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T'ICTOXIMIYHA JIATHOCTHUKA I'TBEPHAIII I HEKPO3Y KAPIIOMIOIIUTIB

IPU IIIEMIYHIN XBOPOKI CEPIIS
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Jlvgiscokuil HayioHanbHUll MeOuyHull yHigepcumem imeni JJanuna I anuybroco

Kageopa cimennoi meduyunu (3a6. - npogh. FO.I'. Kusx)

Pegepar

Merta - 3’sicysamu mosicnugicms diarHocmuku 2ibepHayii kap-
dlomioyumie npu iueMiunil Xx60pooi cepyst TIOOUHU HA CEIM-
JIOONMUYHOMY PI6HI NpU BUKOPUCIAHHI Dionmamis i excnpec-
Hekponmamie miokapoa ma sacmocyeanni LLIUK-peaxyii.
Marepiau i meToam. /3 niouaconepayitinux oionmamis, exc-
npec-nexponmamie mioxapoa npu IXC moodeil, a maxoaic
bionmamie newinKu i Miokapoa 1i6020 WLYHOUKA OLIUX Wypie
(sagpixcosanux 'y 2% posuuni OsO na 0,1 M pocpamnomy
6yepi iz pH 7,36 ma 3anumux y cymiut CMOJL enoHy ma apaii-
Oumy) npueomosisiiu HaniemMoHKi ma YibmpamoHKi 3pisu.
Ha naniemonxux 3pizax nposoounu LIIHK-peaxyiro. Ix éus-
yanu i omorpadysanu y ceimaoonmuiHoOMy MIKPOCKONI,
obaawmosanozo yugposorw gomorameporw. Ilapanreivrno
VALMPAMOHKI 3PI3U MIOKAPOA IHOOUHU, RPOKOHMPACTOBAHL
8 PO3UUHAX COIeU Ypany i ceunYI0, sugual i homorpagysanu
3a 00NOMO2010 MPAHCMICIIHO20 e1eKMPOHHO20 MIKPOCKONA.
Pe3yabTaTu ii 00roBOpeHHs. Po3pobienuil Hamu Moougixo-
sanutl cnocio LITUK-peaxyii na naniemoukux 3pizax iz nio-
yaconepayitinux 6ionmamie miokapoa npu IXC nodunu,
wo Oynu sagixcoeani 6 2% poszuuni OsO  ma sanumi'y cymiut
CMO enowy i apanoumy, 0a8 MOXCIUGICIb JiarHOCHTY8amu
KYMYJISYII0 IPAHYI DIKOTEHY 6 KapOloMIoyumax ma iHmep-
cmuyii miokapoa, moomo eusensimu 1io2o 2ibepuayito. Ocman-
Hsl NPOSIBNANACH YEePBOHO-POACEUM 3A0DAPBIEHHAM CAPKO-
NAA3MU KapOiomMioyumie ma cmpomu Miokapoa. Yiempacmpyx-
MypHI 00CTIONCEHHSL MIOKapOa niomeepouu 8I0N0GIOHICHb
nosumusnoi [LIUK-peakyii (uepeono-podcese 3a6apeinennsi),
BUABNICHOI HA CBIMAOONMUYHOMY DI6HI, OenO3UMam Ipamyi
miikoreny 6 kapoiomioyumax ma 6 inmepcmuyii npu IXC.

BucHoBku. Bemanosneno, wo ons oiarnocmuxu cibepuayii

KapoiomMioyumis, sika npedcmasisie coooio 8y2ie600Hy OUCH-
poiio (nacpomaddicenns B- abo a-Liikoreny y Micysix oecm-
PYKyii capkonaasmu), modicna 3acmocysamu LLIHK-peaxyito,
xoua "z3onomum cmandapmom” Ons it OlarHOCMuUKU € eneKm-
POHHOMIKpOCcKoniune docniodcennst. LITUK-peakyis dae smozy
BUAGUMU 0eNo3Umu IPAHYJL LIIKOTEHY HA8IMb V KapOioMio-
yumax, sagpixcosanux y 2 % posuuni OsO, i sanumux y cymiut
CMOJL enoHy ma apanoumy (nicist 6il0N0SIOHOI Ni02OMOBKU 3pI3ie
Miokapoa 07t CEIMIOONIMUYHO20 0CTiOdcerHs). Y eunaokax
6UX00Y IpaHy rikoreny 6 inmepcmuyii, [IIHK-peakyis oae
3MO2y KOHCMamysamu HeKpo3 Kapoiomioyumis, Ha OCHOGL
UEPBOHO-POICEBO20 3A0APBIEHHS CIMPOMU MIOKAPOU.
Karwuogi ciioBa: miikoren, miokapo, kapoiomioyum, iulemivna
Xxeopoba cepys, cibeprayis, nekpos, LLIUK-peaxyis

Abstract
HISTOCHEMICAL SIGNS OF

CARDIOMYOCYTE HIBERNATIONAND
NECROSIS IN ISCHEMIC HEART DISEASE

V1. KOVALYSHYN, O.D. LUTSYK, YH. KYYAK,

O.Y. BARNETT, Ch.l. KOZAK, H.Y. KYYAK,

S.V. FEDEVYCH

The Danylo Halytsky National Medical University in Lviv

Aim. To determine whether it is possible to diagnose
hibernating myocardium in ischemic heart disease by light
microscopy of biopsies and express necropsies of myocardium
stained with PAS (using the Schiff reaction).

Methods. Semithin and ultrathin sections of biopsies taken
during surgical interventions and express necropsies of
human myocardium in ischemic heart disease, as well as
biopsies of rat livers and of the wall of the left ventricle of rat
myocardium, were fixed in 2% osmium tetroxide in 0.1 M
phosphate buffer (pH 7.36) and then embedded in epone
and araldite. Semithin sections of human myocardium and
rat liver and myocardium were stained with PAS and
analyzed by light microscopy with a digital camera.
Ultrathin sections of human myocardium stained with uranyl
acetate and lead citrate were also analyzed by transmission
electron microscopy. The modified Schiff reaction was
performed on semi-thin sections of the myocardial biopsies
during surgical interventions for ischemic heart disease.
Tissue samples were fixed in 2% osmium tetroxide and
embedded in epone and araldite.

Results. The red-pink color of the Schiff reaction was seen
where glycogen granules accumulated in cardiomyocytes and
the interstitium of hibernating myocardium. Ultrastructural
studies confirmed that the light microscopically evaluated
positive Schiff reaction (a red-pink colour) represented
glycogen granule deposition in cardiomyocytes and the
interstitium in ischemic heart disease.

Conclusions. For the diagnosis of hibernating
cardiomyocytes, which represent carbohydrate dystrophy
with a- and B-glycogen accumulation in areas of sarcoplasm
destruction, the Schiff reaction can be applied instead of
using electron microscopy. In the presence of glycogen
granules in the interstitium, the Schiff reaction facilitates
the diagnosis of cardiomyocyte necrosis on the basis of the
red-pink colour of the myocardial stroma. Most of the PAS
intensities in cardiomyocytes and in the myocardial
interstitial areas that approach the areas of necrotic
cardiomyocytes with glycogen granule accumulation in the
myocardial stroma and cicatrization were confirmed by
ultrastructural examination for the presence of irreversible
hibernating cardiomyocytes in ischemic heart disease.
Keywords: myocardium, cardiomyocyte, ischemic heart
disease, hibernation, necrosis, Schiff reaction (PAS)
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Beryn

3a JaHMMU TPAHCMICIHOT €TeKTPOHHOT MIKPOCKOTTIT
(TEM) y ekcriepuMEHTaIbHUX 30POBUX TBapuH
Kap/1iOMIOIIUTH, & TAKOXK MONIEPEIHO-CMYTACTi CKe-
JIeTHI M's130B1 BOJIOKHA BMIII[YOTh HE3HAYHY KiJTBKICTh
MOOJMHOKO PO3TAIIOBAHUX IPAHYN [-ITMKOTEHY B
capxoriasmi [1]. V Toi ke 4ac, y KapaioMionurax
JFOAWHY TPpH imemiuHii xBopooi cepiis (IXC) ynbT-
PaCTPYKTYpHO 1HOJI BUSIBICHO 3HAYHI CKYITYCHHS
rpanyn B-rinikoreny [2, 3]. Y Bunmaakax KyMyssii i
arperartii rpay’ ;IiKoreny B (popmi po3eTok (oL-171i-
KOT€H), XapaKTepHUX JJIs MIEUiHKHU, TIarHOCTYIOTh
BaXKKY, XpOHIYHY 1 HE3BOPOTHY T10€pHALIi0 KapIio-
MiouuTIB [4], 1110 TPU3BOAMTH JI0 BTPATH HUMHU Op-
raHocrennu(iYHOCTI 1 BUHUKHEHHS 'rermaru3amii”
cepieBux MionuTis [1].

[0 /10 IarHOCTUKHU Ti0epHALIiT Kap1ioMio-
ITUTIB 32 JOTIOMOTOIO CBITJIOONTUYHOT MIKPO CKOITIi,
TO MU HE BUSBIJIY TaKUX JIOCIIDKEHb YU ITyOJTiKa-
iit. JloTenep Mo3uTHBHY TiCTOXIMIYHY PEaKIlito Ha
3pi3ax Me4yiHku [5], M's130B0i TKaHWHHU [6], MioKapaa
[7] Ta mkipu [8] mpu nposenenni LK -peaxkirii (osi-
Ba YEPBOHO-POKEBOT0 3a0aPBIICHHS IIUTOIIA3MHU
KJTITHH) TIOB'S3YIOTb 13 PUCYTHICTIO B KITITUHAX I10-
Jicaxapu/IiB, a He Oe3MocepeHbO IIIiKoTeHy. Binrak,
He HIIJ1a MOBa PO JTIarHOCTUKY Ti0epHaIii kap1io-
MIOIUTIB, OCHOBHHM MPOSIBOM SIKOT € KyMYJISIITISI T7Ti-
KOT€HY B CApKOILIa3Mi.

Mera - 3'iCyBaTH MOXJIUBICTb JIIaTHOCTUKH
ribepHartii kapaiomionuTis ipu [XC mroauHu Ha CBIT-
JIOOTITUYHOMY PiBHI, TPH BUKOPHCTaHHI O10MTaTIB 1
eKCIpec-HeKPONTaTiB MiOKap/aa Ta 3acTOCYBaHHI
N K-peaxirii.

Marepiau i MmeToau

I3 miguaconepariifHux 6ioNTariB, a TAKOXK EKCIIpec-
HekponTariB Miokapaa npu [XC, 3adikcoBanux y 2%
po3umni OsO, na 0,1 M dpocharnomy Gydepi (pH
7,36) 1 3aMTUX y CYyMIIl CMOJI €TIOHY Ta apaJTUuTy
[9] BUTOTOBIISITM HAMTIBTOHKI 3pi3U HA YABTPAMIKPO-
tomi YMTII-3M. [Ins 3a6e3nedeHHs Kparioi mpo-
HUKHOCTI EPHOTHOT KHCIOTH Ta peakTuy [Iudda
[10] mo rpany raikoreHy y 3adikCOBaHUX OCMIEM
OJIoKax MiOKap/a, 3pi3u TKAHWHU CIIOYaTKy 00po0-
77U 1 rof 0-KCHIIOJIOM, IIC/IS YOro 1X 3HEBOIHIO-
BaJIM Y €THJIOBOMY CIIUPTI (HU3X1IHUX KOHIIEHTpPA-
11ii1) 1 MPOMUBAIIN JUCTUIIHOBAHOO Bo/I0t0 [ 11]. Bu-
CyIIIeHi 3pi3u BUTpUMyBaiH 1ie 20 XB y pO3YHHI IUT-
paTy CBHHIIO, IPUTOTOBAHOMY 332 METOJOM

Reynolds E.S. [12]. ¥V noganbimomMy ix mpoMuBan y
JTUCTHIILOBaHIHM BoJIi. Ha HamiBTOHKUX 3pi3ax Mio-
Kapja, oOpoOJIeHUX 110 BHIIE BKa3aHiii METOJIHIIL,
NPOBOJMIIN PEAKIII0 3 MEPHOTHOI0 KUCIOTOIO Ta
peaxtuoM [Indda (LLINK-peaxis) yrpogosxk 30 xB
[13]. TTapanensHO TPOBOAMIN KOHTPOJIBHI AOCIT-
mxennst [IIMK-peakuii y HarmBTOHKMX 3pi3ax NEYiHKA
1 MiOKap/1a JTiBOTO MUTyHOYKA OLTHX ITypiB, IOTepe/I-
HbO 3aikcoBanmx y 2% posunni OsO, na 0,1 M doc-
(arHOMY Oyepi Ta 3aTUTHX Y CYMIIl CMOJI €TIOHY Ta
apaJiIUTY, aHAJIOT19HO JI0 O10TICiH Ta HEKPOIITATIB.
[Ticns mposenenns LINMK-peaxkiiii, HamiBTOHKI 3pi3u
MioKap/ia BUBYaH i poTorpadyBai y CBITIOONTHY-
HOMY Mikpockori MBU-1, o6nagaanoMy mudpoBoro
¢doroxameporo OLYMPUS FE-210/X-775.

PesyabTaTn ii 00roBOpeHHsA
[Tpu CBITIIOONTHYHOMY aHaIi31 KOHTPOJIBHUX 3pa3-
KiB MiOKap/1a Iy piB Hamu Oys10 BusiBiieHo, 1o HINK-
peaxirist Oyima cmabo MO3UTHBHA B yCiX BHITAIKAX 1
IPOSIBIISIIACS YEPBOHO-POKEBUM 3a0apBICHHIM
MOOIMHOKHX IPaHyII ITTIKOTeHY B CapKOIIIa3Mi Kap-
JIOMIOITUTIB, @ TAKOXK CTPOMHU MiOKap/a HaBKOJIO
MikpocyauH (puc. 1). Y remaronurax 4epBOHO-pPO-
xKeBe 3a0apBieHHs OyJ0 3HAYHO IHTEHCUBHHM,
BiJI0Opa)karouu HAsIBHICTH 3HAYHOT KIJTBKOCTI PO3ETOK
OL-TJTIIKOTEHY B ITUTOIIA3Mi IUX KITHH (puc. 2).
CBITJIOONTUYHE AOCIIKEHHS HAITIBTOHKUX
3pi3iB ribeproBanoro miokapma npu [XC 3acBigums,
o HIINK-peakist y HaiO1IbIII# Mipi IpOsIBUIACS Y
KapAiOMiOIUTAaX, 30CEPEIKEHIX Y CYMIKHUX JIUISTH-
Kax 13 BOTHUIIIAMU HEKPO3y 1 pyOIroBanHs (puc. 3),

Puc. 1
Csimunosa mikpockonisi Miokapoa 6in02o wypa 6i0oopaxicae
nosumusHy LIIUK peakyito y capkonaazmi kapoiomioyumie
(cnabo iHmeHcusHe YepeoHO-podicese 3a0aAPBIeHHS
CaApPRONIAsMu, 0e MICIMUmMbCsi He3HAUHA KLIbKICMb DAy B-
mixoreny (0)). [lominysanns osnax LIIHK-nozumuerux
8Y2I1€8000BMICHUX CNOJIYK Y NEPEBACKYIIAPHOMY
npocmopi(—). Macwma6bna ninitika: 25 mrm.
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YIABTPACTPYKTYPHO B SIKMX OyJI0 BHSIBIICHO ACTIO3UTH
rmikoreny (puc. 4). ['ibepHOBaHI Kap1iOMiOITH Ma-
JIM IHTEHCUBHE YE€PBOHO-POKEBE 3a0apBIICHHS, Bi-
JIOOpaKarouu CKYITIECHHS 3HAYHOT KUTBKOCTI TJTIKOTeHY
B capkoruiasmi (prc. 3). Sk BiToMo, KyMyJISILIis TPaHYJT
[JIIKOTEHY Y IUTSTHKAX JIECTPYKIIii CApKOIIIa3MH € Hali-
BIPOTIiTHITIIMM JIOKA30M Ti0epHaIlii uX KITHH [2],
1110 OyJ10 MiATBEPKEHO eNEKTPOHHO-MIKPOCKOITIYHO
(puc. 4).

3HauHi CKYITYECHHS TPaHyJI ITTIKOTeHY BUSIB-
JIEHO 1 B CTPOMIi MiOKapya, 110 Oys10 3yMOBJIEHO pyii-
HYBaHHS (HEKpO3) Ti0epHOBAHUX KapAiOMiOLHUTIB
(puc. 5). JIizuc capkoyieMu Kap,1ioMiOIUTIB IPU3BO-
JIMB JI0 TIOSIBH SIK TIOOJIMHOKHX TPAHYJ, TaK 1 KOM-
MAaKTHUX Mac [MIKOTeHY Y MO3aKIITHHHOMY IPOCTOPi1

(puc. 5).

Puc. 2
Csimnosa mikpockonisi neuinku 6i1020 wypa. Pizko
nosumusna LLTUK peaxyis (O) (uepsono-podicese
3abapenents 8y2ne60006MICHUX KOMNOHEHMIE
Yumoniazmu) ceiouums npo HAsABHICMb PO3ENOK O
miKoreny, xapakxmepuux 01 cenamoyumis. Macuwmadna
JiHitKa: 25 mxm.

Puc. 3
Csimnosa mikpockonis 2ibepHosano2o Miokapoa
(konoingaprmua oinaura). [losumuena [IIUK-peaxyis
(inmeHcueHe wepeoHo-podicese 3a0apeieHHs) 8i0obpadicae
KYMYNAYII0 8Y21e60008MICHUX KOMNOHEHMIB, 30Kpema
mixoreny (O) 6 2i0epHOGAHUX | HEKPOMUUHO 3MIHEHUX
kapoiomioyumax ma 6 inmepcmuyii. JI - niniona kpanJis.
Macwmabna ninitica:25 mxm.

— 10

Enexmponna mikpoghomorpaghis einepmpogosarnoeo i
eibeprosarnozo kapoiomioyuma (KML]). Macueni
denosumu [panyl UIKOTeHy Y YeHMPATbHIl YaCmMUuHi
xaimunu (O), a makooic ix nPpUCymHicmo Mixc
capkomepamu i HagKo1o mMimoxouopii (M).
Macwmabna ninitixa: 2,2 mxm.

Puc. 5
Enexmponna mikpogpomorpaghis cibepnosanozo i
HeKpomuuHo 3mineno2o kapoiomioyuma (KMI]),
PO3MAUOBAHO20 HA nepugepii XpoHiuHoT
NICIAHDAPKMHOL aHe8pU3MU TI8020 ULIYHOUKA (2 Micsayi
niciisi nepenecenoco ingaprkmy miokapoa). Macueni
denosumu rpauyn mikoreny ¢ eibeprosanomy KMI[ (O) 3
o3Haxkamu 1oeo nekpo3y. Hasenicme rnikoreny 6
NO3aKAIMUHHOMY NPOCMOPIL Y pe3yabmami aAi3ucy
capkonemu KMI] (—). Macwuma6bna niniiika: 3,3 mxm.

[HTaKTHI KapiOMIOIMUTH, SKI MICTHIIH TO-
OIMMHOKI rpanyinu B-raikoreny Oynu [IIMK-neraTus-
HUMU, TOOTO HEe HaOyBaJl YepPBOHO-POKEBOTO 3a-
OapsieHHs. HeoOXi1HO 3a3HAYUTH 1110 Kap/IiOMiOIH-
TH, SIKi 323HAJIM TOCTPOI iieMii 800 TOCMEPTHOTO aB-
TOJI3Y, BTpayajy I'paHyIH ITIIKOTeHy 1 3a IuX obcTa-
BUH, 3TiIHO Hamoro nociimkenns, [IINK-peakiis
Oyna HETaTUBHOIO.

BucHoBknu
BcranoBneHo, 1110 1715 1iarHOCTUKY Ti0epHaIllii Kkap-
JIIOMIOITUTIB, sIKa MPEICTABIISE COOOI0 BYTJICBOTHY
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mucTpodito (HarpoMaKeHHs 3- a00 O-TIIIKOTeHY Y
MICIISIX IECTPYKIIii CapKOIUIa3MH ), MOKHA 3aCTOCY-
Baru LIINK-peakiiro, Xoua "30710THM cTangapTOM"
JUTS 11 TIarHOCTHKH € eJIEKTPOHHOMIKPOCKOITIYHE JI0-
cmimkerns. [HINK-peakitist 1ae 3MOTy BHSIBUTH JI€-
TIO3UTH I'PAHYI ITTIKOTE€HY HaBiTh y KapIiOMIOIUTaX,
3adikcoBanux y 2 % po3uuni OsO, i 3amMTHX y Cymitn
CMOJI €MIOHY Ta apaJINTY (TTiCIIs BiIOBIAHOT MiAT0-
TOBKH 3pi3iB MiOKap/1a s CBITIIOONTUYHOTO JTOCTTi-
JOKEHHST). Y BUMAJKY BUXOAY I'PaHyJl ITIIKOTEHY B
inrepcTuiiit, IHMK-peakiist 1a€ 3Mory KOHCTaTyBa-
TH HEKPO3 Kap/[iOMiOLIUTIB, HA OCHOBI Y€PBOHO-PO-
YKEBOTO 3a0apBIIEHHS CTPOMHU MiOKap/a.
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