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Abstraet

Due to the high prevalence of death on the base of alcoholic intoxication of varying degrees, it is expedient to analyze
the possibility of the influence of alcohol on the change in the structure of the polycrystalline films of the cerebrospinal
fluid, and accordingly on the accuracy of the diagnosis of the time since death by the method of autofluorescent laser
polarimetry.

The purpose of the work. To study the possible influence of alcohol and to develop objective forensic criteria for
diagnosing its effects on the basis of analysis of changes in the polycrystalline structure of cerebrospinal fluid (CSF) films.

Materials and methods. Object of research: native films of CSF, selected in 80 corpses, in the quantity of 155
samples - 1 group; CSF from 30 healthy volunteers (group 0) - 30 samples; CSF films obtained in the deceased with the
presence of ethyl alcohol in the blood, 30 samples - group 2. The methods of gas-liquid chromatography, laser-induced
fluorescence and statistical processing of the results were used.

Results. The efficiency of using the methods of laser autofluorescence of polycrystalline films of the cerebrospinal
fluid for the diagnosis of the time since death was proved. A statistically significant difference between cases of death from
cardiovascular pathology with the presence and absence of ethyl alcohol in the organism was established by determining
the magnitude of the statistical moment of the 4th order, which characterizes distribution of azimuth polarization values
of microscopic images of laser-induced fluorescence. On this basis, an excellent balanced accuracy of the differentiation
of the presence of ethyl alcohol in the human body (Ac (M4) = 94%) was achieved.

Conclusion. Ethyl alcohol affects the structure of the polycrystalline films of the cerebrospinal fluid, which must
be taken into account when estimating the time since death by autofluorescence laser polarimetric methods.
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Introduction. Time since death (TSD) estimation is one of the key and for the time being still unresolved problems
of forensic medicine practice. The exact setting of the time of death allows to exclude or confirm the involvement of one
or another person in committing an offense, limit or expand the circle of suspects, verify the accuracy of the testimony of
witnesses [1,2].

The definition of TSD is also complicated by the fact that a significant number of exogenous and endogenous
factors, such as environmental conditions, the cause of death, anthropological features and the age of a person, are
affected by posthumous processes occurring in the tissues of the corpse, etc. Recently, researchers began to pay attention
to the impact of alcohol intoxication on the rate of flow of life processes and posthumous changes in human tissues [2].

It was observed that in the presence of alcohol in the blood of the corpses in cases of death of traumatic genesis the
rosette-forming ability of lymphocytes in the posthumous period disappears earlier than in the absence of it and depends
on the concentration of alcohol in the blood [3]. It was found that at concentrations of alcohol in the blood of 2,1-3,0 4%
during 6-72 hours after the death rosette-forming ability of the T-general lymphocyte increases, and at a concentration
of 3-5/,— it decreases. A similar nature of the change was observed for the rosette- -forming ability of B-lymphocytes.

Vavilov A.Yu. [4] noticed an increase in the overall thermal conductivity of the brain and liver in death on the
background of blood loss, poisoning with ethyl alcohol, mechanical asphyxia. By studying supraviral zine reaction for the
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diagnosis of TSD Gladkikh D.B found that its results can not be evaluated in cases where at the time of death the person
Was in a state of intoxication [5].

Since laser polarimetric methods are effective for the diagnosis of TSD with high accuracy [1,6,7], since they
provide new information on the morphological and optic-anisotropic structure of biological objects, which makes it
possible to establish a connection between their physiological state and polarization -phase parameters of the images of
their architectonics [6], that is why it is advisable to assume their sensitivity and to detect alcohol in the cerebrospinal
fluid (CSF) of deceased persons,

The purpose of the work. To study the possible influence of alcohol and to develop objective forensic criteria for
diagnosing its effects on the basis of analysis of changes in the polycrystalline structure of CSF films,

Material and methods of research. The methods of gas-liquid chromatography, laser-induced fluorescence
(measurement of coordinate distributions of intensity and azimuth polarization of microscopic images of autofluorescence
of polyerystalline films (PCF) of CSF), statistical processing of results were used.

As research objects in work were used 3 groups:

group 1 - native preparations of CSF films, selected from 80 corpses of both sexes (the main group of study), who
died of pathology of the circulatory system in the age of 33 to 89 years, with a previosly known time of death, ranging
from 1 to 26 hours - 155 specimens (some CSF semples was re-selected at different TSD intervals);

group 2 - posthumous polycrystalline planar films of CSF » obtained from persons that have died from the pathol-
ogy of blood circulatory system with the presence of ethanol in the blood - 30 samples;

group 0 - 30 healthy volunteers - 30 samples.

The sampling was performed by the method of subccipital puncture from a large occipital cistern in corpses and at
spinal anesthesia in the preparation for surgical interventions in healthy volunteers [8].

Concentration of ethyl alcohol in blood was determined during the forensic medical examination of corpses in
the department of forensic medical toxicology of the CMI “Regional Bureau of Forensic Medical Examination” of the
Department of Healthcare of Chernivtsi Regional State Administration through gas-liquid chromatography on the device
“Crystal-2000M”.

PCF of CSF were formed in identical conditions by applying a drop at room temperature (t=220C) to an optically
homogeneous glass.

Measurement of coordinate distributions (two-dimensional arrays of values in the plane of PCF of CSF) of the
azimuth values and the ellipticity of polarization at the points of the microscopic images was performed in the location of
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Fig. 1. Optical circuit of autofluorescence Stokes polarimeter. The explanation in the text

PCF of CSF 6 irradiations regime consisted of parallel (@ =2 x 10" um) bunch of «bluey (A, - 0.405um )
semiconductor laser 1. Polarization irradiator consists of two polarization elements - quarter-wave plate 3 and polarizator
4. Image 6 PFL samples using polarization object glass 7 (Nikon CFI Achromat P, the focal length - 30mm, aperture - 0.1,
magnification - 4x) was projected into the light-sensitive plane 10 of CCD-camera (The Imaging Source DMK 41AU02.
AS, monochrome 1 /2 «CCD, Sony ICX205AL (progressive scan); resolution - 1280x960; photosensitive plane size -
7600x6200 pm; sensitivity - 0,05 Ix: dynamic range - § bit). PCF of CSF 6 samples polarization analysis was carry out by
the help of quarter- wave plate 8 and polarizator 9.

To excite autofluorescence, the «blue» semiconductor laser LSR405ML-LSR-PS-II with a wavelength of 0.405 pum
and a power of 50 mW was used in the position of a standard stokes polarimeter.

The main information objects for the given scheme are a set of:

1) directly measured distributions of the auto-fluorescence intensity of the PCF of CSF;

2) azimuth polarization of the laser-induced fluorescence of the PCF of CSF.

A detailed description of the calculations is given in the sources [6,7]. The main analytical tool for estimating
the distributions of the intensity values and the fluorescence polarization azimuths of the PCF of CSF was the statistical
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moments of the first, second, third and fourth orders, which were calculated by algorithms [6] and characterize the mean
value (Z,), dispersion (Z,), asymmetry (Z,) and excess (Z,) of such distributions.

Results and discussion.

Initially, the concentration of ethyl alcohol was established according to the forensic toxicological study in the
blood of the deceased 2nd group, which was 1,71:0,87 %eo.

The next step was to study the possibilities of laser-induced autofluorescence microscopy in the developed
forensic medical criteria for the study of the effect of ethyl alcohol on the time since death estimation from cardiovascular
pathology using statistical analysis of intensity distributions and azimuths of polarization of microscopic fluorescence
images of PCF of CSF in different spectral regions of optical radiation.

Forensic criteria for a good level of balanced accuracy were found to study the effect of ethyl alcohol on time
since death by spectrally selective mapping of the intensity of the laser-induced autofluorescence of the PCF of CSF from
group 1 and group 2. It is statistical moments of the 4th order characterizing the intensity distributions fluorescence in the
«green-yellow» and «red» spectral regions with Ac (M4) = 80% -90% (see Tab. 1).

Table 1
Statistical moments of the 1st to 4th orders characterizing the distribution of the intensity of the autofluorescence of the
polycrystalline films of the cerebrospinal fluid in the «red» region of the spectrum

Control group The cause of death

Stptiun; healthy volunteers pgthology phvige alcohol

moments = circulatory system | . . -
(n=30) = poisoning (n=30)

(n=30)

Mean value, M, | 0,39+0,021 0,1140,006 0,194+0,011

pi p=0,05 p=<0,05

P, p<0,05 o

Dispersion, M, |0,19+0,012 0,110,006 0,14+0,008

P p=<0,05 p=0,05

P, p=0,05

Asymmetry, M, |0,68+0,037 0,99+0,053 1,31+0,071

P, p=0,05 p=0,05

P, p=<0,05

Excess, M, 0,830,044 1,534+0,084 1,09+0,063

pi p=0,05 p=<0,05

P, p~<0,05 '

For other statistical moments balanced accuracy also increases to a satisfactory level Ac (M, ,; )= 75% - 87%.
Having investigated the statistical distributions of fluorescence azimuths, it was discovered that it is possible to achieve
an excellent level of balanced accuracy on the example of the statistical moment of the 4th order, which characterizes
the distributions of fluorescence azimuths in the «red» spectral region Ac (M,) = 95%. For other statistical moments, the
balanced accuracy of differentiation of death due to cardiovascular pathology in the presence of ethyl alcohol in the blood
also rises to a good level Ae (M, ,.;.) < 90%

The revealed differences in the structure of PCF od CSF can be explained by the influence of ethyl alcohol on
the formation of a polycrystalline film network. Probably, ethyl alcohol, penetrating through the blood-brain barrier,
affects both the quantitative composition of the mediumsmolecular compounds, as indicated by Witer et al. [9,10], as
well as on the structure of certain proteins, in particular gamma-aminobutyric acid receptors, and, thus, affects the tertiary
and quaternary structure of CSF proteins [11], which is reflected in the analysis of the PCF od CSF. The obtained data
prove certain influence of ethyl alcohol on the structure of PCF od CSF and allow to recommend a new methodological
approach for the determination of TSD in the presence of ethyl alcohol in the blood.
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Conclusions

1.The possibilities of forensic medical objective differentiation of the estimation of the influence of ethyl alcohol on
the course of post-mortem processes in case of cardiovascular pathology by the method of autofluorescence microscopy
of polycrystalline films of the cerebrospinal fluid were analyzed.

2.Relationships between intensity distributions and azimuths of the fluorescence polarization of the polycrystalline
films of the cerebrospinal fluid of the deceased due to the pathology of the circulatory system and severe alcohol

3.A good level of balanced precision of the differentiation of the causes of death in the «red» area of the spectrum
has been achieved Ac(M, ;;.) < 90%. At the same time, the value of the balanced accuracy of differentiation in the case of
weak alcohol poisoning is significantly lower (by 10-15% o) and practically does not reach the satisfactory level (Ac<75%)
except for the «red» area of the spectrum (Ac~80%).
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BILTUB ETHUJIOBOT'O CIIUPTY HA TOYHICTh BU3HAYEHHS
YACY HACTAHHS CMEPTI METOIOM ABTO®JIYOPECHEHTHOI
JIASEPHOI NOJIAPUMETPII HOJIKPHCTAJITYHIAX ILIIBOK
CIIMHHOMO3KOBOI PIJINHA

Iapasmok M.C., Baunncskuii B.T., I'apasmok O.1., IBacskeBuy LE.

AnoTtauis

¥ 3B’a3Ky 13 3HAYHOW NOMMPEHICTIO HACTAHHS emepTi Ha QOHI AIKOTONLHOTO e SHinHg PISHOTO CTYIEHIO, HOIITBHMM € 1npo-
GHATI3YBATH MOMIHBICTS BIUIHBY aKOTOJTIO Ha 3MiHY CTPYKTYPH MOMIKPHCTATIMHUX MITIBOK CHMHHOMO3KOBOI Pi/THHH, a BIANOBIAHO i
Ha TOYHICTE AIArHOCTHKH JABHOCT] HACTAHHS CMEPTI MeTo0M aBTO(IIYOpeCcLeHTHOT TasepHo] HOTAPUMETPIT,

Mera poBorn. Busuurn MOKIHBHIE BIUIHB anKoroio Ta Po3poGuTH 06°€KTHBHI Cym0BO-MexHyni KpuTepil
AIArHOCTHKHM HOTO BILTMBY HA OCHOBI aHanisy 3MiHH MOJIKpHCTATIYHOT CTpyKTypm rtisok CMP,

Martepianu i meTogm. O6 ekt gocimKenns: HATHRH] npenapary miisok CMP, BigiGpani y 80 TPYMIB, ¥ KLIBKOCTI
155 3paskis - | rpyna; CMP sin 30 310pOBHX N00poBObILiE (rpyna 0) — 30 3paskis; Mk CMP, onepskani y momepiux
3 HAasABHICTIO €THIIOBOTO crmpty B KpoBi, 30 3paskis - rpyma 2, V poboTi BHKOPHCTOBYBAIH METOH ra30BO-PiAHHHOT
xpomarorpadii, masepro-inaykoanoi (uyopecuenuii Ta cratuernumoi 00pobku pesymsTaris.

Pesyawrarn. Bymo poseneno eQeKTHBHICTE  BHKOPHCTaHHS  MeTOMiB JasepHOi  aBTo(yopecuenuii
TMOMIKPUCTATIYHAX IITBOK CHHHHOMO3KOBOT PIMHN 15 [ArHOCTHKH JaBHOCTI HACTAHHS CMEPTI Ta BCTAHOBIEHA
CTATHCTUYIHO HOCTOBIPHA PI3HMIA MiX BUIAIKAMHU CMEPTI BT CepUEeBO-CYIHHHOI MaToNorii 1PN HASBHOCTI Ta 3a
BIICYTHOCTI €THJIOBOTO CITHPTY B OPTaHi3Mi IISXOM BH3HAYEHHS BEMMYHHHM CTATHCTHYHOIO MOMEHTY 4-ro mopsixy,
AKHH XapakTepusye po3MOJiIH BeTHYHHH a3uMyTa NOMSPH3ALIT MIKPOCKOMIYHHX 306pakens Ja3ePHO-1HIYKOBAHOT
(aryopecuenuii. Ha uiii ocuogi Oy1o focaruyTo BinMinHOT 36am1aHCOBAHOT TOYHOCT] Auepenitianii HASBHOCTI eTHIOROIO
CIHPTY B opraismi momunn (A (M,)=94%).

Bucnosox. Erunosnit ankoroms emimeae na CTPYKTYPY MOJNIKPHCTAIIYHUX TUTBOK CHUHHOMO3KOROT pinuen,
O HEOOXiAHO BpAaXOBYBATH NpPH BH3HAYEHHI JABHOCT HACTaHHA CMEPTi aBTO(IIyOpecHeHTHUMH JIa3epHAMH
NONAPUMETPHYHIMH METOAAMIL.

Kiowosi cioBa: nasricts nactanms CMEpTi, CTUHHOMO3KOBA PiiHHA, STHIOBUI CITHPT, Ja3€PHA NOIPUMETPIs, asToduryo-
pecreHiis.

BJIMSTHUE STHJIOBOI'O CIIMPTA HA TOYHOCTE
ONPEAETEHNWS BPEMEHUW HACTYILIEHHS CMEPTH METOI0OM
ABTO®JIYOPECHEHTHOM JIA3EPHO# MOJISSPUMETPHI
NOJMKPHCTANTMIECKHX IIEHOK CIIMHHOMO3TOBOII KUJIKOCTH

Ilapasmiox M.C., Baunnckuii B.T., I'apazmiok A.U., Usacbkeeny I.E.

Aunoranus

B cBa3u ¢ mumpoxkoii PACHPOCTPAHCHHOCTBIO HACTYTIIEHHS CMEPTH Ha (JOHE ANKOTOIBHOTO ONBAHCHHS PA3NHYHON cTeneHwH,
LenecoobpasHo NPOAHA3UPOBATE BO3MOKHOCTS BIHSHIL SUTKOT'OJ1A HA H3MEHEHHE CTPYKTYPAI MOMHKPHCTAIIHEECKIX [LIEHOK CITHH-
HOMO3TOBO# JKHAKOCTH, & COOTBETCTBEHHO M HA TOYHOCTS AHATHOCTHKHN JABHOCTH HACTYINIEHHS CMEPTH METOIOM aBToIIyopecient-
HOW Ta3ePHOI Mo/spHMeTpHH,

Ieas paborbr. Msyunts Bo3MOXKHOE BiHsHIe AJIKOTONIs M Pa3paboTaTh 0GBEKTHBHBIE CYIeOHO-MeHIHHCKHE
KPHTCDHM IHATHOCTHKH €ro BO3AEHCTBHA Ha OCHOBE AHATH3A M3MEHEHHS ITOTMKPUCTAILTHIECKOTO CTPYKTYPHI TICHOK
CMP.

Marepuaast u meroast. OGsexT uccnenoBanmus: HaTuBHbIE npenapatsl mieHok CMP, oroGpanusie B 80 TPYIIOB,
B KommHecTse 155 06pasuos - 1 rpynma; CMP ot 30 3[0pOBEIX 100poBOIBIEB (rpyrma 0) - 30 00pasno.; mienkn CMP,
MOTYHCHHBIE Y YMEPIIMX ¢ HATHYHEM HTHIOBOTO cnupTa B kpoen, 30 0bpasios - rpynma 2. B pabote Henmonk3oBany
METOBl  Ta30BO-XKM/IKOCTHOH XpoMatorpadum, 1a3€pHO-MHAYIMPOBAHHOH (DIyOpecueHIMH M  cTAaTHCTHYECKOl
obpaboTku pe3ynsTaros.

Pesyabtarsl paGorsr ABTOpaMH 0Oblia Jl0KasaHa 50deKTHBHOCTE  HCTONL30BAHHS METONOB a3epHOli
aBTO(IIYOPECHCHIMM MOMHKPHCTAIAYCCKAX  [LICHOK CIHHHOMO3TOBOH JKMIKOCTH [ JNHATHOCTHKM NaBHOCTH
HACTYTUICHHS CMEPTH M YCTAHOBIEHA CTATHCTHUECKH AOCTOBEPHAs PAsHMLIA MEXKITY CIy4asiMH CMEpTH OT CepIedHo-
COCYICTOH MATONOTHH NIPH HAMYKMH U TPH OTCYTCTRHH STUIOBOO CIINPTa B OPraHU3Me IYTeM ONpPEACTeHNS BETHINHEL
CTATHCTHIECKOTO MOMEHTa 4-ro HOpsiaKa, KOTOpbIii XApaKTEpH3YeT pacpeiesicHus BETHIMHEL a3HMyTa NOIAPHIALHA




