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Report: 

 

Beamline allocation allowed to validate an XPCT protocol and use it as a fast virtual histology tool (ca 3 minutes 

acquisition per mouse brain or human cortical sample), relevant for various neurological alterations. Brain 

sample from transgenic animals and patients with neurodegenerative diseases were imaged with a polychromatic 

"pink" incident X-ray beam of 26 keV energy. Tomographic reconstructions were performed using the single-

distance phase-retrieval approach ("Paganin" method) with PyHST2 software, the δ / β ratio being set to 1000, 

yielding an isotropic voxel size of 6.5 µm. 

 

So far, the ouputs of these experiments are the following: 

 

- whole-brain myelin mapping in white-matter injury models  

Preliminary observations were presented at the European Molecular Imaging Meeting [1] and, after validating 

original tools for visualisation and analysis of white-matter tracts, quantitative results were published in 

Biomedical Optics Express [2]. 

 

- 3D morphologies of amyloid-β plaques in Alzheimer’s disease models 

Preliminary observations were presented at the European Molecular Imaging Meeting [3] and, after validating 

original tools for segmentation and analysis of plaque morphologies, quantitative results were published in 

Biomedical Optics Express [4]. 

 



 

 

In particular, we demontrated that the white-matter contrast is related to a mismatch of refractive indices between 

myelin and surrounding tissue, occurring after the removal of water by ethanol. Indeed, we used brain clearing, 

a technique that removes lipids (and hence the myelin sheath) to render the brain translucent to light before 

ethanol dehydration, and observed a loss of white-matter tract contrast after lipid removal in both human (Fig. 

3(B)) and mouse brains (Fig. 3(D)), suggesting a role of myelin in contrast generation. 

 

 
 

To go further in the analysis of XPCT data, we explored reconstructing the orientation of brain fibers to shed 

light on brain structural connectivity. A Diffusion Tensor Imaging-like algorithm was used, based on digital 

gradient analysis to detect fiber orientation, and a custom analysis tool was developed (by NOVITOM). Visual 

examination of brain-wide connectivity maps showed good agreement between the XPCT-derived maps and 

MRI-based maps.  

 

 
 

 



 

As for the detection of amyloid-β (Aβ) plaques, we went beyond previous pioneer reports of Aβ detection with 

XPCT by :  

i) studying a complete experimental group (10 brains in total vs 1–2 samples); 

ii) comparing 3 different strains (vs. a single one); 

iii) and providing access to multiple morphometric parameters (while previous reports were confined to plaque 

number, volume and sphericity). 

 

We showed that a new class of 3D parameters, with distribution easily measured on multiple plaques can be 

obtained, and we provided basic examples of how to handle this set of parameters: e.g., building correlation 

matrices or searching for spatial patterns. 

 

 

 
Visualization showing the distribution of mean breadth values on APP/PS1 hippocampus 

https://opticapublishing.figshare.com/s/b67dc8e839059e885974  

 

An additional contribution consisted in building and sharing a "biologist-friendly" analysis workflow, by 

assembling multiple Fiji plugins: segmentation editor, Trainable Weka Segmentation 3D, MorphoLibJ, 3D 

ImageJ Suite [5]. We were especially interested in the ability of the workflow to correctly detect a significant 

proportion of Aβ plaques with very different appearances and morphologies. 

 

 

 

 

 

 

 

We will use these newly developed tools 

to segment and analyze vascular amyloid 

deposits which are clearly detected in 

human brain tissue of familial and 

sporadic Alzheimer patients (green 

arrows).  

 

https://opticapublishing.figshare.com/s/b67dc8e839059e885974
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