+) on the surface of NPs and their unique potential to release and absorb oxygen molecules [5]. Hence, it is 

probably thought that acute toxicity is little even though when transformed into soluble forms absorbed by the body. The aim 

of the present work is to check the toxicity and wound healing efficacy of biofabricated nano CeO2.  

 

II. MATERIALS AND METHODS 

Cerium nitrate hexahydrate is purchased from alfa aesar and fresh Carica papaya leaves collected from local market is used 

for the biosynthesis of nano CeO2. The leaves are washed well with demineralized water and used for extract preparation. 

About 10g of the fresh Carica papaya leaves are added to 100mL of demineralized water, heated for 10min and filtered 

through Whattman No.1 filter paper. The extract is stored in a refrigerator and used for the synthesis of CeO2 NPs. To the 

100mL of 0.003M cerium nitrate solution, 40mL of leaf extract is added and stirred magnetically for 2hrs at 65°C. The 

blackish brown precipitate obtained is washed using demineralized water and acetone. It is then dried at 60°C for 1hr and 

annealed at 500°C for 2hrs. A pale yellow colored powder indicates the formation of CeO2 NPs.                                                     

The structure of as fabricated NPs are analysed by Bruker -AXS D8 Advance diffractometer with Cu Kα radiation (λ=1.5406 

Å) between the scan angles 20° and 90°. Using JEOL-JEM 2100 Transmission Electron Microscope the size and shape of 

NPs are obtained. A UV-2401PC, Shimadzu Spectrophotometer have been used for recording the UV-Vis absorption 

spectra.  
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A. Cytotoxic studies 

15mg of MTT (Sigma, M-5655) has been reconstituted in 3mL PBS until completely dissolved and sterilized by filter 

sterilization. After 24 hours of incubation period, the sample content in wells is removed and 30µL of reconstituted MTT 

solution is added to the sample and cell control wells. The plate is gently shaken well and incubated at 37ºC in a humidified 

5% CO2 incubator for 4 hours. After the incubation period, the supernatant is removed and 100µL of MTT solubilization 

solution (Dimethyl sulphoxide: DMSO, Sigma Aldrich, USA) is added and the wells are mixed gently by pipetting up and 

down in order to solubilize the formazan crystals. The values of absorbance are measured by using microplate reader at a 

wavelength of 540nm. The percentage of growth inhibition is calculated using the formula:  

% viability = [OD Test / OD Control] x 100 …………………. (1) 

 

     B.     Invitro wound healing assay 

   L929 normal cell lines are initially procured from National Centre for Cell Sciences (NCCS), Pune, India and 

maintained dulbecos modified eagles medium (Gibco, Invitrogen). The cultured cell lines are kept at 37ºC in a humidified 

5% CO2 incubator. Exponentially growing cells are trypsinized and seeded at a density of 200,000 cells per well into 12-well 

plate for 24h incubation (∼90% confluence). The scratch wounds are made by a sterile 1mL pipette tip through a pre-marked 

line. After removal of the resulting debris from five lineal scratches, the cell monolayer is subsequently rinsed three times 

with PBS followed by incubation with the sample of concentration 25µg/mL for 0h, 24h, 48h and 72h. The effect of sample 

on wound closure is measured in terms of healing percentage using MRI-Image J analysis software. 

 

III. RESULTS AND DISCUSSION 

 

 

Fig.1 (a) XRD (b) TEM images and (c) optical absorption spectra of the sample 

 

  Fig.1 (a) shows the XRD pattern of the as synthesized sample. The observed pattern is in good agreement with the 

JCPDS file no: 89-8436 for CeO2.  The peaks can be well-indexed to a single-phase cubic fluorite structure of CeO2 with 

lattice constant a= 5.413Å and the unit cell volume evaluated is found to be 0.1586. According to Debye scherrer equation, 

the average grain size estimated is 12nm. The morphology and structure of the fabricated Nps has been further investigated 

from TEM analysis. In fig.1 (b), the particles appear to be irregular in shape with an average particle size of ~15.3nm. 

Exhibition of a strong absorption peak at 329nm fig.1(c) is due to charge-transfer transitions from O-2p to Ce-4f state. By 

using Tauc relation, the band gap of fabricated sample is estimated to be 3.61eV (inset of fig.1(c)) and 3.19eV for bulk CeO2. 

The observed increase of bandgap with decrease in particle size is due to quantum confinement at nanoscale [6]. 

               The cytotoxic activity of the fabricated sample against L929 cell lines at different doses is shown in figure 2(a). 

The activity of the sample is found to be concentration dependent. The as prepared sample doesn’t confer any significant 

lethality to the L929 cell lines with a cell viability of more than 75% at 100 μg/mL concentration confirming the safe nature 
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of the samples. Utterly, the present investigation reveals that the synthesized samples do not cause any detrimental effect and 

thus could be considered secure and innocuous. The sample is then subjected to analyze for its biological activity. 

   Wound healing is an intricate process initiates cell repair that follows skin damage and restores the integrity of soft 

tissues [7]. The potentiality of CeO2 NPs wound-healing activity is evaluated on L929 fibroblast cell line model. CeO2 

NPs shows a significant role in wound healing process in the earlier stage as represented in Fig.2 (b). After 24 hours of drug 

application, percentage healing of CeO2 NPs treated cells is higher than in the control group of cells. Wounds created in 

normal cell healed at a different pace. As the time progressed, the pace of wound healing with CeO2 NPs is higher than the 

control. The paces of wound healing in NPs-treated cells are faster compared with the standard. The enhanced wound 

healing activity of NPs may be due to its dual oxidation states.  This may help in exhibiting a potent antioxidant activity [8]. 

Moreover, materials at nano regime can change its oxidation state, which is very useful in quenching free radicals at the site 

of wound and foster wound healing activity [9]. 

 

 

Fig: 2(a) Percentage of viability of normal cell lines at different concentrations of CeO2 NPs (b) Scratch Wound area as a function of time 

using control and the sample 

 

IV. CONCLUSIONS 

                 The synthesis of CeO2-NPs is carried successfully by using Carica papaya leaf extract. The average 

particle size obtained from TEM analysis is in the range of approximately 15.3nm. The cytotoxic study of CeO2-NPs 

revealed the safe nature of the material. Moreover, these nanoparticles are evaluated for their bioactivity shows excellent 

wound healing efficacies. From the present investigation, the engineered nano cerium oxide particles provide potent 

therapeutic applications as nanodrug carriers for the treatment of various diseases.  
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