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ABSTRACT

The results of laser autofluorescence microscopy of the distribution of the intensity of the multidimensional laser
autofluorescence (MLA) microscopy of polycrystalline structures of biological tissue preparations are presented. The
data of a statistical analysis of the distribution of the magnitude of the intensity of MLA networks of biological crystals
of histological sections of tissues of the spleen with the parenchymal morphological structure of the dead are presented.

Keywords: Autofluorescent microscopy, degree of blood loss, biological tissue, correlation, diagnostics.

1. INTRODUCTION

The Figure 1 presents a functional block diagram of spectrally selective laser autofluorescence microscopy of
parenchymal biological tissues ""**.

,' “ BFR PC

= (

Figure 1. Functional block diagram of multidimensional spectrally selective laser autofluorescence microscopy.

The illumination block IB consisting of a laser and a collimator ensures the formation of a polarized parallel laser beam
of 2mm in diameter and wavelength of 405nm, which excites the intrinsic fluorescence of the fluorophores of biological
preparations *>°. The object block OB is a microscopic table with a two-coordinate movement on which the biological
preparation BP is attached. The projection block PB, which with the help of the micro-lens MO (4X) ensures the
formation of a self-fluorescence microscopic image of a biological preparation BP excited by a laser beam in the plane
of the digital camera DC. The block of spectral filtration of BF, which includes the interference light filters F for the
spectral selection of the excited self-fluorescence polychromatic radiation of an ensemble of BP fluorophores. Block of
photoelectron registration BFR of microscopic fluorescent images of biological preparations BP, provides the formation
of the coordinate digital distribution of the intensity value in the computer interface. The data processing block DPB
using a personal computer PC provides a calculation of the magnitude of the statistical moments of the 1st to 4th orders
characterizing the intensity distribution of the spectrally selective autofluorescence of biological preparations BP.
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2. SAMPLES
2.1 The spleen

Depending on the level of blood loss, the following groups of samples of histological sections of the spleen with the
subsequent level of blood loss were considered: F=0mm’ — group 1 (samples); ¥=500mm’+100mm® — group 2
(samples); V=1000mm’+100mm® — group 3 (samples); F=1500mm’+100mm® — group 4 (samples);
Y=2000mm’+100mm’ — group 5 (samples ); ¥=2500mm’+100mm’ — group 6 (samples).

On a series of fragments of fig. 2 shows the experimentally determined coordinate distributions (fragments (1), (3)) and

histograms (fragments (2), (4)) random values of the fluorescence intensity of the parenchymal structure of histological
sections of the spleen of the dead from group 1 (fragments (1), (2)) and groups 3 (fragments (3), (4)).

x10°

16

10+

0 0.1 0.2 0.3

Figure 2. Maps ((1), (3)) and histograms ((2), (4)) distributions of the autofluorescence intensity values of histological
sections of the spleen of the control ((1), (2)) and research ((3), (4)) groups the dead.

Quantitatively, the scenario of changes in the fluorescent properties of an ensemble of blood cells of the parenchymal
structure of the histological sections of the spleen of the dead with varying degrees of blood loss is illustrated by the
statistical moments of the 1st — 4th orders given in Table 1 ™.

The following values were established:

e the range of changes in the magnitude of the 1st to 4th order statistical momentum, which characterizes the
distribution of the intensity of MLA in the parenchymal structures of the histological sections of the spleen, by
volume of blood loss is 0 mm® + 2500 mm’:

e the average magnitude SM, varies within the range of averages from 0.17 to 0.04;
e the dispersion magnitude SM, varies the range of averages from 0.09 to 0.025;
e the asymmetry magnitude SM ; varies the range of averages from 0.25 to 2.31;
o the kurtosis magnitude SM , varies the range of averages from 0.72 to 2.88.
Fig. 3 shows diagrams of changes in the magnitude of the statistical moments characterizing the distribution of the

magnitude of the laser autofluorescence intensity of histological sections of the spleen as a result of the blood loss of all
groups of the deceased '*'"'?,
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with varying degrees of blood loss.

Table 1. The statistical structure of the autofluorescence intensity maps of histological sections of the spleen of the dead

Blood loss, mm3 0 500 + 100 mm* 1000 + 100 mm’®
The average , SM; 0.17£0.007 0.14 £ 0.006 0.11£0.0045
Criteria, t, p p <0.05 p =<0.05 p <0.05
The average , SM, 0.09%0.004 0.07 £ 0.003 0.055%0.002
Criteria, t, p p <0.05 p =<0.05 p <0.05
The average , SM; 0.25+0.011 0.75%0.034 1.221+0.058
Criteria, t, p p =<0.05 p =<0.05 p =<0.05
The average , SM, 0.72%+0.029 1.11+0.051 1.53+0.069
Criteria, t, p p =<0.05 p =<0.05 p =<0.05

Blood loss, mm3 1500 + 100 mm’ 2000 + 100 mm* 2500 + 100 mm®
The average , SM, 0.09+ 0.004 0.07 £ 0.003 0.04%0.002
Criteria, t, p p =<0.05 p =<0.05 p =<0.05
The average , SM, 0.045 £ 0.002 0.032%0.001 0.025%0.001
Criteria, t, p p <0.05 p =<0.05 p <0.05
The average, SM; 1.77%£0.075 2.02%0.096 2.31%+0.11
Criteria, t, p p <0.05 p =<0.05 p <0.05
The average, SM, 1.96 = 0.098 2.34%0.11 2.88+0.13
Criteria, t, p p <0.05 p =<0.05 p <0.05
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Figure 3. Dependencies of the magnitude of the average (1), dispersion (2), asymmetry (3) and excess (4), which
characterize the autofluorescence intensity maps of histological sections of the spleen of the deceased with varying




The results of the method of spectral-selective laser autofluorescence microscopy (Fig. 3) show that the dynamics of
changes in the magnitude of the statistical moments (average (1), dispersion (2), asymmetry (3) and excess (4))
characterizing the distribution of the fluorescence blood elements histological sections of the spleen of the dead, vary
within the volume of blood loss 0 mm’® + 2500 mm®. The most sensitive to MLA parenchymatous structures of
histological sections of this organ to statistical parameters of the 2nd to 4th orders were established '>'*'*.

2.2 Kidney

Maps (fragments (1), (3)) and histograms (fragments (2), (4)) of MLA intensity distributions of polycrystalline structures
of samples of histological sections of the kidney of the deceased from group 1 (fragments (1), (2)) and group 3
(fragments (3), (4)), which were obtained by the method of spectral-selective laser autofluorescence microscopy, are
shown in a series of dependences of Figs. 4.

0 0.1 0.2 0.3 0.4 0.5

Figure 4. Maps ((1), (3)) and histograms (histories (2), (4)) of distributions of the value of autofluorescence intensity of
histological sections of the kidney of the control ((1), (2)) and experimental ((3), (4)) groups of the dead.

Analysis of the obtained data revealed that with increasing blood loss and a corresponding decrease in the concentration
of formed blood elements decreases the fluorescence intensity of optically anisotropic collagen networks of the kidneys
of the deceased (Fig. 4, fragments (2), (4)).

Such changes are manifested in a decrease in the values of the corresponding statistical parameters - mean and variance,
which characterize the distributions of the MLA intensity of histological sections of kidney tissue of all groups of the
dead. In parallel, the values of the statistical moments of the 3rd and 4th orders increase, which characterize the
asymmetry and excess of the distributions of the corresponding MLA histological sections of the kidneys of the dead in
the range of blood loss to ¥=2500mm’+100mm’.

Data from statistical analysis of changes in the structure of ML A samples of histological sections of the kidneys of the
deceased with varying degrees of blood loss illustrate the statistical moments of the 1st - 4th orders, the values of which
are given in table 2 '®'7'%,

The following values were established:
o the statistical moment of the 1st order changes within the range of change of average values from 0,32 to 0,04;
o the statistical moment of the 2nd order changes within the range of change of average values from 0,26 to 0,03;
o the statistical moment of the 3rd order changes within the range of change of average values from 0,97 to 2,51;
o the statistical moment of the 4th order changes within the range of change of average values from 0,51 to 2,89.
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Table 2. Statistical structure of autofluorescence intensity maps of histological sections of the kidneys of the dead with
different degrees of blood loss

Blood loss, mm?® 0 500 + 100 mm’ 1000 + 100 mm®
The average , SM | 0.32%0.013 0.26%0.012 0.21%0.011
Criteria, f, p p=<0.05 p=<0.05 p<0.05
Dispersion, SM , 0.260.012 021 0.011 0.16X0.07
Criteria, ¢, p p=<0.05 p=<0.05 p=<0.05
Asymmetry, SM 0.97%0.045 1.33%0.062 1.61%0.074
Criteria, ¢, p p=<0.05 p=<0.05 p=<0.05
Kurtosis, SM , 0.51%0.022 1.04%0.043 1.69%0.078
Criteria, ¢, p p=<0.05 p=<0.05 p=<0.05
Blood loss, mm?® 1500 + 100 mm’® 2000 + 100 mm?® 2500 + 100 mm’®
The average, SM | 0.16%0.007 0.09% 0.004 0.04%0.002
Criteria, ¢, p p=<0.05 p=<0.05 p=<0.05
Dispersion, SM, 0.11%0.005 0.07£0.003 0.03%0.001
Criteria, ¢, p p=<0.05 p=<0.05 p=<0.05
Asymmetry, SM 1.92%£0.089 2231 0.11 2511012
Criteria, ¢, p p=<0.05 p=<0.05 p=<0.05
Kurtosis, SM , 2.02%0.096 2431 0.11 2.8910.13
Criteria, ¢, p p=<0.05 p=<0.05 p=<0.05
SM2 SM1
0,334
J0,24 0.30]
. u,zu 0,2?'
0,24

40.16 0,21
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10,12 5 45 ]
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Figure 5. Dependencies of the magnitude of the average (1), dispersion (2), asymmetry (3) and excess (4), which
characterize the autofluorescence intensity maps of histological sections of the kidney of the deceased with varying
degrees of blood loss.
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Figure 5 presents diagrams of changes in the set of statistical moments of the 1st — 4th orders, which characterize the
coordinate structure of the distributions of random values of laser autofluorescence (MLA) optically anisotropic collagen
networks of the set of histological sections of the kidneys of the dead from all groups '*"°

Statistical analysis of laser spectral-selective laser autofluorescence microscopy of optically anisotropic grids of
biological crystals revealed (Fig. 4, Table 2) a decrease in the mean, dispersion and, conversely, an increase in
asymmetry and excess, which characterize the intensity distributions of MLA within the volume of blood loss. The
statistical moments of the 1st, 2nd and 4th orders were the most sensitive to changes in the fluorescence intensity of
ensembles of formed blood elements of histological sections of the kidney with different levels of blood loss
V=2500mm’+100mm’.

3. THE EFFECTIVENESS OF THE DIFFERENTIAL DIAGNOSIS OF THE DEGREE OF
BLOOD LOSS BY LASER AUTOFLUORESCENCE MICROSCOPY
For each statistical moment that characterizes the distribution of the MLA intensity values of a set of spleen samples

from different groups of deceased, the accuracy of determining the blood loss volume was found on the basis of a series
of nomograms presented in Fig. 4.

SM,
A
sM y ®(©)
N =
\ 4 1 ol -
' ok,
. e,
0 V, vV, mm®

AV (B=const)

Figure 6. Analytical scheme for determining the volume of blood loss according to the method of laser autofluorescence
microscopy.

Table 3. Accuracy of determining the volume of blood loss in the spleen

Blood loss, mm’ 500100 mm® | 1000£100mm’ | 1500+100mm’ | 2000+£100mm® | 2500+100mm’

Average , SM | 84 86 86 84 84
Dispersion, SM 94 94 92 92 90
Asymmetry, SM , 96 94 94 92 90

Kurtosis, SM , 92 92 92 90 88

Table 4. Accuracy in determining the amount of blood loss in the kidney

Blood loss, mm’ 500£100 mm® | 1000£100mm® | 1500+100mm’ | 2000+100mm® | 2500+100mm’

Average , SM 96 96 96 94 94
Dispersion, SM , 96 96 94 92 92
Asymmetry, SM , 84 86 86 86 84

Kurtosis, SM, 94 94 92 90 90
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The analysis of the obtained data revealed the following parameters of the diagnostic efficiency of the statistical analysis
of the results of the method of spectrally selective laser autofluorescence microscopy of histological sections of
parenchymal biological tissues:

1.

For all studied biological preparations, the range of sensitivity of the method of spectral-selective laser
autofluorescence microscopy to changes in the volume of blood loss of the dead is the maximum level 0 mm® +
2500 mm’.

The accuracy of the method of spectral-selective laser autofluorescence microscopy of biological samples varies
in the range: AV = 0mm’+2500mm® < 86%+92%

The maximum level is reached for the following statistical parameters characterizing laser autofluorescence

SM, < 90% —94%;
maps of histological sections of the spleen — 1 SM , <> 92% —96%; .
SM;, < 88% —92%;

CONCLUSION

The research resulted in the following conclusions:

1. A set of maps and histograms of random fluorescence intensity distributions of blood corpuscles of the polycrystalline
component of histological sections of parenchymal biological tissues of the spleen of the deceased with varying degrees
of blood loss were studied using spectral-selective laser autofluorescence microscopy.

2. The dynamics of changes in the magnitude of the statistical moments of the 1st — 4th orders, characterizing the
distribution of MLA histological sections of parenchymal (spleen) tissues of the deceased with different blood loss -
AV = 0mm>+2500mm’ , was studied.

3. The magnitudes and ranges of the accuracy of the method of spectral-selective laser autofluorescent microscopy of
biological preparations of the spleen are determined as SM, <> 90%+94% and SM; < 92%+96% and SM, <> 88%+92%.

[9]
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