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OneHka n3MeHeHUH 0eJIKOB MHOKaP/ia ITPH OCTPOH UIIIEMUH 110 TaH-
HBIM UMMYHOTHUCTOXUMHUYECKOTO UCCIeTOBAHUS
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Evaluation of protein changes of the myocardium in acute ischemia
according to the immunohistochemical study

Savchenko S.V., Novoselov V.P., Skrebov R.V., Grebenshchikova A.S., Gritsinger V.A., Ageeva T.A.,
Voronina E.I., Kazanskaya G.M., Ovsyanko E.V.

Novosibirsk State Medical University

AHHOTAIIUSA

Uiemuyeckasi 60J1e3Hb Cep/Alia SIBJISIETCS BeAyIIeH MPUUMHON CMEPTHOCTH HACeJIeHHs PA3BUTHIX CTPAH, IO3TOMY
W3y4YeHHE PA3JIMIHBIX aCIIEKTOB 3TOUW MATOJIOTHH MPECTABJISETCSA BAXKHOU MEUKO-OMOJIOTHUEeCKOU 33/1auei. MaTtepua-
JIOM B IIPOBEJIEHHOM HCCJIEZIOBAHUH MTOCTYKUJIA CEP/IeUHAast MBIIIIIA JIEBOTO JKeJIyZ0uKa 37 JIUI], CKOPOIIOCTIDKHO yMep-
IITUX OT OCTPHIX (POPM HIIIEMHUECKOH 60Ie3HU cep/IIia: B pe3yJsIbTaTe OCTPO KOPOHAPHOH HEOCTATOYHOCTH U OCTPOTO HH-
dapxTa MHOKap/a B TOHEKPOTHIECKOH cTaguu. KOHTpOsIbHAS rpymna: cep/iedHass MBIIIIA 5 JIUL, YMEPIIUX BCJIE/ICTBIE
YepernHoO-MO3rOBOH TpaBMbl. KpoMe CBETOBOTO U IMOJISIPU3AIIMOHHOTO UCCJIEOBAHUS CPE30B MUOKAP/IA, IPUMEHSIIA UM-
MYHOTHCTOXHMHYECKUH aHAIN3, TI03BOJISIOLIUI OI[€HIBATh BHIPAKEHHOCTh SKCIIPECCUU KJIETOUHBIX O€JIKOB: AKTHUHA, JIEC-
MUHa, KOHHEKCHUHA 43. VcI101b30BaHe HMMYHOTUCTOXUMHUYECKON OKPACKY CEP/IEUHOM MBIIIIIBI TIO3BOJISET OLEHUTD CO-
CTOSIHHE MaKPOMOJIEKYJIAPHOU CTPYKTYPBI MUOKap/ia 110 SKCIIPECCUU aKTUHA, ZIeCMUHA ¥ KOHHEKCUHA 43 U MOXKeT OBbITh
MIPUMEHEHO /711 MOP(OJIOTHYECKOH JUATHOCTUKH OCTPBIX OYATOBBIX MOBPEKAEHUN MUOKap/a B CyAe6HO-MeAUITTHCKOM
WJIY TIATOJIOTO-AaHATOMUYECKOU MIPAKTHKE B CJIyYassXx BHE3ATHOM CEPAEUYHOHN CMEPTHU.

Knaioueswvle caoea: MUOKap/, aKTUH, IECMUH, KOHHEKCHH 43, TIATOJIOTH:, MOP()OJIOTUYecKasa TUArHOCTHKA.

ABSTRACT

Ischemic heart disease is the leading cause of mortality in the developed countries; accordingly the study of various
aspects of this disorder is a crucial medico-biological task. Cardiac muscle of the left ventricle taken from 37 individu-
als suddenly deceased from acute forms of ischemic heart disease (as a result of acute coronary insufficiency and acute
myocardial infarction at prenecrotic stage) served as the material for the conducted study. The control group included the
cardiac muscles taken from 5 individuals deceased from traumatic brain injury. Besides light and polarized investigation of
myocardial sections the immunohistochemical analysis, permitting to evaluate the intensity of cellular protein expression:
actin, desmin, connexin 43, was used. The use of immunohistochemical staining of the cardiac muscle allows assessing the
status of the macromolecular structure of the myocardium by the expression of actin, desmin and connexin 43 and can
be applied for morphological diagnostics of acute focal myocardial injuries in forensic-medical or pathological practice in
cases of sudden cardiac death.

Keywords: myocardium, actin, desmin, connexin 43, pathology, morphological diagnostics.
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BBEAEHWUE

Nimemuyeckas 00JIe3HB cepAIla HO-TIPEKHEMY
SIBJISIETCSA BeAYIed IPUUMHON CMEPTHOCTH HaceJIe-
HUS Pa3BUTHIX CTPAH, I03TOMY HU3yUeHHUE pa3Ind-
HBIX aCIIEKTOB DTOU MATOJIOTUH — BayKHAS METUKO-
6uosiornyeckas 3amava [1—4]. CHUkeHHe KOpOHap-
HOT'O KPOBOTOKA IIPH UIIIEMUYECKOH 00JIE3HU cep/l-
IIa CONPOBOXKAAETCS HIEeMUel MUOKapja, UMelo-
men ompeneseHHble MOP(POGYHKIMOHATIBHBIE Xa-
pakTepucTuku. IIpy OCTpOH HIIEMUM BBIABIISIIOT
OCTpBbIE€ OUaTOBbIE MOBPEXKIEHUS MUOKApAa, KOTO-
pble MpescTaBIeHbl KOHTPAKTYPHBIMHU IIOBPEXK/Ie-
HUSAMU, MUOITUTOJIM3UCOM U TJIBIOYATHIM PaCIaioM
KapIUOMHUOLUTOB [1—3, 5—7]. DTO CBA3aHO ¢ U3Me-
HEHUSMHU CTPYKTYPbI MBIIIEUHOTO ammapara Kap-
JMOMUOITUTOB, JIEBOTO JKeJIyZOo4YKa CepAala, CoOKpa-
TUTEJIbHAs CHOCOOHOCTH KOTOPOTO ObOecreunBaeT
OUPKYJIAIUI0 KPOBU IO OOJIBIIOMY KPYTY KPOBO-
obpamenwus [1-3, 6, 7].

N3yuenne ocobeHHOCTel (GYHKIMOHUPOBAHUS
MHOKapZia B HOpMe U IIPU ITaTOJIOTUH, A TAKKe pas-
paboTka MeTOZi0B NPO(PUIAKTUKH U KOPPEKIINHU
IIpY PA3BUBAIOIIUXCA HAPYILIEHUSAX PabOThI cepi-
12 HEBO3MOXKHBI 6€3 PACCMOTPEHUS MOJIEKYJISIPHOM
CTPYKTYPBI KapAUOMHUOIUTOB [8, 9]. CTpyKkTypa Kap-
JIUOMUOITUTOB IIPE/ICTAaBJIeHa KJIETOUHBIMU OeJiKa-
MH, PACIOJIOJKEHUE KOTOPBIX B KJIETKE CTPOTO JIETEP-
MUHHPOBAHO [10]. CTPYKTYypHBIE KJIETOYHbBIE OEJIKH
KapIHOMUOITUTOB MHOTOGYHKITUOHAJIbHBI, OHU T10-
3BOJIAIOT HE TOJIBKO O0ECIIEUNTh COXPAHHOCTH Kap-
JMOMUOITMTA B IIPOIlECCe CUCTOJIBI U JUACTOJIBI, HO U
B Ilepejiaue CUTHAJIOB, a TAK)Ke BO B3aUMO/IEICTBUH
C BHEKJIETOUHBIM MAaTPUKCOM U BHYTPHUKJIETOUYHBI-
MU opraHesyiamu [8—10].

B smTepaType ommcaHa KapAuaJibHAs IaTOJIO-
T'Us, IpeCTaBJIEHHASA TPEUMYIIIECTBEHHO KapHo-
MUONATHUSAMU, ITPU KOTOPOU HAOJTIOJA0TCA HApyIIle-
HUSA CTPYKTYPBI KapAUOMHUOIIUTOB, 00yCIOBJIEHHbIE
U3MEHEHU MU KJIETOYHBIX O€JIKOB 32 CUET MyTaI[UH
omnpezieJIeHHbIX TeHOB [10]. TIpu pasyjimyHbIX Bapu-
aHTaX KapJMOMHUOIIATHH, B Pe3y/IbTaTe MyTaI[UH T'e-
HOB, OTMEUEHbI HApYIIIEeHUs B IIPOLIECCaX CUHTE3a U
COOTBETCTBEHHO 5KCIIPECCUHU PsAZia KIETOYHBIX Oel-
KOB, YTO COIIPOBOXK/IA€TCS HAPYUIEHUSIMHU COKPATHU-
TEJIPHOU CIIOCOOHOCTU MUOKapaa. Vi3meHeHUs Kite-
TOUYHBIX OEJIKOB, OIPEeNeANNX MaKPOMOJIEKY-
JIIPHYIO CTPYKTYPY KapJIHOMHOITUTOB, MOTYT OBIThH
OIIpe/iesIeHbl BU3YAJIBHO C IIOMOIIbI0 IMMYHOTHCTO-
XUMHUUYECKOI'0 MCCIEOBAHNA [10—12]. DTO II03BOJIA-
€T BBISABJIATH YMEHbIIIEHNE WA YBEJIUUEHUE KOJIU-
YecTBa KJIETOUHBIX OEJIKOB, KOTOpPbIE MMEIOT OIlpe-
JIeJIEHHYI0 JIOKAJIN3aIUI0 B KApAUOMHUOLIUTE, U bJ1a-
rozjapsi 3TOMY CYAUTb O CTENEHU COXPAHHOCTH Ma-
KPOMOJIEKYJISIPHOHN CTPYKTYPBI MBIIIIEUHBIX KJIETOK.

INTRODUCTION

As before ischemic heart disease is the lead-
ing cause of mortality in the developed countries;
accordingly the study of various aspects of this
disorder is a crucial medico-biological task [1—4].
The diminution of coronary blood flow in ischemic
heart disease is accompanied by myocardial isch-
emia possessing the definite morphofunctional
characteristics. In acute ischemia the acute focal
myocardial injuries presented by contractual dam-
ages, myocytolysis, and clumpy patholysis of car-
diomyocytes are revealed [1—3, 5—7]. It is associ-
ated with the changes in muscular system structure
of cardiomyocytes, left ventricle, the contractility
of which ensures blood circulation of the systemic
loop [1-3, 6, 7].

The study of peculiarities of myocardium per-
formance both as normal and abnormal one as
well as the development of preventive measures
and correction in the developing cardiac disorders
are impossible without considering the molecular
structure of cardiomyocytes [8, 9]. The cardiomyo-
cyte structure consists of cellular proteins and their
arrangement in the cell is strictly determined [10].
Structural cellular proteins of cardiomyocytes are
multifunctional; they allow not only ensuring the
cardiomyocyte preservation as both systole and di-
astole but signaling proceed as well as during inter-
action with extracellular matrix and intracellular
organelles [8—10].

In the literature one describes the cardial pa-
thology mainly presented by cardiomyopathies
in which cardiomyocyte structure disturbances
caused by cellular protein changes at the expense of
mutation of the certain genes are observed [10]. In
different variants of cardiomyopathies as a result
of gene mutation some abnormalities in synthesis
processes and the expression of a number of pro-
teins accordingly are noted that is accompanied by
myocardium contractility disturbances. The chang-
es of cellular proteins defining the macromolecular
structure of cardiomyocytes can be determined by
sight using immunohistochemical investigation
[10—12]. It allows revealing the decrease or increase
of cellular protein number that has a definite local-
ization in a cardiomyocyte and, owning to that fact,
estimating the stage of macromolecular structure
preservation of myocytes.

In terms of the foregoing the estimation of
macromolecular cardiomyocyte structure status in
acute myocardial ischemia takes on special impor-
tance taking into consideration the wide prevalence
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C y4eToM BBINIEN3I0KEHHOTO OIIEHKA COCTOSI-
HUs MaKPOMOJIEKYJISIPHOU CTPYKTYPBI KapITHOMUO-
[IUTOB [P OCTPOH UIIIEMU N MUOKap/ia mprobpeTaeT
0co0yI0 BasKHOCTb, IPUHHUMAasI BO BHUMAaHHUE IIIHPO-
KYI0 PacIpOCTPaHEHHOCTh U BBICOKYIO CMEPTHOCTH
HaceJIeHUS IJIAHETHI OT PA3JIUYHBIX POPM HIITEeMHU-
YecKoU O0JIE3HU cep/ira.

IIEJIb UCCJIEJOBAHU A

IIpoBecTH OIIEHKY COCTOSIHUSI KJIETOUHBIX OeJI-
KOB KapAWOMHUOLINTOB — AKTHUHA, JECMHHA M KOH-
HEKCUHA 43 IIPH OCTPOM UIIIEMUH MUOKAP/a.

MATEPUAJIBI 1 METO/AbI

MatepuasioM MOCIYKHJIA CepAedHasl MBIIIIa
JIEBOTO JKEJIYA0UYKA 37 CKOPOIIOCTHKHO YMEPIIUX OT
OCTPBIX HOPM HIIIEMHYECKON OOJIE3HH CEPATIA: B Pe-
3yJIbTaTe OCTPOU KOPOHAPHOM HEJOCTATOUHOCTU U
ocTporo mHMapKTa MHUOKap/a B JIOHEKPOTHUUECKOH
cragun. Cpeiu yMmepmux ObLJIO 32 MYy>KYHUHBI U 5
JKEHIIUH B BO3pacTe OT 41 710 63 jieT. B KOHTPOJIb-
HYIO TPYIIIY BOILIO 5 CJIydYaeB cMepTH (3 MyKUHU-
HBI ¥ 2 )KEHIIIHBI) B pe3yJIbTaTe YepeImrHO-MO3TOBOH
TPaBMBI TYIIBIMHU ITPEMETAMHU.

3abop (pparMeHTOB MHOKap/a JJisl UCCeI0Ba-
HHS OCYIIECTBJIAIN U3 00JIacTH 3a/1HEN, GOKOBOU U
mepefHedl CTEHOK JIEBOTO JKEJIYA0YKa, Ieperopoji-
KU, BEPXYILIKU CEP/IAa U COCOUKOBBIM MBIIIIIBI, KO-
TOpble (pUKCHpOBaIU B 10% 3abydepeHHOM (dOp-
masuHe (Biovitrum, Poccust) B TedeHue 24 4, mocjie
Yero MPOBOAMIIN CTAHAAPTHYIO IPOBOJIKY MaTepra-
sa B rucromporeccope (STP-200, Leica, l'epmanmus).
Ha poTaniioHHOM MHUKPOTOME U3 3aKJIIOUEHHBIX B
mapaduH 06pa3noB U3TOTABINBAIN CPE3bI TOJIIIU-
HOH OK0JIO 5 MKM, KOTOpbIe OKPAIIIBAJIN reMaToK-
CUJINHOM U 303WHOM. CBETOBYIO M TOJISIPU3AIIHOH-
HYIO MHKPOCKOIIHIO CEPATIA IIPOBOJIUIIH C UCTIOJIB30-
BaHHEM YHHUBepCaJIbHOr0 MUKpockomna C. Zeiss Axio
Scope.A1, KOTOPBIH OBLI OCHAIEH aHAJIU3aTOPOM,
nossspusaropoM u potokamepoit AxioCam MRcs.

Kpome cBeTOBOH U MOJIAPU3AIMOHHON MHUKPO-
CKOIIUH CPEe30B, OKPAIIEHHBIX T'€MATOKCUJIUHOM H
D03UHOM, WCIIOJIb30BAJIM WMMYHOTHCTOXUMITYE-
CKOe OKpallnBaHUe CPe30B MUOKAp/a, TO3BOJIAIO-
Ijee OIIEHUBATh BBHIPAJKEHHOCTH JKCIIPECCUM KJie-
TOYHBIX OEJIKOB — aKTHHA, JECMUHA 1 KOHHEKCHHA
43. IMMyHOTHCTOXUMUYECKOe OKPAIINBAaHUE Cpe-
30B BBIMIOJIHSIJIM B COOTBETCTBUU C PEKOMEH/AIIU-
MU (PUPMBI-TTPOU3BOJUTENS AHTUTEJ U COTJIACHO
PeKOMeHIAIINAM, U3JI0KEHHBIM B PYKOBOJICTBAX TI0
MMMYHOTHCTOXUMUUECKUM UCCeoBaHuAM [8, 13].
Ilepen mpoBeeHHEM HMMYHOTHUCTOXHMHUYECKO-
ro OKpaIINBaHUsA IPUTOTOBJIEHHBIE CPE3bl Jlenapa-
(uHUBUPOBaIN U TPOU3BOIUIH IEMACKUPOBKY aH-

and high mortality worldwide caused by different
forms of ischemic heart disease.

AIM OF THE RESEARCH

To evaluate the status of cellular proteins of
cardiomyocytes — actin, desmin, connexin 43 in
acute myocardial ischemia.

MATERIALS AND METHODS

Cardiac muscle of the left ventricle taken from
37 individuals suddenly deceased from acute forms
of ischemic heart disease (as a result of acute coro-
nary insufficiency and acute myocardial infarction
at prenecrotic stage) served as the material for the
conducted study. There were 32 males and 5 fe-
males at the age of 41-63 years among deceased
individuals. 5 lethal cases (3 males and 2 females)
as a result of traumatic brain injury caused by the
damage by blunt objects were included into the con-
trol group.

Samples of the myocardium fragments for the
investigation were taken from the posterior, later-
al, and anterior walls of the left ventricle, septum,
apex of the heart and papillary muscle that were
fixed in 10% buffered formalin (Biovitrum, Russia)
for 24 hours; whereupon the standard specimen
preparation was performed in the tissue proces-
sor (STP-200, Leica, Germany). In the rotary mi-
crotome the sections as thick as 5 um were made
from the specimen enclosed in paraffin that were
stained with hematoxylin and eosin. Light and po-
larized microscopy of the heart was performed with
the usage of a universal microscope C. Zeiss Axio
Scope.A1 fitted out with a analyzer, polarizer, and
photocamera AxioCam MRc5.

Besides light and polarized investigation of
myocardial sections stained with hematoxylin and
eosin the immunohistochemical analysis permit-
ting to evaluate the intensity of cellular protein
expression: actin, desmin, connexin 43 was used.
Immunohistochemical staining of the sections was
performed in compliance with the references of the
manufacturer of the antibodies and in accordance
with guidelines stated in the guidance on immuno-
histochemical studies [8, 13]. Before the immuno-
histochemical staining performance the prepared
sections were dewaxed and tissue-specific antigens
were disclosed in PT Link module (Dako, Den-
mark), in a citrate buffer (pH 6.0) at the tempera-
ture 95°C for 60 min. Then endogenous peroxidase
was blocked up with H 0O, 3% solution; the protein
block was prepared by serum. Next, the obtained
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tureHoB Tkanei B PT Link mozayse (Dako, Tanus)
B nurpatHoMm Oydepe (pH 6,0) mpu Temmeparype
95 °C B TeueHre 60 MUH. 3aTeM GJIOKUPOBAJIU SH/I0-
TeHHyI0 nepokcuzaasy 3% pacrsopom H,O,, mposo-
JIJIA TIPOTENHOBBIN OJIOK CHIBOPOTKOH. Jlasiee MH-
KyOHpOBa/IM IMOJIyYeHHbIE CPE3bl C aHTUTEJIAMHU K
Actin, Muscle Specific Ab-4 (HHF35); k Desmin 43/
GJA1 (k108 D33, mouse monoclonal, DAKO, lanus)
u k Connexin 43/GJA1 (Rabbit polyclonal, ABCAM,
CHIA). /Iy *MMYHHOTO OKPAUIUBAHUS HCIIOJIb30-
BaJId MOJIUMEPHYIO CUCTEMY JIETEKIIUH C ITEPOKCHU-
masuoii metkoi (EnVision FLEX, DAKO, Hanwus).
3aBepIIAONIUM HTAllOM SBHJIOCH OKpalllMBaHUe
SI/IEP KJIETOK FeMaTOKCUJITHHOM.

IIpu oleHKe comeprKaHus aKTHUHA, JeCMHHA U
KOHHEKCHUHA 43 1iomanabs DAB-no3uTUBHBIX OPO-
JIYKTOB HMMYHOTHMCTOXUMHUYECKOH peakIuy aHa-
JIU3UPOBAJIM KaK TMPOIEHT IJIOMAAU U300pake-
HuA ¢ noMoInbio Mukpockona (C. Zeiss Axio Scope.
A1 ¢ dorokamepoit AxioCam MRe5) u mporpaMmm-
Horo obOecmeuenuss ZEN blue (C. Zeiss). Kaxapii
rmapaMeTp IPOCUYUTHIBAIK II0 35 U300paKEeHUSAM C
VBEJIMYEHUEM 40 X 10 C TIOMOIIBIO CTATUCTHYECKOU
mporpaMmmbl STATISTICA 10.0 (StatSoft, Inc., CITTA),
rpadudeckoe mpeacTaBaeHHe JAHHBIX — IIPU IIOMO-
mu nporpamm STATISTICA u Microsoft Excel 2010.

PE3YJIBTATBI 1 OBCYKJAEHUE

IIpu cBeTOBOWI MHKPOCKOIIUHM CpPE30B, OKpa-
IIEHHBIX TeMaTOKCUJIMHOM U 503WUHOM, HaOJII0aIn
CJIaJIXKUPOBAHUE YPUTPOIUTOB B COCYZAX MUKPO-
OUPKYJISTOPHOTO PyCJIa, a TAKIKE B MEJIKUX apTEPHU-
AX 1 BeHax. OTMeYau pa3BUTHeE EPUBACKYIISIPHO-
ro ¥ MEXMBIIIEYHOTO OTeKa. B psjie mosei 3peHus
OBLI OTEK CTEHOK WHTPAMYPAJIbHBIX apTEPUH, IPHU
3TOM OOJIbINIAs YaCTh apTEPUH HAXOMUJIaCh B COCTO-
STHUY T1ape3a; BeHbl ObLIN PaCIIMPEHHBIMH, ITOJTHO-
KpoBHBIMU. [Ipu mcciieoBaHUM KapAUOMUOIIUTOB
BBIABJISJIN UX HaOyXxaHUe B COUETAHUH C HEPABHO-
MEpHOM OKpacKO# IHUTOILIa3Mbl. KpoMe TOro, B OT-
JIEJIBHBIX TIOJISIX 3PEHUS] MMEeJI0 MeCTO HCUYEe3HOBe-
HUe NIOIePeYHON NCUePUYEHHOCTH KapAUOMHUOIINTOB
U OTCyTCTBUE sifiep. HekpoOuoThuecku u3MeHEH-
HbIE MBIIIIEYHbIE BOJIOKHA UMeIu Oojiee APKYIO 50-
3UHODUIIBHYIO OKPAcKy; OTMeueHa WHUIbTPAIU
HEUTPODUJIBHBIMU JIEUKOIUTAMH KapHOMUOIH-
TOB B 30HE UIIIEMUH (pHUC. 1).

IIpu nmpoBeseHNU NOJIAPHU3AIUOHHON MHUKPO-
CKOIIMU CPe30B MUOKap/aa Habsroaxu hGopMUupoBa-
HUe B KapJHOMUOIIUTAX aHU30TPOIUU PA3TUIHON
BBIPAXKEHHOCTH 3a cueT KOHTpakTyp I, IT u III cre-
IeHU. DI BBIABJIEHBI KapAHOMHOIIUTHI, B KOTO-
PBIX Ha IPOTSKEHUU HECKOJIBKUX CETMEHTOB OTCYT-
CTBOBAJIa aHU30TPOIINS, UTO OBLJIO CBA3aHO C HAUAB-

sections were incubated with Actin, Muscle Specific
Ab-4 (HHF35) antibodies; Desmin 43/GJA1 (xyioH
D33, mouse monoclonal, DAKO, Denmark) anti-
bodies; and Connexin 43/GJA1 (Rabbit polyclonal,
ABCAM, USA) antibodies. The polymeric detection
system with peroxidase marking (EnVision FLEX,
DAKO, Denmark) was used for the immune stain-
ing. The closing stage was the counterstaining of
cell nuclei with hematoxylin.

The value of actin, desmin, and connexin 43
being estimated, the area of DAB-positive products
of the immunohistochemical reaction was analyzed
as the area percentage of the image by the micro-
scope (C. Zeiss Axio Scope.A1 with photocamera
AxioCam MRc5) and software ZEN blue (C. Zeiss).
Every parameter was calculated according to 35 im-
ages with 40 x 10 magnification with the use of the
statistical program STATISTICA 10.0 (“StatSoft”,
Inc., USA), data graphic presentation was done by
STATISTICA and Microsoft Excel 2010 programs.

RESULTS AND DISCUSSION

When performing the light microscopy of the
sections stained by hematoxylin and eosin, the
erythrocyte sludging in the vessels of microcircula-
tory bed as well as in small arteries and veins was
observed. The developing perivascular and inter-
muscular edema was revealed. In some visual fields
there was the edema of the walls of intramural ar-
teries, at that most arteries were in paresis; veins
were dilated and full-blooded. Cardiomyocytes be-
ing studied, their swelling in conjunction with the
irregular cytoplasm coloration was revealed. Be-
sides, in some visual fields there was the vanishing
of the cross striation of cardiomyocytes and lack
of nuclei. The necrobiotic changes of the muscular
fiber had a brighter eosinophil coloration; cardio-
myocyte infiltration with neutrophilic leucocytes
was noted (Fig. 1).

When performing the polarized microscopy of
the myocardium sections, the formation of anisotro-
pies of different intensity at the expense of contrac-
tures of I, ITand ITI degree in cardiomyocytes was ob-
served. Cardiomyocytes with the lack of anisotropy
for the space of several segments were revealed that
was related to the beginning myocytolysis. In some
visual fields the appearance of anisotropic clumps
alternating with the sites lacking anisotropy in the
absence thereof cross striation was noted in the indi-
vidual cardiomyocytes. The described changes were
due to the focal mosaic lysis and clumpy patholysis
of cardiomyocyte myofibrils.
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Puc. 1. Meraxpomasus KapZAMOMHUOLIUTOB,
MHQUIBTpALU HEUTPOPUIBHBIMU JIEHKOIIUTAMH,
orek crpoMbl. THDapkT Muokapzaa. Oxpacka
reMaTOKCIIMHOM U 303UHOM. YBesnndeHue (yB.) 100
Fig. 1. Cardiomyocyte metachromasia, infiltration by
neutrophilic leucocytes, stroma edema. Myocardial
infarction. Staining by hematoxylin and eosin.
Magnification (mg.) 100

ITUMCS MHUOLIUTOJIU3UCOM. B psaAze noseil 3peHus B
OT/IeJIbHBIX KapIUOMUOIINTAX OTMEYAJIH ITOSIBICHUE
aHM30TPOIHBIX TJIBIOOK, YEPEAYIOUTUXCS C YUaCTKa-
MM, JINIIEHHBIMHA aHU30TPOIHH, IIPU OTCYTCTBUU
IoTnepevyHol ucuepueHHocTH. OMMCaHHBIE U3MEHE-
HUA 61T 00YCJIOBJIEHBI OUATOBBIM MO3aMYHBIM JIH-
3UCOM M IJIBIOYATBHIM pacriajioM MuopUOpUILIT Kap-
JTUOMUOITUTOB.

AKTUH sBJIsieTCS TJI00YJIsApHBIM GesikoM, ¢op-
MUDYIOIIUM ITUTOCKEJIET KapJHUOMHOIIUTOB, yda-
CTByeT B 00pa30BAHUM aKTOMHO3UHOBBIX KOMILIEK-
COB CapKOMEpOB, KaK OCHOBHOHM COKDPaTHUTEJIbHBIN
3JIEMEeHT MHUOKap/a [14]. AKTHH IPUCYTCTBYeT IIpe-
MMYIIECTBEHHO B ITUTOIJIa3Me, HO B HEOOJIBIIIOM KO-
JIm4ecTBe OOHAPYIKUBAETCA U B A/IPaX KJIETOK.

IIpu 00630pHOH MUKPOCKOIIMH CPE30B, OKpa-
IIEHHBIX HUMMYHOTHUCTOXHUMUYECKHU [IJISI BBIABIIE-
HUS aKTHHA, B psJie M0JIeH 3peHus OblyIa OTMEUeHa
reTepOreHHOCTh IOBPEXAEHUA KapHUOMHOIIUTOB.
ITpu omeHKe CTPYKTYPHI KAPAUOMHUOIIUTOB OTMEYa-
JIV HaJINYYe YI4aCTKOB HEPABHOMEDPHOU OKPACKH ITH-
TOILIA3MBI KJIeTOK. [lorepeuHas ncuepueHHOCTb I10-
BPEXK/JIEHHBIX KJIETOK OblJla HEUYETKOMH, pa3sMbITOH,
IIJIOXO BU3yaJTU3UPOBAJIACh, OJJHOBPEMEHHO HAOJIIO-
JlaJIi CHUPKEHUE SKCIIPECCUY aKTUHA B IIUTOIJIa3Me
KJIETOK (puc. 2).

KiteTouHbIl 0€JIOK JIECMUH WrPAaeT BasKHYIO
POJIb B COXpAaHEHUU CTPYKTYPBI CEP/IEUHBIX KIIETOK
U HOPMAJIBHOTO 00ecIieueHnsI COKPAIleHHs BO Bpe-
M CHCTOJIBI U JIUACTOJIBI [15, 16]. JleCMUH 3KcIpec-
CUPOBaH B 00J1aCTH BCTABOYHBIX JIUCKOB U Z-JIHMHUN
capkoMepa, OH Y4YacTByeT B OOBEJUHEHHUU MUO-
GubpmiT Mexay cob0H, a TaKKe C IMOCTCHHAIITH-

Puc. 2. CHIKEHHUE KCIIPECCHH aKTUHA B 30HE
WIIEMUH MHOKap/ia, OTeK cTpoMbl. OcTpast KOpOHapHast
HE/I0CTATOYHOCTh. IMMYHOTHCTOXHMHUYIECKOE
ucesegosanue (MI'X). AktuH. YB. 200
Fig. 2. Actin expression decrease in the myocardial
ischemia area, stroma edema. Acute coronary
insufficiency. Immunohistochemical investigation (IHI).
Actin. Mg. 200

Actin is the globular protein forming the cyto-
skeleton of cardiomyocytes and takes part in acto-
myosin complexes of sarcomeres formation as the
basic contractile element of myocardium [14]. Actin
is present primarily in cytoplasm, but some amount
is revealed in cell nuclei too.

In observation microscopy of sections stained
immunohistochemically for actin revealing the het-
erogeneity of cardiomyocyte injury was noted in
some visual fields. The cardiomyocyte structure be-
ing evaluated, the presence of sites with the irregu-
lar cytoplasm coloration was noted. Cross striation
of the damaged cells was indeterminate, fuzzy,
poorly visualized at the same time the decrease of
actin expression in cell cytoplasm was observed
(Fig. 2).

Cellular protein desmin plays an important
role in structure preservation of the cardiac cells
and regular contraction support during systole and
diastole [15, 16]. Desmin is expressed in the area
of intercalated disks and Z-lines of a sarcomere; it
takes part in myofibril union between each other
as well as with postsynaptic sites with outer mem-
brane and cell nucleus, mitochondria and other cel-
lular organelles [15-17].

Microscopy of the sections stained immuno-
histochemically for desmin revealing done, one
observed sharply expressed cytoplasm metachro-
matism of cardiomyocytes that was visualized as
the presence of sites intensively stained and poorly
absorbing the pigment in which the cross stria-
tion was not observable. Intercalated disks in the
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Puc. 3. FoMoreHusanusi UTOIIA3MbL, OTCYTCTBHE
[OTIEPEYHON HCYEPUEHHOCTH U BCTABOUHBIX IMCKOB
kapauomuonuTos. MHpapkT muokapaa. UT'X. JlecmuH.
VB. 200
Fig. 3. Cytoplasm homogenization, lack of cross striation
and intercalated disks of cardiomyocytes. Myocardial
infarction. IHI. Desmin. Mg. 200.

YeCKHMH yYacTKaMH, C HApyKHOU MeMOpaHOH U
SITPOM KJIETKU, MUTOXOHJIPUSIMH U JIPDYTUMU KJIe-
TOYHBIMU OpraHesIamMmu [15—17].

ITpy MUKPOCKOIINY CPE30B, OKPAIIEHHBIX UM-
MYHOTHCTOXUMUWYECKH JIJisI BHISIBJIEHUS JeCMUHA,
OTMeYaJii pe3KO0 BRIPakeHHYI0 MeTaXPOMa3UIo ITU-
TOIJIa3MBbl KapAUOMHOLIUTOB, KOTOpas BU3YaJIU-
3UPOBAJIACh B BUJIEe HAJTUYUA YUACTKOB, MHTEHCUB-
HO OKPAIIEeHHBIX U cJ1a00 BOCHIPUHUMAIOIINX Kpa-
CUTEJb, B KOTOPBIX IIONIEpeYHAasi HCUEPUYEHHOCTH
OblyIa He pa3inyrMa. BcTaBouHbBIE AUCKU B IIpejie-
JIaX UCCJIeJIyeMOTO cpe3a He Ompeesisiuch. B or-
JIeJIBHBIX MECTaX cpe3a BCTPeYasiu KapJAHOMUOIU-
Tl C YMEPEHHO COXPAaHUBIIEHCSI OKPACKOH ITHUTO-
IJ1a3Mbl U TIOTIEPEYHON MCUEPUEHHOCTHIO KJIETOK.
B HekoTOpBIX MOJIAX 3peHusa HabIOAanmacy dpar-
MeHTAaIis KapAUOMHUOIIMTOB, IIPU 3TOM OCOOEH-
HO OTUETJINBOU OblJIa TeTePOreHHOCTh OKPAIIIHBa-
HUSA KJIETOK (puc. 3). OTAeIbHbIE KapTUOMHOITATHI
BBITJISI/IEJIM HAOYXIIUMU, Apyrue ObLIN HCTOHYE-
HbBL. B OT/IeJIbHBIX MOJISIX 3pEHUS UMeJia MECTO HH-
unprpanus HEHTPODUIBHBIMU JIEHKOIUTAMU.

HccnenyeMblii KJIETOUHBINA 0€JI0K KOHHEKCHUH
43 siBasieTcss MeMOpaHHBIM OEJIKOM W3 CeMelCcTBa
0eJIKOB IIEeJIEBBIX KOHTAKTOB, OH YYacTBYET B 00e-
creueHnu GecriepeboiiHOro (GyHKIIMOHUPOBAHMUS
MHOKap/ia IyTeM Mepelaull CHHXPOHU3UPOBAHHOTO
3JIEKTPUYECKOTO MMITYJIBCA MO KJIETOYHBIM IIEI0Y-
KaM, 4TO BayKHO JIJIs OpraHocueruduyeckoi GyHK-
MU CePAIlA, CBI3aHHOH C aBTOMAaTHU3MOM PabOThI
3Toro oprasa [7, 5, 18].

ITpu maToMopdOIOrHUECKON OIEHKE CpPEe30B,
OKpAIIIEHHBIX C UCTOJIb30BAHHEM HMMYHOTHCTOXHU-

Puc. 4. OrcyrcTBue ONEpeYHON HCUePUEHHOCTH U
BCTaBOYHBIX IUCKOB KAPAUOMHUOIUTOB, OTEK CTPOMEI,
UHOWIBTPALUA HEUTPODUIHBHBIMU JIEHKOI[UTAMH.
Hudapkr muokapaa. UIT'X. Koanekcus 43. YB. 200
Fig. 4. Lack of cross striation and intercalated disks of
cardiomyocytes, stroma edema, infiltration by neutro-
philic leukocytes. Myocardial infarction. IHI.
Connexin 43. Mg. 200.

limit of a studied section were not defined. In the
separate areas of the section the cardiomyocytes
with moderately preserved cytoplasm coloration
and cross striation of the cells were noted. In some
visual fields cardiomyocyte fragmentation was ob-
served, at that heterogeneity of cell staining was
especially distinct (Fig. 3). Some individual cardio-
myocytes looked swollen others were thinned. In
separate visual fields there was the infiltration with
neutrophilic leucocytes.

The studied cellular protein connexin 43 is a
membrane protein from the family of the gap junc-
tion proteins; it takes part in support of constant
myocardium functioning by means of synchronized
electric pulse transmission through cellular chains
that is important for organo-specific function of the
heart related to work automaticity of this body or-
gan [7, 5, 18].

When the sections stained with the use of im-
munohistochemical method to visualize connexin
43 being estimated pathomorphologically, micros-
copy at low magnification allowed observing the
decrease, shortening or incomplete staining of in-
tercellular areas of the cardiomyocyte contact in
the field of intercalated disks. Along with the de-
scribed changes one noted the cytoplasm staining
of cardiomyocyte groups in brown color caused by
connexin 43 accumulation in cell cytoplasm, the
cross striation decrease of cardiomyocytes and cy-
toplasm homogenization (Fig. 4).

When the microscopic study of myocardium
sections stained immunohistochemically for ac-
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MHUYECKOU METOJIMKU C IeJIbI0 BHU3YaIU3aI[Ul KOH-
HEKCWHA 43, MUKDPOCKOIIUA Ha MaJIOM YBEJIUYEHUH
M03BOJIsiJIa HAOJIIO/IaTh yMEHBIIIEHHE, YKOPOUEHHUE
WM HEIOJTHOE OKpAIIWBAaHUE MEKKJIETOUHBIX 30H
KOHTAaKTa KapAHOMHOIIUTOB B 00JIACTH BCTaBOY-
HBIX JTUCKOB. Hapsiiy ¢ omuMcaHHBIMH HU3MEHEHHSI-
MU OBLIM OTMEUEHBI OKpAIUBAHUE ITHUTOIJIA3MBbI
TPy KapAHOMHUOIIUTOB B KOPUYHEBBIH I[BET, 00y-
CJIOBJIEHHOE HAKOIIJIEHMEM KOHHEKCHHA 43 B I[UTO-
IJ1a3Me KJIETOK; CHU)KEHUE TOTIEPETHON HCcUepUyeH-
HOCTU KapJIHOMHUOIIUTOB M TOMOTEHHM3AIHUs IHUTO-
1a3Mbl (puc. 4).

IIpu mpoBeeHUN MHUKPOCKOIIUYECKOTO HCCIIe-
JIOBAHUS CPE30B MHUOKAp/la, OKpAaIIeHHBIX HMMY-
HOTMCTOXUMUYECKH [IJIsl BBIABJIEHMS aKTHUHA U JeC-
MHWHA B KapJHOMHUOIINTAaX, obpalasia Ha ceOs1 BHU-
MaHHE TeTEPOreHHOCTh MOBPEXKIEHUA KJIETOK, YTO
CBUJIETEJIBCTBYET O PA3JIUUYHOU CTEIEHU BhIpasKeH-
HOCTHU HIIEMHYECKOTO ITOBPEK/IEHUS KJIETOK. JTH
JaHHBIE ITO3BOJIAIOT 3aKJIIOUNTH, YTO aKTUH U Jiec-
MHWH UTPAIOT Ba’KHYIO POJIb HE TOJIPKO KaK KJIETOY-
Hble OeJsiky, 0OecreunBamIire MaKpOMOJIEKYIIAP-
HYIO CTPYKTYPY KapAUOMHUOIIUTOB, HO B OTPAKAIOT
coxXpaHeHUe TyJia JKU3HECTIOCOOHBIX KJIETOK B IIPO-
Iecce UX BbI?KMBAEMOCTH B YCJIOBUSIX HITIEMUYECKO-
IO BO3/I€HCTBUA.

IIpu olleHKe Cpe30B MHOKApPa, OKPAIIEHHBIX C
IIeJIBIO BBISIBJIEHH S JIECMUHA, HAPSY CO CHUIKEHUEM
SKCIIPECCUU DTOTO KJIETOYHOro Oesika B ITUTOILIA3-
Me Kap/IHOMHUOIIUTOB B MECTaxX Z-TUHUH, OTMedaIn
OTCYTCTBUE DKCIIPECCUH JIECMUHA B MECTaX BCTABOY-
HBIX JIUCKOB.

IIpu oCTpOii HIIEMHUU OAHUMHU U3 TEPBBIX pe-
arUpYIOT Ha MOBPEK/IAIOIIEE BO3IEUCTBUE KJIETOU-
Hble MeMOpaHbI, U TOJIPKO Ha CJIEAYIOIIEM 3Talle
aJbTepaIU TPOUCXOAUT aKTUBAIUS IPOTEAs, IIPH-
BOZAIIAS K MIOBPEXKAEHUIO ITUTOCKEIIETA, BBITIOJTH -
OIIIETO CBA3YIONIYIO POJIb MEXK/Y MJ1a3MaTUYECKON
MeMOpaHOH ¥ BHYTPEHHUM COJEPKUMBIM KJIET-
ku [15]. Ha mra3maTuueckoil MmeMOpaHe mpueka-
UX JIPYT K APYTY KJIETOK JIOKAJIU3YIOTCA MEXKKIIe-
TOYHBIE KOHTAKThI, KOTOPbIE, HAPSAIY C MeXaHUYe-
CKHUM CO€JIMHEHHEM KapJAHUOMHUOIIUTOB, O0ecredu-
BAIOT CBSA3h OHMOJIOTMYECKUX IIPOIECCOB, MPOTEKA-
OIUX B HUX, CIIOCOOCTBYIOT MHTErpanuu Metabo-
JINYECKOW aKTUBHOCTH M PA3BUTHIO KJIETKU, a TaK-
JKe OCYIIECTBIISAIOT CHHXPOHU3AIUIO (DU3HOJIOTHYE-
CKOU JIeATEIPHOCTH KapIHOMHUOIUTOB [19]. TO cTa-
HOBHUTCS BO3MOKHBIM 3a cueT obecrieueHuss obmeHa
MOJIEKYJIAMH Yepe3 KaHajbl — KOHHEKCOHBI, UMe-
fOIIMeCs B IIeJIEBbIX KOHTAKTaX U oOpasyeMble Iie-
CTBIO OeIKaMU-KOHHeKcuHaMu [8].

CHIKeHHe SKCIIPeCCUH KOHHEKCHHA 43 B 00J1a-
CTH BCTaBOYHBIX JIUCKOB KapJMOMHOIIMTOB, a TaK-

tin and desmin revealing in cardiomyocytes being
performed, the heterogeneity of cell damage drew
our attention being the evidence of various degrees
of manifestation of the ischemic cell injury. These
findings allow making a conclusion that actin and
desmin play not only an important role as cellular
proteins providing the cardiomyocyte macromolec-
ular structure but reflect conservation of the pool
of viable cells during their survival under ischemic
affecting.

Estimating the myocardium sections stained
in order to reveal desmin along with expression
decrease of this cellular protein in cardimyocyte
cytoplasm at the sites of Z-lines the lack of desmin
expression at the sites of intercalated disks was
noted.

In acute ischemia they are among the first that
respond to the cellular membrane injury and only
at the next stage of alternation the protease activa-
tion resulting in the injury of cytoskeleton perform-
ing the linking role between plasmatic membrane
and inner cell contents emerges [15]. On the plas-
matic membrane of the adjacent cells the intercellu-
lar contacts providing the interrelation of biological
processes taking place in cardiomyocytes together
with the mechanical cardiomyocyte connection are
localized, they contribute to the integration of met-
abolic activity and cell development as well as ac-
complish the synchronizing of physiological cardio-
myocyte activity [19]. It is possible at the expense
of the providing of molecular interchange between
canals — connexons presenting in the gap junctions
and formed by six connexin-proteins [8].

The decrease of connexin 43 expression in the
field of cardiomyocyte intercalated disks as well
as its accumulation in cell cytoplasm can be ex-
plained by the disturbance of the processes of me-
tabolism support and connexin 43 degradation. In
ischemic cardiomyocytes the decrease of connexin
43 expression takes place and at the same time
the process abnormality of cellular protein phos-
phorylation is accompanied by the accumulation
of nonphosphorylized connexin 43 in cardiomyo-
cyte cytoplasm.

CONCLUSION

The use of immunohistochemical staining of
cardiac muscle sections is highly informative mor-
phological analysis technique permitting to evaluate
the abnormality nature of macromolecular struc-
ture of cardiomyocytes. The immunohistochemi-
cal staining study of the myocardium substantially
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JKe ero HaKoIJIEHWe B IIUTOIlIa3Me KJIETOK MOXK-
HO OOBSCHUTH HApYIIEHHUEM IIPOIIECCOB Obecreve-
HU MeTaboJIN3Ma U Jerpaiallii KOHHEKCHHA 43. B
UIIeMU3UPOBAHHBIX KapJAHUOMUOIIUTAX IIPOUCXOUT
YMEHBIIIEHNEM SKCIPECCUU KOHHEKCHUHA 43 B 00J1a-
CTU BCTABOYHBIX JHCKOB, IIPU 3TOM IIpOIlECC Hapy-
meHus GochHOpUINPOBaHUS KJIETOYHOr0 OeIKa co-
IIPOBOK/IaeTcs HaKoIlJleHneM HedocdoprinpoBaH-
HOTO KOHHEKCHUHA 43 B IUTOILJIa3Me KapUOMHOIIH-
TOB.

SAK/IIOYEHMWE

Hcnosp30BaHNE UMMYHOTHUCTOXHMHUYECKON OK-
pacKu Cpe30B CcepAeYHOU MBIIIIBI ABJIAETCA BBICO-
KOMH(pOPMATUBHBIM METOJIOM MOP(OJIOTNUECKO-
ro aHaJIu3a, MO3BOJIAIOIINM OLIEHUTH XapaKTep Ha-
pylIeHu MaKpOMOJIEKYJIIPHON CTPYKTYPBI Kapau-
OMHUOLIUTOB. IMMYHOTHCTOXHMUYECKOE HCCIIET0BA-
HHUE MUOKap/la B 3HAYUTEJIBHOU CTEIEeHU JOIOIH -
eT JIaHHbIe, IT0JIyYeHHbIe IPU CBETOBOH U MOJIApU3a-
IIMOHHOW MHKPOCKOITHH B XO7le MOP(MOJIOTHYECKOHN
OIIEHKH OCTPBIX OYAroOBBIX MOBPEXIEHUN MHOKap-
Jla. Busyanusanus cocTogHUA CTPYKTYPbl MUOKap/a
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C HCIIOJIb30BAHHEM HMMYHOTHCTOXUMUUYECKOTO HC-
CJIEIOBAHUS C BbIABJIEHEM aKTHUHA, IECMHUHA 1 KOH-
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