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Abstract

The progressive utility and application of zinc oxide nanoparticles (ZnO NPs) in medical and
industrial purposes raises the debates about their safety use. Modern research recorded brain
(CNS) as a target for NPs- toxicity. We sought to investigate the effects of selenium (Se) on ZnO
NPs-neurotoxicity in rats. Forty adult male rats (Rattus norvegicus) weighing 180-200 g were
randomly divided into four groups; control, Se-administered (0.2 mg/kg/day), ZnO NP-exposed
(1 g/kg/day for 5 consecutive days), and ZnO NPs + Se, were used. Nanoparticles of ZnO
appeared spherical with nearly uniform size and a mean diameter of 25.3 nm by transmission
electron microscope (TEM). Exposure of rats to ZnO NPs recorded histopathological and
ultrastructure lesions including; vacuolated molecular layer with apoptotic nerve cells,
damaged and shrunken Purkinje cells (PC), swollen Bergman astrocytes and degenerated
granular cells overlapped in gliosis. At EM level, PC appeared with ill-defined nuclear criteria
and ruptured mitochondria, Bergmann astrocytes exhibited vacuolated cytoplasm with
damaged mitochondria, granular cells had heterochromatic nuclei with irregular nuclear
envelopes and vacuolated cytoplasm and molecular layer with dysmyelinated nerve fibers. The
present results confirmed ZnO NPs-induced DNA injury in rat’s cerebellum at the dose level of
1g/kg /day as recorded from comet data. However, administration of Se prior to ZnO NPs -
exposure improved the histological, ultrastructural and molecular criteria of cerebellum.
Conclusion: The study confirmed the neurotoxicity of ZnO NPs in rat's cerebellum and suggests
a promising neuro-protective role of Se as a food supplement.

Keywords: Zinc oxid nanoparticles; Cerebellum of rats; Histopathology; Ultrastructure; Comet
assay
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Introduction:
Nanotechnology is a rapidly developing science and has been one of the fastest-growing
technologies. Moreover, owing to their good antibacterial and antifungal properties, ZnO NPs are

widely used in medicine. Previous investigators evaluated the toxicity of ZnO NPs in distinctive organs
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(liver, renal tissues and testes) for short and long periods of exposure. They reported that ZnO NPs
has the excessive potential to pass via placenta and blood organ barriers causing cellular and tissue
damage (Zanchi ez al., 2015; Nassar ez al., 2017 ; Al-Salmi ez al., 2019). NPs are accumulated in
brain tissue and induced oxidative stress resulting in neuro-degeneration. The latter disturbs CNS
criteria and hence affects function of neurons (Ransohoff, 2016). Shim et 2l. (2014) recorded
potential pathogenic effect of ZnO NPs in brain and blood and they bound to apolipoprotein, which
acts as a mediator in NPs transportation across the BBB. Other studies revealed that ZnO NPs could
induce apoptosis, cyto and genotoxicity, mitochondrial dysfunction and inflammatory responses
(Yuan ez al., 2010; Sharma ez al., 2011). Hazardous effects of zinc oxide nanoparticles on different
visceral organs such as kidney, liver, lung, spleen, and heart could be recorded (Jachak ez al., 2012;
Li et al., 2012). Moreover, DNA damage could be recorded in epidermal cells exposed to ZnO NPs
for 6 h at different concentrations (Sharma ez al., 2009). Nanoparticles of zinc oxide induce intense
DNA damage in bone marrow cellularity and blood as manifested by chromosomal fragmentation.
These NPs suppressed the process of DNA repair via down regulating the immunoreactivity of
proteins (Pati, 2016). Due to the progressive medical application of nanoparticles (particularly,
metallic ones), more alertness was directed to the benignity of using them for the central nervous
system (Sawicki ez al., 2019). The metal-rich nanoparticles are absorbed into circulation and
deposited in different organs but the brain is the most susceptible one to their toxicity (Feng ez al.,
2015).

Therefore, the objective of the present study is to evaluate the histological, ultrastructural and

molecular effects of ZnO NPs on rat’s cerebellum and the conceivable protective potential of selenium.

MATERIAL AND TECHNICS

Chemicals

All chemicals used in the current study were products of Sigma (Sigma-Aldrich Corporation,
USA) and being of high analytical grade. Zn O-NPs (MW: 81.39 g/mol, < 50 nm size, lucidity > 97%
with prolonged action). Se was in the form of Sodium selenite (Na;SeO3).

Animals

Animals used in the current experiment were breaded in the special animal house of Faculty of
Science, Zagazig University (40 adult male albino rat; Rattus norvegicus, 10-12 week). They were kept
under standard conditions of dark / light cycle, temperature (25°C +1), humidity (55%) and well-
ventilated room. Water and food (standard pellets) were given ad libitum.

Animal grouping and dosage

Animals were equally-divided into 4 groups; G1: Control, G2: Selenium group (orally-given 0.2
mg/kg/day) (El-Demerdasha and Nasr, 2014), G3: ZnO NPs group (orally-given 1 g/kg/day, for 5
consecutive days (Wang ez al., 2008; Nassar ez al., 2017) and G4: ZnO NPs + Se-treated rats. Selenium
was given for 8 successive days, 3 of them before the start of the experiment. Rats were sacrificed after

the completion of the exposure period.
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Ethical consideration

The current protocol was reviewed and approved by the guide lines of the Institutional Animal
Care and Use Committee (Zagazig University -JACUC) and our approval number is ZU-
IACUC/F/109/2020.

For histopathology

Skulls were dissected, cerebella were removed, fixed in neutral buffered formalin (10%), and
processed for embedding in soft paraffin wax. Sections were de-waxed, hydrated and stained with
hematoxylin and cosin (Bancroft and Gamble, 2008).

For electron microscopy (EM)

Cerebellar specimens were fixed in 3% fresh glutaraldehyde (pH: 7.4), osmicated (buffered 1%
OsO4 at 4°C) and processed till epoxy resin. Ultrathin sections and double staining with uranyl acetate
and lead citrate were made (Hayat, 2000). Examination and photographay by a JEOL JEM 2100
electron microscope (Tokyo, Japan) at the Electron Microscopy unit of Faculty of Agriculture, El
Mansoura University, Egypt.

For molecular studies

Pieces of cerebella were quickly-removed, after sacrifice, from control and experimental groups,
preserved in a freezer for Comet assay technic.

Comet assay

An accurate single cell gel electrophoresis for detecting and measuring single and double-strand
DNA breaks at alkaline medium was performed in the current study according to the methodology of
Singh ez 2/.(1988) and Tice and Strauss (1995).

RESULTS

Characterization of ZnO NPs

Transmission electron microscopic (ITEM) description showed that ZnO NPs used in the
current study are with tiny and variable sizes ranging from 17.96 to 38.83 nm and good dispersion,
allowing easier cellular uptake than NPs of larger sizes. The onset which gives them more surface
activity and increased adsorption properties. The TEM image of ZnO nanoparticles prepared by
precipitation method showed that particles were spherical grain-like agglomerates with nearly uniform

morphology. The mean diameter of particles was 25.3 nm [Fig. 1].
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Fig.1: TEM image of ZnO NPs showing the morphology and size. Mean nanoparticle size
=25.3 nm.

Histopathological results

Examination of H&E-stained sections of control animals illustrated normal histological pattern
of cerebellar cortex (Fig. 2). Cerebellum of Se group revealed good histological similarities to that of
control. However, exposure of rats to ZnO NPs showed different histopathological lesions in
cerebellum. The molecular layer appeared vacuolated with nerve cells possessing darkly-stained nuclei,
others are apoptotic and its neuropil was degenerated. Also, a hemorrhage could be detected in the
extracellular spaces. Damaged Purkinje cells were surrounded with vacuoles and pericellular spaces and
some were lost. Bergman astrocytes appeared swollen. Granular cells appeared degenerated, few in
number, necrotic with ill-defined nuclei and mostly overlapped forming gliosis (Fig.3). Co-
administration of Se minimized ZnO NPs-induced damage all over the cortical layers to a large extent.
Molecular layer appeared normal with intact nerve cells. Purkinje cells appeared in one layer that was
similar to control except some damaged cells in the field. Bergmann astrocytes were intact in the
vicinity of Purkinje cells exhibiting normal features. Granular cells displayed well-organized pattern,

not overlapping each other, with nearly normal blood sinusoids (Fig. 4).
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Fig. 2: H&E stained sections of cerebellar cortex of control group (x1000) showing small scattered cells of the molecular layer
(M), single row of large pyriform cells of Purkinje (P) with pale vesicular nuclei, prominent nucleoli and apparent cellular processes
(arrow) passing through molecular layer. Bergman astrocytes (As) are seen around Purkinje cells and granular (G) layer having numerous
crowded granular cells with darkly-stained nuclei enclosing blood sinusoids (bs) within their cells. Fig. 3: H&E stained sections of
cerebellar cortex of ZnONPs group (x1000) showing molecular layer (M) with apoptotic cells (arrow) and vacuolization (v), necrotic
Purkinje cells (P) with pericellular spaces (asterisk) and hemorrhage (h), swollen Bergman astrocytes (As). Granular cells (G); numerous,
crowded with darkly-stained nuclei in gliosis (white arrow) enclosing blood sinusoids with necrotic cells (n) Fig.3: H&E stained sections
of cerebellar cortex of ZnONPs-intoxicated group (x1000) showing molecular layer (M) with apoptotic nerve cells surrounded with
vacuoles (black arrow), damaged Purkinje cells (P) appeared in two layers, with pericellular spaces (asterisk), swollen Bergmann astrocytes
(As). Granular cells (G) with gliosis (white arrow) enclosing edematous blood sinusoids (bs). Fig. 4: H&E stained sections of cerebellar
cortex of ZnONPs-intoxicated animals treated with Se (x1000) showing restoration of the histological pattern towards the control status,
except some affected Purkinje cells.

Ultrastructural results
Cerebellum of control and selenium groups revealed two types of Purkinje cells (clear and dark)
possessing large indented euchromatic nuclei with irregular, visible, double-layered but not dilated

nuclear envelope and prominent nucleoli. The clear Purkinje cell having lightly-stained (less electron-

dense) cytoplasm. The cytoplasm contains a large number of small electron dense mitochondria of
variable sizes and well-organized rough endoplasmic reticulum (rER). Abundant ribosomes were
aggregated between the cisternae of rER. The field also exhibited adjacent interstitial microglia cell
which appears near the blood capillary (BC) with large nucleus possessing peripheral heterochromatin.
The granular cells (GC) exhibiting normal ultrastructural profile closely-packed large spherical nuclei
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of granule nerve cells with their characteristic condensed chromatin, their nuclei were surrounded by
little cytoplasm (Figs. 5, 6). The molecular layer of cerebellar cortex showed a number of myelinated
axons wrapped in a thick myelin sheath with compact arrangement of the myelin lamellae around

axons. Another group of non-myelinated axons could be also detected (Fig. 7).

Fig. 5: Electron micrograph (EM) of cerebellar cortex of control animal (Scale bar 10pm) showing clear Purkinje cell (PC)
having less electron-dense cytoplasm, euchromatic nucleus (n) with well-developed nucleolus. Adjacent interstitial microglia cell (arrow)
appears near the blood capillary (BC) with large nucleus possessing marginated heterochromatin. A group of granular cells (GC)
exhibiting normal ultrastructural profile was evident. Fig. 6: Magnified part of the last EM (Scale bar 5pm) illustrating the euchromatic
nucleus (n) with irregular, visible but not dilated nuclear envelope (arrow). The cytoplasm contains a large number of small electron
dense mitochondria (m) of variable sizes and rER (thin arrow). Abundant ribosomes (Rs) aggregated between the cisternae of rER. Fig.
7: EM of cerebellar cortex of control animal (Scale bar 10pm) showing part of the molecular layer (M) adjacent to dark Purkinje cell
(PC). A number of myelinated axons (white arrow) are wrapped in a thick myelin sheath with compact arrangement of the myelin

lamellae around axons. Another group of non-myelinated axons of the granular cells could be also detected (*).

Post exposure of animals to ZnONPs cerebellum showed damaged and shrunken PC with
heterochromatic nuclei, ill-defined nuclear criteria with complete absence of the nuclear envelop and
poor integrity of cell boundary. Cytoplasmic vacuolization was evident. The pericellular spaces
appeared due to cellular damage and shrinkage. Also, dilated and ruptured mitochondria could be
detected. The field also demonstrates a damaged and shrunken granular cell at the left (Fig.8).
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Astrocytes of Bergmann exhibited vacuolated cytoplasm. The field showed an axon hillock emerging
from the soma of astrocyte containing damaged mitochondria (Fig. 9). The granular cells had
heterochromatic nuclei with irregular nuclear envelopes and some cells showed vacuolated cytoplasm.
The myelinated nerve fibers showed dysmyleination in the form of focal areas of splitting of myelin
sheath. Vacuolization of neuropil in granular layer was also noticed. The lower part revealed an affected
part of the molecular layer illustrating a number of myelinated and demyelinated axons together with

affected myelinated nerve fibers with ruptured mitochondria in the axoplasm (Fig. 10).

Fig. 8: EM of cerebellar cortex of ZnONPs-exposed rat (Scale bar 5 pm) showing a damaged and shrunken PC with
relative loss of cell boundary, ill-defined heterochromatic nucleus, with absence of nuclear envelop. Cytoplasmic
vacuolization(circles). Pericellular spaces appeared due to cellular damage and shrinkage. Also, dilated and ruptured
mitochondria (i) could be detected. The field also demonstrates damaged and shrunken granular cells (GC) at the left.
Fig. 9: A Bergmann astrocyte exhibited highly vacuolated cytoplasm (circle) and heterochromatic nucleus. The exit of an

axon hillock from the soma of astrocyte containing damaged mitochondria (m). Fig. 10: showing highly-damaged granular
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cells (GC) with heterochromatic nuclei and disrupted nuclear envelope (double arrows) some with vacuolated cytoplasm
(circles). Scattered nerve fibers showed dysmyelination (thick white arrows) at certain points. The lower part revealed an
affected part of the molecular layer illustrating a number of myelinated and demyelinated axons together with affected

myelinated nerve fibers with ruptured mitochondria in the axoplasm (thick black arrows).

Co-administration of Se and ZnO NPs ameliorates the ultrastructural profile of all neural cells
of cerebellum. The PC appeared with normal features. It had euchromatic nucleus and intact nuclear
membrane. Cytoplasm contains normal mitochondria and lysosomes. Also, the administration of Se
improves the ultrastructural pattern of Bergmann astrocytes towards the normal histology to appear
with its characteristic heterochromatic nuclei and cytoplasm containing intact mitochondria and intact
lysosomes (Fig. 11). In other field, cytoplasm appeared possessing euchromatic nuclei with intact
nuclear membrane, mitochondria, well organized Golgi and orderly stacks of rER (Fig. 12). In the
meantime, the cells of the granular series appeared nearly similar to that of control animals with

heterochromatic nuclei possessing regular nuclear membranes and homogenous cytoplasm (Fig. 13).

Fig. 11: EM of cerebellar cortex of ZnONPs-exposed rat treated with Se (Scale bar 5 pm), Purkinje cell (PC)
possessing euchromatic nucleus(n) with nuclear intact membrane (double arrows), normal mitochondria (circle) and
lysosomes (ovoid), some affected cells (white arrow). Bergman Astrocytes (BA) with normal features. Fig. 12: Magnified
part (Scale bar 2pm) illustrating a Purkinje cell (PC) with nuclear intact membrane (arrows), most of mitochondria (m)
appeared intact, and well organized Golgi (square) and rER in orderly stacks (circle). Fig. 13: granular cells (GC) appeared
normal with heterochromatic nuclei possessing regular nuclear membranes and homogenous cytoplasm. Normal Purkinje
cell (PC) and normal Bergman Astrocyte (BA). Some affected cells (arrows).
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Molecular results:

DNA fragmentation (Comet assay)

Application of the alkaline comet assay on specimens of cerebellum of control and experimental
animals revealed normal DNA fragmentation in control ones with a tail DNA of 0.98% and a tail
moment of 1.03. (Fig. 14-1, table 1). Rats administered with Se exhibited a tail DNA and tail moment
nearly similar to that of control (1.04% and 0.96 respectively) (Fig. 14-2, table 1).The impact of
ZnONPs administration on cerebellar DNA of rat revealed an obvious increase in the tail DNA
(2.05%) and tail moment (4.00) (Fig. 14-3, table 1). The synchronized gavage of Se with ZnO to
experimental rats protected their cerebella from DNA damage as indicated by a decrease in tail DNA
(1.63%) and tail moment (2.59) compared with that of group 3 (Fig. 14-4, table 1).

2

Figure 14(1-4): Gel pictures of comet assay analysis showing the extent of DNA damage in

cach comet group based on tail DNA% and units of tail moment.

Table 1: values of comet parameters in the control and experimental groups of rats.

Tail
Cerebellum | Tailed | Untailed | Tail length | Tail DNA Molecnt
% % pm % Unit
NC 1 4 96 1.05 0.98 1.03
Se 2 3 97 0.92 1.04 0.96
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ZnO 3 12 88 1.95 2.05 4.00
ZnO +
Se 4 8 92 1.59 1.63 2.59
DISCUSSION

The CNS is highly sensitive to chemical alterations in its microenvironment. Therefore, the
entrance of trace amounts of unique materials to brain may change the equilibrium of its internal
parenchyma producing damage.

The safety use of ZnO NPs becomes of urgent need due to excessive exposure and miss-
manipulation of these nanomaterial in man's environment. Brain and nervous tissues are highly
susceptible to oxidative stress-induced damage owing to their high content of unsaturated fatty acids,
high exhaustion of oxygen and low levels of antioxidant enzymes (Halliwell, 2006 ; Naziroglu, 2009).
Our results revealed that, the average size of the ZnO NPs under investigation was 17.96-38.83 nm,
and the mean diameter was 25.3 nm measured by the EM since the latter is ideally employed to
demonstrate NPs and describe its morphology and size inside tissues. These results are consistent with
previous investigators who reported that decreased particle size leads to more ZnO NPs uptake by
cells, inducing higher toxicity (Fu ez al., 2013; Dkhil ez al., 2020). Others recorded that large surface
area of ZnO NPs provides more reactivity; which leads to good biological responses obtained in the
target living cells (Siddiqi ez /., 2018). Moreover, some previous reports confirmed more toxicity of
ZnO nano rods and smaller ones than spherical and large ones respectively (Hsiao and Huang, 2011).
The unique physicochemical criteria of nanoparticles, especially ZnO NPs, were tightly associated to
their biomedical uses (Du ez 2l., 2018; Elshama ez 2/, 2018; Sruthi ez 2l., 2018). Hence, for ZnO
NPs; the shape, dose, size and time of exposure should be exactly measured and its toxicity correlated
to their physical properties. In the current work, the choice of oral intake of ZnO NPs was because
humans have a higher chance of ingestion of them in food-related products and local ointments with
varying doses (Sharma ez al., 2012). The highest accumulation of NPs, with 18 nm diameter, in the
brain was observed after oral gavage (Han ez 4l., 2011; Sawicki ez al., 2019)

Histopathology

The current work recorded histopathological lesions in rat’s cerebellum induced by ZnO NPs
exposure including; vacuolated molecular layer with apoptotic and degenerated nerve cells. A
hemorrhage could be detected in the extracellular spaces. Purkinje cells appeared in more than one
layer, sometimes being necrotic and surrounded with pericellular spaces and swollen Bergman
astrocytes. The granular cells appeared distorted, necrotic and less in number. Most of them formed
gliosis enclosing edematous blood sinusoids. The authors attributed these alterations to the oxidative
stress induced by the applied experimental dose of ZnO NPs to extend and confirm its neurotoxicity
in a first part of the same study published in (2021) and recorded ZnO NPs toxicity in cerebellum at
the immunohistochemical level via up-regulation of caspase-3 and down-regulation of GFAP (Nassar,
Salma ez al., 2021). The current results are in line with previous findings (Shalaby and Sarhan, 2008;
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Sharma ez al., 2012; Najafzadeh ez al., 2013; Lopes et al., 2014; Ben-Slama ez al., 2015;
Abbasalipourkabir ez /., 2015). Shalaby and Sarhan (2008) recorded a focal loss of Purkinje cells
which may be attributed to shrinkage of these cells and withdrawal of their protoplasmic processes
following disintegration of cytoskeletal elements. Sharma ez a/. (2012) detected granule cells and
Purkinje cells affection (apoptosis, atrophy, decrease in number and degenerated organelles) with
different doses and routes of ZnO NPs administration. Abbasalipourkabir ez 2/ (2015) recorded a
cellular toxicity of ZnONPs (50-200 mg/kg) by increasing the oxidant status and decreasing the
antioxidant capacity. These results are in consistent with those of other investigators. The disturbed
antioxidant status and apoptotic death in brain cells due to prenatal oral exposure to ZnO NPs was
recorded in rats. These NPs damaged hippocampus and cerebral cortex and induced reactional changes
which stop memory and learning (Xiaoli ez 2/ 2017). NPs may enhance neurodegenerative diseases
by allowing release of ROS, inflammation, microglial activation and focal loss of neurons (Wang ez
al., 2017). Abdel-Aziz et al. (2018) concluded that, rats exposed to ZnO NPs disturbed normal
linear organization of Purkinje cells in the form of multilayer pattern which explained as an adaptive
response to neuronal injury in a trail to re-construct good synapses with neighboring nerve cells in
order to perform their function. In addition, Amer and Karam (2018) recorded similar
histopathological changes, whorled masses of axons and gliosis in cerebellum of ZnO NPs-exposed
animals and attributed gliosis to reactive proliferation of astrocytes in GFAP immune-stained sections.
Apoptosis and necrosis were also recorded with ZnO NPs — exposure in the same organ (Elmore,
2007) or in different organs (Wells ez al., 2012; Nassar ez al., 2017). Zinc NPs caused peri-neural
vacuolization, congested vascularity in brain tissue as compared to control (Dkhil ez /., 2020).

Electron microscapy

The ultrastructural changes in all neuronal cells of cerebellum, recorded in the current study, as
affected by ZnONPs are in parallel with those of previous investigations. Elshama ez al, (2017)
reported that ZnO NPs caused considerable damage to the cytoplasmic organelles concerned with the
biosynthesis of cell proteins. Elshama ez 2/ (2018) found that prolonged exposure to Zn NPs induced
ultrastructural alterations brain of rats, based on dosage and ROS production. Cytoplasmic
vacuolization in Bergmann astrocytes was recorded as a pathological response to various stimuli
(Guillamén-Vivancoset ez al., 2015). Rafati ez al. (2015) reported that degeneration of Bergmann
astrocytes led to concomitant degeneration of Purkinje cells. Thus, degeneration of the first ones might
explain the degeneration and loss of the second. The granular neurons exhibited heterochromatic
nuclei with irregular nuclear membranes and vacuolated cytoplasm due to oxidative stress (Kamal and
Kamal, 2013; D‘Angelo ez al., 2013). Costa et al. (2014) suggested that granular cells changes were
correlated to alterations occurred in Purkinje neurons leading to gradual loss of harmony between both
types of neurons. The vacuolization of neuropil might be attributed to shrinkage of cells and
withdrawal of their processes after cytoskeletal affection as a sign of neuronal death. Ultrathin section
examination revealed axonal changes in the form of dysmyelination in addition to vacuolar changes of
axoplasm and occurrence of demyelination (Afifi and Embaby, 2016). Dusart ez /. (2006) described

Purkinje cell’s degeneration which began in cell bodies with rough ER alterations and polysomal
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aggregation. Then, shrinkage of cytoplasm and chromatin condensation occur suggesting cell death.
Moreover, Fu et al. (2013) recorded localization of NPs as electron dense granules between myelin
lamellae of cerebellar nerve fibers of exposed animals. Abdel-aziz ez /. (2018) demonstrated shrunken
Purkinje cells with condensed nuclei, vacuolated cytoplasm and fragmented Golgi apparatus (in rats
received 50 mg / kg ZnO NPs). Also, Bergmann astrocytes, granule cells and myelinated nerve fibers
were affected. But when rats received 200 mg/kg ZnONPs all the neural cells appeared more affected.

DNA damage

Concerning the impact of ZnO NPs exposure on cerebellar tissue at the molecular level, in the
present investigation, Comet technology was used. The technic verifies two goals; detection of DNA
damage at an early stage and giving a positive response at a lower concentration. Therefore, the present
results proved that ZnO NPs-induced DNA injury in rat’s cerebellum at the dose level of 1g/kg /day
as recorded from comet data. However, supplementation with Se (0.2 mg/kg b.w. / day) minimized
this harmful effect towards the normal status. The increase in tail length of DNA at the used dose may
reflect a high percent of DNA strand break. The authors correlated this genotoxicity to the oxidative
(ROS liberation) and nitrosative effects induced by ZnO NPs. The inflammatory cytokines release
could also contribute to DNA injury caused by ZnO NPs (Totsuka ez al., 2014). The role of Se at
this situation provides additional evidence to its possible protective potential at the molecular level.
These findings confirm the neurotoxicity of ZnO NPs at the level of DNA and being in line with
previous investigators (Tian ez al., 2015; Attia et al., 2018; Dkhil ez al., 2020). Tian ez al. (2015)
reported that Zn NPs exposure in vitro caused DNA damage in mice brain cell lines. Attia ez al.
(2018) showed that Zn NPs exposure (at two different concentrations) for one week induced brain
DNA fragmentation (in vivo study). The authors explained the DNA damage as a result of oxidative
stress due to Zn NDPs gavage. Also, ZnO NPs exposure caused statistically-significant DNA damage
and increased chromosomal aberrations (Dufour et 2/., 2006; Sharma et /., 2009). Oxidative stress
occurred even when only small amounts of ZnO NPs were combined into cells. This led to
accumulation of ROS that attack DNA, releasing a huge range of base and sugar modifications and a
number of alterations such as DNA cleavage and oxidation of purines. Induction of ROS can occur
spontancously once ZnO NPs are exposed to the acidic medium of lysosomes owing to their chemical
and surface nano-level characteristics. These interactions disturb the ability of biological system to
expel the toxic metabolites or to repair the resulting damage (Ansar ez al., 2017). Moreover, the
damaging effect of ZnO-NPs on DNA was investigated in the testicular tissue by Nassar ez /. (2017)
using Comet assay. The authors recorded a significant increase in the tail length, DNA % in the tail
and tail-DNA moment in testis of rats. Previous studies suggested that ZnO-induced DNA damage
may be correlated to oxidative stress and lipid peroxidation (Xiong ez al., 2011). The released ROS
react directly with DNA, causing damage to both pyrimidine and purine bases as well as the DNA
backbone (Martinez et al., 2003). Nassar ez 2/.(2018) concluded that TiO2-NDPs induces oxidative
stress, which produces cytotoxic changes in sperms and increased the apoptotic index in these germ
cells via the increased expression of caspase 3 which may affect the fertilizing potential of spermatozoa

and vitamin E minimizes this toxicity. Previous studies recorded that after exposure to 15 pg/mL

Tob Regul Sci. ™2022;8(1): 1946-1964 1957



Salma Samir Nassar et. al
Cerebellum of Rats, As Affected by Zinc Oxide Nanoparticles and The Role of Selenium

Nano-ZnO particles for 3 hours, reduced the activity of mouse neural stem cells, DNA damage and
cell apoptosis was reported (Deng ez al., 2009).

Selenium

Regarding the gradual exposure to zinc oxide nanoparticles and their certain neurodegenerative
and cytotoxic effects, in the present study, compounds with antioxidant and anti-inflammatory
functions may constitute promising protective and/or therapeutic policies to overcome neurotoxicity
induced by ZnO NPs. Supplementation of selenium to ZnO NPs-intoxicated rats, in the existing
study, minimized the damage resulted from ZnO NPs all over the parenchyma of the cerebellar cortex
to a large extent. Molecular layer appeared normal with intact nerve cells. Purkinje cells of this group
displayed an aligned layer. Bergmann astrocytes exhibited normal features. Granular cells displayed
well-organized pattern, not overlapping each other with nearly normal blood sinusoids. In the
meantime, the combination of Se and ZnO NPs partially-protect the ultrastructural and molecular
profiles of the neural cells in cerebellum, the onset which maximizes the role of Se as an antioxidant
and/or neuroprotective material at the cellular, subcellular and molecular levels. These findings are in
agreement with those of previous investigators; where Smith et al, 2010 reported that Selenium (Se)
is an important nutritive substance for the servicing of human health, which plays a worthy role in
reducing oxidative stress in the brain. Se in vivo is primarily present as various selenoproteins that
preserve the balance of the cellular redox state. Also, supplementation with Se reduces lipid
peroxidation and DNA damage induced by Hg exposure Li et al, 2012. Further, selenium methionine
protects from neuronal degeneration induced by MeHg exposure in rats Sakamoto et al, 2013.
Selenium is a compound previously used for antioxidant purposes in animal models of experimentally-
induced nephrotoxicity Wan et al, 2017 and Gunes et al, 2018. Various studies recorded
selenoproteins to play an important role in antioxidant defense systems in myocardium Soudani et al,
2011, and Se has anti-inflammatory El-Ghazaly et al, 2016 and Tyszka-Czochara et al, 2016 and
antiapoptotic effects Balaban et al, 2017, Jin et al, 2017 and Demirci et al, 2017. Tu et al, 2021
reported that, treatment of rats with selenium, remarkably- improved organizations, structures and
swelling of membranous organelles of cerebellum towards the normal features after MeHg exposure.
Geraniol (an antioxidant) improved memory decay and neurotoxicity induced by ZnO NPs in male
rats Farokhcheh et al, 2021. In conclusion, our results extend and confirm the neurotoxicity of ZnO
NPs at the cellular, subcellular and molecular levels and suggest Se as a supplement with a promising

neuro-protective role against toxicity of ZnO NPs.
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