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Multiple sclerosis (MS) is a chronic disorder of the central nervous system (CNS). It 

usually starts in young adulthood and leads to cumulative disability. In Groningen the 

prevalence was estimated at 79 per 100000.1 About 16000 people in the Netherlands have 

MS. Worldwide the number of patients is estimated at 2.5 million.2 Women are affected 

more frequently than men (ratio male : female = 1 : 2). 

 

The majority of MS patients presents with recurrent episodes of neurological deficit, which 

are followed by complete or partial recovery. These episodes are called relapses or 

exacerbations. This disease course is called relapsing remitting MS.3 After 10 years 40% 

and after 20 years around 70% of these patients have gradual progression of symptoms 

independent of relapses.4,5 The disease course is then called secondary progressive. Ten to 

20 % of patients have a primary progressive disease course, in which patients experience 

gradual worsening of symptoms from the beginning of their disease.  Around 25 % of the 

patients with MS have a ‘benign’ disease course. Ten years after onset these patients have 

suffered some exacerbations, but they have recovered well and they are not impaired in 

their daily activities of living.6 

 

The cause of MS is unknown. Based upon epidemiological, migration and genetic studies, 

it is hypothesized that a genetic predisposition in conjunction with unknown infectious 

agents or other environmental factors, activates the production of auto reactive T cells.7 

Autoimmune responses would lead to focal inflammatory demyelination, which is 

clinically expressed by relapses. In the cerebrospinal fluid of MS patients also B cell 

proliferation is found, but it is unknown at what specific antigen this response is aimed.7 

Next to inflammatory demyelination, axonal injury is a major pathological feature of MS. 

A number of investigators have hypothesized that dysfunction of sodium-calcium 

exchangers, triggers calcium mediated injury, leading to neuronal degeneration.7 Clinically 

this is expressed by a progressive disease course.  

The relationship between inflammatory demyelination and the widespread axonal 

degeneration is unknown. Many believe that the inflammation itself causes the 

degeneration, directly or after crossing a certain threshold of damage for which the CNS 

can not compensate. Others think that inflammatory demyelination and axonal 

degeneration are two separate entities. 

 

All currently approved treatments of MS are aimed at reducing inflammatory activity. The 

beta-interferons and glatiramer acetate reduce the number of exacerbations with about one 

third.8,9,10,11 Mitoxantrone and natalizumab are more effective but have potentially serious 

side-effects and can only be used in patients with severe disease activity.12,13 

 

In 1999 our research group reported that beta-2 adrenergic receptors on astrocytes in MS 

patients were deficient.14 Based on this finding a new hypothesis was presented,15 
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implicating that the resulting decrease in cAMP signaling in the astrocyte might 1) enable 

T cells to turn astrocytes into antigen –presenting cells, which are necessary to initiate the 

inflammatory cascade, and 2) decrease the energy supply to the axons, which would lead to 

axonal degeneration (Figure 1a and Figure 1b15). 

 

 

 

  

 

Figure 1a. In healthy individuals, anti-myelin T cells that have been activated in the 

periphery can penetrate in the CNS and secrete interferon γ (IFN-γ) to induce the 

expression of major histocompatibility (MHC) class II molecules on putative antigen-

presenting cells. In the normal situation, astrocytes are unable to act as antigen-presenting 

cells because noradrenaline acting at β2-adrenoceptors, coupled to the generation of cAMP, 

strongly suppresses IFN-γ-induced expression of MHC class II molecules. Astrocytic β2-

adrenoceptors also play an important role in stimulating the breakdown of astrocytic 

glycogen into lactate, which is shuttled to axons and converted into ATP.  
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Figure 1b. Hypothetical model that explains both relapses and progressive disability of 

multiple sclerosis (MS). In MS, astrocytic β2-adrenoceptors are lost, leading to decreased 

cAMP signaling. This might facilitate the expression of IFN-γ-induced MHC class II 

molecules and co-stimulatory factors. Binding of the T-cell receptor (TCR) with the MHC 

class II–antigen complex and appropriate co-stimulation (B7 molecules) can initiate 

(auto)immune responses that result in relapses of MS. The concerted attack of immune 

cells, cytokines [e.g. tumor necrosis factor-α (TNF-α), interleukin 1 (IL-1)] and nitric oxide 

(NO) released by microglia and astrocytes, and antibodies released from B cells, produces 

areas of demyelination and injury to oligodendrocytes and axons. Within the inflammatory 

lesions, macrophages phagocytose pieces of the myelin sheath. The lack of astrocytic β2-

adrenoceptors might also reduce cAMP-mediated glycogenolysis and axonal energy 

supply, particularly in situations of heightened neuronal activity, resulting in progressive 

dysfunction and degeneration of axons.  
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With Magnetic Resonance Imaging (MRI) it is possible to noninvasively ‘view’ the brain. 

Different sequences visualize distinctive pathological features of MS. Dual T2 and FLAIR 

scans show hyperintensities that are typically located in the periventricular white matter, 

and represent both past (the so-called sclerotic plaques or scars) and current inflammation. 

On T1 scans the lesions that enhance after the intravenous administration of contrast are 

representative for active inflammation. Atrophy can be determined on several sequences 

and is indicative of axonal loss. All these techniques are part of the conventional MRI 

work-up. 

 

With Proton MR Spectroscopy (¹H-MRS), the amount of N-acetyl aspartate (NAA), 

Creatine (Cr), Choline (Cho) and lactate (Lac) can be measured. NAA is found mainly in 

neurons and axons and is considered a marker for axonal metabolism and function. Cr is 

relatively stable in human brain and is commonly used as a reference substance. Cho is a 

cell membrane marker and increases are indicative of glial proliferation. Lac is the product 

of anaerobic glycolysis. The concentration of these substances can change in both 

physiological and pathological conditions, such as MS.16 

Currently MRI is an important tool in diagnosing MS.17  The appearance of new lesions on 

MRI, even without clinical symptoms, and the existence of many ‘old’ lesions strongly 

support the diagnosis. In phase 2 trials, the initial trials to investigate whether a drug has 

the potential to be effective tested on a small group of patients, the cumulative number of 

enhancing lesions on serial MR scans is used as a surrogate marker for inflammatory 

activity.18 Many MRI techniques, including ¹H-MRS, are used for research purposes but do 

not have a common use in clinical practice and clinical trials. 

 

Outline of this thesis 

 

This thesis was initiated after the hypothesis of the loss of the beta-2 adrenergic receptor on 

astrocytes in patients with MS was put forth. The aim was to study in MS patients effects 

of drugs that have been shown to increase the amount of cAMP in the astrocytes. We 

selected the selective serotonin re-uptake inhibitor (SSRI) fluoxetine (Prozac®), which is 

since 1987 registered for the treatment of depression. Fluoxetine was chosen because it is 

cheap, well-tolerated, safe to use long-term, and has many “neuroprotective” effects that 

might be beneficial in neurodegenerative disorders. In experimental allergic 

encephalomyelitis (EAE), an animal model of MS, fluoxetine-treated mice had less 

inflammation and axonal damage than placebo treated mice.19 Since MS is a chronic 

disease with infrequent disease activity and slow progression of disability, effects of drugs 

are difficult to measure on clinical scales. On cerebral MRI disease activity can be found 

without clinical correlates. Therefore we evaluated different MRI methods to assess 

efficacy of treatment.  
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This thesis is written in three parts. In the first part (Chapter 2) we review the effects of 

fluoxetine in neurological disorders.  

In the second part we look at conventional MRI methods to measure effects of fluoxetine 

in MS. Chapter 3 described a placebo-controlled study evaluating the effects of fluoxetine 

on new enhancing lesions in patients with MS. In Chapter 4 distinct methods to measure 

brain atrophy are compared. Since the relevance of measuring T2 lesions and brain atrophy 

is unknown, we look at the predictive value of the number and size of T2 lesions and two 

measures of brain atrophy, to the development of secondary progression (Chapter 5) and to 

the occurrence of progression of disability (Chapter 6) after median follow-up times of 14 

and 15 years.   

In the third part we perform several studies with ¹H-MRS to evaluate effects of fluoxetine. 

One component of the hypothesis of the absence of the beta-2 adrenergic receptor implies 

that in patients with MS the production of lactate is decreased. Lactate is produced by 

astrocytes and transported to axons as energy source during periods of intense neural 

activity.20 In Chapter 7 we look at the feasibility of detecting lactate formation in the 

internal capsule of healthy subjects following contralateral motor activity. If we could 

detect lactate, we wanted to apply this technique to MS patients. In Chapter 8 we 

investigate whether NAA/Cr ratios are stable within 4 weeks. In Chapter 9 we report the 

effect of two weeks of fluoxetine treatment on the NAA/Cr ratio. 
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