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ABSTRACT

The experimental methodologies of digital histology are presented, including: azimuthally-invariant polarization mapping
of microscopic images of histological tissue sections of human internal organs; mapping of Mueller matrix invariants of
linear and circular birefringence in histological tissue sections of human internal organs; polarization reconstruction of
maps of linear and circular birefringence in histological tissue sections of human internal organs.
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1. INTRODUCTION

The obtained results of polarization mapping have revealed informative (diagnostic) correlations between the azimuthal
polarization maps and the concentration of optically active molecular compounds in biological tissues and organ fluids of
humans®”. Similarly, the ellipticity polarization maps have shown correlations with the degree of organization
(crystallization) of fibrillar networks in biological samples. However, currently, digital polarization microscopy methods
for determining the age of injuries to human internal organs are practically absent in histological research. Moreover, the
analysis of microscopic images is often performed semi-qualitatively through observation of the image structure by an
expert, followed by subjective conclusions®?2,

Given these limitations, it is crucial to develop and validate new methodologies for obtaining microscopic images,
assessing their diagnostic effectiveness, and ensuring the accuracy of objective statistical analysis of polarization maps in
microscopic images of histological sections from different types of injured human internal organs.

2. THE MAPS OF AZIMUTH AND ELLIPTICITY POLARIZATION IN
MICROSCOPIC IMAGES OF HISTOLOGICAL SECTIONS OF BIOLOGICAL
TISSUES FROM HUMAN INTERNAL ORGANS

A comparative representation of the topographical structure of conventional microscopic images (at 4x and 40x
magnification) of a histological brain section from a deceased individual with ischemic heart disease is shown (Fig. 1,
fragments (1),(3)). Additionally, corresponding maps of azimuth and ellipticity of polarization of these images are
provided (Fig. 1, fragments (2), (4)).

From the obtained data (Fig. 1), it can be observed that in addition to the topographical structural features of the intensity
values in conventional microscopic images ((1),(3)), their polarization maps ((2),(4)) also exhibit more pronounced
structures in terms of the scattering of azimuth values and their average level. This result indicates the presence of
additional information reserves for studying computer polarization maps®*'” of such images with the aim of obtaining
new insights into the changes in the bionic and molecular structure of biological tissue samples from the internal organs
of deceased individuals with varying degrees of damage.
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Figure 1. Microscopic images ((1),(3)) and azimuth polarization maps ((2),(4)) of the histological section of the brain from a
deceased individual with ischemic heart disease (IHD).

3. THE METHOD OF MUELLER MATRIX MAPPING OF HISTOLOGICAL
SECTIONS OF BIOLOGICAL TISSUES OF INTERNAL HUMAN ORGANS
In the series of image fragments in Figure 2, microscopic images ((1),(3)) and Mueller Matrix Invariants*-12 (MMI)

maps ((2),(4)) of linear birefringence (degree of crystallization) in the liver of a deceased individual from ischemic heart
disease (IHD) are presented.
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Figure 2. Microscopic images ((1),(3)) and Mueller matrix invariants of linear birefringence ((2),(4)) of the histological
section of the liver from a deceased individual with ischemic heart disease (IHD).

The analysis of the determined MMI maps of linear birefringence ((2), (4)) revealed significant structural heterogeneity
in the degree of crystallization of the histological liver section compared to the topographic structural pattern of intensity
values in traditional microscopic images ((1), (3)). The newly obtained additional information will be utilized to enhance
the efficiency of histological detection of morphological changes in samples of human internal organ tissues with varying
degrees of damage.
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4. THE METHOD OF POLARIZATION RECONSTRUCTION (TOMOGRAPHY) OF
THE POLYCRYSTALLINE STRUCTURE OF HISTOLOGICAL SECTIONS OF
HUMAN INTERNAL ORGAN TISSUES

The fragments in Figure 3 represent examples of polarization reconstruction of the degree of crystallization of the
substance in the histological section of the kidney from a deceased individual with Ischemic Heart Disease (IHD).
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Figure 3. Microscopic images ((1),(3)) and maps of linear birefringence ((2),(4)) in a histological section of the kidney from
a deceased individual with ischemic heart disease (IHD).
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The comparison of traditional microscopic images Figure 3 ((1), (3)) and tomographically reconstructed maps of linear
birefringence of fibrous structures ((2), (4)) in a histological section reveals a significant range of variation and coordinate
heterogeneity in the degree of tissue crystallization in the kidney sample. The information obtained in this way allows for
the direct detection (not accessible by traditional light microscopy methods) and quantitative assessment of changes in
the spatial structure of fibrous networks and morphological composition of tissues from human internal organs due to
traumatic injuries of different ages.

5. CONCLUSIONS

A structural-logical diagram and a designed comprehensive digital histological investigation of the antiquity of internal

organ injuries in humans using azimuthally-invariant polarization and Mueller matrix mapping methods, as well as

polarization reconstruction of polycrystalline component parameters in histological tissue sections of internal organs, have

been developed and justified.

The following methodologies have been presented and analyzed:

e Azimuthally-invariant mapping of azimuths and ellipticity of polarization in microscopic images of histological tissue
sections of human internal organs.

e Mapping of Mueller matrix invariants of degree of crystallization and optical activity of the polycrystalline
component in histological tissue sections of human internal organs.

e Tomographic reconstruction of maps of linear and circular birefringence of the polycrystalline component in
histological tissue sections of human internal organs.
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