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Report: 
The pineal gland (PG) is an asymmetric formation in the geometric center of the mammalian brain. Numerous 
studies indicate that PG functional activity is significantly reduced in Alzheimer's disease (AD) patients, 
indicating an important role for PG in development of AD. However, the degree of involvement and damage of 
the human PG in the development of AD is not fully understood yet.  
Aim: The aim of the present study is the thorough investigation of the morphological features of PG soft tissue 
and mineral concretions in human PG without pathology (control group) and in PG affected AD. We intend to 
analyze in 3D the topological arrangement of calcified zones in PG, inspect primary calcification centers and 
investigate the PG soft tissue degeneration in control and AD groups. 
Samples: The samples were 0.4x0.4x4 mm3 fragments of the post-mortem human PG in norm and AD states.  
In total 7 samples were measured: 2 samples in norm state and 5 samples with AD.  2 samples (1 norm + 1AD) 
were prepared according to standard protocol for electron microscopy with osmium tetroxide staining followed 
by Epon 812 resin embedding; 5 samples (1 norm + 4 AD) were prepared without staining followed by paraffin 
embedding.  
Set up: Tomographic images were acquired at ID16a beamline using standard holographic nano-tomography 
set up with imaging detector lens-coupled to a  Ximea camera using the CMOS image sensor technology with 
6k x 6k pixels binned to 2k x 2k. The energy of incident X-ray beam was 33.35 KeV and an effective pixel size 
was of about 100 and 150 nm. Moreover, we acquire in local tomography selected regions of each sample with 
effective pixel size 25 nm and 50 nm. The detector exposure time for each projection was 100, 150 and 200 ms. 
For each sample a total of four tomographic scans images were acquired by placing the sample at predetermined 
distances from the detector. During a step-wise tomographic scan we acquired 2000 projections with rotation of 
the sample over 180 degrees. 
Data processing: For phase maps reconstruction, each of four radiographs were dark- and flat field corrected, 
resized to have the same dimensions, aligned, and then a phase retrieval algorithm was applied. The alignment 
of the projections and the phase retrieval are done using in-house GNU Octave scripts whereas the tomography 
reconstruction is done using the FBP method available in PyHST2. 
Results: The correct understanding of PG physiology requires precise information about the structural 
organisation of its prinicipal morphological components. To solve these issues, we rely in our resesarch on the 
classical methods of histology, immunohistochemistry, and electron microscopy  as well as on X-ray phase 
contrast micro-tomography imaging [1-3]. However, certain important factors related to PG function in both 



normal and AD affected brain cannot be studied without X-ray nano-holotomography (XNHT) which combine 
very high resolution with a wide field of view. Based on XNHT reconstructed images, we assessed the 
morphology of PG soft tissue in 3D on a macro- and microscopically different level, identifying various 
structural componets of PG parenchyma such as pinealosytes, supporting neuroglial cells, nerve fibers,  collagen 
fibers,  vascular network including fenestrated capillaries (see Fig.1). The direct visualization in 3D allowed us 
to observe sign of degeneration in PG soft tissues (see Fig.1b). In particular, in the AD affected PG parenchyma 
we detected wide pinealocyte-free fluid-filled areas adjacent to the calcified zones. (Fig.1b). In addition, XNHT 
provides us a means for observing the structure and location of calcification at the earliest stage of their 
formation (small primary centers of calcification in Fig.1c) as well as when they reach considerable dimension  
(large multilaminar concrements in Fig.1b). 
 

   
 
Figure 1. Reconstructed image of PG tissue. (a) AD sample. Cords and clusters of pinealocytes, neuroglial cells and capillaries with 
erythrocytes and endothelial cells are clearly visible. Voxel size is 100 nm3, (b) presumably pathological signs in PG tissues affected 
AD - a sparsely cellular structure of the parenchyma, wide pinealocyte-free fluid-filled areas adjacent to the large multilaminar 
concrements. Voxel size 50 nm3, (c)  Control group. Black dots next to the pinealocyte nuclei appears to indicate intra- cellular 
formation of PG calcified concretions. Nerve fibers innervating PG is visible in the upper right corner of the figure. Voxel size 25 nm3. 
 
We found that morphological changes associated with PG involution include both intra- and extra cellular PG 
calcified concretions. The small calcifications clearly visible in the pinealocyte cytoplasm in Fig.1c , in our 
opinion, represent primary foci of PG calcification. Furthermore, we examined large scale mulberry-like 
calcifications with laminated structures (Fig.2b). Numerous foci of PG calcification are found in these 
concrements. It appears that some adjacent layers of PG concrements formed around the foci show markedly 
different degrees of calcification, which merits further study. We analyzed in 3D the topological arrangement 
of calcified zones in PG. The concrements that we observed in PG collagen septa have a rather unusual location 
and deserve more in-depth study, as the cause of their formation has not yet been discussed in the published 
literature. 
Results of the experiment are preparing for publication. We point out that, a further experiment is necessary in 
order to ensure a correct statistical evaluation of the results. Our plan is to apply to the ID16a beamline of ESRF  
in order to continue our experiment. 
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