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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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�VAA<KG> Ю. �. – >BAJ9CFG4?V;4JVO, ;5VD 84A<I, 6V;G4?V;4JVO, A4C<E4AAO 

BD<7VA4?ьABW K9DA9F><, A4C<E4AAO B7?O8G F4 D9847G64AAO; 

#?4FBAB6 ".  . – 8BE?V8:9AAO, 6<K<F>4 DG>BC<EG; 

�D<MG> ". ". – D9847G64AAO, 6<K<F>4 DG>BC<EG; 

�B@VE4D9A>B %. �. – D9EGDE<, >BAJ9CFG4?V;4JVO. 
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�BDB?ьB64 �. %. – 8BE?V8:9AAO, 6V;G4?V;4JVO, A4C<E4AAO BD<7VA4?ьABW 

K9DA9F><; 

�D<M9A>B �. �. – D9EGDE<, 8BE?V8:9AAO, @9FB8B?B7VO, VAF9DCD9F4JVO 

D9;G?ьF4FV6, D9847G64AAO F4 6<K<F>4 DG>BC<EG; 

'9DA<L9A>B &.  . – 8BE?V8:9AAO, VAF9DCD9F4JVO D9;G?ьF4FV6, 

@9FB8B?B7VO; 

�BDA<Jь>4 ". �. – VAF9DCD9F4JVO D9;G?ьF4FV6, D9847G64AAO F4 6<K<F>4 

DG>BC<EG; 

'9DA<L9A>B �. ". – D9EGDE<, >BAJ9CFG4?V;4JVO, 6V;G4?V;4JVO; 

#?4FBAB6 ".  . – 8BE?V8:9AAO, 6V;G4?V;4JVO, D9847G64AAO DG>BC<EG; 

�?<@9AB> #. #. – 8BE?V8:9AAO, @9FB8B?B7VO; 

$9L9FAV> Є.  . – 8BE?V8:9AAO, 6V;G4?V;4JVO; 
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�9?46Eь><=  . �. – 8BE?V8:9AAO, A4C<E4AAO BD<7VA4?ьABW K9DA9F><; 

#?4FBAB6 ".  . – 8BE?V8:9AAO, 6V;G4?V;4JVO, D9847G64AAO DG>BC<EG; 

�GK9DO6<= Є #. – 8BE?V8:9AAO, @9FB8B?B7VO, 6V;G4?V;4JVO; 
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�4=84>B64 �. �. – 8BE?V8:9AAO, A4C<E4AAO BD<7VA4?ьABW K9DA9F><; 

%FBAV= Є. #. – 8BE?V8:9AAO, @9FB8B?B7VO, VAF9DCD9F4JVO D9;G?ьF4FV6, 

D9847G64AAO F4 6<K<F>4 DG>BC<EG; 
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#?4FBAB6 ".  . - 8BE?V8:9AAO, VAF9DCD9F4JVO D9;G?ьF4FV6, 6V;G4?V;4JVO, 

, A4C<E4AAO BD<7VA4?ьABW K9DA9F><, D9847G64AAO DG>BC<EG; 

'E І. �. – D9EGDE<, @9FB8B?B7VO, D9847G64AAO F4 6<K<F>4 DG>BC<EG; 
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'E І. �. – D9EGDE<, 8BE?V8:9AAO, @9FB8B?B7VO, A4C<E4AAO BD<7VA4?ьABW 

K9DA9F><; 

�G> %. І. – D9EGDE<, VAF9DCD9F4JVO D9;G?ьF4FV6, >BAJ9CFG4?JVO, 6<K<F>4 

DG>BC<EG; 

�BDB?ьB64 �. %. – 8BE?V8:9AAO, 6V;G4?V;4JVO; 

#?4FBAB6 ".  . – 8BE?V8:9AAO, 6V;G4?V;4JVO; VAF9DCD9F4JVO D9;G?ьF4FV6; 

&4D<> Ю. ". – 8BE?V8:9AAO, 6V;G4?V;4JVO. 
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ІE>4A84DB6 �. (. – 8BE?V8:9AAO, A4C<E4AAO BD<7VA4?ьABW K9DA9F><; 

�VA9A>B ". І. – D9EGDE<, @9FB8B?B7VO; 

&GCV>B6 �. І.  – @9FB8B?B7VO, VAF9DCD9F4JVO D9;G?ьF4FV6; 

#VFVL>VA4 �. ". – 8BE?V8:9AAO, 6V;G4?V;4JVO; 

#?4FBAB6 ".  . – 8BE?V8:9AAO, @9FB8B?B7VO, D9847G64AAO; 
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Fractionation of Vipera berus berus snake venom and detection of bioactive 

https://doi.org/10.30841/2708-8731.6.2022.267676
https://doi.org/10.30841/2708-8731.6.2022.267676
https://doi.org/10.7124/bc.000AA1
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ІE>4A84DB6 �. (. – 8BE?V8:9AAO, 6V;G4?V;4JVO, A4C<E4AAO BD<7VA4?ьABW 

K9DA9F><; 

#?4FBAB6 ".  . – 8BE?V8:9AAO, 6V;G4?V;4JVO;  

�D<LG> �. І. – A4C<E4AAO B7?O8G, D9847G64AAO F4 6<K<F>4 DG>BC<EG; 

�GK9DO6<= Є. #. – D9EGDE<, @9FB8B?B7VO; 

%?B@VAEь><= ". Ю. – 8BE?V8:9AAO, @9FB8B?B7VO, VAF9DCD9F4JVO 

D9;G?ьF4FV6; 
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�GK9DO6<= Є. #. – 9?9>FDBHBD9F<KAV 8BE?V8:9AAO; 

#?4FBAB6 ".  . – A4C<E4AAO DG>BC<EG, 47D974FB@9FDVO; 
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%FB7AV= Є.  . – 47D974FB@9FDVO; 

'9DA<L9A>B �. ". – 6<K<F>4 DG>BC<EG, 6V;G4?V;4JVO; 

%?B@VAEь><= ". Ю. – IDB@4FB7D4HVKAV 8BE?V8:9AAO; 

$95DVє6 �. �. – @4E-EC9>FDB@9FDVO; 

%4K69A>B �. %. – DB5BF4 ; >G?ьFGD4@< >?VF<A; 
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�%&'# 

�:BC0;ь=VABь B5<8. �=B53@8=8 3 >A=>2=V :;VB8==V @5F5?B>@8, O:V 

2V4?>2V40NBь 70 ?@8:@V?5==O :;VB8= 4> AC1AB@0BC, 7>:@5<0 ?>70:;VB8==>3> 

<0B@8:AC, B0 >?>A5@54:>2CNBь :;VB8=>-:;VB8==V 270є<>4VW. �V4?>2V4=>, WE=O 

@>;ь є 287=0G0;ь=>N 4;O ?@>F5AV2, O:V 70;560Bь 2V4 740B=>ABV :;VB8= 

74V9A=N20B8 B0:V 270є<>4VW. �>:@5<0 945BьAO ?@> 03@530FVN B@><1>F8BV2, O:C 

>?>A5@54:>20=> 270є<>4VO<8 V=B53@8=V2 7 DV1@8=(>35=)><, 0 B0:>6 ?@> 

?@>;VD5@0FVN, <V3@0FVN B0 04357VN ?CE;8==8E :;VB8=. *V ?@>F5A8 ;560Bь C 

>A=>2V B0:8E A:;04=8E B0 =5157?5G=8E ?0B>;>3VG=8E AB0=V2, O: A5@F52>-AC48==V 

70E2>@N20==O, I> ?>29O70=> 7 @878:>< 2=CB@VH=ь>AC48==>3> 

B@><1>CB2>@5==O, B0 >=:>;>3VG=V 70E2>@N20==O, ?@8 O:8E A?>AB5@V30єBьAO 

?@>3@5AVO ?CE;8= B0 <5B0AB07C20==O). 

#V4 G0A 703@>78 2=CB@VH=ь>AC48==>3> B@><1>CB2>@5==O 70AB>A>2CNBь 

0=B8:>03C;O=B=V ?@5?0@0B8, G0AB8=0 O:8E <0є A?@O<>20=C 4VN =0 ?@>F5A 

03@530FVW B@><1>F8BV2 (0=B803@530=B8). !092V4><VH8< B0 =091V;ьH H8@>:> 

26820=8< 0=B803@530=B>< є 0A?V@8=, >4=0: 1;87ь:> 20 % =0A5;5==O <0NBь 

2@>465=C 0A?V@8=>@578AB5=B=VABь. !01V@ 1V;ьH A?5F8DVG=8E V=3V1VB>@V2 

03@530FVW B@><1>F8BV2 ?>ABV9=> ?>?>2=NєBьAO, >4=0: :>65= 7 B0:8E ?@5?0@0BV2 

<>65 <0B8 =54>;V:8, O: >B =87ь:0 5D5:B82=VABь, =5<>6;82VABь 4>AB0B=ь> 

5D5:B82=>>3> :>=B@>;N WE=ь>W 4VW, 28A>:0 20@BVABь, B>I>. 

"A=>2=8<8 ?>1VG=8<8 5D5:B0<8 ?@>B8?CE;8==8E ?@5?0@0BV2 є 

B>:A8G=VABь, =5A5;5:B82=VABь, ?@>1;5<0 7 4>AB02:>N A?>;C:8 4> ?>B@V1=>3> 

<VAFO 2 >@30=V7<V B>I>. #@>BO3>< 45AOB8;VBь 157?5@5AB0==> B@820є ?>HC:, 

0?@>10FVO B0 ?>:@0I5==O ?>B5=FV9=8E ;V:V2, O:V <0;8 1 7<>3C ?>4>;0B8 

>=:>;>3VG=V 70E2>@N20==O. "4=5 7 =091V;ьH 0:BC0;ь=8E ?8B0=ь, I> ?>AB0є =0 

Aь>3>4=VH=V9 45=ь ?5@54 4>A;V4=8:0<8, є =01C20==O ?CE;8=>N @578AB5=B=>ABV 

4> B5@0?VW , I> CA:;04=Nє 5D5:B82=VABь ;V:C20==O. 

�:BC0;ь=8< V ?5@A?5:B82=8< =0?@O<>< C @>7@>1FV 70A>1V2 @53C;OFVW 

?@>F5AV2, ?>29O70=8E 7 V=B53@8=>28<8 @5F5?B>@0<8, O: C >=:>;>3VW, B0: V C 
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35<>AB07V>;>3VW є 4>A;V465==O 457V=B53@8=V2. �57V=B53@8=8, 01> 0=B03>=VAB8 

V=B53@8=>28E @5F5?B>@V2, 3 F5 =525;8:V F8AB5W=1030BV ?>;V?5?B848, 740B=V 

270є<>4VOB8 7 V=B53@8=>28<8 @5F5?B>@0<8, 1;>:CNG8 WE=N 270є<>4VN 7 

;V30=40<8.  

�;>:CNG8 B@><1>F8B0@=V V=B53@8=>2V @5F5?B>@8 DV1@8=>35=C, 

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 15@CBь CG0ABь C 286820==V ?CE;8==8E :;VB8=, WE 

@CE;82>ABV, V=207VW, 0=3V>35=57V B0 V=H8E ?@>F5A0E, =5>1EV4=8E 4;O 1;>:C20==O 

28=8:=5==O, ?@>3@5AC20==O, V=207VW, 48D5@5=FVN20==O B0 <5B0AB07C20==O 

?CE;8==8E :;VB8=, 457V=B53@8=8 є >A=>2>N 4;O @>7@>1:8 =>28E B5@0?52B8G=8E 

70A>1V2 ;V:C20==O >=:>;>3VG=8E 70E2>@N20=ь.�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.  

�2’O7>: @>1>B8 7 =0C:>28<8 ?@>3@0<0<8, ?;0=0<8, B5<0<8. 
�8A5@B0FV9=C @>1>BC 28:>=0=> =0 107V �=AB8BCBC 1V>EV<VW V<. ".�. #0;;04V=0 

!�! ':@0W=8 2 @0<:0E ?@>є:BV2 !�$: № 0114U003217 «�82G5==O <5E0=V7<C 

D>@<C20==O DV1@8=>2>3> :0@:0AC B@><1C B0 @>7@>1:0 4V03=>AB8:C<V2 AB0=C 

A8AB5<8 35<>AB07C ?@8 70?0;ь=8E ?@>F5A0E, A5@F52>-AC48==8E 70E2>@N20==OE 

B0 EV@C@3VG=8E 2B@CG0==OE» (2019-2023); № 0123U102770 «�?;82 ?@8@>4=>W V 

HBCG=>W V<C=V70FVW 0=B835=0<8 SARS-CoV-2 =0 AB0= A8AB5<8 35<>AB07C» (2023-

2024); № 0124U000251 «�>A;V465==O B0 ?>HC: A?>A>1V2 @53C;OFVW 

<>;5:C;O@=8E <5E0=V7<V2 2=CB@VH=ь>AC48==>3> B0 5:AB@0AC48==>3> 

B@><1>CB2>@5==O» (2024-2028). 

 5B0 V 70240==O 4>A;V465==O.  5B>N @>1>B8 є >B@8<0==O B0 
E0@0:B5@8AB8:0 457V=B53@8=V2 7 >B@CB8 7<V9 4;O 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=. 

�V4?>2V4=> 4> <5B8 1C;8 ?>AB02;5=V B0:V 70240==O: 

1. #@>25AB8 0=0;V7 AB0=C B@><1>F8B0@=>W ;0=:8 35<>AB07C =0 <>45;OE 

?0B>;>3V9, ?>29O70=8E 7 @878:>< 2=CB@VH=ь>AC48==>3> B@><1>CB2>@5==O 

in vivo. 

2. "B@8<0B8 B0 >E0@0:B5@87C20B8 457V=B53@8=8 7 >B@CB8 7<V9. 

3. �>A;V48B8 4VN >B@8<0=8E 457V=B53@8=V2 =0 03@530FVN B@><1>F8BV2 

;N48=8 B0 >1@0B8 A5@54 =8E =091V;ьH ?V4E>4OI89 4;O AB2>@5==O 

?@5?0?0@0BC, A?@O<>20=>3> =0 V=3V1C20==O 20є<>4V9, >?>A5@54:>20=8E 

V=B53@8=>28<8 @5F5?B>@0<8. 

4. #@>25AB8 V45=B8DV:0FVN >1@0=>3> 457V=B53@8=C 70 4>?><>3>N <0A-

A?5:B@><5B@VW B0 1V>V=D>@<0B8G=8E ?V4E>4V2. 

5. �82G8B8 740B=VABь >1@0=>3> 457V=B53@8=C V=3V1C20B8 03@530FVN 

B@><1>F8BV2 C 71030G5=V9 B@><1>F8B0<8 ?;07<V :@>2V C<>2=> 74>@>28E 

4>=>@V2, 6V=>: 7 CA:;04=5=>N 203VB=VABN, =0 D>=V 04<V=VAB@0FVW 35?0@8=C 

B0 0A?V@8=C B0 2 C<>20E 0A?V@8=>@578AB5=B=>ABV. 

6. #5@52V@8B8 0=B803@530=B=C 4VN >1@0=>3> 457V=B53@8=C in vivo 70 C<>2 

22545==O 9>3> ;01>@0B>@=8< B20@8=0<. 

7. �>A;V48B8 0=B8?@>;VD5@0B82=C 4VN >1@0=>3> 457V=B53@8=C =0 :;VB8=8 

;V=V9 LLC, HeLa, MAEC B0 BV-2 2 :C;ьBC@V. 

8. �?@>1C20B8 4VN 457V=B53@8=C =0 ?@>3@5AVN ?5@528B8E ?CE;8==8E :;VB8= 

B0 =0 WE <5B0AB07C20==O =0 <>45;OE in vivo. 

"5’є>F 8BE?V8:9AAO. �D5:B8 0=B03>=VABV2 V=B53@8=>28E @5F5?B>@V2 =0 

V=B53@8=->?>A5@54:>20=V 270є<>4VW B@><1>F8BV2 B0 ?CE;8==8E :;VB8=. 

#D98@9F 8BE?V8:9AAO. �=B03>=VAB8 V=B53@8=>28E @5F5?B>@V2 

(457V=B53@8=8). 

 5B>48 4>A;V465==O. ' @>1>BV 1C;> 70AB>A>20=> >A=>2=V 

E@><0B>3@0DVG=V, 5;5:B@>D>@5B8G=V, <0A-A?5:B@><5B@8G=V <5B>48, ?V4E>48 

1V>V=D>@<0B8:8, <5B>48 :C;ьB82C20==O :;VB8=, <>45;N20==O ?0B>;>3VG=8E 
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AB0=V2 =0 B20@8=0E, F8B><5B@VN, B>I>. �;O >G8AB:8 ?>;V?5?B84V2 

28:>@8AB>2C20;8 V>=>>1<V==C B0 0DV==C E@><0B>3@0DVN, E@><0B>3@0DVN, I> 

?>4V;Oє 70 @>7<V@><; 4;O V45=B8DV:0FVW ?@>B5W=V2 3 5;5:B@>D>@57 2 #���, 2D-

5;5:B@>D>@57, 28A>:>5D5:B82=C @V48==C E@><0B>3@0DVN B0 <0A-

A?5:B@><5B@VN; 4;O 2AB0=>2;5==O AB@C:BC@8 ?@>B5W=C 3 B@8?A8=>;V7 7 

=0ABC?=8< <0A-A?5:B@><5B@8G=8< 0=0;V7><, 0<V=>:8A;>B=89 0=0;V7 B0 

<>;5:C;O@=5 <>45;N20==O; AB0= B@><1>F8BV2 >FV=N20;8 H;OE>< 

03@530B><5B@VW; 68BBє740B=VABь :;VB8= C :C;ьBC@V 287=0G0;8 70 4>?><>3>N 

 &&-B5ABC, >A>1;82>ABV WE=ь>3> @>ABC 282G0;8 70 4>?><>3>N F8B><5B@VW B0 

B5ABC =0 ?@8:@V?;5==O; <>45;N20;8 :0=F5@>35=57 C B20@8= H;OE>< 

?5@52820==O W< ?CE;8==8E :;VB8=.  

!0C:>20 =>287=0 >B@8<0=8E @57C;ьB0BV2. �>2545=>, I> V=3V1C20==O 

V=B53@8=->?>A5@54:>20=8E 270є<>4V9 0=B03>=VAB0<8 V=B53@8=>28E @5F5?B>@V2 

?>@CHCє 3><5>AB07 ?CE;8==8E :;VB8=, 7<5=HCє WE=N 286820=VABь B0 740B=VABь 

4> 04357VW, 0 70 C<>2 in vivo 3 70?>1V30є ?@>3@5AVW ?CE;8=8 B0 <5B0AB07C20==N.  

#@0:B8G=5 7=0G5==O >45@60=8E @57C;ьB0BV2. �0?@>?>=>20=> 

457V=B53@8= 7 >B@CB8 Echis multisquamatus O: >A=>2C 4;O AB2>@5==O ?@5?0@0BV2, 

I> <0B8<CBь 0=B803@530=B=C 4VN B0 5D5:B82=> 7=86C20B8<CBь <5B0AB07C20==O 

?CE;8= 70 @0EC=>: 1;>:C20==O V=B53@8=->?>A5@54:>20=>W 04357VW.  

"A>18AB89 2=5A>: 74>1C20G0. �4>1C20G5< A0<>ABV9=> ?@>0=0;V7>20=> 
40=V ;VB5@0BC@8 70 B5<>N 48A5@B0FVW, 28:>=0=> >A=>2=89 >1AO3 

5:A?5@8<5=B0;ь=8E 4>A;V465=ь, ?@>2545=> AB0B8AB8G=89 0=0;V7 >45@60=8E 

@57C;ьB0BV2. �4>1C20G A0<>ABV9=> ?@>2>482 >G8AB:C B0 E0@0:B5@8AB8:C 

?>;V?5?B84V2, 287=0G5==O ABC?5=N B0 H284:>ABV 03@530FVW B@><1>F8BV2 C 

7@07:0E ?;07<8 :@>2V 5:A?5@8<5=B0;ь=8E B20@8= B0 ;N48=8, :C;ьB82C20==O 

:;VB8=,  &&-B5AB B0 V=HV >A=>2=V 0A?5:B8 @>1>B8.  5BC, 70240==O V ?;0= 

@>1>B8 74>1C20G5< AD>@<C;ь>20=> @07>< 7 =0C:>28< :5@V2=8:>< 0:045<V:>< 

!�! ':@0W=8 %.�. �><VA0@5=:><.  

�?@>10FVO @57C;ьB0BV2 48A5@B0FVW. $57C;ьB0B8 48A5@B0FVW 1C;> 
?>2V4><;5=> B0 >13>2>@5=> =0 2VBG87=O=8E B0 <V6=0@>4=8E :>=D5@5=FVOE: 
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«�:BC0;ь=V ?@>1;5<8 1V>EV<VW B0 1V>B5E=>;>3VW 3 2021» 3 �8W2, 26 B@02=O 2021. 

%onference: 26th congress of the ISFP&PA and Fibrinolysis workshop of the 

Hungarian Society of Thrombosis and Haemostasis At: Budapest, 11-14 October, 

2023. «�:BC0;ь=V ?@>1;5<8 1V>EV<VW B0 1V>B5E=>;>3VW 3 2023» 3 �8W2, 26 B@02=O 

2023. 

#C1;V:0FVW. �0 <0B5@V0;0<8 48A5@B0FV9=>W @>1>B8 >?C1;V:>20=> 14 @>1VB, 7 

=8E 10 AB0BB59 2 V=>75<=8E D0E>28E =0C:>28E 2840==OE, ?@54AB02;5=8E C 1070E 

Scopus, B0 4 B57 4>?>2V459 C <0B5@V0;0E 2VBG87=O=8E B0 <V6=0@>4=8E =0C:>28E 

:>=D5@5=FVOE  

%B@C:BC@0 B0 >1AO3 48A5@B0FVW. �8A5@B0FV9=0 @>1>B0 A:;040єBьAO 7V 
2ABC?C, >3;O4C ;VB5@0BC@8, <0B5@V0;V2 V <5B>4V2 4>A;V465=ь, @57C;ьB0BV2 

4>A;V465=ь 7 WE >13>2>@5==O<, 28:;045=8E C 2VAь<>E @>74V;0E, 70:;NG5==O, 

28A=>2:V2, A?8A:C 28:>@8AB0=8E 465@5; ;VB5@0BC@8 (186 ?>A8;0=ь). 

�8A5@B0FV9=0 @>1>B0 28:;045=0 =0 163 AB>@V=:0E (7 =8E 132 AB>@V=:0 >A=>2=>W 

G0AB8=8), <VAB8Bь 40 @8AC=:V2 B0 8 B01;8Fь. 
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$>74V; 1. "3;O4 ;VB5@0BC@8 

1.1. �5<>AB07 
�5<>AB07 3 F5 >48= V7 =09206;82VH8E DV7V>;>3VG=8E ?@>F5AV2, I> 

70157?5GCє, 7 >4=>3> 1>:C, 715@565==O @V4:>3> AB0=C :@>2V, 0 7 V=H>3> 1>:C 3 

7C?8=:C :@>2>B5GV V 70?>1V30==O :@>2>2B@0B8. �><?>=5=B8 >@30=V2 V B:0=8=, O:V 

15@CBь CG0ABь C 28:>=0==O F8E DC=:FV9, CB2>@NNBь A8AB5<C 35<>AB07C 3 

1V>;>3VG=C A8AB5<C, O:0, 70 =5>1EV4=>ABV, 74V9A=Nє H284:C 7C?8=:C :@>2>B5GV, 

715@V30NG8 4>AB0B=V9 >19є< F8@:C;NNG>W :@>2V, B8< A0<8< 70157?5GCNG8 

=>@<0;ь=5 :@>2>?>AB0G0==O >@30=V2.  

%8AB5<0 35<>AB07C 348=0<VG=0 A8AB5<0, O:0 V=B53@Cє A:;04=V 1V>EV<VG=V 9 

:;VB8==V ?@>F5A8 4;O ?V4B@8<0==O 10;0=AC <V6 @V4:8< AB0=>< :@>2V, 

70?>1V30==O< :@>2>2B@0BV B0 70E8AB>< 2V4 B@><1>CB2>@5==O [1]. 'O2VBь A>1V 

B>=:89 10;0=A: 7 >4=>3> 1>:C, =5>1EV4=> H284:> 9 5D5:B82=> 7C?8=8B8 

:@>2>B5GC ?@8 ?>H:>465==V AC48=8, 0 7 V=H>3> 4 C=8:=CB8 CB2>@5==O 

B@><1V2, O:V <>6CBь ?5@5H:>460B8 =>@<0;ь=V9 F8@:C;OFVW :@>2V. �0 @0EC=>: 

:><?5=A0B>@=>W 270є<>4VW A8AB5<0 35<>AB07C ?V4B@8<Cє @V4:89 AB0= :@>2V, B>4V 

O: ?@8 ?>H:>465==V AC48= :@>2 H284:> 73>@B0єBьAO, 7C?8=ONG8 :@>2>B5GC. 

!0 <>;5:C;O@=><C @V2=V F5 є ?@8:;04>< 48=0<VG=>W @V2=>2038 <V6 ?@>- B0 

0=B8:>03C;O=B=8<8 ;0=:0<8 A8AB5<8 35<>AB07C: O: ?@>-, B0: V 0=B8:>03C;O=B8 

270є<>4VNBь 4;O ?V4B@8<0==O =>@<0;ь=>3> 35<>AB07C. &0:0 @V2=>2030 

70157?5GCєBьAO 270є<>4VєN AC48==>-B@><1>F8B0@=>W V :>03C;OFV9=>W ;0=>:. � 

@50;V70FVW B@><1>F8B0@=>3> 35<>AB07C 3>;>2=0 @>;ь =0;568Bь AC48==V9 ABV=FV 

B0 B@><1>F8B0<, 0 2 :>03C;OFV9=><C 35<>AB07V 3 =0A0<?5@54 A8AB5<V 7AV40==O 

:@>2V. "18420 ?@>F5A8 @53C;NNBьAO V :>=B@>;NNBьAO 0=B8:>03C;O=B=8<8 

<5E0=V7<0<8 B0 DV1@8=>;VB8G=>N A8AB5<>N. �>65= V7 F8E ?@>F5AV2 2V4V3@0є 

A2>N C=V:0;ь=C @>;ь, CB2>@NNG8 1030B>@V2=52C 70E8A=C A8AB5<C [2]. 

%8AB5<0 35<>AB07C є =04728G09=> GCB;82>N, V =02VBь =09<5=HV 

?>@CH5==O 2 WW DC=:FV>=C20==V <>6CBь <0B8 A5@9>7=V =0A;V4:8. &0:, 

?>@CH5==O 10;0=AC :>03C;OFV9=>3> :0A:04C <>65 ?@8725AB8 4> B@><1>7C, O:89 
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?@872>48Bь 4> VH5<VW B:0=8= 01> B@><1>5<1>;VW. � V=H>3> 1>:C, =54>AB0B=VABь 

D0:B>@V2 7AV40==O :@>2V 01> ?>@CH5==O DC=:FVW B@><1>F8BV2 A?@8G8=ONBь 

AE8;ь=VABь 4> :@>2>B5G [3]. /A:@028<8 ?@8:;040<8 B0:8E ?>@CH5=ь є 

35<>DV;VO 01> E2>@>10 �V;;51@0=40 [4]. �V03=>AB8:0 AB0=C A8AB5<8 35<>AB07C 

<0є 206;825 7=0G5==O C :;V=VG=V9 ?@0:B8FV. �=0==O <5E0=V7<V2 Fь>3> ?@>F5AC 

4>72>;Oє ;V:0@O< ?@87=0G0B8 ?0FVє=B0< 2V4?>2V4=C B5@0?VN [5]. �8:>@8AB0==O 

0=B8:>03C;O=BV2, B@><1>;VB8:V2 G8 ?@>:>03C;O=BV2, =0?@8:;04, ?V4 G0A 

A:;04=8E >?5@0FV9 107CєBьAO =0 45B0;ь=><C @>7C<V==V <5E0=V7<V2 

:>03C;OFV9=>3> ?@>F5AC [6]. 

 

1.1.1. &@><1>F8B0@=89 35<>AB07 
%C48==>-B@><1>F8B0@=89, 01> ?5@28==89, 35<>AB07 є @57C;ьB0B>< 

A:;04=8E 270є<>4V9 <V6 B@><1>F8B0<8, ABV=:>N AC48=8 B0 0435782=8<8 

?@>B5W=0<8, I> ?@872>48Bь 4> CB2>@5==O «B@><1>F8B0@=>W ?@>1:8», 01> 

B@><1>F8B0@=>3> B@><1C. #@>F5AA ?>4V;ONBь =0 3 AB04VW: 1) B8<G0A>289 A?07< 

AC48=; 2) CB2>@5==O B@><1>F8B0@=>3> B@><1C 70 @0EC=>: 04357VW B0 03@530FVW 

B@><1>F8BV2; 3) @5B@0:FVO B@><1>F8B0@=>3> B@><1C. ' 2V4?>2V4ь =0 

CH:>465==O 5=4>B5;VN 3;045=ь:V <9O78 ABV=>: AC48= A:>@>GCNBьAO, 

7<5=HCNG8 ?@8B>: :@>2V 4> CH:>465=>W 4V;O=:8. �>4=>G0A 2 7>=V 

?>H:>465==O 2V41C20єBьAO 04357VO F8@:C;NNG8E B@><1>F8BV2 4> :>;035=C B0 

V=H8< ?@>B5W=0< AC15=4>B5;VN. &@><1>F8B8 ?@8;8?0NBь 157?>A5@54=ь> 4> 

:>;035=>28E 2>;>:>= 70 CG0ABV :>;035=>28E @5F5?B>@V2 3 3;V:>?@>B5W=V2. �7 

3@0=C; B@><1>F8BV2, I> 04357CNBь, O: V 7 5=4>B5;VN, 282V;ь=NNBьAO D0:B>@8 

(��(, D0:B>@ D>= �V;51@0=40, B@><1>A?>=48=, 2VB@>=5:B8=, V=.), O:V 15@CBь 

CG0ABь C 04357VW V A?@8ONBь 70;CG5==N V=H8E B@><1>F8BV2. #V4 4VєN ��( 

B@><1>F8B8 CB2>@NNBь 03@530B8, O:V є >A=>2>N ?5@28==>3> B@><1>F8B0@=>3> 

B@><1C. !0 Fь><C 5B0?V 70?CA:0єBьAO ?>78B82=89 72>@>B=89 72'O7>:, O:89 

70157?5GCє H284:C @50:FVN =0 ?>H:>465==O [7].  

#VA;O CB2>@5==O B@><1>F8B0@=>3> B@><1C 2V41C20єBьAO 9>3> AB01V;V70FVO 

3 CIV;ь=5==O V 70:@V?;5==O 2 <VAFV ?>H:>465==O 4;O >?>@C B8A:C :@>2>B>:0 V 
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?>?5@5465==O ?>2B>@=>W :@>2>B5GV. #@>1:0 AB01V;V7CєBьAO 70 @0EC=>: 

282V;ь=5==O 2<VABC 3@0=C;, 5:A?@5AVW <>;5:C; 04357VW =0 ?>25@E=V B@><1>F8BV2 

V 0:B820FVW A83=0;ь=8E H;OEV2. 'B2>@5=89 4> Fь>3> G0AC B@><1V= ?5@5B2>@Nє 

DV1@8=>35= =0 DV1@8=, 2>;>:=0 O:>3> CB2>@NNBь AVB:C, I> AB01V;V7Cє 

B@><1>F8B0@=C ?@>1:C V AB2>@Nє <VF=89 B@><1, O:89 70:@820є <VAF5 

CH:>465==O [8, 9]. 

#VA;O AB01V;V70FVW B@><1C 70?CA:0єBьAO ?@>F5A @5B@0:FVW 3 AB8A:0==O 

B@><1C ?V4 4VєN B@><1>AB5=V=C B@><1>F8BV2 70 @0EC=>: A:>@>G5==O WE 0:B8=-

<V>78=>2>3> :><?;5:AC. *5 4>72>;Oє 7<5=H8B8 @>7<V@ 73CAB:C V CIV;ь=8B8 

9>3>, I> A?@8Oє 7<5=H5==N :@>2>B>:C G5@57 CH:>465=C 4V;O=:C [10, 11]. �@V< 

B>3>, 4;O ?V4B@8<0==O 48=0<VG=>W @V2=>2038 =5>1EV4=>, I>1 B@><1, ?VA;O 

28:>=0==O 9>3> DC=:FVW, 1C;> 2G0A=> 2840;5=>. *5 70240==O 28:>=Cє A8AB5<0 

DV1@8=>;V7C, ?V4 4VєN :><?>=5=BV2 O:>W 2V41C20єBьAO @>7I5?;5==O B0 

5;V<V=0FVO DV1@8=>2>3> B@><1C, I> 70157?5GCє 2V4=>2;5==O =>@<0;ь=>3> 

:@>2>B>:C [12]. 

&0:8< G8=><, B@><1>F8B0@=89, 01> ?5@28==89, 35<>AB07 @50;V7CєBьAO 

0:B82=VABN B@><1>F8BV2 V @V7=8E :>03C;OFV9=8E D0:B>@V2, O:V 729O7CNBьAO 7 

B@><1>F8B0<8 V 4>?><>30NBь V<<>1V;V7C20B8 WE 2 <VAFOE CH:>465==O B:0=8=, 

I> AB8<C;Nє CB2>@5==O B@><1>F8B0@=>3> B@><1C, =5>1EV4=>3> 4;O 70:@8BBO 

CH:>465==O V 70?>1V30==O =04<V@=V9 :@>2>2B@0BV [13]. 

 

 

1.1.2. &@><1>F8B8 

&@><1>F8B8 3 F5 =09<5=HV 7 B@ь>E >A=>2=8E B8?V2 :;VB8= :@>2V. *5 3

1579O45@=V :;VB8=8 :@>2V @>7<V@>< 1-4 <:< (20 % 2V4 4V0<5B@0 5@8B@>F8BV2) V 

B>2I8=>N 0,5-0,75 <:<. *5 A:;04=V :;VB8=8, O:V <VABOBь B@8 @V7=V B8?8 3@0=C;: 

³-3@0=C;8, IV;ь=V 01> ·-3@0=C;8 B0 ;V7>A><8, :><?>=5=B8 O:8E =5>1EV4=V 4;O 

=>@<0;ь=>3> DC=:FV>=C20==O B@><1>F8BV2 V 4;O CG0ABV 2 :>03C;OFV9=><C 

?@>F5AV. &@><1>F8B8 15@CBь 0:B82=C CG0ABь 2 ?@>F5AV 73>@B0==O :@>2V: ?@8 

?>H:>465==V ABV=:8 AC48=8 2V41C20єBьAO 04357VO B@><1>F8BV2 4> ?>25@E=V 



26 

 

AC15=4>B5;VN. #@>F5A 04357VW >?>A5@54:>20=> @5F5?B>@0<8 B@><1>F8BV2 01> 

5=4>B5;V0;ь=8E :;VB8= V 0435782=8<8 ?@>B5W=0<8, B0:8<8 O: D0:B>@ D>= 

�V;;51@0=40, :>;035= V DV1@8=>35=. !0ABC?=0 0:B820FVO B@><1>F8BV2 

?@872>48Bь 4> 70;CG5==O 4>40B:>28E B@><1>F8BV2 V CB2>@5==O 

B@><1>F8B0@=8E 03@530BV2 3 >A=>28 B@><1>F8B0@=>W ?@>1:8. �@V< B>3>, 

0:B82>20=V B@><1>F8B8 AB2>@NNBь <VF=89 729O7>: <V6 ?5@28==8< V 2B>@8==8< 

35<>AB07><, >A:V;ь:8 70157?5GCNBь D>AD>;V?V4=C ?>25@E=N 4;O 718@0==O 

D5@<5=B0B82=8E 0:B820B>@=8E :><?;5:AV2, =5>1EV4=8E 4;O 35=5@0FVW B@><1V=C 

[14]. 

!0 ?>G0B:>2><C 5B0?V :>03C;OFV9=>3> :0A:04C 2V41C20єBьAO 04357VO 

B@><1>F8BV2 C <VAFV ?>H:>465==O 5=4>B5;VN AC48=. ' =>@<V :;VB8=8 

5=4>B5;VN IV;ь=> ?@8;O30NBь >4=0 4> >4=>W V A;01> 270є<>4VNBь 7 :;VB8=0<8, 

I> F8@:C;NNBь 2 :@>2V. !5?5@5@2=89 H0@ 5=4>B5;VN A;C3Cє 10@9є@>< <V6 

B@><1>F8B0<8, I> F8@:C;NNBь, V AC15=4>B5;V0;ь=8< <0B@8:A><. #@8 

?>H:>465==V 10@9є@=0 DC=:FVO 5=4>B5;VN ?>@CHCєBьAO, V =0 9>3> ?>25@E=V 

5:A?>=CNBьAO ?@>B5W=8, O:V 2:;NG0NBьAO 2 ?@>F5A 7AV40==O :@>2V. #>25@E=O 

<5<1@0=8 ?>H:>465=>3> 5=4>B5;VN =01C20є ?>78B82=>3> 70@O4C, B><C 4> =5W 

?@8;8?0NBь B@><1>F8B8, 7>2=N ?>25@E=N O:8E 70@O465=> =530B82=>. 

&@><1>F8B8 ?5@5<VICNBьAO O: =0 ?>H:>465=C ?>25@E=N 5=4>B5;VN, B0: V =0 

?>25@E=N AC48=8. #@>F5A 04357VW 70157?5GCєBьAO :;VB8==8<8 @5F5?B>@0<8, O:V 

є <5<1@0==8<8 3;V:>?@>B5W=0<8, V @>7B0H>20=V 2>=8 =0 ?>25@E=V :;VB8=. � 

<5<1@0=V B@><1>F8BV2 7=0E>4OBьAO A?5F8DVG=V @5F5?B>@8, O:V <8BBє2> 

729O7CNBьAO 7 2V4?>2V4=8<8 ;V30=40<8 C 5:AB@0F5;N;O@=><C <0B@8:AV. �;O 

270є<>4VW ;V30=4-B@><1>F8B0@=89 @5F5?B>@ =5>1EV4=89 D0:B>@ D>= 

�V;;51@0=40, O:89 ?V4 G0A 04357VW B@><1>F8BV2 729O7CєBьAO 7 GPIb-@5F5?B>@0<8 

WE=ь>W <5<1@0=8 [15].  

#@8 ?>@CH5==V FV;VA=>ABV AC48= B@><1>F8B8 AB0NBь 4>ABC?=8<8 4;O 

:><?>=5=BV2 5:AB@0F5;N;O@=>3> <0B@8:A0. �70є<>4VO B@><1>F8BV2 7 F8<8 

?@>B5W=0<8 <>65 1CB8 ?@O<>N V >?>A5@54:>20=>N, 0;5 ?@8=F8?>2> 206;825 

7=0G5==O <0є :>;035=. 



27 

 

#5@H89 5B0? 270є<>4VW B@><1>F8BV2 7 AC15=4>B5;Vє< 2V41C20єBьAO 70 

4>?><>3>N @5F5?B>@0 :>;035=C 3 GPIb-IX-V, I> >?>A5@54:>2CNBь @CE V 

?@8;8?0==O B@><1>F8BV2 1V;O <VAFO ?>H:>465==O AC48=8. (0:B>@ D>= 

�V;;51@0=40 28:>=Cє @>;ь «1V>;>3VG=>3> :;5N», ?@8:@V?;NNG8 4> :>;035=C 

AC15=4>B5;VN 04357>20=V B@><1>F8B8 G5@57 3;V:>?@>B5W=>289 :><?;5:A GPIb-

V-IX. &@><1 71V;ьHCєBьAO C @>7<V@V ?> <V@V 04357VW B0 03@530FVW =>28E 

B@><1>F8BV2, A:C?G5==O O:8E 2 03@530B 70157?5GCє 270є<>4VO DV1@8=>35=C 7 

GPIIb-llla.  

%B01V;V70FVO 04357VW B@><1>F8BV2 2V41C20єBьAO 70 CG0ABV @5F5?B>@V2 

:>;035=C, DV1@>=5:B8=C V ;0<V=V=C. �29O7C20==O B@><1>F8B0@=8E @5F5?B>@V2 

:>;035=C ³2β1 V GPVI 7 :>;035=>< 28:;8:0є 0:B820FVN 04357>20=8E 

B@><1>F8BV2. �:B820FVO B@><1>F8BV2 3 A:;04=89 ?@>F5A, O:89 @53C;NєBьAO 0) 

7<V=0<8 2 <5B01>;VG=8E V 1V>EV<VG=8E <5E0=V7<0E, 1) 7<V=>N D>@<8 

B@><1>F8BV2, 2) 0:B820FVєN B@><1>F8B0@=8E @5F5?B>@V2, 3) 7<V=0<8 2 

>@Vє=B0FVW <5<1@0==8E D>AD>;V?V4V2.  

�:B820FVN B@><1>F8BV2 28:;8:0NBь :>;035= V @O4 @>7G8==8E 03>=VABV2 

(��(, B@><1V=, B@><1>:A0= �2), 270є<>4VNG8 7V A?5F8DVG=8<8 <5<1@0==8<8 

@5F5?B>@0<8. *V @5F5?B>@8 729O70=V 7 G3?@>B5W=0<8, O:V ?V4A8;NNBь 

0:B820FVN B@><1>F8BV2. 

� ?@>F5AV 0:B820FVW 7 IV;ь=8E 3@0=C; B@><1>F8BV2 282V;ь=NєBьAO ��(, 0 

7 ³-3@0=C; 3 DV1@8=>35=, D0:B>@ V V P-A5;5:B8=. �AV FV ?@>B5W=8 <0NBь =0 

B@><1>F8B0@=V9 ?;07<0B8G=V9 <5<1@0=V A?5F8DVG=V @5F5?B>@8. ��( 4Vє =0 

B@><1>F8B8 70 4>?><>3>N @5F5?B>@V2 P2Y1 V P2Y12, B>4V O: B@><1>:A0= �2 

0:B82Cє =0 ?>25@E=V B@><1>F8BV2 B@><1>:A0=-?@>AB0=>W4=89 @5F5?B>@. 

&@><1V= 0:B82Cє B@><1>F8B8 70 4>?><>3>N 270є<>4VW @5F5?B>@V2 @>48=8 #�$-

1 V #�$-4. &@><1>F8B8, I> 270є<>4VNBь 7 F8<8 ?>A5@54=8:0<8, ?V4;O30NBь 

@5>@30=V70FVW 0:B8=>2>3> F8B>A:5;5BC, 2=0A;V4>: G>3> 7<V=NNBь D>@<C. 

�9O2;ONBьAO ?A524>?>4VW, O:V D>@<CNBь :><V@G0ABC AVB:C B@><1>F8BV2 2 

B@><1>F8B0@=><C B@><1V [16]. 



28 

 

�70є<>4VO B@><1>F8BV2 7 :>;035=><, D0:B>@>< D>= �V;;51@0=40, ��(, 

B@><1>:A0=>< �2 V B@><1V=>< 28:;8:0є 2=CB@VH=ь>:;VB8==V A83=0;8, I> 

V=VFVNNBь 0:B820FVN @5F5?B>@0 DV1@8=>35=C 3 V=B53@8=0 GPIIbIIIa (³IIβ3), 

2=0A;V4>: G>3> 2V= 729O7CєBьAO 7 DV1@8=>35=><. 'B2>@NєBьAO ?>?5@5G=> 7H8BV 

03@530B8, =0:>?8G5==O O:8E C <VAFOE ?>H:>465==O AC48=8 ?@872>48Bь 4> 

7C?8=:8 :@>2>B5GV. &0:8< G8=><, 0:B820FVO B@><1>F8BV2 є ?@>4C:B>< 

A83=0;V=3C @V7=8E @5F5?B>@V2, :>6=89 7 O:8E 2=>A8Bь 2:;04 2 D>@<C20==O 

B@><1>F8B0@=>3> B@><1C. 

�3@530FVN B@><1>F8BV2 287=0G0NBь O: ?@>F5A 270є<>729O7:C <V6 42><0 

B@><1>F8B0<8. #VA;O 04357VW 48A:>?>4V1=0 D>@<0 B@><1>F8BV2 7<V=NєBьAO =0 

AD5@8G=C, 2V41C20єBьAO 282V;ь=5==O 2<VABC B@><1>F8B0@=8E 3@0=C;. � 

@57C;ьB0BV WE ?>B@0?;O==O 4> :@>2>B>:C 74V9A=NєBьAO <5E0=V7< ?>78B82=>3> 

72>@>B=ь>3> 729O7:C, I> ?@>O2;OєBьAO C ?>A8;5==V ?5@H>G5@3>2>W 03@530FVW 

B@><1>F8BV2 7 >4=>G0A=8< 70;CG5==O< 2 ?@>F5A 03@530FVW ACAV4=VE 

=50:B82>20=8E :;VB8= [17]. �0 DV7V>;>3VG=8E C<>2 B@><1>F8B8 =5 03@53CNBь 

<V6 A>1>N V =5 ?@8:@V?;NNBьAO 4> AC48==8E ABV=>: G5@57 B5, I> >AB0==O 

?>ABV9=> 35=5@Cє ?@>AB0F8:;V=, O:89 є ?>BC6=8< 0=B8B@><1>F8B0@=8< 

035=B>< [18].  

�84V;ONBь ?5@28==C V 2B>@8==C D078 03@530FVW. #5@28==0 3 >1>@>B=0 

03@530FVO 3 ?V4 2?;82>< ��( B@><1>F8B8 CB2>@NNBь ?CE:89 B@><1>F8B0@=89 

03@530B, I> ?@>=8:=89 4;O :><?>=5=BV2 ?;07<8 :@>2V. &@><1>F8B8 

79є4=CNBьAO >48= 7 >4=8< DV1@8=>35=>28<8 <VAB:0<8 [19]. �B>@8==0 D070 3 

=5>1>@>B=0 03@530FVO. � 40=><C 28?04:C B@><1V=, I> 4> Fь>3> CB2>@82AO, 4Vє 

=0 @5F5?B>@8 B@><1>F8BV2 V ?@872>48Bь 4> 7;8BBO B@><1>F8BV2 2 ACFV;ь=C <0AC. 

!>2>CB2>@5=89 B@><1>F8B0@=89 B@><1 є =5?@>=8:=8< 4;O :><?>=5=BV2 

?;07<8 :@>2V. �;O =>@<0;ь=>W 03@530FVW B@><1>F8BV2 =5>1EV4=V B@8 C<>28: 

?V428I5=0 2V@>3V4=VABь :>=B0:BC <V6 42><0 B@><1>F8B0<8, =0O2=VABь V>=V2 

:0;ьFVN V DV1@8=>35=C. ' 28?04:C ?>@CH5==O >4=VєW 7 C<>2, 03@530FVO 

B@><1>F8BV2 =5 2V41C20єBьAO [20]. ' 28?04:C ?5@5@>465==O AC48=8 03@530FVO 

B@><1>F8BV2 є 4C65 ACBBє2>N 4;O D>@<C20==O B@><1>F8B0@=>3> B@><1C V 4;O 



29 

 

B@><1C 1V;O <VAFO @>7@82C 0B5@>A:;5@>B8G=>W 1;OH:8. �70є<>4VO <V6 

729O70=8< 7 <0B@8:A>< D0:B>@>< D>= �V;;51@0=40 V GPIb³, 2 ?5@HC G5@3C, 

A;C3Cє 4;O A:C?G5==O B@><1>F8BV2 =0 ?;>IV ?>H:>465==O V, G0AB:>2>, є 

?5@54C<>2>N 4;O CB@8<0==O V=B53@8=->?>A5@54:>20=>W :;VB8=8 [21]. 

� FV;><C B@048FV9=0 <>45;ь 03@530FVW B@><1>F8BV2 283;O40є B0:8< 

G8=><: 0:B820FVO B@><1>F8BV2 28:;8:0є 0:B820FVN B@><1>F8B0@=>3> 

@5F5?B>@0 DV1@8=>35=C 3 V=B53@8=C GPIIbIIIa, 729O7C20==O 7 O:8< DV1@8=>35=C 

AB01V;V7Cє ?@>F5A 03@530FVW. �2'O7C20==O D0:B>@0 D>= �V;;51@0=40 7 GPIb-V-IX 

28:;8:0є 0:B820FVN B@><1>F8BV2 =570;56=> 2V4 V=4C:B>@0. ' B>9 G0A O: 

270є<>4VO D0:B>@ D>= �V;;51@0=40-GPIb³ =5>1EV4=0 4;O V=VFV0FVW 270є<>4VW 

B@><1>F8B-B@><1>F8B, =572>@>B=0 03@530FVO B@><1>F8BV2 28<030є 2B>@8==>W 

04357VW <V6 D0:B>@>< D>= �V;;51@0=40 B0 GPIIbIIIa, O:89 2V4V3@0є 2 03@530FVW 

B@><1>F8BV2 >A=>2=C @>;ь. *5=B@8 72'O7C20==O DV1@8=>35=C 7 @5F5?B>@0<8 

5:A?>=CNBьAO ;8H5 ?VA;O 0:B820FVW B@><1>F8BV2; ?@>F5A 72'O7C20==O 70;568Bь 

2V4 V>=V2 :0;ьFVN. !525;8:V 03@530B8 B@><1>F8BV2 D>@<CNBьAO 70 4>?><>3>N 

DV1@8=>35=>28E <VAB:V2 <V6 42><0 ACAV4=V<8 B@><1>F8B0<8, 0 B0:>6 70 CG0ABN 

B@><1>A?>=48=C. "AB0==V9 2ABC?0є 2 4VN C 4@C3V9 D07V 03@530FVW, ?>A8;NNG8 

<V6:;VB8==C 270є<>4VN B0 ?5@5B2>@NNG8 >1>@>B=V <V:@>- B0 <0:@>03@530B8 =0 

=5>1>@>B=V AB@C:BC@8. 

 

1.2. �=B53@8=8, 457V=B53@8=8 B0 V=B53@8=->?>A5@54:>20=V 270є<>4VW 
 

1.2.1. �=B53@8=8 

 

�=B53@8=8 3 V=B53@0;ь=V <5<1@0==V ?@>B5W=>2V :><?;5:A8 3 є :;0A>< 

35B5@>48<5@=8E B@0=A<5<1@0=8E :;VB8==8E @5F5?B>@V2, O:V 70157?5GCNBь 

270є<>4VN :;VB8= <V6 A>1>N, 7 ?>70:;VB8==8< <0B@8:A>< V 74V9A=NNBь. 

?5@540GC 7>2=VH=VE B0 2=CB@VH=VE <5E0=>EV<VG=8E <V6:;VB8==8E A83=0;V2 

[22].%2>N =072C FO 3@C?0 @5F5?B>@V2 >B@8<0;0 C 729O7:C 7 WE CG0ABN 2 

>19є4=0==V (V=B53@0FVW) 2=CB@VH=ь>:;VB8==>3> F8B>A:5;5BC 7 ?>70:;VB8==8< 



30 

 

<0B@8:A><. #>70:;VB8==V 42>20;5=B=V :0BV>=8, B0:V O: Ca2+ V Mg2+, <>6CBь 

2?;820B8 =0 A?5F8DVG=VABь B0 A?>@V4=5=VABь V=B53@8=V2 ?@8 72'O7C20==V 7 WE 

;V30=40<8 [23]. 

#>70:;VB8==89 4><5= ³-AC1>48=8FV A:;040єBьAO 7 3;>1C;O@=>W 3>;>2=>W 

G0AB8=8 B0 E2>AB>2>W G0AB8=8. #5@H89 A:;040єBьAO 7 ³I 4V;O=:8, β - ?@>?5;5@0 

B0 =V6:>2>3> 4><5=C. !86=V9 4><5= E2>AB>2>W G0AB8=8 A:;040єBьAO 7 4V;O=>: 

calf-1 V calf-2. $>7H8@NNG8 ?@><V6>: <V6 β-?@>?5;5@>< B0 ³I 4><5=><, LFA-

1 <>65 270є<>4VOB8 7 1V;ьH8<8 ;V30=40<8. �5@H8=0 ³I 4><5=C <VAB8Bь V>=-

70;56=89 A09B 04357VW (MIDAS), 7024O:8 O:><C 42>20;5=B=V :0BV>=8 (Ca2 + V Mg2 

+) ?@8є4=CєBьAO 4> C73>465=8E 70;8H:V2 3;CB0<V=>2>W :8A;>B8 ICAM-1 , I> є 

=5>1EV4=8< 4;O :>=D>@<0FV9=8E 7<V= V, B0:8< G8=><, 0:B820FVW V=B53@8=C [24]. 

%B@C:BC@=> V=B53@8=>2V @5F5?B>@8 є =5:>20;5=B=> 729O70=8<8 

35B5@>48<5@0<8, O:V A:;040NBьAO 7 42>E B8?V2 AC1>48=8Fь 3 ³ V β. �;ьD0-

AC1>48=8FV 287=0G0NBь A?5F8DVG=VABь V=B53@8=C 4> ;V30=4C, 0 β-AC1>48=8FV 

?>29O70=V 7 :><?>=5=B0<8 F8B>A:5;5BC V 70157?5GCNBь ?5@540GC A83=0;C 2 

:;VB8=V. ' AA02FV2 2V4><> 19 ³- V 8 β-AC1>48=8Fь. ' ;N48=8 >?8A0=> 18 ³- V 8 

β-AC1>48=8Fь, ?@8 Fь><C :>6=0 ³-AC1>48=8FO CB2>@Nє :><?;5:A BV;ь:8 7 

?52=8< =01>@>< β-AC1>48=8Fь, I> =0 40=89 <><5=B A:;040є 24 35B5@>48<5@=V 

20@V0=B8 7 @V7=8<8 B8?0<8 72'O7C20==O B0 @V7=8< @>7?>4V;>< C B:0=8=0E. �>6=0 

AC1>48=8FO <0є >4=C A?V@0;ь, I> >E>?;Nє <5<1@0=C, V, O: ?@028;>, :>@>B:89 

=5AB@C:BC@>20=89 F8B>?;07<0B8G=89 E2VAB. $>7<V@ 7<V=NєBьAO, 0;5 70728G09 

³- V β-AC1>48=8FV <VABOBь 1;87ь:> 1000 V 750 0<V=>:8A;>B 2V4?>2V4=>. 

�;0A8DV:CNBь V=B53@8=8 =0 >A=>2V β-AC1>48=8FV, O:0 7'є4=0=0 7 F8B>A:5;5B>< 

V ?5@540є 7>2=VH=V B0 2=CB@VH=V A83=0;8 V O:0 @07>< 7 ³-AC1>48=8F5N CB2>@Nє 

DC=:FV>=0;ь=89 @5F5?B>@. /: ³-, B0: V β-AC1>48=8FV <VABOBь 25;8:V N-:V=F52V 

5:AB@0F5;N;O@=V 4><5=8, =525;8:89 B@0=A<5<1@0==89 4><5= V % :V=F52C 

4V;O=:C. β-%C1>48=8FO <0є 4 F8AB5W=1030BV ?>A;V4>2=>ABV, O:V 2 @V7=8E D>@<0E 

715@V30NBьAO C 2AVE 8 AC1>48=8FOE. *8B>?;07<0B8G=89 E2VAB CB@8<Cє V=B53@8= 

2 F8B>A5;5BV V @53C;Nє 9>3> DC=:FVW. ³-%C1>48=8FO <VAB8Bь 3-4 4V;O=:8 

729O7C20==O 7 42>20;5=B=8<8 :0BV>=0<8 [25, 26, 27]. 

https://ru.wikipedia.org/wiki/%D0%9B%D0%B8%D0%B3%D0%B0%D0%BD%D0%B4_(%D0%B1%D0%B8%D0%BE%D1%85%D0%B8%D0%BC%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%A6%D0%B8%D1%82%D0%BE%D1%81%D0%BA%D0%B5%D0%BB%D0%B5%D1%82
https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%B5%D0%B4%D0%B0%D1%87%D0%B0_%D1%81%D0%B8%D0%B3%D0%BD%D0%B0%D0%BB%D0%B0_(%D0%B1%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F)


31 

 

�030B> V=B53@8=V2 729O7CєBьAO 7 ?>70:;VB8==8< <0B@8:A><, 2=0A;V4>: G>3> 

>?>A5@54:>2CNBь 270є<>4VN :;VB8=0-?>70:;VB8==89 <0B@8:A. �5O:V V=B53@8=8 

729O7CNBь 7 :;VB8==>N <5<1@0=>N ?@>B5W=8, I> 15@CBь CG0ABь C 270є<>4VW 

:;VB8=0-:;VB8=0. �0 ;V30=4=>N A?5F8DVG=VABN V=B53@8=8 70728G09 

:;0A8DV:CNBь O: :>;035=-72'O7CNGV (³1β1, ³2β1, ³10β1 B0 ³11β1), RGD-

A?5F8DVG=V V=B53@8=8 (³5β1, ³Vβ1, ³Vβ3, ³Vβ5, ³Vβ6, ³Vβ8 B0 ³IIbβ3), ;0<V=V=-

72'O7CNGV V=B53@8=8 (³3β1, ³6β1, ³7β1 B0 ³6β4) B0 ;59:>F8B0@=V V=B53@8=8 

(³Lβ2, ³Mβ2, ³Xβ2 B0 ³Dβ2) [28]. %C1>48=8FO β2 V=B53@8=C (CD18) <>65 

7'є4=C20B8AO 7 >4=VєN 7 G>B8@ь>E ³-AC1>48=8Fь (³L-CD11a, ³M-CD11b, ³X-

CD11c V ³D-CD11d), CB2>@NNG8 ;59:>F8B0@=89 DC=:FV>=0;ь=>-0A>FV9>20=89 

0=B835=-1, Mac1/CR3 (0=B835= <0:@>D03V2-1, @5F5?B>@ :><?;5<5=BC 3), 

150.95/CR4 (@5F5?B>@ :><?;5<5=BC 4) V CD18/CD11d 2V4?>2V4=>. CD11a/CD18 

5:A?@5ACєBьAO ?5@5206=> =0 2AVE ;59:>F8B0E, B>4V O: CD11b/CD18, 

CD11c/CD18 V CD11d/CD18 5:A?@5ACNBьAO =0 <Vє;>W4=8E :;VB8=0E. �=B53@8= 

³Mβ2 (B0:>6 2V4><89 O: CR3, CD11b/CD18 01> Mac-1) <VAB8BьAO =0 

D03>F8B0@=8E :;VB8=0E V 15@5 CG0ABь 2 04357VW ;59:>F8BV2 4> 5=4>B5;VN B0 

>?A>=V70FVW <V:@>1V2. �V30=40<8 4;O CR3 є :><?>=5=B :><?;5<5=BC iC3b, 

<>;5:C;0 <V6:;VB8==>W 04357VW (1CAM-1) B0 D0:B>@8 :>03C;OFVW, B0:V O: 

DV1@8=>35= V D0:B>@ X [29]. 

)0@0:B5@=8< ?@8:;04>< GVB:> 28@065=>W A?5F8DVG=>ABV 4;O ?52=>3> B8?C 

:;VB8= є B@><1>F8B0@=89 V=B53@8= GPIIbIIIa, O:89 A?@8Oє 270є<>4VW 

B@><1>F8BV2 >48= 7 >4=8<. "A=>2=8<8 ;V30=40<8 4;O Fь>3> V=B53@8=C 2 

?@>F5AV 03@530FVW B@><1>F8BV2 є DV1@8=>35= V D0:B>@ D>= �V;;51@0=40, >4=0: 

2V= <>65 729O7C20B8Aь B0:>6 7 DV1@> =5:B8=>< V 2VB@>=5:B8=><, I> є 206;828< 

4;O 04357VW 0:B82>20=8E B@><1>F8BV2 4> AC15=4>B5;VN [30, 31]. 

#@8 0;>V<C==V9 B@><1>F8B>?5=VW G0AB> A?>AB5@V30NBьAO 0CB>0=B8BV;0 4> 

V=B53@8=C β3 B0 GPIb³ [32]. �=CB@VH=ь>G5@5?=V :@>2>28;828 <>6CBь 

A?>AB5@V30B8AO G0ABVH5 C =5<>2;OB 7 0=B8BV;0<8 4> V=B53@8=C β3, =V6 C B8E, EB> 

<0є 0=B8BV;0 4> GPIb³ [33]. �A=CNGV 40=V in vitro B0 in vivo A2V4G0Bь ?@> B5, I> 

β3 V=B53@8= <>65 72'O7C20B8 H8@H89 A?5:B@ ;V30=4V2, 2:;NG0NG8 DV1@8=>35= 
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B0 D0:B>@ D>= �V;;51@0=40, 0 0CB>0=B8BV;0, O:V 1;>:CNBь 9>3> DC=:FVN, 

<>6CBь 28:;8:0B8 3;81H89 DC=:FV>=0;ь=89 45DVF8B, =V6 0=B8-GPIb³ 

0=B8BV;0 [34]. 

�024O:8 A2>є<C @V7=><0=VBBN V=B53@8=8 15@CBь CG0ABь =5 BV;ь:8 2 

?@>F5A0E 04357VW B0 03@530FVW :;VB8= V C 48D5@5=FV0FVW B:0=8=, 0;5 B0:>6 

>?>A5@54:>2CNBь H8@>:89 A?5:B@ :;VB8==8E 5D5:BV2, I> ?@872>48Bь 4> 

?@>3@5AC20==O ?CE;8=8 B0 <5B0AB07C20==O. �=B53@8=8, I> 5:A?@5ACNBьAO 2 

?CE;8==8E :;VB8=0E, A?@8ONBь ?@>3@5AC20==N B0 <5B0AB07C20==N >AB0==VE 

H;OE>< 71V;ьH5==O <V3@0FVW ?CE;8==8E :;VB8=, V=207VW, ?@>;VD5@0FVW B0 

286820==O. 

"A:V;ь:8 1030B> 7;>O:VA=8E ?CE;8= ?>E>4OBь 7 5?VB5;V0;ь=8E :;VB8=, 

V=B53@8=8, I> 5:A?@5ACNBьAO >AB0==V<8 (2:;NG0NG8 a6β4, a6β1, ³vβ5, a2β1 V 

a3β1), >?>A5@54:>2CNBь :;VB8==C 04357VN 4> 1070;ь=>W <5<1@0=8 V B8< A0<8< 

70157?5GCNBь C<>28, A?@8OB;82V 4;O V=207VW ?CE;8==8E :;VB8=. �=B53@8=8 

B0:>6 A?@8ONBь V=207VW ?CE;8==8E :;VB8=, @53C;NNG8 ;>:0;V70FVN B0 

0:B82=VABь ?@>B5W=07, I> @C9=CNBь <0B@8FN, B0:8E O: <0B@8G=0 

<5B0;>?@>B5070 2 (MMP2) V 0:B820B>@ ?;07<V=>35=C C@>:V=07=>3> B8?C (uPA). 

�:A?@5AVO V=B53@8=V2 =>@<0;ь=>N B0 ?CE;8==>N :;VB8=>N <>65 7=0G=> 

2V4@V7=OB8AO. �>:@5<0, V=B53@8=8 ³vβ3, a5β1 B0 ³vβ6 70728G09 5:A?@5ACNBьAO 

=0 =87ь:><C 01> =5287=0G5=><C @V2=V C 1V;ьH>ABV 5?VB5;V0;ь=8E :;VB8= 

4>@>A;>W ;N48=8, 0;5 2 45O:8E ?CE;8=0E WE=O 5:A?@5AVO <>65 1CB8 A8;ь=> 

?V428I5=0. $V25=ь 5:A?@5AVW V=B53@8=V2, B0:8E O: a2β1, 2 ?CE;8==8E :;VB8=0E 

7=86CєBьAO, I> ?>B5=FV9=> 71V;ьHCє WE 48A5<V=0FVN. (0:B8G=>, ?>2B>@=0 

5:A?@5AVO a2β1 2 :;VB8=0E @0:C <>;>G=>W 70;>78 7<V=8;0 45O:V 7;>O:VA=V 

2;0AB82>ABV F8E :;VB8=, I> A2V4G8Bь ?@> DC=:FV>=C20==O a2β1 O: AC?@5A>@0 

?CE;8=8. �:A?@5AVO V=B53@8=V2 ³vβ3, ³vβ5, a5β1, a6β4, a4β1 B0 ³vβ6 @V7=8<8 

B8?0<8 ?CE;8==8E :;VB8= :>@5;Nє 7 ?@>3@5AC20==O< 70E2>@N20==O, B><C FV 

V=B53@8=8 є =091V;ьH 282G5=8<8 2 >=:>;>3VW [35]. 

�=B53@8=8 22060;8AO ?@8201;828<8 D0@<0:>;>3VG=8<8 <VH5=O<8 4;O 

?@5?0@0BV2, A?@O<>20=8E =0 ?@83=VG5==O :V;ь:>E :;NG>28E ?@>F5AV2 C 
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?@>3@5AC20==V @0:C, B0:8E O: ?@>;VD5@0FVO, 286820==O B0 <V3@0FVO :;VB8= 

!5402=V 4>A;V465==O ?>:070;8, I> ?52=V @5F5?B>@8 D0:B>@V2 @>ABC B0 

>=:>35=8 28<030NBь A?5F8DVG=8E V=B53@8=V2 4;O WE 2?;82C =0 

?CE;8=>CB2>@5==O B0 <5B0AB07C20==O. *5 A2V4G8Bь ?@> 2V@>3V4=VABь 040?BC20B8 

28:>@8AB0==O 0=B03>=VABV2 V=B53@8=C 2 B8E 28?04:0E, :>;8 ?CE;8=8 @503CNBь 

=0 ?52=V D0:B>@8 @>ABC 01> >=:>35=8. �;ьB5@=0B82=>, A:;04 

5:AB@0F5;N;O@=>3> <0B@8:AC <V:@>>B>G5==O ?CE;8=8 <>65 2V4V3@020B8 

206;82C @>;ь C 287=0G5==V GCB;82>ABV ?CE;8=8 4> 0=B03>=VABV2 V=B53@8=C. *5 

<>65 G0AB:>2> ?>OA=8B8 :;V=VG=C @50:FVN ?0FVє=BV2 7 3;V>1;0AB><>N, O:V 

>B@8<C20;8 FV;5=3VB84 [?>?5@54=O, +5@5H=O 10 :0=:5@ 70@07 32].  

"4=0:, =572060NG8 =0 ?>G0B:>2V >1=04V9;82V @57C;ьB0B8 4>:;V=VG=8E 

4>A;V465=ь, <>=>:;>=0;ь=V 0=B8BV;0, ?5?B848-0=B03>=VAB8 B0 <0;V <>;5:C;8, 

I> 28:>@8AB>2CNBьAO O: V=3V1VB>@8 DC=:FV9 V=B53@8=V2, 2 >A=>2=><C 

28O28;8AO =5240;8<8 2 :;V=VG=8E 28?@>1C20==OE, V 4> Fь>3> G0AC 6>45= 7 =8E 

=5 1C2 287=0=89 5D5:B82=8< ?@>B8@0:>28< ?@5?0@0B><.  

!>28< V 1030B>>1VFONG8< ?V4E>4>< є =0FV;N20==O =0 V=B53@8=8 4;O 

?>:@0I5==O 4>AB02:8 ?@>B8?CE;8==8E ?@5?0@0BV2 01> 4;O 2V7C0;V70FVW @0:>28E 

C@065=ь. *8:;VG=V =0=>=>AVW =0 >A=>2V RGD C ?>є4=0==V 7 ?@>B8@0:>28<8 

035=B0<8 CA?VH=> 28:>@8AB>2CNBь 4;O =0FV;N20==O =0 ³vβ3-V=B53@8=8, O:V 

=04<V@=> 5:A?@5ACNBь 0=3V>35==V 5=4>B5;V0;ь=V 01> @0:>2V :;VB8=8 [36]. *V 

=>AVW, V=B5@=0;V7CNG8Aь G5@57 @5F5?B>@->?>A5@54:>20=89 5=4>F8B>7, 

70157?5GCNBь 5D5:B82=C 2=CB@VH=ь>:;VB8==C 4>AB02:C ;V:V2, 0 WE 5D5:B82=VABь 

I5 1V;ьH5 ?V428ICєBьAO ?@8 28:>@8AB0==V 4;O ?>42V9=>3> =0?@02;5=>3> 

2?;82C.  

"4=>G0A=0 4>AB02:0 ?5?B84V2, A?@O<>20=8E ?@>B8 ³vβ3 V=B53@8=C B0 P-

A5;5:B8=C 01> CD44, ?@>45<>=AB@C20;0 ?V428I5=C 0=B80=3V>35==C B0 

?@>B8@0:>2C 5D5:B82=VABь C ?>@V2=O==V 7V AB@0B53VO<8 >48=>G=>3> 

B0@35BC20==O [37, 38]. *V:02>, I> ³vβ6-V=B53@8=-A?5F8DVG=89 ?5?B84 1C2 

7'є4=0=89 7 D>B>A5=A81V;V70B>@>< V 28:>@8AB0=89 4;O ?V428I5==O 

5D5:B82=>ABV D>B>48=0<VG=>W B5@0?VW 2 ;535=52V9 <>45;V <8HV. �>:0;ь=0 
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0:B820FVO A?>;C:8 A2VB;>28< >?@><V=5==O< V=4C:Cє ?@>4C:FVN 0:B82=8E D>@< 

:8A=N, =5:@>B8G=C 703815;ь @0:>28E :;VB8= B0 2V4?>2V4ь, >?>A5@54:>20=C 

45=4@8B=8<8 :;VB8=0<8 B0 CD8+ &-:;VB8=0<8 [39].  

 

1.2.2. �57V=B53@8=8 

#>HC:8 A5;5:B82=8E 1V>;>3VG=8E ?@>B5W=V2, ?5?B84V2 B0 035=BV2, O:8E 

<>6=0 27OB8 70 >A=>2C 4;O @5:><1V=0=B=>3> 01> A8=B5G8G=>3> 

2V4B2>@N20;ь=>3> ?@5?0@0BC 702648 1C;> 0:BC0;ь=8< ?8B0==O<. "4=8< 7 

B0:8E ?5?B84V2 AB02 457V=B53@8=, O:89 1C;> ?@54AB02;5=> C 1987 O: 

=5D5@<5=B=89 =87ь:><>;5:C;O@=89 ?@>B5W=, I> V=3V1Cє 03@530FVN 

B@><1>F8BV2 H;OE>< :>=:C@5=B=>3> 1;>:C20==O 72'O7C20==O DV1@8=>35=C 7 

��(-V=4C:>20=8<8 B@><1>F8B0<8 [40].  

�57V=B53@8=8 7<VW=>W >B@CB8 (SVD) 3 F5 @>48=0 28A>:>3><>;>3VG=8E, 

=55=78<0B8G=8E 1030B8E =0 F8AB5W= :><?>=5=BV2 >B@CB8 7<V9 @>48= Viperidae, 

Crotalidae, Atractaspididae, Elapidae, Colubridae. �57V=B53@8=8 є 

?>;V?5?B840<8, >B@8<0=8<8 2 @57C;ьB0BV ?@>B5>;VB8G=>3> ?@>F5A8=3C 

?>?5@54=8:V2 <5B0;>?@>B5W=07 7<VW=>W >B@CB8 (SVMP), O:V, C A2>N G5@3C, 

52>;NFV>=C20;8 7 35=0, I> :>4Cє <>;5:C;C 457V=B53@8=C B0 <5B0;>?@>B5W=078. 

' AB@C:BC@V 457V=B53@8=V2 є ?>A;V4>2=VABь 0@3V=V=-3;VF8=-0A?0@03V=>20 :8A;>B0 

(RGD), O:0 =5>1EV4=0 4;O @>7?V7=020==O V=B53@8=C.  >B82 RGD B0:>6 

?@8ACB=V9 C AB@C:BC@V ?@>B5W=V2, O:V 15@CBь CG0ABь C :;VB8==V9 04357VW 3 

DV1@8=>35=C, DV1@>=5:B8=C, D0:B>@C D>= �V;;51@0=40 B0 :>;035=C. &><C 

457V=B53@8=8 <>6CBь :>=:C@5=B=> ?@83=VGC20B8 270є<>4VW V=B53@8=-;V30=4: 

2>=8 1;>:CNBь 729O7C20==O DV1@8=>35=C 7 9>3> B@><1>F8B0@=8< @5F5?B>@>< 3 

GPIIbIIIa V є ?>BC6=8<8 V=3V1VB>@0<8 03@530FVW B@><1>F8BV2. �57V=B53@8=8 2 

2000 @07V2 5D5:B82=VHV, =V6 :>@>B:V A8=B5B8G=V ;V=V9=V ?5?B848, I> <VABOBь 

RGD, C 1;>:C20==V DV1@8=>35=-70;56=>W 03@530FVW B@><1>F8BV2. �<>2V@=>, 

0<V=>:8A;>B8, I> >B>GCNBь ?>A;V4>2=VABь RGD V 2=CB@VH=ь>;0=FN3>2V 

48AC;ьDV4=V <VAB:8, ?@82>4OBь ?>A;V4>2=VABь RGD C 2V4?>2V4=C :>=D>@<0FVN, 

I> ?>OA=Nє 28A>:C, 0;5 7<V==C, V=3V1VB>@=C 0:B82=VABь 457V=B53@8=C. 
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�57V=B53@8=8 1;>:CNBь 0435782=V DC=:FVW RGD-70;56=8E V=B53@8=V2, 

?@8ACB=VE =0 @V7=8E B8?0E :;VB8= C @V7=8E B:0=8=0E: 7 FVєW ?@8G8=8 2>=8 =5 є 

GPIIbIIIa-A?5F8DVG=8<8. 

�57V=B53@8=8 :;0A8DV:CNBь AB@C:BC@=> 01> DC=:FV>=0;ь=> 2V4?>2V4=> 

2V4?>2V4=> 4> <>B82C @>7?V7=020==O, 740B=>3> A?5F8DVG=> 729O7C20B8AO 7 

V=B53@8=0<8. %B@C:BC@=0 :;0A8DV:0FVO 457V=B53@8=V2 107CєBьAO =0 4><5==V9 

>@30=870FVW <5B0;>?@>B5W=078 (SVMP), 2V4 O:>W 2>=8 ?>E>4OBь. �A=Cє B@8 

>A=>2=V :;0A8 SVMP (P-I, P-II B0 P-III), O:V 2V4@V7=ONBьAO 

=0O2=VABN/2V4ACB=VABN B@ь>E >:@5<8E 4><5=V2: 2AV SVMP <VABOBь 

<5B0;>?@>B5W=07=89 4><5=; SVMP :;0AC P-III 4>40B:>2> 2>;>4VNBь O: 

457V=B53@8=-?>4V1=8<8, B0: V F8AB5W=1030B8<8 4><5=0<8; ?@>B5W=8 :;0AC P-II 

?>7102;5=V F8AB5W=1030B>3> 4><5=C, 0;5 <0NBь 457V=B53@8=-?>4V1=89 4><5=; 0 

SVMP :;0AC P-I 2>;>4VNBь ;8H5 <5B0;>?@>B5W=07=8< 4><5=>< [41]. 

�;0A8 P-II V P-III <>6=0 @>74V;8B8 2V4?>2V4=> 4> ?@>B5>;VB8G=>3> 

?@>F5A8=3C WE=VE 4><5=V2 V WE=ь>W 740B=>ABV CB2>@N20B8 48<5@=V AB@C:BC@8. 

 >=><5@=V 457V=B53@8=8 2V4><V O: RGD-70;56=V 457V=B53@8=8 @>7<V@>< 

?@>1;87=> 5-15 :�0. *59 :;0A 457V=B53@8=V2 4>A8Bь ?>H8@5=89 C 7<VW=V9 >B@CBV 

V 2V4V3@0є 28@VH0;ь=C @>;ь C 270є<>4VW 7 V=B53@8=0<8 =0 ?>25@E=V :;VB8=8. #@8 

?@>B5>;V7V SVMP :;0AC P-II 70;8H0єBьAO BV;ь:8 457V=B53@8=>?>4V1=89 4><5=. 

#@>B5>;V7 SVMP :;0AC P-III ?@872>48Bь 4> CB2>@5==O D@03<5=BV2, O:V 

:>20;5=B=> 7'є4=CNBь 457V=B53@8=?>4V1=89 B0 F8AB5W=>289 4><5=8 V 

=07820NBьAO ECD-457V=B53@8=>?>4V1=8<8/F8AB5W=>28<8 4><5=0<8. 

#@81;87=> G5@57 45AOBь @>:V2 ?VA;O 2V4:@8BBO 1C;> V45=B8DV:>20=> 

457V=B53@8=8, I> <VABOBь <>B828 KGD, WGD, VGD, MGD, RTS, KTS. *5 

457V=B53@8=8, O:8E 1030B> 2 >B@CBV 304N: V O:V <VABOBь ?>A;V4>2=VABь MLD (Met-

Leu-Asp), K/RTS (Lys/Arg-Thr-Ser) B0 V=. =0 2V4:@8BV9 ?>25@E=V ?5B;V, I> 

A?5F8DVG=> 72'O7CєBьAO 7 V=B53@8=0<8 =0 ?>25@E=V @V7=8E B8?V2 :;VB8= [42, 43]. 

�0 :V;ь:VABN 70;8H:V2 V 48AC;ьDV4=8E <VAB:V2 457V=B53@8=8 ?>4V;ONBь =0 

G>B8@8 ?V4@>48=8: <5=HV 3 :>@>B:V 457V=B53@8=8, I> A:;040NBьAO 7 49-51 

70;8H:C V G>B8@ь>E 48AC;ьDV4=8E <VAB:V2; A5@54=V 3 1;87ь:> 70 70;8H:V2 V 
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H5AB8 <VAB:V2; =091V;ьHV 3 4>23V 457V=B53@8=8, I> A:;040NBьAO 7 84 70;8H:V2, 

7H8B8E AV<><0 48AC;ьDV4=8<8 <VAB:0<8; 0 B0:>6 3><>- V 35B5@>48<5@=V 

457V=B53@8=8. �8<5@=V 457V=B53@8=8 <VABOBь AC1>48=8FV 7 ?@81;87=> 67 

70;8H:V2, 7H8B8E 2 <V6;0=FN3>28<8 F8AB5W=>28<8 72'O7:0<8 B0 4 

2=CB@VH=ь>;0=FN3>28<8 48AC;ьDV4=8<8 72'O7:0<8. �2>;NFV9=89 H;OE 

4825@A8DV:0FVW AB@C:BC@8 457V=B53@8=C 2:;NG02 A:>@>G5==O ?>;V?5?B84=>3> 

;0=FN30 B0 281V@:>2C 2B@0BC ?0@ F8AB5W=>28E 70;8H:V2, I> CB2>@NNBь 

48AC;ьDV4=V 72'O7:8 [44].  

(C=:FV>=0;ь=0 :;0A8DV:0FVO 457V=B53@8=V2 70;568Bь 2V4 WE=ь>W 740B=>ABV 

270є<>4VOB8 7V A?5F8DVG=8<8 V=B53@8=0<8 $>7?V7=020==O V=B53@8=V2 

>?>A5@54:>20=> A?5F8DVG=>N A?>;CG=>N ?5B;5N :>6=>3> 457V=B53@8=C. �@V< 

B>3>, B@8?5?B84=89 <>B82, :>=D>@<0FVO 9>3> ?5B;V B0 %-:V=F520 

0<V=>:8A;>B=0 ?>A;V4>2=VABь 457V=B53@8=C 2?;820NBь =0 72'O7C20==O B0 

A5;5:B82=VABь V=B53@8=C. %-:V=F520 >1;0ABь 457V=B53@8=V2 B0 3=CG:VABь RGD 

(@>7B0H>20=>W =0 25@H8=V ?5B;V) <>6CBь 1CB8 =5>1EV4=8<8 4;O @>7?V7=020==O 

β-AC1>48=8FV V=B53@8=C. *V 42V G0AB8=8 270є<=> 2?;820NBь =0 WE=N 

:>=D>@<0FVW, I> є 28@VH0;ь=8< 4;O <>4C;OFVW A5;5:B82=>ABV 457V=B53@8=V2 4> 

@V7=8E V=B53@8=V2. 

�45=B8DV:>20=> B@8 DC=:FV>=0;ь=V :;0A8, I> <VABOBь RGD, MLD 01> 

R/KTS <>B828 [45]. RGD-457V=B53@8=8 AB0=>2;OBь =091V;ьHC V =091V;ьH 

4>A;V465=C @>48=C 457V=B53@8=V2, O:V V=3V1CNBь DV7V>;>3VG=V DC=:FVW 

V=B53@8=V2 ³3β1, ³4β1, ³5β1, ³6β1, ³7β1, ³8β1, ³vβ1, ³vβ3, ³IIbβ3 V ³vβ5. 

�V;ьHVABь V45=B8DV:>20=8E RGD-457V=B53@<=V2 є <>=><5@=8<8, E>G0 є 45O:V 

AC1>48=8FV RGD, I> =0;560Bь 4> 48<5@V2, V 2 F8E 28?04:0E 4@C30 AC1>48=8FO 

<>65 <VAB8B8 V=H89 <>B82 [46]. 

� V=H>3> 1>:C, <>B82 MLD 7CAB@VG0єBьAO ;8H5 2 35B5@>48<5@=8E 

457V=B53@8=0E V >?>A5@54:>2Cє 72'O7C20==O 7 V=B53@8=0<8 ³3β1, ³4β1, ³5β1, 

³6β1, ³7β1, ³9β1, ³IIbβ3 B0 ³4β7. KTS 01> RTS <>B828 2 0:B82=><C F5=B@V, 2 

A2>N G5@3C, A5;5:B82=> A?@O<>2CNBь 0:B82=VABь 457V=B53@8=V2 4> 

:>;035=>2>3> @5F5?B>@0 ³1β1 V=B53@8=C. %B@C:BC@=> R/KTS-457V=B53@8=8 є 
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:>@>B:8<8 <>=><5@=8<8 <>;5:C;0<8, I> <VABOBь ?@81;87=> 41 0<V=>:8A;>BC 

2 ?>;V?5?B84=><C ;0=FN7V. �>=8 =5B>:A8G=V 2 B5@0?52B8G=8E 4>70E. RGD-

457V=B53@8=8 є =091V;ьH 4>A;V465=8<8, V FV 4>A;V465==O ?@8725;8 4> @>7@>1:8 

B0 A8=B57C =>28E D0@<0F52B8G=8E A?>;C: 3 5?B8DV10B84C B0 B8@>DV10=C, O:V 

=8=V 70;CG5=> 4;O B5@0?VW 3>AB@>3> :>@>=0@=>3> VH5<VG=>3> A8=4@><C. MLD- 

B0 KTS-487V=B53@8=8 A?5F8DVG=V 4;O ;59:>F8B0@=8E V=B53@8=V2 B0 :>;035=>28E 

@5F5?B>@V2 2V4?>2V4=> V <>6CBь 1CB8 FV:028<8 4;O =>28E 30;C759 

D0@<0F52B8G=8E 4>A;V465=ь [47]. 

%5@54 A2>WE C=V:0;ь=8E 2;0AB82>AB59 457V=B53@8=8 7<VW=>W >B@CB8 <>6CBь 

?@83=VGC20B8 03@530FVN B@><1>F8BV2 H;OE>< 70?>1V30==O 270є<>4VW GPIIbIIIa 7 

DV1@8=>35=><, ?>B5=FV9=> ?>@CHCNG8 ?@>F5A 73>@B0==O :@>2V. !0 >A=>2V 

457V=B53@8=V2 7V 7<VW=>W >B@CB8 1C;> AB2>@5=> 420 206;828E 

0=B8B@><1>F8B0@=8E ?@5?0@0B8, V 2>=8 є =0 @8=:C 70@07. �3>4><, :@V< WE 4VW =0 

@5F5?B>@8 B@><1>F8BV2, 1C;> 287=0G5=> B0 >E0@0:B5@87>20=> 2?;82 @V7=8E 

457V=B53@8=V2 =0 V=HV :;VB8=8. �8O2;5=> @V7=V 1V>;>3VG=V DC=:FVW 457V=B53@8=V2, 

2:;NG0NG8 2?;82 =0 E5<>B0:A8A =59B@>DV;V2 ;N48=8 4> A09BV2 70?0;5==O B0 

?>H:>465==O B:0=8=, 0=B8?0@078B0@=C 0:B82=VABь, 0=B82V@CA=C B0 

?@>B8?CE;8==C 4VN G5@57 V=4C:FVN 0?>?B>7C V F8B>B>:A8G=>ABV, 0 B0:>6 

V=3V1C20==O 5B0?V2 @>728B:C B0 ?@>3@5AC20==O ?CE;8=8. �@V< B>3>, 

457V=B53@8=8 7<VW=>W >B@CB8 ?@>45<>=AB@C20;8 ?@>B8@0:>2V 2;0AB82>ABV, 

=0FV;NNG8Aь =0 V=B53@8=8, O:V =04<V@=> 5:A?@5ACNBьAO 2 :>=:@5B=8E @0:>28E 

:;VB8=0E, V 1;>:CNG8 >?>A5@54:>20=V V=B53@8=>< A83=0;ь=V H;OE8. *V 

457V=B53@8=8 B0:>6 <>6CBь ?@83=VGC20B8 @VAB ?CE;8=8 B0 <5B0AB07C20==O [48]. 

�>A;V465==O 457V=B53@8=V2 0:BC0;ь=V 4;O @>7C<V==O 1V>;>3VW B>:A8=V2 

>B@CB8 304N:8, 0;5 B0:>6 =040NBь V=D>@<0FVN ?@> =>2V AB@C:BC@=V 

45B5@<V=0=B8, 70;CG5=V 4> @>7?V7=020==O V=B53@8=V2, O:V <>6CBь 1CB8 

:>@8A=8<8 O: C DC=40<5=B0;ь=8E, B0: V 2 :;V=VG=8E 4>A;V465==OE. 
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1.3. �57V=B53@8=8 C V=B53@8=->?>A5@54:>20=8E 270є<>4VOE 
 

1.3.1. �VO 457V=B53@8=V2 =0 B@><1>F8B8 

�V;:>2V :><?>=5=B8 7<VW=>W >B@CB8 70 4VєN =0 03@530FVN B@><1>F8BV2 

<>6=0 @>74V;8B8 =0 42V 3@C?8 3V=4C:B>@8 (0:B820B>@8) B0 V=3V1VB>@8. "AB0==V 

O2;ONBь A>1>N 457V=B53@8=8, I> 4VNBь O: 0=B03>=VAB8 B@><1>F8B0@=>3> 

@5F5?B>@0 DV1@8=>35=C 3 3;V:>?@>B5W=0 IIbIIIa. �57V=B53@8=8 1;>:CNBь 

GPIIbIIIa, 702060NG8 729O7C20==N 7 =8< DV1@8=>35=C, V B8< A0<8< 28:;8:0NBь 

V=3V1C20==O 03@530FVW B@><1>F8BV2. 

�0 740B=VABь V=3V1C20B8 03@530FVN B@><1>F8BV2 2V4?>2V40є RGD-<>B82 

457V=B53@8=V2, 7 O:8< 729O7CєBьAO V=B53@8=. �;O 70AB>AC20==O 457V=B53@8=V2 C 

D0@<0:>;>3VG=8E 4>A;V465==OE B0 4V03=>ABC20==V E2>@>1 A?5FV0;ь=> 

1;>:CNBь RGD 3 70;56=V V=B53@8=8. RGD 457V=B53@8=8 70AB>A>2CNBь 2 

;01>@0B>@=8E 4>A;V465==OE in vivo B0 in vitro, 0 B0:>6 45<>=AB@CNBь 

5D5:B82=VABь V=3V1C20==O V=B53@8=V2 ?@8 B@><1>5<1>;VG=8E 70E2>@N20==OE. 

!0 A2VB>2><C @8=:C 265 ?@8ACB=V ?@5?0@0B8 =0 >A=>2V 457V=B53@8=V2. 

&V@>DV10= (Aggrastat) 3 F5 =5?5?B84=0 <>;5:C;0, O:0 1C;0 @>7@>1;5=0 =0 >A=>2V 

<>B82C RGD, ?@8ACB=ь>3> 2 >@83V=0;ь=V9 <>;5:C;V 457V=B53@8=C, 5EVAB0B8=C. 

*59 457V=B53@8= <VAB8Bь RGD-?>A;V4>2=VABь C D>@<V 7>2=VH=ь>W ?5B;V, O:0 

72'O7CєBьAO 7 V=B53@8=0<8 ³IIbβ3, ³vβ3, ³vβ5 B0 ³5β1 7 4C65 28A>:>N 0DV==VABN 

2 =87ь:><C =0=><>;O@=><C 4V0?07>=V ?@8 =0ABC?=8E 7=0G5==OE IC50: ³vβ3 

(0,46 = ), ³5β1 (0,57 = ) B0 ³IIbβ3 (0,9 = )]. ,;OE>< >?B8<V70FVW RGD-

<>B82C ;V4CNG>3> ?5?B84C 1C;> @>7@>1;5=> ?5?B84><V<5B8: 7 3000-:@0B=8< 

71V;ьH5==O< ?>B5=FV0;C V=3V1C20==O 03@530FVW B@><1>F8BV2 7V 715@565==O< 

A5;5:B82=>ABV 4> ³IIbβ3 ?>@V2=O=> 7 V=H8<8 V=B53@8=0<8. &8@>DV10= =5 V=3V1Cє 

³Vβ3 01> ³Mβ2 V=B53@8=8 V <0є <>;5:C;O@=C <0AC <5=H5 1 kDa. 

�=H89, �?B8DV10B84 (�=B53@8;V=), >4=5 7 ?>EV4=8E �0@1C@8=C (>G8I5=>3> 

7 >B@CB8 7<VW Sistrurus miliarius barbouri), є F8:;VG=8< 35?B0?5?B84><, 

:>=:C@5=B=8< 0=B03>=VAB>< 0:B82>20=>3> B@><1>F8B0@=>3> ³IIbβ3 V=B53@8=C 

70 4>?><>3>N ?>A;V4>2=>ABV @>7?V7=020==O V=B53@8=C KGD [49].  5E0=V7< 
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9>3> 4VW ?>;O30є C 70?>1V30==V 72'O7C20==N B0 7H820==N DV1@8=>35=C 7 

?>25@E=5N B@><1>F8BV2, I> A?@8G8=Oє ?@83=VG5==O 03@530FVW B@><1>F8BV2 B0 

70?>1V30є CB2>@5==N B@><1C.  

�0@1C@8=, 284V;5=89 7 FVєW ?V245==>-AEV4=>W 3@8<CG>W 7<VW, <VAB8Bь 

0<V=>:8A;>B=C 70<V=C Lys (K) =0 Arg (R) 2 RGD-?>A;V4>2=>ABV, 2 @57C;ьB0BV 

G>3> CB2>@NєBьAO KGD-<>B82, 28A>:>A?5F8DVG=89 4;O ³IIbβ3 (GP IIb-IIIa) . 

�8:>@8AB>2CNG8 FN V=D>@<0FVN, 1C;> A8=B57>20=> =87:C :>=D>@<0FV9=> 

>1<565=8E 48AC;ьDV4=8E ?5?B84V2, I> <VABOBь 0<V=>:8A;>B=C ?>A;V4>2=VABь 

KGD. �:;NG5==O ?>A;V4>2=>ABV KGD 2 F8:;VG=89 ?5?B84=89 H01;>= 7 

?>40;ьH>N A8AB5<0B8G=>N >?B8<V70FVєN @>7<V@C F8:;VG=>3> :V;ьFO, 

3V4@>D>1=>ABV B0 45@820B870FVW ;V78=>2>3> 1VG=>3> ;0=FN30 ?>A;V4>2=>ABV 

KGD 4>72>;8;> >B@8<0B8 ?5?B84=V 0=0;>38, O:V 45<>=AB@CNBь ³IIbβ3 V=B53@8= 

V=3V1CNG89 ?>B5=FV0; B0 A5;5:B82=VABь, ?>@V2=O==C 7 B0:8< C �0@1C@V=0 [50]. 

�57V=B53@8=8, 740B=V 1;>:C20B8 ³IIbβ3, B0:>6 ?@>45<>=AB@C20;8 

1030B>>1VFONGC B0 FV:02C 0:B82=VABь. %0:A0B8;V=, =0?@8:;04, 457V=B53@8= 7 

Gloydius saxatilis, 2 0<V=>:8A;>B=><C A:;04V O:>3> є RGD ?>A;V4>2=VABь, 

V=3V1Cє :>;035=-V=4C:>20=C 0:B820FVN B@><1>F8BV2, ?@83=VGCNG8 B0:8< G8=>< 

3@0=C;O@=C A5:@5FVN B@><1>F8BV2, 0 B0:>6 ?>40;ьHC <V3@0FVN B0 V=207VN 

5=4>B5;V0;ь=8E :;VB8= [51]. 

$57C;ьB0B8 :;V=VG=8E 4>A;V465=ь ?@8?CA:0NBь, I> 1;>:040 V=B53@8=C 

IIbIIIa B0 V=. <>65 1CB8 28:>@8AB0=0 O: 5D5:B82=0 B5@0?VO ?@8 B@><1>B8G=8E 

CA:;04=5==OE. &0:8< G8=><, 457V=B53@8=8 <>6CBь A;C3C20B8 <>6;828<8 

AB@C:BC@=8<8 ?@>B>B8?0<8 035=BV2 4;O @>728B:C 0=B8B@><1>B8G=>W B5@0?VW. 

 

1.3.2. �VO 457V=B53@8=V2 =0 ?CE;8==V :;VB8=8 

$0: E0@0:B5@87CєBьAO =5:>=B@>;ь>20=8< ?>4V;>< :;VB8=, 

B@0=AD>@<0FVєN :;VB8=, C=8:=5==O< 0?>?B>7C, V=207VєN B0 <5B0AB07C20==O<. 

�=B53@8=8 :;VB8= 206;82V 4;O 04357VW :;VB8=, <V3@0FVW :;VB8=, >@30=V70FVW 

B:0=8=, @>ABC :;VB8=, �=4C:FVO 0?>?B>7C є =09206;82VH8< <5E0=V7<>< 

1030Bь>E ?@>B8?CE;8==8E 70A>1V2. �57V=B53@8=8 >B@CB8 7<VW @>73;O40NBь 3 O: 
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0=B8?@>;VD5@0B82=V 035=B8, I> 740B=V 281V@:>2> ?@83=VGC20B8 @0:>2V :;VB8=8 

?@8 <5B0AB07C20==V. �57V=B53@8=8 F5 3 <>;5:C;8 7 =87ь:>N <>;5:C;O@=>N 

<0A>N, 7 @V7=>N AB@C:BC@>N, ?>BC6=VABN B0 A?5F8DVG=VABN [52]. 

Zhang B0 V=. 284V;8;8 ACTX-6 (1V;:8, 98 :�0, <VABOBь 42V AC1>48=8FV) V7 

7<VW=>W >B@CB8 Agkistrodon acutus [53]. �2B>@8 28O28;8, I> ACTX-6 <>65 

28:;8:0B8 0?>?B>7 :;VB8= B0 ?>2V4><8;8, I> 0:B82=V D>@<8 :8A=N (�(�), 0 

A0<5 ?5@5:8A 2>4=N 1@0;8 CG0ABь 2 0?>?B>7V, O:89 є =0A;V4:>< >:8A;5==O L-

0<V=>:8A;>B8 ACTX-8. ACTX-8 =5 <0є 0:B82=>ABV I>4> G;5=V2 AV<59AB20 

0=B80?>?B8G=8E / ?@>0?>?B8G=8E BCL2. �V= ?@0FNє 2 >A=>2=><C 70 42><0 

<5E0=V7<0<8: ?>-?5@H5, H;OE>< B@0=A;>:0FVW Bax B0 Bad, 0 4@C30 4VO 1C;0 =0 

Bad, ?>2'O70=C 7 Bcl-xL, I>1 70<V=8B8 =0 Bak. �:B82>20=V Bax V Bak 2V4V3@020;8 

206;82C @>;ь C 282V;ь=5==V F8B>E@><C %, >?>A5@54:>2CNG8 0?>?B>7. �=4C:FVO 

0?>?B>7C ?@>O2;OєBьAO :>=B@>;5< 70 @>7<V@>< ?CE;8=8 B0 :V;ь:VABN 

?CE;8==8E :;VB8=, 2AB0=>2;NNG8 70AB>AC20==O V=4C:B>@V2 0?>?B>7C O: 

68BBє2> 206;828E :><?>=5=BV2 C ;V:C20==V @0:C. 

Torii B0 V=. >B@8<02 D0:B>@, I> V=4C:Cє 0?>?B>7 [54], 0?>:A8= I 7 >B@CB8 

3@8<CG>W 7<VW B0 0<V=>-:V=F52V ?>A;V4>2=>ABV >G8I5=>3> 0?>:A8=C-I, ?>4V1=V 4> 

L-0<V=>:8A;>B=8E >:A8407 (LAO). #VA;O AB2>@5==O ?5@28==>W AB@C:BC@8 

0?>:A8=C-I 70 4>?><>3>N :;>=>20=>W :-�!� 02B>@8 ?@>45<>=AB@C20;8, I> 

0?>:A8=-I, 9<>2V@=>, 72'O7Cє FAD 4;O :0B0;V7C >:8A;N20;ь=>3> 4570<V=C20==O 

L-0<V=>:8A;>B B0 V=4C:CNG>W 0?>?B>7 0:B82=>ABV. 

Naumann B0 A?V202B. 284V;8;8 B0 >G8AB8;8 L-0<V=>:8A;>B=V >:A84078 7 

Bothrops leucurus (Bl-LAAO) B0 ?>2V4><8;8 ?@> 1V>EV<VG=V >A>1;82>ABV  

Bl-LAO, ?>29O70=V 7 9>3> 2?;82>< =0 DC=:FVN B@><1>F8BV2 B0 F8B>B>:A8G=VABь 

[55]. *8B>B>:A8G=VABь Bl-LAAO A?>AB5@V30;0AO ?@8 @0:C H;C=:0 MKN-45, 

045=>:0@F8=><V HUTU, :>;>@5:B0;ь=><C RKO B0 :;VB8==8E ;V=VOE 

DV1@>1;0ABV2 ;N48=8 LL-24. �2B>@8 4V9H;8 28A=>2:C, I> >B@CB0 B. leucurus - 

F5 F8B>B>:A8=, O:89 4Vє, 3>;>2=8< G8=><, G5@57 CB2>@5==O 25;8:>W :V;ь:>ABV 

H2O2, O:89 21820є :;VB8=8. 
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Ahn B0 V=. >G8AB8;8 >B@CBC :>@>;V2Aь:>W :>1@8, Ophiophagus hannah, B0 

287=0G8;8 F8B>B>:A8G=V :><?>=5=B8 >G8I5=>W >B@CB8 [56]. �><?>=5=B8 

?5@5206=> 2V4?>2V40;8 L-0<V=>:8A;>B=V9 >:A8407V. �2B>@8 A?>AB5@V30;8 

F8B>B>:A8G=C 4VN L-0<V=>:8A;>B=>W >:A84078 =0 @0: H;C=:0, <5;0=><C <8HV, 

DV1@>A0@:><C, @0: ?@O<>W :8H:8 B0 :;VB8==V ;V=VW @0:C OєG=8:V2 :8B09Aь:>3> 

E><'OG:0. �C;> ?><VG5=>, I> F8B>B>:A8G=89 ?@>B5W= A?@8G8=Oє ?@83=VG5==O 

?@>;VD5@0FVW :;VB8= =0 74% 73V4=> 7 0=0;V7>< ?>3;8=0==O [3H]B8<V48=C. 

 5E0=V7< 4VW 5=78<C <>65 1CB8 ?>2'O70=89 7 ?@83=VG5==O< 2:;NG5==O 

B8<V48=C B0 270є<>4VєN 7 �!�. 

Gebrim B0 V=. >FV=N20;8 O: in vitro, B0: V in vivo ?@>B8?CE;8==C 0:B82=VABь 

p-1@><>D5=0F8;1@><V4C (BPB), <>48DV:>20=>3> 1>@>?AB>:A8=><-I V7 >B@CB8 

Bothrops jararacussu (BthTX-I) [57]. �C;> 28O2;5=>, I> @V7=V :;VB8==V ;V=VW 

?CE;8=8 A?@89=OB;82V 4> ;VB8G=>W 4VW BPB-BthTX-I, 0 B0:>6 2V4 A8=B5B8G=>3> 

?5?B84C. 

Debnath B0 V=. >B@8<0;8 ;5B0;ь=89 :0@4V>B>:A8:>-F8B>B>:A8G=89 1V;>: 7 

>B@CB8 V=4V9Aь:>W <>=>F5;0B=>W :>1@8, Naja kaouthia 70 4>?><>3>N 

V>=>>1<V==>W E@><0B>3@0DVW B0 @V48==>W E@><0B>3@0DVW 28A>:>3> B8A:C [58]. 

�>A;V465==O F8B>B>:A8G=>W 4VW ?@>B5W=C =0 ;59:>7=V :;VB8=8 U937 B0 K562 

?>:070;8 7=0G=5 ?@83=VG5==O ?@>;VD5@0FVW :;VB8= 70;56=> 2V4 4>78 B0 G0AC. � 

V=HV9 @>1>BV 02B>@8 >G8AB8;8 >B@CBC 7 V=4V9Aь:>W Naja naja 70 4>?><>3>N 

V>=>>1<V==>W E@><0B>3@0DVW B0 28O28;8, I> D@0:FVO 32 <0є F8B>B>:A8:>-

:0@4V>B>:A8G=V 2;0AB82>ABV [59]. NN-32 ?@>45<>=AB@C202 F8B>B>:A8G=VABь =0 

:;VB8=8 EAC, 71V;ьH82 G0A 286820==O V=>:C;ь>20=8E <8H59 EAC, 7<5=H82 

>1'є< B0 203C B25@4>W ?CE;8=8. �=4C:>20=0 NN-32 ?@>B8@0:>20 0:B82=VABь C 

<8H59 EAC, >?>A5@54:>20=0 7024O:8 9>3> 0?>?B>35==>-0=B8>:A840=B=V9 

2;0AB82>ABV. 

Sun B0 V=. 28;CG82 A?5F8DVG=89 1V;>: Okinawa Habu-0?>:A8=-1V;>:-1 

(OHAP-1) 7 >B@CB8 Okinawa Habu, O:89 4>1@5 2V4><89 A2>єN B>:A8G=>N  

4VєN [60]. ' Fь><C 4>A;V465==V 1C;> 287=0G5=>, I> OHAP-1 <>65 V=4C:C20B8 

0?>?B>7 C 45O:8E :;VB8=0E 3;V><8, V 7'OA>20=> <>6;8289 <5E0=V7< 9>3> 4VW. 
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�=4C:FVN 0?>?B>7C 287=0G0;8 70 4>?><>3>N 5;5:B@>D>@57C �!�-35;N, 

?@>B>G=>W F8B><5B@VW �!� B0 0=0;V7C TUNEL. #>2V4><;O;>AO, I> 

0?>?B>B8G=89 5D5:B OHAP-1 =0 7;>O:VA=V :;VB8=8 3;V><8 <>65 1CB8 G5@57 

35=5@0FVN 2=CB@VH=ь>:;VB8==>W �(� B0 5:A?@5AVW 1V;:0 p53. 

Karthikeyan B0 V=. >FV=N20;8 ?@>B8?CE;8==C 0:B82=VABь >B@CB8 <>@Aь:>W 

7<VW, Lapemis curtus, ?@>B8 0AF8B>2>W :0@F8=><8 �@;VE0 (EAC) C H259F0@Aь:8E 

<8H59-0;ь1V=>AV2 B0 :C;ьBC@ :;VB8= ?CE;8=8 HeLa B0  

Hep2 [61]. %?>AB5@V30;>AO 7<5=H5==O >19є<C ?CE;8=8 B0 :V;ь:>ABV 

68BBє740B=8E ?CE;8==8E :;VB8=, FV E0@0:B5@8AB8:8 @>73;O40;8Aь O: 206;8289 

?>:07=8: 7<5=H5==O ?CE;8==>3> =020=B065==O. 

Fue B0 V=. 4>A;V46C20;8 >B@CBC 7<V9 B0 457V=B53@8=8, I> <VAB8;8 Arg-Gly-

Asp, 01> RGD-?>A;V4>2=VABь, 7>:@5<0, @>4>AB><V= 7 >B@CB8 Calloselasma 

rhodostoma [62], 9 V=3V1C20;8 ?@8;8?0==O :;VB8= @0:C <>;>G=>W 70;>78 B0 

?@>AB0B8 4> :VAB:>28E ?>70:;VB8==8E <0B@8:AV2, =5 2?;820NG8 =0 

68BBє740B=VABь :;VB8= ?CE;8=8. #>2V4><;O;>AO, I> >4=>G0A=5 22545==O 

457V=B53@V=C 7 ?CE;8==8<8 :;VB8=0<8 ?@83=VGC20;> @VAB ?CE;8=8 2 :VABFV G5@57 

7<5=H5==O 04357VW :;VB8=, <V3@0FVW B0 >AB5>;V7C 2 :VABFV. 

Gomes B0 V=. 282G0;8 >G8I5=89 B0 :@8AB0;V7>20=89 B5?;>ABV9:89 

1V;:>289 B>:A8= (drCT-I) V7 >B@CB8 AEV4=>V=4V9Aь:>W Daboia russelli  

russelli [63]. drCT-I >FV=N20;8 =0 ?@>B8@0:>2C 0:B82=VABь I>4> :;VB8= EAC in 

vivo B0 ;59:>7=8E :;VB8= ;N48=8 (U937, K562) in vitro. drCT-I 7=0G=> 7<5=H82 

:V;ь:VABь :;VB8= EAC. �2B>@8 ?V4B25@48;8 V=4C:FVN 0?>?B>7C. �C;> 

2AB0=>2;5=>, I> drCT-I 28:;8:02 0?>?B>7 H;OE>< 7C?8=:8 D078 G1 :;VB8==>3> 

F8:;C. 

Lin B0 V=. 284V;8;8 :0@4V>B>:A8= III (CTX III) V7 >B@CB8 Naja naja atra B0 

?>2V4><8;8 ?@> 9>3> ?@>B8@0:>2C 0:B82=VABь [64]. *5 1C;> 70A2V4G5=> 

=0:>?8G5==O< ?>?C;OFVW AC1-G1, 5:AB5@=0;V70FVєN D>AD0B848;A5@8=C, 

282V;ь=5==O< F8B>E@><C % B0 0:B820FVєN O: :0?0A-9, B0: V :0A?078-3, I> 

28:;8:0NBь CTX III :;VB8==89 0?>?B>7. �>A;V465==O ?>:070;>, I> CTX III 

?@83=VGCє D>AD>@8;N20==O JAK2, STAT3, Akt B0 0:B820FVN PI3K. �C;> 
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?@8?CI5=>, I> CTX III ?@83=VGCє 0:B820FVN JAK2- B0 PI3K ?0@0;5;ь=> 7 

V=3V1C20==O< D>AD>@8;N20==O STAT3 B0 Akt. 

Nunes B0 V=. >FV=8;8 ?@>B8?CE;8==89 ?>B5=FV0;, 0 B0:>6 9>3> 

F8B>B>:A8G=VABь B0 35<>;V7=C 0:B82=VABь BlL [65], 30;0:B>784-729O7CNG>3> 

;5:B8=C, 284V;5=>3> 7 >B@CB8 Bothrops leucurus. �2B>@8 ?5@52V@8;8 

V=4C:>20=89 0?>?B>7 C :;VB8=0E K562 H;OE>< 0=0;V7C 5:AB5@=0;V70FVW 

D>AD0B848;A5@8=C B0 287=0G5==O ?>B5=FV0;C <5<1@0=8 <VB>E>=4@V9. 

Nolte B0 A?V202B. >G8AB8;8 BjcuL, ;5:B8= V7 >B@CB8 Bothrops jararacussu, 70 

4>?><>3>N 0DV==>W E@><0B>3@0DVW B0 A?>AB5@V30;8 9>3> F8B>B>:A8G=C 4VN =0 

:;VB8=8 @0:C H;C=:0 MKN45 B0 AGS [66]. BjcuL 4>A;V46C20;8 G5@57 2?;82 =0 

<>@D>;>3VN :;VB8= 9 F8B>A:5;5B, 28:>@8AB>2CNG8 D;C>@5AF5=B=C 

<V:@>A:>?VN. �2B>@8 ?V4B25@48;8 F8B>B>:A8G=VABь BJcuL =0 ?CE;8==V 

:;VB8=8, 3>;>2=8< G8=>< H;OE>< 7<V=8 04357VW :;VB8= B0 V=4C:FVW 0?>?B>7C. 

&0:8< G8=><, 0=0;V7 40=8E ;VB5@0BC@8 4>72>;82 7@>18B8 28A=>2>: ?@> 

0:BC0;ь=VABь ?>HC:C V=3V1VB>@V2 0:B820FVW B@><1>F8BV2 O: >A=>28 

0=B8B@><1>B8G=8E 70A>1V2. �0A=>20=V =0 AB@C:BC@V 457V=B53@8=V2 

0=B8B@><1>B8G=V ?@5?0@0B8 <>6CBь 1CB8 28:>@8AB0=V 4;O 71V;ьH5==O 

@5?5@DC7VW C ?0FVє=BV2, I> ?@>E>4OBь :C@A 0=B8B@><1>B8G=>W B5@0?VW ?@8 

3>AB@><C V=D0@:BV <V>:0@40. �57V=B53@8=8 28ABC?0NBь B0:>6 O: 

0=B8?@>;VD5@0B82=V 035=B8, I> 740B=V 281V@:>2> ?@83=VGC20B8 @0:>2V :;VB8=8 

?@8 <5B0AB07C20==V. 

 

1.4.  >45;V :0=F5@>35=57C 
"=:>?0B>;>3VO 70 >AB0==V 100 @>:V2 70 @V2=5< 70E2>@N20=>ABV B0 

A<5@B=>ABV 2 A2VBV ?5@5<VAB8;0AO 7 45AOB>3> <VAFO =0 4@C35, ?>ABC?0NG8Aь ;8H5 

E2>@>10< A5@F52>-AC48==>W A8AB5<8. !572060NG8 =0 7=0G=V 4>AO3=5==O 

ACG0A=>W =0C:8 I>4> >A>1;82>AB59 @>728B:C B0 ?5@51V3C 7;>O:VA=8E 

=>2>CB2>@5=ь, 70E2>@N20=VABь B0 ;5B0;ь=VABь E2>@8E 7 >=:>;>3VєN ?@>4>26Cє 

7@>AB0B8. �3V4=> 1078 40=8E GLOBOCAN (Global Cancer Observatory) C 2022 

@>FV 2 @V7=8E :@0W=0E 1C;> 4V03=>AB>20=> 1V;ьH5 19,0 <V;ь9>=V2 28?04:V2 
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>=:>;>3VG=8E 70E2>@N20=ь B0 1V;ьH5 9,0 <V;ь9>=V2 A<5@B=8E 28?04:V2. 

�>:@5<0 2 Є2@>?V 70DV:A>20=> 4,5 <V;ь9>=V2 28?04:V2, 7 =8E 2,0 <V;ь>=8 7 

;5B0;ь=8< =0A;V4:>< (67). /: AB25@46Cє �""�, A<5@B=VABь 2V4 @0:C 4> 2030 

@>:C 7@>AB5 =0 45 % ?>@V2=O=> 7 @V2=5< 2007 @>:C (68). �@0E>2CNG8 H284:5 

?>H8@5==O ?CE;8= 2 >@30=V7<V, A:;04=VABь C @0==V9 4V03=>AB8FV 9 ;V:C20==V, 

<>6=0 22060B8, I> >=:>;>3VG=V E2>@>18 =0;560Bь 4> G8A;0 =091V;ьH 

=5157?5G=8E ?0B>;>3V9 4;O 68BBO ;N48=8 V є >4=VєN 7 =090:BC0;ь=VH8E 

?@>1;5< <548F8=8 [69].  

$57C;ьB0B8 @V7=>1VG=8E DC=40<5=B0;ь=8E B0 :;V=VG=8E 4>A;V465=ь, =0 

60;ь, =5 4>72>;ONBь =0 Aь>3>4=V ?>4>;0B8 50% 10@9є@ 5D5:B82=>3> ;V:C20==O 

>=:>;>3VG=8E E2>@8E. ":@V< B>3>, :@8B8G=>3> 7=0G5==O 4;O >E>@>=8 74>@>29O 

=01C;0 ?@>1;5<0 @578AB5=B=>ABV 4> <548:0<5=B>7=>W B5@0?VW, 7@>AB0==O B5<?V2 

70E2>@N20=>ABV =0 @0: C ;N459 <>;>4>3> 2V:C. &0:>6 70;8H0NBьAO =5 

?>2=VABN 79OA>20=8<8 ?8B0==O <5E0=V7<V2 <5B0AB07C20==O, 740B=>ABV 

?CE;8==8E :;VB8= C=8:0B8 V<C==>3> =03;O4C, 7=0G5==O D0:B>@V2 

<V:@>>B>G5==O 2 ?@>3=>7V 5D5:B82=>ABV B5@0?VW B0 ?5@51V3C 70E2>@N20==O [70].  

�;>O:VA=V =>2>CB2>@5==O 3 @V7=>284 ?CE;8==8E CB2>@5=ь, O:V 

E0@0:B5@87CNBьAO =87ь:8< 48D5@5=FVN20==O< :;VB8=, H284:8< @>AB>< 7 

V=DV;ьB@0FVєN >B>GCNG8E B:0=8= B0 =0O2=VABN <5B0AB07C20==O. !0 Aь>3>4=V 

2V4><> 1V;ьH5 200 284V2 ?CE;8= ;N48=8, O:V 2V4@V7=ONBьAO 70 B:0=8==8< 

?>E>465==O<, 3VAB>;>3VG=8< B8?><, 03@5A82=VABN, H284:VABN @>ABC, 

740B=VABN 4> <5B0AB07C20==O, 2V4?>2V44N =0 B5@0?VN V ?@>3=>7><. #CE;8=0 є 

A:;04=>N B:0=8=>N, O:0 B0:>6 <VAB8Bь AB@><0;ь=V 5;5<5=B8, B0:V O: V<C==V 

:;VB8=8, DV1@>1;0AB8, 5=4>B5;V0;ь=V :;VB8=8, ?5@8F8B8, =59@>=0;ь=V :;VB8=8 

B0 ?>70:;VB8==89 <0B@8:A. %:;04=0 270є<>4VO <V6 :;VB8=0<8 B0 =5:;VB8==8<8 

:><?>=5=B0<8 <V:@>>B>G5==O 157C<>2=> 2?;820NBь =0 V=VFV0FVN, ?@>3@5AVN B0 

:V=F5289 @57C;ьB0B 70E2>@N20==O [71]. "B65, 4;O ?@028;ь=>3> @>7C<V==O 

?5@51V3C 7;>O:VA=>3> ?@>F5AC, @>7@>1:8 5D5:B82=8E <5B>4V2 ?@>DV;0:B8:8 B0 

;V:C20==O 157AC<=V2=5 7=0G5==O <0є 9>3> 5:A?5@8<5=B0;ь=5 2V4B2>@5==O. 
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+8A;5=V <>45;V ?CE;8==>3> @>ABC, O:V ?52=>N <V@>N 2V4>1@060NBь 

@>728B>: B0 ?5@51V3 70E2>@N20==O C ;N48=8, V=4C:CNBь C ;01>@0B>@=8E 

B20@8=, AB2>@NNG8 <>6;82VABь 4;O 4>A;V465==O @V7=8E 0A?5:BV2 

:0=F5@>35=57C, O:V =5<>6;82> 5D5:B82=> 282G8B8 157?>A5@54=ь> =0 

;N4Aь:><C >@30=V7<V [72, 73, 74, 75, 76]. 

�;0A8G=V 4>A;V465==O =0 :C;ьB82>20=8E ;V=VOE @0:>28E :;VB8= =5 

4>72>;ONBь 15770AB5@56=> ?5@5=>A8B8 >B@8<0=V @57C;ьB0B8 =0 >@30=V7< 

;N48=8, >A:V;ь:8 =5 2@0EC2CNBь B0:V 206;82V 0A?5:B8 O: V=482V4C0;ь=V 

35=5B8G=V >A>1;82>ABV B0 DV7V>;>3VG=V 2V4<V==>ABV. �8:>@8AB0==O 6 B20@8==8E 

<>45;59 4>72>;Oє V=VFVN20B8 @VAB ?CE;8=8 C 1V;ьH ?0B>DV7V>;>3VG=8E C<>20E , 

2V4B2>@8B8 35=><=C 35B5@>35==VABь @0:C ;N48=8, 0 B0:>6 AB2>@8B8 

A5@54>28I5, O:5 2:;NG0є 2 A515 157;VG V<C==8E V AB@><0;ь=8E :;VB8==8E 

?>?C;OFV9, I> A:;040NBь :><?;5:A <V:@>>B>G5==O ?CE;8=8 [77]. 

�:A?5@8<5=B0;ь=V B20@8==V <>45;V <0NBь =5 BV;ь:8 25;8:V ?5@52038 2 

<>45;N20==V 28=8:=5==O B0 4>A;V465==V <5E0=V7<V2 7;>O:VA=>W B@0=AD>@<0FVW, 

0;5 B0:>6 28:>@8AB>2CNBьAO 4;O >FV=:8 5D5:BC @V7=8E <5B>4V2 ;V:C20==O, I> 

є >4=8< 7 206;828E B0 =570<V==8E <5B>4V2 4>A;V465==O @0:C. )>G0 7024O:8 

2V4><8< ?5@54>28< B5@0?52B8G=8< AB@0B53VO<, B0:8< O: V=3V1VB>@8 V<C==8E 

:>=B@>;ь=8E B>G>: (ICIs 3 checkpoint inhibitors) V CAR-T (chimeric antigen 

receptor T-cell immunotherapy) 4>AO3=CB> 7=0G=>3> ?@>3@5AC 2 ;V:C20==V O: 

A>;V4=8E, B0: V ;V<D>?@>;VD5@0B82=8E 70E2>@N20=ь, 70;8H0NBьAO 

AC?5@5G;828<8 B0 ?>B@51CNBь ?>40;ьH8E 4>A;V465=ь ?8B0==O V=VFV0FVW, 

?@>3@5AVW, <5E0=V7<V2 ?@>;VD5@0FVW, 0=3V>35=570, <5B0AB07C20==O, 

@5F8482C20==O B0 ?@8G8=8 ;V:0@Aь:>W @578AB5=B=>ABV 7;>O:VA=>3> 

=>2>CB2>@5==O [78]. 

&20@8==V <>45;V ?CE;8==>3> @>ABC 70 ?>E>465==O< ?>4V;ONBьAO =0 

?5@5282=V (A8=35==V, 0;;>35==V, :A5=>B@0=A?;0=B>20=V), 02B>E>==V 3 A?>=B0==V 

B0 V=4C:>20=V :0=F5@>35=0<8 (EV<VG=V, 2V@CA=V, V=HV :0=F5@>35==V D0:B>@8), 

35==>-V=65=5@=V. #5@5282=V ?CE;8=8 70;56=> 2V4 A?>A>1C 22545==O :;VB8= 

?>4V;ONBь B0:>6 =0 >@B>B>?VG=V (B@0=A?;0=B0FVO 2 B>9 >@30= 01> B:0=8=C, 7 
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O:>W ?>E>48Bь ?CE;8=0), 35B5@>35==V (?V4H:V@=>) V <5B0AB0B8G=V (2 AC48==5 

@CA;>). 

#5@5282=V ?CE;8==V <>45;V ?5@5410G0NBь B@0=A?;0=B0FVN ?CE;8==8E 

:;VB8= >4=>3> >@30=V7<C 2 V=H89, ?@8 Fь><C O:I> 4>=>@ V @5F8?Vє=B =0;560Bь 

4> >4=>3> 284C, B> <0є <VAF5 0;;>B@0=A?;0=B0FVO, O:I> 4> @V7=8E 3 

:A5=>B@0=A?;0=B0FVO. � A8=35==V9 <>45;V ?CE;8==V :;VB8=8 ?5@5=>AOBь 

V<C=>:><?5B5=B=8< B20@8=0< >4=VєW 9 BVєW 6 ;V=VW, 2 <>45;V 

:A5=>B@0=A?;0=B0FVW :;VB8=8 ?CE;8= ;N48=8 B@0=A?;0=BCNBь 7451V;ьH>3> 

V<C=>45DVF8B=8< B20@8=0<, I>1 C=8:=CB8 V<C==8E @50:FV9 B0 2V4B>@3=5==O 

B@0=A?;0=B0B0.  >45;V :A5=>B@0=A?;0=B0B0, >B@8<0=V 2V4 ?0FVє=B0 (PDX 3 

patient-derived xenograft), 715@V30NBь 35=5B8G=V B0 3VAB>?0B>;>3VG=V 

E0@0:B5@8AB8:8 ?CE;8=8 E2>@>3> V =09G0ABVH5 28:>@8AB>2CNBьAO 4;O 

282G5==O <5E0=V7<V2 :0=F5@>35=570, ?>HC:C <VH5=V ;V:0@Aь:>3> 70A>1C, >FV=:8 

5D5:B82=>ABV 4VW ?@>B8?CE;8==8E ?@5?0@0BV2. #@>B5 B0:0 <>45;ь <0є @O4 

>1<565=ь, ?>29O70=8E 284>28<8 2V4<V==>ABV<8 [79].  

�;O 02B>E>==8E <>45;59 E0@0:B5@=0 >@B>B>?VG=0 ;>:0;V70FVO B0 ?@8@>4=0 

<>@D>;>3VO (2AV ?CE;8=8 ;N48=8 3 02B>E>==V). &0:V <>45;V 4>72>;ONBь 

282G8B8 @>;ь A83=0;ь=8E H;OEV2, 35=V2, <0@:5@=8E 1V;:V2, 0 B0:>6 AB2>;>28E 

:;VB8= 2 ?@>F5AV 28=8:=5==O 7;>O:VA=>3> =>2>CB2>@5==O. )>G0 02B>E>==0 

<>45;ь 2 =091V;ьHV9 <V@V V<VBCє @>728B>: =5>?;07VW 2 >@30=V7<V ;N48=8, 0;5 4;O 

B0:8E ?CE;8= E0@0:B5@=89 B@820;89 ;0B5=B=89 ?5@V>4 @>728B:C V 28A>:0 

20@V01V;ь=VABь H284:>ABV @>ABC.  

$>7@>1;5=V B0:>6 35==>-V=65=5@=V <>45;V (GEM), A:>=AB@C9>20=V H;OE>< 

<CB0FV9 2 >:@5<8E 35=0E (725@E5:A?@5AVO 01> =>:0CB), I> 40є 7<>3C 282G8B8 

@>;ь >=:>35=V2, 35=V2-AC?@5A>@V2, <0@:5@=8E 1V;:V2, A83=0;ь=8E H;OEV2 2 

V=VFV0FVW, ?@>3@5AVW V <5B0AB07C20==V =>2>CB2>@5==O. #@>B5 2 GEM-<>45;OE 

A?>AB5@V30єBьAO =87ь:0 G0AB>B0 <5B0AB07C20==O, 0 >B@8<0=V @57C;ьB0B8 206:> 

0=0;V7C20B8 AB0B8AB8G=> G5@57 7=0G=V :>;820==O 2 AB@>:0E 28=8:=5==O V 

<5B0AB07C20==O ?CE;8= [80]. 
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 �A=Cє 7=0G=0 :V;ь:VABь 5:A?5@8<5=B0;ь=8E <>45;59 V=VFV0FVW ?CE;8==>3> 

@>ABC C @V7=8E B20@8= 3 4@>7>DV;, @81 (Danio rerio, Xiphophorus) <8H59, IC@V2, 

E><9O:V2, A>10:, A28=59, :>=59 [81, 82, 83, 84]. %A02FV, ?>@V2=O=> 7 V=H8<8 

B8?0<8 B20@8=, <0NBь 28I89 ABC?V=ь AE>6>ABV 7 ;N4ь<8, >A>1;82> <8HV B0 

IC@8, 0 :>@>B:89 F8:; WE @>7<=>65==O 7=0G=> ?>:@0ICє 5D5:B82=VABь 

5:A?5@8<5=B0;ь=8E 4>A;V465=ь. %5:25=C20==O 35=><C <8HV, ?>:0702;> 

?@8ACB=VABь 99% ;N4Aь:8E 35=V2, 3><>;>3VO O:8E 4>AO30є 78,5% [85].  >45;V 

=0 B0:8E B20@8=0E O: A28=V, 45<>=AB@CNBь 1V;ьH5 ?>4V1=>ABV 7 ;N4ь<8 7 B>G:8 

7>@C 35=5B8:8, 0=0B><VG=>W AB@C:BC@8, @>7<V@V2 >@30=V2 V ?0B>;>3VG=8E ?@>O2V2 

70E2>@N20=ь. �5;8:V B20@8=8 <0NBь B0:>6 1V;ьHC B@820;VABь 68BBO, I> 40є 

<>6;82VABь 4>2H5 A?>AB5@V30B8 48=0<V:C ?@>F5AC, =5>4=>@07>2> >B@8<C20B8 

7@07:8 :@>2V V B:0=8= [86, 87]. #@>B5 5:A?5@8<5=B0;ь=V <>45;V ?>28==V 1CB8 =5 

;8H5 <0:A8<0;ь=> AE>68<8 7 70E2>@N20==O<8 ;N48=8, 0;5 9 ?@>AB8<8 C 

28@>1=8FB2V, 2V4B2>@N20=8<8, 0 B0:>6 5:>=><VG=8<8, I> 4>72>;8Bь H8@>:5 

WE 70AB>AC20==O 2 @V7=8E ;01>@0B>@VOE [88]. 

!09G0ABVH5 4;O 4>A;V465=ь ?>29O70=8E 7 >=:>;>3VG=8<8 70E2>@N20==O<8 

28:>@8AB>2CNBьAO 5:A?5@8<5=B0;ь=V <>45;V =0 <8H0E 01> IC@0E. !5I>402=V 

4>A;V465==O 35=><C IC@V2 ?>:070;8, I> IC@, O: <>45;ь=89 >@30=V7<, =040є 

5:A?5@8<5=B0;ь=V @5AC@A8, O:8E =5 <0є <8H0: 1V;ьH B>G=5 2V4B2>@5==O 

V<C==>3> A5@54>28I0 ;N48=8 40є 7<>3C 4>A;V48B8 70E8A=V @50:FVW, ?>4V1=VABь 

AB@C:BC@8 E@><>A>< ?>;53HCє 282G5==O 35=><C, @>7<V@8 >@30=V2 4>72>;ONBь 

>B@8<0B8 ?>74>26=V9 0=0;V7 @>ABC ?CE;8=8, 0 @>7<V@8 1V>;>3VG=8E 7@07:V2 

=040NBь <>6;82VABь ?@>25AB8 <C;ьB8?;5:A=89 <>;5:C;O@=89 0=0;V7 ?CE;8=8 

B0 WW 3>A?>40@O. &0:8< G8=><, 107>20 1V>;>3VO B0 5:A?5@8<5=B0;ь=V @5AC@A8 

<>45;59 =0 IC@0E 70157?5GCNBь 206;82V H;OE8 4;O 4>A;V465==O 

>=:>?0B>;>3VW [89]. 

 >45;V A?>=B0==8E ?CE;8=8. %5@54 IC@V2 4>A8Bь ?>H8@5=89 
A?>=B0==89 @0: <>;>G=>W 70;>78 B0 ?5GV=:8. "?8A0=V A?>=B0==V ?CE;8=8 

<>;>G=>W 70;>78 C IC@V2 @V7=8E ;V=V9, B0:8E O: Wistar (282545=V �=AB8BCB>< 

Wistar C %,� 2 1907 @>FV), SD (AB2>@5=V =0 >A=>2V IC@V2 Wistar C 1925 @>FV), 
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F344 (282545=0 ;V=VO =0 >A=>2V HB0<C Fischer). &0:, G0AB>B0 DV1@>045=><, 

045=>< C A0<>: IC@V2 SD AB0=>28;0 21,3%, 16,9% V 2V4?>2V4=>, 0 C A0<>: Wistar 

3 12,9%, 9,5% 2V4?>2V4=>. ' IC@V2 F344 DV1@>045=><8 <>;>G=>W 70;>78 

@>72820;8Aь 2 41,2% 28?04:V2 [90]. )@>=VG=89 35?0B8B V 3>AB@0 

35?0B>F5;N;O@=0 :0@F8=><0 287=0G0єBьAO C 60% IC@V2 ;V=V LEC (Long-Evans 

Cinnamon 3 282545=V IC@8, >?8A0=V Joseph A. Long, Herbert M.E. Vans, 

�0;VD>@=V9Aь:89 '=V25@A8B5B, %,�) G5@57 @V: ?VA;O =0@>465==O, 0 C 40% 

B20@8= FVєW ;V=VW A?>AB5@V30єBьAO 3>AB@0 ?>AB35?0B8B=0 A<5@Bь G5@57 334 <VAOFV 

?VA;O =0@>465==O. &0:89 A?04:>289 35?0B8B B0 =0O2=VABь >=:>;>3VW 

?>OA=NєBьAO =04<V@=8< =0:>?8G5==O <V4V 2 ?5GV=FV, ?@>4C:FVєN 25;8:>W 

:V;ь:VABь 3V4@>:A8;ь=8E @048:0;V2, I> AC?@>2>46CєBьAO >:8A;N20;ь=8< 

AB@5A><, O:89 є >4=8< 7 <5E0=V7<V2 @>728B:C 35?0B>F5;N;O@=>W :0@F8=><8 C 

;N48=8 [91]. &><C IC@V2 ;V=VW LEC H8@>:> 28:>@8AB>2CNBь 4;O 2V4B2>@5==O 

<>45;V 35?0B>F5;N;O@=>W :0@F8=><8.  

 >45;V V=4C:>20=>W ?CE;8=8.  5B>48 V=4C:FVW ?CE;8= 2:;NG0NBь 
5:7>35==V DV78G=V, EV<VG=V B0 1V>;>3VG=V G8==8:8. #@8 @>728B:C ?CE;8=, 

1V>EV<VG=V ?@>F5A8 C B20@8= <0NBь ?>4V1=VABь 7 B0:8<8 C ;N48=8, I> 4>72>;Oє 

282G0B8 <5E0=V7<8 4VW :0=F5@>35=V2, WE ?>@>3>2V V B>:A8G=V 4>78, 2?;82 

<V:@>>B>G5==O. &0:V <>45;V <0NBь ?5@52038 C 2V4=>A=V9 ?@>AB>BV 70AB>AC20==O, 

:>@>B:>3> 5:A?5@8<5=B0;ь=>3> G0AC B0 28A>:>W 2V4B2>@N20=>ABV. "4=0: 

=54>;V:>< є B5, I> :0=F5@>35=-V=4C:>20=V <>45;V 7@V4:0 <5B0AB07CNBь, <>6CBь 

?@872>48B8 4> 28A>:>W A<5@B=>ABV B20@8=, 0 D>@<C20==O ?52=8E B8?V2 ?CE;8= 

G0AB> <0є B@820;89 ;0B5=B=89 ?5@V>4 B0 25;8:V 20@V0FVW C H284:>ABV @>728B:C 

[92]. %5@54 :0=F5@>35=V2 =091V;ьH H8@>:> 70AB>A>2C20=8<8 B0 5D5:B82=8<8 

є EV<VG=V, B0: O: 2>=8 E0>0:B@5@87CNBьAO B0:>N 206;82>N >A>1;82VABN O: 

>@30=>A?5F8DVG=VABь 3 V=4C:CNBь @0: C ?52=8E >@30=0E-<VH5=OE, I> 4>72>;Oє 

?V4V1@0B8 <>45;ь 4;O >FV=:8 :0=F5@>35=57C ?@0:B8G=> ;N1>W ;>:0;V70FVW. #@8 

>FV=FV B0 2V41>@C EV<VG=8E G8==8:V2 :;NG>28< <><5=B>< є B5, G8 70;CG5=V 

35==V <CB0FVW 4> <5E0=V7<V2 :0=F5@>35=57C. /:I> EV<VG=0 @5G>28=0 V=4C:Cє 

<CB0FVW 2 >@30=V-<VH5=V, 28:;8:0NG8 B8< A0<8< :0=F5@>35=57, 2>=0 
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:;0A8DV:CєBьAO O: «35=>B>:A8G=89 :0=F5@>35=», O:89 =5 <0є ?>@>3>2>W G8 

157?5G=>W 4>78 V 701>@>=5=89 4;O 28:>@8AB0==O 2 O:>ABV E0@G>28E 4>102>:, 

?5AB8F84V2 01> 25B5@8=0@=8E ?@5?0@0BV2. /:I> 6 4>70 EV<VG=>3> G8==8:0 =5 

28:;8:0є <CB0FV9 2 >@30=V-<VH5=V, =572060NG8 =0 :0=F5@>35==VABь, 2V= 

:;0A8DV:CєBьAO O: «=535=>B>:A8G=89 :0=F5@>35=», <0є ?>@>3>2C/157?5G=C 

4>7C V <>65 28:>@8AB>2C20B8AO 2 ACA?V;ьAB2V 2 4>70E, =86G8E 70 157?5G=C [93].  

%5@54 2V@>3V4=8E :0=F5@>35=V2 ;N48=8 :;0A8DV:>20=V =VB@>70<V=8 3

EV<VG=V A?>;C:8, O:V V=4C:CNBь ?CE;8=8 H;C=:>2>-:8H:>2>W A8AB5<8 

(73V4=> 40=8E, >B@8<0=8E =0 B20@8=0E). �8A>:V :>=F5=B@0FVW =VB@0BV2 V 

35@1VF84V2, =VB@0BV2 V 0<V=V2 CB2>@NNBь =VB@>70<V=8, O:V >A>1;82> 0:B82=V ?@8 

?>=865=V9 :8A;>B=>ABV H;C=:>2>W A5:@5FVW [94]. 

�8<5B8;=VB@>70<V=8 (DMN) V 4V5B8;=VB@>70<V=8 (DEN) 3 A?>;C:8, O:V 

<>6CBь 28:;8:0B8 @V7=V ?CE;8=8 C <8H59 V IC@V2, 0;5 ?5@5206=> ?CE;8=8 

?5GV=:8 V ;535=V2. !VB@>70<V=8 0:B82CNBьAO D5@<5=B0<8 CYP450 B0 

?5@5B2>@NNBьAO =0 A8;ь=89 0;:V;CNG89 035=B, CB2>@NNG8 044C:B8 �!�, I> 

?@872>48Bь 4> :0=F5@>35==>ABV. �@V< V=4C:B>@0 =5>?;07VW ?5GV=:8 DEN <>65 

4>40B:>2> 28:>@8AB>2C20B8AO 2-0F5B8;0<V=>D;C>@5= (2-AAF) O: ?@><>B>@, 

O:89 28:;8:0є E>;5AB07 V DV1@>7 ?5GV=:8 C IC@V2 ;V=VW Wistar.  >45;V, 7 

28:>@8AB0==O< 707=0G5=8E :0=F5@>35=V2 є 5D5:B82=>N B0 ?@>AB>N 

<5B>4>;>3VєN 4;O 287=0G5==O AC1:;V=VG=8E AB0=V2 @0:C ?5GV=:8 [95]. 

  5B8;15=78;=VB@>70<V= (NMBA) B0:>6 є 206;828< :0=F5@>35=><, O:89 

:;0A8DV:CєBьAO O: =VB@>70<V=. NMBA =0 Aь>3>4=V є =095D5:B82=VH8< 

V=4C:B>@>< ?CE;8= AB@02>E>4C IC@V2. &0:, C IC@V2 ;V=VW SD, O:V >B@8<C20;8 

0,5 <3/:3 NMBA B@8GV =0 B8645=ь ?@>BO3>< 5 B86=V2 01> >48= @07 =0 B8645=ь 

?@>BO3>< 15 B86=V2, 70E2>@N20=VABь AB@02>E>4C AB0=>28;0 100% G5@57 20 

B86=V2 [78].  

 5B8;=VB@>70<V=-1-3-?V@848=-1-1CB0=>= (NNK) 3 >48= V7 >A=>2=8E 

EV<VG=8E :0=F5@>35=V2 C A830@5B=><C 48<V (O: 2V4><>, ?0;V==O BNBN=C 2 4 @078 

?V428ICє @878: 70E2>@N20=>ABV @0:C H;C=:C 2 ;N48=8), B0:>6 <>65 

5D5:B82=> V=4C:C20B8 @0: ;535=V2 C IC@V2, <8H59 V E><9O:V2 [78]. 
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�=H0 28A>:>B>:A8G=0 @5G>28=0 7 :0=F5@>35==>N, <CB035==> B0 

B5@0B>35==>N 0:B82=VABN 3 =VB@>7>-N-<5B8;A5G>28=0, ?@>2>:Cє 70E2>@N20==O 

<>;>G=>W 70;>78 IC@V2 Sprague-Dawley. &0:V ?CE;8=8 ?>2B>@NNBь 

=5>4=>@V4=VABь <CB0FV9=8E ?@>DV;V2, ?>78B82=C 5:A?@5AVN @5F5?B>@0 

5AB@>35=C (O:89 є ?5@5206=8< ?V4B8?>< C ?0FVє=BV2) B0 <0NBь ?>4V1=V 

<5E0=V7<8 C=8:=5==O V<C==>3> 70E8ABC, O:V A?>AB5@V30NBьAO ?@8 7;>O:VA=8E 

=>2>CB2>@5==OE <>;>G=>W 70;>78 ;N48=8 [96]. 

�;O V=4C:FVW ?CE;8= <>;>G=>W 70;>78 28:>@8AB>2CєBьAO B0:>6 

48<5B8;15=70=B@0F5= (DMBA), O:89 2V4=>A8BьAO 4> ?>;VF8:;VG=8E 

0@><0B8G=8E 2C3;52>4V2, <0є A8;ь=C :0=F5@>35==C B0 V<C=>AC?@5A82=C 4VN. ' 

7-B86=528E A0<>: IC@V2 ;V=VW SD, O:8< 22>48;8 80 <3/:3 DMBA 2 0,5 <; 

:C:C@C47O=>3> <0A;0 >4=>@07>2> G5@57 7>=4, G5@57 12 B86=V2 A?>AB5@V302AO 

@>728B>: @0:C <>;>G=>W 70;>78 2 100% 28?04:V2. [78]. &0:>6 >?8A0=89 DMBA-

V=4C:>20=89 @0: OєG=8:V2 C IC@V2, I> ?>2B>@Nє 1030B> ?0B>DV7V>;>3VG=8E 

>A>1;82>AB59 0=0;>30 ;N48=8 [97]. 

 �8<5B8;3i4@078= є I5 >4=8< =5?@O<8< A?5F8DVG=8< :0=F5@>35=>< V 

28:;8:0є V=VFV0FVN B0 @>728B>: @0:C B>2AB>W :8H:8 4>7>70;56=8< A?>A>1>< 

?@8 ?V4H:V@=V9 01> 2=CB@VH=ь>G5@52=V9 V=9є:FVOE [98]. �=4C:>20=0 =8< <>45;ь 

@0:C :8H5G=8:0 IC@i2 H8@>:> 28:>@8AB>2CєBьAO 4;O >FV=:8 3VAB>;>3VG=8E 

>A>1;82>AB59 B0 1V>EV<VG=8E ?@>F5AV2 @>728B:C ?CE;8=8, I> 7C<>2;5=> 9>3> 

<>@D>;>3iG=>N ?>4i1=iABN 4> :>;>@5:B0;ь=>3> @0:C ;N48=8 [99], 

70E2>@N20=VABь =0 O:89 B0:>6 ?>ABC?>2> 7@>AB0є [100]. 

�V4><V V=HV EV<VG=V @5G>28=8, =0?@8:;04, 0;:0;>W48, 0@><0B8G=V 0<V=8, 

O:V є A8;ь=8<8 :0=F5@>35=0<8 4;O ;N48=8, V O:V B0:>6 28:;8:0NBь 

70E2>@N20==O @V7=8E >@30=V2 C B@0=A35==8E IC@V2 3 ?5GV=:8 (0D;0B>:A8= �1), 

=8@>: (>-B>;CW48=), A5G>2>3> <VEC@0 (0@8AB>;>EVє20 :8A;>B0) [93]. 

�> EV<VG=8E :0=F5@>35=V2 2V4=>AOBьAO V B5@0?52B8G=V ?@5?0@0B8, O:V 

70AB>A>2CNBьAO 2 >=:>;>3VW. &0:, B0<>:A8D5= H8@>:> 28:>@8AB>2CєBьAO 4;O 

049N20=B=>W B5@0?VW C E2>@8E =0 @0: <>;>G=>W 70;>78 ?@>BO3>< 1030Bь>E @>:V2, 

?@>B5 ?@5?0@0B V=4C:Cє @0: 5=4><5B@VO C 6V=>:, 0 B0:>6 ?CE;8=8 5=4><5B@VO 
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B0 ?5GV=:8 C IC@V2, H;OE>< 0;ьD0-3V4@>:A8B0<>:A8D5=-V=4C:>20=>3> 

<CB035=57C, O:89 40;V 0:B82CєBьAO AC;ьD>B@0=AD5@07>N B0 V=4C:Cє 04C:B8 

�!�. �>A;V465==O in vivo ?@>2545=V =0 B@0=A35==8E Big Blue V gpt delta IC@0E 

?>:070;8, I> B0<>:A8D5= 28:;8:0є <CB0FVW 35=V2 lacI, cII, gpt V Spi 2 ?5GV=FV 

[101].  

�5==>-V=65=5@=V/B@0=A35==V <>45;V. � 4>A;V465==OE >AB0==VE @>:V2, 
>B@8<0=> 1030B> 40=8E, O:V 4>2>4OBь, I> <CB0FVW є >4=VєN 7 >A=>2=8E ?@8G8= 

@>728B:C ?CE;8=8. �5==0 B5@0?VO ?0FVє=BV2 7V 7;>O:VA=8<8 =>2>CB2>@5==O<8 

40є ?5@A?5:B82=V @57C;ьB0B8, 0;5 5D5:B82=VABь B0:>3> 284C ;V:C20==O 

>1<56CєBьAO G0AB8< 28=8:=5==O< ABV9:>ABV 4> ;V:V2. "B65, @>7C<V==O 

<5E0=V7<V2 @CHV9=8E <CB0FV9 C ?@>F5A0E <0;V3=V70FVW <0є 28@VH0;ь=5 

7=0G5==O. #5@52038 B@0=A35==8E B20@8=, C O:8E V=4C:CNBь ?CE;8=8, ?>;O30NBь 

C <>6;82>ABV 282G5==O ?5@28==8E <5E0=V7<V2 ?CE;8=>35=57C B0 V<C==>3> 

=03;O4C. "4=0: ?@>2545==O 5:A?5@8<5=BV2 =0 B0:8E <>45;OE >1<565=5 WE 

7=0G=>N 4>23>AB@>:>2VABN, B0: O: 206:> >B@8<0B8 25;8:C :V;ь:VABь 

?V44>A;V4=8E B20@8= V F5 ?5@5H:>460є H284:8< V 28A>:>?@>4C:B82=8< 

4>A;V465==O< [78]. !0 Aь>3>4=V 70@5єAB@>20=> ?>=04 30 ;V=V9 @V7=8E 

B@0=A35==8E IC@V2, O:V 28:>@8AB>2C20;8AO 2 =59@>=0C:0E, 5=4>:@8=>;>3VW B0 

>=:>;>3VW. &@0=A35==V IC@8 28A>:>GCB;82V 4> :0=F5@>35=V2, 45<>=AB@CNBь 

28A>:C G0AB>BC A?>=B0==8E =>2>CB2>@5=ь 3 є E>@>H8<8 <>45;O<8 4;O 

A:@8=V=3C EV<V>?@>DV;0:B8G=8E 70A>1V2, =>28E ;V:C20;ь=8E ?V4E>4V2, 282G5==O 

<5E0=V7<V2 :0=F5@>35=57C, :0=F5@>35==>W 0:B82=>ABV EV<VG=8E @5G>28= [93]. 

�0728G09 2 ?CE;8==V9 =>:0CB-<>45;V 35= AC?@5A>@0 ?CE;8=8 

V=0:B82CєBьAO 01> 70<VICєBьAO =0 @5:><1V=0=B=C �!� 2 @57C;ьB0BV A09B-

A?5F8DVG=>W 3><>;>3VG=>W @5:><1V=0FVW <V6 �!� :;VB8=8 V FV;ь>2>N 

?>A;V4>2=VABN �!�, 21C4>20=>W 2 25:B>@. /:I> B@0=A35==8E <8H59 

28:>@8AB>2C20;8 4;O 282G5==O ?CE;8=>35=57C 7 A5@548=8 1980-E @>:V2 [78], B> 

AB2>@8B8 ?5@H>3> =>:0CB=>3> IC@0 2 2009 @>FV 4>72>;8;0 ZFNs-B5E=>;>3VO 

(zinc-finger nucleases) [102, 103], 0 C 2010 @>FV 1C;0 70AB>A>20=0 V=H0 

B5E=>;>3VO =0 >A=>2V ES-:;VB8= (embryonic stem cells) [104]. !5I>402=> 4;O 
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35=5@0FVW =>:0CB=8E IC@V2 1C;8 ?@54AB02;5=V A8AB5<8 5D5:B>@=8E =C:;507: 

TALENs (transcription activator-like effector nucleases) V CRISPR/Cas9 (clustered 

regulatory interspaced short palindromic repeat (CRISPR)/Cas-based RNA-guided 

DNA endonucleases)[84, 105]. 

!09G0ABVH5 2 4>A;V465==OE 28:>@8AB>2CNBьAO =0ABC?=V B@0=A35==V IC@8.  

Hras128 3 =5ACBь c-Ha-ras ?@>B>=:>35= ;N48=8, GCB;82V 4> :0=F5@>35=V2 

<>;>G=>W 70;>78, B0:8E O: N-<5B8;-N-=VB@>7>A5G>28=0, 7,12-

4V<5B8;15=70=B@0F5=, 2-0<V=>-1-<5B8;-6-D5=V;V<V407>;[4,5-b]?V@V48= (A0<:8) 

B0 ?CE;8=8 AB@02>E>4C B0 A5G>2>3> <VEC@0 (A0<FV), V=4C:>20=V N-

=VB@>7><5B8;15=78;0<V=><, N-1CB8;-N-(4-3V4@>:A81CB8;)=VB@>70<V=>< [106]. 

TRAP 3 B@0=A35==V IC@8 Probasin-SV40 T antigen transgenic rats 3 GCB;82V 

4> :0@F8=><8 ?5@54<VEC@>2>W 70;>78 (?@>1078= 3 A?5F8DVG=89 4;O ?@>AB0B8 

35=, O:89 28:>@8AB>2C202AO O: <0@:5@ 48D5@5=FVN20==O ?@>AB0B8 B0 4;O 

79OAC20==O 4VW 0=4@>35=V2), O:0 @>72820єBьAO 2 100% 28?04:V2 C 2AVE G0AB:0E 

(25=B@0;ь=V9, 4>@A>;0B5@0;ь=V9 V ?5@54=V9) 4> 15-B86=52>3> 2V:C. #>:070=> 

28:>@8AB0==O TRAP-<>45;V 4;O 282G5==O <5E0=V7<V2 @5F8482V2 ?CE;8=, O:V =5 

70;560Bь 2V4 0=4@>35=V2, 2 EV<V>?@>DV;0:B8G=8E 4>A;V465==OE [93]. 

Cx32ΔTg (Connexin 32 dominant-negative transgenic rats) 3 5:A?@5ACNBь 

4><V=0=B=89 =530B82=89 <CB0=B=89 :>==5:A8= 32 (Cx32 3 =0;568Bь 4> 1V;:V2 

<V6:;VB8==8E :>=B0:BV2, є >A=>2=8< 1V;:>< IV;8==8E :>=B0:BV2 ?5GV=:8). ' 

?5GV=FV B0:8E B20@8=8 ?>@CHCєBьAO ;>:0;V70FVO =>@<0;ь=8E :>==5:A8=V2 V 

?><VB=> 7=86CєBьAO є<=VABь IV;8==8E 79є4=0=ь. �>A;V465==O V=4C:>20=>3> 

EV<VG=8<8 @5G>28=0<8 :0=F5@>35=57C (48<5B8;=VB@>70<V=) 7 28:>@8AB0==O< 

Cx32ΔTg ?>:070;8, I> ?>@CH5==O <V6:;VB8==8E :><C=V:0FV9 C IV;8==8E 

79є4=0==OE ?@872>48Bь 4> 28=8:=5==O B0 ?@>3@5AVW 35?0B>:0=F5@>35=57C [107].  

Hras250 and Kras327 (Transgenic rats carrying a mutated H- or K-ras gene 

controlled by Cre/loxP activation) 3 5:A?@5ACNBь 0:B82>20=89 ;N48=>N >=:>35= 

RAS, I> @53C;NєBьAO A8AB5<>N Cre/lox. -C@8, O:V =5ACBь <CB>20=89 35= H- 

01> K-ras, :>=B@>;ь>20=89 0:B820FVєN Cre/loxP (Cre-Lox recombination is a site-

specific recombinase technology 3 A09B-A?5F8DVG=0 @5:><1V=07=0 B5E=>;>3VO, 
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O:0 28:>@8AB>2CєBьAO 4;O 74V9A=5==O 45;5FV9, 2AB02>:, B@0=A;>:0FV9 B0 

V=25@AV9 C ?52=8E A09B0E �!� :;VB8=; A8AB5<0 Cre/loxP 284V;5=0 7 10:B5@V>D030 

$1, =0;568Bь 4> @>48=8 B8@>78=>28E :V=07, A:;040єBьAO 7 42>E :>@>B:8E �!�-

?>A;V4>2=>AB59 Lox$ (locus of crossing-over B0 35=0 @5:><1V=078 Cre) 

@>72820NBь ?@>B>:>2C 045=>:0@F8=><C ?V4H;C=:>2>W 70;>78, O:0 

3VAB>?0B>;>3VG=> ?>4V1=0 4> B0:>W C ;N459 V 28:>@8AB>2CNBьAO 4;O 

V45=B8DV:0FVW 1V><0@:5@V2 @0==ь>3> 28O2;5==O FVєW ?0B>;>3VW [108].  

 >45;V, I> B@0=A?;0=BCNBьAO.  >45;V :A5=>B@0=A?;0=B0FVW, AB2>@5=V 
H;OE>< ?5@5=>AC ?CE;8==8E :;VB8= ;N48=8 B0/01> B:0=8=, B20@8=0<-

@5F8?Vє=B0< (<0965 702648 7 45DVF8B>< V<C==>W DC=:FVW, I>1 C=8:=CB8 

2V4B>@3=5==O) 715@V30NBь 3VAB>;>3VG=V, V<C=>;>3VG=V B0 1V>;>3VG=V 

E0@0:B5@8AB8:8 ?5@28==>W ?CE;8=8 ?0FVє=B0, 2:;NG0NG8 ?@>DV;ь 5:A?@5AVW 

35=V2, <0NBь 25;8:V ?5@52038 4;O A:@8=V=3C, >FV=:8 157?5:8 B0 5D5:B82=>ABV 

=>28E ;V:V2, @>7@>1:8 1V><0@:5@V2 V >FV=:8 V=H8E B5@0?52B8G=8E 5D5:BV2. 

�V;ьHVABь ?CE;8= ;N48=8 <>6CBь 1CB8 28:>@8AB0=V 4;O B@0=A?;0=B>20=>W 

<>45;V C B20@8=, ?@8 Fь><C @V7=8FO C AB@>:0E D>@<C20==O ?CE;8==>3> 2C7;0 

=525;8:0, 0 H284:VABь @>ABC ?CE;8=8 є >4=0:>2> 28A>:>N. "4=0: B0:V <>45;V 

<0NBь >1<565==O, ?>29O70=V 7 V<C==8< 70E8AB>< B0 <V:@>>B>G5==O< ?CE;8=8 

01> 1V;ьH B>=:8<8 2V4<V==>ABO<8, >1C<>2;5=8<8 284>A?5F8DVG=8<8 

>A>1;82>ABO<8. �@V< B>3>, B20@8=0-@5F8?Vє=B, O:0 <0є V<C=>45DVF8B=89 AB0=V, 

?>B@51Cє A?5FV0;ь=>3> CB@8<0==O 2 0A5?B8G=><C A5@54>28IV, 70157?5G5==O 

O:>3> є 4>@>38< [78].  >45;ь :A5=>B@0=A?;0=B0FVW 4>72>;Oє B@0=A?;0=BC20B8 

B0:>6 ;V=VW ?CE;8==8E :;VB8= B20@8=0<, I> ?@>ABVH5 B0 ;53H5 C 28:>@8AB0==V, 

0;5, O: V 2 4>A;V465==OE ;V=V9 in vitro, B0:0 <>45;ь ?CE;8=8 =5 <>65 ?>2=>N 

<V@>N 2V4>1@060B8 C=V:0;ь=V E0@0:B5@8AB8:8 :>6=>3> E2>@>3>. 

 �V4><> 1030B> >=:>;>3VG=8E 4>A;V465=ь 7 28:>@8AB0==O< 

V<C=>45DVF8B=8E <8H59 nude, C O:8E 2V4ACB=V9 B8<CA, 0 2V4?>2V4=>, V V<C==V 

@50:FVW, >?>A5@54:>20=V &-;V<D>F8B0<8, 0 B0:>6 <8H59 7 206:8< 

:><1V=>20=8< V<C=>45DVF8B>< (SCID) 3 7 45D5:B0<8 4>7@V20==O �- V &-:;VB8=, 

A?@8G8=5=V B>G:>2>N <CB0FVєN 2 Prkdc (?@>B5W=:V=070, �!�-0:B82>20=0 
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:0B0;VB8G=0 AC1>48=8FO). �82545=V B0 >?8A0=V B0:>6 <8HV NOD/SCID V7 

7=0G=8<8 45D5:B0<8 2@>465=>3> B0 040?B82=>3> V<C=VB5BC (=87ь:0 0:B82=VABь 

?@8@>4=8E :V;5@V2, 2B@0B0 DC=:FVW &- V �-:;VB8=), O:V AB0;8 AB01V;ь=>N B0 

70B@51C20=>N <>45;;N 4;O B@0=A?;0=B0FVW AB>21C@>28E 35<>?>5B8G=8E :;VB8= 

;N48=8 (HSC) B0 A>;V4=8E ?CE;8=. !0 >A=>2V NOD/SCID, AB2>@5=V <8HV NSG 

B0 NOG 7 <CB0FVєN 35=C V=B5@;59:V=0-2 3 IL-2Ry, O:V <0NBь =0928I89 ABC?V=ь 

V<C=>45DVF8BC =0 40=89 <><5=B V 28:>@8AB>2CNBьAO 4;O 282G5==O 

?@>B8?CE;8==8E 5D5:BV2 B5@0?VW CAR-T B0 V=3V1VB>@V2 V<C==>W :>=B@>;ь=>W 

B>G:8 [78].  

-C@8, C ?>@V2=O==V 7 <8H0<8, <0NBь 1V;ьH89 @>7<V@ BV;0 V ;53H5 

?V440NBьAO B@0=A?;0=B0FVW @V7=8E B:0=8= V >@30=V2. �57B8<CA=V nude IC@8 

=0304CNBь nude <8H59 2V4ACB=VABN DC=:FV>=0;ь=> 7@V;8E &-:;VB8= B0 

70AB>A>2CNBьAO C 282G5==V <5E0=V7<V2 @>ABC ?CE;8=8. #@>B5, 0B8<VG=V IC@8 

?52=8E ;V=V9 3>AB@> 2V4B>@30NBь 0;>B@0=A?;0=B>20=V ;V<D>F8B8 01> :;VB8=8 

:VAB:>2>3> <>7:C, I> ?>29O70=> 7 =0O2=VABN 0;;>@50:B82=8E ?@8@>4=8E 

:V;5@V2, V F5 >1<56Cє H8@>:5 70AB>AC20==O nude IC@V2 (O: V <8H59) ?@8 

B@0=A?;0=B0FVW ;V<D>< B0 ;59:5<V9. ' B0:8E IC@V2 ?@8ACB=V B0:>6 45=4@8B=V 

:;VB8=8, O:V ?@89<0NBь CG0ABь C 2@>465=8E V<C==8E @50:FVOE 70 2V4ACB=>ABV 

7@V;8E &-:;VB8=. � 2V:>< C =8E A?>AB5@V30єBьAO @>72828B>: &-?>4V1=8E :;VB8=, 

O:V 5:A?@5ACNBь CD3 V &-:;VB8==89 @5F5?B>@ (TCR) [109]. 

�V4><> ?@> AB2>@5==O, 7024O:8 CRISPR/Cas9 (Clustered Regularly 

Interspaced Short Palindromic Repeats), IC@V2 ;V=VW F344/Jcl 7 206:8< 

:><1V=>20=8< V<C=>45DVF8B>< 7 =>:0CB=8< 35=>< 30<<0-;0=FN30 @5F5?B>@0 

V=B5@;59:V=C-2 (Il2rg) >:@5<> 01> @07>< 7 35=>< 2, I> 0:B82Cє @5:><1V=0FVN 

(Rag2). (5=>B8? V<C=>45DVF8BC 1C2 ?>?5@54=ь> ?V4B25@465=89 =0O2=VABN 

206:>W 3V?>?;07VW B8<CA0 O: IC@V2 7 >48=8G=8< =>:0CB>< Il2rg (sKO), B0: V 7 

?>42V9=8< =>:0CB>< Il2rg/Rag2 (dKO) [110]. &0:0 <>45;ь <>65 

28:>@8AB>2C20B8Aь 4;O 4>A;V465=ь @V7=8E 30;C759 >=:>;>3VW B0 2V4=>2;N20=>W 

<548F8=8. 
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%8=35==0 B@0=A?;0=B0FVO ?CE;8==8: :;VB8= 2V4 >4=VєW B20@8=8 V=HV9 2 

<560E >4=VєW ;V=VW B0:>6 H8@>:> 28:>@8AB>2CNBьAO 2 5:A?5@8<5=B0;ь=8E 

4>A;V465==OE BVєW G8 V=H>N 7;>O:VA=>W ?0B>;>3VW. 

%5@54 B0:8E ?5@5282=8E ?CE;8= :0@F8=>A0@:><0 Walker-256 <>;>G=>W 

70;>78, є >4=VєN 7 =091V;ьH 28:>@8AB>2C20=8E C 4>A;V465==OE @0:C, >A:V;ь:8 

2>=0 A?5F8DVG=0 4;O IC@V2, E0@0:B5@87CєBьAO 03@5A82=VABN, H284:8< @>AB><, 

V=20782=VABN, 28A>:>N 740B=VABN 4> <5B0AB07C20==O. $>728B>: FVєW ?CE;8=8 

?@872>48Bь 4> A8=4@><C :0E5:AVW-0=>@5:AVW, O:89 ?@>O2;OєBьAO <8<>2V;ь=>N 

2B@0B>N 2038, V=B5=A82=8< @>7?04>< 68@>2>W B0 <9O7>2>W B:0=8=8, 

V<C=>AC?@5AVєN, 0=5<VєN B0 V=H8<8 DV7V>;>3VG=8<8 7<V=0<8, I> 254CBь 4> 

703815;V B20@8= ?@>BO3>< :V;ь:>E B86=V2. #CE;8=0 28:>@8AB>2CєBьAO 2 

?0B>DV7V>;>3VG=8E 4>A;V465==OE, B0: O: V<VBCє 7<V=8, O:V 28=8:0NBь 2 

>@30=V7<V ;N48=8 [111, 112, 113, 114]. 

�0@F8=>A0@:><0 ?>E>48Bь 2V4 A?>=B0==>W 045=>:0@F8=><8 <>;>G=>W 

70;>78 A0<8FV =5;V=V9=>3> IC@0 [115]. �0 VA=CNG8<8 40=8<8 ?>?C;OFVO :;VB8= 

ACG0A=>3> HB0<C W-256 A:;040єBьAO 7 42>E AC1?>?C;OFV9. "4=0 7 =8E є 

5AB@>35=70;56=>N, GCB;82>N 4> 481CB8@8;-F� (, BC<>@>35==0 ;8H5 4;O 

A0<8Fь B0 :0AB@>20=8E A0<FV2. �@C30 AC1?>?C;OFVO =5GCB;820 4> 3>@<>=V2 B0 

481CB8@8;-F� ( V :0=F5@>35==0 =02VBь 4;O AB0B52>7@V;8E A0<FV2. �<VAB 

@5F5?B>@V2 5AB@>35=C =0 :;VB8=0E ?CE;8=8 C ?>?C;OFVW =5 ?5@528ICє 

A5@54=ь>3> WE 2<VABC 2 :;VB8=0E >@30=V2, I> =5 =0;560Bь 4> AB0B52>W AD5@8 

[116]. �@0E>2CNG8 <>@D>;>3VG=V E0@0:B5@8AB8:8 B0 ?5@51V3 70E2>@N20==O, FN 

?CE;8=C @>73;O40NBь O: 5:A?5@8<5=B0;ь=C <>45;ь @0:C <>;>G=>W 70;>78 

;N48=8, O:0 4>72>;Oє 2V4B2>@N20B8 ?@>F5A8, I> 2V41C20NBьAO ?>A;V4>2=> 

=0 2AVE AB04VOE :0=F5@>35=57C ?@>BO3>< =5B@820;>3> G0AC [117]. 

�0B@51C20=>N 2 5:A?5@8<5=B0;ь=V9 >=:>;>3VW ?CE;8=>N, I> 

?V4B@8<CєBьAO =0 IC@0E, є 045=>:0@F8=><0 �5@5=0 3 ?CE;8=0 284V;5=0 7 <0B:8 

157?>@>4=>3> 1V;>3> IC@0 �5@5= #. V �5@5=  . 2 1934 @>FV. �0 3VAB>;>3VG=>N 

1C4>2>N ?@54AB02;Oє A>1>N =87ь:>48D5@5=FV9>20=89 @0:, I> @V4:> CB2>@Nє 

70;>78AB>?>4V1=V AB@C:BC@8. #5@5I5?;5==O ?CE;8=8 :>;820єBьAO 2V4 50% 4> 
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90%, A?>=B0=5 @>7A<>:BC20==O =5 A?>AB5@V30єBьAO. %5@54=O B@820;VABь 68BBO 

B20@8= ?VA;O ?5@5I5?;5==O A:;040є 30-40 4=V2 [118].  

�8:>@8AB>2CNBь :0@F8=><C �5@5=0 O: 5:A?5@8<5=B0;ь=C <>45;ь @0:C 

5=4><5B@VO 3 :;0A8G=C <>45;ь =87ь:>48D5@5=FV9>20=>W, =5<5B0AB07CNG>W, 

A>;V4=>W 045=>:0@F8=><8 BV;0 <0B:8 IC@V2, O:0 740B=0 C :>@>B:V B5@<V=8 

V=B5=A82=> ?@>3@5AC20B8 V ?@872>48B8 4> 7=0G=>W A<5@B=>ABV 

5:A?5@8<5=B0;ь=8E B20@8= [119]. 

�> ?5@5I5?;N20=8E A>;V4=8E ?CE;8= 2V4=>A8BьAO B0:>6 A0@:><0-45, 

>B@8<0=0 1947 @>:C 2 ;01>@0B>@VW ?@>D5A>@0 �V;ь15@0 �.". 2 @57C;ьB0BV 

?5@5I5?;5==O DV1@>A0@:><8, I> 28=8:;0 C IC@0 2 ?V4H:V@=V9 :;VB:>28=V 

?VA;O 22545==O 9,10-48<5B8;-1,2-15=70=B@0F5=C. �0 A2>єN <>@D>;>3VG=>N 

E0@0:B5@8AB8:>N ?CE;8=0 A:;040єBьAO 7 DV1@>1;0ABV2. #@8 AB0=40@B=><C 

?V4H:V@=><C ?5@52820==V IC@0< 1C4ь-O:>W AB0BV ?CE;8=0 @>AB5 C 283;O4V 

A>;VB0@=>3> >:@C3;>3> 2C7;0 V =5 <5B0AB07Cє. �8EV4 ?CE;8=8 C 157?>@>4=8E 

IC@V2 A?>AB5@V30єBьAO <0965 2 100% 28?04:V2, A5@54=O B@820;VABь 68BBO 

B20@8=-?CE;8=>=>AVW2 A:;040є 25-35 4=V2 [120].  

*V:02>N 5:A?5@8<5=B0;ь=>N <>45;;N C@065==O ?5GV=:8 є 0AF8B=0 

35?0B><0 �0945;0, O:0 1C;0 V=4C:>20=0 =0?@8:V=FV 50-E @>:V2 XX AB>;VBBO C 

IC@V2 4-48<5B8;0<V=>07>15=7>;><, 0 0AF8B=0 ?CE;8=0 CB2>@8;0Aь 7 =5W 

A?>=B0==> 2 ?@>F5AV ?CE;8==>W ?@>3@5AVW: 2 G5@52=C ?>@>6=8=C 2V4>:@5<8;8AO 

«>AB@V2FV» :;VB8=, I> ?@8725;> 4> @>728B:C 0AF8B=>W D>@<8 3 ?@><V6=>3> 

5B0?C =0 H;OEC 48A5<V=0FVW ?CE;8==8E :;VB8= 2 >@30=V7<V, B>1B> 5B0?C 

<5B0AB0B8G=>3> :0A:04C. "A>1;82VABN FVєW ?CE;8=8 є 28A>:0 G0AB>B0 

<5B0AB07C20==O 2 ?0@0B@0E50;ь=V (H89=V) ;V<D0B8G=V 2C7;8: 265 =0 5-C 4>1C 

?VA;O 2=CB@VH=ь>?5@8B>=V0;ь=>3> 22545==O IC@0< 0AF8BC 2V4 B20@8= 7 

35?0B><>N <5B0AB078 FVєW ;>:0;V70FVW 28O2;O;8Aь 2 903100% 28?04:V2. 

%?>=B0==5 ?>E>465==O 0AF8B=>W D>@<8 ?CE;8=8, 28A>:0 H284:VABь 

=0:>?;5==O 0AF8BC B0 <>6;82VABь >B@8<0==O 25;8:>W :V;ь:>ABV ?CE;8==8E 

:;VB8= 157 AB@><0;ь=8E 5;5<5=BV2 4>72>;Oє 28:>@8AB>2C20B8 WW O: 7@CG=C B0 
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?5@A?5:B82=C <>45;ь 4;O 282G5==O <5E0=V7<V2 ?CE;8==>W ?@>3@5AVW B0 

<5B0AB07C20==O [121]. 

!091V;ьHC AE>6VABь V7 3;V><0<8 ;N48=8 I>4> 35=5B8G=8E ?@>DV;V2, 

E0@0:B5@C V=207VW B0 @>7?>2AN465==O <0є ;V=VO :;VB8= 3;V><8 C6 3 >4=0 7 

=091V;ьH H8@>:> 28:>@8AB>2C20=8E :;VB8==8E ;V=V9 4;O V=4C:FVW ?CE;8=8 C 

IC@V2 [122]. -5 >48= HB0< 3 101.8 70 A2>W<8 3VAB>1V>;>3VG=8<8 2;0AB82>ABO<8 

=01;860єBьAO 4> 7;>O:VA=8E 3;V>< ;N48=8 V O2;Oє A>1>N 0=0?;0AB8G=C 3;V><C, 

2 O:V9 >4=>G0A=>W <0;V3=V70FVW 707=0;8 0AB@>F8B0@=0 3;VO, >;V3>45=4@>3;VO B0 

5?5=48<0 [123]. "@B>B>?VG=0 3;V>1;0AB><0 IC@V2 101.8 ?5@52V@5=0 O: =04V9=0 

B0 2V4B2>@N20=0 <>45;ь ?CE;8=8 3>;>2=>3> <>7:C, I> B0:>6 E0@0:B5@87CєBьAO 

H284:>N ?@>;VD5@0FVєN B0 V=20782=8< @>AB><. !5>1EV4=> 2@0E>2C20B8, I> 

<5B>48:0 ?5@5I5?;5==O 3;V>< ?5@5410G0є B@5?0=0FVN G5@5?0 B20@8= B0 

2=CB@VH=ь>G5@5?=C V=>:C;OFVN ?CE;8==8E :;VB8= [124, 125, 126] I> 28<030є 

70;CG5==O 2V4?>2V4=8E A?5FV0;VABV2, >1;04=0==O, 4>B@8<0==O ?@028; 0A5?B8:8 

V A?5FV0;ь=8E <V@ ?V4 G0A EV@C@3VG=>W >?5@0FVW, =0;56=>3> ?VA;O>?5@0FV9=>3> 

A?>AB5@565==O B0 4>3;O4C. 

�;O 282G5==O C@065=ь ;V<D>W4=>W B:0=8=8 VA=Cє 5:A?5@8<5=B0;ь=0 

<>45;ь ;V<D>A0@:><8 #;VA0, >B@8<0=0 2 1958 @>FV ?VA;O ?V4H:V@=>W ?5@5282:8 

?CE;8=8 IC@0, I> >B@8<C202 3,3-48E;>@15=7848=. #CE;8=0 E0@0:B5@87CєBьAO 

H284:8< 03@5A82=8< @>AB>< 7 B5=45=FVєN 4> V=207VW 2 =02:>;8H=V B:0=8=8, 

?@>@>AB0==O< 70>G5@528==>W :;VB:>28=8, 35<0B>35==8< <5B0AB07C20==O< B0 

=5:@>B870FVєN, 0 B0:>6 7=865=>N GCB;82VABN 4> F8B>AB0B8:V2. 

%?>=B0==V ;59:5<VW C IC@V2 7CAB@VG0NBьAO @V4:>, ?@>B5 2V4><> 1030B> 

<>45;59, V=4C:>20=8E EV<VG=8<8 :0=F5@>35=0<8 (<5B8;E>;0=B@5=, 

5B8;=VB@>7A5G>28=0, 48<5B8;15=70=B@0F5=) B0 V>=V7CNG>N @04V0FVєN. 

 Vє;><>=>F8B0@=89 ;59:>7 L5222, O:89 28=8: G5@57 326 4=V2 ?VA;O @07>2>W 

2=CB@VH=ь>25==>W V=9є:FVW 5B8;=VB@>7>A5G>28=8 C 3-<VAOG=>W A0<:8 IC@0 BD 

IX, 1C2 >?8A0=89 C 1967 @>FV. *O <>45;ь ;59:5<VW B@0=A?;0=BCєBьAO IC@0< BD 

IX V 28:>@8AB>2CєBьAO 2 4>:;V=VG=8E 4>A;V465==OE 4;O 282G5==O 

B5@0?52B8G=>W 5D5:B82=>ABV @V7=8E ?@5?0@0BV2.  >45;ь 3>AB@>3> 
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<Vє;>F8B0@=>3> ;59:>7C, AB2>@5=C =0 IC@0E Brown Norway (BNML), B0:>6 

<>6=0 70AB>A>2C20B8 2 4>:;V=VG=8E 4>A;V465==OE 5D5:B82=>ABV EV<V>- B0 

@04V>B5@0?VW. �V4><0 B0:>6 ;59:5<VO, V=4C:>20=0 9,10-48<5B8;-1,2-

15=70=B@0F5=>< C A0<:8 IC@0 BN, O:0 <0є E0@0:B5@8AB8:8 ?>4V1=V 4> 3>AB@>3> 

<Vє;>W4=>3> ;59:>7C ;N48=8, V 1C;0 28:>@8AB0=0 4;O 4>A;V465==O <V=V<0;ь=>W 

70;8H:>2>W E2>@>18. !0 Aь>3>4=V ?@>4>26CNBьAO 4>A;V465==O I>4> 

AB2>@5==O =>28E <>45;59 =0 B20@8=0E, O:V 1 1V;ьH B>G=> <>3;8 ?>:070B8 

35=5B8G=V 015@0FVW B0 D5=>B8?8 :;>=V2 35<>?>5B8G=8E :;VB8=, 4>?><>3;8 

:@0I5 7@>7C<VB8 ?0B>35=57 <Vє;>48A?;0AB8G=>3> A8=4@><C B0 9>3> 

B@0=AD>@<0FVN 2 3>AB@89 ;59:>7 [127]. 

*V:02>, I> 45O:V 457V=B53@8=8 ?@>45<>=AB@C20;8 ?><VB=V ?@>B8?CE;8==V 

B0 0=B80=3V>35==V 2;0AB82>ABV. *O GC4>20 2;0AB82VABь 2V4:@820є =>2V 

<>6;82>ABV 4;O WE 28:>@8AB0==O O: ?>B5=FV9=8E B5@0?52B8G=8E 035=BV2 C 

;V:C20==V @0:C, V, 2?;820NG8 =0 @VAB ?CE;8=8 B0 ?5@5H:>460NG8 D>@<C20==N 

:@>2>=>A=8E AC48=, FV 457V=B53@8=8 45<>=AB@CNBь 1030B>>1VFONG89 

?>B5=FV0; C <548G=8E 4>A;V465==OE B0 V==>20FVOE. 
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��%#�$� �!&��Ь!� '�%&�!� 

 

$>74V; 2.  0B5@V0;8 B0 <5B>48 4>A;V465==O 

2.1.  0B5@V0;8  
 

2.1.1. $50:B828 

�C;> 28:>@8AB0=> B0:V <0B5@V0;8 B0 @50:B828: 0:@8;0<V4, 1VA-0:@8;0<V4 

(<Sigma=, %,�); AC<VH ?@>B5W=V2-<0@:5@V2 4;O 5;5:B@>D>@57C, (Fermentas), 

&@8A (<Sigma=, %,�), Q-Sepharose, Superdex -75, («Pharmacia», ,25FVO), PD3

10 (Amersham biosciences, ,25FVO); SDS («Bio3Rad Laboratories», %,�), 

Zorbax C18 SB300 (<Sigma=, %,�), :@8AB0;VG=C >B@CBC Bitis arietans, Echis 

multisquamatus B0 Calloselasma rhodostoma >45@6C20;8 7 A5@?5=B0@VN 

&@8?V;ьAь:>3> 1V>EV<VG=>3> 702>4C. $5HB0 28:>@8AB0=8E @50:B82V2 3 

2VBG87=O=>3> 28@>1=8FB20 :0B53>@VW E.G. 

 

2.1.2. �1030G5=0 B@><1>F8B0<8 ?;07<0 :@>2V ;N48=8 

�@>2 1@0;8 =0BI5A5@F5 7 25=8 3>AB@>N ACE>N 3>;:>N 7 25;8:8< 

4V0<5B@>< (19 G), 157 H?@8FO (4;O 70?>1V30==O 35<>;V7C). #@8 701>@V :@>2V 

?5@HV 536 :@0?5;ь 2V4:840;8. #V4 G0A 27OBBO :@>2V =5 =0:;040;8 463CB V =5 

@>18;8 <0A06 ?5@54?;VGGO 4;O 70?>1V30==O 0:B820FVW 7AV40==O :@>2V V 

DV1@8=>;V7C. 

' ?>;V5B8;5=>2C ?@>1V@:C 4>70B>@>< 2=>A8;8 3,8% @>7G8= F8B@0BC 

=0B@VN B0 7<VHC20;8 7 :@>29N C A?V22V4=>H5==O 1:9. #@>1V@:C 7 AC<VHHN 

IV;ь=> 70:@820;8 V ?>2V;ь=8<8 @CE0<8 >15@56=> 45:V;ь:0 @07V2 ?5@5<VHC20;8 

(=5 AB@CHCNG8). 

�&#� >B@8<C20;8 H;OE>< F5=B@8DC3C20==O ?@8 160 g 2?@>4>26 30 E2 

?@8 B5<?5@0BC@V 20°% [128]. #V4 G0A F5=B@8DC3C20==O ?@>1V@:8 =5 70:@820;8, 

I>1 =5 >1<56C20B8 4> B@><1>F8BV2 4>ABC? :8A=N. 
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�V4<8BV B@><1>F8B8 >B@8<C20;8 7 �&#� F5=B@8DC3C20==O< ?@>BO3>< 15 

E2 ?@8 1500 >1/E2 V ?>2B>@=> ACA?5=4C20;8 2 1CD5@V 0,004   HEPES, @! 7,4 

(0,137   NaCl, 0,003   �%l, 0,001   Mg%l2, 0,006   3;N:>78, 0,003   

NaH2PO4). 

 

2.1.3. �C;ьBC@8 :;VB8= 

�;VB8=8 :0@F8=>A0@:><8 '>:5@-256 4;O ?5@52820==O ;01>@0B>@=8< 

B20@8=0<  >45@60=> 7 !0FV>=0;ь=>3> 10=:C :;VB8==8E ;V=V9 B0 ?CE;8==8E 

HB0<V2 �=AB8BCBC 5:A?5@8<5=B0;ь=>W ?0B>;>3VW, >=:>;>3VW V @04V>1V>;>3VW V<. 

$.Є. �025Fь:>3> !0FV>=0;ь=>W 0:045<VW =0C: ':@0W=8.  

�C;ьBC@8 :;VB8= :0@F8=><8 ;535=V �ьNWA, :;VB8= ;V=VW <V:@>3;VW <8HV BV-

2, :;VB8=8 5=4>B5;VN 0>@B8 <8H59  ��% B0 :;VB8=8 ;V=VW HeLa, 28:>@8AB0=V C 

in vitro 4>A;V465==OE, =040=V !!* «�=AB8BCB 1V>;>3VW B0 <548F8=8». 

�;VB8=8 :C;ьBC@8 ?5@5I5?;N20=>W :0@F8=><8 ;535=V �ьNWA (LLC ) 

:C;ьB82C20;8 2 A5@54>28IV RPMI-1640 (Sigma, %,�) 7 4>4020==O< 10% FBS 

(Sigma, %,�), 1% 3;CB0<V=C B0 1% 0=B81V>B8:0-0=B8<V:>B8:0 (Thermo Fisher 

Scientific, %,�) ?@8 37°C C 100% 72>;>65=V9 0B<>AD5@V B0 5% CO2. 

�;VB8=8 5=4>B5;VN <8HV ;V=VW  ��% :C;ьB82C20;8 2 A5@54>28IV DMEM 

(Sigma, %,�) 7 4>4020==O< 15% FBS (Sigma, %,�), 2% 3;CB0<V=C B0 1% 

0=B81V>B8:0-0=B8<V:>B8:0 (Thermo Fisher Scientific, %,�) ?@8 37°C C 100% 

72>;>65=V9 0B<>AD5@V B0 5% CO2. 

�;VB8=8 <V:@>3;VW <8HV ;V=VW BV-2 :C;ьB82C20;8 2 A5@54>28IV RPMI-1640 

(Sigma, %,�) 7 4>4020==O< 10% FBS (Sigma, %,�), 2% 3;CB0<V=C B0 1% 

0=B81V>B8:0-0=B8<V:>B8:0 (Thermo Fisher Scientific, %,�) ?@8 37°C C 100% 

72>;>65=V9 0B<>AD5@V B0 5% CO2. 

�;VB8=8  :0@F8=><8 H89:8 <0B:8  ;N48=8 ;V=VW Hela (ECACC catalog 

no.93021013) :C;ьB82C20;8  2 A5@54>28IV RPMI-1640 (Sigma, %,�) 7 

4>4020==O< 10% FBS (Sigma, %,�), 2% 3;CB0<V=C B0 1% 0=B81V>B8:0-

0=B8<V:>B8:0 (Thermo Fisher Scientific, %,�) ?@8 37°C C 100% 72>;>65=V9 

0B<>AD5@V B0 5% CO2. 
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2.2. %B2>@5==O <>45;59 4;O 4>A;V465==O ?@>F5AC 03@530FVW 
B@><1>F8BV2 70 ?0B>;>3VG=8E AB0=V2  

 

2.2.1. �V015B 
 >45;ь V=AC;V=>@578AB5=B=>ABV, V=4C:>20=>W >68@V==O<, 1C;> >B@8<0=> 

CB@8<0==O< A0<FV2 1V;8E 157?>@>4=8E IC@V2 ?@>BO3>< 6 <VAOFV2 =0 4VєBV 7 

28A>:8< 2<VAB>< 68@V2 (58% ;V?V4V2 C @0FV>=V 7 ?5@52060NG>N G0AB:>N 

=0A8G5=8E 68@=8E :8A;>B). �8A>:>68@>2>W 4VєB8 4>AO30;8 H;OE>< 4>4020==O 

A28=OG>3> A0;0 (2=CB@VH=ь>3> 68@C) 4> AB0=40@B=>3> 3@0=C;ь>20=>3> :>@<C. 

-C@V2 :>=B@>;ь=>W 3@C?8 CB@8<C20;8 =0 AB0=40@B=><C 3@0=C;ь>20=><C 

@0FV>=V 2V20@VN (2<VAB ;V?V4V2 C @0FV>=V AB0=>282 4%) [129]. +5@57 6 <VAOFV2 

CB@8<0==O =0 28A>:>68@>2V9 4VєBV, 1C;> ?@>2545=> B5AB =0 B>;5@0=B=VABь 4> 

3;N:>78. #VA;O CB@8<0==O 157 :>@<C ?@>BO3>< 12 3>48=, IC@0< 22>48;8 

?5@>@0;ь=> ?> 1 <; 50% @>7G8=C 3;N:>78 B0 28<V@N20;8 :>=F5=B@0FVN 

3;N:>78 2 :@>2V 2 G0A>28E B>G:0E 0 E2, 45 E2, 90 E2 B0 150 E2. -C@V2, C O:8E 

@V25=ь 3;N:>78 2 :@>2V G5@57 150 E2 ?5@528IC202 5 <<>;ь/; 1C;> 2V4V1@0=> O: 

B0:V, 2 O:8E @>728;0AO V=AC;V=>@578AB5=B=VABь, V=4C:>20=0 >68@V==O< [130]. 

 

2.2.2. �B5@>A:;5@>7 
�C;> AB2>@5=> B@8 4>A;V4=V 3@C?8 IC@V2, 2 :>6=V9 7 O:8E 1C;> ?> 10 

;V=V9=8E A?>=B0==> 3V?5@B5=782=8E IC@V2-A0<8Fь (SH-rats), 7 <0A>N BV;0 200-

220 3 [131]. �2V 4>A;V4=V 3@C?8 ?@>BO3>< 42>E <VAOFV2 5:A?5@8<5=BC 3>4C20;8 

:>@<>< 7 3% 2<VAB>< E>;5AB5@>;C. -C@8 B@5Bь>W, :>=B@>;ь=>W 3@C?8 

>B@8<C20;8 0=0;>3VG=89 :>@<, ?>7102;5=89 E>;5AB5@>;C. ":@V< :>@<C 7 

E>;5AB5@>;><, 45AOBь>< IC@0< I>45==> ?@>BO3>< 42>E <VAOFV2 22>48;8 per os 

2>4=89 @>7G8= %-145 C @>7@0EC=:C 10 <3/:3 <0A8 BV;0. 
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2.2.3. �0=F5@>35=57 
�>A;V465==O 2?;82C 457V=B53@8=C =0 @VAB ?CE;8=8 in vivo ?@>2545=> =0 

IC@0E ;V=VW Wistar 2V:>< 2,5 <VA B0 <0A>N BV;0 180-200 3. -C@8 ?5@51C20;8 2 

AB0=40@B=8E C<>20E 2V20@VN 7 ?@8@>4=8< @568<>< >A2VB;5==O V =0 

?>2=>FV==><C @0FV>=V E0@GC20==O. ' O:>ABV <>45;V ?CE;8==>3> @>ABC 1C;> 

28:>@8AB0=> :0@F8=>A0@:><C '>:5@-256. �@0E>2CNG8 <>@D>;>3VG=V 

E0@0:B5@8AB8:8 B0 ?5@51V3 ?CE;8==>3> ?@>F5AC, FN ?CE;8=C <>6=0 @>73;O40B8 

O: 5:A?5@8<5=B0;ь=C <>45;ь @0:C <>;>G=>W 70;>78, O:0 4>72>;Oє 2V4B2>@N20B8 

?@>F5A8, I> 2V41C20NBьAO ?>A;V4>2=> =0 2AVE AB04VOE :0=F5@>35=57C ?@>BO3>< 

=5B@820;>3> ?5@V>4C G0AC [132].  

�;O >B@8<0==O V7>;ь>20=8E ?CE;8==8E :;VB8= C B20@8= 2840;O;8 

?CE;8=8, 28@V70;8 D@03<5=B8 B:0=8=8 157 AC48= V =5:@>7C, ?>4@V1=N20;8 WE 

=>68FO<8 4> @>7<V@C =5 1V;ьH5 0,2 <<3 , B0 V=:C1C20;8 5 E2. ?@8 37> % 2 0,2% 

@>7G8=V B@8?A8=C 2 A5@54>28IV RPMI-1640 (Sigma, USA), ?@8 ?>ABV9=><C 

?5@5<VHC20==V =0 <03=VB=><VH0;FV. $V48=C 2V418@0;8, DV;ьB@C20;8 G5@57 3 

H0@8 :0?@>=C V 2V4<820;8 7 4>4020==O< 10 % 5<1@V>=0;ь=>W B5;OG>W A8@>20B:8. 

�;VB8=8 3 @078 V=:C1C20;8 7 B@8?A8=>< B0 3 @078 2V4<820;8 H;OE>< 

F5=B@8DC3C20==O< ?@8 425 g 2 A5@54>28IV RPMI-1640. #@>F5=B 

68BBє740B=>ABV :;VB8= ?V4@0E>2C20;8 2 :0<5@V �>@Oє20 ?@8 D0@1C20==V 

B@8?0=>28< A8=V<. #5@5I5?;5==O ?CE;8==8E :;VB8= ?@>2>48;8 ?V4H:V@=> C 

?0E>2C 7>=C ?@02>W =86=ь>W :V=FV2:8 10 IC@V2 C :V;ь:>ABV 1,5E10 6 :;VB8= C 300 

<:; DV7V>;>3VG=>3> @>7G8=C (0,9 % NaCl). -C@V2 1C;> ?>4V;5=> =0 42V 3@C?8 3 

:>=B@>;ь=0, O:V9 2=>A8;8 DV7V>;>3VG=89 @>7G8= @07>< 7 ?CE;8==8<8 

:;VB8=0<8, B0 4>A;V4=0, O:V9 2=>A8;8 :;VB8=8 C @>7G8=V 457V=B53@8=C 2 

:>=F5=B@0FVW 100 <:3/<;. !0 :>6=C 4@C3C 4>1C C E2>AB>2C 25=C IC@V2 

:>=B@>;ь=>W B0 4>A;V4=>W 3@C?8 22>48;8 @V2=V >19є<8 DV7V>;>3VG=>3> @>7G8=C 

B0 @>7G8=C 457V=B53@8=C 2V4?>2V4=>. 

�;O >FV=:8 @>ABC ?CE;8=8 ?@>2>48;8 70<V@8 4V0<5B@0 ?CE;8=8 2 42>E 

=0?@O<:0E 4;O :>6=>W B20@8=8 70 4>?><>3>N HB0=35=F8@:C;O :>6=V 2 4>18 C 

48=0<VFV 5:A?5@8<5=BC. $>7@0E>2C20;8 >19є< ?CE;8=8, 0 B0:>6 2V4A>B>: 
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30;ь<C20==O @>ABC ?CE;8=8 B0 V=45:A 5D5:B82=>ABV 2?;82C 4>A;V46C20=>W 

@5G>28=8 70 D>@<C;0<8 [133]: 

"19є< (V)= 4>268=0 E (H8@8=0) 2/2 

�V4A>B>: 30;ь<C20==O @>ABC ?CE;8=8 = [(V :>=B@>;ь 3 V 4>A;V4 )/V 

:>=B@>;ь]E100% 

�=45:A 5D5:B82=>ABV (��)= V :>=B@>;ь/V 4>A;V4 

 

2.2.4. &>:A8G=89 35?0B8B 
�;O 4>A;V465==O 1C;> AD>@<>20=> B@8 3@C?8 IC@V2: 42V :>=B@>;ь=V B0 

>4=C 4>A;V4=C (?> 10 B20@8= C :>6=V9).  >45;N20==O <548:0<5=B>7=>W D>@<8 

B>:A8G=>3> 35?0B8BC C IC@V2 4>A;V4=>W 3@C?8 ?@>2>48;8 70 02B>@Aь:>N 

<5B>48:>N H;OE>< 2=CB@VH=ь>H;C=:>2>3> 22545==O 4% 2>4=>3> @>7G8=C 

48:;>D5=0:C =0B@VN 7 @>7@0EC=:C 12,5 <3/:3 <0A8 BV;0 >48= @07 =0 4>1C 

?@>BO3>< 14 4V1 [134]. #5@H0 :>=B@>;ь=0 3@C?0 2:;NG0;0 V=B0:B=8E B20@8=. 

�@C3C :>=B@>;ь=C 3@C?C A:;040;8 IC@8, O:8< 2=CB@VH=ь>H;C=:>2> 22>48;8 

5:2V20;5=B=C :V;ь:VABь 42VGV 48AB8;ь>20=>W 2>48. �=0;V7 ?>:07=8:V2 ?5@H>W B0 

4@C3>W :>=B@>;ь=8E 3@C? ?>:0702 WE=N V45=B8G=VABь, B><C 4> @57C;ьB0BV2 

4>A;V465==O 1C;> 2:;NG5=> ;8H5 >4=C :>=B@>;ь=C 3@C?C. �V>;>3VG=89 

<0B5@V0; 2V418@0;8 =0 15-BC 4>1C 5:A?5@8<5=BC. 

 

2.2.5. �8@>289 35?0B>7 
-C@V2 1C;> ?>4V;5=> =0 B@8 3@C?8: 42V :>=B@>;ь=V B0 >4=C 4>A;V4=C (?> 10 

B20@8= C :>6=V9). �;O 5:A?5@8<5=B0;ь=>3> <>45;N20==O 3>AB@>3> 68@>2>3> 

35?0B>7C, 73V4=> 7 [135], IC@0< 4>A;V4=>W 3@C?8 22>48;8 2=CB@VH=ь>H;C=:>2> 

70 4>?><>3>N 7>=40 4% 2>4=89 @>7G8= B5B@0F8:;V=C 3V4@>E;>@84C >48= @07 =0 

4>1C ?@>BO3>< 7 4=V2 V7 @>7@0EC=:C 250 <3/:3 <0A8 BV;0. 

&20@8=8 ?5@H>W :>=B@>;ь=>W 3@C?8 1C;8 V=B0:B=8<8. -C@0< 4@C3>W 

:>=B@>;ь=>W 3@C?8 ?@5?0@0B 22>48;8 2=CB@VH=ь>H;C=:>2> 7 5:2V20;5=B=8< 

>1'є<>< ?>42V9=>W 48AB8;ь>20=>W 2>48. �=0;V7 ?>:07=8:V2 ?5@H>W B0 4@C3>W 

:>=B@>;ь=8E 3@C? ?>:0702 WE=N V45=B8G=VABь. &><C 4> @57C;ьB0BV2 
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4>A;V465==O 1C;> 2:;NG5=> ;8H5 >4=C :>=B@>;ь=C 3@C?C. �:A?5@8<5=B 

B@8202 7 4V1. �V>;>3VG=89 <0B5@V0; 2V418@0;8 C IC@V2 =0 8-<C 4>1C 

5:A?5@8<5=BC ?V4 5DV@=8< =0@:>7><. 

 

2.2.6. LPS-V=4C:>20=5 70?0;5==O 
24 A0<8FV <8H59 ;V=VW C57BL/6J 2V:>< 3 <VAOFV CB@8<C20;8 2 B8E><C 

?@8<VI5==V 7 :>=B@>;ь>20=>N B5<?5@0BC@>N (22-23 °%) C 2V20@VW �=AB8BCBC 

1V>EV<VW V<. ". �. #0;;04V=0 !�! ':@0W=8 B0 70157?5GC20;8 2>4>N V ACE8< 

:>@<>< C 283;O4V 3@0=C; ad libitum 2V4?>2V4=> 4> ?>;>65=ь Є2@>?59Aь:>W 

:>=25=FVW ?@> 70E8AB E@515B=8E B20@8=, I> 28:>@8AB>2CNBьAO 4;O 

5:A?5@8<5=B0;ь=8E B0 V=H8E =0C:>28E FV;59 (%B@0A1C@3, 1986).  

 8H59 1C;> ?>4V;5=> =0 2 3@C?8 ?> 12 B20@8= C :>6=V9.  8H0< 1-W 3@C?8 

2=CB@VH=ь>G5@52=> 22>48;8 LPS (50 <:;, 30 <:3/<8HC 2 0,9 % @>7G8=V NaCl). 

 8H0< 2-W 3@C?8 (:>=B@>;ь=V B20@8=8) 2=CB@VH=ь>G5@52=> 22>48;8 0,9 % 

@>7G8= NaCl 2 5:2V20;5=B=><C >1'є<V. �@07:8 :@>2V <8H59 2V418@0;8 =0 2-9 

45=ь ?VA;O V='є:FVW H;OE>< ?C=:FVW A5@FO [136]. 

 

2.2.7. �>AB@5 @04V0FV9=5 C@065==O 
%0<FV2 1V;8E IC@V2 ;V=VW �VAB0@ (200 ± 20 3, n = 40) 7 2V20@VN �=AB8BCBC 

5:A?5@8<5=B0;ь=>W ?0B>;>3VW, >=:>;>3VW V @04V>1V>;>3VW @>74V;8;8 =0 4 3@C?8 ?> 

10 B20@8= C :>6=V9 70 2 B86=V 4> ?>G0B:C 5:A?5@8<5=BC 4;O 040?B0FVW: 1-H0 

3@C?0 3 IC@8 O: >?@><V=5=89 :>=B@>;ь, I> 707=0;8 7>2=VH=ь>3> 

@5=B35=V2Aь:>3> >?@><V=5==O 2 4>7V 6 �@ (3@C?0 A0<>2V4=>2;5==O 157 

5=B5@>A>@15=BC), 2-30 3@C?0 3 IC@8 7 >?@><V=5==O< 6 �@ + 0:B82>20=89 :0@1>= 

?5@>@0;ь=> (5=B5@>A>@15=B), 3-BO 3@C?0 3 74>@>2V IC@8 + 0:B82>20=89 :0@1>= 

4;O 287=0G5==O 2?;82C 5=B5@>A>@15=BC =0 74>@>28E IC@V2, 4-B0 3@C?0 3 74>@>2V 

IC@8 O: V=B0:B=89 :>=B@>;ь. 1-H0 B0 4-B0 3@C?8 IC@V2 >B@8<C20;8 ;8H5 W6C 

(>25A) B0 2>4C, 0 2-30 B0 3-BO 3@C?8 IC@V2 >B@8<C20;8 2 <; 0:B82>20=>3> 

:0@1>=C 7 W65N (>25A) =0 :>6=>3> IC@0 B0 2>4>N. -C@8 2-W B0 3-W 3@C? ?>G0;8 

?@89<0B8 0:B82>20=89 :0@1>= 7 W65N 70 3 4=V 4> >?@><V=5==O 4;O 
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?@>DV;0:B8:8, 2 45=ь >?@><V=5==O B0 ?VA;O >?@><V=5==O (4;O @04V>?@><5=52>W 

B5@0?VW B0 ;V:C20==O) 4> :V=FO 5:A?5@8<5=BC. 20 B20@8= 1C;> C<5@B25;5=> C 

?0@0<8 E;>@>D>@<C =0 1-C 4>1C ?VA;O >?@><V=5==O, 0 V=HV 20 IC@V2 3 =0 9-C 

4>1C ?VA;O >?@><V=5==O. �>=V7CNG5 28?@><V=N20==O ?V42>48;8 

@5=B35=V2Aь:8<8 ?@><5=O<8 7 :0;V1@>20=>3> >?@><V=N20G0 RUM-17 (�=V?@>, 

':@0W=0) 7 @>1>G8< AB@C<>< 10,5 <�, A8AB5<>N <V4=8E DV;ьB@V2 0,5 <<; 

?>BC6=VABь 4>78 3 63 $/E2, G0A 3 11 E2.  

 

2.2.8. SARS-CoV-2 

�;O <>45;N20==O ?@>70?0;ь=>W 2V4?>2V4V C <8H59 =0 V=DV:C20==O SARS-

CoV-2 28:>@8AB0;8 :>=9N30B D@03<5=BC S-H8?0 2V@CAC 674-685 7 0;ь1C<V=><. 

�>=9N30B, =040=89 A?V2@>1VB=8:0<8 2V44V;C <>;5:C;O@=>W V<C=>;>3VW, 

>B@8<C20;8 70 4>?><>3>N 3;CB0@>2>3> 0;ь453V4C, O: >?8A0=> @0=VH5 [137]. 

/:VABь :>=9N30FVW 674-685-C-�%� :>=B@>;N20;8 70 4>?><>3>N �%!-

5;5:B@>D>@57C C 8% ?>;V0:@8;0<V4=><C 35;V. � <5B>N ?V4A8;5==O 

V<C=>35==>ABV :>@>B:>3> ?5?B84C (674-685) 9>3> :>='N3C20;8 7 1V;:>28< 

=>AVє< 3 35<>FV0=V=>< <>;NA:0 (KLH) [138]. 

�>=9N30B 22V>48;8 2=CB@VH=ь>>G5@528==> A0<8FO< <8H59 ;V=VW 

C57BL/6J 2V:>< 3 <VAOFV. !0ABC?=0 (��) V<C=V70FVO, ?@>2545=0 =0 28-9 45=ь, 

AB8<C;N20;0 1V;ьH ?>BC6=C V<C==C 2V4?>2V4ь, O:0 4>AO3;0 <0:A8<C<C 70 420 

B86=V ?VA;O @5V<C=V70FVW (=0 42-9 45=ь ?VA;O ?5@2H>W V<C=V70FVW).  

�@>2 4;O 0=0;V7C 03@530FVW B@><1>F8BV2 2V418@0;8 ?C=:FVєN A5@FO =0 42 

45=ь, G5@57 420 B86=V ?VA;O @5V<C=V70FVW. �1030G5=C B@><1>F8B0<8 ?;07<C :@>2V 

4;O 0=0;V7C >B@8<C20;8, O: >?8A0=> 28I5. 

 

2.2.9. 'B@8<0==O B20@8= B0 28A=>2:8 1V>5B8G=8E :><VAV9 

&20@8= CB@8<C20;8 2 AB0=40@B=8E :;VB:0E 7 2V;ь=8< 4>ABC?>< 4> W6V B0 

2>48 2V4?>2V4=> 4> «�030;ь=8E 5B8G=8E ?@8=F8?V2 5:A?5@8<5=BV2 =0 

B20@8=0E» № 3447-�V (':@0W=0, 2001), O:V C73>46CNBьAO 7 ?>;>65==O<8 
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«Є2@>?59Aь:>W :>=25=FVW ?@> 70E8AB E@515B=8E B20@8=, I> 28:>@8AB>2CNBьAO 

4;O 5:A?5@8<5=B0;ь=8E B0 V=H8E =0C:>28E FV;59» (%B@0A1C@3, 1986).  

'AV ?@>F54C@8 4>A;V465==O 1C;8 AE20;5=V �><VB5B>< 7 ?8B0=ь 70E8ABC B0 

28:>@8AB0==O B20@8= �=AB8BCBC 1V>EV<VW V<. ". �. #0;;04V=0 !�! ':@0W=8 

(?@>B>:>; № 7 2V4 04.10.2019 @.). ":@5<V 4>A;V465==O 28:>=0=> 7 4>72>;C 

�><VB5BC 7 ?8B0=ь 70E8ABC B0 28:>@8AB0==O B20@8= ��#"$ !�! ':@0W=8 

(?@>B>:>; № 4 2V4 16.04.2015 @.). 

 

2.3.  5B>48 

 

2.3.1. �>=>>1<V==0 E@><0B>3@0DVO 

�;O D@0:FV>=C20==O >B@CB8 Echis multisquamatus 1C;> 28:>@8AB0=> 

V>=>>1<V==C E@><0B>3@0DVN =0 Q-A5D0@>7V, 2@V2=>2065=C 0,05   B@8A-!%l 

1CD5@><, @! 8,9. "1'є< :>;>=:8 AB0=>282 10 <;, H284:VABь 5;NFVW 1 <;/E2. 

%>@1>20=V ?@>B5W=8 5;NN20;8 ABC?V=G0AB8< 3@04Vє=B>< 0,15   NaCl, 0,25   

NaCl, 0,5   NaCl, 1   NaCl C 0,05   B@8A-!%� 1CD5@><, @! 8,9. �<VAB 

?@>B5W=V2 2 >B@8<0=8E D@0:FVOE 287=0G0;8 A?5:B@>D>B><5B@8G=> 70 4>268=8 

E28;V 280 =<. 

 

2.3.2. %@><0B>3@0DVO @>74V;5==O 70 @>7<V@>< 

�><?>=5=B8 >B@8<0=8E D@0:FV9 >B@CB8 7<V9 @>74V;O;8 7 28:>@8AB0==O< 

E@><0B>3@0DVW @>74V;5==O 70 @>7<V@>< =0 Superdex-75 prepgrade. "19є< 

:>;>=:8, O:C 1C;> 7@V2=>2065=> 0,05  B@8A-!Cl 1CD5@>< @! 7,4 7 0,13   NaCl 

4;O Bitis arietans 9 Echis multisquamatus B0 0,025  B@8A-!Cl 1CD5@>< @! 7,4 7 

0,13   NaCl 4;O Calloselasma rhodostoma, A:;0402 30 <;, >19є< <0B5@V0;C, O:89 

=0=>A8;8 =0 :>;>=:C, A:;0402 3 0,5 <;. ,284:VABь 5;NFVW 3 1,5 <;/E2. �<VAB 

?@>B5W=V2 2 >B@8<0=8E D@0:FVOE 287=0G0;8 A?5:B@>D>B><5B@8G=> 70 4>268=8 

E28;V 280 =<. 
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2.3.3. �;5:B@>D>@57 ?@>B5W=V2 C #��� 

�;5:B@>D>@57 C ?>;V0:@8;0<V4=><C 35;V (#���) 2 ?@8ACB=>ABV SDS 7 

28:>@8AB0==O< B@8A-3;VF8=>2>W A8AB5<8 ?@>2>48;8 70 <5B>4>< �5<;V =0 

?@8;04V 4;O 25@B8:0;ь=>3> 35;ь-5;5:B@>D>@57C C ?;0AB8=:0E 10 % #��� 

[139]. 

�@07:8 4;O 5;5:B@>D>@57C 3>BC20;8 =0ABC?=8< G8=><: 4> @>7G8=C 

?@>B5W=C 7 :>=F5=B@0FVєN 1 <3/<; 4>4020;8 1CD5@ 4;O 7@07:V2, I> <VAB82 5 % 

A0E0@>78 01> 3;VF5@8=, 2 % SDS B0 1@><D5=>;, O:89 4>4020;8 4> ?>O28 

7010@2;5==O. �@07:8 =03@V20;8 4> :8?V==O. �;O 2V4=>2;5==O 48AC;ьDV4=8E 

729O7:V2 C 7@07:8 2=>A8;8 5 % β-<5@:0?B>5B0=>; [140]. 

$>74V;5==O ?@>2>48;8 ?@8 A8;V 5;5:B@8G=>3> AB@C<C 19 <� 4;O 

AB0@B>2>3> 35;N V 36 <� 4;O @>7?>4V;ь=>3>.  

�;O 28O2;5==O 4V;O=>:, I> <VABOBь ?@>B5W=8, 35;52C ?;0AB8=:C 

28B@8<C20;8 C D0@1CNG><C @>7G8=V (0,125 % �C<0AAV G-250 2 25 % 

V7>?@>?0=>;V B0 10 % >FB>2V9 :8A;>BV) ?@>BO3>< 10 E28;8=. �;O 2840;5==O 

70;8H:V2 10@2=8:0 28:>@8AB>2C20;8 2-8 % @>7G8= >FB>2>W :8A;>B8. $>74V;ь=0 

740B=VABь <5B>4C 3 1 <:3 ?@>B5W=C. 

�;O 2AB0=>2;5==O <>;5:C;O@=>W <0A8 ?@>B5W=V2, I> 4>A;V46CNBьAO, 

28:>@8AB>2C20;8 <>;5:C;O@=V <0@:5@8 (Fermentas, Є2@>?59Aь:89 A>N7): 

SM0671 (170; 130; 100; 72; 55; 40; 33; 24; 17 B0 10 :�0). 

 

2.3.4. �87=0G5==O :>=F5=B@0FVW ?@>B5W=V2 
�>=F5=B@0FVN ?@>B5W=V2 287=0G0;8 A?5:B@>D>B><5B@8G=> 70 4>?><>3>N 

A?5:B@>D>B><5B@0 Optizen-POP (�>@5O). 70 @0EC=>: 740B=>ABV ?@>B5W=V2 

?>3;8=0B8 2 '(-A?5:B@V. �8<V@N20;8 ?>3;8=0==O ?@8 4>268=V E28;V 280 =<, 

2V4=V<0NG8 7=0G5==O ?>3;8=0==O 70 320 =<. �>=F5=B@0FVN ?@>B5W=V2 

287=0G0;8 D>@<C;>N: %=�/¸l, 45 % 3 :>=F5=B@0FVO ?@>B5W=C, <>;ь/;, ¸ - 

:>5DVFVє=B <>;O@=>W 5:AB8=:FVW; l 3 4>268=0 >?B8G=>3> H;OEC, A<. � >:@5<8E 

28?04:0E :>=F5=B@0FVN ?@>B5W=V2 287=0G0;8 70 <5B>4>< �@54D>@40 [141, 142]. 
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2.3.5. �8A>:>5D5:B82=0 @V48==0 E@><0B>3@0DVO 
)@><0B>3@0DVN ?@>2>48;8 =0 Zorbax C18 SB300 9,4E250 <<, (2V4?>2V4=> 

4> Agilent Zorbax HPLC Column Selection Guide for Biotechnology 2001, 5988-

2092EN, 7 <>48DV:0FVO<8). +0A E@>74V;5==O <0B5@V0;C A:;0402 30 E28;8=, 1C;> 

28:>@8AB0=> 3 ;V=V9=V 3@04Vє=B8:  

A: 98 % -> 30% ddH2O, 0,1 % B@8DB>@>FB>20 :8A;>B0; 

B: 1,95 % -> 71,25% 0F5B>=VB@8; 100 %; 

C: 0,05 % -> 3,75% ddH2O 1,7 % B@8DB>@>FB>20 :8A;>B0; 

&5<?5@0BC@0 +25 °%, H284:VABь 5;NFVW 1 <;/E2. $568< @>74V;5==O 

?@>B5W=>28E D@0:FV9 1C;> ?>AB02;5=> B0 28:>=0=> 73V4=> ?@>B>:>;C 

28@>1=8:0. 

 

2.3.6.  0A-A?5:B@><5B@VO 
 0A-A?5:B@><5B@8G=89 0=0;V7 ?@>2>48;8 =0 MALDI-TOF A?5:B@><5B@V 

Voyager DE PRO DV@<8 Applied Biosystems, USA. MALDI-TOF (Matrix Assisted 

Laser Desorption/Ionization Time of Flight).  5B>4 <0A-A?5:B@><5B@VW 

ґ@C=BCєBьAO =0 <0B@8G=> 0:B82>20=V9 ;075@=V9 45A>@1FV9=V9 V>=V70FVW 7 

G0A>?@>;ь>B=8< 0=0;V70B>@><. �0AB>A>2C20;8 !+-<0B@8G=C V>=V70FVN 

?>;V?5?B84V2 70 4>?><>3>N AV=0?V=>2>W :8A;>B8 (Sigma-Aldrich) ?V4 4VєN 

;075@=>3> >?@><V=5==O. �>=F5=B@0FVO AV=0?V=>2>W :8A;>B8 C <0B@8G=><C 

@5035=BV AB0=>28;0 1 <3/<;, @50:B82 @>7G8=O;8 C @>7G8=V, I> A:;0402AO 7 

>4=0:>28E >19є<V2 0F5B>=VB@8;C (Sigma-Aldrich) B0 1% 2>4=>3> @>7G8=C 

B@8DB>@>FB>2>W :8A;>B8 (Sigma-Aldrich). %?V22V4=>H5==O <0B@8G=>3> 

@5035=BC 4> 4>A;V46C20=>3> 7@07:C 3:2 (>19є<). �0AB>A>2C20;8 ;V=V9=89 @568< 

@>1>B8 G0A>?@>;ь>B=>3> 45B5:B>@C <0A-A?5:B@><5B@0, ?@8:;045=0 =0?@C30 

AB0=>28;0 25 :�. "B@8<0=V A?5:B@8 >1@>1;O;8 ?@>3@0<>N Data Explorer 4.0.0.0 

(Applied Biosystems) [143]. 
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2.3.7. &@8?A8=>;V7 
�;O 28:>=0==O B@8?A8=>;V7C 4>A;V46C20=>3> ?@>B5W=C ?@>2>48;8  35;ь-

5;5:B@>D>@57, O: >?8A0=> 28I5, B0 28@V70;8 7 35;N 7>=C FV;ь>2>3> ?@>B5W=C. 

#>4@V1=N20;8 35;ь 70 ?@8ACB=>ABV  B@8?A8=C Trypsin Protease, 

MassSpectrometry Grade Proteases (Thermo Scientific, %,�). �V4@>;V70B 

0=0;V7C20;8 70 4>?><>3>N <0A-A?5:B@><5B@VW, O: >?8A0=> C ?. 2.3.6. 

 

2.3.8. �<V=>:8A;>B=89 0=0;V7 
�<V=>:8A;>B=89 A:;04 DV1@8=>35=078 287=0G0;8 =0 02B><0B8G=><C 

0<V=>:8A;>B=><C 0=0;V70B>@V &-339 «Mikrotekno», +5EVO, C ;VBV9-F8B@0B=><C 

1CD5@V 2 >4=>:>;>=:>2><C F8:;V. �V4@>;V7 ?@>B5W=C ?@>2>48;8 2 6   HCl C 

70?0O=8E 0<?C;0E ?@8 120˚% ?@>BO3>< 4 3>48=. 

 

2.3.9.  >45;N20==O ?@>AB>@>2>W AB@C:BC@8 ?@>B5W=C 
�;O <>45;N20==O ?@>AB>@>2>W AB@C:BC@8 ?@>B5W=C EMS11A (UniProt 

P0C6A3) 28:>@8AB>2C20;8 ?@>3@0<C AlphaFold 3 (Google DeepMind and 

Isomorphic Labs collaboration, %,�). �>40B:>2> 1C;> 28:>@8AB0=> AB@C:BC@C 

35B5@>48<5@C 457V=B53@8=C 7 >B@CB8 Echis carinatus (echistatin) PDB ID: 1TEJ 

(RCSB US Datacenter, %,�). 

 

2.3.10. ADP-V=4C:>20=0 03@530FVO B@><1>F8BV2 
#@>F5A 03@530FVW B@><1>F8BV2 282G0;8 70 4>?><>3>N 03@53><5B@0 SOLAR 

�$2110 (�V;>@CAь). �> 200 ¼; 71030G5=>W B@><1>F8B0<8 ?;07<8 :@>2V ;N48=8 

C :N25BC 03@53><5B@0 4>4020;8 50 ¼; 4>A;V46C20=>W D@0:FVW B0 25 ¼; 

0,025   CaCl2. �:B820FVN B@><1>F8BV2 V=4C:C20;8 4>4020==O< 25 ¼; 12,5 ¼M 

A�(. 

 

2.3.11. !5?@O<89 V<C=>D5@<5=B=89 0=0;V7 
!5?@O<89 V<C=>D5@<5=B=89 0=0;V7 (�(�) 28:>@8AB>2C20;8 4;O 0=0;V7C 

270є<>4VW 457V=B53@8=V2 7 0:B82>20=8<8 B@><1>F8B0<8. �V4<8BV B@><1>F8B8 
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;N48=8 2 0,004   HEPES 1CD5@V 7 @! 7,4 4>4020;8 2 ;C=:8 96-;C=:>2>3> 

?;0=H5B0 4;O :C;ьB82C20==O B:0=8= (Nunc), 0 ?>BV< 0:B82C20;8 30 <:  ��(. 

�C=:8 B@8GV >15@56=> 2V4<820;8 1CD5@>< HEPES. ' ?5@H89 @O4 ;C=>: 

4>4020;8 0=B8BV;0 CD61, A?5F8DVG=V 4> AC1>48=8FV IIb B@><1>F8B0@=>3> 

@5F5?B>@0 IIb/IIIa, C 4@C389 @O4 3 0=B8BV;0 CD61 @07>< 7 457V=B53@8= (0,05 

<3/<;). #@>18 V=:C1C20;8 ?@>BO3>< 1 3>4 ?@8 +37°C, ?>BV< ;C=:8 B@8GV 

>15@56=> ?@><820;8 1CD5@>< HEPES, V 2=>A8;8 2 CAV ;C=:8 2B>@8==V 0=B8BV;0 

:>7OGV 0=B8-<8H0GV-HRP. #VA;O 1 3>4 V=:C10FVW 0:B82=VABь HRP :>=B@>;N20;8 

70 4>?><>3>N ABTS (2,2'-078=>-48-[3-5B8;-15=7>BV07>;V=-6 AC;ьD>:8A;>B8] 

4V0<>=Vє20 AV;ь). "?B8G=C 3CAB8=C :V=F52>3> ?@>4C:BC 28<V@N20;8 ?@8 416 =<. 

�>=:C@5=FVN <V6 457V=B53@8=>< V CD61 0=B8BV;>< @5єAB@C20;8 O: @V7=8FN 2 

A83=0;V, >B@8<0=><C 2 ?@8ACB=>ABV 01> 70 2V4ACB=>ABV 457V=B53@8=C. 

 

2.3.12. "FV=:0 68BBє740B=>ABV :;VB8= 

�8BBє740B=VABь :;VB8= >FV=N20;8 70 4>?><>3>N 0=0;V7C 3-(4,5-

4V5BV;BV07>;-2-V;)-2,5-4VD5=V;B5B@07>;V91@><V40 ( &&). �;VB8=8 ?><VI0;8 2 

96-;C=:>2V ?;0=H5B8 B0 V=:C1C20;8 7 100 <:; :C;ьBC@0;ь=>3> A5@54>28I0, 7 

1 <3/<;  && (3- (4,5-4V<5BV;BV07>;-2-V;)-2,5-4VD5=V;B5B@07>;V9 1@><V4 (Sigma), 

?@8 37 °C. ?@>BO3>< 4 3>4 7 =0ABC?=>N A>;N1V;V70FVєN 7 

48<5B8;AC;ьD>:A84>< (Sigma). #>3;8=0==O ?@8 540 =< 28<V@N20;8 70 

4>?><>3>N @V45@0 Multiskan EX [144]. 

 

2.3.13. �87=0G5==O V=B5=A82=>ABV ?@8:@V?;5==O :;VB8= 

�;O 287=0G5==O V=B5=A82=>ABV ?@8:@V?;5==O :;VB8= 2=>A8;8 :;VB8=8 C 

F5=B@8DC6=C :>=VG=C ?@>1V@:C B0 4>4020;8 457V=B53@8= 2 :>=F5=B@0FVW 2 

<:3/<;. �8B@8<C20;8 ?@>BO3>< 30 E28;8= ?@8 B5<?5@0BC@V 37 °% ?@8 

?>ABV9=><C ?5@5<VHC20==V B0 2=>A8;8 :;VB8=8 2 ;C=:8 96-;C=:>2>3> 

?;0=H5BC. � O:>ABV :>=B@>;N 28:>@8AB>2C20;8 :;VB8=8, O:V 28B@8<C20;8 70 

B8E A0<8E C<>2 157 4>4020==O 457V=B53@8=C. +5@57 :>6=V 10 E28;8= 2V418@0;8 

=04>A04 B0 DV:AC20;8 :;VB8=8, I> ?@8:@V?8;8Aь 4> 4=0 ?;0=H5BC 96 % 
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5B0=>;><. #VA;O >AB0==ь>W G0A>2>W B>G:8 (100 E2) :;VB8=8 D0@1C20;8 

DV>;5B>28< :@8AB0;VG=8<, @>7G8=O;8 10@2=8: 2 � %" V ?@>2>48;8 

A?5:B@>D>B><5B@8G=5 287=0G5==O ?@8 4>268=V E28;V 570 =<. �=B5=A82=VABь 

7010@2;5==O 2V4?>2V40;0 :V;ь:>ABV ?@8:@V?;5=8E :;VB8=. 

 

2.3.14. �87=0G5==O :;VB8==>3> F8:;C  
�;O 287=0G5==O @>7?>4V;C :;VB8= 70 D070<8 F8:;C ?V4 2?;82>< 

457V=B53@8=C B0 2 :>=B@>;ь=8E 7@07:0E 28:>@8AB>2C20;8 <5B>4 ?@>B>:>2>W 

F8B>D;C>@8<5B@VW. �;O ?@83>BC20==O >4=>3> 7@07:0 28:>@8AB>2C20;8 =5 <5=H 

=V6 5E105 :;VB8=. �;VB8=8 >A046C20;8 70 4>?><>3>N F5=B@8DC3C20==O ?@8 

1000 g ?@>BO3>< 5 E2. !04>A04 2V418@0;8 B0 ?@><820;8 :;VB8=8 DV7V>;>3VG=8< 

01> D>AD0B=>A>;ь>28< @>7G8=>< (PBS, @! 7,2). $5ACA?5=4C20;8 :;VB8=8 2 200 

<:; PBS, 4>4020;8 300 <:; F8B@0B=>3> 1CD5@0 (@! 6,8), O:89 <VAB82 0,1% 

B@8B>=C )-100. +5@57 1 E28;8=C 4>4020;8 10 <:; @81>=C:;5078 B0 10 <:; 

?@>?V4VN 9>48AB>3> (Sigma, %,�) 4;O 70D0@1>2C20==O �!�. �=:C1C20;8 

?@>BO3>< 10 E2 ?@8 370% C B5<@O2V B0 30 E2 ?@8 :V<=0B=V9 B5<?5@0BC@V. 

*5=B@8DC3C20;8 ?@8 1000 g 10 E2 B0 28;CG0;8 =04>A04. #VA;O Fь>3> DV:AC20;8 

:;VB8=8 4>4020==O< 400 <:; PBS, 7 0,4% D>@<0;V=C B0 0=0;V7C20;8 2<VAB �!� 

2 ?@>10E. �8<V@N20==O ?>:07=8:V2 ?@>2>48;8 =5 ?V7=VH5, =V6 G5@57 3 4>18 7 

28:>@8AB0==O< ?@>B>:>2>3> F8B>D;C>@8<5B@C. �;O 287=0G5==O :V;ь:>ABV 

:;VB8= 2 @V7=8E D070E :;VB8==>3> F8:;C ?@>2>48;8 F8B>D;C>@8<5B@8G=89 

0=0;V7 7 28:>@8AB0==O< >1;04=0=>3> 0@3>=>28< ;075@>< (»71C4=488 =<, 

»5<VA=585/40 =<) ?@>B>:>2>3> F8B>D;C>@8<5B@0 (Becton Dickinson, %,�). 

#@>18 0=0;V7C20;8 V7 70AB>AC20==O< ?@>3@0<8 Mod Fit LT 3.0 (BDIS, USA). 

 

2.3.15. "FV=:0 0=B8?@>;VD5@0B82=>W 4VW =0 :0=F5@>35=57 in vivo 

�82G0;8 :0=F5@>35=57 in vivo =0 IC@0E ;V=VW �VAB0@ B0 =0 <8H0E ;V=VW 

C57BL, 22>4OG8 W< ACA?5=7VN ?CE;8==8E :;VB8= �>:5@-256 (LLC-WRC256) B0 

:0@F8=><8 ;535=ь �ьNWA (LLC) 2V4?>2V4=>. ,B0<8 :;VB8= >B@8<0=> 7 
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�;VB8==>3> 10=:C ;V=V9 ;N48=8 V B20@8= �=AB8BCBC 5:A?5@8<5=B0;ь=>W 

?0B>;>3VW, >=:>;>3VW V @04V>1V>;>3VW V<. $. Є. �025Fь:>3> !�! ':@0W=8. 

LLC ?5@52820;8 2 :>=F5=B@0FVW 3·105 :;VB8= C 0,3 <; DV7V>;>3VG=>3> 

@>7G8=C 2=CB@VH=ь><9O7>2> C ?@02C 3><V;:C <8H59 ;V=VW C57BL  #V4@0EC=>: 

?CE;8==8E :;VB8= ?@>2>48;8 2 :0<5@V MMC-SR [145]. 

#@>B8?CE;8==C 0:B82=VABь >FV=N20;8 70 2V4A>B:>< 30;ь<C20==O @>ABC 

?CE;8= 70 >19є<><, 28:>@8AB>2CNG8 D>@<C;C 2.1: 

 "% = (>: - >4) / >: · 100 %, (2.1) 

45  "% 3 30;ь<C20==O @>ABC ?CE;8= 70 >19є<><, %; 

>: 3 A5@54=V9 >19є< ?CE;8= C :>=B@>;ь=V9 3@C?V, A<3; 

>4 3 A5@54=V9 >19є< ?CE;8= C 4>A;V4=V9 3@C?V, A<3. 

 

"19є< ?CE;8=8 287=0G0;8 70 D>@<C;>N >19є<C 5;V?A>W40 (D>@<C;0 2.2): 

 V = 1⅓ab2, (2.2) 

45  V 3 >19є< ?CE;8=8, A<3; 

a 3 =091V;ьH0 ?V22VAь ?CE;8=8, A<; 

b 3 =09<5=H0 ?V22VAь ?CE;8=8, A<. 

 

�V;ь:VABь <5B0AB07V2 C ;535=OE 287=0G0;8 2V7C0;ь=>. $>7<V@ :>6=>3> 

<5B0AB07C 2AB0=>2;N20;8 H;OE>< 2V7C0;ь=>3> ?>@V2=O==O 9>3> 4V0<5B@0 7 

<V;V<5B@>2>N H:0;>N. "19є< <5B0AB07V2 @>7@0E>2C20;8, 28E>4OG8 7 

?@8?CI5==O WE=ь>W :C;OAB>ABV, 70 D>@<C;>N >19є<C :C;V (D>@<C;0 2.3): 

 

 v ≈ 0,524 · d3, (2.3) 

 

45  v 3 >19є< <5B0AB07C, <<3; 

d 3 4V0<5B@ <5B0AB07C, <<. 
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2.3.16. %B0B8AB8G=89 0=0;V7 40=8E 
%B0B8AB8G=89 0=0;V7 40=8E ?@>2>48;8 70 4>?><>3>N Microsoft Excel. �AV 

0=0;V78 ?@>2>48;8 C A5@VW 7 B@ь>E ?>2B>@V2, V 40=V 1C;> 2AB0=>2;5=> 

AB0=40@B=8<8 ?><8;:0<8 70 4>?><>3>N <Statistica 7=. $57C;ьB0B8 

?@54AB02;5=> C 283;O4V ± AB0=40@B=5 2V4E8;5==O. $V7=8FN <V6 3@C?0<8 1C;> 

?@>0=0;V7>20=> 7 28:>@8AB0==O< ANOVA. �0=V 22060;8 7=0GCI8<8 ?@8 

@ <0,05. 
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$��'�Ь&�&� �"%�����!!/ &� �% "��"�"$�!!/ 

 

$>74V; 3. �>A;V465==O 03@530FV9=>W 740B=>ABV B@><1>F8BV2 70 
<>45;N20==O ?0B>;>3VG=8E AB0=V2 @V7=>3> ґ5=57C 

&@><1>F8B8 є 1579O45@=8<8 :;VB8=0<8, O:V CB2>@NNBьAO 2 ?@>F5AV 

<530:0@V>F8B>?>57C. ' 2V4?>2V4ь =0 AB8<C; 2>=8 0:B82CBьAO B0 CB2>@NNBь 

03@530B8. �70є<>4VNG8 7 DV1@8=><, O:89 D>@<Cє :0@:0A B@><1C, B@><1>F8B8 

AB2>@NNBь BV;> :@>29O=>3> 73CAB:C [146, 147]. 

�2060NG8 =0 ;01V;ь=VABь B@><1>F8BV2, 1C4ь-O:V DV7V>;>3VG=V G8 

?0B>DV7V>;>3VG=V 7<V=8 ?@872>4OBь 4> 7<V=, A?@O<>20=8E =0 3V?5@-, 01> 6 

3V?>03@530FVN. &@><1>F8B8 <>6CBь 7=0E>48B8AO A5=A81V;V7>20=><C AB0=V, 

3>B>2V 03@53C20B8 70 =09<5=H>3> AB8<C;C, 2>=8 <>6CBь G0AB:>2> 

453@0=C;N20B8, 282V;ь=ONG8 2 :@>2>B>: @>AB>2V D0:B>@8 B0 D0:B>@8 

70?0;5==O, =0@5HBV <>65 707=020B8 7<V= B@><1>F8B>?>57, ?@872>4OG8 4> 

7@>AB0==O G8 ?0B>;>3VG=>3> 7=865==O :V;ь:>ABV B@><1>F8BV2 [148, 149]. &0:0 

48ADC=:FVO B@><1>F8BV2 <>65 ?@872>48B8 4> 703@>78 2=CB@VH=ь>AC48==>3> 

B@><1>CB2>@5==O 01> 6 4> :@>2>B5G.  

' :;V=VG=V9 ;01>@0B>@=V9 4V03=>AB8FV DC=:FVN B@><1>F8BV2 282G0NBь, 

>FV=NNG8 WE=N :V;ь:VABь B0/01> >19є< [150]. &0:>6 206;828<8 <0@:5@0<8 

DC=:FV>=0;ь=>W 0:B82=>ABV B@><1>F8BV2 є PDGF B0 PF4, O:V 287=0G0NBьAO 2 

A8@>20BFV :@>2V V<C=>5=78<=8<8 <5B>40<8 [151].  8 22060є<>, I> =091V;ьH 

V=D>@<0B82=8< <5B>4><, O:89 ?@O<> A2V4G8Bь ?@> DC=:FV>=0;ь=89 AB0= 

B@><1>F8BV2 B0 WE=N 740B=VABь 4> 0:B820FVW 7 D>@<C20==O< DV1@8=>2>3>-

B@><1>F8B0@=>3> B@><1C, є 03@530B><5B@VO. 

 5B>4 03@530B><5B@VW ґ@C=BCєBьAO =0 7<V=V <CB=>ABV A5@54>28I0 C E>4V 

03@530FVW B@><1>F8BV2 ?V4 4VєN V=4C:B>@V2, =09G0ABVH5 3 ADP.  5B>4 4>72>;Oє 

287=0G8B8 ABC?V=ь B0 H284:VABь 03@530FVW B@><81>F8BV2, 0 B0:>6 >FV=8B8 EV4 

?@>F5AC 03@530FVW, O:89 V<VBCє D>@<C20==O DV1@8=>2>-B@><1>F8B0@=>3> 
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B@><1C, 7>:@5<0 28O28B8 45703@530FVN, H284:VABь DV1@8=>CB2>@5==O B0 V=HV 

?@>F5A8, O:V A2V4G0Bь ?@> AB01V;ь=VABь 73CAB:C [152]. 

 5B>N =0H>3> 4>A;V465==O 1C2 0=0;V7 03@530FV9=>W 740B=>ABV 

B@><1>F8BV2 2 ?;07<V :@>2V ;01>@0B>@=8E B20@8= 70 C<>2 <>45;N20==O in vivo 

?0B>;>3V9 @V7=>3> ґ5=57C. �>:@5<0, AB2>@N20;8 <>45;V, ?>29O70=V 7 3>AB@8< 01> 

E@>=VG=8< 70?0;5==O<: B5B@0F8:;V=>2C <>45;ь 35?0B>7C, 48:;>D5=0:-

V=4C:>20=C <>45;ь 35?0B8BC, 4V015BC, 28:;8:0=>3> >68@V==O<, 0B5@>A:;5@>7C, 

?CE;8==>3> @>ABC, LPS-V=4C:>20=>3> 70?0;5==O, 3>AB@>3> @04V0FV9=>3> 

A8=4@><C, 22545==O D@03<5=BC S-H8?0 SARS-CoV-2. #>@V2=N20;8 ABC?V=ь B0 

H284:VABь 03@530FVW B@><1>F8BV2 C 5:A?5@8<5=B0;ь=8E B0 C 74>@>28E B20@8= 

>4=>3> 2V:C B0 ;V=VW. 

 

3.1. �V015B, 28:;8:0=89 >68@V==O< 

 

�;O V=4C:FVW >68@V==O A0<FV2 IC@V2 ?@>BO3>< 6 <VAOFV2 CB@8<C20;8 =0 

4VєBV 7 28A>:8< 2<VAB>< 68@V2 (4> 60 %). �>=B@>;ь=C 3@C?C B20@8= CB@8<C20;8 

=0 AB0=40@B=V9 4VєBV.  

�.      �. 

 

$8A. 3.1. �3@530B>3@0<8 ��(-V=4C:>20=>W 03@530FVW B@><1>F8BV2 C 

71030G5=V9 B@><1>F8B0<8 ?;07<V :@>2V IC@V2 ;V=VW Wistar :>=B@>;ь=>W 3@C?8 

Ст
уп

Vн
ь 

а7
Dе

7а
FV

W, 
%

ЧаE, E
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76 

 

(�) B0 3@C?8, O:0 1C;0 =0 28A>:>68@>2V9 4VєBV <>45;V >68@V==O 7 4V015B>< (�). 

!02545=> 3@0DV:8 B8?>28E 5:A?5@8<5=BV2, :>6=0 :@820 2V4>1@060є EV4 

03@530FVW B@><1>F8BV2 >:@5<>3> IC@0, 28<V@N20==O 74V9A=N20;8 C B@ь>E 

?>2B>@0E. 

 

�C;> 28O2;5=>, I> 70 @>728B:C V=AC;V=>@578AB5=B=>ABV, V=4C:>20=>W 

>68@V==O<, A?>AB5@V30єBьAO ACBBє25 7@>AB0==O @50:B82=>ABV B@><1>F8BV2 (@8A. 

3.1). �8O2;5=> 7@>AB0==O ABC?5=O 03@530FVW B@><1>F8BV2 C 4>A;V4=V9 3@C?V 

B20@8= (67,6 ± 9,0 %), ?>@V2=O=> 7 ?>:07=8:>< 4;O B20@8=, O:V >B@8<C20;8 

AB0=40@B=C 4VєBC (45,8 ± 12,5 %). $V7=8FO 1C;0 4>AB>2V@=>N, 2V4?>2V4=> 4> 

AB0B8AB8G=>3> B5ABC �@0A:5;0-'>;;VA0 (@ = 0,037). 

"B65, 70 V=4C:>20=>W >68@V==O< V=AC;V=>@578AB5=B=>ABV, 28O2;5=> 

?V428I5=C 03@530FV9=C 740B=VABь B@><1>F8BV2, I> <>65 A2V4G8B8 ?@> 

?V428I5=89 ?@>:>03C;O=B=89 ?>B5=FV0;. �V?5@03@530FVO B@><1>F8BV2 є 

2V4><8< =0A;V4:>< 4V015BC, O:0 ?>29O70=0 7V 7@>AB0==O< @V2=O V=AC;V=C, O:89 

157?>A5@54=ь> 2?;820є =0 <530:0@V>F8B8 [153].  

�0 4V015BC 2V4<VG0NBь ?V428I5=C GCB;82VABь B@><1>F8BV2 4> V=4C:B>@V2 

03@530FVW [154]. �V4?>2V4=>, 70AB>AC20==O 0=B803@530=B=8E 035=BV2 є 4>FV;ь=8< 

4;O ?0FVє=BV2, E2>@8E =0 4V015B, 4;O 70?>1V30==O <>6;828< B@><1>B8G=8< 

CA:;04=5==O< [155]. #@>2545=5 ?>@V2=O==O 5D5:BV2 B5@0?VW 0A?V@8=>< C B0:8E 

?0FVє=BV2 40;> =5>4=>7=0G=V @57C;ьB0B8, O:V =5 4>72>;ONBь @5:><5=4C20B8 

0A?V@8= O: 157?5G=89 0=B8:>03C;O=B=89 035=B 4;O 2AVE ?0FVє=BV2. � >3;O4C =0 

F5, 2A5 1V;ьH5 C2038 ?@825@B0є 70AB>AC20==O 0=B03>=VABV2 3;V:>?@>B5W=>28E 

@5F5?B>@V2 B@><1>F8BV2 [156].  

 

3.2. �B5@>A:;5@>7 
 

�;O V=4C:FVW 0B5@>A:;5@>7C C B20@8= 7V A?>=B0==>N 3V?5@B5=7VєN IC@V2 

?@>BO3>< 2 <VAOFV2 CB@8<C20;8 =0 4VєBV 7 28A>:8< 2<VAB>< E>;5AB5@8=C (3 %). 

�>=B@>;ь=C 3@C?C B20@8= CB@8<C20;8 =0 AB0=40@B=V9 4VєBV.  
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�A=Cє 42V >A=>2=V B5>@VW I>4> <5E0=V7<V2 28=8:=5==O 0B5@>A:;5@>7C. 

�>:@5<0, B5>@VO CH:>465==O, 73V4=> O:>W ?>@CH5==O FV;VA=>ABV 5=4>B5;VN є 

?5@28==>N ?>4VєN D>@<C20==O 0B5@>A:;5@>B8G=>W 1;OH:8, 0 B0:>6 ;V?V4=0 

B5>@VO, O:0 AB25@46Cє, I> B@835@>< 0B5@>35=57C є =0:>?8G5==O ;V?V4=8E 

2V4:;045=ь =0 ?>25@E=V AC48= [157]. 

' 70AB>A>20=V9 =0<8 <>45;V 0B5@>A:;5@>7 28:;8:0;8 =0A8G5==O< :@>2V 

?@>4C:B0<8 >1<V=C E>;5AB5@8=C. �8A>:>E>;5AB5@>;ь=0 4VєB0 1C;0 5D5:B82=>N 

;8H5 C A?>=B0==> 3V?5@B5=782=8E IC@V2. ' IC@V2 7 =>@<0;ь=8< 0@B5@V0;ь=8< 

B8A:>< A?>6820==O =02VBь =04<V@=8E :V;ь:>AB59 E>;5AB5@8=C B0:8E ?>@CH5=ь 

=5 28:;8:0;> [158]. �B5@>A:;5@>B8G=V 7<V=8 C A?>=B0==> 3V?5@B5=782=8E 

IC@V2 1C;> A?@8G8=5=> ?>є4=0==O< 42>E D0:B>@V2: =0A8G5==O< :@>2>B>:C 

E>;5AB5@8=>< B0 28A>:8< B8A:><, I> A?@8O2 ?>O2V BC@1C;5=B=>ABV :@>2>B>:C, 

0:B820FVW A8AB5<8 7AV40==O :@>2V B0 CH:>465==N 5=4>B5;VN. 

 

�      � 

 

$8A. 3.2 �3@530B>3@0<8 ��(-V=4C:>20=>W 03@530FVW B@><1>F8BV2 C 

71030G5=V9 B@><1>F8B0<8 ?;07<V :@>2V c?>=B0==> 3V?5@B5=782=8E IC@V2 (�) B0 

3@C?8, O:0 ?@89<0;0 1030BC =0 E>;5AB5@8= 4VєBC <>45;V 0B5@>A:;5@>7C (�). 

!02545=> 3@0DV:8 B8?>28E 5:A?5@8<5=BV2, :>6=0 :@820 2V4>1@060є EV4 

03@530FVW B@><1>F8BV2 >:@5<>3> IC@0, 28<V@N20==O 74V9A=N20;8 C B@ь>E 

?>2B>@0E. 

Ст
уп
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ь 

а7
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�C;> 28O2;5=>, I> 70 @>728B:C 0B5@>A:;5@>7C, V=4C:>20=>3> 4VєB>N 7 

28A>:8< 2<VAB>< E>;5AB5@8=C, A?>AB5@V30єBьAO ACBBє25 7@>AB0==O @50:B82=>ABV 

B@><1>F8BV2 (@8A. 3.2.). �8O2;5=> 7@>AB0==O ABC?5=O 03@530FVW B@><1>F8BV2 C 

4>A;V4=V9 3@C?V B20@8= (52,5 ± 5,0 %), ?>@V2=O=> 7 ?>:07=8:>< 4;O B20@8=, O:V 

>B@8<C20;8 AB0=40@B=C 4VєBC (32,2 ± 12,2 %). $V7=8FO 1C;0 4>AB>2V@=>N, 

2V4?>2V4=> 4> AB0B8AB8G=>3> B5ABC �@0A:5;0-'>;;VA0 (@ = 0,0064). 

#V428I5=89 ABC?V=ь 03@530FVW B@><1>F8BV2 C IC@V2 7 3V?5@B5=7VєN B0 

0B5@>A:;5@>7>< <>65 A2V4G8B8 ?@> :V;ь:0 :;NG>28E 0A?5:BV2. #>-?5@H5, F5 

<>65 2:07C20B8 =0 ?V428I5=C B5=45=FVN 4> B@><1>CB2>@5==O, >A:V;ь:8 

0B5@>A:;5@>7 V 3V?5@B5=7VO A?@8ONBь 0:B820FVW B@><1>F8BV2 V 71V;ьHCNBь @878: 

B@><1>CB2>@5==O [159]. #>-4@C35, A8AB5<=5 70?0;5==O, O:5 G0AB> AC?@>2>46Cє 

FV AB0=8, <>65 2?;820B8 =0 DC=:FVN B@><1>F8BV2, 71V;ьHCNG8 WE AE8;ь=VABь 

4> 03@530FVW. #>H:>465==O 5=4>B5;VN AC48=, O:5 2V41C20єBьAO ?@8 

0B5@>A:;5@>7V, B0:>6 <>65 ?@8725AB8 4> ?V428I5==O 03@530FVW B@><1>F8BV2 

G5@57 ?>@CH5==O @53C;OFVW 10;0=AC 2 A8AB5<V 35<>AB07C. �VєB0 7 28A>:8< 

2<VAB>< E>;5AB5@8=C <>65 ?>A8;N20B8 70?0;ь=V ?@>F5A8 V 7<V=N20B8 DC=:FVN 

B@><1>F8BV2, 0 A0<0 3V?5@B5=7VO є D0:B>@>< @878:C, I> ?@872>48Bь 4> 

<5E0=VG=>3> ?>H:>465==O AC48= V 4>40B:>2> ?V428ICє 03@530FVN 

B@><1>F8BV2. #V428I5=0 03@530FVO B@><1>F8BV2 C B0:8E C<>20E 2:07Cє =0 

71V;ьH5=89 @878: B@><1>CB2>@5==O V <>6;82C ?@>3@5AVN 0B5@>A:;5@>B8G=8E 

7<V=. 

&0:8< G8=><, DC=:FVO B@><1>F8BV2 <0є 28:;NG=5 7=0G5==O C ?@>3@5AVW 

0B5@>A:;5@>7C [160]. !5 482=>, I> 0=B803@530=B=C B5@0?VN @>73;O40NBь O: 

>48= 7 3>;>2=8E A?>A>1V2 70?>1V30==O B@><1>B8G=8< CA:;04=5==O< 70 

0B5@>A:;5@>7C [161]. &><C ?>HC: =>28E A?>A>1V2 V=3V1C20==O 03@530FVW 

B@><1>F8BV2 70 0B5@>A:;5@>7C є 206;828< ?8B0==O< ACG0A=>W 1V>B5E=>;>3VW 

[162]. 

 

 

 



79 

 

3.3. �0=F5@>35=57 
 

�;O <>45;N20==O :0=F5@>35=57C IC@0< 4>A;V4=>W 3@C?V 22>48;8 

2=CB@VH=ь><9O7>2> ACA?5=7VN ?CE;8==8E :;VB8= :0@F8=>A0@:><8 Walker-256 

(1 <;= :;VB8=/<:;). &20@8=0< :>=B@>;ь=>W 3@C?8 22>48;8 2V4?>2V4=C 70 

>19є<>< :V;ь:VABь 1CD5@C. +5@57 10 4=V2 >B@8<C20;8 71030G5=C B@><1>F8B0<8 

?;07<C :@>2V B0 0=0;V7C20;8 03@530FVN B@><1>F8BV2 C IC@V2 >1>E 3@C?. 

 

�      � 

  

$8A. 3.3 �3@530B>3@0<8 ��(-V=4C:>20=>W 03@530FVW B@><1>F8BV2 C 

71030G5=V9 B@><1>F8B0<8 ?;07<V :@>2V :>=B@>;ь=>W 3@C?8 IC@V2, O:8< 2=>A8;8 

1CD5@ (�), B0 3@C?8, O:V9 2=>A8;8 ?CE;8==V :;VB8=8 Walker-256 (�). !02545=> 

3@0DV:8 B8?>28E 5:A?5@8<5=BV2, :>6=0 :@820 2V4>1@060є EV4 03@530FVW 

B@><1>F8BV2 >:@5<>3> IC@0, 28<V@N20==O 74V9A=N20;8 C B@ь>E ?>2B>@0E. 

 

�0 B0:>3> <>45;N20==O >=:>35=57C @VAB ?CE;8=8 ?>G8=02AO =5309=> 7 

<><5=BC 22545==O ACA?5=7VW 68BBє740B=8E ?CE;8==8E :;VB8=, I> :>=B@0ABCє 7V 

728G09=8< @>728B:>< >=:>;>3VG=8E 70E2>@N20=ь. "4=0:, =020=B065==O =0 

>@30=V7<, ?>29O70=5 7 ?@>3@5AVєN ?CE;8=8, 2A5 6 <>6=0 1C;> >FV=8B8.  

#@>3@5AVO ?CE;8=8 ?>29O70=0 7 ?>@CH5==O< 10;0=AC 2 A8AB5<V 35<>AB07C 

2 1V: 3V?5@:>03C;OFVW, >:@V< B>3>, =87:0 :><?>=5=BV2 A8AB5<8 35<>AB07C 

?@89<0NBь CG0ABь C <5E0=V7<0E :0=F5@>35=57C [163]. �>:@5<0, B0:C @>;ь 
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<0NBь V B@><1>F8B8, O:V 740B=V 270є<>4VOB8 7 ?CE;8==8<8 :;VB8=0<8, 

A?@8ONG8 <5B0AB07C20==N [164]. !5 482=>, I> ?V428I5=0 @50:B82=VABь 

B@><1>F8BV2 C E2>@8E ?>29O70=0 7 @878:>< A<5@B=>ABV 2V4 >=:>;>3VG=8E 

70E2>@N20=ь [165]. 

' IC@V2 4>A;V4=>W 3@C?8 A?>AB5@V30;8 VAB>B=5 71V;ьH5==O >19є<C 

?CE;8=8, I> A2V4G8;> ?@> AB@V<:89 ?5@51V3 :0=F5@>35=57C. �>4=>G0A, ABC?V=ь 

B0 H284:VABь 03@530FVW B@><1>F8BV2 C IC@V2 4>A;V4=>W 3@C?8 1C;> 7=865=> 

?>@V2=O=> 7 B0:8<8 4;O :>=B@>;ь=>W 3@C?8 IC@V2 ($8A. 3.3). 

�>:@5<0 ABC?V=ь 03@530FVW B@><1>F8BV2 7=86C202AO 7 55 % C :>=B@>;V 4> 

33 % 70 ?@>3@5AVW ?CE;8=8 (@57C;ьB0B8 4>AB>2V@=V 2V4?>2V4=> 4> AB0B8AB8G=>3> 

B5ABC �@0A:5;0-'>;;VA0, @ = 0,00902). 

 >6;82>, 7=865==O 03@530FV9=>W 740B=>ABV B@><1>F8BV2 ?>29O70=> 7 

48A5<V=>20=8< 2=CB@VH=ь>AC48==8< B@><1>CB2>@5==O<, O:5 G0AB> 

AC?@>2>46Cє >=:>;>3VG=V 70E2>@N20==O =0 B5@<V=0;ь=V9 AB04VW [166]. � V=H>3> 

1>:C, B0:89 5D5:B <>65 1CB8 ?>29O70=89 7V AB@V<:8< @>728B:>< ?CE;8=8, O:89 

157C<>2=> ?@872V2 4> 3>AB@>3> 70?0;ь=>3> ?@>F5AC.  

%;V4 2V47=0G8B8, I> C ?>?5@54=VE >?8A0=8E <>45;OE, 45 <8 2V47=0G0;8 

?V428I5==O ABC?5=O 03@530FVW B@><1>F8BV2, <>20 9H;0 ?@> E@>=VG=89 ?5@51V3 

70E2>@N20==O. *V:02> =040;V 1C;> ?>@V2=OB8 >B@8<0=V @57C;ьB0B0<8 7 

@57C;ьB0B0<8 C V=H8E <>45;OE, ?>29O70=8E 7 3>AB@8< 70?0;5==O<. 

 

3.4. �5?0B8B 
 

�;O V=4C:FVW 35?0B8BC IC@0< ?@>BO3>< 14 4=V2 22>48;8 48:;>D5=0: C 

:V;ь:>ABV 12,5 <3/:3. �>=B@>;ь=V9 3@C?V B20@8= 22>48;8 5:2V20;5=B=89 >19є< 

48AB8;ь>20=>W 2>48. -C@V2 >1>E 3@C? CB@8<C20;8 =0 AB0=40@B=V9 4VєBV.  
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$8A. 3.4 �3@530B>3@0<8 ��(-V=4C:>20=>W 03@530FVW B@><1>F8BV2 C 

71030G5=V9 B@><1>F8B0<8 ?;07<V :@>2V IC@V2 ;V=VW Wistar (�) B0 3@C?8, O:V9 

22>48;8 48:;>D5=0: =0B@VN 4;O AB2>@5==O <>45;V 35?0B8BC (�). !02545=> 

3@0DV:8 B8?>28E 5:A?5@8<5=BV2, :>6=0 :@820 2V4>1@060є EV4 03@530FVW 

B@><1>F8BV2 >:@5<>3> IC@0, 28<V@N20==O 74V9A=N20;8 C B@ь>E ?>2B>@0E. 

 

�C;> 28O2;5=>, I> 70 @>728B:C 48:;>D5=0:-V=4C:>20=>3> 35?0B8BC 

A?>AB5@V30єBьAO ACBBє25 7@>AB0==O @50:B82=>ABV B@><1>F8BV2 (@8A. 3.4). 

�8O2;5=> GVB:C B5=45=FVN 4> 7@>AB0==O ABC?5=O 03@530FVW B@><1>F8BV2 C 

4>A;V4=V9 3@C?V B20@8= (62 ± 4,2 %), ?>@V2=O=> 7 ?>:07=8:>< 4;O B20@8= 

:>=B@>;ь=>W 3@C?8 (51,6 ± 7,3 %) 2V4?>2V4=> 4> AB0B8AB8G=>3> B5ABC �@0A:5;0-

'>;;VA0 @ = 0,01629.  

�@>AB0==O @50:B82=>ABV B@><1>F8BV2 70 @>728B:C 48:;>D5=0:-

V=4C:>20=>3> 35?0B8BC <>65 A2V4G8B8 ?@> :V;ь:0 206;828E ?0B>;>3VG=8E 7<V=. 

�5?0B8B G0AB> AC?@>2>46CєBьAO A8AB5<=8< 70?0;5==O<, O:5 0:B82Cє 

B@><1>F8B8, ?V428ICNG8 WE @50:B82=VABь V AE8;ь=VABь 4> 03@530FVW [167]. 

&0:>6 206;82> 2V4<VB8B8, I> >:@V< A8AB5<=>3> 70?0;5==O, =0A;V4:8 35?0B8BC 

?@>O2;ONBьAO C 283;O4V B@><1>F8B>?5=VW, ?>29O70=>W 7V 7=865==O< @V2=N 

B@><1>?>5B8=C ?V4 G0A CH:>465==O :;VB8==>W <0A8 ?5GV=:8. *5 ?@872>48Bь 4> 

7=865==O B@><1>?>57C 2 :VAB:>2><C <>7:C V, O: =0A;V4>:, 4> B@><1>F8B>?5=VW 

2 ?5@8D5@V9=V9 :@>2V C ?0FVє=BV2 7 ?V7=V<8 AB04VO<8 70E2>@N20==O ?5GV=:8 
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[168]. �@V< B>3>, B>:A8G=89 5D5:B 48:;>D5=0:C =0 ?5GV=:C (V =5 BV;ь:8 =0 =5W) 

<>65 ?>@CHC20B8 DC=:FVN 5=4>B5;VN AC48=, 28:;8:0NG8 0?>B>?B>7 G5@57 

270є<>4VN 7 ?@>-0?>?B8G=8<8 A83=0;ь=8<8 H;OE0<8 B0 ?@>B5W=0<8, I> B0:>6 

A?@8Oє 0:B820FVW B@><1>F8BV2 [169]. "B65, ?V428I5=0 @50:B82=VABь 

B@><1>F8BV2 C B0:8E C<>20E 2:07Cє =0 71V;ьH5=89 @878: B@><1>CB2>@5==O, I> 

4>72>;Oє @>73;O40B8 70AB>AC20==O A5;5:B82=8E V=3V1VB>@V2 03@530FVW 

B@><1>F8BV2 4;O ?>;53H5==O A8<?B><V2 ?5@51V3C E2>@>18. 

 

3.5. �5?0B>7 
 

�;O V=4C:FVW 35?0B>7C C B20@8= IC@0< ?@>BO3>< 7 4=V2 22>48;8 250 <3/:3 

B5B@0F8:;V=C. �>=B@>;ь=V9 3@C?V B20@8= 22>48;8 5:2V20;5=B=89 >19є< 

48AB8;ь>20=>W 2>48. -C@V2 >1>E 3@C? CB@8<C20;8 =0 AB0=40@B=V9 4VєBV [170].  

�       � 

 

$8A. 3.5 �3@530B>3@0<8 ��(-V=4C:>20=>W 03@530FVW B@><1>F8BV2 C 

71030G5=V9 B@><1>F8B0<8 ?;07<V :@>2V IC@V2 ;V=VW Wistar (�) B0 3@C?8, O:0 

>B@8<C20;0 7040=C :>=F5=B@0FVN B5B@0F8:;V=C (�) ?@>BO3>< 7 4=V2. !02545=> 

3@0DV:8 B8?>28E 5:A?5@8<5=BV2, :>6=0 :@820 2V4>1@060є EV4 03@530FVW 

B@><1>F8BV2 >:@5<>3> IC@0, 28<V@N20==O 74V9A=N20;8 C B@ь>E ?>2B>@0E. 
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�C;> 28O2;5=>, I> 70 @>728B:C 35?0B>7C, V=4C:>20=>3> B5B@0F8:;V=><, 

A?>AB5@V30єBьAO =57=0G=5 7=865==O @50:B82=>ABV B@><1>F8BV2 (@8A. 3.5). 

�8O2;5=> B5=45=FVN 4> 7=865==O ABC?5=O 03@530FVW B@><1>F8BV2 C 4>A;V4=V9 

3@C?V B20@8= (51,4 ± 5,85 %) ?>@V2=O=> 7 ?>:07=8:>< 4;O B20@8=, O:V 

>B@8<C20;8 AB0=40@B=C 4VєBC (59,3 ± 5,35 %), 2V4?>2V4=> 4> AB0B8AB8G=>3> 

B5ABC �@0A:5;0-'>;;VA0 @ = 0,04461).  

#@825@B0є C203C @V7=>A?@O<>20=0 4VO 35?0B8BC V 35?0B>7C: 70 35?0B8BC 

A?>AB5@V30;8 B5=45=FVN 4> ?V428I5==O ABC?5=O 03@530FVW B@><1>F8BV2, 0 70 

35?0B>7C 3 7=865==O.  

�V4><>, I> ?@8 35?0B>7V A?>AB5@V30єBьAO 7=865==O :V;ь:>ABV B@><1>F8BV2 

[171]. ":@V< B>3>, ?>@CH5==O 2 <5B01>;V7<V 68@V2 V =0:>?8G5==O 68@C 2 

?5GV=FV <>6CBь 2?;820B8 =0 DC=:FVN <530:0@V>F8BV2 B0 ?@>4C:FVN =8<8 

=57@V;8E B@><1>F8BV2 [172]. "B65, 7=865==O @50:B82=>ABV B@><1>F8BV2 C B0:8E 

C<>20E 2V4>1@060є :><?;5:A=89 ?0B>;>3VG=89 ?@>F5A. 

�06;82>, I> 35?0B>7 C AB2>@5=V9 =0<8 <>45;V ?>29O70=89 7 @>728B:>< 

3>AB@>3> 70?0;ь=>3> ?@>F5AC. /: V C 28?04:C 28:>@8AB0=>W =0<8 <>45;V 

:0=F5@>35=57C, 2V4?>2V44N >@30=V7<C =0 3>AB@5 70?0;5==O AB0;> 7=865==O 

DC=:FVW B@><1>F8BV2. 

 

3.6. LPS-V=4C:>20=5 70?0;5==O 
 

�C;> 28@VH5=> ?5@52V@8B8 3V?>B57C ?@> 7=865==O DC=:FVW B@><1>F8BV2 70 

3>AB@>3> 70?0;5==O, 28:>@8AB02H8 :;0A8G=C <>45;ь LPS-V=4C:>20=>3> 

70?0;5==O. 

�;O ?>1C4>28 <>45;V 70?0;5==O C B20@8= IC@0< 22>48;8 LPS C 

:>=F5=B@0FVO 0,5 <3/:3. �>=B@>;ь=V9 3@C?V B20@8= 22>48;8 5:2V20;5=B=89 

>19є< DV7V>;>3VG=>3> @>7G8=C.  
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$8A. 3.6 �3@530B>3@0<8 ��(-V=4C:>20=>W 03@530FVW B@><1>F8BV2 C 

71030G5=V9 B@><1>F8B0<8 ?;07<V :@>2V IC@V2 ;V=VW Wistar (�) B0 3@C?8 B20@8=, 

O:8< 22>48;8 LPS (�). !02545=> 3@0DV:8 B8?>28E 5:A?5@8<5=BV2, :>6=0 :@820 

2V4>1@060є EV4 03@530FVW B@><1>F8BV2 >:@5<>3> IC@0, 28<V@N20==O 

74V9A=N20;8 C B@ь>E ?>2B>@0E. 

 

�C;> 28O2;5=>, I> 70 @>728B:C 70?0;5==O, V=4C:>20=>3> LPS, 

A?>AB5@V30єBьAO 7=0G=5 7=865==O @50:B82=>ABV B@><1>F8BV2 (@8A. 3.6). 

�8O2;5=> 7=865==O ABC?5=O 03@530FVW B@><1>F8BV2 C 4>A;V4=V9 3@C?V B20@8= 

(20,8 ± 11 %), ?>@V2=O=> 7 ?>:07=8:>< 4;O B20@8=, O:8< 22>48;8 DV7V>;>3VG=89 

@>7G8= (41,6 ± 8,2 %). $V7=8FO 1C;0 4>AB>2V@=>N, 2V4?>2V4=> 4> AB0B8AB8G=>3> 

B5ABC �@0A:5;0-'>;;VA0 (@ = 0.00902). 

LPS V=4C:Cє 3>AB@5 70?0;5==O 7024O:8 0:B820FVW TLR-@5F5?B>@V2, 

70?CA:0NG8 2 >@30=V7<V ?V44>A;V4=>W B20@8=8 A8AB5<=C V<C==C 2V4?>2V4ь.  

":@V< B>3>, LPS <>65 157?>A5@54=ь> 4VOB8 =0 B@><1>F8B8 7024O:8 

270є<>4VNG8 7 CD14 V TLR4 =0 WE=V9 ?>25@E=V [173, 174]. "4=8< 7 ?>OA=5=ь 

@V7:>3> 7=865==O ABC?5=O 03@530FVW B@><1>F8BV2 (@8A. 3.5), ?>;O30є C B><C, I> 

G5@57 A83=0;ь=89 H;OE TLR4 2V41C20єBьAO 7@>AB0==O :>=F5=B@0FVW 

F8B>7>;ь=>3> F� (, O:5 ?@872>48Bь 4> 282V;ь=5==O V>=V2 :0;ьFVN 7 IV;ь=>W 
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B@C1G0AB>W A8AB5<8 B@><1>F8BV2 [175]. �8A>:0 :>=F5=B@0FVO :0;ьFVN <0є 

V=3V1VB>@=89 2?;82 =0 ?@>F5A ��(-V=4C:>20=>W 03@530FVW B@><1>F8BV2 [176]. 

&0:8< G8=><, <8 7=>2C A?>AB5@V30;8 7=865==O DC=:FVW B@><1>F8BV2 70 

3>AB@>3> 70?0;5==O, I> ?V4B25@46Cє =0HV ?>?5@54=V 28A=>2:8 ?@> 

70:>=><V@=>ABV 2V4?>2V4V B@><1>F8B0@=>W ;0=:8 35<>AB07C =0 70?0;ь=89 

?@>F5A. 

":@V< 2V4=>A=> ?@>AB8E <>45;59, ?>29O70=8E 7 @>728B:>< 3>AB@>3> G8 

E@>=VG=>3> 70?0;ь=>3> ?@>F5AC, =0<8 1C;> 282G5=> AB0= B@><1>F8B0@=>W 

;0=:8 35<>AB07C C <>45;OE, ?>29O70=8E 7 A8AB5<=8< C@065==O< >@30=V7<C. 

�>:@5<0 1C;> 4>A;V465=> 03@530FVN B@><1>F8BV2 70 3>AB@>3> @04V0FV9=3> 

A8=4@><C B0 70 V<C=V70FVW B20@8= ?5?B84>< S-H8?0 2V@CAC SARS-CoV-2. 

 

3.7. �>AB@89 @04V0FV9=89 A8=4@>< 

 

�;O AB2>@5==O <>45;V 3>AB@>3> @04V0FV9=>3> A8=4@><C IC@V2 

>?@><V=N20;8 6 Gy V 28<V@N20;8 03@530FV9=C 740B=VABь B@><1>F8BV2 G5@57 9 

4V1. �>=B@>;ь=C 3@C?C CB@8<C20;8 2 B8E A0<8E C<>20E, I> 9 

5:A?5@8<5=B0;ь=C, >4=0: 2>=0 =5 707=020;0 >?@><V=5==O. 

' ?>@V2=O==V :>=B@>;ь=>W 3@C?8 IC@V2 B0 3@C?8 IC@V2, O:V 707=0;8 

>?@><V=5==O, 28O28;8Aь =57=0G=V 7<V=8 C ABC?5=V B0 H284:>ABV 03@530FVW 

B@><1>F8BV2. ' 4>A;V4=V9 3@C?V B20@8= ?>:07=8: ABC?5=O 03@530FVW AB0=>282 

28,4 ± 21,57 %, 0 C B20@8=, O:8E =5 1C;> >?@><V=5=>, 3 43,4 ± 13,1 %. �V4?>2V4=> 

4> AB0B8AB8G=>3> B5ABC �@0A:5;0-'>;;VA0 @V7=8FO AB0=>28;0 @ = 0,29627). 

"B65 ?@><5=520 E2>@>10 28:;8:0;0 7=865==O DC=:FVW B@><1>F8BV2. 

�V;ьHVABь 0=0;>3VG=8E 4>A;V465=ь, O:V ?@>2>48;8 =0 <8H0E, 287=0G0;8 

7<V=C ?>:07=8:V2 35<0B>;>3VG=8E ?0@0<5B@V2, C B><C G8A;V V B@><1>F8BV2. �C;> 

?>:070=> 7=0G=5 7=865==O 7030;ь=>3> @V2=O :V;ь:>ABV B@><1>F8BV2 [177, 178].  
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$8A. 3.7 �3@530B>3@0<8 ��(-V=4C:>20=>W 03@530FVW B@><1>F8BV2 C 

71030G5=V9 B@><1>F8B0<8 ?;07<V :@>2V IC@V2 ;V=VW Wistar (�) B0 3@C?8, O:0 

>B@8<0;0 >?@><V=5==O C 6 >48=8Fь �@ (�). !02545=> 3@0DV:8 B8?>28E 

5:A?5@8<5=BV2, :>6=0 :@820 2V4>1@060є EV4 03@530FVW B@><1>F8BV2 >:@5<>3> 

IC@0, 28<V@N20==O 74V9A=N20;8 C B@ь>E ?>2B>@0E. 

 

�<>2V@=>, @04V0FV9=5 C@065==O, O:5 CH:>46Cє G5@2>=89 :VAB:>289 <>7>:, 

?>@CHCє B@><1>F8B>?>57 B0 28:;8:0є 35=5@0;V7>20=5 70?0;5==O [179]. 

�V4><>ABV ?@> AB0= A8AB5<8 35<>AB07C 70 ?@><5=52>W E2>@>18 4>72>;ONBь 

?@8?CAB8B8 28=8:=5==O 48A5<V=>20=>3> 2=CB@VH=ь>AC48==>3> 

B@><1>CB2>@5==O, I> B0:>6 ?@872>48Bь 4> 7=865==O 03@530FV9=>W 740B=>ABV 

B@><1>F8BV2. 

 

3.8. �=DV:C20==O SARS-CoV-2 

 

�V4><>, I> V=DV:C20==O SARS-CoV-2, O:5 28:;8:0є ?0=45<VG=C E2>@>1C 

COVID-19, ?@872>48Bь 4> F8B>:V=>2>3> HB>@<C, 3>AB@>3> B0 E@>=VG=>3> 

70?0;5==O, B@><1>B8G=8E CA:;04=5=ь B0 V=H8E ?@>F5AV2, 4> O:8E ?>B5=FV9=> 

<>6CBь 1CB8 70;CG5=V B@><1>F8B8. �06;828< :><?>=5=B>< V=DV:C20==O 

SARS-CoV-2 є 0CB>V<C==V ?@>F5A8, 7>:@5<0, 1C;> ?>:070=> CB2>@5==O 
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0CB>0=B8BV; 4> D@03<5=BC H8?0 2V@CAC 674-685, O:5, 70 40=8<8 4>A;V4=8:V2, 

V=4C:Cє =59@>70?0;5==O G5@57 D>@<C20==O 0CB>0=B8BV; [180]. 

�;O AB2>@5==O <>45;V <8H0< ;V=VW C57BL/6J 2V:>< 3 <VAOFV 1C;> 22545=> 

V=B@0?5@8B>=V0;ь=> ?5?B84 674-685 S-H8?0 SARS-CoV-2 7 049N20=B><. 

�>A;V4=V9 3@C?V 22>48;8 5:2V20;5=B=89 >19є< @>7G8=C 049N20=B><. 

�       � 

  

$8A 3.8 �3@530B>3@0<8 ��(-V=4C:>20=>W 03@530FVW B@><1>F8BV2 C 

71030G5=V9 B@><1>F8B0<8 ?;07<V :@>2V <8H59 ;V=VW C57BL/6J, V<C=V7>20=8E 

?5?B84>< 674-685 S-H8?0 SARS-CoV-2 (�), B0 :>=B@>;ь=8E B20@8= (�). 

!02545=> 3@0DV:8 B8?>28E 5:A?5@8<5=BV2, :>6=0 :@820 2V4>1@060є EV4 

03@530FVW B@><1>F8BV2 >:@5<>3> IC@0, 28<V@N20==O 74V9A=N20;8AO C B@ь>E 

?>2B>@0E. 

 

�C;> 28O2;5=>, I> V<C==0 2V4?>2V4ь =0 4>A;V46C20=89 ?5?B84 ?@872>48;0 

4> @V7:>3> 7=865==O ABC?5=O B0 H284:>ABV 03@530FVW B@><1>F8BV2. �>:@5<0, 

ABC?V=ь 03@530FVW 7=86C202AO 4> 14,4 ± 5,17 %, `?>@V2=O=> 7 29,6 ± 10 % C 

:>=B@>;V. �V4?>2V4=> 4> AB0B8AB8G=>3> B5ABC �@0A:5;0-'>;;VA0 @V7=8FO 1C;0 

4>AB>2V@=>N (@ = 0,02828). 

*V:02>, I> >4=8< 7 0A?5:BV2 4VW SARS-CoV-2 =0 B@><1>F8B8 є V=4C:C20==O 

0:B820FVW 70?@>3@0<>20=8E H;OEV2 :;VB8==>W 703815;V 7 282V;ь=5==O< 

?>70:;VB8==8E 2578:C;, B0:8E O: <V:@>G0AB8=:8 B0 5:7>A><8 7 F8B>?;07<8 
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B@><1>F8BV2. *5 ?V4B25@46CNBь <0@:5@8 0?>?B>7C B0 =5:@>?B>7C, Casp 

(Caspase)3 B0 D>AD>@8;ь>20=89 MLKL (pMLKL) 2V4?>2V4=> [181].  

�=B8BV;0 ?@>B8 SARS-CoV-2 <>6CBь B0:>6 A?@8OB8 0:B820FVW 

B@><1>F8BV2 V ?@>B@><1>B8G=V9 2V4?>2V4V. ' <V@C ?@>3@5AC20==O V=D5:FVW 

:V;ь:VABь 0=B8BV; ?@>B8 2V@CAC 71V;ьHCєBьAO 2 :@>2>>1V3C, 0 :V;ь:VABь V O:VABь 

F8E 0=B8BV; 20@VNєBьAO 2V4 ;N48=8 4> ;N48=8. �>A;V465==O ?>:070;8, I> 

28A>:V B8B@8 0=B8BV; C ?0FVє=BV2 7 COVID-19 0A>FVNNBьAO 7 BO6:VABN 

70E2>@N20==O B0 ?V428I5=>N A<5@B=VABN [182].  

"B65, ?@8G8=C 7=865==O DC=:FVW B@><1>F8BV2 A;V4 HC:0B8 C A8AB5<=V9 

@50:FVW >@30=V7<C =0 V=DV:C20==O, 0CB>V<C==8E ?@>F5A0E, C @>728B:C 

2=CB@VH=ь>AC48==>3> B@><1>CB2>@5==O, O:V AC?@>2>46CNBь F5 70E2>@N20==O. 

&><C 7 >A>1;82>N >15@56=VABN A;V4 70AB>A>2C20B8 0=B8B@><1>F8B0@=V 

?@5?0@0B8 ?V4 G0A ;V:C20==O COVID-19 B0 C ?>AB-:>2V4=89 ?5@V>4. ' 729O7:C 7 

F8<, >A>1;8289 V=B5@5A A5@54 V=3V1VB>@V2 03@530FVW B@><1>F8BV2 AB0=>2;OBь 

0=B03>=VAB8 V=B53@8=>28E @5F5?B>@V2, I> ?@83=VGCNBь 03@530FVN B@><1>F8BV2, 

?><V@=> 4VNG8 ?@8 Fь><C =0 A83=0;ь=V :0A:048 B@><1>F8BV2. 



89 

 

  

$>74V; 4. "B@8<0==O V E0@0:B5@8AB8:0 0=B03>=VABV2 V=B53@8=>28E 
@5F5?B>@V2 7 >B@CB8 7<V9 

 

4.1 "B@8<0==O 457V=B53@8=V2 
 

4.1.1. %@><0B>3@0DVG=5 D@0:FV>=C20==O >B@CB8 Bitis arietans 

�;O D@0:FV>=C20==O :><?>=5=BV2 >B@CB8 304N:8 HC<;82>W (Bitis arietans) 

1C;> 28:>@8AB0=> Q-A5D0@>7C (1E10 A<), 2@V2=>2065=C 0,05   B@8A-HCl 

1CD5@>< @! 8,3. �;O Fь>3> 100 <3 :@8AB0;VG=>W >B@CB8 Bitis arietans @>7G8=O;8 

C 1 <; 0,05   B@8A-HCl 1CD5@0 @! 8,3. #VA;O 2840;5==O F5=B@8DC3C20==O< 

G0AB>:, I> =5 @>7G8=8;8AO, >B@CBC =0=>A8;8 =0 Q-A5D0@>7C 7V H284:VABN 1 

<;/E2 ($8A. 4.1). 

�;NFVN ?@>2>48;8 ABC?V=G0AB8< 3@04Vє=B>< 0-2,0   NaCl. "?B8G=C 

3CAB8=C 28<V@N20;8 ?@8 280 =<. &CB V 40;V V=3V1C20==O 03@530FVW B@><1>F8BV2 

>B@8<0=8<8 D@0:FVO<8 287=0G0;8 70 4>?><>3>N 03@530B><5B@VW, O: >?8A0=> C 

@>74V;V 2.3.10. 

 

$8A. 4.1. )@><0B>3@0<0 D@0:FV>=C20==O FV;ь=>W >B@CB8 Bitis arietans 70 

4>?><>3>N 9>=>>1<V==>W E@><0B>3@0DVW =0 Q-Sepharose. 1 3 D@0:FVO, I> =5 

729O70;0AO 7 =>AVє<; 2 3 D@0:FVO, 5;NN9>20=0 ?@8 0,1   NaCl; 3 3 D@0:FVO, 

5;NN20;0Aь 0,2   NaCl; 4 3 D@0:FVO, 5;NN9>20=0 ?@8 0,5   NaCl; 5 3 D@0:FVO, 

5;NN9>20=0 ?@8 0,2   NaCl. +5@2>=>N 7>=>N ?>:070=> 0;V:2>B8 D@0:FVW, I> 

<VAB8;8 V=3V1VB>@ 03@530FVW B@><1>F8BV2 
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%>@1>20=V ?@>B5W=8 5;NN20;8 ABC?V=G0AB8< 3@04Vє=B>< NaCl: 0,05   

B@8A-HCl 1CD5@ @! 8,3 (1), I> <VAB82 0,1   NaCl (2), 0,2   NaCl (3); 0,5   

NaCl (4) B0 2   NaCl (5) ($8A. 4.1.). 

&0:8< G8=><, >B@8<0=> G>B8@8 D@0:FVW >B@CB8 Bitis arietans. %:;04 

?@>B5W=>2>3> :><?>=5=BC >B@8<0=8E D@0:FV9 1C;> 287=0G5=> 70 4>?><>3>N 

5;5:B@>D>@57C 2 10% #��� 2 A8AB5<V �5<;V ($8A. 4.2).  

#>:070=>, I> >B@8<0=V D@0:FVW 2V4@V7=ONBьAO 70 A2>W< ?@>B5W=>28< 

A:;04>< B0 <VABOBь ?@>B5W=8 C 4V0?07>=V <>;5:C;O@=8E <0A 2V4 150 4> 10 :�a. 

 

 

$8A. 4.2. �;5:B@>D>@53@0<0 D@0:FV9 >B@CB8 Bitis arietans, >B@8<0=8E =0 

Q-A5D0@>7V, C 10%-><C #���, 45 1 3 FV;ь=0 >B@CB0, 2 - D@0:FVO, I> =5 

729O70;0AO 7 =>AVє< 70 40=8E C<>2, 3 3 D@0:FVO, I> 5;N9>20=0 70 :>=F5=B@0FVW 

0,1   NaCl, 4 3 D@0:FVO, I> 5;N9>20=0 70 :>=F5=B@0FVW 0,2   NaCl, 5 3 D@0:FVO, 

I> 5;N9>20=0 70 :>=F5=B@0FVW 0,5   NaCl, 6 3 <0@:5@8 <>;5:C;O@=>W <0A8 

?@>B5W=V2, :�0 
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�8O2;5=>, I> D@0:FVO, O:0 =5 729O7C20;0AO 7 =>AVє< 70 40=8E C<>2, 0 B0:>6 

D@0:FVO 3, 5;N9>20=0 70 :>=F5=B@0FVW 0,5   NaCl , V=3V1C20;8 ?@>F5A 03@530FVW 

B@><1>F8BV2.  

$0=VH5 1C;> ?>:070=>, I> >B@8<0=0 D@0:FVO, O:C 1C;> 5;NN20=> 70 

:>=F5=B@0FVW 0,5   NaCl, <VAB8Bь 5=78<, 740B=89 3V4@>;V7C20B8 �³- B0 �β-

;0=FN38 DV1@8=>35=C, I> V ?@872>48Bь 4> ?>@CH5==O ?@>F5AC 03@530FVW 

B@><1>F8BV2. 

(@0:FVO, O:0 =5 729O7C20;0AO 7 =>AVє< 70 40=8E C<>2, 1C;0 є48=>N, I> 

28O28;0 V=3V1VB>@=C 4VN =0 ?@>F5A 03@530FVW B@><1>F8BV2. �V4B0:, <8 

7>A5@548;8AO A0<5 =0 FV9 D@0:FVW V 4;O WW 4>40B:>2>W >G8AB:8 ?@>25;8 35;ь-

DV;ьB@0FVN =0 Superdex-75 prepgrade. ($8A. 4.3) 

 

$8A. 4.3. � 3 #@>DV;ь 5;NFVW 457V=B53@8=C 7 >B@CB8 Bitis arietans =0 

Superdex-75 prepgrade, � 3 D@0:FVW, I> <VAB8;8 V=3V1VB>@ 03@530FVW B@><1>F8BV2. 

� 3 �;5:B@>D>@53@0<0 D@0:FV9 >B@CB8 Bitis arietans, >B@8<0=8E =0 Superdex-75 

prepgrade, O:V <VAB8;8 V=3V1VB>@ 03@530FVW B@><1>F8BV2.   3 <0@:5@8 

<>;5:C;O@=>W <0A8 (kDa); 250, 130, 100, 70, 66, 35, 25, 15, 10. 

 

,;OE>< 287=0G5==O V=3V1VB>@=>3> 5D5:BC =0 03@530FVN B@><1>F8BV2 C 

71030G5=V9 B@><1>F8B0<8 ?;07<V :@>2V 1C;> 287=0G5=> D@0:FVW, I> <VAB8;8 
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457V=B53@8=. *V D@0:FVW 1C;> >19є4=0=>, 7=5A>;5=> B0 A:>=F5=B@>20=> 70 

4>?><>3>N F5=B@8?@5?C Amicon-3. 

�0 4>?><>3>N 5;5:B@>D>@57C C 10%-><C #��� 2 A8AB5<V �5<;V 1C;> 

?5@52V@5=> A:;04 >B@8<0=>3> <0B5@V0;C. �C;> 28O2;5=> =87ь:><>;5:C;O@=89 

:><?>=5=B D@0:FVW, O:89 2V4?>2V40є <>;5:C;O@=V9 <0AV 18-20 :�0 ($8A. 4.3). 

 

4.1.2. %@><0B>3@0DVG=5 D@0:FV>=C20==O >B@CB8 Calloselasma 

rhodostoma 

�;O D@0:FV>=C20==O >B@CB8 3;045=ь:>3>, 01> >AB@V2=>3>, I8B><>@4=8:0 

Calloselasma rhodostoma, @>7G8= >B@CB8 90 <3 C 1 <; 1CD5@C 0,025   Tris HCl 

pH 7,4 =0=5A;8 Blue-Sepharose.  

 

$8A. 4.4. )@><0B>3@0<0 D@0:FV>=C20==O FV;ь=>W >B@CB8 Calloselasma 

rhodostoma 70 4>?><>3>N 9>=>>1<V==>W E@><0B>3@0DVW =0 Blue-Sepharose. 1 3 

=5 729O70=0 7 =>AVє< 70 40=8E C<>2, B0 D@0:FVW; 5;N9>20=V ?@8 0,7   NaCl (2), 

0,9   (3), 2   NaCl (4). +5@2>=>N 7>=>N ?>:070=> 0;V:2>B8 D@0:FVW, I> 

<VAB8;8 V=3V1VB>@ 03@530FVW B@><1>F8BV2 
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�C;> 28:>@8AB0=> 1CD5@ 0,025   Tris HCl pH 7,4 V >B@8<0=> =0ABC?=V 

D@0:FVW: =5 729O70=0 7 =>AVє< 70 40=8E C<>2 B0 D@0:FVW, 5;N9>20=V ?@8 0,7   

NaCl, 0,9   B0 2   NaCl ($8A. 4.4). 

' A:;04V D@0:FV9, 5;N9>20=8E 70 V>==>W A8;8 2   NaCl 1C;> 28O28;8 

:><?>=5=B, 740B=89 V=VFVN20B8 DV1@8=>CB2>@5==O. /: 2V4><>, C 7<V9 @>4C 

Calloselasma C A:;04V >B@CB8 є B@><1V=>?>4V1=89 5=78<, O:89 >B@8<02 =072C 

�=F8AB@>= B0 1C2 CA?VH=> 70AB>A>20=89 4;O 287=0G5==O :>=F5=B@0FVW 

DV1@8=>35=C 2 7@07:0E ?;07<8 :@>2V ;N48=8. 

 

 

$8A. 4.5 �;5:B@>D>@53@0<0 D@0:FV9 >B@CB8 Calloselasma rhodostoma, 

>B@8<0=8E 70 4>?><>3>N 9>=>>1<V==>W E@><0B>3@0DVW =0 Blue-Sepharose, O:V 

<VAB8;8 V=3V1VB>@ 03@530FVW B@><1>F8BV2.   3 <0@:5@8 <>;5:C;O@=>W <0A8 

(kDa); 250, 130, 100, 70, 66, 35, 25, 15, 10; "B@ 3 7@07>: >B@CB8, I> =0=>A8;8; 

=/72 3 D@0:FVO, I> =5 729O70;0AO 7 =>AVє< 70 40=8E C<>2; 0,7 0,9 V 2 3 D@0:FVW, 

O:V 1C;> >B@8<0=> 2V4?>2V4=8<8 :>=F5=B@0FVO<8 NaCl 

 

(@0:FVN, I> =5 729O70;0AO 7 Blue-Sepharose 70 40=8E C<>2, 1C;> 4>40B:>2> 

>G8I5=> =0 Q-Sepharose. ' E>4V E@><0B>3@0DVW 1C;> >B@8<0=> D@0:FVW 7 

28:>@8AB0==O< :>=F5=B@0FVW NaCl 0,08, 0,15, 0,5 B0 2   ($8A. 4.6). 
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$8A. 4.6. )@><0B>3@0<0 4>40B:>2>W >G8AB:8 457V=B53@8=-2<VA=>W D@0:FVW 

>B@CB8 Calloselasma rhodostoma =0 Q-Sepharose. 1 3 D@0:FVO, I> =5 729O70;0AO 

7 =>AVє< 70 40=8E C<>2 B0 D@0:FVW, O:V 1C;> 5;N9>20=> ?@8 :>=F5=B@0FVW NaCl 

0,08 (2), 0,15 (3), 0,5 (4) B0 2   (5). +5@2>=>N 7>=>N ?>:070=> 0;V:2>B8 D@0:FVW, 

I> <VAB8;8 V=3V1VB>@ 03@530FVW B@><1>F8BV2 
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               �@07>:  1   2   3    4    5 

 

$8A. 4.7. �;5:B@>D>@53@0<0 D@0:FV9, >B@8<0=8E 70 4>?><>3>N 

V>=>>1<V==>W E@><0B>3@0DVW FV;ь=>W >B@CB8 Calloselasma rhodostoma =0 Q-

Sepharose.   3 <0@:5@8 <>;5:C;O@=>W <0A8; �@07>: 3 FV;ь=0 >B@CB0; =/72 3 

<0B5@V0;, I> =5 729O702AO 7 =>AVє< 70 40=8E C<>2; 1, 2, 3, 4 3 D@0:FVW, I> 

5;NN20;8Aь 70 :>=F5=B@0FVW 0,08   NaCl, 0,15   NaCl, 0,5   NaCl B0 2   NaCl 

2V4?>2V4=>;. 

 

"B@8<0=V D@0:FVW 1C;> ?@>0=0;V7>20=> 70 4>?><>3>N 35;ь-5;5:B@>D>@57C 

2 A8AB5<V �5<;V. ' B0 28O2;5=> C A:;04V D@0:FVW, O:C 5;NN20;8 70 :>=F5=B@0FVW 

NaCl 2 M, 1C;> 28O2;5=> =87ь:><>;5:C;O@=89 :><?>=5=B ($8A. 4.7).  

(@0:FVN, O:0 28O28;0AO 740B=>N V=3V1C20B8 03@530FVN B@><1>F8BV2, 

5;NN20;8 70 :>=F5=B@0FVW 2   NaCl. �;O 4>40B:>2>W >G8AB:8 B0 7=5A>;5==O 

1C;> ?@>2545=> E@><0B>3@0DVN, I> @>74V;Oє 70 @>7<V@><, =0 Superdex-G75 

prepgrade ($8A. 4.8).  

!0<8 1C;> ?>:070=>, I> D@0:FVW 4 V 5 740B=V V=3V1C20B8 03@530FVN 

B@><1>F8BV2. *V D@0:FVW 1C;> >19є4=0=>, 7=5A>;5=> B0 A:>=F5=B@>20=> 70 

4>?><>3>N F5=B@8?@5?C Amicon-3. 
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$8A. 4.8. #@>DV;ь 5;NFVW 457V=B53@8=C 7 >B@CB8 Calloselasma rhodostoma 

=0 Superdex-G75 prepgrade. � 3 D@0:FVW, I> <VAB8;8 V=3V1VB>@ 03@530FVW 

B@><1>F8BV2.  

 

4.1.3. %@><0B>3@0DVG=5 D@0:FV>=C20==O >B@CB8 Echis multisquamatus 

�;O >B@8<0==O D@0:FVW 7 >B@CB8 5D8 1030B>;CA:>2>W (Echis 

multisquamatus), I> <VAB8Bь 457V=B53@8=, 100 <3 FV;ь=>W >B@CB8, @>7G8=5=>W C 

1 <; 1CD5@C 0,05   &ris HCl pH 8,9, =0=5A;8 =0 Q-Sepharose (1E10 A<). �C;> 

28:>@8AB0=> 1CD5@ 0,05   Tris HCl pH 8,9 9 >B@8<0=> =0ABC?=V D@0:FVW: =5 

729O70=0 7 =>AVє< 70 40=8E C<>2, V BV, I> 1C;> 5;N9>20=> ?@8 0,15   NaCl, 0,25 

  NaCl, 0,5   NaCl, 1   NaCl. 
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$8A. 4.9. )@><0B>3@0<0 D@0:FV>=C20==O FV;ь=>W >B@CB8 Echis 

multisquamatus 70 4>?><>3>N 9>=>>1<V==>W E@><0B>3@0DVW =0 Q-Sepharose. 1 - 

D@0:FVO, I> =5 729O70;0Aь 7 =>AVє< 70 40=8E C<>2; D@0:FVW, I> 1C;> 5;N9>20=> 

?@8 0,15   NaCl (2), 0,25   NaCl (3), 0,5   NaCl (4), 1   NaCl (5). +5@2>=>N 

7>=>N ?>:070=> 0;V:2>B8 D@0:FVW, I> <VAB8;8 V=3V1VB>@ 03@530FVW B@><1>F8BV2 

 

 "B@8<0=V D@0:FVW 1C;> ?@>0=0;V7>20=> 70 4>?><>3>N 35;ь-

5;5:B@>D>@57C 2 A8AB5<V �5<;V B0 28O2;5=> C A:;04V D@0:FVW, O:C 5;NN20;8 70 

:>=F5=B@0FVW NaCl 1M, =87ь:><>;5:C;O@=89 :><?>=5=B ($8A. 4.10). 

(@0:FVN, O:0 28O28;0AO 740B=>N V=3V1C20B8 03@530FVN B@><1>F8BV2, 

5;NN20;8 70 :>=F5=B@0FVW 1   NaCl. �;O 4>40B:>2>W >G8AB:8 B0 7=5A>;5==O 

1C;> ?@>2545=> E@><0B>3@0DVN, I> @>74V;Oє 70 @>7<V@><, =0 Superdex-G75 

prepgrade. 

�45=B8DV:>20=> D@0:FVW, 740B=V V=3V1C20B8 03@530FVN B@><1>F8BV2. *V 

D@0:FVW 1C;> >19є4=0=>, 7=5A>;5=> B0 A:>=F5=B@>20=> 70 4>?><>3>N 

F5=B@8?@5?C Amicon-3. 
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$8A. 4.10. �;5:B@>D>@53@0<0 D@0:FV9, >B@8<0=8E 70 4>?><>3>N 

V>=>>1<V==>W E@><0B>3@0DVW FV;ь=>W >B@CB8 Echis multisquamatus =0 Q-

Sepharose. "B@ 3 FV;ь=0 >B@CB0; =/7 3 <0B5@V0;, I> =5 729O702AO 7 =>AVє< 70 40=8E 

C<>2; 1, 2, 3, 4 3 D@0:FVW, I> 5;NN20;8Aь 70 :>=F5=B@0FVW 0,15   NaCl, 0,25   

NaCl, 0,5   NaCl, 1   NaCl 2V4?>2V4=>;   3 <0@:5@8 <>;5:C;O@=>W <0A8. 

 

 

$8A. 4.11. #@>DV;ь 5;NFVW 457V=B53@8=C 7 >B@CB8 Echis multisquamatus =0 

Superdex-G75 prepgrade. � 3 D@0:FVW, I> <VAB8;8 V=3V1VB>@ 03@530FVW 

B@><1>F8BV2.  
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&0:8< G8=><, C E>4V @>1>B8 1C;> @>7@>1;5=> E@><0B>3@0DVG=V ?@>B>:>;8 

>B@8<0==O =87ь:><>;5:C;O@=8E :><?>=5=BV2 >B@CB8 7<V9 Bitis arietans, 

Calloselasma rhodostoma B0 Echis multisquamatus. "G8I5=> B0 V45=B8DV:>20=> 

?@>B5W=>2V :><?>=5=B8 :>6=>W 7 >B@CB, 740B=V V=3V1C20B8 03@530FVN 

B@><1>F8BV2. !0ABC?=8< :@>:>< AB0;0 WE=O E0@0:B5@8AB8:0 B0 ?>3;81;5=89 

0=0;V7 WE=ь>W 4VW =0 B@><1>F8B8. 

 

 

4.2. %0@0:B5@8AB8:0 457V=B53@8=V2 
 

4.2.1. �VO =0 B@><1>F8B8 

�57V=B53@8= 7 >B@CB8 Bitis arietans ?><V@=> V=3V1C202 03@530FVN 

B@><1>F8BV2, 4VNG8 ?5@54CAV< =0 4@C3C E28;N 03@530FVW ($8A. 4.12).  

 

$8A 4.12. �3@530B>3@0<0 ADP-V=4C:>20=>W 03@530FVW B@><1>F8BV2 70 

V=3V1VB>@=>W 4VW 457V=B53@8=C 7 >B@CB8 Bitis arietans C 71030G5=V9 B@><1>F8B0<8 

?;07<V :@>2V ;N48=8. 1 3 :>=B@>;ь, 20 3 :>=F5=B@0FVO D@0:FVW 0,025 <3/<;, 21 

3 0,125 <3/<;, 22 3 0,250 <3/<;. 
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�0 :>=F5=B@0FVW 0,15 <3/<; 457V=B53@8= 7 >B@CB8 Calloselasma rhodostoma 

?>2=VABN V=3V1C202 740B=VABь B@><1>F8BV2 03@53C20B8 ?V4 4VєN ��(. �>4=>G0A, 

:>=F5=B@0FVW =86G5 0,025 <3/<; V=3V1VB>@=>W 4VW =5 <0;8 ($8A. 4.13.).  

 

 
$8A. 4.13. �3@530B>3@0<0 ADP-V=4C:>20=>W 03@530FVW B@><1>F8BV2 70 

V=3V1VB>@=>W 4VW 457V=B53@8=C 7 >B@CB8 Calloselasma rhodostoma C 71030G5=V9 

B@><1>F8B0<8 ?;07<V :@>2V ;N48=8. 1 3 :>=B@>;ь; 2 3 0,025 <3/<;; 3 3 0,1 

<3/<;; 4 3 0, 15 <3/<;. 

 

I=3V1VB>@=C 4VN >B@8<0=>3> 457V=B53@8=C 287=0G0;8 70 4>?><>3>N 

03@530B><5B@VW B0 >FV=N20;8 :>=F5=B@0FV9=C 70;56=VABь V=3V1VB>@=>3> 5D5:BC 

=0 03@530FVN B@><1>F8BV2.  

�C;> ?>:070=>, I> 457V=B53@8= 7 >B@CB8 Echis multisquamatus 28O2;O2 

V=3V1VB>@=C 0:B82=VABь C H8@>:><C 4V0?07>=V :>=F5=B@0FV9 2V4 0,025 4> 0,2 

<3/<;, ?@8 Fь><C ?>2=>3> V=3V1C20==O 03@530FVW B@><1>F8BV2 =5 1C;> 4>AO3=CB> 

($8A. 4.14.).  
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$8A 4.14. �3@530B>3@0<8 :>=F5=B@0FV9=>W 70;56=>ABV V=3V1VB>@=>W 4VW 

457V=B53@8=C 7 >B@CB8 Echis multisquamatus =0 ��(-V=4C:>20=C 03@530FVN 

B@><1>F8BV2 C 71030G5=V9 B@><1>F8B0<8 ?;07<V :@>2V ;N48=8. 1 3 :>=B@>;ь, 2 

3 :>=F5=B@0FVO D@0:FVW 0,025 <3/<;, 3 3 0,100 <3/<;, 4 3 0,200 <3/<;. 

 

&0:8< G8=><, 1C;> 28O2;5=>, I> 2AV B@8 =87ь:><>;5:C;O@=V ?@>B5W=8 

4>A;V46C20=8E >B@CB <0;8 740B=VABь V=3V1C20B8 30@530FVN B@><1>F8BV2, 0 70 

28A>:>W :>=F5=B@0FVW 3 ?>2=VAB70?>1V30B8 03@530FVW B@><1>F8BV2. #@8 Fь><C, 

=091V;ьH 5D5:B82=8< V=3V1VB>@>< 28O282AO ?@>B5W= 7 >B@CB8 Echis 

multisquamatus.  

�;O ?>40;ьH>W E0@0:B5@8AB8:8 V=3V1VB>@=>3> 5D5:BC ?@>B5W=V2 =0 

B@><1>F8B8 1C;> 4>A;V465=> WE=N 740B=VABь 270є<>4VOB8 7 GPIIbIIIa-

@5F5?B>@>< B@><1>F8BV2. �>:@5<0, B@><1>F8B8 ;N48=8, ?>7102;5=V 

:><?>=5=BV2 ?;07<8 :@>2V, V<<>1V;V7C20;8 2 ;C=:0E 96-;C=:>2>3> ?;0=H5BC B0 

282G0;8 729O7C20==O 7 =8<8 <>=>:;>=0;ь=>3> 0=B8-GPIIb 0=B8BV;0 70 

?@8ACB=>ABV 4>A;V46C20=8E ?@>B5W=3V2. ' @07V, :>;8 ?@>B5W=8 270<>4VO;8 7 
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@5F5?B>@0<8, 0 >B65, :>=:C@C20;8 7 0=B8BV;><, A83=0; 0=B8-<8H0G8E 

:>=9N3>20=8E 0=B8BV; 7<5=HC202AO. 

&0:0 ?>AB0=>2:0 5:A?5@8<5=BC =5 ;8H5 4>72>;O;0 4>25AB8, I> 

4>A;V46C20=V ?@>B5W=8 <0;8 A?>@V4=5=VABь 4> GPIIbIIIa-@5F5?B>@V2, 0;5 V 

4020;0 7<>3C ?>@V2=OB8 5D5:B82=VABь 270є<>4V9 :>6=>3> 7 ?@>B5W=V2 70 @V2=>W 

:>=F5=B@0FVW.   

 

$8A. 4.15. �<C=>5=78<=89 0=0;V7 72'O7C20==O 0=B8-GPIIb 7 0:B82>20=8<8 

B@><1>F8B0<8 2 ?@8ACB=>ABV 457V=B53@8=V2. �0=V ?@54AB02;ONBь A5@54=V 

7=0G5==O ± AB0=40@B=0 ?>E81:0 (40=V 3 B8?>28E 5:A?5@8<5=BV2, 28:>=0=8E ?> 

5 @07V2), @ < 0,05 ?>@V2=O=> 7 :>=B@>;5<. 1 3 Echis multisquamatus; 2 3 Bitis 

arietans; 3 3Calloselasma rhodostoma. 

 

�C;> ?>:070=>, I> 2AV B@8 4>A;V46C20=V ?@>B5W=8 1C;8 457V=B53@8=0<8 3 

B>1B>, 2>;>4V;8 740B=VABN 729O7C20B8AO 7 GPIIbIIIa-@5F5?B>@>< B@><1>F8BV2 

(@8A. 4.15). %0<5 7 F8< V ?>29O70=> WE=N V=3V1CB>@=C 4VN =0 03@530FVN 

B@><1>F8BV2. ":@V< B>3>, 457V=B53@8= 7 >B@CB8 Echis multisquamatus 28O282AO 

=095D5:B82=VH8<, C 729O7:C 7 G8< =040;V 9>3> 1C;> >1@0=> O: >A=>2C 4;O 

?>B5=FV9=>3> B5@0?52B8G=>3> 035=BC, 4;O G>3> 1C;> =5>1EV4=> 9>3> 

V45=B8DV:C20B8, 0 B0:>6 ґ@C=B>2=> 4>A;V48B8 9>3> 4VN =0 ?@>F5A8 03@530FVW 

B@><1>F8BV2 B0 ?@>;VD5@0FVN ?CE;8= :;VB8= 1V;ьH 45B0;ь=>. 
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4.2.2. �8A>:>5D5:B82=0 @V48===0 E@><0B>3@0DVO B0 <0A-

A?5:B@><5B@8G=89 0=0;V7 4578=B53@8=V2  
 

"B@8<0=V 457V=B53@8=8 1C;> ?@>0=0;V7>20=> 70 4>?><>3>N MALDI-TOF 

<0A-A?5:B@><5B@8G=>3> 0=0;V7C. #@>1>?V43>B>2:C 74V9A=N20;8 70 4>?><>3>N 

28A>:>5D5:B82=>W @V48==>W E@><0B>3@0DVW (HPLC), O:89 B0:>6 4>72>;O2 

287=0G0B8 >4=>@V4=VABь D@0:FVW ($8A. 4.16, 4.18, 4.20).  

(@0:FVN 457V=B53@8=C 7 >B@CB8 Bitis arietans 1C;> >G8I5=> 70 4>?><>3>N 

HPLC B0 ?@>0=0;V7>20=> 70 4>?><>3>N MALDI-TOF <0A-A?5:B@><5B@VW [183]. 

�8O2;5=> 2 ?>;V?5?B848 7 <0A>N 13,7 B0 9,0 :�0. #V:8 7V A?V22V4=>H5==O< <0A8 

4> 70@O4C 6,8 B0 4,5 2V4?>2V40NBь WE=V< <>;5:C;0< 7 ½ 70@O4C ($8A. 4.17).  

 

 

$8A. 4.16. $>74V;5==O D@0:FVW >B@CB8 Bitis arietans, O:0 <VAB8;0 

457V=B53@8=, 70 4>?><>3>N 28A>:>5D5:B82=>W @V48==>W E@><0B>3@0DVW =0 

Zorbax C18 SB300 C 3@04Vє=BV 0F5B>=VB@8;C B0 B@8DB>@>FB>2>W :8A;>B8.  
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$8A. 4.17.  0A-A?5:B@><5B@8G=89 0=0;V7 457V=B53@8=C 7 >B@CB8 Bitis 

arietans. 

 

�=0;>3VG=> 1C;> >G8I5=> B0 V45=B8DV:>20=> <>;5:C;O@=V <0A8 

457V=B53@8=V2 7 >B@CB Calloselasma rhodostoma (@8A. 4.18, 4.19) B0 Echis 

multisqamatis (@8A. 4.20, 4.21).  

#@>2545=89 <0A-A?5:B@><5B@8G=89 0=0;V7 4>72>;82 28O28B8 C A:;04V 

D@0:FVW >B@CB8 Calloselasma rhodostoma ?@>B5W=>289 :><?>=5=B 7 

<>;5:C;O@=>N <0A>N 13.116 Da. 

�@07>: 457V=B53@8=C, >B@8<0=89 7 >B@CB8 Echis multisquamatus, <VAB82 C 

A2>є<C A:;04V ?@>B5W=>289 :><?>=5=B 7 <>;5:C;O@=>N <0A>N 14887 D0. 

&0:8< G8=><, 7024O:8 ?>є4=0==N <5B>4C 28A>:>5D5:B82=>W @V48==>W 

E@><0B>3@0DVW B0 <0A-A?5B@><5B@VW 1C> 287=0G5=> B>G=V <>;5:C;O@=V <0A8 

>B@8<0=8E 457V=B53@8=V2 7 >B@CB Bitis arietans, Calloselasma rhodostoma B0  

Echis multisquamatus, O:V AB0=>28;8 13,7 (V7>D>@<0 9 :�0), 13.1 kDa B014,9 kD0 
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$8A. 4.18. $>74V;5==O D@0:FVW >B@CB8 Calloselasma rhodostoma, O:0 <VAB8;0 

457V=B53@8=, 70 4>?><>3>N 28A>:>5D5:B82=>W @V48==>W E@><0B>3@0DVW =0 

Zorbax C18 SB300 C 3@04Vє=BV 0F5B>=VB@8;C B0 B@8DB>@>FB>2>W :8A;>B8. 

 

 

$8A. 4.19.  0A-A?5:B@><5B@8G=89 0=0;V7 457V=B53@8=C 7 >B@CB8 

Calloselasma rhodostoma. 
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$8A. 4.20. #V43>B>2:0 4;O <0A-A?5:B@><5B@VW D@0:FVW >B@CB8 Echis 

multisquamatus, O:0 <VAB8;0 457V=B53@8=, 70 4>?><>3>N 28A>:>5D5:B82=>W 

@V48==>W E@><0B>3@0DVW =0 Zorbax C18 SB300 C 3@04Vє=BV 0F5B>=VB@8;C B0 

B@8DB>@>FB>2>W :8A;>B8. 

 

$8A. 4.21.  0A-A?5:B@><5B@8G=89 0=0;V7 457V=B53@8=C 7 >B@CB8 Echis 

multisquamatus. 
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$>74V; 5. �45=B8DV:0FVO 457V=B53@8=C 7 >B@CB8 Echis multisquamatus  

 

�C2 ?@>2545=89 0<V=>:8A;>B=89 0=0;V7 7@07:C ?@>B5W=C 7 >B@CB8 Echis 

multisquamatus C @>7@0EC=:C =0 100 <3 7@07:C. �;O 3V4@>;V7C 1C;> 27OB> 3,3 <3 

?@>B5W=C, >19є< 3V4@>;V70BC 3 5 <;. 

 

&01;8FO 5.1.  

�<V=>:8A;>B=89 A:;04 457V=B53@8=C 7 >B@CB8 Echis multisquamatus  

А@иAB>иE?. Кі?ь>іEFь 
М>/@B?ь

Кі?ь>іEFь 
@г

% CB 
М>/@B?ь CB @г

�V78=
�VAB888=
А@7V=8=
АA?. �8Aл.
&@9>=V=
%9@8=
�лCB. �8Aл.
П@>лV=
�лVц8=
Ала=V=
Ц8AB9W=
�алV=
 9BV>=V=
І7>л99ц8=
�99ц8=
&8@>78=
Ф9=Vлала=V=
СG@а

 

�4V9A=5=89 0=0;V7 ?>:0702 28A>:89 2<VAB F8AB5W=C 2 4>A;V46C20=><C 

7@07:C (&01;8FO 5.1), I> є E0@0:B5@=8< 4;O 457V=B53@8=V2 7 >B@CB8 7<V9. 

�>4=>G0A, 70;8H>: 0A?0@03V=>2>W :8A;>B8 є >1>29O7:>2>N :><?>=5=B>N 

D@03<5=BV2 RGD, KGD B0 MLD, O:V є :;NG>28<8 C 270є<>4VOE 7 GPIIbIIIa. 
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�;O V45=B8DV:0FVW 457V=B53@8=C 7 >B@CB8 Echis multisquamatus 1C;> 

=5>1EV4=> 74V9A=8B8 <0A-A?5:B@><5B@8G=89 0=0;V7 9>3> B@8?B8G=8E 

D@03<5=BV2.  >;5:C;O@=0 <0A0 457V=B53@8=C, 28O2;5=0 70 4>?><>3>N <0A-

A?5:B@><5B@VW 2 =0B82=8E C<>20E, A:;040;0 14,9 kDa (@8A. 4.21).  

"@Vє=B>2=0 <>;5:C;O@=0 <0A0, 287=0G5=0 70 4>?><>3>N 35;ь-

5;5:B@>D>@57C, B0:>6 7=0E>48BьAO C Fь><C 4V0?07>=V (15-18 kDa). �>4=>G0A, 

2=5A5==O 4> ?@>18 β-<5@:0?B>5B0=>;C ?@872>48;0 4> 28O2;5==O ?@>B5W=C =0 

@V2=V 7 kDa (@8A. 5.1), I> <>65 A2V4G8B8 ?@> VA=C20==O C AB@C:BC@V =0B82=>W 

<>;5:C;8 48AC;ьDV4=8E 729O7:V2, O:V @>7@820NBьAO C 2V4=>2;5=8E C<>20E.  

!0 ?V4B25@465==O Fь>3> ?@8?CI5==O <>6=0 73040B8 28A>:C  :V;ь:VABь 

70;8H:V2 F8AB5W=C 2 ?@>B5W=V. �<>2V@=>, <0є<> A?@02C 7 48<5@=8< ?@>B5W=><, 

O:89 C =0B82=8E C<>20E V45=B8DV:CєBьAO O: 14-kDa <>;5:C;0, 0 C 2V4=>2;5=8E 

3 O: WW AC1>48=8FO 7 <0A>N 7 kDa.  

#@>B5W= 1C;> 5:AB@03>20=> 7 2V4?>2V4=>W 4V;O=:8 35;N. ":@5<> 

0=0;V7C20;8 ?@>B5W= 70 ?@8ACB=>ABV B0 C 2V4ACB=>ABV β-<5@:0?B>5B0=>;C. #VA;O 

?@>2545==O B@8?A8=>;V7C B@8?B8G=V D@03<5=B8 1C;> V45=B8DV:>20=> 70 

4>?><>3>N <0A-A?5:B@><5B@VW. *59 <5B>4 4>72>;Oє ?>@V2=OB8 B@8?B8G=V 

D@03<5=B8 4>A;V46C20=>3> ?@>B5W=C 7 B@8?B8G=8<8 D@03<5=B0< ?@>B5W=V2, 

0<V=>:8A;>B=0 ?>A;V4>2=VABь O:8E C65 є C 107V BLAST (basic local allingment 

search tool). 

#@>2545=89 0=0;V7 3><>;>3VW 4>72>;82 2AB0=>28B8 =091V;ьH ?>4V1=V 

?@>B5W=8 (B01;8FO 5.2, B01;8FO 5.3). 

�;O 4>40B:>2>W E0@0:B5@8AB8:8 >B@8<0=>3> ?@5?0@0BC =0<8 1C;> 

28:>@8AB0=> <5B>4 42><V@=>3> 5;5:B@>D>@57C, I> ?>є4=Cє V7>5;5:B@8G=5 

D>:CAC20==O 7 :;0A8G=8< 5;5:B@>D>@57><, I> @>74V;Oє AC<VHV ?@>B5W=V2 70 

<>;5:C;O@=>N <0A>N. 
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$8A. 5.1. �;5:B@>D>@53@0<0 457V=B53@8=C 7 >B@CB8 Echis multisquamatus. 

  3 <0@:5@8 <>;5:C;O@=>W <0A8 (kDa); 1-3 3 70 ?@8ACB=>ABV β-

<5@:0?B>5B0=>;C; 4-6 3 70 2V4ACB=>ABV β-<5@:0?B>5B0=>;C. 

 

 

 

$8A. 5.2. 2D-;5:B@>D>@57 7@07:C 457V=B53@8=C 7 >B@CB8 Echis 

multisquamatVs, >B@8<0=89 70 2V4ACB=>ABV β-<5@:0?B>5B0=>;C. 

 

 

 

�V;ьH :8A;V 

?@>B5W=8 

�V;ьH ;C6=V 

?@>B5W=8 
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#@>2545=89 0=0;V7 ?>:0702, I> >B@8<0=89 457V=B53@8= 7 >B@CB8 Echis 

multisquamatus <0є 42V V7>D>@<8, O:V 2V4@V7=ONBьAO 70 V7>5;5:B@8G=>N B>G:>N, 

0;5 >1842V 2>=8 7=0E>4OBьAO C =59B@0;ь=8E 7=0G5==OE @! (@8A. 5.2). 

 

&01;8FO 5.2.  

#>@V2=O==O 3><>;>3VW B@8?B8G=8E D@03<5=BV2 457V=B53@8=C 7 >B@CB8 Echis 

multisquamatus 7 V=H8<8 457V=B53@8=0<8 >B@CB8 7<V9. �@07>: >B@8<0=> 70 

?@8ACB=>ABV β-<5@:0?B>5B0=>;C. 

�><>;>3VO, % 

 

�>4 ?@>B5W=C 
 

 

!0720 ?@>B5W=C 
 

88,05 P81631 �57V=B53@8= EC3B Echis carinatus 

86,76 P0C6A3 
�57V=B53@8= EMS11A Echis 

multisquamatVs 

73,85 P83043 �57V=B53@8= CC8A Cerastes cerastes  

73,44 P0C6A7 �57V=B53@8= VB7B Vipera berus berus  

56,64 P82465 
�57V=B53@8= EC6 ³-AC1>48=8FO Echis 

carinatus sochureki  

 

 

&01;8FO 5.3.  

#>@V2=O==O 3><>;>3VW B@8?B8G=8E D@03<5=BV2 457V=B53@8=C 7 >B@CB8 Echis 

multisquamatus 7 V=H8<8 457V=B53@8=0<8 >B@CB 7<V9. �@07>: >B@8<0=> 70 

2V4ACB=>ABV β-<5@:0?B>5B0=>;C. 

 

�><>;>3VO, % 

 

�>4 ?@>B5W=C 
 

 

!0720 ?@>B5W=C 
 

86,76 P0C6A3 
�57V=B53@8= EMS11A Echis 

multisquamatVs  

84,62 P83043 �57V=B53@8= CC8A Cerastes cerastes 

53,03 P82465 
�57V=B53@8= EC6 ³-AC1>48=8FO Echis 

carinatus sochureki 

35,65 Q3BER4 �57V=B53@8= EO5A Echis ocellatus  

29 P0C6B0 
�57V=B53@8= VLO5B Macrovipera lebetina 

obtusa 
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#@>2545=89 0=0;V7 ?V4B25@482 ?@8?CI5==O ?@> B5, I> 4>A;V46C20=89 

457V=B53@8= є 48<5@>< 42>E V45=B8G=8E 01> 1;87ь:8E 70 AB@C:BC@>N 

AC1>48=8Fь, >A:V;ь:8 28A>:0 ABC?V=ь 3><>;>3VW 28O2;5=0 4> >4=8E V B8E 65 

?@>B5W=V2 4;O >1>E ?@>1. 

�>:@5<0, 28O2;5=> 3><>;>3VN ?>=04 85 % 7 457V=B53@8=>< EMS11A Echis 

multisquamatVs. #@> F59 ?@>B5W= 2V4><>, I> 2V= <0є <>;5:C;O@=C <0AC 1;87ь:> 

7 :�0. �<>2V@=>, <8 28O28;8 9>3> 48<5@=C D>@<C, C O:V9 AC1>48=8FV A?>;CG5=> 

48AC;ьDV4=8<8 729O7:0<8.  

�>;>4VNG8 >B@8<0=>N V=D>@<0FVєN, <8 >B@8<0;8 <>6;82VABь 

A?@>3=>7C20B8 ?@>AB>@>2C AB@C:BC@C 3><>48<5@=>W <>;5:C;8 457V=B53@8=C 7 

>B@CB8 Echis multisquamatVs 70 <5B>4><, >?8A0=8< C @>74V;V 2.3.9 (@8A. 5.3). 

 

 

$8A. 5.3. #5@5410G5=0 ?@>AB>@>20 AB@C:BC@0 457V=B53@8=C 7 >B@CB8 Echis 

multisquamatVs.  >=><5@8 AB@C:BC@8 284V;5=V @V7=8<8 :>;ь>@0<8. 1 3 

?>A;V4>2=VABь (MLD), O:0 2V4?>2V40є 70 729O7C20==O 7 V=B53@8=>28<8 

@5F5?B>@0<8, 2 3 420 48AC;ьDV4=8E <VAB:0 (Cys7-Cys12) <V6 <>=><5@0<8. 

 

$57C;ьB0B8 B@8?A8=>;V7C B0 2V4?>2V4=0 3><>;>3VO ?>:070;0, I> >B@8<0=89 

=0<8 457V=B53@8= 7 >B@CB8 Echis multisquamatVs є <0965 V45=B8G=8< 4> 

1 1 

2 
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EMS11A (UniProt P0C6A3). %B@C:BC@C <>=><5@=>W <>;5:C;8 EMS11A 1C;> 

?5@5410G5=> 70 4>?><>3>N AlphaFold 3. �>40B:>2> 1C;> 28:>@8AB0=> 

:@8AB0;>3@0DVG=C AB@C:BC@C 35B5@>48<5@C 457V=B53@8=C 7 >B@CB8 Echis 

carinatus (echistatin) 7 @>74V;ь=>N 740B=VABN 1,9 � (PDB ID: 1TEJ). #V43>B>2:C 

F8E AB@C:BC@ ?@>2>48;0Aь =0ABC?=8< G8=><: 1C;8 4>40=V 2V4ACB=V 0B><8 !, 

?>1C4>20=V 48AC;ьDV4=V 729O7:8, >?B8<V7>20=> 2>4=52V 729O7:8 V ?@>2545=> 

<V=V<V70FVN 5=5@3VW. #VA;O G>3> <>=><5@8 EMS11A 1C;> =0:;045=> =0 

AB@C:BC@C 35B5@>48<5@C, ?VA;O G>3> 1C;> ?>1C4>20=> 48AC;ьDV4=V 729O7:8 <V6 

42><0 <>;5:C;0<8. !0 >AB0==ь><C 5B0?V 1C;> 28:>@8AB0=> 5=5@35B8G=C 

<V=V<V70FVN 4;O @5;0:A0FVW 35><5B@VW.  
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$>74V; 6. �=B803@530=B=0 4VO 457V=B53@8=C 7 >B@CB8 Echis 

multisquamatus  

 

6.1. �=B803@530=B=0 4VO 457V=B53@8=C 7 >B@CB8 Echis multisqamatіs ex 

vivo 

 

�>AV 0=B803@530=B=C 0:B82=VABь 457V=B53@8=V2 <8 4>A;V46C20;8 =0 

71030G5=V9 B@><1>F8B0<8 ?;07<V :@>2V C<>2=> 74>@>28E 4>=>@V2. �;O 

?5@52V@:8 4>FV;ь=>ABV 28:>@8AB0==O 457V=B53@8=C 7 >B@CB8 Echis multisqamatVs 

O: ?@>B>B8?C 0=B8B@><1>B8G=>3> 035=BC =0<8 1C;> 4>A;V465=> 9>3> 740B=VABь 

V=3V1C20B8 03@530FVN B@><1>F8BV2 C 71030G5=V9 B@><1>F8B0<8 ?;07<V :@>2V 

6V=>: 7 CA:;04=5=>N 203VB=VABN [184].  8 ?@>=0;V7C20;8 ADP-V=4C:>20=C 

03@530FVN B@><1>F8BV2 C ?;07<V :@>2V 13 6V=>:. #>BV< 4> :>6=>3> 7V 7@07:V2 

?;07<8 :@>2V 1C;> 4>40=> 0,075 <3/<; 457V=B53@8=C 7 >B@CB8 Echis 

multisqamatVs. ' 2AVE 28?04:0E 2V41C20;>AO 7<5=H5==O ABC?5=O 03@530FVW 

B@><1>F8BV2, C A5@54=ь><C, 242VGV ($8A. 6.1). 

 

$8A. 6.1. #>@V2=O==O ABC?5=N 03@530FVW B@><1>F8BV2 C 71030G5=V9 

B@><1>F8B0<8 ?;07<V :@>2V 203VB=8E 6V=>: (n = 13) 70 2V4ACB=>ABV (:>=B@>;ь) 

B0 70 ?@8ACB=>ABV 457V=B53@8=C 7 >B@CB8 Echis multisqamatVs. 
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�06;82>, I> 4>A;V46C20=89 457V=B53@8= 28O282AO 5D5:B82=8< C 2AVE 

7@07:0E, O:V <8 282G0;8. ":@V< B>3>, 70AB>AC20==O 7@07:V2 71030G5=>W 

B@><1>F8B0<8 ?;07<8 :@>2V 203VB=8E 6V=>: 4>72>;8;> ?5@52V@8B8, =0A:V;ь:8 

5D5:B82=>N є V=3V1VB>@=0 4VO 457V=B53@8=C 70 C<>2 ?@89><C 0=B8:>03C;O=BV2 

B0 70 0A?V@8=>@578AB5=B=>ABV. 

�>:@5<0, 1C;> ?5@52V@5=> 4>A;V46C20=89 457V=B53@8= C 71030G5=V9 

B@><1>F8B0<8 ?;07<V :@>2V ?0FVє=B:8, O:0 ?@89<0;0 0A?V@8=. �C;> ?>:070=>, 

I> 457V=B53@8= 7 >B@CB8 Echis multisqamatVs 7=86C202 ABC?V=ь 03@530FVW 

B@><1>F8BV2 =0 B;V 04<V=VAB@0FVW 0A?V@8=C 242VGV ($8A. 6.2). 

 

 

$8A. 6.2. �VO 457V=B53@8=C 7 >B@CB8 Echis multisqamatVs =0 ADP-V=4C:>20=C 

03@530FVN B@><1>F8BV2 C 71030G5=V9 B@><1>F8B0<8 ?;07<V :@>2V 203VB=>W 6V=:8 

=0 D>=V 04<V=VAB@0FVW 0A?V@8=C. 1 3 :>=B@>;ь; 2 3 4>A;V4. 

 

&0: A0<> 457V=B53@8= 7 >B@CB8 Echis multisqamatVs 5D5:B82=> ?@83=VGC202 

03@530FVN B@><1>F8BV2 V =0 D>=V 04<V=VAB@0FVW 35?0@8=C, 7>:@5<0 7=86C202 

ABC?V=ь 03@530FVW B@><1>F8BV2 =0 70 % ($8A. 6.3). 

Ст
уп

V=
ь 

47
Dе

74
цV

W т
Dо

<
5о

ци
тV6

, %

Ч4E, E
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$8A. 6.3. �VO 457V=B53@8=C 7 >B@CB8 Echis multisqamatVs =0 ADP-V=4C:>20=C 

03@530FVN B@><1>F8BV2 C 71030G5=V9 B@><1>F8B0<8 ?;07<V :@>2V 203VB=>W 6V=:8 

=0 D>=V 04<V=VAB@0FVW =87ь:><>;5:C;O@=>3> 35?0@8=C. 1 3 :>=B@>;ь; 2 3 4>A;V4. 

 

�06;82>N ?@>1;5<>N, 7>:@5<0 V ?V4 G0A 203VB=>ABV, є 

0A?V@8=>@578AB5=B=VABь. �>:@5<0, 20 % ;N459 є =5GCB;828<8 4> 

0=B803@530=B=>W 4VW 0A?V@8=C. "A:V;ь:8 4V03=>AB8:C 0A?V@8=>@578AB5=B=>ABV, 

O: ?@028;>, =5 ?@>2>4OBь, 206;828< є ?>HC: 0=B8:>03C;O=BV2, O:V 1 =5 

70;560;8 2V4 35=5B8G=8E >A>1;82>AB59 ?0FVє=BV2 [185]. 

!0<8 1C;> ?@>0=0;V7>20=> 4VN 457V=B53@8=C 7 >B@CB8 Echis multisqamatVs 

=0 03@530FVN B@><1>F8BV2 C 71030G5=V9 B@><1>F8B0<8 ?;07<V :@>2V 203VB=>W, 

O:0 <0;0 4V03=>AB>20=C =5GCB;82VABь 4> 0A?V@8=C. #>:070=>, I> 457V=B53@8= 7 

>B@CB8 Echis multisqamatVs 7=86Cє ABC?V=ь B0 H284:VABь ADP-V=4C:>20=>W 

03@530FVW B@><1>F8BV2 ($8A. 6.4). "B65, 9>3> <>6=0 @>73;O40B8 O: ?>B5=FV9=C 

?;0BD>@<0 4;O AB2>@5==O 0=B803@530=B=>3> ?@5?0@0BC, ?@840B=>3> 4> 

70AB>AC20==O 70 C<>2 0A?V@8=>@578AB5=B=>ABV. 

Ст
уп

V=
ь 

47
Dе

74
цV

W т
Dо

<
5о

ци
тV6

, %

Ч4E, E
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$8A. 6.4. �VO 457V=B53@8=C 7 >B@CB8 Echis multisqamatVs =0 ADP-V=4C:>20=C 

03@530FVN B@><1>F8BV2 C 71030G5=V9 B@><1>F8B0<8 ?;07<V :@>2V 203VB=>W 6V=:8 

=0 D>=V 04<V=VAB@0FVW =87:ь><>;5:C;O@=>3> 0A?V@8=>@578AB5=B=>ABV. 1 3 

:>=B@>;ь; 2 3 4>A;V4. 

 

 

6.2. �=B803@530=B=0 4VO 457V=B53@8=C 7 >B@CB8 Echis multisqamatus 70 
C<>2 2=CB@VH=ь>25==>3> 22545==O IC@0< in vivo  

 

!0ABC?=8< 5B0?>< 4>A;V465=ь 1C;0 ?5@52V@:0 <>6;82>ABV 70AB>AC20==O 

457V=B53@8=C 7 >B@CB8 Echis multisqamatVs 4;O 7=865==O ?@>:>03C;O=B=>3> 

?>B5=FV0;C B@><1>F8BV2 in vivo. �;O Fь>3> 1V;8< IC@0< ;V=VW �VAB0@ 22>48;8 

@>7G8= 457V=B53@8=C C E2>AB>2C 25=C 2 :V;ь:>ABV 0,750 <3/:3 <0A8 BV;0. 

�>=B@>;ь=8< B20@8=0< 22>48;8 5:2V20;5=B=89 >19є< DV7V>;>3VG=>3> @>7G8=C. 

+5@57 30 E2 7018@0;8 :@>2 ?C=:FVєN A5@FO B0 282G0;8 ADP- B0 :>;035=-

V=4C:>20=C 03@530FVN B@><1>F8BV2 C 71030G5=V9 B@><1>F8B0<8 ?;07<V :@>2V 

[186].  

Ст
уп

V=
ь 

47
Dе

74
цV

W т
Dо

<
5о

ци
тV6

, %

Ч4E, E
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$8A. 6.5. �VO 457V=B53@8=C 7 >B@CB8 Echis multisqamatVs =0 ADP-V=4C:>20=C 

03@530FVN B@><1>F8BV2 C 71030G5=V9 B@><1>F8B0<8 ?;07<V :@>2V IC@V2 70 C<>2 

2=CB@VH=ь>25==>3> 22545==O. 1, 2 3 :>=B@>;ь=V IC@8; 3, 4, 5 3 70 C<>2 22545==O 

0,750 <3/:3 457V=B53@8=C. 

 

#>:070=> 7=865==O H284:>ABV 03@530FVW B@><1>F8BV2 C 71030G5=V9 

B@><1>F8B0<8 ?;07<V :@>2V IC@V2 ?VA;O 2=CB@VH=ь>25==>3> 22545==O 

457V=B53@8=C 7 >B@CB8 Echis multisqamatVs. �>:@5<0, H284:VABь 

ADP- V=4C:>20=>W 03@530FVW 1C;> 7=865=> 2 3-5 @07V2 ($8A. 6.5). &0:>6 1C;> 

7=865=> ABC?V=ь B0 ?>4>265=> lag-?5@V>4 :>;035=-V=4C:>20=>W 03@530FVW 

B@><1>F8BV2 ($8A. 6.6). 

&0:8< G8=><, 4>A;V46C20=89 457V=B53@8= 70157?5GC202 5D5:B82=C 

0=B803@530=B=C 4VN V 70 C<>2 22545==O in vivo. 
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$8A. 6.6. �VO 457V=B53@8=C 7 >B@CB8 Echis multisqamatVs =0 :>;035=-

V=4C:>20=C 03@530FVN B@><1>F8BV2 C 71030G5=V9 B@><1>F8B0<8 ?;07<V :@>2V 

IC@V2 70 C<>2 2=CB@VH=ь>25==>3> 22545==O. 1, 2 3 :>=B@>;ь=V IC@8; 3, 4, 5 3 

70 C<>2 22545==O 0,750 <3/:3 457V=B53@8=C. 
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$>74V; 7. �=B8?@>;VD5@0B82=0 4VO 457V=B53@8=C 7 >B@CB8 Echis 

multisquamatus  

 

7.1. �=B8?@>;VD5@0B82=0 4VO =0 ?CE;8==V :;VB8=8 2 :C;ьBC@V 
 

"A:V;ь:8 V=B53@8=>2V 270є<>4VW є :;NG>28<8 4;O ?@8:@V?;5==O 

?CE;8==8E :;VB8=, 1C;> 28@VH5=> ?5@52V@8B8 740B=VABь >B@8<0=>3> 

457V=B53@8=C ?@83=VGC20B8 ?@>;VD5@0B82=C 0:B82=VABь ?CE;8==8E :;VB8= C 

:C;ьBC@V. �;O 4>A;V465==O 1C;> 28:>@8AB0=> :;VB8=8 ;V=VW :0@F8=><8 ;535=ь 

�ьNWA (LLC), B0 HeLa. &0:>6 1C;> 28:>@8AB0=> :;VB8=8 ;V=VW BV-2 (<V:@>3;VW 

<8HV) B0  ��% (:;VB8= 5=4>B5;VN 0>@B8 <8HV). 

�57V=B53@8= 7 >B@CB8 Echis multisquamatus 70AB>A>2C20;8 C :>=F5=B@0FVW  

0,08-2 <:3/<;. #@>;VD5@0B82=C 0:B82=VABь :;VB8= 287=0G0;8 70 4>?><>3>N 

 &&-B5ABC, >1G8A;N20;8 7=0G5==O �%50 4;O :>6=>W 7 4>A;V46C20=8E :C;ьBC@ 

:;VB8=. �0DV:A>20=> ?>:07=8:8 �%50, O:V <0;8 1;87ь:V 7=0G5==O 4;O 2AVE 

4>A;V46C20=8E ;V=V9 :;VB8= (3-7 <:3/<;), ?@>B5 4;O HeLa F59 ?>:07=8: 1C2 

=09=86G8< ($8A. 7.1). 
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 $8A. 7.1. �0=V  &&-B5ABC, 287=0G5=V 70 2?;82C 457V=B53@8=C 7 >B@CB8 Echis 

multisquamatus 2 4V0?07>=V :>=F5=B@0FV9 0.008-2 <:3/<;, =0 :;VB8=8 ?5@28==>W 

:C;ьBC@8 :0@F8=><8 ;535=V �ьNWA LLC (�), BV-2 (�), MAEC (�) B0 HeLa (�).  

 

 

�=H8< 206;828< ?>:07=8:>< 2?;82C 457V=B53@8=C =0 :;VB8=8 

4>A;V46C20=8E ;V=V9 1C;> ?@83=VG5==O AC1AB@0B-70;56=>3> @>ABC. &0:, ?>=04 

50 % :;VB8= ;V=VW HeLa =5 1C;8 ?@8:@V?;5=88 4> 4=0 ?;0=H5BC 70 :>=F5=B@0FV9 

457V=B53@8=C 0.25-2 <:3/<; ($8A. 7.2�). �V4A>B>: ?@8:@V?;5=8E :;VB8= ;V=VW 

 ��% =5 707=0202 7=0G=8E 7<V= B0 7=0E>482AO 2 <560E 80 % C 4>A;V465=><C 

4V0?07>=V :>=F5=B@0FV9 ($8A. 7.2�). 
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$8A. 7.2. #>:07=8:8 AC<0@=>W 04357VW :;VB8= HeLa (�) B0  ��% (�) 70 

2?;82C 457V=B53@8=C 7 >B@CB8 Echis multisquamatus ?@8 V=:C10FVW ?@>BO3>< 

4>18. �>2=VH=V9 283;O4 :;VB8= ;V=VW HeLa (71V;ьH5==O E100) B0  ��% 

(71V;ьH5==O E200) 70 :C;ьB82C20==O ?@>BO3>< 4>18 7 2 <:3/<; 457V=B53@8=C (� 

V � 2V4?>2V4=>) B0 C :>=B@>;V (� V � 2V4?>2V4=>).  

*-P<0.05, ?@>B8 :>=B@>;N. 

 

#@O<5 4>A;V465==O H284:>ABV ?@8:@V?;5==O :;VB8= 4> AC1AB@0BC 70 4VW 

457V=B53@8=C ?@>2>48;8 7 28:>@8AB0==O< ?5@28==>W :C;ьBC@8 
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?5@5I5?;N20=>W :0@F8=><8 ;535=ь �ьNWA (LLC). �=B5=A82=VABь ?@8:@V?;5==O 

:;VB8= 70 ?@8ACB=>ABV 457V=B53@8=C 1C;0 4>AB>2V@=> =86G>N, ?>@V2=O=> 7 

2V4?>2V4=8< :>=B@>;5< ($8A. 7.3). &0:8< G8=><, 457V=B53@8= 7 >B@CB8 Echis 

multisquamatus 4>AB>2V@=> V=3V1C202 ?@8:@V?;5==O ?CE;8==8E :;VB8= 4> 

?>25@E=V. 

 

  

$8A. 7.3. ,284:VABь ?@8:@V?;5==O :;VB8= 70 2?;82C 457V=B53@8=C =0 

:;VB8=8 LLC ?@>BO3>< 100 E28;8= *-P<0.05, ?@>B8 :>=B@>;N 

 

&0:>6 282G0;8 4VN 4>A;V46C20=>3> 457V=B53@8=C =0 D078 :;VB8==>3> 

F8:;C. �;O Fь>3> :;VB8=8 V=:C1C20;8 7 457V=B53@8=>< ?@>BO3>< 2 4V1 2 C<>20E 

?>2=>3> ?>682=>3> A5@54>28I0, I> <VAB8;> 10 % �&%.  

�;O :;VB8= <V:@>3;VW <8HV ;V=VW BV-2 28O2;5=> ACBBє2V 2V4<V==>ABV 2 

:;VB8==><C F8:;V, 7>:@5<0 7=865==O 2<VABC :;VB8= 2 G2/M+S 2 1,3 @078 

(&01;8FO 7.1).  

�57V=B53@8= =57=0G=> 71V;ьHC202 2<VAB :;VB8= ;V=VW  ��% 2 D07V G0/G1 

&0:>6 A?>AB5@V30;8 7<5=H5==O :V;ь:>ABV :;VB8= 2 ?@>;VD5@0B82=><C ?C;V 

(&01;8FO 7.2). 
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&01;8FO 7.1. 

$>7?>4V; :;VB8= <V:@>3;VW BV-2 70 D070<8 F8:;C 70 ?@8ACB=>ABV 

457V=B53@8=C 7 >B@CB8 Echis multisquamatus  

№ 7@07:C G0/G1 (%) G2/M (%) S (%) G2/M+S+ (%) 

�>=B@>;ь 24,92 28,07 47,01 75,08 

�57V=B53@8= 36,67* 22,26* 41,07* 63,33* 
*,_P<.0.05, ?@>B8 :>=B@>;N,# -P<0.05, ?@>B8 C<>2 :C;ьB82C20==O 70 C<>2 ?>2=>3> 

?>682=>3> A5@54>28I0. %-57 Black 

 

           &01;8FO 7.2 

$>7?>4V; :;VB8= 5=4>B5;VN ;V=VW  ��% 70 D070<8 F8:;C ?V4 2?;82>< 

457V=B53@8=C 7 >B@CB8 Echis multisquamatus  

№ 7@07:C G0/G1 (%) G2/M (%) S (%) G2/M+S+ (%) 

�>=B@>;ь/FBS 43,70 15,61 40,69 56,30 

�57V=B53@8=/FBS   49,12* 18,32 32,55 50,87 
 *,_P<.0.05, ?@>B8 :>=B@>;N, # -P<0.05, ?@>B8 C<>2 :C;ьB82C20==O 70 C<>2 ?>2=>3> 

?>682=>3> A5@54>28I0. 

 

�;O V=B5@?@5B0FVW 40=8E A;V4 @>7C<VB8, I> :;VB8=8 C D07V G0/G1 

?5@51C20NBь C AB0=V A?>:>N (G0) 01> C D07V ?5@H>3> V=B5@20;C (G1). (070 G0 

3 AB0= A?>:>N, :>;8 :;VB8=8 =5 4V;OBьAO, 0 ?5@51C20NBь C B8<G0A>2V9 01> 

?>ABV9=V9 7C?8=FV F8:;C. (070 G1 3 ?5@V>4 ?V43>B>2:8 4> A8=B57C �!�: :;VB8=0 

@>AB5, =0:>?8GCє 5=5@3VN B0 A8=B57Cє =5>1EV4=V ?@>B5W=8.  

+0AB:0 :;VB8= C D07V A8=B57C (S) A2V4G8Bь ?@> @5?;V:0FVN �!�. *5 

:@8B8G=0 AB04VO ?V43>B>2:8 4> ?>4V;C, >A:V;ь:8 BCB ?>42>NєBьAO 35=5B8G=89 

<0B5@V0;.  

�;VB8=8 C D07V G2/M 7=0E>4OBьAO C D07V 4@C3>3> V=B5@20;C (G2) B0 <VB>7C 

(M). G2 3 F5 ?5@V>4 ?VA;O 7025@H5==O A8=B57C �!�, :>;8 :;VB8=0 ?5@52V@Oє 

FV;VA=VABь 35=><C, 7025@HCє ?V43>B>2:C 4> ?>4V;C. M (<VB>7) 3 :;VB8=0 4V;8BьAO 

=0 42V 4>GV@=V.  

G2/M+S 3 F5 AC:C?=89 2V4A>B>: :;VB8= C D070E G2, M B0 S. *59 ?0@0<5B@ 

?>:07Cє 7030;ь=C G0AB:C :;VB8=, O:V 0:B82=> 4V;OBьAO 01> 3>BCNBьAO 4> ?>4V;C. 
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"B@8<0=V @57C;ьB0B8 A2V4G0Bь ?@> 7<V=8 C @>7?>4V;V :;VB8=, 70 C<>2 

2?;82C 457V=B53@8=C 7 >B@CB8 Echis multisquamatus, <V6 @V7=8<8 D070<8 C 

?>@V2=O==V 7 :>=B@>;5<. �>:@5<0, A?>AB5@V30;8 ?V428I5==O G0AB:8 :;VB8= C 

D07V G0/G1, I> 2:07Cє =0 70B@8<:C :;VB8= C AB0=V A?>:>N 01> =0 @0==VE 5B0?0E 

?V43>B>2:8 4> ?>4V;C. �>4=>G0A, 2V47=0G5=> 7=865==O G0AB:8 :;VB8= C D070E 

G2/M B0 S, I> A2V4G8Bь ?@> 7<5=H5==O :V;ь:>ABV :;VB8=, O:V 0:B82=> 

@5?;V:CNBь �!� B0 ?@>E>4OBь <VB>B8G=89 ?>4V;. %C<0@=89 ?>:07=8: G2/M+S 

(%) B0:>6 7<5=H82AO, I> 2:07Cє =0 7030;ь=5 7=865==O ?@>;VD5@0B82=>W 

0:B82=>ABV :;VB8=. 

"B@8<0=V @57C;ьB0B8 <>6CBь A2V4G8B8 ?@> 0=B8?@>;VD5@0B82=C 4VN 

457V=B53@8=C 7 >B@CB8 Echis multisquamatus, O:0, 9<>2V@=>, @50;V7CєBьAO G5@57 

70B@8<:C :;VB8= C D07V G0/G1 B0 30;ь<C20==O ?5@5E>4C 4> D07 0:B82=>3> 

?>4V;C. *5 C73>46CєBьAO 7 40=8<8 ;VB5@0BC@8 I>4> 2?;82C 0=B03>=VABV2 

V=B53@8=V2 =0 @53C;OFVN :;VB8==>3> F8:;C B0 <>6;828E <5E0=V7<V2 WE 

?@>B8?CE;8==>W 4VW.  

&0:8< G8=><, ?@>2545=V 4>A;V465==O 2:07CNBь =0 ?@83=VG5==O 

286820=>ABV, ?@>;VD5@0FVW B0 ?@8:@V?;5==O :;VB8= 70 ?@8ACB=>ABV 457V=B53@8=C 

7 >B@CB8 Echis multisquamatus. *V 5D5:B8 1C;8 1V;ьH5 28@065=V C 28?04:C 

:;VB8= 7 B@0=AD>@<>20=8< D5=>B8?>< B0 A2V4G0Bь ?@> ?5@A?5:B82=VABь 

70AB>AC20==O 457V=B53@8=C O: >A=>28 4;O AB2>@5==O 0=B8?@>;VD5@0B82=>3> 

?@5?0@0BC.  

 

7.2. #@>B8?CE;8==0 B0 0=B8<5B0AB0B8G=0 4VO 457V=B53@8=C 7 >B@CB8 

Echis multisquamatus in vivo 

 

7.2.1. #@>B8?CE;8==0 4VO in vivo  

�;O >FV=:8 ?@>B8?CE;8==>W 4VW 457V=B53@8=C 7 >B@CB8 Echis multisquamatus 

in vivo ?5@52820;8 :;VB8=8 ;V=VW :0@F8=>A0@:><8 '>:5@0 W-256 IC@0< ;V=VW 

�VAB0@ B0 A?>AB5@V30;8 70 48=0<V:>N @>ABC ?CE;8=8. �>A;V4=V9 3@C?V 22>48;8 
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V=B@0?5@8B>=0;ь=> 457V=B53@8= C 4>7V 0,750 <3/:3 <0A8 BV;0 :>6=V 3 4=V 7 

<><5=BC ?>G0B:C 5:A?5@8<5=BC. 

�;O Fь>3> 282G0;8 7<V=8 >19є<C ?CE;8=8 C IC@V2 :>=B@>;ь=>W B0 

4>A;V4=>W 3@C? =0 9-BC, 11-BC, 14-BC 4>18 ?VA;O ?5@5I5?;5==O. �87=0G5==O 

4V0<5B@ ?CE;8=8 C 42>E =0?@O<:0E B0 @>7@0E>2C20;8 >19є< ?CE;8=8, 

30;ь<C20==O @>ABC ?CE;8=8 B0 V=45:A 5D5:B82=>ABV 2?;82C G8==8:0. 

#@8 ?>@V2=O==V >B@8<0=8E @57C;ьB0BV2 2V4<VG0;8 B5=45=FVN 4> 

7<5=H5==O >19є<C ?CE;8=8 C IC@V2 4>A;V4=>W 3@C?8 C?@>4>26 A?>AB5@565==O 

B0 4>AB>2V@=5 7<5=H5==O >19є<C ?CE;8=8 =0 D>=V 70AB>AC20==O 457V=B53@8=C 

=0 11-BC 4>1C @>ABC (&01;8FO 7.3). �0;ь<C20==O @>ABC ?CE;8=8, O:5 є >4=8< 7 

:@8B5@VW2 5D5:B82=>ABV 2?;82C 4>A;V46C20=>W @5G>28=8, 1C;> 2V4<VG5=5 2 

?5@V>4 V=B5=A82=>3> @>ABC ?CE;8=8 V A:;040;> =0 9-BC 4>1C ?VA;O 

?5@5I5?;5==O 18,7 %, 0 =0 11-BC 4>1C 3 36,2 %. $>7@0EC=>: V=45:AC 

5D5:B82=>ABV, O: ?>:07=8:0 GCB;82>ABV ?CE;8=8 4> 2?;82C 4>A;V46C20=8E 

@5G>28=, AB0=>282 1,23 (9 4>10) V 1,56 (11 4>10). 

 

&01;8FO 7.3. 

�?;82 457V=B53@8=C =0 48=0<V:C ?>:07=8:V2 @>ABC ?CE;8=8 C IC@V2 
�@C?0 :>=B@>;N (n=5) �@C?0 4>A;V4C (n=5) 

�>10 ?VA;O 

?5@5I5?- 

;5==O 

�>268=0, 

A< 

,8@8=0, 

A< 

"19є<, A<3 �>268=0, 

A< 

,8@8=0, 

A< 

"19є<, A<3 

9 4>10 4,94±0,7 3,62±0,5 46,04±16,6 4,46±0,6 3,68±0,3 37,42±11,7 

11 4>10 
5,66±0,5 4,76±0,6 

78,02±21,0 

[21,3 :63,5] 
4,78±0,7 4,18±0,5 

49,92±19,2* 

[25,3 :56,2] 

14 4>10 
4,05±0,2 4,75±0,2 

39,0±5,7 

[42,6 :96,1] 
4,65±0,4 4,85±0,4 

52,3±4,1 

[26,0 :66,0] 

 

#@>2545=V 4>A;V465==O 70A2V4G8;8, I> 70AB>AC20==O 457V=B53@8=C 7 

>B@CB8 Echis multisquamatus ?@872>48;> 4> 30;ь<C20==O @>ABC 

:0@F8=>A0@:><8 '>:5@0 W-256 =0 9-BC =0 11-BC 4>1C ?VA;O ?5@5I5?;5==O 
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?CE;8=8 IC@0<. �8O2;5=89 30;ь<V2=89 5D5:B 1C2 ?><V@=89, B0 <5=H89, =V6 

>GV:C20=89 5D5:B ?@8 70AB>AC20==V ?@>B8?CE;8==8E 70A>1V2. � B>G:8 7>@C 

<5E0=V7<C 4VW 457V=B53@8=V2, A;V4 1C;> 1 >GV:C20B8 7<5=H5==O O:>ABV 

?@8:@V?;5==O :;VB8=, O:5 70 C<>2 ?5@52820==O ?CE;8=8 =5 є 28@VH0;ь=8<. 

&><C =040;V 1C;> 28@VH5=> 4>A;V46C20B8 <5B0AB07C20==O ?CE;8==8E :;VB8= 70 

C<>2 22545==O ?CE;8=>=>AVO< 457V=B53@8=C, I> 70 =0H8< ?@8?CI5==O< 

B>G=VH5 2V4?>2V40;> ?@87=0G5==N ?>B5=FV9=>3> ?@5?0@0BC =0 9>3> >A=>2V. 

 

7.2.2. �=B8<5B0AB0B8G=0 4VO in vivo  

�;VB8=8 ;V=VW :0@F8=><8 ;535=ь �ьNWA (LLC) ?5@52820;8 <8H0<-A0<FO< 

;V=VW C57BL. �>A;V4=V9 3@C?V 22>48;8 V=B@0?5@8B>=0;ь=> 457V=B53@8= C 4>7V 15 

<3/:3 <0A8 BV;0 I>4=O 7 <><5=BC ?>G0B:C 5:A?5@8<5=BC. �0;ь<C20==O @>ABC 

?CE;8=8 457V=B53@8=>< =0 20 45=ь 4>A;V465==O AB0=>28;> 58,13 %, 0;5 =0 28 

45=ь 4>A;V465==O 30;ь<C20==O @>ABC ?CE;8=8 70 >19є<>< 265 AB0=>28;> 39,23 

% (&01;8FO 7.4). #>4V1=0 B5=45=FVO 2V4?>2V40;0 B><C, I> <8 A?>AB5@V30;8 C 

28?04:C 5:A?5@8<5=BV2 =0 IC@0E (482. @>74V; 7.2.1). 

 

&01;8FO 7.4 

"19є< V 30;ь<C20==O @>ABC ?CE;8=8 2 <8H59-A0<FV2 ;V=VW C57BL V7 

?5@528B>N LLC V 70 C<>2 70AB>AC20==O 457V=B53@8=C =0 20 B0 28 45=ь 

4>A;V465==O 

�>10 4>A;V465==O "1’є< ?CE;8=8 (M ± m, A<3) �0;ь<C20==O 
@>ABC ?CE;8=8, % 2 :>=B@>;V 2 4>A;V4V 

 20 4>10 5,35±0,28 2,24±0,06 * 58,13 

 28 4>10 7,01± 0,21 4,26± 0,20 * 39,23 

 

#VA;O 701>N B20@8= =0 28 4>1C 4>A;V465=ь >FV=N20;8 :V;ь:VABь <5B0AB07V2 

C ;535=OE 4>A;V4=8E <8H59 B0 >1G8A;N20;8 30;ь<C20==O <5B0AB07C20==O C 

2V4A>B:0E 70 :V;ь:VABN B0 >19є<>< (&01;8FO 7.5). 
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&01;8FO 7.5 

'B2>@5==O 9 7@>AB0==O <5B0AB07V2 C ;535=OE <8H59-A0<FV2 ;V=VW C57BL 

V7 ?5@528B>N LLC V 70 C<>2 22545==O 457V=B53@8=C 

�>A;V4=0 3@C?0 
�V;ь:VABь 
<5B0AB07V2, 
(M ± m, HB.) 

�0;ь<C20==O 
70 :V;ь:VABN 
<5B0AB07V2, % 

"1’є< 
<5B0AB07V2, 
(M ± m, <<3) 

�0;ь<C20==O 
70 >1’є<>< 
<5B0AB07V2, % 

LLC 4,6±0,46 - 6,2±1,31 - 

LLC + 457V=B53@8=   1,0±0,35* 78,26 0,02±0,02* 99,68 

#@8<VB:0. * 3 @ f 0,05 C ?>@V2=O==V 7 2V4?>2V4=8< ?>:07=8:>< 3@C?8 LLC. 
 

�8O2;5=> <0965 ?>2=C 2V4ACB=VABь <5B0AB07V2 C <8H59 70 C<>2 22545==O 

457V=B53@8=C, I> A2V4G8Bь ?@> 0=B8<5B0AB0B8G=C 4VN 4>A;V46C20=>W A?>;C:8. 
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$>74V; 8. �0:;NG5==O 

 

�8:>=0==O @>1>B8 4>72>;8;> >B@8<0B8, >E0@0:B5@87C20B8, 

V45=B8DV:C20B8 B0 0?@>1C20B8 in vitro, ex vivo B0 in vivo 457V=B53@8= 7 >B@CB8 

Echis multisquamatus, O: >A=>2C 4;O AB2>@5==O 0=B8:>03C;O=B=>3> B0 

0=B8<5B0AB0B8G=>3> ?@5?0@0BC. #@8=F8?>2C AE5<C 4>A;V465=ь =02545=> =0 

@8AC=:C 8.1. 

�=0;V7 03@530FV9=>W 740B=>ABV B@><1>F8BV2 70 ?0B>;>3VG=8E AB0=V2 @V7=>3> 

ґ5=57C C B20@8= 4>72>;82 28O28B8 3V?5@03@530FVN 70 35?0B8BC, 4V015BC �� B8?C, 

0B5@>A:;5@>7C, :0=F5@>35=57C (?>29O70=V 7 E@>=VG=8< 70?0;5==O<) B0 

3V?>03@530FVN 70 35?0B>7C, 3>AB@>W ?@><5=52>W E2>@>18, LPS-V=4C:>20=>3> 

70?0;5==O (?>29O70=V 7 3>AB@8< 70?0;ь=8< ?@>F5A><). ":@5<> 4>A;V46C20;8 

03@530FVN B@><1>F8BV2 70 C<>2 22545==O B20@8=0< ?5?B84C, I> V<VBCє 

V<C=>35==89 D@03<5=B S-H8?0 SARS-CoV-2. &0:0 ?>AB0=>2:0 5:A?5@8<5=BC 

V<VBC20;0 3>AB@C AB04VN :>@>=02V@CA=>W E2>@>18. �8O2;5=> 3V?>03@530FVN 

B@><1>F8BV2, I> є 206;828< 2=5A:>< 4> @>7C<V==O ?0B>;>3VG=>W 4VW E2>@>18 

=0 AB0= A8AB5<8 35<>AB07C (�).  

�8O282H8 ?0B>;>3VG=V AB0=8, 70 O:8E =5>1EV4=5 7=865==O 

?@>:>03C;O=B=>W DC=:FVW B@><1>F8BV2, <8 ?5@59H;8 4> 4@C3>3> 5B0?C 

4>A;V465=ь 3 ?>HC:C ?5@A?5:B82=8E V=3V1VB>@V2 03@530FVW B@><1>F8BV2 7 

>B@CB8 7<V9. 

�C;> @>7@>1;5=> E@><0B>3@0DVG=V ?@>B>:>;8 B0 >B@8<0=> 

5;5:B@>D>@5B8G=> G8ABV ?@5?0@0B8 457V=B53@8=V2 7 >B@CB Echis multisquamatus, 

Bitis arietans B0 Calloselasma rhodostoma. �C;> 4>2545=>, I> >B@8<0=V 

?>;V?5?B848 729O7CNBьAO A0<5 7 GPIIbIIIa-@5F5?B>@>< B@><1>F8BV2 B0 7024O:8 

Fь><C 5D5:B82=> V=3V1CNBь WE 03@530FVN (��). 

�57V=B53@8= 7 >B@CB8 Echis multisquamatus 1C;> >1@0=> 4;O ?>40;ьH8E 

4>A;V465=ь O: =091V;ьH 5D5:B82=89 (�%50 = 1,5 <: ). #@>2545=V <0A-
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A?5:B@><5B@8G=V B0 1V>V=D>@<0B8G=V 4>A;V465==O 4>72>;8;8 70?@>?>=C20B8 

<>45;ь 9>3> ?@>AB>@>2>W AB@C:BC@8 (���). 

�57V=B53@8= 7 >B@CB8 Echis multisquamatus ?>:0702 A2>N 5D5:B82=VABь O: 

V=3V1VB>@ 03@530FVW B@><1>F8BV2 C ?;07<V :@>2V ;N48=8 =570;56=> 2V4 AB0=C 

A8AB5<8 35<>AB07C 01> ?@5?0@0BV2, O:V ?@89<0;8 ?0FVє=B8. &0:>6 457V=B53@8= 

5D5:B82=> V=3V1C202 03@530FVN B@><1>F8BV2 C 71030G5=V9 B@><1>F8B0<8 ?;07<V 

:@>2V 4>=>@V2 7 4V03=>AB>20=>N 0A?V@8=>@578AB5=B=VABN, I> @>18Bь 9>3> 

?5@A?5:B82=>N ?;0BD>@<>N 4;O @>7@>1:8 0=B803@530=B=>3> 035=B0. 

�D5:B82=5 V=3V1C20==O 03@530FVW B@><1>F8BV2 457V=B53@8=>< ?>:070=5 B0:>6 V 

70 C<>2 22545==O ;01>@0B>@=8< B20@8=0< in vivo (IV). 

"A:V;ь:8 457V=B53@8= 7 >B@CB8 Echis multisquamatus 1;>:C202 270є<>4VW, 

>?>A5@54:>20=V V=B53@8=>28<8 @5F5?B>@0<8, 1C;> 28@VH5=> 70AB>AC20B8 9>3> 

4;O ?@83=VG5==O ?@>;VD5@0FVW :;VB8= in vitro B0 ?@>F5AV2 :0=F5@>35=57C in vivo. 

�C;> ?>:070=> 7=865==O ?@>;VD5@0B82=>W 0:B82=>ABV B0 04357VW :;VB8= C 

:C;ьBC@V 70 4VW 457V=B53@8=C. �8O2;5=> ?@83=VG5==O BC<>@>35=57C B0 <0965 

?>2=5 1;>:C20==O <5B0AB07C20==O 70 C<>2 ?5@52820==O ?CE;8=8 ;01>@0B>@=8< 

B20@8=0< in vivo (V). 

&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@CB8 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 =095D5:B82=VH>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.  
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$8A. 8.1. #@8=F8?>20 AE5<0 48A5@B0FV9=>W @>1>B8, O:0 2V4>1@060є >A=>2=V 

5B0?8 4>A;V465==O: 4>A;V465==O 03@530FV9=>W 740B=>ABV B@><1>F8BV2 70 

<>45;N20==O ?0B>;>3VG=8E AB0=V2 @V7=>3> ґ5=57C (�), >B@8<0==O V 

E0@0:B5@8AB8:0 0=B03>=VABV2 V=B53@8=>28E @5F5?B>@V2 7 >B@CB8 7<V9 (��), 

V45=B8DV:0FVN 457V=B53@8=C 7 >B@CB8 Echis multisquamatus (���), 0=B803@530=B=C 

4VN 457V=B53@8=C 7 >B@CB8 Echis multisquamatus (IV), 0=B8?@>;VD5@0B82=C 4VN 

457V=B53@8=C 7 >B@CB8 Echis multisquamatus (V). 
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�8A=>2:8 

�>2545=>, I> 70AB>ABC20==O 0=B03>=VABV2 V=B53@8=>28E @5F5?B>@V2 

5D5:B82=> ?@83=VGCє V=B538=->?>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.  

1. �8O2;5=> 7=865==O 03@530FV9=>W 740B=>ABV B@><1>F8BV2 70 35?0B>7C, 

COVID-19, 3>AB@>3> 70?0;5==O H;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. 

#>:070=> 71V;ьH5==O ?@>:>03C;O=B=>3> ?>B5=FV0;C B@><1>F8B0@=>W ;0=:8 

35<>AB07C 70 4V015BC, 0B5@>A:;5@>7C B0 35?0B8BC, I> ?>B@51Cє :>@5:FVW 

V=3V1VB>@0<8 03@530FVW B@><1>F8BV2. 

2. "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. "E0@0:B5@87>20=> WE 4VN =0 03@530FVN B@><1>F8BV2, 4>2545=>, I> 

2>=8 740B=V 157?>A5@54=ь> 270є<>4VOB8 7 GPIIbIIIa-@5F5?B>@0<8 B@><1>F8BV2, 

I> ?V4B25@46Cє ?@8=0;56=VABь 4> :;0AC 457V=B53@8=V2. 

3. �45=B8DV:>20=> 457V=B53@8= 7 >B@CB8 �chis multisquamatus B0 

70?@>?>=>20=> <>45;ь 9>3> ?@>AB>@>2>W AB@C:BC@8 ?>є4=0==O< <5B>4V2 <0A-

A?5:B@><5B@VW B0 :><?9NB5@=>3> <>45;N20==O.  

4. �>2545=> 5D5:B82=5 7=865==O 03@530FVW B@><1>F8BV2 70 

2=CB@VH=ь>AC48==>3> 22545==O 457V=B53@8=C 7 >B@CB8 �chis multisquamatus 

IC@0< in vivo. 

5. #>:070=> ex vivo 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 >AV1 7 0A?V@8=>@578AB5=B=VABN, ?V4 G0A B5@0?VW 35?0@8=>< B0 0A?V@8=><. 

6. #>: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. 
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7. #>:070=> 30;ь<C20==O ?CE;8==>3> @>ABC B0 ?@83=VG5==O 

<5B0AB07C20==O 70 C<>2 ?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. 
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