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ABSTRACT
Background: Zinc oxide nanoparticles (ZnONPs) are one of metal nanoparticles that have widespread use in many fields. 
Objective: To investigate the effect of ZnONPs on cerebellar cortex of rats through histological and immunohistochemical 
study. 
Materials and methods: Thirty adult male albino rats were divided into three groups; group I (control), Group II (ZnONP-1 
treated group) which received orally 50 mg/kg of ZnONP for two months and Group III (ZnONP-1I treated group) which 
received orally 200 mg/kg of ZnONP for two months. Specimens of the cerebellar cortex were processed for histological and 
immunohistochemical study. Morphometric and statistical analysis were carried out. 
Results: Group II showed Purkinje cells were crowded in many layers surrounded by perineuronal vacuoles and had pyknotic 
nuclei. They had cytoplasmic vacuoles and perinuclear Golgi apparatus revealed fragmented dilated cisternae. Nearby 
Bergmann astrocyte cells had highly vacuolated cytoplasm and the nerve fibers were also affected and showed dysmyleination 
(disrupted myelin sheath). Immunohistochemical study of the same group showed Purkinje cell cytoplasm had positive 
immunoreactions for calretinin proteins.  In group III, there was a wide spread of neuronal affection to the degree of loss 
of many of Purkinje cells leaving empty spaces. Ultrastructurly, their cytoplasm appeared with multiple variable sized and 
had dilated mitochondria with disrupted cristae. The Bergmann astrocytes revealed nuclei with disrupted nuclear envelope 
and nearly absence their cytoplasmic organelle and there was more affection to the nerve fibers in the form of vacuolated 
axoplasm and demyelination (areas of myelin loss) beside dysmyleination. Immunohistochemical study of group III showed 
Purkinje cells cytoplasm with negative immunoreactions for calretinin proteins. 
Conclusion: Intake of ZnONPs induced various adverse alterations in the histological and immunohistochemical structures 
of cerebellar cortex indicating the occurrence of neurotoxicity. These changes were exaggerated with increasing the dose of 
their intake. 
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INTRODUCTION                                                                 

Nanoparticles (NPs) are new forms of materials 
with a size less than100 nm have been synthesized by 
nanotechnology[1]. They have unique properties regarding: 
nano size, nano surface, dissolution, self- assembly, 
nano structure, concentration and aggregation[2]. Over 
1000 different manufactured NPs were developed and 
introduced into the market and one of them was Zinc 
oxide nanoparticles (ZnONPs)[3].  They have received 
considerable attention due to their low production cost, 
ability to form diverse structures. Recently, they have 
been using in various biological applications including 
drug delivery, bioimaging probes and cancer treatment 
and as immunomodulatory agent[4&5]. They are also widely 
utilized in industrial field such as electronics, cosmetics, 
personal care products and food packaging[6&7].  

ZnONPs are detected in the water supply due 
to their environmental release within industrial and 

domestic discharge[8] so humans become more exposed 
to them via many routes like ingestion, inhalation and 
dermal penetration[6]. As they have small size so can 
pass the physiological barriers of the body and widely 
distributed in the circulation[9]. Previous studies reported 
that ZnONPs have induced obstructive pulmonary 
diseases[10], hepatotoxicity[11] and nephrotoxicity[12] in 
animals.  Furthermore, the genotoxicity of ZnONPs 
has been reported as they cause severe DNA damage in 
peripheral blood and bone marrow cells as evident by 
chromosomal fragmentation, Moreover, they inhibited 
DNA repair mechanism by downregulating the expression 
of proteins[13]. Additionally, they cause cytotoxicities in 
many cultured cells, such as epidermal cells, macrophages, 
human lung epithelial cells and vascular endothelial 
cells[14]. Some researchers mentioned that ZnONPs in 
the environment may represent important risk factors for 
neurodegenerative diseases including Huntington’s disease 
and Alzheimer’s disease[15].
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There are many studies mentioned that NPs can reach 
the brain via the blood–brain barrier (BBB) penetration 
after oral administration or translocation along the olfactory 
nerve pathway and subsequently cause neurological 
affection[16&17]. They subsequently induce changes in the 
spatial learning and memory ability of rats by altering the 
synaptic plasticity[18].  The cerebellum is a critical part 
of the hind brain and has been known to perform several 
functions such as cognition, attention and emotional 
responses in addition to motor coordination and learning[19].

Calretinin is a protein that plays an important role 
in the controlling processes of cellular calcium and has 
an anti-apoptotic action[20]. Calretinin immunoreaction 
is expressed in certain cerebellar cells and fibers as 
unipolar brush cells, mossy fibers and climbing fibers[21]. 
Calcium-binding proteins are important in presynaptic and 
postsynaptic signaling[22] and that is essential in protection 
of the brain from injury[23]. Other studies[6] focused on the 
effect of ZnONPs on brain and spinal cord and postulated 
that they are the main affected nervous components in 
ZnONPs toxicity.  So the present study aimed to investigate 
the possible effect of ZnONPs oral intake by two different 
doses on the histological structure of cerebellar cortex of 
adult male albino rats and to study the changes of calretinin 
proteins immunoexpression in cerebellar cortex layers.

MATERIALS AND METHODS                                           

Chemicals
Zinc oxide nanoparticles (ZnONPs) (cat# 721077 as 

dispersion) was obtained from (Sigma-Aldrich, Steinheim, 
Germany) in the form of white liquid dispersion with the 
following properties: concentration 50 wt. % in H2O, the 
average NP size <35 nm, the particle size distribution 
(hydrodynamic diameter) <100 nm using dynamic light 
scattering technique, pH 7±0.1 (for aqueous systems) and 
density 1.7 g/mL±0.1 g/mL at 25 °C. Average diameters of 
ZnO NPs were presented in (Figure 1). 

Fig. 1: Transmission electron micrograph (TEM) of ZnONPs' suspension 
showing that most of the nanoparticles are spherical in shape with 
diameter < 100 nm.

The experimental animals
Thirty healthy adult male albino rats (9 weeks old) with 

average weight 200-250 g were used in this experiment. 
They were housed in stainless steel cages at animal house 
of Faculty of Medicine, Zagazig University. They were 
housed at room temperature, fed standard balanced diet 
and allowed water ad-libitum. All experimental procedures 
were carried out in accordance with the research protocols 
established by the Animal Care Committee of the National 
Research Center (Cairo, Egypt). This research center 
follows the recommendations of the National Institutes 
of Health Guide for Care and Use of Laboratory Animals. 
The rats were allowed to adjust to their new surrounding 
environment for 5 days. 

The experimental protocol

Rats were randomly divided into 3 groups: 
Group I (Control group): (10 rats), further subdivided 

into two equal subgroups (five rats each):

Subgroup Ia (Negative control group): were 
administered no treatment till the end of the experiment. 

Subgroup Ib (Positive control group; saline): 
were administered 0.5 ml saline daily via oral gavage 
for two months. The saline is the solvent of zinc oxide 
nanoparticles. 

Group II (ZnONP-1 treated group): (10 rats) were 
administered 50mg/kg of ZnONPs dissolved in 0.5 ml 
saline via oral gavage once daily for two months[6]. 

Group III (ZnONP-2 treated group):  (10 rats) were 
administered 200 mg/kg of ZnONPs dissolved in 0.5 ml 
saline via oral gavage once daily for two months[6]. 

The animals were examined daily for neurological 
signs by naked eye in their cages. At the end of the 
experiment, the rats from all groups were fasted overnight. 
They were anesthetized with intraperitoneal injection of 25 
mg/kg sodium thiopental[24]. Intra-cardiac perfusion was 
carried out through butterfly needle was fixed to the left 
ventricle of the rat heart till the ascending aorta. Initially 
the intravascular perfusion by 0.9 % saline solution to clear 
the blood from the body then used 2.5% glutaraldehyde in 
0.1 mol/L cacodylate buffer (pH. 7.3) for partial fixation 
of cerebellum. After completing the perfusion process, the 
skull was opened and the cerebellum of all animals was 
excised to obtain the intact cerebellar lobules, a midsagittal 
section of the cerebellar vermis was made. A part of 
cerebellar lobule were excised, cut into smaller pieces and 
processed for light and electron microscopic study[25]. 

For light microscopy; specimens of the cerebellar cortex 
were immersed in 10% neutral-buffered formalin for 24 h, 
washed, dehydrated, cleared embedded in paraffin. Then, 
5 µm sections were prepared. Some of these sections were 
stained with haematoxylin and eosin (H&E)[26]. The other 
paraffin-embedded sections were immunohistochemically 
stained using the avidin–biotin peroxidase system for the 
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detection of calretinin (Cas no. 103261; Sigma-Aldrich, 
Saint Louis, USA). Serial sections of paraffin-embedded 
specimens were deparaffinized on charged slides and 
hydrated. They were treated with 0.01 M citrate buffer (PH. 
6.0) for unmask antigen. Then, they were incubated in 0.3% 
hydrogen peroxide for 30 minutes to abolish the endogenous 
peroxidase activity before blocking with 5% horse serum 
for 1-2hrs. The slides sections were incubated at 4C for 18-
20 h in the Primary antibody (rabbit monoclonal antibody; 
dilution 1/100; Sigma–Aldrich, Steinheim, Germany). 
After several washes with phosphate buffer saline (PBS), 
incubated for two hours with biotinylated secondary 
antibodies followed by streptavidin - biotin complex. The 
reactions were visualized with 0.05% DAB as a chromogen. 
Slides were counter stained with hematoxlyin, dehydrated, 
clear and mounted[27]. The positive immunoreaction of 
calretinin appeared as brown cytoplasmic reaction in the 
cells cytoplasm and fibers of cerebellar cortex but Purkinje 
cells show negative immunoreaction[20]. 

For electron microscope; cerebellar specimens were 
fixed in fresh 3% glutaraldehyde (pH. 7, 4), post fixed in 
1% osmium tetroxide in the same buffer at 4°C, dehydrated 
and embedded in epoxy resin. Ultrathin sections were 
obtained (Leica ultracut UCT), stained with uranyl acetate 
and lead citrate[28].  The copper grids were examined and 
photographed using a JEOL JEM 2100 electron microscope 
(Jeol Ltd, Tokyo, Japan) in Electron Microscope Research 
Laboratory (EMRL) of Faculty of Agriculture, El Mansoura 
University, Egypt.  

Morphometric study
Leica Qwin 500 image analyzer computer system 

(Leica Ltd, Cambridge, UK) at the Image Analyzing Unit 
of Pathology Department, Faculty of Dentistry, Cairo 
University, Egypt was used. The area percent of calretinin 
immunoreaction was measured using the interactive 
measure menu.  The measuring frame of a standard area 
equal to 118476.6 mm² was chosen so that the brown 
positive immunoreaction could be seen and masked by 
blue binary colour to be measured. Ten readings from five 
non-overlapping sections from each rat of all groups were 
examined.

Statistical analysis 
All data were expressed as mean ± SD using the Statistical 

Package for the Social Sciences (SPSS) software, version 
13.00 (Chicago, Illinois, USA). Statistical significance was 
determined by one-way analysis of variance (ANOVA) 
for differences between the means of different groups. 
Further analysis was carried out using the post-hoc test to 
compare the parameters between the different groups with 
each other. Probability of P less than 0.05 was considered 
statistically significant and highly significant when the P 
values were less than 0.001

RESULTS                                                                                    

General examination:
The rats in group I (subgroups, Ia and Ib) appeared 

normal and did not exhibit any signs of neurological 
abnormality. On the other hand, rats from group II 
exhibited some neurological signs in the form of reduction 
in activity, muscle weakness, tremors with movement and 
loss of equilibrium. At the end of the experiment their hind 
limbs were paralysed. These signs were exaggerated in 
Group III that received 200 mg/kg of ZnONPs.

Histological results:
The control subgroups Ia and Ib revealed nearly similar 

histopathological results; consequently, only results of the 
control subgroup Ia were presented.

Examination of the H&E-stained sections of group 
I revealed normal histological structure of the cerebellar 
cortex. The cortex which constituted the grey matter of 
cerebellum was formed of three layers; outer molecular, 
middle Purkinje and inner granular layers. The outer 
molecular layer consisted of nerve cells with vesicular 
nuclei and blood vessels. The Purkinje layer showed large 
flask shaped Purkinje cells arranged typically in a single 
row at the junction of the molecular and the granular 
layers. These Purkinje cells displayed characteristic 
centrally located rounded open face nuclei and they were 
surrounded by Bergmann astrocytes cells with vesicular 
nuclei. The inner granular cell layer contained numerous 
small granule cells with deeply stained nuclei (Figure 2a). 
In group II, H&E sections revealed the molecular layer 
had nerve cells with darkly stained nuclei and its neuropils 
were degenerated. The Purkinje cell layer appeared 
crowded in many layers. Some of them were displaced 
upwards in the molecular layer while others displaced 
downwards in the granular cell layer. Also, the Purkinje 
cells were surrounded by perineuronal vacuoles and had 
pyknotic nuclei. Moreover, the granular layer had granule 
cells with pyknotic nuclei (Figure 2b). In group III, there 
was a wide spread of neuronal affection to the degree of 
loss of many of Purkinje cells leaving empty spaces and 
the Purkinje cells appeared were highly distorted and 
pyknotic. Moreover, Granule cells appeared scattered and 
few in number with pyknotic nuclei (Figure 2c). 

The immunohistochemical study of group I showed that 
there were positive immunoreactions of calretinin proteins 
in the fibers of molecular layer, Bergmann astrocytes and 
granular cells. However, the cytoplasm of Purkinje cells 
showed a negative immunoreaction (Figure 3a). On the 
other hand, in group II, the cytoplasm of Purkinje cells 
had a positive immunoreaction for calretinin proteins 
(Figure 3b). In group III, Purkinje layer expressed negative 
reactions for calretinin while molecular and granular layer 
showed weak positive reactions (Figure 3c).
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Ultrastructurally, group I revealed Purkinje cells 
had large indented euchromatic nuclei. Their cytoplasm 
contained numerous mitochondria, scattered cisternae 
of rough endoplasmic reticulum and free ribosomes 
(Figure 4a). In group II, Purkinje cells appeared shrunken 
and their nuclei showed condensed heterochromatin.  
Their cytoplasm was electron dense and had vacuoles 
and fragmented dilated cisternae of perinuclear Golgi 
apparatus (Figure 4b). The Purkinje cells of group III were 
more shrunken and had, denser cytoplasm which showed 
multiple variable sized vacuoles and dilated mitochondria 
with disrupted cristae. Their nuclei were heterochromatic 
with irregular nuclear envelope (Figure 4c). 

Bergmann astrocytes of group I appeared ensheathed 
Purkinje cells with their processes and had euchromatic 
nuclei and pale cytoplasm containing ribosomes, 
mitochondria, lysosomes and rough endoplasmic reticulum 
(Figure 5a). In group II, Bergmann astrocytes had highly 
vacuolated cytoplasm (Figure 5b). In group III, the cells 
appeared with nuclei had disrupted nuclear envelope and 
nearly absence of their cytoplasmic organelles (Figure 5c).

The granular layer of cerebellar cortex in group I 
showed closely packed spherical nuclei of granule nerve 
cells with their characteristic condensed chromatin,  the 
nuclei were surrounded by very little cytoplasm contained 

strands of rough endoplasmic reticulum, free ribosomes 
and mitochondria. In-between granular cells, there 
were scattered myelinated nerve fiber showing compact 
lamellar structure of myelin around smooth contoured 
axons  (Figure 6a). In group II, the granule cells had 
heterochromatic nuclei with irregular nuclear envelope and 
some cells showed vacuolated cytoplasm. The myelinated 
nerve fibers showed dysmyleination in the form of focal 
areas of splitting of myelin sheath. Vacuolation of neuropil 
in granular layer was also noticed (Figure 6b). In group III, 
there was more affection of granular layer including nerve 
fibers with vacuolated axoplasm, some fibers showed 
demyelination (areas of myelin loss) and others showed 
dysmyleination. The granule cells had heterochromatic 
nuclei with irregular nuclear envelope whereas the neuropil 
showed numerous vacuolation (Figure 6c).

Morphometric results
Immunohistochemical study of calretinin proteins in the 

present work revealed an interesting pattern of expression 
of them in Purkinje cells. In group II, Purkinje cells showed 
a highly significant increase in calretinin immunoreaction 
as compared to group I. However, in group III they showed 
a highly significant decrease in the reaction compared to 
group II (Table 1).
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Fig. 3: A photomicrograph of immunohistochemical reactions of calretinin proteins in sections of cerebellar cortex  
(3a): Group I showing a positive immunoreaction in fibers of the molecular layer (asterisks), Bergmann astrocyte (arrow) and granular cells (g). There is a 
negative reaction in Purkinje cell cytoplasm (pc). 
(3b): Group II showing a positive reaction in Purkinje cells cytoplasm (pc). Also, positive immunoreactions are detected in the fibers of the molecular layer 
(asterisk), Bergmann astrocyte (arrow) and granular cells (g).
(3c): Group III showing Purkinje layer (P) with negative reactions while molecular (M) and granular (G) layers showing weak positive reactions. 
                                                                                                                                                           (Immunoperoxidase technique for calretinin, scale bar 30 µm)

Fig. 4: An electron micrograph of Purkinje cells  
(4a): Group I showing a large indented, euchromatic nucleus (N). Its cytoplasm contains numerous mitochondria (m), scattered cisternae of rough endoplasmic 
reticulum (arrows) and free ribosomes (r). 
(4b): Group II showing a shrunken Purkinje cell having a nucleus (N) with condensated chromatin. Its cytoplasm is electron dense and has fragmented and 
dilated cisternae of perinuclear Golgi apparatus (GA) and cytoplasmic vacuoles (v).
(4c): Group III showing a Purkinje cell with heterochromatic nucleus (N) and nuclear irregular nuclear envelope (arrow).  The cytoplasm is electron dense and 
has multiple variable sized vacuoles (v) and dilated mitochondria with disrupted cristae (m).

Fig. 5: Electron micrograph of cerebellar cortex  
(5a): Group I showing a Bergmann astrocyte ensheathing a Purkinje cell (pc) with their processes (∆). It has euchromatic nucleus (N) and pale cytoplasm 
contains ribosomes (r), mitochondria (m), lysosome (arrow) and rough endoplasmic reticulum (RER).   
(5b): Group II showing a Bergmann astrocyte near a Purkinje cell (pc) which has euchromatic nucleus (N) and highly vacuolated cytoplasm (v) 
(5c): Group III showing a Bergmann astrocyte beside a Purkinje cell (pc), which has a nucleus (N) with disrupted nuclear envelope (curved arrow) and nearly 
no cytoplasmic organelles (double arrows).
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Fig. 6: An electron micrograph of a section in the cerebellar cortex
(6a): Group I showing granule cells with their spherical nuclei with their characteristic condensed chromatin (N) surrounded by a shell of cytoplasm has strands 
of rough endoplasmic reticulum (arrow head), free ribosomes (r) and mitochondria (m). Myelinated nerve fibers have regular compact myelin sheath (arrows) 
are also seen. 
(6b): Group II showing a granule cells with heterochromatic nucleus (N) and irregular envelope (arrowhead).  The cytoplasm of some granule cells show 
vacuolation (circle). Some nerve fibers have focal areas of splitting of myelin sheath (arrows) and vacuolated neuropil (V) in granular layer is also seen.
(6c): Group III showing nerve fibers with vacuolated axoplasm (curved arrows) and some of them showed areas of myelin loss (zigzag arrows). Others, with 
focal areas of splitting of myelin sheath (arrow). The granule cell appears with heterochromatic nucleus (N) and irregular envelope (arrowhead) and highly 
vacuolated neuropil (V) inbeween granular cells).

Table 1: Mean values ± S.D of % area of calretinin immune-stain in the different studied groups.

Group I Group II Group III Significance

Molecular layer 14.4800±2.4760 14.9300±1.6720 3.7000±2.3333

P1= 0.8622

P2< 0.0001*

P3< 0.0001*

Purkinje cell layer 1.7700±2.2642 12.1100±1.2215 9.2600±1.0069

P1 < 0.0001*

P2 < 0.0001*

P3 < 0.0001*

Granular layer 21.4000±1.8547 19.5800±1.2453 5.9200±2.1948

P1 = 0.0922

P2 < 0.0001*

P3 < 0.0001

*= highly significant change (P < 0.0001) by student t-test.
P1 = comparison between group I and group II.
P2 = comparison between group I and group III
P3 = comparison between group II and group III.
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DISCUSSION                                                                           

Zinc oxide nanoparticles (ZnONPs) have gained great 
attention owing to their rapidly increasing use in many 
fields, including Nanomedicine as in trials for treating 
cancer. Human exposure to them occurred via many routes, 
including: ingestion, inhalation, injection and dermal 
penetration[29]. 

Some studies considered zinc nanoparticles safe due 
to the presence of Zinc as trace element in the human 
body[30]. However, in spite of their wide application, the 
hazards of their exposure are not yet known and many 
researchers studied their effects on many organs like 
liver, heart, submandibular gland, bone and pancreas[31]. 
This study investigated the neurological effects of 
ZnONPs on cerebellar cortex through histological and 
immunohistochemical studies on adult male albino rats.

In the current work, the choose of oral intake of ZnONPs 
because humans have a higher chance of ingestion of them 
in the food-related products with different doses[32]. Zinc 
ion concentration is increased in plasma after daily oral 
administration of ZnONPs and deposited in the different 
organs, after a period of 28 days[33]. 

In the present study, the control group revealed the 
observations correlated with the histological organization 
of the normal cerebellum structure as reported by previous 
study[34]. In group II that were treated with 50mg/kg 
showed disturbed normal linear organization of Purkinje 
cell layer due to crowding of Purkinje cells. Some cells 
were displaced upwards in the molecular layer while others 
were displaced downwards in the granular cell layer. This 
multilayer deposition of Purkinje cells was explained by 
exposure to neuronal insult that could lead to adaptive 
response in the form of crowding of Purkinje cells in a 
trail to reestablish the synaptic contact with other neurons 
in order to perform their function[35].  One the other hand, 
group III that were treated by 200mg/kg revealed nearly 
absence of Purkinje cells in many areas leaving empty 
spaces and these results were in agreement with previous 
authors[6] 

Purkinje cells in group II were appeared surrounded 
by perineuronal spaces and highly distorted in group III. 
These results were attributed to shrinkage of Purkinje cells 
and withdrawal of their protoplasmic processes secondary 
to disintegration of cytoskeletal elements[36]. 

The electron microscopic study revealed Purkinje cells 
in group II had electron dense cytoplasm that contained 
dilated cisternae of Golgi apparatus. The cytoplasm of 
Purkinje cells in group II was denser than in group II. 
Those results were in agreement with previous researchers 
[6] who reported that ZnONPs caused considerable 
damage to the cytoplasmic organelles concerned with the 
biosynthesis of cell proteins. 

Previous researchers[37] mentioned that the presence of 
dark neurons in various regions of the grey matter of CNS 
was usually due to ischemic action on the capillary wall of 

the cerebellar cortex. Others[36] explained the appearance 
of dark neurons by a certain phase of apoptosis. 

The treatment with higher doses of NPs was found to 
induce apoptosis and autophagy in mammalian cells[13]. 
On the contrary, other researchers[38] proved that long term 
exposure to 50 and 500 mg/kg nano-ZnO in diets didn't 
cause toxicity whereas high dose of nano-ZnOs about 5000 
mg/kg caused toxic effect. Additionally, the current study 
was in agreement with previous finding[39] which reported a 
significant cellular toxicity effect of ZnONPs that started at 
50mg/kg intake and was exaggerated at a dose of 200mg/
kg by increasing the oxidant status and decreased the 
antioxidant capacity.

The electron microscopic examination of Bergmann 
astrocytes of group II revealed many cytoplasmic 
vacuolation. These results were attributed to a cell 
pathological change observed in astrocytes against various 
stimuli[40].  Moreover, in group III, nuclei of these cells 
appeared with disrupted envelopes and the cytoplasm 
was devoided from organelles. Rafati et al[41] reported 
that disruption of the architecture of Bergmann glia led 
to neurodegeneration of cerebellar Purkinje cells. Thus 
the degeneration of the supporting Bergmann cells in the 
current study might explain the degeneration and loss of 
Purkinje cells.  

Regarding the vacuolar appearance of cytoplasm of 
Purkinje cells in group II which was obviously increased 
in group III. These findings were also detected within 
the cytoplasm of germ cells and olfactory epithelial cells 
exposed to ZnONPs[42]. These vacuoles might be a result of 
cellular swelling caused by failure of the energy-dependent 
Na+ K+ ion pumps in the plasma membranes as a result of 
lipid peroxidation[43].  

Additionally, the cytoplasm of Purkinje cells in group 
III revealed mitochondrial alteration in the form of dense 
matrix and intracrystal destruction. These changes were 
attributed to degeneration secondary to high metabolic 
activity of the cell[44]. 

In the present work, Immunohistochemical study of 
calretinin proteins revealed that Purkinje cells of group 
II showing a highly significant increase in calretinin 
immunoreaction as compared to group I. However, in 
group III they showed a highly significant decrease in 
the reaction compared to group II and these results were 
reported by previous studies[45]. In calretinin knockout mice, 
the cerebellum resulted in unexpected positive calretinin 
immunoreactivity in Purkinje cells as marked abnormalities 
in the Purkinje cell firing with modifications of both simple 
and complex spike[46]. The increased immunoreactivity 
of the Purkinje cells in group II suggested an adaptive 
mechanism to combat against the neurodegeneration[47]. 
On the other hand, the decrease in the immunoreactivity 
in group III might be due to the massive degeneration of 
many Purkinje cells. The neuronal degeneration resulted in 
a decrease in calretinin expression in the hippocampus and 
cerebellum as previously reported[48].
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Light microscopic examination of the granular cells 
of both group I and II showed pyknotic nuclei however 
in group II, they were scattered and fewer in numbers. 
Ultrastructurly, the granular neurons had heterochromatic 
nuclei with irregular nuclear envelopes and some of them 
had vacuolated cytoplasm in group III. This finding was 
explained by exposure of cerebellar granular cells to 
oxidative stress[49,50]. Previous investigators[15] suggested 
that granular cells changes were secondary to alterations 
occurred in Purkinje neurons leading to gradual loss of 
synchronization between both nerve cells.

Ultrastructurely, the vacuolation of neuropil in group II 
which was increased in group III might be due to shrinkage 
of cells and withdrawal of their processes secondary to 
cytoskeletal affection as a sign of neuronal death[51].

Ultrathin section examination revealed axonal changes 
in the form of dysmyelination in group II in addition to 
vacuolation of axoplasm and occurrence of demyelination 
in group III. These results were explained by some 
investigators[51] as axon changes were a component 
of a dying-back process of neuronal injury while the 
myelination‘s disruption was secondary to the changes in 
myelin basic protein lead to membrane damage and axonal 
degeneration. Dysmyelination was attributed to increased 
water content in degenerating nerve causing intramyelinic 
edema and oedematous splitting at various levels of the 
myelin lamella[52]. Demyelination can occur as a response 
to axonal degeneration or secondary to the oxidative 
stress[53]. In addition, the free radicals potentially damaged 
the oligodendrocytes [responsible for myelination) and 
neurons causing cell membrane damage and impairment of 
myelination in the axoplasm[54]. 

The toxicity of ZnONPs was attributed by previous 
studies[55] to their small size that can penetrate the blood 
brain barrier (BBB). Once they reach the cell cytoplasm, 
they can cause direct damage and cell death. Shen et al[56] 

suggested that intracellular release of ionic Zn+2 from the 
particles with a subsequent elevation of the cytosolic Zn2+ 
concentration which was responsible for cell membrane 
injuries, triggering inflammatory responses, DNA damage 
and death of the cells. Such a concept has been supported 
by other studies[57] which added that the elevation of 
cytoplasmic Zn2 caused mitochondria to sequester Zn2+ 
ions and affects the mitochondrial membrane permeability 
in the form of opening mitochondrial pores and release 
factors that may trigger the intrinsic pathway of apoptosis. 

Oxidative stress occurred even when only small 
amounts of ZnONPs were combined into the cells.  This 
led to the accumulation of reactive oxygen species (ROS) 
that attack the DNA, generating 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 spontaneously once ZnONPs are exposed to the 
acidic medium of lysosomes owing to their chemical and 
surface nano-level characteristics. These interactions affect 

the biological system’s ability to detoxify the reactive 
intermediates or to repair the resulting damage[7].

CONCLUSION                                                                                

Intake of ZnONPs induced various adverse alterations 
in the histological structure of cerebellar cortex indicating 
the occurrence of neurotoxicity.  These changes were 
exaggerated with increasing the dose of ZnONPs 
administration. We recommended a reduction of the 
human exposure to these potentially toxic materials and 
more research to find cures for diseases associated with 
nanoparticles exposure. 
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الملخص العربى

دراسة نسيجية وهستوكميائية مناعية على تأثير جزيئات أكسيد الزنك 
النانونية على قشرة المخيخ فى ذكورالجرذان البيضاء البالغة

هبه محمد عبد العزيز، نوره عبد الحميد مكاوي، نهله السيد ابراهيم

 قسم الهستولوجيا وبيولوجيا الخلية – كلية الطب– جامعه الزقازيق

الخلفية: جزيئات أكسيد الزنك النانونية هي واحدة من جسيمات المعادن الدقيقه التي تستخدم على نطاق واسع في العديد 

من المجالات

هدف الدراسة: هدفت هذه الدراسة إلى التحقق من تأثير جزيئات أكسيد الزنك النانونية على قشرة المخيخ من خلال 

دراسة نسيجية وهستوكيميائية مناعية.

المواد والطرق: قسمت ثلاثين من ذكور الجرذان البيضاء إلى ثلاث مجموعات :المجموعة الاولى )الضابطه(, المجموعة 

الثانية )المجموعة المعالجة الاولى ( والتى تلقت50 مجم / كجم من جزيئات أكسيد الزنك النانونية بالفم لمدة شهرين و 

المجموعة الثالثة )المجموعة المعالجة الثانية( والتى تلقت200 مجم / كجم من جزيئات أكسيد الزنك النانونية بالفم لمدة 

شهرين. تم  عمل عينات من قشرة المخيخ للدراسة النسيجية والهستوكيميائية مناعية كما تم إجراء تحليل مورفومتري 

وإحصائي.

النتائج: أظهرت المجموعة المعالجة الاولى خلايا بيركينجى مزدحمة وظهرت باكثر من طبقه محاطة بفراغات واضحة 

جولجي  لجهاز  الصهاريج  أن  و  سيتوبلازمية  فجوات  وجود  على  للخلايا  الدقيق  الفحص  وكشف   ، داكنه  نوايا  ولها 

بها  متوسعة ومتقطعة. كانت خلايا بيرغمان النجمية لها سيتوبلازم مجوف وتأثرت أيضا الألياف العصبية وأظهرت 

خلل في الطبقات الميلانيه.وكان سيتوبلازم هذه الخلايا  إيجابي التفاعل الهستوكميائى المناعى  لبروتين كلريتنين. أما 

المجموعة الثالثة  والتي كانت تدار بجرعة 200 مجم / كجم من جزيئات أكسيد الزنك النانونية أظهرت  انتشار واسع من 

التلف العصبى لدرجة فقد العديد من خلايا بركينجى لتترك فراغات مكانها. وقد أظهرت دراسة التركيب الدقيق لقشرة 

المخيخ  فى ذات المجموعة أن ميتوكندريا خلايا بيركينيجي بها تكسير فى الحواجز وبداخلها سيتوبلازم ذات فجوات 

متعددة. كشفت الخلايا النجمية بيرغمان نوى بها مظروف معطوب وغياب العضيات السيتوبلازمية. وعلاوة على ذلك 

التفاعل الهستوكميائى  ، أظهرت الألياف العصبية مناطق بها فقدان في الطبقات الميلانيه وفجوات سيتوبلازمية. أما 

المناعى لبروتين كلريتنين فى سيتوبلازم خلايا بيركينجى كان سلبيا.

الخلاصة: تناول جزيئات أكسيد الزنك النانونية  عن طريق الفم تسبب في تغييرات ضارة مختلفة في البنية النسيجية 

والهستوكميائىة مناعية للقشرة المخيخية مما يدل على حدوث السمية العصبية. وهذه التغيرات زادت مع زيادة تناول 

جزيئات أكسيد الزنك النانونية.  


