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ABSTRACT

The paper presents the results of experimental testing of methods for azimuthal-invariant polarization mapping of laser-
induced microscopic images of fluorophores in histological sections of the liver of deceased; time monitoring of changes
in the magnitude of statistical moments of the 1st - 4th orders characterizing the distributions of the azimuth and
ellipticity of polarization of microscopic images of histological sections of the liver with different age of damage;
determination of the diagnostic efficiency (time interval and accuracy) of establishing the age of damage to human
internal organs by digital histological methods of mapping maps of azimuth and ellipticity of polarization of microscopic
images of samples of histological sections of the brain, liver and kidney, as well as myocardium and lung tissue.

Keywords: polarization, azimuth, ellipticity, microscopic image, statistical moments of the 1st - 4th orders, histological
sections, biological tissues, damages

1. INTRODUCTION

The methodology and technique of polarization mapping of microscopic images of biological preparations are presented
in detail and comprehensively in numerous publications of the scientific schools [1-8].

The obtained results of polarization mapping revealed information (diagnostic) relationships between:

. maps of polarization azimuth and concentration of optically active molecular compounds (fluorophores) of
biological tissues and fluids of human organs;

) maps of ellipticity of polarization and the degree of ordering (crystallization) of fibrillar networks of biological
preparations.

However, at present, these digital methods of polarizing microscopy are practically absent in histological studies for
determining the age of damage to human internal organs..

The aim of the study is to develop a set of objective forensic criteria for expanding the functionality and improving the
accuracy of establishing the age of damage to human internal organs according to the data of a multiparametric digital
histological study of liver tissue through the integrated use of polarization mapping of the polycrystalline structure of
fluorophores of prototypes based on a statistical analysis of the temporal dynamics of their change [9-15].

2. MATERIALS AND METHODS

The following groups were formed (control group with those who died from coronary artery disease and experienced
with different age of damage) of experimental samples of histological sections of internal organs (brain, liver, kidney, as
well as myocardium and lung tissue) of a person.
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Internal organ Groups

Brain, Control Experienced with different age of damage, hours

Liver, Deceased from 1 6 12 18 24 48 72 96 120
Kidney, CAD(21)
Myocardium,

Lung tissue 21 21 21 21 21 21 21 | 21 | 21

Within each of the groups:
° obtained maps of azimuth and polarization ellipticity of microscopic images;

° the statistical moments of the 1st - 4th orders were calculated, characterizing the distributions of the azimuth
and ellipticity of the polarization;

. was determined within the control and the set of research groups, the average value and the error of the
magnitude of each of the statistical moments of the 1st - 4th orders;

o the duration of the damage and its accuracy were calculated algorithmically.

3. DIFFERENTIAL DIAGNOSIS OF THE AGE OF THE FORMATION OF INJURIES
OF INTERNAL ORGANS OF A PERSON BY MAPPING THE AZIMUTH OF
POLARIZATION MAPS

Fig. 1 illustrates the data of digital polarization histology of the azimuth of polarization of microscopic images of
histological sections of the liver from a research ((1), (4)) and two control ((2), (3), (5), (6)) groups of samples.
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Fig. 1. Maps ((1), (2), (3)) and histograms ((4), (5), (6)) of distributions of the polarization azimuth of microscopic images
(x4) of histological sections of the liver of deceased.
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Table 1 Time dynamics of changes in statistical moments of the 1st - 4th orders characterizing the distribution of AP

T, hours 1 4 6 12 18
SM, 0,334 0,017 0,29+ 0,016 0,314 0,017 0,28+ 0,015 0,26+ 0,014
p p > 0,05
S|\/|2 0,241 0,014 0,21+ 0,012 0,19+ 0,011 0,21+ 0,012 0,18+ 0,0105
p p > 0,05
SM 5 0,76 £ 0,036 0,92+ 0,043 1,11+ 0,052 1,42+ 0,068 1,32+ 0,064
p p < 0,05 p > 0,05
SM . 0,54 £ 0,026 0,65+ 0,31 0,78+ 0,034 1,02+ 0,042 0,96 £ 0,045
p p < 0,05 p > 0,05
T, hours 24 30 36 42 48
S|\/|1 0.23+ 0,013 0,241 0,014 0,27 £ 0,015 0,22+ 0,012 0,21+ 0,012
p p > 0,05
SM, 0,17+ 0,009 0,15+ 0,008 0,17 % 0,009 0,18+ 0,0105 0,15+ 0,008
p p > 0,05
SM, 1,34+ 0,071 1,38+ 0,069 1,36+ 0,073 1,39+ 0,075 1,384 0,074
p p > 0,05
S|\/|4 1,02+ 0,054 1,06+ 0,056 1,13+ 0,063 1,11+ 0,065 1,14+ 0,066
p p > 0,05

The polarization maps (Fig. 1, fragments (1) - (3) of microscopic images of histological sections of the intact and
damaged liver are coordinate-inhomogeneous (Fig. 1, fragments (4) - (6)).

It has been experimentally established that the spread in the azimuth value decreases with an increase in the age of
damage - 6 hours. (Fragment (5)) and 18 hours (Fragment (6)), respectively (Table 1).

The results of the statistical analysis of the data presented in Table 1 revealed the diagnostic capabilities of a digital
polarization histological study of the age of liver damage in the linear ( p <0,05) range of changes in the value of

skewness (dynamic range 0.66) and kurtosis (dynamic range 0.48), characterizing the distributions of the polarization
azimuth of microscopic images at a time interval of up to 12 hours

A series of fragments in Fig. 2 shows large-scale (40x) azimuth maps of images of histological sections of the liver.
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Fig. 2. Maps (fragments (1), (2), (3)) and coordinate distributions (fragments (4), (5), (6)) of the azimuth of polarization of
microscopic images (x40) of histological sections of the liver of deceased from the control group (fragments ( 1), (4)),
research groups with different duration of damage (6 hours - fragments (2), (5)) and (18 hours - fragments (3), (6)).

Large-scale maps of polarization azimuth of the liver are characterized by a large range (Fig. 3, fragments (2), (4), (6))
and significant coordinate inhomogeneity (Fig. 3, fragments (1), (3), (5)) of fluctuations of azimuth values, - table 2.

The following diagnostic statistically significant () indicators have been established:

. dispersion of the scatter of the azimuth of polarization of microscopic images (40x) of histological sections of
the liver, the value of which varies linearly over a time interval of up to 6 hours (Dynamic range 0.09);
. skewness (dynamic range 1.25) and kurtosis (dynamic range 1.23) are characterized by a large linear range (up

to 18 hours) and dynamics (up to 3 times) of change (compared to the data in Table 3.3) of its own value.

Table 2 Time dynamics of changes in the statistical moments of the 1st - 4th orders, characterizing the distribution of the AP
value of microscopic images (40x) of histological sections of the liver

T, hours 2 4 6 12 18
SM, 0,26+ 0,015 0,231 0,014 0,214 0,012 0,23+ 0,014 0,224 0,012
p p > 0,05
SM, 0,18+ 0,001 0,17 + 0,009 0,19+ 0,011 0,17 + 0,009 0,18+ 0,0105
p p < 0,05 p > 0,05
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SM,

p

SM,
p

T, hours 24 30 36 42 48

S|\/|1 0.21+0,013 0,19+ 0,012 0,17+ 0,011 0,21+ 0,012 0,18+ 0,011
p p > 0,05

SMZ 0,16 + 0,009 0,19+ 0,011 0,15+ 0,009 0,13+ 0,008 0,14+ 0,009
p p > 0,05

SM 5 2,14+0,11 2,18+ 0,12 2,16 £ 0,17 2,19+ 0,15 2,08+ 0,12
p p > 0,05

S|\/|4 1,88+ 0,094 1,81+ 0,096 1,86+ 0,093 1,93+ 0,095 1,99+ 0,099
p p > 0,05

4. DIFFERENTIAL DIAGNOSIS OF THE AGE OF THE FORMATION OF INJURIES
TO INTERNAL ORGANS OF A PERSON BY MAPPING THE MAPS OF ELLIPTICITY

OF POLARIZATION

The results of digital histology of histological sections of the liver of all groups by means of polarization mapping of
ellipticity maps and statistical analysis of the temporal dynamics of changes in the average value, dispersion, skewness

and kurtosis are presented in a series of fragments in Fig. 3 and table 3.
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Fig. 3. Maps (fragments (1), (2), (3)) and histograms (fragments (4), (5), (6)) of the distributions of the polarization
ellipticity of microscopic images (x4) of histological sections of the liver of deceased from the control group (fragments ( 1),
(4)), research groups with different age of damage (6 hours - fragments (2), (5)) and (18 hours - fragments (3), (6)).
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It was revealed that the polarization maps of ellipticity (Fig. 3, fragments (1) - (3) of small-scale (4x) microscopic
images of samples of intact and damaged liver are topographically inhomogeneous (Fig. 4, fragments (4) - (6)).

Table 3 Time dynamics of changes in the statistical moments of the 1st - 4th orders, characterizing the distribution of the EP
value of microscopic images (4x) of histological sections of the liver

T, hours 2 4 6 12 18
SM, 0,29+ 0,015 0,274 0,013 0,25+ 0,013 0,241 0,012 0,224 0,011
p p > 0,05
SM, 0,22+ 0,011 0,205+ 0,09 0,19+ 0,009 0,18+ 0,009 0,17+ 0,008
p p > 0,05
SM, 0,27+ 0,012 0,36+ 0,016 0,45+ 0,021 0,64+ 0,029 0,69+ 0,032
p p < 0,05 p > 0,05
SM, 0,41+ 0,019 0,52+ 0,21 0,63+ 0,031 0,88+ 0,037 0,92+ 0,049
p p < 0,05 p > 0,05
T, hours. 24 30 36 42 48
SM, 0.19+ 0,011 0,18+ 0,01 0,21+ 0,012 0,19+ 0,011 0,17+ 0,009
p p > 0,05
SM, 0,18 + 0,009 0,16 + 0,008 0,14+ 0,008 0,15+ 0,009 0,174 0,009
p p > 0,05
SM, 0,74+ 0,039 0,81+ 0,047 0,86+ 0,049 0,95+ 0,052 1,03£ 0,052
p p > 0,05
SM, 1,02+ 0,055 1,08+ 0,056 1,144 0,063 1,234+ 0,72 1,174 0,071
p p > 0,05

From the analysis of the data of statistical processing of the temporal changes in the coordinate distributions of the
polarization ellipticity of microscopic images of liver samples with different age of damage (Table 3) follows the limited
use of digital polarization histological examination - almost all changes in the value of statistical moments of the 1st -
4th orders are statistically unreliable ( p > 0,05).

The exception is the asymmetry (dynamic range 0.37) and kurtosis (dynamic range 0.47) of the distributions of the
polarization ellipticity, the values of which are linear and statistically significant, ( p < 0,05) change in the time range

with an age of up to 12 hours.
The results of digital histology using azimuthally invariant mapping of the polarization ellipticity of large-scale (40x)

microscopic images of histological sections of the liver with different age of damage are shown in a series of fragments
in Fig. 4.

Within the framework of the statistical approach to the analysis of azimuthally invariant digital histology data, the
change in the tomographic structure of the ellipticity maps of liver samples with different age of damage is illustrated by
the dynamics of changes in the magnitude of the statistical moments of the 1st - 4th orders, - Table 4.

Established:

e growth up to 18 hours of the diagnostic (linear) range of the temporal statistically significant ( p < 0,05)

change in the value of skewness(dynamic range 0.96) and kurtosis (dynamic range 1.04) of the distributions of
the polarization ellipticity;
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o the presence of a linear and statistically significant ( p < 0,05) change in the dispersion of the distributions of
the polarization ellipticity of large-scale microscopic images of histological sections of the liver at a time
interval of up to 6 hours. (Dynamic range 0.05).

Fig. 4. Maps (fragments (1), (2), (3)) and distributions (fragments (4), (5), (6)) of the polarization ellipticity of microscopic
images (x40) of histological sections of the liver of deceased from the control group (fragments (1) (4)), research groups
with different duration of damage (6 hours - fragments (2), (5)) and (18 hours - fragments (3), (6))

Table 4 Time dynamics of changes in the statistical moments of the 1st - 4th orders, characterizing the distribution of EP

T, hours. 2 4 6 12 18

SM, 0,13+ 0,008 0,12+ 0,007 0,11+ 0,006 0,12+ 0,007 0,13+ 0,008

p p > 0,05

SM 0,09+ 0,005 0,08+ 0,005 0,105+ 0,006
2

p p > 0,05

SM,

p

M,

p

T, hours
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S|\/|1 0.12+ 0,007 0,14+ 0,008 0,12+ 0,007 0,13+ 0,007 0,12+ 0,007
p p > 0,05

SM ) 0,09+ 0,005 0,11+ 0,006 0,13+ 0,007 0,11+ 0,006 0,09+ 0,005
p p > 0,05

SM, 1,64+ 0,11 1,71£0,14 1,79+0,17 1,86+ 0,15 1,93+0,12
p p > 0,05

SM4 2,02+0,14 2,06+ 0,16 1,91+0,23 1,99+ 0,25 2,11+0,21
p p > 0,05

5.

METHOD

Table5 Time intervals and accuracy of the polarization mapping method for polarization azimuth maps

TIME INTERVALS AND ACCURACY OF THE POLARIZATION MAPPING

Brain

Statistical moments

Interval, hours

Accuracy, min.

Magnification 4x 40x Magnification 4x
Average, _ _ _ _
Dispersion, _ _ _ _
Skewness, 12 18
Kurtosis, 12 18
Myocardium
Statistical moments Interval, hours Accuracy, min.
Magnification 4x 40x 4x 40x
Average, _ _ _ _
Dispersion, _ _ _ _
Skewness, 12 18
Kurtosis, 12 18
Liver
Statistical moments Interval, hours Accuracy, min.
Magnification 4x 40x 4x 40x
Average, _ _ _ _
Dispersion, _ _ _ _
Skewness, 12 18
Kurtosis, 12 18
Lung tissue
Statistical moments Interval, hours Accuracy, min.
Magnification 4x 40x 4x 40x
Average, _ _ _ _
Dispersion, _ _ _ _
Skewness, 12 18
Kurtosis, 12 18
Kidney
Statistical moments Interval, hours Accuracy, min.
Magnification 4x 40x 4x 40x
Average, _ _ _ _
Dispersion, _ _ _ _
Skewness, 12 18
Kurtosis, 12 18
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Table 6 Time intervals and accuracy of the polarization mapping method for polarization ellipticity maps

Brain

Statistical moments Interval, hours Accuracy, min.

Magnification 4x 40x 4x 40x

Average,

Dispersion, _ _ _ _

Skewness, 12 18
Kurtosis, 12 18

Myocardium

Statistical moments Interval, hours Accuracy, min.

Magnification 4x 40x 4x 40x

Average,

Dispersion, _ _ _ _

Skewness, 12 18
Kurtosis, 12 18

Liver

Statistical moments Interval, hours Accuracy, min.

Magnification 4x 40x 4x 40x

Average,

Dispersion, _ _ _ _

Skewness, 12 18
Kurtosis, 12 18

Lung tissue

Statistical moments Interval, hours Accuracy, min.

Magnification 4x 40x 4x 40x

Average,

Dispersion, _ _ _ _

Skewness, 12 18
Kurtosis, 12 18

Kidney

Statistical moments Interval, hours Accuracy, min.

Magnification 4x 40x 4x 40x

Average,

Dispersion, _ _

Skewness, 12 1_8
Kurtosis, 12 18

CONCLUSIONS

1. Azimuthally invariant polarization techniques of laser-induced digital histology of fluorophores in samples of
human internal organs (brain, myocardium, lung tissue, liver, kidney) with different duration of damage - from 1 hour
were experimentally tested up to 120 h.

2. Scenarios of changes in the statistical structure of maps of azimuth and ellipticity of polarization of microscopic
images of histological sections of human internal organs have been determined - with an increase in the duration of
damage, the value of the average and dispersion decreases, the skewness and kurtosis increase.

3. The following ranges of linear change in the variation in the magnitude of statistical indicators of polarization
digital histology and the accuracy of determining the age of damage were revealed.:

3.1. Polarization azimuth maps of microscopic images with magnification 4x:
e skewness- 12 h,;
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3.2

3.3.

3.4.

kurtosis — 12 h.

accuracy 60 min. — 70 min.

Polarization azimuth maps of microscopic images with magnification 40x:
skewness — 12 h.;

kurtosis — 12 h.

accuracy — 55 min. — 60 min.

Polarization ellipticity maps of microscopic images with magnification 4x:
skewness — 12 min.;

kurtosis — 12 min.

accuracy - 70 min. — 80 min.

Polarization ellipticity maps of microscopic images with magnification 40x:
skewness — 12 h.;

kurtosis — 12 h.

accuracy — 65 h. — 75 h.
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