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Abstract
The aim of this study was to investigate the histopathological changes in zebrafish
larvae following embryonic exposure to nanoparticles of magnesium oxide (MgONPs).
The toxicity of metal oxide nanoparticles is attracting increasing attention. Among
these nanomaterials, MgONPs are particularly interesting as a low cost and
environmentally-friendly material. Histological investigations are used as a highly
sensitive method for detecting the morphological features of disease and abnormal gene
function. We evaluated the histopathological changes in zebrafish larval tissues
following embryonic exposure to MgONPs for a period of 4-96 h post fertilization
(hpf). To this end; fixation, tissue processing, sectioning and general staining of the
whole-larvae were performed. Histopathological evaluations showed some changes
including psoriasis-like epithelial hyperproliferation, muscle cell degeneration,
neurodegeneration in the spinal cord, swelling and edematous changes in pericardium,
swelling and edematous changes in yolk sac, severe edema within the eyes, smaller
retina, disruption of retinal lamination and impaired retinal differentiation. In summary,
the results of this study enhance our understanding about the potential hazards of
MgONPs to the environment.
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Introduction
Nanoparticles (NPs) have at least one
dimension of 100 nm or less. The NPs
have
always
existed
in
our
environment, from both natural and
anthropogenic sources (Thomas et al.,
2014). Among these NPs, Magnesium
oxide NPs (MgONPs) are particularly
interesting because of their wide
applications in various areas such as
industry, medicine and food stuff (Guo
et al., 1996; Poullikkas et al., 2004 ; Shi
et al., 2010; Krishnamoorthy et al.,
2012). Since the final destination of
manufactured nanomaterials is aquatic
ecosystems, and these materials are
likely to have adverse effects on aquatic
organisms, the evaluation of their
potential toxicity effects is very
important. Zebrafish is one of the model
organisms most commonly used in
toxicity tests (Lele and Krone, 1996).
Also histological investigation is a
highly sensitive method for detecting
the morphological features of disease
and abnormal gene function. Histology
has been accepted as a phenotyping
method for the zebrafish phenome
project (Canada et al., 2010).
Nanoparticles can be absorbed through
the skin, lungs and the digestive system
(Buzea et al., 2007). Upon exposure to
NPs, ROS generation induces oxidative
DNA damage, protein denaturation and
lipid peroxidation demonstrating the
mutagenic and carcinogenic properties
of nanoparticles (Manke et al., 2013).
Studies have shown that cellular
apoptosis and intracellular reactive
oxygen species (ROS) are the main

mechanisms of MgONPs toxicity
(Krishnamoorthy et al., 2012; Yu et al.,
2013 and Ghobadian et al., 2015).
Some studies have investigated
histological changes in fish models
following exposure to different
materials. Naeemi et al. (2013)
evaluated histopathological changes of
gill, liver and kidney in Caspian kutum
exposed to Linear Alkylbenzene
Sulfonate. The results showed that
sublethal concentrations of Linear
Alkylbenzene Sulfonate may affect
sever changes to gill, Kidney and liver.
Fuat Gulhan et al. (2014) investigated
the effects of propolis on gill, liver and
muscle tissues of rainbow trout exposed
to
various
concentrations
of
cypermethrin (CYP). Shorting the
secondary lamellae, fusion of secondary
lamellae,
oedema,
necrosis,
vacuolization and cartilage damage in
gill tissue of fish exposed to CYP were
observed by histopathological analyses.
Hepatic lesions in liver tissue of fish
exposed to CYP were characterized as
hydropic
degeneration,
necrosis,
mononuclear cell infiltration and
narrowing of sinusoids. The most
common changes in muscle tissues at
all concentrations of CYP were nuclear
proliferation and congestion. Wu et al.
(2010) evaluated the effects of silver
nanoparticles on the development and
histopathology biomarkers of Japanese
Medaka
(Oryzias
latipes).
Morphological abnormalities in earlylife stages of Medaka showed the
potential developmental toxicity of
silver nanoparticles. Mansouri et al.
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(2015) evaluated the effects of
nanoparticles of cobalt oxide and cobalt
ions on gill histopathology of zebrafish
(Danio rerio). The results showed
several gill injuries such as aneurism,
dilated and clubbed tips, hyperplasia,
oedema, curvature, fusion of lamellae,
increase
of
mucous
secretion,
hypertrophy,
and
necrosis.
Subashkumar and Selvanayagam (2014)
showed that nanoparticles of zinc oxide
cause gill histopathological damages in
Cyprinus carpio. Griffitt et al. (2007)
revealed that exposure to copper
nanoparticles causes gill injury and
acute lethality in zebrafish (D. rerio).
Histological and biochemical analysis
showed that the gill was the primary
target organ for nanocopper. Based on
our previous study; the 96-h LC50
value of MgONPs on the zebrafish
survival was 428 mgL-1 (Ghobadian et
al., 2015). To our best knowledge this
is an initial investigation of histological
changes in embryonic tissues of
zebrafish larvae following embryonic
exposure to MgONPs sized 20 nm for
4-96 hpf.
Materials and methods
MgONPs
preparation
and
characterization
The nanoparticles used in this study
were the same particles that had been
used in our previous study (Ghobadian
et al., 2015). In brief uncoated
MgONPs of size 20 nm with a
polyhedral morphology and 98% purity
were purchased from US Research
Nanomaterials
(CAS#1309-48-4).
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Scanning electron microscopy studies
in our previous work confirmed the
polyhedral shape and size 20 nm of
MgONPs (Ghobadian et al., 2015).
MgONPs (50, 100, 200 and 400 mgL-1)
were prepared in zebrafish culture
medium consisting of 64.75 mgL
NaHCO3, 5.75 mgL-1 KCl, 123.25 mgL-1
MgSO4.7H2O
and
204
mgL-1
CaCl2.2H2O [International Standard
Organization (ISO), 1996]. The zeta
potentials of the MgONPs in culture
medium were determined using a DLS
device (Malvern Nano-Zs; Britain).
Zebrafish culture, breeding and embryo
selection
The detailed procedure for zebrafish
culture, breeding and embryo selection
is provided in our previous paper
(Ghobadian et al., 2015). In brief,
zebrafish adults with a 2:1 male/female
sex ratio were kept in an 80-L aquarium
at 26°C. The animals were fed with
brine shrimp daily. The photoperiod
was adjusted to a 14-h/10-h light/dark
cycle. After spawning, that was
triggered in the morning; the embryos
were collected, washed with culture
medium and controlled under a light
microscope (Olympus; Japan). Healthy
embryos were then separated for the
exposure process.
Exposure process
For the exposure process, fertilized
embryos were placed in 24-well culture
plates (10 embryos in 2 mL solution per
well). The embryos were treated with
MgONPs (50, 100, 200 and 400 mgL-1)
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and a control of culture medium for 4-6
hours post-fertilization (hpf). Each
group had 3 replicate wells and each
experiment was repeated 3 times. The
wells of the culture plates were covered
with transparent plastic films to
maintain a constant concentration. We
confirm that all studies were performed
according to the guidelines of the
IACUC.
Histopathology
The fish (15 larvae from each
concentration) were selected for
histological examination, fixed in
buffered 10% formalin, dehydrated,
cleared, embedded in paraffin wax,
sectioned on a microtome at a thickness
of 5 µm and stained with Haematoxylin
and Eosin (Plhalova et al., 2012).
Approximately 10 slides were
produced from each larva for
microscopic analysis. Histopathological
changes such as hyperproliferation,
edema, degeneration and other possible
morphological changes were evaluated
compared to the control group.
Histopathological scoring
Histopathological
scoring
was
performed on all serial sections
according to Zodrow et al. (2004).
Histopathology was determined based
on severity of changes in treatment
groups compared to control group
sections. Score determination was based
on the severity as well as the number of
slides out of the total in which the
histological changes were observed
with minus (-) =no histopathology; plus

(+) =histopathology in <25% of fields
(mild); (++) =histopathology in>75% of
fields
(moderate);
(+++)=
histopathology in all fields (severe).
Results
In Fig. 1 the scanning electron
microscope (SEM) image of MgONPs
is shown. The zeta potential for 50, 100,
200 and 400 mgL-1 solutions of
MgONPs in zebrafish culture medium
was
-11.21, 2.93, 15.12 and 24.4,
respectively.
The fish were exposed to 4 sublethal
concentrations
of
MgONPs.
Histopathological
examinations
revealed pathological changes only in
MgONPs exposed groups. All affected
tissues in zebrafish larvae were
compared with tissue sections of control
group. The results of whole-larva
histopathological investigations after 496 hpf exposure to MgONPs are shown
in Fig. 2.
Swelling and edematous changes in
pericardium (Tsuruwaka et al., 2015)
and yolk sac (Haas et al., 2011) were
the most common histopathological
changes that were observed in sections
of all treated groups (Table 1).
Morphological changes confirming
the muscle cell degeneration (Schmid et
al., 2013) and neurodegeneration
(Yanwei et al., 2011; Faria et al., 2015)
in the spinal cord were observed in
zebrafish
embryos
exposed
to
MgONPs. Microscopic examinations of
the epidermis, showed psoriasis-like
epithelial hyperproliferation (Dodd et
al., 2009) in zebrafish embryos exposed
to MgONPs.
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Figure 1: The scanning electron microscope (SEM) image of MgONPs (Direct Mag: 200000×).

Figure 2: Histopathology of zebrafish embryos exposed to MgONPs (50, 100, 200, and 400 mg/L).
a-1, Trunk muscle from control group (arrow), a-2, Trunk muscle of MgONPs exposed
zebrafish embryos displaying muscle cell degeneration (arrow) (100×); b-1, Spinal cord from
control group (arrow), b-2, Spinal cord of MgONPs exposed zebrafish embryos displaying
neurodegeneration (arrow) (100×); c-1, Tail cross section from control group, c-2, Tail cross
section of MgONPs exposed zebrafish embryos displaying Psoriasis-like epithelial
hyperproliferation (arrowh) (100×); d-1, Longitudinal section from control group displaying
normal pericardium (arrow), d-2, Longitudinal section of MgONPs exposed zebrafish
embryos displaying swelling and edematous changes in pericardium (arrow) (40×); e-1,
Longitudinal section from control group displaying normal yolk sac, e-2, Longitudinal section
of MgONPs exposed zebrafish embryos displaying swelling and edematous changes in yolk
sac (arrow) (100×); f-1, Eye cross section with retinal layers from control group, f-2, Eye
cross section of MgONPs exposed zebrafish embryos displaying impaired retinal
differentiation and disruption of retinal lamination, f-3, Eye cross section of MgONPs
exposed zebrafish embryos displaying smaller retina and sever edema within the eye
(asterisks) (100×).
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Also histological analysis showed
severe edema within the eyes (Weiss et
al., 2012), smaller retina (Seipold et al.,
2009), disruption of retinal lamination

(Wei et al., 2004) and impaired retinal
differentiation (Biehlmaier et al., 2007)
(Table 1).

Table 1: Histopathological analysis of MgONPs exposed zebrafish embryos and control group.
Pathology
Muscle cell degeneration
Neurodegeneration in the spinal cord
Psoriasis-like epithelial hyperproliferation
Swelling and edematous changes in pericardium
Swelling and edematous changes in yolk sac
Sever edema within the eyes
Smaller retina
Disruption of retinal lamination
Impaired retinal differentiation

Discussion
MgONPs have been employed in
various areas such as medicine, industry
and in food stuff (Guo et al., 1996;
Poullikkas et al., 2004; Shi et al., 2010;
Krishnamoorthy et al., 2012), leading to
their increased organism exposure,
thereby posing potential health hazards
to humans and other organisms. Testing
was conducted on zebrafish embryos as
an in vivo vertebrate model organism.
The objective of this study was to
investigate
the
histopathological
changes in zebrafish larval tissues
following embryonic exposure to
MgONPs for 4-96 hpf. Size 20 nm and
polyhedral morphology of the MgONPs
were confirmed by scanning electron
microscope in our previous study
(Ghobadian et al., 2015). Small changes
in zeta potentials of the MgONPs in
culture
medium
were
observed
compared to our previous study
(Ghobadian et al., 2015). This could be
due to differences in measurement

Control
-

MgONPs Concentration (mgL-1)
50
+++
+++
-

100
+
+
+
+++
+++
-

200
++
+
+
+++
+++
+++
+++
+++

400
+++
+++
+
+++
+++
+++
+++
+++
+++

conditions or devices sensitivity.
Nanoparticles can enter cells and
interact with subcellular structures
(Buzea et al., 2007). It has been
observed that NPs may trigger oxidative
stress, inflammation, and indirect DNA
damage in living systems (Sabella et
al., 2014). Some studies have shown
that the toxicity of MgONPs has been
attributed to ROS production (Yu et al.,
2013; Ghobadian et al., 2015). ROS
generation can cause oxidative DNA
damage, and protein denaturation
(Manke et al., 2013). Also other studies
have shown that cellular apoptosis is
the other mechanism of toxicity caused
by MgONPs (Krishnamoorthy et al.,
2012; Ghobadian et al., 2015). Given
the toxicity mechanisms caused by
MgONPs and mutagenic properties of
nanoparticles (Manke et al., 2013), it
can be expected that after arrival into
the cells, MgONPs will be able to
interfere with the process of embryonic
development and affect various organs
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and
tissues.
In
this
study,
histopathological evaluations showed
some changes in different organs and
tissues
including
Psoriasis-like
epithelial hyperproliferation, muscle
cell degeneration, neurodegeneration in
the spinal cord, swelling and edematous
changes in pericardium, swelling and
edematous changes in yolk sac, sever
edema within the eyes, smaller retina,
disruption of retinal lamination and
impaired retinal differentiation.
Histopathological evaluation of
zebrafish larvae tissue sections showed
a high degree of muscle cell
degeneration compared to the control
group (Fig. 2. a-1, a-2). Some studies
have described the apoptosis role in
some structures such as the notochord,
somites and muscle in a zebrafish
model (Cole and Ross, 2001).
Therefore, it can be concluded that
widespread
muscle
degeneration
observed in the zebrafish larvae
following embryonic exposure to
MgONPs
may be related to the
presence of apoptosis in muscle cells
and emphasize on the toxicity
properties of these nanoparticles.
Also, there was a significant
reduction in the number of neurons in
the spinal cord in the treated group
tissue sections compared to the control
group (Fig 2. b-1, b-2). The relationship
between neurodegeneration in zebrafish
embryos and gene malfunction has been
demonstrated (Yanwei et al., 2011).
Also given the role of apoptosis in
neurodegenerative diseases (Mattson,
2000; Robert and Friedlander, 2003)
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and the proven role of apoptosis in the
toxicity of MgONPs (Krishnamoorthy
et al., 2012; Ghobadian et al., 2015), it
can be concluded that significant
reduction observed in the number of
neurons in the spinal cord of the
zebrafish larvae following embryonic
exposure to MgONPs, may be related to
the apoptosis present in neural cells of
the spinal cord.
The zebrafish epidermis envelopes
the embryo by 14 hpf and provides a
barrier between the internal organs and
external environment. As the zebrafish
embryo increases in size, keratinocytes
must proliferate and differentiate to
form the three epidermal layers (Webb
et al., 2008). Dodd et al. (2009) have
been described a mutant that exhibits
psoriasis-like phenotypes including
epithelial
hyperproliferation.
Our
findings
in
histopathological
examinations of the tissue sections,
revealed clear signs of epithelial cells
hyperproliferation in the tail region of
the treated groups (Fig. 2. c-1, c-2). The
presence of psoriasis-like epithelial
hyperproliferation in zebrafish larvae
following embryonic exposure to
MgONPs, confirms the toxicity effects
of these nanoparticles on zebrafish
embryos.
In the histopathological study of the
pericardial region, there was a clear
swelling and edematous changes in
pericardium of the treated groups and
pericardial cavity was obviously
enlarged (Fig. 2. d-1, d-2). Given the
proven role of genetic defects in the
occurrence of edematous changes in
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pericardium (Tsuruwaka et al., 2015), it
can be concluded that the presence of
this histopathological changes in the
zebrafish
larvae
tissue
sections
following embryonic exposure to
MgONPs is due to toxic properties of
these nanoparticles.
Also,
histopathological
examinations, showed obvious swelling
and edematous changes in yolk sac of
treated larvae compared to the control
group (Fig. 2. e-1, e-2). Given the
proven role of genetic defects in the
occurrence of edematous changes in
yolk sac (Haas et al., 2011), it can be
concluded that the presence of these
histopathological changes in the treated
group tissue sections is due to the toxic
effects of MgONPs. Swelling and
edematous changes in pericardium and
yolk sac were the most common defects
that were observed in the tissue sections
of all treated groups. Histopathological
findings of this study about swelling
and edematous changes in pericardium
and yolk sac, confirm our results in
previous study (Ghobadian et al.,
2015).
Histopathological evaluation of the eyes
in treated groups showed some degree
of tissue damage that was associated
with the incomplete development of this
organ (Fig. 2. f-1, f-2, f-3). The results
showed some defects including severe
edema within the eyes, smaller retina,
disruption of retinal lamination and
impaired retinal differentiation. Various
studies have demonstrated the role of
genes in zebrafish eye development
(Fadool and Dowling, 2008). In this

study, the presence of these defects in
the eye structure is considered to be due
to the toxic effects of MgONPs in
Zebrafish embryos which interfere with
the normal development of this organ.
Based on histological investigations,
there were not certain pathological
changes in other organs and tissues.
Overall, our findings showed that
MgONPs cause various changes in
different organs and tissues of zebrafish
larvae following embryonic exposure to
them (4-96 hpf). Also this study
confirms our previous results about
MgONPs toxicity effects and enhances
our understanding about their potential
hazards to the environment.
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