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Abstract 

Objective: To compare the therapeutic effects of coenzyme Q10 and L-carnitine on remyelination of the 

anterior commissure in a cuprizone-induced rat model of multiple sclerosis. 

Methods: Forty male Sprague Dawley rats were randomly divided into four groups. Group 1 was given a 

normal diet, and the remaining three groups were MS models and were administered 0.2% cuprizone for 12 

weeks. After four weeks, Group 3 received 150 mg/kg/day CoQ10, Group 4 was administered 100 mg/kg/day 

L-carnitine, and cuprizone treatment continued until week 12. The rats were then dissected, and their brains 

were removed. Coronal sections were stained with Luxol Fast Blue to demonstrate remyelination. 

Results: CoQ10 promoted remyelination more effectively than L-carnitine, as evidenced by significantly 

reduced areas of demyelination. 

Conclusion: CoQ10 demonstrates greater effectiveness in promoting remyelination compared to L-Carnitine. 
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Introduction  

Multiple sclerosis (MS) is a persistent neurodegenerative condition that affects the central nervous system 

(CNS). It is thought to stem from an autoimmune response, in which autoreactive lymphocytes breach the 
blood-brain barrier and infiltrate the CNS. Once inside, they induce local inflammation, leading to the 

breakdown of myelin, loss of oligodendrocytes, and axon degeneration.1 Myelin loss results in altered tissue 

excitability, leading to cognitive deficits without obvious locomotor impairment.2  
 MS affects more than 2 million individuals worldwide,3 whereas in Pakistan, it is documented as 10 cases per 

100,000.4 However, with advancements in diagnostic capabilities, this figure is increasing. MS is recognised 

as a primary cause of neurological disability among young adults. Although there is no definitive treatment for 
MS, certain medications are deemed beneficial in promoting myelination, thereby mitigating symptoms and 

neurological deficits. The burgeoning role of antioxidants is seen as groundbreaking in this regard.5 Several 

established animal models have been employed to investigate MS, with some mimicking the autoimmune 
response observed in the actual disease, while others, such as neurotoxin models, concentrate on the 

mechanisms and alterations accountable for demyelination and subsequent remyelination in the white matter.6  

Cuprizone, a widely recognised animal model of MS, has been particularly emphasised in studies focusing on 
remyelination processes and gliosis. These alterations mirror the histological changes observed in patients with 

MS, albeit without any immune system involvement.7 

Cuprizone (CPZ) serves as a specific copper-chelating agent, inducing oxidative stress, oligodendrocyte 
apoptosis, and eventual demyelination. The demyelination process initiates within the first week of CPZ 

exposure, with certain brain regions, such as the anterior commissure, completing demyelination by the 5th to 

6th week. After 12 weeks of CPZ exposure, a chronic model is formed, characterised by severe 
neuroinflammation and intense gliosis, mimicking multiple sclerosis.8  

Coenzyme Q10 (CoQ10), a naturally occurring nutrient in the body, is increasingly utilised for its antioxidative 

properties. It operates by transferring electrons within the electron transport chain, generating a transmembrane 
electrochemical gradient in mitochondria, thereby promoting oxidative equilibrium. Numerous studies have 

demonstrated the beneficial effects of CoQ10 in patients with MS, with most investigations focusing on 
inflammatory markers and clinical parameters. However, limited data are available on histological parameters.9 

L-Carnitine, an amino acid, holds promise as a neuroprotective therapy. Its primary role involves facilitating 

the transport of activated long-chain fatty acids into the mitochondria for degradation via β-oxidation. Several 
studies have demonstrated clinical enhancements in patients with MS following L-carnitine administration.10 

Since both agents prevent oxidative damage at the mitochondrial level, this study aimed to provide histological 

evidence of the comparative effects of coenzyme Q and L-carnitine on remyelination in the anterior 
commissure of the rat brain in the CPZ model of MS.  

Materials And Methods 

This was an experimental study conducted in the Anatomy Department of the Islamic International Medical 
College in collaboration with the National Institute of Health (NIH) after approval by the Institutional Review 

Committee (Ref. No.: Riphah/IRC/21/63). The study included 40 adult male Sprague Dawley rats, aged 6 to 8 

weeks, weighing between 250 and 300 g. Female rats exhibiting noticeable pathology or being underweight 
were excluded from the study. 
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After 12 weeks, the rats were dissected, and their brains were removed, fixed in formalin, and cut into sections at the level of the optic chiasma. To 

conduct LFB staining, the sections underwent deparaffinization followed by hydration to 95% alcohol. They were then stained in LFB solution at 

57°C overnight and subsequently rinsed in 95% alcohol and distilled water. Next, the slides were differentiated in a saturated lithium carbonate 

solution for 3 min, followed by further differentiation in a 70% alcohol solution until differentiation between gray and white matter was achieved. 
Following this, the slides were dehydrated in absolute alcohol, cleared in xylene, and finally mounted with resin.13 

Each slide was examined at 4 ×, 10 ×, and 40 × using a light microscope. The percentage of demyelinated area in the anterior commissure relative 

to its total surface area was calculated using the freehand tool in ImageJ.14 The data extracted from the calibrated images were entered and analysed 
using the Statistical Package for the Social Sciences ( version 21). One-way analysis of variance was employed to compare the means of quantitative 

variables, which are presented as mean ± standard deviation. 

 

Table 1: Distribution of the rats in control and experimental groups with the diet given. 

Group 1 (n=10) Group 2(n=10) Group 3(n=10) Group 4(n=10) 

Negative Control Positive Control (MS Model) MS Model with CoQ10 MS Model with L-Carnitine 

Standard rodent 

pellet 

Standard rodent pellet 

blended with 0.2% CPZ w/w 

for twelve weeks11 

Standard rodent pellet blended with 

0.2% CPZ w/w for twelve weeks, 

supplemented with 150 mg/kg/day 

CoQ10 from the fifth week.11 

Standard rodent pellet blended with 0.2% 

CPZ w/w for twelve weeks, supplemented 

with 100 mg/kg/day L-Carnitine from the 

fifth week.12 

Results 

Data normality was assessed using the Shapiro–Wilk test. The mean ± 

SD for area of demyelination was 0 ± 0, 32 ± 2.1, 13.7 ± 1.5, and 20.1 ± 

1.4 for groups 1, 2, 3, and 4, respectively (Table 2). Analysis of variance 

was highly significant; the post hoc Tukey test showed a significant 

difference between groups 3 and 4 (p ≤ 0.05). 

 

Table 2: Mean Area of Demyelination with its Standard Deviation 

Groups Mean ± SD  

Area of Demyelination (%) 

Group 1 0.0 ± 0.0 

Group 2 32 ± 2.1 

Group 3  13.7 ± 1.5 * 

Group 4  20.1 ± 1.4 * 

*Significant = p-value ≤ 0.05 

 

Discussion 

Multiple sclerosis (MS) is characterised by autoimmune inflammation 

affecting the central nervous system (CNS), potentially inducing 

oxidative harm at the mitochondrial level within oligodendrocytes. 

This process triggers a robust glial reaction. Histologically, there is an 

increase in the number of astrocytes and microglia, which become 

activated and release numerous proinflammatory cytokines, such as 

TNF-α and IL-6. Consequently, this sequence of events leads to 

neuroinflammation and demyelination. 

The cuprizone (CPZ) model serves as a mimetic of MS, inducing 

inflammatory alterations and a glial response. In this investigation, two 

antioxidants were administered to observe the reversal of CPZ-induced 

changes. The impact of each agent on neuronal tissue remyelination 

was compared with the combined effect of both agents to ascertain a 

more favourable outcome. 

 
Figure 1: Coronal sections of rat brain showing Anterior 

Commissure stained with Luxol Fast Blue stain (400X), areas of 

demyelination are outlined 

A: Control group showing normal myelinated white matter, B: CPZ 

group showing weak staining areas suggestive of demyelination, C: 

CoQ10 group, remyelination is evident. D: L-Carnitine group 

demonstrating remyelination. 

 

Previous studies have combined CoQ10 and L-carnitine to demonstrate the synergistic potential of both agents owing to their similar antioxidant 

properties.15,16 The findings of previous studies prompted the authors to compare the antioxidant actions of CoQ10 and L-carnitine on remyelination. 
CoQ10 was found to be more effective in controlling demyelinating areas and promoting remyelination.  

Prior studies by Khalilian in 2021 and Pradhan in 2021 also demonstrated the antioxidant efficacy of CoQ10 in a rat model of MS, increasing superoxide 

dismutase (SOD) and total oxidative capacity (TAC).11 Additionally, Zidan in 2018 provided histological evidence of enhanced myelination with L-
carnitine, by a decrease in MDA, caspase-3, and a significant increase in GSH.17 More recently, in 2024, Gharighnia elucidated the role of L-carnitine 

in promoting remyelination in a mouse model by increasing the reduced glutathione and catalase activity levels in the corpus callosum.18 A comparison 

of these two agents has not been conducted in patients with MS; however, L-carnitine was found to be more effective in idiopathic male infertility when 
compared with CoQ10.19 Another study used CoQ10 and L-carnitine concurrently for oxidative stress in obese and polycystic females, but did not 

comment on the comparative effects of these two antioxidants.20 All previous research has demonstrated the antioxidant potential of CoQ10 and L-
carnitine, rationalising their use in MS. 

The present study showed marked improvement in myelination of white matter by CoQ10 and L-carnitine when compared with demyelination caused 

by CPZ in Group 2. However, remyelination by CoQ10 was significantly better than that caused by L-carnitine.  The difference between the effects of 
the two drugs may be due to differences in doses. Therefore, further studies should be conducted with a wider range of doses to establish a better 

comparative analysis.   
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Conclusions 

CoQ10 may be more efficient than L-carnitine in controlling demyelination and promoting remyelination. 
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