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AHHOTAIIA

BBeseHUe. AHTHKOATYJSTHTHI BXOAAT B IPOTOKOJIBI JIEUEHHS Psiia 3a00I€eBaHUH CEP/IEIHO-COCY/TUCTON CUCTEMBI.
Nonea rossica Steven mpezcTap/sieT HayYHbIH UHTEPEC B KAUECTBE MCTOUHUKA OMOJIOTHYECKH aKTHBHBIX COEIUHEHUH,
00J1a/Taf0NUX CBOMCTBAMU HENIPSIMOTO aHTUKOATYJISTHTA.

Hens mcCccaenOBAaHUSI. V3ydeHHe aHTHKOATY/ISTHTHONW aKTHBHOCTH CyMMAapHBIX M3BJIEUEHUUN U3 TPABbI
HOHEU PYCCKOU.

MaTtepuanb U MeTO/bl . CyxXod 9KCTPAKT MOJIYyYaad U3 TPABBI C HCIIOJIB30BAHUEM 70% DTAHOJIA, 3aTEM
BKCTpareHT yAassuid. VcceieloBaHEe aHTUKOATYJITHTHOTO JEHCTBUSA TPOBOUIIH N vivo (36 KpbIc-camIoB TuHUU Wistar)
C UCIO0JIb30BAHUEM TPOTPOMOMHOBOTO TeCTa. B KauecTBe mpenapara cCpaBHEHHsI UCIIOJIb30BAIN Bap(dapuH B 7103aX, PEKO-
MEH/IOBAHHBIX NHCTPYKI[UEH 110 TPUMEHEHUIO.

Pes3ynbTart bl . McoieayeMblil 9KCTPAKT B 103€ 1.7 T'/KT MOKA3aJ1 aHTUKOATYJISTHTHYIO aKTUBHOCTbD, COTIOCTABUMYTO
C IIpernapaTroM cpaBHeHU: (IPOTPOMOUHOBOE BpeMs — 31.3 + 1.27 U 33.42 + 1.33 C COOTBETCTBEHHO).
3axknueHue. HoHesd pycckas — MePCIEKTHBHOE PACTEHHE /IS BHEPEHUs B MEAUIIMHCKYIO IPAKTUKY B Kade-
CTBe aHTHKOATYJITHTHOTO CPE/ICTBA HEMIPSIMOTO TUTIA JIEHCTBHS.

Karoueewle croea: HoHesi pycckasi, Nonea rossica Steven, HenpsiMoil aHTUKOATYJISHT, BapdapuH.
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ABSTRACT

Introduction. Anticoagulants are included in the treatment protocols for several cardiovascular diseases.
Nonea rossica Steven is of scientific interest as a source of biologically active compounds with the properties of an indirect
anticoagulant.

A im . Study of anticoagulant activity of total extracts from Nonea rossica Steven herb.

Materials and methods. Adryextractwasobtained from the herb using 70% ethanol, then the extract-
ant was removed. The anticoagulant effect was studied in vivo (36 male Wistar rats) using a prothrombin time test. As a
reference drug, warfarin was used in doses recommended by the patient information leaflet.

R esults. Theextract studied at a dose of 1.7 g/kg showed anticoagulant activity comparable to the reference drug
(prothrombin time is 31.3 + 1.27 and 33.42 + 1.33 s, respectively).

Conclusion. Nonearossica Steven is a promising plant for practical as an indirect anticoagulant.
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BBEJAEHHNE

Vi3MeHeHUs B CHCTEME TEMOCTa3a UTPAIOT KJIIO-
YeByI0 IaTOT€HETUYECKYI0 POJIb IPU Pa3BUTHU
[aTOJIOTHYECKUX  COCTOSIHWHM, B  YacCTHOCTH,
CepZIeYHO-COCYAUCTOM cucteMbl (MHGPAPKT MHO-
Kap7ia, WHCYJIT, TpoMOoaMboauss u p.). IIporo-
KOJIBI JIeueHUsI 3a00JIeBaHUM, COMPOBOK/IAOIITUXCS
CKJIOHHOCTBIO K TpOM06006pa30BaHUIO, BKJIIOYAIOT
AHTHUKOATYJISHTHBIE CPEZICTBA. BBIEJISAIOT 2 IPyIIIbI
AHTHKOATYJISHTOB: IPsIMble — OBICTPOTO IEHCTBUS
(remapun), abdekTUBHbIE in Vitro U in vVivo, u
HempsMble (aHTarOHUCTHI BUTaMuHa K) — muresns-
HOTO AeiicTBusa (BapdapuH, GEeHUHANOH, alleHOKY-
MapoJI), JEUCTBYIOT TOJBKO N ViVO U MOCJIE JIATEHT-
HOTO IEPHO0/Ia, KOHKYPEHTHO WHTUOUPYIOT PemyK-
Tazy BuTaMuHa K, ueM TOPMO3ST aKTHBHPOBAHIE
[IOCJIE/IHETO B OpraHU3Me U OJIOKUPYIOT CHHTE3
K-BUTaMUH3aBUCUMBIX IUIa3MEHHBIX  (PAKTOPOB
remocrasa — II, VII, IX, X [1].

OJIHUM 13 OCHOBHBIX IIPEUMYIIECTB aHTHUKOATY-
JITHTOB HENPSIMOTO THIIA JEHCTBUS SABJISETCS BO3-
MOXKHOCTh WX JUINTEJIBHOTO IIPUMEHEHHs, YTO
[I03BOJISIET MIPOBO/IUTH HE TOJIBKO JIEYEHUE, HO U
npodWIAKTUKY TPOMOO30B U  TPOMOOIMOOTHUH.
CBoiicTBaMU aHTUKOATYJITHTA HEIIPSIMOTO JIEACTBUS
00J1a/1a10T COeZIMHEH NS HA OCHOBE 4-THIPOKCUKYMa-
puHa — auKyMapuH (3,3'-MeTHI-IH-4-TUAPOKCHU-
KyMapuH), CUHKyMap (4-Tumpoxcu-3-[1-(4-HuT-
podeHm)-3-0KCOOYTHII |-KyMapyH), Bapdapun
(4-runpoxcu-3-(3-okco-1-beHnI0yTHIT)-KyMapyH).
Ha cerofiHANMIHUI /IeHb B CTAH/IAPTAX JIEYEHUS HAU-
6oJiee IIMPOKO INpUMeHseTcs IpemnapaT «Bapda-
pun» [2].

VI3BeCTHBI AaHTUKOATYJISIHTHBIE CBOHCTBA pacre-
HUH, KOTOpbIe OOYCJIOBJIEHBI CO/IEPKAHUEM B HUX
[JIMKOTIENITUIOB U (DEHMIITPOTIAHOUIHBIX COETIHE-
HUH, GI1aBOHOUAOB U uX n30MepoB [2]. [Ipemapatsl
Ha OCHOBE IENTH/IHbIX COETMHEHUH SBJIAIOTCSA aHTH-
KOAryJITHTaMHU WpsMOro aeictBus [3] co Bcemu
mpucynMu UM Hepocratkamu. C TOYKHM 3peHUs
HMCTOYHUKOB OMOJIOTHYECKH aKTUBHBIX COEJUHEHUN
(BAC), oba/iaroIux CBOKMCTBAMU HEIIPAMOTO aHTH-
KOAryJISTHTA, IPEZICTABJISIOT HHTEPEC PACTEHUS PO/IA
Nonea cemeiictBa 6ypaunnkoBbie (Boraginaceae).
IIpencraButenu posa Nonea o61agaoT aHTUKOATY-
JISHTHBIMH [4, 5], TPOTUBOBOCIAJIUTETLHBIMH, ITPO-
TUBOMUKDOOHBIMU [6], TPOTHBOTPHOKOBBHIMH U
AHTHOKCHJIAHTHBIMH cBoiictBamu [7]. CymmapHbie
usBieuenusi u3 Nonea micrantha Boiss. & Reut.
OKa3bIBAIOT HHTUOUPYIOIIEE IeCTBUE HA alleTHUIIXO-
JIMHACTEpa3y U OYyTHPUIXOJIMHACTEPA3Y, UTO JIeJIaeT
ATOT BUJI IIEPCIEKTUBHBIM /151 GUTOTEPATINY HEBPO-
Jiorudeckux paccrporicts [8]. B Poccuu Haunbosee
YacTo BCTpevalTcs 5 BUAOB pozxa Nonea: HOHes

INTRODUCTION

Changes in the hemostatic system play a key
pathogenetic role in the development of pathological
conditions, in particular, the cardiovascular system
(myocardial infarction, stroke, thromboembolism,
etc.). Treatment protocols for diseases accompanied
by a tendency to thrombosis include anticoagulants.
There are 2 groups of anticoagulants: direct-acting
(heparin), effective in vitro and in vivo, and indirect-
acting (vitamin K antagonists) (warfarin, phenindi-
one, acenocoumarol), that act only in vivo and after
latency, competitively inhibit vitamin K reductase,
thus impeding the activation of the latter and sup-
pressing the synthesis of vitamin K-dependent fac-
tors II, VII, IX, X in the body [1].

One of the major advantages of indirect anticoagu-
lants is the possibility of their long-term use, which
allows not only treatment, but also prevention of
thrombosis and thromboembolism. Properties of an
indirect anticoagulant have compounds based on
4-hydroxycoumarin — dicoumarin (3,3’-methyl-di-4-
hydroxycoumarin), syncumar (4-hydroxy-3-[1-(4-
nitrophenyl)-3-oxobutyl]-coumarin), warfarin (4-hyd-
roxy-3-(3-oxo-1-phenylbutyl)-coumarin). To date,
warfarin is the most widely used in clinical practice [2].

Anticoagulant properties of plants are known.
This properties are due to the content of glycopep-
tides and phenylpropanoid compounds, flavonoids
and their isomers [2]. Peptide drugs are direct anti-
coagulants [3] with all inherent disadvantages.
From the viewpoint of sources of biologically active
compounds (BAC) with the properties of an indirect
anticoagulant, plants of the genus Nonea of the
Boraginaceae family are of interest. Representa-
tives of the genus Nonea have anticoagulant [4, 5],
anti-inflammatory, antimicrobial [6], antifungal
and antioxidant properties [7]. Total extracts from
Nonea micrantha Boiss. & Reut. have an inhibitory
effect on acetylcholinesterase and butyrylcholines-
terase, which mskes this species is promising for
herbal therapy of neurological disorders [8]. In
Russia, 5 species of the Nonea genus are most com-
mon: Nonea lutea Rchb. ex DC., Nonea flavescens
Fisch., Nonea rosea Link., Nonea caspica G. Don,
and Nonea rossica Steven, of which only Nonea
rossica Steven has an extensive distribution area
and a sufficient resource potential for harvesting in
our country [9]. Nonea rossica Steven is not used as
an officinal preparation because of the low level of
its study, however, taking into account the experi-
ence of folk medicine and phylogenetic affinity with
other species of the genus, it can be assumed that
anticoagulant properties are present in extracts
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sxentas — Nonea lutea Rehb. ex DC., HoHes »xeTero-
mast — Nonea flavescens Fisch., HoHest po3oBast —
Nonea rosea Link., HoHes Kacuwuiickasg — Nonea
caspica G. Don. u HoHes1 pycckasi — Nonea rossica
Steven, U3 KOTOPBIX TOJIBKO HOHEs PycCKas MMeeT
OOIIUPHBIN apeaj U JIOCTATOUYHYIO PeCypCHYyIO 6asy
JUIsl 3aTOTOBKHU HA TEPPUTOPHUHU HAIIEH CTpaHbI [9].
Hownest pycckasi BCeACTBHE MaJIOW U3YyYEHHOCTH B
opUIMHAIIPHOW MEIUIIHE HE HWCIOJIb3yeTcs,
O/THAKO C YYETOM JAHHBIX HAPOJHOU MEJUIIUHBI 1
(uytoreHeTHUECKOr0 POJCTBA C JPYTUMH BHAAMHU
poZia MOXKHO WpeArnosaraTh HaJIU4Yde aHTUKOATY-
JISHTHBIX CBOWCTB y W3BJIEYEHHU W3 TPaBbl HOHEU
pycckoii. B xo/ie TpoBeIeHHBIX HAMU HCCIeI0BAHUH
OBLIO yCcTaHOBJIEHO Hanmuuue B cocraBe BAC HoHen
PYCCKOM TaKUX TPYII, KAK OKCHKOPHUYHbBIE KUCIOTHI,
dnaBoHOUBI, TONHMGIIABAHOBBIE  COENUHEHUS,
MOJTUCaXapUAbI, KYMapHUHBI U cCAallOHUHEI [10]. Taxoke
ObL1a BISIBJIEHA U30MpaTesIbHAsi AKTUBHOCTH U3BJIE-
YeHWH U3 HOHEW PYCCKoM B oTHoIeHuu Staphylo-
cocCUS aureus, 9TO CBA3aHO C HAJIMUKUEM B €€ COCTaBe
(p;1aBOHOUTHOTO KOMILJIEKCA — HOHea3u|a u Koewn-
HOU KucaoThl [11]. Hapsiay ¢ GakTepUIIMAHBIM IeH-
CTBHEM HAINYHE B COCTaBE KyMapUHOBBIX COE/IHE-
HUH MOXKeT OOyC/JIOBJIMBAaTh aAHTHKOATYJISTHTHYIO
aKTUBHOCTb U3BJIEYEHNH U3 TPABbI HOHEU PYCCKOH.

ITEJIb UCCJIEJIOBAHUSA

V3yueHre aHTUKOATYJIAHTHOU aKTUBHOCTH CyM-
MAapHBIX U3BJI€UEeHN 13 TPAaBbl HOHEN PYCCKOH.

MATEPUAJIBI 1 METO/IbI

OObeKTaMU HCCIEAOBAHUA CIIY’KIJIM HACTOH U
CYXOM 5KCTPAKT M3 HAJ3eMHON YacTu HOHEU pyc-
ckoit. OOpasnbl HCCIEAYEMbIX pPAaCTeHUU ObLIH
coOpaHbl B OKPECTHOCTSX . BopoOreBo KosbiBan-
ckoro pationa HoBocubupckoii obiactu (55°31°
CEeBEPHOM IHUPOTHI, 82°57’ BOCTOYHON /IOJITOTHI) HA
OCTEITHEHHOM JIyTe€ B IIEpUOJ, LIBETEHUS B HIOJIE
2022 1. CoOpaHHOE ChIPhe TOBOIUIIOCH 10 BO3IYIIIHO-
CyXOro cocTosIHUs (BO3AYIIHO-TeHeBas CyIIKa 6e3
JTOCTYIIA IIPSIMOTO COJTHETHOTO CBETA).

s yrounenus cocraBa BAC KymapuHOBOH IIpH-
POJIbI B JIEKAPCTBEHHOM PACTHUTEIHHOM ChIpbe (JIPC)
HOHEN PYCCKOH ObUIO IIOJIy4eHO W3BJIEUEHHE C
HCIOJIb30BAHMEM B KauecTBe SKCTpareHTa 95%
CIIPTA 3THUJIOBOTO (COOTHOIIIEHUE 1:50) IO OOIIENPH-
HATON Metonmke [12]. K mosyuenHoMy duabTpary
IIPUINBAIN PABHBIN 00beM 5% CIIMPTOBOTO pacTBOpa
KaJTvs TUAPOKCUIA U CJIeTKa oZorpeBaiu. PacTBop ¢
00pa30oBaBIIMMCSA OCAZKOM IIEHTH(MYTHPOBAIN CO
CKOPOCTBI0 8000 006./MUH B TeueHUe 10 MUH, 0CaZIOK
BBICYIIIMBAJIN ¥ B3BEIINBAIN. 3aT€M PACTBOPSLIIU OCa-
JIOK B BOJIe OUUIIIEHHOH U OIIPE/IesISIN YIbTpadrosie-

from Nonea rossica Steven herb. Our studies
showed the presence of hydroxycinnamic acids, fla-
vonoids, polyflavane compounds, polysaccharides,
coumarins and saponins in the Nonea rossica com-
position [10]. The selective anti-Staphylococcus
aureus activity of extracts from Nonea rossica Ste-
ven was also revealed, which is because of the pres-
ence of a flavonoid complex — noneazide and caffeic
acid — in its composition [11]. Along with the bacte-
ricidal effect, the coumarin compounds of Nonea
rossica Steven may cause anticoagulant activity of
extracts from the herb.

AIM OF THE RESEARCH

Study of anticoagulant activity of total extracts
from Nonea rossica Steven herb.

MATERIALS AND METHODS

The study objects were an infusion and a dry
extract from the aboveground part of Nonea rossica
Steven. Samples of the plant were collected in the
vicinity of the village of Vorobyovo, Kolyvansky dis-
trict, Novosibirsk region (latitude: 55°31’, North,
longtitude: 82°57’, East) in a steppe meadow during
the flowering phase in July 2022. The collected raw
materials were brought to an air-dry state (air-drying
in the shade).

To clarify the composition of coumarin BAC in
medicinal raw materials of Nonea rossica, an extrac-
tion was obtained using 95% ethyl alcohol as a sol-
vent (ratio 1:50) according to the conventional
method [12]. An equal volume of a 5% ethanolic
potassium hydroxide solution was added to a filtrate
obtained and slightly heated. The solution with a
precipitate was centrifuged at 8000 rpm for 10 min;
the precipitate was dried and weighed. Then the pre-
cipitate was dissolved in purified water, and an ultra-
violet (UV) absorption spectrum was determined
using a SF-56 spectrophotometer (OKB Spectr LLC,
Russia).

The study of anticoagulant activity was carried
out in vivo, for which appropriate dosage forms
were obtained. To obtain a dry extract, the raw
material was crushed to a particle size of 1 mm,
placed in a flask and filled with 70% ethyl alcohol at
a ratio of 1:20. The flask was heated under reflux in
a water bath at 55°C for 60 min, cooled with con-
tinuous stirring for 60 min. After cooling, the
extract was centrifuged at 8000 rpm for 15 min to
remove fine impurities. A supernatant was drained,
and the extraction was evaporated by convective
drying at 30—40°C.
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TOBBIH (Y®) crieKTp u3BIeYeHUs Ha ClieKTpogdhOoTOME-
Tpe CP-56 (OO0 «OKB Criektp», Poccust).

UccnegoBanue aHTHKOATYJITHTHOTO JIEHUCTBUSA
IIPOBOJIWIINA 1N VIVO, IJISA Uero IMOJIyYaJI COOTBET-
CTBYIOIIIYE JIeKapCTBeHHBIE GOPMBI. IS TOTyIeHUs
CYXOTO BKCTPAKTa ChIpbe M3MeJIbUaid JI0 pa3zmepa
YacTUIl 1 MM, IIOMEIAIN B KOJIOY U 3aJIUBATH 70%
CIHUPTOM STUJIOBBIM B COOTHOIIEHHU 1:20. Koiby ¢
MIPUCOETUHEHHBIM  OOpPaTHBIM  XOJIOAWJIBHUKOM
BBIZIEP:KUBAJIN HA BOJASHOU OaHe IMpU TeMIIepaType
55 °C B TeueHue 60 MUH, OXJIQKJAJIU TIPU HeIpe-
PBIBHOM IlepeMelnuBaHuu B TeueHue 60 muH. [Tocite
OXJIQXK/IEHUS DKCTPAKT IEHTU(DYTUPOBATIU CO CKOPO-
¢Thi0 8000 00./MHUH B T€UeHHE 15 MUH JJIs yaase-
HUSI MEJIKOJUCIEPCHBIX puMecei. Hamocamounyio
JKHU/IKOCTD CJTMBIM U U3BJI€UEHUE YIAPUBAIN KOH-
BEKTUBHOU CYIIIKOU ITpU TeMIiepaType 30—40 °C.

Hacroii mosyuasiu 1mo oOIIENpUHITON METOAMKE.
CoIpbe, U3MEJIbBYEHHOE /0 Pa3Mepa YacTUIl 1 MM,
MIOMEITH B KOJIOY W 3aJTUBAJIA BOJOH B COOTHOIIIE-
HUU 1:20 U BBIJIEP?KUBATN HA KUIIAIIEH BOZSTHOM OaHe
1 4, OXJIQKIQIH TIPU HEPEPHIBHOM IIEepEMEINBAHNN
B TeueHue 1 4. [Tocse oxnaskeHusa GUIBTPOBATIHL.

B kauecTBe mpemnapara cpaBHeHUs ObLT BhIOpaH
npenapaT «BapdapuH» — OCHOBHON aHTUKOATYJIAHT
HENPsIMOTO THIIA JIEUCTBUS B PYTHHHOU KJIUHHYE-
CKOI IIpaKTHKe.

IKCIIEpUMEHT in Vivo TPOBEEH Ha 36 KphICax-
caMmIiax JuHuK Wistar maccoir 200—220 r. YKusot-
HbI€ HAXOJIUJIUCh B CTAH/IAPTHHIX YCJIOBUSX BUBAPHS
Ha OOBIYHOM THUIEBOM pAIMOHE U CBOOOZHOM
JIOCTyIle K BO/Ie U THINE. YCJIOBUS COJIEPIKAHUA U
MaHUIYJISAIUA € JKUBOTHBIMH COOTBETCTBOBAJIH
CTaHAAPTAM, YCTAHOBJIEHHBIM B HOPMATHBHBIX
JIOKYMEHTaX, perjiaMeHTUPYIOIHX paboTy ¢ abopa-
TopHbIMU kuBoTHbIME (IIpukasz Munzapasa Poc-
CHUU OT 01.04.2016 N2 199H «O06 yrBep:kaenuu [Ipa-
BUWJI HaJIJIEXKAIel 1TaO0paTOPHOU TPAKTUKU» , XeJTh-
CUHKCKasl JIeKjapaius O TYMaHHOM oOOpalleHuu C
JKUBOTHBIMH (1996)). Bce sKcllepuMeHTaIbHbBIE
MaHUIYJISAIAH 1 3a00p 06pa3IioB IPOBOIUIIH B OJTHO
U TO JKe BpeMs.

JKuBoTHBIE OBUTH pa3/iesieHbl Ha YeThIPE TPYIIITbI
(Tabs1. 1), B Ka¥KIOH 110 9 KpbIC. BceM Kpbicam oivH pas
B CYTKU B T€UEHHUE 4 THEH BHYTPUIKETYZOYHO BBOVITH
PpacTBOpHI BOOBEME 0.5 MJI Ha 100 T MACCHI TeJIa JKUBOT-
HOTrO. YKUBOTHBIM TIEpBOH TPYIIIBI (MHTAKTHASA) BBO-
JIATH TUCTWUIUPOBAHHYIO BOJY; KUBOTHBIE BTOPOH
TPYIIBI [TOJIyYaJId HACTOH TPaBbl HOHEU PYCCKOU U3
pacJera Ha CyXOd BeC — 1.7 T/KT; JKHBOTHBIE TPETbeH
TPYIIBI TOJyYaId CIUPTOBOM SKCTPAKT U3 TPAaBbI
HOHEW PpYCCKOW B aHAJOTMYHOU J03€; ueTBepTas
rpymma (KOHTpOJIbHAS) IOJIydasia IIperapar cpaBHe-
HUs — BapdapyH B 103€ 0.215 MI/KT.

An infusion was obtained according to the con-
ventional technique. The raw material, crushed to a
particle size of 1 mm, was placed in a flask with water
at a ratio of 1:20 and incubated in a boiling water
bath for 1 h, cooled with continuous stirring for 1 h.
After cooling, it was filtered.

As a reference drug, warfarin was chosen — the
main indirect anticoagulant in routine -clinical
practice.

The in vivo experiment was carried out on
36 Wistar male rats weighing 200—220 g. The ani-
mals were kept under standard conditions of the
vivarium with normal diet and free access to water
and food. The conditions of keeping and manipula-
tions of animals complied with the standards estab-
lished in the regulatiory documents concerning
experiments involving laboratory animals (Order of
the Ministry of Health of the Russian Federation No.
1991, 01.04.2016 “On Approval of the Rules of Good
Laboratory Practice”; Declaration of Helsinki
(1996)). All experimental manipulations and sam-
pling were carried out at the same time.

The animals were divided into four groups
(Table 1), 9 rats in each. Solutions in the volume of
0.5 ml per 100 g of body were administered to all rats
intragastrically once a day for 4 days. Distilled water
was administered to animals of the first group
(intact); animals of the second group received infu-
sion of Nonea rossica herb at a dose of 1.7 g/kg on
dry weight basis; animals of the third group received
the Nonea rossica ethanolic extract at a similar
dose; the fourth group (control) received a reference
drug, warfarin, at a dose of 0.215 mg/kg.

The anticoagulant activity was assessed using a
prothrombin time test. Accomplish this, on the
fifth day blood was taken from the tail vein from
anesthetized animals into test tubes with 5.5-aque-
ous sodium citrate 3.8% at a ratio of 1:9. To obtain
blood plasma, centrifugation was performed at
3000 rpm for 15 min at 18 to 25°C. The resulting
plasma was transferred to clean test tubes. The
determination of prothrombin time (PT) was per-
formed using an APG4-402P coagulometer (Tech-
nomedica LLC, Russia) and Thromboplastin kit
for determining PT in vitro (SPD Renam, Russia).
The method is based on determining the clotting
time of citrated plasma under the action of a mix-
ture of thromboplastin and calcium ions. The time
from the addition of thromboplastin and calcium
ions to the test plasma until the fibrin clot forma-
tion was assessed. The time of fibrin clot forma-
tion depends on the activity of factors of the extrin-
sic and intrinsic coagulation pathways (II, V, VII,
X). For this, 50 pl of the tested plasma was heated
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Ta6auna 1. /lusaiin vccies0BaHus
Table 1. The study design

I'pynna »KUBOTHBIX

Group of animals BBoauMmbie pactBopsl / Injected solutions Jlo3a / Dose

1 JuctunnupoBaHHas Boga / Distilled water -

2 Bo/iHBIN 3KCTPAKT TPaBbl HOHEU PYCCKON 1.7 r/xr (g/kg)
Aqueous extract of Nonea rossica herb

3 CoUpTOBOM 3KCTPAKT TPaBbl HOHEU PYCCKOM 1.7 r/xr (g/kg)
Ethanolic extract of Nonea rossica herb

4 Bapdapun / Warfarin 0.215 mr/xr (mg/kg)

O1eHKy aHTUKOATYJISHTHOTO AeHCTBUS IPOBO-
JIIHA C UCIIOJIb30BAHUEM NPOTPOMOMHOBOTO TECTA.
Jna 2TOr0 y HAPKOTHU3WPOBAHHBIX JKUBOTHBIX HAa
IIATHIE CYTKU U3 XBOCTOBOW BeHBI OPaJIH KPOBD B ITPO-
6upku ¢ 3.8% 5,5-BOTHBIM IIUTPATOM HATPHUS B COOT-
HOIIIeHNH 1:9. 171 moJIyYeHus I1a3Mbl KPOBU IIPO-
BOJIWJIN IIeHTpU(dyrupoBaHye npu 3000 00./MUH B
TedeHUe 15 MUH IpHU TeMmIepaType oT 18 mo 25 °C.
ITosyueHHyI0 IIA3My HEPEHOCIJIN B YHCTBHIE IIPO-
6upku. OmnpejiesieHre IPOTPOMOMHOBOTO BPEMEHU
(ITB) IpoBOIMIIN HAa aBTOMATHYECKOM KOATryJI0MeTpe
ATIT'4-402I1 (OO0 HIIII «Texnomemuka», Poccust) ¢
HCII0JIb30BaHNEM Habopa peareHTOB JJIs OIpejiesie-
uus I[1B in vitro «Tpombortactur» (HITO «Penam»,
Poccust). Metost OCHOBaH Ha OIpeJieJIEHUN BPEMEHH
CBEPTHIBAHUSA IIUTPATHOH IIJIa3MBI KPOBU IO, JieHi-
CTBHEM CMECH TPOMOOILIACTMHA U MOHOB KaJIBIIHSL.
Omnpeensyiu BpeMs OT MOMEHTa JJ00aBJIE€HUs TPOM-
6oITacTUHA M WOHOB KaJbIUA K HCCIENyeMOH
I1a3zMe 710 MOMeHTa 06pa3oBaHusA crycTka hpubpuHa.
Bpems obpasoBaHus crycTka ¢GubOpHHA 3aBUCHT OT
aKTUBHOCTH (DAaKTOPOB BHEIITHETO U OOIIero myrei
ceeproeiBanus (11, V, VII, X). /171 5TOT0 50 MKJI HCCIe-
IyeMOH IIJIa3Mbl IIPOTPEBAIM IIPH TeEMIEPAType
37 °C B TeueHUe 1 MUH, 3aTeM J100aBJIAIN 100 MKJI
TPOMOOITACTUH-KAJIBIIUEBOH cMecHn U (UKCUPO-
BaJIM BpeMsI 00pa30BaHUSA CTYCTKA.

ITo pesyspTaTam 5KCIEPUMEHTOB CTATUCTHIECKU
BBIUUC/ISUIA CPeJlHee 3HAaueHUe BBIOODKH U CTaH-
JIapTHYIO OMNOKy cpexHero. Vcrmosib30Baiy maker
nporpamm STATISTICA 8.0 (StatSoft, Inc., CIITA).
IIpoBepka HOPMAJILHOCTU pacCIpe/iesIeHUsT Koaude-
CTBEHHBIX IIPU3HAKOB IIPOBEZIEHA C HCIIOJIb30Ba-
HueM kputepud lllanupo — Yuuka. /loCTOBEpHOCTD
pasIuuuil MeKy TPYIIIaMU OIeHUBAIU TI0 KpUTe-
puto MaHHa — YuTHU. Paznuunsa cUuTainuch AOCTO-
BEPHBIMH IIPU P = 0.95.

PE3YJ/IBTATDBI 1 OBCYKIEHUE

[TpoBeneHHasA peakIys CO CIIMPTOBBIM PAaCTBO-
pPOM Kajius THAPOKCU/IA, M3BECTHAS KaK JIAKTOHHAS
mpo6a, /layia MOJIOKUTEIbHBIA Pe3yJIbTaT, UTO TOJ-

at 37°C for 1 min, then 100 pl of a thromboplastin-
calcium mixture was added, and the time of clot
formation was noted.

Based on the results of the experiments, the mean
value of the sample and the standard error of the
mean were statistically calculated. We used STATIS-
TICA 8.0 software (StatSoft, Inc., USA). The normal-
ity of distribution of quantitative characteristics was
evaluated using the Shapiro-Wilk test. The signifi-
cance of differences between the groups was assessed
by the Mann-Whitney test. The differences were sig-
nificant at p = 0.95.

RESULTS AND DISCUSSION

The reaction with an ethanolic solution of potas-
sium hydroxide, known as a coumarin test, gave a
positive result, which confirmed the presence of sub-
stances of coumarin nature in the composition of
Nonea rossica herb. Analysis of the obtained UV
spectrum of extraction (Fig. 1) allowed us to con-
clude that 2-hydroxycinnamic acid was present in
the extraction.

Indeed, the standard sample of 2-hydroxycin-
namic acid has 2 characteristic minimal peaks (at
240 and 295 nm) and two maximal ones (at 266 and
311 nm), and the extraction under study also has two
minimal peaks (at 241 and 297 nm) and two maximal
ones (at 267 and 314 nm). The similarity of the spec-
tra suggests, a precipitate obtained during the cou-
marin test sample, comprises 2-hydroxycinnamic
acid, which was formed because of the alkaline
hydrolysis of a coumarin nature substance (Fig. 2).

The content of 2-hydroxycinnamic acid, taking
into account the mass of the resulting precipitate,
was 0.7 + 0.1%.

To assess the anticoagulant activity, the method
and frequency of drug administration were cho-
sen — in our study, we took as a basis the patient
information leaflet for warfarin, according to which
for patients who had not taken the drug, the initial
dose is 5 mg/day (2 tablets) during the first 4 days
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Puc. 1. YO-crieKTp uccieayemMoro pactsopa (A) u 2-TUIpOKCUKOPUYHOU KucsoThI (B) [13]
Fig. 1. The UV spectrum of the test solution (A) and 2-hydroxycinnamic acid (B) [13]

TBEP/IWJIO IIPUCYTCTBHUE B COCTABE TPABHI HOHEU PYC-
CKOH BeIeCTB KyMapHWHOBOH TNPUPOABL. AHAIU3
nosyaeHHoro Y®-crekTpa wusBiedeHus (puc. 1)
IIO3BOJIJI C/I€JIaTh BBHIBOJ] O HAJIMYWHU B U3BJIEYEHUN
2-TUAPOKCUKOPUIHON KUCIOTHI.

JlefiCTBUTETBHO, CTaH/IAPTHBIN obpaserg
2-TH/IDOKCUKOPUYHOM KHUCJIOTHI UMEET 2 XapaKTep-
HBIX MUHUMyMa (IIPU 240 U 295 HM) U JIBA MaKCHU-
MyMma (pum 266 u 311 HM), a HCCIelyeMoe U3Beye-
HUe TaKKe MMeeT JBAa MHUHHUMyMa (IIpH 241 U 297
HM) U /iBa MakcuMyMa (IIpu 267 u 314 HM). Bansoctsb
CIIEKTPOB TI03BOJISIET YTBEPKATh, UTO MOIYIEHHBIN
B pe3yJIbTaTe JIAKTOHHOM IIPOOBI 0CAJIOK COCTOUT U3
2-TUAPOKCUKOPUYHOH KUCJIOTHI, KOTOpas o6pa3oBa-
JIach B Pe3yJIbTaTe MeJI0YHOTO THAPOJIN3a BEIEeCTBa
KyMapHUHOBOH MPUPOAEI (pHC. 2).

CozeprkaHue 2-TUAPOKCUKOPUYHOU KHUCJIOTBI C
YUETOM MAaCChl MOJIYYEHHOTO OCa/IKa COCTaBUJIO
0.7+ 0.1%.

of therapy. On the 5th day, the international nor-
malized ratio (INR) is determined and, under this
indicator, a maintenance dose of the drug is pre-
scribed. In this experiment, we used the dose of
warfarin in terms of weight (in kilograms) and con-
sidering the interspecies dose transfer coefficient
[14]. During the study, it was found that PT in rats
with the administration of warfarin at a dose of
0.215 mg/kg increases 2.5 times relative to the con-
trol values (Table 2).

After administration of a 10% infusion of Nonea
rossica herb to animals at a dose of 1.7 g/kg once a
day for 4 days, on the 5th day the anticoagulant activ-
ity of blood plasma did not change relative to the
control values. This fact is explained by the absence
of the coumarin fractions in the aqueous extraction,
which are the leading inhibitors of the synthesis of
coagulation factors (indirect-acting anticoagulants)
of plant origin.

X X
_—
+KOH F °
o) o) OH \OH

KyMapuH
coumarin

2-THAPOKCHKOPHYHAS KHCIIOTA
2-hydroxycinnamic acid

Puc. 2. [1]eJ109HON TUAPOIN3 KyMapHHa
Fig. 2. Alkaline hydrolysis of coumarin
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Ta6s1upa 2. Pe3ysbTaThl IPOTPOMOGUHOBOIO TECTA Y KPBIC HA 5-€ CYTKHU 9KCIIePUMEHTa
Table 2. Results of the prothrombin time test in rats on the 5th day of the experiment

I'pynna xuBoTHBIX / Group of animals

IlpoTpoMGHHOBOE BpeMs, C
Prothrombin time, s

JuctunininpoBanHas Bojia (koHTposb) / Distilled water (control)
BoJiHBIH 5KCTPaKT TpaBbl HOHeH pycckoll / Aqueous extract of Nonea rossica herb
CnupTOBOM 3KCTPAKT TpaBbl HOHeH pycckoi / Ethanolic extract of Nonea rossica herb

Bapdapun / Warfarin

13.63 £ 0.98
13.7 £0.85
31.3+1.27*
3342 +1.33*

* JlocTOBEPHOCTb Pa3/IMYUK 110 CPaBHEHHIO € KOHTpoJsieM p < 0.001.
* Significance of differences compared to the control p < 0.001.

Jl1 OIleHKM AaHTUKOATYJITHTHON aKTUBHOCTH
6bLT BBIOpaH crtocob U KpaTHOCTh BBEIEHUS IIpera-
paToB — B HaIleM WCC/IEIOBAHUM MBI B3sUIH 3a
OCHOBY MHCTPYKIIHIO II0 IpUMeHeHU0 BapdapuHa,
COIJIACHO KOTOPOU JIJIs MAIlMeHTOB, He IMPUHUMAaB-
X paHee IIpemapar, HadaJabHas /1032 COCTABJISET
5 mr/cyT (2 TabJeTKu) B TeueHUe MEPBBLIX 4 IHEH
tTepanuu. Ha 5-11 IeHb JIeUeHUs OIPe/IesIAeTCs MeXK-
ZIyHapoJHOe HopMatn3oBaHHOe oTHomIeHne (MHO)
U, B COOTBETCTBHU C 3TUM IIOKa3aTejieM, Ha3HaYa-
eTCsI OJIIEPKUBAIOIIAs 103a IIpernapaTa. B nanaom
SKCIIEpUMEHTE MBI HCIIOJIb30BAIU /103y BapdapuHa
B IlepepacueTe Ha Maccy (B KHWJIOTpaMMax) U C yde-
TOM KO03(p(dUIIMEeHTa MEeKBHUJIOBOTO IIepeHoca 103
[14]. B xoze ucciemoBaHus yCTaHOBIJIEHO, UTO I1B y
KPBbIC [IPU BBe/IeHUH BapdapuHa B 7103€ 0.215 MI'/KT
VBEJTUYUBAETCSA B 2.5 Pa3a OTHOCUTETHFHO KOHTPOJIb-
HBIX 3HaueHuH (Tabi1. 2).

ITocye BBemeHUA 10% HACTOSI TPABHI HOHEU PycC-
CKOI JKHBOTHBIM B JIOBUPOBKE 1.7 T/KT 1 pa3 B JIeHb B
TeueHUe 4 JHEH Ha 5-€ CYyTKH aHTHUKOATYJITHTHAS
aKTUBHOCTH IIJIa3MbI KPOBU He U3MeHsIACh OTHOCH-
TEJIbHO KOHTPOJIbHBIX 3HaueHWH. J[aHHBIA QakT
OOBACHSIETCS OTCYTCTBHEM IIPU BOZHOM CIIOCOOE
SKCTpParupoBaHusA GpaKINU KyMapHHOB B PACTBOPE,
KOTOpble U SIBJISIIOTCS BEIYIIUMH WHTAOUTOpPAMU
cuHTe3a (HaKTOPOB CBEPTHIBAEMOCTU KpOBHU (HeIps-
MBIMHU aHTHUKOATYJIAHTAMH) PACTUTEJIBHOTO IIPOMC-
XOKEHUS.

BBenenne ;KUBOTHBIM 3KCTPAKTOB, IMOJIYIEHHBIX
IIpH 3KCTPATUPOBAHUH 70% STUJIOBBIM CIIMPTOM B
J103e 1.7 T/KT, MPOJIEMOHCTPUPOBAJIO YBEJTHMUEHHE
I1B B 2.3 pasa (110 CpaBHEHUIO C KOHTPOJIEM) U HKBH-
BJIEHTHOE JIeHiCTBUE B CPABHEHUHU C CHHTETUYECKUM
IperapaToM CpaBHEeHUs — Bap(papuHOM.

YcraHOBIEeHHAs aHTUKOATYJISHTHASA aKTUBHOCTH
HMEHHO CIIUPTOBOTO W3BJIEUEHUS U OTCYTCTBHUS
TAKOBOU Yy BOJHOTO 00ycJOBIeHA THAPODOOHBIMU
CBOMCTBAMHU KYMapHWHCOZEPKAIINX COEJUHEHUN U
COOTBETCTBEHHO HX OTCYTCTBHEM B BOJIHBIX PACTBO-
pax. MoXXHO ¢ BBICOKOH CTENEHBIO BEPOSITHOCTHU
[IpeAIIOoJIaraTh HAJWYMEe B COCTaBE HOHEHW PYCCKOM

The administration to animals of extracts
obtained by 70% ethyl alcohol extraction at a dose
of 1.7 g/kg showed a 2.3-fold increase in PT (com-
pared with the control) and an equivalent effect in
comparison with the synthetic reference drug, war-
farin.

The revealed anticoagulant activity specifi-
cally of ethanolic extraction and the absence of
such in aqueous one is due to the hydrophobic
properties of coumarin-containing compounds,
and, hence, their absence in aqueous solutions. It
is possible to assume with a high probability the
presence of coumarin oxyderivatives in the com-
position of Nonea rossica (for example, 4-oxy-
coumarin), which have possibilities to inhibit the
synthesis of plasma proteins such as prothrom-
bin, proconvertin, Christmas and Stuart factors
in the liver. According to phytochemical study,
coumarin or coumarin-like substances [15] (posi-
tive coumarin test) and their derivatives are
present in the aboveground part of Nonea ros-
sica, which inhibit the synthesis of vitamin
K-dependent hemostatic plasma factors and
exhibit the properties of an indirect anticoa-
gulant.

During the administration of the extracts, the
condition of the rats was satisfactory. The adminis-
tration of drugs for 4 days did not lead to a signifi-
cant change in body weight relative to the controls.
The rats showed no signs of anxiety; no changes in
appetite, secretions, the condition of mucous mem-
branes, hair, skin were recorded.

CONCLUSION

The results obtained allow us to consider Nonea
rossica Steven as a promising plant for introduction
into medical practice as an indirect-acting anticoag-
ulant agent.

Conflict of interest. The authors declare no
conflict of interest.
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OKCHUIIPOU3BOIHBIX KyMapuHa (HAIpuMep, 4-OKCH-
KyMapuHa), KOTOpble 00/1a7]al0T CBOHCTBAMU MHTH-
OUpOBaTh B MeUYeHU CUHTE3 OEJIKOB IJIa3Mbl KPOBU
MMPOTPOMOWHA, TPOKOHBEPTHHA, dakTopoB Kpucr-
maca u Croapra. I[lo maHHBIM (PUTOXUMUUECKOTO
CKpPUHUHTA B HA/I3eMHOU YaCTU HOHEU PYCCKOH IpU-
CYTCTBYIOT KYMapHH WX KyMapHHOIIOZ0OOHBIE Bellle-
ctBa [15] (mosoxkuTenbHAsA JAKTOHAsI Mpoba) W UX
JIepUBaThl, KOTOPBIE IO/IABJISIOT CHHTE3 K-BUTaMUH-
3aBHCHUMBIX IUIa3MEHHBIX (DAKTOPOB reMocTaza Hu
MIPOSIBJISIIOT CBOMCTBA HEMPSMOT'O aHTUKOATYJISAHTA.
Bo BpeMs1 BBeJIEHHUS 9KCTPAKTOB COCTOSTHUE KPBIC
OBLIO y/IOBJIETBOPUTETHLHBIM. BBeIeH1E TpenapaToB
B TedeHHe 4 JIHEH He IPUBEJI0 K JIOCTOBEPHOMY
W3MEHEHUI0 MacCChl TeJIa OTHOCUTETHbHO KOHTPOJIb-
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HOW TPYIIIBI JKUBOTHBIX. KPBICHI HE MIPOSIBIISLIN IPHU-
3HAKOB OECIOKOWCTBa, He ObLIO 3aUKCHPOBAHO
W3MEHEHUs alllleTUTA, BbIJAEIEHUH, COCTOSHUS CIIU-
3UCTBIX, IIIEPCTH, KOKH.

3AK/IOYEHUNE

ITosmyueHHble pe3ysbTaThl IIO3BOJIAIOT paccMa-
TPUBAaTh HOHEIO PYCCKYI0O B KAYECTBE MEPCIEKTUB-
HOTO pacTeHUs ]I BHEJAPEHUS B MEIUIIMHCKYIO
MPAKTUKY B KaUeCTBE aHTUKOATYJISHTHOT'O CPEZICTBA
HEINPSMOTO TUIIA JeHCTBUA.

KoHdmKT HHTEPECOB. ABTOPHI 3asBJISIOT 00
OTCYTCTBUH KOH(INKTA NHTEPECOB.
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