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Hypercoagulability can be the result of hemo-
stasis imbalance, leading to incorrect blood cloth
and Thrombosis. Thromboembolic manifestations
in vital organs such as brain, heart, lung and liver
can be overwhelming and even may lead to death.
Hence, appropriate therapeutic approaches play
a critical role for the prevention and treatment of
abnormal blood clots such as pulmonary emboli,
deep vein thrombosis, strokes and heart attacks
[1, 24]. Anticoagulants are chemical compounds
that target different coagulation cascade, interact-
ing with formation of coagulation factors [4]. Al-
though anticoagulant drugs such as heparin and vi-
tamin Kantagonists for more than five decades have
been developed and known as accepted treatment,
they are mostly accompanied by life-threatening
side effects. For instance, hemorrhage is the most
important side effect of heparins, warfarin, Factor
Xainhibitors, direct thrombin inhibitors (DTIs) and
fibrinolytics [13]. Therefore, discovery of safer,
cheaper and more available herbal anticoagulants
with less toxicity and fewer side effects is a re-
search interest. The role of medicinal plants as a
compatible source of phytochemicals with antico-
agulant properties has been well documented [16].
Importance of phytochemicals derived from plants
in modern medicine has been discussed in various
investigations. According to chemical structure
there are some well-known phytochemicals such as
alkaloids, tannins, saponins, phenolics, terpenoids,
steroids, cardiac glycosides, flavonoids, couma-
rins, lignans, xanthones and anthraquinones. These
phytochemicals possess different pharmacological
activities, representing cardioprotective property,
anti-inflammatory, immunomodulatory, antibiotic,
anti-helminthic, cytoprotective, hepatoprotective,

antidiabetic and antioxidant activity, reducing the
risk of developing certain types of cancer [14].
Alikhani Pour et al. (2017) using cheminforma-
tics methods and based on in vitro coagulation tests
such as prothrombin time (PT) and activated par-
tial thromboplastin time (aPTT) listed some anti-
coagulant compounds and plants with anticoagulant
bioactivity. Plants Terminalia bellirica Roxb. that
contains tannins, Origanum vulgare L. including
Caryophyllene, Spathulenol, Germacrene, a-Caryo-
phyllene and Astragalusarbusculinus (with non-
available major chemical compounds) showed sig-
nificant changes inaPTT and anticoagulant effect,
although they didn’t exhibit any notable effect on
PT. Moreover, Dioscin, Resveratrol, Konjacgluco-
mannan, Ginkgolide B, Cedrol, Polycarpol, Querci-
trin, Ajoeneand Tanshinone IIA are some registered
anticoagulant compounds of plant origin [1, 2].
Crassocephalum crepidioides Benth S. Moore is
a wide speared medicinal plant in many tropical and
subtropical areas [4, 5, 18]. Both hexan (non-polar)
and methanol (polar) fractions of C. crepidioides
leaf extract significantly increase PT and PTT and
concentration-dependent clotting time of healthy
human blood samples. Hexane fraction of C. crep-
idioides leaf extract contains various biological
active substances including Benzofuranone, Ben-
zofuran (coumarin-related compounds), Thujone,
Eugenol and 9,12,15-Octadecatrienoic acid (a-lino-
lenic acid) represent Antiplatelet aggregation prop-
erty, inhibiting thrombus formation [4].
Hyperaggregability of platelets in pathological
conditions may lead to formation of thrombus, in-
creasing the risk of myocardial infarction and stroke
[19]. Essential oils are one of the bioactive prod-
ucts obtained from raw plant material, which main-
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ly contain low molecular terpenes (monoterpenes,
sesquiterpenes). The potential of essential oils and
their compounds in the management of cardiovas-
cular diseases targeting major related risk factors
has been reported. Several studies assessed hypo-
tensive and vasorelaxant effects of essential oils
through different mechanism [9, 3, 10]. Also, anti-
diabetic and Anti-Dyslipidemicessential Oils have
been demonstrated in different researches [25, 15].
Alves-Silva and co-authors (2021) collected some
in vitro results about essential oil antiplatelet ag-
gregation capacity. Artemisia dracunculus L. con-
tains Estragole which in a dose dependent manner
inhibits platelet aggregation [22, 3]. Foeniculum
vulgare Mill. contanis trans-anethole and estragole
which prevent adenosinediphoshphate (ADP), ara-
chidonic acid (AA) and 4B-phorbol-12-myristate-
13-acetate(PMA) induced platelet aggregation.
Geraniol, Linalool, Carvacrol, thymol and p-Cyme-
neare majoressential oil of plants Monarda didyma
L., Ocimumba silicum L. Origanum vulgaris L. and
Thymus vulgaris L. which decrease arachidonic ac-
id induced platelet aggregation in Guinea pig and
rat plasma [23, 3]. Moreover, a few in vivo studies
in thromboembolism animal models have evaluated
the capability of some extracts to decrease paralysis
events preventing death [23, 6, 11].

Numerous investigations suggest a potential
antithrombotic role for flavonoids. Flavonoids are
compounds with antioxidant property. Antiaggrega-
tory effect of polyphenols-flavonoids in prevention
of thrombus formation has been of interest. It is ob-
vious that activity of flavonoids is highly related
to their chemical structure and lipophilicity. Also,
both aglycone and flavonoid glycoside structure
inhibit platelet aggregation. Flavonoids inhibit in
vitro ADP-induced platelet aggragation by stabi-
lizing platelet membrane that leads to decrease in
the number of receptors [8]. Interestingly, Boji¢and
group (2012) for the first time reported proaggraga-
tory activity of flavonoids that is correlated to an-
tioxidant effect of flavonoids, stimulating chemical
modification of prostaglandin (PG) G2 to PG H2.
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The last is additionally converted to thromboxane
A2 (by thromboxane A2 synthase), causing platelet
aggregation [7]. It is notable that antiplatelet ag-
gregatory effect of ingested flavonoid quercetin and
its metabolites have been documented by Stainer et
al. (2019); therefor, quercetin supplementation may
prevent thrombus formation and contribute to pro-
tective effects against cardiovascular disease [20].
Mira and co-authors (2017) suggest that querce-
tin and kaempferolmay cause prolongation of PT,
aPTT and thrombin time (TT) by inhibiting throm-
bin and coagulation factor X. Also these flavonoids
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[17].

Ginkgolide B is one of the ginkgolides have been
extracted from leaves and root bark of the Chinese
tree Ginkgobiloba, was known the most potent
ginkgolide to be specific and selective antagonist
of platelet activating factor (PAF) by competitively
combining PAF receptors, presenting valuable ef-
fects on different PAF-related diseases [26]. Also,
Ge et al. (2014) overviewed herb-warfarin interac-
tion, high lighting clinical findings and correspond-
ing mechanisms of interactions. Ginkgo was identi-
fied to cause sever interaction with warfarin [12].

It is noteworthy that according to Taki and col-
leagues (2012) Ginkgo biloba extract (GBE) affects
warfarin anticoagulation via herb-drug interaction.
They suggested that GBE and ginkgolide B don’t
cause blood coagulation in vivo, and GBE dimin-
ishes the anticoagulation action of warfarin through
induction of hepatic cytochromes (CYPs) by bi-
lobalide [21].

The findings from these studies testify that plants
contain bioactive substances which hold anticoagu-
lant activity with great capability in the develop-
ment of novel anticoagulant drugs for prevention
and treatment of cardiovascular diseases in one
hand. On the other hand, patients should be aware
of synergistic effect of simultaneously using these
medicinal plants and chemical anticoagulant. Al-
though more in vivo verification and clinical trials
seems necessary.
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Hypercoagulability can be the result of hemostasis imbalance,
leading to incorrect blood cloth and Thrombosis. Although
anticoagulant drugs such as heparin and vitamin K antagonists
for more than five decades have been developed and known
as accepted treatment, they are mostly accompanied by life-
threatening side effects. Therefore, discovery of safer, cheaper
and more available herbal anticoagulants with less toxicity and
fewer side effects is a research interest. Information of present
review is collected from peer-reviewed journal articles to discuss
about antithrombotic effects of various phytochemicals such as
essential oils, flavonoids and Ginkgolide B. The findings from
these studies testify that plants contain bioactive substances with
great capability in the development of novel anticoagulant drugs
for prevention and treatment of cardiovascular diseases. Also,
specialist should be aware of synergistic effect of simultaneously
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using these medicinal plants and chemical anticoagulant.
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JEKAPCTBEHHBIE PACTEHHS KAK HCTOYHHUK
OHPUPOJHBIX AHTUTPOMBOTHUYECKHUX
CPEJACTB B KOPPEKIIMM 3JOPOBbs

(OB30P JIMTEPATYPBI)

KioueBble c1oBa: GUTOXMMHYECKOE BEIIECTBO, AHTUKOATY-
JISIHT, aHTUTPOMOOTHK, BapbapuH, 3hupHOE Maciao, GIaBOHOUIBI.

I'unepkoaryssuust MOXeT OBITh pPe3ysnbTaToM aucOalaHca
remMocTasa, 4To NPUBOJUT K HapYLICHHIO KPOBOOOpAILICHHS WU
TpoM603y. XOTSI aHTUKOATYJISIHTHI, TAKUE KaK TellapuH U aHTa-
roHUCTHl BUTaMuHa K, Obutn paspaboTaHbl Oosee MATH AECATH-
JIeTUIl Ha3aJl U U3BECTHBI KaK OOILICTIPUHSTHIE METOIBI JICUCHHUS,
OHM B OOJIBIIMHCTBE CIIy4aeB CONPOBOXKJIAIOTCS OMACHBIMH IS
KU3HH TOO00YHBIMU 3¢ dextamu. Takum 00pa3oM, OTKpBITHE
Oosee 0E30MAaCHBIX, ACMIEBBIX U JOCTYMHBIX TPaBSHBIX aHTHKO-
aryJsiHTOB C MEHBIIEH TOKCHYHOCTBIO M MEHBIINM KOJINYECTBOM
1mo60YHBIX 3(QPEeKTOB MpencTaBiseT coO00i nccaeJ0BaTEIbCKII
uHTepec. Mupopmanus ms Hactosero o63opa cobpana u3 pe-
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LICH3UPYEMBIX CTaTeH A 0OCYKICHHS aHTUTPOMOOTHYECKHX
93¢ (}eKTOB pa3nuUHBIX (UTOXMMHYECKHX BEIIECTB, TAKUX Kak
a¢upHbIe Macia, GpJIaBOHOU/BI M THHKIOMUA b. Pe3ynbpraTsl 3THX
UCCIICIOBAHUN CBUIETEIBCTBYIOT O TOM, YTO PACTCHHUS COJEPIKAT
OHMOAKTUBHBIE BEIIECTBa, 00Jagaroie OOJbIINM TOTEHIIHAIOM
Uil pa3pabOTKM HOBBIX AHTHKOAUYJSIHTHBIX MpEHapaToB JUis
MpOGHIAKTHKH U JICYCHHUS CEPACYHO-COCYIUCTHIX 3a00JICBaHUIA.
Takoke crenuanucThl JOJKHBI 3HATh O CHHEPreTHYeCKOM ddek-
T€ OJJHOBPEMEHHOTO NPHUMEHEHHs DTHX JIEKapCTBEHHBIX pacTe-
HUIl 1 XMMHYECKOTO aHTHKOATYJISHTA.

Ceninex I[apuawmi I'a3zae, T.I1. 'apuuk, B.A. Tymanos,
E.B. I'opoBa, Xamin Mypraza

JIKAPCBKI POCJIMHH SIK JKEPEJIO
MMPUPOJHUX AHTHTPOMBOTHYHUX
3ACOBIB Y KOPEKIIIi 3I0POB’SI
(OTJISIL IITEPATYPH)

Kurouosi ciioBa: GpiToximMiuyHa peqyoBUHA, aHTUKOATYJISAHT, aH-
TUTPOMOOTHK, BaphapuH, edipHa oiist, praBoHOIAH

Tinepkoarymsmiss Moxe OyTH pe3yibTaToM aucOanaHcy re-
MOCTa3y, IO MPHU3BOAHUTH JIO MOPYIICHHS KPOBOOOIrYy i TpoM-
003y. Xo4a aHTHUKOATYJISTHTH, TaKi SK TEMapHH 1 aHTaroHiCTH
Bitamuny K, Oynu po3poGuieHi Oinblie m’sTH AECATUIITH TOMY
1 BITOMI SIK 3araJbHONPUHHATI METOH JIIKYBaHHS, BOHH B OiJb-
IIOCTI BHUMAAKIB CYNPOBOJUKYIOTHCS 3arpO3JIMBUMHU JUISL JKUTTS
no0iuHuMHU edextaMu. TakuM YHHOM, BIIKPUTTS Oinbin 0e3-
MEYHHX, JIEHIEeBUX Ta JOCTYIHBIX TPaB SHUX aHTUKOATYJISHTIB 3
MEHIIO0 TOKCUYHICTIO 1 MEHIIOIO KIJIbKICTIO MOOIYHUX e(eKTiB
BHUKJIMKA€E 3allikKaBJICHHS AOCTIAHUKIB. [HopManis mis gaHoro
orysany 3i0paHa 3 MEperyisIHYTHX CTaTed M 0OTOBOPEHHS aH-
TATPOMOOTHYHUX €PEKTiB Pi3HUX PITOXIMIYHUX PEUOBHUH, TAKUX
sk edipui onii, ¢praBonoiau i rinkroaix b. PesyabTaT nux mo-
CIIKEHB CBI1AYaTh, IO POCIUHU MICTSATh O10aKTHBHI PCYOBUHHU,
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SIKi BOJIOJIFOTH BEJIMKUAM MOTEHIIIaJIOM ISl pO3pOOKH HOBHX aH-
TUKOATYJISHTHUX NpenapatiB Juid NpoQuIaKTHKU Ta JIiKyBaHHS
CepLeBO-CYyIMHHUX 3aXBOPIOBaHb. Takox (axiBIli IMOBHHHI 3HA-
TH NPO CHHEPTEeTHYHHUH e()EKT 0HOYACHOTO 3aCTOCYBAHHS IHX
JIKapChKUX POCIHH i XIMIYHOT'O aHTHKOATyJISHTA.
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IPUJIOJIATHOCTHUKA Y KJITHIYHIN ITPAKTHIII

m C-B.IloTourka, jikap 3 Hapo/i. Ta HETPAHUIL. Me]l.

m DOII «Meduuna npakmura», m. Kuie

B ocHOBiI ipua0JiarHOCTUKHN JIEKHTH KIiHIYHA
iHTepHIpeTalis 3MiH, Ki BHHUKAIOTh HA paliayXHIN
o0oioHmi oka. [pumosoris sik Hayka po3risjgae pai-
IYKKY SK €KCTepOpPELEeNTHBHY 30HY, SK CKIAIHUI
reHeTH4Hui Mapkep. [Ipu oOcTeKeHHI TPOBOAUTHCS
aHali3 ipUA03HAKIB, IKi MOXYTh OyTH BPOKEHUMHU
YU HAOYTUMU.

Paiinyxka BimoOpaxxae BpOJKEHI Bajaw, 3aKpirl-
JeHl B reHotuni. € gaHi, sIKi ¢cBig4aTh, 110 BOHA Bi-
nobpaxae iHQopMaliro nmpo aedeKTH A0 YeTBEPTOTO

MOKOJIIHHSA BKJIIOYHO. 3a pe3yjbTaTaMH YHCIECHHHX
nocnipkers Bourdiol (1975) BusiBuB, 110 IpaBe 0KO
YOJIOBIKIB Hece 0aThbKIBCHKUM I'€HOTHII, a JiBE — Ma-
TepUHCHKUIA. Y KiHOK — HaBnaku. Ha nymky Bemnbxo-
Bepa (1992), mepenava 10KanIpbHUX 3HAKIB Bijg 0aTh-
KiB cTaHOBUTH 50%.

Y mpakTU4HIA JisUIBHOCTI JiKaps ipumoiora y
85% BUMAIKIB 3yCTPiYAOTHCS TAII€HTH 3 MOEIHA-
HOI0 TIATOJIOTI€I0 OpraHiB INTYHKOBO-KUIITKOBOTO
TPaKTy, siKa € IPUYNHOK BUHUKHEHHS 3aXBOPIOBAHb
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