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INTRODUCTION  
Cortical grey matter demyelination is an important facet of multiple sclerosis (MS) physiopathology which has been associated with cognitive disabilities1. Despite 
advances in neuroimaging techniques, the majority of cortical alterations present in MS patients still failed to be detected. Diffusion kurtosis imaging (DKI) provides 
metrics which quantify the deviation of the water diffusion displacement profile from the Gaussian distribution, hence providing further information about tissue 
complexity2. Sensitivity of DKI has been shown in patients and animal models for central nervous sytem (CNS) diseases, including white matter demyelination3. The 
cuprizone (CPZ) mouse model is a well-established toxic model of CNS demyelination and spontaneous remyelination4. Remarkable features of the CPZ model include 
a distinct temporal pattern of demyelination in white and grey matter as well as the presence of regional differences within the main CNS white matter tract, i.e. the 
corpus callosum (CC), thereby allowing the study of several degree of demyelination and inflammation within the same individual. In the present work we examined 
the temporal changes of diffusion metrics following acute CPZ-induced inflammation/ demyelination and evaluated the sensitivity of in vivo DKI measurements for the 
detection of cortical grey matter and white matter alterations. For this we performed a semi-longitudinal series of DKI measurements at key time points for white matter 
inflammation and demyelination (3 weeks of CPZ), cortical demyelination (6 weeks of CPZ) and remyelination (6 weeks of CPZ followed by 6 weeks recovery period).  
 

MATERIAL & METHODS  
20 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=16) were imaged at the same time points. The MR imaging were conducted on a 9.4 T Biospec (Bruker Biospin, 
Ettlingen, Germany). The DKI protocol included seven non-DW images and 210 DW images with the use of seven b -values (400, 
800, 1200, 1600, 2000, 2400, and 2800 s/mm2) and 30 noncollinear diffusion gradient directions. Images were collected with a 
multislice two-shot DW-SE-EPI sequence (30 slices, repetition time/echo time = 7500/24 ms, δ = 5 ms, Δ = 12 ms, acquisition 
matrix = (96 x 64), zero filled to (128 x 64), spatial resolution: (150 x 200 x 500) μm3, NEX = 4). Diffusion tensor and diffusion 

kurtosis parametric maps (axial (AD), radial (RD) and mean diffusivity 
(MD), fractional anisotropy (FA) and axial (AK), radial (RK) and mean 
kurtosis (MK)) were computed using Matlab (The Mathworks Inc., 
USA). Regions of interest (ROI) were manually delineated based on the 
contrast of fractional anisotropy maps with AMIRA software (Mercury 
Computer systems, San Diego, USA). White matter regions include the 
splenium, body and genu of the CC and grey matter regions the motor 
and somatosensory cortices (Figure 1). For each measured parameter we 
fitted a linear mixed model with time (0, 3, 6 and 12 weeks), treatment 
(control, CPZ) and the interaction between time and treatment as fixed 
factors. In case of significant interaction (significance level = 5%) 
control and CPZ group were compared at each time points (3, 6 and 12 
weeks) using the estimates resulting from the interaction model. 
Quantitative immunofluorescence was used to measure myelin integrity 

(MBP) and microgliosis (Iba-1). 
  

RESULTS & DISCUSSION 
Quantitative histological analyses revealed demyelination (Figure 2 a) upon 
CPZ administration for the motor and somatosensory cortices, body and 
splenium of the CC but not the genu. Microgliosis was present in the genu, body 
and splenium (Figure 2 b). As previously described, at the end of the recovery 
period microglia returned to control levels and spontaneous remyelination can 
be observed. While diffusion tensor (DT) metrics including MD, RD, AD only revealed white matter alterations 
of 2 ROIs, i.e. the splenium and body of the CC (data not shown), DKI metrics were able to detect CPZ-induced 
alterations in all 5 investigated ROIs. MK and RK were decreased in motor and somatosensory cortices as 
compared to control mice in a similar pattern as demyelination (Figure 3 and Figure 2a). Additionally, AK was 
decreased in the somatosensory cortices. In the splenium and body of the CC, MK, RK and AK were first 
increased after 3 weeks of CPZ administration, and secondly decreased after 6 weeks of CPZ intoxication. 
Interestingly, in the genu of the CC, where microgliosis can be observed after 3 weeks of CPZ administration 
without demyelination, only MK and RK were increased (Figure 4). Those results suggest that an increase of 
kurtosis metrics in the white matter may be indicative of acute inflammatory processes. At the end of the 
recovery period, when remyelination has occurred, all DKI metrics returned to control levels except for AK and 
MK at the level of the body and motor cortices, respectively, possibly indicating long lasting changes related to 
CPZ intoxication. In summary those results demonstrated the sensitivity of DKI for the detection of cortical 
alterations and white matter pathology following CPZ-induced demyelination. Additionally, longitudinal 
monitoring of DKI metrics in the white matter highlighted the importance of cautious interpretation of DKI 
metrics changes in relation to underlying pathological mechanisms such as myelination and microgliosis.  
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Figure 1: ROI delineation, motor
cortices (light blue), somatosensory
cortices (dark blue), genu (red),
body (yellow), splenium (red). 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Regional assessment of 
myelin and microgliosis following 
CPZ administration.* (P< 0.05), 
** (P< 0.01) or *** (P< 0.001). 
Error bars are SEM. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: DKI metrics in cortical grey matter. MK (a, c),
RK (b, d) and AK (e). Shaded areas indicate the linear
mixed model fit ± SE for the control (light grey) and CPZ
(dark grey). *P<0.05, **P<0.01, ***P<0.001. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: DKI metrics in white matter. MK (a, d, g), RK (b,
e,h) and AK (c,f). Shaded areas indicate the linear mixed
model fit ± SE for the control (light grey) and CPZ (dark
grey). *P<0.05, **P<0.01, ***P<0.001. 
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