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O6ocHOBaHUuE MPUMEHEHUA UMMOOMIN3UPOBAHHBIX CYOTHIN3UHOB
JULSl TAPTE€THOU Tepanuyl BEHO3HBIX TPOMOO30B

Mumenuna C.B., baiikanos I 1., batikasmosa H.E., Makapos B.K., Magonos IL.T.

@I'6OY BO «Hogocubupckuil 2ocydapcmeeHHblil meduyuHckuil yHusepcumem» Munadpasa Poccuu

A rationale for application of immobilized subtilisines for target
therapy of venous thrombosis

Mishenina S.V., Baykalov G.I., Baikalova N.E., Makarov V.K., Madonov P.G.

Novosibirsk State Medical University

AHHOTAIIUA

s onpenenenus 3G GEKTUBHOCTH U 6€30MIaCHOCTH JIEKAPCTBEHHOTO IIpernapaTta Ha OCHOBE UMMOOUTU3UPOBAHHO-
ro cyorunusuna (CYBT) npoBesieHbI SKCIIepUMeHTaIbHBIE (C MCIIOIb30BaHUEM Kpbic-caMmIloB JuHuu Wistar u Balb/C) u
knuanYeckoe (VETTER-1 — Venous Thrombosis Therapy) ncciejoBanus. DKCIeprMeHTaIbHbIE HCCIIEAOBAHUS II0Ka3a-
U ipsimoe TpoMmbonutryeckoe neiicteue CYBT Ha 1-, 2- u 24-yacoBble TPOMOBI (in vitro) U OTCYTCTBHUE JIOKAJIBHBIX U3Me-
HEHUH y KPBIC ¢ K-KapparmuHaHOBBIM TPoMO030M (in vivo). B xo/ie KIIMHUYECKOT0 HCCIe/JOBAHNA Y AI[UEHTOB, I0JIyYaB-
mux CYBT, yBesimueHre KPOBOTOKA Ha 5 % OT UCXOMHOTO JTU60 peKaHaIU3aI[ui0 BeHbl HabJII01au B 1.5—1.6 pas3a yare
I10 CPaBHEHUIO € MAIEHTAaMU, [T0JIyYaBIIUMH I11ane6o.

Taxkum o6pasom, JiekapcTBeHHBIH mpenapat Ha ocHoBe CYBT MoxkeT ObITh UCIIOJIB30BAH B TEPAIIUY BEHO3HBIX TPOM-
6030B.

Karoueswvte cro8a: MMMOOMIN3UPOBAHHbIE CYOTHIM3UHBI, BEHO3HbBIE TPOMOO03bI, TPOMOOJIUTHYECKAS TEPATIHS.

ABSTRACT

To determine the efficacy and safety of the drug based on immobilized subtilisin (SUBT), we conducted experimen-
tal (using Wistar and Balb/C male rats) and clinical (VETTER-1 — Venous Thrombosis Therapy) studies. Experimental
studies have shown the direct thrombolytic effect of SUBT on 1-, 2- and 24-hour blood clots (in vitro) and the absence
of local changes in rats with k-carrageenan-induced thrombosis (in vivo). In a clinical study, patients receiving SUBT
showed an increase in blood flow by 5% from the initial, or recanalization of a vein which was observed 1.5—1.6 times

more often than in patients receiving placebo.

Thus, a drug based on SUBT can be used in the treatment of venous thrombosis.

Keywords: immobilized subtilisins, venous thrombosis, thrombolytic therapy.

BBEJIEHUE

Tpom603bI M AHTUTPOMOOTHYECKAS TEPATIUS
SIBJIAIIOTCS OJHUM W3 aKTyaJbHBIX M JI0 KOHIIA HE
paspeleHHbIX BOIPOCOB B COBPEMEHHOU MeUIIH-
He. [TaTorene3 pa3Butus TpomMb603a OMMCAH B KJjac-
CHUYecKol Tpuajie BupxoBa: 3ame/iyieHre TOKa Kpo-
BU, TUIIEPKOATYJIAIUS U MOBPEXKEHNE SHI0TEIIHA,
OJTHAKO 3Ta TEOPH JjaeT NPeZCTaBIeHHe O TPOMOO-

INTRODUCTION

Thrombosis and antithrombotic therapy are
one of the urgent and unresolved issues in modern
medicine. The classic Virchow’s triad describes the
pathogenesis of thrombosis as slowed blood flow,
hypercoagulation and endothelial damage. How-
ever, to a greater extent this theory gives an idea
of blood clot formation in vitro. Cell-based model
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obpazoBaHuM B O0JIBIIEH cTemneHu in vitro. Kierou-
Has Teopus remocrasa [1] JiornosHseT TeopHuio Bup-
XOBa U IaeT Pa3BEPHYTOE MIPEJICTABJIEHHE O B3AUMO-
JIEICTBUH BCEX 3BEHBEB FeMOCTA3a, 3 3HAYUT, XapaK-
TepU3yeT reMocTas 1 in vivo [2, 3].

AHTHUKOATY/IAHTHAS Tepanus W (HapMaKoo-
TUYECKUN TPOMOOJIU3UC SIBJISIOTCS OCHOBOHM I
YCIIENTHOTO JIeYEHUS TPOMOOTHYECKUX HO30JIOTUH.
At nBe PapMaKOJIOTHUECKUE TEXHOJIOTHH JIOJIKHBI
OCHOBBIBaThCs Ha cobofieHnN 6ayanca Mexy a¢d-
(bexTUBHBIM U OBICTPBIM pa3pelnieHneM TpoMb03a u
pUcKOM KpoBoTeueHUH. IIpuMeHeHUE CUCTEMHBIX
aktuBaTopoB I1azmMuHoreHa (CAII) Heusb6e:xHO
IIPUBOJIUT K HECKOJIBKUM OHMOXUMUYECKHUM IIPOIEC-
caM, KOTOPBIE SIBJISIOTCSI HETaTUBHBIMU U (DOPMUDY-
I0T OTPAaHUYEHU 17151 IPUMEHEHH I METOZ[a TPOMOO-
snzuca. CAIT BBI3BIBAIOT UCTOLIEHUE IJIa3MUHOTe-
Ha IUIa3MBI, THAPOJIUTHYECKOE PACIIeIJIeHUE T1J1a3-
MHIHOM 0eJIKOBBIX (aKTOPOB CBEPTHIBAHUS KPOBH, a
TaKKe TOpMO3AT (PUOPUHOIN3 MPOJyKTAMHU Jlerpa-
nmanuu GuOpUHa 3a CUeT KOHKYPEHTHOT'O0 HHTHOUPO-
BaHU IJIA3MUHA 10 TPUHIUITY OTPULIATETbHOU 06-
partHo# cBA3M [4, 5]. B cuiry MHOrOoo6pa3us KJIuHU-
YeCKUX CUTyallMi ObIBaeT TPYAHO CTPATU(PUIIUPO-
BaTh PUCK KaK TPOMOOSMOOINMIECKUX OCIOKHEHNH,
TaK U KpoBOTeueHUH. Bojee Toro, HeKoTopble dak-
TOPBl pUCKA TPOMOOIMOOTUUECKUX OCJIOKHEHUH
OJTHOBPEMEHHO YBEJIUUYHUBAIOT PUCK KPOBOTEUEHUH
[6]. BapuabesnpHOCTh 3ddexkTa TPOMOOIUTUKOB U
AHTUKOATYJISTHTOB OOYCJIOBJIEHA COCTOSTHHEM Opra-
HH3Ma, COIIyTCTBYIOIIUMU 3a00JIeBAHUSAMHY, TUETU-
YECKUMH IIPUCTPACTUAMHY, IPUHUMAEMBIMU Ipera-
paraMu u B O4eHb OOJIBIIIOH CTEIIeHU TeHeTHYECKU-
MU 0cOOeHHOCTAMH 60JIBHOTO [7—10]. Bompoc cosia-
HUA ¥ BHEIDEHHU B IPAKTUKY IIpenapara Jijis jieve-
HUA TPOMO03a, KOTOPBIH COXPaHsII ObI BCE IPEUMY-
[eCTBa TPAAUIIUOHHBIX TPOMOOJIMTHKOB U 001271271
6bI OOJTBINIEN TIPE/ICKA3yEMOCTHIO U 6€30I1aCHOCTHIO,
CTOUT OCTPO U Iepef] pa3paboTunKaMu JIeKapCTBEH-
HBIX CPEJICTB, U IIepe/i TPAKTHIECKUMU BpadyaMH.

B Hacrosiee BpeMs CJIOKHUJIUCH DeasibHbIe
MIPEIIOCHIJIKA K PEIIeHUI0 3TOH IpobsieMbl. Bos-
MOXXKHOCTH HEIJIA3MHUHOBOT'0 (GUOPUHOIN3A OTKPBI-
BaeT SH3UMOTepAIus, KOTopasi CTAHOBUTCSA Bce 60-
Jiee pacIpoCTpaHEHHOH B MeJUIIHE: MHOTHE dep-
MEHTBHI OKa3bIBAIOT PUOPUHOJIUTHYECKOE JeHCTBIE
U MOTryT OBITh HEPCHEKTUBHBIMH JJIs JIEYEHUS
CEP/IEYHO-COCYAUCTBIX 3a00JIeBaHUI, WHCYJIBTOB,
Tpom0603a, 5MOOJINH H T. 1.

O6Hapy KeHHe MOITHOTO (PUOPUHOIUTHYECKO-
ro ¢epMeHTa HaTTOKMHA3bI (nattokinase) BHISBUIIO
HOBBIE BO3MOXKHOCTH 0oJiee 6€30IaCHOTO JIEUeHU s
TpoMb03a. ATOT (HEepMEHT HCIOIB3YETCH B TPau-
[IOHHOM SITTOHCKOM (hepMEHTHPOBAHHOM IIPOAYKTE

of hemostasis [1] complements Virchow’s theory
and gives a detailed picture of the interaction of all
components of hemostasis, and thus characterizes
hemostasis in vivo as well [2, 3].

Anticoagulant therapy and pharmacologic
thrombolysis are the basis for the successful treat-
ment of thrombotic diseases. These two phar-
macologic technologies should be based on a bal-
ance between the effective and rapid resolution of
thrombosis and the risk of bleeding. Use of system-
ic plasminogen activators (SPAs) inevitably results
in several negative biochemical processes that re-
strict thrombolysis application. SPAs cause deple-
tion of plasma plasminogen, hydrolytic cleavage of
plasma protein coagulation factors by plasmin, and
also inhibit fibrinolysis by fibrin degradation prod-
ucts due to competitive inhibition of plasmin by the
principle of negative feedback [4, 5]. Due to the va-
riety of clinical situations, it is difficult to stratify
the risk of both thromboembolic complications and
bleeding. Moreover, some risk factors for thrombo-
embolic complications simultaneously increase the
risk of bleeding [6]. The variability of the thrombo-
lytics and anticoagulants effect is due to the state
of the body, comorbidities, eating habits, drugs
taken and, to a considerable extent, the patient’s
genetic characteristics [7—10]. The issue of creating
and putting into practice a drug for the treatment
of thrombosis, which would preserve all the advan-
tages of traditional thrombolytics and have greater
predictability and safety, is an acute issue for drug
developers and practitioners.

Currently, there are real prerequisites for solv-
ing this problem. The enzyme therapy, which is be-
coming increasingly common in medicine, creates
the possibility of non-plasmin fibrinolysis: many
enzymes have a fibrinolytic effect and can be prom-
ising for the treatment of cardiovascular diseases,
strokes, thrombosis and embolism.

The discovery of the potent fibrinolytic en-
zyme (nattokinase) has revealed new possibilities
for safer treatment of thrombosis. This enzyme
contained in the traditional Japanese fermented
product Natto has been known to the Japanese
for a hundred years as a nutritious and healing
food. Indeed, food, especially fermented, is con-
sidered one of the many sources of fibrinolytic en-
zymes. This discovery motivated an active search
for such microorganisms in traditional (Asian) fer-
mented foods. Studies of microorganisms produc-
ing fibrinolytic enzymes from various Asian tradi-
tional fermented foods have also shown that these
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Natto, u3BeCTHOM ANOHIIAM Ha NPOTAXKEHUU CTOJIe-
THUH KaK MUTaTeJIbHASA U eiebHas nuia. J[efdcTBu-
TEeJIBHO, MUIIA, 0cOOeHHO (hepMEHTHPOBAHHAS, CUU-
TaeTcss OJHUM W3 MHOTOUYHCJIEHHBIX HCTOYHHKOB
pubpuHOTUTHUECKUX (DEPMEHTOB. DTO OTKPHITHE
MOTHBHPOBAJIO AKTUBHBIN IIOUCK MTOOOHBIX MUKPO-
OpraHU3MOB B TPAIUITNOHHOU (a3MaTCKO) hepMeH-
TUPOBAHHOU ene. lcciemoBaHUs MUKPOOPraHU3-
MOB, IPOAYIUPYIOIKIX GUOpUHOIUTIHYECKHE (ep-
MEHTHI U3 Pa3JIMYHBIX a3MATCKUX TPAJUIIMOHHBIX
(bepMeHTHPOBAHHBIX MHUIIEBBIX NPOAYKTOB, TaKXKe
MIOKA3aJId, YTO 3TH MUKPOOPTAaHU3MBI B OCHOBHOM
npuHazexKatu K Buay Bacillus subtilis [11].

B poccuiickoil 1 MeX/1yHapOHON HAyYHOH JIU-
TepaType MOXXHO HaWTH JOCTATOYHO IIyOJIUKALIIH O
BO3MOXKHOU Te€pPANeBTHYECKON 3HAUNMOCTHU IIPUMe-
HEHUs CyOTHUJIM3WHOB U MOMOOHBIX UM (HEPMEHTOB
JULSl JIeYeHUs WHCYJIBTOB, MH(MAPKTOB, TPOMOO30B
[12—14]. Tlpu3HaHVe Bcel MUPOBOW MeTUIIMHCKOU
00IIIeCTBEHHOCTHI0 YHUKAJIBHBIX T€PANEBTUYECKUX
CBOMCTB CyOTHIM3UHOB celuyac MOXKHO pacCMaTpHU-
BaTh KaK CBEPIITUBIIUUACS (AKT.

I'maBHas mpobnema cos/laHUsA IIperapata Ha
OCHOBe CYOTHJIM3WHOB 3aKJI0YasiaCh B TOM, UTO-
Obl coxpaHsIach (epMEeHTATHUBHAS AKTUBHOCTb U
YCTPaHSJIOCh aJIJIEPrOTeHHOe M HMMYHOTOKCHYe-
cKoe zercTere. MeToa nMMoOUIn3anuu GapMako-
JIOTMYECKU AKTUBHBIX BEIIECTB HA MHEPTHBIX HOCH-
TeJISIX, HU3KOMOJIEKYJIIPHBIX ITOJIMMEepax, ¢ MOMO-
I[bI0 HAHOTEXHOJIOTUH DJIEKTPOHHO-TTyUYEeBOTO CHH-
Te3a IMO3BOJISIET 3HAUUTEJIPHO CHU3UTH OIACHOCTH
OCJIOXKHEHUH U TOBBICUTH OHMOJIOCTYIIHOCTH U 3(-
(dexTuUBHOCTH IpemnapaTos [15].

Y UMMOOMIN3UPOBAHHBIX HA MOJIUMEPHBIX HO-
CUTeJIIX IIpernapaToB, HaIpUMeP KOHBIOTHPOBAaH-
HBIX C TOJIUOTHUJIEHOKCHIOM MOJIEKYJI, U3BMEHSIOT-
¢ papMaKOKMHETUYECKUE ITapAMETPBI, UYTO MOKET
Tak)Ke yJIydlllaTh BTOPUYHBIE (papMaKoAMHAMUYE-
CKHe CBOMcTBA. XUMHUUecKasd UMMOOUIn3anusa oes-
KOBBIX BEIIECTB B PSAJIE CIIYYAEB C YCIEXOM MOXKET
ObITh 3aMEHEHA TEXHOJIOTHEH 3JIEKTPOHHO-TYYeBOH
MMMOOMJIM3AINH, 3HAYNTEILHO CHUMXKAIOIIEH cebe-
CTOMMOCTbD JIEKAPCTBEHHBIX IIPEapaTos [16].

IIEJb NCCJIEJOBAHUA

IIpoBecTn sKCHepUMeHTabHOE (in vitro u in
VIv0), a TakXe KJIMHUYECKOE WCCJIeIOBAaHUe JIJIs
onpezeneHus1 3¢ GeKTUBHOCTH U OE30IMaCHOCTH ITpe-
mmapaTa Ha OCHOBe IMMOOUJIM3UPOBAHHOTO CYOTHIIN-
3WHA JIJIS1 JIEUEHU I OCTPHIX BEHO3HBIX TPOMOO30B.

MATEPUWAJIBI 1 METO/AbI

Jlns usyveHus npsamoz20 mpomboAUMUUECKO-
20 Oelicmeus UMMOOUAUBUPOBAHHO20 cyYbmuausu-

microorganisms mainly belong to species of B. sub-
tilis [11].

There are enough research publications both in
Russia, and worldwide on the possible therapeutic
significance of subtilisins and similar enzymes for
the treatment of strokes, infarctions, and throm-
bosis [12—14]. The worldwide medical community
recognition of the unique therapeutic properties of
subtilisins is a reality.

How to retain the enzymatic activity of the
drug based on the subtilisin and eliminate its aller-
genic and immunotoxic effects is the main problem
of drug development. Immobilization of pharmaco-
logically active substances using inactive carriers,
low molecular weight polymers by using nanotech-
nology of electron-beam synthesis can reduce the
risk of complications significantly and increase the
bioavailability and efficacy of the drug [15].

In drugs immobilized on polymer-carriers, for
example, molecules conjugated with polyethylene
oxide, the pharmacokinetic parameters change
and this may improve the secondary pharmacody-
namics. In some cases, chemical immobilization of
protein substances can be successfully replaced by
electron-beam immobilization, which significantly
reduces the cost of drugs [16].

AIM OF THE RESEARCH

To conduct experimental (in vitro and in vivo)
and clinical studies to determine the efficacy and
safety of immobilized subtilisin drug for the treat-
ment of acute venous thromboses.

MATERIALS AND METHODS

To study the direct thrombolytic effect of im-
mobilized subtilisin (SUBT) in vitro, we used 20
Wistar male rats aged 5 months (10 animals both in
the experimental and in the control groups). All ani-
mals were kept under natural light on a standard
diet with free access to food and water. The research
was carried out following the rules adopted by the
European Convention for the Protection of Verte-
brate Animals (Strasbourg, 1986) and the Guide-
lines for the Preclinical Studies of Medicines, ed. by
A.N. Mironov (Moscow, 2012). The same amount of
blood was taken from experimental animals under
ether anesthesia from the tail vein into Eppendorf
tubes, in which blood clots were formed further for
1, 2, and 24 hours. The resulting thrombi weighting
0.4 + 0.02 g were put into a glass container included
in a closed system. In order to study the thrombo-
lytic activity of SUBT, we developed a test facility,
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Ha (CYBT) in vitro ucHoJIb30BaJI 20 KPhIC-CAMIIOB
sinanu Wistar B Bo3pacre 5 Mec (110 10 JKUBOTHBIX B
SKCIIEPUMEHTAILHOM U KOHTPOJIBHOU IpyInax). Bee
JKUBOTHBIE COZIEPKAJINCH IIPU €CTECTBEHHOM OCBe-
IEHUU Ha CTAaH/JAPTHOM palyoHe IIPU CBOOOJHOM
JIOCTYIIE K KOpMY U Bojie. MccenoBanue ObLIO BBI-
IIOJTHEHO B COOTBETCTBUY C IPABUJIAMHU, IPUHATHI-
mu EBponelickoll KOHBEHIIHEH IO 3allUTe IO3BO-
HOUHBIX XUBOTHBIX (CTpacbypr, 1986) u PykoBos-
CTBOM IIO IIPOBEIEHUIO JOKJINHUYECKUX HCCIIE0BA-
HUH JIeKapCTBEHHBIX cpeAcTB 1oy pex. A.H. Mupo-
HOBa (M., 2012). ¥ *KUBOTHBIX OIBITHOHN TPYIIITBI IO
3(pUPHBIM HAPKO30M K3 XBOCTOBOU BEHbBI 3a0HpaJIn
OJIMHAKOBOE KOJIMYECTBO KPOBH B ITPOOHPKU JIIIIEH-
Jopda, B KOTOPHIX MTPOUCXOAUIIO AaTbHeH ee Ghop-
MHPOBaHUE TPOMOOB B TeueHUe 1, 2 1 24 4. O6paszo-
BaBIIIKECSA TPOMOBI MacCOH 0.4 + 0.02 T IepeHOCH-
JIU B CTEKJISHHYIO €MKOCTb, BXOJAAIIYIO B 3aMKHY-
TyIo cucreMy. I wcciefoBaHUusA TPOMOOIUTHYE-
ckoii aktuBHOcTU CYBT 6bLy1a co3aHa SKCIIEPUMEH-
TajbHAs YCTAHOBKA, MPEACTABJISIONIAs COOON 3aM-
KHYTYIO CICTEMY CHJINKOHOBBIX TPYOOK CO CTEKJISTH-
HOHM eMKOCThIO (B Hee TOoMeIaan TpoMO), OIKITI0-
YeHHYI0 K nepdy3uoHHOMY Hacocy (mepdysomar)
Gilson Minipuls 2. B xone sxcnepumenTa nepdyso-
MaT CO CKOPOCTbIO 24 Mui/MuH npokauunBan CYBT,
pacTBOpeHHBI B 100 MJI 0.9% pacTBOpa XJIOpHU-
Jla HaTpHUs ¢ KOHIleHTparuen 2.4 EJI/mi uepes cre-
KJISTHHYIO €MKOCThb ¢ TpoMboM. Co3aBaeMblil /1aB-
JleHreM niepdy3oMara IMOTOK JKUJIKOCTU He TPUBO-
U K MEXaHUYEeCKOMY pa3pylLIeHUI0 TpoMOa, mpo-
HCXOJIUJIO €T0 OMBIBAHHE CO BCeX CTOPOH. PacTBop
CYDBT B 0.9% pacTBOpe XJjI0pH/ia HATPUA MOAOTPe-
BaJicA 210 37 °C, 4TO MO/IeINPOBAJIO TeMIlepaTypHOe
COCTOSIHME KDOBU B YCJIOBUAX (DU3NOJIOTHUECKOTO
KpoBooOpaleHus. B xoze vucciaenoBaHus B MEPUO,
0—135 MHH OIpEJeJsIM Maccy TpoMmba KaKible
15 MUH. B KOHTPOJIbHOH TI'pyIIIIe }KUBOTHBIX IIPOBO-
JUUJICSI aHAJIOTUYHBIH DKCIIEPUMEHT, TOJIBKO 0e3 pac-
TBOpenus CYBT B 0.9% p-pe xyiopujia HaTpus.
Craructudeckast 06paboTKa pe3ysIbTaTOB BKJIIO-
yajia TOJCYET cpenHeapudMeTUIEeCKUX 3HAYeHUN
(M) n ux o6y (m). JIJ1s1 BBIABIIEHU A JOCTOBEPHO-
CTHU HOJIYYeHHBIX 3HAUEHUH NMPUMEHSJIN TeCT MHO-
JKeCTBEHHBIX cpaBHeHu# JlyHkaHa (Duncan’s test,
ANOVA). B paboTe nCIOJIB30BaNH MAKET KOMIIBIO-
TepHbIX mporpamm STATISTICA (Bepcust 6.0).
IKxcnepumenmanvHoe uccaedogaMue MpPoOM-
b6oaumuueckozo Odeticmeust CYBT in vivo mpose-
JIEHO C WCIOJIb30BAHUEM MOJiesid TPoMO03a, MHY-
IIPOBAHHOTO K-KapparuHaHoM. Ilocjie MHBEKIINH
K-KapparuHaHa U3MEHSIOTCS KOATYJIAIUOHHBIE Ia-
paMeTpsl KPOBU — CHHUKaeTCs IPOTPOMOHHOBOE U
AKTUBUPOBAHHOE YACTHYHOE TPOMOOIIIACTUHOBOE

which was a closed system of silicone tubes with a
glass container (a thrombus was placed in it) con-
nected to a Gilson Minipuls 2 perfusion pump. In
the course of the experiment, at the rate of 24 ml/
min, the perfusion pump ran the SUBT dissolved in
100 ml of a 0.9% solution of sodium chloride with
a concentration of 2.4 U/ml through a glass con-
tainer with a thrombus. The fluid flow created by
the pump pressure did not lead to mechanical de-
struction of the thrombus but washed it on all sides.
SUBT in a 0.9% sodium chloride solution was heat-
ed to 37°C — the simulated blood temperature state
under normal physiological conditions of blood
circulation. During the study period of 0—135 min
we determined the thrombus weight every 15 min.
In the control group of animals a similar experi-
ment was carried out, only without dissolving the
SUBT in 0.9% sodium chloride solution.

Statistical processing of the results included
the calculation of mean values (M) and their error
(m). Duncan’s test of multiple comparisons (ANO-
VA) was used to determine the significance of the
obtained values. We used the STATISTICA soft-
ware package (version 6.0).

Experimental study of SUBT thrombolytic ac-
tion in vivo was carried out using a model of throm-
bosis induced by k-carrageenan. After the injection
of k-carrageenan, the coagulation parameters of
blood change — prothrombin and activated partial
thromboplastin time (APTT) decreases, and the
amount of fibrinogen and prothrombin activity in-
creases. All these changes contribute to the forma-
tion of a thrombus in the tail veins and arteries [17].

We used 30 male BALB/c mice with a body-
weight of 19—21 g. All animals were kept under
natural light on a standard diet with free access to
food and water. The study was performed in accor-
dance with the rules adopted by the European Con-
vention for the Protection of Vertebrate Animals
(Strasbourg, 1986) and the Guidelines for the Pre-
clinical Studies of Medicines, ed. by A.N. Mironov
(Moscow, 2012). The mice were randomly assigned
to groups; using body weight as a criterion, but pro-
vided that the individual value of the mass does not
deviate from the average by more than +10%. The
data (weight and number) of the selected animals
were ranked in descending order of weight, with the
help of Excel program using an algorithm SORT.

Experiment design: the experimental group
included 15 animals with k-carrageenan-induced
thrombosis model (they were intraperitoneally in-
jected with 200 pl of SUBT at a rate of 390 U/kg),

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

79



doi: 10.31549/2542-1174-2020-1-76-88

Muwenuna C.B. u dp. / Journal of Siberian Medical Sciences 1 (2020) 76—88

BpeMs (AUTB), mpu 3TOM BO3pacTaeT KOJHYECTBO
(ubpuHOreHa u MpoTPOMOUHOBAA aKTHBHOCTH. Bee
S5TH W3MEHEHHs CII0COOCTBYIOT (HOPMHUPOBAHUIO
TpoMba B XBOCTOBBIX BEeHAaX U apTEPHUsIX [17].

B pabore wnCHoOIB30BaIM 30 MBINIEH-CAMIIOB
suaun Balb/C ¢ maccoii tesa 19—21 1. Bee xkuBoT-
HBIE COZIEP?KAJIUCH IIPU €CTeCTBEHHOM OCBEIIeHUH
Ha CTaH/IJaPTHOM paIlMOHE IIPpU CBOOOHOM JIOCTYIIE
K KopMy U Bojie. McceiteioBaHye ObLJIO BBITIOJIHEHO B
COOTBETCTBUU C IPABUJIAMU, TPUHATHIMU EBporeii-
CKOU KOHBEHITHMEH II0 3aI1Te II03BOHOYHBIX JKUBOT-
HbIX (CTpacbypr, 1986) u PykoBoacTBOM 110 ITpOBEIE-
HUIO JOKJIUHUYECKUX HCCIIEOBAHUN JIEKAPCTBEH-
HBIX cpencTB mof pea. A.H. Muponosa (M., 2012).
Mspimu pacrupesesieHsl O TPyHIaM PaHIOMU3U-
POBaHHO, B KaYeCTBE KpUTepus ObLJIa UCIIOIH30BA-
Ha Macca TeJja, HO IIPU YCJIOBHUM, YTO HHJUBULY-
aJIbHOE 3HAUEHUE MACChl HE OTKJIOHSETCS OT CpeJl-
Hero 6oJsiee ueM Ha +10 %. /lanHbIe (Macca U HOMeED)
OTOOpPAHHBIX JKUBOTHBIX PAH)XKUPOBAHBI B MOPS/IKE
yOBIBaHUS MacChl, ¢ MOMOIIbI0 mporpaMMbl Excel ¢
ucrosab3zoBanueM aiaropurma SORT.

JluzaiiH 5KclleprMeHTa: OIBITHAs Tpynna —
15 ’KUBOTHBIX C MOZIEJTBIO K-KapparnHaHOBOT'O TPOM-
6032, KOTOPHIM BHY TPUOPIOIIITHHO BBOIIIA 200 MKJI
CYBT u3 pacuera 390 EJI/Kr, KOHTpOJIbHAS TPYII-
mma — 15 )KUBOTHBIX C MOJIEJIBIO K-KappParuHaHOBOTO
TpoMb03a, KOTOPHIM BHYTPUOPIOIINHHO BBOIUJIU
200 MKJI (pH3HOJIOTUYECKOTO pacTBOpA.

Kaunuuecxkoe uccaedosamue aggpexmusHo-
cmu u 6ezonactocmu npumenenuss CYBT y 6onb-
HbIX C OCMPbIM 8eHO3HbIM MPOMO030M. OCHOBBI-
BasICh HA DKCIIEPUMEHTAJIbHBIX JJAHHBIX TI0 TPOMOO-
autudeckoMmy 5G@dEKTy, OTCYTCTBUIO TOKCUUECKUX
U TeMOpParuvecKux OCJIOKHEHUH, JIJI OIpesiesie-
Hud spdextuBHocTy CYBT MbI IpoBesn KJIMHUYE-
ckoe uccaenosanue, HazsanHoe VETTER-1 (Venous
Thrombosis Therapy). /[u3aiia nccieoBaHUA: MHO-
TOLIEHTPOBOE, PaHJOMU3UPOBAHHOE, ILIAIE60-
KOHTPOJIUPYEMOE, JBOMHOE CJIENOEe HCCIIeZIOBAHUE
JexkapcTBeHHOTO npemnapara Ha ocHoBe CYBT. Ono
MIPOXOZUJIO B IBYX KJIMHHYECKUX IeHTpax — ['oposi-
CKOU KJIMHUYecKor OosbHuIEe NO 1 um. H.M. ITupo-
roBa (MockBa) u B kinHuKe FOKHO-YPasibCKOTo ro-
CYZapCTBEHHOTO MEUIIMHCKOTO YHUBepcuTeTa (Ye-
1A0uHCK). B mcesiefoBaHUM yyacTBOBAJIM IMAI[HEH-
ThI (My?KYUHBI U JKEHIIUHBI) B BO3pacre 20—75 JIeT
C OCTPBIM BEHO3HBIM TPOMO030M (BHU3yaTU3UPOBAH-
HBIH TPOMO BEHO3HBIX COCYZIOB II0 PE3YJIBTaTaM YJIb-
TPa3BYKOBOTO HCCJIEJIOBAHUSA, IOpakeHue OT 1 70
4 BE€H), IPOXOAUBIIINE KypC JIEUeHUsI B YKa3aHHBIX
BBIIIIE KJINHUYECKUX [IEHTPAX.

B cooTBeTcTBUM ¢ nTepBOH Bepcuelt IIpoTokosa
uccsenoBanus (Ilporokon 1) mpumensiics CYBT B

the control group — 15 animals with k-carrageenan-
induced thrombosis model (they were intraperito-
neally injected with 200 pl of normal saline).

A clinical study of the efficacy and safety of
the SUBT use in patients with acute venous throm-
bosis. Based on the experimental data on the throm-
bolytic effect, absence of toxic and hemorrhagic
complications, we conducted the clinical trial called
VETTER-1 (Venous Thrombosis Therapy) in order to
determine the SUBT efficacy. Study design: a mul-
ticentre, randomised, placebo-controlled, double-
blind study of a drug based on SUBT. It took place
in two clinical centres — N.I. Pirogov City Clinical
Hospital No. 1 (Moscow) and in the Clinic of South
Ural State Medical University (Chelyabinsk). The
study involved patients (men and women) aged
20-75 years with acute venous thrombosis (venous
blood thrombus visualized by ultrasound, lesions
of 1 to 4 veins), who underwent treatment in above
mentioned clinical centers.

Following the first version of the Research Pro-
tocol (Protocol 1) the SUBT was used in the form
of flat-round tablets with a bevel and breaking line,
light yellow in color with possible marbling, with
smooth surface, 12 mm in diameter. According to
the second version of the Research Protocol (Pro-
tocol 2), we used hard gelatin capsules with white
bodies and dark pink caps, the contents of the cap-
sules were powder from white with a tan to light
brown colour.

Drug formulation: the 0.6 g tablet contains
SUBT — a highly purified enzyme preparation, ob-
tained as a result of proteinase-subtilisin immobili-
zation with polyethylene oxide — 200 IU (0.210 g);
adjuvants — potato starch (0.348 g), microcrystal-
line cellulose (0.090 g), sodium chloride (0.009 g).
One capsule contained 800 IU of the active sub-
stance.

In Protocol 1, patients were divided as follows:
the experimental group consisted of 25 individu-
als, the control group — of 24 individuals. The ex-
perimental group received SUBT in tablets, 1600
IU a day (4 tablets, twice a day) for 15 days along
with the conventional therapy for thrombosis and
chronic venous insufficiency. The control group
received a placebo (4 tablets, twice a day) for
15 days in addition to the conventional treatment
for thrombosis and chronic venous insufficiency.

In Protocol 2, patients were divided into three
groups: the control group (35 people) — patients
with standard therapy of thrombosis, receiving
placebo — 3 capsules, twice a day for 10 days; the
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BHJIE TJIOCKOIIMJIMHIPUYECKUX TA0OJIETOK ¢ (hacKOH
Y OZTHOW PHUCKOM, CBETJIO-KEJITOTO IIBETA, C BO3BMOXK-
HOH MPaMOPHOCTHIO, C TJIaJIKON TIOBEPXHOCTHIO, -
ametrpoMm 12 mM. CoracHo BTopoil Bepcuu IIporo-
KoJa uccsenoBanus (IIpoTOKOJI 2) UCIOIb30BAIUCH
TBep/Ible JKeJIATHHOBBIE KATICYJ/IBI C KOPILYCOM O€JI0T0
[IBETa U KPBIIIEYKOH TEMHO-PO30BOr0 IIBETA, COZIEP-
JKMIMOE KarIICyJI — IOPOIIOK OT 6eJIOTo C JKEeJITOBATO-
KODUYHEBBIM OTTEHKOM JI0 CBETJIO-KOPUYHEBOTO
I[BETA.

CocraB npenapata: TabyseTka 0.6 T COJIEPKUT
CYBT — BBICOKOOUHINEHHBIH (epMeHTHBIA IIpe-
mapar, IMOJyJYaeMblil B pe3ysbTaTe UMMOOHMIIN3a-
MU Ha MOJIU3TUJIEHOKCU/IE IPOTENHA3-CYOTUIIH-
3uHOB — 200 E/] (0.210 r); BcmoMoraTeJibHbIE Belle-
cTBa: KpaxMaJs KaptodenpHbIU (0.348 T), mesio-
s03a Mmukpokpucratnueckas MKII-IT (0.090 1),
HaTpui xjao0puz (0.009 r). OgHa Karcysia coiepka-
sa 800 EJl akTHUBHOTO BeIIeCTBA.

B IIporokojie 1 MalUeHTHl pPACIIPEIEIUIICH
cIIeAyIonuM 06pa3oM: OMBITHAS TPyIa — 25 YeJL.,
IpyIna KOHTPOIA — 24 4es. OmpITHAS TpyIIa 1mo-
aydana CYBT B TabieTkax B 03e 1600 EJl B cyTku
(o 4 TabJ1. 2 pasa B ieHb) B TeUeHUe 15 AHeH Ha PoHe
00IIENTPUHATON Tepanuu TpoM603a U XPOHUUECKOH
BEHO3HOM HEJIOCTATOYHOCTH. I'pyIimna KOHTPOJIA HO-
Jydasa miarebo (4 Tabi. 2 pa3a B JIeHb) B TEUeHUE
15 gHEN Ha HoHE OOIIETPUHATOrO JeUeHU s TPOMOO-
30B ¥ XPOHUYECKOH BEHO3HOM HE/IOCTATOYHOCTH.

B IIpoToKoJie 2 marueHThI OBLJIN Pa3zeIeHbl Ha
TPH TPYIIBL: 1) TpyImna KOHTpoJs (35 4es.) — ma-
IIMEeHTHl Ha (POHE CTAH/IAPTHOH Tepamuu TPoMOO-
3a, MOJIyUYaBIIKe Iperapar mianebo — mo 3 Karic.
2 pasa B /IeHb Ha IPOTSKEHUU 10 JHEH; 2) Tpyl-
ma «CYBT 3200 E/l/cyT» (32 ues.) — mamueHTHI
Ha GOHE CTAaHIAPTHOU Tepanmuu TpoMO03a MoJyda-
su CYBT B cyTouHo# j1o3e 3200 EJ — mo 3 karc.
(2 xamcyne CYBT 800 EJT + 1 karc. miane6o) 2 pasa
B JIeHb Ha MPOTSIKeHUHU 10 aHel; 3) rpynmna «CYBT
4800 EJl/cyT» (34 ues.) — namueHThI HA (GOHE CTAH-
JlapTHOU Tepanuu TpoM003a MMoJIydyasiy Ipernapar B
cyTouHoH 103e 4800 EJI — 10 3 Karc. (Bce Karcysabl
comepkanu CYBT 800 E/T) 2 pasa B 1eHb HA TIPOTSI-
JKEHUHU 10 JHEH.

Tepanus manueHTaM O0OOUX MPOTOKOJIOB IMPO-
BOZIMJIACKH IO IOCTHKEHU I IEPBUYHOU TOYKH HCCIIE-
JIOBaHU S — yBeJIMUeHHEe KPOBOTOKA GoJiee 5 % oT uc-
XO/THOTO.

PE3YJIBTATBI 1 OBCY2KJIEHUE

IKenepumeHmanvHoe Uucc1e008aHue NPIMo20
mpomboaumuueckozo deticmsus CYBT in vitro. Ilo-
cJIe HavaJia MHKYOAaIiu CBEKEro, 1-4aCOBOrO TPOM-
0a mepBbBIE 15 MUH CKOPOCTh CHHKEHHS €r0 MacChl

SUBT 3200 IU/day — 32 patients treated with
standard thrombosis therapy received a daily
dose of 3200 IU — 3 capsules (2 capsules SUBT
800 IU + 1 capsule of placebo) twice a day for
10 days; the SUBT 4800 IU/day group — 34 pa-
tients receiving standard therapy for thrombosis
in a daily dose of 4800 IU — 3 capsules (all cap-
sules contained SUBT 800 IU) twice a day for 10
days.

Therapy for patients of both protocols was car-
ried out until they reached the primary point of the
research — an increase in blood flow by more than
5% of the initial.

RESULTS AND DISCUSSION

An experimental study of the direct thrombo-
lytic effect of SUBT in vitro. After the start of incu-
bation of a fresh, 1-hour-old thrombus, during the
first 15 min the rate of its mass decrease was practi-
cally the same both when perfused with saline so-
lution and with a solution of SUBT (Fig. 1). Since
this thrombus is a rather mild substance, at the
beginning there is a loss of 25% of its mass due to
blood cells washing off; therefore, the difference in
the mass loss of the thrombus with the drug and
saline solution is not so obvious.

After the 15™ min of the experiment, the dif-
ference in the efficacy of two solutions became
clearly visible: the mass of the thrombus perfused
with SUBT solution began to fall actively. By the
45™ min the blood clot’s mass decreased by half,
by the 75" min — by 4 times, by the 9o min —
by 8 times, that is to the quantification limit. These
changes occur due to layer-by-layer washing of
blood cells from the thrombus surface, then a cord-
like fibrin structure appears and the thrombus is
lysed due to the destruction of its frame by proteo-
lytic enzymes. It is worth noting that during the
circulation of a thrombus in a solution of SUBT the
destruction occurs on its surface exclusively, with-
out formation of large fragments. This is important
from a clinical point of view since in the body large
fragments of a thrombus can lead to additional em-
bolism of blood vessels.

A distinctive feature of subtilisin is its non-spe-
cific hydrolysis of denaturated or polymerized pro-
teins that have lost their native structure. There-
fore, subtilisin does not hydrolyze fibrinogen, but
actively dissolves polymerized fibrin, both on the
surface and inside the thrombus.

When incubated with saline solution, the de-
crease in thrombus mass gradually stops by 75%
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OBl TPAKTUYECKHE OAMHAKOBAs KaK Ipu mepdy-
3U1 (PU3NOJIOTUYECKHIM PAcTBOPOM, TaK U pacTBOpa
¢ CYBT (puc. 1). ITockoabKy mAaHHBINA TPOMO TIpen-
cTaBJisieT coOO0H JIOBOJIBHO MATKYIO CyOCTaHITUIO, TO
BHaJaJie UJIET MOTeps 25 % Macchl TpoMmba 3a cueT
CMBIBAHU S KJIETOK KPOBH, IO3TOMY Pa3HHIA IO II0-
Tepe Macchl TpoMba ¢ IMpernapaToM U KOHTPOJIHHBIM
pacTBopoM He cTOJIb oueBHAHA. Ilocie 15-if MUHY-
THI B DKCIIEPUMEHTE OTUYETINBO BUHA PA3HUIIA 110
a(pdexTHBHOCTH IBYX PACTBOPOB: Macca TpoMmba B
yesoBusax mnepdysun pactBopa ¢ CYBT nHaumnaer
AKTUBHO CHI)KAThCA, K 45-1 MUHYTE YMEHBIIIAETCS B
2 pasa, K 75-i — B 4 pasa, kK 90-i MmuHyTe — B 8 pas
JI0 TIpeJiesia OIpejiesieHUs MUHHUMAJIbHOM MAacchl.
JlaHHBIE U3MEHEHU S ITPOUCXOIST 3a CUET ITOCIOUHO-
rO OTMBIBAHUS C IIOBEPXHOCTH TPOMOA KJIETOK KPO-
BU, NPOSBJISAETCA TKUCTasA, GUOPUHOBAS CTPYK-
Typa, TPOMO JIUBUPYETCS, 32 CUET PA3pPYIIEHUs €T0
Kapkaca npoteosutudeckuMu ¢epmenramu. Cro-
WUT OTMETHUTH, YTO B IIpoliecce IUPKYIANNU TPOM-
6a B pactBope ¢ CYBT mpouCXO/IUT UCKTIOUUTETHHO
IMOBEPXHOCTHOE €ro pa3pylieHue, 0e3 06pa3oBaHus
KpPYIIHBIX (PparMeHTOB. DTO OUeHb Ba’KHO € KJINHU-
YeCKOH TOUKHU 3PeHUs, TaK KaK B OpraHu3Me KpyII-
Hble ¢parMeHTHl TpoMba MOTYT IPUBOAUTH K JIO-
[IOJTHUTETBHON 3MOOJINU COCY/IOB.

OT/INYUTEIPHONH YepTON CyOTWJIM3WHA SIBJISA-
eTcs ero HecreUPUUHBIA TUIPOIN3 I€HATYPUPO-
BaHHBIX WJIU IIOJTUMEPU3UPOBAHHBIX OEJIKOB, yTpa-
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min of the experiment. The ability of an isotonic
solution to reduce mass by 50% in this experiment
is explained by the friability of a thrombus solely.
A similar experiment was conducted to deter-
mine the effect of the thrombus formation time on
the rate of its lysis by SUBT proteases (Fig. 2). It
showed that the rate of mass loss of a 2-hour throm-
bus during its incubation with SUBT almost coin-
cides with the lysis diagram of a fresh thrombus;
while the thrombus mass perfused with saline
solution over the entire experiment decreased by
only 17%. This fact can be explained by the retrac-
tion of a 2-hour blood clot, a significant decrease
in the proportion of cell-protein detritus in it, and,
accordingly, the washable fibrin-free component.
In the experimental group, the dynamics of throm-
bolysis did not significantly differ from the dynam-
ics of a 1-hour thrombus: by 45™ min, the thrombus
size decreased by 55%, by 75" min — by 72%, by 9o
min — by 85% (almost to the quantification limit).
It was interesting to evaluate the results of
a similar experiment with a 24-hour thrombus
which, under the influence of proteases, also be-
gan to dissolve rapidly. The circulating solution of
SUBT was stained red by blood cells washed out
of the thrombus. The thrombus rapidly decreased
in size. After 135 min of being in the circulat-
ing solution of SUBT, the 24-hour thrombus mass

45 60 75 90

Bpems, mun / Time, min

[ vzoronuueckuit pactsop / Isotonic solution
- Nmmo6umusuposanusii CYBT / Immobilized SUBT

Puc. 1. /[luHaMUKa U3MEHEHHUs MacChl 0JTHOYACOBOTO TPOMOA
Fig. 1. The dynamics of the 1-hour thrombus mass
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THUBIIUX CBOIO HATHUBHYIO CTPYKTYpYy. IloaTomy cyb-
TUJIN3UH He THUAPOaU3yeT GUOPUHOTeH, HO aKTUB-
HO pPacTBOPSET IMOJIMMEPU30BAHHBIN (PUOPUH, KaK
Ha IIOBEPXHOCTH, TAK ¥ BHYTPHU TpoMba.

IIpu nHKy6Ganuu ¢ PU3NOIOTHUECKUM PACTBO-
POM CHHKEHUE Macchl TPOMOA MOCTENEHHO TPeKpa-
IaeTcsA K 75-U MUHYTe dKerrepuMeHTa. ClocOOHOCTH
HM30TOHUYECKOTO pacTBOpa CHUKATh Maccy Ha 50 %
B JIAHHOM DSKCIIEDUMEHTe OOBIACHSETCS UCKIIIOUHU-
TEJIPHO PHIXJIOCTBIO CBEKEro TpoMOa.

Jlns onpejiesieHNs BIUSAHUSA BpeEMeHH 00pa3o-
BaHU TpoMOa Ha CKOPOCTH €T0 JIM3KCA TPOTea3aMu
CYBT (puc. 2) 6611 IPOBEIEH AHAJIOTUIHBIN JKCIIE-
puMeHT. OH ITOKa3aj, YTO CKOPOCTh IOTEPU MacCChl
2-yacoBoro Tpomba npu uHkybanuu ¢ CYBT mpak-
THYECKU COBIIA/IaeT ¢ TpaduUKOM JIM3UCA CBEXKe-
ro TpoM0a, Ipu 3ToM Macca Tpomb6a npu nepdy3un
(pu3moIIOTNUeCcKOrO pacTBOpa 3a BCE BpeMs DJKCIIEe-
pUMeHTa CHU3WJIACh JIUIIb Ha 17 %. DTO BO3MOXKHO
O00BACHUTH IIPOU3OLIEAIIEN PETPAKIIUEN IBYXYACO-
BOrO TpoM0Oa, CyIIeCTBEHHBIM YMEHbBIIEHUEM JIOJIH
KJIETOYHO-0EJIKOBOTO JIETPUTA B HEM U, COOTBET-
CTBEHHO, BBIMbIBaeMOU 6e3(puUOPHUHOBOM COCTABIIA-
IoIel. B ombITHOH rpymme AuHAMUKA TPOMOOIU3HU-
ca CyIIECTBEHHO HE OTINYAJIach OT JUHAMUKU OJTHO-
YacoBOro Tpomba: BeJIMYNHA TPOMOA K 45-H MUHY-
Te yMEHBIIIWJIACh Ha 55 %, K 75-1 MUHYTEe — Ha 72%,
K 90-i MUHyTe — Ha 85% (II0UTH JI0 IIpejiesia JIeTeK-
MY MUHUMAaJIbHOU MacChl).

HHTepecHO OBLJIO OIIEHUTDH PE3YJIBTAThl aHAJIO-
TUYHOTO KCIIEPUMEHTA ¢ CYTOYHBIM TPOMOOM, KO-
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decreased by 8 times to the quantification limit
(0.06 £ 0.01 g) (Fig. 3). During its lysis, large frag-
ments also did not form. The only difference from
more fresh thrombi was the prolonged dissolution
time. Consequently, the SUBT dissolved both 1-, 2-
and 24-hour thrombi efficiently.

In the control study, when 24-hour thrombus
was perfused with a saline solution, we did not ob-
serve its spontaneous dissolution throughout the
experiment, on the contrary its mass merely in-
creased. By the end of the experiment, its mass in-
creased by 40%. After retraction, the thrombus was
placed for 24 hours in storage, during which further
induration of the fibrous clot occurred. When im-
mersed into saline solution the thrombus increased
in volume and mass.

Thus, as a result of the experiment we estab-
lished that SUBT lyses layer-by-layer 1-, 2- and
24-hour thrombi efficientlly without formation of
large aggregates.

An experimental study of the thrombolytic
effect of SUBT in vivo. It is known that thrombo-
sis induced by k-carrageenan develops within 24
hours, that is why the length of the thrombosis area
was measured 24 hours after the injection. In the
control group, the length of the area with induced
thrombosis was 6.9 + 0.2 c¢m, i.e., the entire area on
which the temporary ligature was applied (Fig. 4, B).
At the same time, the area above the compres-
sion site, not subjected to thrombosis, was visible.

60 75 90

Bpewms, muH / Time, min

[ Mzoronuueckuii pactsop / Isotonic solution
I Vvivo6umsuposanaeiit CYBT / Immobilized SUBT

Puc. 2. J/luHaMyKa U3MEHEHUS MacChl JIByX4acoBOTO TpoMba
Fig. 2. The dynamics of the 2-hour thrombus mass
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[ UzoTonmueckuii pacteop / Isotonic solution

I Vvvo6unusuposanubii CYBT/ Immobilized SUBT

Puc. 3. V3meHeHne MacChl CyTOYHOTO TPoMba
Fig. 3. Change of the 24-hour thrombus mass

TOPBIH MO/ BJIUSTHUEM IIPOTEA3 TAKKe HAYNHAJI ObI-
CTPO TOBEPXHOCTHO PAaCTBOPATHCA. LupKymupyio-
muit pactBop CYBT okpamuBajicsi BHIMBIBAeMBIMU
n3 TpoMba spurponuTamMu. TpoMO CTPEMHUTEIIHFHO
YMeHbBINAJICA B pa3Mepax. Uepes 135 MUH HaAXOXK7e-
HUA B nupkyaupyoieMm pacrBope CYBT macca cy-
TOYHOTO TpoMba YMEHBIIUJIAch B 8 pas Ji0 HIXKHeH
TOYKH JIeTeKINH (0.06 + 0.01 1) (puc. 3). [Ipu ero u-
3HCe TaKKe He 00pa30BbIBAIOCH KPYITHBIX (hparMeH-
ToB. ENMHCTBEHHOE OTIIMYME €ro OT 0OoJiee CBEXUX
TpoMOOB — 60JIee IPOIOIKUTETHFHOE BPEMS PACTBO-
penus. CaenoarensHo, CYBT addekTUBHO pacTBo-
PAJI KaK 1- U 2-4acOBbIe, TAK U CyTOYHBIE TPOMOBI.

B KOHTPOJILHOM HCCJIEJIOBAHUH IIpU epPy3Uun
CYTOYHOT0 TpoMba ¢ GU3UOJIOTUIECKUM PACTBOPOM
CaMOIIPOM3BOJILHOTO PAaCcTBOpEeHHs TpoMba He Ha-
6J1I0/1a710Ch, HAa MPOTSIKEHUU BCETO DKCIIEpUMEHTa
ero macca, Ha0b60poT, ToJIBKO Bo3pacTtayia. K koHIy
SKCIIEPIMEHTA ero Macca yBenuusach Ha 40 %. I[1o-
cJie peTpakiuu TpoMO IMoMeIascs Ha 24 4 Ha Xpa-
HeHUe, B IIPOIECCE KOTOPOTO IIPOUCXOAMJIO JAJb-
HeliIIee yIyioTHeHHe GUOpo3HOTo crycTka. [Ipu no-
MajlaHuu B (PUBUOJIOTUUECKUH pacTBOp TPOMO yBe-
JIMYHUBAJICS B 00bEME U Macce.

Takum 00pa3oM, B pe3ysbraTe SKCIIEPHMEHTA
ycTaHoBJIeHO, 4T0 CYBT appekTrBHO NOCI0HHO JIN-
3UpYeT 1-, 2- U 24-4acoBble TPOMOBI 6e3 0OpaszoBa-
HUA KPYIIHBIX arperaros.

dxcnepumeHmanvHoe uUccaedo8aHue Mpom-
6oaumuueckozo Odeticmeus CYBT in vivo. W3Bect-
HO, YTO TPOM0OO03, MHIYIHUPOBAHHBIN BBeJIEHUEM
K-KapparuHaHa, pa3BUBAETCS B TEUEHUE CYTOK, [103-
TOMY JJIMHY y9acTKa ¢ TPOMO030M U3MePSIN uepes

Nevertheless, one day after an external difference
was evident: the animals of the control group lost
weight, on average, 2.5 + 0.7 g. Also in mice with-
out SUBT treatment, cyanosis of the skin was not-
ed. Microthrombi may have formed in blood ves-
sels due to changes in the coagulation parameters
in the control group mice [9]. In the group receiv-
ing SUBT, the mass of animals and the skin re-
mained unchanged. In the group with SUBT treat-
ment, 24 hours after the injection, thrombosis in
the tail veins did not develop. At the site of injec-
tions, the k-carrageenan caused only an inflamma-
tory reaction, marked by redness of the skin of the
tail (Fig. 4, C).

After 48 hours, in the off-treatment group,
the thrombosis led to necrotization of tail tissues
(Fig. 4, D). In the group with SUBT treatment, every-
thing remained without changes (as after 24 hours),
only at the k-carrageenan injection site erythema was
visible.

Thus, in mice with k-carrageenan tail vein
thrombosis, the administration of SUBT allowed
to avoid local changes; the animals’ condition was
objectively better as compared to the group without
SUBT treatment.

A clinical study of the efficacy and safety of
the SUBT in patients with acute venous thrombo-
sis. Findings of the research indicate that the SUBT
daily dose of 1600 IU during the course is effective.
This dose provides an increase in reserve capac-
ity of anticoagulant hemostasis and a decrease in
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24 4 110cJIe UHBEKITUHA. B KOHTPOJIBHO I'pyIIIIe JIJTH-
Ha y4yacTKa ¢ MHAYLIHPOBAHHBIM TPOMOO30M cOCTa-
BUJIA 6.9 +£ 0.2 CcM, T. €. BECh YYACTOK, HA KOTOPBIU
ObLy1a HaJIOXKEHA BpeMeHHas jurarypa (puc. 4, B),
[IPY 3TOM OTYETJIMBO BH/HA 00JIACTH BBIIIE MeCTa
CIABJIMBAHUS, He MOJIBEPriIasica TpoMbo3y. Yixke
yepe3 CyTKH OblIa BUJIHA BHEIIHSS Pa3HUIA: KU-
BOTHBIE KOHTPOJIBHOH I'PYIIIIBI IOTEPSAIIN B Macce, B
cpeZiHeM 2.5 + 0.7 T. Takske y Mblleii 6e3 JeueHust
npemnaparoMm CYBT oTMmeuasicst iuaHO3 KOKHBIX T10-
KpOBOB. BO3MOKHO, B CBSI3U C U3MEHEHUSIMH KO-
TYJISIMUOHHBIX MapaMeTPOB KPOBH B COCYJaX MbI-
el KOHTPOJIBHOU TPYNIIbl 0OPa30BBIBAJINCH MU-
kpoTpoM6sI [9]. B rpymnme c BBegenuem CYBT mac-
ca ’KUBOTHBIX U BHEIITHHE ITOKPOBHI KOJKU OCTAJIUCH
0e3 uzmeneHuil. B rpynre c euenuem CYBT uepes
24 9 1O0CJIe UHBEKIIUU TPOMOO3 B XBOCTOBBIX Be-
Hax He pa3BuBaJicsa. Ha yuacTke XBocTa, T/ie Jies1aiu
UHBEKI[UH, K-KapparuHaH BI3BAJI JIUIIH BOCIIAJIU-
TEJIBHYI0 PEaKI[UI0, OTMEYAIOILYIOCA IMOKPAaCHEHH-
€M KOKHBIX IIOKPOBOB XBocTa (puc. 4, C).

Uepes 48 u B rpymnme 6e3 JyedeHUs: TpomMbO03
IIpUBeJI K HEKPOTU3aMH TKaHeH xBocTa (puc. 4, D).
B rpymnme ¢ BBenennem CYBT Bce ocTtasoch 6e3 u3-
MeHeHUH (Kak U 4epe3 24 U), JIUIIb B MECTE BBele-
HUS K-KapparnHaHa BUJ[HA 3pUTEMA.

Taxum 06pa3oM, y MBIIIIEeH ¢ K-KapparnHaHOBBIM
TpoMb030M XBocTOBOI BeHbI BBesieHHe CYBT mo3Bo-
JI51510 N36€KaTh JIOKAJIbHBIX U3MEHEHU, COCTOSHHE
JKUBOTHBIX OBLJIIO 00'b€KTHUBHO JIYUIIIE [T0 CPABHEHUIO
¢ rpynmo# 6e3 npumenenus CYBT.

platelet aggregation activity with a background of
optimized ratio of some cytokines responsible for
the implementation of pro- and anti-inflammatory
activity.

In the study of hemostasis, we revealed the
following dynamics of parameters on treatment:
the APTT and platelet count did not change in the
groups, the fibrinogen level decreased, and the in-
ternational normalized ratio increased in all groups
of patients. The D-dimer level decreased in the con-
trol group and the SUBT 3200 IU/day group, how-
ever, in patients who received SUBT in a daily dose
of 4800 1U/day, by the end of the therapy course,
the D-dimer level did not decrease, that is, lysis of
thrombotic masses continued at the same rate. It
should be noted that during the study in the Proto-
col 1 and Protocol 2 samplings there were no clini-
cal and paraclinical signs of thromboembolism, as
well as cases with negative dynamics. On the con-
trary, an increase in blood flow by more than 5%
from the initial one or recanalization of the vein
(restoration of blood flow by at least 5% with its
complete absence at the beginning of therapy) was
recorded. When assessing with ultrasound imag-
ing the degree of normalization of blood flow in the
area of compromised blood circulation after thera-
py, statistically significant differences were found
between the groups of patients who received SUBT
and the placebo-treated patients with conventional
therapy for thrombosis in both groups.

Puc. 4. ll3MeHeHHE XBOCTOB MBIIIEHN B IIPOIECCE SKCIIEPUMEHTA:
A — WHTaKTHOE KUBOTHOE; B — KOHTPOJIbHASI TPYIINA YePe3 24 U IOCJIe TOKOKHOTO BBEIeHUsI K-KapParnHaHa;
C — rpynmna c teuenueMm CYBT uepes cyTku nocsie nuabekium; D — rpynmna KOHTpoJis yepes 48 1
Fig. 4. Change in the mice’s tails during the experiment:
A — intact animal; B — the control group 24 hours after subcutaneous administration of k-carrageenan;
C — the group with SUBT treatment one day after the injection; D — the control group after 48 hours
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Kaunuueckoe uccaedosanue aggexmusHocmu
u 6esonacthocmu npumerenuss CYBT y 60avHblx ¢
ocmpuim 8eHO3HbIM mpombo3zom. o pesynpraTam
HCCJIEIOBAHUS YCTAHOBJIEHO, UTO KYPCOBOU ITPHEM
CYBT B cyTouHo# fo3e 1600 EJl obecrieunBaet 10-
CTaTOYHYI0 3 HEKTUBHOCTD, YTO BBIPAKAETCA B IIO-
BBIIIIEHUH PEe3ePBHBIX BO3MOXKHOCTEN AHTHKOATy-
JIAHTHOIO 3B€HAa reMoCTa3a U CHH)KEHHHU arperamu-
OHHOU aKTUBHOCTU TPOMOOIINTOB HA (DOHE O TUMU-
3aIY COOTHOIIEHUA psAJja IUTOKUHOB, OTBETCTBEH-
HBIX 3a peau3alyIo IIPO- ¥ IPOTUBOBOCIAINTEb-
HOI aKTUBHOCTH.

IIpu ucerenoBaHuY reMocTasa ObLIA BBISIBJIEHA
cremyomas JUHAMUKA IoKasaTesell Ha ¢hoHe Mpo-
BoAMMOM Tepanuu: mokasartesn AYTB u kosimyecTBa
TPOMOOIIUTOB HE U3MEHSJINCh B IPYIIaX, YPOBEHD
(ubpriHOTeHa CHMIKAJICSA, a MeXKIyHapOJHOe HOP-
MaJIN30BaHHOE OTHOIIIEHUE YBEJIUINBAJIOCH BO BCEX
rpyninax nalyeHToB; ypoBeHb D-1uMepa cHuKascsa
B KOHTpOJIbHOM rpynie u rpymme «CYBT 3200 ENl/
CcyT», a y marnueHTos, noaydasmux CYBT B cyTou-
HOH1 103e 4800 EJI/cyT, KO BpeMeH! OKOHUAHUS Te-
panuu ypoBeHb D-1uMepa He yMeHbIIAJCA, T. €. JIU-
3UC TPOMOOTHUUYECKUX MACC MPOIOJIKAJICS C MPEekK-
Hel ckopocThio. Hy’KHO OTMETHTD, YTO IIPH IIPOBE-
JIEHUU HccieoBaHus B BblOOpkax «IIpoTokon 1»
u «IIpoTOKOJI 2» He 3aperucTPUPOBAHO KIJIMHUYE-
CKUX U MApaKJIUHUYECKUX IPHU3HAKOB TPOMOOIM-
60711H, a TAKKe CJIyYaeB C OTPHUIATETHHOMN JUHAMHU-
koil. HanpoTus, 3apUKCUPOBAHO yBeJIMUYEHNE KPO-
BOTOKA OoJiee 4eM Ha 5 % OT UCXOAHOTO JI0OO peKa-
HaJIM3aIus BeHbl (BOCCTAHOBJIEHHE KPOBOTOKA KaK
MHUHHUMYM Ha 5 % IIPH HOJIHOM €ro OTCYTCTBUU K
Havayy Tepanuun). [Ipu oneHKe CTeeHU HOpMaJIu-
3alli¥ KPOBOTOKA B 30HE CKOMIIPOMETHPOBAHHOI'O
KPOBOOOPAIIEHNU I [TOCJIe IPOBEAEHU I TEPATIHH C IT0-
MOIIBIO Y 3-BU3yaanu3anuu 00HAPYKEHbI CTATUCTHU-
4YecKU 3Ha4YuMble pa3jIM4yusa MexKJy IpylIaMu Iia-
[IEeHTOB, OJIyYaBIIUX HA (POHE OOIIENIPUHATON Te-
pamuu Tpom603a CYBT, u manueHToB, [0IyYaBIInX
mianebo.

Y nanuenTos, noayuasiux CYBT B g03e 1600
u 3200 E]l/cyT, yBenueHne KpoBOTOKa boJee uemMm
Ha 5 % OT MCXO/IHOr0 JUOO peKaHaIU3alUsA BEHBI
Habsto/1aeTes B 1.6 pasa vaine (Ha 60 %), yeM y ma-
[IHEHTOB KOHTPOJIBHOU I'PYHIEL. Y MAIHEHTOB, I10-
ayuaBmux CYBT B 1o3e 4800 EJ]/cyT, yBesinueHue
KpPOBOTOKA 6oJjiee ueM Ha 5 % OT MCXOLHOTO 10O
pekaHanusanus BeHbl HabiomaeTcs B 1.5 pasa
yaie (Ha 50 %), YeM y MAaI[UeHTOB KOHTPOJIbHOM
TpYIIIBL.

Takum o6pa3om, ITPOBEAEHHBIN aHAIN3 IOKa-
3pIBaeT 6e3omacHOCTh U 3¢ dektuBHOCTE CYBT npu

In patients who received SUBT in 1600 and
3200 IU/day, an increase in blood flow by more
than 5% from the initial or vein recanalization is
observed 1.6 times more often (by 60%) than in pa-
tients of the control group. In patients who received
4800 IU/day of SUBT, an increase in blood flow by
more than 5% from the initial or recanalization of
the vein is observed 1.5 times more often (by 50%)
than in patients of the control group.

Thus, the analysis shows the safety and the ef-
ficacy of SUBT in the treatment of venous thrombo-
sis of the lower extremities.

The results of in vitro and in vivo experiments
have shown that SUBT has a direct thrombolytic ef-
fect. Besides, a thrombus, when exposed to SUBT,
dissolves layer-by-layer without fragmentation.
This fact seems to be extremely important for the
clinical use of SUBT since it excludes the embologe-
neity of the thrombolysis performed.

CONCLUSION

The drug based on immobilized subtilisins,
studied in preclinical and clinical researches,
can be introduced into clinical practice as an oral
thrombolytic medication.

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

KOMILJIEKCHOU Tepaluy BEeHO3HBIX TPOMOO30B HUK-
HUX KOHEUYHOCTEeH.

Pe3ynpTaThl SKCIIEPUMEHTOB in vitro U in Vivo
niokazany, uto CYBT obrazgaeT mpamMbeIiM TpoMOOIH-
THYECKUM JiericTBreM. Kpome Toro, TpoM6 mipu BO3-
nevicreun CYBT pactBopsieTcs mocsoiHo, 6e3 gpar-
MeHTaIuu. JTO OOCTOATENBCTBO IIPE/CTABIIAETCS
Ype3BBIUAHO BaXKHBIM /11 KJIMHUYECKOTO IIpruMe-
Henus CYBT, mMOCKONIBKY HCKJIIOUaeT 3MOO0JIOTEH-
HOCTbH ITPOBOJIMOTO TPOMOOJIU3HUCA.

3AK/IIOYEHUE

JlekapCTBEHHBIN MperapaTr Ha OCHOBE HMMOOU-
JINBUPOBAHHBIX CYOTHJIN3UHOB, U3YUEHHBIH B J0-
KJINHUYECKUX U KJIMHUYECKUX UCCJIe/IOBAHUAX, MO-
JKeT OBITh BHEJIPEH B KJIMHUYECKYIO IPAKTHKY B Ka-
YecTBe IIeEPOPATBLHOTO CPEACTBA TPOMOOTUTHIECKOH
Tepamuu.

KoH}IUKT MHTEpPECOB. ABTOPHI 3asIBJISIOT 00
OTCYTCTBUM KOH(QJIMKTA UHTEPECOB.
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