
Med. J. Cairo Univ., Vol. 89, No. 5, September: 2131-2136, 2021  
www.medicaljournalofcairouniversity.net  

The Toxic Effects of Methotrexate on the Cerebellar Cortex of Adult  

Albino Rats and the Protective Role of Vitamin C:  

A Light Microscopic Study  

DORREIA A.M. ZAGHlOUL, M.D.*; SALWA M. OUIES, M.D.**; WAIL M. GAD EL-RAB, M.D.*** and  

AHLAM W. MOHAMED, M.Sc.**  

The Department of Human Anatomy & Embryology, Faculty of Medicine, Assuit University*, Sohag University** and  

Faculty of Medicine, Al-Azhar University, Assiut***  

Abstract  

Background:  Cerebellum is the region of brain responsible  
for multiple motor and cognitive functions. It is formed of  
two cerebellar hemispheres separated by fissures. It is formed  

of lobes, lobules and folia; each folium is formed of cerebellar  

cortex and medulla. Methotrexate is anti-metabolic drug used  

in treatment of cancer, it has neurotoxic effect, and it produces  

oxidative stress in nervous tissue. Vitamin C is powerful anti-
oxidant; it is a powerful free radical scavenger.  

Aim of Study:  The aim of this work is to study the toxic  
effects of methotrexate and the possible protective role of  

vitamin C.  

Material and Methods:  In this study, 30 rats are divided  
in to 3 groups (Group 1) received no treatment. (Group 2)  
received 10mg/kg methotrexate injected intraperitoneal once  

time per week foe four weeks. (Group 3) received vitamin C  

20mg/kg by intragastric tube every other day for four weeks  

and methotrexate as same dos of group 2. At the end of  

experiment, rats are sacrificed and cerebella are taken and  

processed for light microscopic examination.  

Results:  There are histological changes in group treated  
with methotrexate (2) in the form of decreased thickness of  

granular layer. Purkinje cells shows shrinkage in cell bodies,  
decrease in number, lost mono laminar organization. Molecular  

layer showed decreased cellularity. After administration of  

vitamin C, these cellular changes are decreased, molecular  
and granular cell layer thickness are restored.  

Conclusion:  Methotrexate is a toxic drug, it destroys the  
cerebellar cortex, but when administrated with vitamin C, its  
toxicity is decreased.  
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Introduction  

CEREBELLUM  is the region of the brain that is  
important for number of motor and cognitive func- 
tions [1] . It plays an important role in movement  
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and posture [2] ; it is responsible for control of  
muscle tone and equilibrium [3] .  

It is involved in multiple cognitive functions:  
sensory discrimination, attention, planning learning  

and memory [4] . It is connected to limbic lobe, so  
it has a role in emotion [5] . It occupies posterior  
cranial fossa dorsal to pons and medulla oblongata  
from which separated by fourth ventricle [6]  sepa-
rated from cerebrum by dural fold called tentorium  

cercebelli [7] .  

It is formed two large cerebellar hemispheres  
separated by vermis. Outer surface contains mul-
tiple fissures and sulci which divided it in to mul-
tiple lobes, lobules and folia, beneath the cerebellar  

cortex, a white matter core celled medulla [8] .  

Cerebellar cortex is formed of 3 layers; outer  

molecular, intermediate Purkinje and inner granular  
cell layer [9] .  

Methotrexate is anti-metabolic drug used in  
treatment of neoplastic diseases, other multiple  

inflammatory and autoimmune diseases; it is anti-
proliferative and cytotoxic drug [10] . Methotrexate  
has a direct toxic effect on nervous system; it  
produces oxidative stress and release oxygen reac-
tive species (ROS) [11] .  

VC is a water solublevitamin acting as an anti-
oxidant thus preventing and ameliorating brain  
damage, it is the most important antioxidant in  

plasma [12] . It is the most important free radical  
scavenger [13] .  

In brain tissue, it is present in higher levels  
than other organs [14] . It is absorbed from diet and  
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enters central nervous system through choroid  

plexus which is transported actively [15] . VC has  
been implicated in neuron development and func-
tional maturation, also glial and neuronal differen-
tiation [16] .  

Material and Methods  

In this study,thirty adult albino rats their weight  

rang 200 to 250gm, were bought from the animal  
house of Sohag Faculty of Science. They were  
reared under standard conditions of feeding, tem-
perature at Sohag Faculty of Medicine, animal  

house. Ethical clearance for the use of animals was  

got from the Institutional Animal Ethics Committee  

prior to the beginning of the work.  

Animals were divided in to 3 groups:  

-  Group 1: Control group received no treatment.  

-  Group 2: Received 10mg/kg methotrexate injected  

intaperitoneal once per week for four weeks [17] .  
-  Group 3: Received 20mg/kg Vitamin C by inta-

gastric tube each other day for four weeks [18]  
and received methotrexate like group 2.  

After end of the experiment, animals are select-
ed randomly, anaesthized with ether and decapitated  

and skulls were opened, cerebellum was taken and  

cut to sagittal sections then fixed immediately in  

10% formalin to obtain serial paraffin sections,  

according to [19] . Specimens are stained with (H&E)  

staining then specimens are examined by light  

microscope. These steps were processed at Faculty  

of Medicine, Sohag University at 2019.  

Results  

Group-1 (Figs. 1,2):  Cerebellum was formed  
of multiple folia; each folium was separated from  

other by narrow sulci. Each folium is formed of  
outer gray matter called cerebellar cortex and inner  

white matter called medulla. Cerebellar cortex  

shows 3 layers; outer molecular layer shows mul-
tiple fibers and small number of cells; superficial  

stellate cells and large deep basket cells. Purkinje  

cells appear large and arranged in one raw, it was  

flask shaped with pale basophilic cytoplasm vesic-
ular nuclei with prominent nucleoli. Granular cells  
were densely packed cells with deeply stained  
nuclei, in between them, there are a small acido-
philic area called (cerebellar glomerulus).  

Group-2 (Figs. 3,4):  Cerebellar layer shows  
marked thinning in layers especially granular cell  

layer with marked decreased cellularity in molec-
ular cell layer. Molecular layer shows perineural  

spaces around basket cells which are smaller in  

size. Purkinje cells lost its mono laminar arrange-
ment and its flask shape. Purkinje cells are irregular,  

shrunken with darkly stained homogenous cyto-
plasm and faint nuclei, multiple vacuolated areas  

in between them. Granule cells shows abnormal  

distribution, clumping and more identified cerebel-
lar glomeruli.  

Group-3 (Figs. 5,6):  Cerebellar cortex layers  
shows more preserved thickness and molecular  

layer shows normal cellularity. Some Purkinje cells  
appear with normal size and shape and arrangement,  

but other cells appear with irregular and homoge-
nous cytoplasm, vacuolated areas around it are less  
identified, Granular cell layer shows normally  
distributed cells with less identified cerebellar  

glomeruli, Molecular cell layer shows more cellu-
larity, normally sized and more abundant basket  

cells,there are no perineural spaces around them.  

Fig. (1): A photomicrograph of a section in the rat cere-
bellar cortex of control group showing cerebellar folium (F).  
It is separated from another folium by narrow sulcus (Su). It  
is composed of outer cover of grey matter called cerebellar  
cortex (Cc) and inner white matter called medulla (m), it is  
covered externally with pia matter (pi), Cc is formed of three  

layers; outer molecular (M), intermediate Purkinje (P) and  

inner granular cell layer (G) (H & E x100).  

Fig. (2): A photomicrograph of a section in the rat cere-
bellar cortex of control group showing the outer molecular  
layer (M) composed of inner basket cells (B). Purkinje cell  
layer is composed of a single raw of large Purkinje cells (P).  

Purkinje cell has a large flask shaped body, pale basophilic  
cytoplasm and vesicular nucleus with prominent nucleolus  

(arrow). Inner granular cell layer (G) composed of deeply  

stained granule cells (g), cerebellar glomerulus (*) in between  

them (H & E x400).  
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Fig. (3): A photomicrograph of a section in the rat cere-
bellar cortex of MTX treated group showing the cerebellar  
cortex with marked thinning in all layers especially granular  

cell layer, decreased cellularity of molecular cell layer (M).  
Note, folium (F), cerebellar cortex (Cc), sulcus (Su), pia  

matter (pi), molecular cell layer (M), Purkinje cell layer (P)  
and medulla (m) (H & E x100).  

Fig. (4): A photomicrograph of a section in the rat cere-
bellar cortex of MTX treated group showing the three layers  

of cerebellar cortex, Purkinje cell (P) is irregular and shrunken  

with homogenized darkly stained cytoplasm and ill-defined  

nuclei (arrow), vacuolated spaces between cells (thick arrow).  

Granular cells (g) are decreased in number, shrunken and with  

deeply stained nuclei (g). In some areas, they are clumped  

(arrow) with multiple cerebellar glomeruli (*). Molecular  
layer (M) shows marked perineural spaces around shrunken  

basket cells (B) (curved arrow) (H & E x400).  

Fig. (5): A photomicrograph of a section in the rat cere-
bellar cortex of MTX and VC treated group showing increased  

thickness of all layers especially granular cell layer  

(G),molecular layer shows normal cellularity (M), Note;  

folium (F), sulcus (Su), cerebellar cortex (Cc), molecular cell  

layer (M), Purkinje cell layer (P), pia matter (pi) and medulla  
(m) (H & E x100).  

Fig. (6): A photomicrograph of a section in the rat cere-
bellar cortex of MTX and VC treated group showing basket  
cells with normal size and more abundant (B) with no  

perineural spaces around them. Purkinje cells (P) appear  

within normal size, shape and arrangement, but other cells  

appear with homogenous cytoplasm and ill-defined nuclei  
(curved arrow), less noted vacuolated areas (thick arrow),  

granule cells (g) are more crowded with less noted cerebellar  

glomerulus (*) in between them (H & E x400).  

Discussion  

The cerebellum is an important organ for motor  
function, cognition and emotion [4] . The cerebellar  
cortex has become the focus of intense research,  

because it is presumed to be responsible for plan-
ning movement and adapting to special conditions;  

it is involved in storing memories over time-periods  

[20] .  

MTX is a cytotoxic agent used in an adjuvant  
chemotherapy cocktail [21] . It is a folic acid antag-
onist used in non-neoplastic disease like RA and  

psoriasis [22] . Good results of MTX direct attention  

on its post therapeutic effects; chemotherapy has  

a significant toxicity on the nervous system [23] .  
Several hypotheses have been suggested the oxi-
dative stress on the central nervous system [24] . It  
results from misbalance between ROS generation  

and antioxidants defenses [25] .  

VC is a water-soluble vitamin and natural anti-
oxidant that prevents the oxidative damage in body  
organs [26] . It is a good scavenger for radicals that  
destroy membrane lipid and protect against cyto-
toxicity [27] .  

The present study specimens treated with MTX  

showed marked thinning of cerebellar cortex layers,  

distortion of normal architecture. Purkinje cells  
appeared irregular shrunken, lost its pyriform shape,  

dark homogenous cytoplasm and faint nuclei, vac-
uolated areas appeared around P cells. Granule  

cells appeared shrunken with deep stained nuclei  

with multiple cerebellar glomeruli in between them.  

These results were in acceptance with [22]  who  
showed in methotrexate treated rats that Purkinje  
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cells were shrunken in size, lost their specific  

shaped appearance, some of them were squamous.  
Pigs were treated with MTX according to [19]  
showed that Purkinje cells were shrunken and lost  
flask shape and surrounded with multiple spaces.  

In the present study, methotrexate and vitamin  

C treated group light microscopic examination  
showed slight restoration of normal architecture,  

thickness of cerebellar cortex layers, where Purkinje  

cells appeared with regular flask shape, arranged  

in a regular raw with pale basophilic cytoplasm  
and distinct nuclei with less identified spaces in  

between them. Granule cells were densely packed  

with clear cytoplasm with less identified cerebellar  

glomeruli. These result were in acceptance with  
[28,29,30]  who found at light microscopic examina-
tion in specimens of cerebellar cortex in rats re-
ceived vitamin C with monosodium glutamate,  
preserved histological structure but few Purkinje  

cells were small and irregular, few granular cells  
were shrunken.  

VC reacts with superoxide, hydroxyl radicals  
and oxygen singlet decreasing the cell damage [31]  
as it is an electron donor and has the power to  

return in a reduced form [30] . Brain consumes high  
amount of oxygen, contains high amounts of poly-
unsaturated fatty acids and low levels of anti-
oxidants enzymes [25] , also it produces ROS more  
than other organs and therefor it is particularly  

vulnerable to oxidative stress which is prevented  
by anti-oxidants like VC [28] . VC has the ability  
to crossblood brain barrier [29] , CNS neurons  
contain one of the highest VC concentrations in  

tissues [32] . Moreover, brain has the ability to retain  
it at the expense of other body tissue during states  

of chronic deficiency [33] .  

Conclusion:  

Methotrexate is highly toxic to cerebellar cortex,  

it destructs the cortical cells especially Purkinje  

cells and granule cells, administration of vitamin  
C can decrease its toxicity.  
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