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The aim of the study was to investigate antithrombogenic properties of compound RU-1144 with previously identified pro-
nounced antiplatelet and antioxidant activities. The thrombosis induced by Ferric chloride (FeCl,) was carried out in rats’
carotid artery, in comparison with the known antiaggregant drugs — acetylsalicylic acid (ASA) and ciopidogrel, as well as with
the antioxidant preparation — ethylmethylhydroxypyridine succinate (EMHPS).

Materials and methods. The antithrombotic activity of compound RU-1144 was studied on the model of the rats with carotid
artery thrombosis, induced by the application of 50% ferric chloride (FeCl,), and the Global Thrombosis Test model (the Gérég
Thrombosis Test). The evaluation of this type of activity was carried out by prolonging the time of a blood clot formation.
The studies of the compound RU-1144 effect on the bleeding time parameter were performed in mice. Acetylsalicylic acid,
clopidogrel and EMHPS were used as reference drugs.

Results. The antithrombotic effect of the RU-1144 substance revealed in the model of arterial thrombosis induced by the
application of ferric chloride (FeCl,), exceeded that of both acetylsalicylic acid and clopidogrel by 3.5 times and that of EMHPS
by 2.9 times. In the model of the in vitro Global Thrombosis Test (the Gérég Thrombosis Test), compound RU-1144 reduced
the thrombogenic potential of the blood equally with acetylsalicylic acid and clopidogrel. The assessment of “the bleeding
time”, caused by the RU-1144 substance, showed that the prolongation of bleeding was twice as less pronounced than that
caused by ASA and clopidogrel.

Conclusion. The performed studies demonstrated a pronounced antithrombotic activity of compound RU-1144, which ex-
ceeded that of acetylsalicylic acid, clopidogrel and EMHPS, while the ability to prolong the bleeding time was reliably lower
than that of reference drugs.

Keywords: antithrombotic activity, thrombosis, benzimidazole, ASA, clopidogrel, ethylmethylhydroxypyridine succinate, the
Go6rog Thrombosis Test, bleeding time

Abbreviations: EMHPS — ethylmethylhydroxypyridine succinate; ASA — acetylsalicylic acid.
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Llenb — n3y4yeHne aHTUTPOMBOreHHbIX CBOMCTB coeanHeHnn PY-1144 ¢ paHee BbliIBNEHHOM BbIPAaXKEHHOW aHTUArperaHTHoOM
W aHTUOKCUAAHTHOM aKTMBHOCTbBIO, HA MOZE/IM apTepUasbHOro TPoMb03a COHHOM apTePUM KPbIC, MHAYLMPOBAHHOTO X/10pU-
aom kenesa (1), B cpaBHEHUM C U3BECTHBIMM aHTUArPEraHTHbIMM NPenapaTaMm — aLeTUACANULUAOBOW KMCIOTON U KNoMu-
[0rpesiom, a TaKKe aHTMOKCUMAAHTHbIM NPenapaTom — 3STUAIMETUNTUAPOKCUMUPUANHA CYKLMHAT.

Martepuanbl U meToabl. AHTUTPOMBOTUYECKAA aKTUBHOCTb coeauHeHus PY-1144 6bina nsyyeHa Ha MoAenn apTepmaibHOro
TPoMb03a COHHOW apTepumn KpbIc, BbI3BaHHOTO annaukaumein 50% xnopuaa enesa (Ill) u moaenun Global Thrombosis Test
(no Topory). OueHKy AaHHOro BMAA aKTUBHOCTM MPOM3BOAMAM NO YAANHEHUIO BpeMeHU 06pa3oBaHua Tpomba. Mccnenosa-
HUA BANAHMA coegmHeHna PY-1144 Ha napameTp BPeMeHU KpOoBOTEYEHMA NPOBOAUAN HA Mbllwax. B Kayectse npenapatos
CpaBHEHWA UCNONb30BANMU ALETUNCANNLNNOBYIO KUCAOTY, Knonuaorpen n SMITIC.

Pe3ynbrathbl. BbiABNEHHOE HAa MOAEAWN apTepPUaNbHOrO TPOMbB03a, MHAYLIMPOBAHHOMO anniuKauuen xaopuaa kenesa (l11),
AHTUTPOMBOTUYECKOE aeicTBue cybcTaHummM PY-1144, npeBOCXO4MA0 TAaKOBOE KaK Y aLeTUICaNnLUAOBON KUCAOTbI, TaK U
y Knonuaorpena B 3,5 pasa, u B 2,9 pasa —y dMITIC. Ha mogenn Global Thrombosis Test (tect lfopora) in vitro coeanHeHne
PY-1144 cHuXano TpoMbBOreHHbI MOTEHLMAN KPOBM B PAaBHOW CTEMNEHM C aLeTUICaNLUIOBOIN KUCIOTOM U KNOMUAOTPENOM.
Mpu oLeHNnBaHUM «BpeMeHN KpoBOTeYeHMA» BelecTBo PY-1144 npoaOHIMPOBaN0o KPOBOTEYEHME B CpeaHEeM B 2 pa3a MeHee
BblpaxkeHo, yem ACK u knonuaorpen.

3akntoueHue. MposeaeHHble UccaesoBaHUA NMPOAEMOHCTPUPOBAAN Y coeauHeHns PY-1144 BbipaxKeHHYH aHTUTPOMBOTH-
YeCKyto aKTMBHOCTb, MPEBbILLAIOLLYIO TAKOBYHO Y aLLeTUICANNLMNAOBOM KUCNOTbI, Knonuaorpena n SMITIC, npu 3Tom cnocob-
HOCTb YA/IMHATb BPEMSA KPOBOTEYEHUA bblaa OCTOBEPHO HUXKE, YEM Y NPEMNAPATOB CPABHEHMA.

KntoueBble cnoBa: aHTUTPOMbBOTUYECKAA aKTUBHOCTb, TPOM603, 6eH3umngason, ACK, knonugorpen, sTUAMETUATMAPOKCHU-
NUpUAMHA CYKUMHAT, TPOM603 no fopory, Bpemsa KpoBoTeveHuma

CokpauweHua: SMITIC — aTnameTnarngpokenunupuanHa cykumHat; ACK — auetnacanmumnaoBas KMCcnoTa.

INTRODUCTION

Cardiovascular diseases are currently the leading
cause of global disability and mortality worldwide [1-3].
According to the World Health Organization, by 2030,
more than 20 million deaths per year from the diseases
associated with an increase in blood thrombogenic po-
tential, will have been registered. Among them there is
a coronary heart disease, a stroke, impaired peripheral
circulation, complications of diabetes mellitus, there-
fore, antiplatelet therapy is an important component in
various areas of clinical practice [4].

It is known that an atherosclerotic plaque causes
narrowing of the vessel section and, as a result, when
the bloodstream passes through this place, turbulent ac-
celerations occur. In their turn, they affect blood corpus-
cles primarily erythrocytes and thrombocytes, increas-
ing their aggregation ability. In addition to the formed
elements, the vessel wall is exposed, which results in
the endothelium damage. There is also the possibility of
collagen fibers to come into contact with thrombocytes,
followed by their adhesion to the damaged surface, acti-
vation, aggregation, and thrombus formation [5].

Thus, the activation of the platelet element of he-
mostasis, can become a cause of complications on be-
half of the cardiovascular system, i. e. the formation of
arterial thromboses [1]. Besides, an important role in
the pathogenesis of thrombus formation is played by the
activation of lipid peroxidation processes, the enhance-
ment of which causes an increase in the thrombocyte
aggregation and the coagulation element of hemostasis
[6, 10]. This concept is the theoretical justification for
the use of antioxidant agents as an additional pathoge-
netic therapy of arterial thromboses. Thus, timely and
correct preventive measures aimed at inhibiting throm-
bocyte aggregation and lipid peroxidation, can prevent
premature deaths, increase life expectancy, improve its
quality, and reduce the economic costs of society for pa-
tients’ treatment and rehabilitation [7-9].
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In the course of the previous studies, among het-
erocyclic compounds, the substances exhibiting antiag-
gregant and antioxidant properties, had been identified
[11-13]. The compound under code RU-1144 (1-(2,6-dit-
retbutyl-4-(1-hydroxyethyl)-phenyl-pyrimidobenzim-
idazole hydrochloride) can inhibit thrombocyte aggre-
gation and lipid peroxidation, exceeding the reference
drugs — acetylsalicylic acid, clopidogrel and ethylmethyl-
hydroxypyridine succinate [31]. There are various meth-
ods for studying these types of activity [15, 16]. How-
ever, the most common is the study of antithrombotic
properties in the models of arterial thromboses.

Therefore, the aim of the study was a comparative
investigation of the antithrombotic activities of com-
pound RU-1144 and antiaggregant drugs with a high evi-
dence base — acetylsalicylic acid and clopidogrel, as well
as the antioxidant agent EMGPS in the model of carotid
arterial thromboses in rats, as well as in the model of the
Global Thrombosis Test (the Gérég Thrombosis Test) and
their effect on “the bleeding time” parameters.

MATERIALS AND METHODS

Animals

The experiments were performed in 108 nonlinear
white male rats weighing 250-300 g and 24 white mon-
grel male mice weighing 20-22 g, kept under vivarium
conditions (the temperature of 22-24 °C, the relative
humidity of 40-50%) with natural light on a standard
diet (GOST R 50258-92). All the animals were obtained
from the nursery of the Research Center for Biomedical
Technologies, Ltd. The animals were kept under stan-
dard conditions in accordance with the Decree of the
Chief State Sanitary Doctor of the Russian Federation
No. 51 dated 29.08.2014, “On approval of SP 2.2.1.3218-
14 “Sanitary and epidemiological requirements for the
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design, equipment and maintenance of experimental
biological clinics (vivariums)”. All the animals (rats and
mice) were quarantined for 14 days in separate vivarium
boxes of the FSBEI HE of Volgograd State Medical Uni-
versity of the Ministry of Health of Russia. During the
guarantine, the body weight of the animals was mea-
sured more than twice (on the 1* and the 14 days). The
clinical condition was monitored in the groups every day
by visual inspection. The animals with deviations found
out during the examination, were excluded from the ex-
perimental groups. During the study, all the procedures
with the animals were carried out in accordance with
generally accepted ethical standards for the treatment
of animals adopted by the European Convention for the
Protection of Vertebrate Animals used for experimental
and other scientific purposes (1986) and considering the
International Recommendations of the European Con-
vention for the Protection of Vertebrate Animals used
in experimental research (1997). All the procedures with
the animals were performed in accordance with the
standards, outlined in the eighth edition of the Guide for
the Care and Use of Laboratory Animals and ARRIVE (An-
imal Research: Reporting of In Vivo Experiments). The
experimental study was approved by the Regional Re-
search Ethics Committee of the Volgograd Region, proto-
col No. 2083-2016, dated November 18, 2016. This study
was carried out in accordance with the requirements of
the “Guidelines for the Preclinical Studies of Medicines”
[15].

Study design

An experimental study of the antithrombotic activi-
ty of the benzimidazole derivative under code RU-1144
(1-(2,6-ditretbutyl-4-(1-hydroxyethyl)-phenyl-pyrimi-
dobenzimidazole hydrochloride) (Scientific Research
Institute of Physicochemical Physics of Southern Feder-
al University), which has a spatially hindered phenolic
substituent in its structure, has been carried out. Well
known antiaggregant agents with a high evidence of ac-
tivities — acetylsalicylic acid (Sigma, USA) and clopidogrel
(Sanofi, France), and an antioxidant agent — ethylmeth-
ylhydroxypyridinesuccinate (EMGPS ©, Pharmasoft LLC,
Russia) [16] — had been chosen as reference drugs. Com-
pound RU-1144 and reference drugs were administered
intragastrically with the help of an intragastric tube.

As a solvent, purified distilled water was used. The
antithrombotic activities of compound RU-1144 and ref-
erence drugs were studied in the model of rats’ carotid
arterial thromboses caused by the surface application of
a 50% solution of ferric chloride (FeCl.). The studied sub-
stances were administered to rats intragastrically once,
2 hours before the application of a thrombotic agent to
the carotid artery of the animals [17]. 30 minutes before
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the start of the experimental arterial thromboses, the
rats were intraperitoneally anaesthetized with chloral-
hydrate (400 mg/kg). After the onset of anaesthesia, the
skin and tissues were opened in layers, highlighting the
carotid artery. A cotton pad moistened with a 50% solu-
tion of ferric chloride (FeCl,) (0.025 ml) was placed on a
small area of the carotid artery. The surrounding tissues
were isolated with the help of a special “Parafilm” film.
To record the changes in the blood flow, a Minimax-Dop-
pler-K ultrasound dopplerograph (Minimax, St. Peters-
burg) was used. The ultrasound probe of the apparatus
was installed at a small distance from the cotton pad,
placed on the carotid artery. The blood flow was record-
ed till the complete occlusion of the vessel.

Compound RU-1144 and the reference drugs were
studied at the doses of an equimolar dose of 19 mg/kg
of acetylsalicylic acid (a pharmacologically active dose
obtained in the model of ADP-induced rat aggregation
in an in vivo test). For the test substance RU-1144, this
dose was 48 mg/kg, and for the reference drugs of clopi-
dogrel and EMHPS it was 32 and 28 mg/kg, respective-
ly). In order to determine the ED,, depending on the
manifested antithrombotic effect, (the dose at which
the studied compounds increase the time of the onset
of the complete vessel occlusion by a thrombus to the
control by 50%), the studied doses of the substances and
the reference drugs were either increased or decreased.
Compound RU-1144 was also studied at the doses of 24
and 12 mg/kg, ASA — at 100 and 150 mg/kg, clopidogrel
— at 60; 120 and 180 mg/kg, and the comparison drug
EMGPS was studied at the doses of 150 and 100 mg/kg,
respectively.

The antithrombotic activity of compound RU-1144 was
investigated using the Global Thrombosis Test in vitro with
the ex vivo study of the biological material after a sin-
gle intragastric administration at the dose of 18.8 mg/kg
(a pharmacologically active dose obtained in the model
of ADP-induced thrombocyte aggregation in rats in the
in vivo test) [18]. The reference drugs — acetylsalicylic
acid and clopidogrel — were studied at the doses of 28.5
and 13.8 mg/kg, respectively. 2 hours after the admin-
istration of the test compounds, the blood was drawn
from the abdominal aorta with a 5 ml syringe containing
20 uM of ADP thrombocyte aggregation inducer. The an-
imals had been pre-anaesthetized with chloral hydrate
(400 mg/kg, intraperitoneally). The resulting blood was
immediately placed in a special G6rdg tube without any
addition of stabilizers and preservatives. The main cri-
teria for evaluating the antithrombotic effect of the test
compound and reference drugs were indicators of the
occlusion time and the lysis time, the analysis of which
was carried out using the GTT Draw 2.3 software.

In order to determine the undesirable effect of the
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antiaggregant drugs, “the bleeding time in mice” mod-
el was used [19]. To reproduce this model, the animals
were preliminarily anaesthetized using chloral hydrate
at the dose of 400 mg/kg. After that 5 mm of the tip of
the tail was cut off, then placed in a test tube with phys-
iological saline in a water bath (37 °C).

To evaluate the effect, the time expressed in sec-
onds, from the moment of cutting off the tip of the
tail to the moment the bleeding stopped complete-
ly, was recorded. According to the effect on this pa-
rameter, compound RU-1144 was studied at the dose
of 18.8 mg/kg and the reference drugs ASA and clopido-
grel — at the doses of 28.5 and 13.8 mg/kg, respectively.
The administration of the studied compounds was car-
ried out 2 hours before the start of the experiment.

The groups of the control animals were given pu-
rified distilled water as a single dose in the equivalent
volume intragastrically.

Statistical processing of results

Statistical processing of the experimental data was
carried out using the Mann-Whitney criterion, the one-
way ANOVA criterion with Bonferroni correction using
the GraphPad Prism 5.0 statistical software package
(“GraphPad”, USA) and Microsoft Excel 2007 (Microsoft,
USA).

RESULTS

In the course of the arterial thrombosis study, the
data indicating the presence of antithrombotic prop-
erties of the test substance and reference drugs, were
obtained.

The average time of the carotid artery occlusion of
the control group animals, was 19.4+1.5 min. (Table 1),
which is consistent with the published data [23, 26].

Compound RU-1144 at the dose of 48 mg/kg, reli-
ably prolonged the time of the carotid artery complete
occlusion to 31.4 minutes, which was 61.1% reliably
higher than this indicator in the control group animals.
With a further decrease of the test compound dose to
24 mg/kg, the time of thrombus formation also reli-
ably decreased and amounted to 27 minutes. A further
dose reduction to 12 mg/kg, reliably prolonged the on-
set of the carotid artery complete occlusion by 14.1%
(Table 1).

At the dose of 19 mg/kg, ASA unreliably with re-
spect to the control, prolonged the time of thrombus
formation by 6.4%. Therefore, in the further study, the
doses of acetylsalicylic acid were increased to 100 and
150 mg/kg. At the same time, at the dose of 100 mg/
kg, the reference drug increased the time of the onset
of the carotid artery complete occlusion by 29.5%, and
at the dose of 150 mg/kg — by 58.5%. Thus, an increase
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of the dose of acetylsalicylic acid increased the studied
parameter by 58.5% (Table 1).

At the dose of 32 mg/kg, clopidogrel reliably ex-
tended the thrombosis time by 9.0% compared with the
control group animals. A further increase of the dose to
60 mg/kg and then to 120 and 180 mg/kg, led to an in-
crease in time till the complete occlusion of the carotid
artery by 21.8, 34.6 and 65.4%, respectively (Table 1).

At the dose of 28 mg/kg, EMHPS increased the on-
set time of the rats’ carotid artery complete occlusion
by 8.11%. The increase of the drug doses to 100 and
150 mg/kg, led to the prolongation of this indicator by
41.03 and 75.21%, respectively.

Based on the obtained data, ED antithrombotic ac-
tivities of compound RU-1144 and reference drugs were
calculated. So, for the tested RU-1144 sample, this value
was 37.8 mg/kg, for acetylsalicylic acid — 133.0 mg/kg,
and for clopidogrel and EMHPS —132.0 and 108.4 mg/kg,
respectively. Thus, in terms of ED_ antithrombotic activ-
ities, RU-1144 compound exceeded the antiaggregant
drugs — acetylsalicylic acid and clopidogrel — by 3.52 and
3.49 times, respectively, and the antioxidant agent EM-
HPS — by 2.87 times.

At the next stage, the antithrombotic activities of
compound RU-1144 and the reference drugs of ASA and
clopidogrel, were studied in the Global Thrombosis Test
model (the G6rég Thrombosis Test). When performing
this experiment in the control group of the animals, the
onset of the complete occlusion in the test system was
95.2 seconds (Table 2). The study of the biological ma-
terial of the animals administered intragastrically with
compound RU-1144, showed a statistically reliable in-
crease in the time of the complete occlusion onset by
37% compared with the values obtained in the control
group, and amounted to 130.5 seconds. At the same
time, the test compound unreliably increased the lysis
time relative to the control (Table 2).

The reference drug ASA, studied at the dose of 28.5
mg/kg, also reliably led to the prolongation of the com-
plete occlusion time in the test system, while this indica-
tor was 1.2 times higher than that of the control group
animals, though not affecting the lysis clot time.

In the group of the animals treated with clopidogrel,
the occlusion time was 57.6% longer than in the control
group, but the lysis time was comparable to the values
obtained in the control group animals (Table 2).

Thus, the results of the study obtained in this mod-
el, showed that the greatest antithrombotic effect was
demonstrated by the reference drug clopidogrel, which,
in the studied dose, increased the occlusion time of the
test system by 1.7 times, unreliably exceeding compound
RU-1144 and reliably exceeding acetylsalicylic acid by 1,
3 times. The studied compounds have shown no effect
on the rate of lysis either.
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Table 1 — The effect of compound RU-1144, ASA, clopidogrel and EMHPS on the complete occlusion time of rats’
carotid artery in the model of arterial thromboses induced by the application of ferric chloride (FeCl.) (Mtm, n=6)

No. in Thrombus formation A% of prolonging throm-
sequence Tested samples Dose, mg/kg time, min bus formation time ED,,, mg/kg
1 Control 19.4+1.5
12 22.3+0.7* 14.1+3.6*
2 RU-1144 24 27.0+0.6* 38.5+2.8%* 37.8
48 31.4+1.0% 61.145.4%*
19 20.8+0.3* 6.4+1.6*
3 ASA 100 25.3+0.5* 29.5+2.5* 133.0
150 30.9+0.3* 58.5+1.4%*
32 21.3+0.3* 9.0+1.3*
. 60 23.8+0.3* 21.8+1.6*
4 Clopidogrel 132.0
120 25.8+0.4* 34.6+1.3*
180 32.3+0.4* 65.4+2.2%
28 21.1+0.3* 8.1+1.6*
5 EMHPS 100 27.5+0.6* 41.0+2.9* 108.4
150 34.2+0.8* 75.2+4.3*
Notes:

n — the number of the animals in the group;

*— the data relative to the control (the Mann-Whitney test, p<0.05).

Table 2 — Antithrombotic activities of compound RU-1144 and reference drugs — ASA and clopidogrel —
in the model of the ex vivo Global Thrombosis Test (the G6r6g Thrombosis Test) (Mtm, n=6)

No. in

Tested samples Dose, mg/kg Occlusion time, sec Lysis time, sec
sequence
1 Control 635.2 £ 29.0
2 RU-1144 18.8 130.5 +7.8%* 711.2+394
3 ASA 28.5 117.5+4.1* 629.3 +15.7
4 Clopidogrel 13.8 150.0 £ 4.0* 631.5+17.1
Notes:

n — the number of the animals in the group;

* —the data reliable relative to the control (the Mann-Whitney test, p<0.05).

Table 3 — The effects of compound RU-1144 and reference drugs on the time of bleeding from the mice’s tail
veins, at the doses of ED_ antiaggregant activity in vivo (Mtm, n=6)

No.in Tested samples Dose, mg/kg Bleeding time, sec £% of prolonging .thrombus
sequence formation time
1 Control 349.3+7.2
2 RU-1144 18.8 4455 +10.5™ 27.5+3.0"
38 ASA 28.5 583.9+9.1 67.2+2.6°
4 Clopidogrel 13.8 566.0 + 10.0" 62.0+2.9"
Notes:

n — the number of the animals in the group;

the data reliable relative to the control, one-way ANOVA criterion with Bonferroni correction (p<0.05);
# — the data reliable relative to the reference drugs, one-way ANOVA criterion with Bonferroni correction (p <0.05).

Table 4. Antiaggregant activities of compound RU-1144 and reference drugs in in vitro (IC, )
and in vivo (ED_)) studies

No. in

sequence Tested samples IC,p UM ED,, mg/kg
1 RU-1144 5.5 18.8
2 ASA 120.0 28.5
3 Clopidogrel —* 13.8
Note:

* —in view of being a prodrug, clopidogrel cannot be used in in vitro tests.
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Thus, compound RU-1144 led to a reliable increase
in the bleeding time by 27.5% relative to the control
mouse group, while ASA and clopidogrel prolonged
the bleeding time twice as active — by 67.2 and 62.0%,
respectively (Table 3). Thus, compound RU-1144 had
a weaker effect on this parameter than the reference
drugs.

DISCUSSION

Complex mediator interactions between throm-
bocytes with the involvement of various aggregation
factors. play a significant role in initiating the pro-
cesses of the arterial thrombosis development. Pre-
liminary studies of the antiaggregant activity of com-
pound RU-1144 in comparison with clopidogrel and
acetylsalicylic acid, both in vitro and in vivo, made it
possible to determine the inhibitory concentrations
(IC,,) and effective doses (ED,) of these compounds
(Table 4).

As Table 4 shows, in the in vitro studies, compound
RU-1144 predominates over the ASA activity by 21.8
times, in vivo — by 1.5 times, while it is 1.3 times weak-
er than clopidogrel. According to the published data, by
application of 50% ferric chloride (FeCl,), in the throm-
botic lesion of the vascular wall Fe directly interacts with
hydrogen peroxide, causing the formation of hydroxyl
anions and a change of thrombocyte membranes in the
phospholipid composition. The above-mentioned pro-
cesses increase the functional activity of thrombocytes
[21-23, 29].

Besides, oxidized fibrinogen accumulates in blood,
activating the process of thrombus formation. Lipid
peroxidation in endotheliocyte membranes leads to
systemic endothelial dysfunctions and increases its pen-
etration. This model of thrombosis allows us to study
the effect of the compounds on the formation rate of
an arterial (white) thrombus, which mainly consists of
thrombocytes. That is why this model was chosen to
study compound RU-1144, combining two types of ac-
tivity: antiaggregant and antioxidant.

Based on the data obtained, it can be concluded
that the compound RU-1144 exhibits a pronounced
antithrombotic activity which exceeds that of the re-
ference drugs due to its ability to inhibit thrombocyte
aggregation and lipid peroxidation, and thereby prevent

the occurrence of arterial thrombosis in the rats’ carotid
artery.

The Global Thrombosis Test makes it possible to re-
search not only the antithrombotic but also the throm-
bolytic activities of the compounds. Under the condi-
tions of increased turbulence of blood flow in the Gérég
Thrombosis Test, compound RU-1144 showed the ability
to increase the time of thrombus formation compared
to the values in the control group animals and the un-
reliable predominancy of the activity compared to ace-
tylsalicylic acid, however, it was unreliably weaker than
clopidogrel. The lysis time under the action of the test
sample did not change, which makes it possible to con-
clude that RU-1144 compound does not have any fibri-
nolytic activity.

It is known that during a prolonged therapy with
antiaggregant drugs, a side effect such as bleeding, is
observed. Bleedings in the gastrointestinal tract are
most often, and intracranial hemorrhages resulting in
increased risks of ischemic events, are not uncommon
either [25, 27, 28].

The study showed that the compound RU-1144
increases the bleeding time from the tail vein of mice,
however, in contrast to ASA and clopidogrel, this effect
is less pronounced. That makes it possible to suppose a
low probability of a side effect in the form of bleeding.

CONCLUSION

In the model of rats’ carotid arterial thrombosis in-
duced by a 50% solution of ferric chloride (FeCl), the
compound under the laboratory code RU-1144 exerts a
pronounced antithrombotic effect, exceeding that of the
antiaggregant drugs — acetylsalicylic acid and clopidogrel
—by 3.52 and 3.49 times, respectively, and the antioxidant
agent EMHPS by 2.87 times. Under the conditions of in-
creased turbulence of blood flow in the Gérég Thrombo-
sis Test, the tested sample of RU-1144 showed the ability
to increase the time of thrombus formation, comparable
to acetylsalicylic acid and clopidogrel, without affecting
the time of its lysis. When studying compound RU-1144
in the test “bleeding time”, the ability of the test sample
to prolong this indicator was shown. This factor is typical
of the group of antiplatelet agents, but at the same time,
in comparison with acetylsalicylic acid and clopidogrel, it
can prolong this time to a lesser extent.

FINANCIAL SUPPORT
This study did not have any financial support from outside organizations.

AUTHORS’ CONTRIBUTION
All authors equally contributed to the research work.

CONFLICT OF INTERESTS
The authors declare no conflict of interest.

Tom 8, Beinyck 2, 2020

83



RESEARCH ARTICLE
ISSN 2307-9266 e-ISSN 2413-2241

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

10.

11.

12.

13.

14.

84

REFERENCES

Papapanagiotou A, Siasos G, Gargalionis A, Papavas-
siliou AG. et al. The Role of Platelets in Cardiovascu-
lar Disease: Molecular Mechanisms. Curr Pharm Des.
2016;22(29):4493-505. DOI: 10.2174/138161282266616
0607064118

Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, Blaha MJ,
et al. Heart disease and stroke statistics (a report from the
American Heart Association). Circulation. 2016;133:38—
60. DOI: 10.1161/CIR.0000000000000485

Reed GW, Rossi JE, Cannon CP. Acute myocardial infarction
in women. Lancet. 2017;14(389): 197-210. DOI: 10.1016/
S0140-6736(16)00267-1

Grove EL, Wirtz M, Thomas MR, Kristensen SD. An-
tiplatelet therapy in acute coronary syndromes//
Expert. Opin. Pharmacother. 2015;16(14):2133-47. DOI:
10.1517/14656566.2015.1079619

Shaturnyi VI, Shakhidzhanov SS, Sveshnikova AN, Pan-
teleev MA. Activators, receptors and signal transduc-
tion pathways of blood platelets. Biomed Khim. 2014;
60(2):182-200. DOI: 10.18097/pbmc20146002182
Ambrosio D, Tritto I, Golino P. Reactive oxygen metabolites
and arterial thrombosis. Cardiovascular Research. 1998;
34:4445-524, DOI: 10.1016/s0008-6363(97)00101-6.
Aboonabia A, Singh |. The effectiveness of antioxidant
therapy in aspirin resistance, diabetes population for the
prevention of thrombosis. Biomedicine &Pharmacothera-
py. 2016; 83: 277-2. DOI: 10.1016/j.biopha.2016.06.044
Chaschewic TV, Zhernosekov DD. Platelet aggregation.
Mechanism of participation of adhesive molecules and
mitochondria. Bulletin of Polessky State University. 2017:
51-61.

Roka-Moya YM, et al. Novel aspects of platelet aggrega-
tion. Biopolym. cell. 2014. 30(1): 10. DOI: http: //dx.doi.
org/10.7124/bc.000874

Gordeev IG, Becchu EA, Lysov VA, Volov NA, llyin EE, et al.
Evaluation of the effect of myocardial cytoprotectors on the
processes of lipid peroxidation in patients with stable angi-
na before and after surgical revascularization of the myo-
cardium. Russian journal of cardiology. 2005; 3(53):41-6.
Spasov AA, Kucheryavenko AF, Sirotenko VS, Gaidukova
KA, Morkovnik AS, Anisimova VA, Divaeva LN, Kuzmenko
TA. Antithrombotic activity of a new derivative of diazep-
inobenzimidazole compound DAB-15. Bulletin of experi-
mental biology and medicine. 2016; 162(11):585-8.
Spasov AA, Kucheryavenko AF, Kosolapov VA, Anisimova
VA. Antithrombogenic activity of antioxidant compounds.
Bulletin of experimental biology and medicine. 2013.
155(6):740-2.

Kosolapov VA, Spasov AA, Anisimova VA, Zhukovskaya ON.
Condensed Benzimidazoles Are a Novel Scaffold for Anti-
oxidant Agents’ Search and Development. Antioxidants.
2019: 245-53. DOI: 10.5772/intechopen.82817

Spasov AA, Nedogoda VV, Konan K, Kucheryavenko AF.
Mechanism of reduction of platelet sensitivity to medi-
cines in response to low-energy laser radiation of blood.
Hematology and transfusiology. 2001; 46(2):36-9.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25

26.

27.

28

Makarov VA, Spassov AA, Plotnikov MB, Belozerskaya GG,
Vasileva TM, et al. Guidelines for the study of drugs that
affect hemostasis. In the book: a Guide to preclinical trials
of medicinal products of the fgbi “NCESMP” health Minis-
try of Russia. Moscow. 2012: 453-79.

Zhitnikova LM. ASA in the prevention and treatment of car-
diovascular disease: clinical guidelines for practitioners.
Regular issues of “BC”. Cardiology. 2012;14:708-13

Kurz KD, Main BW, Sandusky GE. rat model of arteri-
al thrombosis induced by ferric chloride. Thromb Res.
1990;15:269-80. DOI: 10.1016/0049-3848(90)90106-m
Yamamoto J, Inoue N. et al. Global Thrombosis Test (GTT)
can detect major determinants of haemostasis including
platelet reactivity, endogenous fibrinolytic and thrombin
generating potential. Thrombosis Research. 2014;133:
919-26. DOI: 10.1016/j.thromres.2014.02.018

Greene TK, Schiviz A. et al. Towards a standardiza-
tion of the murine tail bleeding model//). Thromb
Haemost. 2010;8(12):2820-2. DOI: 10.1111/j.1538-
7836.2010.04084.x

Haber F, Weiss J. On the catalysis of hydroperoxide. Natur-
wissenschaften. 1932;20:948-50.

Freedman JE. Oxidative Stress and Platelets. Arterioscle-
rosis, Thrombosis and Vascular Biology. 2008;28:11-6.
DOI: 10.1161/ATVBAHA.107.159178. Epub 2008 Jan 3.
Sies H. Oxidative stress: a concept in redox biology and
medicine. Redox Biol. 2015;4:180-3. DOI: 10.1016/j.re-
dox.2015.01.002

Dogne JM, Hanson J, Leval X, et al. Pharmacological
characterization of N-tert-Butyl-N-[2-(4-methylphenyl-
amino)-5-nitrobenzenesulfonyl] urea (BM-5730, a novel
Thromboxane A2 receptor antagonist and thromboxane
synthase inhibitor in a rat model of arterial thrombosis and
its effects on bleeding time. J of Pharmacol and Exp Ther-
ap. 2004;309:498-505. DOI: 10.1124/jpet.103.063610
Buccheri S, Capodanno D, James S, Angiolillo DJ. Bleed-
ing after antiplatelet therapy for the treatment of acute
coronary syndromes: a review of the evidence and evolv-
ing paradigms. Expert Opin Drug Saf. 2019;25:1-19. DOI:
10.1080 / 14740338.2019.1680637.

Qiu L, Han JX, See AAQ, King NKK. Effects of anticoagu-
lant and antiplatelet agents in severe traumatic brain
injury in an Asian population — A matched case-con-
trol study. J Clin Neurosci. 2019:61-6. DOI: 10.1016 /
j.jocn.2019.08.08.087.

Spasov AA, Kucheryavenko AF, Tien M, Anisimova VA.
Antithrombotic activity of the compound RU-891. Experi-
mental and Clinical Pharmacology. 2013;76(6):25-6. DOI:
https: // doi.org/10.30906/0869-2092-2013-76-6-25-26
Spronk HMH., Padro T, Siland JE. Atherothrombosis and
Thromboembolism: Position Paper from the Second Maas-
tricht Consensus Conference on Thrombosis. ThrombHae-
most. 2018;118(118):229-50. DOI: 10.1160 / TH17-07-0492

. Dadjou Y, Safavi S, Javad K. Risks and Benefits of Dual Anti-

platelet Therapy Beyond 12 Months After Coronary Stent-
ing. Medicine (Baltimore). 2016;95(22):1-7.DOI: 10.1097 /
MD.0000000000003663

Volume VI, Issue 2, 2020



Hay4HO-npakTu4eckuin xypHan

OAPMALMA N
OAPMAKOJOIUA

OPUTNHAJIbBHAA CTATbA
DOI: 10.19163/2307-9266-2020-8-2-78-85

29. Shakhmardanova SA, Gulevskaya ON, Seletskaya VV, Zel-
enskaya AV, et al. Antioxidants: classification, pharmaco-
therapeutic properties, use in practical medicine. Journal
of Fundamental Medicine and Biology. 2016;3:4-12.

30. Bath PM, May J, Heptinstall S. Clinical utility of remote
platelet function measurement using P-selectin: assess-
ment of aspirin, clopidogrel, and prasugrel and bleeding

disorders. Platelets. 2018. 29(5):425-30. DOI: 10.1080 /
09537104.2018.1445839

31. Spasov AA, Kucheryavenko AF, Gaidukova KA, Kosolapov VA,
Zhukovskaya ON. Antiplatelet activity of new derivatives
of benzimidazole containing sterically hindered phenolic
group in their structure. Research Results in Pharmacology.
2020;6(1):1-9. DOI: 10.3897 / rrpharmacology.6.50373

AUTHORS

Alexander A. Spasov — Doctor of Sciences (Medi-
cine), Academician of the Russian Academy of Sciences,
Professor, Head of the Department of Pharmacology and
Bioinformatics, Volgograd State Medical University. OR-
CID 0000-0002-7185-4826. E-mail: aspasov@mail.ru

Aida F. Kucheryavenko — Doctor of Sciences (Med-
icine), Associate Professor, Professor of the Depart-
ment of Pharmacology and Bioinformatics, Volgograd
State Medical University. ORCID 0000-0003-1406-6919.
E-mail: aidakuchryavenko@yandex.ru

Ksenia A. Gaidukova — Assistant, the Department of
Pharmacology and Bioinformatics, Volgograd State Medi-

Tom 8, Beinyck 2, 2020

cal University. ORCID 0000-0003-4376-6332. E-mail:
ksenijagajjdukva@rambler.ru

Maxim V. Chernikov — Doctor of Sciences (Medi-
cine), the Head of the Department of Biology and Phys-
iology, Pyatigorsk Medical and Pharmaceutical Institute
—a branch of Volgograd State Medical University. ORCID
0000-0001-8340-1296. E-mail: pharmax@list.ru

Olga N. Zhukovskaya - Candidate of Sciences
(Chemistry), Researcher at the Laboratory of Organic
Synthesis, Research Institute of Physical and Organic
Chemistry, Southern Federal University. ORCID 0000-
0003-0865-6656. E-mail: zhukowskaia.ol@yandex.ru

85





