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74>5G64G

48026 �E6VF=L>-=4G>>64 ?D>7D4<4 ?V47>F>6>< 4>>F>DV6 DV?>E>DVW 6 
4E?VD4=FGDV �=EF<FGFG 5V>EV<VW V<.�.�.�4??44V=4 ��� '>D4W=< 74 
E?5FV4?L=VEFN 091 «�V>?>7VO» (091 �V>?>7VO)

1.3. �>D5<V 5?5<5=F< 
>E6VF=L>-=4G>>6>W ?D>7D4<< 
74557?5GGNFLEO V=L<< 
74>?44>< 6<M>W >E6VF</
=4G>>6>N GEF4=>6>N (G F><G 
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2. �<E5DF4FVO

2.1. &5<4 4<E5DF4FVW �>?5>G?OD=V <5E4=V7<< D>76<F>G ?4F>?>7VG=<E EF4=V6 D>7V6>< F4 
D>7D>5>4 ?V4E>4V6 4> WE >>D5>FVW

2.2. �=>F4FVO 4<E5DF4FVW �<E5DF4FVO ?D<E6OG5=4 4>E?V465==N <>?5>G?OD=<E <5E4=V7<V6 
D>76<F>G ?4F>?>7VG=<E EF4=V6 D>7V6><, V=4G>>64=<E DV7=<<< 
G<==<>4<<, 6??<6 O><E 4E>FV=>64=<= 7 7V?>>EVTN, 74?4?5==O< F4 
=5>64E>G?OD<74FVTN. �46?<6>N G<>6>N 4?O =>D<4?L=>7> 
E6VF?>?D>?GE>4==O F4 74557?5G5==O 6<E>>>W O>>EFV 7>DG T 
464E>G?OD=VEFL D>7V6><, O>4 G 74>D>6><G >FV ?V4FD<<GTFLEO 74 
D4EG=>> 54?4=EG <V6 ?D>- F4 4=F<4=7V>75==<<< D57G?OF>D4<<. 
�E>V?L>< =5>64E>G?OD<74FVO T 747D>7?<6<< EF4=><, M> E?D<G<=OT 
?>7VDL5==O 7>DG 45> =>7> ?>6=G 6FD4FG, =4 EL>7>4=OL=V= 45=L 
?>LG> =>6<E 5D5>F<6=<E V 557?5G=<E <>4G?OF>DV6 
EG4<=>GF6>D5==O T 4>FG4?L=>N ?D>5?5<>N EGG4E=>W 5V>EV<VW, 
5V><54<F<=< F4 >?V=VG=>W >DF4?L<>?>7VW. �4 44=<<< �E5E6VF=L>W 
>D74=V74FVW >E>D>=< 74>D>69O (����) G 6EL><G E6VFV >V?L>VEFL 
?4FVT=FV6 7 >G=<<< E6>D>54<<, ?>69O74=<<< 7 D>76<F>>< 
=5>64E>G?OD<74FVW D>7V6><, M>DVG=> 7V5?LLGTFLEO =4 1,4 <?=. 7 
F5=45=FVTN 4> 7D>EF4==O. �> D4>F>DV6, M> 6<>?<>4NFL 
=5>64E>G?OD=V 74E6>DN64==O D>7V6><, 6V4=>EOFLEO DV7<G=V FD46<<, 
?<? F4 V=LV 45D47<6=V <4F5DV4?<, EV<VG=V F4 F5D<VG=V >?V><, E<=4D>< 
EGE>7> >>4, EVDGD7VG=V 6FDGG4==O, =5>>=FD>?L>64=5 =>EV==O 
>>=F4>F=<E ?V=7, V=D5>FV==<= >5D4F<F,  G?LFD4DV>?5F>65 E6VF?> 
F>M>. %D>=VG=5 74?4?5==O F4 =5>64E>G?OD<74FVO T D4>F>D4<<, O>V 
<>6GFL E?D>6>>G64F< 6V4F>D7=5==O FD4=E??4=F4=FG ?VE?O 
?D>6545==O >5D4F>??4EF<><. '5D57 4>F<6=<= ?5D55V7 5>=>6<E 4V= 6 
'>D4W=V >E>5?<6> 7>EFD> EF>WFL ?D>5?5<4 ?V>G64==O ?>D4=5=L >>4 F4 
WE=VE GE>?44=5=L, >E>V?L>< 7=4G=<= ?D>F5=F 6V4 GEVE 6<4V6 5>=>6<E 
FD46< E>?444NFL ?>L>>465==O >G=>7> O5?G>4 F4 ?D>=<>=V 
?>D4=5==O D>7V6><. 
$4D<4>>F5D4?VO =5>64E>G?OD=<E 74E6>DN64=L D>7V6>< 74 
4>?><>7>N VE=GNG<E 74E>5V6, 7>>D5<4, >>DF<>>EF5D>W4V6, <4T 

%F>DV=>4 1 7 16



>5<565=G 5D5>F<6=VEFL V 4E>FV=>64=4 7 ?D>O6>< FV?>W =<7>< 
?>5VG=<E 5D5>FV6, M> E?>=G>4T 4> D>7D>5>< =>6<E F5D4?56F<G=<E 
?V4E>4V6 F4 ?V>4DEL><E 74E>5V6. %5D54 DV7V>?>7VG=<E V=7V5VF>DV6 
=5>64E>G?OD<74FVW >E>5?<6G G647G ?D<65DF4NFL ?D>4G>F< 
>5<565=>7> ?D>F5>?V7G ??47<V=>75=G 3 4=7V>EF4F<=< (AS). &V >D<=7?-
6<VE=V ?>?V?5?F<4< (�1-3, �1-4, �1-4,85, �1-5, �5) 7 DV7=>N 
5D5>F<6=VEFN ?D<7=VGGNFL 4=7V>75=57 G5D57 E?5F<DVG=5 V=7V5G64==O 
?D>4=7V>75==>7> E<7=4?V=7G 6 5=4>F5?V==<E >?VF<=4E F4 6>?>4VNFL 
?D>F<74?4?L=<<< 6?4EF<6>EFO<<. ' 6V44V?V EV<VW F4 5V>EV<VW 
D5D<5=FV6 �=EF<FGFG 5V>EV<VW V<. �. �. �4??44V=4 ��� '>D4W=< D4=VL5 
5G?> D>7D>5?5=> F4 GE?VL=> D54?V7>64=> F5E=>?>7VN >FD<<4==O AS 
K1-3 F4 �5, 5D5>F< O><E 6<6G4?< G ?D54EF46?5=V= 4<E5DF4FV==V= 
D>5>FV. �?O 6<>>=4==O ?>EF46?5=<E G 4<E5DF4FV==V= D>5>FV 74644=L 
5G?> 6<>>D<EF4=> EGG4E=V 5V>EV<VG=V, DV7<>>-EV<VG=V F4 V<G=>EV<VG=V 
<5F>4< (75?L-5?5>FD>D>D57 ?D>F5W=V6, V<G=>5?>F<=7, 
V<G=>5=7<<=<= 4=4?V7, 4DV==4 ED><4F>7D4DVO, 5=7<<-D>D57, 
E?5>FD>D>F><5FD<G=V <5F>4<), <5F>4< V<G=V74FVW F64D<= F4 
>FD<<4==O ?>?V>?>=4?L=<E 4=F<FV?, <5F>4< >G?LF<6G64==O 
56>4DV>F<G=<E >?VF<=, 7VEF>?>7VG=V <5F>4<, F5EF �DD>=4 (6<7=4G5==O 
EFG?5=O =5>64E>G?OD<74FVW D>7V6><), <5F>4< EF4F<EF<G=>7> 4=4?V7G.
�F65, 5G?4 ED>D<G?L>64=4 <5F4 D>5>F<: 79OEG64F< <>?5>G?OD=V 
<5E4=V7<< D>76<F>G ?4F>?>7VG=<E EF4=V6 D>7V6>< F4 D>7D>5<F< 
?V4E>4< 4> WE >>D5>FVW. 
�4=<< V7 74644=L ?D54EF46?5=>W 4<E5DF4FV==>W D>5>F< 5G?> >FV=<F< 
5V>?>7VG=G 4>F<6=VEFL F4 5V>EG<VE=VEFL AS 6 5>E?5D<<5=F4E in vivo F4 
in vitro. �=F<4=7V>75==G 4>F<6=VEFL AS �1-3 6<6G4?< =4 <>45?V 
?G6=>7> >?V>G D>7V6>< >D>?V6. ' F64D<= 5>E?5D<<5=F4?L=>W 7DG?< 
>?V> 6<>?<>4?< 4??V>4FVTN 1 N D>7G<=G NaOH =4 ?>65DE=N >>4. 
'4EF<=4 F64D<= 7 >?V>>6>N FD46<>N D>7V6>< >FD<<G64?4 AS K1-3 
<VEF56> G 6<7?O4V >G=<E >D4?5?L M>45==> ?D>FO7>< 14 4=V6 ?VE?O 
>?V>G G 4>7V 0,75 <>7 (1,0 <>� D>7G<=). �4 4>?><>7>N 
<>DD>?>7VG=>7> F5EFG �DD>=4 5G?> 6EF4=>6?5=>, M> AS E?D<O6 
VEF>F=><G D57D5EG =>6>GF6>D5=<E EG4<= G D>7V6FV 74 ?G6=>7> >?V>G. 
$57G?LF4F< <>DD>?>7VG=>7> 4>E?V465==O G77>46GNFLEO 7 44=<<< 
7VEF>?>7VG=>7> 4=4?V7G, O>V E6V4G4FL, M> 74EF>EG64==O AS 7<5=L<?> 
EFG?V=L 4575=5D4F<6=<E 7<V=, V=DV?LFD4FVW ?5=>>F<FV6 F4 =44<VD=>7> 
?D>D>EF4==O EG4<= 6 GL>>465=V= D>7V6FV = E?D<O?> D575=5D4FVW 
5?VF5?VN. �5EF5D=-5?>F 4=4?V7 ?V74FV6 F>4=<=< D>7V6>< ?>>4746, M> 
>?V> ?D<76V6 4> VEF>F=>7> 7D>EF4==O DV6=O ?D>4=7V>75==>7> F<F>>V=G 
VEGF 6 GL>>465=V= F>4=<=V (G 3,3 D47< G ?>DV6=O==V 7 >>=FD>?5<, 
P<0,01), F>4V O> �1-3 E?D<O6 =>D<4?V74FVW =>7> 6<VEFG. �DV< F>7>, 
4D4<4F<G=5 75V?LL5==O G ?>L>>465=V= D>7V6FV DV6=V6 ?D>->4E?47<-3 
F4 55>?V=-1 (6V4?>6V4=> G 15,6 F4 31 D47< ?>DV6=O=> 7 >>=FD>?5<, 
P<0,001) E6V4G<FL ?D> 4>F<64FVN ?D>-4?>?F>F<G=<E L?OEV6 747<55?V 
>?VF<= F4 D>76<F>> 46F>D47VW. �4EF>EG64==O K1-3 E?D<O?> 
7<5=L5==N DV6=O <4D>5DV6 4?>?>7G F4 46F>D47VW 6 D>7V6FV ?VE?O 
>?V>G 6V4?>6V4=> G 4,5 F4 12,9 D47V6 G ?>DV6=O==V 7 >>=FD>?5< 
($<0,05). �E>V?L>< D4=VL5 5G?> ?>>474=>, M> =444>F<64FVO 
<4>D>D47V6 D>7V6>< F>4=<==<< 455DVE>< <>65 5GF< >4=VTN 7 ?D<G<= 
D>76<F>G V ?V4FD<<4==O =5>64E>G?OD<74FVW, 6 D>5>FV 5G?> 4>E?V465=> 
6??<6 AS K1-3 (10-200 =�) =4 <5F45>?VG=G 4>F<6=VEFL D47>F<F4D=<E 
>?VF<= G F5EFV 7 =VFD>E<=V< F5FD47>?VT< (�%&-F5EF). �G?> 6EF4=>6?5=>, 
M> �1-3 G >>=F5=FD4FVW > 50 =� V=7V5GT 4>F<6=VEFL >?VF<==<E 
457V4D>75=47 <4>D>D47V6 ?V=VW J744.2 G E5D54=L><G =4 30% G 
?>DV6=O==V 7 V=F4>F=<<< >?VF<=4<< (P<0,05). �F65, >4=<< 7 
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<5E4=V7<V6 4=F<4=7V>75==>W F4 F<F>?D>F5>F>D=>W 4VW AS G D>7V6FV 74 
G<>6 ?G6=>7> >?V>G <>65 D54?V7G64F<EO G5D57 ?><VD=<= 
EG?D5E>D=<= 6??<6 =4 4>F<6=VEFL D57<45=F=<E <4>D>D47V6. �G?> 
6EF4=>6?5=>, M> ?>>474=V 5D5>F< AS K1-3 6<O6<?<EO 5V?LL 
6<D465=<<< G ?>DV6=O==V 7 6V4><<< ?D>F5>F>D=<< ?D>F5W=>< 
?4>F>D5D<=>< (Lf), O><= 5G6 6<>>D<EF4=<= 6 5>6V<>?OD=V= 
>>=F5=FD4FVW O> ?D5?4D4F ?>DV6=O==O. 
�5>69O7>>6>N G<>6>N ?D< F5EFG64==V =>6<E ?D5?4D4FV6-
4=7V>EF4F<>V6 T ?5D56VD>4 WE=VE <>6?<6<E F<F>F>>E<G=<E 
6?4EF<6>EF5= =4 >?VF<=< >G=>7> 4=4, 7>>D5<4, EVF>V6><. ' 
?D54EF46?5=V= D>5>FV 6<6G4?< 5D5>F< AS K1-3 F4 �5 =4 
6<FFT744F=VEFL >?VF<= ?V7<5=F=>7> 5?VF5?VN EVF>V6>< (?V=VO RPE-1 
hTERT) 74 4>?><>7>N �&&-F5EFG. �G?> ?>>474=>, M> >5<464 64DV4=F< 
4=7V>EF4F<=V6 G 4V4?47>=V 4>E?V46G64=<E >>=F5=FD4FV= 2-100 =� =5 
G<=OFL F<F>F>>E<G=<E 5D5>FV6 =4 >?VF<=< ?V7<5=F=>7> 5?VF5?VN 
EVF>V6>< 74 G<>6 in vitro. &V 44=V EF4=>6?OFL 7=4G=<= ?D4>F<G=<= 
V=F5D5E 7 >7?O4G =4 <>6?<6VEFL 557?5G=>7> 74EF>EG64==O 
4>E?V46G64=<E V=7V5VF>DV6 4=7V>75=57G 7 <5F>N F4D75F=>7> V 
E?5F<DVG=>7> ?D<7=VG5==O 4>F<6=>EFV 5=4>F5?V==<E >?VF<= EG4<= 74 
F5D4?VW DV7=<E E6>D>5 >>4, 4E>FV=>64=<E 7 =5>64E>G?OD<74FVTN.
�>?D< 7=4G=<= ?D>7D5E G 79OEG64==V <5E4=V7<V6 5V>?>7VG=>W 
4>F<6=>EFV DD47<5=FV6 ??47<V=>75=G, V=LV 5D5>F< �S G D>7V6FV 74 WW 
GL>>465==O,  >>DV< V=7V5G64==O ?D>4=7V>75==>7> E<7=4?N64==O, 
74?<L4NFLEO =4D47V =56<6G5=<<<. �4EFG?=<< 74644==O< 
4<E5DF4FV==>W D>5>F< 5G?> 4>E?V4<F< 6??<6 46>E ?>?V?5?F<4V6 AS 
(K1-3 V K5) =4 DV65=L ?D>F5W=V6-<4D>5DV6 >?NG>6<E ?4F>DV7V>?>7VG=<E 
?4F5D=V6 G <>45?V ?G6=>7> >?V>G D>7V6>< MGDV6. �V44>E?V4=V F64D<=< 
>FD<<G64?< AS �1-3 <VEF56> G 6<7?O4V >G=<E >D4?5?L G 4>7V 0,075 
45> 0,75 <>7 (G 6<7?O4V 0,1 45> 1,0 <>� D>7G<=V6 6V4?>6V4=>) 45> 0,3 
<>7 AS �5 (1,0 <>�) M>45==> ?D>FO7>< 14 4=V6 ?VE?O FD46<<. �4 
4>?><>7>N �5EF5D=-5?>F 4=4?V7G ?V74FV6 F>4=<=< D>7V6>< ?>>474=>, 
M> 74EF>EG64==O AS E?D<O?> 7<5=L5==N DV6=V6 ?D>F5W=V6-<4D>5DV6, 
4E>FV=>64=<E 7 7V?>>EVTN (HIF-1³), 4=7V>75=57>< (VEGF), 
D5<>45?N64==O< V DV5D>7>< F>4=<= (MMP-9), 46F>D47VTN (beclin-1), 4 
F4>>6 EFD5E>< 5=4>??47<4F<G=>7> D5F<>G?G<G (GRP-78), O> 
>E=>6=<E ?4=>> ?4F>?>7VG=>7> ?D>F5EG. �DV< F>7>, AS K1-3 E?D<O6 
7D>EF4==N DV6=O ?D>F5W=G MV?L=<E >>=F4>FV6 ZO-1, M> E6V4G<FL ?D> 
V=VFV4FVN D575=5D4F<6=<E ?D>F5EV6 F4 D55?VF5?V74FVN D>7V6>< ?VE?O 
?G6=>7> >?V>G. 
�V4><>, M> 5?VF5?V==V >?VF<=< ?>65DE=V >>4 T <VL5==N 4?O =<7>< 
6VDGEV6, O>V 6<>>D<EF>6GNFL 5>E?>=>64=V =4 =<E D5F5?F>D< 4?O 
?D>=<>=5==O 4> >D74=V7<G. ' 4<E5DF4FV==V= D>5>FV 4>E?V46G64?< 
6??<6 AS =4 DV65=L D5F5?F>D4 SARS-CoV-2 
4=7V>F5=7<=>>=65DFG64?L=>7> ?D>F5W=G-2 (ACE2) G F>4=<=V D>7V6>< 6 
5>E?5D<<5=F4?L=V= <>45?V ?G6=>7> >?V>G. �>L>>465==O ?>65DE=V 
>>4, 6<>?<>4=5 ?G7><, E?D<G<=<?> 75V?LL5==O DV6=O ACE2 G 7,7 
D47V6 ?>DV6=O=> 7 >>=FD>?5< (P<0,001), M> 6>47GT =4 5V?LLG 
6D47?<6VEFL ?>L>>465=>7> >>4 4> V=DV>G64==O.  �4EF>EG64==O AS K5 
45> K1-3 (1,0 <>�) 7=<6G64?> DV65=L 5>E?D5EVW ACE2 6 GL>>465=V= 
D>7V6FV 646VGV (P<0,05 ?>DV6=O=> 7 7DG?>N �?V>), F>4V O> K1-3 G 
<5=LV= >>=F5=FD4FVW (0,1 <>�) 7=<6G646 6<VEF ACE2 G 3,4 D47< (P 
<0,05).  �FD<<4=V D57G?LF4F< E6V4G4FL ?D> F5, M> AS <>6GFL 
7<5=LG64F< ?>F5=FV==<= D<7<> ?D>=<>=5==O SARS-CoV-2 G5D57 
?>65DE=N >>4 L?OE>< 7=<65==O 5>E?D5EVW =>7> D5F5?F>D4. &4>>6 
5G?> 4>E?V465=> 6??<6 AS K1-3 V K5 =4 DV65=L <4D>5D4 4>F<6>64=>W 
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E4F5?VF=>W 7?VW GFAP (7?V4?L=<= DV5D<?OD=<= ><E?<= ?D>F5W=) G 
?>L>>465=V= D>7V6FV MGDV6. %?V4 74G646<F<, M> 6 74>D>6V= D>7V6FV 
F5= ?D>F5W= E<=F57GTFLEO 6 E?V4>6<E >V?L>>EFOE, M> E6V4G<FL ?D> 
DG=>FV>=G64==O 7?V4?L=<E >?VF<= G EF4=V DV7V>?>7VG=>7> E?>>>N. 
�FV<, 5G?> ?>>474=> 4D4<4F<G=5 7D>EF4==O 6<VEFG GFAP G F>4=<=V 
D>7V6>< 74 >?V>>6>W FD46<< (G 62 D47< ?>DV6=O=> 7 >>=FD>?5<, 
P<0,001). %?V4 747=4G<F<, M> K5 6<O6<6EO 646VG< 5D5>F<6=VL<< 74 
�1-3 74 744F=VEFN V=7V5G64F< D54>F<64FVN E4F5?VF=>W 7?VW, ?D> M> 
E6V4G<FL 7<5=L5==O DV6=O GFAP G 10,9 D47V6 ?>DV6=O=> 7 7DG?>N 
�?V> (P<0,01). �V?LL4 5D5>F<6=VEFL �5 <>65 5GF< ?>69O74=>N 7 
<5=L<<< D>7<VD4<< =>7> <>?5>G? (14 >�4) G ?>DV6=O==V 7 �1-3 (35 
>�4), M> 6<7=4G4T 5V?LLG 5V>4>EFG?=VEFL �5. �FD<<4=V D57G?LF4F< 
E6V4G4FL =4 >>D<EFL D54?V74FVW 4=7V>EF4F<=4<< =5=D>?D>F5>F>D=<E 
6?4EF<6>EF5= G5D57 ?D<7=VG5==O =44<VD=>W 4>F<64FVW E4F5?VF=>W 7?VW 
6 ?>L>>465=V= D>7V6FV. �474?><, 44=V, >FD<<4=V =4 
5>E?5D<<5=F4?L=V= <>45?V ?G6=>7> >?V>G D>7V6><, 6>47GNFL =4 
?5DE?5>F<6< 74EF>EG64==O AS 4?O D>7D>5>< 5D5>F<6=<E F4 
557?5G=<E >DF4?L<>?>7VG=<E ?D5?4D4FV6 7 >><??5>E=<< 
<5E4=V7<>< 74E<E=>W 4VW.  
�V4><>, M> DV7=V D>7?44< <5F45>?V7<G, O>V G4EF> EG?D>6>46GNFLEO 
D>D<G64==O< 7V?>- 45> 46VF4<V=>7=<E EF4=V6, ?D<76>4OFL 4> 
?>DGL5==O DG=FV>=G64==O D>7V6><. �>>D5<4, ED>=VG=5 
7?>66<64==O 4?>>7>?N T G4EF>N ?D<G<=>N ?4F>?>7VG=<E 7<V= >>4, 
F4><E O> >4F4D4>F4, E<=4D>< EGE>7> >>4, E<=4D>< G5D6>=>7> >>4, 
=5=D>4575=5D4FVO, O>V ?D<76>4OFL 4> ?>7VDL5==O 7>DG F4 E?V?>F<. 
�D>F5 =4D47V <4?> 6V4><> ?D> <>?5>G?OD=V <5E4=V7<< 6??<6G 
ED>=VG=>7> E?>6<64==O 4?>>7>?N =4 D>7V6>G. &D<64?4 V=F>>E<>4FVO 
5F<?>6<< E?<DF><, >DV< 6??<6G =4 >D74= 7>DG 6?4E=> 5F4=>?G F4 
F>>E<G=<E ?D>4G>FV6 =>7> <5F45>?V7<G, T 6>D4= =5557?5G=>N G5D57 
7=<65==O DV6=O 6VF4<V=V6 7DG?< �, >E>5?<6> �1 (FV4<V=G). �F65, 
=4EFG?=5 74644==O D>5>F< ?>?O74?> G ?5D56VDFV 7V?>F57<, M> 
66545==O 6VF4<V=G B1 <>65 G<=<F< ?D>F5>F>D=G 4VN G D>7V6FV 74 
G<>6 FD<64?>7> E?>6<64==O 5F4=>?G. � FVTN <5F>N 5G?> 
ED>D<>64=> 5>E?5D<<5=F4?L=G <>45?L ED>=VG=>W 4?>>7>?V74FVW, 6 
O>V= MGD< >FD<<G64?< 15% D>7G<= 5F4=>?G (EtOH) ?D>FO7>< 9 
<VEOFV6. �4 F<645=L 4> 74>V=G5==O 5>E?5D<<5=FG G4EF<=4 MGDV6 
>FD<<G64?4 FV4<V= per os G 4>5>6V= 4>7V 25 <7/>7 <4E< FV?4. �G?> 
6EF4=>6?5=>, M> FD<64?5 E?>6<64==O 5F<?>6>7> E?<DFG 
?D<76>4<FL 4> VEF>F=>7> 7D>EF4==O 6<VEFG HIF-1³ G D>7V6FV (G 3,24 
D47< ?>DV6=O=> 7 >>=FD>?5<, P<0,05), M> E6V4<FL ?D> D>76<F>> 
7V?>>E<G=>7> EF4=G 6 F>4=<=V F64D<= 7 V=F>>E<>4FVTN. �D>EF4==O 
DV6=O V=L<E D57G?OF>D=<E ?D>F5W=V6 3 <4D>5DV6 ?4F>?>7VG=<E EF4=V6, 
4E>FV=>64=<E 7 7V?>>EVTN (VEGF, MMP-2 V -9), E6V4G<FL ?D> 4>F<64FVN 
L?OEV6 ?D>4=7V>75==>7> E<7=4?N64==O F4 D5<>45?N64==O F>4=<=< 
D>7V6>< O> >><?5=E4F>D=>7> <5E4=V7<G 74 G<>6 6??<6G F>>E<>4=F4. 
�5EFDG>F<6=V 7<V=<, V=4G>>64=V 5F4=>?>< G D>7V6FV, 
EG?D>6>46G64?<EO 7<5=L5==O< DV6=O ?D>F5W=G MV?L=<E >>=F4>FV6 
ZO-1 G 2,8 D47< G ?>DV6=O==V 7 >>=FD>?5< (P<0,05), M> T >7=4>>N 
DG==G64==O FV?VE=>EFV 5?VF5?V==>7> L4DG D>7V6><. �7=4G5=V 7<V=< 
6V45G64?<EO =4 F?V D>76<F>G ?D>4?>?F>F<G=>7> EF4=G 6 D>7V6FV, =4 
M> 6>47GT VEF>F=5 7<5=L5==O 65?<G<=< E?V66V4=>L5==O Bcl-xL/Bax 
G MGDV6 74 FD<64?>7> 6??<6G 5F4=>?G (G 20 D47V6 ?>DV6=O=> 7 
>>=FD>?5<, P<0,01). �6545==O FV4<V=G MGD4<, M> 747=4?< 
ED>=VG=>7> 6??<6G 5F<?>6>7> E?<DFG, 6 2,6 D47< 7<5=L<?> DV65=L 
HIF-1³ G D>7V6FV G ?>DV6=O==V 7 7DG?>N EtOH (P<0,05), 4 F4>>6 
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E?D<O?> EF4F<EF<G=> 4>EF>6VD=<< 7<V=4< DV6=O VEGF, MMP F4 ZO-1 G 
5V> =>D<4?V74FVW. �D>EF4==O 65?<G<=< E?V66V4=>L5==O Bcl-xL/Bax G 
6,5 D47V6 74 66545==O 6VF4<V=G �1 G ?>DV6=O==V 7 7DG?>N EtOH 
(P<0,05) <>65 ?>OE=N64F<EO E?D<OF?<6>N 4VTN 6VF4<V=G �1 =4 
45D>5=<= <5F45>?V7<, >>D<7G64==O< <VF>E>=4DV==>W 4<EDG=>FVW, 
4=F<>>E<44=F=V= F4 ?D>F<74?4?L=V= 4>F<6=>EFV FV4<V=G 6 >?VF<=4E 
D>7V6>< 74 G<>6 ED>=VG=>W V=F>>E<>4FVW 5F4=>?><.
$>7V6>4 T =4=5V?LL MV?L=> V=5D6>64=>N EFDG>FGD>N >D74=V7<G 
(4>66<=4 =5D6V6 > 20 <</<<2 45> 27 F<E. D5F5?F>DV6/<<2, M> G 
300-600 D47V6 5V?LL5, =V6 G L>VDV). �5=D>=< >G=>7>  D>774?G65==O 
FDV=G4EF>7> =5D6G, M> V=5D6GNFL D>7V6>G, G >><??5>EV 7 >?VF<=4<< 
E4F5?VF=>W 7?VW 6V4?>6V44NFL 74 FD>DV>G F4 6<6<64==O 5?VF5?V==<E 
>?VF<=, DG=>FV>=G64==O E?V7=<E 74?>7, >?V?4?L=<= D5D?5>E, 
D5?4D4F<6=V ?D>F5E< F>M>. �4EFG?=<< 74644==O< D>5>F< 5G?> 
4>E?V4<F< 6??<6 6VF4<V=G �1 =4 6<VEF <4D>5DV6 =5=D>4575=5D4FVW F4 
EF4=G 7?V4?L=<E >?VF<= G D>7V6FV MGDV6, M> 747=464?< ?D>?>=7>64=>W 
4VW 5F4=>?G. �G?> ?>>474=>, M> 5F<?>6<= E?<DF O> D5G>6<=4 7 
=5=D>F>>E<G=<<< 6?4EF<6>EFO<< 6<>?<>4T =5=D>4575=5D4F<6=V 
7<V=< 6 D>7V6FV, ?D> M> E6V4G<FL EF4F<EF<G=> 4>EF>6VD=5 7=<65==O 
DV6=O O45D=>7> <4D>5DG =5=D>=V6 NeuN F4 6FD4F4 646>>W 
EG5>4<=<FV =5=D>DV?4<5=FV6 NF-H =4 F?V =4>>?<G5==O 
7V?5DD>ED>D<?L>64=>7> ?D>F5W=G F4G (>7=4>< 4575=5D4FVW 4>E>=V6 G 
E5=E>D=<E =5D64E D>7V6>< F4 D>76<F>G F4G>?4FVW). 
�5=D>4575=5D4F<6=V 7<V=<, V=4G>>64=V ED>=VG=<< E?>6<64==O< 
5F4=>?G, EG?D>6>46G64?<EO ?V46<M5==O< D54>F<6=>EFV E4F5?VF=>W 
7?VW (7D>EF4==O DV6=O GFAP G 4,2 D47< G ?>DV6=O==V 7 >>=FD>?5<, 
P<0,01). �6545==O FV4<V=G F64D<=4< 7 ED>=VG=>N 4?>>7>?L=>N 
V=F>>E<>4FVTN E?D<O?> =>D<4?V74FVW 5>E?D5EVW =5=D>=4?L=<E F4 
7?V4?L=<E <4D>5DV6 G F>4=<=V D>7V6><, M> 6>47GT =4 7<5=L5==O 
EFG?5=O =5=D>4575=5D4FVW, EF45V?V74FVW F<F>E>5?5F4 =5=D>=4?L=<E 
>?VF<= V <>4G?OFVW DG=>FVW E4F5?VF=>W 7?VW. �F65, >FD<<4=V 44=V 
4>6>4OFL, M> 74EF>EG64==O FV4<V=G <>65 5GF< =4G>>6> 
>57DG=F>64=<< ?V4E>4>< 4?O >>D5>FVW =5=D>F>>E<>>?>7VG=>7> 
5D5>FV6 ED>=VG=>7> E?>6<64==O 5F<?>6>7> E?<DFG 6 D>7V6FV.
%?V7=4 DV4<=4 74557?5GGT ?>6=>FV==5 DG=>FV>=G64==O D>7V6><, 
7>>D5<4, 7464O>< =4O6=>EFV 6 =V= 5V?LL =V6 3 F<E. DV7=<E ?D>F5W=V6. 
�4=5V?LL <4E>6<< ?D>F5W=>< E?L>7< T Lf 3 <G?LF<DG=>FV>=4?L=<= 
?D>F5W=, O><= 6>?>4VT 4=F<<V>D>5=>N F4 V<G=><>4G?OF>D=>N 
4>F<6=VEFN F4 6V4V7D4T ?D>6V4=G D>?L 6 D5?4D4F<6=<E ?D>F5E4E, 4 
=>7> DV65=L <>65 64DVN64F< G 74?56=>EFV 6V4 EFG?5=O ?>L>>465==O 
>>4. �F65, =4EFG?=<< 74644==O< D>5>F< 5G?> >45D64F< 
?>?V>?>=4?L=V 4=F<FV?4 4> Lf ?N4<=< 4?O WE=L>7> ?>44?LL>7> 
6<>>D<EF4==O G 6<7=4G5==V FL>7> ?D>F5W=G 6 E?V7=V= DV4<=V ?4FVT=FV6 
7 =5?D>=<>=>N FD46<>N D>7V6><. �>?V>?>=4?L=V 4=F<FV?4 4> Lf 5G?> 
V7>?L>64=> V7 E<D>64F>< >D>6V V<G=V7>64=<E >D>?V6 (F<FD 4=F<FV? 
6V4?>6V446 D>76545==N E<D>64F>< 1:15000). �FD<<4=V 6<E>>>4DV==V 
4=F<FV?4 G 65EF5D= 5?>F 4=4?V7V D>7?V7=464?< 6V4?>6V4=<= 4=F<75= 
O> ?>?V?5?F<4=G 7>=G 75 >�4, O>4 6V4?>6V44T 74 <>?5>G?OD=>N 
<4E>N V=F4>F=><G ?>?V?5?F<4G Lf ?N4<=<. �G?> 6EF4=>6?5=>, M> 
DV65=L Lf 6 E?L>7V, 7V5D4=>W 6 ?4FVT=FV6 7 =5?D>=<>=<<< FD46<4<< 
D>7V6>< 5G6 G 3,2 D47< =<6G<< 74 F5= ?>>47=<> G =>D<V (P<0,05). 
�<V=< 6<VEFG Lf >55D=5=> >>D5?NNFL 7 ?V46<M5==O< DV6=O HIF-1³, 
MMP-9 F4 AS G E?V7=V= DV4<=V ?4FVT=FV6, M> 4>44F>>6> ?V4F65D46GNFL 
D>76<F>> 74?4?L=<E ?D>F5EV6, 4E>FV=>64=<E 7 7V?>>EVTN 6 
GL>>465=V= F>4=<=V. �DV< F>7>, E?V7=4 DV4<=4 ?4FVT=FV6 7 
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?>L>>465==O<< D>7V6>< G 7=4G=<E >V?L>>EFOE <VEF<?4 
V<G=>D54>F<6=V ?D>4G>F< D>7M5??5==O Lf, 4 F4>>6 
6<E>>><>?5>G?OD=V ?>?V?5?F<4<, O>V <>6GFL 6V4?>6V44F< 
>><??5>E4< Lf 7 V=L<<< ?D>F5W=4<<, M> =445>E?D5EGNFLEO 74 
74?4?L=<E ?D>F5EV6, 7>>D5<4, F5DG?>??47<V=><. &4><< G<=><, 
7=<65==O 6<VEFG Lf <>65 E?G7G64F< ?D>7=>EF<G=<< 5V><4D>5D>< 
?5D55V7G D4=>6>7> ?D>F5EG 6 >FV, 7>>D5<4, 74 =5?D>=<>=<E FD46< 
D>7V6><, M> T 7DGG=<< 4?O 6<7=4G5==O 6 ?D>EF<= F4 =5V=647V==<= 
E?>EV5. �7V4=> 7 =46545=<<< 44=<<<, >FD<<4=V 4=F<FV?4 4> Lf 
<>6GFL 5GF< 6<>>D<EF4=V O> >>D<E=<= V=EFDG<5=F 4?O EF6>D5==O 
=>6VF=VE F5EFV6 4?O 4V47=>EF<>< >G=<E E6>D>5, ?>69O74=<E 7 
GL>>465==O< D>7V6><.

2.3. �?NG>6V E?>64 4<E5DF4FVW 4=7V>EF4F<=<, D>7V6>4, >?V>, =5>64E>G?OD<74FVO, ED>=VG=<= 6??<6 
5F4=>?G, 6VF4<V= �1 (FV4<V=), 7V?>>EVO, 4?>?F>7, 46F>D47VO, ��$, 
=5D6>6>E?5F<DVG=V ?D>F5W=<, E?V7=4 DV4<=4, ?4>F>D5D<=, 
<4>D>D47<, 4=F<FV?4

2.4. �>E<?4==O, 74 O><< 
D>7<VM5=> F5>EF 4<E5DF4FVW

https://www.biochemistry.org.ua/images/autoref_pdf/bylous/
%D0%94%D0%B8%D1%81%D0%B5%D1%80%D1%82%D0%B0%D1%86%D
1%96%D1%8F_%D0%91%D1%96%D0%BB%D0%BE%D1%83%D1%81%20(P
DFA).pdf

2.5. �G5?V>4FVW 74>5G64G4, 74D4E>64=V 4?O 74E<EFG

V. L. Bilous, L. G. Kapustianenko, A. A. Tykhomyrov.  PRODUCTION AND APPLICATION OF ANGIOSTATINS 
FOR THE  TREATMENT OF OCULAR NEOVASCULAR DISEASES. Biotechnologia Acta, 2021, 14(1), 5-24

$V> 2021

�?NG>6V E?>64 angiostatins, ocular neovascular diseases, retinopathy, corneal 
neovascularization, antiangiogenic therapy, local gene delivery

DOI 10.15407/BIOTECH14.01.005

�4=>>EV5=5 46F>DEF6> =V

�VEF<FL 45D646=G 
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�>E<?4==O https://biotechnology.kiev.ua/index.php/en/journal-archive-en/2021-
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I.V. Gavrylyak, N.K. Greben, V.L. Bilous, V.V. Korsa, D.G. Zhaboiedov, C.A. A�ca, A.O. Tykhomyrov. The levels 
of hypoxia- and angiogenesis-related regulators and matrix metalloproteinase 9 activity in tear fuid of 
patients with non-penetrating ocular traumas. Medicni perspektivi, 2022, 27(4), 168-176

$V> 2022

�?NG>6V E?>64 tear fuid, corneal trauma, D-dimer, HIF-1³, angiostatins, matrix 
metalloproteinase 9

DOI 10.26641/2307-0404.2022.4.271217
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