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AHHOTAIIUA

BBenenue. BIMHUYECKON MeUIITHE OTMeYeH (DEHOMEH: Y MHOTHX [TAIIHEHTOB C aHTMHO3HBIMHU IIPUCTYIIAMU IIPHU
MIPOBEZIEHUU KOpOHAporpaduu He BBIABJISAETCA 3HAUUTENBHBIX OOCTPYKTHBHBIX IMPOIECCOB B KOPOHAPHBIX APTEPUSIX.
VMeroT MecTo HapylIeHUsA KOPOHAPHON MUKPOIUPKYJ/IAINN U3-3a JUCHYHKIIUN SH/IOTETHATBHBIX U TJ1aJJKOMBIIIETHBIX
KJIETOK. ITO 00CTOATEIHLCTBO HHUITMUPYET IMOUCK HOBBIX JIEKAPCTBEHHBIX IIPENAapaToB i (papMaKoJIOTHIECKOH KOPPEK-
MM BA30MOTOPHOTO CTaTyca KOPOHAPHBIX COCYZIOB C IIeJIBI0 YCTPAHEHNA UIIIEMUN MUOKap/ia.

Ienb. M3yynTh mapaMeTpbl KODOHAPHOTO IOTOKA ITPY Iepdy3Un H30JMPOBAHHOTO CEPALa UMMOOUIN3UPOBAHHBI-
mu cyoTrnanaamu (VIC) B pa3HBIX T03UPOBKAX.

Matepuansl u MeToAbl. Binaxue IC Ha KOPOHAPHBIN KPOBOTOK M3y4YasIy HA MOZEIH U30JIMPOBAHHOTO CepAIA
KpbICHI 110 JlaureHA0pdY. DKCIIEPUMEHTHI IIPOBEZIEHBI Ha 50 KpbIcax-caMIiax JuHuu Bucrap. JKuBoTHbIe OpLIH pasjere-
HBI Ha 5 TPYIII: KOHTPOJBHYIO (cepAra, nepdy3upyeMble ToJIbKO pacTBopoM Kpebca — XeH3zesnaiTa) U 4 ONBITHBIX (1-1 —
nepdysusa VC B koHnentpanuu 170 Ex./n; 2-9 — nepdysus VC B kounentpanuu 340 Exn./n; 3-1 — nepdysus M1C B koH-
nenTpanuu 500 Ex./n; 4-s1 — nepdysus C B koHIeHTpanuu 1000 Ex. /).

PesynbraTtsel. Ilpu nepdysun VIC B KOHIIEHTpAIUAX 170 U 340 En./n1 Haboma10ch HapacTaHue KOPOHAPHOTO TI0-
toka. [Ipu nepdysuu VC B koHIeHTpaIuu 340 Ef./J1 6BUT TOCTOBEPHO BRIpAXKEH BazoquIaTupyonuii a¢gdexr. Ilpu nep-
(y3uu B kOHIIEHTpaMH 500 U 1000 Ef1. /71 0TMeuasocs yMeHbIIIeHe KOPOHAPHOTO MTOTOKA, YTO, BEPOsITHEE BCETO, BHI3BA-
HO Ba30KOHCTPUKITHEH.

3axknouyenue. Ilpu nepdysuu cepana pacrBopom VIC nabionaercs GeHOMEH Ba30OMOTOPHON aKTHUBHOCTH KOPO-
HapHBIX cocyzoB. O0ycyioBiaeHHbIH VIC Ba30MOTOPHBIH 3G (EKT NMEET 10303aBUCUMOE U PA3HOHAIIPABJIEHHOE JIEHCTBHE U
peanusyeTcs, BEpOATHEE BCETO, ITOCPEJICTBOM JIOCTEPHUYECKOTO BO3/IEHCTBUSA HA €CTECTBEHHBIM MEXaHU3M PETYJIAIII
TOHYyCa KOPOHAPHBIX COCY/IOB.

Kaoueenle cao8a: TMMOOWIN3UPOBAHHBIA CYOTUIN3HH, KOPOHAPHBIN KPOBOTOK, H30JIMPOBAHHOE CEPAIIE.

ABSTRACT

Introduction. In clinical medicine, some phenomenon has been noted: in many patients with anginal attacks dur-
ing coronary angiography, significant obstructive processes in the coronary arteries are not detected. There is impaired
coronary microcirculation due to dysfunction of endothelial and smooth muscle cells. This circumstance initiates the
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search for new drugs for pharmacological correction of the vasomotor status of coronary vessels in order to eliminate myo-
cardial ischemia.

Aim. To study the parameters of the coronary blood flow during the perfusion of an isolated heart with immobilized
subtilisins (IS) in different dosages.

Materials and methods. The effect of IS on coronary blood flow was studied using the Langendorff-perfused rat
heart. The experiments were carried out on 50 male Wistar rats. Animals were divided into 5 groups: control (hearts per-
fused only with Krebs-Henseleit solution) and 4 experimental (1 — perfusion with IS at a concentration of 170 U/1; 2m —
perfusion with IS at a concentration of 340 U/I; 34 — perfusion with IS at a concentration of 500 U/1; 4™ — perfusion with
IS at a concentration of 1000 U/1).

Results. An increase in coronary blood flow was observed during perfusion with IS at concentrations of 170 and
340 U/1. With perfusion of IS at a concentration of 340 U/1, the vasodilating effect was significantly expressed. With perfu-
sion at a concentration of 500 and 1000 U/], a decrease in coronary flow was noted, which is most likely caused by vaso-
constriction.

Conclusion. When the heart is perfused with IS solution, the phenomenon of vasomotor activity of the coronary
vessels is observed. The vasomotor effect caused by IS has a dose-dependent and multidirectional effect and is realized,

most likely, through an allosteric effect on the natural mechanism of regulation of the coronary vessels tone.

Keywords: immobilized subtilisins, coronary blood flow, isolated heart.

BBEJEHUE

B xIMHHYECKOH MeUIIHE OTMEUEH CIeAYIONTUH
(peHOMEH: Y MHOTHX INaIlMEHTOB C AHTMHO3HBIMU
MIPUCTYIIaMHU IIPU POBeZIeHUN KOpoHaporpaduu He
BBISIBJIAIOTCA 3HAYUTEIbHBIE OOCTPYKTUBHBIE IIPO-
Ilecchl B KOPDOHAPHBIX apTepusax. VIMeoT MecTo Ha-
pylLIeHUsT KOPOHAPHOM MUKPOLMPKYJIAIUNA H3-3a
IUCHYHKIINN SHIOTETHATBHBIX M IJIQKOMBIIIEY-
HBIX KJIETOK. TO 00CTOATEIbCTBO HHUIUUPYET I10-
HICK HOBBIX JIEKAPCTBEHHBIX ITPENapaToB i papma-
KOJIOTUYECKOH KOPPEKIINH Ba30MOTOPHOTO CTaTyca
KOPOHAPHBIX COCYZIOB C IIeJIbI0 JIMKBUAAIIUU HIIe-
MHUHU MHOKapza [1].

KoponapHas MUKPOIUPKYJIAIUA U KOPOHAPHBIN
KPOBOTOK 00ecIIeunBaioT aZieKBaTHBIN MeTaboIn3M
MHOKap/ia. BazoakTuBHbIE ITPOU3BOAHBIE DHIOTE-
JIHs, pa3audHble MeTabonueckre GakToOphl U Hel-
POTOPMOHBI IIePEeAI0T COCYAOPACIINPSAOIINe U Ba-
30KOHCTPUKTOPHBIE CHTHAJIBI, KOTOPBIE JIOJI?KHBI
OBITh COAJTAHCUPOBAHBI JIUISI TIOAJIEPIKAHUS Hajie-
’JKallero TOHyca KOPOHAPHBIX COCYZ0B, 0becrieunBa-
IOIIETO TIOJTHOIIEHHYI0 KOPOHAPHYI0O MUKPOIMPKY-
aanumo [2].

Perynsanus KOpOHAPHOTO KPOBOTOKA — J[OBOJIb-
HO CJIOJKHBIM TIPOIECC, OIOCPEOBAHHBIA MHOMKE-
CTBOM MEXaHU3MOB, KOTOPbIE BKJIIOYAIOT BHECOCY-
JIUCTBIE CXKUMAIOIUe CHJIbl (TKAaHEBOe JlaBJIEHUE),
JlaBjieHre KOpOHAapHOU mnepdy3uu, MUOTeHHBbIE,
MecCTHbIE MeTab0IMIeCKUe, SHO0TEINAIBHBIE, 4 TAK-
’Ke HepBHbBIe U TOPMOHAaJIbHBIE Bo3/elicTBus. Cyie-
CTBYET B3aUMOCBSI3b MEK/Ty IUAMETPOM COCYZIa U Be-
JIMYUHON MHOTEHHOTO OTBeTa. B ¢BA3U C 3TUM cuu-
TaeTcs, YTO MHUOTEHHBIN OTBET UTPaeT BaXKHYIO POJIb
B MOAJIep:KaHUM 6a3aJIbHOTO COCYAVCTOTO TOHYCa B
COCYZAICTOH ceTy compoTuBJIeHu:. Takum 06paszom,

INTRODUCTION

In clinical medicine, the following phenomenon
has been noted: in many patients with anginal at-
tacks during coronary angiography, significant ob-
structive processes in the coronary arteries are not
detected. There are impaired coronary microcircula-
tion due to dysfunction of endothelial and smooth
muscle cells. This circumstance initiates the search
for new drugs for pharmacological correction of the
vasomotor status of coronary vessels in order to
eliminate myocardial ischemia [1].

Coronary microcirculation and coronary blood
flow ensure adequate myocardial metabolism. Vaso-
active endothelial derivatives, various metabolic fac-
tors and neurohormones transmit vasodilating and
vasoconstrictive signals, which must be balanced to
maintain the proper tone of the coronary vessels, en-
suring full coronary microcirculation [2].

The regulation of coronary blood flow is a rather
complex process mediated by many mechanisms,
which include extravascular compressive forces (tis-
sue pressure), coronary perfusion pressure, myogenic,
local metabolic, endothelial, as well as neural and hor-
monal influences. There is a relationship between the
diameter of the vessel and the magnitude of the myo-
genic response. In this regard, the myogenic response
is believed to play an important role in maintaining of
basal vascular tone in the resistance vasculature. Thus,
it is in the presence of this “background” vasomotor
tone that nonmyogenic factors bi-directionally affect
the regulation of coronary blood flow, which is neces-
sary to balance the delivery of oxygen by the myocar-
dium and oxidative metabolism the latter [3].

Experimental studies of coronary circulation fo-
cus on various mechanisms — myogenic, local meta-

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

57



Baiikanoe I''H. u dp. / Journal of Siberian Medical Sciences 3 (2021) 56—65

WMEHHO MPU HAJUYUU BTOTO «(POHOBOTO» Ba30MO-
TOPHOTO TOHYCa HEMHOTEHHbIE (AKTOPHI JIByHA-
MPaBJIE€HHO BJIUSIOT Ha PETYJIAINHUI0 KOPOHAPHOTO
KPOBOTOKa, YTO HEOOXOJIMMO JJI1 YpPaBHOBEIIHBA-
HUA JOCTABKH KHCJIOPOJa MUOKAPIAOM U OKHCJIHU-
TEJIbHOTO MeTaboiu3Ma Muokapza [3].

JKCrIepUMeHTAJIbHbIE KCCJIEJIOBAHUS KOPOHAp-
HOTO KPOBOOOPAIIIEHHs COCPEIOTOUEHBI HA Pa3Ind-
HBIX MEXaHU3Max — MHOTE€HHBIX, MECTHBIX MeTabo0-
JIMYECKUX, HHJOTEJTHAJIBHBIX, HEPBHBIX M TOPMO-
HaJIbHBIX. YCTAHOBJIEHO, UTO KaXK/IbIA U3 ATUX MexXa-
HHU3MOB MOKET UMETD ITyOOKO€E BJIUSHUE HA Iepdy-
3UI0 MHOKap/ia. [10 MHEHHUIO HEKOTOPBIX UCCIET0BA-
TeJIeH 710 CUX TIOP He SICHBI O0IIKe B3auMOCBSI3aH-
HbIE MEXaHU3MbI, OTBETCTBEHHBIE 32 PETYJIAIHNIO KO-
pOHapHOTro KpoBoTOKa [4]. Hapsay ¢ aTum ecth 10-
Ka3aTeJIbCTBa, YTO STU MEXaHU3MBbI JEHCTBYIOT Ma-
paulesbHO U Jaske U30bITOUHO [5]. B Hacrosiee
BpeMs XOpomio wu3ydyeH ¢eHOMEH SHJIOTeTHH-
3aBUCUMOU JUCOYHKIIUM KaK OCHOBHAs MPUYHUHA
HEOKKJTIOBUOHHBIX UIIIEMUYECKUX COCTOSTHUM.

IHJIOTENH-3aBUCHUMAas TUCHYHKIUSA ABJIAETCS
cencTBreM qucbananca Mexay GakTopaMu peJiak-
caIuy SHAOTENA, TAKUMHU Kak okcuz azoTta (NO), u
KOHCTPUKTOPAMU SHJIOTEJIUs, TAKUMHU KaK JHJIOTE-
auH. HezaBucumass ot 3HAOTENUsA AUCHYHKIUA
OCHOBaHA Ha TOHyce MUOIUTOB [6]. BazoamraTaro-
PbI JIOKAJIBHOTO ITPOUCXOKJIEHUs UTPAIOT JOMUHU-
PYIOIIYIO POJIb B PETYJISIIIUN MUKPOCOCYZUCTOTO CO-
MpOTUBJIEHUs [7].

CymHoCcTh (PapMaKOJIOTHYECKON PETryJIAIAN JH-
JIOTETHATIBHON AUCHYHKIIUM KOPOHAPHBIX COCY/IOB
3aKJII0YAETCs B YCTPAHEHWU Ba30KOHCTPUKIIUU KaK
MPsIMBIMH, TaK F OTIOCPEIOBAHHBIMH MEeXaHU3MaMHU.
B 5TOl CBA3Y IIPEACTABIISIETCS HHTEPECHBIM HE TOJTh-
KO TIOMCK HOBBIX JIEKAPCTBEHHBIX CPEJICTB, HO U yCTa-
HOBJIEHNE KOPOHAPOPpaCHIUPAIIUX 3G HEKTOB Y U3-
BECTHBIX, 3aPETUCTPUPOBAHHBIX IIPEIapaTOB.

B Poccum 3aperucTpupoBaH U HCIOJIb3YETCA B
KJIMHUYECKOU MPAKTHKE JIEKADCTBEHHBIN Iperapar
TpomboBazuM, 06IaAOIMUNE TPAMBIM TPOMOOIH-
THYECKUM JiericTBueM. [TokazaHus K IPUMEHEHHUIO B
KapJIMOJIOTHH — OCTPBIA WHMAPKT MHOKapja ¢
noaseMoM 3ybma ST, Bo diebomorun — XpoHUYe-
ckue 3a00s1eBaHus BeH [8]. AKTHBHOE JIeHiCTBYOIIEe
BEIIECTBO JIEKAPCTBEHHOro mpemnapara TpomOoBa-
3UM — UMMOOWIN3UPOBAHHBIN cyOoTminsun (MC).
CyOTHIN3UH SBJISIETCS IMPOTEOJIUTHUECKUM bep-
MEHTOM, 00JIaIAI0IUM MPAMBIM (PUOPHUHOIUTHYE-
ckuM jgedictBueM [9]. JIiA CHUKEHUS ajljieproreH-
HBIX CBOWCTB W yBEJWYEHHs HHTEPATIBHOH OHOJI0-
CTYITHOCTU CYyOTWJIM3WHA IIPOBOJIUTCS BJIEKTPOHHO-
JlydeBasi UMMOOWIN3aIusa GepMeHTa Ha TOJIUMED-
HOM HOCHTEJIE IIOJUITHUJIEHIVINKOJe [10]. B wmH-

bolic, endothelial, nervous and hormonal. It has
been established that each of these mechanisms can
have a profound effect on myocardial perfusion. Ac-
cording to some researchers, the general interrelated
mechanisms responsible for the regulation of coro-
nary blood flow are still not clear [4]. Along with this,
there is evidence that these mechanisms operate in
parallel and even redundantly [5]. Currently, the
phenomenon of endothelium-dependent dysfunc-
tion is well studied as the main cause of non-occlu-
sive ischemic conditions.

Endothelium-dependent dysfunction results
from an imbalance between endothelial relaxation
factors such as nitric oxide (NO) and endothelial
constrictors such as endothelin. Endothelium-inde-
pendent dysfunction is based on the myocyte tone
[6]. Vasodilators of local origin play a dominant role
in the regulation of microvascular resistance [7].

The essence of the pharmacological regulation of
endothelial dysfunction of coronary vessels is the
elimination of vasoconstriction by both direct and
indirect mechanisms. In this regard, it seems inter-
esting not only to search for new drugs, but also to
establish vasodilatory effects for well-known, regis-
tered drugs.

In Russia, the drug, Trombovazim, which has a di-
rect thrombolytic effect, is registered and is used in
clinical practice. Indications for use in cardiology are
acute myocardial infarction with ST elevation, in
phlebology — chronic venous diseases [8]. The active
ingredient of trombovazim is immobilized subtilisin
(IS). Subtilisin is a proteolytic enzyme with a direct
fibrinolytic effect [9]. To reduce the allergenic prop-
erties and increase the enteral bioavailability of sub-
tilisin, electron-beam immobilization of the enzyme
is carried out on a polyethylene glycol polymer carrier
[10]. In the drug labeling, there is no indication of its
effect on coronary blood flow. Since thrombovazim is
positioned as a drug for the treatment of cardiovascu-
lar diseases, it seems relevant to evaluate the effect of
immobilized subtilisin on coronary circulation in ex-
periments on an isolated rat heart using the Langen-
dorff method [11—13]. The choice of this experimental
model is due to the possibility of a direct assessment
of the vasomotor action of immobilized subtilisin in
the absence of humoral and nervous regulation of the
coronary circulation in an isolated heart.

AIM OF THE RESEARCH

To study the parameters of the coronary blood
flow during the perfusion of an isolated heart with
immobilized subtilisins in different dosages.
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CTPYKIIUH TI0 MEQUIIMHCKOMY IPUMEHEHHUIO JIeKap-
CTBEHHOTO IIpernapara HeT yKa3aHWU O €ro BO3JeH-
CTBUU Ha KOPOHAPHBIN KPOBOTOK. ITockosbky Tpom-
60Ba3UM MMO3UIMOHUPYETCS KaK CPEICTBO JIJIS JIeue-
HUSA CEPJIEYHO-COCY/TUCTHIX 3200I€EBAaHUH, TIPE/ICTAB-
JISIETCS aKTYaJIbHBIM OIEHUTDH BIUSHUE UMMOOUIIN-
3UPOBAHHOTO CyOTH/IM3MHA Ha KOPOHAPHOE KPOBO-
obpallleHre B 3KCIIEPUMEHTaX Ha W30JINPOBAHHOM
cep/itie 1abopaTOPHOH KPBICHI IO MeToxy JlaHreH-
nopda [11—-13]. Beibop 3TOM 3KCIIEpUMEHTATHLHON
MO 00YCIOBJIEH BO3MOKHOCTBIO IPSIMOU OIleH-
KH Ba30MOTOPHOTO AEHCTBUSA UMMOOWIN3UPOBAH-
HOTO CyOTIUIM3MHA B YCJIOBUSIX OTCYTCTBUS Y U30JIU-
POBaHHOTO ceplla TyMOPaJbHOW U HEPBHOW pETy-
JISIUA KOPOHAPHOTO KPOBOOOPAIIIEHUS.

I{EJIb UCCJIEJIOBAHUSA

W3yunTh mapaMeTpsl KOPOHAPHOTO MOTOKA IIPHU
nepy3uu U30JIUPOBAHHOTO CEP/Ila UMMOOWINU3HU-
POBaHHBIMU CYOTUIN3UHAMU B PA3HBIX JIO3UPOBKAX.

MATEPUAJIBI 1 METO/AbI

/lusaiin uccnedosaHus. DKCIIEPUMEHT IIPOBE/IEH
Ha 50 KpbIcax-camIlax JUHUU Bucrap maccoit 280—
320 1. 2KUBOTHBIE HAXOAIUIHCH B YCJIOBUSAX BUBAPUS
Ha 00BIYHOM ITHIIEBOM PAI[MOHE U CBOOOTHOM JIOCTY-
Ile K BOJIe U IHUIIle, YCIOBUSA COJIEPKAHUA U MAaHUILY-
JIAIUY C JKUBOTHBIMHU COOTBETCTBOBAJIH CTAHZAPTAM,
PerJIaMeHTHPYIOLTUM PaboTy ¢ 1aG0PaTOPHBIMU KH-
BOTHBIMU [14]. YKuBOTHBIE OBUIH pas/ieJIeHbl Ha
5 TpyHI: KOHTPOJIBHYIO (cepana, nepdysupyeMble
TOJIbKO pacTBopoM Kpebca — XeH3essaiTa) U 4 OIBIT-
HbIX (1-1 — tepdysus VC B koHIeHTparuu 170 Ex./;
2-1 — nepdysua VC B xonnenrpanuu 340 Ex./m;
3-1 — mepdysusa MC B xoHIeHTpanuu 500 Em./m;
4-s1 — nepdysus VIC B koHIeHTpanuu 1000 Ex. /).

Hcceaedyemolit npenapam — WMMOOUIM3UPO-
BaHHBIN cyOTHWIN3HH. Vcmosb3oBasiack dapmMares-
THYeCKas CyOCTaHIMs JIEKAPCTBEHHOIO IIperapara
Tpom6oBazum (AO «Crubupckuii eHTp hapMakosIo-
ruu U 6uorexHosorun», HoBocHOUPCK), Ipe/icTaB-
Jsomast cobor JTMOGUIN3aT IS MOCTIEAYIOIIETO
pactBopeHusa. /[yl 5KCHEPUMEHTOB JHOPUIN3AT
pacrBopsnu B 6ydepe Kpedbeca — Xenzessiita. Kon-
nentparus VIC B mepdy3nOHHOM pacTBOpe MOZEJTH-
poBasia nuanasoH J[03 OT OAHOKPATHOH TepaneBTH-
4ecKOH JIJIsi SHTEPAJIbHOTO IIpHeMa C IOCTeNIeHHBIM
yBeJIMYeHUEeM JI0 OJIHOKPATHOU TepaleBTHYeCKOU
[IpYU BHYTPUBEHHOM BBEJIEHH.

Memod Jlaneendopgha. JlaHHas1 SKCIIEPUMEHTAITb-
Hasi MO/IeJIb II03BOJISIET IETAJIBHO U3y4YaTh HU3H0JIO0-
ruJecKre  OMOXMMUYECKHeE IIPOIIECCHl B CEPAIE, a
Tak)Ke BHEIIHNE BO3/IeXCTBUSA Ha HETO B YCJIOBUAX OT-
CYTCTBUS CUCTEMHBIX HEHPOT€HHBIX U T'YMOPAIbHBIX

MATERIALS AND METHODS

Study design. The experiment was carried out
on 50 male Wistar rats weighing 280—-320 g. The
animals were kept in a vivarium on a normal diet
and free access to water and food, the conditions
of keeping and manipulating the animals corre-
sponded to the standards for work with laboratory
animals [14]. Animals were divided into 5 groups:
control (hearts perfused only with Krebs-
Henseleit solution) and 4 experimental (1%t — per-
fusion with IS at a concentration of 170 U/1; 27 —
perfusion with IS at a concentration of 340 U/I;
3 — perfusion with IS at a concentration of
500 U/l; 4™ — perfusion with IS at a concentra-
tion of 1000 U/1).

The investigated drug is immobilized subtilisin.
We used the pharmaceutical substance of the drug,
Trombovazim (Siberian Center for Pharmacology
and Biotechnology, Novosibirsk), which is a lyophi-
lisate for solution. For experiments, the lyophilisate
was diluted in Krebs-Henseleit buffer. The IS con-
centration in the perfusion solution modeled the
dose range from a single therapeutic dose for en-
teral administration with a gradual increase to a
single therapeutic dose for intravenous administra-
tion.

Langendorff method. This experimental model
makes it possible to study in detail the physiological
and biochemical processes in the heart, as well as ex-
ternal influences on it in the absence of systemic
neurogenic and humoral factors. The principle of the
Langendorff heart is that the perfusion solution en-
ters the aorta through a cannula. The aortic valve is
closed by the pressure in the aorta, and the perfusion
solution flows only into the coronary arteries. Hav-
ing passed the microvasculature of the heart, the so-
lution is collected through the heart vein system into
the coronary sinus and then enters the right atrium.
There are two ways for the outflow of the perfusion
solution: through the orifice of the venae cavae and
through the tricuspid valve into the right ventricle
and then through the pulmonary artery trunk. It fol-
lows that the solution does not enter the left cham-
bers of the heart, so you can use sensors or catheters
to record the pressure in the left ventricle and heart
rate. In Fig. 1 you can see a diagram of the setup for
operation on a rat heart isolated according to Lan-
gendorff.

According to the technique, for 1 h before the ex-
periment, the animals were injected intraperitoneal-
ly with heparin (500 U per one). After decapitation,
the skin cover was removed from the chest, the heart
was quickly removed and placed in a container with
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(axropos. [Tpuniun paboTe! cepara o JlaureHgop-
dy 3akiouaeTcs B TOM, 4TO Iep@y3uOHHBINA pacTBOP
MIOCTYIIAeT B a0PTY Yepe3 KaHIOMI0. AOPTaIBbHBIN Kjla-
I1aH 3aKpbIBaeTcs 3a CUeT JaBJleHUs B aopTe, U Iep-
(py3MOHHBIN pacTBOP IOCTYIIAaeT TOJIBKO B KOPOHApP-
Hble apTepuu. [1poiiiss MUKPOIIMPKYJIATOPHOE PYCIIO
cepaIa, pacTBop coOMpaercs 10 CUCTeMe BeH cepAra
B KOPOHApHBI CHHYC U Jlajiee IIOCTYIaeT B IIPaBOe
npesicepave. CyIecTBYIOT /iBa IyTH OTTOKA Iepdy3u-
OHHOTO pacTBOpa: 4epe3 yCThs IIOJIBIX BeH U uepe3
TPEXCTBOPYATHIN KJIAIIaH B IIPABBIH JKEJTy/IOUEK U J1a-
Jlee yepe3 CTBOJI JIETOYHOU apTepuu. OTciofa cieny-
€T, YTO PacTBOP He IOIAJ]aeT B JieBble KaMephl cep-
114, I03TOMY MOKHO HCIIOJIb30BaTh TATIUKY WJIH Ka-
TeTepHI [ PETUCTPALNH JIaBJIEHUSA B JIEBOM KeJIy-
JIOYKe U YaCTOThI CEP/IEUHBIX coKpaleHui. Ha puc. 1
IIpe/icTaBjIeHa CXeMa YCTAaHOBKU /IS pabOThI Ha M30-
JIMPOBaHHOM 110 JIanreH710pdy cepAIa KPBICHL.
CorslacHO MeTO/IKe 32 1 Y JI0 OIBbITAa KUBOTHBIM
BHYTPHUOPIOITUHHO BBOAWIM rernapuH (500 EJ] Ha
oHy 0co0b). ITocste IeKamuTanuy yaIsiii KOXKHBIR
IIOKPOB C IPYTHOM KJIETKU, OBICTPO U3BJIEKAIH CEPI-
Ile ¥ IOMEIIQJIN €T0 B eMKOCTD C OXJIQK/IeHHBIM I1ep-
¢ysuonubIM pactBopoMm t = 0 °C. ITocsie mpekparie-
HUS COKpAIeHUN BBIZEJISIN A0PTY U BBOAWIIN Ka-
HIOMO. JIJI WCKIIIOUEHUs IONafaHUsA IIy3BIPHKOB
BO3/lyXxa B KOPOHApHOE PYCJIO CEPAIE TPOMBIBAIHN
yepes3 a0pTAJIbHYIO KAHIOJIIO IIPYU IOMOIIY LITIPUIA,
3aI0JIHEHHOT0 Nepdy3UOHHBIM PACTBOPOM. 3aTeM
cepAle MOACOeAUHIN K Nepdy3UOHHOU CHCTEME.
ITepdy3uio TpoBoAUIN Yepe3 KOPOHAPHBIE COCY/AbI
IIpY IIOCTOSTHHOM JIaBJIeHHH 80 MM PT. cT. B kaue-

a cooled perfusion solution at t = 0°C. After stopping
of cardiac beat, the aorta was isolated and a cannula
was inserted. To exclude the ingress of air bubbles
into the coronary bed, the heart was washed through
the aortic cannula using a syringe filled with a perfu-
sion solution. The heart was then connected to a per-
fusion system. Perfusion was performed through the
coronary vessels at a constant pressure of 80 mm Hg.
Krebs-Henseleit solution (pH = 7.4, t = 37.5°C) was
used as a perfusate. For adequate oxygenation of the
heart, the perfusion solution was saturated with car-
bogen (95% O, and 5% CO,).

In the experimental groups, after 20 min of perfu-
sion against the background of stable work of the
heart, the calculated dose of IS was introduced into
container 2 (see Fig. 1). The moment of the introduc-
tion of IS was designated as the point 0 (zero) min-
ute, at which the coronary blood flow was considered
as baseline and was taken as 100%. Further, the per-
fusion with the test drug continued for 40 min.
Changes in coronary blood flow were recorded at 5,
10, 20, 30 and 40 min. In the control group, from o
to 40 min, perfusion was performed with Krebs-
Henseleit solution.

The calculated indicator of coronary blood flow
was the volumetric coronary flow rate, which reflects
the time interval for the heart to pump the volume of
perfusion fluid. On the measuring tube, 1 ml of vol-
ume was measured and when the perfusion pump
was turned off, the stopwatch was used to determine
how many seconds the heart was pumping the vol-
ume of perfusion fluid. In fact, coronary blood flow is

5

8ocMm /sm

Puc. 1. CxeMa yCTaHOBKH 711 pabOTHI Ha N30JIMPOBAHHOM cepzte 1o Jlanrenopdy: 1 — KapboreH; 2 — eMKOCTb C Iep-
(by3HOHHBIM PACTBOPOM; 3 — MEPUCTAIBTUYECKUN HACOC; 4 — TEPMOCTATHPyeMasi Ta30yJIOBUTEIbHAS KAMEPA; 5 — Mep-
Hasi TPyOKa; 6 — eMKOCTh /1J1s cOopa oTTeKawIero nepdysara; 7 — cepzre; 8 — KaTerep ¢ JaTeKCHBIM 0a/UIOHUHUKOM;

9 — nudpoBOIi JaTUNK 1aBJIeHUs; 10 — aHAIOTOBO-IUGPOBOI IIpe06pa3oBaTesib; 11 — EPCOHAIBHBIA KOMIIBIOTED
Fig. 1. Installation diagram for working on an isolated heart according to Langendorff: 1 — carbogen; 2 — container
with perfusion solution; 3 — peristaltic pump; 4 — thermostatically controlled gas trapping chamber; 5 — measuring tube;
6 — container for collecting the outflowing perfusate; 7 — heart; 8 — catheter with a latex balloon;

9 — digital pressure sensor; 10 — analog to digital converter; 11 — personal computer
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cTBe mepdysaTa UcIoIb30Basicsa pacTBop Kpebea —
Xenzenaura (pH = 7.4, t = 37.5 °C). /Iy anexBaTHOU
OKCUTeHAIUH cepAla nepdy3nOHHBIH pacTBOp Ha-
coimasics kapborenom (95% O, u 5% CO,).

B onbITHBIX rpynnax mo uCTe4eHny 20 MUH I1ep-
dysun Ha oHe cTabuabHON paboThl cepAIla B eM-
KOCTb 2 (cM. puc. 1) BHOCUJIACch pacueTHas jo3a VIC.
Mowment BBefenuss MC obo3Hauaics Kak TOYKa O
(myneBasy) MUHYTa, B KOTOPOH KOPOHAPHBIH MOTOK
CUYHUTAJICS UCXOAHBIM W NMMPUHUMAJICA 32 100 %. da-
Jee niepdy3usa UCCIeAyeMbIM IIpenapaToM IIPOJI0JI-
JKaytach B TeueHue 40 MUH. VI3MeHeHUss KOPOHAPHO-
ro ITOTOKa (PUKCUPOBAJIUCH HA 5, 10, 20, 30 U 40-H
MHUHyTaX. B KOHTPOJIBHOU TpyTIIIEe ¢ O-H IO 40-10 MHU-
HyTy nepdysus mpousBoAuIach pactBopom Kpeb-
ca — XeH3essIhTa.

PacueTHpIM mOKaszaTeseM KOPOHAPHOTO KPOBO-
TOKA BBICTyIaJIa 00'beMHAsI CKOPOCTh KOPOHAPHOTO
IIOTOKA, OTPAKAIOIIAsA, 32 KAKOH IMPOMEKYTOK Bpe-
MEHU cepAle MPOKaYuBaeT o0beM Iepdy3nOHHOU
skuzkocty. Ha MepHO# TpyOKe 0TMepsiTu 1 MJI 00be-
Ma U IIPU OTKJIIOUEHUH epdy3nOHHOTO HAcoca I10
CEKYH/IOMEDY OIIPeZIeNISIN, 32 CKOJIBKO CEKYHI Cep-
Ile TPOKAYNBaeT 00beM Mep(Py3UOHHOU KUIKOCTH.
dakTHYeCKN KOPOHAPHBIH KPOBOTOK IIPEICTABIISAET
coboli cooTHoleHue obbeM/Bpems (mi/muH). Jla-
Jiee 3HaUeHUs BHOCWIU B Tabsuiy Excel, u mporpam-
Ma IepecYUThIBAJIA 3HAUEHNSI KOPOHAPHOTO ITOTOKA
B MuHyTHI (MJ1/MuH). [TocKoJIBKY abCOTIOTHBIE 3HA-
YeHUs MPEJCTABIIAIOT cO00M WHIUBUAYATHHYIO Be-
JIMYUHY Y KaXKJOTO JKUBOTHOTO (pa3Mep cepala,
00'beM COCYZTUCTOTO PycJIa), TMHAMUKY KOPOHAPHOTO
IIOTOKA OI[EHUBAJIN B OTHOCHUTEJIBHBIX eTMHUIIAX (%)
U IPOU3BOAUIIN IIEPECUET B MUHYTHI (MJI/ MUH).

Cmamucmuueckyro 00pabomky TOJYIEHHBIX
Ppe3yJIbTaTOB MPOBOJIMJIM C UCIIOJIb30BAHUEM ITaKeTa
crarucTuueckux mporpamm StatPlus Pro 7.3.0. IIpo-
BepKy HODMAaIBHOCTH pAaCIpeZieJiIeHNs [JaHHBIX B
IpyIIaxX BIMOJIHSIN C IOMOIIBbIO KpuTepusa Koimo-
ropoBa — CMmupHOBa. CTaTUCTUUECKYIO0 3HAUUMOCTh
[IOJIy9eHHBIX PEe3Y/IbTATOB OLEHUBATIN C IIOMOIIIBIO
t-xputepusi CThIOJIEHTA i1 CBA3AHHBIX BBIOOPOK
(To BBeZIeHUS U ITOCIIE BBEEHUS HCCIIEAYEMOTO KOM-
IIOHEHTA) IIPU YPOBHE 3HAYUMOCTHU P < 0.05.

PE3YJIBTATBI 1 OBCYXK/IEHUE

B xoHTposbHOU rpyme npu nepdy3uu pacTBo-
poMm Kpebca — XeHzensiita OTMeUYaI HapacTaHUe
KOPOHAPHOTO MTOTOKA C 5-H 10 20-10 MUHYTY (OT 2 /10
10 %), a gajiee HAOJIIOAAIOCH IJIABHOE CHUKEHUE 710
7 % OT UCXOJTHOTO.

B omnertHo#t rpymme 1 (MC B KOHIEHTpAIUHU
170 Ej1./n) He OBbLIO BBISBJIEHO TOCTOBEPHBIX OTJIH-
YH{ TI0 CPaBHEHUIO C KOHTPOJILHOU TPYIIIOH, HO

the volume/time ratio (ml/min). Then the values
were entered into an Excel spreadheet, and the pro-
gram recalculated the values of the coronary blood
flow in minutes (ml/min). Since the absolute values
represent an individual value for each animal (heart
size, volume of the vascular bed), the dynamics of the
coronary flow was estimated in relative units (%) and
recalculated in minutes (ml/min).

The results were statistically processed using the
StatPlus Pro 7.3.0 statistical software package. The
normal distribution of data in the groups was checked
using the Kolmogorov-Smirnov test. The statistical
significance of the obtained results was assessed us-
ing the Student’s t-test for related samples (before
and after administration of the studied component)
at a significance level of p < 0.05.

RESULTS AND DISCUSSION

In the control group, with perfusion with Krebs-
Henseleit solution, an increase in coronary blood flow
from 5 to 20 min (from 2 to 10%) was noted, and then
a gradual decrease to 7% from baseline was observed.

In the 1t experimental group (IS at a concentra-
tion of 170 U/1), there were no significant differences
compared with the control group, but there was an
increase in coronary blood flow after 5 min by 3%
(p > 0.05) and after 20 min by 12% ( p > 0.05)
(Fig. 2).

In the 2" experimental group (IS at a concentra-
tion of 340 U/1), from the 5™ to the 40" min of perfu-
sion, the coronary blood flow significantly increased
(p < 0.05), reaching its maximum at the 20" min of
perfusion (increase of 23%) compared with the con-
trol group (Fig. 3).

In the 3™ experimental group (IS at a concentra-
tion of 500 U/l), there was a primary increase in
coronary blood flow by the 5™ min by 4% (p > 0.05),
and then a significant decrease in the coronary blood
flow from the 10™ to 40" min of perfusion by 10%
relatively to the control group (Fig. 4).

In the 4™ experimental group (IS at a concentra-
tion of 1000 U/l), a gradual decrease in coronary
blood flow from the 10 to the 40" min by 10-12%
(p < 0.05) was observed relatively to the control
group. The maximum decrease in coronary blood
flow was noted at the 30™ min of perfusion (Fig. 5).

By its physiological nature, the volume of the cor-
onary circulation reflects the volume of the coronary
bed, which directly depends on the tone of the coro-
nary vessels. When the isolated heart was perfused
with IS solution at a concentration of 170 and
340 U/l, an increase in coronary blood flow and,
accordingly, a vasodilating effect of IS were noted. At
a concentration of 340 U/, this effect was clearly
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I Kourposs / Control

B UC170Exn./n
IS 170 U/1

(0]
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Bpewmst nepdysun, mus / Perfusion time, min

Puc. 2. 13MeHeHne KOPOHAPHOTO ITOTOKA IIpU nepdy3un pactsopoM VIC B koHIeHTparuu 170 Ex. /a1
10 CPAaBHEHUIO ¢ KOHTPOJIBHOH I'PYIIION
Fig. 2. Changes in coronary blood flow during perfusion with IS solution at a concentration of 170 U/1
compared with the control group

OBLJI0O OTMEUYEHO HapacTaHWe KOPOHAPHOTO ITOTOKA
yepe3 5 MUH Ha 3 % (p > 0.05) U yepe3 20 MUH Ha
12 % (p > 0.05) (puc. 2).

B ombiTHO# rpynme 2 (MC B KOHIIEHTpAIuu
340 Exn./n) ¢ 5-1 110 40-10 MUHYTY TIepdy3ur KOpo-
HApHBIA  IOTOK  /IOCTOBEPDHO  YBEJIUYHUBAJICS
(p < 0.05), mocturas CBOEro MakCUMyMa Ha 20-#
MuHyTe nepdysun (IpupocT Ha 23 %) MO cpaBHe-
HUIO C TPYIIIOH KOHTPOJIs (puc. 3).

B ombiTHO# rpynme 3 (MIC B KOHIIEHTpaIuu
500 Ex./m) oTMeuasn mepBUYHOE YBeJIMUEHHE KO-
POHApPHOTO MOTOKA K 5- MUHYTE Ha 4 % (p > 0.05),
a 3areM JIOCTOBEPHOE CHIPKeHNEe KOPOHAPHOT'O IT0TO-
Ka ¢ 10-1 10 40-10 MUHYTY niepdy3uu Ha 10 % OTHO-
CUTEIBHO TPYNITHI KOHTPOJIA (PHC. 4).

9% 140 -

120 -~

*
* * %
*
100 A
80
60
40
20
o) 5 10 20 30 40

pronounced (an increase of 23% at the 20™ min) and
statistically significant. With an increase in the con-
centration of IS to 500 and 1000 U/], there was a de-
crease in the coronary circulation, which indicates an
increase in the contractile activity of the coronary
vessels. Thus, we have established the phenomenon
of vasomotor activity in relation to coronary vessels
under the action of IS. This effect is dose-dependent
and multidirectional. In modern physiology and
pharmacology, there is no information on the pres-
ence of specific IS receptors in coronary vessels. Most
likely, the vasomotor effect caused by IS under con-
ditions of perfusion of an isolated heart is realized
through an allosteric influence on the endothelial
mechanism of regulation of the coronary vessels

[ | KonTtposs / Control

B UC340Ex./n
1S 340 U/1

Bpewms nepdysuu, muH / Perfusion time, min

Puc. 3. I3MeHeHNe KOPOHAPHOTO IOTOKA Ipu niepdy3un pactBopoM VC B KoHIIeHTparuu 340 Ex. /i
10 CPAaBHEHHUIO C KOHTPOJIBHOH rpynmoi (*p < 0.05)
Fig. 3. Changes in coronary blood flow during perfusion with IS solution at a concentration of 340 U/1
compared with the control group (*p < 0.05)
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[ Kontpons / Control

[ UCs500Exn./n
1S 500 U/1

Bpems nepdysuu, mun / Perfusion time, min

Puc. 4. VIaMeHeHHe KOPOHAPHOTO OTOKA pu miepdy3un pactBopom VC B KoHIleHTpauu 500 Ex. /1
10 CPAaBHEHHUIO C KOHTPOJIBHOH rpynmoi (*p < 0.05)
Fig. 4. Changes in coronary blood flow upon perfusion with IS solution at a concentration of 500 U/1
compared with the control group (*p < 0.05)

B ombiTHOU Tpynme 4 (MC B KOHIEHTpaIuu
1000 Ej./i1) oTMedanud MOCTENEHHOE CHUKEHUE
KOPOHApHOTO IOTOKA ¢ 10-H MO0 40-10 MUHYTy Ha
10—-12 % (p < 0.05) OTHOCUTEJILHO TPYIIIBI KOHTPO-
Jis1. MakCHMaJIbHOE CHUKEHHUE KOPOHAPHOTO IOTO-
Ka OBUIO OTMEUeHO Ha 30-U MuHyTe mepdy3uu
(puc. 5).

ITo cBoelt GU3HOJIOTUUECKON CYITHOCTH 0OBEeM
KOPOHAPHOTO KPOBOOOpAIlEHUsI OTpa’kaeT 00beM
KOPOHAPHOTO Pycjia, KOTOPHIA HAIMPSIMYIO 3aBUCHUT
OT TOHyca KOPOHapHBIX cocyzioB. Ilpu mepdysun
HU30JIUPOBAHHOTO cepria pactBopoM VC B KOHIIEH-
Tpamuu 170 u 340 Ex./;1 oTMeuanu HapacTaHue KO-
POHApPHOTO ITOTOKA ¥, COOTBETCTBEHHO, Ba30/IHJIATH-

% 120 T
100

8o

60

40

20

tone. The study of these mechanisms is planned in
the next experiments.

CONCLUSION

The data obtained during the experiment lead to
the following conclusions:

1. The phenomenon of vasomotor activity of coro-
nary vessels due to the action of IS was established.

2. The vasomotor effect of IS has a dose-depen-
dent and multidirectional effect.

Conflict of interest. The authors declare no
conflict of interest.

I Kowurposs / Control

I YC1000En./n
IS 1000 U/1

* *
* *
0 5 10 20 30 40

Bpewms nepdysuu, muH / Perfusion time, min

Puc. 5. lI3mMeHeHre KOPOHAPHOTO MTOTOKA TpH nepdysuu pactBopom VC B KoHIIEHTpanuu 1000 Ex. /i1
10 CPABHEHUIO C KOHTPOJIbHOU rpymmoi (*p < 0.05)
Fig. 5. Changes in coronary blood flow during perfusion with IS solution at a concentration of 1000 U/1
compared with the control group (*p < 0.05)

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

63



Baiikanoe I''H. u dp. / Journal of Siberian Medical Sciences 3 (2021) 56—65

pytoruii apdext VIC. ITpu koHeHTparuu 340 Ex./n
3TOT 3P (PeKT OBUT OTUETIINBO BhIPAKEH (IIPUPOCT HA
23 % Ha 20-U MUHyTe) U CTAaTUCTHYECKH JOCTOBE-
pes. IIpu yBesmuenun koHneHntpanuu MC 10 500 u
1000 Enx./n1 mponcxonnio cHUKeHNe KOPOHAPHOTO
KpOBOOOpAIIeHHUsI, UTO yKa3bIBAE€T Ha IMOBBIIIEHHE
COKPaATUTEIHHOU aKTHBHOCTU KOPOHAPHBIX COCY/IOB.
Taxum 06pa3oM, HAMU yCTaHOBJIEH (eHOMEH Ba30-
MOTOPHOH aKTHBHOCTHU II0 OTHOIIEHUIO K KOPOHAp-
HBIM cocyzam nipu aeiictBuu UC. 9tot addekT saB-
JIsIeTCST JI0303aBUCUMBIM U Pa3HOHAIIPABJIEHHBIM.
B coBpemeHnHoOM dusmosoruu U papMakoJIOTHN HET
CBEZIEHUN O HAJIMYKUH B KOPOHAPHBIX COCY/IAX CIEIN-
¢uueckux penentopoB k VIC. BeposiTHee Bcero, Ba-
30MOTOPHBIHN 3¢ deKT, BbI3biBaeMblit VIC B yC10BHAX
nepdy3un HW30JMPOBAHHOIO CepAlA, pealnusyeTrcs
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