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NHoTponHbIe 3P PeKThl H30JTUPOBAHHOIO CEPAIla KPBICHI IIPU
KOpPOHapHOU nepdy3uu UMMOOMIN3UPOBAHHBIMU CYOTUIN3UHAMU
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AHHOTAITUA

BBeneHue. BHacrosmee BpeMsa UMMOOWIN3UpoBaHHbIe cyOTHIN3UHBI (IMC) UCIIOTB3YIOTCA B KauecTBe GUOPUHO-
JINTHUYECKOTO areHTa aHTUTPOMOOTHYECKHUX JIEKAPCTBEHHBIX cpeicTB. Biusuue MMC Ha COKpPATHTENbHYIO (DYHKIIHIO
cep/ia paHee He ObLUIO H3YUEHO.

Il ens. U3yunTh BiussHUE KOpoHapHOU nepdysun MMC Ha COKpaTUTENbHYI0 (DYHKIUIO HU30JIMPOBAHHOTO CEPALA
KDBICHI B OKCIIEPIMEHTE.

MaTepuasnb U METOJBl. B ucerenoBanuy UCIOIb30BaHA MO/IENIb KODOHAPHOU peTporpagHoi nepdysuu
M30JINPOBAHHOTO cep/ra Kpbichl o JlanreHzopdy pactBopamu MIMC B pa3HBIX KOHIIEHTPAIUAX. B sKcneprMeHT ObLIIO
BKJIIOUEHO 50 KpbIc-caMIloB. 2KHBOTHBIE ObLIN pa3ziesieHbl Ha 5 TPYII: 1- IPyIIa — KOHTPoabHaA (cepana, nepdysupye-
MBbIe TOJIBKO pacTBopoM Kpebca — XeH3zessiiTa) U 4 ONBITHBIE IPYNIIBL — cepAla, nepdysupyemsle pactBopoM MIMC B KOH-
LEHTPAIUAX 170, 340, 510 u 1020 EJI/11 cooTBeTcTBeHHO. COKpaTUTENBHYIO DYHKIHIO (MHOTPONIHBIH 5 deKT) H30I1po-
BAHHOTO Cep/Ia KPHICHI OIEHUBAJIN TI0 IIOKA3ATEJIO IaBJIEHHsI, PA3BUBAEMOTO JIEBBIM kerynoukom (JIJDK).
PesyasTarTsl. Ilepdysus H30IupOBAaHHOTO cepAIia KpbIchl pactBopoM IMC B TeueHMe 40 MUH BBI3BIBAET ITOJIOKUTENb-
HBII THOTPOIHBIH 3¢ ()EKT BO BceX ONBITHBIX rpymax. [Ipu koHteHTpanuu 170 E/1/1 adbdext HaboaeTces ¢ 10-i MUHYTHI, IPH
6oJiee BEICOKUX KOHIIEHTPAIMSAX — € 5-1 MUHYTHL. JlyTuTeIbHOCTh Hapactanust addekra nmpu npuMmenenny VImMC B iuana3oHe 7103
170—510 E]J1/1 iposiBiisieTcst 10 20-1 MUHYTHI, a IIPHU UCIIOIB30BAHUU /1036l 1020 EJI/1 — 10 30-11 MUHYTBL 3aTeM OTMeYaeTcst
octabienue nHOTpoItHOro dddekra. B rpymmax KUBOTHBIX ¢ BBeieHHeM VIMC B KOHIIeHTparuu 340—1020 EJl/n1 otmeuaercs
camkenye JIJIDK k 40-1 MUHyTe, HO 3HAUEHVsI 3TOTO ITOKA3aTeJIs OCTAIOTCS BBIIIIE II0 CPABHEHHIO C KOHTPOJIBHOH IPYITIIOH.
3aknwuenue. [lepbysus n3omupoBaHHOro cepAna pactBopoM VMC IOBBIIIAET COKPATUTEIBHYI0 aKTUBHOCTH
n30upoBaHHOTO cepyna. [Tpu nepdysun UmC Habaogaercs ysenuuenue JJJIK. THOTpOHBIN 3P dEKT UMeeT 10303aBU-
CUMBIH XapaKTep B PA3JINYHBIX BDEMEHHBIX TOUKAX.

Karoueente caosa: nMMOOUIN3UPOBAHHBIE CYOTUIU3UHBI, COKPATUTEJIbHAs CIIOCOOHOCTD cepALa, TpomboBazum.
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Inotropic effects of an isolated rat heart under the coronary
perfusion with immobilized subtilisins
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ABSTRACT
Introduction. Immobilized subtilisins are currently used as a fibrinolytic agent in antithrombotic drugs. The
effect of immobilized subtilisins (ISs) on the contractile function of the heart has not been previously studied.
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Aim . To study the effect of coronary perfusion with immobilized subtilisins (ISs) on the contractile function of an iso-
lated rat heart in an experiment.

Materials and methods.Thestudy used a Langendorff model of coronary retrograde perfusion of an iso-
lated rat heart with solutions of ISs at different concentrations. The experiment included 50 male rats. The animals were
divided into 5 groups: group 1 — control (hearts perfused only with Krebs-Henseleit solution) and 4 experimental groups —
hearts perfused with a solution of ISs at concentrations of 170, 340, 510 and 1020 IU/], respectively. The contractile func-
tion (inotropic effect) of the isolated rat heart was assessed in terms of the pressure developed by the left ventricle (LVP).
Results. Perfusion of an isolated rat heart with a solution of ISs for 40 min causes a positive inotropic effect in all
experimental groups. At a concentration of 170 IU/I, the effect is observed from the 10th minute, at higher concentrations —
from the 5th minute. The duration of the effect’s rising when using ISs in the dose range of 170—510 U/l manifests itself up
to the 20th minute, and when using a dose of 1020 U/1 — up to the 3oth minute. Then there is a weakening of the inotropic
effect. In groups of animals with the introduction of immobilized subtilisins at a concentration of 340—1020 U/], there is a
decrease of LVP by the 40th minute, but the values of this indicator remain higher compared to the control group.
Conclusion. Perfusion of the isolated heart with a solution of ISs increases the contractile activity of the isolated
heart. When the heart is perfused with ISs, there is an increase of LVP. The inotropic effect is dose-dependent at various
time points.

Keywords: immobilized subtilisins, cardiac contractility, Trombovazim.
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BBEJAEHHNE

B Hacrosiiiee BpeMsa HMMOOWIN3UPOBAHHBIE
cyormwnusuabel (MUMC) HCIONB3YIOTCA B KadyecTBe
(pUOPUHOTIUTHIECKOTO areHTa AHTUTPOMOOTHYE-
CKHX JIeKapCTBEHHBIX cpencTB [1—4]. B Poccun
3aperUCTPUPOBAH  JIEKAPCTBEHHBI  Ipemapar
TpomboBazum Ha ocHOBe VIMC B KauecTBe TPOMOO-
JINTHUKA JIJI JIedeHUs 0CTPOTo nHdapKTa MHOKapza
(rmodunusar ns uHQy3Un) U BEHO3HOH HeJl0CTa-
TOYHOCTH (Karcysibl A1 IpueMa BHYTpPh). OcHOBa
dapmakogunamuku MmMC — npsmoe ¢ubpuHOIHA-
THYECKOe ielicTBre Ha GUOPUHOBBIN KapKac U mpsi-
MOE€ IIPOTEOJIUTUYECKOE — HA KJIETOUHO-0ETKOBBII
neTpuT Tpomba. PapMaKoIOTHMUECKU AKTHBHBIM
unrpeaueaTom mC saBisieTcss mpoTenHasa — Cyo-
TIIN3WH. Ha aTamne perncTpanmmoHHbBIX HCCIIE0BA-
Hult Bonpoc o BauaHuu MMC Ha COKpaTUTEIbHYIO
dyHKIIMIO cep/ilia He U3y4yeH. B sKkciepuMeHTa -
HOU (papMaKoJIOTUH MPUMEHSETCS MOZETb U30JIH-
POBaHHOTO cepjilia KpbIckl o JlanreH10pdY, KOTO-
pas MO3BOJIAET YCTAHOBUTH (DapMaKOJIOTUUECKUe
o dexTl mpemapaToB 06e3 yJacTHs HEPBHOU U
TYMOpaJIbHOU cucteM perysaanuu [5—7]. Cokpatu-
TeJIbHYI0 GYHKIUIO0 (MHOTPONHBIN 3P deKT) n301-
POBaHHOTO cepAIla KPBICH MOYKHO OI€HUTH I10 IaB-
JIEHHIO, Pa3BUBAEMOMY JIEBBIM kestyzioukoM (1K)
[8-10].

IIEJIb NUCCJIEAOBAHUA

N3yunTs BausHEE KOpOoHapHOU nepdysun MmC
Ha COKPATUTEJIbHYIO0 (DYHKIIMIO H30JUPOBAHHOTO
cepAla KpbIChl B 9KcIiepuMeHTe 110 JlanreHiopdy.

INTRODUCTION

Currently, immobilized subtilisins (ISs) are used
as a fibrinolytic agent in antithrombotic drugs [1—4].
In Russia, the drug Trombovasim based on ISs has
been registered as a thrombolytic agent for the treat-
ment of acute myocardial infarction (lyophilisate for
infusion) and venous insufficiency (capsules for oral
administration). The basis of the pharmacodynamics
of ISs is a direct fibrinolytic effect on the fibrin scaf-
fold and a direct proteolytic effect on the cellular pro-
tein detritus of the thrombus. The pharmacologically
active ingredient of ISs is a proteinase — subtilisin. At
the stage of registration studies, the issue of the ISs’
effect on the contractile function of the heart has not
been studied. In experimental pharmacology, the
Langendorff-perfused rat heart is used, which makes
it possible to establish the pharmacological effects of
drugs without the participation of the nervous and
humoral regulatory systems [5-7]. The contractile
function (inotropic effect) of the isolated rat heart
can be assessed by the pressure developed by the left
ventricle (LVP) [8-10].

AIM OF THE RESEARCH

To study the effect of coronary perfusion of ISs on
the contractile function of an isolated rat heart in the
Langendorff experiment.

MATERIALS AND METHODS

The experiments were performed according to the
classical Langendorff method [11]. Perfusion through
coronary vessels was performed at a constant pres-
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MATEPUAJIBI 1 METO/IbI

OKCIEPUMEHTHI BBITIOJIHEHBI 10 KJIACCHYECKOU
meronuke Jlaurenmopda [11]. Ilepdysuio uepes
KOPOHApHBIE COCYZABl ITPOBOAIJIN IPU ITOCTOSTHHOM
naBimennu 80 MM pr. cr. B kauectBe mepdysata
rcnosb3oBasics pacTBop Kpebea — Xensessiira (pH —
7.4, TeMmreparypa — 37.5 °C), KOTOPBIN SBJISJICS KOH-
TPOJIEM U PACTBOPUTEJIEM JIJIsA UCCIIEAYEMOTO TIperna-
pata. [I1s amekBaTHON OKCUTeHAIUU cep/ra nepoy-
3MOHHBIM PacTBOP Hachlmasicsa kapborenom (95% O,
u 5% CO,). Muorponusii apdexr NMC onenupascsa
I10 TIOKA3aTeJsI0 JaBJIeHUs B JIEBOM KeyZouke. Jlis
PETUCTpAIVH JaBIeHUs UCIO0Ih30BAIN DAJUIOHUUK B
IIOJIOCTH JIEBOTO JKeyzouka. OOBeM IKUIKOCTH,
[0/IaBaeMblli B OA/UIOHYHK, COOTBETCTBYET HIDKHEH
rpaHUIle KPACHON BEPTUKAIHLHOH IIIKAJIBI 10 OTMETKH,
paBHOI1 0.25 B. Jlajiee curHas ocTynai Ha aHaJIOTOBO-
1 poBoil MpeobpazoBaTesIb U 3aTEM HA IEPCOHAIH-
HBI KOMIIbIOTEp. [laHHBIE O CHJIEe COKpAIIeHUs
JIEBOTO KeJTy/TouKa IIPeJICTABJIEHbI B BU/Ie 3HAUEHUH
HaNpPsPKEeHHUsI B BOJIbTAxX (BBICOTA IMHMKA), U3MEPEH-
Horo Ha ocruwuiorpade DiSco 2 (OO0 «Motop-
Macrep», Poccust). IIo OKOHYAHUU SKCIIEPUMEHTA
[IOJIyJYeHHbIe JIaHHBIE BBICOTHI IHKA BHOCWIH B
tabsuiyy Excel, 1 mporpamma aBTOMaTH4ecKy Iepe-
CUMTHIBAJIA 3HAYEHUS U3 BOJIBT B MM PT. CT.

OKCIIEpUMEHTHl TNPOBEJEHbl HAa 50 KpbICaX-
caMmIiax JJUHUU Bucrap maccoit 280—320 1. JKuBot-
Hble OBLIN pasziesieHbl Ha 5 TPYII (B KaXKAOU II0
10 ocobeit): 1-f Tpynma — KOHTPOJIbHAfA, CEPALA,
nepdy3upyemMbie TOJIbKO pactBopoM Kpebeca — XeH-
3€JITITA; U 4 ONBITHBIE TPYIIIBI — CePAIa, nepdy3u-
pyemble IMC B KOHIleHTpanusx 170, 340, 510 u
1020 Ex/n coorBercTBenHO. KoHIlEHTpaIuu cooT-
BETCTBYIOT TepalleBTUYECKUM J103aM JIeKapCTBEH-
Horo npenapara Ha ocHoBe MIMC. B onbITHBIX Ipyn-
Ilax 1o McTeYeHNU 20 MUH nepdysuu Ha (oHe cTa-
OmIpHON paboThl cepama B mepdysaT BHOCHINCH
NwmC B pacueTHOU 03e. MOMEHT BBEJIEHUS UMMO-
OMJIM3UPOBAHHBIX CYOTHUJIN3UMHOB B IEP(Y3UOHHBIA
pactBop obo3Hauasicsi Kak Touka O (HyseBas
MuHyTa). B aT0# Touke JIJIK cuuTaeTcss MCXOJHBIM.
ITepdysus uccsesyeMbIM IIperapaToM IIPOJOJIKa-
Jjach B TeueHue 40 muH. Vsmenenns JIJDK dukcu-
poBasIuCh HaA 5, 10, 20, 30 U 40-H MUHyTaX. B KOH-
TPOJILHOU T'PYIIIIE C O-H 10 40-10 MUHYTY Ilepdy3us
mpousBoiuIach pactBopoM Kpebea — XeHsenaiira.

CratucTuueckuil aHaIW3 JAHHBIX IIPOBENEH C
ucmosb3oBanueM mporpamm  MedCale  11.3.3
(MedCalc Software), STATISTICA 8.0 (StatSoft,
Inc.) u Microsoft Office Excel 2007. Ilokazarenun
JlaBJIEHHSA B JIEBOM JKeJIy/I0UKe B IPYyIIIaxX Ha dTamax
HCCIIeTOBAHMUS, 2 TAK)Ke PA3HOCTH ITOKA3aTeJIel 1aB-
JIeHUsA B JIEBOM JKeJIy/IouKe MeIy dTallaMu Hcciie-
moBauusi (AT) mpezicraBieHbl KaKk MeJUAHHbIE U

sure of 80 mm Hg. Krebs-Henseleit solution (pH —
7.4, temperature — 37.5°C) was used as perfusate,
which was the control and solvent for the studied
drug. For adequate oxygenation of the heart, the per-
fusion solution was saturated with carbogen (95% O,
and 5% CO,). The inotropic effect of ISs was assessed
by the LVP value. To register the pressure, a balloon
was used in the cavity of the left ventricle. The volume
of liquid supplied to the balloon corresponds to the
lower limit of the red vertical scale up to a mark equal
to 0.25 V. Then the signal was sent to an analog-to-
digital converter and then to a personal computer.
Data on the strength of contraction of the left ventri-
cle are presented in the form of voltage values in volts
(peak height) measured on a DiSco 2 oscilloscope
(Motor-Master LLC, Russia). At the end of the exper-
iment, the obtained peak height data was entered into
an Excel spreadsheet, and the program automatically
recalculated the values from volts to mm Hg.

The experiments were carried out on 50 male
Wistar rats weighing 280—320 g. The animals were
divided into 5 groups (each with 10 individuals):
group 1 — control, hearts perfused only with Krebs-
Henseleit solution, and 4 experimental groups —
hearts perfused with ISs at concentrations of 170,
340, 510 and 1020 U/], respectively. Concentrations
correspond to therapeutic doses of a ISs-based drug.
In the experimental groups, after 20 min of perfu-
sion, ISs were introduced into the perfusate at the
calculated dose in stable heart function. The moment
of introduction of ISs into the perfusion solution was
designated as point 0 (zero minute). At this point,
the LVP is considered as a baseline. Perfusion with
the studied drug lasted for 40 min. Changes in the
LVP were recorded at 5, 10, 20, 30 and 40 min. In the
control group, perfusion was performed with Krebs-
Henseleit solution from the oth to the 4o0th minute.

Statistical data analysis was carried out using
MedCalc 11.3.3 (MedCale Software), STATISTICA
8.0 (StatSoft, Inc.) and Microsoft Office Excel 2007.
The LVP in the groups at the study stages, as well as
the difference in the left ventricle pressure between
the study stages (AT) are presented as median and
interquartile ranges. Verification of the normality of
the distribution of quantitative parameters was car-
ried out using the Shapiro-Wilk test. For data with a
normal distribution, an F-test for homogeneity of
variances was used. For the intergroup comparison
of the repeated-measure analysis of variance (RM-
ANOVA) was used. Given that some of the data had a
different distribution from normal and some data
showed inhomogeneity of variances, a logarithmic
transformation of the data was performed before
RM-ANOVA. During the RM-ANOVA, the Green-
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MeKKBapTUJIbHBIE iuana3oHbl. [IpoBepka HOpMasb-
HOCTH paclipe/iesIeHus KOJIMYeCTBEHHBIX IIPU3HAKOB
IIpOBeJieHa ¢ UcIoIb30BanueM kpurepus llanupo —
Yunka. lna gaHHBIX, UMEIOIIUX HOpPMaJbHOE pac-
TpeJiejieHne, UCIoab30Basica F-Tect 714 mpoBepKu
IIpeATOoJIoKeHNsI 00 OJTHOPOHOCTHU JTUCIIePCH. J{Jis
MEKTPYIIIOBOTO CPABHEHUS IOBTOPHBIX U3MEPEHUH
HCIIO/Tb30BAH JVCIIEPCUOHHBIA aHAIN3 IOBTOPHBIX
usmepeHnii (RM-ANOVA). YuuthiBas, 4TO YacTh
JIAaHHBIX UMeJla OTJINYHOEe OT HOPMaJIBHOTO paclipe-
JleJIeHe W HEeKOTOpble JIaHHbIe MOKa3bIBAIU HEro-
MOTEHHOCTh JIUCIEPCUH, IIepef] IIPOBeJeHHEM
RM-ANOVA sBrIlIOSIHEHA JiorapudMuyeckas TpaHc-
¢opmanusa gansbix. I1pu nposegenuun RM-ANOVA
oneHuBasics koaddunuent chepuunoctu I'punxa-
yca — I'eiicepa, KOTOPBIH HCIOJIB30BAaH B KauecTBe
MIONIPABOYHOr0 KO3 UIMEeHTa, TPUMEHEHHOTO K
CTemeHsIM CBOOO/IBI, UCIOJIb3YEMBIM JIJIsI pacuera p
JUIs  HaOofaeMoro 3HaueHus F. Pesyiabrarhl
RM-ANOVA mnpencraBjieHbl KaK MEXIPYIIIOBOU
a¢dexr — BSE (pasHuna mexy rpymniaMu) U BHY-
Tpurpynmnossie 3ddektst — WSE (F — pasHuia
MeXAy u3MepeHusMH U G - F — pasHHUIla MEXAY
U3MepEeHUs MU B 3aBUCUMOCTH OT IPUHA/IJIEXKHOCTH
k rpynne). [Tocie BemosHennss RM-ANOVA mpu
HAJIUYUHU 3HAYUMBIX (p < 0.05) MEXTPYIIOBBIX U
BHYTPUTPYIIIOBBIX 3(pDeKTOB BHITOTHEHBI post hoc
a"anusbl. Tect @puaMaHa UCIOIB30BAJICA IJIA BHY-
TPUTPYIIIIOBOTO aHAJIN3a MOBTOPHBIX U3MEPEHUH C
MOCJIEAYIONUM alOoCTEPUOPHBIM CPaBHEHUEM C
IIOMOIIbI0O TecTa BHJIKOKCOHA ¢ IpUMeHeHHeM
nonpaBku boHdeppoHu K 3HaueHUio p; tect Kpy-
cKaja — Yojuiuca — JijIs MeXXIPYIIIOBOIO aHalIn3a
KOJIMYECTBEHHBIX [TOKa3aTesell B 3 U OoJjiee rpyIinax
C TOCJIEAYIOINM aIllOCTEPUOPHBIM CpaBHEHUEM C
nomo1nbio Tecta KonoBepa — Ulamana.

PE3YJIBTATBI 1 OBCY KAEHUE

Hnsa onenku BiauaHus nepdpysun MUmC Ha cuimy
MBIIIEYHBIX COKPAIIeHUH HW30JIMPOBAHHOTO CepAIa
[IPOBOJIWJIACHh PETUCTpaIis /IaBjIeHUs], pa3BHUBae-
MOTO KapUOMUOIIUTAMH B JIEBOM JKEJIy/IOUKE.
B cooTBeTCTBMU ¢ METOOJIOTHEH OKCIIEPUMEHTA
STOT TMOKAa3aTesb MPEACTABIISIET COOOU IaBeHUE B
0a/UTOHe, HAXOAAMIEMCA B JIEBOM JKEJIYyZIOUKE, U
BBIpakaeTcs B MM PT. cT. B Tabs. 1 mpeicTaBIeHbI
nudposele 3HaueHus /IJIDK Bo Bcex mcceiemyemMbIx
rpymnax, BKJIO4Yas KOHTPOJIbHYIO, Ha BCEX BPEMeEH-
HBIX ATalaX 9KCIEPUMEHTA.

IOnsa ynobcTBa aHaimmu3a STOTO IIOKA3aTesis
octpoeH rpaduk (puc. 1). OueBUIHO, UTO 1IEPPyY-
315 U30JINPOBAHHOTO cepAna pactBopom VimC mpu-
BOJIUT K HAPACTAHUIO CUJIBI CEPIEUHBIX COKPAIleHUH
IIpU BCEX KOHIIEHTPAIUAX UCCIeAyeMOro IIpenapara
10 cpaBHEHHIO ¢ nepdysueir pacteopom Kpebca —

house-Geisser sphericity index was estimated, which
is used as a correction factor applied to the degrees of
freedom used to calculate p for the observed value of
F. The results of RM-ANOVA are presented as an
intergroup effect — BSE (difference between groups)
and intragroup effects — WSE (F — difference between
measurements and G - F — difference between mea-
surements depending on group membership). After
RM-ANOVA was conducted, post hoc analyses were
performed in the presence of significant (p < 0.05)
intergroup and intragroup effects. The Friedman test
was used for intragroup analysis of repeated mea-
surements followed by a posteriori comparison using
the Wilcoxon test with the Bonferroni correction to
the p value; the Kruskal-Wallis test was used for
intergroup analysis of quantitative indicators in 3 or
more groups followed by a posteriori comparison
using the Conover-Inman test.

RESULTS AND DISCUSSION

To assess the effect of perfusion with ISs on the
strength of muscle contractions of an isolated heart,
the pressure developed by cardiomyocytes in the left
ventricle was recorded. In accordance with the meth-
odology of the experiment, this indicator represents
the pressure in the balloon located in the left ventri-
cle, and is expressed in mm Hg. Table 1 shows the val-
ues of the LVP in all the study groups, including the
control group, at all time stages of the experiment.

For the convenience of analyzing this indicator, a
graph has been constructed (Fig. 1). It is obvious that
perfusion of the isolated heart with a solution of ISs
leads to an increase in the strength of heart contrac-
tions at all concentrations of the studied drug compared
to perfusion with a Krebs-Henseleit solution. Change in
myocardial contractility is an increase followed by a
decrease in the LVP. This circumstance dictates the
need to analyze the dynamics of changes (difference) of
this indicator (AT) at the stages of the experiment.

The analysis of the dynamics of changes (AT —
difference) in the LVP in the experimental and con-
trol groups between the stages of the study is pre-
sented in Table 2.

After 5 min of perfusion with a solution of ISs,
there was an increase in the LVP for all concentra-
tions (p < 0.05) compared with the control (Fig. 2).

At the next time interval (5—10 min), there was an
increase in the dynamics of the LVP in all experimen-
tal groups (p < 0.05) compared with the control
group. A similar trend was observed when analyzing
the dynamics of the LVP and up to the 20th minute
(Fig. 3, 4).

In the period from the 20th to the 30th minute of
perfusion, the dynamics of myocardial contractility
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TaGauna 1. 3HaYeHNUsI JAaBIEHH B JIEBOM YKeJIyZ[0UKe, MM PT. CT.
Table 1. Values of pressure in the left ventricle, mm Hg

I'pynma 0 MHH 5 MUH 10 MUH 20 MUH 30 MUH 40 MUH P
Group 0 min 5 min 10 min 20 min 30 min 40 min

UmC 170 EIl/n 79 (71; 82) 81(73;84)# 88(81;91)#* 02(88;108)#* 88 (86;97)#* 82 (78;86)# <o0.001t
ISs 170 U/1

(n=10)

UMC 340 ENl/n 77(70;86) 86 (84;92)#* 94 (89;101)#* 102 94 (86; 97)#* 90 (81;91)#* <0.001T
ISs 340 U/1 (95; 108)#*

(n=10)

UmC510 E/m 72(70;91)  81(70;98)#* 87(81;102)#* 94 (86;103)#* 88(80;99)#* 82 (75;94)#* <0.001T
ISs 510 U/1

(n=10)

UmC 1020 El/n 73 (68;91) 80 87(81;105)#* 94 (88; 110)#* 99 97 (78; 115)#* <0.001T
ISs 1020 U/1 (74; 102)#* (90; 104)#*

(n=10)

KonTposs 69 (64;72) 70(65;72)  73(68;75)% 73 (70;76)*  73(68;76)* 71(68;76)*  <0.001T
(p-p Kpebca —

XeHx3eJ11Ta)

Control (Krebs-

Henseleit solution)

(n=10)

p 0.34% 0.03* 0.002% 0.0009* 0.0007* 0.0035%
IIpumeuanus: RM-ANOVA: unzekc chepuunocrtu I'punxayca — leficepa — 0.629; BSE-G: F = 3 . 93, p = 0.008; WSE-F:

F=102.92,p < 0.001; WSE-F - G: F =

4.65, p < 0.001.

JlaHHbBIe MpesicTaBIeHbl Kak MeauaHa (25-i; 75-# mporenTns); * Tecr Kpyckana — Yosutuca; # p < 0.05 Teer Konosepa — Mnmana
(cpaBHEHHMeE ¢ KOHTPOJIbHOU IpymIoi); T Tect ®puamana; * p < 0.0083 Tect BUIKOKCOHA /17151 HAPHBIX BHIOOPOK (CpaBHEHUE ¢ HAYAIbHBIM

3TAIoM).

Notes: RM-ANOVA: Greenhouse-Geisser sphericity index — 0.629; BSE-G: F = 3.93, p = 0.008; WSE-F: F = 102.92, p < 0.001;

WSE-F - G: F = 4.65, p < 0.001.

Data are presented as median (25th; 75th percentile); * Kruskal-Wallis test: # p < 0.05 Conover-Inman test (comparison with the control
group); T Friedman test; * p < 0.0083 Wilcoxon test for paired samples (comparison with baseline).
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RM-ANOVA:

Sphericity GG = 0.629

BSE-G: F = 3.93, p = 0.008
WSE-F: F = 102.92, p < 0.001
WSE-F- G: F = 4.65, p < 0.001

—0— 170 EZU/n (U/))
{7 340 EZU/n (U/D)
“ 510 I/ (U/)
—L = 1020 EJ1/x (U/D)

I p-p Kpebea — Xenxsensiirta
Krebs-Henseleit solution

Puc. 1. I3MeHeHNe 1aBJIeHUs] B JIEBOM 2KeJIyI0UKe IPpH Hepdy3un H30IMPOBAHHOTO CEPAIIA B UCCIIEAYEMBIX IPYIIIAX
pactBopom NMC B pa3HOil KOHIIEHTPAIMY U KOHTPOJIBHBIM PACTBOPOM
Fig. 1. Changes in the LVP during perfusion of an isolated heart in the studied groups with a solution of ISs at different

concentrations and the control solution
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Tab6suna 2. Paznocts nuamenenus JIJI2K (AT) B OIIBITHBIX U KOHTPOJIBHOH IPYIIIAX MEXK/Y STallaMU UCCIIEIOBAHUS
Table 2. The difference in the change in LVP (AT) in the experimental and control groups between the stages of the

study

I'pynna AT, AT AT

2(5-10)

3(10-20)

AT
AT AT o6ui(0-40)
4(20-30) 5(30-40) ATgeneral (0-40)

nwmC 170 EIl/n -5.4 -6.5 -7.5

5.4 (2.2; 8.6)% 5.9(3.2;10.8)# —5.9 (-11.8; —3.2)#

ISs 170 U/1 (-10.8; —1.1)# (-9.7; —4.3)# (-17.2; —2.2)#

(n=10)

UMC 340 Ell/n  —6.5 -8.1 -7 9.7(5.4;10.8)% 5.4 (5.4; 6.5)* —9.7(-18.3; -5.4)%
ISs 340 U/1 (-10.8; -5.4)% (-10.8; -5.4)% (-14; -5.4)%

(n=10)

WmC 510 EJl/n -9.1 -4.8 -5.9 5.9 (-1.1;7.5) 5.9(4.3;10.8)# —8.6 (-17.2; —6.5)#
ISs 510 U/1 (-10.8; -5.4)% (-6.5;-4.3)% (-9.7; -3.2)%

(n=10)

NmC1020 ENl/n  -5.9 -7 —5.4 —5.4 6.5 -13.4

ISs 1020 U/1 (-10.8; =5.4)# (-8.6; —3.2)# (-6.5;-4.3)% (-8.6;5.4) (—=6.5; 11.8)#  (=36.6; —10.8)#
(n=10)

Koutposs -0.5(-2;1)  -3(-3;-2) -1(-2;-1) 1(0;2) 1(0;2) -3(~4;-2)

(p-p Kpebea —

XeHxazessamnra)

Control (Krebs-

Henseleit solution)

(n=10)

p 0.0006* 0.0001* 0.0024* 0.001% 0.03* 0.0015%

IlpuMeuanue. JlaHHbIE IPeACTABIEHBl KaK MenuaHa (25-i; 75-i npoueHTwb); * Teer Kpyckana — Yosutuca; # p < 0.05 Tecr
Y

KonoBepa — lumana (cpaBHEHUE ¢ KOHTPOJIBHOM TPYIIIION).

N ot es. Dataare presented as median (25th; 75th percentile); * Kruskal-Wallis test; # p < 0.05 Conover-Inman test (comparison with

the control group).

Xenzenanra. MIsMeHeHNe KOHTPAKTUIBHOCTH MHO-
Kap/ia IpeJICTaBiIsgeT co00H MOBBINIEHUE C ITOCTIENY-
OIMM CHIKeHueM nokasaress JJDK. 9to obcrosi-
TEJIbCTBO IUKTYET HEOOXOAMMOCTD IPOBEIEHUS aHA-
JI3a JUHAMUKY U3MEeHEHUH (Pa3HOCTH) ATOTO IMMOKAa-
3aresisi (AT) Ha sTanax SKCIEepUMEHTA.

Ananus nuHamuku uszmenenunit (AT — pazHOCTD)
JJIJK B OIBITHBIX U KOHTPOJIBHOU TPYIIaX MEXKIY
STallaMH UCCJIeI0BAHISA IIPE/ICTaBIIeH B Ta0II. 2.

Yepes 5 muH nepdysuu pacrsopom UmC otme-
vaercsa mpupoct JJIPK ps Bcex KOHIEHTpAIUi
(p < 0.05) IO cpaBHEHMUIO C KOHTPOJIEM (pHC. 2).

Ha ciemyroriieM BpeMeHHOM OTpe3Ke (5—10 MUH)
OTMEUAJIOCh YBeJIUYeHUe JIMHAMUKU II0Ka3aTesisd
JIJIK BO Beex ONBITHBIX rpymmax (p < 0.05) IO cpaB-
HEHUIO ¢ TPYNION KOHTPOJIA. AHAJIOTUYHBIN TPEH/]
Habsromancsa npu aHanuse auHamuku JIJDK u o
20-U MUHYTHI (pHC. 3, 4).

B mepuos ¢ 20-#i mo 30-10 MUHYTY Nepdy3uu
JIMHAMHUKa KOHTPAKTWJIHBHOCTA MHOKap/ia IoKa3asia
TpPEeH/| Ha CHIDKeHHe (BO3BpAT K MCXOJHBIM 3Haue-
HUSM) TOJIBKO B Irpymiax ¢ KoHentpanueit imC 170
u 340 EJI/n (puc. 5). IIpu atrom 3Hauenus JJJIK (cm.
TabJI. 1, pUC. 1) BO BCEX IPYIIIIaX OCTABAJIUCH BHIIIE
s3HaueHn# JIJI2K B KOHTPOJIbHOI IpyIIIe.

B mepuoj ¢ 30-# mo 40-10 MUHYTY Iepdy3uu
JUHAMUKA KOHTPAKTIJIPHOCTH MHOKapAa uMesa
TPEH/] Ha CHIKEHHE BO BCEX OIBITHBIX TPYIINAX, YTO

showed a downward trend (return to baseline val-
ues) only in groups at a ISs concentration of 170 and
340 U/I (Fig. 5). At the same time, in all groups the
values of the LVP (see Table 1, Fig. 1) remained above
the values of the LVP in the control group.

In the period from the 30th to the 40th minute of
perfusion, the dynamics of myocardial contractility
tended to decrease in all experimental groups, which
indicated a weakening of the inotropic effect of ISs
and a return of the LVP to the baseline values (Fig. 6).
At the same time, in all groups the LVP values (see
Fig. 1, Table 1) remained higher than the LVP values
in the control group.

In the diagram shown on Fig. 7, the dynamics of
the LVP increase under the perfusion with ISs and
Krebs-Henseleit control solution during the entire
time of the experiment is displayed. All the concen-
trations of ISs have an increase in the LVP compared
to the control group (p < 0.05).

Thus, the perfusion of an isolated heart with a
solution of ISs increases the pressure in the left ven-
tricle, which, in turn, indicates a positive inotropic
effect caused by them. The onset of the effect depends
on the concentration of the ISs in the solution. At a
concentration of 170 U/], an increase in the pressure
in the left ventricle is detected from the 10th minute,
at higher concentrations — from the 5th minute. The
duration of the increase in the effect when using ISs
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CBUJIETEIHCTBOBAJIO 00 OCIabJIeHuM HWHOTPOITHOTO
nevicteusa ImMC u BoszBpate JIJI2K K ncxomHBIM 3Ha-
vyeHusaM (puc. 6). [Ipu srom 3Hauenus /JJIK (cm.
TabJ1. 1, PUC. 1) BO BCEX TPYIINAX OCTABAJIUCH BBIIIIE
3HaueHUH [IJI?K B KOHTPOJIBHOH TpyTIIIe.

Ha quarpamwme, rpezicTaBJieHHOM Ha PHUC. 7, 0Tpa-
’)KeHa auHamMuka npupocra JJIK mpu nepdysuu
VmC u koHTpOsIBHBIM pacTBopoM KpebGca — Xense-
JIIATA B TeUeHUeE BCero BpeMeHU SKCcIepuMeHTa. Bee
koHueHTparuu MmC nmetor npupocrt JIJI2K 1o cpas-
HEHWUIO ¢ TPYNIOHN KOHTPOJIA (P < 0.05).

Takum o6paszoM, mepdy3us HU30JIUPOBAHHOTO
cep/illa pacTBOPOM MMMOOMJIM3UPOBAHHBIX CyOTH-
JIM3VHOB YBEJIUYUBAET [aBJIeHHE B JIEBOM KeJIy-
JIOUKe, 4TO, B CBOIO OUepesb, CBUJIETETBCTBYEeT 00
00yCJIOBJINBAEMOM MMU TOJIOKUTEIBHOM MHOTPOII-
HoM 3ddekre. Hauano sadderra 3aBUCUT OT KOH-
nentparuu UmC B pactBope. IIpu KoHIleHTpamuu
170 EJl/n yBenuueHHe IABJIEHHUS B JIEBOM JKey-
JIOUKe OOHApPYKUBAETCS ¢ 10-H MUHYTHI, IpU OoJiee
BBICOKUX KOHIIEHTpAlUAX — ¢ 5-H MUHyTHL. [au-
TeJIbHOCTh HapacTaHus 3ddeKrra mpu mpuMeHEeHUU
NmC B nuamasoHe 103 170—510 EJ[/n1 nposiBisieTcs
0 20-d MUHYTHI, a IIPHU HCIOJB30BAHUU [[03BI
1020 EJI/n1 — 1o 30-if MUHYTBL. 3aTeM OTMEYAEeTCs
yMeHblIeHUe 3Toro sddexra. IIpu nmpumeHeHUU
NmC B ntoze 170 EJI/n1 HAa 40-1 MUHYTE OTMeEYaeTcs

5(30-40)

)

5(30—-40)

in the dose range of 170—510 U/l is manifested up to
the 20th minute, and when using a dose of 1020 U/1 -
up to the 3oth minute. Then there is a decrease in
this effect. When using ISs at a dose of 170 U/I, at the
4oth minute the left ventricle pressure indicators
return to the baseline values, which are comparable
with the indicators of the LVP of the control group at
the 40th minute of the experiment. In groups of ani-
mals with perfusion of ISs at concentrations of 340—
1020 U/I, there is a decrease in the LVP by the 40th
minute, but the values of this parameter remain
higher than in the control group.

CONCLUSION

The data of the study demonstrate a positive ino-
tropic effect of the isolated heart perfusion with ISs
(thrombolytic drug, Trombovasim). The inotropic
effect is dose-dependent at various time points. The
positive inotropic effect combined with the direct
thrombolytic effect of ISs makes it possible not only
to prevent a decrease in cardiac output, but also to
realize its increase in the setting of a regional (coro-
nary) circulation accident caused by a critical event,
for example, myocardial infarction.
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Fig. 7. Dynamics of changes in the LVP in the experimental and control groups during the entire time of the experiment

(AT

BO3BpaT IIOKAa3aTesied JABJIEHUS B JIEBOM JKEJIy-
JI0UKe K MCXOJHBIM 3HaUeHUAM, KOTOpble CDABHUMBI
¢ mokazatenamu [IJIXK KOHTpPOJIBHON TpymnIbl Ha
40-U MUHYTE KCIIEpUMeHTA. B rpymmax :KUBOTHBIX
¢ mepdysueri MMC B KOHIEHTpamusx 340—
1020 EJI/n1 otmeuaercsa cumxkenue JJJIXK K 40-i
MHHYTe, HO 3Ha4YeHUs 5TOT0 II0Ka3aTesis OCTAI0TCs
BBIIIIE IT0 CPABHEHHIO C KOHTPOJIBHOU I'PYIIIOHN.

3AK/IOYEHUE

JlaHHbBIe TIPOBEJIEHHOIO UCCJIEOBAHUA JIEMOH-
CTPUPYIOT TOJIOKHUTEJIbHBIA WHOTPOIHBIN 3] derT
nepdysuu uzoauposanHoro cepamna MmMC (tpombostu-
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