70

Research and development of new drug products
Mouck u pazpabomka Ho8bixX JleKapcmeeHHbIX cpedcme

https://doi.org/10.33380/2305-2066-2022-11-3-70-74 -
UDC 615.22 ) Check for updates (&) BY 4.0

Research article / Opueunanenaa cmameos

Antithrombotic Activity of an Indolinone Derivative -
a Soluble Guanylate Cyclase Stimulator

Vladimir V. Bykov'2"<, Arina V. Bykova', Vera I. Smolyakova?, Galina A. Chernysheva?,
Oleg I. Alyev?, Anna M. Anishenko?3, Anastasia V. Sidekhmenova?, Sergey A. Stankevich’,
Veniamin A. Khazanov', Aleksander I. Vengerovsky?

" LLC "Innovative Pharmacology Research", 79/4, Elizarovikh str., Tomsk, 634021, Russia
2 Siberian State Medical University, 2, Moskovsky tract, Tomsk, 634050, Russia
3 Goldberg Research Institute of Pharmacology and Regenerative Medicine, Tomsk NRMC, 3, Lenin Av., Tomsk, 634028, Russia

™ Corresponding author: Vladimir V. Bykov. E-mail: vladimir.b.1989@gmail.com

ORCID: Vladimir V. Bykov - https://orcid.org/0000-0002-5145-2184; Arina V. Bykova - https://orcid.org/0000-0002-8495-8560; Vera |. Smolyakova - https://orcid.org/0000-0001-9501-4664;
Galina A. Chernysheva - https://orcid.org/0000-0002-6438-5734; Oleg |. Alyev - https://orcid.org/0000-0001-9788-1235; Anna M. Anishenko https://orcid.org/0000-0002-8377-4129;
Anasrasia V. Sidekhmenova - https://orcid.org/0000-0003-3171-667X; Sergey A. Stankevich - https://orcid.org/0000-0003-1313-4967;

Veniamin A. Khazanov - https://orcid.org/0000-0002-8833-785X; Aleksander I. Vengerovsky — https://orcid.org/0000-0001-5094-3742.

Received: 27.06.2022 Revised: 10.08.2022 Published: 25.08.2022

Abstract

Introduction. The article presents the results of studying the antithrombotic activity of a novel drug, a soluble guanylate cyclase stimulator
(codename - GRS), in experimental models of arterial and venous thrombosis and thromboembolism.

Aim. Study the antithrombotic action of GRS compound in comparison with clopidogrel and rivaroxaban in the following models: arterial
thrombosis induced by iron chloride application to carotid artery wall in rats; thromboembolism induced by intravenous administration of
thrombin solution in mice; venous thrombosis induced by the ligature of inferior vena cava in rats.

Materials and methods. Arterial thrombosis was modelled in rats by applying a pad soaked in iron chloride (FeCl,) to the carotid artery, GRS
compound was administered orally in median effective dose of 10 mg/kg once 3 hours before pad application. Blood flow in carotid arteries
and blood clot mass were registered. Thromboembolism was induced in mice by intravenous administration of thrombin solution, GRS in dose
10 mg/kg or the reference drug clopidogrel were administered once orally daily for 3 days. Animal mortality, survival time and blood clot size
were registered. Venous thrombosis was induced in rats by the ligature of inferior vena cava below renal veins, GRS in dose 10 mg/kg, reference
drug rivaroxaban in 5 mg/kg dose or their combination in these doses were administered once orally 1 hour before vein ligature. The mass of
dry and wet blood clots was registered.

Results and discussion. In arterial thrombosis model GRS compound in 10 mg/kg, administered 3 hours before iron chloride application,
increased the time to blood flow cessation in the carotid artery by 35 % and reduced the frequency of complete artery occlusion by 2 times
compared to the control group (p < 0.05). 60 min after arterial thrombosis modelling complete occlusion was observed in 28 % of animals
in GRS group and in 75 % of control animals, while after 24 hours the occlusion was observed in 14 % of animals in GRS group and in 50 % of
control group animals (p < 0.05). In thrombin-induced thromboembolism model in mice GRS did not reduce the size of blood clots in pulmonary
vessels, while clopidogrel reduced it by 48 %. In GRS group 80 % of animals died of thrombosis, compared to 30 % in clopidogrel group and
90 % in the control group. In ligature-induced venous thrombosis in rats GRS after single oral administration reduced the mass of dry blood clot,
being as potent as rivaroxaban. Combined administration of GRS and rivaroxaban did not enhance their antithrombotic action.

Conclusion. GRS after single oral administration in 10 mg/kg dose had potent antithrombotic action in models of arterial and venous
thrombosis in rats, while not preventing pulmonary vessel thrombosis in mice after thrombin administration. Therapeutic action of GRS in
experimental venous thrombosis was as potent as that of rivaroxaban. Antithrombotic action of GRS compound results not only from its
antiplatelet action, but also from the alleviation of endothelial dysfunction in arteries and veins.

Keywords: indolinone derivative, guanylate cyclase stimulator, rivaroxaban, clopidogrel, models of arterial and venous thrombosis and
thromboembolism
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Pesiome

BBepeHue. B ctaTbe npefcTaBneHbl pe3ynbTaTbl UCCNEAOBAHUIN aHTUTPOMOOTUYECKON aKTUBHOCTM pa3pabaTbiBaeMOro sieKapCTBEHHOMO
CpeAcTBa — CTUMYNATOPa PacTBOPUMOW FyaHunatumknassl (wndp — GRS) Ha sSKcneprMeHTanbHbIX MOAENAX apTEPUASIbHOTO M BEHO3HOMO TPOM603a
1 Tpomboambonuu.

Llenb. M3yunTb B aKkcnepumeHTe cnocobHocTb coefnHeHnsa GRS B cpaBHeHWM C gelcTBMEM Kionuporpena u puBapokcabaHa okasbiBaTb
aHTUTpOMbOTHYECKOoe AecTBME Ha MOLENAX apTepuasbHOro TPOM603a, BbI3BaHHOMO Y KPbIC anmninKaumen Ha CTEHKY COHHOI apTepun xnopuaa
Xenesa, npu TPOM603M60MK, BbI3BAHHOW Y MblLLel BHYTPVBEHHbIM BBeleHMeM pacTBopa TPOMOMHa, 1 BEHO3HOM TPOMO03e, BbI3BaHHOM Y KPbIC
nepeBA3KON HUXKHEW NOJION BEHbI.

MaTtepuanbl 1 meToAbl. ApTepunanbHbli TPOM603 MOAENMPOBaNy annavKaumen Ha COHHYIO apTepmio KPbIC TaMMOHa, CMOYEHHOTO XJIOPUAOM
xenesa (FeCl), coeannenvie GRS B cpegHeit s3gdekTrBHON fo3e 10 MI/KF BBOAMAN B XeNyAOK OAHOKPATHO 3a 3 4 [0 anmjvKayum TamnoHa.
PernctprpoBanu KpOBOTOK MO O6LUM COHHbIM apTEPUAM U ONPeaenanmn maccy Tpomoos. Tpom603M60NUI0 BbI3biBaM BHYTPUBEHHbBIM BBEEHUEM
MbILIAM pacTBopa TPoMbUHa, coeguHeHne GRS B fo3e 10 MI/Kr unu npenapaT CpaBHEHUA KNOMWAOTrPen BBOAUNN B XXeNyAoK B TeueHue 3 fHen
1 pa3 B fieHb. PernctprpoBany KOIMYeCTBO NOrNOBLUMX XKUBOTHbIX, BPEMA [0 HACTYMAeHNA ux rmbenn n nnowaab TpoM60oB. 1na MmofennpoBaHus
BEHO3HOro TPOM603a y KpbIC MepeBA3bIBaNIN HUXKHIOI MONYI BEHY HUXe MOoYeyHblX BeH, coefunHeHne GRS B fose 10 mr/kr unu npenapat
CcpaBHeHuA prBapokcabaH B fo3e 5 MI/K, TakxKe 06a BellecTBa BMeCTe B TeX e f03aX BBOAWN B »KeNyAoK OAHOKPATHO 3a 1 4 A0 NepeBA3KY BEHbI.
Onpepenann Mmaccy BnaHbIX U CbIPbIX TPOMOOB.

PesynbTaTbl n 06cyxaeHue. Ha mopenu aptepuanbHoro Tpom6o3a coeguHeHre GRS B fose 10 Mr/Kr npu BBeaeHUn 3a 3 4 [O annamKauum
Xnopua *enesa Ha CTeHKY COHHOW apTepuun Ha 35 % yAAnHANO BpeMA A0 OCTaHOBKM KPOBOTOKa B COHHOW apTepuu U B 2 pa3a yMeHbluano
YacToOTy ee MOSIHON OKKJIK03MUN MO CPAaBHEHMIO C NOKa3aTenAMu B KOHTPOsbHON rpynne (p < 0,05). Yepes 60 MVH 1 24 4 nocne MOAeNMPOBaHNA
apTepuanbHOro TpoM603a NoJSHaA OKKIO3UA cocyfa onpepenanacb y 28 v 14 % XMBOTHbIX, nonyyaBwmx coeanHenne GRS, ny 75 n 50 %
KOHTPOMbHbIX XMNBOTHBIX (p < 0,05). Ha moaenn Tpom603M6051K, BbI3BaHHOW BHYTPUBEHHBIM BBEieHWEM Mblllam TPomMburHa, coeanHeHune GRS He
yMeHblUano nnowagb TPoMOOB B COCyAax nerkux, Knonugorpen ymeHblan ee Ha 48 %. Mpw BBegeHun coeprHeHna GRS ot Tpombo3a nornbano
80 % mblwen, npu BBefeHun knonugorpena — 30 %, B KoHTposne — 90 %. Ha ¢poHe aKcnepumeHTanbHOro BEeHO3HOro TpomM603a y KpblC, BbI3BaHHOTO
nepeBA3KOW HVXKHEN NONoW BeHbl, coeanHeHne GRS npu oJHOKPaTHOM BBeAEHNM B XKeNyAOK YMEHbLUAN0 Maccy BbiCylLEHHOro Tpomba He cnabee
puBapokcabaHa. lMpn coBmecTHOM BBefileHUM coeauHeHna GRS 1 puBapokcabaHa aHTUTPOMbOOTNYECKOe feACTBYE He YCUTMBANOCh.
3aknwoueHne. CoejHeHne GRS npu OAHOKPAaTHOM BBefeHMM B »Kenyaok B fo3e 10 Mr/Kr NPOABAANO BblpaXkeHHOe aHTUTpoMObOoTMYecKoe
[eNCTBME Ha MOAENAX apTepuasbHOro 1 BEHO3HOro TpomMb03a y KpbIC U He NMpenATCTBOBaNo TpoM6B03y COCYA0B NIEFKMNX Mbillel npu BBEAeHUN
TpombuHa. JleuebHoe pelicTBue coeamHeHna GRS npu akcnepumeHTanbHOM BeHO3HOM Tpombose He cnabee, uem 3ddeKT prBapokcabaHa.
AHTUTPOMOOTMYECKas aKTUBHOCTb coeamnHeHna GRS obycnoBneHa He TONbKO aHTMArperaHTHbIM BAUAHWEM, HO 1 YMeHbLUeHneM ANCOYHKLMMN
SHAOTENUA apTepuUn U BEH.

KnioueBble cnoBa: Npon3BoLHOE MHAONMHOHA, CTUMYNIATOP FyaHUNaTUMKIIasbl, puBapoKcabaH, KNonmaorpes, MOAeNy apTeprasbHOro, BEHO3HOro
Tpom603a 1 Tpom603Mb60NIK

KoHGANKT nHTepecoB. ABTOPbI AEKNAPVPYIOT OTCYTCTBME ABHBIX 1 MOTEHUMANIbHBIX KOHGIVKTOB MHTEPECOB, CBA3aHHbIX C NyGIMKaumen HacTosAwwen
cTatbu.

Bknap aBTOpOB. B. B. BbiKOB pa3spaboTtan KoHUenuuio 1 fnsaiiH pykonucm ctatbm. A. B. BoikoBa, B. U. CmonbakoBa, I. A. YepHbiwesa, O. /. Anues,
A. M. AHnweHko, A. B. CngexmeHoBa BbINONHUAN 3KCNepumeHTbl. A. V. BeHreposckuin pegaktuposan cTatbio. Bce aBTopbl npyHMMann yyactue B
06cy>KAeHVN pe3ynbTaTos.

[Anayntnposanma: boikos B. B, boikoBa A. B., Cmonbsakosa B. ., YepHbiwesa . A., Annes O. U., AHnweHko A. M., CugexmeHoBa A. B., CtankeBuu C. A.,
Xa3aHoBB. A., BeHrepoBckuii A. . AHTUTpomMbOTHYECKas akTUBHOCTb NPOV3BOAHOMO UHAOIMHOHA — CTUMYSIATOPA PaCcTBOPVMON r'yaHUNaTLUKIa3bl.
Paspabomka u pezucmpayus nekapcmeeHHbix cpedcms. 2022;11(3):70-74. https://doi.org/10.33380/2305-2066-2022-11-3-70-74

INTRODUCTION

Antiplatelet (also called antiplatelet) drugs inhibit
the adhesion, activation and aggregation of platelets.
Their mechanism of action is mainly based on blocking
purine receptors P2Y . and glycoprotein receptors llb/
llla on platelet membrane, inhibiting the synthesis of
thromboxane A, inside platelets, increasing the levels
of adenosine and cyclic adenosine monophosphate.

This necessitates the development of effective and
safe antiplatelet drugs, able to block different stages of
hemostasis. The new antithrombotic drug, an indolinone
derivative codenamed GRS, differs in its mechanism of
action from the known antiplatelet drugs. Independently
of nitric oxide it stimulates soluble guanylate cyclase (sGC)
in the cytoplasm of platelets, endothelium and vascular
smooth muscle and increases the synthesis of cyclic

One of the dangerous adverse effects of antiplatelets is
severe bleeding, arising in 1-2% of patients receiving
antiplatelet therapy [1].

guanosine monophosphate (sGMP). This cyclic nucleotide
activates calcium-dependent ATPase of platelet granules
and sarcoplasmic reticulum with subsequent deposition
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of calcium ions, it also participates in phosphorylation of
vasodilator-stimulated phosphoprotein (VASP), reduces
vascular tone and platelet cytoskeleton mobility [2].

GRS compound has successfully completed Phase
| clinical trials in healthy volunteers and is currently in
Phase Il clinical trials in patients with ischemic heart
disease, undergoing endovascular revascularization of
coronary arteries.

Study goal - assess the antithrombotic action of
GRS compound in comparison with clopidogrel and
rivaroxaban in the following models: arterial thrombosis
induced by iron chloride application to carotid artery
wall in rats; thromboembolism induced by intravenous
administration of thrombin solution in mice; venous
thrombosis induced by the ligature of inferior vena cava
in rats.

MATERIALS AND METHODS
Test article

GRS (figure 1) substance is (2-[2-[(5RS)-5-(hydro-
xymethyl)-3-methyl-1,3-oxazolidine-2-yliden]-2-cya-
noethylidene]-1H-indole-3(2H)-one, lot 10320, assay
100.53 %, synthesized by J.S.C. "Organica" (Novokuznetsk,
Russia). LD, of GRS in rats is over 5000 mg/kg.

N
B OH
[T
H /

Figure 1. Structural formula of GRS

Animals

Studies were performed in the R&D center of
IPHAR and Goldberg Research Institute of Pharmacolo-
gy and Regenerative Medicine using 48 outbred male
Sprague-Dawley rats with body mass 275-300 g and
35 male CD-1 mice with body mass 20-22 g. The animals
were divided into 9 groups of 5-10 animals each, kept in
plastic cages (4-5 animals per cage) at temperature 18-
20 °C, relative humidity 45-65 %, air exchange 15 chan-
ges per hour and lighting mode 12:12 h.

The study was approved by institutional review
boards of Goldberg Research Institute of Pharmacology
and Regenerative Medicine (decision N° 63012014
dated 30.01.2014), Siberian State Medical University
(decision N¢ 5378 dated 24.10.2016) and of IPHAR
(decision N2 59/2020 dated 14.08.2020) and is performed
in accordance with the requirements of European
Convention for the Protection of Vertebrate Animals
(Directive 2010/63/EU) and the principles of Good
Laboratory Practice (Eurasian Economic Commission
decision N 81 dated 03.11.2016 and GOST 33044-2014).
Surgery and manipulations were performed under diethyl
ether anesthesia. The animals were sacrificed by diethyl
ether overdose.

Arterial thrombosis model

The animals (rats) were divided into 2 groups of
8 animals. 3 hours before surgery the animals were
administered GRS compound orally in median effective
dose 10 mg/kg [2] as a suspension in 0.5 % aqueous
solution of carboxymethyl cellulose (Ashland, USA, lot
C181411). Control group rats received the same volume
of carboxymethyl cellulose solution. Arterial thrombosis
was modelled by applying a 1.5 mg cotton wool pad,
soaked in 10% iron chloride solution (FeCl, Sigma-
Aldrich, USA, CAS 7705-08-0), to the carotid artery wall
of rats [3]. The tissues surrounding the pad were covered
by polyethylene film. After 15 minutes the pad was
removed, the application site was washed with isotonic
sodium chloride solution. After 60 min and 24 hours the
blood flow in common carotid arteries was measured
for 1 hours using electromagnetic blood flow meter
MFV-1100 (Nihon Kohden, Japan) with graph registration
using KSP-4 recorder (Teplopribor, Russia). The blood
clot was then removed from the carotid artery, washed
with isotonic sodium chloride solution, dried in a
dry-air thermostat TS-1/20 SPU (Smolensk SCTB SPU,
Russia) to constant mass at 60 °C for 24 hours and
weighed on laboratory scales (Adventurer AR2140 Ohaus
Corp., USA).

Thromboembolism model

The animals (mice) were divided into 4 groups of
10 animals. The animals were administered GRS com-
pound in 10 mg/kg dose or clopidogrel (Plavix®, 75 mg
film-coated tablets, Sanofi Winthrop Industry, France, lot
AA686, expiration date — 01.04.2023) in median effective
dose 10 mg/kg once orally for 3 days [4]. Control group
rats received 0.5% aqueous carboxymethyl cellulose
solution. 3 hours after the last test article administration,
the animals were infused 0.12 ml of thrombin solution
(500 U/ml, Technology-Standard, Russia, lot E009031)
in 60 U/animal dose [5]. Animal survival time and
mortality were measured for 15 min. Mice still alive after
15 min were considered "survived" and were sacrificed.
Animal lungs were histologically studied on dewaxed
slices stained with hematoxylin (Biovitrum, Russia, lot
1436) and eosin (MiniMed, Russia, lot 70). Samples were
examined using Carl Zeiss Axio Lab A1 microscope (Carl
Zeiss, Germany) at x100 magnifications. Clot area was
measured in 10 fields of vision (from 10 angles).

Venous thrombosis model

The animals (rats) were divided into 4 groups of
8 animals. The animals were administered GRS compound
in 10 mg/kg dose or rivaroxaban (Xarelto®, 15 mg film-
coated tablets, Bayer, Germany, batch BXJBI9R1, lot 35457,
expiration date 01.05.2022) in median effective dose
5 mg/kg [6]. The third group received the combination
of GRS and rivaroxaban in the same doses. Control
group rats received carboxymethyl cellulose solution.



Venous thrombosis was induced 1 hour after test article
administration by ligating the inferior vena cava below
renal veins, also ligating all visible side branches [7]. After
24 hours the clot was extracted from the inferior vena
cava, weighed, dried in a dry-air thermostat TS-1/20 SPU
(Smolensk SCTB SPU, Russia) to constant mass at 60 °C
for 24 hours and then weighed again on laboratory
scales (Pioneer 213C Ohaus Corp., USA) to calculate the
clot’s density.

Data processing

Experimental data was statistically processed using
Statistica 8.0 software. The results were presented as
means and mean standard deviation (M + m). Statistical
significance level between groups (p<0.05) was
calculated using Mann-Whitney U-test as one most
acceptable for small sample size [8] and Fisher test.

RESULTS AND DISCUSSION

In arterial thrombosis model control group rats
(without treatment) had carotid artery thrombosis in
75 % cases. Carotid artery occlusion was observed in
75 % of animals 60 minutes after modelling and in 50 %
of animals after 24 hours. GRS compound, administered
orally in 10 mg/kg dose 3 hours before iron chloride
administration, has increased mean time until blood
flow cessation in the carotid artery by 35% (p < 0.05).
Thrombosis in GRS group developed in 28 % of animals,
complete carotid artery occlusion in 28 % of animals after
60 min and in 14 % of animals after 24 hours (p < 0.05).
Blood clot mass did not statistically differ between groups
(table 1).

Therefore, the indolinone derivative GRS has con-
siderably reduced the frequency of thrombosis in expe-
rimental arterial thrombosis, but did not considerably

Research and development of new drug products
Mouck u pazpabomka Ho8bix JleKapCcmeeHHbIX cpedcms

affect blood clot mass. High efficacy of GRS at the initial
thrombosis stage may be associated with its stimulation
of soluble guanylate cyclase in endothelial and smooth
muscle cells, which prevented endothelial dysfunction,
developed a resistance to blood clot formation and
induced vasodilation.

Intravenous thrombin administration lead to genera-
lized thrombosis after 1-3 min with thrombosis of main-
ly pulmonary arteries, killing 9 animals out of 10, which
conforms to literature data [9]. After 3 days of oral admi-
nistration of GRS in 10 mg/kg dose once daily, mortality
in the test was 8 animals out of 10, while clopidogrel
administration in 10 mg/kg dose has reduced mortality
to 3 animals out of 10 (p < 0.05). Clopidogrel, as a classic
antiplatelet drug and an inhibitor of platelet P2Y,,
receptors, had potent antithrombotic action. Blood clot
area in the lungs in clopidogrel group was 48 % smaller
than in the control group (p < 0.05).

Time to animal mortality did not differ between GRS
and clopidogrel groups (p > 0.05) (table 2), likely because
this model involves immediate (in several minutes)
pulmonary embolism.

In a model of venous thrombosis in rats (table 3),
induced by the ligature of inferior vena cava, GRS
compound in 10 mg/kg dose has reduced wet blood
clot mass by 66 %, while rivaroxaban in 5 mg/kg dose
reduced it by 81 % (p < 0.05). Dried blood clot mass did
not statistically differ between GRS and rivaroxaban
group (p>0.05). High efficacy of GRS compound in
this deep vein thrombosis model is associated not only
with its antiplatelet effects, since it's well known that in
antiplatelets are less effective in preventing and treating
deep vein thrombosis and pulmonary embolism than
anticoagulants [10], but also the anti-inflammatory and
anti-atherosclerotic effects of GRS, and with an increase
of sGC sensitivity to endogenous nitric oxide [11].

Table 1. Antithrombotic action of an indolinone derivative GRS (10 mg/kg, oral) after single administration in a rat model

of arterial thrombosis, induced by iron chloride application (M + m)

Percentage of rats with complete
Group Time to blood flow 9 . P F-'ercentage ofrats Blood clot mass
X . occlusion with blood clot after
(n=8) cessation, min - after 24 h, mg
60 min 24h 24 h
Animals with i
nimals with carotid artery 206+ 14 6(75) 4(50) 6(75) 0.28 +0.05

thrombosis (control)
Animals receiving GRS 31.5+1.0*% 2(28)* 1(14)* 2(28)* 0.25 +0.05

Note. * Statistically significant difference from control animals (Mann-Whitney test), p < 0.05.

Table 2. Antithrombotic action of an indolinone derivative GRS (10 mg/kg, oral) after 3-fold administration in a mice model
of thromboembolism, induced by intravenous thrombin administration (M £ m)

Experimental conditions (n = 10)

Parameters Thrombosis (control) GRS 10.0 mg/kg Clopidogrel 10.0 mg/kg
Mortality, % 90 80 30%
Time to death onset, min 2.35+0.27 2.83+£0.58 2.72+0.40
Blood clot area, mcm? 2542 + 494 2168 + 260 1225 + 275#

Note. * Statistically significant difference in mortality (Fisher test), p < 0.05; # - statistically significant difference from control animals (Mann-Whitney test), p < 0.05.
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Table 3. Antithrombotic action of GRS compound (10 mg/kg, oral),
rivaroxaban (5 mg/kg, oral) and their combination after single
administration in a rat model of venous thrombosis (M + m)

. - Wet blood Dry blood
Experimental conditions
clot mass, mg | clot mass, mg

Venous thrombosis (control, n = 5) 51.3+6.8 13.1+2.1
GRS, 10 mg/kg (n=10) 17.1 £3.3* 43+0.9*%
Rivaroxaban, 5 mg/kg (n = 10) 9.6 + 3.4%* 2.55+0.8*
;omblnatlon of GRS and 125 + 3.5% 3.6+ 0.9%
rivaroxaban (n =10)

Note. * Statistically significant difference from control animals
(Mann-Whitney test), p <0.05; # - statistically significant difference
from GRS group (Mann-Whitney test), p < 0.05.

High efficacy of GRS compound in this deep vein
thrombosis model is associated not only with its anti-
platelet effects, since it's well known that in antiplatelets
are less effective in preventing and treating deep vein
thrombosis and pulmonary embolism than anticoagu-
lants [10], but also the anti-inflammatory and anti-athero-
sclerotic effects of GRS, and with an increase of sGC sen-
sitivity to endogenous nitric oxide [11].

Combined administration of 10 mg/kg GRS and
5 mg/kg rivaroxaban did not increase the antithrombotic
effect in this model, since GRS as a sGC stimulator inhibits
the development of platelet thrombus, while rivaroxaban
as a direct Xa factor inhibitor blocks the final stage of
coagulation hemostasis.

The obtained data demonstrate the high antithrom-
botic activity of a new soluble guanylate cyclase stimu-
lator GRS in models of arterial thrombosis, induced by
iron chloride application to the carotid artery, and ve-
nous thrombosis, induced by the ligature of inferior vena
cava. GRS compound had no significant antithrombotic
effect in a model of acute thromboembolism induced by
intravenous thrombin administration. Thrombin increases
platelet and coagulation hemostasis, increasing platelet
aggregation and activation with active participation
of PAR-1 receptors and, being a proteolytic enzyme,
catalyzes fibrin synthesis. Considering the fast and potent
effect of thrombin, P2Y12 platelet receptor inhibitor
clopidogrel has more potent antithrombotic effects in
this model than sGC stimulator GRS.

According to prior studies, antiplatelet action of
GRS compound is more pronounced towards increased
platelet aggregation in cardiovascular diseases. In addi-
tion, GRS improves the function of vascular endothelium.
Unlike GRS, clopidogrel irreversibly blocks platelet ag-
gregation and increases the risk of bleeding.

Absence of antithrombotic activity of GRS compound
in a model of thrombin-induced acute pulmonary embo-
lism shows that GRS can't serve as a first-line drug in ge-
neralized thrombosis or high risk of thromboembolism.

CONCLUSION

The new indolinone derivative GRS has potent
antithrombotic action in models of arterial and venous
thrombosis in rats, while not preventing pulmonary
vessel thrombosis in mice after thrombin administration.

Being a stimulator of soluble guanylate cyclase, GRS
compound not only inhibits platelet aggregation, but also
improves the function of endothelium in cardiovascular
pathologies.
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