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Golgi and Ramón y Cajal established the anatomy of the central nervous system by neuroimaging 
with staining techniques on fixed tissue. The modern functional brain imaging techniques are non-
invasive and are applied on living brains. Methods like functional magnetic resonance imagery, 
positron emission tomography, electroencephalography, event related potential, optical imaging, 
magnetoencephalography belong to the toolbox of neuroimaging. Synchrotron-based tomography is 
on its way to enlarge this toolbox. Synchrotron radiation x-ray fluorescence analysis (SRXRF) 
allows the determination of the metal distribution in cryosections of tissues. Microprobe-
synchrotron radiation X-ray fluorescence (micro-SRXRF) has been applied to determine the 
distribution of several metals and metalloids in cryo-sections of 10 µm thin tissue sections by 
scanning with a focused beam of synchrotron radiation at beamline L. The third spatial dimension 
of the elemental distribution pattern can be investigated by tomographic techniques. The results of 
our study with synchrotron radiation-based computered microtomography (SRµCT) in absorption 
contrast mode at beamline BW2 shows the importance of the right choice of the used animal model 
for the development of new neuroimaging methods. Animals with small brains are particularly 
useful models. We used honeybees, because their neuroanatomy is studied in great detail and we 
can correlate our results with already published functional data. 

The neurophysiological mechanisms underlying learning and memory formation within the brain of 
honeybees are well-understood [1] and the neuroanatomy of the brain of the bee is among the best 
investigated in the insect world. What is missing is a high-resolution live neuroanatomy to reveal 
the wiring between and inside specific brain regions. The majority of the classical investigations 
were solved by combined staining and 2D histological sectioning techniques [2]. Recently, a 3D 
atlas of the honeybee brain is available [3]. However, also this standard atlas is based upon brain 
sections from fixed tissues.  

 

 

 

 

 

 

 

 

Figure 1: Visualized section of a part of the brain of a honeybee after tomographic reconstruction. 
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In our study the head as well as isolated brains of worker honeybees were investigated by 
synchrotron radiation-based computered microtomography (SRµCT) in absorption contrast mode at 
beamline BW2. The measurements were performed with photon energies of 8 and 10.5 keV. The 
voxel size was about 1.6 µm. Figure 1 shows a section through the visual areas of the honeybee 
brain. 

In brain tissues, knowledge about the spatial distribution of certain metals, such as iron, copper, 
zinc, and manganese, may help to explain age-related changes in the central nervous system (CNS). 
A wide variety of neuropathological manifestations including elevations in protein oxidation, 
protein aggregation, and cytotoxicity may be the result of age-related alterations in the metal-
homeostasis [4]. Although the causes for the neurodegenerative processes are different, protein 
aggregations caused by misfolded proteins are involved in most cases, which can settle in the brain 
and damage nerve cells. Neurons of the CNS are as old as the individual, because they usually do 
not divide and are not replaced. Their long persistence renders them susceptible to damages due to 
free radicals and oxidative stress, and trace elements are known to be involved in the production of 
free radicals as well as in the protective systems against these damages, the elucidation of the role 
of trace elements and their different binding forms in neurodegenerative diseases is of great interest 
[5]. 

One approach for investigating neurodegenerative processes is to test new concepts on animal 
models, in particular on mice mutants that are relevant for human diseases. These models are 
suitable because of the practicability of investigating cell death in vivo or in vitro preparations. 
Therefore, the aim is to use micro-SRXRF and micro-XANES for phenotyping different animal 
models, focusing on the mouse as the model animal species. 
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