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AHHOTAIIUA

BBegeHUe. YCTaHOBJIEHHE IPUKU3HEHHOCTH ITOBPEKIAEHUN IPeCTaBIIsAeT cOO0H OHY U3 HanboJsIee CI0MKHBIX U
aKTyaJIbHBIX 33/1a4 CyZeOHOU MeJUIIMHBI, UMEIOIIyI0 HEOCIIOPUMYI0 3HAYMMOCTb. TpPaJUIMOHHBIE THCTOJIOTHYECKIE
METOZbI, OCHOBAaHHBIE HA OIl€HKE 3JIEMEHTOB BOCIIJINTEIbHOU PEaKIINH, YacTO HEAOCTaTOUHO YyBCTBUTEIBHBI JJI AHa-
THOCTUKU IIOBPEX/IEeHUH, BOSHUKIINX HE3aJ0JII0 10 HACTYIUIEHUs cMepTu. Pa3paboTka U BHe/peHHe BBICOKOUYBCTBH-
TEJIBHBIX MOJIEKYJIIPHO-MOP(OJIOTHYECKUX METO/IOB SABJIAETCA BAXKHBIM HAIIPaBJIEHUEM PA3BUTHUSA SKCIIEPTHON IIPAKTUKU.
Il e 1 b . OueHKa AUATHOCTUYECKOH IIEHHOCTH TAKOTO UMMYHOTHCTOXMMHYECKOTO MapKepa, Kak (akTop HEKPO3a OILy-
xou anbda (TNF-a), 1 MeTosia KoJIM4ecTBEHHOTO IHGPOBOT0 aHAIN3A /I OOBEKTHBHOTO YCTAHOBJIEHUS IPKU3HEH-
HOTO IIPOUCXOK/IEHUS IOBPEXKIEHUN KOKH, IPHYNHEHHBIX TYIIBIMU IIPEAMETaMH.

MaTtepuans u MeToOJBbl . [IpoBereHo ucciaenoBanre o0pasoB KOXKHU OT 14 TPYIIOB C JOKYMEHTATIBHO
IIO/ATBEPKAEHHBIMY NIPHKU3HEHHBIMU [TOBPEXKIEHUAMU (Bcero 28 cpe3oB, 140 MoJiell 3peHus). 113bATre 06pa3nos ocy-
IECTBJISIIOCH U3 06JIaCTH HAPYKHOTO MOBPEXKIEHUS, TAK)Ke U3BIMAJICSI KOHTPOJIbHBIA 00pa3el] TKaHel U3 HEeMOBPeXK-
JeHHOH obsacTtu. [TapaduHOBBIE Cpe3bI OKPAIIMBAINCH MOHOKIOHAIbHBIME aHTuTeaMu K TNF-a. [TudpoBbie nzobpa-
JKeHUS aHAJTU3UPOBAIHCH C TIOMOIIIBIO TPOrpaMMHOTO obecnieuenus Fiji ¢ mpuMeHeHreM I[BETOBOM JIEKOHBOJIIOIUH JIJISI
BbIZlesieHusaA DAB-okpacku U mocseyIoliero ompeseseHus IUIOIA/IN SKCIPECCUU MapKepa B dIIMJIepMUCE U JlepMe
OT/IeJIBHO.

PesyunbrTartsl . OOHapy:KeHO CTATUCTUUECKH 3HAYNMOe yBeJInueHue IIoIaau skcnpeccun TNF-o B 30He IoBpesx-
JIEHHS 110 CPAaBHEHHIO C MHTAKTHOHM KOYKeH KOHTPOJIbHBIX 00pasIoB. B samuaepmuce pasHHIa 0 MeJUaHAM COCTaBUJIA
—16,66 % (p = 0,0002), B iepme —7,93 % (p = 0,0072).

3axkno4yeHHue.lMMmyHorucroxumudeckoe BoeisiBjieHHe TNF-a B couyeTaHUU ¢ KOJMYECTBEHHBIM aHAJIN30M
nudpPOBBIX N300paKeHNH ABJIAETCS BHICOKOMH(GOPMATUBHBIM U OOBEKTHBHBIM METO/IOM JIJISl YCTAHOBJIEHUS IIPH-
JKU3HEHHOCTH IOBPEXKTEHNH KOKHBIX IOKPOBOB, KOTOPBIN II03BOJISAET BBIABJIATH PAHHIE MOJIEKYJIAPHbIE IPU3HAKHI
ajJpTepaluy, IpefuIecTByIe MOP(OJIOridecKUM U3MeHEHUAM, H MUHUMU3UDPYET cyObeKTUBHBIN (aKToOp IpU
WHTEPIPETAIUN PEe3yJIbTaTOB, UTO IOBBIIIAET JIOKA3aTEJhCTBEHHYIO LIEHHOCTHh CyAeOHO-MEIUIIMHCKOTO 3aKJIIO-
JeHus.
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ABSTRACT

Introduction. Estimation of wound vitality is one of the most challenging and urgent tasks in forensic medi-
cine, having undeniable significance. Conventional histological methods, based on the assessment of inflammatory
response elements, are often insufficiently sensitive for diagnosing injuries inflicted shortly before death. The development
and implementation of highly sensitive molecular morphological methods is an important direction for advancing expert
practice.

A im . To evaluate the diagnostic value of such immunohistochemical marker as tumor necrosis factor-alpha (TNF-a)
and the method of quantitative digital analysis for the objective determination of the vitality of skin blunt force injuries.
Materials and methods. Skin samples from 14 cadavers with documented antemortem injuries
(28 sections, 140 fields of view) were analyzed. Samples were taken from the area of external injury, and a control tissue
sample was also taken from an undamaged area. Paraffin-embedded sections were stained with monoclonal antibodies to
TNF-a. Digital images were analyzed using Fiji software using color deconvolution to isolate DAB staining and subse-
quently determine the area of marker expression in the epidermis and dermis separately.

Results. A statistically significant increase in the area of TNF-a expression was found in the damaged area com-
pared to intact skin in control samples. In the epidermis, the difference in medians was —16,66% (p = 0,0002), and in the
dermis —7,93% (p = 0,0072).

Conclusion.Immunohistochemical detection of TNF-a in combination with quantitative analysis of digital image
is highly informative and objective method for ascertaining the skin wound vitality. This approach allows for the identifica-
tion of early molecular signs of alteration preceding morphological changes and minimizes the subjective factor during the
interpretation of results, which increases the evidentiary value of the forensic medical report.

Keywords: wound vitality, immunohistochemistry.
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BBEJAEHHNE

JluarHocTHiKa  TIPMJKM3HEHHOCTH — 00pa30BaHUS
TIOBPEKIEHUH SIBJIIETCS] OHUM U3 BAXKHEHIIINX BOIIPO-
COB CyZIeOHOU MEIUITMHBI, KOTOPHIH HMEET IPsSMOe
IOpPUIUUECKOe 3HAYEHNUE, TIOCKOJIbKY HEITOCPEICTBEHHO
TIPeIOTIPe/eIsieT YacTh ITPABOBOM OIIEHKH COOBITHS.

OmnpenesieHre TPIKU3HEHHOCTH ITPOUCXOXK/IE-
HUS TOBPEXK/EHUN — BOXKHEUIIIUI aCIEKT Cy/1e0HO-
MEIUIIHCKOTO WCCJIEIOBAHUS TPyIa, OT HAYIHOM
000CHOBAaHHOCTH KOTOPOTO 3aBUCAT HE TOJBKO
BBIBO/IBI 3aKJIIOUEHHS DKCIIEPTA, HO U HEPEKO JajIhb-
HEUIINH X071 cyZe0HOTO pa3bupaTebCTRa.

CoBepIIIEHCTBOBAaHUE METO/OB  OIPE/EJIEHUS
MPUKU3HEHHOTO IIPOUCXOXKIEHUA IOBPEKIEHUI

INTRODUCTION

Estimation of the wound vitality is one of the
most important issues in forensic medicine that is
legally valid, as it directly determines part of the legal
evaluation of the event. Determination of wound
vitality is a crucial aspect of forensic postmortem
examination. On the medical scientific validity of this
determination not only the conclusions of the
expert’s report, but also the subsequent course of
legal proceedings often depend.

Improving methods for determining the ante-
mortem origin of injuries remains a forensic medi-
cine key area of development[1—3]. Current meth-
ods of forensic diagnostics of wound vitality, based
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MIPO/IOJKAET OCTAaBATHCS KJIFOUEBBIM HAIIPaBJIEHUEM
pasButusa cynebHoii memunuubl [1—-3]. CoBpemeH-
HBIE METOZBI CyAeOHO-MEAUITUHCKON AUATHOCTUKH
MPYKU3HEHHOCTH TIOBPEXKEHUH, Oas3upyloIyuecs
Ha aHAJIN3€ CTAJUN BOCIIAIUTEIHHO-PEapaTHBHOTO
mporiecca, 06J1ajal0T CYIIeCTBEHHBIMU OTPAHIYEHU-
siMH. VX TJIaBHBIA HEJIOCTATOK — HUBKAsA 3(PPeKTHB-
HOCTb TIPU OIleHKE IOBPEXKIEHUH, IOJyYeHHbIX B
arOHAIPHOM IIEPHO/JIE, HEIIOCPEICTBEHHO IIpeJIIe-
CTBYIOIIIEM HACTYIUIEHHUIO CMEPTH. JTO CBSA3aHO C
HEBO3MOXKHOCTBIO JIOCTOBEPDHO TIIOATBEP/UTD WJIH
ONPOBEPTHYTh IPIKU3HEHHOE ITPOUCXOXK/IEHHE
TpaBM W3-3a HEJAOCTATOYHON YYBCTBUTEIbHOCTHU
METOMK. B YacTHOCTH, OHH He IO3BOJISIOT BbISIB-
JISITh MOJIEKYJISIPHBIE MapKEPHI, BKJIIOUAs KIIOUEBBIE
MeaTOPhI BOCTIAJIEHUS [4, 5].

MaxpockonuyecKre NpU3HAKKU MPUKU3HEHHOTO
IIPOUCXOXKEHUS TOBPEXKIEHNH HAXOIAT CBOE IO~
TBEPKIEHUE Ha MUKPOCKOIIYECKOM YpOBHe. Takue
MOPGOIOTHYECKHE MapKePhl, KaK KPOBOUBJIUSIHUS
U AWHAMHKA BOCHAJIUTEIbHO-PEIIapATUBHBIX IIPO-
[IECCOB, COCTABJISIOT OCHOBY TPIUITUOHHOU JUATHO-
CTUKH MPKU3HEHHBIX TPABM.

CoBpeMeHHBIE HAy4YHBIE JOCTIDKEHHS IIPEJO-
CTaBJISIIOT HKCIIEPTAaM KOMILUIEKCHBIA JUArHOCTHYE-
CKHUH MHCTPYMEHTAPUH /11 YCTAHOBJIEHUS ITPUKU3-
HEHHOTO XapakKTepa MOBPEXKAEHUN, BKIIIOYAIOITUHN
MOpP(QOJIOTHUECKU  aHAJIU3,  [HTOJIOTHYECKHE
HCC/IeTOBAHUS U METOZBI MOJIEKY/IIPHON OMOJIOTHH
[6, 7]. UMMyHOTHCTOXUMUYECKHE METOJIBI UCCIIE0-
BaHUSA OO0ECIEYHUBAIOT JIOCTOBEPHYIO JUATHOCTUKY
MPKU3HEHHOCTH TOBPEXAEHUN B TeX CIIydasx,
KOT/Ia TPAJUIIMOHHAS CBETOBAS MUKPOCKOIIHS COCY-
JIUCTO-CTPOMAJIBHBIX PEAKIIMH OKa3bIBaeTCS HENO-
CTaTOYHO WH(MOPMATUBHOM — B YACTHOCTH, IIPHU
CMepTH, HACTYIUBIIEH 7O pa3BUTUA BBIPAKEHHOU
BOCIIAJINTEILHON peakud [8].

TpaauiuoHHasi BU3yaJabHasi OIfeHKAa HUMMYHOTH-
CTOXUMUYECKUX PEAKINi, OCHOBAaHHAS Ha CyObeK-
THBHOW WHTEPIIPETAIUHN CTENEHH SKCIPECCHU
(orcyreTByet/cnabast/ymepeHHast/CUIbHAS), BHOCUT
9JIEMEHT CYOBEKTHBHOCTU B JUATHOCTUKY IPHUKU3-
HEHHBIX TOBpexieHnid. CoBpeMeHHbIe MU(POBBIE
MEeTO/Ibl aHAJIN3A, UCIIOJIb3YIOIHE KOJIMUECTBEHHbIE
mapaMerpsl (IUIOMAAh OKPAIIMBAHUS, ONTHYECKAs
IUIOTHOCTH), TIO3BOJISIIOT MUHHUMH3UPOBATH 3TOT
daxrop, obecrieurBasi 00HLEKTUBHYIO BepU(DUKAIIUIO
pesyJsibTaToB [9].

JlaHHOE HCccie/JoBaHHE OCHOBAHO HA OIEHKE DKC-
npeccun Mapkepa TNF-a (tumor necrosis factor) —
BOCIIQJIUTETFHOTO ITUTOKWHA, BBIPAOATHIBAEMOTO
MakpodaraMu/MOHOITUTAMUA B IEPUOJIE OCTPOTO
BOCTIaJIEHUsI, KOTOPBIL OTBEUAET 32 IIIMPOKUH CIIEKTP
CUTHAJIBHBIX COOBITHI BHYTPU KJIETOK, IIPUBOISIIIIX

on the analysis of the phases of the inflammatory-
reparative response, have significant limitations.
Their main drawback is their low effectiveness in
assessing wounds inflicted during the agonal
period immediately before death, which is associ-
ated with the inability to reliably confirm or refute
the antemortem origin of injuries due to the insuf-
ficient sensitivity of these methods. In particular,
they do not allow the identification of molecular
markers, including key inflammatory media-
tors [4, 5].

Signs of wound vitality revealed during gross
examination are confirmed by microscopy. Mor-
phological markers such as hemorrhages and the
dynamics of inflammatory-reparative response
form the basis of traditional diagnosis of antemor-
tem injuries.

Modern scientific advances provide experts
with a comprehensive range of tools for estimating
the antemortem origin of injury, including mor-
phological analysis, cytological studies, and molec-
ular biology methods [6, 7]. Immunohistochemical
methods provide reliable diagnosis of wound vital-
ity in cases when conventional light microscopy of
vascular and stromal response is less informative,
particularly in cases of death occurring before the
development of a pronounced inflammatory
response [8].

Traditional visual assessment of immunohisto-
chemical reactions, based on subjective interpreta-
tion of the grade of expression (absent/weak/moder-
ate/strong), introduces an element of subjectivity
into the diagnosis of antemortem injuries. Modern
digital methods using quantitative parameters
(staining area, optical density) minimize this factor,
ensuring objective verification of results [9].

This study is based on the assessment of the
expression of TNF-a (tumor necrosis factor alpha),
an inflammatory cytokine produced by macro-
phages/monocytes during acute inflammation,
which is responsible for a wide range of signaling
events within cells leading to necrosis or apoptosis
[10]. Activated macrophages are the main, but not
the only source of TNF-qa, since many other cell
types, such as helper T cells, natural killer cells, neu-
trophils, mast cells, eosinophils, and neurons, can
also produce it [11, 12].

AIM OF THE RESEARCH

To determine the diagnostic value of such marker
as TNF-a in estimation of vitality of skin blunt force
injuries (abrasions, wounds), using software for ana-
lyzing digital images.
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K HEKpO3y WIH amonTo3y [10]. AKTUBUPOBAHHBIE
Makpodaru sIBJISI0TCS OCHOBHBIM, HO HE €/JUHCTBEH-
HBIM ucTOuHUKOM TNF-a, MOCKOIBbKY MHOTHE APY-
rue TUIIBI KJIeTOK, TaKue Kak T-XeJrepsl, ecTecTBeH-
Hble KJIETKU-KWJIEPBI, HEATPOPUIbI, TyJIHBIE
KJIETKH, 503MHOMUIBI U HEUPOHBI, TAKKE MOTYT €T0
MIPOAYIIUPOBATH [11, 12].

IIEJIb UCCJIE/IOBAHUSA

OmnpenesuTh UATHOCTUYECKYIO II€HHOCTb Map-
kepa TNF-a npu ycTaHOBIE€HUH NPUXU3HEHHOCTU
00pa3oBaHUs TOBPEKIEHUN KOKU (ccasvH, paH),
BO3HUKIIINX OT /AeHCTBUA TYNBIX IPEIMETOB, C
HCIIOJIb30BAHHEM MPOTPAMMHOTO 00€eCIIeUeHUs [T
aHaIM3a NUMPOBBIX H300PaKEHUH.

MATEPUAJIBI 1 METO/bI

B uccnenoBaHuu OBLIM HCIIOJIH30BAHBI PE3YJIb-
TaThl HMMMYHOTHICTOXUMHYECKUX HCCIEAOBAHUU,
IIPOBE/IEHHBIX B 2023 T. OTAEJIOM CyZeOHO-TUCTOJIO-
THYECKUX HKCIIEPTU3 IIEHTPAIBHOTO ammapara ['ocy-
JIApCTBEHHOTO KOMHTETa Cy[eOHBIX OKCIIEPTU3
Pecmy6siniku Besapyce.

Marepuasn 11 uccyieJoBaHusl OTOUpAIU OT TPY-
OB, COOTBETCTBYIOIINX CJIEAYIOIIUM KPUTEPUIM:
JIaBHOCTH CMEPTH He IPEBBIIIAIA 24 4 — TPYI HAX0-
JIWICA TPU KOMHATHOU TeMIlepaType WIH 72 U —
TPy  HAXOAWICA B  XOJIOAWIBHOH  Kamepe
(+4...+10 °C). Bce noBpexieHUA UMETN TOKYMEH-
TQJIBHO TIOATBEPIKIEHHOE MPHKU3HEHHOE ITPOUC-
xoxkzaeHue. Kpurepuil mCKiIOUeHUs: JTI00ble BU3Y-
aJIbHble NIPU3HAKU THWIOCTHBIX U3MeHeHUH, He3a-
BUCHUMO OT [IaBHOCTH HACTYIUIEHUS CMEPTH
(THWIOCTHAsA BEHO3HAs CETh, TPYIHAA 3MbU3EMa,
THIJIOCTHBIE ITy3BIPH).

Marepuan 6bUT MOJIYYeEH OT 14 yMmMepiux. Bcero
HCCIIEJIOBAHO 28 Cpe30B B 140 MOJAX 3peHus. 13b1-
THe 06pa3IoB OCYIIECTBIIAJIOCHh U3 00JIACTH HAPYK-
HOTO TIOBPEXKEHUs, TaKXKe H3BIMAJICS KOHTPOJIb-
HBIU 00paser] TKaHel U3 HENOBPEeXKIeHHON 00J1aCTH
Ha pacCTOSIHUU He MeHee 15 CM OT IIOBPEXKZEHUS
WJIH ¢ KOHTPAJIaTePAJIbHON CTOPOHBI TeJia. Pazmephl
(parMeHTOB KOXXM He IpeBHIMIANN 1,5—2,0 CM B
JUIMHY, 1,0—1,5 CM B HIUPUHY U 0,5—0,8 CM B TOJI-
IUHY, MaTePUAJ U3bIMAJICA O epudepUU MOBPEXK-
JIEHWsI C 3aXBaTOM HEIMOBPEXKIEHHOU TKAaHU.
Marepuas 3a6upau B 10% pacTBOp HEHUTPAILHOTO
3a0ydepeHHOT0 (GOpMaIrHa, IMpernapaTtbl MapKH-
poBasuck. B eMKOCTh ¢ QUKCUPYIOIIEH JKUIKOCTHIO
momeniancss o0beM Marepuasa He 0ojiee dyeM Ha
1/3 obbema xukoctu. ITomyueHHble 00pasIbl TKA-
Hell HeMeAJIeHHO (MJIH He I034Hee 15—20 MHUH II0CJIe
3abopa) momemnaau B GUKCUPYIONTUHA pacTBOp. Puk-
carys MaTepuasia IPOBOJIMJIACH B TeUueHUe 24—48 .

MATERIALS AND METHODS

In our study, the results of immunohistochem-
ical examinations performed in 2023 by the
Department of Forensic Histological Examina-
tions of the Central Office of the State Forensic
Examination Committee of the Republic of
Belarus were used.

Samples for the study were taken from cadavers
that met the following criteria: death within 24 h (the
cadavers were kept at room temperature) or 72 h
(the cadavers were kept in a refrigerated chamber
(+4...+10°C)). All injuries were evidenced ante-mor-
tem. Exclusion criteria: any visual signs of putrefac-
tive changes, regardless of the time of death (putre-
factive venous network, cadaveric emphysema,
putrefactive blisters).

Skin tissue samples were taken from 14 cadavers.
A total of 28 sections in 140 fields of view were exam-
ined. Samples were taken from the area of external
skin lesion; also, a control sample was taken from an
intact area at least 15 cm away from the lesion or
from the contralateral side of the body. Skin samples
did not exceed 1,5-2,0 cm in length, 1,0—1,5 cm in
width, and 0,5-0,8 cm in thickness, and were taken
on the periphery of the lesion including intact tissue.
Samples were placed into 10% neutral buffered for-
malin and then labeled. A volume of the material no
more than 1/3 of the volume of the liquid was placed
in a container with fixative. The skin tissue samples
obtained were immediately (or no later than
15—20 min after taking) placed in a fixative solution.
The samples were fixed for 24—48 h. For subsequent
histological examination, paraffin blocks were pre-
pared at a paraffin temperature not exceeding 60°C.
Then, 5-pum-thick serial sections were obtained from
each paraffin block, which were used for immunohis-
tochemical analysis.

The analysis was performed using specific anti-
bodies to TNF-a, which allowed for the detection
and localization of the biomarkers of interest in the
studied tissues. When the histological sections have
been prepared, sequential specimen processing was
performed. First, specimens were washed twice in
phosphate buffer (pH 7,3) at an exposure of 5 min
for each step. Then, primary antibodies to TNF-a
(Abcam, UK) were applied at a dilution of 1:50, fol-
lowed by incubation in a controlled-humidity cham-
ber for 60 min at room temperature. After repeated
two-fold washes in phosphate buffer (5 min each),
secondary antibodies from a Mouse and Rabbit
Specific HRP/DAB IHC Detection Kit (Micro-poly-
mer) with a 30-min incubation in controlled-
humidity chamber were applied. The final step
included last two washes in buffer solution and
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J1J151 TIOCIIEYIOIIETO TUCTOJIOTHYECKOTO HCCIIEI0BA-
HUS U3TOTaBIUBAIU apapuHOBBIE OJIOKH IIPU TEM-
nepaType nnapacduHa, He npessimawmeit +60 °C. 13
KaXI0ro mapaduHOBOrO 6JIOKA TMOJIyJayIN CEpHi-
Hble Cpe3bl TOJIIUHON 5 MKM, KOTOpbIE 3aTeM
KCIIOJIb30BAIA JJI TPOBEAEHUs MMMYHOTHCTOXHU-
MHYECKOTO UCCIIeZOBAHUS.

AHanu3 mpoBOJIUIN € TIPUMeEHeHUeM crenudu-
yecknx aHTUTe K TNF-a, UTO II03BOJISAIIO BBIABUTD U
JIOKQJIN30BaTh WHTepecylolue OHOMapKepsl B
HCCIIelyeMbIX TKaHsAX. I1ocsie Mo/ITOTOBKHU THCTOJIO-
THYECKHUX CPe30B IPOBOIUIN IOCJIEOBATEIHHYIO
00paboTky mpemnaparoB. CHauasia BBITIOJHSIN JIBY-
KpaTHOe TIIpoMbIBaHHe B dochaTHOM Oydepe
(pH 7,3) c aKcHo3unuen 5 MUH JIs KQKIOTO Taria.
3aTeM HAHOCWUJIM IlepBUYHBle aHTUTena K TNF-a
(Abcam, BenmukobpuTaHusi) B pasBeleHHU 1:50 C
MIOCJIEYIOIEN MHKyOaIel BO BJIAKHOM KaMepe B
TeueHre 60 MUHYT IIPHU KOMHATHOH TeMIIepaType.
[Tocsie TOBTOPHOTO JBYKPATHOTO IIPOMBIBAHUSA B
docdharHoM Gydepe (o 5 MUH) TpoBOAMIH 06pa-
OOTKY BTOPUYHBIMY aHTUTEJIAMHU CHCTEMBI BU3YaTU-
sanuu Mouse and Rabbit Specific HRP/DAB THC
Detection Kit (Micro-polymer) c¢ 30-MuUHYTHOM
WHKyOaIel BO BJIAKHON Kamepe. 3aBepIIarolui
ATal BKJIOYAI (PUHAIBHOE JIBYKPaTHOE IPOMbBIBA-
Hue B 6ydhepHOM pacTBOpe U MOHTHPOBAHUE IIpemna-
paToB 1O/ MOKPOBHBIE CTEKJIA C HCIOJIH30BAHHEM
MOHTa)XHOH cpeibl Biomount (BioOptica, MTanus).
[TpoBoMICS HETATUBHBIM KOHTPOJIb HMMYHOTHCTO-
XHMUYECKOI0 MccIemoBaHus [13].

V3roToBJIEHHBIE CPE3bI IPEABAPUTETHHO UCCIIE-
JTOBAJIH T10] CBETOBBIM MHUKPOCKOIIOM, IIOCJIE YETO C
ucrnoib3oBanueM cucteMbl Motic EasyScan (Motic
China Group Co., Ltd., KHP) genanu 1mudposbie
CKaHBI IIOJIyYeHHBIX CPEe30B, KOTOPHIE 3aTeM H3yda-
JIUCH C IPUMEHeHNEeM IIPOTPaMMHOTO0 0becIieueHus
Motic VM 3.0 — Motic Digital Slide Assistant (Motic
China Group Co., Ltd., KHP) npu yBenuyeHUu
x400. B KaX710M OTCKAHMPOBAHHOM Cpe3e HcCie-
JIOBAJIOCh HE MeHee IATH I0JIel 3peHUs], C TOCIIEy-
omuM ux pororpaduposanuem. Ilocse cranmapT-
HOU MOATOTOBKH THCTOJIOTHYECKUX CPE30B IIPO-
BOAWIN WX T[PEJABAPUTEJIbHYI0  OLEHKY C
KCIIOJIb30BAHUEM CBETOBOTO MHUKpPOCKOma. B pam-
KaX WCCIEJOBAHUSA KaXKJIOTO CKAaHUPOBAHHOTO
obpasia aHaJIU3UPOBAIH MUHHUMYM MATHh PeIpe-
3€HTATUBHBIX IOJIeH 3peHUs ¢ 00513aTeJIbHOU HX
nudposoii JokymeHTamnued (puc. 1). [losydueHHbIE
nudpoBble  U300paKEHUS OTKPHIBAINCH IPU
IIOMOIIA TporpaMMHoOro obecrneuenus Fiji [14].
JlaHHOe mporpaMMHOe obecredyeHHne pacIpocTpa-
HSETCSI C OTKPBITBIM HUCXOJAHBIM KOJIOM (CBOOOJTHAS
nunensusa GNU General Public License).

mounting the specimens under coverslips using a
Biomount mounting medium (BioOptica, Italy).
During immunohistochemical study negative cont-
rol was used [13].

The sections were preliminarily examined
under a light microscope; thereafter, digital scans
of the sections were made using a Motic EasyScan
scanner (Motic China Group Co., Ltd., PRC); then
the sections were studied using the Motic VM 3.0 —
Motic Digital Slide Assistant software (Motic
China Group Co., Ltd., PRC) at a magnification of
400. In each section scanned, at least five fields of
view were examined and their photographs were
taken. After standard processing of histological
sections, they were preliminarily assessed using
light microscope. As part of the study of each
scanned specimen, at least five representative
fields of view were analyzed under mandatory dig-
ital documentation (Fig. 1). The digital images
obtained were opened using Fiji software [14].
This software is distributed as open source (free
license GNU General Public License).

Modern digital devices use RGB technology to
render color, in which any hue is created by com-
bining three essential colors — red, green, and blue.
This combination determines the color of an indi-
vidual pixel, which is the smallest element of a digi-
tal image. Consequently, the combination of all
these pixels forms the complete image we see on the
screen.

The color of immunohistochemical staining was
extracted from the general color set of digital photo-
graphs using the Color Deconvolution function,
which allows separating the colors present in the
image with known RGB parameters of the pixels, one
of which (Colour [2]) determines the color of the
marker (chromogen - 3,3’-diaminobenzidine
(DAB)): Colour [2]: R2: 0,268 G2: 0,57 B2: 0,776. As
a result of applying the color deconvolution function,
an “isolated” color was obtained from the original
digital photograph, corresponding to the DAB chro-
mogen (Fig. 2).

The images obtained during color deconvolution
had clear negative staining, which was leveled out by
adjusting the maximum and minimum threshold
values for DAB staining before calculations were per-
formed (Fig. 3).

Next, the analyzed area of the image was manu-
ally selected, avoiding obvious artifacts (section
folds, dye grains, etc.), the stratum corneum, and, if
possible, skin appendages and large vessels. For each
digital photograph, two separate areas were ana-
lyzed: one for the epidermis and one for the dermis,
respectively. The border of the epidermis area was
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Puc. 1. [Tudpossie pororpaduu 06pasiios (A — KOHTPOIBHBIN; B — 13 ob61actu moBpexzenus) ¢ sxkcupeccueis TNF-a.
OxpamrBaHue — reMaTOKCIIMH Matiepa. YBeaudeHue x400
Fig. 1. Digital photographs of samples (A — from the control area; B — from the area of lesion) with TNF-a expression.
Stained with Mayer’s hematoxylin. Magnification x400

CoBpeMeHHbIe ITU(GPOBBIE YCTPOMCTBA HCIIOJIb-
3yloT TexHoJoruio RGB i mepepmaum 1iBeTa, B
KOTOPOH JII000U OTTEHOK CO3/IaeTcs IyTeM KOMOU-
HAITNHU TPEX OCHOBHBIX IIBETOB — KPACHOTO, 3€JIEHOTO
U cuHero. FIMEeHHO UX COYEeTaHUEe OIpeessAeT BET
OT/IEJIBHOTO TIHUKCEJIA, KOTODPBIA ABJISIETCA MUHH-
MaJIBHBIM 3JIEMEHTOM HH(bPOBOro n3obpaxkeHus. B
pesyJibTaTe COBOKYITHOCTD BCEX ATUX ITUKceen hop-
MHPYET IeJ0CTHYI0 KaPTUHKY, KOTOPYIO Mbl BUJUM
Ha DKpaHe.

IIBET MMMYHOTHCTOXMUUYECKOH OKPACKU BBIJIEe-
JISITICST U3 ODIIEero IyJia MBETOB Ha IudpoBoii ¢oro-
rpaduu npu momoriu ¢yukiuu Color Deconvolution
(1BeTOBast JIEKOHBOJIIOIUSA), KOTOpPAsS ITO3BOJISET
pas3zesnsaTh MMeMINHecs I[BeTa Ha M300paKeHUU C
n3BectHbIMU RGB mapamerpamMu mukcenedl u ofiuH
u3 uHux (Colour [2]) ompenessseTr 1BeT Mapkepa
(xpomoren — 3,3’-muamunobensunuH (DAB)):
Colour [2]: R2: 0,268 G2: 0,57 B2: 0,776. B pe3yib-
TaTe NpUMeHEeHUs (PYHKIMHU IIBETOBOU /IEKOHBOJIIO-
MU TIOJIyYaJIl «U30JUPOBAHHBIN» IIBET U3 HUCXO-
HOU mudpoBo ¢oTorpaduu, COOTBETCTBYIOIUH
DAB xpomoreny (puc. 2).

IlosydyeHHBIE B pe3yJsbTaTe IIBETOBOU JIEKOHBO-
JIIOIIUY U300pasKeHUs] UMeTN OYeBUAHOE (HOHOBOE
OKpallliBaHUE, KOTOPOE Iepe/] POBEJIEHNEM pacye-
TOB HUBEJIUPOBAJIOCH IyTEM PEryJIUPOBKU MaKCHU-
MaJIBPHOTO ¥ MUHHMAJIBHOTO ITOPOTOBBIX 3HAUEHUH
Juts okparmuBanus DAB (puc. 3).

Jlajiee B py4HOM pEKUME OCYIIECTBIIAIOCH BBIJIE-
JieHue 00JIaCTH aHAJIN3a N300pasKEeHNsA, IIPU 3TOM He
JIOITyCKaJIOCh IOIQ/IaHUS B Hee SIBHBIX apTedhaKTOB

the basement membrane and the stratum lucidum.
The dermis was examined from the basement mem-
brane down to the subcutaneous fat, if present. Each
area was analyzed separately using Fiji software. The
expression area was detected, which represents
objective data obtained by calculating the DAB (anti-
gen expression area) staining area as a percentage of
the selected area.

Similar measurements were done for each digital
photograph (field of view), and the data obtained
were then transferred in a Microsoft Excel spread-
sheet. The spreadsheet included the number of anal-
ysis, number of image, as well as parameters for both
the epidermis and dermis — both in the injured area
and in the control area.

Statistical analysis of the data obtained was per-
formed using GraphPad Prism 10 software. For nor-
mal distributed data, the Shapiro-Wilk test was used
separately for values of the epidermis and dermis in
both the damaged and control areas. The analysis
revealed non-normally distributed data, which
prompted the use of the non-parametric Mann-
Whitney test (Mann-Whitney U-test or Wilcoxon
signed-rank test).

RESULTS AND DISCUSSION

When evaluating the data obtained, it was found
that the formation of abrasions and contused wounds
due to blunt force trauma is accompanied by the
expression of TNF-a in the damaged area both in the
epidermis and in the dermis in comparison with
intact skin from the control area.
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A

Puc. 2. [Tudpossie poTorpaduu 06pasiioB u3 KOHTPOJIbHOH 061acTH (A) u obracTu moBpexaerus (B).
MMMyHOTHCTOXHUMHYECKOE OKpallinBaHue ¢ aHTuTes1aMu K TNF-a mocsie 1BETOBOM IEKOHBOJTIOIAH
¢ mapametpamu R2: 0,268; G2: 0,57; B2: 0,776. YBenuueHue x400
Fig. 2. Digital photographs of samples from the control (A) and the lesion (B) areas. Immunohistochemical staining
with antibodies to TNF-a after color deconvolution (R2: 0,268; G2: 0,57; B2: 0,776). Magnification x400

(cxuraziku cpesa, 3epHa KpacuTeJssl U T.J.), POTOBOTO
CJI0sI KOKH, a TaK’Ke, 10 BO3MOXKHOCTH, TIPUIATKOB
KOYKU, KPYIHBIX COCYZIOB. JIJis Kak/oH mugpoBOMi
dotorpadpuu OBUIO OIpENESEHO JBE OT/EIbHBIX
obJlacTu aHaM3a: IS SIHUAEPMECA U IS EPMBbI
COOTBETCTBEHHO. I'paHuIleii 061aCTH HCCIeIOBAHUS
snuiepMuca ABJsIach 6azanpHas MeMbpaHa u 6iie-
CTAUN cTo#. [lepMa rccie[oBazach oT 6a3aabHOM
MeMOpaHbl M JI0 ITOJAKOKHO-’KUPOBOU KJIETUATKH
[IpY HUTHYIUH TakoBoU. Kaxknas u3 obacreli anaau-
3UPOBAJIACh OT/EIHHO MIPU MTOMOIIM IIPOIPAMMHOTO
obecneuenus Fiji — perucrpupoBasach IUIOMAIH

According to the Shapiro-Wilk test results for
both the epidermis and dermis, both data sets did
not show a normal distribution at a significance level
of a = 0,05. For further analysis (sample compari-
son), the nonparametric Mann-Whitney test was
used. The obtained results of comparing the TNF-a
expression area for the epidermis from the area of
lesion and from the control area (Fig. 4) indicate the
presence of statistically significant differences:
p < 0,05 (0,0002), the difference between medians:
—16,66, the rank sum for sample A (1189) is signifi-
cantly higher than for sample B (351).

30um
ety

PtV

Puc. 3. YcraHOBJIEHHBIE IOPOTOBbBIE 3HAUEHUS /1A OKparuBanusa DAB (3,3 -nrnaMuH0OeH3U/IUH). YBeJTUUeHUEe X400:
A — obpa3erl U3 KOHTPOJIbHOU 06s1acTu; B — o6pasers 13 30HbI TOBPEK/IEHUS
Fig. 3. Threshold values for DAB (3,3’-diaminobenzidine) staining. Magnification x400:
A — sample from the control area; B — sample from the area of lesion
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SKCIPECCUH, KOTOpas IpeCTaBasier coboll 0Obek-
TUBHBIE IaHHBIE, I0JIyUeHHBIE B PE3yJIbTaTe pacueTa
IporpaMMoO IuIomanu okpamwuBanus DAB (mwro-
[a7b SKCIPECCUN AHTUTEHA) B IPOLEHTAX OTHOCHU-
TEJILHO BBIJIEJIEHHON 00/1aCTH.

s kaskowt 1udpoBoit pororpaduu (1osis 3pe-
HUS) BBIIOJHAJINCh AHAJIOTHYHBIE W3MepeHus,
IocJIe YEeTo MOIyYeHHbIE JJaHHbIE (PUKCUPOBAJIIUCH B
tabaune Microsoft Excel. B Tabiune ykaspiBaiuch
MapKHUpPOBKA WCCJIEZIOBAHUSA, HOMED CHHMKa, a
TaK)Ke COOTBETCTBYIOIIHE ITapaMeTpPhl KaK JIJIs SIHU-
JlepMuca, TaK U JJ1 IepMbI — KaK B 30He IIOBpexK/ie-
HHsA, TaK U B KOHTPOJIbHOU 00J1aCTH.

CraTucTUuecKuil aHaIU3 TOJIYIEHHBIX JAHHBIX
MIPOBOJIWJIM C TIOMOIIBIO IIPOTPAMMHOTO obecrieue-
uust GraphPad Prism 10. /I OIleHKH HOPMaJIbHO-
CTH pacIipe/ieJIeHus JaHHBIX TPUMEH SN KPUTEPUI
[Tanupo — Yuiaka OT/eIbHO /IS IoKa3aresel snu-
JlepMuca U JIEPMBI KaK B 30He [TOBPEXK/IEHNUA, TaK U B
KOHTDOJIbHOM 006J1acTH. AHAJIN3 BBISABUJI OTKJIOHE-
HHUA OT HOPMAaJIBHOTO paclipefiejieHus, YTO IMOCIy-
JKIJIO OCHOBAHUEM JIJIS1 MCIIOJIb30BAHUS HellapaMe-
Tpuueckoro kpurepus Manna — Yuruau (U-kpurtepuit
ManHa — YWUTHM WM PAaHTOBBIM KpuTepuil Yui-
KOKCOHA).

PE3YJ/IBTATBI 1 OBCYKAEHUE

IIpu omeHKe MOJyYEeHHBIX JAHHBIX OBLIO yCTa-
HOBJIEHO, YTO 00pa30BaHUeE CCAJUH U YITUOIEHHBIX
paH Ipu TpaBMe TYIIBIMU IIPeJIMeTaMU COITPOBOXKA-
ercs skcrpeccrueil TNF-a B 30He TOBPEXK/IEHH KaK B
SIHJIEPMUCE, TAK U B JIepMe B CPABHEHUH C UHTAKT-
HOU KOKeH M3 KOHTPOJIbHOHN 00J1aCTH.

ITo pesynpraTam Tecta lllanupo — Yuiaka kak ajad
SIUIEPMUCA, TAK U JIJIs IepMbl 00a Habopa JaHHBIX
He IIOKA3aJIM HOPMAaJBHOTO paclpejieJieHus IIpU
YPOBHE 3HAYUMOCTH O = 0,05. 11 majbHeHIero
aHanu3a (cpaBHEHHS BBIOOPOK) UCIOJIH30BAIIA
HenapaMmeTpuyeckuil Tect Manna — Yurtau. [Tomy-
YeHHbIE Pe3yJIbTaThl CPABHEHUS ILIOIIAIH KCIIPEC-
cun TNF-a it smuziepmuca u3 001acTy OBPEXKIE-
HUS U U3 KOHTPOJIBHOH 30HBI (PUC. 4) YKa3bIBAIOT HA
HQUINYHE CTATUCTHYECKU 3HAYUMBIX Pa3JIMUM:
p < 0,05 (0,0002), pa3HUIIA MEXAYy MeIHaHaAMU:
—16,66, cymma paHroB JiJist BbIOOpKHU A (1189) 3HauH-
TEJILHO BBIIIIE, YeM JIJIs1 BIOOpKHU B (351).

ITonmyueHHBIE PE3YIBTATHI CPABHEHUS ILJIOMIANU
skcrpeccnu TNF-a iyt epMbl 13 06J1aCTH TOBPEXK-
JIeHUs U U3 KOHTPOJIBHOU obJiactu (cM. puc. 4) yka-
3pIBAIOT HA HAJIMYUE CTATUCTUYECKH 3HAYNMBIX
pasnuuuii: p < 0,05 (0,0072), pa3sHUIA MEXKIY
MenWaHamMu: —7,032, CyMMa pPaHrOB  JUIA
BBIOODKU A (1132) 3HAUUTEJHHO BBIIIE, YEM JJIs
BBIGOpPKHU B (408).

The obtained results of comparison of the area of
TNF-a expression for the dermis from the lesion and
control areas (Fig. 4) indicate the presence of statis-
tically significant differences: p < 0,05 (0,0072), the
difference between medians: —7,932, the sum of
ranks for sample A (1132) is significantly higher than
for sample B (408).

Our study confirms the reasonability of using
specialized software for image analysis to evaluate
the chromogenic staining (DAB) results. This
approach offers the following advantages: exclusion
of artifacts during the area-of-interest selection
stage; quantitative presentation of results of immu-
nohistochemical (IHC) study as objective numerical
parameters (area in percentage of the selected
region); elimination of the subjective factor in data
interpretation; and intuitively comprehensible
visualization of results that is intelligible for non-
specialists.

The study demonstrated that modern IHC
methods open up new perspectives in forensic
medicine, offering fundamentally new possibilities
for molecular diagnostics. Innovative approaches
allow forensic histologists and thanatologists to
substantiate their conclusions at a new level
totally, detecting molecular markers and subcellu-
lar changes that precede visible morphological
transformations. The integrated use of these tech-
niques with modern computer technologies of
image analysis is particularly informative. This
enables objectively to solve diagnostic issues that
previously were interpreted with much difficulties.
At the current stage of forensic medicine’s devel-
opment, the synthesis of advanced laboratory
methods and digital technologies significantly
expands the scope of forensic examination capa-
bilities.

CONCLUSION

Using objective and statistically significant data
obtained through automated digital image pro-
cessing, we confirmed the informative value of
TNF-a for diagnosing the vitality of injuries by its
expression in both the epidermis and dermis com-
pared to a control area. Automated image analysis
allows for standardization of the assessment of
THC results, increasing their accuracy and repro-
ducibility.

Conflict of interest. The authors declare no
conflict of interest.
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Puc. 4. I'paduyeckoe mpe/icTaBIeHNE pacpeeIeH s JaHHbIX AJIs TPy anuaepmuca (A) u gepmsr (B)
13 00J1acTH MOBpeXkKAeHUs (1) U KOHTPOJIbHOH 06J1acTH (2)
Fig. 4. Graphical representation of the data distribution for the epidermis (A) and dermis (B) groups
from the area of lesion (1) and the control area (2)

[IpoBeneHHOE WCCIIEIOBAaHHUE TIOATBEPIKIAET
11e1eco00Pa3HOCTh HCIIOJIb30BAHUS CIIEIHaTN3H-
POBaHHOTO MIPOTPAaMMHOTO OOecIieueHus JIJIsi aHa-
JIM3a U300pa’keHUH MPHU OIIEHKE Pe3yJIbTaTOB XPO-
morenHoro okpamuBauus (DAB). JITaHHBIH TOAXO/
obecrieuynBaeT CIeAYI0IIe IPENMYIIecTBa: UCKITIO-
JeHUe apTedaKTOB Ha 3TAlle BbIJIEJEHUS UCCIIEye-
MOHM 00/aCTH; KOJUYECTBEHHOE IpPeJCTaBIeHNe
pe3yabTaTOB UMMYHOTHCTOXUMHUYeckoro (MI'X)
WCCJIEIOBAaHUs B BUJIE OOBEKTUBHBIX ITU(PPOBBIX
rmokasaTesiel (IJIomaab B MPOIEHTaX OT BhIZETeH-
HOTO y4YacTKa); yCTpaHeHUe CyOBEKTUBHOTO (ak-
TOpAa IIPU UHTEPIIPETANNHU JAaHHBIX; BU3YaTHU3AIH
pe3yabTaTOB B WHTYMTHBHO MOHATHOH dopwme,
JIOCTYITHOH JIJ11 BOCIIPUSATHUS HECIIEIMATUCTaAMH.

[IpoBesileHHOE WCC/IEIOBAHUE TIOKA3aJI0, YTO
coBpeMenHbie I'X MeTO/IbI OTKPHIBAIOT HOBBIE TIEP-
CIIEKTHUBBI B Cy/Ie0HO-MEIUITUHCKOUN ITPAKTHKE, TIpe-
JIOCTaBJIAA MPUHIIUIIHAIBHO HOBBIE BO3MOKHOCTHU
MOJIEKYJISIPHO-OMOJIOTHYECKOH JIMAaTHOCTUKU.
M HHOBAIIMOHHBIE TIOJIXO/bI IO3BOJISIOT SKCIIEPTaM-
THCTOJIOTaM M TaHATOJIOTaM OOOCHOBBIBAaTH CBOM
3aKJIIOUYEHHs] Ha KadyecTBEHHO HOBOM YPOBHE —
BBISIBJISISI MOJIEKYJISIDHBIE MAPKEPBI U CyOKJIETOUHBIE
W3MEHEHUs, TPEAIIECTBYIONUE BUIUMBIM MOpPGO-
JIoTrYecKkuM mpeobpazopanusam. Ocobyio nadopma-
THUBHOCTH KMeeT KOMIJIEKCHOE HUCITOJIb30BAHUE 3THX
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METOJIUK C COBPEMEHHBIMU KOMIIBIOTEPHBIMH TeX-
HOJIOTHAMHU aHan3a U300paskeHui. DTO JaeT BO3-
MOKHOCTh OO'BEKTUBHO PeIlaTh JUArHOCTHUYECKHE
3aJlaud, KOTOpPbIE paHee MOIJIM He IIO/IaBaThCs
JIOCTOBEpPHOU wWHTepIiperanuu. Ha coBpeMeHHOM
JTare pa3BUTHA Cy/IeOHON MEIUITUHBI CHHTE3 TIepe-
JIOBBIX J1AOOPATOPHBIX METOJIOB U ITU(PPOBHIX TEXHO-
JIOTUY CyIIECTBEHHO PaCHIUPsET TPAHUIBI BO3MOXK-
HOCTEH BBITIOJTHEHUS DKCIIEPTUSHL.

SAK/IIOYEHWE

Cratuctryecky JOCTOBEPHO, HA OCHOBAaHUU 00'b-
eKTHBHBIX JIAHHBIX, I0JIyYeHHBIX B pe3yJIbTaTe aBTO-
MaTHU3UPOBAHHOU 00PabOTKHU UM POBBIX U300paske-
HUH, NOATBEp:K/IeHa UHOOPMATHBHOCTh IPUMeEHe-
Hua  Mapkepa TNF-a 11 JHMarHocTUKHA
MIPKU3HEHHOCTU MTOBPEXK/IEHUH IIyTEM OLIEHKHU €T0
SKCIIPECCUU KaK B 3MUEPMUCE, TaK U B JiepMe IIPHU
CpaBHEHHH C KOHTPOJIHHOH 006J1aCThI0. ABTOMATU3HU-
POBaHHBIN aHAIU3 M300paKEHUH MO3BOJIAET CTaH-
JapTusupoBaTh Ipolecc oneHku MWI'X peakuuy,
MOBBIIIAS JIOCTOBEPHOCTh U BOCHPOU3BOAUMOCTH
P€e3yIbTAaTOB UCCIEA0BAHUM.

KoHduKkT HHTEpECcoB. ABTODHI 3asABJIAIOT 00
OTCYTCTBUU KOH(PINKTA UHTEPECOB.
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