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Abstract

Nanomaterials involve an active research and a booming area including different fields (health, environment, electronics,
manufacturing, drug delivery). Recently, new concerns are emerging about the risk from increased production and
subsequent release into the environment, as they are largely present in consumer products and industrial applications. Our
aim was to assess the effects of three different types of cerium oxide nanoparticles (CeO2 NPs) (type 1 defined “as prepared”;
type 2 defined “modified”; type 3 defined “commercial”) on zebrafish embryos by Fish Embryo Toxicity test (Z-FET).
Immunohistochemical analysis was also performed on treated larvae to evaluate the expression of the following biomarkers:
Metallothionein, Heat Shock Protein 70 (HSP70) and 7-Ethoxyresorufin-O-Dietylase (EROD). After 96 h of exposure, there was
no lethality, nor were there sub-lethal effects in embryonic development, when compared with the control. No particular
positivity was found about Metallothionein and HSP70 expression, while an increased expression of EROD was observed in
larvae exposed to the three types of CeO2 NPs compared with the controls. The analyze has confirmed a statistically
significant difference (P < 0.001) to EROD biomarker between control group and treated larvae response, finding was higher
at 1-mg/l concentration. Further investigations in order to solve conflicting views about potential effects of CeO2 NPs are
necessary, also to evaluate its effectiveness in different fields as already reported in literature.
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Introduction
Nanoparticles (NPs) and nanomaterials (NMs) involve an active
and full expansion research area regarding different fields such
as health, environment, energy, electronics, industrial and mate-
rials production [1–5]. They have gained considerable importance
in technological progress due to their physicochemical properties

related to their small size, chemical composition (purity, crys-
tallinity), surface structure (large surface area, surface reactivity,
surface groups, inorganic or organic coatings), solubility, shape
and aggregation, electrical and thermal conductivity, and cat-
alytic activity that improve their performance compared with
common materials [6–8].
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Although impressive from a physicochemical point of view,
the properties of NM raise concerns about adverse effects on
biological systems, so that new strategies are emerging to assess
risk of NMs due to the increase in their production and their
release into the environment, considering they are widely used in
consumer products and industrial applications. For these strate-
gies, the main challenge in studying engineered NMs is to predict
their behavior comparing it with natural NMs [9].

Several studies have investigated the toxicity of CeO2 NPs,
determining to be toxic to daphnids [10], algae [11–13] and bac-
teria [14] from concentrations in the range of the mg/l.

Jemec et al. [15] have shown sub-lethal effects, respectively,
on zebrafish larvae (growth inhibition and malformations) and
daphnids (immobility) during exposure with CuO-CeO2 mixed
oxides NMs in comparison with pure CeO2. The Authors con-
cluded that none of the four tested NMs caused the mortality of
embryos, while the effects on larvae after hatching were found.

Another study focused on the toxicity of two types of CeO2

NPs in aquatic environments and tested on four species, showed
that no acute toxicity occurred on any species after short expo-
sure, even at the highest concentrations [16].

Despite the adverse effects, it was also possible to find favor-
able conditions following the exposure of some NPs. Xia et al. [17],
for example, have compared TiO2, ZnO and CeO2 NPs and found
toxicity due to exposure to ZnO, which leads to the generation of
reactive oxygen species (ROS), inflammation and cell death. On
the contrary, CeO2 NPs do not cause inflammation or cytotoxicity
but even suppress ROS production, and TiO2 causes neither
adverse nor protective effects.

These results demonstrate that metal oxide NPs induce a
series of biological responses ranging from cytotoxic to cytopro-
tective. Because of these conflicting opinions, it is important to
pay attention for the environment and all living organisms before
using these materials for any application, especially in case of
heavy metals, prone to endangering health [18].

In this study, the potential toxic effect of CeO2 NPs was
evaluated. Cerium oxide (CeO2), thanks to its peculiar properties,
is used in different fields; it is solid at room temperature and
white, pale yellow or brownish in color depending on its purity. It
is the most widely used cerium compound on the market [19].
In addition, being used as a catalyst in various reactions, it is
considered a very useful material for solid oxide fuel cells, thanks
to its relatively high conductivity of oxygen ions at intermediate
temperatures [20]. Furthermore, the redox properties of CeO2

with an easily formation of Ce4+/Ce3+ species promote a high
surface oxygen mobility, which allow to consider this oxide an
ideal reactive support for the heterogenous catalysts, usually
employed for environmental applications (Volatile Organic Com-
pounds removal) [21] or for the H2 purification in the fuel cell
[22]. CeO2 nanoparticulate is often used in automotive catalytic
converters because it has the ability to release or absorb oxygen
in the exhaust stream of a combustion engine depending on the
partial pressure of O2. Through this process, NOx emissions are
reduced and carbon monoxide is converted into carbon dioxide:
with the addition of CeO2, the fuel burns more cleanly, with a
consequent reduction in air pollution [23].

Since CeO2 NPs is insoluble in water and diluted acid, it is
commonly used as an abrasive tool: the powder is effective in
sanding and polishing other materials. For many years, it has
been used for polishing special glass (e.g. telescopic mirrors). It
is also used in heat resistant alloy coatings and ceramic coatings
[24].

In the biological field, studies have been conducted to develop
new potential treatment modalities for disorders induced by

oxidative stress. CeO2 NPs have shown, through their antioxidant
and regenerative activity, to reduce O2

•− and H2O2 levels but also
to remove ROS as •OH and RNS as the radical nitric oxide (•NO)
and peroxynitrite (O2NO−). This remarkable capacity of CeO2 NPs
could see them used as an alternative or co-therapie for diseases
and disorders related to oxidative stress and nitrosative stress
[25].

The antioxidant properties of CeO2 NPs have feed interest
in different fields of medicine, launching a series of studies
to evaluate their effectiveness as a treatment in a variety of
pathologies, such as neurological [26] and cardiovascular [27].
Colon et al. [28] have evaluated the ability of CeO2 NPs to confer
radiation protection on the gastrointestinal epithelium: these
studies have shown that CeO2 NPs protect the gastrointestinal
epithelium from radiation-induced damage by greasing by free
radicals and increasing the production of SOD2 before exposure
to radiation.

CeO2 NPs have also shown promising efficacy against
endometriosis, so free radicals have been shown to play
an important role in pathogenesis. Chaudhury et al. [29]
demonstrated that CeO2 NPs mitigates the endometrial lesions
induced in the mouse model, decreasing oxidative stress and
inhibiting angiogenesis. In addition, it has been observed to
protect against adverse effects on endometriosis-related oocytes,
which is critical for successful pregnancy.

In ophthalmology, it has been seen that photoreceptor cells
are constantly bombarded by photons which, together with the
high rate of oxygen metabolism of cells, continuously expose
them to high levels of reactive oxygen intermediates (ROIs).
Chen et al. [30] showed that these NPs prevent the increase of
intracellular concentrations of ROI in the primary cell cultures of
the rat retina and, in vivo, prevent vision loss due to light-induced
photoreceptor cell degeneration. In anticancer treatment, these
NPs have shown toxicity to cancer cells, making them more sen-
sitive to radiation therapy, but also to normal tissues in minimal
quantities [31].

Although recent studies have shown that the different
dimensions of CeO2 NPs and the relationship between Ce+3 and
Ce+4 content could lead to these opposite mechanisms, further
research is needed to draw valid conclusions about the adverse
or beneficial mechanisms of these NPs [32].

For this reason, it is appropriate to evaluate the environmen-
tal fate of CeO2 monitoring its dispersion due to the several
applications. Use as a diesel additive combined with a particulate
filter can reduce emissions from automobile exhausts by up to
90%, but a part could be emitted causing extremely widespread
pollution through exposure to air or it could accumulate in
soils [33]. Cerium could also be introduced into landfills and
become, if not efficiently removed from waste water flows, a
long-term problem for the environment. A better understanding
of their toxicity, including interaction with targets and molecular
mechanisms, is necessary to mitigate their B-side effects.

The aim of the present work is to provide wider information
on CeO2 NP toxicity in aquatic environment. CeO2 NP toxicity
was evaluated on zebrafish embryos by Fish Embryo Toxicity
test (FET) in which different endpoints are assessed (e.g. inhibi-
tion of growth, morphological alterations, mortality). Moreover,
an immunohistochemical analysis on zebrafish larvae was per-
formed to evaluate the response to the following biomarkers:
Metallothionein (MTs), Heat Shock Protein 70 (HSP70) and 7-
ethoxyresorufin-O-diethylase (EROD). A characterization of NPs
was also undertaken in order to investigate basic characteristics.

Zebrafish is being increasingly employed as a model system
to assess NM toxicity at multiple levels, including mortality,
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Figure 1: SEM images of as-prepared CeO2 (A) and of modified CeO2 (B).

teratogenicity, immunotoxicity, alterations in reproduction and
behavior. It is a vertebrate model used for studying development
and disease for both pre-clinical studies and toxicological appli-
cations due to a range of several characteristics [34–37].

Its small size let to reduce housing requirements as well as
the quantity of materials used for testing. A single female of this
species is able to spawn around 200 eggs exhibiting a high fecun-
dity rate [34–37]. Zebrafish shares with human genome about
70% similarity [38] underlining a good conservation of major
developmental and physiological processes similar to humans.
Zebrafish eggs are transparent and develop externally, making
them easy to manipulate and suitable for screening some com-
pounds that can disrupt normal development [39].

Materials and Method
Synthesis of CeO2 NPs

Powders of CeO2 NPs were supplied by the CNR-IMM of Cata-
nia. In particular, three different types of CeO2 NPs have been
tested, indicated as: CeO2 type 1 defined “as-prepared” (mean
size 6.8 nm); CeO2 type 2 defined “modified” (mean size 11.3 nm)
and CeO2 type 3 defined “commercial” (Sigma-Aldrich N. 202975,
size 50 nm).

The as-prepared CeO2 (type 1) was synthesized by chemical
precipitation procedure considered one of the most used prepa-
ration procedures [4, 40]. Briefly, a cerium nitrate solution was
precipitated at pH > 8 and at T = 80◦C using a solution of KOH
(1 M). After 3 h, the resultant slurry was digested for 24 h, filtered,
dried at 100◦C for 12 h and finally calcined in air at 450◦C for
3 h. The modified CeO2 (type 2) was prepared with the same
procedure described above but irradiating the sample after the
calcination with a solar lamp for 3 h and in the presence of
a hydrogen flow (20 cc/min). This is a simple treatment that
allows to increase the surface defects of cerium oxide [4]. All the
samples did not shown substantial variations in the morphology
being this characterized to a not homogeneous shape of the
particles, typical of this preparation method [41, 42].

Characterizations of CeO2 NPs

Morphological analysis by SEM measurements, the structural
and textural properties by XRD and N2 adsorption–desorption
measurements were performed.

To investigate the surface oxidation state and the surface
species present in the NMs, we have done and discussed the
XPS characterization. As written above (section Synthesis of CeO2

NPs) considering the preparation method adopted (chemical pre-
cipitation with KOH) the morphology of nanoparticles is rough
and not-homogeneous, in accordance with the literature data
[41, 42], we here report the SEM images of as prepared (Fig. 1A)
and modified (Fig. 1B) CeO2, also the commercial sample showed
a similar morphology. SEM images was performed by a Jeol JSM-
7500F instrument.

Figure 2: XRD patterns of the analyzed samples.

The X-ray diffraction (XRD) patterns of the samples are
reported in Fig. 2. Both the powders showed the XRD signals
typical of cerium oxide in the fluorite crystalline phase with the
reflections at 2θ values of 28.6 (1 1 1), 33. 1 (2 0 0), 47.4 (2 2 0)
and 56.4 (3 1 1) considering the JCPDS Data File. No substantial
variation was detected in the as-prepared or modified CeO2

compared with the commercial sample, apart from a slight
intensity decrease due to the difference in the average crystallite
size. The XRD reveals the high crystallinity of the synthetized
samples.

The XRD measurements were performed with a PANalytical
X’pertPro X-ray diffractometer employing a Cu Kα radiation. The
detection of the crystalline phases was made comparing the
diffractions with those of standard materials reported in the
JCPDS Data File.

The textural properties of the samples are calculated through
the N2 physisorption measurements. In particular, Fig. 3A is
reported the isotherm curves, whereas in Fig. 3B, the pore size
distribution curves. The as-prepared and the modified samples
displayed a N2 adsorption–desorption isotherm of type III, with a
H3 hysteresis loop (Fig. 3A), indicating the presence of macro-
meso slit-shaped pores [43]. The commercial one showed a
more remarkable hysteresis indicating the presence of smaller
pores [43]. The calculate BET surface area is 40 m2/g for the
commercial CeO2, 67 m2/g for the modified CeO2 and 81 m2/g
for the as-prepared sample. The decrease of surface area in the
modified sample can be reasonably due to the agglomeration of
CeO2 particles caused by the treatment used for the synthesis
(irradiation under a solar lamp in H2 flow), whereas the lower
surface area of the commercial sample is due to the higher mean
particle size of this sample (50 nm) compared with the modified
(11 nm) and the as-prepared (7 nm) samples. Considering the
Barrett, Joyner and Halenda (BJH) pore size distribution curves
(Fig. 3B), the mean pore size of the commercial CeO2 is 20 nm,
whereas the modified sample showed a mean pore diameter
of 58 nm higher compared with the as-prepared CeO2 (36 nm).
This pore size increase verified with the modified CeO2 is also
strictly related to the peculiar treatment of this latter sample, i.e.
the simultaneous utilization of the simulated solar radiation in
the H2 stream [4]. The textural properties of the powders were
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Figure 3: N2 adsorption–desorption isotherms of the CeO2 samples (A); pore size

distribution curves (B) of the analyzed samples evaluated with the BJH method.

measured by N2 physisorption at −196◦C with a Micromeritics
Tristar II Plus 3020, outgassing the analyzed materials at 100◦C
overnight.

Figure 4 has reported the XPS spectra of the analyzed samples
in the Ce 3d zone.

In accordance with the literature data [44, 45], the signal at
about 917 eV is the typical fingerprint of Ce4+, whereas the
component at about 885 eV of Ce3+ is clearly visible only for the
modified CeO2 (highlighted by the arrow in the figure), whereas
the same signal is absent in the as-prepared CeO2 and in the
commercial CeO2. Furthermore, it is possible to note as the ratio
between the signals at about 898 and 900 eV (second arrow) is
different and shifted in the commercial and as-prepared CeO2.
This is another indication of the modification of the ceria surface
sites with the higher presence of Ce3+ states in the modified
CeO2. The irradiation with solar lamp in H2 stream thus induced
the formation of CeO2-x defects on the surface of CeO2.

X-ray photoelectron spectroscopy (XPS) measurements were
recorded using a K-Alpha X-ray photoelectron spectrometer uti-
lizing the C 1 peak at 284.9 eV (ascribed to adventitious carbon)
as a reference.

Figure 4: XPS spectra of the CeO2 samples in the Ce 3d zone.

Preparation of NP solutions

Powders of CeO2 NPs have been suitably diluted to obtain dif-
ferent concentrations to test. The stock solution of each type
of CeO2 NPs was obtained starting from 100-mg/l solution. The
dilution water had specific characteristics (temperature 26 ± 1◦C;
pH range 6.5–8.5). The other lower concentration used in the test
was: 10, 1 and 0.1 mg/l. All the solutions have been sonicated
(4 cycles of 15 min each one; 40-kHz frequency) and vortexed to
ensure a homogeneous dispersion of the NPs that show a natural
tendency to aggregate and sediment.

Embryo selection

The Embryo toxicity test was performed according to the OECD
guidelines for testing chemicals [46]. Furthermore, protocol pro-
cedure was performed according to Pecoraro et al. [47].

The ZFET was conducted on fertilized eggs, coming from the
Centre for Experimental Fish Pathology of Sicily (CISS) laboratory,
located at the University of Messina. CISS is accredited, since
2006, for use and, since 2010, for production of aquatic organ-
isms for experimental research, and all procedures have been
performed following Directive 2010/63/EU; moreover, at CISS lab-
oratory, animal welfare procedures are performed according to
Iaria et al. [48, 49]. Zebrafish adults were maintained only in
the zebrafish breeding room and reared in a ZebTEC Active
Blue Stand Alone system (Tecniplast). In this housing system,
the water (disinfected by ultraviolet treatment) derives from
reverse osmosis-treated city water. Environmental conditions at
the primary enclosure (water tanks) are maintained at 27 ± 1◦C,
pH 7.2 ± 0.3 and a dissolved oxygen content (DO) of 6.00 ppm for
freshwater species. Moreover, animals are exposed to a light/dark
cycle (14 light/10 dark) and fed twice daily with Artemia Nauplii
(JBL Artemio Pur, BL GmbH & Co. KG, Germany).

Following mating, the eggs were collected in steel grids,
placed in the tanks to avoid predation by adults and ensure their
collection. Using a stereomicroscope, the fertilized eggs were
collected by Pasteur pipettes, while the unfertilized eggs, which
did not undergo segmentation or which show irregularities
during divisions or chorion lesions, were discarded. The fertilized
eggs were transferred to the test solutions for exposure to the
test chemical.
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Exposure to cerium oxide solutions

According to OECD [46], healthy embryos were placed in 24-
well microplates (one embryo per well) in 2-ml solution/well
of each type of CeO2 NPs. Control samples (negative control)
were incubated only with stock embryo medium and a positive
control with 3,4-dichloroaniline (DCA) in water was also done.
A controlled room temperature allowed to maintain 26 ± 1◦C
in wells. Replication was performed for each concentration of
CeO2 NPs.

Observation of endpoints

During the exposure period, started within 180 min from fertil-
ization of the eggs and finished at 96 h, four conditions called
endpoints were satisfied every 24 h. The endpoints, analyzed
by a stereomicroscope, were: embryo coagulation, lack of somite
formation, lack of detachment of the tail-bud from the yolk sac
and lack of heartbeat. In addition, hatching failure and post-
hatching death were also recorded.

Coagulated embryos are recognizable after 24, 48 and 72 h
because they have a milky white color and appear dark under
the microscope (Fig. 5).

The formation of somite was examined after 24, 48 and 72 h.
After 24 h, about 20 somite should have formed at a temperature
of 26 ± 1◦C; however, since it is not possible to count the right
number, only the presence or absence is recorded, considering
that a normally developed embryo shows spontaneous move-
ments (lateral contractions).

The lifting from the yolk, following the lengthening of the
posterior part of the body of the embryo, is examined after 24,
48 and 72 h. The presence of the heart beat is recorded after 48
and 72 h.

Failure to hatch also represents an important toxic effect. The
hatching rate will not be used to calculate LC50 value; however,
if the hatching time is abnormal (for example more than 10%
already after 48 h, considering that zebrafish embryos at the
temperature of 26◦C usually hatch after 72 h), it must be recorded
after 96 h and reported.

Immunohistochemical analysis

According to Pecoraro et al. [50], the immunofluorescence pro-
tocol was performed on larvae exposed to all concentrations of
CeO2 NPs, including controls, to detect positivity to MTs, HSP70
and the EROD biomarkers.

After washing the samples (fixed in paraformaldehyde) in
PBS (pH 7.4, 0.1 M), permeabilization is carried out for 15 min in
PBS-Triton X-100, which improves the penetration of the anti-
body, and follows the incubation of the samples with block-
ing solution to fill nonspecific binding sites of the antibod-
ies for 20 min. The larvae, placed on the slides, are incubated
overnight in a humid chamber at 4◦C with the primary antibod-
ies: anti-mouse-MTs, anti-mouse-HSP70 (GeneTex, 1:1000) and
anti-rabbit-EROD (Abcam, 1:1000). After rinsing in PBS buffer
(pH 7.4, 0.1 M) for 10 min, the samples were incubated for
1 h at 4◦C in the dark with FITC-conjugated anti-mouse sec-
ondary antibody (for MTs and HSP70) and FITC-conjugated anti-
rabbit (for EROD); both of them exhibit a green fluorescence.
Samples were washed in PBS-Tween20 (2 times for 5 min) at
room temperature, dehydrated in increasing alcohol solutions
(70◦, 80◦ and 95◦) for 1 min each and air dried. Finally, samples
were mounted with DAPI and sealed with rubber cement. The
observations were made with the NIKON ECLIPSE Ci fluorescence

Figure 5: fertilized eggs; regular development (A) and coagulated embryo after

fertilization (B), egg during embryogenesis (C) and coagulated embryo 24 hpf (D).

microscope and the images captured with the NIKON DS-Qi2
camera.

Statistical analyses

Image J software [51] has been used to process the images
obtained by fluorescence microscope since it calculates the
mean value (the sum of the values at all pixels divided by the
number of pixels) of a defined area. For each photo, the same area
(macro) was analyzed in which the entire larva was considered
in order to obtain density histograms. The mean values were
compared with GraphPad Software by T-Student test to detect
significant differences between the photos of treated larvae at
tested concentrations of NPs and the photos of control groups
(P < 0.001).

Results
Embryonic development

During the 96 h of test, no significant mortality was observed
for both control groups and treated groups. Additionally, control
groups showed normal development where the hatching rate
and survival rates were above 90%, as described by Kimmel et al.
[39] and recommended by the OECD 236 protocol [29]. After
96 h of exposure, there were no significant mortality or sub-
lethal effects such as hatching delay, heartbeat alteration and
malformation in embryonic development, when compared with
control group. The maximum mortality was 2% for the whole test
period (Fig. 5). In addition, the control group presented normal
development as described by Kimmel et al. [39].

All embryos, exposed to different types and concentration
of CeO2 NPs, regularly completed the development. The hatch-
ing of the eggs started around 48 h after exposure, took place
within the last observation at 72 h. Furthermore, a good reactivity
was found, both in the embryos and in the hatched larvae.
Cardiovascular activity, indicated by the presence of heartbeat,
has also been observed in embryos with a little bit reduced
mobility, confirming their viability. Moreover, during observation
under the stereomicroscope (Leica M0205C), we have observed
the presence of the NPs on the chorion surface of the treated
embryos, while there were no NPs on the chorion of control
embryos.
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Figure 6: EROD antibody-staining of the 96-hpf zebrafish embryos after exposure to different type and concentrations of CeO2 NPs including untreated zebrafish

embryos; scale bar: 500 μm.

Immunohistochemical assay

The results of the immunohistochemical investigation confirm
the ability of D. rerio larvae to respond to the presence of metal
NPs with the expression of specific detoxification systems; in
fact, a positivity has been highlighted compared with the con-
trols of the three biomarkers. We have observed, a higher expres-
sion of EROD biomarker in the larvae exposed to the three types
of CeO2 NPs, showing a clear difference with the control samples
even the samples with lower concentration (Fig. 6).

As regard MTs, no remarkable positivity was found in the
expression of this biomarker, so it was weak in the exposed
larvae compared with the controls (Fig. 7).

Finally, regarding HSP70, they are expressed homogeneously
in treated larvae toward different types of NPs and their concen-
trations, compared with the controls (Fig. 8).

The analyze has confirmed a statistically significant differ-
ence (P < 0.001) to EROD biomarker between control group and
treated larvae response, finding that mean value pixels, given
by Image J [51], were higher at 1-mg/l concentration. However,
as regard MTs and HSP70 biomarkers, it has not been founded a
statistically significant difference.

Discussion
Recent research on CeO2 NPs has reported conflicting results
regarding the toxic effects: it has been reported both as an
antioxidant and as an inducing agent for the production of ROS
through various biological mechanisms [19]. Many researchers
have found that CeO2 NPs exploit their ability to eliminate free
radicals by acting as antioxidants and mimicking superoxide
dismutase, the main catalyst that reduces ROS production
and damage to mammalian cells, transforming superoxide
into oxygen and hydrogen peroxide. They are also attributed
the ability to inhibit cell aging [52], increase the life span of

brain cell cultures [53] and prevent retinal disorders leading to
blindness [30].

In contrast, other research have shown that CeO2 NPs induce
and catalyze ROS generation, reduce the lifespan of nematodes
[54], cause liver damage in rats [55] and show a moderate toxicity
to various tissues, such as lung tissue [32].

Our results are in agreement with other studies in the liter-
ature, for which the exposure of D. rerio larvae to other metal
oxide NPs does not show adverse effects on survival and hatching
time [57]; the same results were observed by Vranic et al. [58]
by exposing D. rerio larvae to SiO2 NPs. The presence of the NPs
on the chorion of the treated embryos confirms the role of the
chorion as a specific structure that protects the embryo from
external influences up to hatching, but at the same time, it is
permeable to allow a sufficient supply of gas and transport of
nutrients. Chorion barrier function has already been reported
for many NPs, compared with metal ions that can cross the
membrane, such as SiO2, CuO, ZnO, Co3O4 and NiO NPs [56].

MTs are easily quantifiable exposure biomarkers by immuno-
histochemical assays and several studies in the literature have
shown that D. rerio embryos exposed to AuNPs have exhibited
a positive response for anti-MT throughout the body; therefore,
metal NPs can induce MTs production [57, 59]. The same NPs
were tested by Pan et al. [60] on zebrafish embryos, finding the
positive expression of HSP70, also valid biomarkers for exposure
from NPs. The activity of etoxyresorufin-O-deethylase (EROD) is
considered an important biomarker for aquatic environmental
contamination. Cogun et al. [61] assessed the effect of Al2O3 NPs
of the EROD activity in a freshwater fish: Oreochromis niloticus.
EROD activity in the liver has shown a significant increase in
fish exposed to Al2O3 NPs, indicating that EROD activity can be
widely used as a biomarker of exposure to heavy metals in fish.
Moreover, alterations on enzymatic activities of EROD and other
markers of oxidative stress are induced by persistent oxidative
stress triggered by pollutants.
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Figure 7: MT antibody-staining of the 96-hpf zebrafish embryos after exposure to different type and concentrations of CeO2 NPs including untreated zebrafish embryos;

scale bar: 500 μm.

Figure 8: HSP70 antibody-staining of the 96-hpf zebrafish embryos after exposure to different type and concentrations of CeO2 NPs including untreated zebrafish

embryos; scale bar: 500 μm.

Conclusions
As the physiochemical properties of NPs mostly depend on the
synthesis procedure, the synthesis method of NPs for biological
applications is very important [62] because physical properties
(size, surface charge, agglomeration in liquid and coating or
residual contamination of the surfactant on the surface) are able

to get interactions at the nano-bio interface [63]. Therefore, our
investigation has shown that the different types of CeO2 NPs
analyzed did not show adverse effects on vitality and hatching
time of embryos, but anyway the ability of D. rerio to react at
the presence of metallic NPs as highlighted by the expression
of biomarkers considered. The toxicological profile of these NPs
has not completely been defined, as reported by other previous
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studies then it seems appropriate to underline the importance
that further studies will take, aimed at clarifying the conflicting
opinions. This requirement depends not only to assess the poten-
tial effects of CeO2, which must be monitored for its several uses,
but also by the evaluation of its effectiveness in the different
fields as already reported in the literature.
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