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ABSTRACT
Introduction: Methotrexate causes injury in the cerebellar cortex. Vitamin C is one of the most familiar antioxidant components. 
Astaxanthin may provide protection for the brain from reactive stress. The purpose of this study was to compare between the 
possible protective roles of vitamin C and Astaxanthin on cerebellar cortex.
Material and Methods: Thirty-six adult male albino rats were used in the study equally divided into a control group, 
methotrexate treated group, methotrexate + vitamin C group and methotrexate + astaxanthine group. By the end of the tenth day 
of the experiment, the cerebellar hemisphere had been obtained. The left cerebellar hemispheres were prepared for biochemical 
examination to evaluate the levels of MDA, CAT, GSH and SOD in cerebellar tissue. The right cerebellar hemispheres were 
prepared for histopathological examination by H& E and immunohistochemical examination by caspase-3 and GFAP immune-
staining.
Results: Methotrexate (MTX) significantly elevates MDA level and significantly decrease the level of SOD, CAT and GSH 
in cerebellar tissue. MTX causes destruction of the histological structures of cerebellar cortex and induce significant elevation 
in caspase-3 and GFAP immunoreactivity in compared with control group. Vitamin C and astaxanthin (AXA) significantly 
ameliorate the biochemical and histopathological changes induced by MTX. AXA significantly decrease MDA level and 
significantly elevate SOD, CAT & GSH levels in compared to MTX+ vitamin C group. AXA preserve the normal histological 
structures of cerebellar cortex and significantly decrease caspase-3 and GFAP immuonreactivity in compared to MTX + 
vitamin C group.
Conclusion: Both vitamin C and astaxanthin have ameliorative roles in methotrexate induced cerebellar cortex injury. 
However, astaxanthin is better than vitamin C in protection against cerebellar cortex damage.
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INTRODUCTION                                                                   

Methotrexate is an efficient cytotoxic agent and folic 
acid antagonist; it inhibits cellular proliferation. It is used 
in management of different types of malignant tumors, 
also it is anti-proliferative and cytotoxic medication used 
to treat autoimmune conditions including rheumatoid 
arthritis, and inflammatory diseases[1]. Methotrexate 
crosses the blood-brain barrier (BBB), it has a damaging 
effect on the nervous tissue, by creating oxygen reactive 
species, decreases the amounts of antioxidant enzymes 
while causing oxidative stress, leading to apoptosis, tissue 
damage and causing neurotoxicity[2].

High doses of methotrexate result in adverse effects 
on central nervous system as cognitive damage, white 
matter demyelination and reduction of hippocampal 
neurogenesis[3,4]. Acute MTX toxicity on CNS may causes 
seizures, aphasia, hemiparesis, diplopia, dysphagia, and 

dysarthria. Chronic MTX toxicity may result in behavioral 
changes[5].

Vitamin C is present in nervous tissue in a high level 
than other organs. It has important role in appropriate 
functions of nervous system and it participates in the 
antioxidant defense in brain. It plays essential role in 
neuronal maturation and neurotransmission[6].

Rats exposed to neurotoxic chemicals, vitamin C therapy 
has been shown to reduce neuropathological changes, 
memory deficits, and neurodegenerative changes[7].

Astaxanthin (AXA) is a xanthophyll carotenoid, it is 
present naturally in seafood such as salmon, microalgae 
and crayfish, it is also available commercially[8]. AXA 
has an antioxidant, immunomodulatory, anti-apoptotic 
and anti-inflammatory properties[9]. AXA easily cross the 
blood-brain barrier; it is able to diminish lipid oxidation 
and neuronal losses by reducing oxidative injure[10]. AXA 
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can induce protective mechanism in neurodegenerative, 
oxidative stress, metabolic disorders and inflammatory 
diseases[11].

The current study prepared to compare between the 
possible protective roles of vitamin C and Astaxanthin on 
cerebellar cortex.

MATERIALS AND METHODS                                           

Animals
36adult male albino rats, weighting about200- 220 g, 

they were obtained from faculty of veterinary medicine, 
Benha University. All rats were kept at temperature (24°C) 
and humidity (60%). They were nourished normal food and 
free admission for water. Rats were housed for one week 
preceding the beginning of the study. The experiment was 
accepted by the Ethical Committee of Benha University 
number (RC- 14-11-2022), date of acceptance 10/1/2023.

Drugs
Methotrexate; available as methotrexate 2 ml 

vial, 25 mg/ml injection. It was obtained from Mylan 
Pharmaceutical Company.1ml of MTX contained 25mg of 
MTX, that was diluted in 3 ml saline each ml contained 
5mg of MTX.

Vitamin C; available as C Retard Ascorbic acid 500mg 
capsules, it was obtained from Hikma Pharmaceuticals 
Company. Each capsule was dissolved in 10 ml distilled 
water, each 1ml contained 50mg vitamin C.

Astaxanthin; available as astaxanthin 4mg, 30 soft gels 
capsules by Biovea Company. Each soft gel capsule was 
aspirated and dissolved in 1ml of olive oil.

Groups
All rats were separated equally into four groups each 

including nine rats, for a period of ten days.

Group I: Control group; divided equally into 3 
subgroups 

• Subgroup (Ia); rats were kept without any 
medications.

• Subgroup (Ib); rats were given 250 mg/Kg body 
weight of Vit C by oro-gastric tube for ten days.

• Subgroup (I c); rats were given 20 mg/kg body 
weight of AXA by oro-gastric tube for ten days.

Group II: MTX group; rats were given MTX 20 mg/
kg body weight single i.p. injection at the fifth day of the 
experiment[12].

Group III: MTX + Vit C group; rats were given 250 
mg/Kg body weight of Vit C by oro-gastric tube from the 
first to the tenth day and MTX single i.p. injection in the 
fifth day as in group II one hour after the dose of vit C at 
this day[13].

Group IV: MTX + AXA group, rats were given 20 mg/
kg body weight of AXA by oro-gastric tube from the first 

to the tenth day and MTX single i.p. injection in the fifth 
day as in group II one hour after the dose of AXA at this 
day[14].

By the end of the tenth day all rats were anaesthetized by 
intraperitoneal injections of Ketamine hydrochloride. After 
that, vault of the skull was removed; brain was dissected 
out in each rat. Cerebellum hemispheres were dissected 
carefully and separated sagittally into two halves, then the 
right hemisphere rapidly fixed in formalin for 2 days for 
histological examination. The left side of the cerebellum 
was prepared for biochemical analysis.

Biochemical examination
Tissue specimens were prepared for biochemical 

analysis by frozen in a potassium phosphate buffer 
that is extremely cold and minced at 20 °C in Scientific 
Research Centre, Faculty of Medicine, Benha University. 
Centrifuging the mixture for half an hour, and the resultant 
supernatant was used to evaluate the malondialdehyde 
(MDA) level according to[15]. Determination of tissue 
antioxidant Enzyme Activity as superoxide dismutase 
(SOD)[16], catalase (CAT)[17] and, reduced glutathione 
(GSH)[18], were analyzed.

Histological examination
The right half of cerebellar hemisphere samples were 

put in 10 % formalin solution, then handled for light 
microscopic examination protocol including dehydration 
with alcohol, cleared by xylene after that they were fixed in 
paraffin then sectioned at 4-5 µm thickness for successive 
histopathological and immunohistochemical examination. 
Staining with hematoxylin and eosin (H&E) for routine 
histological analysis[19]. 

Immunohistochemical study
Caspase-3 immunostaining: used for demonstration of 

cell apoptosis. The de-paraffinized 5 μm thickness paraffin 
sections which were put on positively charged slides were 
incubated in 10% hydrogen peroxide in absolute methanol 
(10 min). Heating the sections in 0.01 mol/l citrate buffer 
(pH: 6) in a water bath in a microwave (30 min) was done 
to unmask performed antigen. The slides were rinsed for 
5 min in PBS at pH 7.4 and the sections were incubated 
with primary antibody (1h). The sections were treated with 
caspase-3 antibody at appropriate dilution in antibody 
dilution buffer in a humidified chamber (1 h) at room 
temperature, then were washed twice with PBS-T (5 min), 
to remove excess chromogen. The sections were incubated 
with the secondary antibody (20 min), Then washed with 
PBS for 3times (5min). DAB was added (10 min). Finally, 
the slides were counterstained by Mayer’s hematoxylin, 
dehydrated, cleared, and mounted by DPX. Cytoplasmic 
brown coloration was considered positive reaction[20].

(GFAP) Glial fibrillary acidic protein: used for 
recognition of neuroglial astrocytes. Paraffin sections were 
incubated for 10 minutes in 10% hydrogen peroxide. Slices 
were then heated in a microwave to reveal the performed 
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antigen in 0.01 mol/l citrate buffer in a water bath for half 
an hour, after that they were rinsed in PBS at pH 7.4 after 
that they treated with primary antibody anti GFAP (Ab-1, 
clone GA-5 mouse monoclonal antibody for one hour[21]. 
The secondary antibody was added at 25C for one hour. 
then incubated for ten minutes in preformed streptavidin 
peroxidase.  After that they were incubated in substrate 
chromogen3,3’- Diaminobenzidine for 15 minutes that 
causes a brown-colored precipitate at the antigen sites, then 
counterstained by Harris’s hematoxylin to stain nuclei. The 
main antibody was substituted with non-immune rabbit 
serum in the negative control sections. The positive control 
sections in brain (cerebellum and striatum)[22].

Morphometric measurements
Computer assisted digital image analysis. Slides 

(Ten non overlapping fields from each groups) that 
photographed using Olympus ® digital camera installed 
on Olympus ®microscope with 0.5 X photo adaptor, using 
40 X objective and saved as TIFF. The result images were 
analyzed on Intel ® Core I7 ® based computer using Video 
Test Morphology ® software (Russia) with a specific built-
in routine for Caspase-3 % area & GFAP % area. Results 
were exported to Excel Sheet for Statistical analysis[23].

Statistical analysis
By using the (SPSS) version 20 to analyze the acquired 

data (SPSS Inc., Chicago, Illinois, USA). P value was 
regarded highly significant if P value was 0.01, significant 
if P value was 0.05, and non-significant if P value was> 
0.05. Every piece of data was reported as mean SD.

RESULTS                                                                            

Biochemical results
When compared to the control group (12.281.29 

nmol/g), MDA values were significant increase in the 
MTX-treated group (29.331.86 nmol/g). Administration 
of Vit C plus MTX in group III significantly reduce the 
level of MDA to be (19.08±2.81 nmol/g). AXA also 
significantly decreased MDA level in group IV to be 
(15.93±1.45 nmol/g) in comparison to the MTX treated 
group. Moreover, significant reduction in MDA level in 
group IV (15.93±1.45 nmol/g) in comparison with group 
III (19.08±2.81 nmol/g).

SOD, CAT and GSH levels were decreased significantly 
in group II (2.11±0.41 u/g, 0.72±0.15 u/g, and 1.03±0.14 
nmol/g) in comparison to group I(4.46±0.46 u/g,1.86±0.20 
u/g and 2.51±0.28nmol/g). The levels of SOD, CAT and 
GSH in group III (2.62±0.27 u/g, 0.99±0.11 u/g and 
1.83±0.19nmol/g) in that order were significantly higher 
than that in group II. but still was significantly difference in 
compared to group I. In group IV the antioxidant enzymes 
were (3.90±0.21 u/g, 1.29±0.19 u/g and 2.26±0.26 
nmol/g) correspondingly were significantly elevated than 
those in group II and significant higher than group III.                                       
(Table 1, Histograms 1,2,3,4).

Histological Results
Cerebellar sections stained by H&E stain

Cerebellar cortex sections in the control rats in 
subgroups (I a, I b& I c) were identical and showed the 
outer molecular, middle Purkinje, and inner granular 
layers of cerebellar cortex. The molecular layer shows 
normal basket cells, with lightly acidophilic neuropil. The 
Purkinje cells were large, pyriform in shape with long 
dendrites toward the molecular layer. They have basophilic 
granular cytoplasm, central nuclei and prominent nucleoli, 
they arranged in one raw. The granular layer consisted of 
granular cells with deeply stained nuclei, there was lightly 
stained acidophilic glomeruli among the granular cells 
(Figure 1). 

Sections from group II (MTX group) showed loss 
of normal histological structures of cerebellum as the 
molecular layer showed basket cells with pyknotic nuclei. 
Purkinje cells appear irregular shaped, shrunken and 
deeply stained pyknotic nuclei, with lose their dendrites 
and surrounded by vacuolated neuropil. Distorted irregular 
shaped purkinje cell among cells of granular layer. Other 
purkinje cells show vacuolated cytoplasm with loss of 
its nucleus. Granular layer showed dispersed, shrunken, 
deeply stained and irregular shaped granular cells and 
closely aggregated granular cells. The cerebellar glomeruli 
showed loss of normal architecture (Figure 2). 

Sections from group III (MTX + Vit C group) the 
molecular layer showed normal basket cells and others 
with pyknotic nuclei. The purkinje cells are dispersed 
some appeared with normal shape. Other purkinje cells 
were irregular in shape, shrunken with pyknotic nuclei and 
vacuolated neuropil. The granular layer has some clumped 
darkly stained granule cells. The cerebellar glomeruli 
showed loss of normal architecture (Figure 3).

Sections from group IV (MTX + AXA group) showed 
normal molecular layer showed apparently normal basket 
cells, few with pyknotic nuclei, the purkinje layer have 
normal pyriform in shape purkinje cells. There were 
degenerated and vacuolated areas between the purkinje 
cells. The granular cell layer has normal granule cells 
(Figure 4).

Caspase-3 Immunohistochemical stain

Cerebellar cortex section from group I showed 
negative caspase-3 immunoreaction in molecular, Purkinje 
and granular cell layers (Figure 5a). Group II revealed 
high positive caspase-3immunoreaction in all layers                     
(Figure 5b). Group III showed moderate positive caspase-3 
immunoreaction (Figure 5c). Sections from Group IV 
demonstrated few positive caspase-3 immunoreaction 
(Figure 5d). 

GFAP Immunohistochemical stain

GFAP immunohistochemical staining of cerebellar 
cortex from the control group presented few number 
of astrocytes with positive GFAP immunoreaction.                          
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(Figure 6a). Rats from MTX treated group represented large 
number of astrocytes with positive GFAP immunoreactions 
(Figure 6b). MTX + Vit C treated group revealed moderate 
staining intensity of astrocytes cells with positive GFAP 
immunoreaction in cerebellar cortical layers (Figure 6c). 
Rats from MTX + AXA treated group presented few 
astrocytes with GFAP positive immunoreaction in all 
layers (Figure 6d).

Morphometric results
Caspase-3 immunostaining

The mean area percentage (%) of Caspase-3 positive 
immunoreaction was significantly increased in the MTX 
treated group as compared to the control group. It was 
significantly decreased in the MTX + Vit C and MTX + 

AXA treated groups as compared to the MTX treated group. 
Moreover, the mean area percentage (%) of Caspase-3 
positive immunoreaction in MTX + AXA treated group 
was significantly decreased as compared with MTX + Vit 
C treated group. As represented in (Table 2, Histogram 5)

GFAP immunostaining

The mean area percentage (%) of GFAP positive 
immunoreaction was significantly increased in the MTX 
treated group as compared to the control group. It was 
significantly decreased in MTX + Vit C and MTX + AXA 
treated groups as compared to the MTX treated group. But 
we have to notice that the mean area percentage (%) of 
GFAP positive immunoreaction in MTX + AXA treated 
group was significantly lower in compared with MTX + Vit 
C treated group. As represented in (Table 2, Histogram6)

Fig. 1: A photomicrograph of cerebellar cortex from group I, showing 
(M) the molecular layer has normal basket cells (B) with lightly 
acidophilic neuropil (stars). Purkinje cell layer (P) showing large purkinje 
cell (black arrows) pyriform in shape with long dendrites toward the 
molecular layer (red arrow). They have basophilic granular cytoplasm, 
central nuclei and prominent nucleoli they arranged in one raw. Granule 
cells (yellow arrows) with deeply stained nuclei at the granular layer (G) 
there was lightly stained acidophilic glomeruli (g) among the granular 
cells (H&EX400)

Fig. 2: A photomicrograph of cerebellar cortex from group II, showing 
the molecular layer (M) has basket cells with pyknotic nuclei (circle). 
Purkinje cells (P) appear irregular shaped, shrunken with deeply stained 
pyknotic nuclei (black arrows), with lose their dendrites and surrounded 
by vacuolated neuropil (stars). Irregular indistinct purkinje cell (head 
arrow). Other purkinje cells show vacuolated cytoplasm with loss of its 
nucleus (area between two stars). Granular layer (G) showing dispersed, 
shrunken, deeply stained and irregular shaped granule cells and closely 
aggregated granular cells (yellow arrows). The cerebellar glomeruli show 
loss of normal architecture (g). (H&EX400)

Fig. 3: A photomicrograph of cerebellar cortex from group III, showing 
the molecular layer (M) has normal basket cells (red arrow), and others 
with pyknotic nuclei (sqaure). At purkinje cell layer (P) the purkinje cells 
are dispersed, some appeared with normal shape (black arrows). Other 
purkinje cells (circle) were irregular in shape, shrunken with pyknotic 
nuclei and vacuolated neuropil (stars). The granular layer (G) has some 
clumped darkly stained granule cells (yellow arrows). The cerebellar 
glomeruli show loss of normal architecture (g). (H&E X400)

Fig. 4: A photomicrograph of cerebellar cortex from group IV, viewing 
normal molecular layer (M) has normal basket cell (red arrow) and few 
with pyknotic nuclei (circle), purkinje layer (P) has normal pyriform in 
shape purkinje cells (black arrows). Notice degenerated and vacuolated 
areas (star). Granular cell layer (G) show normal granule cells (yellow 
arrows).
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Fig. 5: Photomicrographs of cerebellar cortex sections (a): Group I showing negative caspase-3 immunoreaction in molecular, Purkinje and granular cell layers 
(b): Group II showing highly positive caspase-3 immunoreaction in all layers. (c): Group III showing moderate positive caspase-3 immunoreaction. (d): Group 
IV showing few positive caspase-3 immunoreaction. Molecular layer (M) Purkinje layer (P) and granular layer (G) (Caspase-3 immunostaining X 400)

Fig. 6: Photomicrographs of cerebellar cortex sections (a): Group I showing few number of GFAP positive astrocytes (arrows). (b): Group II showing large 
number of GFAP positive astrocytes (arrows). (c): Group III showing moderate number of GFAP positive astrocytes (arrows). (d): Group IV showing few 
GFAP positive astrocytes (arrows). Molecular layer (M) Purkinje layer (P) and granular layer (G). (GFAP immunostaining

Table 1: Comparison of MDA (nmol/ g), SOD ( u/g) , CAT (u/ g) & GSH (nmol/ g) levels between the studied groups.

 Control group MTX group MTX + Vit C group MTX + AXA group

MDA (nmol/ g) 12.28±1.29 29.33±1.86 a 19.08±2.81 ab 15.93±1.45 abc

SOD (u/g) level 4.46±0.46 2.11±0.41a 2.62±0.27 ab 3.90±0.21 abc

CAT (u/ g) level 1.86±0.20 0.72±0.15 a 0.99±0.11 ab 1.29±0.19 abc

GSH (nmol/ g) 2.51±0.28 1.03±0.14 a 1.83±0.19 ab 2.26±0.26 bc

Data expressed as Mean± SD. *:significance <0.05  a: significance vs control group, b: significance vs MTX group, c: significance vs MTX + Vit C group
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Table 2: Comparison of Caspase-3 % area & GFAP % area between the studied groups.

 Control group MTX group MTX + Vit C group MTX + AXA group

Caspase-3 % area  1.86±0.64 70.22±9.10a 46.70±6.44 ab 11.85±1.75 abc

GFAP % area  3.04±0.67 18.59±2.16 a 11.32±1.51 ab 7.72±1.31 abc

Data expressed as Mean±SD *: significance <0.05  a: significance vs control group, b: significance vs MTX group,c: significance vs MTX + Vit C group

Histogram 1: Mean± SD of MDA (nmol/ g) level in studied groups Histogram 2: Mean± SD of SOD (u/g) level in studied groups

Histogram 3: Mean± SD of CAT (u/ g) level in studied groups Histogram 4: Mean± SD of GSH (nmol/g) level in studied groups

Histogram 5: Mean ± SD of Caspase-3 % area in studied groups Histogram 6: Mean ± SD of GFAP % area in studied groups
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DISCUSSION                                                                               

The cerebellum has a major role in regulation of 
the movement by controlling the muscle tone and the 
balance[24]. The cerebellum concerned in numerous 
cognitive functions as awareness, education, memory and 
sensory discrimination[25].

MTX induced neurotoxicity through impairment of 
mitochondrial functions and releases excessive reactive 
oxygen species that may lead to cell apoptosis. MTX 
neurotoxicity might occur by prolonged low-dose or single 
high dose of oral MTX administration[26].

Vitamin C has been concerned in development and 
maturation of neuron and glial cells[27]. AXA has anti-
oxidant, anti-apoptotic, immunomodulatory and anti-
inflammatory effects[28]. It can reduce oxidative damage by 
decreasing neuronal loss and lipid per-oxidation[29].

This study was done to compare between the possible 
protective roles of vitamin C and Astaxanthin on cerebellar 
cortex.

In this study the biochemical examination of group II 
revealed a significant elevation in MDA level in compared 
to group I. Antioxidant enzymes activity SOD, CAT and 
GSH levels were significantly reduced in MTX-treated 
group in comparison with that in control group indicating 
the role of MTX in impairment of biochemical analysis in 
cerebellar tissue and inducing oxidative stress. This result 
was in agreement with[26] who found that MTX enhanced 
oxidative stress in brain tissue due to the imbalance between 
antioxidants and oxidants, that lead to deterioration in the 
cellular functions and might cause different pathological 
conditions. The high level of MDA in brain tissue decreased 
the neurotransmitter- receptor interaction and membrane 
permeability[30].

Another study described the mechanism of damaging 
effect of MTX was by oxidative stress, reduction in cell 
proliferation, damage of the DNA, cytokine activation 
and encephalopathy[31]. Some authors stated that oxidative 
stress stimulated the mitochondrial apoptotic pathways[32].

In this study MTX induced damage in the normal 
histological structures of cerebellum tissue as there was 
shrunken irregular Purkinje cells, with deeply stained 
pyknotic nuclei with lose their process and surrounded by 
vacuolated neuropil. Other purkinje cells showed complete 
degeneration with vacuolated cytoplasm. Moreover, 
cells in the granule layer were dispersed, shrunken and 
severely stained. The main area percentage of caspase-3 
and GFAP immunoreactions were significant increase 
in compared to the control group. Similarly,[33] stated 
that MTX causes destructive in the normal histological 
structures of cerebellar cortex with noticeable decline 
in the Nissl's granules in pyrkinje cells and they found 
that Purkinje cell, granular cell appeared degenerated 
with numerous cytoplasmic vacuoles, empty spaces 
by electron microscopic examination. Other authors 
explained the elevation in GFAP intensity to the extreme 

production of astrocyte (gliosis) adjoining with Purkinje 
cells apoptosis[34]. Cerebellar injury induced gliosis as a 
protective mechanism following neuronal degeneration[35].

Another study[36] revealed delayed cerebellum 
development in infant rats and explained these changes to 
neurotoxin effect of MTX in cell proliferation activity and 
cell apoptosis. Other authors revealed that Methotrexate 
induced highly positive expression of GFAP and Caspase-3 
that indicates tissue damage and apoptosis in cerebellum, 
hippocampus, liver and kidney[37].

In this study vitamin C administration showed 
significantly decrease MDA level and significantly 
elevated the antioxidant enzymes activity SOD, CAT and 
GSH levels when comparison with the MTX group and 
these results were supported by other authors[38] who stated 
that administration of Vit C ameliorated the antioxidant 
system and decreased the oxidative stress caused by 
MTX. This was explained by[39] who proved that vitamins 
C able to augment the anticancer effects of little dose 
methotrexate. MTX plus vitamin C prevent the human 
glioblastoma multiform cell growth through the caspase-3 
death pathway. Vit C diminishing the cell injures through 
reacting with oxygen superoxide and hydroxyl radicals[40].

In this study vitamin C mild prevented the pathological 
changes of MTX on cerebellar tissue as the molecular 
layer has normal basket cells and others with pyknotic 
nuclei. The purkinje cells are dispersed some appeared 
with normal shape. Other purkinje cells were irregular 
in shape, shrunken with pyknotic nuclei and vacuolated 
neuropil. The granular layer has some clumped darkly 
stained granule cells. These results were established by a 
significant decrease in the main area percentage of caspase 
3 and GFAP immunoreaction when compared with those 
in MTX group. Our findings were in accordance with[41]

who revealed that MTX is very toxic to cerebellar cortex, 
but vitamin C conserved the normal thickness of molecular 
layer that appeared has more cellularity. Purkinje cells 
has normal size and arrangement, while others appeared 
irregular with less vacuolated areas around it, with normal 
distributed granular cell.

Another study can confirm our results about the 
protective role of Vit C by their electron transmission 
results as they found that MTX destroy the ultra-structures 
of Purkinje and granule cells. Although, vitamin C could 
diminish the neurotoxicity of MTX, as the Purkinje cell 
restored its normal ultra-structures[42]. Also,[43] stated the 
capacity of vitamin C to diminish the oxidative stress 
status caused by MTX in renal and hepatic tissue. Vitamin 
C ameliorated the neurotoxicity induced by gibberellic 
acid in pregnancy and lactation on off springs' cerebellar 
cortex in albino rats[44].

In the current study AXA administration was 
significantly decrease MDA level and significantly 
elevated the levels of SOD, CAT and GTH in compared to 
the MTX group and MTX+ Vit C treated group indicating 
the powerful efficacy of AXA in prevention of MTX 
neurotoxicity than vitamin C. In the same line[45] reported 
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that AXA ameliorated the elevation of Myelin basic protein 
expression and decreased the activity of Growth related 
oncogene, Granulocyte colony-stimulating factor levels 
that elevated by MTX.

Another study added that AXA controlled the 
inflammatory cytokine level and ameliorated the oxidative 
stress that causes impairment in spatial memory and 
hippocampal neurogenesis[46]. AXA attenuated MDA 
level and increased the antioxidant enzyme level with 
improvement in the histopathological changes in brain 
tissue. AXA could be used for protecting the brain tissue 
from cadmium neurotoxicity[14]. 

In the present study AXA administration markedly 
improved the histopathological changes caused by MTX 
as the histological structures of cerebellum appeared 
nearly normal, these findings confirmed by significant 
decrease in the main area percentage of caspase-3 and 
GFAP immunoreactions in compared with those in MTX 
group and MTX+ vitamin C groups. These findings stated 
that AXA has a high protective role than vitamin C in 
prevention of MTX neurotoxicity on cerebellum.

These results were in agreement with[47] who detected 
the protective effect of AXA in the edema and neuronal 
degeneration in the hippocampus and cerebral cortex 
produced by MTX. Also pretreatment of AXA could 
protect germ cells from oxidative stress produced by MTX 
in male mice[48].

AXA can stop the inflammatory process through its 
capacity to reduce the activity of astrocytes, down the 
progress of reactive oxygen species with decreasing genetic 
expression of inflammatory enzymes in hippocampus. 
Also, it conserved the mitochondrial integrity by its 
ability to regulate the activity of anti-apoptotic Bcl-2 and 
diminishing the expression of caspase-3[49].

CONCLUSION                                                                           

Methotrexate has a destructive effect on cerebellar 
cortex. Vitamin C and astaxanthine improve the damaging 
effect caused by MTX. Moreover, astaxanthin has a 
superior defensive effect than vitamin C in prevention of 
lethal effect of methotrexate on cerebellum of albino rat.

CONFLICT OF INTERESTS                                             

There are no conflicts of interest.

REFERENCES                                                                        
1. Samdanci ET, Huz M, Ozhan O, Tanbek K, Pamukcu 

E, Akatli AN, Parlakpinar H. Cytoprotective effects 
of molsidomine against methotrexate-induced 
hepatotoxicity: an experimental rat study.2018; Drug 
Des DevelTher.13:13-21. 

2. Suwannakot K, Sritawan N, Naewla S, Aranarochana 
A, Sirichoat A, Pannangrong W, Wigmore P, Welbat 
JU. Melatonin Attenuates Methotrexate-Induced 
Reduction of Antioxidant Activity Related to 
Decreases of Neurogenesis in Adult Rat Hippocampus 
and Prefrontal Cortex.2022;Oxid Med Cell Longev. 
Jul 15;2022:1596362. doi: 10.1155/2022/1596362. 

3. Naewla S, Sirichoat A, Pannangrong W, Chaisawang 
P, Wigmore P, Welbat JU. Hesperidin Alleviates 
Methotrexate-Induced Memory Deficits via 
Hippocampal Neurogenesis in Adult Rats.2019; 
Nutrients.11(4):936. 

4. Welbat JU, Naewla S, Pannangrong W, Sirichoat 
A, Aranarochana A, Wigmore P. Neuroprotective 
effects of hesperidin against methotrexate-induced 
changes in neurogenesis and oxidative stress in the 
adult rat.2020;BiochemPharmacol. 178:114083. doi: 
10.1016/j.bcp.2020.114083. 

5. Afshar M, Birnbaum D, Golden C. Review of 
dextromethorphan administration in 18 patients 
with subacute methotrexate central nervous system 
toxicity.2014;Pediatr Neurol. 50(6):625-9. 

6. Kocot J, Luchowska-Kocot D, Kiełczykowska M, 
Musik I, Kurzepa J. Does Vitamin C Influence 
Neurodegenerative Diseases and Psychiatric 
Disorders? 2017; Nutrients.9(7):659. 

7. Sil S, Ghosh T, Gupta P, Ghosh R, Kabir SN, Roy A. 
Dual Role of Vitamin C on the Neuroinflammation 
Mediated Neurodegeneration and Memory 
Impairments in Colchicine Induced Rat Model 
of Alzheimer Disease.2016; J MolNeurosci.                            
60(4):421-435.

8. Singh KN, Patil S, Barkate H. Protective effects 
of astaxanthin on skin: Recent scientific evidence, 
possible mechanisms, and potential indications.2020; 
J CosmetDermatol. 19(1):22-27. 

9. Feng Y, Chu A, Luo Q, Wu M, Shi X, Chen Y. The 
Protective Effect of Astaxanthin on Cognitive Function 
via Inhibition of Oxidative Stress and Inflammation 
in the Brains of Chronic T2DM Rats. 2018; Front 
Pharmacol. 10;9:748. 

10. Masoudi A, Dargahi L, Abbaszadeh F, Pourgholami 
MH, Asgari A, Manoochehri M, Jorjani M. 
Neuroprotective effects of astaxanthin in a rat 
model of spinal cord injury. 2017; Behav Brain Res.                    
329:104-110.

11. Zhang XS, Zhang X, Zhou ML, Zhou XM, Li N, Li 
W, Cong ZX, Sun Q, Zhuang Z, Wang CX, Shi JX. 
Amelioration of oxidative stress and protection against 
early brain injury by astaxanthin after experimental 
subarachnoid hemorrhage. 2014; J Neurosurg. 
121(1):42-54. 

12. Kaya, K., Gurel, A., &Ipek, V. Investigation of 
the potential beneficial effects of fish oil against 
methotrexate-induced brain injury. 2022; Annals of 
Medical Research, 29(4), 391–396. 

13. Pradhan R, Koirala S, Adhikari N, Sannithi N, Thakur 
A, Adhikari B, Reddy YP and Koirala U. Protection 
against Methotrexate Induced Hepato-Renal Toxicity 
in Rats by Zinc and its Combination with Vitamin C 
and Vitamin E.2016;  Med Safe Glo Heal.5: 127. 



679

El-Kerdasy and Allam

14. Akkoyun H. T., Bengu A. S., Ulucan A., Akkoyun 
M. B., Suat, E. K. İ. N., Temel Y., &Çiftci M. Effect 
of astaxanthin on rat brains against oxidative stress 
induced by cadmium: Biochemical, histopathological 
evaluation. 2018;  Journal of the Institute of Science 
and Technology. 8(4), 33-39.

15. Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides 
in animal tissues by thiobarbituric acid reaction. 1979; 
Anal Biochem.95(2):351-8. 

16. Nishikimi M, Appaji N, Yagi K. The occurrence 
of superoxide anion in the reaction of reduced 
phenazinemethosulfate and molecular oxygen. 1972; 
BiochemBiophys Res Commun. 46(2):849-54. 

17. Aebi H. Catalase in vitro. 1984; Methods Enzymol. 
105:121-6. 

18. Flohé L, Günzler WA. Assays of glutathione 
peroxidase. 1984; Methods Enzymol.105:114-21. 

19. Bancroft J.D. and Gamble M.: Theory and practice of 
histological techniques, sixth edition. 2007;  Elsevier 
Churchill Livingstone, London.Page 179.

20. Kaushal V, Herzog C, Haun RS, Kaushal GP. 
Caspase protocols in mice. 2014; Methods Mol Biol.                 
1133:141-54. 

21. Mohamed N. Chronic effect of aspartame 
versusstevioside on the cerebellar cortex 
of the adultalbino rat: a histological and 
immunohistochemicalstudy.2013; the Egyptian 
Journal of Histology. 36:213-232.

22. Buchwalow I B and BöckerW. Immunohistochemistry: 
Basics and Methods; 2nd  edition. 2010;Springer-
Verlag Berlin Heidelberg.14(3):19-29.

23. Schneider CA, Rasband WS, Eliceiri KW. NIH Image 
to ImageJ: 25 years of image analysis. 2012; Nat 
Methods. 9(7):671-5.

24. Shashi A. and Kumar J.: Histopathological changes in 
central nervous system of rats following administration 
of fluoride. 2017; ejbps, 4: (6): 339-345.

25. Kandeel S, Elhosary NM, El-Noor MMA, 
Balaha M. Electric injury-induced Purkinje cell 
apoptosis in rat cerebellum: Histological and 
immunohistochemicalstudy.2017; J ChemNeuroanat. 
81:87-96. 

26. Alsemeh, A., Ibrahim, A., Mohammed, H., Balhaji, 
M. Structural and Behavioural Changes in Rat 
Hippocampus Induced by Methotrexate and The 
potential ameliorative Effect of Alpha lipoic acid. 
2020; Egyptian Journal of Histology. 43(1), 301-324. 

27. Hashem HE, El-Din Safwat MD, Algaidi S. The effect 
of monosodium glutamate on the cerebellar cortex of 
male albino rats and the protective role of vitamin C 
histological and immunohistochemical study. 2012; J 
MolHistol. 43(2):179-86.

28. Zhou X, Zhang F, Hu X, Chen J, Wen X, Sun Y, Liu Y, 
Tang R, Zheng K, Song Y. Inhibition of inflammation 
by astaxanthin alleviates cognition deficits in diabetic 
mice.2015; PhysiolBehav. 151:412-20. 

29. Masoudi A, Dargahi L, Abbaszadeh F, Pourgholami MH, 
Asgari A, Manoochehri M, Jorjani M. Neuroprotective 
effects of astaxanthin in a rat model of spinal cord 
injury. 2017; Behav Brain Res. 329:104-110. 

30. Volinsky R, Kinnunen PK. Oxidized 
phosphatidylcholines in membrane-level cellular 
signaling: from biophysics to physiology and 
molecular pathology. 2013; FEBS J. 280(12):2806-16. 

31. Ahles TA, Saykin AJ. Candidate mechanisms for 
chemotherapy-induced cognitive changes. 2007; Nat 
Rev Cancer. 7(3):192-201. 

32. Khurana DS, Valencia I, Goldenthal MJ, Legido 
A. Mitochondrial dysfunction in epilepsy. 2013; 
SeminPediatr Neurol. 20(3):176-87.

33. El-ghazouly, D., mahmoud, B., mansour, M., konsowa, 
E. Histological and Immunohistochemical Study 
on the Effect of Methotrexate on the Cerebellum of 
Adult Male Albino Rats and The Possible Protective 
Role of LepidiumSativum. 2021; Egyptian Journal of 
Histology. 44(1), 241-255. 

34. Moore BE, Somers NP and Smith TW: Methotrexate-
Related Nonnecrotizing Multifocal Axonopathy 
Detected by b-Amyloid Precursor Protein 
Immunohistochemistry. 2002; Arch Pathol Lab Med. 
126(1):79-81

35. Laag EM and Elaziz HOA: Effect of aflatoxin-B1 on 
rat cerebellar cortex: light and electron microscopic 
study. 2013; Egyptian Journal of Histology.36(3), 
601-610. 

36. Sugiyama A, Sun J, Ueda K, Furukawa S, Takeuchi T. 
Effect of methotrexate on cerebellar development in 
infant rats. 2015; J Vet Med Sci. 77(7):789-97. 

37. Ahmed ZSO, Hussein S, Ghandour RA, Azouz 
AA, El-Sakhawy MA. Evaluation of the effect of 
methotrexate on the hippocampus, cerebellum, liver, 
and kidneys of adult male albino rat: Histopathological, 
immunohistochemical and biochemical studies. 
ActaHistochem. 2021 Feb;123(2):151682. 

38. Savran M, Cicek E, Doguc DK, Asci H, Yesilot S, 
Candan IA, Dagdeviren B, Cankara FN, Oncu M, Uğuz 
AC, Ozer MK. Vitamin C attenuates methotrexate-
induced oxidative stress in kidney and liver of rats. 
Physiol Int. 2017 Jun 29:1-11. 

39. Yiang GT, Chen TY, Chen C, Hung YT, Hsueh KC, Wu 
TK, Pan YR, Chien YC, Chen CH, Yu YL, Wei CW. 
Antioxidant vitamins promote anticancer effects on 
low-concentration methotrexate-treated glioblastoma 
cells via enhancing the caspase-3 death pathway.2021;  
Food Sci. Nutr. 9(6):3308-3316. 



680

VITAMIN C AND ASTAXANTHIN ON CEREBELLAR INJURY

40. Alim.M., Nasr EL-din W.A. and Anter S.: Pos- sible 
ameliorating effect of vitamin C on cerebellar toxicity 
induced by gibberellic acid during late pregnancy and 
early postnatal periods in albino rats. 2018; Eur. J. 
Anat. 22 (4): 354-354.

41. Salwa M.O &Ahlam W.M. The Toxic Effects of 
Methotrexate on the Cerebellar Cortex of Adult 
Albino Rats and the Protective Role of Vitamin C: A 
Light Microscopic Study. 2021; The Medical Journal 
of Cairo University. 89;  2131-2136. 

42. Dorreia A.M.Z.; Salwa MO, Wail M.G, Ahlam W. 
M "Toxic Effects of Methotrexate on the Cerebellar 
Cortex of Adult Albino Rats and the Possible Protective 
Role of Vitamin C: An Electron Microscopic Study". 
2021; The Medical Journal of Cairo University. 89: 
2043-2047. 

43. Savran M, Cicek E, Doguc DK, Asci H, Yesilot S, 
Candan IA, Dagdeviren B, Cankara FN, Oncu M, Uğuz 
AC, Ozer MK. Vitamin C attenuates methotrexate-
induced oxidative stress in kidney and liver of rats. 
2017; Physiol Int. 29:1-11. 

44. Ali M., Amin, W., Nasr El-Din, W.  and Anter, 
S. Possible ameliorative effect of Vitamin C on 
cerebellar toxicity induced by gibberellic acid during 
late pregnancy and early postnatal periods in albino 
rats. 2018; European Journal of Anatomy.22; 345-354.

45. Aslankoc R, Ozmen O, Yalcın A. Astaxanthin 
ameliorates damage to the cerebral cortex, hippocampus 
and cerebellar cortex caused by methotrexate. 2022; 
Biotech Histochem. 97(5):382-393.

46. Yook JS, Okamoto M, Rakwal R, Shibato J, Lee MC, 
Matsui T, Chang H, Cho JY, Soya H. Astaxanthin 
supplementation enhances adult hippocampal 
neurogenesis and spatial memory in mice. 2016; 
MolNutr Food Res. 60(3):589-99.

47. Feng Y, Chu A, Luo Q, Wu M, Shi X, Chen Y. The 
Protective Effect of Astaxanthin on Cognitive Function 
via Inhibition of Oxidative Stress and Inflammation 
in the Brains of Chronic T2DM Rats. 2018; Front 
Pharmacol. 10;9:748. 

48. Khoei, H &Fakhri S &Parvardeh, S & Shams Mofarahe, 
Z &Baninameh, Z &Vardiani, M. Astaxanthin prevents 
the methotrexate-induced reproductive toxicity by 
targeting oxidative stress in male mice. 2018; Toxin 
Reviews.38; 1-7.

49. El-Agamy SE, Abdel-Aziz AK, Wahdan S, Esmat 
A, Azab SS. Astaxanthin Ameliorates Doxorubicin-
Induced Cognitive Impairment (Chemobrain) in 
Experimental Rat Model: Impact on Oxidative, 
Inflammatory, and Apoptotic Machineries. 2018; 
MolNeurobiol. 55(7):5727-5740.



681

El-Kerdasy and Allam

الملخص العربى

التأثيرالتحسيني المحتمل لفيتامين ج مقابل الأستازانتين على الضررالناجم عن الميثوتريكسات 
فى قشرة المخيخ للفئران: دراسة كيميائية حيوية و نسيجية و كيميائية مناعية

حنان ابراهيم الكرداسى1 وأماني محمد علام سويلم1،2

1قسم التشريح والاجنه كليه الطب جامعه بنها

2قسم التشريح والأنسجة وعلم وظائف الأعضاء والكيمياء الحيوية ، كلية الطب البشري، الجامعة الهاشمية، الزرقاء، الأردن 

مقدمة: ان الميثوتريكسات يسبب ضرر في قشرة المخيخ ، ويعتبرفيتامين ج من أحد أكثر مكونات مضادات الأكسدة 
شيوعًا. قد يكون للأستازانتين دور وقائي ضد الإجهاد التأكسدي في المخ.

الهدف من الدراسة: الغرض من الدراسة هو المقارنة بين الأدوار الوقائية المحتملة لكل من فيتامين ج وألاستازانتين 
على قشرة المخيخ.

المواد و الطرق: تم الدراسه على ستة وثلاثون من ذكورالجرذان البيضاء و قد قسمت بالتساوي الى المجموعة الضابطة، 
المجموعة المعالجة بالميثوتريكسات، المجموعه المعالجه ميثوتريكسات + فيتامين ج والمجموعه المعالجه ميثوتريكسات 
 Malondialdehydeألاستازانتين . تم اخذ عينات المخيخ في نهاية اليوم العاشرمن الدراسه. تم تحليل مستويات +
MDA)) ، الكاتلاز (CAT) ، الجلوتاثيون المنخفض (GSH) وديسموتازالفائق (SOD) في أنسجة المخيخ. تم إجراء 

الفحص النسيجي المرضي والكيميائي المناعي.
  GSH  و CAT و SOD بشكل ملحوظ ويقلل بشكل كبيرمن مستويات MDA النتائج: الميثوتريكسات يرفع مستوى
في أنسجة المخيخ. الميثوتريكسات يتسبب في تدمير التركيب النسيجي لقشرة المخيخ ويحدث ارتفاعًا ملحوظًا في نشاط 
مناعة caspase-3 و GFAP مقارنة بالمجموعةا لضابطه. فيتامين ج وألاستازانتين يخففان بشكل ملحوظ التغيرات 
البيوكيميائيه التى يسببها الميثوتريكسات .الأستازانتين يقلل بشكل كبيرمن مستوى MDA ويرفع مستويات SOD و 
CAT و GSH بشكل ملحوظ مقارنة بمجموعة الميثوتريكسات+فيتامين ج. الأستازانتين يحافظ على التركيب النسيجي 
الطبيعي لقشرة المخيخ ويقلل بشكل كبيرمن النشاط المناعي caspase-3 و GFAP مقارنة بمجموعة الميثوتريكسات 

+ فيتامين ج.
الخلاصة: لكل من فيتامين ج وألاستازانتين أدوارتحسينية في إصابة قشرة المخيخ التي يسببها الميثوتريكسات و تبين 

ايضا إن ألاستازانتين أفضل من فيتامين ج في الحماية من تلف قشرة المخيخ.


