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Introduction: Cerebral injury following a local inflammatory insult in neonatal rats mimics diffuse white matter injury that is commonly observed in preterm infants.1,2 
High resolution diffusion tensor imaging (DTI) is a powerful diagnostic tool for noninvasive measurement of cerebral microarchitecture. One of the common analytical 
approaches uses manual selection of pre-determined regions of interest (ROI); however, the bias and variability that comes with the arbitrariness of this approach 
compromises optimal analysis if it is used solely. Tract-based spatial statistics (TBSS), initially developed in humans, compensates for such inherent weaknesses by 
allowing for a more systematic and user-independent quantification of the changes in fractional anisotropy (FA) maps.3 It has been shown that ex vivo DTI is a valid 
technique to evaluate the white matter with relative anisotropy indices similar to in vivo DTI.4 Furthermore, it allows for very high native resolution limited only by 
acquisition duration. Therefore using high resolution ex vivo DTI, we aimed at studying microstructural changes in white matter tracts following inflammatory exposure 
in neonatal rat brains; we evaluated the impact using TBSS and confirmed the results by manual segmentation.  
 
Materials and Methods: Six male Sprague-Dawley rats received LPS (Sigma) injection (0.8mg/kg) in the left corpus callosum on postnatal day three under ultrasound 
guidance and were compared to six controls injected with saline. On postnatal day 24, transcardial perfusion was performed using saline followed by 4% 
paraformaldehyde. Brains were extracted and stored in 4% paraformaldehyde before immersion in Fomblin (Solvay Solexis) for high resolution DTI. Imaging was 
carried out on an actively shielded 7T/30 cm bore magnet (Magnex Scientific) with a 12-cm gradient set (600 mT/m in 130 μs) connected to a DirectDrive console 
(Agilent). DTI was acquired with a homebuilt solenoid coil. Due to scanner access limitations, we acquired 2D coronal diffusion-weighted images.  We used a standard 
spin echo sequence with repetition time = 3 s, echo time (TE) = 30 ms, 72 slices, 4 averages, slice thickness = 300 μm, matrix size 192 × 128, nominal in-plane 
resolution (pixel size) =109 × 73 × 300 μm. The delay between application of the diffusion gradient pulses (Δ) was set to 12 ms, the application time ( ) was set to 6 ms, 
with one b=0 value and 30 directions (Jones30) with amplitude 2000 s/mm2 corresponding to 26 G/cm. Voxel-wise statistical analysis was performed on the acquired 
FA using TBSS.3 An average FA skeleton of white matter fiber tracts was created using a linear registration targeted to the most typical brain (degree of freedom: 9, 
threshold value of 0.25).  Due to the similarity between subject animals and the lack of deformation using a standard spin echo sequence, white matter fiber tracts from 
each subject were very well aligned with the mean FA skeleton and didn’t require non-linear registration.  Aligned FA map from each brain was projected onto the 
mean skeleton created. Voxel-wise statistical analysis was then performed to find significant differences between the control and the LPS-exposed group (two tailed 
t>2.28, p<0.05).  Confirmation of TBSS findings were then computed by manually selecting regions of interest on native and isotropic FA maps, using ImageJ, blinded 
to group attribution, using the Mann Whitney test (p<0.05). Following DTI acquisition, we are currently performing depth-resolved optical coherence tomography 
(OCT) imaging in combination with vibratome slicing for agarose-embedded whole brains. Sequential image acquisition of each slice was composed of a 2D grid of 
OCT volumes obtained by serially scanning the intact tissue section with linear stages with a final resolution of 2 × 2 × 6.5 μm. The OCT process takes 5 days per brain.  
 

Results: TBSS findings on whole-brain analysis between the two groups are shown in 
Figure 1. A significant increase in isotropic FA was observed in the external capsule (ec) on 
the contralateral side of injection. Equivalent TBSS results were also found when computed 
on the native resolution. Manual selection of ROI (contralateral ec, ipsilateral ec and corpus 
callosum) on isotropic FA maps demonstrated coherent findings with TBSS results: 
increased FA was observed for the contralateral ec (LPS 0.72 ± 0.013, saline 0.62 ± 0.023; 
p=0.016), but not in the ipsilateral ec (LPS 0.70 ± 0.032, saline 0.64 ± 0.019; p=0.31) and 
the corpus callosum (LPS 0.64 ± 0.020, saline 0.63 ± 0.031; p=0.82). Manual ROI selection 
on native FA images showed similarly increased FA for the contralateral ec of LPS-treated 
group (LPS 0.74 ± 0.007, saline 0.64 ± 0.023; p=0.002) but not in the ipsilateral ec (LPS 
0.70 ± 0.032, saline 0.65 ± 0.019; p= 0.31) and the corpus callosum (LPS 0.69 ± 0.023, 
saline 0.67 ± 0.032; p=0.94). To date, vibratome slicing and OCT imaging was only 
performed on one control subject (Figure 2B). OCT imaging will be completed in both 
subject groups allowing detailed evaluation of underlying changes corresponding to the FA 
increase.  
 
Discussion: Using high resolution ex vivo DTI, the present study demonstrates, surprisingly, 
an increased FA analyzed by TBSS in the contralateral ec of neonatal rat brains 21 days 
following inflammatory white matter injury. It is plausible that the increased FA observed 
may be attributed to an increased plasticity of the developing brain in response to mild injury 
induced in the present study, with a 20% reduction in LPS dose compared to previous 
studies,1,2. Indeed, ventricular dilatation was not systematically reproduced in all LPS-treated 
subjects. It has been found that exposure to LPS can elicit preconditioning effects on 
subsequent hypoxic-ischemic injury.5 Furthermore, in a similar rat model of inflammation in 
the developing brain,62 it has been shown that neurobehavioral deficits in neonatal rats were 
diminishing with development, which possibly suggests the role of inherent plasticity of the 
developing rodent brain in compensating for the inflammatory white matter injury induced. 
High resolution ex vivo DTI on whole rat brains, in combination with TBSS, is a powerful 
tool that allows for a more systematic and automated approach of monitoring injury and 
possibly plasticity of the developing brain. 
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Figure 1: Significant increase FA on coronal (A) and axial (B) FA 
maps of LPS-treated animals compared to controls.  Arrows indicate 
the stronger FA in LPS-treated animals in the ec contralateral to 
injection site. 

Figure 2. Coronal view of RGB color-coded map in a saline-injected 
brain (A) and depth-resolved OCT imaging at the same level  (B) 
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