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ABSTRACT 
 
Cerium oxide nanoparticles (nanoceria) are potent free 

radical scavengers with neuroprotective, radioprotective, 
and anti-inflammatory properties1-4. However, most 
synthetic procedures for nanoceria results in nanoparticles 
with poor water solubility or synthesized by procedures 
involving toxic solvents, therefore hindering their potential 
clinical use. To advance these studies, we have developed a 
facile synthetic procedure for monodisperse, water soluble 
and highly crystalline dextran-coated nanoceria. These 
nanoparticles are composed of a cerium oxide core of 4 nm 
surrounded by a dextran coating for a total nanoparticle size 
of 10nm. One of the most interesting properties of 
nanoceria is its autocatalytic behavior. The ability of these 
nanoparticles to reversibly switch from Ce+3 to Ce+4 is a key 
factor for their catalytic and biological applications as 
antioxidants. Our results show that the dextran coating does 
not affect the autocatalytic properties of nanoceria, as 
hydrogen peroxide and peroxyl radicals can diffuse through 
the hydrophilic dextran coating and oxidize Ce+3 to Ce+4. 
Most importantly, we made the surprising discovery that 
the antioxidant activity of dextran nanoceria is significantly 
reduced at acidic pH. This could have important 
applications in the design of improved therapeutics in the 
radioprotection of healthy tissue during radiation therapy of 
acidic tumors. 
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     Synthetic procedure of dextran-coated nanoceria (DNC) 
is an alkaline-based precipitation of cerium oxide 
nanocrystals from a solution containing cerium salt and 
dextran. As soon as the cerium oxide nanocrystals are 
formed, molecules of dextran coat the nanoparticles’ 
surface, arresting the further growth and resulting in 
dextran-coated nanoceria (DNC) (Figure 1). The DNC 
preparation is stable in PBS at higher concentrations for 
months. DNC demonstrates good water-stability even after 
several heating cycles (70 – 80 oC) with no sedimentation 
upon centrifugation at 8,000 rpm for 30 min. These 
characteristics make our water-based synthetic method 
advantageous over organic-solvent-based preparations5-11 
which are prone to aggregation when suspended in aqueous 
media.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Diagram depicting the formation of stable cerium 
oxide nanoparticles coated with a dextran polymer as 
stabilizer. 
 
     Dextran nanoceria has been characterized using XPS, 
TEM, DLS, XRD, and FT-IR. Transmission electron 
microscopy (TEM) analysis of DNC shows the presence of 
discreet nanocrystals with an average size of 4 nm, while 
high resolution TEM (HRTEM) shows a crystalline 
nanoceria core. Also we performed dynamic light scattering 
(DLS) studies, which revealed a monodispersed size 
distribution for DNC with an average diameter of 10 nm, in 
agreement with TEM studies. Furthermore, XRD confirms 
the crystallinity of lattice planes and XPS determined the 
elemental state, showing Ce+3and Ce+4

 oxidation state. 
Preparation showed a great stability having no precipitation 
for more than six months stored at room temperature. FT-
IR analysis revealed the existence of dextran coating on the 

Dextran T-10

Ce(NO)3
NH4OH

Ceria

4 nm

10 nm

Ceria

O

HO
OH

O
O

O

HO
OH

HO
O

O

HO
OH

HO
O

O
OH

HO
O

O
OH

O
O

O
OH

HO
O

O OH
O

O

O

Dextran T-10

Ce(NO)3
NH4OH

Ceria

4 nm

10 nm

Dextran T-10

Ce(NO)3
NH4OH

Ceria

4 nm

10 nm

Ceria

O

HO
OH

O
O

O

HO
OH

HO
O

O

HO
OH

HO
O

O
OH

HO
O

O
OH

O
O

O
OH

HO
O

O OH
O

O

O

NSTI-Nanotech 2008, www.nsti.org, ISBN 978-1-4200-8504-4 Vol. 2230



ceria nanocrystals confirming that dextran is a vital part of 
nanoparticles. Overall, these results suggest the high 
stability of DNC under physiological conditions. 
 
    Cerium oxide nanoparticles have the ability to reversibly 
switch from Ce+3 to Ce+4, which is a key factor for their 
catalytic and biological applications as antioxidants. We 
then tested whether the dextran coating has any effect on 
this essential behavior of nanoceria. For these experiments, 
a solution of DNC in PBS at pH 7.4 was incubated with 
hydrogen peroxide (H2O2) as an oxidizer (Figure 2A). 
Upon addition, a rapid color change, from yellow to orange 
was observed, compared to a control sample having no 
H2O2.  This change in color is due to an increase in the ratio 
of Ce+4 to Ce+3 in the nanoceria core.[4] During next 10 
days, as the H2O2 decomposed from the nanoparticle 
solution, the observed orange color started to disappear and 
the solution turned to its original yellow color, typical of  
the reversibility of the system at normal physiological 
conditions.  Subsequent addition of H2O2, again turned the 
color of the solution back to orange, which shows gradual 
disappearance within the next 10 days. This reversible 
behavior at physiological conditions is essential for free 
radical scavenging properties of nanoceria and its potential 
medical applications.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.  Comparison between the antioxidant behavior of 
DNC at neutral and acidic pH 
 
    We saw similar behavior at basic pH, but intriguing 
results were obtained at acidic pH. Results show that at pH 
4.0, the oxidation capability of DNC is not reversible 
(Figure 2B). Surprisingly, after 24 hours, the solution 
turned completely clear from orange. After 10 days, the 
solution remained clear and addition of more H2O2 did not 
bring either the color of the solution back to orange. We 
confirmed this behavior from the XPS, which showed that 
DNC at pH 7.4 and pH 4.0 has similar amounts of Ce3+and 
Ce4+ at pH 7.4 and 4.0. Upon addition of hydrogen 
peroxide, shows a similar increase in the amount of Ce4+. 
But, DNC at pH 7.4 was able to recover (regenerate) and 
come back to its initial amount of Ce3+ and Ce4+, while the 

preparation at pH 4.0 remained with a prominent amount of  
Ce4+, depicting the non-reversibility at low pH.  
 
    In preliminary cell studies, we show that DNC do protect 
normal cell lines (cardiomycoytes and human dermal 
fibroblasts) but do not protect transformed cell lines (lung 
carcinoma and breast carcinoma). We believed that this 
effect might be due to the acidic microenvironment of the 
cancer cells. Our biocompatible DNC exhibits excellent 
pH-dependent antioxidant properties for improved cancer 
therapeutics, providing normal cells cytoprotection from 
free radicals, but not to cancer cells which are typically in 
an acidic environment. Therefore, the adoption of dextran 
nanoceria in animal and potentially human clinical studies 
is expected. Other potential applications include 
development of antioxidant and anti-inflammatory coatings 
in prosthetic devices and tissue engineering and their use in 
supramolecular materials. Taken together, results support 
the potential use of DNC as smart, pH-dependent 
therapeutic agents and devices that selectively protect 
healthy tissue from free radicals, which are elevated during 
chronic inflammation or upon radiotherapy or 
chemotherapy.  
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