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Peculiarities of Myocardial Necrosis Development
and Heart Remodeling After Coronary Artery Ligation
and Left Ventricle Local Cryodestruction

W3ydanm necTpyKTHBHO-BOCCTAHOBHTENBHBIE IPOIECCH IOCIE MOBPEXKICHUS MHOKapia, BBI3BAHHOTO IEPEBSI3KOH JIEBOH
KOpPOHApHOHU apTepHu 1 JIOKAJILHOH KpHOIeCTpyKIHeH JIeBoro xerynouka. [lokazana 3aBHCHMOCTb Ty OMHEI TOPaXXEHHS MHOKap/a OT
JUTUTEIFHOCTH KpHOBO3eicTBHs. ITociie mepeBs3Ki KOpOHapHOH apTepHy CTEHKA JIEBOTO JKEITY[09Ka IOBPEKAATaCh Ha BCIO ITyOHHY.
HawnGomnee BeIpakeHHBIE Pa3IHYMs B COCTOSIHUN MUKPOIMPKYISTOPHOTO PycClla B IEHTPAIBHBIX U TOTPAaHUYIHBIX 30HAX HOBPEXKICHUS
MHOKapJa IocJie IepeBsI3KH KOPOHAPHOH apTEepHU U JIOKAJIbHOH KPHUOAECTPYKINH BBIBICHBI Ha 14-¢ cyTku. BoccranoBieHue
ToKa3areneil MUKpOIMPKYIISITOPHOTO pyciia B IepupeprHIecKuX 00IaCTIX Cep/ia OTMEUCHBI B O0Jiee paHHIE CPOKH ITOCTIE TEPEBSI3KI
JIeBOI KOPOHAPHOM apTepHH MO CPAaBHEHHIO ¢ KPUOMOBPEXKICHNEM. [ ICTOIOrHYeCcKre UCCIENOBaHUS cep/la IoKa3alH, YTO B 30HE
MOBPEXIEHUS MHOKap[a pa3BUIach BOCHAIUTEIbHAS pEakIus, KOTOpas CMEHHIAch IporeccoM ¢pudposa ¢ GopMHPOBAHHEM
COCIMHUTENIFHOTKAaHHOTO pyOra. IIpu KpHOXupyprudeckoM METOAe MOBPEXICHHS Cepla 00pa30oBaHHE COCIHHUTEIHHOTKAHHOTO
py6ua npoucxoanio B 6ojee paHHUE CPOKH.

Kniouegwie cnoga: MuUOKap, IepeBsizka KOPOHAPHOI apTepHH, KPHOAECCTPYKINS, HEKPO3, peMOJCITHPOBAHHE.

BuBuanu AecTpyKTUBHO-BITHOBHI NPOLIECH ITiCiIsl MOLIKO/PKEHHS MioKap/ia BHACTIIOK MepeB’ I3KH JiBOT KOPOHAPHOI apTepil Ta
JIOKAJIBHOT KpioJecTPpyKLii JiiBoro nuryHouka. [Tokasana 3aexHicTh NTMOUMHN ypa)KeHHsI MioKap/a BiJf TPUBAJIOCTi KpioBIutuBy. [liciis
nepeB’sI3KH KOPOHAPHOT apTepil CTiHKa JIIBOTO HITYHOYKA MOLIKO/PKYBaacsl Ha BCIo MMOuHy. HalOinbu BUpakeHi BiIMIHHOCTI B
CTaHi MIKPOLIMPKYJISITOPHOTO PyClia B LIEHTPAJIBHUX 1 HOIPaHUYHHUX 30HAX MOUIKOPKEHHS MiOKapAa Iiciisl epeB’s3KH KOPOHApHOT
aprepii 1 JokanbpHOT KpionecTpykuii crnocrepiranu Ha 14-y no0y. BiqHOBICHHS MOKa3HHMKIB MiKPOLMPKYJISITOPHOTO pycia B
nepuepuuHuX IUISHKaX Ceplisl BiA3Ha4dald B OLIbLI paHHI CTPOKM Micisl MepeB’s3KU JIiBOI KOPOHApHOI apTepii MOPIBHIHO 3
KPiOMOIIKO/KECHHSAM. [ iCTOIOTiUHI JOCTIPKEHHS CEpPIIs TOKA3aJIH, 110 B 30Hi MOLITKOHKEHHS MiOKap/ia pO3BHUBaIacs 3amaibHa peaKilis,
sIka 3MiHIOBasacs mpouecoM Gpidbpo3y 3 GopMyBaHHIM CIIOIYYHOTKaHUHHOTO pyOIst. [Tpu kpioXipypriyHOMY METOAI MOLIKOIKCHHS
ceplsl YTBOPEHHsI CIIOJTYYHOTKAaHHOTO PyOLs BiiOyBaocs B OiNbI paHHI CTPOKH.

Knrwowuoei croea: Miokap, nepeB’si3ka KOPOHAPHOT apTepii, KPioJAeCTPYKIIist, HEKPO3, PEMOICTIOBAHHS.

There were studied the destructive and reparative processes after myocardium injury, induced by left coronary artery ligation and
local cryodestruction of left ventricle. The dependency of myocardium injury depth on cryoinjury duration was shown. After
coronary artery ligation the left ventricle wall was damaged over the entire thickness. The most pronounced differences in
microvasculature state in central and boundary areas of myocardium injury after both coronary artery ligation and local cryodestruction
were revealed to the 14" day. The recovery of microvasculature indices in cardiac peripheral areas was noted in earlier terms after left
coronary artery ligation if compared to the cryoinjury. Histological studies of the heart tissue revealed in the area of injured myocardium
the development of inflammatory response, alternated with fibrosis process with connective tissue scar formation. Application of
cryosurgical method for heart injury resulted in formation of the connective tissue scar in earlier terms.

Key words: myocardium, coronary artery ligation, cryodestruction, necrosis, remodeling.

Exeronno B Ykpaune peructpupyercst 6onee 50
THICSIY CJIy4aeB MEPBUYHOTO MH(papKTa MUOKapaa
(MM). HecmoTps Ha pa3HOOOpa3ue TepaneBTUIECKUX
U XHPYPrU4eCKUX METOJOB JIeUeHHUs 3TOro 3aboie-
BaHUs, ypoBeHb cMepTHOCTH oT UM ocraeTcs nocra-
TOYHO BBICOK (OKOJIO 15 ThICAY JIeTaJbHBIX HCXOIOB B
ron) [1].

MHCTUTYT NpobAeM KPUOOMOAOTUM U KPUOMEANLIMHBI
HAH YkpauHbl, r. Xapbkos
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More than 50 thousands cases of primary myocar-
dial infarction (MI) are recorded in Ukraine annually.
Despite a variety of therapeutic and surgical methods in
treatment of this disease, MI mortality remains at quite
a high level (about 15 thousands deaths annually) [1].

For a correct understanding of MI pathogenetic me-
chanisms, development of preventive and therapeutic
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Jl14 npaBMIIBHOTO IOHUMAHUS NaTOr€HETUYECKUX
MexaHu3MoB MM, pa3paboTku METOAOB NpOoQHiIaK-
TUKH | JISYEHHUS HEOOXONMO €T0 SKCIIEPUMEHTAIIbHOE
BocnpousBesieHue. B kauectse moneneit UM ucnons-
3YIOT “KOpOHapOreHHble” U “HEKOpOHAapOreHHbIE”
HEKpO3bl MUOKAp/1a, KOTOPBIE BBI3BIBAIOT KaK KOHCEP-
BAaTUBHBIMH, TaK M XUPyprudecKkuMu meromamu. K
KOHCEPBATUBHBIM METOZAaM OTHOCAT BBEICHHE pas-
JIMYHBIX XUMUYECKHUX BEILIECTB, B TOM YUCIJIE TOPMO-
HOB [4], K XUpypru4ecKiM — HapyIIEHUE POXOAUMOC-
TH KOPOHAPHBIX apTepuii (AMOONM3AIHA WK TIEPEeBS3Ka
cocy/ia) ¥ AECTPYKITHUS CEPIeIHOM MBIIIIIHI (3JIEKTPO-
KOAryJsiLusl WM KproAecTpykuus) [2, 3, 5-7].

Lenb paboThl — H3y4eHHUE NECTPYKTUBHO-BOCCTA-
HOBUTEIBHBIX MPOLIECCOB MOCIE TTOBPEXKIEHUS MUO-
Kap/ia, BBI3BAHHOTO IEPEBS3KON JIEBOW KOPOHAPHOMH
apTEpHH U JIOKAJTBHON KPHOJIECTPYKIMEH JIEBOT'O JKEITY-
JOYKa.

Matepnanbl 1 meToAbI

OKCIIEpUMEHTHI NMPOBOJUIIN B COOTBETCTBUU C
“OO0ImMMHY PUHLIUIIAMH 3KCIIEPUMEHTOB Ha YKHUBOT-
HEIX”, omoopenusMHE 111 HarmonamsHEIM KOHTpEeCCOM
no 6uoatuke (Kues, 2007) u coriacoBaHHBIMHU C
nonoxkeHusAMH “EBpomneiickoil KoHBeHIuM o 3ammure
[TO3BOHOYHBIX JKUBOTHBIX, KOTOPBIE HCIONB3YIOTCA [T
9KCHEPUMEHTAIBHBIX W APYTUX HAYYHBIX Ienei™
(CtpacOypr, 1986).

Pabora npoBeneHa Ha 6eCIOPOAHBIX KpbICax-CcaM-
nax Maccoit 180-250 . OneparuBHbIC BMEIIATEILCTBA
MPOBOAMIIM 10/ S(PUPHBIM MACOYHBIM HAPKO30M Ha
CHOHTaHHOM JIbIXaHHH.

Wmemunueckuiit Hekpo3 muokapaa (HM) monenu-
POBAJIN ITyTEM IIEPEBSI3KU JIUTaTy PO JIEBOH KOPOHAp-
HO¥ aprepuu. [t mocaeayoliei ObICTPOH repMeTH-
3alyy TPyJHOHN MOJIOCTH HAKJIAABIBAIH IIPOBU30PHBIE
bl Ha 4, 5 1 6-¢ pedpo cnesa. [locne T-o6pa3noro
paspesa ¢ nepeceueHreM 5-ro pedpa BEIBOAUIH CEPII-
L€ B OTIEPAIOHHYIO PaHy U MePEBA3BIBAIN HUCXOIS-
LY BETBb JIEBOM KOPOHAPHOM apTepuu HA rpaHULE
BEpXHEH U CpeHEN TpeTH MpoJaeHOBON HUTHIO Ne 6.0
(puc. 1, A).

KpuoBo3znelicTBue Ha CTEHKY JIEBOTO >KEJIyI04Ka
MIPOM3BOMIIN a30THBIM KPHOMHCTPYMEHTOM C THAMET-
POM ammukaropa 3 MM Ipu Temreparype padoueit
noBepxHoctu anminukatopa —196°C. OnepaTuBHbIiA
JOCTYI OCYHIECTBISIIN B 4—5-M MexpeOephe cieBa
[0 CPEeIHEKIIOYNYHON JTUHUHM C MpeBapUTEIHHBIM
HaKJaJIbIBaHWEM IPOBU30PHBIX IIBOB Ha pedpa, He
BBIBOJISI CEPAIIE B ONepallMoOHHYI0 paHy (puc. 1, B).

B o6onx cryuasx asist poQHUIAKTHKH 3aKPHITOTO
ITHEBMOTOpPAKCca MpPHU BOCCTAHOBJICHHUH LIETIOCTHOCTU
IPYAHOM KJIETKH MINTPHULIEM OTKAYHBaJId BO3AYX.

JKuBoTHBIE ObLIM pa3iesieHb! Ha 4 OIIBITHBIE TPYIIIHI
o 35 KpbIC B Kax10#: 1 (KOHTPOIIB) — KPBICHI TTOCIIE
poOHOI TOPaKOTOMUM; 2 — >KUBOTHBIE TIOCJIE IIEPEBSI3-
KM JICBOU KOpOHapHOU apTepuH; 3 U 4 — KPBICHI TOCTIE
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techniques, its experimental simulation is indispensa-
ble. As MI models there are used the “coronarogenic”
and “non-coronarogenic” myocardial necroses, induced
by both conservative and surgical methods. Conserva-
tive methods comprise the introduction of various
chemical substances, including hormones [4], the sur-
gical ones comprise the interruption in coronary artery
patency (vascular embolization or ligation) and cardiac
muscle destruction (electric coagulation and cryodest-
ruction) [2, 3, 5-7].

The research was aimed to study the destructive
and reparative processes after myocardium injury, in-
duced by left coronary artery ligation and local cryodest-
ruction of left ventricle.

Materials and methods

The experiments were done according to the Gen-
eral Principles of Experiments in Animals, approved
by the 37 National Congress in Bioethics (Kiev, 2007)
and agreed to the statements of the European Con-
vention for the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes (Stras-
bourg, 1986).

The research was done in breadless male rats of
180-250 g weight. Surgeries were carried-out under
ether mask narcosis with spontaneous respiration.

Ischemic myocardial necrosis (MN) was modeled
via left coronary artery ligation. For the following rapid
sealing of thoracic cavity we put the retention sutures
on the 4™, 5™ and 6" ribs leftwards. After T type inci-
sion with crossing 5™ rib the heart was exteriorized
through the surgical wound and a descending branch
of left coronary artery was ligated with prolene thread
N6 at the boundary of upper and middle third (Fig. 1A).

Cryoexposure on left ventricle wall was performed
using a nitrogen cryogenic device with 3 mm applica-
tor and the operating temperature of applicator sur-
face of —196°C. Surgery was done through the 4"—5®
intercostal space leftwards on midclavicular line with
preliminary retention suturing on ribs without exterio-
rizing heart through the surgical wound (Fig. 1B).

Puc. 1. MonenupoBanue HEKpo3a MHOKapaa y Kpbic: A —
IepeBsI3Ka JIEBOM KOpOHAapHOHM aprepuu; B — xpuonec-
TPYKIHSI MUOKap/ia JICBOTO JKeJTy0dKa.

Fig. 1. Myocardial necrosis modeling in rats: A —left coron-
ary artery ligation; B — cryodestruction of left ventricle
myocardium.
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KpUOAECTPYKIINU TKaHU cepjna B TeueHue 15 u 30 ¢
COOTBETCTBEHHO. | pymnmy HOpMEI cocTaBmn 10 xu-
BOTHBIX.

@OyHKIHOHAIBHYIO CIIOCOOHOCTh MHOKapAa HcC-
CJIeIOBAJIM IEKTPOKapAnOrpaduIecKu. DIEKTpoKap-
auorpammsl (OKT) peructprupoBaiy 1 aHaTM3UPOBAIIH
C UCIIOJIB30BaHUEM alNapaTHO-IPOrPaMMHOTO KOMII-
nekca “[lomucnextp-8/B” (“Hetipocodt”’, Poccus).

[MprxU3HEHHYIO MUKPOCKOIIHIO CepIiia TPOBOIUITI
C TIOMOTIIbIO KOHTAKTHOTO MUKpockomna JIIOMAM K-1
("JIOMQ", Poccust) B pexxuMe JIIOMUHECTICHITAH TIOCTIe
BHYTPUBEHHOTO BBEJCHUs ypaHuHa. JJmamerp
KalWULIPOB U IUIOMIAIb COCYITUCTOTO pyclia MUOKap/a
PacCUUTHIBAIN C IOMOIIBIO0 KOMIIBIOTEPHOU MPOrpaM-
MbI Bio Vision 4.0. Mopdonorudeckyro KapTHHY MHO-
KapJia OLICHUBAJIH 110 TUCTOJIOTMIECKUM Cpe3aM, OKpa-
LICHHBIM F€MaTOKCUIMHOM 1 303UHOM.

Pesynprarsl crarucTiuecku o0padaTsIBaIy napa-
MeTpudeckuM metonoMm Crerogenrta-Pumiepa ¢ uc-
MI0JIb30BAHUEM (-KPUTEPHS U HelmapaMeTPpUUIEeCKUM
metonoM MANOVA. KonndecTBeHHBIE TaHHBIE
MpEACTaBICHBl B CPEJHUX BEIUYHMHAX U CPEIHUX
KBaJIpaTUYHBIX OTKIIOHEHHX. [TokazaTenu paccUnThI-
BaJy ¢ momobio mporpamm SPSS 17.0 ans Windows.

Pe3yAbTatel M 00Cy)xaeHue

MogennpoBaHue HIIEMHUYECKOTO HEKPO3a MUOKap-
Jla IMyTeM NEepeBA3KH JEBOH KOPOHAPHOM apTepuu
peacTaBisieT coboil TpaBMaTH4ecKylo onepanuio. B
HaIINX SKCIEPUMEHTaX HHTPAONEPALMOHHAS CMEPT-
HOCTB XMBOTHBIX Aocturaia 30%. B GonpmmHcTBe
CIIy4aeB MPUUMHOH JIETAIbHBIX UCXO0B OBUT OTKPbI-
TBIIl THEBMOTOPAKC.

[Ipu xpuogecTpyKIMu MHOKapaa He TpeOyeTcs
O0JIBIIIOrO pa3pesa IPyaHOM KIETKH (OTIepaTHBHBIH /10-
CTYII OCYIIECTBIISUTH TOIBKO IO MEXpeObepHOMY MPO-
MEXYTKY) U BBIBEJACHHS CEpAIa B ONEPANHOHHYIO
pany. Bpemst onepaTtnBHOTo BMeIIaTeIbCTBA IIPH ITOM
cokpairaercs, yeM oOyciosieHa 100%-s BbDKHBae-
MOCTb KUBOTHBIX B 3TUX T'pyMIax.

Uccnenosanue OKI' y KpbIc U3 TpynInbsl HOPMBI U
KpBIC TIepe]l Omepalnueld mokasaio, 9YTo y HHUX ObLI
[IPaBUJIBHBIN CHHYCOBBIN PUTM, OTCYTCTBOBAJIU Hapy-
LIEHUS MPOBOAMMOCTH M U3MEHEHUS B KOMIUIEKCE
QRS-T (puc. 2, A).

Ha 1-e cyTku nocie onepanuu y >kWBOTHBIX TPYIITIBI
1 (KOHTpOJB) HAOMIOAAIN YBENWYEHUE aMILTUTYABI
3youa T Bo Il oTBeiIcHNN OTHOCHUTEIBHO HOPMBI. PUTM
CHHYCOBBIi. Bo Bce ocTanbHble CPOKU HAOIIONCHHS
rpy6bix Hapymenuid B OKI KHBOTHBIX 3TOH TPyTIIBI
BBIABJICHO HE ObLI0 (pHC. 2, B).

Ha OKTI' %uBOTHBIX B 1-€ CyTKH 1OCIIe IEpEBA3KU
JIeBOI KOpOHapHO# apTepuu (Tpymma 2) u nocie 30-
CEKYHJHOTO KpHOBO3ACUCTBU Ha cepAue (rpymma 4)
BBISIBIJIM Hanuuue 3youa Q c anmeBanuen cermMeHTa
ST B otBenmennsx I m avL , 4T0 CBUIIETEIHCTBOBAJIO O
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In both cases the air was evacuated with syringe to
prevent a closed pneomothorax during thoracic recon-
structing.

The animals were divided into 4 experimental groups
of 35 rats each: group 1 (control) were rats after trial
thoracotomy; group 2 comprised the animals after left
coronary artery ligation; in groups 3 and 4 were rats
after heart tissue cryodestruction within 15 and 30 sec,
correspondingly. The norm group consisted of 10 ani-
mals.

Function of myocardium was studied using electro-
cardiography. Electrocardiograms (ECGs) were re-
corded and analyzed with hardware-software complex
Polyspectrum-8/V (Neurosoft, Russia).

Vital microscopy of the heart was performed using
a contact microscope LUMAM K-1 (LOMO, Russia)
in luminescent mode after intravenous introduction of
uranine. The capillary diameter and the area of myo-
cardial vascular bed were calculated with BioVision
4.0 software. Morphology of myocardium was assessed
in histological sections, stained with hematoxylin and
eosin.

The results were statistically processed with both
Student-Fisher’s t-test and MANOVA non-paramet-
ric method. Quantitative data are presented as means
and standard deviations. The indices were calculated
using the SPSS 17.0 for Windows.

Results and discussion

The modeling of ischemic myocardial necrosis via
left coronary artery ligation is a traumatic operation.
In our experiments the intraoperative mortality in ani-
mals reached 30%. In most cases the lethal outcomes
resulted from an open pneumothorax.

Myocardial cryodestruction does not require a large
incision of chest (an operative access was done only
by intercostals space) and heart exteriorizing through
a surgical wound. Herewith the surgery time is reduced,
that stipulated 100% animal survival in these groups.

ECGs study in rats from the norm group and ani-
mals before surgery demonstrated a regular sinus
rhythm, and no disorders in conductivity and no changes
in QRS-T complex (Fig. 2A).

To the 1* day after surgery in animals of group 1
(control) we observed an increased T wave amplitude
in II lead in regard to the norm. The rhythm was sinus.
No rough disorders in ECGs of animals in this group
were revealed in other observation terms (Fig. 2B).

ECGs of animals in 1 day after left coronary artery
ligation (group 2) and after 30 sec of cryoexposure of
the heart tissue (group 4) comprised the Q wave with
ST segment elevation in I and avL leads, testifying to
the formation of anterolateral transmural MN in ani-
mals (Fig. 2C and E, Table 1).

After a 15 sec of cryoexposure onto the heart tis-
sue we noted a decreased R wave amplitude, appea-
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Puc. 2. DnexTpokaparorpaMMBI KpeIC Ha 1-e cyTKH rmocie onepanun: A — HopMma; B — mpoOHast TopakoToMust (KOHTPOIIB);
C — nepeBsizKa JeBoi KopoHapHOU aptepun; D — kpuonectpykius 15 ¢; E — kpuogectpykuus 30 c.

Fig. 2. Electrocardiograms of rats to the 1* day after surgery: A — norm; B — trial thoracotomy (control); C — left coronary
artery ligation; D —cryodestruction 15 sec; E — cryodestruction 30 sec.

dbopMHUPOBAHUH y KUBOTHBIX MEPEeIHEOOKOBOTO
TpancMmypainbHoro HM (puc. 2, C, E; tabn.1).

[Tocne 15-cexyHAHOTO KPHOBO3IEHCTBUS Ha
CepaIe OTMeYalld CHIDKEHHE aMIUTUTYIbI 3yOnoB R,
nosiBieHue 3youa q < 1/4 R n orpunaTenbHbIX 3yOLOB
T B mavL oTBeaeHnAX. 3aperucTpupoOBaHHbBIE U3ME-
HeHus Ha OKI' yka3pIBany Ha HaIU4HE y KUBOTHBIX
3TOH rpyniisl cyosnukapauansHoro HM (puc. 2, D).

OnexkTpokapauorpapuuecKiue N3MEHEHHS B OIIBIT-
HBIX TpyIIax, OTMEUYEHHBIE YePE3 CYTKH II0CIIE Orepa-
LM, COXPAaHSIJIUCh U Ha 7-€ CYTKU HaOJIONCHUH.
OpHAaKo y )KMUBOTHBIX TPYII 2 U 4 37eBaIlisl CETMEHTA
ST cMensachk oTpunaTeIbHBIM 3y0110M T 1IpH coxpa-
HeHUH T1y0oKkoro 3yora Q. Jpyrux m3menennii B OKI
BO BCEX IpyImmnax Ha nmpoTshkeHnn 30-TH CyTOK HE Ha-
omonanocs (tadm. 1).

Taxum 06pazom, peructpanus 3yomna Q za IKI'y
KUBOTHBIX TIOCJIE NEPEBA3KU KOPOHApHOM apTepuu
CBHUJAETENBCTBYET, YTO JAHHBIH METOX MOJEIHPO-
BaHust HM npuBoauT K OpMUPOBAHUIO HEKPO3a BCEH
TOJIIIIM CTEHKH JIEBOTO JKeyynouka. Bapuanus mim-
TEIBHOCTH JIOKAJIbHOTO KPHOBO3AECHCTBHS Ha CEpALE
JaeT BO3MOXKHOCTD IOJIy4aTh PAa3IMYHYIO TITyOuHY
MOpa)KeHUsI MUOKapAa OT CyOIMHKapAUaIbLHOTO 0
TPAaHCMYpPaJbHOTO HEKPO3a, YTO MOATBEPIKAAETCS
HajuuueM 3y01oB q u Q mocie 15- u 30-cekyHaHOM
KPUOJECTPYKIINH JIEBOTO YKEITyT0UKa.

HccnenoBanne MUKPOTreMOIIMPKYIISITOPHOTO pyciia
IIyTEM IPHKU3HEHHON KOHTAKTHOM JIIOMUHECLEHTHON
MUKPOCKOIIMH MO3BOJIMIIO HaOII0AaTh KpoBooOpa-
LIEHNE Ha TOBEPXHOCTH cepAana. B murepatype Hamu
He ObUIO HAaHACHO NaHHBIX O TaKOM HCCIIEIOBAaHUH.
[HosiBnenue ¢ayopecuupyromeld MeTkd (ypaHUHA)
pEruCTpUPOBAIIM Ha 2-i MUHYTE MOCIIE €€ BHYTPHBEH-
HOTO BBEIICHHUS B BUJAC JKEITO-3€JICHOTO CBEUYCHHUS
MHTaKTHON MOBEPXHOCTH cepana. B 30He moBpex-
JIEHUST TIOMHHECIICHITNS OTCYTCTBOBaja (puc. 3).
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rance of q < 1/4 R wave and negative T waves in [
and avL leads. The changes recorded in ECGs indi-
cated to the presence of subepicardial MN in this ani-
mal group (Fig. 2D).

Electrocardiographic changes in experimental
groups, noted in a day after surgeries were kept even
to the 7™ observation day. However, in animals of
groups 2 and 4 the ST segment elevation was alter-
nated with a negative T wave, while a deep Q wave
was kept. No other changes in ECGs in all the groups
within 30 days were observed (Table 1).

Thus, the Q wave revealing in ECGs of animals
after coronary artery ligation confirms this method for
MN modeling as resulting in necrosis formation through
the whole thickness of left ventricle wall. Varying the
duration of local cryoexposure onto the heart tissue
allows to obtain a different depth of myocardium in-
jury from a subepicardial necrosis to transmural one,
that is confirmed by the q and Q waves presence after
15 and 30 sec cryodestruction of left ventricle.

The study of microhemocirculatory bed using the
vital contact luminescent microscopy enabled to ob-
serve blood circulation in the heart surface. We did not
manage to find any data on such a trial in the litera-
ture. The appearance of fluorescent label (uranine) was
recorded to the 2™ minute after its intravenous intro-
duction as yellow-green fluorescence of intact heart
surface. No luminescence was present in injured area
(Fig. 3).

Microvessels of heart surface represented the sys-
tem of capillaries, formed as a result of afferent arte-
rial vessels divergence. In the norm the myocardial
capillaries were located along muscle fibers. Blood flow
in capillaries was rapid, streaming and homogenous.

As a result of coronary artery ligation and heart
local cryodestruction there were formed the central
and boundary injury areas. In the central ones we ob-
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Ta6auua 1. [Tapamerpsr KI kpbic mocie onepaTHBHOTO BMeIIaTeNbCTBa (B 0TBeneHUsAX [  avL)
Table 1. ECG parameters in rats after surgery (in I and avL leads)

T'pynmsl
Groups
Tlepuop
TTapameTpsl HaOAIOACHUS, Cy TKH IMpoGHas TTepeBs3ka K K
Parameters Observation TOPAKOTOMMUSI KOpOHapHOﬁ pI/IOAel(éprKLH/ISI pHOA%SprKuHﬂ
period,days (KOHTPOAB) apTepuu € -
. Cryodestruction Cryodestruction
Trial thoracotomy Coronary artery 15 sec 30 sec
(control) ligation
1 q<1/4R Q 1/4R q<1/4R Q 1/4R
Hannume 3y6ua 7 q<1/4R Q 1/4R q<1/4R Q 1/4R
q uam Q
Presence
of g or Q wave 14 q<1/4R Q 1/4R q<1/4R Q 1/4R
30 q<1/4R Q 1/4R qs<1/4R Q 1/4R
T<1/2R OneBanus ST Otrpunareabusii T OneBanus ST
1 (Il oTBeAeHNIE) . : .
ST elevation Negative T ST elevation
(IT'lead)
Cerment ST 7 T<1/3R Otpunareasusii T Otpunareabusii T OrpunarerbHb T
u 3yGen T - Negative T Negative T Negative T
ST segment
and T wave 14 T<1/3R Otrpunareabusii T OrpunarerbHb T OrpunarerbHb T
- Negative T Negative T Negative T
30 T<1/3R OrpunarenpHbii T OrpunareabHbin T OrpunareabHbin T
- Negative T Negative T Negative T

Mukpococyasl TOBEpXHOCTU CepAlla MpeacTaB-
JISTIOT COOOM CUCTEMY KamlMIISPOB, KOTOPBIE 00pa-
3YIOTCS B pe3yJibTaTe NEJeHUs] MPUHOCSILIUX apTe-
pHATBHBIX COCYOB. B HOpMe KanmuyuIsIpel MHOKapaa
MIPOXO/IAT BAOJIb MBIIIEYHBIX BOJOKOH MapajuieIbHO
IpyT npyry. KpoBOTOK B Kanmmuisipax OBICTPBIN CTPYH-
HbI U TOMOT€HHBIN.

B pe3ynbrare nepeBa3ku KOpOHApPHOU apTepuu U
JIOKAbHON KPHUOJECTPYKIIMU cep/iiia 00pa3oBalInch
LIEHTpaJIbHBIE U IOTPAaHUYHBIE 30HBI TOBpEXIeHUs. B
LIEHTPAIILHBIX 30HaX MOBPEXACHUS HAOIIOMaIN pas-
PYIIEHHE MUKPOCTPYKTYPBI OpraHa, B MUKPOCOCYIaX —
reMOCTa3 M BHIXOM (DOPMEHHBIX 3JIEMEHTOB KPOBH 32
MIpeIeNbl KalnUIIpPOB.

Makpockonuuecku uepe3 7 CyTOK HOCIIE ONepaluu
Ha Cep/Ile pa3Mephl 30H OBPEXKIEHUS Y BCEX TPYIII
YKUBOTHBIX HE OTIMYAINCH OT paz-
MEpOB, 3aQUKCHPOBAaHHBIX Yepe3
1 1 mabmroneHuii. buomukpocko-
MMMYECKH B 3TUX 30HAX YCTaHOB-
JICHO HapylIeHWe CTPYKTYpPHOU
OpTraHHU3aIH MUKPOIUPKYIISTOP-
HOTO pyclia cepAla, KOTOpoe CBU-
JIETEIHCTBOBAIO O PA3BUTUU HEK-
po3a MHOKap[a.

Bonee BeipaxkeHHBIE pa3nuyus
MeXTy 30HaMH KPUOTIOBPEKICHUS
1 HIIEMUYECKOTO HeKpo3a HalJI0-
nanu Ha 14-e cyTKH TTOCJIe orepa-
uud. B nenTpanbHOM 30HE HEKpo3a
MHOKapa IMOCIIe MePeBsi3KU KOpo-

npobnemobl

*) Kpmobuonorumn
T.21,2011, Ne3

served the destruction in organ microstructure, in mic-
rovessels we found hemostasis and blood cell release
out of the capillaries.

Macroscopically in 7 days after heart surgery the
size of injured areas in all the animal groups did not
differ from that, recorded in 1 hour of observation. The
disorders in a structural organization of cardiac micro-
vasculature, testifying to myocardial necrosis develop-
ment were biomicroscopically established in these ar-

eas.

More pronounced differences between the areas
of cryoinjury and those of ischemic necrosis were ob-
served to the 14" day after the procedure. In a central
area of myocardial necrosis after coronary artery li-
gation the microhemocirculation was still absent. In a
boundary area the most myocardial vessels preserved

Puc. 3. Cepane kpbICHI ITOCTie BHYTPUBEHHOTO BBeICHUS ypaHuHA (1 CyTKH
0CJIe OIEPATHBHOTO BMEIIATEILCTBA): A — HOpMa; B — nepeBsi3ka KopOHAPHOA
aprepun; C —kpuonectpykuus 15 c.

Fig. 3. Rat heart after intravenous introduction of uranine (1* day after surgery):
A — norm; B — coronary artery ligation; C — cryodestruction 15 sec.
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Puc. 4. MukpomupKynsTopHOE PyCIIo cepaua Kpbic Ha 14-¢
CYTKH IOCJIE TIEPEBs3KH KOPOHAPHOI apTepuu: A — IeHT-
panbHas 30Ha; B —epexoanas 3ona. 06. X10, ok. X7.

Fig. 4. Rat heart microvasculature to the 14" day after
coronary artery ligation: A — central area; B — transition
area. Objective x10, ocular x7.

HApHOM apTeprUH MUKPOTEMOLMPKYJISLIIS ITO-TIPEKHEMY
OTCYTCTBOBaNA. B morpaHnyHO#N 30He 0OJIbIIAs 4aCTh
MHUKPOCOCY/IOB MHOKap/Ia COXpaHsiia OOBIYHYO apXH-
TEKTOHHUKY, XOTS KX TUaMETp ObUT MEHBIIIE, 4YeM B HOP-
Mme (puc. 4). B 30He KproOHEKPO3a OTMEUATH CIHHAY-
HbIE COCY/IBI HEOOJIBIIOTO qUaMeTpa, oOpasyromue
HETUNWYHBINA 1715 cepAua pucyHok. [1o mepumeTpy 30Ha
KPHOHEPKO3a ObLIa OKPYKeHa KPYITHBIMU MHUKPOCOCY-
namu (puc. 5).

CTpyKTypHBIE U3MEHEHUS B CEpACUHON MBIIILIE TIPH
HM pacnpocTtpaHanucs Janblie 30HbI HApYIIEHHOTO
KOpPOHAapHOI'o KpOBOTOKA 1 30HbI KpuoBo3aeiicTus. Ha
nepudepudecKux ydacTkax MHOKapla B 00JIacTH
MIPaBOTO JKEIYA0YKa TUAMETP KalMUIIPOB YMEHb-
IaJICs TI0 CPAaBHEHHUIO C HOPMOW, a Ha 14-e CyTKHu y
JKUBOTHBIX TIOCIIE MEPEBA3KU KOPOHAPHOHN apTepuu
JUaMeTp MUKPOCOCYIOB M OTHOCHUTENbHAS TUIOMIA b
COCYIMCTOTO pyCjia BO3BpAIIajInuCh K MCXOTHBIM
3HaYeHUAM (Tabm. 2).

TakuMm 006pa3oM, B CTPYKType MUKPOCOCYIUCTOTO
pycia cepJeyHON MBIl B 04are MOBPEXIACHUA
yepes 1 4 kak nmocie nepeBsa3Ky KOpoHapHOH apTepuH,
TaK M IOCJIE JIOKAIbHOM KPHOJAECTPYKLUUHU CEpALA
OTMEYEHBI OTHOTHITHbIE U3MEHEHHUS C BBIPAKEHHBIMU
SIBJICHUAMH JIeCTPyKIMH MHOKapaa. Ha 14-e cytku
pa3INYrs MUKPOIMPKYISTOPHOTO PYCIIa B IIEHTPATb-
HBIX ¥ TOTPAHUYHBIX 30HAX IMOBPEKICHIS MUOKap/ia
MOCJI€ NIEPEBSI3KN KOPOHAPHOM apTEepUH U JIOKAIbHOMN
KpHOJECTPYKIMHK OBIITH MaKCUMaJIbHBIME. bosee pan-
Hee BOCCTAHOBJICHHE MTOKa3aTese MUKPOIUPKYIATOP-
HOTO pyciia B nepudepuyeckux odyacTax cepaua
OTMeEYaJIi II0CJIE NEPEBA3KH JIEBOM KOPOHAPHOU apTe-
pum.

OObnacTh 1 CTENEeHb ASCTPYKTUBHO-BOCIATUTEIb-
HBIX M3MEHEHUI B MHOKapJe MpU MOJEIHMPOBAHUU
pasnmuuabiME ciocobamu HM Takxke onpeaessuiuch
THUCTOJIOTUYECKH. YCTAHOBIIEHO, 4TO Yepe3 1 4 mocie
[IEPEBSI3KU KOPOHAPHOM apTEPUU B CEPIACYHOM MBIIILE
Pa3BUBAIUCH JAUCTPOPHUECKIEC U3MEHEHHS MBbIIICU-
HBIX BOJIOKOH M MX Hekpo3. Ilocne Bo3melicTBus Ha

KpnoGMOnOrMM
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their usual architectonics, although their diameter was
smaller than normal ones (Fig. 4). In cryonecrotic area
we noted the single vessels of small diameter, forming
a pattern atypical for the heart. The cryonecrotic area
was surrounded with large microvessels (Fig. 5).

Structural changes in a cardiac muscle under MN
were spread beyond the area of disordered coronary
blood flow and zone of cryoexposure. In myocardium
peripheral sites of right ventricle area the capillary dia-
meter reduced as compared to the norm, but to the
14" day the microvessel diameter and a relative area
of vascular bed returned to their initial values in ani-
mals after coronary artery ligation (Table 2).

Thus, we observed the similar changes with pro-
nounced signs of myocardial destruction in cardiac
muscle microvasculature structure in the lesion in 1 hr
after both coronary artery ligation and local cryodest-
ruction. To the 14" day the differences in microvascu-
lature in central and boundary areas of myocardium
injury after coronary artery ligation and local cryo-de-
struction were the largest. Earlier recovery of micro-
vasculature indices in heart peripheral areas were noted
after left coronary artery ligation.

The area and extent of destructive and inflamma-
tory changes in myocardium under conditions of ex-
perimental MN obtained by both ways were determined
histologically as well. Dystrophic changes in muscle
fibers and their necrosis were established to be develo-
ped in cardiac muscle in 1 hr after coronary artery li-
gation. The area of reactive inflammation with leuko-
cyte infiltration in the lesion was formed right after
low temperature exposure on the heart tissue.

To the 7" day after coronary artery ligation the area
of inflammatory process was spread over the entire
thickness of left ventricle myocardium, a necrotized
tissue underwent an active resorption with macropha-
ges.

After a 30 sec cryoeffect the foci of destruction
and those of inflammatory reaction were characteri-

Puc. 5. MUKpOIIMPKYJIATOPHOE PYCIIO CEpAIia KpbICc Ha 14-¢
CYTKH ITOCIIe KPHOACCTPYKIIMK MUOKapaa B TedeHue 15 c:
A — neHrpanbHas 30Ha; B — nmepexonnas 3ona. 00. X10,
oK. X7.

Fig. 5. Rat heart microvasculature to the 14" day after 15
seconds of myocardium cryodestruction: A — central area;
B —transition area. Objective X10, ocular X7.
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cepiie HU3KHUMHU TeMIIe-
paTypamu cpasy hopmMu-
poBanach 30Ha PEaKTHUB-
HOTO BOCIAJICHUSI C JIek-

Tadauna 2. [Tokazarenn MUKpOLUPKYIISITOPHOTO pyciia cepa KpbIC B
nepudepuuecKoit 30He Ha 14-e CyTKH MOCIIe OMEePaTHBHOTO BMEIATEIHLCTBA

Table 2. Microvasculature indices in rat heart in peripheral area
to the 14" day after surgery

KOL[HTapHoﬁ I/IH(i)I/IJ'[},Tpa— AMaMeTp KamHAASPOB MKM OrHoCUTeAbHas! IIAOLIAAb COCYAUCTOTO
= Capillary diameter, um . pycaa
oueun o4dara nmoBpCKAC- [pyme: Relative area of vascular bed
’ croups 1 7 14 1 7 14
q CYTOK CYTOK q CYTOK CYTOK
Ha 7-e cyTku mocne 1hr 7 days 14 days 1hr 7 days 14 days
MePEeBA3KU KOPOHAPHOU
TMepeBsaska
apTepUu 30Ha BOCIIAJIH- KOpOHAPHOIH
TEJIBHOTO MPOLIECCa pac- aprepun 7,04 =0,32' | 629=0,12' | 801 =042 | 041 =0,11 | 044 =009 | 0,48 0,11
Coronary artery
mpoCTpaHAslaCb Ha BCHO ligation
TOJNLIUHY MHUOKapaa Jje- KpuoaecTpyxipms:
BOr'O JXEIyA04Ka, HEKPO- Cryo g o | 537 =028 | 631018 | 644015 | 032=010 | 036 =014 | 039012
TU3UPOBAHHAs TKaHb MOJI- 15 sec
Beprajiach aKTUBHOH pe-
H
30pOLMK Makpodaramu. N 8,49 0,29 0,49 0,13
[Tocne 30-cexyHnHoro

KPUOBO3/ICHCTBUS OYaru
JECTPYKIIMU U BOCHAIIN-
TEJIbHOM peakIuu Xapak-
TEPU30BAINCH pa3pyle-
HHEM MYYKOB CEPACYHON MOMEpPEeYHO-TI0JI0CATON
MBIIIIIBL, AWJIATAlKEH U CTa30M COCYI0B, CKOIITICHHEM
HerTpoduor. [Tocne 15-ceKyHIHOTO KPUOBO3ACHCT-
BHsI TIPH BOBJICYCHHUH B BOCTAJIUTEIBHBIN IpoLecc
0oJjiee TOBEPXHOCTHBIX CJIOEB MHOKapja (hOpMHUPO-
BaJlach YeTKas 30Ha HEKPO3a, OTAEJIEHHas JeMapKa-
LIMOHHOM JIMHUEH.

Ha 14-e cyTku B 30H€ KpHOBO3AE€HCTBUSA BOCTIANIN-
TeIbHas Peakiusi CMEHsIach mporeccoM Gpuodposa ¢
(hopMUpOBaHUEM PHIXJION COSTUHUTEIHLHON TKaHU
(puc. 6). Ha MecTe moru0mux KapJuOMHAOIIUTOB (hop-
MHUPOBAJICS COSTUHUTEILHOTKAHHBIN KapKac ¢ 00JIb-
IIMM KOJTHU4eCTBOM (pruOpoOIacTos.

ITocne nepeBsizku KOPOHAPHOU apTepuu K 3TOMY
CPOKY HaONIOJICHUSI OTMEYalld JIMIb HeOoJbInne
oYard KoJyiareHooOpa3oBaHUs C SIPKO BBIPAXKCHHOM
BOCHAJIMTEIbHOM peakiueit. [Iporiecc popmupoBanus
COCIMHUTEIEHOTKAHHOTO pyO11a oT™Meqaiu 1 gepes 30
CYTOK IocJie onepaiuii. Umenu MecTo mpu3HaKku npo-

Ipumeuanue: ' — TOCTOBEPHO OTHOCHTENIHHO HOPMEIL, p < 0,05.
Notes: ' — statistical significance with respect to the norm, p < 0.05.

zed with destruction of cardiac striated muscle bun-
dles, dilatation and stasis of vessels, accumulation of
neutrophiles. Distinct necrotic area separated with de-
marcation line was formed after a 15 seconds of cryo-
exposure with involvement into inflammatory process
of more superficial myocardium layers.

To the 14" day in the area of cryoexposure the in-
flammatory reaction was alternated with fibrosis pro-
cess accompanied by formation of porous connective
tissue (Fig. 6). The connective tissue scaffold with a
bulk of fibroblasts was formed instead of dead cardio-
myocytes.

After coronary artery ligation only small foci of
collagen formation with pronounced inflammatory re-
action were noted to this observation term. The pro-
cess of connective tissue scar formation was noted
even in 30 days after surgery. There were the signs of
progressing fibrosis with connective tissue band for-
mation.

Puc. 6. Tkanu cepana KpbIchl uepe3 14 cyTok mocie onepanuu: A — HopMa; B — nepeBs3ka kopoHnapHoii aprepun; C —
kpuoaectpykius 15 ¢; D —kpuonecrpyknus 30 c. Okpacka reMaToKCHIMHOM 1 303uHOM. O6. X10, ok. x10.

Fig. 6. Rat heart tissue in 14 days after surgery: A — norm; B — coronary artery ligation; C — cryodestruction 15 sec; D —
cryodestruction 30 sec. Staining with hematoxylin and eosin. Objective x10, ocular X7.

*) Kpuobuonornu
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rpeccupytomiero ¢puodposa ¢ GopMUpOBaHHEM COEIH-
HUTETHHOTKAHHBIX TSKCH.

Takum 00pa3oM, O JaHHBIM THCTOJIOTHYECKUX
UCCIIeJOBAaHUN TIPH HEKPO3€ MUOKApP/Ia, BEI3BAHHOTO
HU3KUMHU TeMIepatypamu, GopMUpoBaiach 30Ha
PEAKTUBHOTO BOCIIAJICHUSA oe3 (1)3351 HNIIEMHUYECCKOIO
TTOBPCKICHU. OpI‘aHI/ISaHI/ISI COCANMHUTCIIBHOTKAHHOT'O
pyOlia mocie JOKaIbHOW KPUOJECTPYKIUH cepia
MPOUCXOMIMIIA Ha 7 CYTOK paHblile, YeM IMocle nepe-
BSI3KH KOPOHApHOH apTepHH.

BbiBOABI

Kpuoxupypruueckuii MeToa H03BOJISIET OTYy4aTh
pa3HyIo DIyOHHY MOBPEXICHUS CEPACYHOM MBIIIIIBI C
(hopMupoBaHHEM Kak CyO3MHKapAUaIbHOTO, TaK U
TpaHCMYpPAJILHOTO HEKPO3a MUOKapa.

[IpoBenenHoe ncciie10BaHNE MUKPOT€MOIIUPKYIIS-
TOPHOTO PyCJIa CepIIa MOKa3ano BRIPaKEHHBIE PasiIi-
YU TEMOJUHAMUKHA U MUKPOCTPYKTYPEI B IIEHTPaIb-
HBIX U IOTpaHUYHbIX 30HAX NOBPEKACHUA MUOKapaa
Ha 14-e CyTKU IpH H3YYEHHBIX CITI0c00aX MOJIEITNPOBa-
HUsI HEKpo3a cepaedyHoil Meimnsl. I[Tokazarenn
MHUKPOLUPKYSITOPHOTO pyciia B mepudepuieckux 00-
JacTIX cep/ua Nnocie NepeBs3Ky JIEBOH KOPOHAPHON
apTepUH BOCCTAaHABIIMBAIIMCH OBICTPEE MO CPABHEHUIO
C KpHOMOBPEXACHNUEM CEpLIa.

[Tocne mpuMeHeHuss KpUOXUPYPTUIECKOTO METOIA
30Ha HEKPO3a M COEJUHUTEIbHOTKAHHOI'0 pyOma
dhopmupytotcs B 6osiee paHHIE CPOKH IO CPABHEHUTO
C INTUPOBAaHNEM KOPOHAPHOU apTEePHH.

JlokanmpHast KPUOMECTPYKIHS JIEBOTO KEITyJ0UKa
Hapsay ¢ "KiraccuaeckuM" crmocoooM GopMupoBaHUs
HEKpo3a MHOKap/a (TiepeBsizKa KOpOHAPHOU apTepHH )
JlaeT BO3MOXKHOCTBH BOCIIPOU3BECTH CyOINIMKapANAIIb-
HBIN U TpaHCMYpPaJIbHBIN HEKPO3 CEPACUHOMN MBIIIIIHI,
[I0O3TOMY MOXET HUCIOIB30BaThCs B KAUECTBE MOJEIIH
JUTSL TOKITMHHYECKUX UCTIBITAHNH NPenapaToB Kapauo-
TPOMHOIO NEUCTBUSA U UCCIEIOBAHUM, HAPABICHHBIX
Ha U3y4eHUE PEMOJEIUPOBAHUSA CEpP/LA C HCIIONb-
30BaHUEM DPa3IUYHBIX JE€UYEOHBIX MOAXOJ0B, B TOM
YHCIle TKAHEBOU 1 KJIETOYHOM Teparuu, Py KOTOPHIX
BayKHA IITyOMHA TOPaKEHUST MEOKap/a.

Buipasicaem 6aacooapnocms oupexmopy Xapwvros-
cK020 mybnoeo 3asooa JI.M. Quivwmunckomy 3a oxa-
3aHUe CNOHCOPCKOU NOMOWU 8 NPUOOpemenuy 31eKmpo-
Kapouoepaga.

Jlutepatypa
1. BabywkuHa A.B. NHdapkT Mmokapaa: oT yHAaMeHTanbHbIX
nccnegoBaHUM — K MPakTUYECKUM AOCTUXEeHusMm (no
MaTtepuanam X HaumoHanbHOro KoHrpecca KapAvornoros
YkpauHbl) // YkpaiHcbkun meguyuHuin yaconuc.— 2009.— T. 53,
Ne5.— C. 10-13.
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Thus, according to the data of histological studies
under myocardial necrosis induced by low tempera-
tures the area of reactive inflammation with no phase
of ischemic damage was formed. The organization of
connective tissue scar after local heart cryodestruction
occurred 7 days earlier, than after coronary artery liga-
tion.

Conclusions

Cryosurgical method enables to obtain a different
depth of injury in cardiac muscle with formation of both
subepicardial and transmural myocardium necroses.

The performed research of cardiac microhemocir-
culatory bed demonstrated the manifested differences
in hemodynamics and microstructure in central and
boundary areas of myocardium injury to the 14 day
under studied ways of cardiac muscle necrosis mo-
deling. The microvasculature indices in peripheral are-
as of heart after left coronary artery ligation recove-
red more rapidly than those after heart cryoinjury.

After applying cryosurgical method the necrotic
area and connective tissue scar zone were formed
earlier as compared to the case of coronary artery
ligation.

Local cryodestruction in left ventricle along with
the “classical” method for myocardium necrosis for-
mation (coronary artery ligation) makes it possible to
reproduce both subepicardial and transmural necroses
of cardiac muscle, so it may be used as a model for
preclinical trials of drugs with cardiotropic action and
in research, aimed to study cardiac remodeling using
different therapeutic approaches, including tissue and
cell therapy, when of importance is the depth of myo-
cardium injury.

We acknowledge Mr. Filshtinsky L.M., Director of
Kharkov Tube Plant for sponsored purchasing of electro-
cardiograph.

References

1. Babushkina A.V. Myocardium infarction: from fundamental
research to practical achievements (compendium of the X
National Congress of Cardiologists of Ukraine) // Ukrainian
Medical Journal.— 2009.— Vol. 53, N5.— P. 10-13.

2. Davydenko V.V., Matyukov A.A., Tsupkina N.V. et al. Effect
of autotransplantation of different cells of bone marrow on
functional state of rabbit's myocardium after infarction //
Cellular Transplantation and Tissue Engineering.— 2007.—
Vol. 11, N2.— P. 52-61.

3. Dremina N.N., Shurygina I.A. , Lushnikova E.L. et al. Effect
of endothelial growth factor on postinfarction remodeling of
rat's myocardium // Bull. Exp. Biol. Med.— 2009.— Vol. 148,
N9.— P. 330-336.

4. Chekman I.S., Kolesnik Yu.M. , Mazur I.A. et al. Some aspects
of cardioprotective effect of potential antianginal preparation
"MT" under modeling acute myocardial ischemia // Zaporozh-
skiy Meditsinskiy Zhurnal.— 2010.— Vol. 12, N5.— P. 198-202.

problems
of cryobiology

Vol. 21,2011, Ne3



HaebideHko B.B., Mamikoe A.A., LynkuHa H.B. u dp.
BnusHue aytoTpaHcnnaHTauuu pasfnunyHblX KNeTok KocT-
HOro mMo3ra Ha QyHKLUMOHanbHOe COCTOsIHME MuoKapaa Kpo-
nuka nocne mHgapkta // KnetoyHaa TpaHcnnaHTomnorus u
TkaHeBas uHxeHepus.— 2007.— T. 11, Ne2.— C. 52-61.
HAdpemuna H.H., Wypuzina UN.A., JlywHukoea E.JI. u dp.
BnuaHue sHpoTtenuanbHoro cgpaktopa pocta Ha MOCTUH-
dapkTHOe pemogenupoBaHue muokapga kpbic // Bion.
akcnepum. Buonorum n meanumHbl.— 2009.— T. 148, Ne9.—
C. 330-336.

Yekman M.C. , KonecHuk KO.M., Masyp U.A. u dp. HekoTopble
acnekTbl KapANONPOTEKTUBHOTO AEWCTBUSA MNOTEHLMANbHOro
aHTuaHrMHaneHoro npenapata "MT" npu mogenupoBaHuu
OCTpOW mwemun mMuokapaa // 3anopoxckun meguuUMHCKUN
xypHan.— 2010.— T. 12, Ne5.— C. 198-202.

van den Bos E.J., Mees B.E., de Waard M.C. et al. A novel
model of cryoinjury-induced myocardial infarction in the
mouse: a comparison with coronary artery ligation // Am. J.
Physiol. Heart Circ. Physiol.— 2005.— Vol. 289, N3.— P. H1291—
1300.

Zornoff L.A., Paiva S.A., Minicucci M.F., Spadaro J. Experi-
mental myocardium infarction in rats: analysis of the mode //
Arq. Bras. Cardiol.— 2009.— Vol. 93, N4.— P. 434-440.
Robey T.E., Murry C.E. Absence of regeneration in the MRL/
MpJ mouse heart following infarction or cryoinjury //
Cardiovasc. Pathol.— 2008.— Vol. 17, N1.— P. 6-13.

Hocmynuna 03.08.2011
Peyenzenm B.B. Bonuna

npo6nemsl

Kpuobuonorum
T.21,2011, Ne3

329

5.

7.

van den Bos E.J., Mees B.E., de Waard M.C. et al. A novel
model of cryoinjury-induced myocardial infarction in the
mouse: a comparison with coronary artery ligation // Am. J.
Physiol. Heart Circ. Physiol.— 2005.— Vol. 289, N3.— P. H1291—
1300.

Zornoff L.A., Paiva S.A., Minicucci M.F., Spadaro J.
Experimental myocardium infarction in rats: analysis of the
model // Arq. Bras. Cardiol.— 2009.— Vol. 93, N4.— P. 434-440.
Robey T.E., Murry C.E. Absence of regeneration in the MRL/
MpJ mouse heart following infarction or cryoinjury //
Cardiovasc. Pathol.— 2008.— Vol. 17, N1.— P. 6-13.

Accepted 03.08.2011

problems
of cryobiology

Vol. 21, 2011, Ne3



