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Abstract

Introduction

Background: The cerebellum means the little brain which
located behind the big brain. It was involvedin different
functions like cognition, memory and motor activity. Methotrexate is anti-cancer drug widely used in chemotherapy
regimens. Also, it was used as an anti-inflammatory drug.
Methotrexate has serious side effects on the nervous system.
Vitamin C is the most common antioxidant element; it acts
as a free radical scavenger especially in the nervous tissue.

CEREBELLUM is the part of brain that involved
in co-ordination of movement; also it provides
correction of movements, motor learning and reflex
modification [1] . Cerebellum is prompted be involved in multiple cognitive functions like language, spatial cognition and connected to many
psychiatric conditions like autism, attention deficit
hyperactivity disorders, mood disorders and schizophrenia [2] . Cerebellum lies in the posterior cranial
fossabehind thepons and medulla oblongata from
and it is separated from them by the fourth ventricle
[3]. It is joined to brain stem by three bilaterally
located peduncles; superior, middle and inferior
[4]. It is covered superiorly by dural fold called
tentorium cerebelli [2] . Cerebellum is formed of
two main cerebellar hemispheres which are connected to each other by a vermis [5] , each cerebellar
hemisphere is formed of outer gray matter called
cortex and inner white matter [6] . Cerebellar cortex
layers are molecular, Purkinje and granular cell
layer arranged from outside to inside [7] . Methotrexate (MTX) is a folic acid antagonist and
widely used in treatment of several neoplastic
diseases such as osteosarcoma, acute lymphoblasticleukemia [8] . Also, it is used in treatment of nonneoplastic diseases like inflammatory or autoimmune disease [9] . MTX has multiple side effects
especially on the nervous tissues [10] .

Aim of Study: The aim is to identify the serious toxic
effect on the fine cellular structure of the cerebellar cortex of
albino rats, and to determine if vitamin C can protect against
serious of methotrexate or not.
Material and Methods: We used fifteen male albino rats
and they were divided in to three groups. First group considered
as control, the second received 10mg/kg by intraperitoneal
injection as single dose weekly for four weeks. The third
group received the same methotrexate dose and vitamin C as
20mg/kg through the intragastric tube every other day for
four weeks. After one month of the experiments, rats were
decapitated and brains were extracted and cerebella are
separated and cut for different serial sagittal sections, they
were processed for electron microscopic study.
Results: Exposure to methotrexate resulted in pathological
changes at cellular component of cerebellar cortex in the form
shrinkage of Purkinje cell, karyolitic changes in granule cells
and nuclear damage was viewed and photographed by the
electron microscope, but when vitamin C was administrated
at the same time, these changes were decreased within Purkinje
and granule cells.
Conclusion: Methotrexate is asharmful drug, it destroys
the cortex oh cerebellum, but when vitamin C is administrated
with it, it can diminish its harmful effect.

Vitamin C (VC) is one of the most common
antioxidants [11] ; it has the ability to protect cells
from the reactive oxygen species (ROS) more than
other antioxidants thus protect tissue from damage
[12] .
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Material and Methods

Results

Fifteen adult male albino rats weighing 200250gm, were obtained from the animal house of
Sohag Faculty of Science. They were reared under
standard conditions of feeding and temperature.
Ethical clearance for the use of animals was got
from the Institutional Animal Ethics Committee
prior to the beginning of the work.

Group 1 (Figs. 1,2): Purkinje cell of control
groupappears with large cell body, well defined
nucleus and nuclear envelop. Cytoplasm is filled
with mitochondria, rough endoplasmic reticulum
(rER) and Golgi apparatus (Ga). Granule cell appears smaller in size than Purkinje cell; the nucleus
is rounded with coarse central and peripheral chromatin, covered by thin shell of cytoplasm which
is filled with ribosomes and rER. It is surrounded
by myelinated axons of mossy fibers.

The animals were divided in to 3 groups:
- Group 1: Control group received no treatments.
- Group 2: Received 10mg/kg MTX throughintraperitoneal injection, it is injected once per week
for four weeks [13] .
- Group 3: Received 20mg/kg VC through the
intragastric tube every other day for four weeks
[14] and methotrexate as the same dose at group
2.
After end of the experiment, animals were
anaesthetized with ether then decapitated and skulls
were opened, cerebella were taken and cut to
sagittal sections then fixed immediately in 2.5%
glutraldehyde, for 24 hours then processed according to [15] . Semi thin sections are stained by Toluidine blue 1%, ultrathin sections of 0.1um thickness
are done from the selected areas and are examined
by (Joel JEM 1010) electron microscope,these
steps were processed at Faculty of Medicine, Sohag
University at 2019.

Fig. (1): An electron micrographof a section in the rat
cerebellar cortex of control group of a Purkinje cell showing
abundant mitochondria (Mt), rough endoplasmic reticulum
(rER), Golgi apparatus (Ga), lysosomes (L), nuclear envelope
(arrow), with eccentric nucleolus (n) (TEM x 7200).

Group 2 (Figs. 3,4): Purkinje cell appears
shrunken; its cytoplasm has multiple vacuoles
lysosomes and inclusion bodies. Fragmented Golgi
apparatus, mitochondria is dilated and swollen
with destructed cristae, it has an irregular and illdefined nuclear envelop and eccentric nucleolus
with fragmented and condensed chromatin. Granule
cell appears shrunken with fragmented faint nuclear
chromatin (karyolitic changes), the cytoplasm is
vacuolated and rarified with swollen mitochondria.
Group 3 (Figs. 5,6): Purkinje cell shows cytoplasm with multiple and normal shaped mitochondria and rER. Less identified vacuoles and lysosomes. Nuclear envelope is slight regular with
blocks of condensed chromatin on the inner side.
Granule cell appears large; its cytoplasm is hyperdense with multiple mitochondria. Nucleus has
coarse chromatin with irregular nuclear envelop.
Granule cell restored its normal regular shaped,
nucleus has rounded and heterochromatic shape,
but some granule cells still has faint chromatin.

Fig. (2): An electron micrograph of a section in the rat
cerebellar cortex of control group showing granule cell with
well-defined nuclear envelop, large size heterochromatic
nucleus (N), thin rim of cytoplasm (arrow) contain mitochondria (Mt) with normal crista, and free ribosomes (r), Mossy
fibers (Mo) (TEM x 7200).
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Fig. (3): An electron micrograph of a section in the rat
cerebellar cortex of MTX treated group showing Purkinje cell
with dilated rough endoplasmic reticulum (rER), swollen
mitochondria (Mt) with destructed cristae. More abundant
lysosomes (L), multiple vacuolated areasin cytoplasm (short
arrow), Nucleus (N) with irregular nuclear envelop and fragmented chromatin, nucleolus (n) is eccentric, granule cell (G)
(TEM x 7200).

Fig. (4): An electron micrograph of a section in the rat
cerebellar cortex of MTX treated group showing granule cell
nucleus (N) with vacuolated and faint chromatin. Mitochondrion is swollen with destructed cristae (Mt), vacuolated
rarified cytoplasm (C) (TEM x 7200).

Fig. (5): An electron micrograph of a section in the rat
cerebellar cortex of MTX and VC treated group showing
Purkinje cell with normal shaped mitochondria (Mt), endoplasmic reticulum is not dilated (rER), nuclear envelop is
slightly regular and its inner aspect has blocks of chromatin
(arrow), eccentric nucleolus (n), less identified lysosomes (L)
and less vacuolated areas (arrow) (TEM x 7200).

Fig. (6): An electron micrograph of a section in the rat
cerebellar cortex of MTX an VC treated group showing granule
cell with regular shape of cell and heterochromatic large
nucleus (N), thin shell of cytoplasm (C) contains rough
endoplasmic reticulum (rER) and mitochondria (Mt), mossy
fiber axon is noticed (Mo). Vacuolated area is less present
(arrow) (TEM x 7200).

Discussion

soluble vitamin that present in food and can protect
body tissue from the free radicals as it is agood
free radical scavenger [20] . In the present study,
electron microscopic examination of MTX treated
specimens showed Purkinje cell were reduced in
size, increased density of the cytoplasm with vacuolated areas with multiple lysosomes, swollen
destructed mitochondria and the nucleus appeared
with irregular indented nuclear envelope.Granule
cell showed shrinkage in size, faint nuclear chromatin, swollen mitochondria, these results were in
the acceptance with [13] who found the same find-

The cerebellum is an important organ for motor
functins, cognition and emotion [16] , aspects of
structural configuration, neuronal element, fiber
comuication and neurotransmitters in crebellar
cortex have been extensively investigated [17] .
MTX is one of the most comon anti cancer drug
due to its good results [18] . MTX has a serious
neurological side effets like acute alteration of
cosiousness, cerebral infacrctin, paralysisi, neuropathy and leuckoencepahalopathy [19] . VC is a water
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ings in MTX injected guniea pigs. These ultrastrucurl changes are secondary to MTX oxidative
stress effect in which there are intracellular biochemical events like inhibition of oxidtive phosphorylation processes within the Purkinje cells
mitochondria, it leads to decreased phosphoipid
synthesis and distrubted membrane integrity [21] .
In the present study, electron microscopic examination of specimens received both VC and MTX
as compared to MTX treated group that Purkinje
cell restoredits normal shape, with slight regular
nucleus, and normal shaped mitochondria, Purkinje
cell contained euchromaticand near regular nucleus
with prominent nucleolus. Granular cell had rounded oval nuclei with round heterochromatic nucleus,
some granule cells appeared similar to those in the
control group. These results were in acceptance
with [22,23] . Anti-oxidants are substances that may
defend the body cells against the impacts of free
radicals provoked by oxidative damage in different
cellular compartments and tissues [22] . On the other
hand, cerebellar white matter in treated rat with
lead and VC showed histological changes just like
normal [14] . Also, VC protect cerebellum from
oxidative stress effect following exposure to radiofrequency [24] .
Conclusion:
Methotrexate is a highly toxic drug to cerebellar
cortex; it destructs the fine structure of Purkinje
cells and granule cells while administration of
vitamin C at the same time can diminish this
toxicity.
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