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#?4FBAB6 ". . �=B8B@><1>B8G=0 B0 0=B8?@>;VD5@0B82=0 4VO 0=B03>=VABV2 

V=B53@8=>28E @5F5?B>@V2. 3 �20;VDV:0FV9=0 =0C:>20 ?@0FO =0 ?@020E @C:>?8AC. 

�8A5@B0FVO =0 74>1CBBO =0C:>2>3> ABC?5=O 4>:B>@0 DV;>A>DVW 70 

A?5FV0;ь=VABN 091 «�V>;>3VO». 3 �=AB8BCB 1V>EV<VW V<. ". �. #0;;04V=0 !�! 

':@0W=8, �8W2, 2025. 

 

$53C;OFVO ?@>F5AV2, ?>29O70=8E 7 V=B53@8=>28<8 @5F5?B>@0<8, 01> 

V=B53@8=0<8, є 0:BC0;ь=8< V ?5@A?5:B82=8< =0?@O<>< C @>7@>1FV 70A>1V2, 

A?@O<>20=8E =0 7=865==O ?@>:>03C;O=B=>3> ?>B5=FV0;C B@><1>F8BV2 B0 

?@83=VG5==O >=:>35=57C. �=B03>=VAB8 V=B53@8=>28E @5F5?B>@V2 (457V=B53@8=8) 

740B=V 270є<>4VOB8 7 V=B53@8=0<8, 1;>:CNG8 WE=N 270є<>4VN 7 ;V30=40<8.  

�>:@5<0, 457V=B53@8=8 ?@83=VGCNBь 729O7C20==O 0:B82>20=8E 

B@><1>F8BV2 7 DV1@8=(>35=)><, 2=0A;V4>: G>3> 7=86CNь 740B=VABь B@><1>F8BV2 

4> 03@530FVW. �024O:8 Fь><C 457V=B53@8=8 <>6CBь 1CB8 28:>@8AB0=V 7 <5B>N 

AB2>@5==O 28A>:>A?5F8DVG=8E 0=B803@530=B=8E ?@5?0@0BV2 4;O ?@>DV;0:B8:8 

B@><1>B8G=8E CA:;04=5=ь. 

"A:V;ь:8 V=B53@8=8 BVA=> 70;CG5=V 4> 286820==O @0:>28E :;VB8=, 

@CE;82>ABV, V=207VW, 0=3V>35=57C B0 V=H8E ?@>F5AV2, O:V 2?;820NBь =0 D>@<C, 

?@>;VD5@0FVN, B@0=A:@8?FVN, B0 <V3@0FVO ?CE;8==8E :;VB8=, 457V=B53@8=8 є 

:>@8A=>N >A=>2>N 4;O @>7@>1:8 B5@0?52B8G=8E 70A>1V2 ;V:C20==O @0:C. �V;ьH 

B>3>, WE <>65 1CB8 28:>@8AB0=> =5 ;8H5 O: <>45;ь 4;O @>7@>1:8 =>28E 

B5@0?52B8G=8E 0=B8@0:>28E 035=BV2, 0;5 V O: :><?>=5=B8 4;O B5@0?52B8G=>3> 

<>=VB>@8=3C. �57V=B53@8=8 <>6CBь 4>?><>3B8 7<5=H8B8 V=20782=VABь 

?CE;8==8E :;VB8=, I> 40є 7<>3C 7@>18B8 ?CE;8=C <5=H 03@5A82=>N V 

>1<568B8 740B=VABь 4> <5B0AB07C20==O. 

�8A5@B0FV9=C @>1>BC ?@8A2OG5=> >B@8<0==N B0 E0@0:B5@8AB8FV 

457V=B53@8=V2 7 >B@CB8 7<V9 7 <5B>N 0=0;V7C WE=ь>W 4VW =0 V=B53@8=-

>?>A5@54:>20=V 270є<>4VW B@><1>F8BV2 B0 ?CE;8==8E :;VB8=, 0 B0:>6 WE 
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0?@>10FVW in vivo O: 70A>1V2 4;O 7=865==O ?@>:>03C;O=B=>3> ?>B5=FV0;C 

B@><1>F8BV2 B0 V=20782=>3> ?>B5=FV0;C ?CE;8==8E :;VB8=. 

,;OE>< <>45;N20==O ?0B>;>3VG=8E AB0=V2, ?>29O70=8E 7 @878:>< 

2=CB@VH=ь>AC48==>3> B@><1>CB2>@5==O, =0 B20@8=0E, 1C;> 28O2;5=> 

7=865==O 03@530FV9=>W 740B=>ABV B@><1>F8BV2 70 <>45;59 35?0B>7C (- 20 %), 

V=DV:C20==O COVID-19 (- 50 %), 3>AB@>3> 70?0;5==O (- 54  %) B0 3>AB@>W 

?@><5=52>W E2>@>18 (- 35 %). #>:070=> 71V;ьH5==O ?@>:>03C;O=B=>3> 

?>B5=FV0;C B@><1>F8B0@=>W ;0=:8 35<>AB07C 70 4V015BC (+ 40 %), 0B5@>A:;5@>7C 

(+ 40 %) B0 35?0B8BC (+ 15 %), I> ?>B@51Cє :>@5:FVW V=3V1VB>@0<8 03@530FVW 

B@><1>F8BV2, 465@5;>< O:8E є >B@CB0 7<V9. 

"B@8<0=> 5;5:B@>D>@5B8G=> G8ABV ?@5?0@0B8 V=3V1VB>@V2 03@530FVW 

B@><1>F8BV2 7 >B@CB8 �chis multisquamatus, Calloselasma rhodostoma B0 Bitis 

arietans (<>;5:C;O@=V <0A8, 287=0G5=V 70 4>?><>3>N <0A-A?5:B@><5B@VW, 

A:;040NBь 14,9 kDa, 13,1 kDa, 13,7(9) kDa 2V4?>2V4=>). "E0@0:B5@87>20=> WE 

4VN =0 03@530FVN B@><1>F8BV2, B0 4>2545=>, I> 2>=8 740B=V ?@O<> 270є<>4VOB8 

7 GPIIbIIIa-@5F5?B>@0<8 B@><1>F8BV2, 0 >B65 =0;560Bь 4> 457V=B53@8=V2. � 

?>є4=0==O< <5B>4V2 <0A-A?5:B@><5B@VW B0 :><?9NB5@=>3> <>45;N20==O 

V45=B8DV:>20=> 457V=B53@8= 7 >B@CB8 �chis multisquamatus B0 70?@>?>=>20=> 

<>45;ь 9>3> ?@>AB>@>2>W AB@C:BC@8.  

�>2545=> 5D5:B82=5 7=865==O 03@530FVW B@><1>F8BV2 70 ?@8ACB=>ABV 

457V=B53@8=C 7 >B@CB8 �chis multisquamatus in vitro (IC50 = 1,5 <: ) B0 70 C<>2 

2=CB@VH=ь>AC48==>3> 22545==O IC@0< in vivo. ' 4>A;V465==V ex vivo ?>:070=> 

5D5:B82=5 V=3V1C20==O 03@530FVW B@><1>F8BV2 457V=B53@8=>< 7 >B@CB8 �chis 

multisquamatus C 71030G5=V9 B@><1>F8B0<8 ?;07<V :@>2V >AV1 7 

0A?V@8=>@578AB5=B=VABN, ?V4 G0A B5@0?VW 35?0@8=>< B0 0A?V@8=><. 

#>:070=> ?@83=VG5==O ?@>;VD5@0B82=>W 0:B82=>ABV :;VB8= ;V=VW 

:0@F8=><8 ;535=ь �ьNWA, :;VB8= <V:@>3;VW <8HV (BV-2),  ��% B0 HeLa ?V4 

4VєN 457V=B53@8=C 7 >B@CB8 �chis multisquamatus (IC50 AB0=>28;> 0,48 <: , 

0,40 <: , 0,47 <: , 0,20 <:  2V4?>2V4=>). #>:070=> 30;ь<C20==O ?CE;8==>3> 

@>ABC (4> 55 %) B0 ?@83=VG5==O <5B0AB07C20==O (99 % 70 >19є<><) 70 C<>2 
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?5@52820==O IC@0< B0 <8H0< :;VB8= LLC C 28?04:C 70AB>AC20==O 

457V=B53@8=C 7 >B@CB8 �chis multisquamatus O: ?@>B8?CE;8==>3> 035=B0.  

' E>4V 28:>=0==O @>1>B8 4>2545=>, I> 70AB>ABC20==O 0=B03>=VABV2 

V=B53@8=>28E @5F5?B>@V2 5D5:B82=> ?@83=VGCє V=B53@8=->?>A5@54:>20=V 

DC=:FVW :;VB8=: C 28?04:C B@><1>F8BV2 3 V=3V1Cє WE=N 03@530FVN in vitro B0 in 

vivo, 0 C 28?04:C ?CE;8==8E :;VB8= 3 7<5=HCє 286820=VABь B0 740B=VABь 4> 

04357VW, 70?>1V30NG8 ?@>3@5AVW ?CE;8=8 B0 <5B0AB07C20==N in vivo.  

&0:8< G8=><, @>1>B0 ?@54AB02;Oє A>1>N 7025@H5=89 F8:; ?>HC:>28E 

@>1VB, O:89 ?>G8=0єBьAO 7 281>@C ?0B>;>3VG=8E AB0=V2, 70 O:8E =5>1EV4=5 

V=3V1C20==O DC=:FVW B@><1>F8BV2, ?@>4>26CєBьAO A:@8=V=3>< >B@CB 7<V9, O: 

465@5;0 ?>B5=FV9=8E 0=B803@530=B=8E 035=BV2, ?>2=>N E0@0:B5@8AB8:>N B0 

V45=B8DV:0FVєN ?>;V?5?B84V2 3 0=B03>=VABV2 V=B53@8=>28E @5F5?B>@V2; B0 

7025@HCєBьAO CA?VH=>N 0?@>10FVєN =091V;ьH 5D5:B82=>3> 457V=B53@8=C in 

vivo. ":@5<>N 206;82>N A:;04>2>N @>1>B8 є D>@<C20==O CO2;5==O ?@> 

287=0G0;ь=C @>;ь V=B53@8=->?>A5@54:>20=8E 270є<>4V9 C ?@>F5AV 

?@8:@V?;5==O B0 <5B0AB07C20==O ?CE;8==8E :;VB8=, I> =5 ;8H5 2=>A8Bь 2:;04 

C @>7C<V==O >=:>35=57C, 0;5 V 2V4:@820є <>6;82>ABV 4;O @>7@>1:8 =>28E 

?@>B8?CE;8==8E ?@5?0@0BV2. 

 

�;NG>2V A;>20: V=B53@8=8, ?CE;8==V :;VB8=8, :0=F5@>35=57, B@><1>F8B8, 

:C;ьBC@8 :;VB8=, 35<>AB07, 70?0;5==O, ;V=VW :;VB8= :0@F8=><8, @04V0FV9=89 

A8=4@><, 4V015B, 0B5@>A:;5@>7, E@><0B>3@0DVO, <0A-A?5:B@><5B@VO, 

1V>V=D>@<0B8:0, 457V=B53@8=8. 
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SUMMARY 

 

Platonov O.M. Antithrombotic and antiproliferative effect of integrin receptor 

antagonists. 3 Qualification scientific work as a manuscript. 

PhD thesis for the degree of Doctor of Philosophy in speciality 091 8Biology.9 

3 Palladin Institute of Biochemistry of the National Academy of Sciences of 

Ukraine, Kyiv, 2025. 

 

Regulation of processes associated with integrin receptors is a relevant and 

promising area in the development of drugs aimed at reducing the procoagulant 

potential of platelets and inhibiting oncogenesis. Integrin receptor antagonists 

(disintegrins) are able to interact with integrin receptors, blocking their function.  

In particular, disintegrins inhibit the binding of activated platelets to fibrin, 

which reduces the ability of platelets to aggregate. Therefore, disintegrins can be 

used to create highly specific antiplatelet therapeutic agents for the prevention of 

thrombotic complications. 

Since integrins are involved in cancer cell survival, motility, invasion, 

angiogenesis and other processes necessary to block the occurrence, progression, 

invasion, differentiation and metastasis of tumour cells, disintegrins can help reduce 

the invasiveness of tumour cells, which makes the tumour less aggressive and less 

prone to metastasis.  

This thesis is focused on the purification and characterisation of disintegrins 

from snake venoms to analyse their effect on integrin-mediated platelet-tumour cell 

interactions and to test them in vivo as a tool for decreasing the procoagulant 

potential of platelets and the invasive potential of tumour cells. 

In the process of the research, it was proved that the use of integrin receptor 

antagonists effectively inhibits integrin-mediated cell functions: in the case of 

platelets, it inhibits their aggregation in vitro and in vivo, and in the case of tumour 

cells, it reduces survival and adhesion ability, preventing tumour progression and 

metastasis in vivo.  
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By modelling pathological conditions associated with the risk of intravascular 

thrombosis in animals, a decrease in platelet aggregation capacity was found in 

hepatosis (- 20%), COVID-19 (- 50%), acute inflammation (- 54%) and acute 

radiation sickness (- 35%). It was shown an increase in the procoagulant potential of 

the platelet link of haemostasis in diabetes (+ 40 %), atherosclerosis (+ 40 %) and 

hepatitis (+ 15 %), which requires correction with platelet aggregation inhibitors. 

Electrophoretically pure samples of platelet aggregation inhibitors from the 

venoms of Echis multisquamatus, Calloselasma rhodostoma and Bitis arietans were 

obtained (molecular weights determined by mass spectrometry are 14.9 kDa, 13.1 

kDa, 13.7(9) kDa, respectively). Their effect on platelet aggregation was 

characterised, and it was proved that they are able to interact directly with platelet 

GPIIbIIIa receptors, and thus belong to disintegrins. Using a combination of mass 

spectrometry and computer modelling, a disintegrin from the venom of Echis 

multisquamatus was identified and a model of its spatial structure was proposed.  

It was proved that the administration of disintegrin from Echis multisquamatus 

venom in vitro (IC50 = 1.5 ¼M) and in vivo in rats with intravascular injection 

effectively reduces platelet aggregation. An ex vivo study showed effective 

inhibition of platelet aggregation by disintegrin from Echis multisquamatus venom 

in platelet-rich plasma of aspirin-resistant patients, under heparin and aspirin 

therapy. 

It has been shown to inhibit the proliferative activity of Lewis lung carcinoma 

cells, mouse microglia cells (BV-2), MAECs and HeLa under the influence of 

disintegrin from Echis multisquamatus venom (IC50 was 0.48 ¼M, 0.40 ¼M, 0.47 

¼M, 0.20 ¼M, respectively). The inhibition of tumour growth (up to 55 %) and 

metastasis inhibition (99 % by volume) in rats and mice LLC cells was shown when 

disintegrin from Echis multisquamatus venom was used as an antitumour agent. 

Thus, the work represents a complete cycle of search studies, which begins with 

the selection of pathological conditions requiring platelet function inhibition, 

proceeds with the screening of snake venoms as a source of potential antiplatelet 

agents, complete characterisation and identification of integrin receptor antagonist 
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polypeptides; and concludes with the successful testing of the most effective 

disintegrin in vivo. A separate important component of the work is the development 

of an understanding of the crucial role of integrin-mediated interactions in the 

process of tumour cell attachment and metastasis, which not only provides a valuable 

insight into oncogenesis but also brings new possibilities for the development of 

anti-tumour drugs.  

Keywords: integrins, tumour cells, carcinogenesis, platelets, cell cultures, 

haemostasis, inflammation, carcinoma cell lines, radiation syndrome, diabetes, 

atherosclerosis, chromatography, mass spectrometry, bioinformatics, disintegrins. 
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