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Introduction:
Demyelination is a feature of many white matter diseases, such as multiple sclerosis (MS), and
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quantifying the extent of demyelination has important clinical implications in monitoring disease
progression, treatment planning, and drug response. Quantitative MRI methods including quantitative
magnetization transfer imaging (qMT) and diffusion tensor imaging (DTI) have been shown to be
sensitive to demyelination [1,2]. However these methods are based on different physical principles and
are indirectly related to myelin content. Correlating quantitative metrices obtained from these methods Fig.1 Representative (A) in vivo T2* weighted 3D gradient echo image, (B) PSR
with quantitative histological measures of myelin content may reveal their relative sensitivity and map, (C) RD map (D) LFB-PAS stained histology slice, containing injection site.
specificity towards demyelination. In this study, we present correlation of high-resolution 3D qMT and
DTI matrices (167μm isotropic) with reconstructed quantitative 3D Luxol fast blue-periodic acid Schiff (LFB-PAS) stained histological volume in a lipopolysacharide
(LPS) mediated animal model of MS. Injection of LPS into the central nervous system (CNS) results in an acute inflammatory response followed by demyelination that
is typical of a progressive oligodendrogliopathy [3, 4]. We seek to develop an animal model system of Type III oligodendrogliopathy that reflects the apoptotic death of
oligodendrocytes which is seen in the relative absence of prominent lymphocytic infiltration. To our knowledge this is the first quantitative magnetic resonance myelin
study of an animal model of Type III MS lesions.
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Methods:
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Rat model: Nine rats were injected intracerebrally with LPS(n=7) or an equal
volume of saline (n=2) into the corpus callosum (CC). The injection site was
1mm posterior and 1mm lateral to bregma. 28 days post injection rats were
perfused with the PBS/saline solution followed by 4% paraformaldehyde
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fixation. Rat brains were excised and soaked in about 10 times volume of
PBS/Saline solution for a period of 24hrs prior to ex vivo imaging. Rat brains
were soaked for 1week in 1mM Gd-DTPA/PBS solution for a week to improve
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the time efficiency of ex vivo DTI scans [5]. All experimental procedures were
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approved by Vanderbilt University’s animal care committee (IACUC). Data
acquisition: MRI acquisitions were performed on a 9.4T Varian scanner. High
Fig.2 Scatter plots from single rat. Each point represents a 1mm section of CC in
resolution 3D gradient echo structural scans (Ge3D) were used to locate the
one of the 5 slices near injection site (a) PSR vs LFB histology, (b) RD vs PSR.
injection site (Fig 1) and 2D qMT and DTI scans were acquired (not shown).
Following in vivo imaging the rat brains were perfusion fixed with formalin fixative and ex vivo 3D high resolution (167μm isotropic) qMT and DTI scans were
performed on the perfusion fixed brains. The qMT scans were performed using an optimized selective inversion recovery method [6, 7]. DTI scans were performed
using 3D PGSE, 6(+1) directions with bvalue 1200s/mm2, TE/TR=29/250 ms, in 8.5hrs. Histopathology: 4mm coronal tissue sections containing the site of injection
were excised, blocked in paraffin, sectioned in 10μm slices, stained with Luxol fast blue (LFB)
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or Luxol fast blue-periodic acid Schiff (LFB-PAS), and quantified by optical opacity. Data
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analysis: For one rat a 3D histological image volume was created by co-registering each LFB
0
slide image to its neighboring slide sampled to match the ex vivo MR resolution of about
167um. This volume was then co-registered to the ex vivo 3D MR images for quantitative
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analysis. Co-registraton was performed using rigid and affine registration programs maximizing
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the mutual information. Six 1mm ROIs were segmented within the CC for 5 slides containing
R1f/LFB
PSR/LFB
kmf/LFB
Davg/LFB
RD/LFB
AD/LFB
FA/LFB
the injection site, giving a total of 30 ROIs for analysis. For all other samples a single slice
1
containing the site of injection was matched with registered MRI data and three 1mm ROI’s
were selected on either side of the midline in the CC, giving a total of 6ROI’s for each sample.
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Statistical analysis: Pearson’s correlation coefficients were calculated using mean ROI values
0
for MR and histological matrices.
0.2

Results and Discussion:
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LFB/LFB-PAS staining confirmed demyelination in proximity of the injection site in CC of
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LPS injected rats. Histological measure of myelin content, as well as qMT and DTI parameters,
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show variation within the white matter in CC. Saline injected rats showed demyelination,
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however the chances of occurrence were significantly lower than in LPS injected rats.
metrics vs PSR. The box has lines at the lower quartile, median, and
Correlations are observed within the CC between histological measure of myelin content and
upper quartile values with error bars covering the complete range.
qMT and DTI metrices (See Fig 2 for example 3D results and Fig 3A for correlation summaries
of all 2D rat studies). Apparent pool size ratio (PSR) shows the largest positive correlation with
histological measure of myelin content, while DTI measured radial diffusivity (RD) shows the largest negative correlation. RD is also negatively correlated to PSR (Fig
3B). Weaker correlations to LFB were observed for other parameters including rate of magnetization transfer from macromolecular to free proton pool (kmf), DTI
measured fractional anisotropy (FA), and axial diffusivity (AD). These preliminary results indicate a strong correlation between histological measure of myelin and PSR
and RD (and to lesser extent R1f, FA, and AD) across LPS injected rat in the CC, indicating that these measures may provide a sensitive measure of demyelination.
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