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3ACTOCYBAHHS METOJIY JEPMATOIJI®IKA
MPU ITEHTUPIKALIIi OCOBUCTOCTI (OTJISIA JJIITEPATYPH)

Komroouncnka 1O. 3.

Pe3tome: ¥ crarTi npoBeieHO aHANi3 OCTaHHIX MyOJiKaIliif 3 MpoOIeMH BUKOPHCTaHHS AEPMATOrIi(iYHOTO METOMY JOCITi-
JDKEHHS, SIK OHOTO i3 METO/IIB, III0 3aCTOCOBYIOTHCS IPH ieHTH(iKaIil ocobn. BinmoOpakeHo 3HaYSHHS AePMAaTOTITi(PIiTHOTO METOLY
JOCITIKEHHS y CY/OBiH MequuuHI Ta KpuMmiHanictuii. [IpeacraBieHo 38’5130k CyA0BO-MeIHYHOT JepMaTOrTihiKy 3 IHIIUMA MEIHY-
HUMH Ta HEMEJMYHUMU HAyKaMU.
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ABSTRACT.
There are many new optical diagnostic methods (photometric, polarization and correlation techniques) of biological
tissue structure assessment, which are the most perspective in post-mortem interval determination.
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The purpose of the work. Development and testing of the two-dimensional Stokes-polarimetric mapping of
biological layers own fluorescence to evaluate accuracy of the post-mortem interval (PMI) assessment using statistical
analysis of postmortem changes dynamics of the coordinate distributions values of polycrystalline films of liquor (PFL)
images laser-induced fluorescence polarization intensity (LIFPI).

Materials and methods. Objects of investigation are PFL, taken in 72 corpses with accurately known time of
death and 20 healthy volunteers. The cause of the death was cardiovascular accident. Coordinate distributions of LIFPI
image values were determined for each sample of PFL in the optical arrangement of the Stokes polarimeter in short-range
spectrum of optical radiation.

The value of statistical points 1 - 4 th order was perfomed for each two-dimensional distribution of PFL images
LIFPI values. Statistical processing of the calculated values of set of points that characterize the LIFPI distributions was
carry out. The depending on the time change of the most sensitive points of statistical values were built.

Results and conclusions. Two-dimensional Stokes-polarimetric mapping distributions LIFPI of PFL images may
be used in determination of the PMI. Statistical points of the first and fourth order are the most sensitive PFL optical
values to evaluate postmortem changes by short-range fluorescence.

Keywords: post — mortem interval, cerebro-spinal fluid, lazer polarimetry, autofluorescence.

INTRODUCTION. The issue of post-mortem interval (PMI) estimation always attracted both foreign and
domestic scientists, because it is the main problem in forensic practice [1-3,5-9]. Considerable difficulties of accurate
PMI estimation are related to impact of large number of both external and internal factors on posthumous processes
development. The main method of PMI estimation is still estimation of early and late post-mortem changes degree. An
experience and skills of the forensic expert are equally important. The results demonstrate incomplete, often subjective
information with broad time frames of different types of biological tissues (BT) postmortem changes that can not
adequately meet the needs of investigations.

Physical methods of BT changes evaluation, which use laser technology to study the dynamics of changes in the
biocrystalline structure optical properties after death are the most perspective in this area [1,8,9]. Polarization methods
provide new information about the morphological and optical-anisotropic structure of BT. It makes possible to establish
a link between BT physiological condition and polarizative- phase images parameters of BT architectonics.

Currently, the possibility of objective PMI estimation is insufficiently studied by examining postmortem changes
of the structure of microscopic images of laser-induced fluorescence of human biological fluids (BF).

Fluorescent optical-physical methods are widely and very effectively used in medical diagnostics. These methods
are based on the use of fluorescence effects - secondary radiation of different molecular structures arising under short-
wave optical radiation to BT or BF.

We have used a technique that is based on excitation of avtofluorescence of biological molecules by laser
radiation - a laser-induced fluorescence. This method allows to combine study sites in different spectral distributions of
avtofluorescence intensity

THE PURPOSE OF THE WORK. Development and testing of the two-dimensional Stokes-polarimetric
mapping of biological layers own fluorescence to evaluate accuracy of the post-mortem interval (PMI) assessment using
statistical analysis of postmortem changes dynamics of the coordinate distributions values of polycrystalline films of
liquor (PFL) images laser-induced fluorescence polarization (LIFP) intensity.

MATERIALS AND METHODS. Objects of investigation are PFL, taken in 72 corpses of both sexes aged 33 to
91 year with accurately known time of death which ranged from 1 to 41 hours (the main group), and 20 healthy volunteers
(comparison group). The selection of liquor was carried out by suboccipital puncture from great occipital tank of corpse
and during spinal anesthesia performing for surgery preparation in healthy volunteers. In main group liquor was selected
from cadavers who died because of cardiovascular disease — 58 cases (80.6%), pulmonary tuberculosis - 8 cases (11.1%),
gastrointestinal tumors - 6 cases (8,3%). According to the time since death next allocation: 1-8 hours - 14 cases (19.4%),
8-16 hours- 14 cases (19.4%), 16-24 hours- 15 cases (20.9%), 24-32 hours - 15 cases (20.9%), 32-40 hours - 14 cases
(19.4%).

Liquor films formed in identical conditions by causing a drop of liquor in optically homogeneous glass. Drying of
films were conducted at room temperature (t = 22°C). Mathematical processing and analysis of PFL images to establish
time-based dynamics of CSF postmortem changes was performed.

Avtofluorescent laser polarimetry.

Figure 1 demonstrates a laser-Stokes polarimeter circuit, modified for autofluorescent study of biological layers
[1,9].
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Fig. 1. Optical circuit of autofluorescence Stokes polarimeter.
The explanation in the text.

PPL 6 irradiations regime consisted of parallel ( @ = 2 x 10°um) bunch of “blue” (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 - 8 bit). PFL 6 samples polarization analysis was carry out by the help of quarter- wave
plate 8 and polarizator 9.

Thus, the main information objects for optic-physical methods set of PMI determination in our work are collection
of directly measured coordinate distributions of PFL fluorescence I, *(m x n) intensity [10]:

(1)

The statistical moment of the first (Z, ), the second (Z, ), the third ( Z,) and the fourth (Z, ) orders were used as the
main analytical tool to assess the PFL fluorescence intensity values distribution (further g(m x n). These moments were
calculated according to the following algorithms [1,9]:

2)

where “N” - the number of CCD-camera photosensitive area pixels.

Results and discussion:

Posthumous dynamics of cerebrospinal fluid biophysical changes is largely dependent on changes in proteins
and their decay products [2,4,5]. Last ones are the consequence of free radical oxidation of proteins processes which has
activated practically in case of any pathology intravitality. This phenomenon represents on PFL properties to refract light
rays and laser beams. Accordingly, depending establishment of PFL laser polarimetric characteristics to PMI estimation
can be applied for diagnostic purposes.

There are known [5] the following fluorofores — proteins and NADH, which ones emit most intensely in the short
wavelength « dark blue - blue» spectrum 44 =0,46um~ 0,48um

The fluorescence intensity increases by the pH increasing and conversely that observed in the postmortem processes
course. As for NADH, in case when wave lenght is 450 nm, the autofluorescence is decreasing. We can assume that it is
caused by the destruction of cells and therefore decrease of production NADH by them because of reducing the number
of mitochondria. In the NADH transition to oxidized state it loses its ability to fluoresce. Reduced form of NAD has a
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characteristic absorption bands in the UV range (260 and 340 nm) and emission in the range 465-480 nm. In the NADH
transition to oxidized state it is loses 340 nm absorption band and the ability to luminescence.

The two-dimensional mapping of the ILIF distribution of molecular PFL in the short-range spectrum.

In carrying out ILIF distribution of values mapping the A" =0,45uxm bandpass filter with a peak bandwidth were
used.

Experimental study of post-mortem biochemical structure changes temporal dynamics of PFL proteins and NADH
for measuring ILIF coordinate distributions was performed by the following algorithm:

1. Blue semiconductor laser LSR405ML - LSR - PS -II emission with a wavelength A = 0,405um and power
W =50mWt was applied for each PFL sample in the Stokes polarimeter optical arrangement (Fig. 1).

2. Spectral-selective two-dimensional PFL ILIF values distribution were measured due to a digital camera.

3. PFL images fluorescence maps measuring was performed in two stages. The first one - every 15 minutes during
the first 6 hours after death. Second one every 30 minutes to 12 hours after death.

4.The value of statistical points of the 1 - 4 th order was perfomed for each two-dimensional distribution of PFL
images ILIF values (equation (2)).

5. Statistical processing of the calculated values of set of points that characterize the PPL ILIF distributions within
representative sampling was carrlied out.

6. The depending on the time change of the most sensitive to structure PFL fluorescent maps alteration statistical
points were built for dynamic range of values «variation - stabilizationy.

7. The PMI and accuracy of time since death estimation were defined.

The examples of PFL images ILIF two-dimensional mapping in different time since death on the Figure2 and
Figure 3 are represented.

Figure 2. Coordinate structure (left side) and distribution histogram (right
side) of random values of PPL ILIF image. Time - 1 hour.

Figure 3. Coordinate structure (left side) and distribution histogram (right
side) of random values of PPL PE’s image. Time - 6 hours.
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The analysis of the data by ILIF mapping have found:

1. There is a distinct PFL proteins and NADH fluorescence dependence to PMI PPL in the «short-wave» spectrum.
The change in the maximum intensity and range of spread in the histogram distribution has indicated in this fact (Fig. 2,
Fig. 3, right side).

2. Concentration of proteins and NADH is rapidly decreasing due to PFL degenerative changes at the molecular
level with increasing observation time after death.

3. Comparison of autofluorescence random values of distribution histograms (Fig. 2 and Fig. 3, right side) has
shown that the ILIF extreme value decreased almost 5 times - I?, (T=1 hour.)=0,5 — I? _(T=6 hour.)= 0,11 during 6
hours after death.

4. Statistical points of the 1st and the 3rd order are the most sensitive PFL optical values to evaluate postmortem
changes. They characterize PFL images ILIF values mean and asymmetry distribution. Table 1.

Table 1
Time dependence of statistical points 1st and 3rd order which characterize the ILIF values distribution of
protein and NADH molecules of PFL

T, hours 1 4 8 12 18 24
Z, 0,52+ 0,63+ 0,74 + 0,91 + 1,08+ 1,25 +
0,038 0,044 0,058 0,08 0,09 0,1
2 0.85 + 0.92 + 1,08 + 125+ 1,44 + 1,59 +
0,065 0,072 0,087 0,1 0,11 0,13

Statistical analysis of temporal dynamics of the PFL (proteins and NADH molecules) image ILIF map values

distribution has found
1) the range of variation statistical values of the 1st order which characterizes the average value distribution PFL
ILIF samples in the «blue» region of the spectrum is 2.4 times;
2) the range of variation statistical values of the 3rd order which characterizes the asymmetry value distribution
PFL ILIF samples in the «blue» region of the spectrum is 1.87 times.
Analytical algorithm to determine postmotrtem interval
Figure 8 illustrates algorithm of postmortem interval estimation

Figure 8. Algorithm of postmortem interval estimation. Here:T, - time of value Z/” measurement start;; 7, - time of
value Z?’ measurement end in the moment of its value ( Z (T) = const); T, - time of death; ( - inclination angle of
informational dependence. Z,(7).

After chart analysis we get the next equation to estimate interval:

€)

Using equation (3), we obtain the equation to estimate time since death:

4)
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Here: Z,” - objective value, defined by a fence liquor collecting in vivo in healthy volunteers.

Conclusions.

1. The two-dimensional mapping intensity distribution of laser-induced autofluorescence polycrystalline films
of liquor method in postmortem changes time monitoring in different endogenous fluorophores biochemical molecular
complexes for estimating the time since death in short-range spectrum of optical emission was approved.

2. Optimal interval in 24 hours and the accuracy of the time since death determination 25 min by short-wavelenght
fluorescence for proteins and NADH molecules were estimated.

Dynamic laser changes of PFL have demonstrated the effectiveness of this method for post-mortem interval
estimation.
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JOCJIJUKEHHSI EOEKTUBHOCTI BUSHAYEHHS
JABHOCTI HACTAHHSI CMEPTI
METOJAMM JA3EPHO-THIYKOBAHOI ®J1YOPECIEHIII{
MOJIKPUCTAJIYHUX IJIIBOK JIKBOPY

I'apaszaok M. C.

Amnorauis. Busznadenns nasHocti HactanHs cMepti (JJHC) € onHMM 13 OCHOBHHX NPOOJIEMHUX MUTaHb CYJIOBO-
MEINYHOI MpakTHKH. [lepciekTuBHUME € onThdHi Metoan aiarHoctuku JJHC i3 BUKOpHCTaHHAM KOMIUIEKCY (oTOMe-
TPUYHUX, MOJIAPH3AMINHUX 1 KOPEIAIIHIX METOTUK.

Meta po6orn: Po3pobutu Ta anpoOyBaTH METOX ABOMIPHOTO KapTorpadyBaHHs (iyopecueHIl 0ioJoriyHux
mrapiB ais Oinpmn TouHOro Bu3HaYeHHs JJHC nUIIXOM CTaTUCTHYHOTO aHai3y JUHAMIKA TOCMEPTHUX 3MiH KOOPIUHAT-
HHX PO3IOJIiIIB IHTEHCUBHOCTI Jla3epHO-1HayKoBaHOi (uryopecuenuii (IJIId) nonikpucraniynux miiBok Jiksopy(I1T1T).

Marepianu Ta metoan. O6’exrom nocnimkenns e [1T1J1 Big 72 TpymniB (ocHOBHA rpyria) 3 MONEPEIHbO BiIIOMUM
4acoM HACTAaHHS CMEpTi (MIPHYMHA CMEPTI - CeplLeBO-CyJUHHA IaToJoris), Ta 20 3M0pOBUX JOOPOBONBLIB (TpymHa KOH-
TPOJTIO).

st koxxHoro 3pasky I[1I1J] Bu3Havanucs KOOpaUHATHI po3noinu 3HaueHb [JIID 300paxkeHHs 3 HACTYITHUM 00-
YUCIICHHAM BEJIMYMHU CTATHCTUYHAX MOMEHTIB | — 4-T0 TOPSIKIB i CTATUCTUIHOIO OOPOOKOI0 BHMIPSIHOI CYKYITHOCTI
3Ha4eHb BKa3aHMX CTATUCTUYHUX MOMEHTIB. By yBasvcs 4acoBi 3aJIe)KHOCTI 3MiHH BEJIMYMHH HAWOUIBII Yy TIIMBHUX CTa-
TUCTUYHMX MOMEHTIB JI0 JOCSITHEHHsI cTabinizanil 3Ha4ueHb.
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Pe3yabraTn Ta BUCHOBKH. [lOCHi/DKEHO NUHAMIKY TIOCMEPTHHX 3MiH BEJIMYMHHM CTATUCTUYHHX MOMEHTIB 1 —
4-ro OPSIKIB, SIKi XapaKTepHU3yIOTh po3noaian 3HaueHs [JII® 306paxens [1I1J]I Ta BUsABICHO, IO CTATUCTUYHI MOMEHTH
1-ro i 4-ro MOPSAAKIB € HAWOLTBII Yy TIAMBUMU JJISI KOPOTKOXBHIIBOBOI AUISHKU CIIEKTPY BUIIPOMiHIOBaHHS.

JunamivHi 3MiHU JTa3epHUX XapakTepuctrk [111J] mokazanu edexTuBHICTH JaHOTO MeToay A niarHoctuku JJHC.

Ku104oBi c10Ba: 1aBHICTh HACTaHHS CMEPTI, JTIKBOP, Ja3epHA MOIAPUMETPisl, aBTO(ITyOPECIICHIIIS.

NCCIEJOBAHHUE DOPEKTUBHOCTHU ONNPEAEJEHUA JABHOCTH
HACTYILUIEHUSI CMEPTH METO/IOM JIASEPHO-UHIYIITUPOBAHHOM
OJIYOPECHEHIMH TOJMNKPUCTAVIMYECKHUX IVIEHOK JIMKBOPA

I'apaszaok M. C.

Annoranusi. Onpejenenue naBHocty Hactymienus: cmeptu (JJHC) siBisercs onHuM 13 Hanbosee IpoOJIEeMHBIX
BOIIPOCOB CYA€OHO-MEIUIMHCKOI NMpakTUKK. [lepcrieKTHBHBIMU SIBISIFOTCS onTHYecKue MeToasl auarsoctuku JJTHC c
UCTIONIb30BaHNEM KOMILIEKCa ()OTOMETPUUECKHUX, MOJSIPU3ANNOHHBIX 1 KOPPEIAHOHHBIX METOIUK.

Lean padorsl: PazpaboraTh 1 anpoOHpoBaTh METOA ABYXMEPHOTo KaprorpadupoBanus diayopecieHun ouo-
JIOTHYECKUX clloeB Amst 6ornee TouHoro onpenenenus JHC myTem cTaTHCTHYECKOro aHaIW3a AMHAMUKH ITOCMEPTHBIX
HM3MEHCHHU KOOPIMHATHBIX pacIpee/icHH MHTEHCHBHOCTH JIa3epHO-UHAYIMpoBaHHOW (uryopecteHmmu (MJIN®D) mo-
JIMKPUCTAILTMUECKUX TIeHOK JinkBopa (TTTLT).

Matepuanbl U MeToabl. O0BekTOM HccinenoBanus sBisttorcs 111 oT 72 TpymoB (ocCHOBHasI Tpymia) ¢ Ipea-
BapUTEIbHO W3BECTHBIM BPEMEHEM HACTYIUICHUS CMEPTH (IIPUYMHA CMEPTHU - CepleYHO-cocyicTas naroiaorus), u 20
3I0OPOBBIX JOOPOBOJBIEB (TPYIIITa KOHTPOJIS).

Js xaxxnoro obpasna IIJI onpenensuch KoopAWHATHBIE pacnpenenenus 3HadeHnii NJIN® uzobpakeHus ¢
MOCIIEAYIOIINM BBIYHCIICHUEM BEJIMYMHBI CTATHCTHYECKNX MOMEHTOB | - 4-T0 MOPSIIKOB M CTAaTUCTHYECKOH 00paboTKON
N3MEpPEHHON COBOKYMHOCTH MX 3HaueHHH. CTPOWIINCH BpEMEHHbIE 3aBUCUMOCTH U3MEHEHHS BEIMYMHBI Hanboliee JyB-
CTBHUTENBHBIX CTATUCTUIECKUX MOMEHTOB JI0 JOCTI)KEHHS CTAaOMIN3aIN1 3HAYCHUH.

PesyabTartsl 1 BeIBOALI. VccnenoBana quHaMuKa NOCMEPTHBIX U3MEHEHUN BETMUYMHBI CTATUCTHYECKHX MOMEH-
TOB 1 - 4-r0 NOPAIKOB, XapakTepu3ytomux pacnpeznencHus 3Hauennii UJIN® nzobpaxenuii [1I1J1 n o6HapyxeHo, 4TO
CTaTUCTUYECKHE MOMEHTHI 1-T0 1 3-T0 MOPSIKOB ABJIAIOTCA HanOO0JIee YyBCTBUTENILHBIMHU U1l KOPOTKOBOJIHOBOTO Y4acT-
Ka CIIeKTpa U3y4eHus. JJuHamuueckne n3MeHeHus na3epHbix xapakrepuctuk [1I1] mokaszann 3¢phexTHBHOCTH JTaHHOTO
mertoja 1 quarnoctuku JJHC.

KnroueBble c10Ba: 1aBHOCTh HACTYIUICHUSI CMEPTH, JINKBOP, JTa3€PHast MOSIPUMETPHSI, aBTO(IIyOpPECIICHIIMSL.

VK 340.624.6:616-073.65

JANHAMIKA MIKPOCKOIIIYHUX 3MIH AXIVIJIOBOI'O CYXOXNJIKY
YIIPOJOBXK ABOX THKHIB ITIICJIA HACTAHHA CMEPTI

OIloBcTanuii B.A.

13 «ninpomneTpoBcbka MeauuHa akaaemis MO3 Ykpainn»

Pe3iome. B cTarTi HaBeneHi pe3yabTaTH TiCTOJIOTIYHOTO JOCIIHKEHHS AXIJUTOBOTO CYX0KIJIKA Y Pi3HI TEPMiHH ITiCIIs HACTaH-
Hs cMepTi. Bka3aHo Ha MOXJIMBICTh 00’ €KTUBI3aLliT OLIIHKY 3MiH 1[0 BUHUKAIOTh Y CIIONYYHIl TKAHHMHI B Mi3HBOMY IIOCTMOPTAIEHOM
nepiozi. 3anpONOHOBAHO CIIOCIO BU3HAYEHHS JABHOCTI CMEPTI, 110 3MiHAM MDKKJIITHHHO! PEYOBHUHHM Ta KIIITHH BHACIIJJOK PO3BUTKY
aBTOJI3Y.

Kurouosi ciioBa. TepMmin HaCTaHHS CMePTi, TOCTMOPTANBHUI MEPioA, CIIONTyYHA TKaHWHA, aBTOJI3.

AKTyanabHicTh TeMu. 3aBX1u iHpoOpMalis npo naBHicTh HactaHHs cMepTi (JJHC) mae BaxkiuBe 3HaYEeHHS 1JIs
caiguux oprasiB [5,11]. o6 BupimmTH 110 MpoOiIeMy MPOTATOM 0araThOX POKIB JOCITiAHUKHU MPOIOHYBAIU Oararto
pizHEX MeToxiB [2,7-16]. BUIBIIICTh 3 MUX METOMIB MpH3HAYCHA IS BUKOPUCTAHHS y PaHHIN MOCTMOPTaIbHUN MEPion
(1-3 no6wm) [5]. OnHak, Ha CHOTOMHI, HE ICHYE 3araJlbHOIPUHHATOrO OCTATOYHOrO MeToay Juisd BctaHosieHHs THC y
BHITAJIKy BUSIBJICHHS TpyIy y Outbmn mi3Hil TepmiH [9]. Ile 3yMOBIIEHO BETMKOIO MIHJIUBICTIO YMOB, B SIKUX TepeOyBae
TPYI, 1 IHOUBIAYaTEHIMH OCOOIUBOCTSMH ITOMEPIIOTO (CTYIiHb BrOJOBAHOCTI, HASBHICTh IMPW)KUTTEBUX 3aXBOPIOBAHb,
ocobmuBocTi Mikpodiopw) . Lli hakropu mpu3BOAATH 10 3HAYHUX KOJIHMBAaHb YaCOBOTO iHTepBary mpu Bu3HaueHHi JJTHC 1
BiIHOCHOCTI BUCHOBKIB €KCIIEPTiB, SIKi YaCTO 3HAYHO 3aJIeKaTh BiJl JOCBiy Ta PeTeIbHOCTI (hikcallii TaHuX MePBUHHOTO



