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According to the current understanding, the hyperactivation of platelets may lead to increased
intravascular coagulation and thrombosis. Today a relevant issue is the search for new anti-thrombotic agents
that are able to modulate the activity of platelet receptors, thus, influence the processes of activation and
aggregation of platelets. The aim of this study was to investigate the effects of newly synthesized thiosulfonate
derivatives on platelet aggregation. The activity of the compounds was tested in vitro using platelet-rich
plasma. As a result of the screening test, structural formulas of four agents with high antiaggregative activity
were established. These compounds inhibited ADP- and collagen-induced platelet aggregation in a dosedependent manner. Two of these compounds were shown to be more effective inhibitors of aggregation induced
by ADP (IC50 ~ 8-10 µM), as well as collagen (IC50 ~ 1.5-2.0 µM).
Key
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N

owadays, thrombotic vascular diseases remain one of the most important problems
of modern medicine and pharmacy. Relevance of this problem is caused, on the one hand, by
their prevalence, and on the other hand, by thrombosis complications leading to disability and mortality
in patients [1]. Thrombosis is the pathological process characterized by abnormal thrombus formation
in blood vessels and the result of complex interactions of various etiological factors and pathogenetic
mechanisms [2, 3]. A common cause of excessive
thrombus formation is hyperactivation of the platelet
stage of the hemostasis process [4].
Platelets, due to their adhesive and aggregation functions, are extremely important elements,
not only of the normal process of hemostasis [5],
but also the process of pathological thrombus formation [6, 7]. Platelet membrane contains numerous receptors, which help to transfer a signal from
the inducer (ADP, collagen, von Willebrand factor,
etc.) to intracellular messengers, which facilitate
cellular activation, secretion of prothrombotic mediators by platelets, as well as the aggregation process [5]. Therefore, current points of interest are to
ISSN 2409-4943. Ukr. Biochem. J., 2015, Vol. 87, N 5

study mechanisms of regulation of platelet receptors
functioning and the search for new agents that may
affect their activity and thus, the process of thrombus formation [8]. However, the numerous clinical
studies have shown that the application of modern
anti-platelet drugs are often accompanied by side effects such as resistance to their action, an increased
risk of uncontrolled bleeding or the development of
serious systemic complications that along with the
high costs of these medications suggests the need for
further search for new, more efficient and safer antiplatelet drugs.
Various sulfur-containing organic compounds
have a particular importance in such researches.
Among these compounds, S-esters of thiosulfonic
acids are reported to be valued sulfonating agents
and have a wide range as well as a high level of
biological activities [9-11]. Thiosulfoesters are the
close structural analogues of phytoncides of garlic
(Allium sativum L.), onion (Allium cepa L.) [10]. It
has recently been found that cauliflower and some
sea-urchins such as Echinocardium cordatum are
the natural sources of thiosulfonic compounds [12].
The synthesis of structural analogues of natural bio83
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logically active compounds, in particular S-esters
of thiosulfonic acids, and study of their biological
activities can be the basis for development of novel
and effective therapeutic substances for various purposes.
The aim of this work was to conduct primary
screening of S-esters of thiosulfonic acids for antiaggregation activity in vitro.
Materials and Methods
The test compounds were synthesized in the
Department of Technology of Biologically Active
Substances, Pharmacy and Biotechnology of the
Lviv Polytechnic National University [13, 14]. To
dissolve the substances, dimethyl sulfoxide (DMSO)
(100%) was used, while their test concentrations
were prepared using distilled water. The final DMSO
concentration in all experiments was constant at 1%.
It is known that DMSO may affect platelet functio
ning [15]. Test DMSO concentration was determined
experimentally and defined as one that did not affect
the degree of ADP- and collagen-dependent platelet aggregation, and was acceptable for further researches.
Blood from rabbit ear artery was collected into
a polyethylene tube with 3.8% sodium citrate in ratio 9:1. Platelet-rich plasma (PRP) was obtained by
centrifugation of stabilized blood at 300 g for 10 min
at 20 °C. Platelet-poor plasma (PPP) was obtained by
further centrifugation of PRP at 1500 g for 30 min
at 20 °C.
Platelet aggregation was assessed within the
first 3 h after blood sampling using photo-optical
aggregometer AT-02 (Medtech, Russia). Before the
assessment, the number of platelets in PRP was determined and, if necessary, PRP was diluted with
PPP to concentration of 230-250 000 cells/µl. Aggregation analysis was performed according to the
manufacturer instructions.
Primary screening for anti-aggregation activity
of thiosulfonate derivatives was performed in vitro:
PRP was incubated with studied compounds (final
concentration was 50 µM) in a cuvette for 2 min at
37 ° C with constant stirring (500 rpm). PRP incubated with 1% DMSO was used as a control. As an
aggregation inducer, we used ADP (Renam, Russia)
at final concentration of 5×10-6 M. In this experiment
we studied the level of spontaneous aggregation induced by addition of the tested compounds to plasma, evaluated the degree of aggregation (the maximal level of light transmission of PRP after addition
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of inducer) and calculated the degree of inhibition
of ADP-dependent aggregation under the action
of thiosulfonic acid derivatives relative to control,
which was taken as 100% (to ease result interpretations).
The IC50 value was determined for thiosulfoderivatives, which decreased the degree of ADP-dependent aggregation by more than 50% at concentration of 50 µM. For this, PRP was incubated with the
studied compounds at concentration range from 1 to
100 µM for 2 min followed by addition of inducers
such as ADP (5×10 -6 M) or collagen (2 mg/ml). The
IC50 value was defined as the concentration at which
the compound inhibits platelet aggregation by 50%.
The experiments studying the effect of thiosulfo-derivatives on platelet aggregation were performed on three PRP samples from different rabbits
for each compound, in so doing, the experiment for
each PRP sample was replicated three times. Statistical processing of the results was performed using
software Statistica 7. Value changes were considered
significant at P < 0.05.
Results and Discussion
Based on the ability of ADP, one of the major
physiological inducers, to cause platelet aggregation, medications such as ticlopidine, clopidogrel,
etc. were developed, which are capable of inhibiting
ADP receptors, thereby reducing the risk of thrombosis [16, 17]. It is known that some sulfur-containing organic compounds are effective inhibitors of
platelet aggregation [9, 11, 18, 19].
Therefore, we have studied the effect of synthesized thiosulfonate derivatives on ADP-dependent
platelet aggregation to find the potential antithrombotic agents among them.
The degree of aggregation in control PRP at
2 min incubation with 1% DMSO in response to introduction of 5×10-6 M ADP was 44 ± 2%. Aggregatogram under such conditions had a shape of reversal
single-phase curve.
The obtained results on study of platelet antiaggregation activity of thiosulfonate derivatives
are shown in Table. It was found that some test
compounds exhibited inhibitory effect on ADPdependent aggregation. It should be noted that all
synthesized thiosulfonate derivatives at the test concentration did not induce spontaneous platelet aggregation.
The obtained results showed that S-alkyl esters
of alkanethiosulfoacids with unbranched aliphatic
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The structures and antiaggregation activities of esters and diesters of thiosulfonic acids
Structure of derivatives with general formula
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Structure of derivatives with general formula

* p < 0.05 relative to control

radicals did not affect the level of ADP-dependent
aggregation (compound 3), or exhibited low effect
(compounds 1 and 2). Introduction of one halogen
atom, in particular iodine, onto methyl thiol moiety
of thiosulfonate (compound 4) did not affect antiaggregation activity, whereas diiodomethyl derivative
(compound 5) exhibited a significant inhibitory effect on ADP-dependent aggregation. Modification of
thiosulfonate 5, namely, replacement of the aliphatic
substituent for the aromatic, in particular toluene, by
sulfonyl moiety (compound 6) led to decreasing the
inhibitory effect.
Inhibition of ADP-dependent platelet aggregation by 25% was observed at the action of S-methyl
ester with the aromatic-benzene sulfonyl moiety
(compound 7). Introduction of the amino group onto
para-position of methyl ester benzenthiosulfoacid
(compound 8) led to the increase of antiaggregation
potential. However, the modification of radical R2
in the compound 8, namely, lengthening the carbon
chain (compound 9); introduction of a double bond,
in particular allyl fragment, onto it (compound 10);
and the transition from ester to salt such as sodium
4-aminobenzenthiosulfonate (compound 11) led to
ISSN 2409-4943. Ukr. Biochem. J., 2015, Vol. 87, N 5

a loss of the ability to inhibit ADP-dependent aggregation. Acylated structural analogues of compound 8 exhibited lower antiaggregation activity
(compound 12) or absence of the ability to inhibit
platelet aggregation (compounds 13, 14, 15).
One of the directions for the search of compounds having antiaggregation activity was to investigate the effect of compounds containing 1,4-naphthoquinone moiety. At incubation of PRP with
S-(3-chloro-1,4-dioxo-1,4-dihydro-naphthalene-2-yl)
methanthiosulfoacid ester (compound 16), platelet
aggregation in response to addition of the inducer
was not observed. This indicated 100% inhibition of
ADP-dependent aggregation. Compounds 17, 18, 19
which are S-methyl esters of 4-phthalimidomethyl
benzene-, 2-methoxycarbonylaminobenzimidazole-5- and 2-carbamoylaminobenzimidazole5-thiosulfonic acids, respectively, did not exhibit
ability to inhibit ADP-dependent aggregation.
S-((1,4-dimethoxy-9,10-dioxo-9,10-dihydroanthracene-2yl)methyl) ester of 4-aminobenzenethiosulfoacid (compound 20) exhibited high anti-platelet
activity. Acylation of amino group of this thiosulfoester (compound 21) as well as the substitution of
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thiol moiety for quinone fragment, namely (1-methyl-4,9-dioxo-4,9-dihydro-1H-benz[ f ]indole-2-yl)
methyl (compound 23) led to a loss or decrease of
antiaggregation activity. Two quinazoline- and one
benzothiazole-substituted aromatic thiosulfonic acid
esters (compounds 22, 24, 25) also did not demonstrate antiaggregation abilities.
Among the diesters, S,S1-(1,4-dioxo-1,4-dihydro-naphthalene-2,3di-yl)-bis(4-acetylaminobenzenethiosulfonate) (compound 26) revealed significant anti-platelet activity. Interestingly, the
deacylation of 4-acetylaminobenzene fragment
(compound 27) led to a loss of antiaggregation effect. A similar tendency was observed for the following two thiosulfonate derivatives: diester -bis(4acetylaminobenzenethiosulfonate) (compound 28)
inhibited ADP-dependent aggregation, whereas
diester -bis(4-aminobenzenethiosulfonate) (compound 29) did not exhibit antiaggregation ability.
It should be noted that the compounds 28 and 29
are inherently derivatives of the biologically active
compound 20, which contains a free amino group,
acylation of which (compound 17), conversely, led to
a loss of antiaggregation activity. For the following
thiosulfoaciddiesters (compounds 30, 31, 32, 33),
there were no significant ADP-dependent aggregation inhibitory effects observed.
Thus, the results of screening test on the study
of the antiaggregation effect of non-protein low molecular weight compounds, namely thiosulfonic acid
derivatives, revealed four structures of thiosulfonate
with diiodomethyl- (compound 5) and quinone
moieties (compounds 16, 20, 26), which inhibited
ADP-dependent aggregation by 70-100% at a concentration of 50 µM. In our opinion, these thiosulfo-derivatives can be considered as promising antiplatelet agents that prompted us to further research
their antiaggregation effects.
The next step of our work was to study the
inhibitory effect of these compounds on ADP-dependent platelet aggregation in terms of their different concentrations in the incubation medium. It
was found that the studied compounds affect ADPdependent aggregation in a dose-dependent manner
(Fig. 1).
The compounds 5 and 20 completely inhibited
ADP-dependent platelet aggregation at a concentration of 75 µM. The concentration the led to a gradual
decline in decrease inhibitory effect, which ceased at
a concentration of 5-10 µM. The IC50 values for these
compounds were very close and were around 25 µM.
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The compounds 16 and 26 appeared more effective:
they completely inhibited the ADP-dependent aggregation at the concentration of 30 µM. This effect
vanished only approaching nanomolar concentrations. The IC50 values for these compounds were 10
and 8 µM, respectively.
We also studied the effect of these compounds
on collagen-dependent platelet aggregation that may
serve as a model for the assessment of the secretion
of biologically active compounds from their granu
les. The aggregatogram, showing the response of the
control PRP platelet to the addition of collagen, had
the characteristic 60-sec lag period, during which
the platelet activation occurs and the release of the
biologically active compounds from the granules
starts. In this case it was the secondary platelet aggregation, and it started from the second phase, that
is secretion. The maximum degree of aggregation in
control PRP at its 2-min incubation with 1% DMSO,
in response to the addition of collagen was 64 ± 3%.
The obtained results showed that the platelet
aggregation induced by collagen was also sensitive
to the action of the studied compounds (Fig. 2).
Complete inhibition of collagen-dependent aggregation in the presence of the compounds 5 and
20 occurred at high concentrations: 100 and 75 µM,
respectively. A decrease in the concentration of these
compounds in PRP led to a decrease in their inhibitory effect. These compounds had similar efficacy
that was evidenced by their similar IC50 values (about
60 µM). The inhibitory effect of the compounds 16
and 26 was already observed at concentration of 0.51 µM and gradually increased with the increase in
the concentration, reaching a maximum at 7.5 µM.
The IC50 values for these compounds were in the
range of 1.5-2 µM. The obtained results showed that
the lag period of collagen-induced aggregation increased proportionally to an increase in concentrations of the studied compounds that may indicate
inhibition of platelet activation.
Thus, the obtained results indicate the prospects
of the search for potential antiplatelet agents among
derivatives of thiosulfonic acids. By analyzingthe
“structure-activity” relationships, potentially active
chemical groups in the molecular structure, essential for the antiaggregation effect were found. The
obtained data can be used as a basis for targeted synthesis of novel compounds to develop more effective
antiplatelet agents.
Thus, two structural formulas of thiosulfo- derivatives were established, which exhibit high antiISSN 2409-4943. Ukr. Biochem. J., 2015, Vol. 87, N 5

t. i. halenova, i. v. nikolaeva, a. V. nakonechna et al.

Compound 5

Compound 20

50
50

Degree of aggregation, %

Degree of aggregation, %

40
30
20
10
0

0

1

2

3

40
30
20
10
0

4

0

1

2

Time, min

3

4

Time, min

Control

10 μmol

25 μmol

Control

5 μmol

10 μmol

50 μmol

75 μmol

100 μmol

25 μmol

50 μmol

75 μmol

Compound 16
50
Compound 26
50

30
20
10

75 μmol

0

0

1

2

3

4

Degree of aggregation, %

Degree of aggregation, %

40

40
30
20
10
0
0

Control

5 μmol

10 μmol

50μmol

75 μmol

100 μmol

1

2

3

4

Time, min

Time, min
25 μmol

Control

2.5 μmol

5 μmol

8 μmol

10 μmol

20 μmol

Fig. 1. ADP-dependent platelet aggregation in the presence of the studied compounds at different concentrations in the incubation medium
aggregation activities in vitro on rabbit blood PRP
with the IC50 values in the range of 1-10 µM. The obtained data do not allow to suggest a mechanism of
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inhibitory effect of the studied compounds on platelet functioning and therefore, further researches are
required.
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Fig. 2. Collagen-dependent platelet aggregation in the presence of the studied compounds at different concentrations in the incubation medium
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Згідно
із
сучасними
уявленнями
гіперактивація тромбоцитарної ланки системи гемостазу може призводити до підвищення
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внутрішньосудинного зсідання крові та тромбоутворення. Сьогодні актуальним питанням
є пошук нових антитромботичних агентів, які
здатні впливати на активність тромбоцитарних рецепторів, і, тим самим, регулювати процеси активації та агрегації тромбоцитів. Метою цього дослідження було вивчення впливу
новосинтезованих похідних тіосульфонатів на
процес агрегації тромбоцитів. Активність сполук перевірена в експериментах in vitro з використанням багатої на тромбоцити плазми.
Внаслідок проведеного скринінг-тесту встановлено структурні формули чотирьох агентів,
що мали високу антиагрегаційну активність. Ці
сполуки дозозалежним чином інгібували АDPта колагеніндуковану агрегацію тромбоцитів.
Показано, що із досліджених сполук дві є
найефективними
інгібіторами
агрегації,
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спричиненої АDP (IC50 ~ 8–10 мкM), а також колагеном (IC50 ~ 1,5–2,0 мкM).
К л ю ч о в і с л о в а: тромбоцити, агрегація,
похідні тіосульфокислот, антагоністи АDPрецепторів, антитромботичні агенти.
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антиагрегационной
активностью среди S-эфиров
тиосульфокислот
Т. И. Галенова1, И. В. Николаева1,
А. В. Наконечна2, К. Б. Болибрух2,
Н. Я. Монька2, В. И. Лубенец2, А. Н. Савчук1,
В. П. Новиков2, Л. И. Остапченко1
УНЦ «Институт биологии», Киевский
национальный университет имени
Тараса Шевченко, Украина;
2
Национальный университет «Львовская
политехника», Украина;
е-mail: galenovatanya@rambler.ru
1

В соответствии с современными представлениями, гиперактивация тромбоцитарного звена системы гемостаза может приводить к
повышению внутрисосудистого свертывания
крови и тромбообразованию. Сегодня актуальным вопросом является поиск новых антитромботических агентов, которые способны влиять
на активность тромбоцитарных рецепторов, и,
тем самым, регулировать процессы активации
и агрегации тромбоцитов. Целью данного исследования было изучение влияния новосинтезированных производных тиосульфонатов на
процесс агрегации тромбоцитов. Активность
соединений была проверена в экспериментах in
vitro с использованием богатой на тромбоциты
плазмы. В результате проведенного скринингтеста установлены структурные формулы четырех агентов с высокой антиагрегационной
активностью. Эти соединения дозозависимым
образом ингибировали АDP- и коллагениндуцированную агрегацию тромбоцитов. Показано,
что из исследованых соединений два являются
наиболее эффективными ингибиторами агрегации, вызванной АDP (IC50 ~ 8–10 мкM), а также
коллагеном (IC50 ~ 1,5–2,0 мкM).
К л ю ч е в ы е с л о в а: тромбоциты, агрегация, производные тиосульфокислот, антагонисты АDP-рецепторов, антитромботические
агенты.
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