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Abstract

Introduction. A characteristic manifestation of vascular brain damage is depressive disorders that accompany both acute and chronic disorders of
cerebral circulation. Depression not only reduces the patient's quality of life, but also complicates the treatment of basic vascular disease, increases
the risk of stroke and death. Therefore, complex therapy of vascular depression includes not only antidepressants, but also basic means to correct
the consequences of disorders of cerebral blood flow, including with antiplatelet activity. In this regard, the development of a new molecule based
on thietane-containing heterocycles, combining the properties of an antidepressant and an antiplatelet agent.

Aim. To conduct a preclinical evaluation of 4-(2-(4-nitrophenyl)-2-oxoethyl)-1-(thietane-3-yl)-1H-1,2,4-triazol-4 bromide when administered to rats.
Materials and methods. A study was conducted of the effect of 4-(2-(4-nitrophenyl)-2-oxoethyl)-1-(thietan-3-yl)-1H-1,2,4-triazol-4-bromide
on the hemostasis system during intravenous and intragastric administration to healthy white non-linear sexually mature male rats (n = 160).
Thromboelastography was performed on a TEG 5000 device, activated with a 0.2 M solution of calcium chloride, Born aggregometry and standard
clotting tests to assess the coagulation component of hemostasis.

Result and discussion. The findings show that 4-(2-(4-nitrophenyl)-2-oxoethyl)-1-(thietane-3-yl)-1H-1,2,4-triazole-4-th bromide with peroral
administration exceeded acetylsalicylic acid by 2.8 times in terms of ED50, and by 1.8 times with intravenous way of administration accordingly.
A similar effect of pentoxifylline in the intravenous route of administration was recorded at a concentration of 27.8 mg/kg versus 12.4 mg/kg of
compound I. The results of a complex method to assess the state of the hemostasis system indicate a more pronounced antiaggregational effect of
compound | compared with pentoxifylline and acetylsalicylic acid.

Conclusion. Preclinical studies of 4-(2-(4-nitrophenyl)-2-oxoethyl)-1-(thietane-3-yl)-1H-1,2,4-triazole-4 bromide, was demonstrated that a
combination of antidepressant and antiplatelet activity, which can serve as a basis for further drug development.
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Peslome

BBepeHue. XapakTepHbiM MpOsAB/ieHNEM COCYAMCTOrO MOPa)KeHUA FONOBHOIO MO3ra ABMAIOTCA AEMNpPecCMBHble PacCTPONCTBa, KOTopble
COMYTCTBYIOT KakK OCTPbIM, TakK Y XPOHUYECKUM HapyLeHUAM MO3roBOro KpooobpalyeHus. [lenpeccma He TONbKO CHMXaeT KauyecTBO »KU3HU
nauMeHTa, HO 1 3aTPyAHAET fleyeHne 6a3nCHOro cocyamcToro 3aboneBaHns, MOBbILIAET PUCK PA3BUTUA UHCYNbTa U fieTasibHOro ncxopaa. lNostomy
KOMMJIEKCHaA Tepanusa COCYANCTON AeNpPeccun BKIOYAET He TONIbKO aHTUAENPeCcaHTbl, HO 1 6a3ncHble CPpeacTBa ANA KOPPeKUUM NoCcneacTBuUin
HapyLeHN i MO3roBOro KPOBOTOKa, B TOM UMCNe C aHTMArperaHTHOW akTMBHOCTbIO. B 3TOIN ¢BA3M pa3paboTKa HOBOW MONEKYNbl Ha OCHOBEe
TUETaHCOAEPXKALUMNX FeTEPOLNKIIOB, coyeTatoLel B cebe CBONCTBa aHTUAENPECCAHTa U aHTUArperaHTa.

Llenb. MpoBecTn AOKAMHUYECKYIO OLEHKY 4-(2-(4-HuTpodeHun)-2-okcoaTun)-1-(tnetan-3-un)-1H-1,2,4-Tpnason-4-na 6pommnga npv BBeAEHUN
Kpblcam.

MaTtepuanbl u meTtogbl. [lpoBefieHO uccnefoBaHve BAUAHNA 4-(2-(4-HuTpodeHun)-2-okcoatun)-1-(tnetan-3-un)-1H-1,2,4-tpnason-4-na 6pommnaa
Ha cncTeMy remMoctasa Npu BHYTPUBEHHOM W BHYTPUXKENYAOUYHOM BBEAEHUW 340POBbIM GENbiM HeIMHENHbIM MOI0BO3PEesbIM KpblcamM-caMLam
(n=160). NpoBoaunacb Tpomboanactorpadpua Ha annapate TEG 5000, akTuBMpoBaHHas 0,2 M pacTBOpom xfopufa KanbLua, arperatomeTpus
no Born v ctaHAapTHbIE KNOTTUHFOBbIE TECTbI MO OLeHKE KOarynAaLMOHHOro 3BeHa remocTasa.

Pe3synbTatbhl U o6cypaeHue. YCTaHOBNEHO, UTO 4-(2-(4-HUTpodeHnn)-2-okcoaTnn)-1-(tnetan-3-un)-1H-1,2,4-tpnason-4-na 6pommaa npwm
nepopasbHOM BBeAEHUWN MPeBOCXOAMNIO0 No ypoBHio ED50 auetuncanuumnoByo KMCNoTy B 2,8 pasa, a Npu BHYTPUBEHHOM NYTU BBeAEHWA
B 1,8 pa3a cooTBETCTBEHHO. AHANOrMYHbIN 3$PeKT NeHTOKCMOUNIMHA NP BHYTPUBEHHOM MYTW BBEAEHNA PErncTpMpPOBancA B KOHLEHTpauum
27,8 Mr/Kr npotuB 12,4 Mr/Kr coefuHeHuns |. Pe3ynbTaTbl KOMNNEKCHOrO MeTOfa OLeHKM COCTOAHMA CUCTEMbI FeMocTasa — Tpomboanactorpadun,
CBMAETENbCTBYIOT O 60fiee BbIpaK€HHOM aHTMarperayMoHHOM AeWCTBUMU AAHHOFO COeAVMHEHWA MO CPABHEHWIO C MEHTOKCUPUANIMHOM 1
aueTUNICcanuuMIoBON KNCIIOTON.

3aknioueHme. Takum o6pa3om, B pesynbTate AOKINHNYECKNX UCCefoBaHNi 4-(2-(4-HnTpodeHunn)-2-okcoaTun)-1-(tneTtan-3-un)-1H-1,2,4-tpnason-
4-na 6pommnaa yCTaHOBNEHO coUeTaHNe aHTUAENPECMBHOWM U aHTUarperayMoHHOM akTUBHOCTU, YTO MOXKET MOC/TYXUTb OCHOBOW ANA fanbHenwwen
pPa3paboTKM NEKAPCTBEHHbIX NMpPenapaTos.

KnioueBble cnoBa: npon3BofHble 3-3aMeLleHHbIX TUeTaHOB, aHTuarperaynoHHaA akTUBHOCTb

KoH$pnuKT nHTepecoB. ABTOpbI AeKNapypyoT OTCYTCTBME ABHBIX U NOTEHLMANbHBIX KOHIMKTOB MHTEPECOB, CBA3aHHbIX C NMybnukaumeil HacToALel
cTatbm.
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on the results of clinical studies [5-7]. Thrombosis and
thromboembolic complications are still widespread
and high in frequency, being one of the main causes
of mortality and disability of the adult population in
industrialized countries [8, 9]. This is a consequence of
the general aging of the population [10], the growth of
oncological diseases [11, 12], an increase in the num-
ber of overweight and diabetic patients [13-15], an
increase in the number of patients requiring long hos-

INTRODUCTION

Disorders in the hemostatic system cause a wide
prevalence of thrombosis of various origins and are a
key link in the pathogenesis of many diseases and cri-
tical conditions. The need to pharmacologically correct
the hemostatic system and the degree of their efficacy is
a fact proven by the results of more than 280 meta-ana-
lyses for secondary and 6 tests for primary prevention

of thrombosis [1-4]. To date, there are schemes to treat
and prevent thrombosis of various localization, based

pital stays [16, 17], or/and patients requiring emergen-
cy surgical interventions [18-20] and other population



factors, as well as insufficient efficacy, high frequency
of side effects and lack of selectivity for the hemo-
stasis system of currently used drugs [21-23]. Accor-
ding to WHO forecasts, by 2030, acute cerebrovascu-
lar accidents (ACVA) will take a leading position among
the causes of the burden of diseases on a global scale.
Therefore, complex therapy of vascular depression
includes not only antidepressants, but also basic means
to correct the consequences of disorders of cerebral
blood flow, including with antiplatelet activity. In this
regard, developing a new molecule based on thie-
tane-containing heterocycles, combining the proper-
ties of an antidepressant and an antiplatelet agent, will
qualitatively enhance the effectiveness of therapy for
patients with ACVA due to multimodal action. Synthe-
sis of analogues and derivatives of used drugs is one of
the modern directions in the development of new me-
dicines. The earlier findings aimed at searching for po-
tential antiplatelet agents in a number of newly synthe-
sized 3-substituted thietanes demonstrate pronounced
antidepressant activity [24] and antiplatelet activity in
some compounds of this series in vitro [25-27].

Purpose of the work is: to conduct a preclinical
evaluation of 4-(2-(4-nitrophenyl)-2-oxoethyl)-1-(thieta-
ne-3-yl)-1H-1,2,4-triazol-4 bromide (compound I) when
administered to rats (figure 1).

MATERIALS AND METHODS

The experimental work was carried out in accordan-
ce with the recommendations of the «Guidelines for
the preclinical study of new pharmacological substan-
ces» [28]. Taking into account the «principle of chemi-
cal similarity» and the potential scope of application of
this compound as a means to correct depression caused
by disorders of cerebral circulation’, 3,7-dimethyl-1-(5-
oxohexyl)xanthine were selected as comparison drugs
at this stage of the study (Pentoxifylline, JSC Dalkhim-
pharm, Russia, series N 290719, expiration date: 08.2022,
produced: 07.2024) [29] and acetylsalicylic acid (Shandong
Xinhua Pharmaceutical Co., Ltd., China, series N 10L16,
expiration date: 04.2022, produced: 10.11.2020) [2].

Experimental studies in vivo were performed on
160 white nonlinear mature male rats aged 3.5-
4.0 months, weighing 225 + 32 g. All experiments were
performed in compliance with the European Conven-
tion for the Protection of Vertebrate Animals in Labora-
tory Conditions, the Rules for Conducting Laboratory
preclinical studies in the Russian Federation. The study
was approved by the ethics committee of the Bashkir
State Medical University (protocol No. 2 of November 12,
2020).

Just before the experimental work, laboratory rats
were divided into 4 groups of 20 animals each: group
of administration of pentoxifylline, acetylsalicylic acid,

'Russian Science Foundation grant No. 23-25-00144.
Available at: https://rscf.ru/project/23-25-00144. Accessed:
14.11.2023.
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Figure 1. Structural formula of compound I (A), pentoxifylline (B)
and acetylsalicylic acid (C)

group of compound | and group of control rats. The
animals were anesthetized with sodium thiopental
(40 mg/kg), blood was taken from the jugular vein.

Thromboelastography was carried out with TEG 5000
(Haemoscope Corporation, United States). For TEG ac-
tivator was used 0,2 M solution CaCl, (LLC "Technolo-
gy-Standard", Russia).

The study of platelet aggregation function was stu-
died on the "AT-02" (LLC "NPF Meditsina-Technika",
Russia). Adenosine diphosphate (ADP) at a concentra-
tion of 20 pg/ml and collagen - 5 mg/ml produced by
LLC "Technologiya-Standard" (Russia) were used as indu-
cers of platelet aggregation [30].

Anticoagulation activity (activated partial thrombo-
plastin time (APTT), prothrombin time (PTT), thrombin
time (TT), antithrombin Il (ATIIl) and A. Clauss fibrinogen
concentration) was determined by generally recognized
clotting tests on a turbidimetric hemocoagulometer So-
lar CGL 2110 (CJSC "SOLAR", Russia) [2].

The findings were processed using the STATISTI-
CA 10.0 statistical package (StatSoft Inc, USA) and
GraphPad Prism (GraphPad Software, Inc., USA). Verifica-
tion of the normality of the distribution of the actual
data was performed using the Shapiro-Wilk criterion.
Median and interquartile interval were used to describe
the groups. The analysis of variance was carried out using
the Kraskel-Wallis or Mann-Whitney criteria. The critical
significance level p for statistical criteria was assumed to
be 0.05. The IC50 and ED50 values were calculated using
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nonlinear fitting of curves describing antiaggregational
activity (%) according to a logarithmic equation with
4 parameters using GraphPad Prism software.

RESULT AND DISCUSSION

The first stage of the study evaluated the ED50 anti-
aggregational activity at various routes of administra-
tion of the studied compound and comparison drugs.
The results of evaluating the effect of compound | on
platelet aggregation during intravenous and intragastric
administration to intact rats are presented in Table 1.

Table 1. Antiaggregational activity (ED, )
of comparison drugs and compound | during intragastric
and intravenous administration to rats

. Intravenously,
Medicament Orally, mg/kg mg/kg
Acetylsalicylic acid 24.1 21.7
Pentoxifylline - 39.8
Compound | 8.5 12.4

The data in Table 1 show that compound |, when
administered orally, exceeded acetylsalicylic acid by
2.8 times in terms of ED,, and by 1.8 times in the int-
ravenous route of administration, respectively. A similar
effect of pentoxifylline in the intravenous route of admi-
nistration was recorded at a concentration of 27.8 mg/kg
versus 12.4 mg/ kg of compound .

The second stage assessed the effect on the he-
mostasis system by a global test — thromboelastography
and standard clotting tests. Studies of antiaggregatio-
nal activity at this stage were carried out with intrave-
nous administration to rats in equimolar doses equal to
40.0 mg/kg for pentoxifylline, 25.9 mg/kg for acetylsali-
cylic acid and 55.3 mg/kg for compound I.

The results of assessing the effect of compound |
on the hemostasis system by thromboelastography,
which allows evaluating the hemostasis system in a
complex by the main key links, are presented in table 2.

Thromboelastograms of rats receiving intravenous
pentoxifylline or acetylsalicylic acid, show a shift in the
total coagulation potential towards hypocoagulation:
the median thrombodynamic potential index (TPI) in
the control group is 15.1/sec, and in the group of pen-
toxifylline and acetylsalicylic acid is 7.7 (p <0.05) and
5.6 (p <0.05) /sec, respectively. The MA parameter cha-
racterizing the functional activity of platelets in the
group of rats treated with pentoxifylline or acetylsalicy-
lic acid was 11.2% (p <0.05) and 36.7 % (p < 0.05), res-
pectively, less in comparison with the control. At the sa-
me time, the Angle indicator, reflecting the functional
state of fibrinogen, remains at the level of control va-
lues when administered to animals (43.7 in the control
vs 39.9 for pentoxifylline and 34.6 for acetylsalicylic acid;
p > 0.05).

Comparison of the data of thrombelastograms for
groups of rats that received compound | allows us to
draw the following conclusions. The results of a comp-
lex method to assess the state of the hemostasis system
indicate a more pronounced antiaggregational effect of
compound | compared with pentoxifylline and acetylsa-
licylic acid. The MA index decreases in the group of rats
treated with compound | by 1.6 times (p < 0.05) com-
pared with the pentoxifylline group and by 1.2 times
(p < 0.05) compared with acetylsalicylic acid. The me-
chanical and physical properties of the clot also change:
the G index decreases in the group of compound | by
1.7 and 1.3 times (p < 0.05) compared with the indica-
tors of pentoxifylline and acetylsalicylic acid, respective-
ly. The fibrinolysis indices (CLT and CL30%) in the pre-
sence of pentoxifylline and compound | remain at the
control values.

The next stage of the experiments evaluated the
effect of compound | and antiplatelet agents on the
coagulation component of hemostasis and markers of
thrombosis (table 3).

Table 2. Indicators of thromboelastography during intravenous administration of compound | and comparison drugs

to rats, Me [0.25-0.75]

Indicator Control

Pentoxifylline

Acetylsalicylic acid

Compound |

R (time of latency from start of test to initial

fibrin formation), sec 11.6(9.7-13.2)

9.9 (8.5-11.4)

10.2 (8.7-11.1)

13.8(10.6-14.2)

Angle (measures the speed at which fibrin build
up and cross-linking takes place, hence asses-
ses the rate of clot formation), deg

43.7 (42.4-44.3)

39.9 (36.4-45.1)

34.6 (33.9-44.5)

41.4(38.6-43.1)

MA (maximum amplitude), mm 55.9 (51.2-57.8) 49.6 (46.7-52.3)* 35.4(32.1-37.2)* 31.5(28.4-33.2)%*
TMA (time to maximum amplitude), min 35.4(32.4-38.5) 33.4(32.5-37.3) 38.4 (37.4-41.3) 42.5(40.5-43.8)**
G (shear modulus strength), dyne/cm? 6.3 (5.7-6.4) 4.6 (4.1-6.3)* 3.5 (3.2-3.9)* 2.7 (2.2-3.4)%*2
E (elasticity constant), dyne/cm? 127.3(115.4-142.3) 101.5 (98.5-109.4)* 113.4(101.8-116.7)* 67.3 (64.8-71.0)%#2
TPI (thrombodynamic potential index), sec 15.1(13.2-17.1) 7.7 (7.1-8.6)* 5.6 (5.1-6.3)* 3.4 (2.7-4.1)%%4
CL30 (clot lysis index at 30 minute), % 97.5(91.3-99.5) 98.5 (97.3-99.2) 99.4 (97.8-99.7) 98.8 (97.5-99.3)
CLT (clot lysis time), min 36.9 (32.4-38.3) 36.5 (33.1-38.4) 36.5(33.1-38.4) 34.4(30.1-36.5)
Cl (clotting or coagulation index) 0.38(0.1-0.7) -1.8 (-1.1/-2.7)* -2.3(-2.1/-2.6)* -4.1 (-3.5/-5.7)%%%

Note. * - p < 0.05 - pentoxifylline/acetylsalicylic acid/compound | vs control; + - p <0.05 - pentoxifylline vs compound |; A - p<0.05 -

acetylsalicylic acid vs compound |, n = 20.
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Table 3. Indicators of coagulation component of hemostasis during intravenous administration of compound |

and comparison drugs to rats, Me [0.25-0.75]

N¢ Indicator Control Pentoxifylline Acetylsalicylic acid Compound |

1 APPT, sec 24.2 (21.5-26.3) 23.5(21.4-24.9) 21.7 (20.4-24.1) 23.9(22.1-24.7)
2 TT, sec 28.1 (25.9-29.4) 28.4(27.2-29.4) 27.8(25.3-28.7) 26.9 (25.7-28.4)
3 PTT, sec 13.2(11.7-13.4) 12.9(11.4-13.7) 13.4(11.7-14.5) 14.1(12.7-14.9)
4 Fibrinogen, sec 25.4(22.7-26.4) 25.7 (24.7-26.5) 23.9(22.8-24.7) 249 (23.5-26.8)
5 AT, % 94.6 (94.8-97.3) 97.3 (96.3-98.1) 96.6 (94.5-97.2) 97.5 (94.5-98.9)

Note. p > 0.05 - pentoxifylline/acetylsalicylic acid/compound | vs control, n = 20.

The findings proved that pentoxifylline and acetyl-
salicylic acid naturally do not show activity against the
coagulation link of the hemostasis system when admi-
nistered to rats. The studied compound also has no
effect on the activity of coagulation factors of the inter-
nal and external activation pathways and the concent-
ration of fibrinogen according to Clauss.

Disturbances in the hemostasis system are a key
link in the pathogenesis of many cardiovascular, cereb-
rovascular, immune, and infectious diseases. Much of
the research currently focuses on the inhibition of pla-
telet activation and aggregation. In our study, we chose
pentoxifylline and acetylsalicylic acid as analogue
drugs. Despite the fact that pentoxifylline is not an
antithrombotic drug, today the indications for the use
of pentoxifylline as a component of modern antithrom-
botic therapy are clearly defined. The results of rando-
mized studies and clinical recommendations demonstra-
te the effectiveness of pentoxifylline specifically in cases
of retinal vascular thrombosis and acute ischemic ce-
rebrovascular accident [29]. Despite the high and see-
mingly obvious benefits of taking acetylsalicylic acid,
according to the author [25], acetylsalicylic acid turns
out to be ineffective in 5-48 % of cases of long-term
use. The use of acetylsalicylic acid in combination with
other drugs (clopidogrel, ticlid, etc.), which have an inhi-
bitory effect on platelet activation processes, statistical-
ly reduces the frequency of repeated fatal episodes of
myocardial infarction and stroke [27]. In this regard,
the development of new drugs and evaluation of their
antiaggregation effect seems quite promising. This is
especially true in terms of the development of drugs for
complex therapy of cerebrovascular accidents.

CONCLUSION

Thus, the preclinical findings of 4-(2-(4-nitrophenyl)-
2-oxoethyl)-1-(thietane-3-yl)-1H-1,2,4-triazole-4-th  bro-
mide with intravenous and intragastric administration
to rats, show that the level of its antiaggregational acti-
vity exceeds the indicators of an analog drug which, in
combination with the previously established antidepres-
sant activity, can serve as a basis for further drug deve-
lopment.
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