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ABSTRACT   

Refractive index tomography as an emerging technique enables the 3D morphological investigation of cells with no 
marker. Here, refractive index tomographic imaging of myelinating glial cells is presented. Myelin as a signal insulation 
layer around an axon is formed by the wrapping of Schwann cells or oligodendrocytes. Microscopic investigation of 
myelination traditionally requires fluorescent markers. Glial cells generally wrap the axon for more than ten layers. This 
multilayer formation has alternating and uniform layers of protein and lipid. Earlier studies on the structure of the myelin 
sheath have shown that the thickness period is lower than 20nm including the thickness of the extracellular medium after 
each layer. Direct observation of an individual layer is not possible (using classical microscopy techniques) due to 
dimensions being very small compared to the wavelength of the illumination light. However, periodic nature of the 
layers enables the differentiation of a myelinated axon from an unmyelinated one. Rapid change of the integrated 
refractive index and the Bragg fiber like structure alters the transmission behavior as a function of wavelength and 
incidence angle. With the 3D sectioning capability of refractive index tomography, these features can be easily 
identified.  
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1. INTRODUCTION  
Quantitative phase microscopy has gained interest as a label free approach of evaluating morphological and chemical 
parameters of live cell samples. Quantitative perspective of the approach as the phase signal reflects the variations in the 
axially integrated optical path length. This path length includes both the morphology and the refractive index variations. 
Eventually, unambiguous assessment of refractive index distribution in a volume requires extension of the technique 
with tomographic imaging capability. In transmitted light scheme, angular scanning of the illumination beam and sample 
rotation are the two most common approaches to harvest axial information [1, 2].   

In the central nervous system (CNS) the speed of signal transmission along the axons are increased by myelination [3]. 
Cellular membranes of oligodendrocytes, which are a subtype of the glial cells, insulate the axons by forming layers 
cholesterol-rich membrane that wraps the axon, the myelin. Myelin is not only essential for efficiency and plasticity of 
the brain’s computational process but also supports survival of neurons [3]. Therefore, myelin is indispensable for proper 
brain function and any damage to myelin such as in multiple sclerosis MS, disrupts CNS function [4]. Labeled imaging 
of the myelin cannot benefit from the fluorescence selectivity due to the unavailability to a specific marker. Membrane 
markers that label the entirety of the cell membrane are generally utilized. Significant increase of the signal is typically 
interpreted as the formation of the myelin. On the label free imaging front, periodic structure of the myelin with a period 
of approximately 20nm [5] is not possible image directly. Interestingly the radial symmetry and the contrasting refractive 
index of the individual layers brings resemblance to Bragg fibers. Respectively, the Fresnel law may be utilized to 
analyze spectral amplitude signal modulation in the myelin region. This signal modulation was used for the label free 
direct imaging of the myelin Alternative, nonlinear imaging was utilized to benefit from the periodic structure [6]. Here, 
the effective refractive index change due to the angular variation of the incident light is benefited from to be able discern 
the myelinated axons from the unmyelinated ones. 
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4. CONCLUSIONS 
Myelination around axonal sections is challenging to image both in labeled and label free approaches. The alternating 
multiple layers of membrane, plasma, and medium forms a circularly symmetric periodic structure similar to Bragg 
fibers. The apparent refractive index is expected to change by the position of the incident light in the radial direction. 
This variation is exploited for label free imaging imaging of myelinating axons on a tomographic phase microscopy 
setup. The results show the increase of the refractive index on the outer edges of the myelinating axons and no apparent 
change for the non myelinated ones. Variance filtering in three dimensions further enhances the the outer edges where 
the myelination is expected.  
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