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Target audience: Those who study neurodegenerative diseases using in vivo proton magnetic resonance spectroscopy (1H MRS). 

Purpose: Multiple sclerosis (MS) is a chronic inflammatory disease characterized by three pathological hallmarks: demyelination, inflammation and axonal injury. 
Conventional MRI methods are sensitive to brain atrophy but lack specificity to discriminate between demyelination, inflammation and axonal injury1, whereas in 
vivo localized 1H MRS can provide powerful means to monitor changes in these hallmarks over time. In this study, we used cuprizone (CPZ) fed mice as a mouse 
model of MS to obtain a metabolic fingerprint of changes in myelin, axon integrity and inflammation over time in the corpus callosum by using in vivo localized 
1H MRS at 9.4 T. To our knowledge, this is the first longitudinal in vivo 1H MRS study that monitors biochemical changes in the corpus callosum of CPZ fed 
mice. Histological analysis was employed to investigate how these metabolic changes can reflect changes in myelin and inflammation.  

Methods: 15 female C57BL6/J mice (Charles River Laboratories, L’Arbresle cedex, France), 8 weeks of age, received a diet supplemented with 0.2% CPZ for a 
period of 6 weeks and then the animals were returned to standard rodent chow. The animals were imaged at week 4 and 6 while on the CPZ diet and then again at 
week 12 after returning back to a normal diet. Age matched female control animals (N=15) were imaged at the same time points. The MR imaging and 
spectroscopy were conducted on a 9.4 T Biospec (Bruker Biospin, Ettlingen, Germany). RARE images (TE/TR = 11.147/2500 ms, matrix size 256x256, field of 
view = 20x20 mm2, slice thickness = 0.4 mm, RARE factor = 8) were acquired to position the volume of interest (VOI) (0.9 x 2.5 x 1 mm3 = 2.25 μl)) in the 
splenium of the corpus callosum (Figure 1). In vivo 1D 1H MR spectra were acquired with a point resolved spectroscopy (PRESS) sequence with outer volume 
suppression and VAPOR water suppression using the following parameters: TE/TR = 15/4000 ms, number of averages = 720, spectral width = 10 ppm, number of 
acquired points = 2048). Quantification of 1H MRS spectra was performed with LCModelTM (Provencher SW, Inc, Oakville, Ontario, Canada) providing 
concentrations relative to total creatine (tCr). Absolute tCr values (instrumental unit) were measured and no difference was observed between any age and group. 
For statistical analysis, student two-sample t-test (for group comparison) and a linear mixed model with post hoc least significant difference analysis (for 
longitudinal metabolic changes) were applied. The threshold for statistical significance was set at P < 0.05. Immunohistochemistry was used to measure myelin 
integrity (MBP) and microgliosis (Iba-1). 

Results: Figure 1 illustrates a representative high quality 1H MR spectrum acquired from the VOI in the corpus callosum. A significant (P< 0.05) change in brain 
metabolite ratios N-acetylaspartate (NAA), glycerophosphorylcholine (GPC), taurine (Tau) and macromolecules and lipids (ML1.4) over tCr was observed 
between control and CPZ fed mice at week 4 and week 6. Six weeks after returning to the normal diet, no metabolic difference was observed between control and 
CPZ fed mice. The ratio of NAA, GPC, Tau and ML1.4 showed significant longitudinal changes between week 4 and 12 (Figure 2). In line with previous studies2,3 
we observed severe demyelination and microgliosis in the corpus callosum of the CPZ fed mice at week 4 and 6 (Figure 3). Six weeks after returning to the normal 
diet, microgliosis was no longer detected in the corpus callosum and a spontaneous remyelination could be observed.  

Discussion and Conclusion: Axonal damage has not been well studied in the CPZ fed mice. Being a putative marker of axonal integrity, the decrease in NAA/tCr 
in CPZ fed mice suggests that axonal pathology occurs during the early phase of demyelination and microglial reaction. Earlier histological studies have reported 
presence of axonal pathology in the CPZ fed mice3,4. GPC is catabolic byproduct of phospholipid metabolism. The decrease in GPC/tCr observed in our study 
suggests that there is an alteration in cell membrane turnover or composition during the demyelination process. Tau is an osmoregulator and neuroprotector, which 
may increase as a reaction to the inflammation. The elevated macromolecule and lipid signal presumably reflects the cleaved myelin proteins and lipid debris 
caused by demyelination5. At week 12 when spontaneous remyelination was established, no metabolic differences between control and CPZ fed mice were present 
suggesting that metabolic changes observed with 1H-MRS reflect key pathological features, such as demyelination, inflammation and gliosis, caused by the CPZ 
treatment. The next step will be to confirm that GPC, tau and ML1.4 are indeed markers for demyelination, inflammation and myelin proteins/lipids respectively. 
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Figure 3: Representative histological images of the corpus callosum in control and CPZ treated mice providing an over-view of the changes in myelin (MBP staining) and microglia (IBA-1 staining) due to the CPZ exposure. Scale bar = 100 µm. 

Figure 2: Metabolite concentrations of NAA, GPC, Tau and ML1.4 plotted over time. Significant longitudinal differences 
indicated by * (P < 0.05), ** (P < 0.01) or *** (P < 0.001). Error bars are SEM. 

Figure 1: Representative
1H  MR spectrum of a control
mouse acquired from the
volume of interest centered at
the corpus callosum, depicted
in the T2 weighted image
above. 
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