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Abstract 

 

Axonal degeneration in multiple sclerosis (MS) may be caused by mitochondrial 

dysfunction and is associated with decreased levels of N-acetylaspartate (NAA) as 

measured with ¹H-magnetic resonance spectroscopy (MRS). Fluoxetine stimulates 

astrocytic glycogenolysis, which serves as an energy source for axons. Eleven patients with 

MS received fluoxetine orally 20 mg a day during the first week, and 40 mg a day during 

the second week. The mean NAA/Creatine ratio in cerebral white matter of the MS patients 

increased from 1.77 at baseline to 1.84 at the end of the second week (p = 0.007). These 

findings show evidence for a reversible axonal dysfunction in patients with MS and 

provide a rationale for investigating whether fluoxetine has neuroprotective effects in MS. 
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Introduction 

 

Multiple sclerosis (MS) is a chronic disease of the central nervous system characterized by 

inflammation, demyelination and axonal degeneration. Current immunomodulatory 

therapies reduce inflammation but are unsuccessful in stopping the progressive axonal 

loss.1 The pathogenesis of axonal degeneration is unclear but likely involves mitochondrial 

dysfunction and decreased energy supply.2 Reduced ATP formation impairs the ATP-

dependent ion-pumps, which results in accumulation of Ca2+ in axons. This Ca2+ overload 

will inappropriately stimulate a variety of Ca2+ -dependent enzyme systems (e.g., calpains, 

phospholipases), leading to axonal injury.2,3 There is evidence from in vitro studies that 

glycogen in astrocytes represents a major energy source for axons.4 The loss of beta-2 

adrenergic receptors on astrocytes in MS may impair astrocytic glycogenolysis, and thus be 

responsible for reduced energy supply to the axons.3 It has been shown that the selective 

serotonin re-uptake inhibitor fluoxetine stimulates glycogenolysis in cultured astrocytes.5 

In this study we used ¹H-Magnetic Resonance Spectroscopy (¹H-MRS) of the brain to 

assess the effects of fluoxetine administration in MS patients on the levels of N-acetyl-

aspartate (NAA), which is produced in axonal mitochondria and reflects energy 

production.6,7  

 

Methods 

 

All patients co-operated in the study with informed consent and local medical ethical 

committee approval. Five man and six women (age range 31-58 years) with definite MS 

participated. Seven patients had relapsing remitting MS and four secondary progressive 

MS. None of them used immunomodulatory drugs. One patient had an exacerbation three 

weeks prior to start of the study, but the others were exacerbation-free for the last six 

months. Their Expanded Disability Status Scale (EDSS) ranged from 0 to 6 (median 2.5).  

Patients received fluoxetine 20 mg once a day for seven days, followed by seven days of 

fluoxetine 20 mg twice a day. MRI scans of the brain were obtained at baseline, week 1 

and week 2 on a 1.5 T unit  (Magnetom Sonata; Siemens Medical Solutions, Erlangen, 

Germany). 1H-MRS was preceded by the acquisition of a transverse multiple slice MRI 

series in order to position the volume of interest (VOI) containing 8 by 8 voxels of 2 cm³ 

each above the lateral ventricles. Individual anatomic landmarks were used for voxel 

repositioning. Automated hybrid chemical shift imaging with point resolved spectroscopy 

(PRESS; echo time 135 ms, repetition time 1500 ms) was used with chemical shift 

selective excitation (CHESS) water suppression.8 Metabolite peak areas were analyzed 

bilaterally in the 12 voxels corresponding to the centrum semiovale and determined with 

Numaris software and expressed as ratios to the main creatine (Cr) signal (the 3.0 ppm 

peak).  
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We also assessed the Timed 25-foot Walk Test (TWT, the time it takes for the patient to 

walk 25 feet), and the Abbreviated Fatigue Questionnaire (AFQ), which consists of four 

questions that have to be answered on a 7-point Likert scale.9 A higher score indicates a 

higher degree of subjective fatigue (range 4-28). 

In the Statistical Package for the Social Sciences (SPSS 12.0 for Windows, Chicago, 

Illinois) the general linear model of repeated measures was used to evaluate the effects of 

fluoxetine on NAA/Cr ratio and Choline/Creatine (Cho/Cr) ratio. When the Wilks’ 

Lambda was significant means were compared with paired samples t-tests. Paired t-tests 

were used to assess the effect of fluoxetine on TWT and AFQ. P-values < 0.05 were 

considered to be significant. 

 

Results 

 

The results of the effects on NAA/Cr and Cho/Cr are summarized in table 1.  

 

Table 1 The effects of fluoxetine administration in MS patients on NAA/Cr and Cho/Cr. 

 Baseline Week 1  Week 2 P-value 

NAA/Cr ratio  

mean ± SD 

1.77  

± 0.183 

1.79 

± 0.178 

1.84 

± 0.203  

0.031 

Cho/Cr ratio 

mean ± SD 

1.06 

± 0.133 

1.07  

± 0.154 

1.06 

± 0.134 

0.841 

NAA/Cr = N-acetyl-aspartate/Creatine, Cho/Cr = Choline/Creatine 

 

The Cho/Cr ratio did not change (p=0.841). The mean NAA/Cr ratio in the cerebral white 

matter increased from 1.77 at baseline to 1.79 at week 1, and to 1.84 at week 2 (p=0.031). 

Comparison of means showed that the difference between week 0 and week 2 was 

significant (p=0.007, 95% CI of change: 0.02-0.11). All patients’ scores of NAA/Cr, AFQ 

and TWT at baseline and week 2 are shown in table 2. Both AFQ and TWT improved after 

two weeks of fluoxetine administration, but this was not significant. 
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Table 2 The effect of 2 weeks fluoxetine administration on NAA/Cr, AFQ and TWT in 

eleven MS patients. 

Patient 

Number 

NAA/Cr 

Week 0 

NAA/Cr 

Week 2 

AFQ 

Week 0 

AFQ 

Week 2 

TWT (sec) 

Week 0 

TWT (sec) 

Week 2 

1 1.57 1.71 10 11 5.27 4.96 

2 1.99 2.06 28 24 5.31 5.78 

3 1.63 1.72 4 4 5.67 4.91 

4 1.76 1.76 19 18 11.05 11.73 

5 1.76 1.76 14 15 5.95 6.08 

6 2.06 2.07 19 21 5.04 4.73 

7 1.53 1.54 19 21 6.26 6.11 

8 1.73 1.76 12 6 7.47 7.14 

9 1.62 1.67 28 22 7.69 7.04 

10 1.85 1.93 20 14 7.15 7.02 

11 2.01 2.21 14 11 4.84 3.80 

Mean 1.77 1.84* 17.00 15.18# 6.52 6.26$ 

Comparison week 0 with week 2: * p=0.007; # p= 0.096; $ p=0.145 

NAA/Cr = N-acetyl-aspartate/Creatine, AFQ = Abbreviated Fatigue Questionnaire, TWT = Timed 25-feet Walk 

Test, sec = seconds. 

 

Discussion 

 

In this study we showed that short-term fluoxetine administration significantly elevated the 

NAA/Cr ratio in cerebral white matter of patients with relapsing remitting and secondary 

progressive MS. This reflects increases in NAA levels, as Cr is assumed to be relatively 

stable,10 which was confirmed by the stable Cho/Cr ratio in our patients. The method of 

measuring NAA/Cr displays good intra-individual reproducibility.11 After one week of 20 

mg fluoxetine administration NAA/Cr increased slightly, but with fluoxetine 40 mg given 

during the second week the elevation was significant, indicating a dose or time dependent 

response. Also fatigue, which was assessed as symptom of altered axonal metabolism, and 

walking improved but these changes did not reach significance. In MS, NAA 

concentrations in lesions as well as normal appearing white matter are lower than in 

controls,12 indicating axonal loss or axonal metabolic dysfunction. NAA has been shown to 

be almost exclusively within neuronal cell bodies and axons, where it is synthesized by 

mitochondria. Its levels reflect the energetic state of neurons as shown, for example, by the 

concurrent decrease and recovery of NAA and ATP in an animal model of traumatic brain 

injury,7 Further evidence relating NAA formation to mitochondrial energy production was 

obtained in studies with inhibitors of different complexes of the mitochondrial respiratory 

chain.6 The underlying mechanism by which fluoxetine improves axonal mitochondrial 



 120 

energy production needs to be further explored, but may be due to its stimulatory effect on 

astrocytic glycogenolysis.5 

Fluoxetine stimulates glycogenolysis in astrocytes by directly activating 5-HT2 receptors, 

which induces hydrolysis of glycogen probably via the phosphoinositol second messenger 

system,5 and by blocking serotonin re-uptake, leading to elevated extracellular 

concentrations of serotonin, which also stimulates glycogenolysis.13 Besides the effect on 

glycogenolysis, fluoxetine induces the production of astrocytic brain-derived neurotrophic 

factor (BDNF), which may also improve axonal functions in MS patients.14,15  

Limitations of our study are the lack of a control group, the heterogeneous patient group 

and the use of single slice MRS, which covers the brain only partially. A placebo-

controlled long-term follow-up study evaluating the effects of fluoxetine on axonal 

degeneration is recommended. Brain atrophy, which is a prominent feature in MS patients, 

could be used as surrogate marker. This proof-of-concept study shows that fluoxetine 

might be able to improve the metabolic function of axons in MS. Further research is 

necessary to evaluate whether fluoxetine has neuroprotective properties in MS.  
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