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ABSTRACT

Introduction: Titanium dioxide nanoparticles (Tio2 NPs) represents the most abundant and widely consumed nanoparticles,
owing to their unique characteristics. Their extensive use raised considerable concerns about their possible toxicity.

Aim of Work: Investigating the neurotoxic impact of oral administration of different doses of Tio2 NPs on adult rats’ cerebellar
cortex. Other than, the potential protective capability of B-carotene was evaluated.

Material and Methods: Fifty male albino adult rats were allocated into: group I, group II (Tio2 NPs for 60 days), group III
(B-carotene with dosage of 15 mg/kg, for 10 days before starting Tio2 NPs intake followed by both B-carotene and Tio2 NPs,
for 60 days). Groups II and III were subdivided according to administrated doses of Tio2 NPs into: Ila & Illa (50 mg/kg) and
IIb & IIb (200 mg/kg). Body & cerebellum weights were recorded. Blood samples were taken for biochemical analysis of
malondialdehyde (MDA), Glutathione peroxidase (GPx), interleukin-6 (IL-6) and acetyl choline esterase (ACE). Cerebellum
specimens were processed for H&E, immunohistochemical staining (for GFAP, caspase-3 and iNOS) and toluidine blue-
stained semithin sections. Mean thickness of granular cell layer, number of astrocytes, area percent of GFAP, caspase-3 and
iNOS immunoreactivity were measured and statistically analyzed.

Results: Biochemical and histological alterations after Tio2 NPs intake were reported in group II. As regard to control,
rats” body & cerebellum weights, GPx and ACE significantly decreased alongside significant increase in MDA and IL-6.
Granular cell layer thickness was significantly decreased. Whereas astrocytes number, area percent of GFAP, caspase-3 and
iNOS positive immunoreactivity were significantly increased. Changes were more intense in subgroup IIb than Ila. Group III
revealed ameliorated histological and biochemical alterations with increase in rats’ body and cerebellum weights.
Conclusion: B-carotene possesses protective effects against Tio2 NPs neurotoxic hazards on cerebellar cortex.
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INTRODUCTION

Nanotechnology has grown much in the last years.
Numerous nanoparticle-based applications are used in
various fields, including medicine, cosmetics, electronics,
energy and cloths!>3. Nanoparticles are defined as
natural or manufactured objects with size ranging from
one to hundred nm. On account of their tiny scale, unique
properties emerge in relation to particles with larger size
and same componentst ],

Titanium dioxide nanoparticles (Tio2 NPs) are
believed to be the greatest, broadly consumed and highly
manufactured nanoparticles worldwide. They are white
crystalline, fine and odourless particles. They exist in three
crystalline forms: rutile, anatase and brookite with particle
size lesser than hundred nm!®7..
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Titanium dioxide nanoparticles are present in all kinds
of paints, plastics, printing ink, paper, ceramics, synthetic
fibres and electronic elements as well as cosmetics. It is
stated that the consumption of Tio2 NPs in fabrication of
sunscreen and cosmetics is about 50%. Besides, Tio2 NPs
are used frequently as food pigments that enhance the white
colour or opacity of foods and over-the-counter products,
including coffee creamers and candies. The industry of
food commonly uses Tio2 NPs in processing, packing of
food and as food additive!®*!°l.

Due to the high usage of Tio2 NPs commercially, the
probability of toxicological consequences among human
population has increased. Thus, this wide exposure to
nanoparticles has raised concerns for investigating and
assessing their safety and impact on health!",
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In vivo and in vitro experiments displayed several toxic
consequences of Tio2 NPs in different body organs. These
toxic effects include provocation of oxidative stress with
subsequent inflammation, cell damage, DNA toxicity and
immune-toxic effects!!!-12,

Carotenoids are widely distributed fat-soluble
pigments!'¥l. B-Carotene is the most extensively explored
carotenoid. It is the major source for vitamin A (which can
modulate the immunological responses). It has numerous
biological activities involving antioxidant properties,
modulation of immune responses and inhibition of
tumour growth. Moreover, they have effective benefits
on eye health, cardiovascular health and cognition
improvement!'*!3,

This study investigated the neurotoxic impact of oral
administration of different doses of Tio2 NPs on cerebellar
cortex of adult male albino rats. In addition, the possible
protective role of B-carotene was evaluated. Histological,
immunohistochemical as well as biochemical methods
were used.

MATERIAL AND METHODS

Chemicals & Drugs

+ Titanium dioxide nanoparticles: White odorless
nano powder of anatase and rutile mixture (with
35-65 m2/g surface area, purity >99.5% and
particles size <100 nm) was used (Nanotech
company, Dream, 6 October).

e B-carotene (Red orange powder), kits for
biochemical investigations and biochemical
measurements were purchased from and done at
Biochemistry Department, Kasr Al-Ainy Medical
School.

Experimental Scheme and Animals

According to the ethical guidelines for use and care of
laboratory animals, at the Animal House of Kasr Al-Ainy
Medical School, this experiment was done. Fifty adult male
albino rats (200-250 grams) (3 months age) were implicated
in the current work. They were kept in well-ventilated clean
room and hygienic stainless-steel cages. Free water and
standard chow diet was available. Institutional Animal Care
and Use Committee, Cairo university, Egypt approved this
experiment (CU IIT F 10 22).

At start and end of the study, body weight of each
animal was detected.

Animals were randomly allocated into
Group I (Control) (n=26): subdivided to:

e Subgroup Ia (n=6): received Iml saline (0.9%
saline), orally by gastric gavage, once daily with
the start of the experiment. Then, they were
sacrificed with subgroups Ila & IIb.

*  Subgroup Ib (n=6): received 1ml saline, orally
by gastric gavage, once daily for 10 days before

experiment start and continued till end of
experiment. They were sacrificed with subgroups
[ITa & IIb.

*  Subgroup Ic (n=6): received p-carotene (15 mg/kg)
dissolved in 1ml saline, orally once daily by gastric
gavage, for 10 days before experiment start and
continued till experiment end. This subgroup was
designed to detect any toxic effects of -carotene
dose, which is used in the present study.

*  Subgroup Id (n=8): received no medications and
were sacrificed with subgroups Ila, IIb, I1la & IIIb.

Group II (Tio2 NPs group) (n=12): received Tio2 NPs
dissolved in saline, orally once daily by gastric gavage
according to the doses mentioned below!!®!”). Then, they
were sacrificed after 60 days from the start of Tio2 NPs
intake which was considered the start of the experiment.
This group was subdivided according to the doses
administered to:

e Subgroup Ila (Low dose Tio2 NPs subgroup)
(n=6): 50 mg/kg Tio2 NPs.

e Subgroup IIb (High dose Tio2 NPs subgroup)
(n=6): 200 mg/kg Tio2 NPs.

Group III (B-carotene + Tio2 NPs group) (n=12):
received 15 mg/kg B-carotene dissolved in Iml saline,
orally once daily by gastric gavage, for 10 days before start
of Tio2 NPs intake!'®. This was followed by concomitant
administration of both B-carotene and Tio2 NPs, orally
once daily by gastric gavage, for 60 days. This group was
subdivided according to the administered doses of Tio2
NPs to:

*  Subgroup Illa (B-carotene + Low dose Tio2 NPs
subgroup) (n=6): B-carotene and 50 mg/kg Tio2
NPs as described previously.

*  Subgroup IIIb (B-carotene + High dose Tio2 NPs
subgroup) (n=6): B-carotene and 200 mg/kg Tio2
NPs as described previously.

Biochemical Study

Blood samples were taken from tail vein (at experiment
end) for biochemical analysis.

To detect the oxidative stress effect of Tio2 NPs, the
following were measured:

* Plasma Malondialdehyde (MDA) Level: Marker
for lipid peroxidation!'*2%,

* Plasma Glutathione Peroxidase (GPx) Level:
Antioxidant enzyme?!l.

Furthermore, blood samples were used to measure:

*  Plasma Interleukin-6 (IL-6) Level: To determine
the inflammatory effect of Tio2 NPs*2,

* Plasma Acetyl Choline Esterase (ACE) Level:
An enzyme that terminates the action of
acetylcholine®!,
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Histological Study

At experiment end rats were weighted and then,
euthanized by pentobarbital (100 mg/kg) intraperitoneal
injection®. Left ventricle perfusion with 10% buffered
formalin was performed according to method described by
prior study™!. Then, cerebellum of each rat was dissected
and weighted. Afterwards, each cerebellar hemisphere was
subjected to:

The left cerebellar hemispheres were fixed in 10%
buffered formalin, afterward processed into paraffin
blocks. Using Leica microtome (Germany), blocks were
sliced (5-7 pum), then processed for:

1. Hematoxylin and Eosin (H&E) staining®®.
2. Immunohistochemical staining using®™:

* Anti-Glial fibrillary acidic protein antibody
(GFAP) (monoclonal mouse antibody,
PA5-16291): to demonstrate reactive
astrocytes?®l,

*  Anti-Caspase-3 antibody (polyclonal rabbit
antibody, RB-1197-R7): to demonstrate
apoptotic cells?.

* Anti-Inducible nitric oxide synthase
antibody (iNOS) (polyclonal rabbit antibody,
ABIN870305): for detection of the level of
proinflammatory mediator nitric oxide in
cerebellumi”!,

Sections for immunohistochemistry was boiled for ten
minutes, for antigen retrieval, in citrate buffer (10mM,
pHO). Sections left to cool in room temperature for 20
minutes, then were incubated with either anti GFAP or
caspase-3 or iNOS antibody (Lab Vision Corporation,
USA) for an hour. The used technique for immunostaining
was avidin-biotin. The detection system ultravision one
detection system was utilized (Lab Vision Corporation,
USA). Counter staining for nuclei was accomplished
using Mayer’s haematoxylin. Negative control slides were
exposed to the same procedures, but with skipping primary
antibodies. GFAP positive reaction was shown as brown
cytoplasmic deposits. Caspase-3 positive reactivity showed
brown cytoplasmic with some nuclear discolouration.
iNOS positive reaction displayed cytoplasmic with some
nuclear brown reaction. Positive control for GFAP was
a specimen of human ependymoma whereas caspase-3
was human tonsil specimen and iNOS was human lung
carcinoma specimen.

The right cerebellar hemispheres were cut into
small pieces. Prefixation (2.5% glutaraldehyde) was
done, afterwards post fixation (1% osmium tetraoxide).
Dehydration in alcohol, clearing in propylene oxide plus
epoxy resin embedding was done. For detailed histological
examination, semithin sections were sliced (one pm).
Next, staining with toluidine blue and light microscopic
examination was carried out®!l.

Morphometric Study

Image analyzer system (Leica Qwin 500 LTD,
Cambridge, UK) was utilized for morphometric
measurements. This was at Histology Department, Faculty
of Medicine, Cairo University. All parameters were
measured in ten non-overlapping randomly chosen fields
for every section, from five different animals in each group
(magnification x400). Thickness of granular cell layer in
H&E-stained sections & mean number of astrocytes/H.P.F.
in GFAP immune-stained sections was measured. Also,
mean area percent of GFAP, caspase-3 & iNOS positive
reaction in immune-stained sections was detected.

Statistical Analysis

Data were statistically analyzed using ANOVA then
“Tukey” post hoc test. Calculations were carried out using
SPSS (Version 16, Chicago, USA). Statistically significant
values were considered at P value < 0.05. Measurements
presented as mean =+ standard deviation (SD)P2,

RESULTS

General observations

No mortality was spotted in rats of the whole groups.
All results of subgroups of the control exhibited no
differences, except for levels of glutathione peroxidase
enzyme in subgroup Ic. Hence, they were mentioned as
group I (control group).

Biochemical investigations Results (Table 1, Figure I)

The mean plasma levels of both MDA and IL-6 in
subgroups Ila, IIb I11a plus I1Ib revealed increase in relation
to that of control. Reduction in levels of both subgroups
[Ila and IlIb was detected as regard both subgroups Ila
and IIb. In addition, levels of subgroups IIb and IIIb
demonstrated rise as regard to subgroups Ila as well as I1la,
correspondingly.

Concerning mean plasma measurements of both GPx
and ACE in subgroups Ila, IIb, IIla along with IIIb, decline
as compared to control was expressed. But subgroups I1la
and I1Ib demonstrated increase as regard both subgroups
ITa plus IIb. Besides, values of subgroups IIb and IIIb
reported reduction in comparison to subgroups Ila and Il1a,
respectively.

It was noticed that GPx values of subgroup Ic exhibited
increase as compared to the other control subgroups (Ia,
Ib & Id). Moreover, subgroup Ic demonstrated increase
in relation to both subgroups Ila plus IIb. In addition to
this, rise in levels of subgroup Ic was recorded relative to
subgroups Illa and IIIb.

Measurement of Rats’ Body and Cerebellum Weights
(Table 2, Figure I)

At experiment start, statistical analysis revealed no
difference of body weights between all the experimental
groups as compared to control and with each other.
At experiment end, all experimental groups recorded
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reduction in body weights in comparison with their values
at start of experiment. Moreover, regarding records of
both rats’ body & cerebellum weights, subgroups Ila, Ib,
[IIa with IIIb revealed decline relative to control. Values
demonstrated increment in subgroups Illa plus IIIb as
regard to subgroups Ila plus IIb. Additionally, subgroups
IIb and IIIb exhibited reduction in relation to subgroups Ila
and Illa, correspondingly.

Histological Results
Haematoxylin and Eosin-Stained Sections

Cerebellar cortex of control revealed its normal
histological architecture, demonstrating the three layers
of cerebellar cortex (outer molecular, middle Purkinje cell
and inner granular cell layers). Molecular layer showed
lightly acidophilic neuropil as well as few scattered cells.
Purkinje cell layer is formed of Purkinje cells arranged in
single row. They are large pyriform neurons with basophilic
cytoplasm, vesicular central nuclei and prominent nucleoli.
Granular layer is comprised of closely packed numerous
granule cells exhibiting dark nuclei as well as acidophilic
cerebellar islands in-between (Figure 1).

Cerebellar cortex in subgroup Ila exhibited vacuolations
within molecular layer. Purkinje cells were shrunken and
irregular with dark nuclei and empty haloes around them.
Arrangement of Purkinje cells in multiple layers was
observed. Additionally, empty spaces with separation in-
between granule cells could be detected (Figures 2 A,B).
Subgroup IIb showed same picture as subgroup Ila but
with more extensive vacuolations in molecular layer and
multiple shrunken and irregular shaped Purkinje cells with
dark nuclei and empty haloes around them. In addition to
this, areas of lost Purkinje cells were seen. Also, downward
displacement of Purkinje cells in granular cell layer were
detected. The granule cell layer exhibited apparent decrease
in its thickness Moreover, examination revealed presence
of meningeal separation as well as congested blood vessel
(Figures 3 A,B,C,D,E).

Inspection of subgroup IIla demonstrated few
vacuolations in molecular layer. Purkinje cells were seen
arranged in single row and exhibited normal appearence.
Dendrites arising from Purkinje cells and extending
through molecular layer were observed. Moreover, few
Purkinje cells with dark nuclei were seen. Preserved
thickness of granular cell layer in comparison with control
was also noticed (Figures 4A,B). Subgroup IIIb exhibited
some vacuolations in molecular layer. Some Purkinje cells
with normal appearance, having vesicular nuclei and clear
nucleoli were observed. While others were shrunken with
dark nuclei. Moreover, areas of lost Purkinje cells were
seen. Additionally, empty spaces with separation were
noticed in-between granule cells. The preserved thickness
of granular cell layer in relation to control was also noticed
(Figures 4C,D).

GFAP Immunostained Sections

Rats of group I revealed scanty positive GFAP

immunoreactivity within small star-shaped astrocytes.
Immunoreaction was detected within cytoplasm and
few processes of astrocytes. The presence of few brown
radial fibres of Bergmann glial cells was noticed (Figures
5A,B). Subgroup Ila demonstrated obvious positive
GFAP reaction within cytoplasm and processes of many
astrocytes. Also, many brown radial fibres of Bergmann
glial cells were seen (Figures 6A,B). Subgroup IIb
revealed extensive positive brown cytoplasmic GAFP
immunoreactivity within cytoplasm and processes of
astrocytes. Numerous star-shaped astrocytes were enlarged
and exhibited multiple processes. Additionally, several
brown radial fibres of Bergmann glial cells were detected
(Figures 6C,D). Subgroup Illa exhibited mild positive
cytoplasmic immunoreaction for GFAP within small
star-shaped astrocytes, that appeared with few processes.
Moreover, few brown radial fibres of Bergmann glial
cells were seen (Figures 7A,B). Subgroup IIIb showed
moderate positive cytoplasmic immunoreaction for GFAP
within star-shaped astrocytes. Some brown radial fibres of
Bergmann glial cells were seen (Figures 7C,D).

Caspase-3 Immunostained Sections

Inspection of control group sections expressed
scarce caspase-3 positive immunoreaction (Figure 8A).
Subgroup Ila displayed obvious positive cytoplasmic
immunoreaction (Figure 8B). Whereas subgroup IIb
unveiled strong positive cytoplasmic immunoreactions.
Moreover, positive nuclear immunoreaction for caspase-3
was seen (Figure 8C). Subgroup Illa expressed mild
positive cytoplasmic immunoreaction (Figure 8D). While
subgroup IIIb revealed moderate positive cytoplasmic
immunoreactions (Figure 8E).

iNOS Immunostained Sections

Examination of control group sections expressed
sparse positive immunoreactivity for iNOS (Figure
9A). Subgroup Ila showed obvious positive cytoplasmic
immunoreactivity (Figure 9B). While subgroup IIb revealed
widespread strong positive cytoplasmic immunoreactivity.
Moreover, positive nuclear immunoreactivity was
observed in Purkinje cell layer (Figure 9C). Subgroup I1la
demonstrated mild positive cytoplasmic immunoreactivity
(Figure 9D). Whereas subgroup IIIb exhibited moderate
positive cytoplasmic immunoreactivity in the same layers
(Figure 9E).

Toluidine Blue-Stained Semithin Sections

Control group displayed normal architecture with
Purkinje cells having vesicular central nuclei and
prominent nucleoli along with basophilic granular
cytoplasm containing Nissl bodies. Granule cells were
densely populated exhibiting darkly stained nuclei and
scanty cytoplasm. Some blood vessels were also seen
(Figure 10). Subgroup Ila showed vacuolations within
molecular layer. Some shrunken irregular shaped Purkinje
cells with condensed nuclei and empty halo around them
were seen. Moreover, some normal shaped Purkinje cells
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were detected (Figure 11A). Subgroup IIb expressed
vacuolations within molecular layer. Many Purkinje
cells appeared shrunken and irregular with peripheral
condensed nuclei and empty halo around them. Moreover,
their downward displacement into granule cell layer were
exhibited. Areas of lost Purkinje cells were observed.
Additionally, Purkinje cells with vacuolated cytoplasm
along with empty spaces with separation within granular
cell layer were clearly noticed. Also, congested blood
vessel was seen (Figures 11 B,C,D). Subgroup Illa
demonstrated almost intact histological architecture. Some
vacuolations were seen within molecular layer. In addition
to this, most Purkinje cells showed normal appearance,
while others appeared shrunken and irregular shaped
(Figures 12 A,B). In subgroup IlIb some Purkinje cells
revealed normal appearance. Also, some shrunken and
irregular shaped Purkinje cells with condensed nuclei were
seen (Figure 12C).
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Morphometric and Statistical Results (Table 3,
Figure II)

Concerning mean thickness of GCL, subgroups Ila, IIb
along with IIIb expressed decline versus control. While no
difference in subgroup Illa values in relation to control was
recorded. Both subgroups Illa plus I1Ib exhibited increase
in relation to subgroups Ila plus IIb. Besides, values
of subgroup IIb and IIIb reported reduction as regards
subgroup Ila and Illa, correspondingly.

About mean number of astrocytes as well as area percent
of GFAP, caspase-3 and iNOS, subgroups Ila, IIb, Illa
plus IIIb exhibited rise in comparison to control. Though,
reduction in subgroups Illa and IIIb measurements was
indicated in relation to both subgroups Ila and IIb. Values
of subgroups IIb plus IlIb reported increment versus to
subgroup Ila and Illa, respectively.
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Fig. I: Mean levels of; (A) Plasma MDA, (B) Plasma IL-6, (C) Plasma GPx, (D) Plasma ACE, (E) Rats’ body weights and (F) Rats’ cerebellum weights.
Significant difference (P < 0.05) in relation to: (control*); (Ia, Ib & Id A); (IIa & 1Ib #); (Illa & I1Ib m); (Ila ¢); (Illa $).
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Fig. II: Mean (A) Thickness of GCL, (B) Number of astrocytes and mean area percent of (C) VEGF, (D) caspase-3, (E) iNOS. Significant difference (P < 0.05)
versus: (control *); (Ila & IIb #); (Ila *); (Illa $).

Fig. 1: (A & B) Control group expressing normal histological architecture of cerebellar cortex comprised of outer molecular layer (ML), middle Purkinje cell
layer (PCL) and inner granular cell layer (GCL). Lightly acidophilic neuropil (N) in molecular layer with few scattered cells are seen. Purkinje cells (P) are
large pyriform neurones, arranged in one row, exhibiting vesicular central nuclei with prominent nucleoli and basophilic cytoplasm. Granule cells are small
numerous densely packed exhibiting dark nuclei (G). Acidophilic cerebellar islands (I) in-between granule cells were seen. (H&E: A x200; B x400)
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Fig. 2: (A & B) Subgroup Ila showing vacuolations (V) of neuropil. Purkinje cells (black arrows) are shrunken and irregular with dark nuclei and surrounded
with empty halo (asterisks). Arrangement of Purkinje cells in multiple layers is also observed. Also, empty spaces with separation in-between granule cells

are observed (stars). (H&E: A x200; B x400)

Fig. 3: (A, B, C, D & E) Subgroup IIb exhibiting multiple shrunken and irregular shaped Purkinje cells (black arrows) with dark nuclei and empty halo around
them (asterisks). Note, the presence of meningeal separation (S) from the cerebellar surface. Congested blood vessel (C) is also evident. Wide areas of lost
Purkinje cells are obvious (arrowheads). Apparent decreased thickness of granular cell layer could be observed (black line). Vacuolations (V) within neuropil
of molecular layer are seen. Notice, Purkinje cells are arranged in multiple layers. Downward displacement of Purkinje cells (curved arrows) within granular
cell layer can be seen. Empty spaces with separation in-between granule cells can be detected (stars). (H&E: A, B x200; C, D, E x400)
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Fig. 4: (A & B) Subgroup Illa reveals few vacuolations (V) of molecular layer. Multiple pyriform shaped Purkinje cells (P) with vesicular nuclei and clear
nucleoli are observed. Notice a dendrite arising from one Purkinje cell and extends through molecular layer (wavy arrow). Also, few shrunken irregular
shaped Purkinje cells (black arrows) with dark nuclei are observed. Note, the preserved thickness of granular cell layer (black line). (C & D) Subgroup I1Ib
demonstrating some vacuolations (V) within molecular layer. Some Purkinje cells (P) with normal appearance exhibiting vesicular nuclei and prominent
nucleoli. Other Purkinje cells (black arrows) are shrunken irregular shaped with darkly stained nuclei. Note, the presence of areas of lost Purkinje cells (arrows
heads). The preserved thickness of granular cell layer is clearly shown (black line). Empty spaces with separation within granular cell layer are observed (stars).
(H&E: A, C x200; B, D x400)

Fig. 5: (A & B) Control expressing scanty positive GFAP immunoreactivity within cytoplasm of astrocytes and their processes (arrows). Few brown radial
fibres of Bergmann glial cells are noticed in molecular layer (arrowhead). (GFAP: A x200; B x400)
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Fig. 6: (A & B) Subgroup Ila demonstrating obvious positive cytoplasmic immunoreactivity within many star-shaped astrocytes and their processes (arrows).
Many radial fibres of Bergmann glial cells are noticed in molecular layer (arrowheads). (C & D) Subgroup IIb exhibiting extensive positive immunoreaction
(arrows) in cytoplasm and processes of numerous enlarged star-shaped astrocytes, exhibiting multiple processes. Several radial fibres of Bergmann glial cells
are expressed in molecular layer (arrowheads). (GFAP: A, C x200; B, D x400)
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Fig. 7: (A & B) Subgroup Illa revealing mild positive cytoplasmic immunoreaction (arrows) in small star-shaped astrocytes that appear with few processes.
Few brown radial fibres of Bergmann glial cells are seen in molecular layer (arrowheads). (C & D) Subgroup IIIb showing moderate positive immunoreaction
in star-shaped astrocytes (arrows). Some radial fibres of Bergmann glial cells are detected in molecular layer (arrowheads). (GFAP: A, C x200; B, D x400)
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Fig. 8: (A) Control showing scarce positive cytoplasmic immunoreaction (arrows) for caspase-3 in molecular (ML) & granular cell (GCL) layers. (B) Subgroup
IIa revealing obvious positive cytoplasmic immunoreaction for caspase-3 (black arrows) in molecular (ML), Purkinje cell (PCL) & granular cell (GCL) layers.
(C) Subgroup IIb exhibiting strong positive cytoplasmic (arrows) and nuclear (arrowheads) immunoreaction for caspase-3 in molecular (ML), Purkinje cell
(PCL) & granular cell (GCL) layers. (D) Subgroup Illa expressing mild positive cytoplasmic immunoreaction (arrows) for caspase-3 in molecular (ML),
Purkinje cell (PCL) & granular cell (GCL) layers. (E) Subgroup IIIb demonstrating moderate positive cytoplasmic immunoreaction (arrows) for caspase-3 in
molecular (ML), Purkinje cell (PCL) & granular cell (GCL) layers. (Caspase 3: A, B, C, D, E x400)
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Fig. 9: (A) Control showing sparse positive immunoreactivity (arrows) for iNOS in granular cell layer (GCL). (B) Subgroup 1la with obvious iNOS positive
cytoplasmic immunoreactivity (arrows) in molecular (ML), Purkinje cell (PCL) & granular cell (GCL) layers. (C) Subgroup IIb with widespread strong
positive cytoplasmic (arrows) and nuclear (arrowheads) immunoreactivity for iNOS in molecular (ML), Purkinje cell (PCL) & granular cell (GCL) layers. (D)
Subgroup Illa revealing mild iNOS positive cytoplasmic (arrows) immunoreactivity in molecular (ML), Purkinje cell (PCL) & granular cell (GCL) layers. (E)
Subgroup I1Ib demonstrating moderate iNOS positive cytoplasmic immunoreactivity (arrows) in molecular (ML), Purkinje cell (PCL) & granular cell (GCL)
layers. (iNOS: A, B, C, D, E x400)
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Fig. 10: Control demonstrating Purkinje cells (P) having central vesicular nuclei (N) and prominent nucleoli (thin arrow), with basophilic granular cytoplasm
containing Nissl bodies (double arrowheads). Also, granule cells (G) with darkly stained nuclei and scanty cytoplasm are observed. Note, the presence of blood

vessel (BV). (Toluidine blue, x1000)

Fig. 11: (A) Subgroup Ila showing vacuolations (V) within molecular layer. Some shrunken and irregular shaped Purkinje cells (thick arrows) with condensed
nuclei and empty halo around them (asterisks) are seen. Other Purkinje cells (P) appear normal with pale vesicular nuclei, prominent nucleoli (thin arrows) and
basophilic granular cytoplasm. (B, C, D) Subgroup IIb exhibiting many shrunken and irregular shaped Purkinje cells (thick arrows) with peripheral condensed
nuclei (wavy arrows) and empty halos around them (asterisks). Downward displacement of Purkinje cell (curved arrow) within granular cell layer is observed.
Also, congested blood vessel (C) can be detected. vacuolations (V) within molecular layer are noted. Area of lost Purkinje cells (arrowhead) is also evident.
Purkinje cells with vacuolated cytoplasm (bifid arrows) and empty spaces with separation (stars) within granular cell layer are also seen. (Toluidine blue,

x1000)
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Fig. 12: (A, B) Subgroup Illa showing vacuolations (V) within molecular layer. Pyriform shaped Purkinje cells (P) with pale vesicular nuclei (N) and
basophilic granular cytoplasm exhibiting Nissl bodies (double arrowheads) are noticed. Moreover, shrunken and irregular shaped Purkinje cell (thick arrow)
can be seen. (C) Subgroup IIIb revealing some Purkinje cells (P) with apparent normal appearance. They have pale vesicular nuclei (N), clear nucleoli (thin
arrows) and basophilic granular cytoplasm with Nissl bodies (double arrowheads). Other Purkinje cells appear shrunken and irregular in shape (thick arrows)
with condensed nuclei. (Toluidine blue, x1000)

Table 1: The mean plasma levels of MDA (nmol/ml), IL-6 (Pg/ml), GPx (nmol/ml) and ACE (nmol/ml) + SD.

G Mean level of MDA + SD Mean level of Mean level of GPx + SD Mean level of ACE + SD
roups (nmol/ml) IL-6 + SD (Pg/ml) (nmol/ml) (nmol/ml)
Ta, Ib & 1d: 40.45 £0.31
Group 1 10.35+0.21 60.1 £0.31 60.45+0.31
Ic: 5042 £029 A # m

Subgroup Ila 89.47+£0.28 * 180.41 +£0.32 * 22.45+0.31 * 29.45+0.32 *
Subgroup IIb 120.45 £ 0.30 *o 270.45+£0.5 * 12.45 £0.31 *e 14.42 £ 0.32 *o
Subgroup I1la 4037 +0.27 * # 89.46 £ 0.33 * # 3443 £325 % # 50.48 £ 023 * #
Subgroup I1Ib 5537+022*#8§ 13045+ 031 *#$ 2742028 *#$ 38.48 £0.27 *# §

Significant difference (P < 0.05) in relation to: (control*); (Ia, Ib & Id A); (Ila & IIb #); (Illa & I1Ib m); (11a *); (IlIa $).
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Table 2: The mean values of rat’s body and cerebellum weights (g) + SD.

Groups Control Subgroup Ila Subgroup IIb Subgroup Illa Subgroup I1Ib
Body weights at the start of the experiment 220 +3.03 240.4 £3.21 220.4 £2.12 249.7 £3.27 235.5+3.03
Body weights at the end of the experiment 240 £9.39 120 +£10.49* 80 +9.32*" 180 +2.60""* 130 +£3.03*"#
Rat’s cerebellum weights 0.23 £0.003 0.14 +0.001" 0.11 £0.001™ 0.19 £0.001* 0.17 £0.001°%

m Significantly different (P < 0.05) versus values of the same group at the start of the experiment.
Significant difference (P < 0.05) in relation to: (control *); (Ila & IIb #); (ITa *); (Illa $).

Table 3: The mean thickness of GCL, number of astrocytes, area percent of GFAP, caspase-3 and iNOS positive immunoreactivity + SD.

Mean thickness of GCL  Mean number of astrocytes Mean area % of GFAP ~ Mean area % of caspase-3 Mean area % of iNOS

Groups (um) £SD +SD +ve reactivity +SD +ve reactivity +SD +ve reactivity +SD

Group I 206.41 +12.85 44+198 4.40+0.78 0.89 +0.24 2.72+0.57
Subgroup Ila 134.61 +£10.57 * 252+1.51% 25.27+£2.79 * 1429+1.5* 16.07 £2.07*
Subgroup 1Ib 73.04 £ 13.2 *o 41.3+1.35 % 35.05+4.14 *o 32.24£2.15 *e 35.09 + 4.92%
Subgroup Illa 186.52 +10.06 # 9.1+1.43*# 8.67+1.19*# 430+0.95*# 6.12 £ 0.94* #
Subgroup I1Ib 15244+ 14.61% # $ 156+ 1.10 *#$ 1588+ 1.10 *#$ 841 +1.45*#$ 1020+ 1.15%#$

Significant difference (P < 0.05) versus: (control *); (Ila & IIb #); (Ila *); (Illa $).

DISCUSSION to Tio2 NPs activated inflammatory responses with
upregulation of inflammatory cytokines secretions”.

Titanium dioxide nanoparticles are one of the highest

consumed nanoparticles, which are present in vast Acetylcholinesterase (ACE) is an enzyme, whose chief
industry fields. The expanded exposure risk of individuals role is cholinergic signal transmission modulation via
to Tio2 NPs is inevitable, due to their mass production acetylcholine hydrolysis (which is one of the utmost key
and widespread applications. Therefore, more detailed factors for nerve function). Acetylcholinesterase catalyses
investigations are required to explore their effects on neurotransmitter acetylcholine hydrolysis to two inactive
individualsP33!, compounds acetic acid and choline!*?. The current study

demonstrated significant decrease of ACE levels in group
IT in relation to control. Likewise, a previous work*!
observed that Tio2 NPs strongly inhibited the ACE activity.
In line, it was postulated that Tio2 NPs bind to ACE and
affect its activity. Inhibition of ACE causes acetylcholine
accumulation. This interferes with the nervous system
function of and ultimately precedes to neurotoxicity!*.

Malondialdehyde (MDA) is the best investigated lipid
peroxidation product. Free radicals rising levels triggers
MDA overproduction. It is frequently utilized as oxidative
stress indicator®). In the present study, significant
augmentation of MDA values in group II which received
Tio2 NPs was spotted. In accordance with these results, it
was stated that MDA amounts were increased in rats after

oral intake of 25 & 50 mg/kg Tio2 NPs. This finding was In this work, it was observed that rats’ body weights
explained by that Tio2 NPs could increase production of unveiled significant decline in group II as regard to control.
free radicals which causes lipid peroxidation?®l. In accordance with this finding, it was reported that weight

loss was recorded after treatment of rats with 50 mg/kg of
oral Tio2 NPs, for sixty successive days*). It was suggested
that, Tio2 NPs could prevent digestion and absorption
of nutrients, affecting the absorbing surface of intestine
with decline in villi count. Moreover, the inflammatory
effects of Tio2 NPs on intestine, that trigger inflammatory
disorders. These suggested causes are involved in weight

Glutathione peroxidase (GPx) is a chief antioxidant
enzyme which is present in mitochondria and cytoplasm.
Its function is reduction of hydrogen peroxide. It controls
equilibrium amongst essential and harmful amounts
of ROSP". Levels of GPx in the current work exhibited
significant decline in group II as regards those of control.

This was consistent with a former study™! and was loss related to Tio2 NPsH6:47481
attributed to the higher levels of free radicals (which result
from oxidative stress). This leads to reduction of this Furthermore, weight of cerebellum of the experimental
enzyme after Tio2 NPs exposuret®”). animals in the current study was evaluated. There was
significant decline in group II values in relation to
Interleukin-6 (IL-6) is a cytokine that can be induced control. Going parallel with the current finding, Tio2 NPs
by both infection and inflammation. It is produced mainly accumulated in brain, after intragastric administration.
by microglia in response to pathogens or inflammationl. Subsequent brain tissue abnormality and loss of brain
The present work detected the levels of IL-6 after Tio2 NPs weight was detected®). This reduction in cerebellum
administration. There was significant rise of IL-6 levels in weight could be explained by a study which postulated that
group II as compared to control. Similar observation was the decreased weight of brain was due to its damage and
documented™!l. This was clarified by that the exposure cell death because of Tio2 NPs intake!'®l.
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In the present work, administration of Tio2 NPs
in two doses resulted in histological alterations in
cerebellum. These alterations were more aggravated with
the higher dose. The light microscopic study of H&E
and toluidine blue stained sections of cerebellar cortex of
group II revealed marked histopathological alterations.
These findings exhibited the neurotoxic effect of Tio2
NPs administration. Sections of subgroup Ila showed
vacuolations within molecular layer. Purkinje cells were
shrunken and irregular in shape together with dark nuclei
plus empty halo around them. Moreover, arrangement of
Purkinje cells into multiple layers was observed. Empty
spaces with separation in-between granule cells were also
seen. Subgroup IIb presented the same picture as subgroup
Ila, but the findings were more severe. In addition to
this, areas of lost Purkinje cells as well as downward
displacement of Purkinje cells within granular cell layer
was detected. The granule cell layer exhibited apparent
decrease in its thickness. Furthermore, the presence of
meningeal separation alongside congested blood vessels
was noticed. Moreover, Purkinje cells with vacuolated
cytoplasm were detected.

In accordance with these findings, the presence of
vacuolations within molecular layer after Tio2 NPs
administration was reported®®. Vacuolations were
attributed to neuropil edema because of the raised
permeability of the blood brain barrier (BBB). In line, Tio2
NPs could cross BBB and affect its permeability™'*2.

Similarly, dark, shrunken and irregular shaped neurons
after Tio2 NPs exposure was observed™l. The dark nuclei
were also spotted in a work examining Tio2 NPs effect on
testicular cells®¥. Explanation of this was that nanoparticles
produce condensed chromatin, caspase activation and
eventually apoptosis. Nuclear shrinkage and chromatin
condensation causes the darkness of cells?. Additionally,
these changes were attributed to apoptosis induced by Tio2
NPs6.

Furthermore, shrunken Purkinje cells can be elucidated
by previous studies®”*®, which demonstrated that Tio2 NPs
cause oxidative stress, mitochondrial membrane potential
destabilization and intracellular Ca2+ elevation. This leads
to apoptosis and cell shrinkage.

Besides, it was supported that exposure to Tio2 NPs
induced cytoskeleton damage due to affection of tubulin
and actin. This alteration could clarify the irregular shape
of Purkinje cells>-6061,

Halo of empty space surrounding cells in the present
study is attributed to apoptosis and shrinkage of cells
allowing the presence of pericellular spaces®. In addition,
vacuolated cytoplasm in Purkinje cells was consistent with
a former work®. This vacuolation could result from loss
of many components inside cells®4.

The arrangement of Purkinje cells in multiple layers
and their downward displacement into granular layer
were noticed and explained by preceding researcher. It

was mentioned that sustained neuronal injury may trigger
an adaptation mechanism represented by Purkinje cells
crowding. The aim of such mechanism is to re-establish
synapsis with other neurons to perform their jobs®.
Additionally, the presence of areas of lost Purkinje cells,
which could be attributed to cell death, was illustrated!®®.

Alterations in the granular cell layer were noticed in
previous works!*”%!l. They mentioned that these changes
were resultant from those of Purkinje cells. They stated
failure of disturbed Purkinje cells in making normal contact
with granule cells along with loss of normal synchronism
among both cell types, causing death of granule cells. In
the present work, statistical analysis exhibited that the
thickness of granular cell layer was significantly reduced
in group II as regard to control. Moreover, significant
decline in thickness was observed in subgroup IIb as
regard subgroup Ila. The decreased thickness of granular
cell layer was due to death of granule cells.

Dilatation and congestion of blood vessels was also
observed®. Furthermore, it was hypothesised that Tio2
NPs provoked oxidative stress, which led to increased
generation of nitric oxide. Nitric oxide results in smooth
muscle relaxation with subsequent vasodilation,
Also, congestion of blood vessels in hippocampal tissue
after Tio2 NPs intake was described and was attributed
to inflammation”!. About submeningeal separation,
illustrated edema and congestion within meninges after Tio2
NPs intake was seen!’. This could be related to increased
BBB permeability together with neuroinflammationt®”.

Astrocytes are the chief type of glial cells, providing
neuronal support. Glial fibrillar acidic protein (GFAP) is
an intermediate filament within astrocytes. It was stated
that GFAP is a good indicator for early pathological
effects, directed by activation astrocytes!’>¥. A specialized
astrocyte, named Bergmann glia, have various roles
affecting both development and function of cerebellum.
They have cell bodies within Purkinje cell layer and radial
fibres that project through the molecular layer to pia
matter(’>7¢,

In the present study, GFAP immunohistochemical
staining was done to show the reactive astrogliosis in Tio2
NPs toxicity. Reactive astrogliosis is a common astrocyte
response of in state of CNS disease. It is associated
with hypertrophy, proliferation and increased GFAP
expression’*""l. According to the current study, GFAP
immune-stained sections of group II exhibited increased
GFAP immunoreactivity. Enlargement and increased
number of astrocytes and radial fibres of Bergmann glia
cells was also detected. These results were supported
by morphometrical measurements of mean area percent
of GFAP and numbers of astrocytes. When compared
to control, these measurements presented a statistically
higher value in group II.

In concordance, Tio2 NPs caused increase in GFAP
expression!’]. This was explained by that any degenerative,
chemical along with mechanical insults to brain promote
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proliferation and hypertrophy of astrocytes with amplified
formation of GFAPU4.  Furthermore, studies!%"
documented that the augmented GFAP expression occurred
via stimulation of IL-6. The current work reported increased
levels of IL-6 after Tio2 NPs intake, hence stimulation of
GFAP expression occurred.

Caspases are a family of endo-proteases which
modulates regulatory factors that control inflammation
and cell death. Its activation generates cascade of events
allowing controlled cellular components destruction.
Caspase-3 is a major well-known caspase which its
activation traditionally signalled cell death®#2. In the
current study, immunohistochemical staining with anti-
caspase-3 antibodies was used for apoptosis detection. It
was demonstrated in the present work that group I exhibited
increased levels in positive cytoplasmic immunoreaction
for caspase-3 as regard to control. As well, nuclear brown
immunoreaction for caspase 3 was noticed in some cells
in subgroup IIb. This was confirmed by morphometric
investigation of caspase-3 mean area percent.

This was in agreement with previous findings®, it
was stated that Tio2 NPs could significantly upregulate
caspase-3 expression in liver cells after intraperitoneal
injection. Researchers®%5 suggested an explanation of the
previous finding. They documented that during neurotoxic
stimulation and subsequent to neuroinflammation or
oxidative stress, brain cells experience either mitochondria-
mediated  (intrinsic)  apoptosis,  receptor-mediated
(extrinsic) apoptosis or both.

Prior studies®¢7#1 documented that excess ROS
accumulation impairs the antioxidant defences resulting in
mitochondrial dysfunction. This leads to energy depletion,
induction of apoptosis and eventually death of neurones
in brain. Additionally, Tio2 NPs attach to mitochondrial
membrane, increasing the electron transport chain. In that
way, activation of the pathway of mitochondria-mediated
apoptosis occurs®’. Furthermore, it was reported that Tio2
NPs caused oxidative stress which increased production of
ROS. ROS induced damage of DNA, lipids and proteins
of cellular membrane. This damage led to apoptosis of
cellst,

The previously mentioned mechanisms explaining
Tio2 NPs-induced apoptosis was supported by results of
the current work. Biochemical results of oxidative stress
markers were in hand with these explanations.

Caspase-3 immunoreaction is primarily cytoplasmic
then reaches nucleus with increasing caspases. This was
because caspase-3 is translocated by active transport to the
nucleus and this transport is essential for apoptosis®'-%,

Inducible nitric oxide synthase (iNOS) is one of the
nitric oxide synthases family. They catalyse formation
of nitric oxide (NO) from L-arginine. Under normal
circumstances, iNOS is not present in the majority of cells.
The expression of iNOS is inducible and is commonly
correlated with inflammation®*.

In the present work, immunohistochemical staining
with anti-iINOS antibodies was useful to evaluate nitric
oxide levels and inflammation. Sections of group II showed
increased positive iNOS cytoplasmic immunoreactivity.
In addition to this, nuclear immunoreaction was seen
in subgroup IIb. These findings were supported by
morphometric study. In agreement, clevation of iNOS
levels after daily exposure to Tio2 NPs was recognized™.

It was postulated that inflammatory signals induce
increased production of cytokines as NO. Inflammation
and neurotoxicity in neurons, microglia and astrocytes
stimulate their secretion of iNOSP®*¢l In line with this,
increased levels of iNOS in the present study are attributed
to the inflammatory reaction stimulated by Tio2 NPs. The
current work also suggested such inflammatory mechanism
via detection of increased levels of IL-6.

Immunoreactivity of iNOS was observed in the
cytoplasm. Also, nuclear localization could be detected.
Nuclear factor kappa B (NF-kB) is a factor which
contributes to inflammation. Exposure to Tio2 NPs causes
increase in NF-kB expression. Also, it was known that
this factor regulates iNOS expression. Once NF-kB is
activated, it is translocated rapidly to the nucleus. This
leads to augmentation of binding capacity of iNOS with
concomitant rise in iNOS expression in nucleus®’3%),
Thus, explaining the nuclear reaction of iNOS exhibited in
the current work.

In the present study, results of biochemical
investigations, rats’ body and cerebellum weights were
more exacerbated in subgroup IIb (high dose Tio2 NPs)
than Ila (low dose Tio2 NPs). Furthermore, H&E-stained
and semithin sections showed that histopathological
changes were more severe in subgroup IIb than subgroup
Ila. Likewise, immunohistochemical expression of GFAP,
caspase-3 and iNOS was more exaggerated in IIb than
[la. This was supported by other researchers!'?38! who
demonstrated that increased doses of Tio2 NPs, increases
pathological changes in different organs.

In the current study, to evaluate the protective
consequence of B-carotene in group III, it was given by
gavage 10 days prior Tio2 NPs administration. This was
supported by former study!’), which revealed that oral
intake of B-carotene for 10 days resulted in its accumulation
in various tissues and produced abrogated effects against
oxidative stress.

In the present work, B-carotene intake in group III
resulted in significant decrease of MDA and IL-6 levels as
regard to group II. Besides, significant elevation of GPx and
ACE values was noticed in group II1, comparing it to group
II. In agreement with these findings, it was reported that
B-carotene is a powerful antioxidant compound. -carotene
reduced levels of oxidative stress, MDA and inflammatory
factor IL-6, when was given orally in a model of hepatic
injury®l. Furthermore, B-carotene resulted in diminution
of MDA as well as the elevation of GPx in ischemic brain
injury model!,
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The beneficial properties of B-carotene are mostly
obtained from their antioxidant effects, as it is believed to
be major ROS scavenger. The conjugated double bonds of
B-carotene permit it to receive electrons and neutralize free
radicals. The antioxidative capabilities of B-carotene are
related to the presence of these bonds which chelate free
radicals and dissipate their energy. Free radicals’ chelation
stops lipids peroxidation!!>!%1 Moreover, B-carotene
inhibited production of the inflammatory mediator IL-
6. B-carotene significantly inversely correlated to IL-6.
This inverse correlation clarifies its anti-inflammatory
effects!!04105],

Additionally, the increase in ACE was correlated to the
ability of B-carotene to control ACE activity and modulate
the cholinergic system!'%!.

In this study, regarding rats’ body weights and their
cerebellum weights, they were preserved after 3-carotene
intake. Group III weights showed significant increase as
compared to group II. Correspondingly, administration
of B-carotene preserved body weights of rats in colonic
inflammation model. This could be referred to the ability
of B-carotene to decrease intestinal inflammation through
its anti-inflammatory effect!!?”,

Regarding the present study, administration of
B-carotene in group III ameliorated the histological
alterations related to Tio2 NPs toxicity which were evident
in group II. Light microscopic examination of H&E and
toluidine blue stained sections of subgroup Illa (B-carotene
+ low dose Tio2 NPs) revealed minimal histopathological
changes. While in subgroup IIIb (B-carotene + high dose
Tio2 NPs), the findings were more severe than subgroup
IITa but still less than that present in group II. Also,
morphometric analysis ensured the preserved thickness of
granular cell layer, which was seen in both subgroups Illa
& 1Ib. Besides, in subgroup Illa morphometrical analysis
showed no significant difference with control.

In agreement with these findings, abrogation of
histopathological changes after [(-carotene intake in
ischemic injury model was stated. Decreased numbers of
degenerated and necrosed Purkinje and granule cells and
few vacuolations in molecular layer were observed!®,

The previous findings could be explained by that
B-carotene had the capability to protect from ROS based
cellular damage. Besides, lipid peroxidation caused
alterations of membrane structure of cells resulting in
changes in membrane permeability leading to damage or
change shape of cells. So, B-carotene restore normal shape
of cells due to its antioxidant effect. Moreover, B-carotene
decreased accumulation of ROS. For this, it can decrease
oxidative stress and lipid peroxidation(!%10%85,

Going parallel with the previous mentioned
mechanisms, the biochemical results of the present work
ensured the antioxidant capabilities of f-carotene, through
decreasing MDA levels and increasing GPx amounts.
Moreover, it could be suggested that the anti-inflammatory

effects of B-carotene contributes to its assumed protective
effects. The current results recorded the anti-inflammatory
capacity of B-carotene via detecting decreased levels of
IL-6 and iNOS expression. Despite the recorded protective
effect of B-carotene in the current work, it did not restore the
exact normal features as control. This could be attributed
to the used dose. Higher doses of f-carotene might result
in better outcomes.

In the present study, group III had reduced GFAP
immunohistochemical expression in relation to that of
group II. Morphometric measurements of GFAP mean
area percent and astrocytes mean number confirmed this.
Likewise, GFAP expression and number of astrocytes in
cerebellar cortex was decreased in rat model of epilepsy
receiving carotenoids. Also, they correlated this to the
potent antioxidant and anti-inflammatory properties of
carotenoids!'!?). Parallel with this, B-carotene altered the
NF-«xB binding activity in astrocytes leading to considerable
decrease in its binding activity. Thus, inhibiting reactive
astrocytes with subsequent decline in GFAP expression!'!l.

In the current study, group III displayed decline in
caspase-3 immunoreaction expression as regards group
II. These results were supported by morphometrical
measurements of caspase-3 mean area percent of. Alike,
[-carotene was found to decrease the activity of caspase-3
in cardiomyocytes. It could be assumed that the antioxidant
effect of PB-carotene has an important role in reducing
apoptosis!'?. In line, B-carotene was suggested to have an
ameliorative effect in many ROS-mediated disorders by
reducing ROS production. This led to protect mitochondria
from damaging and causing apoptosis!''¥. Additionally,
it was exhibited that'®! oxidative stress is considered key
reason for neurones death during neurotoxicity, therefore
[-carotene intake could inhibit neuronal apoptosis in brain
diseases related to ROS. B-carotene was proven to disturb
apoptosis pathways. Hence, treatment with [(-carotene
prevented caspase-3 accumulation.

The current study also elucidated that group III
expressed decline in iNOS immunoreaction, which was
confirmed by morphometrical measurements. Levels of
iNOS in group III displayed significant reduction as regard
to group II. Going in hand with this, it was shown that
B-carotene suppressed iNOS expression denoting its anti-
inflammatory activity!"'¥. Also, another study correlated
this to the ability of B-carotene to cause inhibition of
NF-xB. Additionally, NF-xB is involved in various pro-
inflammatory activities including its ability to stimulate
the transcription of iNOS pro-inflammatory cytokine.
As a result, such inhibition decreases pro-inflammatory
cytokine genes transcription. Thus, explaining the anti-
inflammatory role of B-carotene!'*7.

According to the present study, it is worthy to note that
subgroup Ic was designed to exclude any toxic effect of
the currently used dose of B-carotene. All results of the
parameters included in the current study were comparable
to control except for GPx levels. There was significant
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elevation in GPx in subgroup Ic in comparative with
subgroups Ia, Ib, Id, group II and group III.

As well, preserved levels of MDA and IL-6 after
intake of B-carotene alone in relation to normal rats was
recorded!'"l. Likewise, it was postulated that administration
of P-carotene alone resulted in GPx increase. This
explained the significant increase in GPx level in subgroup
Il Also, it was documented that B-carotene influenced
the antioxidant abilities mainly glutathione-related defence
system!!¢],

In addition, former work!'!”! stated no change in weight
of brain after administration of B-carotene in diets in
elderly persons. This was by reason of the protective role of
B-carotene (as antioxidant and anti-inflammatory) against
changes occurring to brain and cerebellar tissues with
increasing age. In the same way, the effect of B-carotene
alone on testicular tissue using H&E and caspase-3
immunostaining was tested. No recorded changes in
relation to control were described!®!.

The current results excluded any toxic effects of
B-carotene on cerebellum. Furthermore, its ability to
enhance the antioxidant effects was documented.

CONCLUSION

From the forementioned results, it could be concluded
that Tio2 NPs have neurotoxic effects on cerebellum. This
toxic effect was dose dependent with increased severity
with higher doses. Moreover, prophylactic supplementation
of B-carotene exerted ameliorative effects of such toxicity.
Antioxidant, anti-apoptotic and anti-inflammatory effects,
plus modulation of ACE levels could be suggested as
mechanisms of the assumed protective effect of B-carotene
against the expected Tio2 NPs cerebellar toxicity.
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