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CDapMaKOKVI HEeTNKa HOBOIro aHTUarperaHtTa —
npomn3sogHoOro MHAOJIMHOHa B SKCrepmnmMmeHTe

B.B. bbikoBI2 A.B. BbikoBal, K.A. JleoHoB], A.N. BeHreposcknin2 B.B. YayT3

1000 «/HHOBaLWIOHHbIE (hapMaKosiormyeckue paspadboTkm», ToMcK, Poccms
2PI'BOY BO «CubupcKuii rocyaapc TBEHHbI MeAVILMHCKN YHUBepcTeT» MuH3gpasa Poccumn, Tomck, Poccnst

HUW chapmakonormm npereHepa TUBHOM MegnumHbl M. E. [, Monbgbepra @rEHY «ToMCKWin HauyoHaUbHb I
viccnefoBaTeNbCKUM MegULMHCKUIA LIeH TP Poccuiickoli akafileMnm Hayk», TOMCK, Poccust

AHHOTAUWNA

BeepgeHue . OT 0OCNOXHEHWUI (Hanbonee YacTble N3 HUX - TPOM6GO3bl MO3r0BbIX, KOPOHAPHbIX 1 NepuepuyeckKnx cocy-
[10B), BbI3BaHHbIX 3260/1eBaHUAMUN CePLEYHO-COCYANCTOM CUCTEMbI, EXKErOAHO YMUpPaeT 60s1ee 18 MaH Yen. na onTuManbHOM
NponNakTUKM TPOMOO30B B pamMmKax afleKBaTHOM aHTUTPOMOOTMYECKOWN Tepannmn pauoHasibHO NPUMEHATL JIEKAPCTBEHHbIE
cpeacTsa, cnocobHble 3 eKTUBHO Npedynpexaatb 06pa3oBaHe TPOM60B 63 0NacHOCTU Pa3BUTUA KPoBOTeUeHUA. Hosoe
NPOn3BOAHOE MHAOMNHOHA (WNMP - GRS) 0Ka3bIBaeT BbIpaXKeHHOE aHTUarperaHTHoe aelictene 1 obnagaeT HU3KOW TOKCUY-
HocTbto (LD Ana kpbic > 5000 mMr/kr). NMoHMMaHWe 0CO6eHHOCTeN (hapMaKOKUHETUKN coeguHeHns GRS npun BHYTPUBEH-
HOM W BHYTPWXKENYLOYHOM BBeAEHNM HEOOX0AMMO AN onpefeneHnsa 3P(PeKTUBHBIX 403 N peXXKMMa Ha3HauyeH s,

L enb . Onpegenntb 0CO6EHHOCTU hapMakKOKMHETUKN HOBOFO aHTMarperaHTa - Npon3BogHoro nHagonnHoHa (GRS) npu
€ro 0JHOKpaTHOM BHYTPMBEHHOM W BHYTPMXXENYA04YHOM BBEAEHUWN KpbICaM.

MaTtepunans n mMeTopgbl .CoegnHeHne GRS BBOAUAN B XBOCTOBYHO BEHY B 103€ 1 MI/KI B BOLHOM pacTBOpe UAn BHYTPU-
YKeNyaoyHo B fo3e 10 Mr/Kr B BuAe CycreH3un B BOAHOM pacTBope KapboKCcuMeTuauenaonosbl. MNocne seeaeHns 3abupanu
06pa3uybl Kpom vepes 5, 10, 20, 40 MyH, 1, 2, 4 1 8 U 1 Mo4n Yepes 2, 4, 8, 12 1 24 4. Cogep>kaHue coegmHeHns GRS B 6ronormye-
CKMX 06pa3uax M3Mepssiv MeTOA0M BbICOKO3(h(eKTUBHOM XXMAKOCTHOM XpoMaTtorpadum ¢ ynbTpadunoneToBbiM AeTEKTUPOBAHNEM.
Pe3ynbTaThbl . YCTaHOBNEHO, YTO BHE 3aBUCUMOCTM OT crocoba BeeAeHUs GRS ero aHTMarperaHTHbIn ahheKkT NposBis-
eTcsA BTeYEHME He MeHee 8 Y, NPpuY 3TOM IMNOU/IbHOE COeJMHEHWE NAacCUBHOM AN dy3neli 6bICTPO pacnpegenseTcs BopraHax
M TKaHAX, nogsepraeTcsa buoTpaHcopmaLm 1 BbIBOAUTCA C MOYOM MPEMMYLLECTBEHHO B BUAe MeTaboNnToB, AoKa3aTelb-
CTBOM Yero ABMSETCA BbIBEAEHME C MOYOIN B HEM3MEHEHHOM BuAe He 6onee 2.5 %. buogocTynHocTb GRS He npeBblwaeT 12 %.
3aknwyeHne . CoeguHeHne GRS nNpu BBEAEHUN B BEHY U XKENYA0K KpbiCaM BbIBOAUTCA C MOYOWN NMPENMYLLLECTBEHHO
B BUAE MeTaboNIMTOB, METAB0/TMUYECKUIA KNUPeHC 60/1ee BbipaXKeH NpU BHYTPUXKENYA0UHOM BBegeHUM GRS.

Knto4yeBble cnosa: Npou3BogHOE MHAOMNMHOHA, 3KCKPEeLMs C MOYONA.

O6pasey umTmpoBaHwmusna: bbikos B.B., BbikoBa A.B., JleoHoB K.A., BeHrepoBckuin A.W., YayT B.B. dapmako-
KMHETUKa HOBOFO aHTMarperaHta - npou3BoAHOro MHAOMMHOHA B aKcnepumeHTe // Journal of Siberian Medical Sci-
ences. 2022;6(4):77-86. DOI: 10.31549/2542-1174-2022-6-4-77-86

Pharmacokinetics of a new antiplatelet agent, an indolinone
derivative in the experiment
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ABSTRACT
Introduction. More than 18 million people die every year from complications (the most common of them are
thrombosis of the cerebral, coronary and peripheral vessels) caused by diseases of the cardiovascular system. Optimal
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prevention of thrombosis (antiplatelet therapy) requires the use of drugs that would be able to effectively prevent throm-
bus formation without increasing the risk of bleeding. A new indolinone derivative (codenamed GRS) has potent antiag-
gregant action and low toxicity (LD®for rats >5000 mg/kg). However, selecting the effective dose and dosage regimen for

GRS requires data on its pharmacokinetics in oral and intravenous administration.

Aim. Todetermine the pharmacokinetics ofa new antiplatelet agent, an indolinone derivative (GRS) after a single intra-
venous and oral administration to rats.

Materials and methods. The GRS compound was administered as a 1 mg/kg aqueous solution into the tail
vein or as a 10 mg/kg suspension in carboxymethyl cellulose aqueous solution for oral (intragastrical) administration.
Blood samples were taken at 5, 10, 20, 40 min, 1, 2, 4, and 8 h, and urine samples were collected at 2, 4, 8, 12, and 24 h after
administration. GRS was detected in biological samples using high-performance liquid chromatography with ultraviolet
detection.

Results. The studyhas demonstrated thatwith both routes ofadministration, the antiaggregant effect of GRS lasts for
at least 8 hours, being lipohpilic, GRS is rapidly distributed in organs and tissues by passive diffusion, undergoes biotrans-
formation and is excreted in the urine mostly as metabolites, since at most 2.5% of the initial compound is excreted in the
urine. Bioavailability of GRS does not exceed 12%.

Conclusion. Afterintravenous and oral administration to rats, the GRS compound is excreted in the urine mostly as

metabolites; metabolic clearance is more prominent after GRS oral administration.

Keywords: indolinone derivative, urinary excretion.
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BBEAEHWE

3abonesaHna cepaevyHO-COCYAUCTON CUCTEMBI
ABNSKOTCS [NaBHOW NPUYNHOMA CMEPTHOCTU BO BCEM
MUpe, OT NX OC/IOXKHEHW eXerogHo ymupaet 6onee
18 MnH 4en. Hambonee yacTbl TaKMe OC/IOXKHEHUS,
KaK TPOM603 MO3roBbIX, KOPOHAPHbIX U nepudepn-
yeckux cocygos [1]. AnA onTuManbHOW npodunnak-
TUKN TPOMOO30B B paMKax aieKBaTHOM aHTUTPOM6BO-
TNYECKO Tepannu pauoHaibHO MPUMEHSITb IeKap-
CTBEHHbIE CpeACcTBa, CNOCOOHbIE 3(PHEKTUBHO Npeay-
npexaatb o6pa3oBaHuMe TPOMOG0OB 6e3 omnacHOCTU
pa3BUTUS KPOBOTeYeHUM. Cpean aHTUTpPOMOGOTUYE-
CKNX CPeACcTB 3TOMY TpeboBaHMIO B HanbosbLUEen cTe-
neHu yA0BNETBOPSAIOT aHTUarperaHTbl [2-6].

Hosoe npoussBogHOoe WHAONMHOHA (Wndp -
GRS) oka3sbiBaeT BblpaXXeHHOe aHTuMarperaHTHoe
aencteue n o6sagaetT HU3KOM TOKCMYHOCTbIO (LDSD
Ans kpbic >5000 mr/kr). B TpomboumTax coegnHe-
Hne GRS cTUMyNupyeT LMTO30/IbHYIO PacTBOPUMYIO
ryaHmnatumkniasy u yBenmumBaeT CUHTE3 LUKInNYe-
CKOro ryaHo3mHMoHogochaTta. IOTOT BTOPUYHbIN
MecCeH>Xep BbI3blBaeT [AerNoOHMPOBaHUE WOHOB
Kanbunsa B rpaHynax TpomM6OLUTOB W ycTpaHseT
aKkTuBupylowee BAnsHMe Ca2+ Ha CBA3blBaHWE
hnbpuHoreHa ¢ Tr/INKOMPOTEMHOBBLIMU peLenTo-
pamu I1b/111a. B pe3ynbTate TOpMO3UTCS arperayms
Tpomb6ounTos [7].

MoHMMaHMe 0C06eHHOCTEN (hapMaKOKUHETUKN
coefinHeHNA GRS Npu BHYTPUBEHHOM U BHYTpUXKe-
NyLOYHOM BBeJeHMU HeobXo4MMO A5 ornpejene-
HNA 3PPEeKTUBHbBIX 403 U PEXXUMA HA3HAYEeHUS.
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INTRODUCTION

Diseases of the cardiovascular system are the
main cause of death worldwide, more than 18 million
people die every year from their complications. The
most common complications are thrombosis of cere-
bral, coronary and peripheral vessels [1]. For optimal
prevention of thrombosis (antiplatelet therapy), itis
rational to use drugs that can effectively prevent
thrombus formation without the risk of bleeding.
Among antithrombotic agents, antiaggregants meet
this requirement to the greatest extent [2-6].

A new indolinone derivative (codenamed GRS)
has a pronounced antiplatelet effect and low toxicity
(LDXfor rats > 5000 mg/kg). In platelets, the GRS
compound stimulates cytosolic soluble guanylate
cyclase and increases the synthesis of cyclic guano-
sine monophosphate. This second messenger causes
the deposition of calcium ions in platelet granules
and eliminates the activating effect of Ca2+on fibrin-
ogen binding to glycoprotein Ilb/11la receptors. As a
result, platelet aggregation is inhibited [7].

Understanding the pharmacokinetics of the GRS
compound in intravenous and oral administration is
necessary to determine the effective dose and dosage
regimen.

AIM OF THE RESEARCH

To determine the pharmacokinetics of a new
indolinone derivative with antiplatelet action (GRS)
after a single intravenous and oral administration to
rats.
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LLE/Tb MCCJTEQOBAHUNA

Onpenenntb 0COG6EHHOCTU (hapMakKOKUHETUKN
HOBOr0o MPOW3BOAHOI0 MHAO/IMHOHA C aHTuarpe-
raHTHbIM gevicteuem (GRS) npun 04HOKPATHOM BHY-
TPUBEHHOM W BHYTPWXXENYAO0YHOM BBEAEHUU Kpbl-
cam.

MATEPUVAJIbI N METO/bI

MponssogHoe MHAonNnHoHa GRS npeacTaBnset
coboii  (2-[2-[(5RS)-5-(rngpokcnumeTn)-3-MeTUN-
1,3-0KCa30nnanH-2-nnngeH]-2-umnaHoatTnnngeH]-
1H-nHAgon-3(2H)-oH) (puc. 1).

JKCrneprvMeHTbl MPOBOAMAM B UCMbITATENbHOM
ueHTpe OOO «WMHHOBaUMOHHbIE (hapmMaKkosormye-
CKne paspaboTtkm» (ML) Ha 90 Kpbicax-camuax
nuHMK Sprague Dawley maccon Tena 250 = 10 T.
YKMBOTHbIX NOMy4yanun U3 otaeneHus nabopaTtopHbIX
YXMBOTHbIX VL, cogep>kanu B cTaHAAPTHbIX N1acTu-
KOBbIX KJ/leTKax Nno 5 KpbiC Mpu Temnepatype
18-26 °C, OTHOCWUTE/NIbHOW BAAXHOCTM BO3AyXa
45-65 %, Bo3ayxoobmeHe 15 o6bemoB/Y 1 perynm-
pyemMoMm cBeTOBOM pexxunme (12:12 4). NiccneposaHue
0406peHO aTuveckumm komutetamm OOO «UMHHO-
BaLMOHHbIE  (apMakosiormyeckme paspaboTKmn»
(npotokon ot 21.03.2019 Ne 06/2019) u Cunbup-
CKOro rocygapCTBeHHOro MeaAnLUHCKOro YHUBEPCU-
TeTa (NpoTokon oT 24.10.2016 Ne 5378), npoBeAeHO
B COOTBETCTBMMU C NOMIOXKEHUAMU EBpONeicKoli KoOH-
BEHUMMN MO 3awmte NabopaTOpPHbIX >KUBOTHbIX
(Ctpacbypr, 1986) ¢ cobnogeHneM APUHLUMNOB W
npaswa Hagnexawein nabopaTopHOW NPaKTUKK
(PeweHne CoBeTta EBpasninickoil 3KOHOMWYECKON
KoMuccum oT 3 Hos16ps 2016 r. Ne 81 m TOCT 33044-
2014).

MponssogHoe nHAoNAMHOHa GRS BBOAUAU KpPbl-
caM OJHOKPaTHO: B XBOCTOBYIO BEHY B BOAHOM pac-
TBOpe (0.5 M) B fo3e 1 MI/Kr nnu BHYTPUXKeNy-
[O4YHO B BuAe cycrneH3unm B 0.5% BogHOM pacTBope
KapbokcumeTunuenntonossl (1 ma) B gose 10 mr/kr.
[o3bl coeanHeHna GRS aBnaoTcsa ahheKTUBHbIMU
TepanesTudeckumm (EDF) npm pasHbIX NyTSX BBe-
JeHuns, 6onbluasn Aosa Ass npuemMa BHYTpb 06yC/oB-
nleHa HWU3KOM 6MOAOCTYNMHOCTLIO BellecTBa [7].

MATERIALS AND METHODS

The indolinone derivative GRS is (2-[2-[(5RS)-5-
(hydroxymethyl)-3-methyl-1,3-oxazolidin-2-
ylidene]-2-cyanoethylidene]-1H-indole-3(2H)-on)
(Fig. 1).

The experiments were carried out at the
Research & Development Center of the Innovative
Pharmacological Research, LLC (IPHAR, LLC) on
90 male Sprague Dawley rats weighing 250 + 10 g.
The rats were obtained from the Animal Facilities of
the IPHAR, kept in plastic cages of 5 rats at a tem-
perature of 18-26°C, environmental relative humid-
ity of 45-65%, air exchange rate of 15 vol./h and
adjustable light mode (12:12 h). The study was
approved by the local ethic committees of IPHAR,
LLC (No. 06/2019 dated 21.03.2019), and the Sibe-
rian State Medical University (Protocol No. 5378
dated 24.10.2016); it was conducted in accordance
with the provisions of the European Convention for
the Protection of Vertebrate Animals used for Exper-
imental and Other Scientific Purposes (Strasbourg,
1986), and in compliance with the principles and
rules of Good Laboratory Practice (Decision of the
Council of the Eurasian Economic Commission
No. 81 of November 3, 2016, and GOST 33044-2014).

The indolinone derivative GRS was administered
to rats once: into the tail vein as a 1 mg/kg aqueous
solution (0.5 ml) or orally (intragastrically) as a
10 mg/kg suspension in a 0.5% carboxymethyl cel-
lulose aqueous solution (1 ml). Doses of the GRS
compound are effective therapeutic (EDJ) for differ-
ent routes of administration; the high dose for oral
administration is due to the low bioavailability of the
substance [7]. The animals were divided into
4 groups: in the 1st and 2nd groups (40 animals
each), after intravenous or oral administration,
under light anesthesia with sevoflurane, blood sam-
ples were taken from the cardiac cavity after 5, 10,
20, 40 min, 1, 2, 4 and 8 h (from 5 animals at one
time point). In the 3rd and 4th groups (5 animals in
each), urine was collected after 2, 4, 8, 12 and 24 h.
The blood was stabilized with heparin sodium
(50 U/ml), plasma was obtained by centrifugation at

0
= (N
0
N \/g(j/ CH,OH
H
N

/
H,C

Puc. 1. CTpyktypHas opmyna GRS

Fig. 1.
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YXMBOTHble 6bINIV pa3fesieHbl Ha 4 rpynnbl: B 1-1 n
2-1 rpynne (40 >XMBOTHbIX B Ka)XA0i) nocne BHY-
TPUBEHHOIO WAM BHYTPUXKENYAOYHOrO0 BBeAEHUS,
noA nerkMm HapKo3oMm ceBoghlypaHoM, 3abupanu
KpPOBb 13 N00CTU cepAua vepes 5, 10, 20, 40 MmuH, 1,
2,41 84 (y5ocobein B ogHON BPEMEHHOW TOUKE).
B 3-ii n 4-i rpynne (5 )XMBOTHbIX B KaXkA0MN) cobu-
pann mouy yepes 2, 4, 8, 12 n 24 4. KpoBb cTabunm-
3upoBanu renapuHom Hatpus (50 EO/mn), nnasmy
nony4vyanun yeHTpudyrnposaHunem npum 1500 g. Ans
Nosly4eHUs 4OCTAaTOYHOro Ko/inyecTsa Moym 3a 2 4
[0 ee c60pa XXMBOTHbIM BHYTPMXKENYLOYHO BBOAUN
5 MN AMCcTUNIMPOBaHHOM Boabl. Mouy cobupanu ¢
nomowiblo mMeTabonmnueckmx kamep (OpenScience,
Poccus).

O6pasubl N1a3Mbl U MOYU XPaHWUAIN B MOPO3WUJib-
HOM Kamepe npu -70 °C. KoHueHTpayuto coegnHe-
HMA GRS onpegensnu mMeToLoM BbICOKOI((EKTUB-
HOW XXNAKOCTHOW XpomaTorpadgum (BA>XKX) Ha xpo-
mMaTorpage «Munuxpom A-02» c ynbTpadunoneTto-
BbiM (Y®P) cneKTpohOTOMETPUYECKUM [AETEKTOPOM
(000 WX «32koHoBa», Poccus). AHanm3 npoBo-
ONNN Ha KOJIOHKe pasMepoM 75 X 2 MM, 3anosiHeH-
Hol copbeHToM ProntoSil-120-5-C18 AQ (OO0 X
«9KoHoBa», Poccus) ¢ gnameTpom 4vactuy, 5 MKM.
Buonornyeckne obpasubl B npoLecce 3KCTpakumm
nepemMewnBasin Ha 1abopaTtOPHOM MEAULLUHCKOM
welikepe Vortex V-3 (ELMI Ltd, /latBus). BogHo-
opraHuyeckyto a3y o6pasLoB ocaxaasin B LLeHTPU-
dyre Biofuge pico (Heraeus Group GmbH, lepma-
HNA), OpraHMYecKuii pacTBoOpuTesb ynapusanu B
BaKyyMHOM KoHUeHTpaTtope UniEquip 100 ECH
(UniEquip, F'epmaHuns). 4na n3eneyeHns coeguHe-
Hus GRS npumeHsann metogq QUEChERS, ocHoBaH-
HbI Ha XXMAKOCTHOM 3KCTPaKLMN aLueTOHUTPUIIOM.

B3)KX-aHanin3 npoBoAUAMN NPU  CNeayoLmx
YCNOBUSAX:

- noaBw>kHas ¢pasa A - 0.01 M pacTBop amMMmo-
Hus auyetata (pH 4.0);

- noaBum>Has hasa b - metaHon;

- CKOpOCTb NoToka anteHTa - 0.15 Mn/MuH;

- TeMmnepartypa KonoHku - 35 °C;

- 06beM BBOAMMOM NpPo6bl - 20 MK;

- O/IMHAa BOJTHbI Y®-aeTekTOopa - 360 HM;

- PEXWM 3NOUPOBAHUSA - TPAANEHTHbIN.

XpomartorpaMmmbl 06pabaTbiBa/in € MOMOLLLIO
nporpaMmmMHoro obecneveHnst «MynbtnXpom» (3A0
«AmnepceH», Poccus). PazpaboTaHHbIe METOAMKN
BaIMANPOBasIN cornacHo Tpe6oeaHuam [8, 9].
MeTponornyeckmne xapakTepucTUKU paccymTbiBain
cornacHo [10].

Ha ocHOBaHMM MNONYYEHHbIX KOHUEHTpaLuui
cTponnn hapmMakoKUHeTUYECKMe npodunnu coegm-
HeHVsA GRS B nna3me u onpegensann 3aBUCUMOCTb

80

1500 g. To obtain a sufficient amount of urine, 5 mi
of distilled water was administer intragastrically 2 h
before sampling. Urine was collected using meta-
bolic cage (OpenScience, Russia).

Plasma and urine samples were stored in afreezer
at -70°C. The concentration of the GRS compound
was determined by high-performance liquid chro-
matography (HPLC) on a MiLiChrome A-02 chro-
matograph with an ultraviolet (UV) spectrophoto-
metric detector (Institute of Chromatography, Eco-
Nova, LLC, Russia). The analysis was performed
using a 75x2 mm column filled with a ProntoSil-120-
5-C18 AQ sorbent with a particle diameter of 5 pm
(Institute of Chromatography, EcoNova, LLC, Rus-
sia). In the process of extraction, biological samples
were mixed on a Vortex V-3 laboratory medical
shaker (ELMI Ltd., Latvia). The aqueous organic
phase of the samples was precipitated in a Biofuge
pico centrifuge (Heraeus Group GmbH, Germany),
the organic solvent was evaporated in a UniEquip
100 ECH vacuum concentrator (UniEquip GmbH,
Germany). To extract the GRS compound, the
QUEChERS technique was used, based on liquid
extraction with acetonitrile.

HPLC was performed under the following condi-
tions:

- mobile phase A - 0.01 M ammonium acetate
solution (pH 4.0);

- mobile phase B - methanol;

- eluent flow rate - 0.15 ml/min;

- column temperature - 35°C;

- volume of asample - 20 pl;

- UV detector wavelength - 360 nm;

- elution mode - gradient.

Chromatograms were processed using the Multi-
Chrom software (Ampersand Ltd., Russia). The
developed technique was validated according to the
requirements [8, 9]. Metrological characteristics
were calculated according to [10].

Based on the concentration values obtained,
pharmacokinetic profiles of the GRS compound in
plasma were made, and the dependence of the
amount of GRS excreted in the urine on the admin-
istered dose was determined. The pharmacokinetic
parameters were calculated and the results were
processed using the Microsoft Excel and Statistica
8.0 software package. The normality of data distri-
bution was assessed by the Shapiro-Wilk test. The
normal distribution was revealed; therefore, the
significance of differences (p < 0.05) in the groups
of animals was determined using Student’s t-test.
For all pharmacokinetic parameters, the mean
value and standard error of the mean were calcu-
lated [11].
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BbIBEJEHHOr0 C MO4Y0i KonnyecTBa GRS oT BBeAEH-
HOM p[o3bl. [Ana pacyeTa (HapMakKOKUHETUYECKUX
rnapamMeTpoB U CTaTUCTUYECKON 06paboTKM pe3y/b-
TaTOB NpPUMeEHANN NakeT nporpamm Microsoft Excel
n Statistica 8.0. HopmanbHOCTb pacnpegeneHums
JaHHbIX oOueHMBaNM Mo Kputeputo Lanupo -
Yunka. BblfiBNeHO HopmanbHOe pacrpegesieHue,
MO3TOMY AOCTOBEPHOCTbL pa3nununii (p < 0.05) noka-
3aTenieid B rpynnax >XWMBOTHbIX yCcTaHaBnMBanu ro
t-kpuTepuio CTblofeHTa. [na Bcex (hapMaKOKUHe-
TUYECKNX NapameTpoB paccynTbiBaIN cpegHee 3Ha-
yYeHUe N cTaHJapTHYIO oWmn6Ky cpegHero [11].

PE3YJIbTATbI N1 OBCY>XAEHWE

Mpn BHYTPUBEHHOM BBeAeHUN coegnHeHne GRS
nmeeT 60/bLUOK 06BbeM pacnpegenenmsa (0.67 n) 3a
cyeT MOCTYN/eHNA B OpraHbl M TKaHW U HaKoMNJ/eHns
B (POPMEHHbIX 3NeMeHTax KpoBu (KOappuumneHT
pacnpefeneHus UenbHas KpoBb/nna3ma coctaBnser
1.6). MNMpwu BbicOKOM 06LLLeM KanpeHce (1.33 n/4) coe-
AnHeHns GRS 10719 NnoYeYHOro KIMpeHca He npeBbl-
waet 2.5 %. [AelcTBUTENbHO, ANSA MNPOU3BOAHbLIX
WHAOMMHOHA MOYEeYHbIA NyTb 3KCKPeLnn aBnseTcs
MWUHOpPHbIM [12]. Mpwn aTom coegnHeHne GRS nNoxo
NPOHMKAEeT B TKaHb MOYEK, rae KoaULUUeHT ero
TKaHeBOW pgocTynHocTn ft cocTtaBnser Bcero
0.43 £+ 0.06 [13]. Mepwrog NonyanuMmUHaymm coean-
HeHnst GRS kopoTkuit - 0.35 4 (tabn. 1). Tak, ero
HayajsbHas KOHUEHTpauusa B naasme - OKOJO
962 Hr/mn B nepBble 20 MUH YMEHbLUAAcb MOYTU B
10 pas, o 99.17 Hr/mn, a vepes 4 4y BewecTBo GRS B
nnasme He onpegensanocb (HUXHWUA npegen Konuye-

RESULTS AND DISCUSSION

With intravenous administration, the GRS com-
pound has alarge volume of distribution (0.67 I) due
to its entry into organs and tissues, and accumula-
tion in blood cells (whole blood/plasma distribution
coefficient is 1.6). With a high total clearance
(1.33 I/h) of the GRS compound, the proportion of
renal clearance does not exceed 2.5%. Indeed, for
indolinone derivatives, the renal route of excretion is
minor [12]. At the same time, the GRS compound
poorly penetrates into renal tissue, so its tissue avail-
ability ftis only 0.43 + 0.06 [13]. The half-life of the
GRS compound is short, 0.35 h (Table 1). Thus, its
initial plasma concentration is about 962 ng/ml, in
the first 20 min decreased by almost 10 times, to
99.17 ng/ml, and after 4 h the GRS substance was not
detected in plasma (the lower limit of quantification
of the analytical method was 10 ng/ml). The mean
retention time (MRT) of the GRS compound in
plasma was 0.94 h (Fig. 2).

Bioavailability of the indolinone derivative with
oral administration to rats is only 11-12% due to
presystemic elimination during the first passing
through the small intestine and the liver. Its maxi-
mum plasma concentration (150.2 ng/ml) was
reached after 30 min; after 8 h, the compound was
sensibly undetectable in plasma (see Fig. 2). With
oral administration, the GRS compound has a sig-
nificantly larger volume of distribution (26.53 I) and
total clearance (11.93 I/h) than with intravenous
administration (see Table 1). In addition, the vol-
ume of GRS distribution significantly exceeds the

Ta6nuua 1. PapMakKoKMHETUYECKME NOKa3aTe M NPON3BOAHOI0 MHAONNHOHA GRS Npy 0JHOKPAaTHOM BHYTPVMBEHHOM Y

BHYTPV>KENYA0UHOM BBEAEHUW KpbiCaM

Table 1. The pharmacokinetic parameters of the indolinone derivative GRS after a single intravenous and oral

administration to rats

MapameTp / Parameter

[o3sa, mr/kr | Dose, mg/kg

O6bem pacnpegeneHus, n / Volume of distribution, |
Mepuog nonyanumunaymm (T, u / Half-life (T2, h
O6wnii knupeHc, n/y | Total clearance, I/h
MouyeuHbIli KNUpeHc, n/4 | Renal clearance, I/h
MoueyHblii kKNupeHc, % / Renal clearance, %

CpeaHee Bpems yaepyKaHusl B nnasme, 4
Mean retention time in plasma, h

Ab6contoTHas 6uogoctynHocTb, % / Absolute bioavailability, %

CB#3b ¢ 6enkamu nnasmbl, % / Plasma proteins bindings, %

BHyTpuBeHHOe
BBeAeHUe
Intravenous
administration

BHYTpuxXenypo4yHoe
BefleHMe

Oral

administration

1 10

0.67 £0.29 26.53 £ 9.47*
0.35 £ 0.07 1.45 + 0.44*
1.33 £0.89 11.93 +£5.66*
0.03 £ 0.02 0.08 +0.06
2.49 £0.51 0.68 £0.22*
0.94 + 0.05 1.34 £ 0.11*
100 11.1+26
55.1+1.0 55.1+1.0

* CTaTUCTUYECKM 3HAYMMble OT/IMYNA OT NokasaTens NpuM BHYTPUBEHHOM BBefeHUUN coeanHeHnsa GRS (p < 0.05).
Significant differences from intravenous administration ofthe GRS compound (p < 0.05).
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CTBEHHOrO OMpefeNnieHNss aHa/IMTUYECKOA MeTo-
ankn - 10 Hr/mn). CpefiHee BpeMs yaepyXKaHUs coe-
AvHeHns GRS B nna3me (MRT) - 0.94 4 (puc. 2).

BuogocTynHOCTb MNPOU3BOAHOIO0 WMHAO/IMHOHA
npu  BHYTPUXKENYAOYHOM  BBEAEHUW  KpbiCaMm
cocTtaBnseT Bcero 11-12 % BcnencTeve NpecucTemM-
HOW 3MUMMHALMK NP MePBOM Maccaxe vyepes TOH-
KNI KNLWWEYHUK N NeYveHb. Ero makcMmanbHas KOH-
ueHTpauusa B nnasme (150.2 Hr/mn) gocturanach
yepe3 30 MUH, cnycTd 8 4 coeuHEHMe B Mnjasme
npakTnyeckn He onpegensnoce (cMm. puc. 2). Mpu
BHYTPMXXENYyAOYHOM BBefeHUUN coefuHeHune GRS
MMeeT 3HauYnTeNbHO 6oMblUMe, YeM MPU BHYTPU-
BEHHOM BBeAeHUMN, 06beM pacrnpegeneHms (26.53 n)
n o6wunin knupeHc (11.93 n/4) (cm. Tabn. 1). Kpome
Toro, obvem pacnpegesieHna GRS 3HauuTeNbHO
npesblllaeT 06bEM BCEX XXUAKUX cCpej opraHu3ma
KPbICbI, & ero 06 Knin KNMpeHc B 5.6 pasa BblLLe CKO-
pPOCTM MNEeYEeHOYHOro KpoBoToKa [14]. 9To 06bACHA-
eTCHa 3HauuTes/lbHbIM pacnpegeneHnemM U AenoHU-
poBaHneM GRS B opraHax W TkaHax [13], w,
BEPOATHO, MHTEHCMBHOW (hepMeHTaTUBHOW WHaK-
TuBaumen B nedyeHu. AAnTeNbHbI nepuog nony-
sanumunHaymn (1.45 4) n Npopo/mKNUTeNbHOE yaep-
»XaHue B nnasme (1.34 4) Npu BHYTPUIXKENYLOYHOM
BBEAEHUN ABNAKOTCA CNeACTBUEM  MeO/IEHHOr0
nocTynsaeHus coeguHeHns GRS B KPOBb B npoLiecce
BCacblBaHMA M3 KULLEYHMKA U MepepacnpeesieHnn
N3 TKaHei.

Jonsa noyeyHoro knupeHca coeguHeHns GRS
NPV BHYTPUXKENYA0UYHOM BBEAEHUN B 3.7 pa3a HUXKe,
YyemM [MpU BHYTPUBEHHOM BBefeHUU. OYEBUIHO,
60/blLLUee KONYEeCTBO MOJIEKY BbIBOAUTCS C MOYON

volume of all liquid media of the rat body, and its
total clearance is 5.6 times higher than the liver
blood flow rate [14]. This is due to the significant
distribution and accumulation of GRS in organs and
tissues [13], and probably, due to an intensive enzy-
matic inactivation in the liver. A long half-life
(1.45 h) and prolonged retention in plasma (1.34 h)
with oral administration are a consequence of the
slow entering of the GRS compound into the blood-
stream upon absorption from the intestine and
redistribution from tissues.

The proportion of renal clearance of the GRS
compound in oral administration is 3.7 times lower
than with intravenous administration. Obviously,
more molecules are excreted in the urine unchanged
when administered intravenously than when admin-
istered orally.

The GRS compound is completely eliminated
from the body in 8 and 12 h with intravenous and
oral administration, respectively (see Table 2),
cumulative excretion of GRS with oral administra-
tion is insignificant, and does not exceed 1%. Previ-
ously, an experiment in vitro showed that the GRS
compound after 10-min incubation with platelets of
rats reduced their ability to aggregate by 40% [7],
such systemic exposure of GRS in plasma is sufficient
for a persistent antiplatelet effect without the risk of
bleeding. The antiplatelet effect after a single oral
administration of the GRS compound lasts for 8 h.

Log (C/C ) (C and C are concentrations of a
substance in the n-octanol and water phases, respec-
tively) ofthe GRS indolinone derivative in the n-octa-
nol-water system is 0.9, which indicates its lipophilic

BHYyTpunBEeHHOE BBEAEHWNE
Intravenous administration

BHYTpuyKenyao4Hoe BBefieHMe
Oral administration

Puc. 2. dapmakoKMHeTUYECKNI Npodhnnb coeguHeHna GRS B nnasme Kpbic
nocsie 04HOKPaTHOro BHyTPUBEHHOIO BBeAeHNSA B f03e 1 MI/KI 1 BHYTPVXKEYAOYHOro BBeAeHMS B Ao3e 10 Mr/kr
Fig. 2. The pharmacokinetic profile of the GRS compound in rat plasma
after a single intravenous administration at a dose of 1 mg/kg and oral administration at a dose of 10 mg/kg
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B HEM3MEHEHHOM BUAe NpU BHYTPMBEHHOM BBefje-
HUW, YEM MPU BHYTPUXKENTYL0UYHOM BBELEHUN.

CoegnHeHve GRS NOMHOCTBLIO 3IMMUHUPYETCA U3
opraHusma 3a 8 1 12 4 npy BHYyTPUBEHHOM U BHYTPU-
XKenyA04HOM BBEAEHUMN COOTBETCTBEHHO (Tabn. 2),
KyMYNATUBHaA 3Kckpeums GRS npu BHyTpuKeny-
[OYHOM BBELEHMWN He3HaUYUTesIbHasd, He rpesblllaeT
1%. PaHee B onbITe in Vitro 661710 MoKasaHo, YTo coe-
AVHeHne GRS nocne 10-MWHYTHOW MHKy6aumun ¢
TpomMbouMTaMU KpPbIC CHUXKAM0 MX CNOCOBHOCTb K
arperaumn Ha 40 % [7], TakOW CUCTEMHOW 3KCMO3U-
umun GRS B nnasme 4OCTaTOYHO A1 CTOMKOro aHTua-
rperaHTHoOro aypekTa 6e3 0NacHOCTU Pa3BUTUA KPO-
BOTeYEHUSA. AHTMAarperaHTHoe AeicTBuMe Nnocse 04HO-
KPaTHOro BHYTPWXKENYA0UYHOr0 BBeAEHUA coeanHe-
HUA GRS coxpaHseTcs Ha NPOTAXKEHUN 8 u.

MokasaTens Log (Co/CB (Com CB- paBHOBECHbIE
KOHLleHTPaLuunM BeLLecTBa B H-OKTAHONbHOW 1
BOAHOI (ha3e COOTBETCTBEHHO) MPOU3BOAHOIO MHAO-
NMHOHa GRS B cuCTeMe H-OKTaHO/ - BOAa COCTaB-
nsaet 0.9, YTo yKa3bIBaeT Ha ero IMNOUILHYO Npn-
pody. Huskme KymynaTuBHas 3KCKpeLus U rnoyveu-
HbIl K/IMPEHC CBA3aHbl C aKTUBHOW KaHaslbLeBOi
peabcopbumnein, xapakTepHOM ANs NMNoQubHbIX
coegunHennii [15]. CoegnHeHne GRS siBnsietcs cy6-
CTparom rnukonpoTeMHa P u cBA3biBaeTca ¢ 6es-
KamMu nnasmbl Ha 55.1 % [13], 4TO yMeHbLUAEeT NOCTy-
nJeHne B MOYYy.

Mony4veHHble AaHHbIe CBUAETEILCTBYIOT O HE3HA-
UMTENIbHOM BbIBEEHUN HEU3MEHEHHOro coefunHe-
HMA GRS noykamu. PaHee 6b1s10 NMOKa3aHoO, YTO ero
KOHLIeHTpaLuns B nevyeHn B 4 pasa rnpesblillaeT KOH-
ueHTpaumio B nnasme (KOahpuUMeHT TKaHEBOWN
poctynHocTun ft3.87 £+ 1.30) [13]. BO3MOXHbIMW NpU-
YMHaMM HN3KOTO MNOYEeYHOro K/IMpeHca CoefUuHEHNS
GRS saBnsAwTCA NpenmMyLLecTBEHHOe BblBeAeHUE C
XKenublo UK aKCKpeLns B BUAe MeTabosinToB.

Ha xpomaTtorpammax MO4YM >XMBOTHbIX, NOJSyYaB-
wurx GRS, BbISBNAAMACA AONOMHUTE/bHbLIA MUK, KPOME
nmka GRS. CKopee BCero, AOMNOHUTENbHbIN MUK 06Yy-

nature. Low cumulative excretion and renal clear-
ance are associated with active tubular reabsorption
characteristic of lipophilic compounds [15]. The GRS
compound is a substrate of P-glycoprotein and binds
to plasma proteins by 55.1% [13], which reduces uri-
nary excretion.

The data obtained indicate a mild renal excretion
of the unchanged GRS compound. Previously,
it was shown that its concentration in the liver is
4 times higher than the concentration in plasma
(ft 3.87 + 1.30) [13]. Possible reasons for the low
renal clearance of the GRS compound are predomi-
nant biliary excretion or excretion as metabolites.

On the urine chromatograms of animals receiving
GRS, an additional peak was detected, except for the
GRS peak. Most likely, the additional peak is due to
the presence of a metabolite. Judging by the shorter
retention time in plasma, the possible metabolite
(tR 10.5 min) has more hydrophilic properties than
the GRS compound (tR 13.1 min).

Thus, the indolinone derivative GRS after asingle
intravenous and oral administration, being a lipo-
philic compound, is rapidly distributed by passive
diffusion in organs and tissues, undergoes biotrans-
formation in the liver, and is reabsorbed in the renal
tubules. With both routes of administration, the GRS
compound is excreted in the urine primarily as
metabolites.

The GRS compound is an antithrombotic agent
capable of reducing platelet aggregation [16]. Its use
is planned for the secondary prevention of cardiovas-
cular events in patients who have had myocardial
infarction or ischemic stroke. In such patients, renal
excretory function is often impaired due to renal fail-
ure, congestive heart failure, and increased secretion
of antidiuretic hormone [17]. The GRS compound is
excreted unchanged in the urine in small amounts,
therefore, in cardiovascular diseases, the likelihood
of a change in its pharmacokinetics is small, which
will not require dose adjustment.

Ta6nnua 2. lons noYeyHOR aKcKpeLmn coefHeHnss GRS B 3aBUCMMOCTY OT BpeMeHU Noc/ie BBeAeHUS
Table 2. The proportion of renal excretion of the GRS compound as a function of time after administration

BHYTpUBEHHOE BBEJlEHNE
Intravenous administration

Bpemsa, 4 /Time, h

HF /ng
0-2 5475 + 685
2.4 500 % 160
4-8 249 + 40
8-12 —
12-24 —
KymMynaTuBHast aKCKpeLuus, Hr 6225

Cumulative excretion, ng

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

%

88
8

BHYTpuUXenyao4yHoe BBeJleHMNE
Oral administration

HF /ng %
2325 + 225 14
7795 + 880 48
4951 + 540 30
1256 + 191 8
16327
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CNOBMEH MpUCYTCTBMEM MeTabonuta. Cyas rno MeHb-
LeMy BpeMeHW yaepXXaHus B Mna3me, BO3MOXHbIN
meTabonuT (tR 10.5 MnH) o6nagaet 6onee rmgpodunnb-
HbIMW CBOiCTBaMM, YeM coenHeHme GRS (IR 13.1 MuH).

Takum 06pa3omMm, MPOM3BOAHOE WHAO/NHOHA
GRS nocne ofHOKPaTHOro BHYTPUBEHHOIO N BHY-
TPUXXeNyaouHOro BBeAeHUA Kak NMnounbHoe coe-
OVHEHMe naccnBHOW Anddy3nein 6bICTPO pacnpege-
NsieTca B opraHax W TKaHAX, nogsepraeTtca 6umo-
TpaHcgopmayum B nedyeHn n peabcopbupyetca B
noYyeYyHbIX KaHanbuax. MNpun 06omx NyTAX BBEAEHUS
coeguHeHne GRS BbIBOAUTCSA C MOYOW MpenmyLle-
CTBEHHO B BUAe MeTaboInTOB.

CoegunHeHne GRS saBnsieTca aHTUTpOM6GOTUYe-
CKMM CpefCTBOM, CMOCOBGHbIM CHMXXaTb arperauuio
Tpomb6ounToB [16]. Ero npumeHeHne niaaHUpyeTcs
4na  BTOPUYHOW  NPOPUNAKTUKN  CepaevHo-
COCYAUCTbLIX CO6GbITUI Yy 60NbHbIX, MepeHecLlnX
MHapKT M1UoKapaa uam nieMmyecknin MHCYnbT. Y
TakKnx NaumMeHTOB 4acTo HapyLleHa BblaenuTesibHas
(hbYHKLMSA NOYeEK BCNeACTBME MOYEYHON HeA0CTaTOU-
HOCTW, 3acTOMHOW CepAevyHOM HeaoCcTaTOUYHOCTH,
NOBbILLIEHHOW CeKpeuun aHTUAMYPETUYECKOro rop-
MoHa [17]. CoegnHeHne GRS B He3Ha4YUTENIbHOM
KO/INYeCcTBE BbIBOAUTCA B HEU3MEHEHHOM Buie C
MOYOIi, NO3TOMY NPU CepAevHO-COCYANCTbIX 3abone-
BaHMAX BEPOATHOCTb M3MEHEHUA ero apmMakoKm-
HETUKN Mana, YTo He NOTpebyeT KOPpPeKLUN A03bl.

OnutenbHas cucteMHas 3KCNO3MUUA MNPU BHY-
TPUBEHHOM BBeAeHUN YKa3biBaeT Ha BO3MOXHOCTb
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Long-term systemic exposure with intravenous
administration indicates the possibility of using the
indolinone derivative GRS for the relief of acute con-
ditions.

CONCLUSION

The GRS compound, regardless of the route of
administration, is excreted in the urine mainly as
metabolites; no more than 2.5% of the administered
dose is excreted unchanged. Metabolic clearance is
more prominent with oral administration of GRS.
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NPUMEHEHNSI NPOM3BOAHON0 MHAONMHOHA GRS ans
KYMUPOBaHUSA OCTPbIX COCTOSHUIA.

SAKJTKOUEHWE

CoepgnHeHne GRS BHe 3aBUCUMOCTW OT NYTU BBe-
JeHNA BbIBOAUTCSA C MOYOM MNPEUMYLLECTBEHHO B
BMAe MeTabonnToB, B HEM3MEHEHHOM BUAE BbIBO-
anTcs He 6onee 2.5 % oT BBeAgeHHOW Ao3bl. MeTabo-
JINYECKNI KNnpeHC 6oee BbIpaXkeH Npu BHYTPUXKe-
nynovyHom BBefeHUU GRS.

KOHMAMKT NMHTepecoB. ABTOpbI 3asB/s0T 06
OTCYTCTBUU KOH(/IMKTA MHTEPECOB.
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