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A high prevalence of thrombotic disorders, insufficient effectiveness or safety of antithrombotic therapy is an urgent prob-
lem of modern healthcare. The main means of preventing thrombosis is acetylsalicylic acid. Despite its long history, aspirin 
attracts researchers in the fields of medicinal chemistry, biology, and medicine. The development of new antiplatelet agents, 
including chemical modification of the acetylsalicylic acid molecule, remains relevant. Modification of the acetylsalicylic 
acid molecule using amino acids and obtaining their salt forms makes it possible to maintain antiplatelet or antithrombotic 
properties, as well as to impart additional pharmacodynamic effects. In modern science, a lot of attention is paid to the 
sulfur-containing amino acid taurine. An analysis of modern scientific literature revealed the protective effect of taurine in 
diabetes mellitus and cardiovascular diseases, liver dysfunction, gastrointestinal tract, and kidney diseases.
The aim of the article is to study synthesis of new compounds, determination of their physical characteristics and assessment 
of their antiplatelet and antithrombotic activities in vitro and in vivo.
Materials and methods. To confirm the structure of the synthesized new derivatives of hydroxybenzoic acids with a taurine 
fragment by the acelation method, thin layer chromatography and NMR spectra were used. In vitro studies were carried out 
on the model of ADP-induced platelet aggregation according to the Born G. methods modified by V.A. Gabbasov. In vivo, 
the studies were carried out on the model of arterial thrombosis induced by the application of iron chloride in the following 
groups of animals: intact, with experimental diabetes mellitus and three-year-olds; the rate of bleeding from the tail vein was 
also evaluated. 
Results. New compounds – derivatives of ortho-, meta- and para-hydroxybenzoic acids with a taurine residue – were synthe-
sized. A procedure for the preparation of N-hydroxybenzoyl taurine compounds and their salt forms have been described; 
their spectral characteristics and melting points have been determined. The synthesized compounds are superior to ace-
tylsalicylic acid in solubility and are not inferior to it in antiplatelet and antithrombotic activities. The results of the in vitro 
antiplatelet activity assessment in a wide concentration range from 10-4M to 10-8M, are presented. It has been revealed 
that the dipotassium salt of N-(2-hydroxybenzoyl)taurine exhibits a less antiplatelet activity than the dipotassium salt of 
N-(3-hydroxybenzoyl)taurine. The most pronounced antiplatelet activity is exhibited by the compound N-(4-hydroxybenzoyl)
taurine. In in vivo experiments on the model of arterial thrombosis in 3-year-olds or animals with experimental diabetes 
mellitus, carotid artery thrombosis occurred faster than in young or intact animals. A single preliminary oral administration 
of the test compounds prolonged the time of the thrombus formation, which makes it possible to conclude that they have an 
antithrombotic effect. In this study, the dipotassium salt of N-(3-hydroxybenzoyl)taurine exhibits a more pronounced activity 
than that of acetylsalicylic acid.
Conclusion. Against the background of the modeled pathologies, the studied drugs showed the expected antithrombotic 
activity, in terms of the severity not inferior to that found in acetylsalicylic acid.
Keywords: antiplatelet agents; antiplatelet activity; antithrombotic activity; acetylsalicylic acid; platelet aggregation; taurine
Abbreviations: ESC – European Society of Cardiology; DMSO-d6 – dimethyl sulfoxide-d6; GAPDH – glyceraldehyde-3-phos-
phate dehydrogenase (glyceraldehyde-3-phosphate dehydrogenase); HUVECs – Human Umbilical Vein Endothelial Cells (hu-
man endothelial cells); ADP – adenosine diphosphoric acid; ASA – acetylsalicylic acid; ROS – reactive oxygen species; NSAIDs 
– non-steroidal anti-inflammatory drugs; DM – diabetes mellitus; CVD – cardiovascular disease; COX – cyclooxygenase; GI 
tract – gastrointestinal tract



223Том 9, Выпуск 3, 2021

ОРИГИНАЛЬНАЯ СТАТЬЯ

СИНТЕЗ, АНТИАГРЕГАЦИОННАЯ И АНТИТРОМБОТИЧЕСКАЯ 
АКТИВНОСТИ НОВЫХ ПРОИЗВОДНЫХ ГИДРОКСИБЕНЗОЙНЫХ 
КИСЛОТ С ТАУРИНОВЫМ ФРАГМЕНТОМ
А.К. Брель, Н.В. Атапина, Ю.Н. Будаева, С.В. Лисина, С.С. Царук, Д.В. Куркин, И.Н. Тюренков

Федеральное государственное бюджетное образовательное учреждение высшего образования 
«Волгоградский государственный медицинский университет» Министерства здравоохранения 
Российской Федерации
400131, Россия, г. Волгоград, пл. Павших борцов 1

E-mail: rodina.natasha@inbox.ru
Получено 30.09.2020                   Принята к печати 20.03.2021

Высокая распространенность тромботических нарушений, недостаточная эффективность или безопасность анти-
тромботической терапии является актуальной проблемой современного здравоохранения. Основным средством 
профилактики тромбоза является ацетилсалициловая кислот. Несмотря на многолетнею историю аспирин привле-
кает исследователей в области медицинской химии, биологии и медицины. Разработка новых антиагрегантов, в том 
числе и химической модификацией молекулы ацетилсалициловой кислоты остается актуальной. Модификация мо-
лекулы ацетилсалициловая кислот с использованием аминокислот и получением их солевых форм, позволяет сохра-
нять антиагрегантные или антитромботические свойства, а также сообщить дополнительные фармакодинамические 
эффекты. В современной науке уделяется немало внимания серосодержащей аминокислоте таурин. При анализе 
современной научной литературы обнаружено протективное действие таурина при сахарном диабете и сердечно-со-
судистых заболеваниях, дисфункции печени, желудочно-кишечного тракта, заболеваниях почек.
Цель. Синтез новых соединений, определение их физических характеристик и оценка антиагрегантной и антитром-
ботической активности in vitro и in vivo.
Материалы и методы. Для подтверждения структуры, синтезированных новых производных гидроксибензойных 
кислот с тауриновым фрагментом методом ацелирования, использовали тонкослойню хроматографию, ЯМР спек-
тры. Исследования in vitro проводили на модели АДФ-индуцированной агрегации тромбоцитов по методике Born G. в 
модификации Габбасова В.А. Исследования in vivo проводили на модели артериального тромбоза, индуцированного 
аппликацией хлоридом железа на следующих группах животных: интактные, с экспериментальным сахарным диабе-
том и трех годовалые, так же была проведена оценена скорость кровотечения из хвостовой вены.
Результаты. Были синтезированы новые соединения, представляющие собой производные орто-, мета- и пара-ги-
дроксибензойных кислот с остатком таурина. Описана методика получения соединений N-гидроксибензоил таурина 
и их солевых форм, определены спектральные характеристики и температура плавления. Синтезированные соеди-
нения по растворимости превосходят ацетилсалициловую кислоту, не уступают ей в антиагрегантной и антитромбо-
тической активности. Представлены результаты оценки антиагрегантной активности in vitro в широком диапазоне 
концентраций от 10-4М до 10-8М. Выявлено, что дикалиевая соль N-(2-гидроксибензоил)таурина проявляет меньшую 
антиагрегантную активность, чем дикалиевая соль N-(3-гидроксибензоил)таурина. Наиболее выраженную антиагре-
гантную активность проявляет соединение N-(4-гидроксибензоил)таурин. В экспериментах in vivo на модели арте-
риального тромбоза у 3-летних или животных с экспериментальным сахарным диабетом, тромбоз сонной артерии 
происходил быстрее, чем у молодых или интактных. Однократное предварительное пероральное введение иссле-
дуемых соединений пролонгировало время образования тромба, что позволяет сделать заключение о наличии у 
них антитромботического действия. Дикалиевая соль N-(3-гидроксибензоил)таурина в проведённом исследовании 
проявляет более выраженную чем у ацетилсалициловой кислоты активность.
Заключение. На фоне моделируемых патологий, исследуемые препараты проявили ожидаемую антитромботиче-
скую активность, по выраженности не уступающую выявленной у ацетилсалициловой кислоты. 
Ключевые слова: антиагреганты; антиагрегантная активность; антитромботическая активность; ацетилсалициловая 
кислота; агрегация тромбоцитов; таурин
Список сокращений: ESC – европейская ассоциация кардиологии; DMSO-d6 – диметилсульфоксид-d6; GAPDH – гли-
церальдегид-3-фосфатдегидрогеназа; HUVECs – эндотелиальные клетки человека; АДФ – аденозинди дифосфорная 
кислота; АСК – ацетилсалициловая кислота; АФК – активные формы кислорода; НПВП – нестероидные противовоспа-
лительные препараты; СД – сахарный диабет; ЭСД – экспериментальный сахарный диабет; ССЗ – сердечно-сосуди-
стые заболевания; ЦОГ – циклооксигеназа; ЖКТ – желудочно-кишечный тракт

INTRODUCTION
Cardiovascular diseases occupy a leading position in 

mortality statistics in most developed countries [1–4] and 
are the main cause of death in most European countries 

[5]. For 70 years, the main aim of the European Society 
of Cardiology (ESC) has been to improve the standards 
of diagnosis and treatment of cardiovascular diseases 
(CVDs), including the optimization of antiplatelet and 
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antithrombotic therapy [6]. First of all, this is a decrease 
in the number of thromboses, arising from the imbal-
ance in the hemostasis system, being the main cause 
of strokes, myocardial infarction and limb amputations  
[7, 8].

Cardiovascular diseases are the cause of mortality 
for more than 50% of people in middle-income countries 
and <30% of people in high-income countries [9]. The 
observed difference arose due to the effective imple-
mentation of preventive measures and high-tech medi-
cal care, optimization of the use and improvement of the 
drugs quality, which in conjunction led to a decrease in 
mortality from CVDs [10].

The key factor determining the prognosis of most 
diseases of the cardiovascular system is the problem 
of the low efficiency of preventing arterial thrombosis. 
Timely implementation of preventive measures increas-
es the life expectancy, improves its quality, and reduces 
the cost of treatment and rehabilitation of patients.

Antiplatelet agents, suppressing the functional ac-
tivity of platelets, prevent intravascular hemocoagu-
lation; their use has been proven to reduce the risk of 
thromboembolism in many socially significant diseases 
[11].

Attempts to improve the pharmacodynamic or phar-
macokinetic properties of the known drugs are a com-
mon approach to the development of new ones.

Innovative pharmaceuticals should inhibit the func-
tional activity of platelets more effectively and safely 
than the known antiplatelet agents and, at the same 
time, exert pleiotropic effects. Acetylsalicylic acid, block-
ers of ADP – P2Y12 receptors (ticlopidine, clopidogrel, 
prasugrel, ticangrelor, cangrelor), antagonists of glyco-
proteins IIb/IIIa have high efficacy and safety rates [12], 
but at the same time, the problem of thrombotic compli-
cations has not been fully resolved.

Acetylsalicylic acid continues to be the most often 
prescribed antiplatelet agent. A number of common dis-
eases such as diabetes mellitus, metabolic syndrome, 
obesity are considered as independent factors of a high 
risk of cardiovascular complications. In the latest recom-
mendations [13] on the primary prevention of athero-
sclerotic complications of diabetes mellitus (DM), low 
doses of acetylsalicylic acid are indicated as a means of 
basic therapy. This indicates the undeniable recognition 
of this drug merits, its therapeutic margin and avail-
ability. Chemical modification of molecules with a pro-
nounced pharmacological activity continues to be one 
of the methods of drug development. Derivatization of 
the ASA molecule and the addition of amino acid taurine 
to its structure, in conjunction with the production of 
salt forms, makes it possible to enhance the antiplatelet 
effect or reduce the severity of side effects, provide an 

additional pharmacological action, increase the efficien-
cy of synthesis and/or facilitate its production [14–16]. 
Throughout the history of the acetylsalicylic acid use, 
and especially intensively in the last two decades, chem-
ists have been trying to modify its molecule in order 
to impart new, mainly pharmacodynamic effects to it, 
such as vasodilating, or the ability to generate reactive 
oxygen species (ROS) in tumor cells, exhibit antibacteri-
al and antiproliferative and/or antitumor activities. So, 
anhydride conjugates of aspirin with fatty acids pass 
through cell membranes more easily, and cause a more 
pronounced dose-dependent platelet aggregation. Aspi-
rin-lipid conjugates act by inhibiting the cyclooxygenase 
(COX)-thromboxane synthase (TXAS) pathway. All conju-
gates are hydrolyzed up to the parent aspirin and fat-
ty acid molecules in a controlled manner. Aspirin-fatty 
acid anhydrides have a greater bioavailability (the free 
carboxyl group in aspirin remains an ionized species at 
physiological pH and is poorly absorbed through cell 
membranes) and an antiplatelet activity (one of the rea-
sons for creating a hybrid “codrug” is that the prodrug 
aspirin-fatty acid- anhydride is hydrolyzed with the re-
lease of not one, but two active molecules, which inde-
pendently inhibit COX), and are less ulcerogenic [17].

Acetylsalicylic acid and analogs of short chain fatty 
acids such as butyryl salicylic acid, exhibit a pronounced 
antimicrobial activity against Salmonella Typhimurium. 
[18].

The number of works revealing the antitumor ac-
tivity of non-steroidal anti-inflammatory drugs (NSAIDs) 
and, in particular, ASA, continues to increase [19, 20]. 
Thus, aspirin derivatives based on cinnamaldehyde, are 
being studied as a potential agents for the treatment of 
colorectal cancer [21–23].

The inclusion of a metal ion in the acetylsalicylic acid 
molecule can impart additional pharmacodynamic prop-
erties to it. That makes it possible to retain the ability 
to inhibit COX. However, the ability to generate ROS by 
the metal part of the conjugate appears, can help over-
come the resistance of tumor cells or microorganisms. 
The development of ASA organometallic derivatives is 
one of the areas of bioorganic chemistry and has be-
come a powerful alternative to traditional approaches 
in the development of bioactive compounds [24]. For 
example, new derivatives of aspirin, which include nitric 
oxide (NO-aspirins) in their molecule, are safer in rela-
tion to the mucous membrane of the gastrointestinal 
(GI) tract, and have pronounced cytotoxic effects in re-
lation to lung cancer [25]. IPA/NO-aspirins are prodrugs 
that are safer and have more pronounced pharmaco-
dynamic effects, probably due to the improved cellular 
uptake and delivery. The aspirin compounds containing 
nitric oxide, were non-toxic to normal endothelial cells 
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(HUVECs; do not affect viability up to 100 μM), but were 
toxic to some cancer cell lines, indicating cancer-specific 
sensitivity that holds promise for chemotherapy or che-
moprophylaxis. The selective cytotoxicity of prodrugs 
based on NO-aspirin, may be associated with their effect 
on the activity of the glycolytic protein GAPDH (the thiol 
group of GAPDH is suppressed by HNO donors, which 
are formed during the hydrolysis of IPA/NO-aspirin in 
the body), the activity of which determines the rate of 
glycolysis in tumor cells. The use of aspirin compounds 
containing nitric oxide (IPA/NO-aspirin) increased the 
function of murine cardiomyocytes in vivo. This confirms 
that HNO donors are positive inotropic/lusitropic agents 
and increase transients in the Ca2+ channels of cardio-
myocytes. Thus, prolonged forms of drugs containing 
aspirin and HNO or NO can have a wide therapeutic use 
as anti-inflammatory, antitumor, and cardioprotective 
agents [26].

Taurine is an organic osmolyte involved in the reg-
ulation of cell metabolism and provides a substrate for 
the formation of bile salts. It plays an important role in 
modulating the concentration of intracellular free calci-
um, and although it is one of the amino acids not in-
cluded in proteins, taurine is one of the most abundant 
amino acids in the brain, retina, muscle tissue and or-
gans [27]. A taurine derivative stimulates the formation 
of less toxic amyloid-β fibrils, which leads to the preven-
tion of cognitive deficits in an acute experimental model 
of Alzheimer’s disease in mice [28]. Taurine improves 
insulin secretion and decreases insulin resistance. Tau-
rine treatment reduced the severity of oxidative stress in 
the brain, diabetic hepatotoxicity, the severity of vascu-
lar diseases and heart traumas in diabetes [29, 30]. The 
literature describes the effect of taurine supplementa-
tion on insulin resistance; the balance of iron, zinc and 
copper; parameters of oxidative stress in control animals 
and rats with a high-fat diet [31].

Thus, the synthesis and preclinical study of new de-
rivatives of hydroxybenzoic acids is a promising and ur-
gent problem for modern pharmacology.

THE AIM of the article is to synthesize new com-
pounds, determine their physical characteristics and 
evaluate antiplatelet and antithrombotic activities in 
vitro and in vivo.

MATERIALS AND METHODS
Synthesis and determination 
of physical characteristics
The general procedure for the synthesis of dipotas-

sium salts of N-(hydroxybenzoyl)taurines had been de-
scribed in detail by the authors before [32, 33]. A solu-
tion of 2-aminoethanesulfonic acid(taurine) in 25.00 ml 
of water was placed in a reactor equipped with a stirrer, 

and 6 N. sodium hydroxide solution. Hydroxybenzoic 
acid chloride was added dropwise to the solution for 1.5 
h under cooling. Then the reaction mixture was stirred 
for another 1.5 h (under cooling), controlling the pH of 
the medium (pH>7). The resulting mixture was poured 
into ice and acidified with hydrochloric acid to pH = 5, 
the precipitated crystals were recrystallized from isopro-
panol, filtered and dried. The characteristics of the com-
pounds are presented in Table 1. Then, 100 mmol of po-
tassium ethylate, 100.00 ml of benzene and 50 mmol of 
N-(hydroxybenzoyl) taurine were loaded into a 3-necked 
reactor equipped with a stirrer, a reflux condenser and 
a thermometer, and stirred at the temperature of 100°C 
for 30 minutes. After cooling, the product was separated 
by filtration, washed with a small amount of an alcoholic 
alkali solution and dried.

Melting points were determined by the capillary 
method on a Stuart SMP-30 device (Great Britain) at the 
heating rate of 10°C/min. The purity and individuality of 
the compounds were confirmed by thin-layer chroma-
tography on Silufol UV-254 plates, the mobile phase was 
in an n-butanol:ethanol:water ratio of 5:2:1, the devel-
opment was in iodine vapor and UV light. 

1H-NMR spectra of derivatives in DMSO-d6 were 
recorded on a Bruker DRX500 spectrometer (Bruker, 
Germany) with the internal standard of hexamethyld-
isiloxane 500 MHz. The spectra were interpreted using 
a licensed software product from Advanced Chemistry 
Development Inc. by the trade name of ACD/HNMR Pre-
dictor Pro v. 3.

The studied N-derivatives of taurine were synthe-
sized by the acylation reaction of taurine with an equim-
olar amount of 2-, 3-, or 4-hydroxybenzoic acid chloride. 
Then hydroxybenzoyltaurines were converted into a wa-
ter-soluble form by obtaining dipotassium salts (Fig. 1).

In vitro studies
The study of the effect of substances on the func-

tional activity of platelets in vitro was carried out ac-
cording to the Born G. methods modified by V.A. Gab-
basov (1989) [34] on a two-channel laser analyzer of 
platelet aggregation “Biola” 220LA (Russia). The studies 
were carried out on platelet-rich rat plasma according 
to the method described by V.A. Lyusov, Yu.B. Belousov 
(1971) [35]. The blood was obtained from anesthetized 
(chloral hydrate, 400 mg/kg, i.p., Organic, Russia) ani-
mals from the abdominal aorta [36], stabilized with a 
3.8% sodium citrate solution (Reakhim, Russia) in the 
ratio of 9:1, then centrifuged for 10 min at 1000 rpm 
on a CM-6m centrifuge (ELMI, Latvia). The device was 
calibrated using distilled water, according to the in-
structions, the light transmission of distilled water was 
taken as 100%.

DOI: 10.19163/2307-9266-2021-9-3-222-234
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To obtain a control sample, 300 μL of platelet-rich 
plasma was added to the glass cuvette of the aggregom-
eter; after the recording of the aggregatogram had been 
turned on, at the 10th second of the registration pro-
cess, ADP (Sigma Aldrich, USA) was added to the cu-
vette, at the final concentration of 5 μM [37].

To study the antiplatelet activity of the compounds 
under study, 30 μl of the solution of the test sample at a 
certain concentration was added to the cuvette with 270 
μl of platelet-rich plasma. The sample was incubated in 
thermostated cells of the aggregometer (at 37°C for 3 
minutes), after which the sample was transferred to a 
recording cell and the aggregatogram was recorded for 
5 minutes.

Hydroxybenzoic acids derivatives and acetylsalicylic 
acid (the reference drug) were studied in the concentra-
tion range of 10-4–10-8M.

In vivo studies 
The compounds were administered intragastrically 

once via a gastric tube. 60 minutes after the administra-
tion, the animals were anesthetized (chloral hydrate at 
the dose of 400 mg/kg, intraperitoneally), the left com-
mon carotid artery was isolated, and the model of in-
travascular thrombosis was simulated [38]. Parafilm was 
placed under the carotid artery. The blood flow velocity 
in the carotid artery had been recorded by ultrasound 
Doppler until it stopped completely as a result of throm-
bosis, initiated by applying a cotton swab moistened 
with a 50% solution of iron (III) chloride on the vessel.

To determine the bleeding time, the animal was cut 
off 5 mm from the tip of the tail, which was then placed 
in a flask with saline (t = 37°C) and the time until the end 
of the bleeding was recorded [37, 39].

Study design
Pharmacological studies of compounds in in vitro 

and in vivo models were performed according to the 
study design (Fig. 2).

Statistical processing of results
Statistical analysis of the data obtained was per-

formed using the Microsoft Excel statistical software 
package and the Prism 6.0 software (Graph Pad Software 
Inc., USA). The data were presented as the arithmetic 
mean and its mean error. The comparison of the mean 
data of the independent samples with a normal distri-
bution of the variant in the data set (sample), was cal-
culated using the Student’s t-test. When the variant dis-
tribution in the sample was different from the normal, 
the Mann-Whitney U-test (when comparing two groups) 
and the Kruskal-Wallis test (when comparing more than 
two groups) were used. A significant level of differences 
was considered a probability of at least 95% (p <0.05).

Compliance with ethical standards
The experiments were carried out in accordance 

with the methodological guidelines and regulatory doc-
uments GOST ISO/IEC 17025-2009, GOST R ISO 5725-
2002 and the rules of laboratory practice for preclinical 
studies in the Russian Federation in accordance with the 
Principles of Good Laboratory Practice (GOST R 33044-
2014, 2015) and “On the approval of the rules of good 
laboratory practice” (Ministry of Health of the Russian 
Federation, Order No. 199n dated April 1, 2016), in com-
pliance with Directive 2010/63 / EU of the European Par-
liament and the Council of the European Union dated 
September 22, 2010 on the protection of animals used 
in scientific purposes.

On compliance with ethical standards, an expert 
opinion from the Local Ethics Committee of Volgograd 
State Medical University of the Ministry of Health of the 
Russian Federation (registration number IRB 00005839 
IORG 0004900 (OHRP)) was received.

The euthanasia of the animals was carried out in 
compliance with the requirements set out in the “In-
ternational Recommendations for Biomedical Research 
Using Animals” (1997). For 24 hours before the start of 
the experiments, all the animals were in complete food 
deprivation with a free access to water.

RESULTS AND DISCUSSION
The addition of compound C-60 (dipotassium salt 

of N-(3-hydroxybenzoyl)taurine) to the blood plasma of 
the laboratory animals at the concentrations of 10-7 and 
10-8 M significantly reduces the degree of platelet aggre-
gation by 38% and 37% in comparison with the control 
group of the animals, and by 19% and 26% compared 
with the reference drug. The introduction of compound 
C-61 (dipotassium salt of N-(4-hydroxybenzoyl)taurine) 
into the platelet-rich blood plasma of the laboratory 
animals in all the studied concentrations, reduces the 
degree of platelet aggregation. At the concentrations 
of 10-4 and 10-5 M, the degree of aggregation decreased 
by 46% and 44% in comparison with the control group. 
When the test compound was added to the platelet-rich 
plasma at the concentrations of 10-6 and 10-7 M, the de-
gree of aggregation decreased by about 10 times. At the 
concentration of 10-8M, no statistically significant de-
crease in aggregation was observed.

A more pronounced antiplatelet effect of the stud-
ied compounds in comparison with ASA may be associat-
ed with the formation of a covalent bond of taurine with 
thiol and thioether groups of atoms or disulfide bridges 
in molecular targets. That had been justified for chlor-
aminic and chlorimine derivatives of taurine [40]. The 
compound under the laboratory code of C-59-N-(2-hy-
droxybenzoyl)taurine showed its antiplatelet activity at 
the level of the reference drug.

The addition of compounds C-60 and C-61 at the 
concentrations of 10-5–10-7 M to the blood plasma of 
healthy laboratory animals to the maximum and more 
pronounced than the reference preparation ASA, limited 
the development of platelet aggregation. The addition 
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of ASA had an antiplatelet effect only at the concentra-
tions of 10-5 and 10-6 M, which is confirmed by the results 
of numerous studies of this drug.

Compounds C-59, C-60, and C-61 are, like ASA, de-
rivatives of hydroxybenzoic acids; therefore, there is a 
reason to believe that the main mechanism of the an-
tiplatelet action is realized due to the irreversible in-
activation of cyclooxygenase-1 after acetylation of the 
serine residue in the area of the active site. As a result, 
the synthesis of thromboxane A2 is blocked, and thus the 
secondary activation of platelets is prevented [40].

The compounds under study are the salt form of hy-
droxybenzoic acids derivatives and contain potassium, 
which does not only improve their solubility in water, 
but also exhibits its own antiplatelet properties. These 
data are consistent with the literature data [41].

When analyzing the data obtained (Fig. 3) in the 
conducted experiments, it can be concluded that the 
most pronounced antiplatelet effect in in vitro studies is 
revealed by compound C-61, significantly superior to the 
similar effect of acetylsalicylic acid.

One of the important factors determining the out-
comes of the cardiovascular system diseases, is the 
problem of arterial thrombosis [42], which is inextricably 
linked with the state of the hemostasis system. Throm-
bosis is often the cause of sudden death, myocardial 
infarction, vascular complications of diabetes mellitus, 
and limbs amputation. Therefore, the search and study 
of the atrombogenic effect of potential antithrombotic 
agents is relevant. Preclinical studies of the antithrom-
botic effect of new potential molecules should be eval-
uated not only in healthy and young animals, but also 
in those simulated in the state as close as possible to 
the clinical conditions of the antiplatelet administration. 
In the work by JP Garner, the following was concluded: 
if scientists want animal models to correspond to the 
pathophysiology of human diseases and be equally sus-
ceptible to the effect of the tested drugs, then the exper-
iments should be performed on animals as if they were 
carried out on humans [43]. In the present work, the 
studies of the antithrombotic effect of new derivatives 
of hydroxybenzoic acids were carried out on young and 
healthy animals, elderly and healthy, elderly and with di-
abetes mellitus, which corresponds to a frequent clinical 
situation in which therapy with such drugs is carried out. 
The study of the antithrombotic activity of new deriva-
tives of hydroxybenzoic acids was carried out on a mod-
el of arterial thrombosis induced by the application of 
a 50% solution of iron (III) chloride to the carotid artery 
of healthy animals, three-year-old (elderly) rats, and the 
animals with experimental pathology (diabetes mellitus, 
study of the bleeding time from the tail vein). The study 
of the antithrombotic activity of new derivatives of hy-
droxybenzoic acids in a model of arterial thrombosis in-
duced by the application of a 50% solution of iron (III) 
chloride in healthy animals, was carried out.

In the control group of the animals, administrated 

with a solvent (saline), the average time of the complete 
occlusion of the carotid artery was 14.8±0.77 minutes.

The reference drug, acetylsalicylic acid at the dose of 
36 mg/kg, increased the occlusion time by 69% (p<0.05).

In comparison with the control group, the compounds 
under study with a taurine residue under the laboratory 
code of C-59 at the equimolar concentration with the ref-
erence drug, prolonged the time of thrombus formation by 
61%. In this experimental model of thrombosis, compound 
C-60 demonstrated an antithrombogenic activity and ex-
ceeded the reference drug by 3% in the time of complete 
occlusion and in relation to the control group, by 73% 
(p<0.05). The investigated compound C-61 increased the 
time of vascular occlusion twice compared with the control 
group (p<0.05), the data with the reference drug ASA did 
not differ. The results are presented (Fig. 4).

Study of antithrombotic effect of hydroxybenzoic 
acids new derivatives in model of arterial 
thrombosis induced by application of 50% ferric 
chloride solution in 3-year-old (elderly) animals
In 3-year-old (elderly) animals, the antithrombotic 

effect of the compounds under study was assessed in 
a single intragastric administration of the substances 
shown in Fig. 5, to the rats.

The average time of complete occlusion of the ca-
rotid artery in the animals of the control group was 
16.50±0.89 minutes. The reference drug, acetylsalicyl-
ic acid, in an effective therapeutic dose increased the 
occlusion time to 20.14±0.55 minutes, which was 22% 
longer than the control group of animals. The data are 
statistically significant.

The compound C-60 at the dose of 18 mg/kg pro-
longed the time of thrombus formation to 20.67±1.20 
minutes (p<0.05), which was 25% slower than in the group 
that had received saline, and 3% slower than in the group 
of the animals that had been administrated with the refer-
ence drug. When the compound C-61 was administered at 
the dose of 23 mg/kg, the time of complete occlusion was 
18.17±1.56 minutes, which was 10% slower compared to 
the control group, and 10% slower than the group adminis-
tered with the reference drug.

Thus, in the model of arterial thrombosis of the ca-
rotid artery of 3-year-old (elderly) rats, compound C-60 
demonstrated the antithrombotic effect; complete oc-
clusion of the carotid artery proceeded slower than ef-
fected by acetylsalicylic acid.

Study of platelet effect of leading compounds 
in model of arterial thrombosis in animals 
with experimental diabetes mellitus
The antithrombogenic effect of the most active 

compounds (C-60, C-61) was studied in the animals with 
streptozotocin-nicotinamide-induced diabetes mellitus.

As a result of the experiment, it was revealed that 
in the control group of animals, thrombus formation oc-
curred at the 10.3th±0.78 minutes (Fig. 6).

DOI: 10.19163/2307-9266-2021-9-3-222-234
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Table 1 – Characteristics of obtained N-(hydroxybenzoyl)-substituted taurines N-(4-hydroxybenzoyl)taurine

Compound X Efficiency, 
%

Melting  
point, 

 °С
Rf* 1H-NMR spectra (DMSO-d6), δ, ppm

N-(2-hydroxybenzoyl)taurine 2-ОН 63.5 158–160 0.664 6.88–7.78 (4Н, м, С6Н4), 8.03–8.05 (1Н, м, NH), 10.70 
(1Н, с, ОН and SO2ОH), 2.78–3.60 (4 Н, м, С2Н4)

N-(3-hydroxybenzoyl)taurine 3-ОН 63.8 199–201 0.636 6.95–7.33 (4Н, м, С6Н4), 7.50–7.83 (1Н, м, NH), 9.81 
(1Н, с, ОН and SO2OH), 2.67–3.02 (4 Н, м, С2Н4)

N-(4-hydroxybenzoyl)taurine 4-ОН 64.2 204–206 0.753 6.76–7.75 (4Н, м, С6Н4), 7.96–8.23 (1Н, м, NH), 10.19 
(1Н, с, ОН and SO2OH), 2.23–3.34 (4 Н, м, С2Н4)

Figure 1 – Taurine acylation reaction

Figure 2 – Study design
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Figure 3 – Antiplatelet activity of compounds in the model  
of ADP-induced platelet aggregation in vitro

Note: A – antiplatelet activity of compound C-59; B – antiplatelet activity of compound C-60; C – antiplatelet activity  
of compound C-61; D – the combined scheme of the investigated compounds, reference preparation and control; * – p<0.05;  

** – p<0.01 changes are statistically significant in relation to the control Student’s test with Bonferroni correction.
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Figure 4 – Time of thrombus formation after application of 50% solution of iron chloride  
to carotid artery of healthy animals

Note: A – combined scheme of dynamics of thrombus formation of studied compounds, reference and control drugs;  
B – time of vessels complete occlusion of the studied compounds, reference and control drugs; C – dynamics of thrombus formation of the C-59 

compound; D – dynamics of thrombus formation of the C-60 compound; E – dynamics of thrombus formation of the C-61 compound;  
* – p <0.05 changes are statistically significant in relation to the control Student’s test with Bonferroni correction
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Figure 5 – Thrombus formation time after application of 50% iron chloride to carotid artery 
in 3-year-old (elderly) animals

Note: A – dynamics of thrombus formation of the C-60 compound; A1 is the time of complete occlusion of vessels of test compounds, reference 
and control drugs; B – dynamics of thrombus formation of C-61 compound; C – combined scheme  

of dynamics of thrombus formation of studied compounds, reference and control drugs; * – p <0.05 changes are statistically significant in 
relation to the control Student’s test with Bonferroni’s correction

Figure 6 – Thrombus formation time after application of 50% iron chloride  
to the carotid artery of animals with diabetes

Note: A – dynamics of thrombus formation of C-60 compound; A1 is the time of complete occlusion of vessels of test compounds, reference  
and control drugs; B – dynamics of thrombus formation of C-61 compound; C – combined scheme of dynamics of thrombus formation  

of studied compounds, reference and control drugs; * – p <0.05, ** – p <0.01 changes are statistically significant in relation to control Student’s 
test with Bonferroni’s correction, # – p <0.05 changes are statistically significant in relation to effect of reference drug, Student’s test  

with Bonferroni’s correction
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In an effective therapeutic dose, acetylsalicylic acid 
prolonged the time of complete occlusion to 17.0±1.36 
minutes, which exceeded the indicators of the control 
group by 65%.

Compound C-60 at the dose of 18 mg/kg significantly 
prolonged the time of thrombus formation to 26.3±0.94 
min, which was 156% slower relative to the control values 
and 55% slower relative to the group of the animals admin-
istered with the reference drug (p <0,01).

In the rats’ group, which were administered with 
compound C-61 at the dose of 23 mg/kg per os, the time 
of complete occlusion of the carotid artery was 19.9 ± 
1.18 minutes, which was 93% slower than in the control 
group (p <0.01) and 17% slower than in the group of the 
animals administered with the reference drug.

Thus, in the single oral administration to the animals 
with experimental diabetes mellitus in the doses taken 
at equimolar concentrations, the compounds under 
study have a pronounced antithrombotic effect and are 
superior to the reference drug, acetylsalicylic acid.

Investigation of leading compounds 
and acetylsalicylic acid effect on bleeding
time from tail vein of animal with diabetes mellitus
In the control group of the animals, the bleeding 

time was 177.1±17.45 seconds. The studied deriva-

tives in the doses taken in equimolar concentrations, 
prolonged the bleeding time. The reference drug in-
creased the bleeding time by 81%; it was 320.0±18.29 
seconds.

In the group of the animals administered with the 
compound under the laboratory code of C-60, the bleed-
ing time was prolonged up to 237.9±11.54 seconds, 
which was 34% slower than in the control group, and 
26% faster than in the group of the animals adminis-
tered with the reference drug.

Compound C-61 increased bleeding time up to 
285.7±19.29 seconds; which was 61% slower than in the 
animals administered with saline, and 11% faster than in 
the group of the animals administered with acetylsalicyl-
ic acid. The results are shown in Fig. 7.

CONCLUSION
According to the results of the study (in vitro), it 

was found out that the compound under the laboratory 
code of C-60 exhibits a pronounced antiplatelet activi-
ty, in in vivo studies it prolongs a thrombus formation. 
Compound C-60 has a more pronounced antiplatelet 
and antithrombotic effect than the reference drug. The 
safety of new derivatives of hydroxybenzoic amino acids, 
in terms of the effect on the bleeding rate, is comparable 
to the ASA indicator.

Figure 7 – Study of bleeding time in animals with diabetes mellitus
Note: * – p<0.05, ** – p<0.01 changes are statistically significant in relation to control Student’s test with Bonferroni correction,  

# – p <0.05 changes are statistically significant in relation to effect of reference drug, Student’s test  
with Bonferroni’s correction

FUNDING
This study did not receive financial support from outside organizations.

CONFLICT OF INTEREST
The authors declare no conflicts of interest.

CONTRIBUTION OF AUTHORS
A.K. Brel, Y.N. Budaeva, S.V. Lisin – methodology for synthesis of compounds, interpretation of results,  

text writing; N.V. Atapina, S.S. Tsaruk – research methodology, statistical processing of results, interpretation  
of results, text writing; D.V. Kurkin – work on the concept and design of research, research methodology, 
 interpretation and of results visualization, text writing; I.N. Tyurenkov – work on the concept and design  

of research, interpretation and visualization of the results.

DOI: 10.19163/2307-9266-2021-9-3-222-234



232

ISSN 2307-9266   e-ISSN 2413-2241

Volume IX, Issue 3, 2021

 RESEARCH ARTICLE

REFERENCES
1. Petrov VI, Shatalova OV, Maslakov AS, Gorbatenko VS. The 

Analysis of Pharmacotherapy of Deep Venous Thrombo-
sis in the Lower Extremities (a Pharmaco-Epidemiological 
Study). Flebologiya. 2014;8(3):32–7. Russian

2. Shlyakhto EV, Konradi AA. Key Areas and Prospects 
for Translational Research in Cardiology. Vestnik Ro-
szdravnadzora. 2015;(5):33–7. Russian

3. Chazov EI. To the Question of Atherothrombotic Disease. 
Kardiologiia. 2001;41(4):4–7. Russian

4. Brel’ AK, Tyurenkov IN, Lisina SV, Popov SS, Verkholy-
ak DV, Budaeva YN, Volotova EV, Atapina NV, Kurkin DV. 
Acetoxybenzoylglycylglycines as Potential Cerebropro-
tective Compounds. Pharmaceutical Chemistry Journal. 
2018;52(1):15–8. Russian

5. Townsend N, Wilson L, Bhatnagar P, Wickramasinghe K, 
Rayner M, Nichols M. Cardiovascular disease in Europe: 
epidemiological update 2016. European Heart Journal. 
2016;37(42):3232–5.

6. European Society of Cardiology [Электронный доступ] 
European Society of Cardiology (ESC) CVD Prevention 
in Clinical Practice (European Guidelines on) Guidelines 
[published in 2016; cited 2021 July 04] Available from: 
https://www.escardio.org/Guidelines/Clinical-Prac-
tice-Guidelines/CVD-Prevention-in-clinical-practice-Euro-
pean-Guidelines-on

7. Charnaya MA, Morozov YuA. Trombozy v klinichcskoj prak-
tike. GEOTAR-Media. 2009:224. Russian 

8. Aaron MW, Gary ER. Global Burden of Thrombosis: Epide-
miologic Aspects. Circulation Research. 2016;118(9):1340-
7. DOI: 10.1161/CIRCRESAHA.115.306841.

9. Timmis A, Gale CP, Flather M, Maniadakis N, Notes PVA. 
Cardiovascular disease statistics from the European atlas: 
inequalities between high- and middle-income member 
countries of the ESC. European Heart Journal – Quality of 
Care and Clinical Outcomes. 2018;4(1):1–3. DOI: 10.1093/
ehjqcco/qcx045.

10. Timmis A, Townsend N, Gale C, Grobbee R, Maniadakis N, 
Flather M, Wilkins E, Wright L, Vos R, Bax J, Blum M, Pinto 
F, Vardas P, ESC Scientific Document Group. European So-
ciety of Cardiology: Cardiovascular Disease Statistics 2017. 
European Heart Journal. 2018;39(7):508–9. DOI: 10.1093/
eurheartj/ehx628.

11. Hussain MA, Al-Omran M, Creager MA, Anand SS, Verma 
S, Bhatt DL. Antithrombotic Therapy for Peripheral Artery 
Disease: Recent Advances. Journal of the American Col-
lege of Cardiology. 2018;71(21):2450–7. DOI: 10.1016/j.
jacc.2018.03.483.

12. Kong D, Xue T, Guo B, Cheng J, Liu S, Wei J, Lu Z, Liu H, 
Gong G, Lan T, Hu W, Yang Y. Optimization of P2Y12 An-
tagonist Ethyl 6-(4-((Benzylsulfonyl)carbamoyl)piperi-
din-1-yl)-5-cyano-2-methylnicotinate (AZD1283) Led to 
the Discovery of an Oral Antiplatelet Agent with Improved 
Druglike Properties. Journal of Medicinal Chemistry. 2019; 
62(6):3088–6. DOI: 10.1021/acs.jmedchem.8b01971.

13. Introduction: Standards of Medical Care in Diabetes-2020. 
Diabetes Care. 2020;43(1):1–2. DOI: 10.2337/dc20-Sint.

14. Arslanbekova VA, Verkholyak DV, Kurkin DV, Bakulin DA, 
Atapina NV, Brel AK, Lisina SV. Cerebroprotective Activi-
ty of C-38 – Derivative Hydroxybenzoic Acid in Rats with 
Bilateral Common Carotid Artery Occlusion. Bulletin of 
Volgograde State Medical University. 2017;4(64):54–7. 
Russian

15. Brel AK,  Zhoglo EN. Synthesis of hydroxybenzoic ac-
ids derivatives cointaining   a fragment of p–aminobenzo-
ic acid. Internetional journal of applied and fundamental 
research. 2016;8:370–3.

16. Brel’ AK, Lisina SV, Budaeva YN, Popov SS. Search for new 
biologically active derivatives of hydroxybenzoic acids and 
prospects for their application. Collection of materials of 
the IV All-Russian scientific and practical conference with 
international participation «Innovations in the health 
of the nation», 09-10 November 2016 St. Petersburg. 
2016:263–6. Russian

17. Roy J, Adili R, Kulmacz R, Holinstat M, Das A. Development 
of Poly Unsaturated Fatty Acid Derivatives of Aspirin for 
Inhibition of Platelet Function. The Journal of Pharmacol-
ogy and Experimental Therapeutic. 2016;359(1):134–1. 
DOI: 10.1124/jpet.116.234781.

18. Yang X, Forster ER, Darabedian N, Kim AT, Pratt MR, Shen 
A, Hang HC. Translation of microbiota short–chain fatty 
acid mechanisms affords anti-infective acyl-salicylic acid 
derivatives. ACS Chemical Biology. 2020;15(5):1141–7. 
DOI: 10.1021/acschembio.9b01009.

19. Christina NB, Sotiris KH. Non-Steroidal Anti Inflammatory 
Drugs (NSAIDs) in Metal Complexes and Their Effect at the 
Cellular Level. European Journal of Inorganic Chemistry. 
2016;2016(19):3048–1. DOI: 10.1002/ejic.201501480.

20. Rohwer N, Kühl AA, Ostermann AI, Hartung NM, Schebb 
NH, Dieter Z, McDonald FM, Weylandt K-H. Effects of 
chronic low-dose aspirin treatment on tumor prevention 
in three mouse models of intestinal tumorigenesis. Cancer 
Medicine. 2020;9(7):2535–0. DOI: 10.1002/cam4.2881.

21. Lu S, Obianom ON, Ai Y. Novel cinnamaldehyde-based aspi-
rin derivatives for the treatment of colorectal cancer. Bio-
organic & Medicinal Chemistry Letters. 2018;28(17):2869–
4. DOI: 10.1016/j.bmcl.2018.07.032.

22. Debashree B, Robert CC, Gaurav B, Ridnour LA, Wink DA, 
Miranda KM. Chemotherapeutic Potential of Diazenium-
diolate-based Aspirin Prodrugs in Breast Cancer. Free Rad-
ical Biology and Medicine. 2015;83:101–4. DOI: 10.1016/j.
freeradbiomed.2015.01.029.

23. Wu XW, Zheng Y, Wang FX, Cao J-J, Zhang H, Zhang D-Y, 
Tan C-P, Ji L-N, Mao Z-W. Aspirin Conjugates for En-
hanced Metabolic Immuno-Modulation and Mitochon-
drial Lifetime Imaging. Chemistry A European Journal. 
2019;25(28):7012–2. DOI: 10.1002/chem.201900851.

24. Kowalski K, Corrigendum: Insight into the Biological Ac-
tivity of Organometallic Acetylsalicylic Acid (Aspirin) 
Derivatives. ChemPlusChem A Multidisciplinary Journal 



233Том 9, Выпуск 3, 2021

ОРИГИНАЛЬНАЯ СТАТЬЯ

Centering on Chemistry. 2019;84(7):821. DOI: 10.1002/
cplu.201900331.

25. Martin-Martin A, Rivera-Dictter A, Muñoz-Uribe M, 
López-Contreras F, Pérez-Laines J, Molina-Berríos A, López-
Muñoz R. Reconsidering the Role of Cyclooxygenase Inhi-
bition in the Chemotherapeutic Value of NO–Releasing 
Aspirins for Lung Cancer. Molecules. 2019;24(10):1924. 
DOI: 10.3390/molecules24101924.

26. Basudhar D, Bharadwaj G, Cheng RY, Jain S, Shi S, Heinecke 
JL, Holland RJ, Ridnour LA, Caceres VM, Spadari-Brat-
fisch RC, Paolocci N, Velázquez-Martínez CA, Wink DA, 
Miranda KM. Synthesis and chemical and biological 
comparison of nitroxyl- and nitric oxide-releasing diaze-
niumdiolate-based aspirin derivatives. Journal of Me-
dicinal Chemistry. 2013;56(20):7804–0. DOI: 10.1021/
jm400196q.

27. Bkaily G, Jazzar A, Normand A, Simon Y, Al-Khoury J, 
Jacques D. Taurine and cardiac disease: state of the art 
and perspectives. Canadian Journal of Physiology and 
Pharmacology. 2020;98(2):67–3. DOI: 10.1139/cjpp-2019-
0313

28. Kim HY, Yang SH, Yoon J, Jang H, Baek S, Shin J, Kim SH. 
Taurine-Carbohydrate Derivative Stimulates Fibrillogen-
esis of Amyloid-β and Reduce Alzheimer-Like Behav-
iors. Advances in Experimental Medicine and Biology. 
2017;975(1):225–2. DOI: 10.1007/978-94-024-1079-2_20.

29. Inam-U-L, Piao F, Aadil RM, Suleman R, Li K, Zhang M, Wu 
P, Shahbaz M, Ahmed Z. Ameliorative effects of taurine 
against diabetes: a review. Amino Acids. 2018;50(5):487–
2. DOI: 10.1007/s00726-018-2544-4.

30. Sarkar P, Basak P, Ghosh S, Kundu M, Sil PC. Prophylactic 
role of taurine and its derivatives against diabetes mellitus 
and its related complications. Food and Chemical Toxicol-
ogy. 2017;110:109–1. DOI: 10.1016/j.fct.2017.10.022

31. Król E, Okulicz M, Kupsz J. The Influence of Taurine Sup-
plementation on Serum and Tissular Fe, Zn and Cu Levels 
in Normal and Diet–Induced Insulin-Resistant Rats. Bio-
logical Trace Element Research. 2020;198(2):592–1. DOI: 
10.1007/s12011-020-02100-3.

32. Brel AK, Tyurenkov IN, Lisina SV, Kurkin DVl, Atapina NV, 
Budaeva YN, Volotova EV. Dicalcium Salt Of N-(3-Hydroxy-
benzoyl)Taurine, Having Antiaggregant and Antithrom-
botic Activity in Combination with Cerebroprotective 
Action. Invention Patent RU 2 730 835 C1 Application 
No.2019134137, from 23.10.2019. Russian

33. Brel AK, Tyurenkov IN, Lisina SV, Kurkin DV, Atapina NV, Bu-
daeva YN, Volotova EV. Dipotassium Salt Of N-(4-Hydroxy-
benzoyl)Taurine, Having Antiaggregant and Antithrombot-
ic Activity. Invention Patent RU 2731106 C1, 28.08.2020. 
Application No. 2019134135 from 23.10.2019. Russian

34. Gabbasov ZA., Popov EG, Gavrilova IYu, Pozin ELa, Marko-
syan RA. A new highly sensitive method for the analysis 
of platelet aggregation. Laboratory Delo. 1989;10:15–8. 
Russian

35. Lyusov VA., Belousov Yu.B. The method of graphic regis-
tration of platelet aggregation and its change in coronary 
heart disease. Kardiologiia. 1971;8:459–1. Russian

36. Hyuk WK, Jung HS, Deok HL, Ok WJ, Nam GS, Kim MJ, 
Kwon H, Noh, Lee J, Kim H, Kim J, Park H. Antiplatelet and 
antithrombotic effects of cordycepin-enriched WIB-801CE 
from Cordyceps militaris ex vivo, in vivo, and in vitro. BMC 
Complementary Medicine and Therapies. 2016;16(1):508. 
DOI: 10.1186/s12906-016-1463-8.

37. Özgün MGT, Şevket EG, Hüsamettin E, Kumandaş A, 
Aydıngöz SE, Yılmaz EÇ, Kırdan T, Midi A. Effects of Algan 
Hemostatic Agent on bleeding time in a rat tail hemorrhage 
model. Turkish Journal Of Trauma And Emergency Sur-
gery. 2020;26(6):853–8. DOI: 10.14744/tjtes.2020.50384.

38. Kurz KD, Main BW, Sandusky GE. Rat model of arte-
rial thrombosis induced by ferric chloride. Thrombo-
sis Research. 1990;60(4):269–0. DOI: 10.1016/0049-
3848(90)90106-m.

39. Girish S, Komal H, Ghanshyam P, Maheshwari R, Singh R, 
Seth AK. Platelet Augmentation Potential of Polyherbal 
Formulation in Cyclophosphamide-Induced Thrombocyto-
penia in Wistar Rats. Folia Medica. 2021;63(1):67–3. DOI: 
10.3897/folmed.63.e49167.

40. Murina M.A., Roshchupkin D.I., Sergienko V.I. Antiplatelet 
effect of chloramine derivatives of structural analogs of 
taurine. Receptors and intracellular signaling Digest of ar-
ticles. Institute of Cell Biophysics of the Russian Academy 
of Sciences – a separate subdivision of the Federal State 
Budgetary Institution of Science «Federal Research Center 
«Pushchino Scientific Center for Biological Research of the 
Russian Academy of Sciences». 2019:838–1. Russian

41. Samorodov AV, Kamilov FKh, Khalimov AR, Klen EE, Khali-
ullin FA. The Study of New Potassium Salt Based on 3-Thi-
etanil-Substituted Triazole in Respect to Hemostasis Sys-
tem. Journal Biomed. 2016;3:59–7. Russian

42. Haybar H, Khodadi E, Zibara K, Saki N. Platelet Activation 
Polymorphisms in Ischemia // Cardiovascular & Hemato-
logical Disorders-Drug Targets. 2018;18(2):153–61. DOI: 
10.2174/1871529X18666180326121239.

43. Carson DS, Garner JP, Hyde SA, Libove RA, Berquist SW, 
Hornbeak KB, Jackson LP, Sumiyoshi RD, Howerton 
CL, Hannah SL, Partap S, Phillips JM, Hardan AY, Park-
er KJ. Arginine Vasopressin Is a Blood-Based Biomark-
er of Social Functioning in Children with Autism. PLoS 
One. 2015;10(7):e0132224. DOI: 10.1371/ journal.
pone.0132224.

AUTHORS
Anatoly K. Brel – Doctor of Sciences (Chemistry), 

Professor, Head of the Department of Chemistry, Vol-
gograd State Medical University. ORCID ID: 0000-0003-
3980-2847. E-mail: brelak@yandex.ru

Natalya V. Atapina – Senior Lecturer, Department 

of Chemistry, Volgograd State Medical University.  
ORCID ID: 0000-0001-8272-5950. E-mail:  
rodina.natasha@inbox.ru 

Yulia N. Budaeva – Candidate of Sciences (Chemis-
try), Associate Professor of the Department of Chemis-

DOI: 10.19163/2307-9266-2021-9-3-222-234



234

ISSN 2307-9266   e-ISSN 2413-2241

Volume IX, Issue 3, 2021

 RESEARCH ARTICLE

try, Volgograd State Medical University. ORCID ID: 0000-
0003-2034-8285. E-mail: julya82@list.ru

Svetlana V. Lisina – Candidate of Sciences (Chemistry), 
Associate Professor, Associate Professor of the Department 
of Chemistry, Volgograd State Medical University. ORCID ID: 
0000-0002-5080-4854. E-mail: svlisina@gmail.com

Svetlana S. Tsaruk – student, Volgograd State Med-
ical University. ORCID ID: 0000-0002-7726-3787. E-mail: 
svitlana.tsaruk@yandex.ru

Denis V. Kurkin – Doctor of Sciences (Pharmacy), As-
sociate Professor, Deputy Director for Science, Research 

Center of Innovative Pharma Products (RCIPP), Volgo-
grad State Medical University., ORCID ID: 0000-0002-
1116-3425. E-mail: strannik986@mail.ru

Ivan N. Tyurenkov – Doctor of Sciences (Medicine), 
Honored Scientist of the Russian Federation, Honor-
ary Figure of Russian Higher Education, Corresponding 
Member of the Russian Academy of Sciences, Professor, 
Head of the Department of Pharmacology and Pharma-
cy of the Institute of Continuous Medical and Pharma-
ceutical Education, Volgograd State Medical University. 
ORCID ID: 000-0001-7574-3923. E-mail: fibfuv@mail.ru 


