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Segmentation of cortical cytoarchitectonics from in whole brain thick Nissl sections
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Introduction: This study aimed at describing a method to measure densities of cellular bodies on thick sections of healthy in situ brains after standard gallocyanin technique (Nissl staining). Covered glass plates from segments of the frontal lobe and whole brain structural MR images from the PISA Project – FMUSP were obtained in high resolution and used here to demonstrate the concept.
Materials and Methods: High resolution in situ images (600 μm) from the whole brain of two previously healthy subjects were acquired in a 7T MR system (Siemens). T1-weighted images were submitted to the standard Freesurfer segmentation algorithm. After scanning, the brains were formalin-fixed, dehydrated, celloidin-mounted, cut into 400 μm-thick serial sections and finally stained with gallocyanin (a Nissl stain).. Digital images (resolution 600 dpi) were acquired by scanning the axial brain sections [1,2] of the histological slides. Template regions-of-interest (Freesurfer’s aparc+aseg file) including bilateral dorsal anterior cingulate cortices (area 24b’) were segmented from histological images, and corregistered with the in situ images. Images were segmented using ImageJ and the processing included the following steps: straightening of the cortical layer identified in the axial brain slice; mean brightness across the cortical layer was calculated as a background value in comparison with the darker nuclear layers. The proportion of cell density - area under the curve (AUC) - was used to estimate the density of cells corresponding to each cortical layer; profile plots were used to identify the cortical layers; gray level indices were calculated and used as indicators of neuronal density [3] (Fig 1). 
Results: We were able to identify layers II and V by analyzing segmented images of the inferior frontal cortex. The proportion between the areas under the curve for layers II-III and V-VI was 0,66. Next step in this pipeline includes de definition of a ground truth method, relying upon in-depth segmentation for cell counting.

Figure 1. Proposed framework for calculating neuronal cell density on one slice of whole-brain microscopy. a) Cortical area is manually selected along the cortical area. b) The selection is straightened to allow batch processing. c) Profile plot indicating the locations of cortical neurons and values under the absorbance curve. d) Profile location inside an axial cut of the area 24b’ of the left anterior cingulate cortex. e) Area under the absorbance curve for layers II-III (yellow) and V-VI (red).
Discussion: The results related to the proportion of cells inside each layer are in accordance with a stereological assessment of the dorsal anterior cingulate cortex in schizophrenia [3]. The authors found that there were more glial cells in the deep layers. The values found by Höistad et al. (2013) regarding the relative quantities of glial/neuronal cells in layers II-II and V-VI can be compared to the present results. The proportion of the found ratio (1,5/2,3) is in accordance with our result, thus encouraging further studies.
Conclusion: The preliminary results show that our method has the potential to allow automatic cytoarchitectonic profiling from whole-brain thick-slice celloidin human samples registered to high-resolution MR images. This relational approach should also provide a basis for the automatic cortical quantification in in vivo MR. Further steps will include automatic processing in whole brain slices and calibration of gray values with neuron densities.
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