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As a new antioxidant, nanoceria is of significant importance in applications of medical and biological fields. In comparison
with conventional organic antioxidants, nanoceria has multienzyme mimetic activity by Ce4+/Ce3+ redox cycle. This unique
regenerative/autocatalytic property has been widely used in the aspects of free-radical scavenger, radiation protection, oxidative-
stress-related disease, drug delivery, biosensor, tissue engineering, cancer biomarker, and anti-inflammatory. This paper reviews
the latest breakthrough of nanoceria as an antioxidant in applications of medical and biological fields on the base of the authors’
research works on resistance to oxidation and cytotoxicity.The challenges of nanoceria encountered in applications in medical and
biological fields are commented as well.

1. Introduction

Reactive oxygen species (ROS)/reactive nitrogen species
(RNS) are potent oxidizing and nitrating agents (O

2

−, ∙OH,
H
2
O
2
, ∙NO, and ONOO−), which are normal by-products

and have dual roles in the organism [1, 2].There are two kinds
of defense antioxidant systems in the body. One is enzymatic
antioxidant, and the other is nonenzymatic antioxidant.
Superoxide dismutase (SOD), glutathione peroxidase (GSH-
Px), and catalase (CAT) play important roles of enzymatic
antioxidant, while vitamin E, vitamin C, 𝛽-carotene, glu-
tathione, and ceruloplasmin act as nonenzymatic antioxi-
dant. In normal biological systems, ROS and RNS could
jointly participate in a series of important biological reactions
such as signal transduction, physiological and biochemi-
cal processes, physiological and pathological changes, and
immune physiology. But, when the body is stimulated by a
variety of factors, such as environment, sedentary lifestyle,
radioactivity, diet, and disease, or is under pathological
conditions, the dynamic equilibrium between oxidants and
antioxidants is destroyed, and then, ROS and RNS will be
surplus, which damages the DNA, lipid, and protein. So the

oxidative stress will appear and subsequently cause cell mal-
function, death, and tissue damage (Figure 1). Conventional
antioxidant only scavenges a single type reactive oxygen
species. However, nanoceria could scavenge almost all kinds
of reactive oxygen species, which is superior to any antioxi-
dant enzyme ormolecule.The ability of SODmimetic activity
of nanoceria was evaluated by Korsvik and colleagues for the
first time [3], which was analyzed by using ferricytochrome
C in vitro (O

2

− + Ce4+ → O
2
+ Ce3+,O

2

− + Ce3+ + 2H+ →
H
2
O
2
+ Ce4+). Subsequently, the catalase mimetic activity of

nanoceria was also demonstrated by Self and coworkers via
phosphate treated ceria nanoparticles suspension (H

2
O
2
+

2Ce3+ + 2H+ → H
2
O + 2Ce4+ and H

2
O
2
+ Ce4+ →

O
2
+ 2H+ + 2Ce3+) [4]. It was found that when the ratio of

Ce3+/Ce4+ was lower, the SODmimetic activity of nanoceria
was found to be less efficient, while more significant activity
to catalase mimetic activity as the lower ratio of Ce3+/Ce4+
was in contrast to nanoceria’ SOD mimetic activity.

In the past few years, nanoceria already has been widely
used in the aspects of free-radical scavenger [5, 6], radiation
protection [7], ischemic stroke [8], cancer biomarker [9],
anti-inflammatory [10], antioxidant drug [11], cardiovascular
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Figure 1: Reactive species induced oxidation stress damage to the human health.
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Figure 2: (a) Diagram of bulk ceria crystal structure showing intact CaF
2
structure and (b) distorted crystal structure of nanoceria due to

oxygen vacancy creation and replacement of Ce4+ ions by Ce3+ ions. Used with permission from [17].

disease [12], and neurodisorders [13]. Recently, nanoceria
has been paid attention on as a potential therapeutic tool
in the treatment of oxidative-stress-related diseases in vivo
and animalmodel.This paper reviews the latest breakthrough
of nanoceria as an antioxidant in applications of biosensor,
type 2 diabetes mellitus [14], drug delivery [15, 16], and tissue
engineering on the basis of the author’s research work on
resistance to oxidation and cytotoxicity.

2. Controllable Synthesis of Nanoceria

CeO
2
typically possesses a face-centred cubic fluorite (CaF

2
)

structure (Figure 2(a)), inwhichCe4+ cation is surrounded by
eight equivalent O2− ions forming the corner of a cube, with
each O2− coordinated to four Ce4+ cations. It is very interest-
ing that nanoceria still keeps a cubic fluorite structure even in
the absence of oxygen (Figure 2(b)) [17]. Furthermore, when



Journal of Nanomaterials 3

Table 1: Four typical synthetic methods for water-solubility nanoceria.

Method Size/nm Property Reference
Bioinspired synthesis 5 Two- or three-dimensional nanoceria by apoferritin coating. [19, 20]
High temperature decomposition 8 Oil phase transferred into water phase [21]
Atom transfer radical polymerization 10 Macromolecules on the surface of nanoceria [22]
Alkaline-based precipitation 3–5 Polymer coated nanoceria [23]

＃？3+/4+

／2−

６
̈／

／2

Ceria Oxygen

Oxidation

Reduction

Figure 3: The formation of an oxygen vacancy in CeO
2
is accom-

panied by the reduction of Ce4+ and the oxidation of Ce3+. Ce atom
(orange circles) with an O atom at its centre (black (blue in color
version) circle) is shown along with the oxygen release in the simple
ionic picture description of CeO

2
. Used with permission from [18].

Ce3+ cation is oxidized, the oxygen in the tetrahedral space
will escape and the rest of two electronics are obtained by the
nearby twoCe4+ cations while concurrently the Ce4+ cation is
turned into Ce3+ cation [18] (Figure 3). Its unique capability
in absorbing and releasing oxygen via the Ce4+/Ce3+ redox
cycle causes nanoceria to have multiple antioxidant-enzyme-
like activities.

Antioxidant capacity of nanoceria is closely related to
its physical and chemical properties such as particle size,
degree of agglomeration, specific surface area, surface charge
distribution, and valence state. Furthermore, all these prop-
erties are determined by synthesis method, so numerous
techniques and methods have been reported including
hydrothermal/solvothermal method, aqueous precipitation,
reversedmicelles, and thermal decomposition. For biological
use, the present investigations exhibit that the biocompat-
ibility of nanoceria is a most decisive factor, which also
determines whether the reactive oxygen species will form in
vivo. Nanoceria synthesized by aqueous phase methods was
summarized on the basis of literatures in Table 1.

3. Research Progress of Nanoceria in
Antioxidant Therapy

3.1. Cell Cytotoxicity and Interaction Mechanism. Human
normal and tumor cells were treated with nanoceria by
Tarnuzzer’s group during radiation therapy for the first time
in 2005 [24]. In this study, nanoceria exhibited radiation
protection to a normal human breast line, but not to a
human breast tumor line MCF-7. From this result, it has
been found that nanoceria had the ability of free-radical
scavenging, which created a precedent of nanoceria in
biological applications and greatly inspired the people of
research interest. Until now, there have been many studies
on the toxicity properties of nanoceria coated with polymers
(dextran, PEG, chitosan, heparin, PAA, and PVP) within
the range of 3–20 nm as demonstrated in Figure 4 against
cancer cells (lung, breast, ovary, osteosarcoma, and pancreas)
and healthy cells (dermal fibroblasts, endothelial cell, ker-
atinocytes, human monocytes, and macrophages) [25–29].

All these researches have laid a foundation for study
of antioxidant property. Polymer-coated nanoceria with
different surface charges (positive, negative, and neutral)
was synthesized by Perez’s group [30]. Different mecha-
nisms reducing ROS were proposed based on studying their
internalization and toxicity of polymer-coated nanoceria in
normal and cancer cell lines under oxidation stress state.
It was found that nanoceria was localized to different cell
compartments (e.g., cytoplasm and lysosomes) depending
on the nanoparticle’s surface charge. The internalization and
subcellular localization of nanoceria played a key role in
the nanoparticles’ antioxidant property. Minimal toxicity was
observed when they were localized into the cytoplasm, and
significant toxicity appeared when they were localized in the
lysosomes of the cancer cells.

The antioxidant property of human gastric cancer cells
(BGC-803) was studied by Li et al. [31]. The ultrafine
monodispersed (2–5 nm) nanoceria was synthesized via
inverse microemulsion method and alkaline-based precip-
itation. The cell uptaking, oxidative stress, and cytotoxic-
ity of these nanoceria on human gastric cancer cell line
(BGC-803) were systematically investigated. These ultrafine
monodispersed nanoceria had high ratio of Ce3+/Ce4+, and
their antioxidant property was verified by adding H

2
O
2
.

When this nanoceria was cultured with BGC-803 cells, the
results of SEM and TEM showed that the cells stretched out
parapodium and the shape changed, accompanied by a large
number of cilia breaking off. In addition, it was found that
there was an obvious increase in oxidative stress at a higher
concentration of nanoceria than at a lower concentration of
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Figure 4: Structural sketch maps of water-solubility nanoceria protected by (a) apoferritin coating, (b) amphiphilic polymer coating, (c)
polymer coating, and (d) macromolecules coating.

nanoceria, and a decrease in SOD occurred simultaneously
(Figure 5). Herein, the oxidative stress of BGC-803 cells was
mainly affected by the ratio of Ce3+ /Ce4+ and concentration
of nanocreia. This work promoted the study on nanoceria’s
antioxidative property in biological and medical fields.

3.2. Biosensor. Nanoceria becomes an ideal and impacted
biosensor, not only because it can provide immediate and real
time measurement of biomolecules [32, 33], but also because
it can have many advantages over organic biosensor, such
as photo bleachable, toxic, expensive, and easily degradable.
Nanoceria has already become a hot topic in biosensor
fields. Hydrogen peroxide (H

2
O
2
) acts as a key byproduct

of many enzymatic reactions in biology, which also becomes
a popular biosensor target. For instance, lactate oxidase
(LOX) biosensor was designed by Sardesai’s group [34, 35]
for the detection of lactate during hypoxia based on the
SOD-enzyme-like activity of nanoceria. In this research, Pt-
doped ceria nanoparticles provided oxygen to the enzyme
and sustained the oxidative generation of pyruvate andH

2
O
2
.

The results demonstrated that Pt-ceriawas a versatilematerial
for using in implantable enzyme bioelectrodes. Moreover, it
was also used to assess the pathophysiology of tissue hypoxia.
It was interesting that the detection limit of this biosensor
was very low, which could be particularly useful in ultra-
sensitive devices for monitoring lactate levels under 100 pM
conditions. Recent studies on nanoceria with enzyme-like
properties have produced a few new sensing approaches.
A H
2
O
2
sensor by displacing adsorbed fluorescent DNA

from nanoceria was developed by Liu and coworkers [36].
It was found that the fluorescence image of a FAM (car-
boxyfluorescein) labeled DNA was completely quenched
after nanoceria was added, which suggested that DNA was
adsorbed (Figure 6(b)). It was interesting that fluorescence
was fully and immediately recovered after adding H

2
O
2
,

which resulted in over 20-fold fluorescence enhancement
(Figures 6(a) and 6(b)). Upon addition of H

2
O
2
, the color

of nanoceria changed from colorless to orange (Figure 6(c)).
Moreover, the absorption was increased at about 400 nm,
which indicated that H

2
O
2
could be detected down to 10 𝜇M
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Figure 5: Particle size distribution, valence state, and antihydrogen properties of nanoceria; (b) SEM and TEM images of cell morphology
after culturing nanoceria with BGC-803 cells and the results of SOD after nanoceria uptake by BGC-803 cells. Usedwith permission from [31].
In (C) in (b), (a) CeO

2
-P; (b) CeO

2
-dextran; (c) CeO

2
-PAA; (d) CeO

2
-EDA. Results are analyzed by using two-way ANOVA and expressed

as means ± SD (𝑛 = 3). Significances of column factor and row factor are indicated by ∗∗∗𝑃 < 0.0001 and ∗∗𝑃 < 0.01, respectively.
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Figure 6: (a) Sensing H
2
O
2
by displacing adsorbed fluorescent DNA from nanoceria. The color of nanoceria is changed in the same process.

(b) A fluorescence photo of free FAM-A
15
DNA (200 nM), after adding nanoceria (10𝜇g/mL) and then adding H

2
O
2
(10mM). (c) UV-vis

spectra of untreated nanoceria (40 𝜇g/mL) and after reacting with H
2
O
2
(0.4mM). Inset: a photo of the same samples (25x concentrated than

the UV-vis sample). (d) Fluorescence spectra of the samples diluted from (b). Used with permission from [36].

and might achieve better sensitivity. Besides, H
2
O
2
acted

as a capping ligand and it quickly released DNA from the
particle surface, and then the effect of DNA length, sequence,
salt concentration, and pH has been systematically studied.
If this biosensor coupled with glucose oxidase (GO

𝑥
), it

would detect glucose even in blood serum samples.This study
not only explored new ways of using H

2
O
2
for interfacing

with inorganic nanoparticles, but also expanded the scope of
DNA-based biosensors.

3.3. Signal Transduction for Pathogenic Mechanism of Type 2
Diabetes Mellitus. Type 2 diabetes mellitus (T2DM) is the
most prevalent and serious metabolic disease, and 𝛽 cell
dysfunction and insulin resistance are the hallmark of T2DM.
In vivo studies have revealed that oxidative stress caused by
hyperglycemia became evident. Oxidative stress was unani-
mously considered to significantly contribute to the onset and
progression of T2DM. Excessive ROS could destroy the bal-
ance of endogenous antioxidant defense system and then can
directly oxidize and damageDNA, proteins, and lipids, which
inflicts macromolecular damage [37]. At present, pathogenic

mechanism of T2DM and control method became a hot topic
in medical research.

Different sized nanoceria (15, 25, 30, and 45 nm) was
prepared by Park and coworkers [38] via supercritical syn-
thesis method. Oxidative stress was induced by different
concentration nanoceria (5, 10, 20, and 40 𝜇g/mL) in cul-
tured human lung epithelial cells (BEAS-2B). It was found
that nanoceria has induced genes expression related to the
oxidative stress, which has caused chromosome condensa-
tion and concurrently induced cell apoptosis. In general,
hyperglycemia and possibly elevated free fatty acids (FFA)
levels may lead to oxidative stress in diabetic patients, which
indirectly results in activate cellular stress-sensitive pathways
as signaling molecules including the stress-activated signal-
ing pathways of nuclear factor- 𝜅B (NF-𝜅B), NH

2
-terminal

Jun kinases/stress-activated protein kinase (JNK/SAPK), p38
mitogen-activated protein (MAP) kinase, and hexosamine
[39, 40].

Eom and Choi [40] revealed the signaling pathway of
oxidative stress induced by nanoceria. It was proven that
nanoceriamade the amount of ROS increase significantly and
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then led to the expression of HO-1 protein via p38-Nrf-2 sig-
naling pathway, which was tested and verified by extracellular
regulated protein kinase (EPK), p38, and c-Jun N-terminal
kinase (JNK) signal pathways, detected together with nuclear
transcription factor and nuclear factor related factor 2. It was
hyperglycemia-induced oxidative stress that led to deteriorate
in 𝛽-cell function and increase 𝛽-cell apoptosis. One of the
major molecular mechanisms has proposed that activation
of the JNK pathway was involved in reduction of insulin
gene expression by oxidative stress and that suppression of
the JNK pathway could protect 𝛽-cell from oxidative stress
(Figure 7). ROS and 𝛽-cell apoptosis correlate closely with
the pathogenic mechanism and progression of T2DM [14].
Antioxidative therapy has been the focus of clinical interest,
however, nanoceria antioxidants have had limited success,
which has been attributed to scavenge ROS. Hence, much
attention has been focused on searching for nanoceria’s short
half-lives, daily dosing requirements, and side effects by
pharmacokinetics experiment through animal model.

3.4. Targeted Drug and Photodynamic Therapy. Cancer is a
malignant tumor with high mortality in the world today.
Although tumor drugs can kill tumor cells and control cancer
progression, it can damage normal tissues and cells, which
is the most common cause of treatment failure. Because
nanoceria has unique regenerative/autocatalytic property, it
provides a new idea for researchers to develop radiopro-
tective drug in radiation therapy. Tarnuzzer’s group found
that nanoceria exhibited radioprotection of normal human
breast epithelial cells, but not to MCF-7 cancer cells for the
first time [24]. In addition, the size, shape, agglomeration
state, surface charge, and surface modification of nanoceria
together determine its bioresponse to cancer cells [41–44].
Dextran-coated nanoceria prepared by Alili et al. [45] has
been used to prevent myofibroblast formation and tumor

invasion in tumor-stroma interaction. This will provide a
valuable tool for the chemoprevention of tumor invasion in
the future. In recent year,manymultifunctional targeted drug
delivery systems have been developed based on antioxidant
nanoceria for cancer therapy. For example, a multifunctional
nanoceria-capped mesoporous silica nanoparticle (MSN)
anticancer drug delivery system was designed by Xu and Qu
[46], in which 𝛽-cyclodextrin was used to modify nanoceria
and the ferrocene with drug was loaded into MSN. Under
physiological conditions,𝛽-cyclodextrin-modified nanoceria
could cap onto ferrocene-functionalized mesoporous silica
nanoparticles through host-guest interactions between 𝛽-
cyclodextrin and ferrocene. After the anticancer drug deliv-
ery systems were internalized into lung carcinoma (A549)
cells by a lysosomal pathway (pH = 4.5–5.0), the ferrocenyl
moieties were oxidized to ferrocenium ions by nanoceria
caps, which triggered the uncapping of nanoceria and caused
the drug release, and at the same time, nanoceria exhib-
ited cytotoxicity under acidic conditions while exhibiting a
synergistic antitumor effect with the antitumor drugs. With
the development of targeted drug, photodynamic therapy
(PDT) has aroused great concern. Recently, a multifunctional
drug delivery system based on chlorin e6 (Ce6)/folic acid-
(FA-) loaded branched polyethylenimine- (BPEI-) coated
PEGylated ceria nanoparticles (PPCNPs-Ce6/FA) has been
reported [15], which was developed for the delivery of Ce6 to
cervical cancer cells and imaging-guided synchronous pho-
tochemotherapy. The nanocarrier delivery and FA targeting
promoted cellular uptake of photosensitizers (PSs), which are
selectively accumulated in lysosomes and could be triggered
to produce ROS by a 660 nm laser, and then lead to the
decreased expression of P-glycoprotein (P-gp) drug-efflux
pumps. This phenomenon promoted the chemotherapeutic
efficacy ofDOXand enhanced phototoxicity in drug-resistant
human breast cancer cells [15]. It was found that induction
of apoptotic/autophagic or oncosis processes completely
depended on the dose of lysosomal-PDT (Figure 8). This
work provided a new strategy for PDT to overcome drug-
resistant cancers and indicated a new cell death pathway
in lysosomal-PDT, which could contribute to guide the
development of clinical treatment protocols.

3.5. Tissue Engineering. In the field of biomaterial implanta-
tion, the so-called surgical stress response is a well-defined
physiological mechanism that involves, during and after
surgical procedures, the activation of inflammatory,
metabolism, and immunologic mediators [47–49]. Surgical
stress also includes the occurrence of oxidative stress, with
production of reactive oxygen or nitrogen species that may
overwhelm the defense systems of the organism. It has been
demonstrated that the administration of antioxidants results
in improved organ function, shortened convalescence, and
reduced morbidity and mortality occurring in the surgical
stress response [50, 51]. 3D bioactive glass foam scaffolds
with nanoceria were successfully demonstrated to enhance
the production of collagen by Human Mesenchymal Stem
Cells (HMSCs) compared to bioactive glass scaffolds without
nanoceria [52]. Because the surfaces of biomaterial (e.g.,
scaffolds and artificial-niches) can control cell adhesion,
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proliferation, and differentiation in tissue engineering, it is
necessary to understand the interaction between cells and
biomaterial surfaces for the design of scaffolds/artificial-
niches. Poly-L-lactide (PL) scaffold surfaces functionalized
by layers of CNPs were synthesized by Naganuma and
Traversa [53]. In order to isolate the influence of Ce valance
states of CNPs on cell proliferation, Human Mesenchymal
Stem Cells (HMSCs) and osteoblast-like cells (MG63) were
cultured on the PL/CNP surfaces with dominant Ce4+ and
Ce3+ regions. Tissue engineering bone (TEB) scaffold was
modified with cerium oxide nanoparticles (CNPs) and the
effects of CNPs existing at the scaffold surface on the growth
and paracrine behavior of mesenchymal stem cells (MSCs)
were investigated [54] (Figure 9(a)). MSCs were cultured on
scaffold and scaffold@CNPs for 1, 7, and 14 days. The results
exhibited that the CNPs could improve the proliferation and
inhibit the apoptosis of MSCs due to antioxidative property
of CNPs. In addition, this finding also suggested that cell
proliferation might be controlled by introduction of metal
elements with different valence states onto the biomaterial
surface. Meanwhile, the interaction between the cell
membrane and the nanoparticle surface could activate the
calcium channel of MSCs leading to the rise of intracellular
free Ca2+ level, which subsequently augments the stability
of HIF-1𝛼. These chain reactions finally resulted in high
expression of angiogenic factor VEGF. Most importantly,
obvious originally implanted material decomposition was
observed in scaffold@CNPs 12 weeks following implantation.
However, little originally implanted material decomposition
was detected in scaffold at the same time point. These results
confirmed that the increased penetration of blood vessel was
very useful for the formation of new bone tissue inside of TEB
[54]. Among biomaterials, bioactive glasses were widely used
in bone defect reparation because they spontaneously bonded
and integrated with both soft and hard (bone) tissues in living

body. Recently, Nicolini et al. [55] reported that the ability of
Ce-containing bioactive glasses to inhibit oxidative stress in
terms of reduction of hydrogen peroxide, by mimicking the
catalase enzyme activity, has been demonstrated for the first
time.The antioxidant properties of bioactive glasses contain-
ing different amounts of nanoceria have been evaluated by
immersing these materials into different concentration H

2
O
2

at different time. The experiment results showed that the
Ce3+/Ce4+ ratio was directly related to the activity of catalase
mimetic. Interestingly, the bioactive glass with composition
23.2Na

2
O−25.7CaO−43.4SiO

2
−2.4P

2
O
5
−5.3CeO

2
immersed

in 0.1M H
2
O
2
aqueous solution was able to degrade 90%

of it in 1 week. Moreover, the formation of Ce-phosphate
insoluble phases increased the chemical durability bioactive
glasses (Figure 9(b)). Thus, the employment of CeO

2
-doped

bioactive glasses could become a valid alternative to the
addition of nanoceria to biomaterials, which were conducive
to the management of osteoporosis.

4. Hot Topics and Challenges of Nanoceria in
Antioxidant Therapy

Physical properties of nanoceria play a decisive role of its
antioxidative property (Figure 10). Researches for developing
and perfecting controllable synthesis methods of nanoceria
with superior biocompatibility must put first. Secondly, the
interaction of nanomaterials with cells and lipid bilayers is
critical in many applications such as phototherapy, imaging,
and drug/gene delivery. Surface modification and mechanis-
tic research between cells and nanoceriamay become another
important problem. Thirdly, for new antioxidant nanoceria,
the ratio of Ce3+/Ce4+ plays a decisive role in antioxidative
therapy. Recent studies have developed that doping little
Gd element in nanoceria can not only regulate the ratio
of Ce3+/Ce4+ [55, 56], but also regulate its unique optical
properties, which made it possible to study the molecular
mechanism of intracellular signaling transduction in a living
cell induced by nanoceria and adjust antioxidant properties
of nanoceria.

The research on the antioxidant application of nanoceria
is used to mainly focus on cell in vitro. The physical property
of nanoceria could affect not only its pharmacokinetics
and nonspecific biodistribution, but also its absorbing and
metabolism. Sometimes the physical property of nanoceria
even causes many unexpected side effects in vivo. In order
to evaluate the biological antioxidant effect of nanoceria
comprehensively, it still needs to further verify in the tissues
and animals. It is well known that metabolic process of
exogenous species is very complicated in vivo, so how to study
and control the metabolic process of nanoceria in tissues and
animals should be another hot spot in the future research.

Nanoceria already showed a tempting biological effect in
antioxidant, but its safety problem still needs to be thought.
It is necessary to establish a safety evaluation standard
before they are applied in biomedicine field. It could find
detection and judging method of nanoceria’s toxicity by in
vivo and in vitro experiments. On the other hand, because
nanoceria shows different cytotoxicity for different cell lines,
nanotoxicity screening system should be built according to
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Figure 9: (a) TEB scaffold weremodifiedwith cerium oxide nanoparticles (CNPs). (b) Phosphorus environment in 5.3CeO

2
-bioactive glasses

under immersing in 0.1M H
2
O
2
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representative cell lines. In addition, it needs to select the
typical animalmodel, which could help us build standardized
parameters of nanoceria materials for biological applications
by experimental system, which is benefit for developing drug
dose theory to accurately predict the relationship between
antioxidant and dose (such as pellet quality, quantity, and
surface). Nanotoxicity screening system and dose theorymay
become the hot spot and challenge in clinical medicine field.

5. Outlook

A new and regenerative antioxidant nanoceria has a poten-
tial prospect due to its multienzyme mimetic activity. The

unique regenerative/autocatalytic property also could help
us to explore molecular mechanism of intracellular signal
transduction, real time measurement of biomolecules, and
dynamic process of cancer cell. With the development and
improvement of synthesis and modification technologies,
the size, valence, structure, property, and distribution of
nanoceria could be controlled, which will be benefited to
the study of animal model, mechanisms of cytotoxicity,
pharmacology, and biosafety. In the future, exploration and
development of a new and high value application field of
nanoceria are not only an urgent problem, but also a hot
topic and challenge. We have reasons to believe that the
development and perfection of nanoceria in antioxidative
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therapy aspect will bring a new development opportunity for
biomedical research, life science, and clinical drug fields.
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