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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 dose-
dependent manner. Two of these compounds were shown to be more effective inhibitors of aggregation induced
by ADP (IC, ~ 8-10 uM), as well as collagen (IC, ~ 1.5-2.0 uM).

Key words: platelets, aggregation, thiosulfonic acid derivatives, ADP-receptor antagonists, anti-

thrombotic agents.

owadays, thrombotic vascular diseases re-
N main one of the most important problems
of modern medicine and pharmacy. Rele-
vance of this problem is caused, on the one hand, by
their prevalence, and on the other hand, by thrombo-
sis complications leading to disability and mortality
in patients [1]. Thrombosis is the pathological pro-
cess characterized by abnormal thrombus formation
in blood vessels and the result of complex interac-
tions 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 aggrega-
tion functions, are extremely important elements,
not only of the normal process of hemostasis [5],
but also the process of pathological thrombus for-
mation [6, 7]. Platelet membrane contains numer-
ous 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 me-
diators by platelets, as well as the aggregation pro-
cess [5]. Therefore, current points of interest are to
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study mechanisms of regulation of platelet receptors
functioning and the search for new agents that may
affect their activity and thus, the process of throm-
bus formation [8]. However, the numerous clinical
studies have shown that the application of modern
anti-platelet drugs are often accompanied by side ef-
fects 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 anti-
platelet 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 bio-
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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 pur-
poses.

The aim of this work was to conduct primary
screening of S-esters of thiosulfonic acids for anti-
aggregation 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 plate-
let aggregation, and was acceptable for further re-
searches.

Blood from rabbit ear artery was collected into
a polyethylene tube with 3.8% sodium citrate in ra-
tio 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 de-
termined and, if necessary, PRP was diluted with
PPP to concentration of 230-250 000 cells/ul. Ag-
gregation 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 uM) in a cuvette for 2 min at
37 ° C with constant stirring (500 rpm). PRP incu-
bated with 1% DMSO was used as a control. As an
aggregation inducer, we used ADP (Renam, Russia)
at final concentration of 5x10-¢ M. In this experiment
we studied the level of spontaneous aggregation in-
duced by addition of the tested compounds to plas-
ma, evaluated the degree of aggregation (the maxi-
mal 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 interpreta-
tions).

The IC,; value was determined for thiosulfo-
derivatives, which decreased the degree of ADP-de-
pendent aggregation by more than 50% at concentra-
tion of 50 pM. For this, PRP was incubated with the
studied compounds at concentration range from 1 to
100 puM for 2 min followed by addition of inducers
such as ADP (5x10¢ M) or collagen (2 mg/ml). The
IC,, value was defined as the concentration at which
the compound inhibits platelet aggregation by 50%.

The experiments studying the effect of thio-
sulfo-derivatives on platelet aggregation were per-
formed on three PRP samples from different rabbits
for each compound, in so doing, the experiment for
each PRP sample was replicated three times. Statis-
tical 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 aggrega-
tion, medications such as ticlopidine, clopidogrel,
etc. were developed, which are capable of inhibiting
ADRP receptors, thereby reducing the risk of throm-
bosis [16, 17]. It is known that some sulfur-contain-
ing organic compounds are effective inhibitors of
platelet aggregation [9, 11, 18, 19].

Therefore, we have studied the effect of synthe-
sized thiosulfonate derivatives on ADP-dependent
platelet aggregation to find the potential antithrom-
botic agents among them.

The degree of aggregation in control PRP at
2 min incubation with 1% DMSOQO in response to in-
troduction of 5x10°° M ADP was 44 + 2%. Aggrega-
togram under such conditions had a shape of reversal
single-phase curve.

The obtained results on study of platelet an-
tiaggregation activity of thiosulfonate derivatives
are shown in Table. It was found that some test
compounds exhibited inhibitory effect on ADP-
dependent aggregation. It should be noted that all
synthesized thiosulfonate derivatives at the test con-
centration did not induce spontaneous platelet ag-
gregation.

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
: 5 Level of inhibition (%)
N R'SO,SR
relative to control
R1 R2
1 H;C- -CH; 12+£3
2 C,Hs- -CH; 30 + 5%
3 C;H5- -CH; No effect
4 H;C- -CH,1 No effect
5 H;C- -CHI, 70 + 6*
6 H;CO -CHI, 17 +3
7 <) CH; 25 + 3%
8 H;:N—@— -CH; 35+4
9 HzN—Q_ -C,H;s 8+2
10 Hﬂ\l—@— -C;;Hf, No effect
11 HzN@— -Na No effect
12 CHacoNH‘@_ -CH, 15+2
13 CHiCO NH—@— -C,Hs No effect
14 CH3CONH—©— -C;Hg No effect
15 CH3C0NH'@_ -Na No effect
0
o i O 0%
cl
0
(o]
17 mN—GHzQ— -CH; No effect
(o]

N
18 H,C00C NH-<\ :©/ -CH; No effect

N

N
19 NHZCONH—<\ :©/ -CH3 No effect

N
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HCO O
20 HzN—Q— 75+8
HicO O
H:CO O
21 CHsCONH—@— 7+3
H, €O O
N
22 Hw—@— ZN No effect
o]
23 CHscONH@— 4 O 15+3
N
CHy O
N
24 Hac—@— N No effect
5]
S
25 N-CH, No effect
OO ~<10
o

Structure of derivatives with general formula

1
R'-S0,S_
R
R'-S0,S
o}
26 CHacONH—O— 100%
0
o)
27 HzN—@ ‘O No effect
o}
HiCO O
o e | OO0 | e
H,cO O
HiCO O
29 sz—@— 0‘@ 1942
HiCO O
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30 Hac—@— l—i No effect
0 (0]

31 H;C- i‘i No effect
0 (@]

Structure of derivatives with general formula

P

,SOZS—R2
1
R\ )
SO,S—R
NH-C(0)-C C(CI)-C(O)-NH
NH-C(0)-C(Cl)=C(Cl)-C
33 @ C;Hs- No effect

* 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 antiag-
gregation activity, whereas diiodomethyl derivative
(compound 5) exhibited a significant inhibitory ef-
fect 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 aggrega-
tion 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
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a loss of the ability to inhibit ADP-dependent ag-
gregation. Acylated structural analogues of com-
pound 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 com-
pounds having antiaggregation activity was to inves-
tigate the effect of compounds containing 1,4-naph-
thoquinone 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-methoxycarbonylaminobenzimida-
zole-5- and 2-carbamoylaminobenzimidazole-
5-thiosulfonic acids, respectively, did not exhibit
ability to inhibit ADP-dependent aggregation.

S-((1,4-dimethoxy-9,10-dioxo-9,10-dihydroan-
thracene-2yl)methyl) ester of 4-aminobenzenethio-
sulfoacid (compound 20) exhibited high anti-platelet
activity. Acylation of amino group of this thiosul-
foester (compound 21) as well as the substitution of
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thiol moiety for quinone fragment, namely (1-me-
thyl-4,9-dioxo-4,9-dihydro-1H-benz[ fTindole-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 demon-
strate antiaggregation abilities.

Among the diesters, S,S*-(1,4-dioxo-1,4-dihy-
dro-naphthalene-2,3di-yl)-bis(4-acetylaminoben-
zenethiosulfonate) (compound 26) revealed sig-
nificant anti-platelet activity. Interestingly, the
deacylation of 4-acetylaminobenzene fragment
(compound 27) led to a loss of antiaggregation ef-
fect. A similar tendency was observed for the fol-
lowing two thiosulfonate derivatives: diester -bis(4-
acetylaminobenzenethiosulfonate) (compound 28)
inhibited ADP-dependent aggregation, whereas
diester -bis(4-aminobenzenethiosulfonate) (com-
pound 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
thiosulfoacid diesters (compounds 30, 31, 32, 33),
there were no significant ADP-dependent aggrega-
tion inhibitory effects observed.

Thus, the results of screening test on the study
of the antiaggregation effect of non-protein low mo-
lecular 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 con-
centration of 50 uM. In our opinion, these thiosul-
fo-derivatives can be considered as promising anti-
platelet 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-de-
pendent platelet aggregation in terms of their dif-
ferent concentrations in the incubation medium. It
was found that the studied compounds affect ADP-
dependent aggregation in a dose-dependent manner
(Fig. 1).

The compounds 5 and 20 completely inhibited
ADP-dependent platelet aggregation at a concentra-
tion of 75 pM. The concentration the led to a gradual
decline in decrease inhibitory effect, which ceased at
a concentration of 5-10 uM. The IC_ values for these
compounds were very close and were around 25 M.
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The compounds 16 and 26 appeared more effective:
they completely inhibited the ADP-dependent ag-
gregation at the concentration of 30 uM. This effect
vanished only approaching nanomolar concentra-
tions. The IC,; values for these compounds were 10
and 8 uM, 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 ag-
gregation, 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 ag-
gregation in the presence of the compounds 5 and
20 occurred at high concentrations: 100 and 75 pM,
respectively. A decrease in the concentration of these
compounds in PRP led to a decrease in their inhibi-
tory effect. These compounds had similar efficacy
that was evidenced by their similar I1C, values (about
60 pM). The inhibitory effect of the compounds 16
and 26 was already observed at concentration of 0.5-
1 uM and gradually increased with the increase in
the concentration, reaching a maximum at 7.5 uM.
The IC,, values for these compounds were in the
range of 1.5-2 uM. The obtained results showed that
the lag period of collagen-induced aggregation in-
creased proportionally to an increase in concentra-
tions 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 analyzing the
“structure-activity” relationships, potentially active
chemical groups in the molecular structure, essen-
tial for the antiaggregation effect were found. The
obtained data can be used as a basis for targeted syn-
thesis of novel compounds to develop more effective
antiplatelet agents.

Thus, two structural formulas of thiosulfo- de-
rivatives were established, which exhibit high anti-

ISSN 2409-4943. Ukr. Biochem. J., 2015, Vol. 87, N 5



T. I. HALENOVA, I. V. NIKOLAEVA, A. V. NAKONECHNA et al.

Compound 5

50

40 ©
S i
c i
S % [ICs0 ~ 25 umol
>
L 20
(=] E
(@] :
© i
5 10
<) i
o i
2 0]
a :

0 1 2 3 4
Time, min
—— Control B 10 pmol [ 25 pmol
~ 50 umol P 75 umol M 100 pmol
Compound 16

50

40

30

20 EICSO ~ 10 pmol

Degree of aggregation, %

10
0
0 1 2 3 4
Time, min
—— Control I 5 1 :mol I 10 pmol 125 pmol
I 50pmol B 75 pmol [ 100 pmol

Compound 20

50 |

40 |
30 |

20

Degree of aggregation, %

Time, min
0 10 umol
B 75 1mol

—— Control

B 5 pmol

125 pmol B 50 pmol

Compound 26
50 |

Degree of aggregation, %

Time, min

—— Control

2.5 umol M 5 umol
I 20 pmol

8 umol I 10 pmol

Fig. 1. ADP-dependent platelet aggregation in the presence of the studied compounds at different concentra-

tions in the incubation medium

aggregation activities in vitro on rabbit blood PRP
with the IC, values in the range of 1-10 uM. The ob-
tained data do not allow to suggest a mechanism of
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inhibitory effect of the studied compounds on plate-
let 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 concen-

trations in the incubation medium
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rinepakTuBaiiss TPOMOONUTAPHOI JIAHKU CHUCTE-
MH T€MOCTa3y MOXEe MPHU3BOJUTH IO ITiBHICHHS
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BHYTPIITHROCYAMHHOTO 3CiJJaHHS KPOBI Ta TPOM-
O0oyTBOpeHHsA. ChOTrOAHI aKTyaJbHUM MHUTaHHIM
€ TIONIYK HOBUX aHTUTPOMOOTHYHUX areHTiB, SKi
3MaTHI BIUIMBATH Ha aKTHUBHICTH TPOMOOIUTAp-
HHX PEIeNTOopiB, i, THM CaMUM, PETYIIOBAaTH IPO-
Iecl akTHBaIii Ta arperaitii TpomOoruTiB. Me-
TOIO I[LOTO JOCIIKEHHS OyJI0 BHBUEHHS BILTHBY
HOBOCHHTE30BAaHHUX TOXIJHUX TIOCYJIbh(OHATIB Ha
Iporiec arperaitii TpOMOOIIUTIB. AKTHBHICTH CITO-
JTyK TIepeBipeHa B eKCIIEPUMEHTax in Vitro 3 BH-
KOpPUCTaHHSIM ©Oaratoi Ha TPOMOOITUTH IIJIa3MHU.
Bracnigok mpoBeIeHOr0 CKPHHIHT-TECTY BCTa-
HOBJICHO CTPYKTYPHiI (hOpMYIIH YOTHPHOX areHTiB,
10 MaJld BUCOKY aHTHArperaniiay akTUBHICTb. L1i
CHOJYKH J10303aJIeKHUM YWHOM iHTiOyBamn ADP-
Ta KOJATreHIHJYKOBaHY arperamiro TPOMOOITUTIB.
Iloka3zano, moO i3 AOCHIIHKEHUX CHOIYK MBI €
HailePEK THBHUMH 1HTi0iTOpaMH arperariii,
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cnpuaunenoi ADP (IC,) ~ 8-10 MmxM), a Takox Ko-
narenom (IC,, ~ 1,5-2,0 MkM).

KnarodoBi 0B a: TpOMOOIIUTH, arperartis,
noxigHi Tiocynbdokucinor, antaronictu ADP-
pelenTopPiB, aHTUTPOMOOTHYHI areHTH.
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B cooTBeTCTBHM C COBpEMEHHBIMH IIpeJ-
CTaBJICHUSIMH, THIEPAKTUBALUS TPOMOOIIUTAPHO-
r'o 3BeHa CUCTEMBl T€MOCTa3a MOXKET MPUBOAUTH K
MOBBIIIICHUIO BHYTPHUCOCYAUCTOTO CBEPTHIBAHUSA
KpoBU U TpoMOooOpa3oBaHuio. CeromHs akTyalb-
HBIM BOIIPOCOM SIBIII€TCS TIOMCK HOBBIX aHTUTPOM-
OOTHYECKHUX areHTOB, KOTOpBIE CIIOCOOHBI BIUATH
Ha aKTUBHOCTH TPOMOOIMTAPHBIX PEIENTOPOB, H,
TEM CaMBbIM, PETYJIHPOBATH MPOIECCH aKTHBAIUU
W arperanuu TpoMOouuToB. llenpio maHHOTO HC-
CJIeZIOBaHMs ObLIO M3y4YEeHHE BIUSHHUS HOBOCHHTE-
3UPOBAaHHBIX TPOU3BOJIHBIX THOCYJIb()OHATOB Ha
MPOIECC arperanuu TPOMOOIHUTOB. AKTUBHOCTH
COeIMHEHUI Oblila MPOBEpPEeHA B IKCIIEPUMEHTaX iNn
Vitro ¢ UCMOJIB30BaHWEM OOraToi Ha TPOMOOIUTHI
mia3Mel. B pesynbprare mpoBeNeHHOIO CKPUHUHT-
TeCTa YCTAHOBJIEHBI CTPYKTYpHBbIE (OpPMYJbI Ue-
THIPEX AareHTOB C BBICOKOM aHTHAarperanoHHON
AKTHUBHOCTBIO. DTHU COEIMHEHHUS J10303aBHCUMBIM
o0Opa3zom uHruoupoaiu ADP- u koyareHuHIYy-
[IMPOBAHHYIO arperanuio TpomoboruTos. [lokaszaHo,
YTO U3 UCCIENOBAHBIX COCTUHEHUN JBa SBISIOTCS
Hanbonee dPPEKTUBHBIMH HHTHOUTOPAMH arpera-
unu, Bbi3BanHon ADP (IC, ~ 8-10 MxM), a Takxke
koyutarenom (IC,) ~ 1,5-2,0 MxM).

KnrmoueBbie cnoBa: TPOMOOUMTHI, arpe-
raiusi, MpOU3BOIHBIE THOCYIb(POKHUCIOT, aHTaro-
Huctel ADP-penenTopoB, aHTHTpoMOOTHUYECKHE
areHThL.
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