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AHHOTAIIUA

Iesib paboThl — U3YUUTH (PaPMAKOKUHETHYECKUH TPOUIIb aHTHATPEraHTa HHI0JTHHOHOBOTO psizia (GRS) B mas-
Me KPOBH KpbIC ¥ KPOIIKOB. GRS BBOAMJIN OHOKPATHO KPbICAM U MHOTOKPATHO KPOJIMKAaM BHYTPUIKEJIYIOUHO B BUJIE CY-
CIIEH3UU B 0.5% BOJTHOM PACTBOPe KapOOKCUMETHIIIEITIONO03bL. FI3yueHre Mpeficka3yeMOCTH POCTa CUCTEMHOM HKCIIO3H-
UM B OTBET HA YBeJIMYEHHUE JIO3bI IPOBOJIMJIM B PAMKAX HUCCJIEIOBAHU A JINHEHHOCTH (hapMaKOKHHETHKH B 7I03aX 10, 20 U
40 MT/KT Ha KpbicaX. /1151 onleHKH abCcoTHOH 6uozoctynHocTr GRS BBOIMIIN B BEHY KPBICAM B JI03€ 1 MT/KT B BUJIE pac-
TBOPA B 50% IOJIN3TUJIEHIVINKOJIE — 400. KPOBB y KpBIC 1TOCJIe BBe/IeHN A 3a0UpaJIl B TOUKAX 10, 20, 30, 45 MUH, 1, 2, 4, 8
1 24 4 (10 5 KPBIC HA TOUKY). [1J15 UBYYEeHU I BO3MOKHOM KYyMYJIAINHN KPOJTHUKAM IIEpOPaIbHO MHOTOKPATHO (1 pa3 B IEHD B
TeueHue 10 AHel) BBoauau GRS, KpoBb 3abupasiu nmocse 1, 5 1 10-T0 BBEIEHHUsI B TOUKAX 30, 45 MUH, 1, 2, 4, 8 1 24 4.

BrraBiieHO, 4TO GRS GBICTPO BCachIBAETCS U3 XKEIYAOIHO-KHUIIEYHOTO TPAKTA € JOCTHUKEHNEM MaKCHUMAaJIbHOH KOH-
IIEHTPallu{ B TOUKe 1 9 ¥ uMeeT aOCOIOTHYI0O OHOIOCTYIIHOCTD 23 %. BesmuuHa cucreMHoM skenosunuu AUC pacteT
JIMHEHHO C yBEJIMUEHHUEM JTO3BI OT 10 JI0 20 MT/KT, IIOBBIIIIEHUE JIO3bI 10 40 MT/KT He IPUBOIUT K COOTBETCTBYIOIIEMY PO-
cty AUC, KoTOpas BBIXOAUT Ha Iy1aTo. MHOrOKpaTHoe (10-KpaTHOe) BHYTPIIKEIyA0UHOe BBeAeHrue GRS kponnkam He
IIPUBOAUT K 3HAYNMOMY U3MEHEHUIO BEJINUNHBI CHCTEMHOHN 9KCIIO3UIIIH.

Kmouesstle crosa: AHTHUArperaHT, IPON3BOAHOE NHAOJIMHOHA, JINHENHOCTD (I)apMaKOKI/IHeTI/IKI/I, GRS.

ABSTRACT

The aim of the work is to study the pharmacokinetic profile of the antiplatelet drug of indolinone series (GRS) in the
blood plasma of rats and rabbits. GRS was administered once to rats and repeatedly to rabbits intragastrically as a suspen-
sion in 0.5% aqueous solution of carboxymethyl cellulose. The study of the predictability of systemic exposure growth in
response to dose increase was carried out as part of a study of the linearity of pharmacokinetics in doses of 10, 20 and 40
mg/kg in rats. To assess the absolute bioavailability GRS was injected into the vein in rats at a dose of 1 mg/kg as a solution in
50% polyethylene glycol — 400. Blood from rats after administration was taken at points of 10, 20, 30, 45 min, 1, 2, 4, 8 and
24 h (5 rats per point). To study the possible accumulation of rabbits GRS was orally repeatedly (1 time per day for 10 days)
administered, blood was taken after 1, 5 and 10 administration at points of 30, 45 min, 1, 2, 4, 8 and 24 h.

It was found that GRS is rapidly absorbed from the gastrointestinal tract with a maximum concentration at 1 h and
has an absolute bioavailability of 23%. The value of the system AUC exposure increases linearly with increasing doses
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from 10 to 20 mg/kg, increasing the dose to 40 mg/kg does not lead to a corresponding increase in AUC, which goes to
the plateau. Repeated (10-fold) intragastric administration of GRS to rabbits does not lead to a significant change in the

value of the system exposure.

Keywords: antiplatelet drug, indolinone derivative, linearity of pharmacokinetics, GRS.

BBEAEHWE

dapmakoguHAMUKaA JIEKAPCTBEHHBIX CPEJCTB
IepopaIbHOTO TPUMEHEHU S BO MHOTOM 3aBHUCUT HE
TOJIBKO OT TPOITHOCTH K MUIIIEHH, HO U OT uX hapMa-
KOKWHETUKH (OMOOCTYITHOCTH, BEJITMIHUHBI CHCTEM-
HOU 5KCHO3uIuM). IMEHHO 3TH MOKa3aTeJIN OIpe-
JIeJIAIOT I03UPOBAaHUE JIEKAPCTBEHHOT'O CPEJICTBA U
JINCKPETHOCTD €T0 IPUMEHEHM .

HoBoe coegrHeHME C aHTUTPOMOOTUIECKOH aK-
TUBHOCTBIO GRS sBJIfleTCA TPOM3BOHBIM MH/0JIH-
HOHa. BelriecTBa 3TOTO psifia ABIAIOTCSA HHAYKTOPA-
MU I[TATO30JIbHON TYaHUJIATIIUKJIA3HI [1].

IIEJIb UCCJIEJJOBAHUSA

N3yunuth GdapMaKOKMHETHYECKUH IpodUIIb
aHTUArperaHTa WHAOJWHOHOBOTO PsZia B ILJIa3Me
KPOBH KPBIC U KPOJIUKOB.

MATEPHAJIBI 1 METO/bI

B kauecTBe HcCcCJIeZ[yeMOTO BeIECTBA UCIIOJIb-
30Bajii obOpasel] apMaleBTUUYECKON CyOCTaHI[UH
GRS (2-[2-[(5RS)-5-(ruppokcuMeTHII)-3-MEeTHUII-1,3-
OKCa30JIUIUH-2-UIH/IeH]-2-1naHo3TuIuieH]|-1H-
un01-3(2H)-0H) (puc. 1).

B ombITax UCoap30Bau 200 CBOOOAHBIX OT M-
TOTeHHOI (GJIOPHI KphIC cTOKa Sprague Dawley u 6
KOHBEHITMOHAJIBHBIX KPOJIMKOB KaJau(OpHUNCKOU
opoasl. KpbIce! Ob1yIH Maccoi 270—330 T U BO3pac-
TOM 2.5—3 Mec, KPOJIMKH — Maccoif 2500—2800 T u
Bo3pacToM 6 Mec. Ilepes BHyTpU»KeTy/IOUHBIM BBe-
JIEHUeM KUBOTHBIX JINIIIAJIN KOpMa Ha CPOK He 60-
Jlee 24 4, COXpaHAs IOCTYII K TUTHheBOU BOJIE.

I[Ipu TpOBEAEHUN SKCIEPUMEHTOB PYKOBOJ-
CTBOBAJIVICH ITPUHITUIIAMU, U3JI0’KEHHBIMU B IPEK-
tuBax EBporetickoro coobuiectsa (86/609/EEC) u
XeTbCUHCKOH JeKJapanuu. V3 sKcrepuMeHTa KHU-
BOTHBIX BbIBOAMIN 5BTaHasuel B CO,-kamepe.

INTRODUCTION

The pharmacodynamics of oral medications
largely depend not only on the tropism to the target,
but also on their pharmacokinetics (bioavailability,
systemic exposure). These indicators determine the
dosage of the drug and the discreteness of its use.

A new compound with antithrombotic activity
of GRS is an indolinone derivative. The substances
of this series are inducers of cytosolic guanylate cy-
clase [1].

AIM OF THE RESEARCH

To study the pharmacokinetic profile of the an-
tiplatelet drug of the indolinone series in the blood
plasma of rats and rabbits.

MATERIALS AND METHODS

A sample of the pharmaceutical GRS substance
(2-[2-[(5RS)-5-(hydroxymethyl)-3-methyl-1,3-0x-
azolidin-2-ylidene]-2-cyanoethylidene]-1H-indole-
3(2H)-one) was used as a test substance (Fig. 1).

In the experiments 200 Sprague Dawley
pathogenic flora-free rats and 6 conventional Cali-
fornian rabbits were used. Rats were weighting
270—-330 g and 2.5—3 months old, rabbits — weight-
ing 2500—2800 g and 6 months old. Before intra-
gastric administration animals were deprived of
food for a period of not more than 24 hours, while
maintaining access to drinking water.

The experiments were guided by the principles
laid down in the directives of the European Com-
munity (86/609/EEC) and the Helsinki Declara-
tion. Animals were removed from the experiment
by euthanasia in a CO, chamber.

GRS was administered intragastrically to rats
in 1 intake in a volume of 1 ml as a suspension in
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Puc. 1. CrpykrypHasa dopmyna GRS
Fig. 1. Structural formula of GRS
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BryTpuxenynouno kpeicam GRS BBoauau B
1 mpueM B o0ObeMe 1 MJ B BUJIe CYyCIEH3UHU B 0.5%
BOTHOM  PacTBOpe  KapOOKCHMETHUJIIELITIOIO3bI
(KMLI), kposnkaMm — B 00'beMe 5 MJI. BHyTprBEHHO
GRS BBO/IMIN B 00BEME 0.3 MJI B 50% BOITHOM pac-
TBOpe [13AI-400 (CTepuaIn3aIiuio OCyIIeCTBIISIIN Y-
TeM dunpTpanuu Guasrpom Minisart 17597-K).

[ usydeHus jsuHedHOCTH hapMaKOKMHETU-
KU HCIIOJIb30BaN 3 7103kl cybcTtanimu GRS, koTo-
pble BBOAWIIU BHYTPHIKEITYIOUHO: 10, 20 U 40 MI/KT.
KpoBs 3a6upasu 10 BBEZIEHHA U B TOUKaX 10, 20, 30,
45 MUH, 1, 2, 4, 8 U 24 4 1I0CJIe BBeJIeHU (110 5 KPbIC
Ha TOYKY). /111 n3ydeHus abcoroTHOU OGHOIOCTYII-
HOCTH KpbIcaM BHYTpuBeHHO BBoAuIN GRS B mo3e
1 MI/KT, 3a00p KPOBHU OCYIIECTBJISIJIM B BBIIIEYKa-
3aHHBIX TOUKAX (TaKIKe IO 5 KPbIC HA TOUKY).

Jl71a mcesieloBaHUA BO3MOXKHON KyMYJISIIUU 6
KPOJIMKAM BBOZMJIM B TeUeHUE 10 CYT (1 pa3 B CYTKH)
GRS nepopasibHO B 103€ 110 MI/KI, KPOBb 3a0mpa-
JIM TIocJIe 1, 5 ¥ 10-To BBeJZleHu: io mpuema GRS u B
TOUKAX 30, 45 MUH, 1, 2, 4, 8 U 24 4 MOCJIe BBEJIEHUSI.
Ha ocHOBaHWU NOJTyYeHHBIX 3HAUEHUN KOHIIEHTPA-
nuit paccuutsiBaiu AUC Ha 1, 5 U 10-H /1eHb, 3Have-
HUS CPAaBHUBAJIH.

B 3artannpoBaHHBIE BpEMEHHBIE TOUKHU Y KPBIC
KPOBb 3a0MPAJIN U3 IOJIOCTHU CEP/ILIA, Y KPOJIUKOB —
13 KpaeBou BeHbI yxa. KpoBb cTaOMIM3UPOBAIIU Te-
napuaoM (50 EJl/Mu1), BeIENAIN 11a3My U IIOMe-
masu B npobupku Tuna Eppendorf. O6pasmb! miasz-
MBI KPDOBH HEMEJIJIEHHO 3aMOPa’KUBAJIU B KUJIKOM
a30Te W XPAaHWIN B HU3KOTEMIIEPDATYPHOM XOJIO-
JIUJIBHUKE IIpU TeMIlepaType —70 °C 10 IpoBeZieHN
aHaINu3a.

Jisa xonudectBeHHOro onpezesneHus GRS B
IJIa3Me >KMBOTHBIX HCIIOJIb30BAaJIN BBICOKO3(deK-
TUBHBIM KUJKOCTHBIA Xxpomarorpad «Mwuiuxpom
A-02» ¢ YO-cneKTpoOTOMETPUYECKUM JETEKTO-
pom (BAO «dxoHosa», HoBocubupck, Poccust). Ana-
JIN3 TPOBOAMJIN HA KOJIOHKE Pa3MepOM 75 X 2 MM
U 3amoJiHeHHOU copbenToM ProntoSil-120-5-C18 AQ
¢ naMeTpoM dacTul copbeHTa 5 MkM. O6pabot-
KY XpOMaTOI'PAMM OCYIIECTBJISIN C TIOMOIIBIO IIPO-
rpaMMHOro obecneuenuss «MynsTuXpom» (3A0
«Ammnepcen», Poccus). [lepemeninBasve 6noobpas-
IIOB B IIPOIlecce SKCTPAKIIMYU ITPOBOIMIIN Ha j1abopa-
TOPHOM MeIUITMHCKOM Iieiikepe Vortex V-3 (Elmi,
JlaTBus). JIaA OcaXKJEeHHsA BOJHO-OPraHHMYECKOH
¢dasb1 obpasma ucrnosb3oBaau neHTpudyry Biofuge
pico (Heraeus, I'epmanus), A1 ynapuBaHHs Opra-
HUYECKOTO PACTBOPUTEJNISI — BaKYYMHBIN KOHIIEH-
tparop UniEquip 100 ECH (Univapo, 'epmanusi).

Jnsa wusBnedenus GRS mnpumeHANIN MeTOZ
QuEChERS, ocuoBaHHBIN Ha XKUAKOGDA3HON BKC-
TPaKIIUHU al[€TOHUTPUIIOM.

0.5% aqueous solution of carboxymethyl cellulose
(CMC), to rabbits — in a volume of 5 ml. Intrave-
nous GRS was administered in a volume of 0.3 ml
in a 50% PEG-400 aqueous solution (sterilization
was carried out by filtration with a “Minisart 17597-
K” filter).

To study the linearity of pharmacokinetics
3 doses of the substance GRS were used, which
were administered intragastrically: 10, 20 and
40 mg/kg. The blood was taken before the injection
and at the points of 10, 20, 30, 45 min, 1, 2, 4, 8 and
24 hours after the administration (5 rats per point).
To study the absolute bioavailability of the rats, in-
travenous GRS was administered at a dose of 1 mg/
kg, and blood was taken at the above points (also
5 rats per point).

To study the possible accumulation 6 rabbits
were administered for 10 days (1 time a day) GRS
orally at a dose of 110 mg/kg, blood sampling was
carried out after 1, 5 and 10 administration before
taking GRS and at points of 30, 45 min, 1, 2, 4, 8 and
24 h after administration. On the basis of the ob-
tained values of concentrations AUC was calculated
on the 1%, 5™ and 10" day, the values were compared.

At the scheduled time points in rats blood was
taken from the heart cavity, in rabbits — from the
marginal vein of the ear. The blood was stabilized
with heparin (50 U/ml), plasma was isolated and
placed in Eppendorf-type tubes. Plasma samples
were immediately frozen in liquid nitrogen and
stored in a low-temperature refrigerator at —70°C
until analysis.

For the quantitative determination of GRS in
the plasma of animals, the “Milichrom A-02” high
performance liquid chromatograph with a UV
spectrophotometric detector was used (“Ekonova”,
JSC, Novosibirsk, Russia). The analysis was carried
out on a 75 x 2 mm column filled with ProntoSil-
120-5-C18 AQ sorbent with a particle diameter of
5 um. The chromatograms were processed using
the “MultiChrom” software (“Ampersend”, JSC,
Russia). The mixing of biological samples in the
extraction process was carried out on a labora-
tory medical shaker “Vortex V-3” (Elmi, Latvia).
The centrifuge “Biofuge pico” (Heraeus, Germany)
was used to precipitate the aqueous-organic phase
of the sample, and the vacuum concentrator “Uni-
Equip 100 ECH” (Univapo, Germany) was used to
evaporate the organic solvent.

For the extraction of GRS, the QuEChERS
method was used, based on liquid-phase extraction
with acetonitrile.
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BricokoadpeKTUBHYIO KUJKOCTHYIO XpOMaTO-
rpaduio MPOBOUIIH IIPU CIIEAYIONTUX YCAOBUAX:

— nozBKHAA pasza A — 0.01 M pacTBOp ammo-
Hus anerara (pH 4.0);

— noziBHKHAA asza b — meTaHoT;

— CKOPOCTB IIOTOKA 3JTI0EHTA — 0.15 MJI/MUH;

— TeMIleparypa KoJoHKU — 35 °C;

— 00'beM BBOAUMOH MPOOBI — 20 MKJT;

— JJIMHA BOJIHBI YO-ZieTeKkTOopa — 360 HM;

— PEKUM 3JIIOUPOBAHUSA — IPA/IUEHTHBIN.

PazpaboTaHHYI0 METOAUKY BaJIHAUPOBAJIH CO-
mI1acHo TpeboBaHUAM [2, 3]. MeTposornyecKkue xa-
PaKTEpPUCTUKU PACCUUTHIBAIN COTIIACHO [4].

Ha ocHOBaHMHM TOJIydYeHHBIX XpomaTtorpadu-
YeCKUX JAHHBIX CTPOMJIH (papMaKOKUHETHYECKUE
npoduiy, pacueT papMaKOKUHETUYECKUX IlapaMe-
TPOB U CTaTUCTHYECKYI0 0OpabOTKY IOJIyYeHHBIX
Ppe3yabTaTOB IIPOBOJAUJIN C HOMOIIbIO MaKeTa IMpo-
rpammbl Microsoft Excel. [Ins Bcex dbapmMakokuHe-
THYECKHUX [TapaMeTPOB PACCUUTHIBAIN CpejiHee 3Ha-
YeHUe U CTAH/IAPTHYIO OLIUOKY CPeTHErO.

PE3YJIBTATHBI 1 OBCYKJEHUNE

GRS OBICTPO BcachIBaeTCsi W3 IKEJIYAOYHO-
KHUIIIEYHOTO TPaKTa C JOCTHUIKEHHEM MaKCHUMyMa
(T_,) Jepes 1 9 mocie BBeEHUA U ONpPeesAeTcsa B
KPOBHU B TeueHHe KaK MUHUMYM 12 4 B J[MAlla30HE
103 OT 10 710 40 MT/KT (puc. 2).

OITHOKpaTHOe BHYTPHUIKEJIYIOUHOE BBeJIEHUE B
JlMara3oHe 7I03 10—20 MI/KT IPUBOJUT K COIOCTA-
BUMOMY C JI0301 YBEJIMUEHHUIO CUCTEMHOU DKCIIO3HU-

nuu AUC (HT X 14/MJ1): 149.1 £ 59.4 JJI51 JO3BI 10 MT/KT
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High performance liquid chromatography was
performed under the following conditions:

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

— mobile phase B — methanol;

— the flow rate of eluent — 0.15 ml/min;

— column temperature — 35°C;

— volume of sample injected — 20 pl;

— UV detector wavelength — 360 nm;

— elution mode — gradient.

The developed methodology was validated ac-
cording to the requirements of [2, 3]. Metrological
characteristics were calculated according to [4].

Based on the obtained chromatographic data,
pharmacokinetic profiles were constructed, phar-
macokinetic parameters were calculated and the
results were statistically processed using the Mi-
crosoft Excel software package. For all pharmaco-
kinetic parameters the mean value and standard
error of the mean were calculated.

RESULTS AND DISCUSSION

GRS is rapidly absorbed from the gastroin-
testinal tract to a maximum (T__ ) in 1 h after ad-
ministration and is determined in the blood for at
least 12 h in the dose range from 10 to 40 mg/kg
(Fig. 2).

A single intragastric administration in a dose
range of 10—20 mg/kg leads to a dose-related in-
crease in systemic AUC exposure (ng x h/ml):
149.1 + 59.4 for a dose of 10 mg/kg and 259.4 +

..... 10 mMr/kT | mg/kg

= = =20 mr/kr | mg/kg

40 mr/xr | mg/kg

120 240 480 1440

Bpewmsi, mun / Time, min

Puc. 2. Ycpennennsie papmakokuHeTrndeckue nmpoduin GRS B rmiazme Kposu
Fig. 2. Average pharmacokinetic GRS profiles in blood plasma
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U 259.4 + 75.1 17151 O3Bl 20 MT/KT. YBEJTUUEHHUE BBO-
JIUMOU JI03BI 710 40 MT/KT He IPUBOAUT K COIIOCTA-
BuMomy pocty AUC (3HaueHUe B 3TOH /03€ PaBHO
312.4 + 88.3 HI x 4/MJI), KOTOPOE BBIXOJUT Ha ILjIa-
TO. 3HaUeHNE MaKCHUMAaJIbHO M3MEPEHHOU KOHIIEH-
tpanuu (C__ ) pacTeT cou3MepuMO J03€.

Taxum obpasom, dapmakokuHetuka GRS mpu
BHYTPHKEJYJIOUHOM BBEJIEHUH B JUalla30HE 103
10—20 MTI/KT HOCHUT JIMHEHHBIH XapakKTep, OJHAKO
YBeJIMUEHUE JI03BI 710 40 MI/KT 3Ty JINHEHHOCTH Ha-
pymaetr. HapyieHue JumHEWHOCTH (apMaKOKHHE-
Tuku GRS B 7103€ 40 MI/KT MOKeT OBbITH CJIECTBU-
eM HAaCBIIEeHUS aKTUBHBIX ITEPEHOCYUKOB BEIECTB
iy Bbixoma GRS U3 30HbI aKTUBHOT'O BCAChIBAHU .

CHmxeHne koHIeHTpanuu GRS HocuT nByX-
(aszubIil xapakTep. 3HaueHUsA GapMaKOKUHETHYeE-
CKHUX IapaMeTPOB MO3BOJIAIOT 3aKJII0YUTH, UTO GRS
JIOBOJIBHO MEJIJIEHHO BBIBOJIUTCSI U3 OpPTaHU3Ma, Ha
YTO YKa3bIBAET HEBBICOKASI KOHCTAHTA JTUMHUHAIIU
BO BCEX HCCJIEZIOBAHHBIX /103aX (k ; HaXoquTCA B 1M~
amasoHe 0.29—0.33 4Y™') ¥ JOBOJIBHO BBICOKHH ITO-
KasaTejb BPEMEHHU IIOJIYBBIBEJEHUS (Tl/z) U CpeJi-
HEro BpPEMEHM YJepKaHUSA BEIIeCTBAa B OpPraHU3-
me (MRT). CyliecTBEHHBIX pa3IUUYUN B 3HAUEHUSIX
(apMaKOKHHETHUECKUX IIapaMETPOB OTMEUYEHO He
ObLJIO, B YACTHOCTU: 3HAUEHU s BPEMEHU I10JTyBbIBE-
JIEHU I, KOHCTAHTBI JIMMUHAIIUYN U CPEJTHETO BpEMe-
HHU y/Iep>KaHUs BEIeCTBa B OpraHU3MeE CTaTUCTHYe-
CKU 3HAYMMO HE OTJIMYAJINCh BO BCEX HCCJIEIOBAH-
HBIX J1o3ax (TabJr. 1).

ITocne BHyTpuBeHHOro BBeeHUuA GRS Hauasb-
Has KoHUeHTpanus:A (C ) uMesa 3HadeHHe 962.1 Hr/
M. CyOcTaHIUs OGBICTPO BBIBOJUTCS U3 OpraHU3Ma
U IMPAKTUYECKH HE OIPENEsIeTCs B IJIa3Me KPOBH
VIKe K 4 9 HabJIIOJIeHNH, a CpaBHEHUE BEJIMUNH KOH-

+ 75.1 for a dose of 20 mg/kg. Increasing the in-
jected dose to 40 mg/kg does not lead to a compa-
rable AUC increase (the value in this dose is 312.4 +
+ 88.3 ng x h/ml), which reaches a plateau. The
value of the maximum measured concentration
(C,,.) grows commensurately with the dose.

Thus, the GRS pharmacokinetics after intra-
gastric administration in the dose range of 10—20
mg/kg is linear, however, increasing the dose to 40
mg/kg violates this linearity. The violation of the
linear GRS pharmacokinetics at a dose of 40 mg/kg
may be due to the saturation of active carriers of
substances or the release of GRS from the zone of
active absorption.

The decrease in the concentration of GRS is
biphasic. The values of pharmacokinetic param-
eters allow us to conclude that GRS is rather slowly
eliminated from the body, as indicated by the low
elimination constant in all studied doses (k is in
the range of 0.29—0.33 h™) and a rather high half-
time elimination (T, /2) and medium time substance
retention in the body (MRT). There were no sig-
nificant differences in the pharmacokinetic pa-
rameters, in particular: the values of the half-time
elimination, elimination constant and the medium
retention time of the substance in the body did not
differ statistically significantly at all doses studied
(Table 1).

After intravenous administration of GRS, the
initial concentration (C ) was 962.1 ng/ml. The sub-
stance is rapidly excreted from the body and is prac-
tically undetectable in the blood plasma by as early
as 4 hours of observation, and a comparison of the
values of the elimination constant after intravenous

Ta6uua 1. 3HaUeHUsI OCHOBHBIX (hapMaKOKMHETHUYECKHIX [TaPAMETPOB [P BHYTPUIKEJIYI0YHOM BBEI€HII
Table 1. The values of the main pharmacokinetic parameters after intragastric administration

Jloza GRS BHYTPHIKETYIOUHO, MT/KT

ITapametp / Parameter

GRS dose intragastrically, mg/kg

Jloza GRS BHyTpPHBEHHO, 1 MI'/KT

GRS dose intravenously, 1 mg/kg

10 20 40
T ,4|T ,h 1.2+ 0.4 1.3+0.7 1.2+0.3 —
C ..Hr/Mn|C__,ng/ml 150.2 + 27.3 202.2 + 42.9 305.1+96.5 —
AUC, _,mrxu/mun|AUC,__,ngxh/ml 149.1+59.4 259.4+75.1 g§2.4 + 135.2 £ 11.4

-3

C,, ur/mi | C, ng/ml — — — 962.1 + 124.8
ka1 |k,h” 0.30+£0.10 0.33+£0.09 0.20+0.10 2.00 £ 0.45
Tl/z, T | TI/Q, h 2.0+ 0.7 2.8+ 0.7 3.0+ 0.6 0.56 £ 0.11
MRT, u | MRT, h 6.5+ 2.1 7.1+ 2.5 7.3+ 2.2 —

lIpumeuanue. T _— Bpems BcachlBaHHA MaKcUMasbHoe, C

max

— KOHI€EHTpanua MakKCuMaJibHafd, Co — HaydaJIbHas KOHIIEHTpanus,

k, — xoncranra snumuHanuu, T, o — BPEM IIOJTyBBIBE/ICHHU, MRT — cpeniHee BpeMs yiepKaHUA BellleCTBa B OpraHu3Me.
Note. T — maximum absorption time, C_— maximum concentration, C — initial concentration, k, — elimination constant, T, e
half-time elimination, MRT — medium retention time of the substance in the body.

48

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



doi: 10.31549/2542-1174-2019-3-44-51

Bykov V.V. et al. / Journal of Siberian Medical Sciences 3 (2019) 44—51

1200
=
S — 1000
B
= % i
%) 800 E
[~ s
O 9 :
2 600
= +
< S
&8
£ 2 400
o 9
= (]
22 200
= O

0

BryTpu:xey04HO
Intragastrically

BuyTpuBeHHO
Intravenously

120 240 480 1440
Bpems, muH | Time, min

Puc. 3. Ycpenuennsle hapMakoOKMHETHYECKHE KPUBBIE B IIJIa3Me KPOBU KpbIc Tpu BBeZieHnn GRS
BHYTPMIKEJIYZIOYHO (10 MI'/KT) ¥ BHYTPUBEHHO (1 MT/KT)
Fig. 3. Averaged pharmacokinetic curves in rat plasma with the administration of GRS
intragastrically (10 mg/kg) and intravenously (1 mg/kg)

CTAHTHI BJIMMUHAIAHY TI0CJIe BHYTPUBEHHOTO U BHY-
TPUIKEJIYZIOYHOTO BBEJIEHUS IIOKA3BIBAET, UTO HH-
TEHCUBHOCTH BbIBeZleHUs GRS mpu BHyTpUBEHHOM
BBeJIEHUU [TPAKTUYECKHU HA TIOPSA/IOK BBIIIIE, YeM ITPHU
BHYTpPHKeTyZ0ouHOM (puc. 3). Takol xapakTep KpHu-
BOH IOCJIe BHYTPUBEHHOTO BBEIEHUs MOXKET OBITH
00yciioBieH ocoOeHHOCTAME (papMaKOKUHETHKHI
[13T-400 [5]. B xone pacuetroB AUC, HOpMHPOBaH-
HBIX TI0 /I03€, yeTaHOoBJeHO, YTo GRS o6sa/1aet mo-
KazaresieM abCOIOTHON GMOZ0CTYITHOCTH, PABHBIM
23.0 £ 9.1 %.

CpaBHeHUe TOKa3zaTesed IO TOM KpH-
Boii (AUC) GRS B m1azme KpoBU KPOJIMKOB TIOCJIE 1,
5 ¥ 10-TO BHYTPHIKEJIYJOYHOTO BBeZieHUs (422.1 +
+ 19.4; 413.8 £ 35.2 1 440.0 + 29.4 HT X 4/MJI COOT-
BETCTBEHHO) He IT0KA3aJI0 CTATUCTUYECKH 3HAUNMBIX
oTinuuii. Ha ocHOBaHUU 5TUX JJAHHBIX MOKHO ['OBO-
puTh 06 orcyTcTBuu Kymysisanuu GRS npu ero mHo-
TOKPaTHOM BBEJIEHUH.

Takum o6pazom, mokazaHa xopomas abcooT-
Has GMOMOCTYITHOCTh (hapMaIeBTUUECKON cyOCcTaH-
nuu GRS npu BHyTpHKeIyIOYHOM BBeZIeHUH. YBe-
JIMYUTH STOT MOKA3ATesb Y CyOCTaHIIMU MOXKHO OY-
JIET, €CJIU WCIOJIb30BaTh IPHU IOATOTOBKE JIEKap-
CTBEHHOH (POPMBI CIEIHaIbHbIE TOAX0AbI (0coObIe
BCIIOMOTaTeJIbHbIE BeIeCTBA, MOJUGPUKAIIUIO BbI-
CBOOOXKIEHUSI AKTUBHOTO KOMIIOHEHTA, 3aIUTy OT
pHur. 1.). JluneliHOCTDh (papMAKOKMHETHUKH B 103aX,
OJIMBKUX K TepaneBTUUYECKUM, IT03BOJISAET IOIyYaTh
OJKUJIaeMO€e YBeJIUUeHUe CHCTEMHOU 3KCIO3UIINH,
YTO HE CO3/IaeT MPENOCHIOK K TOKCUUECKUM IIPO-
sAByeHUsAM. [TocKkoJIbKY Tepanus pazpabaTbiBaeMbIM
AHTUATPETAHTOM IJIAHUPYETCs UJIH MOKU3HEHHAas,
WU JJIATETbHBIMU KYPCaMH, TO OTCYTCTBUE KyMy-

and intragastric administration shows that the in-
tensity of GRS elimination when administered in-
travenously is almost an order of magnitude higher
than with intragastric (Fig. 3). This character of
the curve after intravenous administration may
be due to the peculiarities of the pharmacokinet-
ics of PEG-400 [5]. In the calculation of AUC, stan-
dardized for a dose, it is established that the GRS
has a measure of absolute bioavailability equal to
23.0 + 9.1%.

Comparison of the area under the curve (AUC)
of GRS in the plasma of rabbits after 1, 5, and
10" intragastric administration (422.1 + 19.4;
413.8 + 35.2 and 440.0 £ 29.4 ng x h/ml respec-
tively) showed no statistically significant differenc-
es. On the basis of these data, it is possible to speak
about the absence of the accumulation of GRS upon
its repeated administration.

Thus, a good absolute bioavailability of the
pharmaceutical GRS substance after intragastric
administration has been shown. It is possible to
increase this indicator for a substance if special
approaches are used in the preparation of the
dosage form (special excipients, modification of
the release of the active component, protection
against pH, etc.). The linearity of pharmacokinet-
ics in doses close to therapeutic allows to obtain
the expected increase in systemic exposure, which
does not create the prerequisites for toxic manifes-
tations. Since the therapy of an antiplatelet drug
being developed is planned either for life or by
long courses, the lack of accumulation of GRS with
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aanun GRS npu MHOTOKpaTHOM BBeZIEHUM TaKiKe
CHI’KAeT PUCK TOKCHYECKUX IIPOSBJIEHUH.

3AK/IIOUEHMUE

Ha ocHOBaHWM NTPOBEJIEHHOTO WCCJIEJIOBAHUSA
MO>KHO C/IeJIaTh CJIeIyIOIIe BBIBO/IBL:

1. GRS 6s1cTpo BeackiBaetrcs us JKKT co Bpeme-
HEM JIOCTHKEHUSI MaKCHUMaJIbHOH KOHIIEHTPAIIHH,
PpaBHBIM 1 4.

2. ®apmakoknHeTuka GRS npm oHOKpaTHOM
BHYTPIIKEJIYZOUYHOM BBEJIEHUHM B JIMAIa30HE /103
10—20 MT/KT HOCHUT JIMHEHHBIN XapaKkTep u ob6Jaaa-
€T IPeICcKa3yeMOCThI0O B OTBET Ha HCKAJIAIUIO0 BBO-
JIIMOH JTO3bI. YBEJIUUEHHE JIO3BI I0 40 MT/KI Hapy-
1aeT JINHEHHOCTh (hapMaKOKHMHETHUKU.

3. MHOroKpaTHOe BHYTPHIKEIYIOUHOE BBEE-
Hue GRS He NIPUBOAUT K €r0 KyMYJIAIIUY.

Kondaukr nHTEpEeCcoB. ABTOPHI 3a5IBJISAIOT 00
OTCYTCTBUM KOH(QIINKTA UHTEPECOB.
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repeated administration also reduces the risk of
toxic manifestations.

CONCLUSION

Based on the study, the following conclusions
can be drawn:

1. GRS is rapidly absorbed from the gastroin-
testinal tract with a time to reach a maximum con-
centration of 1 h.

2. The pharmacokinetics of GRS after a single
intragastric administration in the dose range of 10—
20 mg/kg is linear and predictable in response to
the escalation of the administered dose. Increasing
the dose to 40 mg/kg violates the linear pharmaco-
kinetics.

3. Repeated intragastric administration of GRS
does not lead to its accumulation.
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