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AHHOTAIIUA

Bbla ocyiecTBieHa CpaBHUTEIbHAsI OIIEHKA 0COOEHHOCTEN OCTPBIX OYATOBBIX MOBPEKIEHUN KAaPIUOMHUOIIUTOB U
SKCIPECCUH MOJIEKYJIIPHOTO Oejika — JeCMIHA B MUOKap/ie PU OCTPOH MIIEMUM MHOKap/ia B dKCIIepuMeHTe. B xoze
MOPGOJIOTMUECKOTO HCCIeI0BAHNS MUOKAP/a IIPY OCTPO HIIeMHUH ObLIa BBISBJIEHA KOPPEIAIMOHHAsS CBA3h MEK/LY I10-
SIBJIEHUEM OCTPBIX OYarOBBIX TOBPEKAECHUN KaPAUOMHOIIUTOB U CHIKEHHEM SKCIIPECCUHM iecMUHA. KOMITEKCHBIH TI0/T-
XOJI B OIIEHKE COCTOSIHUS MHOKApP/a C MCIIOJIb30BaHUEM TOJIAPU3ANMOHHON MUKPOCKOIIUN CPE30B, OKPAIIIEHHBIX TeMa-
TOKCHUJIMHOM M D03MHOM, a TAK)KE€ HMMYHOTHCTOXUMUYECKON METOJMKU OIEHKH CPE30B, TO3BOJIAIONIEN BHIABIIATH JIeC-
MWH C UCIIOJIb30BAaHUEM KOH(MOKAIBHON JIa3€PHOM MUKPOCKOIINH, CIEyeT pacCMaTPUBaTh KaK HHMOOPMATUBHBIN MpH
MOP(]OJIOTHYECKOH AUATHOCTUKE BHE3ATIHON CEP/IEUHON CMEPTH B MATOJIOT0-aHATOMUYECKOH U CyZeOHO-MeTHITUHCKON
MIPaKTHKE.

Karoueawvte crosa: SKCIIEpUMEHT, HIIIEMUA, MUOKapA, MUKPOCKOIINA, JECMUH.

ABSTRACT

It was carried out objective of the morphological study performed was to carry out comparative assessment of pe-
culiarities of acute focal cardiomycyte lesions and molecular protein (desmin) expression in myocardium under acute
myocardial ischemia within the experiment. Morphological study of myocardium performed under acute ischemia showed
correlation between occurrence of acute focal cardiomyocyte lesions and reduction of desmin expression. Comprehensive
approach to myocardium state evaluation using polarization microscopy of hematoxylin- and eosin-stained sections, as
well as an immunohistochemical assessment of sections, which makes it possible to detect desmin using confocal laser
microscopy, should be considered of value in terms of morphological diagnostics of sudden cardiac death, as well as post-
mortem and forensic examination.
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BBEJAEHUE

B cTpykType 3a60/1eBaEMOCTH 1 CMEPTHOCTH Ha-
cesieHus1 OOJIBIITMHCTBA PA3BUTHIX M PAa3BUBAIOIINX-
s CTpaH MUPA Belylilee MeCTO IIPUHA/IJIEIKHT CIyda-
sIM, CBSI3aHHBIM C Pa3BUTHEM 3a00JI€BAHIH OPTaHOB
CUCTEMBI KPOBOOOpAIEHUsI, CPeIn KOTOPBIX IIpe-
BUINPYIOT PA3JINYHble (DOPMBI HUIIEMHYECKOH 060-
ne3Hu cepaua [1—3]. IIpu mopdosoruueckoit qua-
THOCTHKE aTOMOP(OJIOTUYECKNX U3MEeHEHU, BO3-
HUKAIOIIUX TPU UIIEMHYECKOH OGOJIe3HH, ompese-
JIeHHBbIE TPYHOCTU BO3HUKAIOT B CJIyyasX BHe3all-
HOH CepAEeYHOU CMEPTH. DTO CBSA3AHO CO CJIOKHO-
CTBIO BBISIBJIEHUSI TP MUKPOCKOITUH 0YaroB OCTPOH
UIIEMUH MHOKap/Aa B TeX CJIydasX, KOrjaa ¢ MOMeH-
Ta ee MOSBJIEHUS JI0 Pa3BUTHA GUOPUILIAIINU Ke-
JIyZIOYKOB, KaK OJTHOU M3 (POPM OCTAaHOBKH CEP/AIA,
IIPOXOJUT HEIMPOJIOJKUTENIBHBIN TIEPUO] BpeMe-
HU [4, 5]. B maTosioro-aHaTOMUYECKOH U cy/ie6HO-
MEIUITMHCKON TPAKTUKE JIJISI BBISABJIEHUS OCTPBIX
OYaroBBIX ITOBPEXKIEHUN MHUOKaP/Aa UCIIOJIb3YIOT TH-
CTOXUMHUYECKHE METOAbl OKPACKU WMJIK MHUKPOCKO-
MIUIO0 B MOJIIPU30BaHHOM cBeTe [2—5].

B mocienHue oAbl MOSBUINCH PabOThI 00 0CO-
OEHHOCTSIX pEAKINM Ha IOBPEXK/IAIOIlee BO3ZEH-
CTBUE MOJIEKYJISIPHBIX CTPYKTYP KJIETKH, O0ecIedu-
BAIOIIUX CBA3b KJIETOUHOU MeMOpAaHbI ¢ BHYTPEHHEH
CTPYKTYPOH CaMoi KJIETKH, KOTOPbIE BXOJIAT B COCTaB
nuTockesiera [4, 6, 7]. HoBble maHHBIE, ITOCBAIIEH-
HbIE U3YUEHUIO OEJTKOB IUTOCKJIETa KapIHOMUOIIU-
TOB, IAI0T BO3MOKHOCTb PACIITHPUTH HIOHUMaHUE Me-
XaHU3MOB, JIEKAIINX B OCHOBE ITOBPEK/EHUS CTPYK-
TYPbI KApITHOMHOIINTOB IIPU OCTPOU HieMuu [1—3].

Cpenu KJIETOYHBIX OEJKOB, KOTOpbIE UTPAIOT
BRKHYIO POJIb B META00JIN3Me CePIETHBIX MUOIIUTOB,
ceyeT OTMETUTDh JIeCMUH [7, 8] — 6eslok MbIIey-
HBIX KJIETOK CepAIa, 00eCIeYnBaONIUN TOIIEPEUHOE
Mpwieranue MUODHUOPWLI € yJeTOM COXpPaHEHUs
ITOCTOSTHHOHN BEJIMYUHBI JIJIMHBI CApKOMepa B IIE€PHU-
OJl CHCTOJIBI U JTUACTOJIbI, YTO IIO3BOJIAET KapIuo-
MHOITUTAM COXPAHATh CTAaOWJIBHOE COCTOSTHHE IIPH
BO3HUKAOIIENH MeXxaHnuecKkou sieopmariuu. Kpome
TOTO, IECMIH YJaCTByeT B 00eCIIEUeHIH CBS3U MHO-
(pubPUILI ¢ OpraHesUIaMU KapITHOMHUOIIUTA U UX ITPO-
CTPAHCTBEHHOT'O PACIIOJIOKEHUS B MBIIIIEUHOMN KJIET-
ke. JlecMuH JIOKau3yercsi B MeKGUOPHUIUIAPHOM
MIPOCTPAHCTBEe Ha Tepudepun Z-1oJjioc, a TaKKe B
MeCTaX PACIIOJIOKEHUS] BCTABOYHBIX JHCKOB, T. €. B
obJractu iecMocoM [2, 4].

Kpome nepeuriciieHHBIX QYHKITAH, IECMUH OCY-
IIIECTBJISIET CBsI3b MHUTOXOHADUHA C CcapKOMepaMH
KJIETKH: CyIIEeCTBYeT 00paTHAsI CBSA3h MEXKIy UHPOP-
Maruel o COKpaIleHu! U BO3HUKAIOIIEH B OTBET Ha
5TO MOTPeOHOCTHIO B HOBOM JHEPTETHUYECKOM Obe-
cneuennu. Takum 00pa3oM, [eCMUH HUTPAeT BaXkK-
HYIO pOJIb B QYHKITMOHUPOBAHUU MUTOXOHIPUUA MH-

INTRODUCTION

Leading places in morbidity and mortality
structure in the majority of developed and develop-
ing countries are occupied by cases associated with
development of blood circulation system diseases,
among which various forms of ischemic heart di-
sease prevail [1—3]. Morphological diagnostics of
pathomorphological changes detectable under isch-
emic heart disease faces certain difficulties in cases
of sudden cardiac death. These difficulties are due to
complexity of detecting acute myocardial ischemia
foci via microscopy, when there is only a short pe-
riod of time between their occurrence and develop-
ment of ventricular fibrillation as a form of cardiac
arrest [4, 5]. Histochemical staining methods or po-
larized light microscopy are used to detect acute fo-
cal myocardial lesions in post-mortem and forensic
examinations [2—-5].

In recent years, papers dedicated to peculiari-
ties of response to lesion impact from cytoskeletal
molecular cell structures, which provide bonds bet-
ween cell membrane and inner cell structure, have
appeared [4, 6, 7]. The new data on the study of cy-
toskeletal proteins of cardiomyocytes make it possi-
ble to get deeper understanding of the mechanisms
underlying cardiomyocyte structure lesions in acute
ischemia [1—-3].

A number of cell proteins play a major role in
cardiac myocyte metabolism, but desmin is one of
them worth special mentioning [7, 8]. Desmin is a
skeletal protein of cardiac muscle cells, which en-
sures transverse myofibril attachment with preserva-
tion of constant sarcomere length in systolic and dia-
stolic periods, which makes it possible to maintain
stable state of cardiomyocytes under mechanical de-
formation. In addition, desmin participates in estab-
lishing bonds between myofibrils and cardiomyocyte
organelles and affects their positions in muscle cells.
Desmin is localized in the interfibrillar space on the
periphery of Z-bands, as well as in intercalated disk
locations, i.e. in desmosome area [2, 4].

Atop of all the functions listed, desmin is re-
sponsible for bonds between mitochondria and cell
sarcomeres in the form of information exchange,
where the need for additional energy supply is ex-
pressed as a response to information on contrac-
tions. Thus, desmin plays a major part in operation
of myocytic mitochondria as it affects energy and
oxygen exhange regulations in muscle cells [5, 6].

AIM OF THE RESEARCH

The objective of the morphological study per-
formed was to carry out comparative assessment
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OITUTOB, BJIUsSA HA OCYIIECTBJIEHUE SHEPTEeTHUYECKUX
Y KUCJIOPOJTHBIX (DYHKIIMH MBIIIIEUHOU KJIETKH [ 5, 6].

IOEJDb MNMCC/IENJOBAHMUA

CpaBHHTEJIbHASA OIlEHKA 0COOEHHOCTEHN OCTPBHIX
OYaroBbIX IOBPEX/IEHUH Kap/IHOMHUOLIUTOB M DKC-
[IPECCUU MOJIEKYJIIPHOTO OeJiKa — JIeCMUHA B MHUO-
Kap/ie P OCTPOH WIIIEMHH MUOKAP/ia B IKCIEPHU-
MeEHTe.

MATEPHAJIBI 1 METO/ABI

MonenupoBaHle OCTPOH HINEMHH MHOKAp-
Jla TIPOBOJMWJIM Ha JIAOOPAaTOPHBIX >KUBOTHBIX —
KpbICax-camMIlax JUHuU «Bucrap». BeiOOp KphiC B
KadecTBe JIabOpAaTOPHBIX JKUBOTHBIX CBSI3aH C y00-
CTBOM IIPOBEJIEHUS HKCIIEPUMEHTATBLHOTO MOJIEJIH-
POBaHUS OCTPOH MINIEMUU MHOKApAa, a TAaKXKe IMOJI-
POOHBIM OIMCAaHWEM MOJIEJH B Jjutepatype [8, 9].
Macca y1abopaTOpHBIX KPBIC cOCTaBmIa 180—200 T,
JKUBOTHBIX COJIEPKAJIM B CTAHJAPTHBIX YCIOBHUAX
B BUBApHUU, B OJHOU KJIETKE IO 5 0COOEeH, KOTOpbIe
HMMeJTH CBOOOTHBIH JIOCTYII K BOJIE.

ITocyie MpoBeeHNA SKCIEPUMEHTAIIBHOTO MOJie-
JIMPOBAHUSA OCTPOU MIIIEMHUU MBIIIIBI CEP/IIA IIyTeM
OKKJIIO3UH JIEBOH BEHEUHOH apTepUU 3a CUET ee Iepe-
BSI3KM MaTephaJl MUOKap/ia 5 SKCIEPUMEHTATHHBIX
rpynn (n = 25) ¥ KOHTPOJIBHOM (N = 3) IMOCJIe COOTBET-
CTBYIOITEH TTPOBOJIKY M I3TOTOBJIEHUS CPE30B HCCIIe-
JIOBaJIC MUKpOCKommuecky. [1o 3aBepIiieHnn sKcie-
PUMEHTATIBHON YaCTH MOJIEJIMPOBAHUSA OCTPOH HIIIe-
MUY MUOKaP/Ia JIA00PATOPHBIX > KUBOTHBIX BBIBOZILITHI
U3 OIIBITA B COOTBETCTBUU C COBPEMEHHBIMU TPpeboBa-
HUSMU TI0 SBTAHA3UU Yepe3 OIpeZieIeHHbIe ITpoMe-
JKYTKU BpEMEHH: Yepes 1, 3, 6, 12 U 24 4.

Ha mepBoM »3Tame 3KCIIEpUMEHTA OIpPeJIeis-
JIM Maccy KUBOTHOTO JIJIS IOCJIETYIOIIETO pacue-
Ta Z103bI XJIOPITUAPATA, KOTOPBIH C IIeJIbI0 00IIIe-
ro 06e3601MBaHUsl BBOAMIN BHYTPUOPIOIIMHHO U3
pacuera 300 mr/kr maccol [5]. [Tocie HacTymieHus
o01mieli aHecTe3UU >KUBOTHBIM BBHIOpHUBAIU TIEPE.-
HIOI0 TIOBEPXHOCTh TPYAH, PACIIOJIATAIIA HA CIIFHE
B CTEH/IOBOM YCTPOUCTBe 1A pukcaruu jamnok. Ha
STOM JTale HKCIEPUMEHTAIHFHOTO MOIETUPOBAHUS
OIEHUBAJIN CEPJIEUHYIO JIESATEJIBHOCTh C MOMOIIBIO
ayeKTpokapauorpaduu. Perucrpanus siaekTpokap-
JIIOTPaMM OCYIIECTBJISJIACH C IMOMOIIBIO 3JIEKTPO-
¢usnosornyeckoro komiiekca LabLinc V75-25A
(Coulbourn Instruments, CIIIA), ©UMEIOILIEr0 UI0JIb-
YyaTble 3JeKTPO/IbI, KOTOPbIE HAKJIA/IBIBAJINCh B CTAH-
JIApTHBIX OTBeJIEHUsX. 3anuch u 06paboTka uHGOpP-
MaIliy TPOBOAWIACH C MOMOIIBI0 KOMITBIOTEPHOM
nporpamMmbl LABVIEW 5. 1. 9nekrpokapauorpadu-
YeCKHH KOHTPOJIb BBHITIOJIHSIIN TIepe] SKCIEPUMEeH-

of peculiarities of acute focal cardiomyocyte lesions
and molecular protein (desmin) expression in myo-
cardium under acute myocardial ischemia within the
experiment.

MATERIALS AND METHODS

Acute myocardial ischemia was simulated in
laboratory animals, specifically male Wistar rats
with masses from 180 to 200 g. Animals were kept
in vivarium under standard conditions of 5 speci-
mens per cage with free access to water. Rats were
picked as laboratory animals due to certain degree
of rationality and convenience of experimental sim-
ulation of acute myocardial ischemia and availabili-
ty of the detailed model description in the literature
[8,9].

Experimental simulation ofacutecardiacmuscle
ischemia by means of left coronary artery occlusion
through its ligation was followed by microscopic in-
vestigation of myocardial specimens from 5 experi-
mental groups (n = 25) and one control group (n = 3),
with appropriate preparation and sectioning car-
ried out beforehand. When simulation of acute
myocardial ischemia was finished, laboratory ani-
mals were removed from the experiment in accor-
dance with regulations on euthanasia currently in
place in specific periods of time, i.e. after 1, 3, 6, 12,
and 24 hours.

At the first stage of the experiment, the ani-
mal’s mass was measured for further calculation
of chloral hydrate dose to be administered intra-
peritoneally for the purpose of general anesthe-
sia based on the proportion of 300 mg/kg of body
mass [5]. When general anesthesia was achieved,
the animals had their anterior chest surface shaved
and were placed in a testing bed in a supine posi-
tion with fixed paws. Cardiac activity was assessed
at this stage of experimental simulation using elec-
trocardiography. Electrocardiograms were record-
ed using Coulbourn Instruments LabLinc model
V75-25A electrophysiological system with needle
electrodes applied at standard leads. The informa-
tion was recorded and processed using LABVIEW
5.1 software package. Electrocardiographic control
was performed before and after experimental simu-
lation and immediately before the animal’s removal
from the experiment.

To perform light optical microscopic analysis,
myocardial samples were fixed in 10% buffered for-
malin (Biovitrum, Russia) for 24 hours. Coronal car-
diac sections from rats were used for morphological
investigation. After that, a standard sample prepara-
tion procedure was performed using histoprocessor

Journal homepage: http://jsms.ngmu.ru
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TaJIbHBIM MOJIETHPOBAHUEM, IIOCJIE €r0 3aBepile-
HUSI, a TAK)Ke HETTOCPE/ICTBEHHO MTEPE]T BHIBOIOM KI-
BOTHOTO U3 9KCIEPUMEHTA.

C 11eJ1bI0 TIPOBEZIEHMUsI CBETOOITUYECKOTO MUKPO-
CKOIIMYECKOTO aHan3a 00pasiibl MUOKapaa (pUKCH-
poBanmu B 10% 3abydepenHom dopmanute (Biovit-
rum, Poccust) B TeueHue 24 yacos. Jlyst Mopdosioru-
YECKOTO KCCJIEIOBAHUS HCITOIB30BAINCH (DPOHTAIIB-
HbIE CPE3bI cepel] KPbIC. 3aTeM IIPOU3BOIIIM CTAH-
JTAPTHYIO TPOBOJIKY MaTepHasia B THCTOIPOIIECCOPE
(STP-200, Leica, I'epmanus). Ha poraniioHHOM MU-
KpPOTOME U3 3aKJIIOUEHHBIX B mapahuH 00pas3IoB U3-
TOTABJIMBAIM CPE3BI TOJIIUHON OKOJIO 5 MKM, KOTO-
phI€ OKpaITHUBAIA TEMATOKCHUITHOM U 03UHOM.

TopU3aMOHHO-MUKPOCKOIIMYECKOE HCCIe-
JIOBaHHE MUOKap/a IMPOBOUIN Ha YHHUBEPCATLHOM
mukpockore Leica DM 4000B, xotopsiii 6611 060-
PYZI0OBaH BCTPaMBAEMbIMH aHAJTU3ATOPOM U MTOJISIPH-
3aropoM. [Ina dortorpadupoBaHUA HCIOJIb30BaHA
nudposasa ¢orokamepa Leica DFC 320 u kxoMIbro-
TepHas nporpamma Leica QWin.

VMMyHOTHCTOXUMHUYECKOE OKPAIIMBAHUE BBI-
ITOJTHSUIM B COOTBETCTBUM C PEKOMEHAAIUAMU pup-
MBI — IIPOU3BOJUTENSI AHTUTE W COIVIACHO CTaH-
JlapTaM, U3JI03KEHHBIM B PYKOBO/ICTBAX [10 UMMYHO-
TMCTOXMMHYECKUM HCCIE0BAHUSM [9—11].

B kauecTBe IEPBUYHBIX AHTUTEJ HCIIOJIH30Ba-
JIM KOMMepueckue antutesna kK Desmin (muscle cell
marker) Mouse Monoclonal Antibody (cloneD33),
crennduuHbIe K Kpbice (Species reactivity: Rat),
passenenne (dilution) — prediluted, ready-to-use
for IHC (Thermo Fisher Scientific, CIIIA); B kaue-
CTBE BTOPUYHBIX aHTHUTeN — Goat anti-Mouse Ig
H & L (AlexaFluor®488), preadsorbed (ab 150117);
pasBenenue (dilution) — 1: 200 (Abcam, CIIIA). T
BUBya/IM3aIlUMU JIeCMUHA HCIosb3oBain Slow Fade
Gold antifade reagent with DAPI (Thermo Fisher
Scientific, CIITA).

MuxkpodoTo moaydasu Ha Ja3epHoOM KOHGO-
KaJIbHOM CKaHUpYyIoleM Mukpockone FluoviewFV
1000 (Olympus, fAnonus).

PE3YJIDBTATDBI 1 OBCYXKAEHUNE

IlepBoHAUYaJIPHO TPU MHPOBEAEHUH MHKPOCKO-
[IMYECKOTO HCCJIE0BAHUSA OIEHUBAIH CTPYKTYPY
MHOKap/ia B KOHTPOJIBHOH rpymre. IIpu cBeToBOM
MHKDPOCKOIIMU CPE30B, OKPAIIeHHBIX IT'eMaTOKCUIIN-
HOM M 503WHOM, MHUOKap/ COXPaHSI XapaKTEPHYIO
CTPYKTYDPY, KapAUOMHUOIUTEI UM PAaBHOMEDPHYIO
OKpacKy IIUTOILUIa3MBI U SIZIEP, OTMEYAJIOCh HEPAB-
HOMEPHOe KPOBEHAIOJIHEHHE COCYZOB, B Dpsfie IO-
JieH 3peHus1 ObUTH TPU3HAKU HaUaBIIIeics pparmMen-
Tal¥y OT/IeJIbHBIX IPYIII MBIIIEYHBIX KIETOK.

(STP-200, Leica, Germany). Sections with the thick-
ness of about 5 um were made of samples encased
in wax using rotary microtome, which were then
stained with hematoxylin and eosin.

Polarization microscopic examination of myo-
cardium was performed using Leica DM 4000B uni-
versal microscope fitted with plug-in analyzer and
polarizer. Photography was performed using Leica
DFC 320 digital camera and LeicaQWin software.

Immunohistochemical staining was carried out
in accordance with antibody manufacturer’s recom-
mendations and guidelines presented in manuals on
immunohistochemical research [9—11].

To perform immunofluorescence analysis, rat-
specific commercial ready-made Monoclonal Mouse
Antibodies against Desmin (muscle cell marker,
cloneD33) manufactured by Thermo Fisher Sci-
entific (the USA) were used as primary antibodies.
Goat antimouse immunoglobulins conjugated with
AlexaFluor®488 (Abcam, the USA) at a dilution of
1 : 200 were used as secondary antibodies. Nuclei
were imaged using Slow Fade Gold antifade reagent
with DAPI (Thermo Fisher Scientific). Photomicro-
graphs were obtained using FluoviewFV 1000 confo-
cal scanning laser microscope (Olympus, Japan).

RESULTS AND DISCUSSION

Initially, myocardium structure was assessed
in the control group within the microscopic exami-
nation. Myocardium preserved its characteristic
structure in course of light microscopy of hematoxy-
lin- and eosin-stained sections, cardiomyocytes had
uniform cytoplasm and nuclei staining, nonuniform
blood filling in vessels was observed, and attributes
of cytoclasis in individual groups of muscle cells were
detected per several fields of vision.

A majority of cardiomyocytes under polarized-
light microscopy of sections had typical histological
structure in the form of alteration of light isotopic and
dark anisotropic disks, which created high-contrast
cross-striation in a cell (Fig. 1). Assessment of im-
munohistochemical staining of myocardial sections
aimed at desmin detection in the control group clearly
showed densely stained green Z-lines in cardiomyo-
cyte cytoplasm. Selectively stained cell protein, i.e.
desmin, was imaged in intercell gap junctions, inter-
calated disks were densely stained light green (Fig. 2).

As ischemia developed, intermuscular edema
was formed combined with acute blood circulation
disorders in the form of arterial spasms. Cardiac my-
ocytes preserved their typical structure, while meta-
chromasia was observed in individual cells. Groups
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IIpu MUKPOCKOITMU CPE30B B MOJIIPU30BAHHOM
cBeTe OOJIBbINIASA YACTh KapAHMOMHUOIIUTOB MMeJa Xa-
PaKTEpHOE THCTOJIOTHYECKOE CTPOEHUE B BHJIE Ue-
PENOBaHUs CBET/IBIX M30TPOMHBIX W TEMHBIX aHU-
30TPOIHBIX JUCKOB, IIPUJIAIONIUX KJIETKE KOHTPACT-
HYIO TTOTIEPEYHYI0 UCUePUEeHHOCTH (puc. 1). ITpu um-
MYHOTHCTOXHUMHUUYECKOH OKpAaCKe Cpe30B MUOKap/a ¢
[IeJIBI0 BBISIBJIEHUSI IECMUHA B KOHTPOJIBHOM TPYIIIIE
MBIIIIIA CEP/IAa CTAHOBUWJIACH SIPKO-3€JIEHOU. B mu-
TOIIa3Me KapIHOMUOIIUTOB OTUETITUBO ITPOCMATPH-
BaJIMCh UHTEHCHUBHEE OKpAIlIEHHbIE B 3€JIEHBIN IIBET
Z-TUHUU. B MEXKJIEeTOUHBIX IIeJIeBUAHBIX KOHTAK-
TaxX BU3YIM3UPOBAICS CEJIEKTMBHO OKpallleHHBIN
KJIETOYHBIN O€JIOK — IeCMUH, BCTABOYHBIE IHCKH
UMeJTU 3eJIEHBIHA IBET (pHUC. 2).

ITo Mepe pa3BUTHSA UIIEMUU TIOSIBJISIICT MEXK-
MBIIIIEYHBIN OTEK B COUETAHUHU C OCTPBIMHU PACCTPOH-
CTBaMH KPOBOOOpAIIEHUsI B BH/IE CIIa3Ma apTepHil.
CepiedHble MUOIIUTHI COXPAHSIN OOBIYHYIO CTPYK-
TYpY, IIPU 3TOM OTMEeUaaach METAXPOMA3Us OT/IETb-
HBIX KJIETOK. B psijie mosiell 3peHus rpyIIbl MbIIIEY-
HBIX KJIETOK HaXOJINJIUCh B COCTOSHHUU (pparMeHTa-
nud. B mossspru30BaHHOM CBETE B IIEPBBIE YaChl C MO-
MEHTa Pa3BUTHA OCTPOU HILIEMUU D03UHO(UIbHBIE
MBbIIIIEUHbIE CETMEHTHI UMEJU YCUJIEHUE aHU30TPO-
muu (puc. 3), 3a cUeT MOSIBJEHUS KOHTPAKTYPHBIX
noBpeskieHuH kapauomuornuToB I, IT u 111 crenenm.
Hapsiy ¢ KoHTpaKTypaMu ObLIH BBISIBJIEHBI MEJIKUE
oyarm MuonuToNHM3uca. B cpesax, o6paboTaHHBIX
MOHOKJIOHAJIbHBIMU aHTUTEJIAMU K JIECMUHY, OBLIO
BBISIBJIEHO CHIDKEHHE KOJTMUECTBA, 2 MECTAMHU OTCYT-
CTBUE YETKOCTH OKPAIIMBAHUSA BCTABOYHBIX JINCKOB
KapZIMOMHUOIIUTOB U Z-JIMHUH.

of muscle cells in fragmentation state were observed
per several fields of vision. It was revealed in pola-
rized light microscopy in the first hours from the de-
velopment of acute ischemia that eosinophilic mus-
cle segments had enhanced anisotropy (Fig. 3) due
to occurrence of I-, II-, and III-degree contractural
cardiomyocyte lesions. In addition to contractures,
myocytolysis microfoci were detected. The number
of intercalated disks in cardiomyocytes and Z-lines
was found to be smaller in sections processed with
monoclonal antibodies against desmin, and lack of
staining clarity was observed locally.

Microscopic examination of hematoxylin- and
eosin-stained myocardial sections of experimental-
ly obtained specimens from laboratory animals per-
formed 12 hours after development of acute isch-
emia showed groups of muscle tissue with lacking
cross-striation in addition to blood circulation dis-
orders in the form of sludging and stromal edema.
Absence of nuclei in cardiac myocytes was observed
per deveral fields of vision, while necrobiotically
changed muscle fibers had eosinophilic staining
(Fig. 4). In polarization microscopy, these fibers
showed enhanced anisotropy and cardiomyocytes
in myocytolysis state and undergoing lumpy decay
were detected in the central part of the myocardial
ischemia area (Fig. 5).

Examination of sections using confocal laser mi-
croscope aimed at desmin detection showed signifi-
cant reduction of cross-striation in muscular myo-
cytes in addition to rarefied staining of intercalated
disks.

Puc. 1. [TonepeuHas HCYEPYEHHOCTH MBIIIEYHBIX BOJIOKOH MUOKap/a KPbIChI KOHTPOJIbHOM rpynmbl. [lossipusarnu-
OHHasi MUKpOcKomus (yB. 630)
Fig. 1. Cross-striation of myocardial muscle fibers in rats from the control group. Polarization microscopy, 630x
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Puc. 2. OTueTiuBas OKpacka Z-JIMHUY ¥ BCTABOYHBIX IUCKOB CEPIEUHBIX MUOI[UTOB 32 CUET HKCIIPECCHH JeCMUHA
B MHOKap/I€ KPbIChI KOHTPOJIbHO# rpyIibl. KoHboKaibHast Ta3epHas MUKPOCKONHs (VB. 100)
Fig. 2. Clearly visible staining of Z-lines and intercalated disks of cardiac myocytes due to desmin expression in
myocardium in rats from the control group. Confocal laser microscopy, 100x

ITpy MUKPOCKOTIMYECKOM HUCCIIe/IOBAHUH CPE3OB
MMOKap/a, OKpaIleHHbIX IreMaTOKCUINHOM U 503U-
HOM, HKCIIEDUMEHTAJIbHO MOJIyUeHHOTO MaTepuaia
OT J1abOPaTOPHBIX KUBOTHBIX Yepe3 12 4 ¢ MOMEH-
Ta Pa3BUTHUS OCTPOU UIIEMUM, HAPSAAY C PACCTPOU-
CTBAaMH KPOBOOODAIIEHNs], BBIPAYXKEHHBIM CJIAKU-
pOBaHMEM U OTEKOM CTPOMBI, HAOIIOAAIN MOSIBIIe-
HUe TPy MBIIIEYHBIX BOJIOKOH, B KOTOPBIX OTCYT-

When duration of acute myocardial ischemia
reached 24 hours, palsy state of microcirculatory
bloodstream vessels was observed via microscopy
in hematoxylin- and eosin-stained sections, while
instances of plasma separation were detected in in-
dividual vessels, along with pronounced myocardial
stromal edema. Absence of nuclei was observed in
cardiac myocytes in myocardial sections from the
ischemia area, while multiple microfocal hemor-

T

e &

Puc. 3. YcuieHre aHu30TPOIIUY CEPAEYHBIX MUOI[UTOB U OTEK CTPOMBI MHOKApP/a Yepe3 14 ¢ MOMEHTA Pa3BUTHS
uiemuu. [osgpusauoHHasi MUKpockonus (yB. 630)
Fig. 3. Enhanced anisotropy of cardiac myocytes and myocardial stromal edema 1 hour after ischemia development.
Polarization microscopy, 630x
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Puc. 4. OTcyTCTBUE A7IEP U MONEPEYHON HCUEPUEHHOCTU B KAPIUOMHUOIIMTAX IIEHTPAIbHOM 30HbI, OTEK CTPOMBI
MuoKapya (1aBHOCTh uieMuu — 12 u). OKpacka reMaTOKCUINHOM U 303UMHOM. 1[BeToBast MUKpOCKOIus (yB. 400)
Fig. 4. Absence of nuclei and cross-striation in cardiomyocytes (central part of the image) under ischemia duration
of 12 hours. Hematoxylin and eosin staining. Light microscopy, 400x

CTBOBaJIa IOTIEpEYHAs WCUEePUEeHHOCTh. B psne mo-
JIell 3peHHs B CEPZIEUHBIX MUOIIUTAX OTCYTCTBOBAIM
sA7pa, a caMU HEKPOOHMOTHYECKU M3MeHEeHHBbIE MbI-
IIIeYHbIe BOJIOKHA UMEJH 303UHO(PUIBHYIO OKPACKY
(puc. 4). [Ipu noyApU3aMOHHON MUKPOCKOITHH 3TH
BOJIOKHA OTJINYAJIUCH IOBBIIIEHHONH AHU30TPOIIH-
e, B IIEHTPAJIbHON YacT! 30HbI UIIEMUU MUOKapaa
OBLIIN BBIABJIEHBI KAPAMOMUOIUTHI, HAXO/AIHECH B
COCTOSTHUM MHUOITUTOJIM3UCA W HAYaBIIETOCS TJIBIO-
yaToro pacmaja (puc. 5).

IIpy1 MUKPOCKOIIMYECKOH OIIeHKEe CPe30B, OKpa-
IIEHHBIX UMMYHOTHCTOXUMHYECKH, C I[EJIBI0 BBISAB-

Puc. 5. ToT 3xe cpe3 MHOKap/ia, YTO U Ha PUC. 4, B IEHTPAJIBHOU YacTH KOTOporo KOHTpakTyps! 11 u I1I cr., Muonu-
TOJTUTUYECKUE UBMEHEHUS U OYaroBbIU IJIBIOUATHIA pacnaj (aBHOCTD UllleMun — 12 4). [Tossipu3anuoHHas MUKPOCKO-
s (YB. 400)

Fig. 5. The same myocardial section with II- and III-degree contractures in the central part, myocytolytical changes
and focal lumpy decay (ischemia duration of 12 hours). Polarization microscopy, 400x

rhages from visible erythrocytes were located in the
stroma. In addition to the changes described, dif-
fuse leukocyte infiltration was observed.

Polarization microscopy made it possible to de-
tect lumpy decay of cardiomyocytes in the central
part of the infarction; cross-striation was absent in
cytoplasm in a number of cells, while it was still in
place in small adjacent segments, which is typical for
intracellular myocytolysis.

When sections were studied using confocal mi-
croscope under myocardial ischemia with 24-hour

Journal homepage: http://jsms.ngmu.ru
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Puc. 6. CHIKeHIe 9KCIIPECCUU IECMUHA B 00J1aCTU Z-TUHUH U BCTABOUHBIX AVCKOB CEP/IEYHBIX MUOLUTOB IIPU
HIeMuu (JaBHOCTH OCTPOH uileMuu — 24 4). KoHdokanbHas j1a3epHasi MUKPOCKOTHs (YB. 100)
Fig. 6. Pronounced reduction of desmin expression in the area of Z-lines and intercalated disks of cardiac myocytes
(acute ischemia duration of 24 hours). Confocal laser microscopy, 100x

JIEHUS IeCMUHA, HAPSAY CO CHIKEHNEM OKpaIlnBa-
HUSI BCTAaBOYHBIX JIUCKOB, OBIO OTMEUEHO 3HAYH-
TeJIbHOE YMEHbIIIEHHE MTOIIePEYHON NCUePUEHHOCTH
MBIIIEYHBIX MHOIUTOB. [[UTOIUIa3Ma 3THX KJIETOK
BBITJIsIZIeIa O0Jiee TOMOT€HU3UPOBAaHHOM.

[Ipu TpOIOKUTEIBHO OCTPOU WIIEMHUU MUO-
Kap/a, JOCTUTAIOIIEH 24 U, B cpe3aX, OKPAIIeHHBIX
reMaTOKCHJIMHOM U 303WHOM, IPU MHUKDPOCKOIIUH
HabJII0/1a/Ii HaXOZANMEeCcs B COCTOSIHUM T1apes3a co-
CyZIbl MUKPOIUPKYJIITOPHOTO PYyCja, B OTAEJbHBIX
COCy/lIax OTMeYasu IMOsIBJIEHWE Ccelapalyu IUIas3-
MBI, & TAK)KE BBIPAKEHHBIA OTEK CTPOMBI MHUOKAapZa.
flnpa B cep/leYHBIX MHOIIUTAX B Cpe3ax MHUOKAp/a U3
o0J1acTH MIIEMHUHU OTCYTCTBOBAJIHM, B CTPOME pPacCIo-
JIaTJINCh MHOKECTBEHHbIE MEJIKOOYAroBble KPOBO-
W3JIUSAHUA U3 PA3JIMUUMBIX 3pUTPOIUTOB. Hapsany ¢
ONMCAHHBIMHU U3MEHEHUAMHU HaOJII0/IaId HAJIYKe
nuddy3HOH IeHKOUTAPHOU NHOWIBTPAINHU.

IMonsapusanoHHOe MUKPOCKOIIMYECKOE HCCIIe-
JTOBaHNE MMO3BOJINJIO BBIABUTH B IIEHTPAIHHOU Ya-
¢ty MHGpAPKTa IVIBIOYATHIN pacmaj] KapJAHOMHUOIIN-
TOB. B uacTu kjeTok ruToriazma Oblia JUIIeHa uc-
YepPUEeHHOCTH, IIPU 3TOM IIPUJIETAIONYE K HUM MeJI-
KUe YYaCTKH €€ COXPAHsJIN, YTO XapaKTEPHO JJIs
BHYTPHUKJIETOYHOTO MHOITUTOJIM3ICA.

[Ipu uccienoBaHUU CPE30B, OKPAIIEHHBIX UM-
MYHOTHUCTOXUMUYECKH, B CIy4asx HIIEMUH MHUO-

duration, Z-lines were not visible in a majority of
cardiac myocytes, and a certain lumpiness of cyto-
plasm was observed. Intercalated disks showed lack
of staining (Fig. 6), which indicated heavy lesion of
cardiac myocytes.

CONCLUSION

Morphological study of myocardium performed
under acute ischemia showed correlation between
occurrence of acute focal cardiomyocyte lesions and
reduction of desmin expression. Comprehensive
approach to myocardium state evaluation using
polarization microscopy of hematoxylin- and eosin-
stained sections, as well as an immunohistochemi-
cal assessment of sections, which makes it possible
to detect desmin using confocal laser microscopy,
should be considered of value in terms of morpho-
logical diagnostics of sudden cardiac death, as well
as post-mortem and forensic examination.

Conflict of interest. The authors declare no
conflict of interest.

Thanks. The study was performed in accor-
dance with the theme of the research work, number
of state registration: 01201269799.

18

Journal homepage: http://jsms.ngmu.ru



Savchenko S.V. et al. / Journal of Siberian Medical Sciences 1 (2018) 11—20

Kap/a IPOJI0JIKUTEIBHOCTBIO 24 U Z-TMHUU HE IIPO-
CMaTPUBAINCh B OOJIBIIMHCTBE CEPIEUHBIX MUOIIH-
TOB, IIPH 9TOM OTMEeYaI HEKOTOPYI0 KOMKOBATOCTh
nuTorIa3Mel. OTCYTCTBOBAIO OKpallnBaHue 6OJIb-
IIOTO KOJIMYECTBA BCTABOYHBIX JUCKOB (puc. 6),
YTO CBUJIETEILCTBOBAJIO O TSKEJIOM TOPaKEHUH
Cep/IeYHBIX MUOIIUTOB.

3AK/IIOUEHMHE

B xoze mpoBeieHHOr0O MOP(OJIOTHYECKOTO HC-
CJIeTOBAaHUS MHUOKap/ia MPU OCTPOH UIteMuu ObLia
yCTaHOBJIEHA KOPPEJISAIMOHHAS CBSA3b MEXKIY I10sIB-
JIEHWEM OCTPBIX OYaTrOBBIX IMOBPEKEHUU Kapuo-
MUOITUTOB U CHIYKEHUEM DKCIIpeccruu fecMuHa. Kom-
IUIEKCHBIN TOJIXO/T B OIIEHKE COCTOSTHUSI MHOKap/a ¢
HCIIOJIb30BAHHUEM IMOJIIPU3ANHOHHON MUKPOCKOITUH
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