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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*M to 10%M, 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.
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BblCOKan pacnpocTpaHeHHOCTb TPOMBOTUYECKMX HApYLUEHWUW, HeaocTaTouyHaa 3GGEKTUBHOCTb MAM 6e30MacHOCTb aHTK-
TPOMBOTUYECKOW Tepanuu ABASETCA aKTyasbHOW Npobnemolt coBpemMeHHOro 34paBooxpaHeHua. OCHOBHbIM CPeacTBOM
NpodUNaKTUKM TPOMBO3a ABNAETCA aLEeTUACANNLMAOBAA KUCAOT. HECMOTPA Ha MHOTONETHEI0 UCTOPUIO acNMUPUH NpuUBae-
KaeT uccnenosateneit B 061actu MeanLMHCKOW XMMUK, BUONOTUN U MeaULMHBI. PazpaboTka HOBbIX aHTUArperaHTos, B TOM
4Yncie U XMMUYEeCcKon moanduKaLmMein MoeKy/bl aueTUACAIULNIOBON KUCAOTbl OCTAaeTCa akTyasbHoOW. Moandukauma mo-
NIeKy/bl aLLleTUACANNLMA0BAA KMCOT C UCNO/b30BaHMEM aMUHOKUCIOT U NONYYEHUEM UX CONEBBIX GOPM, NMO3BOJIAET COXPa-
HATb aHTUArPeraHTHbIE UAN AHTUTPOMBOTUYECKME CBOMCTBA, a TaK¥Ke COOBLLUTb AONONHUTENbHbIE hapMaKoAMHAMUYECKME
3ddeKTbl. B coBpeMeHHON HayKe yaensercs HeMaso BHUMaHUA CepoCcoAep Kallel aMMHOKMCAOTEe TaypuH. MNpu aHanuse
COBPEMEHHOW Hay4HOW ITepaTypbl 06HaAPYKEHO NPOTEKTUBHOE AENCTBME TaypuUHa NpM caxapHoM aAnabeTe u cepaeyHo-co-
CyANUCTbIX 3a60N1eBaHUAX, AUCHYHKLMM NEYEHU, KENYA0UYHO-KULLIEYHOTO TPaKTa, 3a601eBaHMUAX NOYEK.

Llenb. CHTE3 HOBbIX COEANHEHUI, OonpeaeneHne nux GU3NYECKUX XapaKTEPUCTUK U OLLEHKA aHTUArperaHTHOM U aHTUTPOM-
H60TUYECKON aKTUBHOCTW in Vitro v in vivo.

Matepuanbl U meTtoabl. [11A NOATBEPXKAEHUA CTPYKTYPbl, CUHTE3MPOBAHHbIX HOBbIX MPOU3BOAHbLIX MMAPOKCUBEH30MHbIX
KWUCNOT C TaypMHOBbIM GpParMeHTOM METOAOM aLeIMpOBaHUA, UCNO/b30Ba N TOHKOC/IONHIO XpomaTorpaduio, AMP cnek-
Tpbl. MccnepgoBaHus in vitro npoBoanaun Ha mogenu AAP-uHAyLMpPOBaHHOW arperaLMm TpPOMb6OUUTOB No meToauKke Born G. B
moaudurKkaumm fabbacosa B.A. MiccnenoBaHua in vivo NpoBOAWAM Ha MOAENWN apTepuanbHOro Tpomb0o3a, MHAYLMPOBAHHOMO
annanKaumnen X10pMAOM Kenesa Ha Ceaytowmx rpynmnax }KUBOTHbIX: MHTAKTHbIE, C SKCMePUMEHTA/IbHbIM CaxapHbiM guabe-
TOM U TPEX roA0Basble, TaK Ke bblna NPoBeAeHa OLeHEeHa CKOPOCTb KPOBOTEYEHWA 13 XBOCTOBOW BEHbI.

Pe3ynbratbl. BblIM CUHTE3UPOBAHbI HOBblE COEAMHEHUA, NpeacTaBasowme coboit NPOn3BoAHbIE OPTO-, METa- U Napa-ru-
OPOKCMBEH30MHbIX KUC/IOT C OCTaTKOM TaypuHa. OnucaHa MeToamKa nosyyeHna coegmHeHnii N-rugpokcmbeHsonn TaypuHa
1 UX conesblx Gopm, onpeaesieHbl CNEKTPaibHble XapaKTEPUCTUKN U TeMmrepaTypa naasneHua. CUHTE3UpOBaHHbIe coeau-
HEHMA NO PACTBOPMMOCTM NPEBOCXOAAT aLETUICANLNIOBYIO KUCOTY, HE YCTYNAtoT el B aHTUArperaHTHoM U aHTUTpom6bo-
TUYECKON aKTUBHOCTU. [peacTaBneHbl pe3yabTaTbl OLEHKU aHTUArPeraHTHOM aKTUMBHOCTM in Vitro B LUMPOKOM AMana3oHe
KoHUeHTpauuit ot 10“M go 10°M. BbisiBneHo, 4To AnKanuesas conb N-(2-ruapoKkcmbeH3ons)TaypmHa NposBasSET MEHbLLYHO
AHTUArperaHTHyH aKTMBHOCTb, YeM AMKanmesas conb N-(3-rugpokcmbeHsonn)taypuHa. Hanbonee BblparkeHHyO aHTMarpe-
FaHTHYIO aKTMBHOCTb MPOABAAET coeguHeHne N-(4-rmapokcmbeHsonn)taypuH. B akcnepumeHTax in vivo Ha mogenu apre-
puanbHOro Tpom603a y 3-1eTHUX UMW KMUBOTHBIX C IKCMEPUMEHTA/IbHBIM CaxapHbiM AMabeTom, TPOMB03 COHHOM apTepun
npoucxoaun bbicTpee, Yem y MONOAbIX AU UHTAKTHbIX. OL4HOKpaTHOE NpeaBapuTebHOEe NepopasibHoe BBeAEHUE uccie-
OYEeMbIX COeAMHEHUI NPOAOHIMPOBANo BpemMa obpa3oBaHMsa Tpomba, YTO NO3BOAAET CAENATb 3aK/IOYEeHWe O Hauuuu y
HUX aHTUTpoMbBOTMYecKoro aencteus. Aukanvesas conb N-(3-ruapokcnbeHsonn)taypmHa B NpoBegEHHOM MCCAea0BaHUK
nponAsnfeT 6onee BbIPAXKEHHYIO YEM Y aLETUACANULUAOBON KUCIOTbI aKTUBHOCTb.

3aknoueHue. Ha ¢doHe mogennpyembix NaToNornin, uccaeayemble npenapatbl NPOABUAN OXUAAEMYIO aHTUTPOMBOTUYE-
CKYI0 aKTMBHOCTb, MO BbIPA)*KEHHOCTU He YCTYNatoLLYyH BbIABAEHHOMW Y aLEeTUACaNLNIOBOMN KUCIOTbI.

KntoueBble cnoBa: aHTMArperaHTbl; aHTMarperaHTHas akTMBHOCTb; aHTUTPOMBOTUYECKAsA aKTUBHOCTb; aLLeTUICANINLMIOBARA
KMC/I0Ta; arperaumsa TOOMOOLUTOB; TaypuH

Cnucok coKkpaweHumit: ESC — eBponeickas accoumauma Kapanonoruu; DMSO-d6 — pumeTtuncynbporkeuna-dé6; GAPDH — rau-
uepanbaerng-3-pocodataernaporeHasa; HUVECs — sHAoTeNnanbHble KNeTku Yenoseka; AAP — ageHo3mHan audbochopHas
Kkucnota; ACK — auetuncannumnosasn kKnucnota; AOK — aktusHble popmbl Knucnopoaa; HIMBIM — HecTeponaHblie NpoTMBOBOCMA-
nuTenbHble npenapatbl; CO — caxapHbii anabeT; DCL — aKcnepuMeHTabHbI caxapHblit anabet; CC3 — cepaevyHo-cocyam-
cTble 3abonesaHuna; LOT — uuknooKkeureHasa; KT — KenyaouHO-KULWEYHbI TPaKT

INTRODUCTION [5]. For 70 years, the main aim of the European Society
Cardiovascular diseases occupy a leading positionin  of Cardiology (ESC) has been to improve the standards
mortality statistics in most developed countries [1-4]and  of diagnosis and treatment of cardiovascular diseases
are the main cause of death in most European countries ~ (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 llb/Illa 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
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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 uM), 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 Ca® 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-B 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,
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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.

'H-NMR spectra of derivatives in DMSO-d, 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 Prov. 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%.
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To obtain a control sample, 300 uL 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 uM [37].

To study the antiplatelet activity of the compounds
under study, 30 pl of the solution of the test sample at a
certain concentration was added to the cuvette with 270
ul 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%-10%M.

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 (lll) 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
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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 107 and
108 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* and 10° 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 and 107 M, the de-
gree of aggregation decreased by about 10 times. At the
concentration of 10®M, 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°-107 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° and 10® 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 A, 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 (lll) 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 (lll)
chloride in healthy animals, was carried out.

In the control group of the animals, administrated
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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).
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Table 1 — Characteristics of obtained N-(hydroxybenzoyl)-substituted taurines N-(4-hydroxybenzoyl)taurine

Efficienc Melting
Compound X % Y point, Rf* 1H-NMR spectra (DMSO-d6), §, ppm
(]
°C

. o 6.88-7.78 (4H, m, C,H,), 8.03-8.05 (1H, m, NH), 10.70
N-(2-hydroxybenzoyl)taurine  2-OH 63.5 158-160 0.664 (1H, ¢, OH and SO,0H), 2.78-3.60 (4 H, m, C,H,)

) . 6.95-7.33 (4H, m, C_H,), 7.50-7.83 (1H, m, NH), 9.81
N-(3-hydroxybenzoyl)taurine  3-OH 63.8 199-201 0.636 (1H, ¢, OH and SO,OH), 2.67-3.02 (4 H, m, C,H,)
N-(d-hydroxybenzoylftaurine 4-OH 642  204-206 0,753 O70 77> (4, M, CH,), 7.96-8.23 (1H, m, NH), 10.19

(1H, c,

OH and SO,0H), 2.23-3.34 (4 H, m, C,H,)

cl

H,N(CH ,),SO ,H

HO — HO

0

[l
O\ NH\/\/S/\OH O\ NH\/\ISI\O—K
o) 0
C,H,0K
—— > KO

Figure 1 — Taurine acylation reaction

Determination of antiplatelet properties of new derivatives
of hydroxybenzoic acids with a taurine fragment

A 4

Determination of antiplatelet properties of new derivatives of hydroxybenzoic
acids with a taurine fragment

/\

In vivo

In vitro

|

Effect of studied compounds on ADP-induced platelet
aggregation.

Arterial blood was collected from the abdominal aorta,
stabilized with sodium nitrate (9: 1), ADP (5 um) was
added to platelet-rich plasma (the whole blood was
centrifuged 1000 rpm for 10 minutes), the rate of
aggregation and the size of aggregates were
determined on an automatic Biola agrometer

Intact

Determination of the compounds effect on the antithrombotic function of
the endothelium (the thrombosis was initiated by application of the carotid
artery with 50% Fe CI3 solution)

!

Determination of the compounds effect on bleeding time in animals with EDM.

Animals:

In vitro (N230):

Intact male rats, 200-220 g
In vivo (N2168):

¢ Intact male rats, 200-220 g

Male rats, 350-400 g, 3 years old

Intact male rats, 200-220 g, with experimental diabetes mellitus

Test substances:
C-59-N-(2-hydroxybenzoyl)taurine
C-60-N-(3-hydroxybenzoyl)taurine
C-61-N-(4- hydroxybenzoyl)taurine
ASA-2-hydroxybenzoic acid

Anaesthesia:
Chloral hydrate 400 mg/kg, intraperitoneally
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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; Al 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

A4 B

40+ #
* 3k
30 [ ] %k k
£ %k 4
E~ ° [oxel T
@ T £ - C-61 *%
E 20 £
= T 18 O ASA
c DIO E
2 £} -e- Control
El T 12
3 10 H
o 2
- 6
o
S
0 T o— s
T T T T 0 12 13 20 24
Control ASA C-60 C-61 Thrombus formation time, min.
_ 24}
£ L. =
g 2f £
5 £ 4l o C61 ¥k
g 18F o C60 %% % o 60 **
g o AsA * = o Asa ¥
>
2 nf -e Control S -e- Control
= 2
: z
3 2
o
) 12 13 20 2 30 o 12 e 20 24 30
Thrombus formation time, min. Thrombus formation time, min.

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; Al 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
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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.
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