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Introduction

This work studies, in a Multiple Sclerosis animal model with focal lesion, the behavior over time of a MRI
contrast obtained with an optimized magnetization preparation designed with optimal control to obtain a
hyperintensity signal from short T2 components which are associated with myelin. An advanced image
analysis pipeline was developed to analyze this MRI contrast data and to compare it with histological myelin
assessment.

Methods
Animal Model

A total of 24 animals (adult female Sprague-Dawley rats) were used. Demyelination was induced in the
right Corpus Callosum (CC) by stereotactically injecting 4 ul of 1% lysophosphatidylcholine (LPC) dissolved
in saline [6]. This model produces controlled, focal demyelinating lesions. The rats were then scanned four
times over the course of six months.

MRI acquisition and histological analysis

MRI acquisitions were performed on an 11.7T horizontal MRI system (Bruker Biospin MRI GmbH). In this
study, 2 MRI contrasts were obtained according to the following sequences:1) a T2-weighted axial
sequence (RARE: TR/TE=5500/64ms, RARE factor=8) noted T2w in the following. 2) a signal enhancement
sequence of short T2 components obtained with optimized magnetization preparation pulses in front of a
fast gradient echo sequence (MPRAGE)[5] (noted as OC). The magnetization preparation consisted
in (90°) - (8.5ms) - (180°) - (8.5ms) - (-90°) - (646ms) - - which resulted in an optimized T2Prep-
inversion recovery. (fig. 1).

These 2 contrast images were acquired with the same field of view, slice thickness and resolution (8 slices
of thickness 0.75 mm, resolution in the plane of 117 ym x117 pm). 23 rats were sacrificed at various time
points ranging from 50 days to 200 days after injection.

Subsequently, histological analysis was performed using Sudan Black B (SBB) staining to quantify myelin
content.

Image Analysis (see fig. 2)

1. Preprocessing

Preprocessing steps applied prior to image analysis consisted of 1) brain mask extraction using a template
rat image, [2]. 2) bias artefact supression using the N4 algorithm [3]. 3) co-registration in a longitudinal
way on the template rat.

2. CC Segmentation and tessellation: CC_were segmented using a UNet model [4]. Data
augmentation was used to improve the generalization robustness.

To precisely analyse intensities in the CC, UNet masks were tessellated into 12 regions (see fig. 2).

3. In order to conduct an analysis of intensities over time longitudinal normalization was performed
using healthy contra-lateral regions of the CC as a reference for intensity values and applying an
intensity harmonization process to both T2-weighted and optical coherence images.



4. Histology image processing we manually selected the 2 slices that best matched the region of
interest identified, on T2w, using anterior commissure as landmarks. These 2 slices were then
registered on MRI with a rigid registration followed with a deformable one. The CC tessellation of
MRI T2w images were then used to obtain the CC tessellation on the histological slices.

Results

For the majority of the rats (13/24) the volume of the ipsilateral corpus callosum measured on OC images
was decreasing over time (-1% to - 8%) whereas the volumes of the contralateral either remain within
2% of variation or slightly increasing (from up to 4%) over time.

When considering mean and standard deviation of the signal intensity of each parcel for every acquisition,
OC contrast provides a more informative analysis compared to T2 where all acquisitions have same low
values. The middle part of Figure 1 shows two of these representations. For the majority (19/24) the
intensity was decreasing between first and last acquisition on the injured CC. The OC contrast appears to
be responsive to changes in the myelin content of the corpus callosum over time.

Figure 3 shows profiles and CC thickness measurement on registered in vivo and ex vivo images. The
observations indicate that, when it comes to the thickness of the corpus callosum (CC), there is a higher
degree of similarity between histology and T2) imaging compared to OC imaging.

Conclusion

Optimal control MRI contrast dedicated to myelin enhancement appear to reveal interesting sensitivity to
myelin evolution compared to T2w in a MS model. However, at first sight T2w offer more similarity with ex
vivo reality than optimal control images. In this LPC rat model, if remyelination occurred, it happened in
the first month, afterwards a slight deterioration of the myelin and loss of volume of the corpus callosum
was observed (without the rats showing any disabling clinical signs). Histological images still reveal
deteriorated CC on the injured side.
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Figure 1: left T2w RARE image , right OC contrast image enhancing signal of short T2 components
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Figure 2- lllustration of the image analysis pipeline after images were preprocessed to be registered on
the same rat template and normalized.
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Figure 3: Comparison of profiles on injured CC for two sequences and histology on a rat LPC modelC
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