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Abstract 

Background and Purpose: Multiple sclerosis (MS) is an autoimmune disorder characterized by 

demyelination and axonal loss. Quantitative estimation of behavioral, locomotor, and histological changes 

following the use of alpha-tocopherol (AT) in the animal model of MS have not been reported. The present 

study was planned to evaluate whether AT can improve sensorimotor dysfunction and reduce demyelination 

in the cuprizone (CPZ)-induced rat model of MS. 

Experimental approach: Female Sprague-Dawley rats (8 weeks) were fed with cuprizone diet for 5 weeks 

followed by intraperitoneal injections of alpha-tocopherol (100 mg/Kg) or PBS for 2 weeks (groups E1 and 

E2, n = 8). Group C (n = 8) was fed with normal pellets followed by intraperitoneal doses of PBS. Open-field 

test and beam walking were carried out on every 10th day. The mean area of demyelination in the corpus 

callosum was quantified in Luxol® fast blue (LFB) stained histological sections of the forebrain. Qualitative 

grading for relative changes in the stains of myelinated fibers was also done. 

Findings/Results: During withdrawal of CPZ, AT treatment increased the average speed by 22% in group E1, 

compared to group E2 (P < 0.05). The mean time to walk the beam was reduced in group E1 by 2.6% compared 

to group E2 (P < 0.05). The rearing frequency was increased in group E1 during week 6-7 compared to that in 

the period of CPZ treatment. The mean area of demyelination in the corpus callosum showed a 12% reduction 

in group E1 compared to group E2 (P < 0.05). 

Conclusion and implications: Short-term AT therapy showed improvement in motor dysfunction and 

reduction of demyelination in the animal model of MS. 

Keywords: Alpha-tocopherol; Cuprizone; Demyelination; Multiple sclerosis; Neuroprotection. 

INTRODUCTION 

Multiple sclerosis (MS) is a demyelinating 

disease of the central nervous system (CNS) 

characterized by a cascade of immunological 

changes leading to demyelination and neuronal 

dysfunction (1,2). Classical MS is the most 

common demyelinating disease and the key 

features are plaques of primary demyelination 

of varied size and shape in the cerebral cortex 

and subcortical white matter, cerebellar white 

matter, and spinal cord (3). Many methods are 

available that can induce demyelination in 

animal models such as experimental 

autoimmune encephalomyelitis (EAE), viral-

induced demyelination, and toxin-induced 

demyelination through cuprizone (CPZ, bis-

cyclohexanone-oxaldihydrazone), ethidium 

bromide, and lysolecithin (4). In comparison to 

the EAE model of MS which involves 

immunological reactions followed by T-cell 

activation (5), CPZ induces toxic 

demyelination caused by apoptosis of 

oligodendrocytes and microglial activation. 

Short-term treatment showed acute 

demyelination followed by spontaneous 

remyelination on withdrawal of treatment (6). 
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CPZ causes chelation of copper resulting in 

an alteration in the metabolic process of 

oligodendrocytes and induces selective loss of 

oligodendrocytes (7,8). Observation of early 

changes in MS patients has indicated apoptosis 

of oligodendrocytes in newly formed lesions 

(9,10,11). Both male and female rats were used 

to induce CPZ-induced demyelination in an 

electrophysiological study of the sciatic nerve 

(12). Oestrogen and progesterone were reported 

to delay the progress of demyelination and 

offered neuroprotection in female rodents (13).  

Destruction of myelin leads to various signs 

and symptoms such as gait disturbance, 

impaired coordination, and sensory loss (14). 

An open-field test (OFT) is performed to 

measure locomotor activity, exploratory 

behavior, and anxiety-related behavior in 

rodents (15). Beam walking test (BWT) is used 

to assess sensorimotor balance and 

coordination ability (16).  

Vitamin E, a fat-soluble 6-hydroxychroman 

compound, consists of eight subtypes which are 

alpha-, beta-, gamma-, and delta-tocotrienol 

and tocopherol. Among the tocopherols, alpha-

tocopherol (AT) and gamma- tocopherols can 

be detected in the serum and erythrocytes, 

where AT remains in the highest amount. AT is 

reported to be the most active form of vitamin 

A. The synthetic form of AT is known                    

as DL-alpha-tocopheryl acetate (DLTA), 

chemically known as all-rac-2, 5, 7, 8-

tetramethyl-2-(4, 8, 12-trimethyltridecyl)-3,4-

dihydro-2H-1 benzopyran-6-yl acetate (17). 

Ester forms of synthetic DLTA can form 

miscible micelles in water and are 

comparatively more water-soluble than 

naturally occurring AT (18). Preferential 

incorporation of DLTA to human brain tissue 

and binding of DLTA to tocopherol-binding 

protein facilitates its ability to cross the blood-

brain barrier (19). The effect of AT on the EAE 

model of MS in mice has been explored in a 

previous study (20). A qualitative histological 

study was done to evaluate the change in 

demyelination. AT has also been used in a 

group of MS patients to evaluate the change in 

magnetic resonance imaging (MRI) lesions 

(21). However, histological, behavioral, and 

locomotor activities were not measured 

quantitatively in these studies and compared 

with similar changes in demyelination. The 

present study aimed to evaluate the beneficial 

effects of a synthetic form of AT in the CPZ 

model of demyelination in female rats using 

quantitative estimation of histological,                      

open-field observation, and BWT.  

 

MATERIALS AND METHODS 

 

Experimental process 

Female Sprague-Dawley rats, 8 weeks old 

(200-220 g), were divided into three groups                      

(n = 8). Two rats were housed in one cage with 

automatic temperature control and a 12-12-h 

light/dark cycle. Control (group C) group of rats 

received standard rodent chow from week 1 to 

week 7 and daily intraperitoneal (IP) injections 

of 0.3 mL phosphate-buffered saline (PBS) on 

weeks 6 and 7. Both experimental groups (E1 

and E2) received rodent chow impregnated with 

0.2% CPZ (Envigo, US) from week 1 to week 

5 followed by standard rodent chow on weeks 6 

and 7. During weeks 6 and 7, when CPZ was 

withdrawn, group E1 was treated daily with IP 

injections of 0.3 mL DLTA emulsified with 

PBS (100 mg/kg body weight) (20). During 

withdrawal of CPZ, group E2 or vehicle-treated 

group was treated with IP injections of 0.3 mL 

of PBS on weeks 6 and 7. Water-miscible 

DLTA was purchased from Merck, Malaysia. 

 

Ethical approval 

Animal experiments were conducted 

according to the principles stated in the 

guidebook of the Laboratory Animal Care and 

Use Committee (ACUC). Ethical approval was 

taken from the University Joint Committee on 

Research and Ethics vide No. BP I-01/2019 

(09).  

 

Open-field test (OFT) and beam walking test 

(BWT) 

The OFT was performed to measure 

locomotor activity and anxiety-related behavior 

of the rats. The protocol described by 

Seibenhener and Wooten was followed in this 

study with slight modifications (15). The open 

box was 30 × 30 × 30 cm (L, W, H) and was 

evenly illuminated (7 lux). The base was 

colored black with a marked inner zone                    

of 30 ×30 cm. The rats were placed at the center 
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of the OF and the movement of rats was 

recorded for 10 min using a video camera 

(Panasonic, Japan) placed above the arena. 

Average speed (mm/sec) and total distance 

moved (cm) were analyzed by the ToxTrac 

software (22) from the recorded video. Rearing 

frequency and line crossing frequency in                     

10 min were calculated manually from the 

video. The frequency in which the rat stands on 

its hind legs lifting the forelegs upwards against 

the wall was termed as rearing frequency. 

Rearing is a stereotyped behavior and an 

increase in rearing frequency was interpreted as 

the increased exploratory activity or reduced 

anxiety (23). The floor of the arena was divided 

into squares of 5 × 5 cm. The frequency with 

which the rat crosses the grid lines in the floor 

of OF with all four paws was termed line 

crossing frequency and could be interpreted as 

a measure of locomotor activity (24). The beam 

walking apparatus was 122 cm long and 

elevated 75 cm above the ground level. The 

protocol for BWT as described by Luong et al. 

was used in this experiment with slight 

modifications (16). A LED light was installed 

at the starting point which served as the 

aversive stimulus. A black box was positioned 

at the opposite end. The time taken to traverse 

a length of 80 cm was calculated by manual 

observation. The mean values of three 

consecutive data taken 10 min apart were 

calculated. OFT and BWT were performed 

every 10 days for a total of 5 times (three times 

during weeks 1-5 and two times during weeks       

6 and 7 having AT/vehicle treatment) during 

the experiment. BWT is a paradigm assessing 

sensorimotor balance and coordination                       

ability (25). 

 

Histological and histomorphometric studies 

At the end of week 7, rats were anesthetized 

with ketamine/xylazine mixture of 100 mg/kg 

and 10 mg/kg, respectively via IP injections. 

Subsequently, trans-cardiac perfusion was done 

with 4% paraformaldehyde. In the end, rats 

were killed by cervical dislocation. Brains were 

post-fixed overnight followed by dissection of 

the forebrain area between optic chiasma and 

infundibulum. Following paraffin embedding, 

eight-micron coronal serial sections were 

stained with hematoxylin and eosin (H&E) and 

Luxol® fast blue (LFB). For quantitative 

analysis, randomly selected five LFB-stained 

slides (every 27th section between optic 

chiasma and infundibulum) in each rat were 

used. Six rats each in groups C, E1, and E2 were 

used for quantitative analysis. Nikon                         

NIS-elements software was used to quantify the 

areas of demyelination at four random areas of 

corpus callosum from photomicrographs taken 

with a bright-field compound Nikon 

microscope YS 100 (26). For qualitative 

analysis five randomly selected LFB-stained 

slides from 6 animals per group were graded for 

relative changes in the stains of the myelinated 

corpus callosum. The observation was done at 

400× magnification at three selected areas 

(midline and areas directly lateral to the midline 

of corpus callosum) consistent across all slides 

by two blinded, independent observers who 

were not associated with the study. The areas 

were graded on a scale of 1 to 3. Grade 1 

indicated deep blue with the presence of no 

vacuoles; 2, pale blue with the presence of a 

small number of vacuoles; and 3, pale blue with 

the presence of a large number of vacuoles. 

 

Statistical analysis 

Mean ± SEM values of the parameters 

observed in OFT and BWT were subjected to 

repeated measure One-way ANOVA using 

SPSS 25 to find out significant (P < 0.05) 

difference in the values between the treatment 

groups. Post-hoc Bonferroni was used to find 

out the inter-group difference. Quantitative data 

of mean ± SEM area of demyelination was 

subjected to One-way ANOVA analysis and 

qualitative data of the count of grading of 

staining was subjected to the Pearson                          

Chi-Square test. 

 

RESULTS 

 

Changes in the locomotor activity 

The mean body weight of the rats in all three 

groups was observed to be increasing across the 

duration of the experiment from week 1 to week 

7. The intake of rodent chow impregnated with 

CPZ or its withdrawal did not affect the body 

weight of the rats. The average speed of 

movement in OFT of the CPZ-treated rats in 

group E1 and E2 during week 1 to week 5 
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reduced significantly (P < 0.05) compared to 

the group C. During withdrawal of CPZ (weeks 

6 and 7), AT treatment increased the average 

speed by 22% in group E1 compared to the 

average speed in the same group during CPZ 

treatment (week 1-5). Vehicle-treated group E2 

showed an increase of 1.78% only in mean 

speed with a similar comparison (Fig. 1A). A 

significant difference in the mean speed of 

movement between group E1 and group E2                  

P < 0.05) at the withdrawal period (week 6-7) 

was observed as shown in Fig. 1A. In the BWT, 

during withdrawal of CPZ (week 6-7), the mean 

time to walk the 80 cm distance of the beam was 

reduced in the group E1 by 2.6% compared to a 

similar time during CPZ treatment (week 1-5). 

In the vehicle-treated group E2, a similar 

reduction was only 0.64% (Fig. 1B). A 

significant difference in the mean time to cross 

the beam between group E1 and group E2                                     

(P < 0.05) at the withdrawal period (week 6-7) 

was observed as shown in Fig. 1B. The mean 

frequency of crossing the lines in OFT, of the 

CPZ-treated rats in group E1 and E2 during 

week 1 to week 5 reduced significantly                      

(P < 0.05) compared to the group C. During 

withdrawal of CPZ (week 6-7), AT treatment 

increased the line crossing frequency by 47.4% 

in group E1 compared to the similar frequency 

in the same group during CPZ treatment (week 

1-5). Vehicle-treated group E2 showed a 

decrease of 11.1% with a similar comparison 

(Fig. 1C).  

 

Changes in exploratory behavior 

Total distance moved in OFT reduced in 

both group E1 and E2 following exposure to 

CPZ compared to group C. There is a reduction 

in mean total distance moved in cm, in group 

E1 during withdrawal of CPZ (week 5-6) 

compared to the distance moved during                     

CPZ treatment (week 1-5) (Fig. 2A).                   

However, comparison of track paths observed 

(Fig. 2B) in AT treated group E1 and                     

vehicle-treated group E2 showed that                     

the track in AT treated group crossed                         

into the central part of the OF at regular 

intervals while the track in the vehicle-treated 

group remained in proximity to the walls of the 

maze. More movement in the proximity of 

walls indicated increased thigmotaxis or 

anxiety-related behavior.

 

  
Fig. 1. Effects of AT (group E1) on (A) average speed (mm/sec), (B) beam walking time, and (C) line crossing frequency 

in open field test and in CPZ-withdrawn rats compared to sham-treated control (group C) and PBS treatment (group E2). 

Values are mean ± SEM; n = 8. *P < 0.05 Indicates significant difference compared to group C and #P < 0.05 vs group 

E2. Weeks 1-5: CPZ treatment (groups E2 and E1); Weeks 6 and 7: AT treatment (E2) and PBS treatment (E1). CPZ, 

Cuprizone; AT, Alpha-tocopherol, Ws, weeks. 
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Fig. 2. Effects of AT (group E1) on (A) total distance moved (cm) and (B) rearing frequency in open field test in CPZ-

withdrawn rats compared to control (group C) and PBS treatment (group E2). (C) Track of movement of rats of groups 

C, E1, and E2 is shown in the center and periphery of the open field. Values are mean ± SEM; n = 8. * P < 0.05 Indicates 

significant difference compared to group C. Weeks 1-5: CPZ treatment (groups E2 and E1); weeks 6 and 7: AT treatment 

(E2) and PBS treatment (E1). CPZ, Cuprizone; AT, alpha-tocopherol, Ws, weeks. 

 

The mean frequency of rearing in OFT of the 

CPZ-treated rats in group E1 and E2 during 

week 1 to week 5 reduced significantly                            

(P < 0.05) compared to the group C. During 

withdrawal of CPZ (week 6-7), AT treatment 

increased the rearing frequency by 26.1% in 

group E1 compared to the similar frequency in 

the same group during CPZ treatment                              

(week 1-5). Vehicle-treated group E2 showed 

an increase of 25.7%, during withdrawal of 

CPZ, compared to the mean rearing frequency 

during CPZ treatment (Fig. 2C). 

 

Histological changes in the corpus callosum 

The histological changes in the myelinated 

white fiber of the corpus callosum were 

observed using H&E (Fig. 3A-C) and LFB 

stains (Fig. 3D-F). The demyelination was 

observed in the median and para-median areas 

of the pink-stained corpus callosum, by the 

appearance of pale areas under H&E stain                  

(Fig. 3A-C). The pale areas were comparatively 

more in PBS treated group E2 (Fig. 3C). In AT 

treated group E1, the pale area was seen in few 

areas only (Fig. 3B). Under LFB stain, group C 

showed blue myelinated areas of the corpus 

callosum (Fig. 3D). In PBS treated group E2, 

loss of myelination was observed by the 

appearance of wide pale areas in the corpus 

callosum (Fig. 3F). In AT treated group E1, the 

myelination appeared to be restored by the blue 

staining of the corpus callosum with few areas 

in median and paramedian locations of the 

corpus callosum showing patchy pale areas of 

demyelination (Fig. 3E). 

 

Qualitative changes in demyelination in the 

corpus callosum 

Qualitative analysis of the grading of the 

staining of the myelinated corpus callosum in 

iso-cortex of group C, E1, and E2 was                             

done using the Pearson Chi-Square                                          

test (X (4) = 11.75, phi = 0.885, P = 0.19). The 

result indicated a statistically significant 

association between three grades of staining 

and the three groups (C, E1, and E2).                          

The count of grade 3 (pale blue stain                    

with many vacuoles), signifying complete 

demyelination, was observed in 56% of 

sections of vehicle-treated group E2 and         

28% of sections of alpha-tocopherol treated 

group E1.   
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Fig. 3. Comparison of demyelination in the corpus callosum in control (group C), alpha-tocopherol -treatment (group 

E1), and vehicle-treatment (group E2). Haematoxylin and Eosin (H&E) sections of forebrain (A) group C, (B) group E1, 

and (C) group E2. Luxol fast blue (LFB) sections of forebrain (D) group C; (E) group E1, and (F) group E2. Asterisks 

show corpus callosum myelinated area; arrows show areas of demyelination which are more prominent in group E2 and 

less in group E1.  

 

 
Fig. 4. Bar chart showing the percentage of counts                          

of grades 1, 2, and 3 in qualitative grading of                             

luxol fast blue (LFB)-stained histological sections of 

groups C, E1, and E2. Grade 1, deep blue (myelinated); 

grade 2, pale blue with few vacuoles                             

(intermediate); grade 3, pale blue with many vacuoles 

(demyelinated).  

 
Fig. 5. Effects of alpha-tocopherol (group E1) on the 

mean area of demyelination (μ2) of the corpus callosum 

in luxol fast blue (LFB)-stained histological sections of 

the forebrain. Group E2, PBS treatment; group C, 

Control. Values are mean ± SEM; n = 6. *P < 0.05 

Indicates difference compared to group C and #P < 0.05 

vs group E2. 

 

The count of grade 2 (pale blue stain with a 

small number of vacuoles), signifying partial 

demyelination, was observed in 60% of 

sections of AT treated group E1and 32% 

sections of the vehicle-treated group E2. A 

qualitative shift towards partial demyelination 

was found in sections of AT treated group 

E1compared to those of group E2 (Fig. 4). 

Quantitative changes in the area of 

demyelination in the corpus callosum 

Quantitative analysis was done using the 

LFB-stained coronal sections of iso-cortex 

from group C, E1, and E2. The mean area of 

demyelination in square micron in the corpus 

callosum was highest in vehicle-treated group 

E2. Group E1, which received AT, during 
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withdrawal of CPZ, showed a 12% reduction in 

the mean area of demyelination in the corpus 

callosum, compared to group E2 (Fig. 5). One-

way ANOVA showed a significant difference 

between the mean area of demyelination in 

group C, E1 and E2 (P = 0.000). A Bonferroni 

post-hoc test showed a significant inter-group 

difference in the mean area of demyelination in 

corpus callosum between group E1 (23182.4 ± 

6134.5 sq. micron) and E2 (26354.4 ± 6213.1 

sq. micron) (P <0.05).   

 

DISCUSSION 

 

The mean values of the average speed of 

movement and line crossing frequency in OFT 

were found to be reduced significantly in group 

E1 and E2, fed with 5 weeks of CPZ-

impregnated pellets compared to group C. 

These parameters depend on the motor function 

and the limb strength of the rats. The copper 

chelator function of CPZ inhibited 

mitochondrial enzymes, leading to apoptosis of 

oligodendrocytes and subsequent 

demyelination (27,28). A previous study 

observed that the death of oligodendrocytes 

started at the end of the first week of CPZ 

exposure and lasted for up to 6 weeks (29). 

Demyelination occurring in the corpus 

callosum and cerebral cortex affect the 

functions of the iso-cortex, which regulates the 

motor function resulting in motor impairment 

(30,31). AT-treated group E1 showed an 

increase in the average speed by 22% during the 

withdrawal of CTZ, whereas the vehicle-treated 

group E2 showed an increase of 1.78% during 

a similar period. A similar increase in mean line 

crossing frequency in AT-treated group E1 

during withdrawal of CTZ was 47.4% 

compared to an 11.1 % decrease in vehicle-

treated group E2. Both the average speed of 

walking and line crossing frequency observed 

in OFT indicated spontaneous motor function. 

AT-treatment was found to improve the 

spontaneous motor function significantly in 

group E1 compared to the vehicle-treated group 

E2. Time to cross the 80 cm distance of the 

beam, was reduced by 2.6% in AT-treated 

group E1 during withdrawal of CTZ compared 

to the vehicle-treated group E2 showing a 

0.64% reduction. In this study, we found that 

although AT had a significant treatment effect 

on the spontaneous motor function in 100 

mg/kg dosage, such treatment had little effect 

on the improvement in motor coordination. The 

improved function in AT-treated group may 

attribute to either its neuroprotective effect 

against CPZ-induced demyelination or its 

neurorestorative effect on remyelination or a 

combination of both. 

AT treatment reduced the mean total 

distance moved and increased mean rearing 

frequency observed in OFT, in group E1, 

during withdrawal of CTZ, compared to the 

similar mean values during CTZ treatment. 

Track of movement in AT-treated group 

crossed into the central part of the OF at regular 

intervals. In this study, AT-treatment improved 

exploratory behavior with a possible reduction 

in anxiety as evidenced by an increase in mean 

rearing frequency. Sustained long-term 

potentiation in the dentate gyrus of aged rats 

was observed following an all-rac alpha-

tocopherol supplemented diet (32). Previous 

studies have observed a strong relationship 

between the hippocampus and rearing behavior. 

Hippocampal morphology and hippocampal 

intra- and infrapyramidal mossy fibers are 

directly linked to rearing behavior. Mice 

selectively bred for high-frequency rearing 

showed an increase in intra- and infrapyramidal 

mossy fiber terminal field size (33,34). Rearing 

increased when the environment became safer 

and reduced after exposure to acute swim or 

restraint stress (23). AT acts as a potent 

antioxidant, preventing superoxide free radicals 

from attacking myelin. The resultant metabolic 

effect causes a reduction in stress-induced 

anxiety leading to a potential increase in rearing 

frequency. 

Quantitative analysis of the mean area of 

demyelination in the corpus callosum in LFB-

stained sections showed a significant reduction 

in AT-treated group E1 compared to vehicle-

treated group E2. Qualitative analysis showed a 

decrease in complete demyelination and an 

increase in partial demyelination in E1 

compared to E2. After three to seven days of 

CPZ treatment, oligodendrocytes start to 

undergo apoptosis with evidence of big 

vacuoles, enlarged mitochondria, and dense 

nuclear chromatin. Following the withdrawal of 
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CPZ, proliferation and aggregation of 

oligodendrocytic precursor cells in the 

subventricular zone and demyelinated areas are 

visible resulting at the beginning of a 

remyelination process (35). Acting on cell 

membranes and lipoproteins, AT entraps 

peroxide radicals and stops lipid peroxidation. 

It has also been proven to act as a free radical 

scavenger in the lipid-rich myelin sheath. AT 

facilitates remyelination by arresting the 

propagation of lipid peroxyl radicals and 

prevents apoptosis of oligodendrocytes (36). 

Oligodendrocyte apoptosis and myelin 

degradation in the CPZ-induced model of MS, 

involves the migration of various components 

of the immune system to the site of damage. 

Vitamin E reduces oxidative damage through 

suppression of circulating levels of various 

cytokines such as interleukin-1β, interleukin-6, 

and tumor necrosis factor-α (37). It has been 

proposed that the remyelinating properties of 

AT are due to its ability to promote the 

maturation of oligodendrocyte precursor cells 

by inhibiting the Notch signaling pathway (38). 

The reduction in the demyelination of the 

corpus callosum following the withdrawal of 

CPZ was facilitated by the AT-treatment in the 

dosage of 100 mg/kg IP. The improvement in 

the spontaneous motor function observed by 

analysis of OFT indicated improved functions 

of the iso-cortex.  

 

CONCLUSION 

 

AT was able to improve the locomotor 

functions of rats in the animal model of MS 

induced by the CPZ diet, as evidenced by the 

improvement of average speed and line 

crossing frequency. The myelo-protective and 

regenerative effects of alpha-tocopherol were 

also proven by its ability to reduce the areas of 

demyelination in corpus callosum during 

withdrawal from CPZ treatment in Sprague-

Dawley rats. 
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