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ABSTRACT

This research contains the results:

1. of the method of Stokes-correlometric mapping, the physical processes of changes in optical anisotropy
(distribution of optical axis directions and phase modulation) of biological structured (kidney) and
parenchymal (liver) tissues of rat internal organs, which are caused by systemic pathology (diabetes), were
identified and analyzed as part of a statistical analysis.

2. of the most sensitive parameters (statistical moments of the 1st — 4th orders of magnitude, the correlation
moment of the 4th order) to changes in the distribution structure of the magnitude and phase of the SCS of the
3rd and 4th parameters of the “two-point” parameter of the Stokes polarization heterogeneous microscopic
images of histological sections of healthy and diabetic rat kidney and liver tissues.

3. of social and legal aspects of implementation of methods for early diagnosis of systemic diseases in public
society.
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1. Introduction

In a series of scientific papers "%, the possibility of polarimetric differentiation of fibrillar biological tissue samples of
healthy and sick people was demonstrated. At the same time, a high sensitivity of laser polarimetry methods is achieved,
which is determined by a significant difference in the average (within the control and studied groups of biological layers)
values of statistical moments characterizing the distribution of polarization parameters (azimuth and polarization
ellipticity) of a series of microscopic images. At the same time, most of the vital organs of the person (liver, stomach,
pancreas, spleen, lungs, etc.) have a different parenchymal structure. Here optically anisotropic formations are formed in
the form of separate, spatially localized “islands”. Due to this change in birefringence as a result of pathological
disordering, the directions of the optical axes are smaller. Therefore, statistical analysis in these cases is less effective.
The objective of this work is to generalize the polarization-correlation description of the optical manifestations of the
phase anisotropy of polycrystalline networks using the “two-point” vector-parametric approach and to develop new
methods for multiparameter mapping of the degree of correlation of the module and phase of the parameters of the
Stokes vector of polarization-inhomogeneous images of biological layers'*"”.

2. Model approach

It is shown that for laser radiation with a wavelength A =0.63um within the geometric thickness [/ =30um of the

completely optically anisotropic layer of biological tissue (An =107 +1.5%x107)*"®, the maximum phase shift

(01,=0= 2THAnl ) varies widely 0.03 <6 <0.45. Among birefringent networks or "islands", there are variations in
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transverse dimensions (2zem < Al <20um), which form weak phase modulations in the plane of a polarization-
inhomogeneous image.

Under these conditions, the expressions for the module ( ’ ’ ) and phase ( Arg ) of the two-point parameters of the Stokes
vector (SCS) take the following form

15, = [+ 1801180, } 2] = [1 - 181180, } S5/ =1~ ctgpatgpy:
ArgS, = arctg[—((g2 — 51) } ArgS, = arctg{—(é2 — 51) } ArgS; = arctg[—g2 —S118paI8p, J;
1+ c1gpyctgp, cIgpctgp; L+ ctgp,igp;

|S4] = 1+ ctgpytgpy;

1+ ctgp,tgp, J (H

ArgS, = arctg(
O} + 0,181 18P)

From (1) it follows that the SCS module

Sict2:3.4 (Ax, AyX carries information on the orientational structure (direction of

the optical axis p(x,y)) of polycrystalline networks and structures. The SCS phase Arg(Si:1;2;3;4(Ax,Ay)) carries

information about their birefringence (phase shift - 5(x, y) ).

3. The methodology for measuring the coordinate distributions of the module and the SCS phase of the
object field of the biological layer

The experimental technique of Stokes-correlometric mapping of the object field of a biological layer consists in the
following sequence of steps'®*’:
1. The sample is irradiated with a circularly polarized laser beam.

2. Rotate the axis of transmission of the polarizer-analyzer (in the absence of a quarter-wave plate) by the angles © =07,

®=90° , ®=45° , ©® =135° and measure the intensity of the transmitted radiation IO®;I§%; 1?5;125.

3. The value of the first, second and third parameters of the Stokes vector S:§1;2;3 is calculated within each pixel of the

digital camera
_y® , 1® . ¢ _1® ®. o _1®  1®
Sy =1y 19938, =1y —lggs S3=145—13s5. )
4. Install a quarter-wave plate in front of the polarizer-analyzer, orient its axis of maximum speed at angles +45% and
— 45 relative to the plane of transmission of the polarizer, and measure the intensity of the transmitted radiation / g 3 S .
5. Calculate a two-dimensional array of values of the fourth parameter of the Stokes vector S, .
® _ 1®
Sy=1g—1g. 3)

6. The coordinate distributions of the values of the two-point parameters of the Stokes vector are calculated by the
following algorithms:

’82’ = \/[\/I()(rl)l()(rz) _\/19()(’3 )19()(r2)cos(52 _51)]Z +[ Iy, r1)19()(r2)5in(52 _51)]2;

ArgS, = arctg { V0, ) ] )
2 [\/Io(”l )lo(rz)—\/lgo(r, )190(r2)cos(52 -5, )J
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[ Io(r )loo(r; ) cos S, + Io(r2)19o(’])COS5l]2+;
+[ Io(rl)lgo(rz)Sin 0, — Io(r2)19o(’i)5in 51}2 ©)
J: ]O(G)Igo(rz)siné'z— Io(rz)IQO(rl)Siné‘ll}

[\/Io(’i )190(’”2)(30552 + \/10(”2 )190(’”1)‘30551]

153’:

ArgS; = arctg(

[,Iloirz)lgoirl)siné'l +,l]0ir1 ilgoirz isindz]z +
+[\/10(r2)190(r,)cosé‘2 +\110(r1)190(”2)00551]2’ (6)
[\/]0(”2)190(r1)005 S +4/14 (1 )I5p(r, ) cos 51]]‘

l\/lo(rz )190(”1)Sin51 +\/10(r1)190(r2)sin52j

S/ =

ArgS, = arctg[

1+ Ioo(r)
8(r) = arctg (54&)52)0)] - ;900((2)) _ )

Here I,and I, are the intensities in the orientation of the transmission plane of the polarizer 0°and 90°; &, - phase

shifts between the orthogonal components of the amplitude of the laser radiation at points with coordinates 7; and 7, .

4. Analysis and discussion of experimental results

The results of SCS - mapping of the distribution of module Re(S i=34 (Ax; Ay)) and phase Arg(S i34 (Ax; Ay)) values are

presented, which characterize the correlation consistency between the polarization states of the points of microscopic
images of histological sections of organs of rats with diabetes:

* kidney tissue - a structured tissue with an optically anisotropic birefringent collagen network;

* spleen tissue - parenchymal tissue with disordered optically anisotropic "islands".

4.1. Maps of the module and phase of the SCS of polarization-heterogeneous images of histological
sections of a rat kidney

In fig. 1 and fig. 2 shown SCS - maps of the distribution of module values §;_3 (Ax; Ay)and Si4 (Ax; Ay) microscopic
images of histological sections of the kidney of a healthy and diabetic rat (11 days)
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Fig. 1. Maps (coordinate distributions (1), (5), histograms (2), (6), autocorrelation functions (3), (7), logarithmic dependences of
power spectra (4), (8)) of an SCS module Re(S i=3 (Ax; Ay)) of polarization-inhomogeneous images of histological sections of a
healthy ((1) - (4)) and pathologically altered ((5) - (8)) kidney of a rat.
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Fig. 2. Maps (coordinate distributions (1), (5), histograms (2), (6), autocorrelation functions (3), (7), logarithmic dependences of
power spectra (4), (8)) of an SCS module Re(S,-:4 (Ax;Ay)) of polarization-inhomogeneous images of histological sections of a
healthy ((1) - (4)) and pathologically altered ((5) - (8)) kidney of a rat.

In fig. 3 and fig. 4 shown the SCS - maps of the distribution of phase values S;_; (Ax;Ay) and S;_, (Ax; Ay) microscopic
images of histological sections of a kidney from a healthy and diabetic rat (11 days)
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Fig. 3. Maps (coordinate distributions (1), (5), histograms (2), (6), autocorrelation functions (3), (7), logarithmic dependences of

power spectra (4), (8)) SCS phases Arg(S i=3 (Ax; Ay)) of polarization-inhomogeneous images of histological sections of a healthy
((1) - (4)) and pathologically altered ((5) - (8)) kidney of a rat.
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Fig. 4. Maps (coordinate distributions (1), (5), histograms (2), (6), autocorrelation functions (3), (7), logarithmic dependences of
power spectra (4), (8)) SCS phases Arg(S,-=4 (Ax; Ay))of polarization-inhomogeneous images of histological sections of a healthy
((1) - (4)) and pathologically altered ((5) - (8)) kidney of a rat.

2126 of the structure of maps of the SCS module Re(Si:3;4 (Ax; Ay))of polarization-

inhomogeneous fields of rat kidney samples of both types revealed an increase in the correlation consistency of
polarization states in the image of the sample with diabetes. This is indicated analytically:

« the average and half-widths of the histograms N "‘(Re(Si:3;4 (Ax; Ay))) of the distribution of the values of the boundary

A comparative analysis

field module Re(S i34 (Ax;Ay)) of the histological section of the kidney of a rat with diabetes mellitus are growing (fig.
1, fig. 2, fragments (2), (6));

« similar changes take place for the values of statistical moments of the 1st and 2nd orders characterizing the distribution
of the SCS phase Arg(Si:3; 4 (Ax; Ay)) values of the polarization-inhomogeneous image of the histological section of the
kidney of a diabetic rat (fig. 3, fig. 4, fragments (2), (6) );
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» statistical moments of higher orders characterizing the asymmetry and excess of the distributions of the module and
phase of the SCS images of a patient’s kidney sample change according to the following

Z5 (Re(Si:3;4 (Ax; A}’))» Arg(Si:3;4 (Ax; AJ’))) ¥ .

Z, (Re(Si:3;4 (Ax; Ay)) Arg (Si:3;4 (Ax; A)’))) v

« autocorrelation dependences of the coordinate distributions of the module and the SCS phase are characterized by an
zy (Re(S i34 (A Ay )) Arg (Si=3;4 (Ax; AY))) T;

zs (Re(Si:3;4 (Ax; A)’))’ Arg (Si:3;4 (Ax; A}’))) 1.

Quantitatively, the possibility of Stokes-correlometric differentiation of two groups of samples (36 histological sections
each) of the kidney is illustrated by the data shown in table 1 and table 2.

scenario {

increase in half width and a decrease in peak sharpness {

Tablel. Statistical, correlation and fractal parameters of the SKS module maps of polarization-heterogeneous images of histological
sections of a healthy and pathologically altered rat kidney

Parametrs Re(S,(AvAY) Re(5,_, (A A)
State Norm Diabetes Norm Diabetes
Z, 0,016 10,0011 | 0,027£0,0019 | 0,041%0,0034 | 0,14£ 0,011
Z, 0,007 £ 0,0005 | 0,013£0,0011 | 0,011 0,009 0,230,016
Z, 3,78 £ 0,24 1,35+ 0,12 2,07£0,19 0,69 £ 0,055
Z, 23,181+ 1,39 6,241 0,54 3,95%£0,22 0,82% 0,069
zk 0,11% 0,009 0,07 0,005 0,09 & 0,007 0,061 0,005
zk 0,980,078 2,481 0,16 0,87 0,068 1,631 0,12
D' 0,170,013 0,220,017 0,210,017 0,320,021

Table 2. Statistical, correlation and fractal parameters of the SKS module maps of polarization-heterogeneous images of histological
sections of a healthy and pathologically altered rat kidney

Parameters Arg(S,_5(Ax; AY)) Arg(S,_,(Ax; Ay))

State Norm Diabetes Norm Diabetes
Z 0,012£ 0,001 0,18+0,013 0,01 % 0,001 0,15£0,012
Z, 0,016 0,0012 0,22% 0,017 0,014 0,0011 0,210,015
Z, 1,951 0,13 0,64 £ 0,054 1,79% 0,14 0,56 % 0,043
Z, 4,09%0,33 0,78 £ 0,061 3,29%0,27 0,67% 0,051
zk 0,1 0,009 0,06 1 0,005 0,07 0,007 0,051 0,005
zk 1,480,078 3,6410,16 2,371 0,068 4,6110,12
D' 0,150,013 0,210,017 0,240,017 0,27 £ 0,021

The most sensitive indicators are highlighted in tables 1 and 2 in gray.

4.2. Maps of the module and phase of the SCS of polarization-heterogeneous images of histological sections of rat
liver

In fig. 5 and fig. Figure 6 shown SCS - maps of the distribution of module values Re(Si=3 (Ax; Ay)) and
Re(Sl-=4 (Ax; Ay))microscopic images of histological sections of the parenchymal tissue of the liver of a healthy and
diabetic rat (11 days).
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In fig. 7 and fig. 8 shown the SCS - maps of the distribution of phase values §;_3 (Ax; Ay)and Sia (Ax; Ay) microscopic
images of histological sections of the liver of a healthy and diabetic rat (11 days).
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Fig. 5. Maps (coordinate distributions (1), (5), histograms (2), (6), autocorrelation functions (3), (7), logarithmic dependences of
power spectra (4), (8)) of an SCS module Re(Si:3 (Ax; Ay)) of polarization-inhomogeneous images of histological sections of a
healthy ((1) - (4)) and pathologically altered ((5) - (8)) liver of a rat.
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Fig. 6. Maps (coordinate distributions (1), (5), histograms (2), (6), autocorrelation functions (3), (7), logarithmic dependences of
power spectra (4), (8)) of an SCS module Re(Si:4 (Ax;Ay)) of polarization-inhomogeneous images of histological sections of a
healthy ((1) - (4)) and pathologically altered ((5) - (8)) liver of a rat.
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Fig. 7. Maps (coordinate distributions (1), (5), histograms (2), (6), autocorrelation functions (3), (7), logarithmic dependences of
power spectra (4), (8)) SCS phases Arg(S i=3 (Ax Ay))of polarization-inhomogeneous images of histological sections of a healthy
((1) - (4)) and pathologically altered ((5) (8)) liver of a rat.
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Fig. 8. Maps (coordinate distributions (1), (5), histograms (2), (6), autocorrelation functions (3), (7), logarithmic dependences of
power spectra (4), (8)) SCS phases Arg(S i—4 (Ax; Ay)) of polarization-inhomogeneous images of histological sections of a healthy
((1) - (4)) and pathologically altered ((5) - (8)) liver of a rat.

A comparative analysis (table 3 and table 4) of the structure maps of the module Re(S i34 (Ax; Ay)) and the SCS phase
Arg(S,-=3; 4 (Ax Ay)) of polarization-inhomogeneous fields of rat liver samples of both types was found

Z,(Re(S,_ (Ax; Ay Arg(S,sa (As AY)) s [ Z5(Re(S,_s.0 (Axs AY)} Arg(S,_y. 4 (Axs Ay
Z,(Re(S,_.0 (Ax; Ay)} Arg (S0 (A AY)) T | Z, (Re(S,a (Axs Ay} Arg (S0 (A AY))V
Z§ (Re(S,5.4(Ax; Ay)} Arg (S 4 (A Ay))) T
(Re( Siz34 Ax Ay)lArg( Siz34 AX A)’)))‘L
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Table 3 A comparative analysis (table 3 and table 4) of the structure maps of the module Re(S =34 (Ax; Ay)) and the SCS phase
Arg(S =34 (Ax; Ay)) of polarization-inhomogeneous fields of rat liver samples

Parameter Arg(s,(Axay)) Arg(S (i)
State Norm Diabetes State Norm
Z, 0,018+ 0,0012 0,023%0,0017 0,11% 0,093 0,15£ 0,012
Z, 0,009 £ 0,0005 0,015%0,0012 0,12+ 0,09 0,210,016
Z, 3271022 2,15%+0,17 1,071 0,11 0,891 0,065
Z, 5,12£0,39 2,2410,14 0,95+ 0,072 0,62 % 0,049
zk 0,110,009 0,08 % 0,005 0,095 % 0,007 0,067 & 0,005
zk 1,08 £ 0,088 1,84£ 0,16 0,891 0,069 1,36 0,11
D' 0,19£ 0,015 0,271 0,019 0,22£0,016 0,310,023

Table4 A comparative analysis (table 3 and table 4) of the structure maps of the module Re(S i=3:4 (Ax; Ay)) and the SCS phase
Arg(S =34 (Ax; Ay)) of polarization-inhomogeneous fields of rat liver samples

Parameters Arg(Si:S (Ax; Ay)) Arg(Si:4 (Ax; A)’))
State Norm Diabetes State Norm
Z, 0,12% 0,009 0,170,014 0,14% 0,011 0,22£ 0,017
Z, 0,16% 0,012 0,22£ 0,017 0,14% 0,011 0,21£ 0,015
Z, 0,91 £ 0,082 0,63 0,057 0,77 0,064 0,581 0,041
Z, 1,09£0,13 0,71£ 0,061 1,29£0,12 0,63£ 0,051
zk 0,11£ 0,01 0,07 % 0,006 0,08 £ 0,007 0,06 % 0,005
zk 1,781 0,18 2,861 0,26 2,671 0,22 3,7110,31
Df 0,17£0,013 0,261 0,019 0,181 0,017 0,291 0,023

The most sensitive indicators are highlighted in tables 3 and 4 in gray.

If we compare the diagnostic data of the statistical, correlation, and fractal analysis of the maps of the module and the
SCS phase of polarization-heterogeneous images of structured (kidney) and parenchymal (spleen) rat tissues, then we
can state:

* high sensitivity to changes in the optical anisotropy of structured fibrillar networks — differences between the values of
objective parameters reach the same order of magnitude;

* high sensitivity to changes in the optical anisotropy of island parenchymal structures - differences between the values
of objective parameters reach 2 times.

5. Social aspects of application of diagnostic methods

The problem of detecting and diagnosing both prevention of general and occupational diseases of workers is quite a
problem throughout the continental dimension. Therefore, the issue of early detection and diagnosis of various kinds of
diseases, especially among the working population, is an important aspect of the social well-being of society and the
state.

Detection and early diagnosis of workers ’diseases makes it possible to assess their health status, to identify diseases
that can aggravate even more when exposed to harmful production factors at the enterprise or organization and may be
contraindications for further transfer to another job.

The purpose of early diagnosis of workers' diseases is to dynamically monitor their health under the influence of
harmful production factors, prevention and timely establishment of the initial signs of various kinds of diseases that may
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impede the continuation of work in the relevant profession, qualifications. Such early diagnosis helps to identify
cardiovascular, oncological diseases, diabetes mellitus, musculoskeletal system (etc.) and the appointment of preventive
treatment courses, individual therapeutic and preventive measures, as well as addressing the issue of further employment
with the development of a set of measures to reduce the incidence and prevention of various diseases of workers. The
main task of early diagnosis of workers' diseases is to conduct medical and health-improving and preventive measures
with the aim of rational employment, taking into account their state of health.

Additional arguments for the introduction of early diagnosis of employee diseases is the fact that allows you to assess
the health status of the employee, to identify the time of onset of the initial signs of the disease, which have not yet
caused the transfer or dismissal of him from work. As a result of such a diagnosis, information about the increased
frequency of a given disease in a given enterprise or structural unit may be useful.

The early diagnosis of workers' diseases is directly related to the concept of human development and the
concept of decent work, which provides for the work of women and men in conditions of equality, freedom, security and
human dignity. It covers job opportunities that are productive and bring fair income, ensure workplace safety and provide
social protection for workers. To this end, the collective agreement should reflect the main aspects of the concept of
decent work: creating an atmosphere conducive to effective work, increasing labor efficiency based on the safety of each
workplace and preserving the life and health of the employee in the labor process.

CONCLUSION

1. For the first time by the method of Stokes-correlometric mapping, the physical processes of changes in optical
anisotropy (distribution of optical axis directions and phase modulation) of biological structured (kidney) and
parenchymal (liver) tissues of rat internal organs, which are caused by systemic pathology (diabetes), were identified and
analyzed as part of a statistical analysis.

2. The most sensitive parameters (statistical moments of the 1st — 4th orders of magnitude, the correlation moment of the
4th order) to changes in the distribution structure of the magnitude and phase of the SCS of the 3rd and 4th parameters of
the “two-point” parameter of the Stokes polarization heterogeneous microscopic images of histological sections of
healthy and diabetic rat kidney and liver tissues. On this basis, the method of Stokes-correlometric mapping is used to
differentiate the changes in the optical anisotropy of such samples with good balanced accuracy, the accuracy of direct
polarization mapping methods is 20% to 30% higher, namely:

e ModuleSCS - 84% <maxAc<90% ..

e PhaseSCS - 80% <maxAc<86%.

3. Some social and legal aspects of implementation of the developed biophysical methods of early diagnostics in the
public environment are considered
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