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ABSTRACT

Introduction: Titanium Dioxide (TiO,) nanoparticles have potential risks to human health. They were able to enter brain to
be detected in the cerebral cortex, cerebellum and hippocampus. Withania somnifera (WS) improve rotenone induced damage
in cerebellum.

Aim of the work: To study the effects of oral administration of TiO, nanoparticles on the cerebellum and the protective role
of hydromethanolic root extract of WS (Egyptian Ashwaghandha).

Material and Methods: Seventy five adult male albino mice were divided into five groups (N=15): group 1 (control), group
2 (gum acacia group), and group 3 (WS root extract group) recieved orally hydromethanolic WS root extract (500 mg/kg)
once daily, group 4 (TiO, nanoparticles group) recieved orally TiO, nanoparticles (150 mg/ Kg), dissolved in gum acacia
solution once daily, group 5 (TiO, nanoparticles + WS root extract group). After sixty days, Sections from the cerebellum
were prepared and stained with HandE, Cresyl violet stain as well as Immunohistological stains for nNOS, iNOS, eNOS and
GFAP. Morphometrical and statistical analyses were performed.

Results: In TiO, nanoparticles group, cerebellum showed disrupted purkinje cells with marked degenerative changes,
decreased Nissl granules in Purkinje cells, vacuolations in all layers of the cerebellar cortex and dilated congested capillaries
in white matter. The number of the Purkinje cell were decreased while GFAP positive astrocytes were increased. Decreased
nNOS immunostaining in cortical layers, while the iNOS immunostaining increased and increased eNOS immunostaining
in capillary endothelial cells were detected. Administration of the hydromethanolic WS root extract improved the altered
cerebellar morphology with significant statistical improvement in purkinje cell and astrocyte count.

Conclusion: TiO, nanoparticles oral administration induced toxic effects and WS contains active ingredients that counteract
these effects.
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INTRODUCTION

milk powder and in bread flour. Also, TiO, is therapeutically
Titanium (Ti) is widely distributed around the world. It used in sunscreens and cosmetic creams!*!,

is the ninth most abundant element in the earth's crust. Ti is

not found as a pure metal in nature due to its high affinity

for oxygen and other elements. Titanium Dioxide (TiO,) is

a natural derivative of the Til'l.

The distinct properties of TiO, nanoparticles, such as
small size, high number per given mass, increased surface
area per unit mass, aggregation and marked reactivity
may cause harmful effects to human health and the

Nanoparticles are a class of organic or inorganic environment®,
substances with the size (1-100 nm). They can be generated
through both natural (e.g., volcano eruption) or produced
daily by human activities (automobile exhaust gases or
emissions of power plants) or engineered for industrial or
medical purposes®.

TiO, nanoparticles were able to enter the brain to be
detected after 10 days of exposure in many areas of the
brain, including the cerebral cortex, cerebellum and
hippocampus and produced histopathological changes in
the CA1 region of the hippocampus!®..

TiO, is in the top five nanoparticles used in consumer
productst!. Oral route has a potential exposure route
for general population due to TiO, frequently used as
a "whitening" pigment in tooth paste, in tableted drug
products, in dairy based products as cheese, chocolate and The cerebellum forms the highest levels of NO within

Nanoparticulate TiO, significantly increased the
activities of nitric oxide (NO) level in the mouse brain also,
the regulation of NO plays a role in nanotoxicology!”.

Personal non-commercial use only. EJH copyright © 2018. All rights served DOI: 10.21608/ejh.2019.28761

398



Faheem et al.

the nervous system®). This high levels of NO may indicate
that cerebellum is more susceptible to oxidative stress.
Oxidative stress markers included inducible nitric oxide
synthase (iNOS), neuronal NOS (nNOS) and endothelial
NOS (eNOS)P™.

Cerebellum is included in frequent aspects of motor
functions including coordination, muscle tone, locomotion
and posture. It also has a role in behavior, cognition,
speech, psychiatric illness as well as discrimination of
sensory information!'”,

Glial cells play a principal role in the development,
formation, nutrition and repair of neurons. These cells also
direct the axonal regeneration process. Glial fibrillary acidic
protein (GFAP) is a good indicator of early pathological
effects, indicated by the activation of astrocytest'!l.

Traditional medicines are usually derived from natural
products as plants, minerals and organic materialst'?.
Withania somnifera (WS), commonly known as Ginseng
and Ashwagandha, is an important medicinal plant, a
small, woody shrub 60—200 cm high. It is grown in India,
Pakistan, Afganistan, the Mediterrancan and throughout
the Middle East espcially Egypt and Jordan!*.

The roots of WS are commonly used for therapeutic
purposes. The dried roots of the plant have been shown to
have a useful role in the treatment of nervous and sexual
dysfunction!4!,

WS is reported to be beneficial in many nervous
disorders in rodents. These include stress!™! and rotenone-
induced oxidative stress!'®l.

Administration of WS was found to be safe and showed
enhanced body posture and increased strength and stability
in limb movements in elderly patients with long-term
progressive degenerative cerebellar ataxial'™.

Unfortunately, few studies have been carried out to
determine effects of TiO, nanoparticles on cerebellum
and natural ways for protection. So, the aim of the present
study was to investigate the effect of hydromethanolic root
extract of WS on cerebellum of albino mice subjected to
TiO, nanoparticles.

MATERIAL AND METHODS

Experimental animals:

Seventy five healthy male mice aged two months locally
bred at the animal house of Research Center and Bilharzial
Research Unit, Faculty of Medicine, Ain Shams University.
The mice were housed in stainless steel cages, five mice
per cage. The mice were exposed to dark/light cycle and
daily diet and free water access were allowed with suitable
environmental conditions and good ventilation and at a
temperature of 25 degrees.

Chemicals

TiO, nanoparticles: It is nanopowder of 21 nm particle
size and purity >99.5% trace metals basis they were

white and odorless. It is manufactured by Sigma-aldrich
Chemical Company, Germany and purchased from Sigma—

Egypt.

Gum acacia: It is presented in a powder form and
prepared by dissolving 10 gm in 100 ml distilled water
which were boiled first. It was obtained from EIl-Nasr
Pharmaceutical Chemicals Company, Egypt.

Withania Somnifera (Egyptian Ashwaghandha), dried
roots were obtained from a local market.

Preparation of hydromethanolic WS root extract: The
powdered WS roots (50g) were extracted successively with
80% methanol and 20% H2O in a soxhlet extractor for 48
h at 60°C. The solvent was evaporated to dryness at 40°C
by a rotary evaporator. The powder was 5Sg/kg and stored
at 4°C. It was dissolved in distilled water whenever needed
for experiment!'®].

Experimental design:
The animals were divided into five groups (n=15).

Groupl (control group): received 1 ml of distilled
water orally through a gastric tube once daily for sixty
days.

Group2 (gum acacia group): received 1ml of 5%
gum acacia solution (solvent of TiO, nanoparticles) orally
through a gastric tube once daily for sixty days.

Group3 (WS root extract group): received
hydromethanolic WS root extract at a dose of 500 mg/kg
orally through a gastric tube once daily for sixty days!'®.

Group4 (TiO, nanoparticles group): received TiO,
nanoparticles (150 mg/ Kg)!'"”, in 1 mL of 5% gum acacia
solution as a solvent orally through a gastric tube once
daily for sixty days?”.

Group5 (TiO, nanoparticlestWS root extract
group): received a TiO, nanoparticles as in group 4 with
hydromethanolic WS root extract as in group 3 for sixty
days.

At the end of the experiment the animals were sacrificed
by high dose of ether anesthesia. The skull was opened and
the cerebella were collected carefully. the cerebella were
cut in parasagittal sections and fixed in 10% formaline for
two more days. The specimens were prepared for paraffin
blocks. Paraffin sections (Sum) of cerebellar hemispheres
were stained with hematoxylin and eosin stain and Cresyl
fast violet stain®!,

Immunohistochemical study for GFAP:

Immunostaining was performed using the avidin-biotin
peroxidase technique for localization of GFAP, and the same
technique for the iNos, nNos and eNos: Paraffin sections
(5um) were stained with modified avidin-biotin peroxidase
technique for GFAP to demonstrate the astrocytes.
Primary antibodies were obtained from (Sigma, St Louis,
Missouri, USA). Sections underwent deparaffinization and
hydration. Then treated with 0.01 M citrate buffer for 10
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minutes to unmask antigen. Then, they were incubated
in 0.3% H,O, for 30 minutes to abolish endogenous
peroxidase activity before blocking with 5% horse serum
for 1-2 hs. The specimens were incubated with the primary
antibody (1:100 monoclonal mouse anti GFAP) at 4°C for
18-20hs. The next step was washing and incubating the
slides with biotinylated secondary antibodies and then with
avidinbiotin complex. Lastly, sections were counterstained
with hematoxylin before mounted?.

Quantitative morphometric study

The number of Purkinje cells per field was calculated.
Five fields from three several sections stained by Cresyl
fast violet of each rat were examined by high power lens
(X400), using the image analyzer program at Faculty of
Science, Azhar University. In every section, the cell that
was located at the purkinje cell layer had a soma and at
least a part of its nucleus in the section was counted!*].

Also, astrocytes were counted in an area of 20,000 um?2
and selected randomly in the GFAP stained sections using
light microscopy at x400 magnification.

In addition the total number of Purkinje cells in section
was estimated by manual counting. Mean of nNOS and
iNOS immunopositive Purkinje cells were assessed.
Measurements were performed on five sections per
group. In the nNOS and iNOS stained sections using light
microscopy at x400 magnification.

Statistical analysis

The values were represented as mean =Standard.
Deviation (£SD). The data were analyzed by one-way
anova with post-hoc test for multiple comparisons between
groups using SPSS software (SPSS Inc., Chicago, Illinois,
USA). Differences were considered significant if P value
was less than 0.05 and highly significant if P value was
less than 0.01.

RESULTS

Histological results:
Groupl: control group:

HandE-stained sections showed the central white
matter with the overlying outer cortex of grey matter.
The grey matter was found to be composed of three well
defined layers. These layers were the outer molecular layer,
the inner granular layer and the Purkinje layer in between
the previous two layers (Fig. 1).

The molecular layer was formed of nerve fibers with few
scattered stellate cells located superficially and basket cells
in the deeper parts near Purkinje cell bodies. The Purkinje
cells were uniformly arranged in one row along the outer
margin of the granular layer. They showed large pyriform
or flask shaped cell bodies. They displayed characteristic
centrally located vesicular nuclei and apparent nucleoli.
Bergmann astrocytes with pale nuclei surrounded by a
pale cytoplasm were identified. They were scattered in the
superficial part of the granular cell layer and in between

the Purkinje cells. The granular layer was composed of
numerous, small, closely packed granular cells with dark
spherical nuclei and non-cellular clear spaces in between
the cells, representing the cerebellar islands (Fig. 2).

With cresyl fast violet stain, purple Nissl granules were
detected in the perikarya of Purkinje cells (Fig. 3).

Group2 (Gum acacia group) and group3 (WS root
extract group):

Showed the same histological appearance like control
group [.

Group4 (TiO, nanoparticles group):

HandE stained sections showed that purkinje neurons
disappeared completely in many areas leaving empty
spaces. The granular layer was thin with many apoptotic
cells having small eccentric dark nuclei and an eosinophilic
cytoplasm (Fig. 4).

other sections showed abnormal arrangement of the
Purkinje cells in more than one layer. Purkinje cells were
displaced upwards in the molecular layer, while others
were intermingling with granular cells. Their nuclei
showed karyolytic changes. Many Bergmann astrocytes
were identified in molecular layers and in the granular
layer. Vacuolations were detected in all the layers of the
cerebellar cortex (Fig. 5).

Other Purkinje cells were shrunken and having
eosinophilic cytoplasm or vacuolated cytoplasm and
shrunken dark stained nuclei. They were surrounded with
perineural spaces with accumulation of numerous glial
cells around some of them (Fig. 6).

White matter showed areas of hemorrhage and dilated
congested blood vessels (Fig. 7).

Cresyl fast violet stain revealed decreased Nissl
granules in Purkinje cells (Fig. 8).

Group5 (TiO, nanoparticles + WS root extract
group):

Examination of the HandE stained sections of this
group showed monolayer of Purkinje cells that most of
them retained its pyriform shape and their characteristic
centrally located vesicular nuclei and apparent nucleoli
between the outer molecular and inner granular layers.
Few affected Purkinje cells were observed with fragmented
nucleus and eosinophilic cytoplasm inbetween apparently
normal cells. Bergmann astrocytes were arranged in the
superficial part of the granular cell layer and in between
the Purkinje cells (Fig. 9).

No apparent changes were detected in molecular layer
or in white matter. Few vacuolation appear in the granular
layer (Fig. 10).

As regards Cresyl fast violet stain sections, slight
increase in Nissl granules in the Purkinje cells as compared
to TiO, nanoparticles group (Fig. 11).
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Immunohistological results:

In control animals, immunohistochemical staining for
the detection of GFAP showed scattered GFAP positive
astrocytes in the white matter and molecular layers
(Fig. 12a). In the TiO, nanoparticles group, GFAP-positive
astrocytes were greater in number, with multiple thick
processes, with relatively longer processes in the white
matter and the three cerebellar cortical layers (Fig. 12b).
The TiO, nanoparticles group showed relatively fewer
astrocytes with thin processes in the white matter, granular,
Purkinje and molecular layers. (Fig. 12c¢).

nNOS immunostaining of control group showed
positive nNOS immunoreactivity in the molecular layer
in the perikarya of stellate and basket cells. The cell
bodies of Purkinje cells and the granular layer also exhibit
positive nNOS immunoreactivity (Fig. 13a). In the TiO,
nanoparticles group, weak nNOS immunoreactivity was
observed in the molecular layer, the granular layer and
Purkinje cell layer (Fig. 13b). The TiO, nanoparticles +
WS root extract group showed improvement in nNOS
immunoreactivity in molecular, granular layer and Purkinje
cell layers (Fig. 13c¢).

Immunohistochemical staining for iNOS revealed slight
iNOS immunoreactivity in the molecular layer and granular
layer. Most Purkinje cell bodies are non-immunoreactive in
the control mice (Fig. 14a). In the TiO, nanoparticles group,
granular cell layer shows moderate reaction in some areas
while the molecular layer shows mild immunoreactivity.
However, iNOS strong immunoreaction was observed in
Purkinje cells (Fig. 14b). TiO, nanoparticles + WS root
extract group showed mild iNOS immunoreactivity in the
molecular layer and in few areas of granular layer while
Purkinje cells are non-immunoreactive (Fig. 14c).

Immunohistochemical staining for the eNOS revealed
negative reaction in the capillary endothelial cells (Fig.
15a). However, the TiO, nanoparticles group showed
strong positive reaction in the capillary endothelial cells
(Fig. 15b) while the TiO, nanoparticles + WS root extract
group showed mild positive reaction (Fig. 15¢).

Statistical results:

A) Number of the Purkinje cells / 10000 mm2 area of the
Purkinje cell layer:

There was highly statistically significant difference
between groups as regards the number of Purkinje cells,
P<0.001, F value = 5259 (Anova test) (Table 1 and
Histogram 1).

There was no significant statistical difference in the
number of Purkinje cells between control, gum acacia and
WS root extract groups.

B) Number of astrocytes / an area of 20 000 um2:

There was highly statistically significant difference
between groups as regards the number of astrocytes, P<0.001,
F value = 319.5 (Anova test) (Table 2 and Histogram 2).

There was no significant statistical difference in the
number of astrocytes between control, gum acacia and WS
root extract groups.

C)Number of the nNOS and iNOS positive Purkinje cells:

There was highly statistically significant difference
between groups as regards the the nNOS and iNOS
positive Purkinje cells, P<0.001 (Anova test) (Table 3 and
Histogram 3).

Fig. 1: A photomicrograph of a section of the cerebellum of an adult
control mouse showing the different layers of the cerebellar cortex which
are molecular layer (ML), Purkinje layer (PL) and granular layer (GL), as
well as the white matter (WM). Hand E; X 100

Fig. 2: A photomicrograph of a section of the cerebellum of an adult
control mouse showing the molecular layer (ML) is formed of small
stellate (sc) and basket (bc) cells. The Purkinje cells (P) of the middle
layer (PL) The granular layer (GL). Note the presence of clear spaces

cerebellar islands (ci) and Bergmann astrocytes (a). Hand E; X 400
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Fig. 3: A photomicrograph of a section of the cerebellum of an adult
control mouse showing purple Nissl granules (arrow) in the perikarya of
Purkinje cells. Cresyl fast violet x 1000

Fig. 4: A photomicrograph of a section of the cerebellum of an adult
mouse of the TiO, nanoparticles group showing loss of Purkinje neurons
leaving empty spaces (s).

Note the thin granular layer (GL) with many apoptotic cells having small
eccentric nuclei and an eosinophilic cytoplasm (arrow).

Hand E; X 400

) N . < Bype - ¥0Y.
Fig. 5: A photomicrograph of a section of the cerebellum of an adult
mouse of the TiO, nanoparticles group showing disarrangement of the
Purkinje cells lineage. Some of them showed eosinophilic cytoplasm and
karyolytic changes (arrow). All the layers of the cerebellar cortex showed
vacuolation (V).

Note the presence of many Bergmann astrocytes (a). H and E; X 400

Fig.6: A photomicrograph of a section of the cerebellum of an adult
mouse of the TiO, nanoparticles group showing halos of empty spaces
(stars) and numerous glia (arrow) surround the shrunken purkinje cells (P)
with eosinophilic cytoplasm and dark stained shrunken nuclei. Note the
purkinje cell (arrow head) with completely vaculated cytoplasm and dark
H and E; X 400

stained shrunken nuclei.

Fig. 7: A photomicrograph of a section of the cerebellum of an adult
mouse of the TiO, nanoparticles group showing dilated congested blood
vessel (bv) in white matter. Note the hemorrhage (Hg) in the white matter.
H and E; X 400

Fig. 8: A photomicrograph of a section of the cerebellum of an adult
mouse of the TiO, nanoparticles group showing decreased purple Nissl
granules in the perikarya of Purkinje cells (arrow). Cresyl fast violet x
1000
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. e, v SRS :
Fig. 9: A photomicrograph of a section of the cerebellum of an adult Fig. 10: A photomicrograph of a section of the cerebellum of an adult
mouse of TiO, nanoparticles + WS root extract group showing monolayer mouse of TiO2 nanoparticles + WS root extract group showing some
of Purkinje cells (P) in between the molecular (ML) and granular layer vacuolation (v) in the granular layer. H and E; X 400

(GL). Note the presence of Bergmann astrocytes (a) and Purkinje cells
with fragmented nucleus and eosinophilic cytoplasm (arrow). H and E;
X 400

Fig. 12: Immunohistochemical staining for the demonstration of GFAP in the cerebellum of: a) an adult control mouse showing scattered positive astrocytes
(arrows) in the white matter and granular layer. b) an adult mouse of the TiO2 nanoparticles group showing GFAP-positive astrocytes; they were greater in
number, with multiple thick processes, with relatively longer processes (arrows) in the white matter, granular, Purkinje and molecular layers. C) an adult
mouse of the TiO2 nanoparticles + WS root extract group showing relatively fewer astrocytes with thin processes in the white matter, granular, Purkinje and
molecular layers. GFAP, x 400
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Fig.13: Immunohistochemical staining for the nNOS in the cerebellum of: a) an adult control mouse showing nNOS immunoreactivity in the molecular layer
in the perikarya of stellate (sc) and basket (bc) cells. The cell bodies of Purkinje cells (P) and the granular layer (GL) also exhibit nNOS immunoreactivity.
b) an adult mouse of the TiO2 nanoparticles group showing weak nNOS immunoreactivity in the molecular layer (ML), the granular layer (GL) and Purkinje
cell (P) layer. ¢) an adult mouse of the TiO2 nanoparticles + WS root extract group showing increased nNOS immunoreactivity in the molecular layer (ML),
granular layer (GL) and Purkinje cells (P). nNOS, x 400

layer (ML) and granular layer (GL). Purkinje cell bodies (P) are non-immunoreactive. b) an adult mouse of the TiO2 nanoparticles group showing strong
immunoreaction in Purkinje cells cytoplasm (P). Granular cell layer (GL) shows moderate reaction in some areas (arrow) while the molecular layer (ML) shows
mild immunoreactivity. ¢) an adult mouse of the TiO2 nanoparticles + WS root extract group showing mild iNOS immunoreactivity in the molecular layer (ML)
and in few areas of granular layer(arrow). Purkinje cells (P) are non-immunoreactive. iNOS, x 400
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Fig.15: Immunohistochemical staining for the eNOS in the cerebellum of: a) an adult control mouse showing negative reaction in the capillary endothelial
cells. b) an adult mouse of the TiO2 nanoparticles group showing strong positive reaction in the capillary endothelial cells (arrow). ¢) an adult mouse of the

TiO2 nanoparticles + WS root extract group showing mild positive reaction in the capillary endothelial cells (arrow).

DISCUSSION

TiO, nanoparticles have been shown to cause several
pathological effects on many organs such as the kidneys,
liver?*, respiratory system!®! and reproductive system?®.

In the present study administration of TiO, nanoparticles
caused marked structural changes and disorganization
in all layers of the cerebellum. Purkinje neurons were
disappeared completely in many areas leaving empty
spaces while in other areas they exhibited multilayer
accumulation. Similar observations were found by in
Sodium Fluoride exposed rats who explained this finding
on the basis of distal axonal neuronal degeneration.

eNOS, x 400

In the current study, examination of the TiO,
nanoparticles group showed that many Purkinje cells lost
their pyriform shape. Most of them were shrunken with
eosinophilic cytoplasm. Their nuclei were dark pyknotic or
fragmented with karyolytic changes. They were surrounded
with perineural spaces with accumulation of numerous glia
around some of them. Vacuolation of all the layers of the
cerebellar cortex were detected. The granular layer was
scanty and dispersed with many cells having small dark
eccentric nuclei and an eosinophilic cytoplasm.

Degeneration of cells was noticed in molecular layer,
in purkinje cell layer and in granular cell layer and
vacuolization in white matter in TiO, nanoparticles exposed
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cerebella of pregnant female rats and their offsprings®®l.

TiO, nanoparticles have been reported to produce
condensed chromatin, fragmented nuclei, caspase
activation and eventually apoptosisi?®!. Nuclear shrinkage
and chromatin condensation was observed in the neurons
of the mouse hippocampus after treatment with TiO,
nanoparticles?*’l.

The appearance of eosinophilic cytoplasm and dark
pyknotic or fragmented nuclei might reflect a certain
phase of apoptosis®!! or might be ischemic due to the
abnormalities in the capillary wall of the cerebellar cortex
and thus affecting the structure of the blood-brain barrier®2.

Oxidative stress plays a critical role in the mechanism of
the toxicity induced by nanoparticles*’l. TiO, nanoparticles
have also been shown to produce free radicals leading to
the cell toxicity®. TiO, nanoparticles induced oxidative
DNA damage, lipid peroxidation and increased hydrogen
peroxide and nitric oxide production in human bronchial
epithelial cells”*l. Moreover,TiO, nanoparticles can cause
direct cell toxicity as they can enter the human body and
interact with cells and its components, as proteins and
lipids, affecting the cellular functionsP®.

In the current study, decreased Nissl granules was
detected in the perikarya of Purkinje cells in the TiO,
nanoparticles group. The decreased Nissl substance
staining may be due to chromatolysis. Chromatolysis is
the dissolution of the the Nissl bodies in the cell body
of a neuron. It is an induced response of the cell usually
triggered by either trauma or toxicity to the cell or cell
exhaustion. This results in the loss of function of the
protein synthesizing ability of the neurons. As, the protein
is the working molecules of the cells, this may ultimately
result in death of the cellsP".

The current study revealed decrease in nNOS
immunoexpression in TiO, nanoparticles group. A decrease
in nNOS immunoreactivity suggests that oxidative stress
affected the function of this enzymel*!.

In the present study, the distribution of iNOS
immunoreactivity in TiO, nanoparticles group detected
was similar to®® who reported that it means increased
level of NO. It is stated that NO role is dependent on
its concentration. At a low concentrations, NO has been
included mainly in neurotransmission and vasodilatation.
However, at higher concentrations, it is neurotoxic!*’l,

The current study indicated statistically highly
significant reduction (p< 0.01) in the Purkinje cell number
of the TiO, nanoparticles group in comparison to the control
group. This great reduction gave obvious evidence about
the marked deleterious effect of the TiO, nanoparticles on
the Purkinje neurons.

There was an obvious dispersed arrangement of neurons
in the hippocampal CA1 region after TiO, nanoparticles
exposure. Furthermore, the investigation of cell numbers
in the stratum pyramidale of the CA1 region indicated an

extreme neuronal loss up to 30% cell loss in female mice
subjected to nasal instillation with TiO, nanoparticles!®’.

Many Bergmann astrocytes and glial cells were detected.
That was confirmed by the statistical results as there was
a significant increase in the number of GFAP-positive
astrocytes of TiO, nanoparticles group as compared with
the control groups.

The intranasal instilled TiO, nanoparticles caused
increased GFAP-positive astrocytes in the molecular layer
of the hippocampus!®.

The increased glial cells, known as reactive gliosis,
might be a common response to any brain insult. Following
any brain injury; the glial cells get activated, increase
in their cell population and secrete an inflammatory
cytokines. These changes lead to positive and negative
outcomes. Positively they protect neural parenchyma
against ischemia, inflammation and neurodegeneration.
Unfortunately glial cells secrete inflammatory cytokines
and free radicals which cause neuronal damage!*!!.

In the current study, many vascular changes appeared
in the form of dilatation and congestion of blood vessels,
exudation and hemorrhage in TiO, nanoparticles group.

Inflammation is suggested to be a possible mechanism
to explain nanoparticles neurotoxicity™?. It is suggested that
neuroinflammation is involved asTiO, nanoparticles -induced
changes in cytokine expression in mouse hippocampus**,

In the current study, TiO, nanoparticles group showed
strong positive eNOS immunoreactivity in the capillary
endothelial cells. The increased formation of NO by eNOS
in the endothelial cells may indicate a protective mechanism
of vasodilation following ischemic conditions*1. The
intravenous injection of silica NPs to mice can cause
fatality due to the obstruction in the vasculature*.

In the present study, cerebella of TiO,
nanoparticles + WS root extract group showed apparently
normal histological structure in many areas. Few areas
showed few apoptotic cells and few vacuolation. Cresyl
fast violet stain revealed slight increase in Nissl granules in
Purkinje cells as compared to the TiO, nanoparticles group.
WS significantly increases the Purkinje cell count in the
combined TiO, nanoparticles + WS root extract group as
compared to the TiO, nanoparticles group.

In the present study the TiO, nanoparticles + WS
root extract group showed improvement in nNOS
immunoreactivity in molecular, granular layer and Purkinje
cell layers. There was mild iNOS immunoreactivity in
the molecular layer and in few areas of granular layer
while Purkinje cells are non immunoreactive. Also the
capillary endothelial cells showed mild positive eNOS
immunoreactivity. All these findings were almost similar
to the control group.

Extracts and isolated compounds have shown broad
spectrum of pharmacological activities such as anti-
inflammatory™®), immunomodulation™”), antioxidant!"*and
antibacterial*®],
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WS could reverse lipid peroxidation and damage to
cells. It neutralizes the free radical formation as it contains
active ingredients as withanoloids.

Administration of WF was found to increase superoxide
dismutase, catalase and glutathione peroxidase activity in
rat brain frontal cortex and striatum(™,

WS had been shown to antagonize the DNA damage
and oxidative stress induced by lead in bone marrow cells
of micel.

In the current study, the statistical results proven high
significant decrease in the number of GFAP-positive
astrocytes of TiO, nanoparticles + WS root extract group
as compared with the TiO, nanoparticles group.

WS was able to revert scopolamine induced changes in
GFAP expression in the glial cell of mice brainl".

CONCLUSION

The exposure to TiO, nanoparticles induced major
numerical and structural changes in cerebella in the albino
mice and administration of the natural safe hydromethanolic
root extract of WS can ameliorate these changes.
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