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JKcCIIEpUMEHTAJIbHOE U3yYeHN e BJAUAHUA
NMMOOMIN3NPOBAHHBIX CyOTUJIU3UHOB
Ha padoTOCIIOCOOHOCTh U30JIMPOBAHHOTO CePAIla KPBICHI

I'.1. batikanos* 2, H.II. Jleonos?, II.I'. Mamonos* 2, K./1. Epmos® 2, P.A. Kaszes?, K.J1. baxapesa!,
M.C. CosimaToBat

'HHUH xauHuyveckoll u sKkcnepumeHmanvHot aumgonozuu — guruan ®PIBHY «Dedepanvhbiil uccaedosamenvckuil
yeHmp Hnemumym yumonoauu u 2enemuxu CO PAH», Hosocubupck, Poccus

2@I'BOY BO «Hosocubupckuil 2ocydapcmeeHHblil meduyuHckuil yHusepcumem» Munsdpasa Poccuu, Hogocubupck,
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AHHOTAIIUA

BBenenue. B HacrosAlee BpeMsa B KIMHUYECKYIO IIPDAKTHKY BHeZpeHA HOBas ¢dapMaKoJOrmyeckas TeXHOJIOTHUS
TPOMOOJIUTHUECKOH TepAIIUU C UCIOJIb30BAHIEM UMMOOWIN3UPOBAaHHBIX cyOTHIN3HHOB (MMC). B aKCcIIeprMeHTaTbHbBIX
U KJIMHUYECKUX HCCIIEIOBAHUAX MOKa3aHa BbICOKast 3(pheKTUBHOCTD U 6€301acHOCTD JIeUeHUs] TPOMOOTHYECKUX 3a60J1e-
BaHUH C TOMOIIBIO JIEKapCTBEHHOTO Ipenapara Tpom6oBasum, co3nanHoro Ha ocHoBe VIMC. HecMOTpst Ha TO, YTO JAHHBIH
JIEKapCTBEHHBIH ITpenapar MIMPOKO U3ydeH KaK TPOMOOJIUTHK, €r0o IUTIOPUIIOTEHTHBIE (papMaKOJIOTHYECKHE CBOMCTBA HE
OBLIIN JIETATHHO U3yIEHBI.

Il e 1 5 . M3yuuTh paboTOCIOCOOHOCTH U30JIMPOBAHHOIO CeP/ALIa KPBICHI IIPU KOpoHAapHOH nepdysun UmC.
MaTepuasab M METO/Bbl. BuccieqoBaHNM UCITOIb30BAHA MOJIEJIb N30JIMPOBAHHOTO CEP/IIA KPHICH 10 JIaH-
resopdy. B akcriepuMeHT GBLIO BKIIOUEHO 50 KpbIC TUHUU Brcrap. YKuBoTHbIe ObUTH pas/iesieHsl Ha 5 rpymil (110 10 0co-
6ell B KaX70H): 1-A TPyNIIa — KOHTpOJIbHAA (cepana, nepdysupyemere pactBopoM Kpebea — XeH3eAlTa) U 4 ONBITHBIE
IpyIIbI — cepana, nepdysupyemsie VIMC B 4 KOHIEHTPAIUAX 170, 340, 510 u 1020 EJI/71 cooTBeTcTBEHHO. OLIeHUBAICSA
I0Ka3aTesib paboTOCIIOCOOHOCTH M30JTMPOBAHHOTO CEP/IIA, OTPAKAIIUN (HPAKTUUECKYI0 PAOOTY CEP/IEYHON MBIIIIBI U
BBIpa)KaeMbIY KaK IIPOU3Be/IeHNEe YaCTOTHI CEP/IeYHBIX COKPAIleHUH U CHJTBI ee COKpAllleHU B BUie 1aBJIeHU, Da3BUBae-
MOTO JIEBBIM YKEJTyZIOUKOM.

PesynbpTrarTsl. He obHapyxkeHO oTpunaTessHoro BiusaHua UMC Ha n3MeHeHHe pab0TOCOIOCOOHOCTH U30JIUPO-
BAHHOTO CeP/Ia KPHICHI. BhIsBIEHA TEHEHIUSA YBeIUYeHUsI paboTOCIOCOOGHOCTH B IIepBble 5 MUH npuMeHeHus VIMC.
JlocTtrkeHre MaKCUMyMa U JIJIUTEIbHOCTD 3TOT0 adpdekra 3aBucut oT KoHneHTpanuu IMC B nepdysupyemom pacTBope.
IIpu xouuentpamuu 170 EJ[/n1 oueBuaHbINA npupocT 3¢ dekTa 0OHAPYKUBAETCA ¢ 10-H MUHYTHI, IpU 00Jiee BBICOKHMX
KOHIIEHTPALUAX — ¢ 5-i MUHYTHL. [IIuTeIbHOCTh HapacTaHus 3¢ deKTa Npy NpUMeHeHnH 103 170—510 EJI /i coxpans-
eTcsi 10 20-1 MUHYTHI, Ipu npuMenennu UMC B 1o3e 1020 EJl/s1 — 1o 30-it MmuHyThl. Bo3BpaT mokasaresnei paborocmo-
COOHOCTH K MCXOJHBIM 3HAUeHHsM Habiomaercs npu npumeHeHun MMC B mose 170 EJl/n Ha 30-i MuHyTe, B 103€
340 EJl/n — Ha 40-i munyTe. [Ipu nepdysuu pacrBopom UNmMC B KOHIEHTpanusax 510 u 1020 EJ[/1 k 40-i MuHyTe
addexT yBemmueHus paboToCIOCOOHOCTH 0cIabeBaeT, HO OCTAETCs Bee ke 60Jiee BRICOKUM 10 CPABHEHUIO C HCXOTHBIMHU
IIOKa3aTessAMH.

3akaio4eHUue. IlomydeHHbIe SKCIIepHMeHTAIbHbIE JAHHBIE NTOKA3bIBaIoOT, YTo MIMC yBesnnuuBaoT paboTocrnocoo-
HOCTb cep/ilia. JJaHHOe 06CTOATENTBECTBO IO3BOJIUT PACIIMPHUTH IIPUMEHEHEe JIeKapCTBEHHOT0 npenapaTta Tpom6oBasum B
YCIIOBHSAX KaTaCTPO( bl KOPOHAPHOTO KPOBOOOPAIIEHUS.

Kaouessle crosa: paboToCIOCOOHOCTh CepAlia, UMMOOUIN3UPOBAHHbIE CYOTUIN3UHBI, TpoM6OBa3UM, N30IMPOBAH-
HOE CcepAle.
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peBa K.1., ConmaroBa M.C. DKcliepuMeHTATIbHOE U3yUeHNe BIUSHUA HUMMOOMIN3UPOBAHHBIX CYyOTUIM3UHOB HA pa-
60TOCIIOCOOHOCTH U30JIMPOBAHHOTO cepaia Kpbichl // Journal of Siberian Medical Sciences. 2022;6(3):57—71. DOI:

10.31549/2542-1174-2022-6-3-57-71

TlocTymuia B peJJlakiiuio 26.04.2022 Received 26.04.2022

IIporwia peneH3upoBanue 31.08.2022 Revised 31.08.2022

ITpunaATa K My6IMKAMK 10.09.2022 Accepted 10.09.2022

Aemop, omeemcmeeHHbLil 3a nepenucky Corresponding author

Baiikanos I'epman Uropesuu: ®I'BOY BO «HoBocubupckuii rocynap- German I. Baikalov: Novosibirsk State Medical University, 52, Krasny
CTBEHHBI MeIMIMHCKUAN yHUBepcureT» Munszapasa Poccun. 630001, prosp., Novosibirsk, 630091, Russia.

r. HoBocubupck, Kpacusiii mpoctr., 52. E-mail: gbaikalov@yandex.ru

E-mail: gbaikalov@yandex.ru

Journal homepage: http://jsms.ngmu.ru 57



Baiikanos I'U. u dp. / Journal of Siberian Medical Sciences T. 6, N? 3 (2022)

Experimental study of the immobilized subtilisins’ effect
on the performance of an isolated rat heart

G.I. Baikalov*2, N.P. Leonov', P.G. Madonov* 2, K.I. Ershov* 2, R.A. Knyazev?, K.I. Bakhareva’,
M.S. Soldatova*

Research Institute of Clinical and Experimental Lymphology, Branch of the Federal Research Center Institute
of Cytology and Genetics, Novosibirsk, Russia

2Novosibirsk State Medical University, Novosibirsk, Russia

ABSTRACT

Introduction. Currently, a new pharmacological technology of thrombolytic therapy using immobilized subtili-
sins (ISs) has been introduced into clinical practice. Experimental and clinical studies have shown the high efficacy and
safety of the treatment of thrombotic diseases using the drug Thrombovasim®, created on the basis of ISs. Although this
drug has been widely studied as a thrombolytic, its pluripotent pharmacological properties have not been studied in detail.
Aim . To study the performance of an isolated rat heart under the coronary perfusion with ISs.

Materials and methods. TheLangendorff’s perfused heart model was used in the study. The experiment
included 50 Wistar rats. Animals were divided into 5 groups (10 animals each): group 1 — control (hearts perfused with
Krebs-Henseleit solution) and 4 experimental groups — hearts perfused with ISs at 4 concentrations of 170, 340, 510 and
1020 IU/I respectively. The performance indicator of an isolated heart was assessed, reflecting the actual work of the heart
muscle and expressed as the product of the heart rate and the strength of its contractions in the form of the pressure devel-
oped by the left ventricle.

Results. Nonegative ISs effect on the performance of the isolated rat heart was found. A tendency to increase the per-
formance in the first 5 minutes of using ISs was revealed. The achievement of the maximum and the duration of this effect
depend on the ISs contents in perfusate. At a concentration of 170 IU/], an obvious increase in the effect is found from the
10th minute, at higher concentrations — from the 5th minute. The duration of the increasing performance effect when using
doses of 170—510 1U/1 is maintained up to the 20th minute, when using ISs at a dose of 1020 IU/1 — up to the 30th minute.
The return of the performance indicators to the baseline values is observed at the 30th minute, at a dose of 340 IU/1 — at the
40th minute. When perfused with a solution of ISs at concentrations of 510 and 1020 IU/1, by the 40th minute, the effect of
increasing performance weakens, but the parameters still remain at higher levels as compaired to those at baseline.
Conclusion. The experimental data obtained show that ISs increase the performance of the heart. This circum-
stance will allow expanding the use of the drug Thrombovasim® in a catastrophe of the coronary circulation.

Keywords: heart performance, immobilized subtilisins, Thrombovasim®, isolated heart.
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BBEJIAEHUE

JIna SKCIlepUMeHTAJIbHBIX KCCIETOBAHUN cep-
JIEIHO-COCYAUCTON CHCTEMBI CYIIECTBYIOT Pa3JIMd-
Hble Moziesin. OJTHOM U3 HUX SIBJISETCSA MOJIENb TIep-
dy3uu H30TUPOBAHHOTO Cep/lla KpbIchl. JlaHHAs
MO/IeJIb TI03BOJISET JIETAJIBHO HMCCIeI0BaTh (GU3UO0-
JIOTUYECKUE U OMOXUMUYECKUE TIPOIECCHI B OPTaHE,
a TaK’Ke BHEIIHKUE BO3/IENCTBUS HA HETO B YCJIOBUAX
OTCYTCTBHUSI CUCTEMHBIX HEHPOTEHHBIX U TyMOPaIb-
HBIX (AKTOPOB perysanuu pabotsl cepamna. OmHOU
U3 MOJeJiel W30JUPOBAHHOTO CEPALA SIBJISETCS
meror Jlaurengopda (O. Langendorff) [1]. TTpun-
1 paboTel cep/nia o Jlanrenaopdy 3aKI0vaeTcs
B TOM, 4TO Iep(y3HMOHHBIA PACTBOp IOCTYIIae€T B
aopTy uepe3 KAHIOII0. AOPTIHHBIHN KJIallaH 3aKpPbI-
BaeTcs 3a CUET JIaBJIEHU B a0pTe, U epdy3UOHHBIN

INTRODUCTION

There are various models for experimental stud-
ies of the cardiovascular system. One of them is the
isolated perfused heart model. This model makes it
possible to study in detail the physiological and
biochemical processes in the organ, as well as the
external influences in the absence of systemic neu-
rogenic and humoral factors regulating the work of
the heart. One of the isolated heart models is the
Langendorff’s technique (O. Langendorff) [1]. The
principle of the heart according to Langendorff is
that the perfusion solution enters the aorta through
a cannula. The aortic valve closes due to the pres-
sure in the aorta, and the perfusion solution enters
only the coronary arteries. After passing the micro-
circulatory bed of the heart, the solution is col-
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PacTBOP MOCTYIAET TOJIBKO B KOPOHAPHBIE aPTEPHH.
[Tpoiinst MUKPOIUPKYJISATOPHOE PYCJIO CEPAIIA, pac-
TBOP COOMPAETCs IO CHCTEME BEH CepAIa B KOPOHAP-
HBII CHHYC U Jlajiee IIOCTYIIAeT B IIPABOE Ipecep-
nue. Ha puc. 1 mpejicTaBieHa cxeMa yCTaHOBKH JIJIs
pabotel Ha w30MpPOBaHHOM 1O JlanreHHOPDY
cep/le KPhICHI.

Brkenne nepdy3nOHHOTO pacTBOpa IO U30JIU-
POBaHHOMY CEP/IY MPAKTUYECKU ITOJTHOCTHIO MO/Ie-
JIUPYeT KOPOHAPHYIO epdy3HI0 MUOKAP/a U [T03BO-
JISIET OLIEHUBATh BJIMSHUE KCCJIEAyeMbIX Ipernapa-
TOB Ha MHOTOYHCJIEHHbIE (PU3MOJIOTHYECKIE U OHO-
XUMHYECKHE TapaMeTPBI pabOThI cep/ia. ATO 00CTO-
SITEJICTBO JIaeT OCHOBAHWSA JJIs1 MPOBENEHUS KaK
CKPHUHUHTOBBIX, TAK ¥ IPENU3UOHHBIX (HhapMaKOJIO-
TUYECKUX UCCIIEIOBAaHUI JIEKAaPCTBEHHBIX IIperapa-
ToB [2—7]. B HacToslee BpeMs B KJIMHUYECKYIO
IIPAaKTUKy BHEApPEeHAa HOBas (apMaKOJIOTHUYECKas
TEXHOJIOTHS TPOMOOJTUTHUECKOH TEPAITHHU C UCIIOJTb-
30BaHUEM HMMMOOWJIN3UPOBAHHBIX CYOTHJIM3HHOB
(MMC). B »sKClIepUMEHTAJbHBIX M KJIMHUYECKUX
HCCJIeIOBAHUAX NTOKa3aHa BbIcOKasA 9 HEKTUBHOCTD
u 6e30MacHOCTh JIeUeHUsI TPOMOOTUUECKHX 3a00Jie-

lected through the heart venous system into the
coronary sinus, and then enters the right atrium.
Fig. 1 shows an apparatus unit diagram for work-
ing on the Langendorff-isolated perfused rat heart.

The movement of the perfusion solution through
the isolated heart almost completely simulates the
coronary perfusion of the myocardium and makes it
possible to evaluate the effect of the studied drugs on
numerous physiological and biochemical parameters
of the heart. This circumstance provides grounds for
conducting both screening and precision pharmaco-
logical studies of drugs [2—7]. Currently, a new phar-
macological technology of thrombolytic therapy using
immobilized subtilisins (ISs) has been introduced
into clinical practice. Experimental and clinical stud-
ies have shown high efficacy and safety in the treat-
ment of thrombotic diseases with the use of the drug
Thrombovasim®, created on the basis of ISs [8—10].
This drug has been widely studied as a thrombolytic,
but its pluripotent pharmacological properties have
not been studied in detail. This circumstance was the
basis for carrying out experimental work to study the
effect of ISs on the work of an isolated heart.

Puc. 1. Cxema ycTaHOBKY /151 Tiepdy3UH H30JIMPOBAHHOTO CEP/ILIA KPBICHL: 1 — KapOOTeH; 2 — eMKOCTb C IephY3UOHHBIM
PacTBOPOM; 3 — MEPUIBCTATUIECKUI HACOC; 4 — TEPMOCTATHIECKAs BO/sIHAsL OaHs; 5 — MepHasi TPyOKa; 6 — HarpeBaTesIb-
Has CIIUPAJIb; 7 — BAHHOUKA /LA CepALa; 8 — CepAlle; 9 — eMKOCTb /I cObopa oTTeKarolero nepdysara; 10 — KaTeTep
C JIATEKCHBIM OA/UTOHYUKOM; 11 — I POBOU JATYHK JABJIEHNUS; 12 — aHAJIIOTOBO-IIU(POBOI TPeo0pa3oBaTeib;

13 — IEPCOHAILHBIN KOMIIBIOTED
Fig. 1. Langendorff apparatus setup diagram for perfusion of the isolated rat heart: 1 — carbogen;

2 — container with perfusion solution; 3 — peristaltic pump; 4 — thermostatic water bath; 5 — measuring tube;

6 — heating coil; 7 — heart bath; 8 — heart; 9 — container for collecting the outflowing perfusate; 10 — catheter with a latex
balloon; 11 — digital pressure sensor; 12 — analog-to-digital converter; 13 — personal computer
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BaHUH C TIOMOIIBIO JIEKAPCTBEHHOTO IIpernapara
TpomboBaszum, cozmanHoro Ha ocHoBe IMC [8—10].
JlaHHBIH JIEKApCTBEHHBIN IIPEIapar IIHPOKO U3YIeH
KaK TPOMOOJINTHK, HO €0 IUIIOPUIIOTEHTHBIE dap-
MAaKOJIOTHYECKHE CBOHCTBA He OBLIN JETaTbHO U3Y-
4eHbl. ITO OOCTOSATENHLCTBO ABUJIOCH OCHOBAHUEM
JUISL TIPOBEJIEHUS SKCIEPUMEHTAIBHBIX PaboT II0
nsydeHuo BiausHuA MmMC Ha paboTy M307IMpOBaH-
HOTO cepana.

IIEJIb NCCJIEAJOBAHUA

N3yunTh paboTOCIIOCOOHOCTh M30JUPOBAHHOTO
cep/ilia KPhICHI IO/ BO3/IEHCTBUEM KOPOHAPHOH ep-
¢ysuu NUmC.

MATEPHWAJIbI 1 METO/1bI

Pacuem ebl60pKU IPOBENIEH B COOTBETCTBUH C PEKO-
MEH/IAIUSMH TI0 OIIPeIeJIEHUI0 pa3Mepa BEIOOPKHU It
JIOKJTMHUYECKUX HWCCIIEIOBAHUHA Ha J1abOPaTOPHBIX
JKUBOTHBIX [11]. CortacHO pacueram sl IPOBEIEHUS
HCCITeZIOBaHUS HEOOXOIUMBIH pazMep BHIOOPKH COCTa-
BWJI 10 JKMBOTHBIX B IPYIIIIE, UTO [JISA 5 TPYIIIT SKBHUBA-
JIEHTHO 50 JKMBOTHBIM M COOTBETCTBYET 80 % MOIIIHO-
CTU U 5 % CTaTUCTUYECKON 3HAYNMOCTH.

JlabopamopHble jcugommbwle. DKCIIEPUMEHTHI 10
nsyuenuto BausHusa MMC Ha paboTOCIIOCOOHOCTH
cep/ilia OBUIH BBIIOJTHEHBI eX ViV0 Ha 50 U30JIMPO-
BaHHBIX cep/lax Kpblc-caMI0B JuHuu Bucrap. Eciu
IocJie TOPAKOTOMHUU IIPU BU3YAJIBHOM OCMOTpE Y
JKUBOTHBIX ~ OOHAPYKUBAJIUCh  I1aTOJIOTHYECKHE
U3MEHEHHUsI B JIETKUX, H30BITOYHOE HAKOIUIEHHE
JKHpa B cepAlle, TaKue cepia ObLIN UCKIIOUEeHbI U3
DKCIIEpUMEHTa. OJKCIIEPUMEHT IpeayCMaTpUBa
¢dopmupoBanue 5 rpymi (10 KUBOTHBIX B KaXK0H)
[0 COCTaBy pPacTBOpa, KOTOPHIM OCYIIECTBJISIIACH
nepdy3usa U30JIMPOBAHHOTO cep/La:

1. KouTposbHas rpymmna — nepdysusi pacTBOPOM
Kpebca — Xensesnsiira.

2. OmbITHasA rpynma 1 — mnepdysus pacTBOpOM
NwmC B koH1eHTparuu 170 EJT /.

3. OmbITHasA rpynna 2 — mnepdy3us pacTBOPOM
NmC B koHIeHTparuu 340 EJT/ .

4. OnplTHad rpynna 3 — nepdysus pacTBOpOM
NmC B koHIleHTpaIuu 510 EJI/1.

5. OneITHasA rpynna 4 — nepdy3us pacTBOPOM
NwmC B koHIIeHTparuu 1020 EJT /.

Memodonoaus skcnepumenma. IlokazaTesb pabo-
TOCITOCOOHOCTH M30JIMpoBaHHOrO cepamna (P) orpa-
JkaeT (pakTHUecKyl0 paboTy CepAEeYHON MBIIIIbI U
BBIPQKAETCs KaK MIPOU3BE/IEHNE YaCTOThI CEPEUHbIX
cokparennii (UYCC) u cuibl ee COKpAIlEeHUH B BUE
JIaBJIEHUsI, PA3BUBAEMOT0 JIEBBIM KeTy1ouKoM (JIJIK)

P (MM pr. ct. - Mua™) = YCC - JIJIK.

AIM OF THE RESEARCH

To study the performance of an isolated rat heart
under the coronary perfusion with ISs.

MATERIALS AND METHODS

The sample calculation was carried out in accor-
dance with the recommendations for determining
the sample size for preclinical studies on laboratory
animals [11]. According to the calculations for the
study, the required sample size was 10 animals per
group, which for 5 groups is equivalent to 50 animals
and corresponds to 80% power and 5% statistical
significance.

Laboratory animals. Experiments to study the
ISs effect on the performance of the heart were car-
ried out ex vivo on 50 isolated hearts of male Wistar
rats. If on thoracotomy the visual examination of the
animals revealed pathological changes in the lungs,
an excessive accumulation of fat in the heart, such
hearts were excluded from the experiment. The
experiment involved the formation of 5 groups
(10 animals each) according to the composition of
the solution used to perfuse the isolated heart:

1. Control group — perfusion with Krebs-Henseleit
solution.

2. Experimental group 1 — perfusion with an ISs
solution at a concentration of 170 IU/I.

3. Experimental group 2 — perfusion with an ISs
solution at a concentration of 340 IU/L.

4. Experimental group 3 — perfusion with an ISs
solution at a concentration of 510 IU/I.

5. Experimental group 4 — perfusion with an ISs
solution at a concentration of 1020 IU/I.

Methodology of the experiment. The perfor-
mance indicator of an isolated heart (P) reflects the
actual work of the heart muscle and is expressed as
the product of the heart rate (HR) and the strength of
its contractions in the form of the pressure devel-
oped by the left ventricle (LVP)

P (mm Hg - min™) = HR - LVP.

Coronary perfusion was performed according to
the Langendorff method at a constant pressure of
80 mm Hg [1]. The stock solvent and control perfu-
sion preparation was the Krebs-Henseleit solution
(pH — 7.4, temperature — 37.5°C). Cardiac oxygen-
ation was provided by saturation of the perfusion
solution with carbogen (95% O, and 5% CO,). The
isolated heart worked for at least 15 min without
recirculation of the perfusion solution until constant
pressure in the left ventricle and the rate of contrac-
tions were established. Then, the studied component
was added to the perfusion solution, and the heart
worked in the recirculation mode for 40 min. There
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Koponapnas nepdysus npoBojuiach IO MeTO-
nuke JlanreHmopda IIpH IIOCTOSHHOM JIaBJIEHUU
80 MM pr. cr. [1]. Ba3oBBIM pacTBOpUTENIEM U KOH-
TPOJIBHBIM ITePGY3UOHHBIM IIPEapaToM ObLT pACTBOP
Kpebca — Xeuzemsiita (pH — 7.4, Temmepatypa —
37.5 °C). OkcureHarus cepziia obecreunBagach Hachl-
menneM 1epdy3HOHHOTO pacTBopa KapbOreHOM
(95% O, 1 5% CO,). BriesienHOe cepe paboTano He
MeHee 15 MHUH 0e3 perupKy/uu mnepdy3HoHHOTO
pacTBopa Ji0 yCTaHOBJIEHUS IIOCTOSTHHBIX ITOKa3aTesTei
JIaBJIEHUS B JIEBOM JKEJIyJIOUKE M YaCTOThI COKpaIlle-
Huil. 3areM B nepdy3HOHHBIA PACTBOP BHOCHJIN
HCCTIelyeMBbI KOMIIOHEHT, U ceple pabotano B
PeKUMe PelUpKYJISIUUA B TeueHne 40 MuH. [Ipemy-
CMOTpPEHO 6 KOHTPOJIBHBIX TOYEK /JI PETHUCTPAIIH
mapamerpoB YCC u JIJI7K: Hauasno nepdy3nn ucciiemy-
€MBIM ITpenapaToM — ToUKa 0, Jajiee 5, 10, 20, 30, 40-1
MUHYTHI Iepy3un. 3anuch U perucTparus nokasare-
stert YCC u JIJIK ocyIecTBsiach Mpy MMOMOIIU TTPO-
rpammbl DiSco 3.46.1.1 (OO0 «Motop-Macrep», Poc-
cust). @parMeHT 3aIKCH IPeZCTaBIeH Ha PUC. 2.

Jnsa nopcuera YCC Ha rpaduke oTMepsu 6 ¢ U
OTIPEJIEJISITN, CKOJIBKO ITUKOB MaKCUMAJILHOTO JIaBJie-
HUS B JIEBOM JKeJIyJIOUKE OCYIIIECTBIIAETCS 32 JAaHHBIN
IIPOMEKYTOK BpeMeHU (cM. puc. 2). layee mepecuer
TIPOW3BO/IMJIA B MUHYTHI (y1./MuH). [I7151 peructpanuu
JJIK B s1eBOM TIpejicepAny 3a YIIIKOM JieJIayIu pa3pes,
3aTeM uYepe3 Hero BBOJIMJIN JIATEKCHBIM OaJLIOHUUK,
KOTOPBIH HATIOJTHSJIA U30TOHHYECKUM PACTBOPOM XJI0-
pyAa HaTpusi 10 HeOOXOAUMOTO 00hEMA U COEIUHSLITH C
POBHIM JATINKOM JiaBJieHusl. Jlayee curHai mocry-

are 6 test points specified for recording heart rate
and LVP parameters: the beginning of perfusion with
the test drug — point o, then 5, 10, 20, 30, 40 minutes
of perfusion. Recording and registration of heart rate
and LVP parameters were carried out using a DiSco
3.46.1.1 program (Motor-Master LLC, Russia). A
fragment of the recording is shown in Fig. 2.

To calculate the heart rate, 6 s were measured on
the graph and it was determined how many peaks of
the maximum pressure in the left ventricle occured
during a given period of time (see Fig. 2). Further
recalculation was carried out in minutes (beats/
min). To register the LVP, an incision was made
behind the left atrial appendage, then a latex balloon
was inserted through it, which was filled with iso-
tonic sodium chloride solution to the required vol-
ume and connected to a digital pressure sensor.
Next, the signal went to an analog-to-digital con-
verter and then to a personal computer (see Fig. 1).
Firstly, the balloon was inserted into the atrial cavity,
and then through the mitral valve into the cavity of
the left ventricle. The volume of liquid supplied to
the balloon was determined on the graph along the
lower border of the red vertical scale up to the mark
equal to 0.25 V. Data on the strength of contraction
of the left ventricle are presented as voltage in volts
(peak height), measured on a DiSco 2 oscilloscope
(Motor-Master LLC, Russia). A conversion factor
(k = 0.0093) is provided to convert LVP data from
volts to millimeters of mercury based on the calibra-
tion of the digital pressure transducer. At the end of
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00:00:08:640 00:00:09:504 00:00:10:368 00:00:11:232 0000:12:096 00:00:12:960

Puc. 2. ®parMeHT 3aMKCH OCIUUIOTPAMMBI PA0OTHI JIEBOTO JKEJIYIOUKA: 1 — MAKCUMAJIbHOE [IaBJIEHUE,
CO3/1aBaeMOe JIEBBIM KEJTYZOUYKOM; 2 — YYACTOK 3AIUCH JJIsI OIIPEeJIEH ST KOJIMYECTBA IINKOB
MaKCHMaJIbHOTO /IaBJIEHUsI JIEBOTO KEJIY0UKA /I pacyeTa JacTOThI COKPALEHHH Ccepia B 1 MUH
Fig. 2. A fragment of the oscillogram recording of the left ventricle: 1 — the maximum pressure developed
by the left ventricle; 2 — site of the recording to determine the number of peaks of the maximum pressure
of the left ventricle to calculate the heart rate in 1 min
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MajJl Ha aHaJoroBO-I(pPOBOM mpeobpazoBaTesib H
3aTeM Ha IIEPCOHAJIBHBIN KOMITbIOTEp (cM. puc. 1). bas-
JIOHUMK BBOZIJIA CHAYajia B IIOJIOCTH IIPEJICEPAUs, a
3aTeM uepe3 MUTPAIBHBIN KJIANIAH — B ITOJIOCTD JIEBOTO
skemynouka. OObeM JKHJIKOCTH, TOJIaBaeMbI B Oasi-
JIOHUUK, OIpeNle/sUTM Ha rpaduke MO HIDKHEH Tpa-
HUIIE KPAaCHOW BEPTHKAJILHOM IIKAIbl JI0 OTMETKH,
paBHOU 0.25 B. J/laHHBIE O CHJIE COKpAIEHUS JIEBOTO
JKeJTyJTIOYKA IPEZICTABJIEHBI KaK HATPsLKEHUE B BOJIb-
Tax (BBICOTA MHMKA), U3MepsIBIIIeecs Ha ocipuuiorpade
DiSco 2 (OO0 «Motop-Macrep», Poccust). [l1s nepe-
Boza AaHHbIX JIJI7K 113 BOSIBT B MIJIIMETPBI PTYTHOTO
crosba TpesycMOTpeH KoabdUIMeHT mepecyera
(k = 0.0093) Ha OCHOBe KaIMOPOBKU ITUGPOBOTO /IAT-
YypKa AapyieHus. [10 OKOHYaHUIO SKCIIEPUMEHTA TI0JTy-
YeHHbIE JIAHHbIE BBICOTHI IHMKA BHOCKIN B TaOJIUILY
Excel, 1 mporpaMma aBTOMAaTHUYECKU IEPECUNTHIBAIA
3HAUEHUs U3 BOJIBT B MIJLTUMETPBI PTYTHOTO CTOJIOA.
Hcenedyembiit npenapam. VMC  1mipecTaBisoT
cobol (hapMareBTUUECKYIO CyOCTAHITHIO JIEKAPCTBEH-
Horo mpemnapata TpomboBazum ¢ epMeHTATHBHOMN
aKTUBHOCTBIO 5400 EJl B rpamMme cyxoro BelecTBa
(mpousBosurens — AO «Cubupckuit eHTp hapMako-
JoTMu U OuWoTtexHosiorun», HoBocubupck, Poccus).
Hccenyemblii mpernapar — JIMOMWIN3HUPOBAHHBIN
IIOPOIIOK CBETJIO-’KEITOTO IIBETA, JIETKO PACTBOPSIO-
IITUHCS B KPUCTAJUTOUTHBIX U KOJUTOW/THBIX PACTBOPAX.
Memodvt cmamucmuueckoit obpabomxku. Cratu-
CTUYECKUI aHAIN3 TAHHBIX ITPOBEZIEH C UCIIOJIb30Ba-
uriem mporpamm MedCalc 11.3.3 (MedCalc Software),
STATISTICA 8.0 (StatSoft Inc.) u Microsoft Office
Excel 2007. ITokazaTesin paboOTOCIIOCOOHOCTH B IPyII-
Tax Ha 3Tarax uCCjaeIOBaHMA, a TAKXKe PA3HOCTH ITOKa-
3aTesiell paboTOCIIOCOOHOCTH MEXK/TY KOHTPOJIBHBIMU
Toukamul (dTamamu) uccenoBanus (AT) mpencras-
JIEHBI KaK CpeJiHee U CTAaHAAPTHOE OTKJIOHEHHE WU
KaK MeJ[UaHHble W MEKKBAaPTWIbHbIE MANA30HbL
ITpoBepka HOPMAJIBHOCTH PACIIpeIeIeHUs KOJInde-
CTBEHHBIX ITPU3HAKOB IIPOBE/IEHA C UCIIOTH30BAHUEM
kputepus [lanupo — Yuika. /14 JaHHBIX, IMEIOIIAX
HOPMAaJIbHOE PacIIpe/ieIeHre, UCIIoIb3oBasics F-rect
JUIl TIPOBEPKU TIPEIIOJIONKEHUsT 00 OTHOPOIHOCTH
nucrepcril. [I1s1 MeXXTpyIIOBOTO CPABHEHIS IIOBTOP-
HPBIX U3MEPEHHI HCIIOJIH30BaH JIUCIIEPCHOHHBIA aHa-
JIU3 TOBTOPHBIX uaMepeHuit (RM-ANOVA). Yuutsi-
Basi, UTO YACTb JJAHHBIX UMeJIa OTIIMIHOE OT HOPMAaJTb-
HOTO pacIpeyiesieHre 1 HEKOTOPhIe JIaHHbIE TTOKa3blI-
BaJIM HETOMOTEHHOCTh AVCIIEPCUM, Tepes] IpoBesie-
HueM RM-ANOVA BbinosiHeHa Jiorapudmuyeckas
TpaHcopMmarua  JaHHBIX. llpu  mpoBeseHUU
RM-ANOVA onenuBaics koadpdunuent chepuaHo-
cru I'punxayca — I'eficcepa, KOTOPBIH UCIIOJIH30BAH B
KayecTBe OIPaBOYHOTO KoadduIirenTa, mpuMeHeH-
HOTO K CTeIeHsIM CBOOO/IbI, UCIIOJIb3YEMBIM LIS Pac-

the experiment, the obtained peak height data were
entered into an Excel spreadsheet, and the program
automatically recalculated the values from volts to
millimeters of mercury.

The investigational drug. ISs is a pharmaceutical
substance of the drug Thrombovasim® with an enzy-
matic activity of 5400 IU per gram of dry matter
(manufactured by Siberian Center for Pharmacology
and Biotechnology JSC, Novosibirsk, Russia). The
test drug is a light yellow lyophilized powder, easily
soluble in crystalloid and colloid solutions.

Statistical processing methods. Statistical data
analysis was carried out using MedCalc 11.3.3 (Med-
Calc Software), STATISTICA 8.0 (StatSoft Inc.) and
Microsoft Office Excel 2007. Performance indicators
in groups at the stages of the study, as well as the dif-
ference in performance indicators between test
points (stages) of the study (AT) are presented as
mean and standard deviation or as median and inter-
quartile ranges. Checking the normality of the distri-
bution of quantitative variables was carried out using
the Shapiro-Wilk test. For normally distributed data,
an F-test for homogeneity of the variances was used.
Repeated-measure analysis of variance (RM-
ANOVA) was used for the intergroup comparison.
Considering that some of the data had a different dis-
tribution from normal and some data showed inho-
mogeneity of variances, a logarithmic transformation
of the data was performed before RM-ANOVA. Dur-
ing the RM-ANOVA the Greenhouse-Geisser sphe-
ricity index was estimated, which is used as a correc-
tion factor applied to the degrees of freedom used to
calculate the p for the observed value of F. The results
of RM-ANOVA are presented as an intergroup
effects — BSE (Between-Subjects Effect — difference
between groups) and intragroup effects — WSE
(Within-Subjects Effect, while F — difference between
measurements and G - F — difference between mea-
surements depending on group membership). After
RM-ANOVA, 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 repeated measurements followed
by posteriori comparison using the Wilcoxon test
with the Bonferroni correction for p value. The Krus-
kal-Wallis test was used for intergroup analysis of
quantitative indicators, followed by a posteriori com-
parison using the Conover-Iman test.

RESULTS AND DISCUSSION

Table 1 and Fig. 3 shows the values of the heart
performance indicator during perfusion of an iso-
lated heart with ISs solution at the studied concen-
tration and the Krebs-Henseleit buffer at the stages
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yeTa 3HAYEHHUSA p /JIA HAOII0/aeMoro 3HaveHus F.
Pezysibraret RM-ANOVA mnpescraBjieHbl Kak MeX-
rpymnmnoBoii addert — BSE (paznunia mexmy rpyr-
maMu) U BHyTpuUrpynmnosble 3¢ dexrsr — WSE (F —
pasHuna Mmexzay usmepenusmu u G - F — pasHuna
MEKy U3MePEHUSIMHU B 3aBUCUMOCTH OT IIPUHAZJIEN K-
Hoctu K rpymme). [locte mpoeenenusi RM-ANOVA
MPY HAJTMIUH 3HAYUMBIX (P < 0.05) MEKTPYIIIOBBIX 1
BHYTPHUTPYIIOBBIX 3((dEKTOB BBHIIOJIHEHBI post hoc
ananusbl. Tect @pugMana UCIOIB30BAJICA IS BHY-
TPUTPYIIIOBOTO aHAJIN3a ITOBTOPHBIX H3MEpPEHUH C
TIOCJIEYIOIIM allOCTEPHOPHBIM CPABHEHHEM C TIOMO-
IIBI0 TeCcTa BIJIKOKCOHA ¢ MPUMEHEHUEM IOIPABKH
Bondepponu k 3HaueHuio p, tect Kpackemna — Yoi-
Jmca — JJIs MEXTPYIIIOBOTO aHAIN3a KOJIMYeCTBEeH-
HBIX IIOKa3aTeJIed C TMOCJIEAYIONIUM all0CTEPHUOPHBIM
cpaBHeHMeM c moMoIIbio Tecta Konosepa — Mmana.

PE3YJ/IBTATBI 1 OBCYKAEHUE

B Tabs. 1 U HA puc. 3 HPEICTABIEHbl 3HAYEHHUS
MoKas3aTessi paboTOCIIOCOOHOCTH TIPH TTephY3UH U30-
JINPOBAHHOTO cep/ria pactBopoM MMC B MCCIeayeMbIX
KOHIIEHTpaIusax u pactBopom Kpebca — XeHzessiiiTa
Ha 3Tarax ucciefioBanusi. I1o pesysibraTaM JTUCIIEPCH-
OHHOTO aHA/IN3a IMOBTOPHBIX HU3MEPEHUH HE BBISB-
JIEHO Pa3Iuuuii paboTOCIOCOOHOCTH MEXKAy TPYII-
[IaMu, HO UMEJIOCh pa3Jindre MoKa3aTesell Ha STarax
WCCJIEZIOBAHMST BHYTPU TPYII, a TaKKE pasiddre

of the study. According to the results of the analysis
of variance of repeated measurements, there were no
differences in the heart performance between groups,
but there were differences in indicators at the stages
of the study within the groups, as well as a difference
in changes in the performance at the stages of the
study, depending on the group the animal belongs to.

Analyzing the obtained data, one can note a ten-
dency to an increase in the performance of the heart
from the first minutes of perfusion with the ISs solu-
tion and reaching its maximum values at the 20th min-
ute when using doses of 170, 340 and 510 IU/I. In the
group of perfusion with ISs at a concentration of
1020 IU/1, the maximum peak of the increase in the
performance was observed at the 3oth minute of the
study. A small increase in the performance in the con-
trol group by the 20th minute of perfusion is explained
by the effect of reperfusion of the heart.

We have calculated the increase (difference) in
the performance indicator (AT) of the studie groups
at the stages of the study and compared it with the
control group (Table 2).

When evaluating the overall increase in myocar-
dial performance throughout the experiment (from o
to 40 min of perfusion), no differences were found
between the groups (Fig. 4), which confirms the data
of the statistical analysis using the presented above
RM-ANOVA.

Taosauma 1. ITokazarenu paborocriocobHOCTH cepAna (MM PT. CT. - MUH )

Table 1. Cardiac performance indicators (mm Hg - min™)

10 MUH
10 min

O MUH
0 min

5 MUH
5 min

I'pynma
Group

20 MHH
20 min

30 MUH
30 min

40 MUH

40 min p

nmC 170 EJl/n
ISs 170 1U/1
(n=10)

17 115 + 3113

17 847 + 3062 19100 +3233* 19 896 + 4120* 18 396 + 2097 17248 + 2354 <0.001T

NmC 340 EI/n 17 484 + 3585 19142 + 3590* 20329 + 3872* 21858 + 3548* 19 712 + 3355* 18 048 + 3005 <0.001t

ISs 340 IU/1
(n=10)

nmC 510 ENT/n
1Ss 510 1U/1
(n=10)

17 073 £ 5073 17917 £ 4606* 19 085 + 4954* 19 580 + 5485* 18 774 + 5015*% 17752 + 4510* <0.001T

NMC 1020 EJI/1 16 965 + 4308 18 268 + 4757% 18 928 + 4386* 19 696 + 4267* 20 081 +4360* 19 151 + 4788* <0.001T

1Ss 1020 IU/1
(n=10)
Koutposnb
Control
(n=10)

p 0.91* 0.45% 0.37*

15928 + 1529 16 032 + 1537 16 839 +1680* 16 959 + 1712* 16 937 + 1661* 16 833 + 1618* <0.001T

0.13* 0.35% 0.76**

IIpumeuanusa: [laHHBIe NpesCTaBIEHBI KaK cpe/lHee + cTaHAapTHOe oTkiaoHeHHe; RM-ANOVA: kosddunuenT chepuanocTa
I'punxayca — leiiccepa = 0.696; BSE-G: F = 0.72, p = 0.584; WSE-F: F = 46.32, p < 0.001; WSE-F - G: F = 3.1, p < 0.001.
* ANOVA; ** tect Kpackesna — Yosutuca; T rect ®pumana; * p < 0.0083 tect BUsikokcoHa /17151 TapHbIX BHIOOPOK (CpaBHEHME C HAYaTbHBIM

3TAIoM).

Notes: Data are presented as mean + standard deviation; RM-ANOVA: Greenhouse-Geisser sphericity index = 0.696; BSE-G:
F=0.72, p = 0.584; WSE-F: F = 46.32, p < 0.001; WSE-F - G: F = 3.1, p < 0.001.
* ANOVA; ** Kruskal-Wallis test; T Friedman test; * p < 0.0083 Wilcoxon test for paired samples (comparison with baseline).
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Puc. 3. [lunamuka paboToCIIOCOGHOCTH U30JUPOBAHHOTO CEP/IIIA B TPYIIIIAX UCCIIE/OBAHMUS
Fig. 3. The dynamics of the performance of an isolated heart in the study groups

“3MeHeHHsT Pab0TOCIIOCOOHOCTH HA 3Tarax MUCCIeN0-
BaHWUsI B 3aBUCHMOCTHY OT IIPUHA/JIEKHOCTH K TPYIIIIE.

AHaNMU3UPYys MOJIyUeHHbIE TaHHbIE, MOXKHO OTMe-
TUTh TEH/IEHITAIO K YBEJTMYEHUTO pabOTOCIIOCOOHOCTH
cepAla ¢ nepBbIX MUHYT nepdysuu pactsopom MmC
U JIOCTHJKEHHEM ee MaKCUMAaJbHBIX 3HAYeHWH Ha
20-1 MUHyTe NpU TPUMEHEHUH 03 170, 340 H
510 EJl/n. B rpynne nepdysun ImMC B KOHIIEHTpa-
nur 1020 EJl/n1 MakCHUMa/IbHBIA THK YBEJTUYEHUS
paboTtocmocobHOCTH HabIOAaICS Ha 30-H MHUHYTE
uccstenosanus. Hebospioi mpupoct paborocmocob-
HOCTHU B KOHTPOJIbHOM TPYIIIIE K 20-1 MUHYyTe epdy-
3un 00bsicHAeTCs 3 dexToM penepdy3uu ceparia.

Hamm mpoBenmeH pacuer mpupoctra (pasHOCTH)
mokasareJisi paborocrnocobHocTu (AT) uccienyemMbix
TPYII HA dTalax MUCCJIeIOBAaHUS U €r0 CPAaBHEHUE C
KOHTPOJIBHOU rpymnmou (Tabi. 2).

ITpu oreHKe 06I1Er0 MPUPOCTa paboTOCIIOCOOHO-
CTH MHOKap/ia Ha MPOTsXKEHIH BCETO SKCIIEPUMEHTA
(c 0-%1 Mo 40-10 MUHYTY Hepdy3uNn) He BBIIBIEHO
pasmuuuii Mexkay rpynmnamMu (puc. 4), YTO IOJ-
TBEPKJAIOT JIJaHHBIE CTATUCTHYECKOTO aHaIn3a
meTooM RM-ANOVA, mipe/icTaBIEHHOTO BBIIIIE.

Along with this, the analysis of the dynamics of
the increase in the myocardial performance at the
stages of the study shows the difference between the
experimental and control groups. Fig. 5 shows the
increase in the performance from the oth to the 5th
minute of perfusion. In all experimental groups,
there is a marked increase in the performance com-
pared with the control group (p < 0.05), which is due
to a large LVP increase in the experimental groups
compared with the control group (p < 0.0006 accor-
ding to the Kruskal-Wallis test) and characterizes the
onset of a positive inotropic effect of ISs.

In the periods from the 5th to the 10th and from
the 10th to the 20th minute of perfusion, there were
no differences in the dynamics of the performance
between the experimental and control groups (Fig. 6
and 7). This is explained by a decrease in the heart
rate (p = 0.0001 and p = 0.028 according to the Krus-
kal-Wallis test) in response to a more pronounced
LVP increase (p = 0.0001 and p = 0.0024 according
to the Kruskal-Wallis test) in the experimental groups
compared with the control group, and indicates the
preservation of a positive inotropic effect of ISs.
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Ta6uuna 2. Pazaocts (AT) uzmeHeHus1 paboTOCIIOCOOGHOCTH B OIBITHBIX M KOHTPOJIBHOM IPyTIIIaxX Ha STarax

HUCCIIEMOBAHUS

Table 2. Difference (AT) of changes in the heart performance in the experimental and control groups at the stages of the study

I'pynmna

Group ATI(O-s) ATz(s—m) AT:s(m—zo) AT4(20—30) AT5(30—40) AToﬁm(o—40)
NUmC 170 EI/n  —991 -1070 —1151 1339 1226 108

ISs 170 1U/1 (-2628; 645)*  (-1505; —430) (-2473;1290) (742;2036)*  (161;1699)* (~828; 473)
(n=10)

NmC 340 ENl/n  —1452 -1263 -1285 2387 1817 —-382

ISs 340 1U/1 (—2258; -1075)" (-1806; —323) (-1677; —1075) (2043;2581) (1237;2194)*  (-2215; 860)
(n=10)

NmC 510 Ell/n —672 —-968 59 1253 1285 —532

ISs 510 1U/1 (-2022; —323)* (-1484; —408) (-1355;538)  (-215;1656)*  (43; 1656)* (-1914; 108)
(n=10)

NmC1020 Efl/n1  —-1075 —554 —962 —-860 1188 —2258
ISs10201U/1  (-2032; —430)* (-1290; -54)  (-1290; —548) (-1086;710)  (54; 2462)* (-3548; 172)
(n=10)

KouTtposb 48 -869 —-100 67 49 -906
Control (—339; 113) (-1051; -661)  (-250; 0) (-120; 147) (~16; 253) (-1142; —716)
(n=10)

P 0.0077* 0.64* 0.06* 0.0001* 0.016%* 0.21%

IIpumeuanus: [/laHHbIe Ipe/CTaBJIEHbI KaK MeinaHa (25-1; 75-1 IPOIEHTHIID).

* p < 0.05 Tect KoHoBepa — lHmana (cpaBHEHUE ¢ KOHTPOJIbHOM rpymnoi); * Tect Kpackesna — Yosutuca.
N ot e s: Data are presented as median (25th; 75th percentile).

* p < 0.05 Conover-Inman test (comparison with the control group); * Kruskal-Wallis test.

ATon(o—4o] = Po Mun P4o MuH
ATgen(n—4o) =P, — P4o min

-8000
—6000 |
—4000
-I' A
A O
—2000 | A
A
A . =g
b % 2] A
0 % 4 jI \
i 0 Median
2000 | 1 O25%-75%
o T Non-outlier range
A Raw data
O Outliers
4000 \ \ \ \ \ * Extremes
170 Ell/n 340 Ell/n 510 E/l/n 1020 El/n  KoHTpoJsb
170 1U/1 340 1U/1 510 IU/1 1020 1U/1 Control
AT ygeno-s0: KW-H(4; 50) = 5.8062; p = 0.2141 |

Puc. 4. IIpupoct paboToCIIOCOOGHOCTH B OIBITHBIX X KOHTPOJIBHOH IPyIIiax

B UHTepBaJle ¢ 0-1 110 40-10 MunyTy nepdysun (AT o ,.)

Fig. 4. The increase of the heart performance in the experimental and control groups

from the oth to the 40th minute of perfusion (ATgen(O_40))
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AT, KW-H(4; 50) = 13.8877; p = 0.0077 |

Puc. 5. IIpupoct paboToCIIOCOOHOCTH B OIIBITHBIX U KOHTPOJIBHOM TPYIIIIAX B TEUEHE IEPBBIX 5 MUHYT nepdysuu (AT
Fig. 5. The increase of the performance in the experimental and control groups during the first 5 minutes of perfusion (AT

Hapsany ¢ stum, aHaau3 AMHAMHUKUA MPUPOCTA
paboToCIocOOHOCTH MUOKapAa Ha 3Tarax UCCIeno-
BaHUA MOKA3BIBAET Pa3jINuue MeX/1y OINBITHBIMHU U
KOHTpOJIBHOM Tpymmamu. Ha puc. 5 mpezncraBieH
pupocT paboTocnocoOHOCTU 3a MEPHOJ € O-U IO
5-10 MUHYTY Iepdy3un. Bo Bcex ONBITHBIX IPyIIIax
OTMeYaeTcsi BHIPAsKEHHBIH TPUPOCT paboTocmocos-
HOCTH II0 CPaBHEHHIO C KOHTPOJIBHOU TPYIIIOH
(p < 0.05), 9TO 0OYCIIOBIEHO GOJIBIINM IPUPOCTOM
JJIXK B ONBITHBIX TpyHIlax IO CPABHEHUIO C KOH-
TpoJIBHOU (p < 0.0006 110 TaHHBIM TecTa Kpackena —
Yosutnca) M XapakTepusyeT HAuayio IOJIOKUTEIb-
HOT'0 UHOTpPONHOTO JieiicTBusa UmC.

B mepuozp! ¢ 5-i Mo 10-10 U € 10-U IO 20-I0
MUHYTHI epY3UN PA3INUUi B JUHAMUKe paboTo-
CIIOCOOHOCTH MEXKAY OIBITHBIMU U KOHTPOJIBHOM
rpynmnamMu He BbIABIEHO (puc. 6 u 7). 9T0 00BACH-
ercs camkenueM YCC (p = 0.0001 u p = 0.028 110
maHHbIM Tecta Kpackena — Yosinca) B OTBET Ha
6ospmutt mpupoct JAJIK (p = 0.0001 u p = 0.0024
110 JaHHBIM Tecta Kpackesa — Yosuinca) B OIBITHBIX
rpynnax Mo CPpaBHEHUIO ¢ KOHTPOJIBHON U CBUIE-
TEJIbCTBYET O COXPAHEHUU ITOJIOKUTEIBHOTO HHO-
TponHoro adpdexra NUmC.

1(075))
1(0—5))

In the interval from the 20th to the 30th minute
of perfusion (Fig. 8), in groups with perfusate ISs
concentrations of 170, 340 and 510 IU/1, and in the
interval from the 30th to the 40th minute of perfu-
sion in all experimental groups (Fig. 9), we revealed
a negative dynamics of the increase in the heart per-
formance compared with the control group
(p < 0.05). These changes are characterized by a
decrease in LVP (p = 0.001 and p = 0.03 according to
the Kruskal-Wallis test) and its return to baseline,
which characterizes a dose-dependent regression of
the positive inotropic effect caused by ISs.

The study did not reveal any negative effect of ISs
on the change in the performance of the isolated rat
heart. On the contrary, there was a tendency to
increase the performance in the first 5 minutes of ISs
using. The achievement of the maximum and the
duration of this effect depend on the ISs concentra-
tion in the perfused solution. At a concentration of
170 IU/1, an obvious increase in the effect is found
from the 10th minute, at higher concentrations —
from the 5th minute. The duration of the effect rising
with the administration of ISs at doses of 170—
510 IU/1 lasts up to the 20th minute, at a dose of
1020 IU/1 — up to the 3o0th minute. Then there is a
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4(20-30)

Fig. 8. The increase of the performance in the experimental and control groups from the 20th to the 30th minute

of perfusion (AT

B unTepBasie ¢ 20-i 1o 30-10 MUHYTY Hepdy3un
(puc. 8) B rpymmax ¢ koHreHTparusamu MmC B mepdy-
3aTe 170, 340 u 510 EJI /71, a Tak:ke B UHTEpBaJIe ¢ 30-i
10 40-10 MUHYTY nIepdy3UH BO BCEX OIMBITHBIX TPYII-
max (puc. 9) BbIsABJIEHA OTpUIIATEIbHAS JUHAMHUKA
pUpocTa paboTOCIIOCOOHOCTH IO CPABHEHHIO C KOH-
TPOJIBHOU Tpymmou (p < 0.05). JlaHHbIE U3BMEHEHUS
xapakrepusytoTcs ymenbienneM JIJIK (p = 0.001 u
p = 0.03 1o JaHHBIM Tecta Kpackesna — Yosuiuca) u
BO3BpAIlleHUEM €ro K HMCXOJHBIM IIOKa3aTessIM, UTO
XapaKTEPU3YET JI0303aBUCUMBIA PErpece IOJIOKHU-
TEJIbHOTO MHOTPOITHOTO A dekTa, BhizBaHHOTO IMC

[IpoBeieHHOE WCCIEIOBaHUE HE OOHAPYKUIO
otpuriaTessbHOro BiausHus MImC Ha udmeHeHue pabo-
TOCOTIOCOOHOCTH HM30JIUPOBAHHOTO CEPAIa KPBICHL
HamnpotuBs, BhIABIEHA TEHIEHIUS yBeTHUEHUs pabo-
TOCIIOCOOHOCTH B TIEPBbIE 5 MHUHYT INPUMEHEHUS
NmC. JloctmkeHne MaKCHUMyMa M JJINTEJIBHOCTH
aroro adgdekra 3aBucut or KoHneHtpanuu HMvC B
nepdysupyemom pactBope. Ilpu KOHIEHTpaIuu
170 EJI/n oueBuaHbIN TpUpPOCT 3 deKTa 06HAPYKU-
BaeTcs ¢ 10- MUHYTHI, TIpU 00JIee BHICOKUX KOHIIEH-
TPaNMAX — C 5-U MUHYTHIL. JJTUTETBHOCTH HApACTAHUS

)

return of performance indicators to the baseline
values — with the use of ISs at a dose of 170 IU/1 at the
3oth minute, at a dose of 340 IU/1 at the 40th min-
ute. With the use of ISs at doses of 510 and 1020 1U/],
by the 40th minute the effect of increasing of the per-
formance weakens, but the values of the performance
indicator are still higher than the baseline ones.

4(20-30)

The obtained experimental data show that immo-
bilized subtilisins increase the performance of the
heart. This circumstance will make it possible to
expand the use of the drug Thrombovasim® in condi-
tions of a coronary circulation catastrophe.

Experimental data suggest that in a wide range of
doses, Thrombovasim® will not lead to a decrease in
myocardial contractility. The study of the pharmaco-
logical mechanisms of the cardiotropic effect of
immobilized subtilisins should be continued.
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5(30-40)

Fig. 9. The increase of the performance in the experimental and control groups

from the 30th to the 40th minute of perfusion (AT

s¢pdexra npm npumeHenun HNmC B 1o3ax 170-—
510 EJl/n coxpaHsercs [0 20- MUHYTBHI, B J[03€
1020 EJI/n1 — 1o 30-#1 MUHYTHL. 3aTeM OTMeYaeTcs
BO3BpaT IOKazaTesJiel paboTOCIIOCOOHOCTH K HCXO-
JIHBIM 3HAYeHUsAM — Ipu npuMmeHennu VIMC B 703e
170 EJl/n Ha 30-1i MuHyTe, B 103e 340 EJI/i1 Ha 40-i
muHyte. [Ipu npumenennu MmC B nmo3ax 510 u
1020 EJ1/71 k 40-11 MmunyTe 3(pdeKT yBemmueHus pabo-
TOCITOCOOHOCTH OcJIabeBaeT, HO 3HAUEHUs IOKa3a-
TeJist paboTOCIIOCOOHOCTH BCE €IIle BBIIIIE NCXOTHBIX.

SAK/IIOUEHWE

HOJIY‘{eHHbIe SKCIIEpUMEHTAJIbHbIE JAHHbIE IIOKA-
3bIBAIOT, 4TO I/IMMO6I/I.TII/ISI/IpOBaHHI)Ie Cy6TI/I.TII/131/IHI)I
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