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Abstract
Cerium oxide nanoparticles or nanoceria has versatile application in biomedical, solar cells and
gas sensors. Increasing utilization of nanoceria has raised concerns over its release to
environment and potential exposure. In vitro studies have shown its genotoxic potential, but
reports on aquatic life are very limited. In this study, zebrafish (Danio rerio) and green mussel
(Perna viridis) was exposed to different concentration 10, 20, 50 ug/l of nanoceria for 24, 72,
and 120 h and the genotoxic response was measured using comet assay. The results showed
significant (p < 0.05) increase in tail DNA (TDNA) and olive tail moment (OTM) as measured
using comet assay in exposed animals as compared to control. The highest TDNA and OTM were
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measured after 120 h of exposure with 50 pg/l of nanoceria in zebrafish as well as in green
mussel. The results of this study demonstrate that short-term exposure to nanoceria causes a
genotoxic response in zebrafish and green mussel, hence its environmental release should be
carefully monitored.
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1. Introduction
1.1 Cerium Oxide Nanoparticles

The advancement of nanotechnology has brought hundreds and thousands of
nanoparticle-based products into the market. Cerium oxide nanoparticles (CeO, NPs) or
nanoceria is one of the most popular and widely used nanoparticles belonging to the member of
lanthanide series of rare earth element cerium. Because of its novel phyico-chemical, catalytic
and antioxidant nature, it is being commonly used in solar cells, petroleum refining, glass
polishing agents, fuel cells, adsorbents and has numerous biomedical applications (Minarchick et
al., 2013; Cassee et al., 2011). Ce atom can exist in trivalent (Ce®") as well as in tetravalent
(Ce™) state, which allows it to exhibit antioxidant like activities. This redox chemistry of cerium
has shown promising results in multiple sclerosis (MS) by quenching free radicals and providing
neuroprotection.

In vivo and in vitro studies involving nanoceria has shown conflicting results. Some
studies have reported nanoceria to be an antioxidant in HepG2 cells (Azari et al., 2018), male
Sprague Dawley rats (Ibrahim et al., 2018), human monocytic leukemia cells (THP-1) (Patel et
al., 2018), primary cultured skin fibroblasts (Pezzini et al., 2017) whereas others has shown it to
induce oxidative stress in balb/c mice (Adebayo et al., 2018), brown rat (Minarchick et al.,
2015), Caenorhabditis elegans (Zhang et al., 2011). The effects of nanoceria are influenced by
factors such as size, surface charge, shape of nanoceria and physiological conditions such as pH
(De Souza et al., 2018).

1.2 Biomarker Studies

Genotoxicity markers have been used as early warning signals of contaminations in the

environment. Single cell gel electrophoresis or comet assay has been used extensively in the field

of environmental toxicology to study the effects of nanoparticles (Mahaye et al., 20017). nTiO,
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alone and in combination with 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD) has shown to cause
genotoxic damage in mussel gill cells (Canesi et al., 2014). Studies have also been conducted in
freshwater snails, Lymnaea luteola exposed to nTiO2, nCuO, nZnO showing concentration and
time-dependent increase in DNA damage using comet assay (Ali et al. 2015, 2014, 2012).
Several studies have used zebrafish to study the genotoxic effect of nanoparticles such as ZnO
(Boran et al., 2016),TiO, (Fang et al. 2015), SiO, (Ramesh et al., 2013), Ag (George et al. 2012),
Au (Dedeh et al., 2015). The aim of the present study was to estimate the DNA damage in an
economically important edible mussel P. viridis, and a model organism zebrafish D. rerio

exposed to different concentration of nanoceria.

2. Materials and Methods

2.1 Maintenance of Animals and Exposure Conditions

Green mussel P. viridis was collected from Galigibagh beach in South Goa, India during
the low tide. Mussels were brought to the laboratory within 3 hours of collections and kept in 5 L
plastic container with 3 L of seawater from the sampled site. Adult zebrafish D. rerio was
procured from a local farm in South Goa. They were placed in a 40 L aquaria with aerated and
dechlorinated water with 14h light and 10h dark. The physical parameters such as temperature
and pH were maintained at 28+1°C and 7.5+0.3 respectively. Mussels and fish were acclimatized
for one week before exposing them to nanoceria. Fish were fed twice every day with commercial
fish-food (tetra bits). After acclimatizing period fishes were transferred into smaller 8 L aquaria.

Ce0O, NPs (99.9% pure, <25 nm particle size (BET)) were purchased from Sigma Pvt.
Ltd. It was characterize using dynamic light scattering (DLS) and scanning electron microscopy
(SEM). Nanoceria was dissolved in ultrapure water to obtain a stock suspension of 1 mg/ml. The
final concentration for the treatment groups was achieved by diluting stock solution in seawater
and dechlorinated water for mussels and zebrafish respectively. D. rerio and P. viridis was
exposed to different concentration 10, 20, 50 ug/l of nanoceria for 24, 72, and 120 h and the
genotoxic response was measured using comet assay. One third of the water volume was
renewed every 24h to maintain a constant concentration of exposure concentrations. Once in two
days, nine mussels were randomly collected and hemolymph and soft tissues were subjected to
comet assay.
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2.2 Comet Assay

Genotoxicity was assayed in the peripheral blood using comet assay following the
methods of Singh et al., (1988) with slight modifications. Zebrafish were sacrificed by cutting
off the tail and the peripheral blood samples were collected using a syringe previously washed
with 0.1 M EDTA to prevent clotting. Around 25 pl of blood was collected from 4-5 fish and
mixed with 75 pl of 0.7% low melting agarose (LMA) and poured onto a slide previously coated
with 1% of normal melting agarose (NMA). DNA unwinding, electrophoresis, and staining were
then performed. 200 randomly selected cells (50 cells from each of the quadruplet slides) were
analyzed per sample. The percentages of DNA in the tail (TDNA) was used as the parameter to
measure DNA damage by using the CASP (Konca et al., 2003). For mussels, about 1 ml of
hemolymph was collected from the posterior adductor muscle of 2-5 specimens and centrifuged
at 2000 rpm for 10 minutes. It was then suspended in phosphate buffer saline (1.2 M NaCl, 0.027
M KCI, 11.5 mM K;HPQ,4, 0.08M Na;HPQO,, pH 7.3). The cell suspension was then used to
make the second layer of agarose followed by the rest of the protocol mentioned above.

3. Results and Discussion

DNA damage as expressed in percentage of tail DNA (TDNA) is shown in fig. 1. DNA
damage has shown concentration as well as time-dependent increase in both P. viridis as well as
in D. rerio. The highest TDNA was recorded on day 5 at 50 pg/l of nanoceria. On day 5, P.
viridis has shown 2.4 fold increase in TDNA for 50 pg/l whereas it was found to be 4.8 fold in
D. rerio. Comparatively DNA damage in D. rerio was found to be more pronounced than P.
viridis. Highest OTM in D. rerio (1.29£0.03) and P. viridis (2.41+0.20) observed at 50 pg/l on
day 5 fig. 2.
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Figure 1: Tail DNA (TDNA) in D. rerio and P. viridis exposed to difference concentrations of

nanoceria
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Figure 2: Olive Tail Moment (OTM) in D. rerio and P. viridis exposed to difference
concentrations of nanoceria

Studies have reported that nanoceria causes cytotoxicity and oxidative stress in human
lung cells (Park et al., 2008; Lin et al., 2006). Cerium was also reported to cause cytogenetic and
development damage in Sea urchin (Paracentrotus lividus) embryos. Zebrafish have become a
popular model to study the toxicity of nanoparticles and other environmental contaminants
(Chakraborty et al., 2016). Gao et al., (2018) has studied the effet of hydroxyapatite-loaded
cadmium nanoparticles (nHAP-Cd) in zebrafish and reported substantial increase in DNA
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damage in exposed animal. Similar results were also reported with Titanium dioxide
nanoparticles (TiO, NPs, Rocco et al., 2015), ZnO nanoparticles (ZnO-NPs, Du et al., 2016),
iron oxide nanoparticles (IONPs, Vilacis et al., 2017). CeO; and its different nanocrystalline
types have been tested on zebrafish (Jemec et al., 2012). The author didn’t report any mortality at
concentrations high as 500 mg/l, but malformation in the embryo was observed at the lowest
concentration tested i.e. (100 mg/l). In another in vivo study, depletion of serotonin (5-HT) level
was observed in the intestine of the zebrafish for exposure period longer than three days (Ozel et
al., 2013). Cytotoxicity and decrease in cell viability were observed in A375 human melanoma

cell line co-exposed to nanoceria and the drug doxorubicin (Sack et al., 2013).

4. Conclusion

The discharge of nanoparticles from industry and other sources to the environment need
to be monitored. More biomarker studies with other nanoparticles with long term exposure are
needed to have a better understanding of the mechanism of action of nanoparticles in the
organisms.
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