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Summary

Important attention in forensic medical practice is given to the solution of issues that arise during the examination in the
case of traumatic brain injury (TBI), as this type of injury leads to high mortality and disability. Conducting an autopsy of the
body of the deceased, whose death occurred from a TBI, there are cases when the injury occurs as a result of a fall of a person
who previously developed a cerebral infarction, and sometimes vice versa. In this case, it is important to accurately verify the
primary cause of death, therefore, timely and objective determination of the time of formation of a hemorrhage in the human
brain is necessary.

The purpose and tasks of the research. To evaluate the possibility of detecting time of formation of a hemorrhage of traumatic
and non-traumatic genesis by the generally accepted histological method and polarization phase microscopy, and to compare
their effectiveness.

Research materials and methods. For the study, human brain samples were selected from 140 deceased individuals whose
deaths occurred between 1 and 3 days after the onset of bleeding, according to medical records. As a control group, human brain
samples were selected from 40 individuals who died of coronary heart disease. Light microscopy was performed by preliminary
staining of histologic specimens according to the Perls method. Phase polarization tomography of the samples was performed
using a Stokes polarimeter.

Research results. Stained human brain preparations of the experimental and control groups were examined and analyzed
and it was found that hemosiderin was not present in all experimental samples (only in 31 out of 40 samples were present). It
was not possible to establish the corresponding time dependences of the age of the formation of hemorrhages, regardless of the
genesis, since the random appearance of the pigment in the experimental samples is noted at different time intervals. Analytical
processing of the results of the statistical processing of the topographic structure of tomograms of the anisotropy of linear
dichroism of the fibrillar networks of samples of the deceased from the experimental and control groups revealed a wider time
range of sensitivity of this method to destructive changes in nervous tissue, in comparison with the polarimetric methods used
in previous studies. As a result, there is an accelerated temporal decrease in the absolute values and the range of dispersion of
the anisotropy of linear dichroism value with increasing time since the formation of hemorrhage.

Conclusions. Polarization-phase microscopy has shown a significant advantage in its use in comparison with the gold
standard —the Perls’ staining method for determining the time of hemorrhage formation in the human brain.
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Introduction

In forensic medical practice, great importance is
attached to the solution of issues arising during the
examination in the case of traumatic brain injury (TBI),
as this type of injury leads to high mortality and disability
[1]. According to scientists, the number of TBI in the world
is approximately sixty-nine million annually [2]. Since
investigators ask forensic experts about the age of the
injury and the cause of death, it is necessary to answer these
questions as accurately as possible, since the definition of
the circle of suspects in the commission of the crime, if such
a crime occurred, depends on this. When conducting an
autopsy of the body of the deceased, whose death occurred
as a result of TBI, there are cases when the injury occurs
as a result of a fall of a person who previously developed
a cerebral infarction, and sometimes vice versa [3]. In such
acase, it is important to accurately verify the primary cause
of death, therefore, timely and objective determination of
the age of formation of a hemorrhage in the human brain
substance is necessary.

For a long time, forensic histological examination
remained the gold standard of forensic medical studies
of the time of hemorrhage formation [4]. It was taken
into account that in the case of primary damage, cell

death occurs by necrosis/apoptosis, and later, with the
development of secondary damage, the main mechanisms
are inflammation and ischemia. In head injury, the blood-
brain barrier undergoes both functional damage and
more subtle structural changes. Scientific data have
shown changes in the endothelial system that promote
the extravasation of immunocompetent cells [5]. Some
authors have analyzed the benefits of using markers
of secondary damage in human brain substance [6-8].
Forkhead Box class O (FOXO) 3a is a transcription factor
involved in various molecular processes such as regulation
of cell apoptosis, neuroinflammation, and oxidative stress
response. This is the first study to evaluate the postmortem
immunohistochemical positive dynamics of FOXO3a
expression in human TBI deaths. In addition, it was found
that the longer the survival time of an individual after TBI,
the more pronounced the positive reaction with FOXO3a.
However, these methods do not provide an accurate hourly
estimate of time of formation of a hemorrhage.
Computed tomography is successfully used for the
diagnosis of TBI, but practically does not provide data on
establishing the time of formation of hemorrhages [9-10].
Good temporal dynamics of degenerative changes in nerve
tissue after the onset of death are demonstrated by physico-
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optical research methods, which indicates the possibility
of their use for the diagnosis of time of formation of
a hemorrhage in human brain substance [11].

The purpose and tasks of the research. To assess
the possibility of establishing of the time of formation of
a hemorrhage of traumatic and non-traumatic genesis by
the generally accepted histological method and polarization-
phase microscopy, as well as to compare their effectiveness.

Research materials and methods

For the study, histological preparations stained by the
Perls method and native sections of human brain substance
on glass from 140 deceased persons with a known time of
hemorrhage formation from 1 to 3 days, according to the
medical documents, were used in the case of death from:
hemorrhages of non-traumatic origin — 50 histological
samples each (group 2), from cerebral infarction of
ischemic origin — 40 histological samples each (group
3), death from hemorrhages of traumatic genesis — 50
histological samples each (group 4). For control, human
brain substance samples were taken from 40 deceased in
case of death from coronary heart disease — 40 samples
each (group 1). As a research method, light microscopy
of histological preparations of human brain substance at
a magnification of 400 times, stained according to the Perls
method (reaction to Berlin azure) was used. For a detailed
description of the method, see source [12]. Statistical

evaluation of the obtained data was carried out by using
the non-parametric Kruskal-Wallis test.

Polarization-phase tomography of the studied samples
was studied as follows [13-15]:

1) Mueller-matrix mapping of test samples and
obtaining a series of Mueller-matrix images of their
polycrystalline structure;

2) calculation of coordinate distributions of the
elements of the differential matrix of the 1st order;

3) algorithmic reconstruction of distributions of linear
birefringence of the polycrystalline structure of histological
brain sections;

4) within the map of each parameter of optical
anisotropy, criteria for objective differentiation of human
brain substance samples of the deceased from all groups
were identified,;

5) Statistical evaluation was carried out by calculating
statistical moments of the 1st-4th orders, namely: SM1 -
average; SM2 — dispersion; SM3 — asymmetry; SM4- —
kurtosis.

Research results

After the formation of a hemorrhage in human brain
substance, a massive decay of red blood cells occurs in it,
which leads to the accumulation of iron-containing decay
products[16]. As a result of such processes, iron in the form
of a blue hemosiderin pigment appears in areas where it
should not normally be.

N

Fig. 1. Hemorrhages of traumatic genesis (10 days), microscope magnification 400x, Perls staining;
arrows indicate accumulations of hemosiderin in the foci of hemorrhages.

Human brain substance stained preparations of experimental
and control groups were examined and analyzed and we found
that hemosiderin was not present in all experimental samples
(only 31 out of 40 samples were present). It was not possible to
establish the corresponding time dependences of the age of the
formation of hemorrhages, regardless of the genesis, since the
random appearance of the pigment in the experimental samples
is noted at different time intervals. For example, in the case of
death due to hemorrhages of traumatic genesis after 5 and 14
hours, the appearance of hemosiderin is noted, but in similar
samples with time of formation of a hemorrhage 8 and 16 hours,
it is not present at all.

Differential diagnosis of the time of formation of
a hemorrhage of traumatic genesis, cerebral infarction
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of ischemic and hemorrhagic genesis by the method of
reproduction of distributions of anisotropy of linear
dichroism (ALD)[17].

In fig. 2,3 show maps (fragments (1, 3) and distribution
histograms (fragments (2, 4) of linear dichroism values of
samples of histological sections of human brain substance
of deceased 2nd and 4th groups with different time of
formation of a hemorrhage (6 hours and 24 hours).

Tables 1 and 2 show the results of a statistical analysis
of the temporal change of necrotic changes in the structure
of the ALD human brain substance maps of the deceased
within representative samples of the studied sections of
group 2 (table 1) and group 4 (table 2) with different time
of formation of a hemorrhage.
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1 2

Fig. 2. Maps ((1),(3)) and histograms ((2),(4)) of the distribution of ALD value of histological brain
sections of the deceased from group 2 for time of formation of a hemorrhage 6 h (1,2) and 24 h (3,4)

1 2

Fig. 3. Maps ((1),(3)) and histograms ((2),(4)) of the distribution of ALD value of histological brain
sections of the deceased from group 4 for time of formation of a hemorrhage 6 h (1,2) and 24 h (3,4)

Table 1

Temporal dynamics of changes in statistical moments of the 1st — 4th orders, which characterize the
distributions of the ALD value of histological sections of the brain of the deceased from group 2

T, rog 6 12 18 24 44
SM, 0,24+0,008 0,22+0,007 0,205+0,006 0,19+0,005 0,15+0,005
p p<0,05 p<0,05 p<0,05 p<0,05
SM, 0,41+0,014 0,37+0,013 0,35+0,013 0,33+0,012 0,30+0,011
p p<0,05 p<0,05 p<0,05 p<0,05
SM, 0,91+0,034 1,39+0,054 1,63+0,072 1,87+0,088 2,48+0,101
p p<0,05 p<0,05 p<0,05 p<0,05
SM, 0,78+0,031 1,33+0,059 1,58+0,065 2,79+0,11 2,86+0,11
p p<0,05 p<0,05 p<0,05 p<0,05
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Table 2

Temporal dynamics of changes in statistical moments of the 1st — 4th orders, which characterize the
distributions of the ALD value of histological sections of the brain of the deceased from group 4

T, ron 6 12 18 24 44
SM, 0,21+0,006 0,192+0,005 0,18+0,005 0,170,004 0,150,004
p p<0,05 p<0,05 p<0,05 p<0,05
SM, 0,360,009 0,330,008 0,310,007 0,285+0,006 0,253+0,006
p p<0,05 p<0,05 p<0,05 p<0,05
SM, 0,69+0,021 1,09+0,029 1,31+0,033 1,52+0,055 2,12+0,097
p p<0,05 p<0,05 p<0,05 p<0,05
SM, 0,830,026 1,36+0,034 1,63+0,043 1,89+0,049 2,680,099
p p<0,05 p<0,05 p<0,05 p<0,05

When carried out analytical processing of the results
of statistical processing of the topographic structure of
the tomograms of ALD fibrillar networks of human brain
substance samples (Figs. 2, 3) from the deceased from the
experimental and control groups, a greater time range of
sensitivity of this method to destructive changes in nervous
tissue was revealed in comparison with polarimetric
methods which were used in previous studies [18]. As
a result, there is an accelerated temporal decrease in
the absolute values and the range of dispersion of the
ALD value with increasing time since the formation of
hemorrhage, according to SM, .

The following regularities of the scenario of temporal
changes in the topographic structure of ALD maps have
been established:

1) an increase in the value of the range of temporal
linear change of SM1-4 values, which describe the
distributions of the value of linear dichroism of fibrillar
networks of human brain substance samples from all
groups up to 24 hours, with a subsequent slowdown with an
increase in time of formation of a hemorrhage up to 2 days;

2) the accuracy of determination of time of formation of
a hemorrhage is 30 h £ 5 min for hemorrhages of traumatic
genesis and hemorrhages of non traumatic genesis.

Conclusions

1. Taking into account the fact that it is not always
possible to detect pigment in the sample, and the absence
of a direct dependence of the appearance of hemosiderin
on the age of the hemorrhage, it can be concluded that the
histological method of examining human brain samples
according to Perls does not provide accurate and objective
information about the age formation of hemorrhages.
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HOPIBHSLJIbHUIA AHAJII3 ECEKTUBHOCTI BUKOPUCTAHHS I'CTOJOITYHOI'O TA ®I3UKO-
ONITUYHOI'O METOAIB JOCJJIAXKEHHS JABHOCTI YTBOPEHHS KPOBOBUJIUBIB Y PEHOBUHY
I'OJIOBHOI'O MO3KY JIIOJUHHA

M. C. I'apazorwk

BykoBHHCBHKHIi Aep:kaBHMIT MeTUYHMIT YHIBepCcUTET
(m. YepuiBui, Ykpaiua)

Pesrome.

BaxxinBe 3Ha4YCHHS y CYA0BO-MEIUYHIM MPAKTULI MPUAUISIOTH BUPILICHHIO IMTAaHb, 10 BUHUKAIOTH [IPU MPOBEACHHI eKCIIEPTU3H
y BUIAJKy YepernHo Mo3koBoi TpaBmu (UMT), Tak sk 1ell BHJ| YIIKOXKEHb IPU3BOAUT 10 BUCOKOI JIETAIBHOCTI Ta iHBaiiu3arii. [Ipu
HPOBEICHHI PO3TUHY TiJia IOMEPIINX, CMePTh SKuX Hactana B UMT, TparistoTbesi BUNAAKU, KOJIM TPaBMa BUHHKAE BHACIIIOK MaliH-
Hsl 0COOH, Y SIKOT [IOMEPEAHbO PO3BUHYBCS iH(pAPTK TOJIOBHOIO MO3KY, @ IHO/I HaBMaKH. Y TAKOMY pa3i BaKJIMBO TOYHO BepHu(iKyBaTH
MEPBHHHY IPHYUHY CMEPTi, TOMY BYaCHE i 00’ €KTHBHE BCTAHOBJICHHS 4acy yTBOpeHHs KpoBoBIINBY (UYK) y ronoBHmMil MO30K JIFOIUHI
(TMJT) € HeOOXiqHUM.

Mera i 3aBnanns nociaipkennst. OuinnTi MOXIUBICTh BetanoBieHHs: YYK TpaBMatiyHOro ta He TpaBMaTu4IHOro renesy y ['MJI
3araJbHOIPUHHSATHM TiCTOJIOTYHUM METOIOM Ta MOJISIpU3aliiHO-()a30BOK0 MIKPOCKOIIIEI0, @ TAKOXK MOPIBHSTH iX €()EKTHUBHICTS.
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Marepiaan Ta MeToau gociimkenus. s nociipkenns 6yno Bigi6pano 3pasku I'MJI Bix 140 momepnux ocib, cMepTh SKHX
Hactynwia Bix 1 1o 3-x 71i0 3 MOMEHTY yTBOPEHHS KPOBOBMIIMBY, BiJIIOBITHO /IO JAHUX, Y3SATUX i3 MEIUUHAX JOKYMEHTIB. Y SIKOCTI
KOHTPOJIBHOI TpynH Oyo Biniopano 3pasku ['MJI Bix 40 momepiux y BHIagKy cMepTi Bij imemivHOi XxBopobu ceprrst. CBiTiIOBa Mi-
KPOCKOITisl POBOAMIIACS IIISIXOM ITONEPEeAHBOr0 (hapOyBaHHs TiCTOJIOTIYHUX Ipernaparis 3a MetosioM Ilepica. da3oBo-nomsspuzamiiny
ToMoTpadiro 3pa3KiB IPOBOIIIIM 3a JOIIOMOTor0 noysipuMeTpa CTokca.

PesyabsTaTn nocaimxenns. bymo gociimpkeHo Ta mpoananizoBano nogpapbosani npenaparu ' MJI ekcriepuMeHTaNbHOT Ta KOHTPOITb-
HOT TPyl i BUSIBJICHO, 1110 FeMOCHICPHH OYB NPHUCYTHIN HE y BCiX eKCIIepUMEHTAIIbHUX 3paskax (nmpucyTHii numieHs y 31 3pasky i3 40).
He Braocst ycTaHOBHTH BiIIOBI/THI 9acOBI 3aJI€XKHOCTI JaBHOCTI YTBOPEHHS KPOBOBHJIMBIB, HE 3aJISKHO Bij TeHE3Y, TaK SIK Ha Pi3HUX
YaCcOBUX IPOMDXKKAX Bi3HAUA€THCS paHIOMHA IOSIBA MITMEHTY Y JIOCTIIHUX 3pa3kax. [IpoBiBIIM aHANITHYHE ONPANIOBAHHS OTpUMa-
HHX PE3yJbTaTiB CTATUCTHYHOI 0OPOOKH TOMOrpadidHOl CTPYKTYpH TOMOIPaM aHi3oTporil jiHiiHoro 1uxpoizmy (AJI) GidpumspHux
Mepesx 3pa3kiB I'MJI Bijg moMepiix 3 eKCriepUMEHTAIBFHEX Ta KOHTPOJIBHOT TPy, OyJI0 BUSIBIEHO OLTBINNI YacOBHH JAiara3oH Uy TiIH-
BOCTI JAaHOTO METOJLY II0J0 IESCTPYKTUBHUX 3MIiH y HEPBOBil TKaHWHI, y HOPIBHIHHI 13 METOIAaMH, SKi 3aCTOCOBYBAJIHCS y TIOTIEPEIHIX
JOCIIKEHsIX. SIK HACiZOK, Bi3HAYA€THCS IIPHUIIBU/IICHE YaCOBE 3MEHIIICHHI aOCOIOTHHUX 3HAYEHb 1 J[iala30Hy PO3KUTy BEJMUHHI
AJIJ] 13 3poCTaHHSM 4acy 3 MOMEHTY YTBOPEHHS KPOBOBHIIUBY.

Bucnoku. ITonstpusariiino-¢a3oBa MiKpoCKoIIisl IPOAEMOHCTpYBala 3HAYHY HepeBary y BUKOPHCTAHHI, HOPIBHSIHO i3 30JI0TUM
cTaHmapToM —MetozioM (apOysanns 3a [lepicom, s inenTudikanii yacy yrBOpeHHS reMopariii y TOJIOBHUI MO30K JIIOJIHHH.
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