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�G>>64 �.�. �V>?>7VG=V 6?4EF<6>EFV >GD>G<V=G, 44E>D5>64=>7> =4 

?D>F5W=4E. - �64?VDV>4FV==4 =4G>>64 ?D4FO =4 ?D464E DG>>?<EG. 

�<E5DF4FVO =4 74>5GFFO =4G>>6>7> EFG?5=O 4>>F>D4 DV?>E>DVW 74 

E?5FV4?L=VEFN 091 «�V>?>7VO V 5V>EV<VO». - �=EF<FGF 5V>EV<VW V<. �.�. �4??44V=4 

��� '>D4W=<, �<W6, 2024. 

 �GD>G<V= (4<D5DG?><?<5F4=) 3 F5 ?>?VD5=>?L=4 E?>?G>4 ?D<D>4=>7> 

?>E>465==O 7 =<7>>N F5D4?56F<G=<E 6?4EF<6>EF5=, 4 E4<5 

4=F<?D>?VD5D4F<6=>N, ?D>4?>?F>F<G=>N F4 ?D>F<?GE?<==>N 6?4EF<6>EFO<<, 

4?5 =<7L>>N 5V>4>EFG?=VEFN. �4=<< 7V E?>E>5V6 ?V46<M5==O 5V>4>EFG?=>EFV 

>GD>G<V=G T =>7> 674T<>4VO 7 ?D>F5W=>6<<< =>EVO<<. �<DF5DV==<= F>>E<= (�&) 

T >4=<< V7 =4=5V?LL 6<6G5=<E ?D<D>4=<E F<F>F>>E<G=<E 475=FV6 7V 

E?5F<DVG=VEFN 4> 4E>FV=>64=>7> 7 ?GE?<==<<< >?VF<=4<< D5F5?F>D4 proHB-

EGF (75?4D<=-769O7G64?L=<= EGF-?>4V5=<= D4>F>D D>EFG). �<>>D<EF4==O 

CRM197 6 O>>EFV =>EVO 4?O >GD>G<V=G T O> E?>E>5>< ?V46<M5==O 

5V>4>EFG?=>EFV >EF4==L>7>, F4> V L?OE>< E?5F<DVG=>EFV 4>EF46>< >GD>G<V=G 6 

>?VF<=<. &4><< G<=><, 4>E?V465==O GF6>D5==O >><??5>EV6 >GD>G<V=G 7 

?D>F5W=>6<<< =>EVO<<, 7>>D5<4 7 CRM197, T >4=<< 7 ?5DE?5>F<6=<E ?V4E>4V6 

4?O EF6>D5==O =>6<E ?D5?4D4FV6 7 ?D>F<?GE?<==<<< 6?4EF<6>EFO<<. 

�5F>N D>5>F< 5G?> >45D64==O >><??5>EV6 >GD>G<V=G 7 ?D>F5W=4<< BSA 

F4 CRM197 4?O ?V46<M5==O 5V>4>EFG?=>EFV F4 E?5F<DVG=>W 4>EF46>< 

>GD>G<V=G 6 >?VF<=< F4 E4D4>F5D<EF<>4 >FD<<4=<E >><??5>EV6.  

�V4?>6V4=> 4> <5F< 5G?> ?ED>D<G?L>64=> 6 74644=L: 

1. �FD<<4F< >><??5>E< >GD>G<V=G 7 ?D>F5W=4<< BSA F4 CRM197 F4 

>E4D4>F5D<7G64F< WE DV7<>>-EV<VG=V 6?4EF<6>EFV; 

2. �>E?V4<F< F<F>F>>E<G=<= 6??<6 >FD<<4=<E >><??5>EV6 M>4> 

<4?V7=V7>64=<E >?VF<=; 

3. �FV=<F< 4VN >GD>G<V=G, ?D>F5W=>6<E =>EVW6 F4 ?D>F5W=-

>GD>G<V=>6<E >><??5>EV6 M>4> =5<4?V7=V7>64=<E >?VF<=; 
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4. �<6G<F< <5E4=V7<< 674T<>4VW >GD>G<V=G F4 =>7> ?D>F5W=>6<E 

>><??5>EV6 7 ?>65DE=5N <4?V7=V7>64=<E >?VF<=; 

5. �9OEG64F< <5E4=V7<< F<F>F>>E<G=>7> 6??<6G >FD<<4=<E 

>><??5>EV6 =4 <4?V7=V7>64=V >?VF<=<; 

6. �>E?V4<F< V<G=>75==VEFL ?D>F5W=>6<E =>EVW6 >GD>G<V=G. 

     �FD<<4==O >><??5>EV6 >GD>G<V=G 7 ?D>F5W=4<< BSA F4 CRM197 F4 

E4D4>F5D<EF<>4 WE 6?4EF<6>EF5=. �>E?V465==O in silico <>6?<6<E E4=FV6 

79T4=4==O <>?5>G?< >GD>G<V=G F4 46>E 4>E?V46G64=<E ?D>F5W=V6 3 CRM197 F4 

BSA 74 4>?><>7>N <>?5>G?OD=>7> 4>>V=7G ?>>474?> =4O6=VEFL M>=4=<5=L5 

46>E E4=FV6 769O7G64==O 6 <>?5>G?V BSA F4 ?D<=4=<=V >4=>7> 6 <>?5>G?V 

CRM197. �7V4=> F4><E D>7D4EG=>V6, 6 ?5DL><G E4=FV 769O7G64==O >GD>G<V=G 7 

BSA 6V= GF6>DNT 6>4=56V 769O7>< 7 74?<L>4<< Tyr138, Tyr161 V His146. �DG7<= 

E4=F 769O7G64==O >GD>G<V=G 7 BSA E4D4>F5D<7G646EO 6>4=56<<< 769O7>4<< <V6 

Ser202, Ile290 V 674T<>4VO<< <>?5>G?OD=<E Ã->D5VF4?5= (Pi-Pi 769O7>><) 7 

Trp214. �><??5>E CRM197 7 >GD>G<V=>< EF45V?V7GTFLEO L?OE>< GF6>D5==O 

6>4=56<E 769O7>V6 V7 674T<>4VO<< Lys20, Gly18 V Pi-Pi <V6 4D><4F<G=<<< 

G4EF<=4<< >GD>G<V=G F4 His17 V Tyr61 CRM197. %?5>FD><5FD<G=5 4>E?V465==O 

?>>474?>, M> >5<464 ?D>F5W=< 6<O6<?< 744F=VEFL ?V46<MG64F< D>7G<==VEFL 

>GD>G<V=G 6 6>4=<E 5GD5D4E, M> <>6=4 5G?> 74DV>EG64F< ?> 75V?LL5==N 

?>7?<=4==O =4 E6<?V 420=< 4?O GF6>D5=<E >><??5>EV6, M> T E4D4>F5D=<< 

<4>E<<G<>< ?>7?<=4==O >GD>G<V=G. �D< =4E<G5==V ?D>F5W=V6 >GD>G<V=>< 

?>44?LL>7> 75V?LL5==O 5D5>F<6=>EFV ?>7?<=4==O =5 E?>EF5DV74TFLEO. �4 

>E=>6V F<E 44=<E <>?OD=5 E?V66V4=>L5==O EF4=>6<?> 1:2,5 4?O BSA V 

>GD>G<V=G F4 1:3 4?O CRM197 V >GD>G<V=G 6V4?>6V4=>. %?5>FD4?L=4 ?>654V=>4 

>><??5>EV6 <>65 5GF< 4>>47>< EF5EV><5FDVW GF6>D5==O >><??5>EV6 >GD>G<V=G 7 

BSA 45> CRM197. �F65, M> 5V?LL5 =V6 >4=4 <>?5>G?4 >GD>G<V=G <>65 

674T<>4VOF< 7 >4=VTN <>?5>G?>N ?D>F5W=G.  

�FD<<4=V >><??5>E< E4D4>F5D<7G64?<EO EF45V?L=VEFN F4 ?V46<M5=>N 

D>7G<==VEFN >GD>G<V=G. �7V4=> <>45?N64==O in silico F4 

E?5>FD>D>F><5FD<G=<E 4>E?V465=L <>?5>G?4 CRM197 <4T =5 <5=L5 >4=>7> 



4 

 

E4=FG 79T4=4==O 7 >GD>G<V=><, 4 <>?5>G?4 BSA <4T M>=4=<5=L5 464 E4=F< 

79T4=4==O 7 <>?5>G?>N >GD>G<V=G. 

�FV=>4 F<F>F>>E<G=>7> 6??<6G >FD<<4=<E >><??5>EV6 M>4> 

<4?V7=V7>64=<E >?VF<= F4 WE 557?5G=>EFV 4?O G<>6=> =>D<4?L=<E >?VF<= in 

vitro. �>E?V465==O 6??<6G >GD>G<V=G =4 <4?V7=V7>64=V >?VF<=< 5G?> 

6<7=4G5==> 74 =>7> V=45>E>< F<F>F>>E<G=>EFV 50% (IC50) =4 <4?V7=V7>64=<E 

>?VF<=4E ?V=VW MDA-MB231, M> ?>>474?4 =<7L>G F<F>F>>E<G=VEFL 6V?L=>7> 

>GD>G<V=G. (IC50=0,012 <7/<?).  

�<7=4G5==O IC50 45<>=EFDGT 557?5>G 6<>>D<EF4==O =5F>>E<G=>7> 

D5>><5V=4=F=>7> ?>EV4=>7> �& (CRM197) F4 =>7> �-DD47<5=FG (SbB)  =4 

6V4<V=G 6V4 4<DF5DV==>7> F>>E<=G 4?O 4>E?V46G64=<E >?VF<=. �?O 

4<DF5DV==>7> F>>E<=G IC50 EF4=>6<?4 0,048 <>7/<? 4?O >?VF<= ?V=VW MDA-

MB231 V 0,018 <>7/<? 4?O >?VF<= ?V=VW A431. �?VF<==4 ?V=VO A431 

45<>=EFDG64?4 6<MG GGF?<6VEFL 4> 4<DF5DV==>7> F>>E<=G G5D57 6<M<= DV65=L 

5>E?D5EVW proHB-EGF O> <VEFO 769O7G64==O 7 �&. IC50 4?O CRM197 V SbB 5G6 =4 

464 ?>DO4>< 6<M<<, =V6 4?O �& 4?O >5>E ?5D56VD5=<E >?VF<==<E ?V=V=. &5 

E6V4G<FL ?D> F5, M> 6<>>D<EF4==O CRM197 V SbB T 5V?LL 557?5G=<<, =V6 

?D<D>4=>7> �&.  

�<6G<= DV65=L F<F>>E<G=>EFV CRM197 6V4=>E=> =4F<6=>7> �& =5 

6<>?NG4T 6??<6G CRM197 =4 >?VF<=G L?OE>< D>D<G64==O ?>D 6 <5<5D4=V. 

�?O ?5D56VD>< 44=>W 7V?>F57< 5G?> ?D>6545=> 6<7=4G5==O ?D>6V4=>EFV 

D>ED4F<4<?5F4=>?4<V=-6<VMGN64?L=>W 5VL4D>6>W ?V?V4=>W <5<5D4=< ?V4 4VTN 

DV7=<E 5?>>4F>DV6 GF6>D5==O ?>D 3 E>?5= FV47>?VN 7 DV7=>N 4>66<=>N 5VG=>7> 

?4=FN74 F4 6??<6 >>=9N74FV6 CRM197 7 5?>>4F>D4<< =4 ?GE?<==V >?VF<=<. &D< 

=4=5D5>F<6=VLV 5?>>4F>D< 74 D57G?LF4F4<< 5>E?5D<<5=FV6 7V 7=<65==O 

5?5>FD>?D>6V4=>EFV D>ED4F<4<?5F4=>?4<V=-6<VMGN64?L=>W 5VL4D>6>W ?V?V4=>W 

<5<5D4=< 5G?< >5D4=V 4?O F5EFG64==O =4 >G?LFGD4E >?VF<=. $57G?LF4F< 

?>>474?< ?V46<M5==O 6<FFT744F=>EFV =4 30% >?VF<=, >5D>5?5=<E CRM197 (10-

7<>7/<?), ?V4 6??<6>< 5?>>4F>DG =4 >?VF<=4E �431.  
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� <5F>N 6<7=4G5==O 5D5>F<6=>EFV 74EF>EG64==O >><??5>EV6 >GD>G<V=G 7 

?D>F5W=4<< M>4> <4?V7=V7>64=<E >?VF<= << ?D>F5EFG64?< >?VF<==G ?V=VN 

MDA-MB-231. IC50 >><??5>EV6 >GD>G<V=G EF4=>6<?4 0,0015 <7/<? 4?O CRM197 

V 0,0008 <>7/<? 4?O SbB M>4> >?VF<= MDA-MB-231. &5 E6V4G<FL ?D> F5, M> 

>><??5>E< ?D>F5W=V6 7 >GD>G<V=>< <>6GFL 5GF< 5D5>F<6=<<< 74E>54<< 

4>EF46>< 4?O ?>>D4M5==O E?5F<DVG=>EFV 4>EF46>< F4 ?V46<M5==O 

5V>4>EFG?=>EFV >GD>G<V=G 4?O <4?V7=V7>64=<E >?VF<=.  

�<FFT744F=VEFL >?VF<= MDA-MB-231, >5D>5?5=<E >><??5>E4<< 

>GD>G<V=-BSA F4 >GD>G<V=-SbB, 7<5=LGTFLEO 6 1,5 D47< ?>DV6=O=> 7 6??<6>< 

6V?L=>7> >GD>G<V=G. �><??5>E SbB 7 >GD>G<V=>< 7=<6G646 6<FFT744F=VEFL 

MDA-MB-231 V A431 >?VF<= =4 49% V 71% 6V4?>6V4=>. �4?V7=V7>64=V 

EGE?5=7V==V >?VF<=< Jurkat F4 =5<4?V7=V7>64=V >?VF<=< 4BL ?D>45<>=EFDG64?< 

6V4EGF=VEFL GGF?<6>EFV 4> 6EVE ?D>F5EF>64=<E >><??5>EV6 =<>6VD=> 74 D4EG=>> 

=<7L>>7> DV6=O 5>E?D5EEVW proHB-EGF =4 WE ?>65DE=V. 

'F6>D5==O >><??5>EV6 >GD>G<V=G 7 =5F>>E<G=<<< ?>EV4=<<< 

4<DF5DV==>7> F>>E<=G 7=4G=> ?V46<M<?> 5V>4>EFG?=VEFL >GD>G<V=G M>4> 

<4?V7=V7>64=<E >?VF<=. �%50  4?O >><??5>EV6 >GD>G<V=G 7 CRM197 F4 SbB V 

EF4=>6<?< 4,2<>� F4 2,2<>� 6V4?>6V4=>. 

�>E?V465==O 674T<>4VW >FD<<4=<E >><??5>EV6 7 >?VF<=4<< F4 

6<7=4G5==O <5E4=V7<V6 WE F<F>F>>E<G=>7> 6??<6G =4 <4?V7=V7>64=V >?VF<=<. 

�4 4>?><>7>N ?D>F>>>6>W F<F>D?G>D<<5FDVW 5G?> ?D>45<>=EFD>64=5 

75V?LL5==O 5D5>F<6=>EFV 674T<>4VW 7 ?>65DE=5N >?VF<= D?G>D5EFVNNG>7> 

>GD>G<V=G ?D<=4=<=V 6 6 V 10 D47V6 4?O >><??5>EV6 BSA 7 >GD>G<V=>< F4 SbB 7 

>GD>G<V=>< 6V4=>E=> 6V?L=>7> >GD>G<V=G 4?O >?VF<= �431. �?O >?VF<=>W ?V=VW 

MDA-MB-231 DV65=L 674T<>4VW 7 >><??5>E4<< 75V?LLG646EO 6 5 F4 7 D47V6 4?O 

BSA 7 F4 SbB 6V4?>6V4=>.  

�>E?V465==O G4EG V=F5D=4?V74FVW >GD>G<V=G >?VF<=4<< �431 ?>>474?>, 

M> 6V?L=<= >GD>G<V= ?>FD4??OT 6 E5D54<=G >?VF<= 6?D>4>66 15 E6<?<=, F>4V 

O> >><??5>E< >GD>G<V=G 7 ?D>F5W=>6<<< =>EVO<< EF4NFL ?>6=VEFN 

V=F5D=4?<7>64=<<< 6?D>4>66 90 E6<?<=. %?>6V?L=5=5 FD4=E?>DFG64==O 
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?D>F5W=>6>->GD>G<V=>6>7> >><??5>EG 4> >?VF<=< <>6=4 ?>OE=<F< 674T<>4VTN 

SbB V CRM197 7 proHB-EGF, M>, =<>6VD=>, ?D<6>4<FL 4> WE 74FD<<>< =4 

>?VF<==V= ?>65DE=V. 

�<7=4G5==O DV6=O >GD>G<V=-V=4G>>64=>7> 4?>?F>7G ?>>474?>, M> 

6<>>D<EF4==O >><??5>EV6 BSA->GD>G<V= 45> SbB->GD>G<V= ?V46<M<?> DV65=L 

747<55?V >?VF<= A431 G 3,14 F4 4,97 D47V6 6V4?>6V4=>, F>4V O> 6<FFT744F=VEFL 

>?VF<= MDA-MB-231 7=<7<?4EO 6 2 D47< ?>DV6=O=> 7 >>=FD>?5< 4?O >5>E 

6<>>D<EF4=<E 5V?>>6<E =>EVW6. �F65, 5D5>F<6=VEFL 4?>?F>7G 7G<>6?5=4 6 

?5DLG G5D7G <>?5>G?>N >GD>G<V=G, F>4V O> BSA F4 SbB 6<>>=GNFL D>?L 

?5D5=>E=<>V6.  

�G?> ?>>474=>, M> 6??<6 >GD>G<V=G F4 =>7> >><??5>EV6 6<>?<>46 

747<55?L >?VF<= 6 ?5DLG G5D7G 4?>?F>7><, F>4V O> 6<VEF =5>D>F<G=<E >?VF<= 

5G6 =4 DV6=V >>=FD>?N.  

�=4?V7 6<VEFG >E=>6=<E E<7=4?L=<E ?D>F5W=V6 ?>>4746 EF4F<EF<G=> 

4>EF>6VD5=5 7=<65==O D>ED>D<?L>64=>W D>D<< EGFR, M> ?D<76>4<FL 4> 

75V?LL5==O =<>6VD=>EFV ?5D5E>4G <4?V7=V7>64=<E >?VF<= 4> 4?>?F<G=>7> 

L?OEG G5D57 7=<65==O DV6=O 4>F<64FVW Akt-1.  

�>E?V465==O V<G=>75==>EFV >>D5<<E EG5>4<=<FL =5F>>E<G=>7> 

D5>><5V=4=F=>7> 4<DF5DV==>7> F>>E<=G. �FV=>G V<G=>75==>EFV 

D5>><5V=4=F=<E ?D>F5W=V6 ?D>6>4<?< 4?O 6<7=4G5==O <>6?<6>EFV WE 

6<>>D<EF4==O ?D< EF6>D5==V =4 WE >E=>6V ?V>4DEL><E 74E>5V6, 6 F><G G<E?V 

>><??5>EV6 7 >GD>G<V=><. �4=E<?L=VLV V<G=>75==V 6?4EF<6>EFV E4D4>F5D=V 4?O 

CRM197, F>4V O> SbB ?D>O6<6 =<6G<= DV65=L V<G=>75==>EFV, M> T ?V47DG=FFO< 

4?O 6<>>D<EF4==O E4<5 �-EG5>4<=FV O> =>EVO >GD>G<V=G, >E>V?L>< 6V= =5 5G45 

6<>?<>4F< 4>F<6=>W V<G==>W 6V4?>6V4V F4 T 5V?LL 557?5G=<< ?D< 6<>>D<EF4==V 

in vivo.  

&4><< G<=><, 6 E>4V 4<E5DF4FV==>W D>5>F< 5G?> EF6>D5=> >><??5>E< 

>GD>G<V=G 7 ?D>F5W=4<< BSA, CRM197 F4 =>7> �-DD47<5=F><, 4>E?V465=> F4 

?D>4=4?V7>64=> WE DV7<>>-EV<VG=V 6?4EF<6>EFV F4 6??<6 =4 <4?V7=V7>64=V F4 

=5<4?V7=V7>64=V >?VF<=<, M> 4>76>?<?> EF6>D<F< ?V4E>4< 4> ?V46<M5==O 
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5V>4>EFG?=>EFV F4 E?5F<DVG=>EFV 4>EF46>< >GD>G<V=G 4> ?GE?<==<E >?VF<=. 

�FD<<4=V D57G?LF4F< 4>76>?<?< 7D>5<F< =4EFG?=V 6<E=>6><: 

1. �GD>G<V= GF6>DNT EFV=>V >><??5>E< 7 BSA F4 CRM197 74 D4EG=>> 

VE=G64==O M>=4=<5=L5 46>E E4=FV6 79T4=4==O 7 <>?5>G?>N BSA F4 7 

<>?5>G?>N CRM197; 

2. $V65=L F<F>F>>E<G=>EFV F4 4=F<?D>?VD5D4F<6=>W 4>F<6=>EFV >GD>G<V=-

?D>F5W=>6<E >><??5>EV6 5G6 5V?LL5 =V6 =4 ?>DO4>> 6<M<< 6V4=>E=> 

6V?L=>7> >GD>G<V=G; 

3. �D>F5W=->GD>G<V=>6V >><??5>E< =5 ?D>O6?ONFL 6<D465=>7> 

F<F>F>>E<G=>7> 6??<6G M>4> =5<4?V7=V7>64=<E >?VF<=; 

4. �V>4>EFG?=VEFL >GD>G<V=G G E>?44V >><??5>EV6 7 >GD>G<V=>< 

75V?LLGTFLEO 74 D4EG=>> ?V46<M5==O D>7G<==>EFV, F>4V O> E?5F<DVG=VEFL 

4>EF46>< >GD>G<V=G 4> <4?V7=V7>64=<E >?VF<= G E>?44V >><??5>EV6 7 

=5F>>E<G=<< D5>><5V=4=F<< ?>EV4=<< 4<DF5DV==>7> F>>E<=G 

75V?LLGTFLEO 74 D4EG=>> 674T<>4VW 7 D5F5?F>D>< pro-HB-EGF =4 F<E 

>?VF<=4E, M> 5G?> 6<7=4G5=> 74 75V?LL5==O< 5D5>F<6=>EFV 674T<>4VW 

>GD>G<V=G 7 ?>65DE=5N >?VF<= F4 74 DV6=5< V=F5D=4?V74FVW >><??5>EV6; 

5. �5D56464NG<< L?OE>< 747<55?V <4?V7=V7>64=<E >?VF<= ?V4 4VTN 

>GD>G<V=-?D>F5W=>6<E >><??5>EV6 5G6 4?>?F>7; 
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ABSTRACT 

Zhukova D.A. Biological properties of curcumin adsorbed on proteins. - 

Qualifying scientific work on manuscript rights. 

Dissertation for obtaining the scientific degree of Doctor of Philosophy in 

specialty 091 "Biology and Biochemistry" - Institute of Biochemistry named after 

O.V. Palladina of the National Academy of Sciences of Ukraine, Kyiv, 2024. 

 Curcumin (diferuloylmethane) is a natural polyphenolic compound origin 

with a number of therapeutic properties, namely antiproliferative , proapoptotic and 

antitumor properties, but low bioavailability. One of the ways to increase 

bioavailability of curcumin is its interaction with protein carriers. Diphtheria toxin 

(DT) is one of the most studied natural cytotoxic agents with specificity for the 

proHB -EGF (heparin-binding EGF-like growth factor) receptor associated with 

tumor cells. The use of CRM 197 as a carrier for curcumin is both a way to increase 

the bioavailability of the latter and a way to specifically deliver curcumin to cells. 

Thus, the study of the formation of complexes of curcumin with protein carriers, in 

particular with CRM 197, is one of the promising approaches for the creation of new 

drugs with antitumor properties. 

To achieve the goal, the following tasks were set: 

1. Obtain curcumin complexes with BSA and CRM 197 proteins and 

characterize their physical and chemical properties; 

2. Investigate the cytotoxic effect of the obtained complexes on malignant 

cells; 

3. To assess the effect of curcumin , protein carriers and protein- curcumin 

complexes on non-malignant cells; 

4. To study the mechanisms of interaction of curcumin and its protein 

complexes with the surface of malignant cells; 

5. Determine the mechanisms of the cytotoxic effect of the obtained 

complexes on malignant cells ; 

6. To investigate the immunogenicity of curcumin protein carriers . 
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     Preparation of curcumin complexes with BSA and CRM197 proteins and 

characterization of their properties. Research in in silico of the possible binding 

sites of the curcumin molecule and the two investigated proteins - CRM197 and 

BSA using molecular docking showed the presence of at least two binding sites in 

the BSA molecule and at least one in the CRM197 molecule. According to such 

calculations, in the first binding site of curcumin with BSA, it forms hydrogen bonds 

with residues Tyr138, Tyr161 and His146. The second binding site of curcumin with 

BSA was characterized by hydrogen bonds between Ser202, Ile290 and interactions 

of molecular Ã-orbitals (Pi-Pi bond) with Trp214. The complex of CRM197 with 

curcumin is stabilized by the formation of hydrogen bonds with Lys20, Gly18 and 

Pi-Pi interactions between the aromatic moieties of curcumin and His17 and Tyr61 

of CRM197. A spectrometric study showed that both proteins showed the ability to 

increase the solubility of curcumin in aqueous buffers, which could be recorded by 

increasing the absorption at 420 nm for the formed complexes, which is the 

characteristic maximum of curcumin absorption. When proteins are saturated with 

curcumin, no further increase in absorption efficiency is observed. Based on these 

data, the molar ratio was 1:2.5 for BSA and curcumin and 1:3 for CRM197 and 

curcumin , respectively. The spectral behavior of the complexes may be evidence of 

the stoichiometry of curcumin complex formation with BSA or CRM197. So more 

than one curcumin molecule can interact with one protein molecule. 

The obtained complexes were characterized by stability and increased 

solubility of curcumin . According to modeling in in silico and spectrophotometric 

studies, the CRM197 molecule has at least one curcumin binding site , and the BSA 

molecule has at least two curcumin binding sites . 

Assessment of the cytotoxic effect of the obtained complexes on malignant 

cells and their safety for conditionally normal cells in vitro. The study of the effect 

of curcumin on malignant cells was determined by its cytotoxicity index of 50% (IC 

50 ) on malignant cells of the MDA-MB231 line , which showed a low cytotoxicity 

of free curcumin. (IC 50 =0.012 mg/ml). 
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Determination of IC 50 demonstrates the safety of using a non-toxic 

recombinant DT derivative (CRM 197) and its B-fragment (SbB ) in contrast to 

diphtheria toxin for the tested cells. For diphtheria toxin IC 50 was 0.048 ¿g /ml for 

MDA-MB231 cells and 0.018 ¿g /ml for A431 cells. Cell line A431 showed a higher 

sensitivity to diphtheria toxin due to a higher level of expression of proHB-EGF as 

a binding site for DT. The IC 50 for CRM197 and SbB was two orders of magnitude 

higher than for DT for both cell lines tested. This suggests that the use of CRM197 

and SbB is safer than natural DT. 

The lower level of cytotoxicity of CRM197 relative to native DT does not 

exclude the effect of CRM 197 on the cell by forming pores in the membrane. To 

test this hypothesis , the phosphatidylethanolamine-containing conductivity was 

determined bilayer lipid membrane under the action of various blockers of pore 

formation - thiazolium salts with different side chain lengths and the effect of 

conjugates CRM 197 with tumor cell blockers. The three most effective blockers 

according to the results of experiments on reducing the electrical conductivity of 

phosphatidylethanolamine-containing bilayer lipid membrane were chosen for 

testing in cell cultures. The results showed a 30% increase in viability of cells treated 

with CRM197 (10 -7 ¿g/ml) under the influence of the blocker on A431 cells. 

In order to determine the effectiveness of curcumin complexes with proteins 

against malignant cells, we tested the MDA-MB-231 cell line. The IC50 of the 

curcumin complexes was 0.0015 mg/ml for CRM197 and 0.0008 ¿g /ml for SbB 

against MDA-MB-231 cells. This suggests that protein complexes with curcumin 

may be effective delivery vehicles to improve delivery specificity and increase 

bioavailability curcumin for malignant cells. 

The viability of MDA-MB-231 cells treated with curcumin -BSA and 

curcumin-SbB complexes is reduced by 1.5 times compared to exposure to free 

curcumin . The complex of SbB with curcumin reduced the viability of MDA-MB-

231 and A431 cells by 49% and 71%, respectively. Malignant Jurkat suspension 

cells and non-malignant 4BL cells showed a lack of sensitivity to all tested 

complexes probably due to low expression levels proHB-EGF on their surface. 
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The formation of complexes of curcumin with non-toxic derivatives of 

diphtheria toxin significantly increased bioavailability of curcumin against 

malignant cells. IS50 for curcumin complexes with CRM197 and SbB and were 4.2 

¿M and 2.2 ¿M, respectively. 

Study of the interaction of the obtained complexes with cells and 

determination of the mechanisms of their cytotoxic effect on malignant cells. With 

the help of duct cytofluorimetry showed an increase in the efficiency of the 

interaction with the cell surface of fluorescent curcumin by at least 6 and 10 times 

for the complexes of BSA with curcumin and SbB with curcumin relative to free 

curcumin for A431 cells. For the MDA-MB-231 cell line, the level of interaction 

with the complexes increased by 5 and 7 times for BSA with and SbB , respectively. 

internalization time of curcumin by A431 cells showed that free curcumin 

enters the cell interior within 15 minutes, while complexes of curcumin with carrier 

proteins become fully internalized within 90 minutes. The delayed transport of the 

protein-curcumin complex into the cell can be explained by the interaction of SbB 

and CRM197 with pro HB-EGF, which probably leads to their retention on the cell 

surface. 

Determination of the level of curcumin -induced apoptosis showed that the 

use of BSA- curcumin or SbB-curcumin complexes increased the level of A431 cell 

death by 3.14 and 4.97-fold, respectively, while the viability of MDA-MB-231 cells 

decreased by 2-fold compared to the control for both protein carriers used. 

Therefore, the efficiency of apoptosis is determined primarily by the curcumin 

molecule , while BSA and SbB play the role of carriers. 

It was shown that exposure to curcumin and its complexes caused cell death 

primarily by apoptosis , while the content of necrotic cells was at the control level. 

Analysis of the content of the main signaling proteins showed a statistically 

significant decrease in the phosphorylated form of EGFR , which leads to an increase 

in the probability of the transition of malignant cells to the apoptotic pathway due to 

a decrease in the level of Akt-1 activation. 
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Study of immunogenicity of individual subunits of non-toxic recombinant 

diphtheria toxin. The evaluation of the immunogenicity of recombinant proteins 

was carried out to determine the possibility of their use in the creation of medicinal 

products based on them, including complexes with curcumin. The strongest 

immunogenic properties are characteristic of CRM197, while SbB showed a lower 

level of immunogenicity, which is the basis for the use of the B-subunit as a carrier 

of curcumin, since it will not cause an active immune response and is safer when 

used in vivo . 

Thus, in the course of the dissertation, complexes of curcumin with proteins BSA, 

CRM197 and its B-fragment were created, their physicochemical properties and 

effects on malignant and non-malignant cells were investigated and analyzed, which 

made it possible to create approaches to increase the bioavailability and specificity 

of curcumin delivery to tumor cells. The obtained results allow us to draw the 

following conclusions: 

1. Curcumin forms stable complexes with BSA and CRM197 due to the 

existence of at least two connection sites with the BSA molecule and with 

the CRM197 molecule; 

2. The level of cytotoxicity and antiproliferative activity of curcumin -protein 

complexes was more than an order of magnitude higher than that of free 

curcumin ; 

3. Protein- curcumin complexes do not have a pronounced cytotoxic effect 

on non-malignant cells; 

4. Bioavailability of curcumin as part of complexes with curcumin increases 

due to increased solubility, while the specificity of curcumin delivery to 

malignant cells as part of complexes with a non-toxic recombinant 

derivative of diphtheria toxin increases due to interaction with the pro - 

HB - EGF receptor on these cells, which was determined by increasing the 

efficiency interactions of curcumin with the surface of cells and the level 

of internalization of complexes; 



14 

 

5. Apoptosis was the predominant way of death of malignant cells under the 

influence of curcumin -protein complexes ; 

6. The immunogenicity of non-toxic derivatives of diphtheria toxin decreases 

with their size, which allows offering a smaller subunit SbB as a carrier of 

curcumin in the creation of commercial preparations. 

In the work, for the first time, complexes of curcumin with diphtheria toxoid 

CRM197 and its B-fragment were obtained and characterized, and a higher level of 

inhibition of A431 and MDA-MB-231 cell lines was demonstrated by the obtained 

complexes in comparison with the complex of curcumin with BSA , free curcumin 

and free CRM197 or its B- a fragment. The proven stability of the complexes in 

aqueous environments and the effectiveness of the effect on malignant cells make 

them a promising basis for the creation of new therapeutic drugs. 

Based on the dissertation materials, 3 works were published (equivalent to 5 

works according to the Regulation on the Procedure for Conducting an Experiment 

for Awarding the Doctor of Philosophy Degree, approved by Resolution No. 167 of 

the Cabinet of Ministers of Ukraine dated March 6, 2019), including 2 articles in 

international publications of the first quartile Q 1 included in the SCOPUS 

international database, and 1 article in a domestic publication belonging to 

professional publications recognized by the Ministry of Education and Science of 

Ukraine; 2 theses in materials of international and domestic congresses and 

conferences. 

Key words: curcumin , tumor diseases, antitumor effect, cytotoxic effect, cell 

signaling , malignant cells, breast cancer, protein carriers, blood proteins, molecular 

docking, chromatography, specific delivery, nanocomplexes, polymeric carriers, 

apoptosis. 
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��$���� '�����% �����'��, 

BSA 3 5<G4G<= E<D>64F>>6<= 4?L5G<V=; 

EDTA 3 5F<?5=4<4<V=-F5FD44F5F4F; 

EGFP 3 ?V4E<?5=<= 75?5=<= D?G>D5EF5=F=<= ?D>F5W=; 

FITC 3 D?G>D5EF5W=V7>FV>FV4=4F; 

HEPES 3 4-(2-7V4D>>E<5F<?)-1-?V?5D47<=5F4=EG?LD>=>64 ><E?>F4; 

IC50 3 =4?V6?5F4?L=4 4>74; 

IPTG 3 V7>?D>?V?-³-D-FV>74?4>F>?VD4=>7<4; 

PBS 3 D>ED4F=<= 5GD5D=<= D>7G<= 

PI 3 ?D>?V4V= =>4<4; 

RDT 3 D5F5?F>D=<= 4><5= 4<DF5DV==>7> F>>E<=G 

SbA 3 EG5>4<=<FO � 4<DF5DV==>7> F>>E<=G 

SbB 3 EG5>4<=<FO � 4<DF5DV==>7> F>>E<=G; 

��� - D>ED4F<4<?5F4=>?4<V=-6<VMG64?L=4 5VL4D>64 <5<5D4=4; 

�& 3 4<DF5DV==<= F>>E<=; 

�$$ 3 D>ED4F=<= 5GD5D=<= D>7G<=; 

�&& 3 3-(4,5-4V<5F<?FV47>?V?-2)-2,5-4VD5=V?F5FD47>?VG< 5D><V4; 

���� 3 ?>?V4>D<?4<V4=<= 75?L; 

CRM197 3 =5F>>E<G=<= <GF4=F 4<DF5DV==>7> F>>E<=G. 

  



22 

 

�%&'� 

 �>FG4?L=VEFL F5<<. �GD>G<V= (4<D5DG?><?<5F4=) 3 ?>?VD5=>?L=4 

E?>?G>4 ?D<D>4=L>7> ?>E>465==O, 5>EFD47>64=4 7 >>D5=56<M D>E?<=< 

Curcuma longa, M> T 5VE- ³,³ -=5=4E<G5=<< ³-4<>5F>=>< [108]. �4 EL>7>4=V 

6EF4=>6?5=>, M> >GD>G<V= T DVF>EV<VG=<< 475=F>< V7  L<D>><< E?5>FD>< 

F5D4?56F<G=>W 4VW: =5=D>?D>F5>F>D=>N [155], 4=F<?D>?VD5D4F<6=>N [250], 

?D>4?>?F>F<G=>N [132], ?D>F<?GE?<==>N [142] F4 ?D>F<74?4?L=>N [175], M> 

<>6GFL 7=4=F< E6>T 74EF>EG64==O G <54<G=V= ?D4>F<FV [269]. �5?>?OD=4 

G4EF<=4 <>?5>G?< >GD>G<V=G E?D<G<=NT =<7L>G D>7G<==VEFL G 6>4V, M> T 

>4=VTN 7 ?D<G<= =<7L>>W 5V>4>EFG?=>EFV >GD>G<V=G 6 >D74=V7<V ?N4<=<. �>DV< 

=<7L>>7> DV6=O D>7G<==>EFV L6<4><= >4F45>?V7< >GD>G<V=G [248] >5<56GT 

=>7> L<D>>5 F5D4?56F<G=5 74EF>EG64==O. 

�E=GT =<7>4 ?5DE?5>F<6=<E E?>E>5V6 ?V46<M5==O 5V>4>EFG?=>EFV 

>GD>G<V=G 6>?NG4NG< EV<VG=V <>4<DV>4FVW [76], 657<>G?OD=V E<EF5<< 4>EF46>< 

=4 >E=>6V =4=>G4EF<=>> [78], 5>7>E><< [163] 45> <VF5?< [79], 4 F4>>6 

>><??5>E< 7 ?D>F5W=4<< F4 V=L<<< 5V><>?5>G?4<< [237]. %5D54 ?5D5D4E>64=<E 

E?>E>5V6 =>EVW =4 >E=>6V ?D>F5W=V6 4?O 44D5E=>W 4>EF46>< >GD>G<V=G 4> 

?GE?<==<E >?VF<= EF4=>6?OFL ?D4>F<G=<= V=F5D5E G5D57 <>6?<6VEFL 

6<>>D<EF4==O ?D<D>4=<E ?>?V?5?F<4=<E ?V74=4V6 4> D5F5?F>DV6 7 ?V46<M5=<< 

DV6=5< 5>E?D5EVW =4 ?>65DE=V ?GE?<==<E >?VF<=. �<DF5DV==<= F>>E<= (�&) T 

>4=<< V7 =4=5V?LL 6<6G5=<E ?D<D>4=<E F<F>F>>E<G=<E 475=FV6 7V 

E?5F<DVG=VEFN 4> 4E>FV=>64=>7> 7 ?GE?<==<<< >?VF<=4<< D5F5?F>D4 proHB-

EGF (Heparin Binding EGF-like growth factor, 75?4D<=-769O7G64?L=<= EGF-

?>4V5=<= D4>F>D D>EFG) [81, 161], O><= =4 EL>7>4=V 66464NFL ?5DE?5>F<6=<< 

>=>><4D>5D>< [157] V D>77?O44NFL O> ?>F5=FV==G <VL5=L 4?O 4>EF46>< 

EV<V>?D5?4D4FV6 6 ?GE?<==V >?VF<=<. %?5F<DVG=5 769O7G64==O 7 proHB-EGF 

?D<F4<4==5 F4>>6 ?D<D>4=><G <GF4=FG �&, M> ?>7546?5=<= >4F4?VF<G=>W 

4>F<6=>EFV, CRM197 (Cross-Reactive Materials 197, ?5D5ED5E=>-D54>F<6=V 

<4F5DV4?< 197). 
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HB-EGF 55D5 GG4EFL G ?D<E>>D5==V F4 ?D>7D5EG64==V ?GE?<==>7> D>EFG, 

<5F4EF47G64==V F4 4=7V>75=57V [144, 172], M> <>65 5GF< ?>69O74=<< 7 6<E>><< 

DV6=5< 5>E?D5EVW proHB-EGF, ?D<F4<4==<< 4?O =<7>< ?GE?<==<E >?VF<= 

?N4<=< [213], 4> O><E =4?564FL >?VF<=< 5?V45D<>W4=>W >4DF<=><< ?V=VW A431 

[222] F4 445=>>4DF<=><< 7DG4=>W 74?>7< ?V=VW MDA-MB-231 [67]. %?5F<DVG=5 

?D<7=VG5==O 4>F<6=>EFV D>7G<==>W D>D<< HB-EGF 74 4>?><>7>N 

<>=>>?>=4?L=<E 4=F<FV? 45> 4<DF5DV==>7> F>>E>W4G, =4?D<>?44, CRM197, 

L<D>>> 6<6G4TFLEO O> ?5DE?5>F<6=<= E?>EV5 ?V>G64==O 45O><E F<?V6 

?GE?<==<E 74E6>DN64=L ?N4<=<, O><= 6E5 M5 <4T =<7L>G 5D5>F<6=VEFL G5D57 

=54>EF4F=N F<F>F>>E<G=G 4>F<6=VEFL M>4> <4?V7=V7>64=<E >?VF<= in vivo [27]. 

� V=L>7> 5>>G, F5D4?56F<G=5 6<>>D<EF4==O ?D<D>4=>7> 54>F5DV==>7> �& 

>5<565=5 =>7> 6<E>>>N 7474?L=>N F>>E<G=VEFN 4?O >D74=V7<G ?N4<=<, F><G 

4>FV?L=> 6<>>D<EF>6G64F< <5=L F>>E<G=V ?>EV4=V �&, F4>V O> V<G=>F>>E<=<, 

F>>E>W4< F4 4=4F>>E<=<, O> 475=F< 4?O E?5F<DVG=>W 4>EF46>< ?D>F<?GE?<==<E 

?D5?4D4FV6, 6 F><G G<E?V V >GD>G<V=G. 

�E=GT >V?L>4 =5F>>E<G=<E ?>EV4=<E 4<DF5DV==>7> F>>E<=G, M> 

?D54EF46?ONFL ?D4>F<G=<= V=F5D5E. �5D5>F=<= 74 ADP- 

D<5>7<?FD4=ED5D47=>N 4>F<6=VEFN 7><>?>7 4<DF5DV==>7> F>>E<=G, CRM197 

(G5D57 74<V=G Glu 6 ?>?>65==V 52 =4 Gly) L<D>>> 6<>>D<EF>6GTFLEO 6 <54<G=V= 

?D4>F<FV O> ?D>F5W=-=>EV= 4?O 6<D>5=<FF64  >>=9N7>64=<E 64>F<= [27] F4 

FV?L>6>W 4>EF46>< EV<V>?D5?4D4FV6 [41]. �4<< 5G?> ?>>474=>, M> =4F<6=<= �&, 

CRM197 F4 =>7> D5>><5V=4=F=<= �-DD47<5=F SbB (subunit B) 769O7GNFLEO 7 

>?VF<==>N <5<5D4=>N 7 ?>44?LL<< D>D<G64==O< ?>D< 4?O FD4=E?>>4FVW 

>4F4?VF<G=>7> 4><5=G 6E5D54<=G >?VF<=<, M> E4<5 ?> E>5V =5 EG?D>6>46GTFLEO 

7=4G=>N F<F>F>>E<G=VEFN [203]. �4<< ?>>474=>, M> CRM197 <4T ?D<=4=<=V 

>4<= E4=F E>D5FVW 7 >GD>G<V=><, D>7F4L>64=<= =4 G>>D>G5=><G D5F5?F>D-

769O7G64?L=><G 4><5=V �& [272], M> D>5<FL 4>FV?L=<< 6<>>D<EF4==O O> FV?>W 

<>?5>G?< CRM197, F4> V WW EG5>4<=<FL, O>V <VEFOFL D5F5?F>D=<= 4><5=, 

7>>D5<4 SbB. &4><< G<=><, GF6>D5==O >><??5>EV6 >GD>G<V=G 7 ?D>F5W=>6<<< 
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=>EVO<< <>65 5GF< >4=<< 7 5D5>F<6=<E ?V4E>4V6 4?O 75V?LL5==O 

5V>4>EFG?=>EFV >GD>G<V=G. 

�5F4 V 74644==O 4>E?V465==O. �5F>N D>5>F< 5G?> >45D64==O 

>><??5>EV6 >GD>G<V=G 7 ?D>F5W=4<< BSA F4 CRM197 4?O ?V46<M5==O 

5V>4>EFG?=>EFV F4 E?5F<DVG=>W 4>EF46>< >GD>G<V=G 6 >?VF<=< F4 

E4D4>F5D<EF<>4 >FD<<4=<E >><??5>EV6.  

�?O 4>EO7=5==O <5F< 5G?< ?>EF46?5=V =4EFG?=V 74644==O: 

1. �FD<<4F< >><??5>E< >GD>G<V=G 7 ?D>F5W=4<< BSA F4 CRM197 F4 

>E4D4>F5D<7G64F< WE DV7<>>-EV<VG=V 6?4EF<6>EFV; 

2. �>E?V4<F< F<F>F>>E<G=<= 6??<6 >FD<<4=<E >><??5>EV6 M>4> 

<4?V7=V7>64=<E >?VF<=; 

3. �FV=<F< 4VN >GD>G<V=G, ?D>F5W=>6<E =>EVW6 F4 ?D>F5W=->GD>G<V=>6<E 

>><??5>EV6 M>4> =5<4?V7=V7>64=<E >?VF<=; 

4. �<6G<F< <5E4=V7<< 674T<>4VW >GD>G<V=G F4 =>7> ?D>F5W=>6<E >><??5>EV6 

7 ?>65DE=5N <4?V7=V7>64=<E >?VF<=; 

5. �<7=4G<F< <5E4=V7<< 6??<6G >FD<<4=<E >><??5>EV6 =4 <4?V7=V7>64=V 

>?VF<=<; 

6. �>E?V4<F< V<G=>75==VEFL ?D>F5W=>6<E =>EVW6 >GD>G<V=G. 

�5'T>F 4>E?V465==O: D>7D>5>4 ?V4E>4V6 4> ?V46<M5==O 5V>4>EFG?=>EFV 

>GD>G<V=G F4 ?>E<?5==O =>7> ?D>F<?GE?<==<E 5D5>FV6.  

�D54<5F 4>E?V465==O: ?D>F<?GE?<==V 5D5>F< >><??5>EV6 >GD>G<V=G 7 

5<G4G<< E<D>64F>>6<< 4?L5G<V=>< F4 =5F>>E<G=<< ?>EV4=<< 4<DF5DV==>7> 

F>>E<=G CRM197. 

�5F>4< 4>E?V465==O: 4?O 6<>>=4==O ?>EF46?5=<E 74644=L 5G?> 

6<>>D<EF4=> 75?L-5?5>FD>D>D57 4?O D>74V?5==O ?D>F5W=V6, <5F4?>-4DV==G 

ED><4F>7D4DVN 4?O >G<M5==O D5>><5V=4=F=<E ?D>F5W=V6, <V>D>5V>?>7VG=V 

<5F>4<(>G?LF<6G64==O <V>D>>D74=V7<V6 7 <5F>N =4D>MG64==O 5V><4E< 4?O 

6<4V?5==O D5>><5V=4F=<E ?D>F5W=V6), >?F<G=V (E?5>FD>D>F><5FDVO, ?D>F>>>64 

F<F><5FDVO, >>=D>>4?L=4 <V>D>E>>?VO), ?D5?4D4F<6=V <5F>4< (>FD<<4==O 
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>><??5>EV6 >GD>G<V=G 7 ?D>F5W=4<<), <5F>4< D>5>F< V7 >G?LFGD4<< 

56>4DV>F<G=<E >?VF<=, EF4F<EF<G=V <5F>4<. 

�4G>>64 =>6<7=4 >45D64=<E D57G?LF4FV6. 
� D>5>FV 6?5DL5 5G?> >FD<<4=> F4 >E4D4>F5D<7>64=> >><??5>E< 

>GD>G<V=G 7 =5F>>E<G=<< ?>EV4=<< 4<DF5DV==>7> F>>E<=G CRM197 F4 =>7> �-

DD47<5=F>< F4 ?D>45<>=EFD>64=> 6<M<= DV65=L ?D<7=VG5==O 6<FFT744F=>EFV 

<4?V7=V7>64=<E >?VF<= ?V=V= A431 F4 MDA-MB-231 >FD<<4=<<< 

=4=>>><??5>E4<< G ?>DV6=O==V 7 >><??5>E>< >GD>G<V=G 7 BSA, 6V?L=<< 

>GD>G<V=>< F4 6V?L=<< CRM197 45> =>7> B-DD47<5=F><. 

�E>5<EF<= 6=5E>> 74>5G64G4. �6F>D>< E4<>EFV==> 5G?< ?V4V5D4=> F4 

?D>4=4?V7>64=> 465D5? ?VF5D4FGD< 4 EF>E>6=> F5<< 4<E5DF4FV==>W D>5>F<, 

74V=E=5=> WE 4=4?V7. �6F>D>< >FD<<4=> =4=>>><??5>E< >GD>G<V=G 7 

?D>F5W=4<<, 4>E?V465=> WE E?5>FD>D>F><5FD<G=V F4 5V>?>7VG=V 6?4EF<6>EFV 

7>>D5<4 6??<6 =4=>>><??5>EV6 =4 <4?V7=V7>64=V >?VF<=< (744F=VEFL 4> 

>D<7=VG5==O 6<6<64==O V=4G>G64==O ?D>F5EV6 4?>?F>7G F4 =5>D>7G), =4D>5?5=> 

= >G<M5=> D5>><5V=4=F=V 4=F<75=<, ?D>6545=> V<G=V74FVN ?45>D4F>D=<E 

F64D<= 7 <5F>N >FV=>< V<G=>75==>EFV D5>><5V=4=F=<E ?D>F5W=>6<E =>EVW6. 

�>DV< F>7> 46F>D>< ?D>6545=> EF4F<EF<G=G >5D>5>G >FD<<4=<E D57G?LF4FV6. 

�6F>D M<D> 64OG=<= GEV< E?V6D>5VF=<>4< ?45>D4F>DVW V<G=>5V>?>7VW 

6V44V?G <>?5>G?OD=>W V<G=>?>7VW �=EF<FGFG 5V>EV<VW V<. �.�. �4??44V=4 ��� 

'>D4W=<. �>>D5<4, =4G>>6><G >5DV6=<>G 4.5.=., ?D>D �.�. �>?<5>, =.E., >.5.=. 

�D<=V=V= �.�. F4 =.E., >.5.=.  %VD><>?>FG �.�. 74 >>=EG?LF4FVW G D>5>FV ?D< 

6<>>D<EF4==V <5F4?>-4DV==>W ED><4F>7D4DVW F4 ?D>F>>>6>W F<F>D?G>D<<5FDVW, 

=.E., >.5.=. �4=>=?>6G �... 74 >>=EG?LF4FVW G D>5>FV 7 ?D>>4DV>F<G=<<< F4 

56>4DV>F<G=<<< >?VF<=4<<.  

�>DV< F>7>, 46F>D M<D> 64OG=<= 4.5.=. ,4FGDEL>><G �./. 74 4>?><>7G G 

4>E?V465==OE 674T<>4VW ?>EV4=<E �& 7 <5<5D4=4<< F4 <5E4=V7<V6 

?>D>GF6>D5==O. &4>>6 46F>D 6<E?>6?NT ?>4O>G <.=.E. 6V44V?G EFDG>FGD< F4 

DG=>FV= ?D>F5W=4 �D45>6EL>><G �.�. 74 4>?><>7G G ?D>6545==V <>?5>G?OD=>7> 

4>>V=7G.  
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�D4>F<G=5 7=4G5==O >45D64=<E D57G?LF4FV6. %F6>D5==O 

=4=>>><??5>EV6 >GD>G<V=G 7 ?D>F5W=>6<<< =>EVO<< 4>76>?OT ?>T4=4F< 

74EF>EG64==O 4=F<>>E<44=FG ?D<D>4=>7> ?>E>465==O 7 L<D>><< E?5>FD>< 

5V>?>7VG=>W 4>F<6=>EFV 7 44D5E=>N 4>EF46>>N =>7> 4> ?GE?<==<E >?VF<= 74 

D4EG=>> 6<E>>>W 4DDV==>EFV ?D>F5W=>6>7> =>EVO 4> D5F5?F>DV6, M> <4NFL 

?V46<M5=G 5>E?D5EVN =4 ?>65DE=V ?GE?<==<E >?VF<=. ' D>5>FV 4>E?V46G64?>EO 

464 ?D<=F<?>6> DV7=<E F<?< ?D>F5W=>6<E =>EVW6 3 BSA F4 CRM197 (F4 =>7> 

EG5>4<=<FO SbB). BSA 6<>>D<EF>6G646EO O> <5F>4 =5E?5F<DVG=>W 4>EF46>< 

>GD>G<V=G 6 >?VF<=<. �5F>>E<G=5 ?>EV4=5 4<DF5DV==>7> F>>E<=G CRM197 F4 

=>7> �-DD47<5=F 74 D4EG=>> E6>TW E?5F<DVG=>EFV 4> D5F5?F>DG proHB-EGF 

6<>>D<EF>6G64?<EO O> 74E>5< E?5F<DVG=>W 4>EF46>< >GD>G<V=G 6 >?VF<=< 7 

=445>E?D5EVTN FL>7> D5F5?F>DG. ' D>5>FV 5G?> 4>6545=> EF45V?L=VEFL 

>><??5>EV6 G 6>4=<E E5D54>6<M4E F4 5D5>F<6=VEFL 6??<6G =4 <4?V7=V7>64=V 

>?VF<=<. �F65, 74?D>?>=>64=V ?>EV4=V �& <>6GFL 5GF< 6<>>D<EF4=V 4?O 

?>44?LL<E 4>E?V465=L <>6?<6>EFV WE 6<>>D<EF4==O G <54<G=V= ?D4>F<FV O> 

74E>5V6 E?5F<DVG=>W 4>EF46>< ?V>4DEL><E 74E>5V6 4> ?GE?<==<E >?VF<=. � 

V=L>7> 5>>G, >><??5>E< >GD>G<V=G 7 ?>EV4=<<< �&, M> 6>?>4VNFL L<D>><< 

E?5>FD>< ?D>F<?GE?<==>W 4>F<6=>EFV, <4NFL ?5DE?5>F<6< 7=4=F< 

74EF>EG64==O O> D4D<4F5DF<G=V ?D5?4D4F< 4?O >><??5>E=>W F5D4?VW 

>=>>?>7VG=<E 74E6>DN64=L.  

�6'O7>> D>5>F< 7 =4G>>6<<< ?D>7D4<4<<, ??4=4<<, F5<4<<. 

�<E5DF4FV==4 D>5>F4 6<>>=4=4 6 D4<>4E 6<>>=4==O 547>6>W ��$ 

DG=44<5=F4?L=<E 4>E?V465=L ��� '>D4W=< 74 F5<>N «�<7=4G5==O 

D5F5?F>DV6, 74?GG5=<E 4> D57G?OFVW V<G=>5V>?>7VG=<E DG=>FV= >D74=V7<G» (7 

4/D 0119U002511, 2019-2023 DD.). &5<4 4<E5DF4FV==>W D>5>F< 74F65D465=4 =4 

74EV44==V �G5=>W D44< �=EF<FGFG 5V>EV<VW V<. �.�. �4??44V=4 ��� '>D4W=<, 

?D>F>>>? 7 5 6V4 12 G5D6=O 2024 D>>G.  

�?D>54FVO D57G?LF4FV6 4<E5DF4FVW. �E=>6=V D57G?LF4F< =4G>>6<E 

4>E?V465=L ?D>6>4<?<EO 6 <564E =4FV>=4?L=<E F4 <V6=4D>4=<E >>=D5D=FV=: 

«XII '>D4W=EL><= 5V>EV<VG=<= >>=7D5E», 65D5E5=L 30 - 6>6F5=L 4, 2019 
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(&5D=>?V?LEL><= =4FV>=4?L=<= <54<G=<= G=V65DE<F5F V<5=V �. /. 

�>D54G56EL>>7>), «�>?>4L F4 ?>EFG? 4> 5V>?>7VW», �V>?>7VG=<= D4>G?LF5F 

�L6V6EL>>7> =4FV>=4?L=>7> G=V65DE<F5FG 9 311 >6VF=O, 2019. 

�G5?V>4FVW. �4 <4F5DV4?4<< 4<E5DF4FVW >?G5?V>>64=> 3 D>5>F< 

(5>6V64?5=F=V 5 D>5>F4< 77V4=> �>?>65==O ?D> �>DO4>> ?D>6545==O 

5>E?5D<<5=FG 7 ?D<EG465==O EFG?5=O 4>>F>D4 DV?>E>DVW, 74F65D465=>7> 

?>EF4=>6>N �45V=5FG �V=VEFDV6 '>D4W=< 6V4 06 55D57=O 2019 D>>G 7 167), 7 

=<E 2 EF4FFV G <V6=4D>4=<E 6<44==OE ?5DL>7> >64DF<?N Q1, M> 6E>4OFL 4> 

<V6=4D>4=>W 547< 44=<E SCOPUS, F4 1 EF4FFO G 6VFG<7=O=><G 6<44==V, M> 

=4?56<FL 4> D4E>6<E 6<44=L, 6<7=4=<E ��� '>D4W=<; 2 F57 G <4F5DV4?4E 

<V6=4D>4=<E F4 6VFG<7=O=<E >>=7D5EV6 V >>=D5D5=FV=. 

%FDG>FGD4 F4 >5EO7 4<E5DF4FVW. �<E5DF4FV==4 D>5>F4 E>?444TFLEO 7 

4=F>4FVW G>D4W=EL>>N F4 4=7?V=EL>>N <>64<<, 6EFG?G, >7?O4G ?VF5D4FGD<, >?<EG 

<4F5DV4?V6 F4 <5F>4V6 4>E?V465==O, G>F<DL>E D>74V?V6 D57G?LF4FV6 4>E?V465==O 

F4 WE >57>6>D5==O, 6<E=>6>V6 F4 E?<E>G 6<>>D<EF4=<E 465D5? ?VF5D4F<. $>5>F4 

6<>?445=4 =4 157 EF>DV=>4E >><?9NF5D=>7> =45>DG, V?NEFD>64=4 1 F45?<F5N 

F4 32 D<EG=>4<<. �5D5?V> 6<>>D<EF4=<E 465D5? ?VF5D4FGD< 6>?NG4T 272 

=4=<5=G64=L, 7 =<E GEV ?4F<=<F5N. 



28 

 

$����� 1. ���/� ��&�$�&'$�  
1.1. �?4EF<6>EFV <>?5>G?< >GD>G<V=G  

1.1.1. �G4>64 <>?5>G?< >GD>G<V=G 

�GD>G<4 2 V=7D54VT=F 7 5474F>DVG=>N VEF>DVTN, M> 6<>>D<EF>6G646EO O> 

4VTF<G=4 FD46'O=4 4>546>4 M5 6 %F4D>446=L><G �<F4W F4 �=4VW [Tønnesen, 1987]. 

&N G=V>4?L=G E?5FVN 6>6F>7> >>?L>DG >FD<<GNFL 7 >>D5=56<M4 D>E?<=< 

Curcuma longa, M> 6E>4<FL 4> EV<5=EF64 Zingiberaceae, ?D54EF46=<>< 

?>L<D5=V 6 �=4VW F4 V=L<E >D4W=4E �V645==>-%EV4=V= �7VW. �5D6<==<= 4>F<6=<= 

>><?>=5=F, M> 6V4?>6V44T 74 6>6F<= >>?VD, 5G6 6<O6?5=<= F4 6<4V?5=<= =4 

?>G4F>G 90-E DD V >FD<<46 =476G >GD>G<V=. ' FD44<FV==V= <54<F<=V >GD>G<4 7 

446=VE G4EV6 6<>>D<EF>6GTFLEO 4?O ?>E<?5==O V<G==>W E<EF5<< V O> ?D5?4D4F 

6V4 DV7=><4=VF=<E D5E?VD4F>D=<E 74E6>DN64=L, 7>>D5<4 F4><E O> 4EF<4 F4 

4?5D7VO. �>DV< F>7> >GD>G<V= G E>?44V >GD>G<< ?D>O6?OT 4>F<6=VEFL G 

?V>G64==O 4V455FG, >4L?N, E<=GE<FG, 7D<?G, D56<4F<7<G V DG=>FV>=4?L=<E 

?>DGL5==OE ?5GV=>< [16, 66, 261]. ,<D>><= E?5>FD 5V>?>7VG=<E 6?4EF<6>EF5=, 

45L564 E<D>6<=4 F4 ?D>EF<= E?>EV5 5>EFD47G64==O 7G<>6?NNFL 6<>>D<EF4==O 

>GD>G<V=G O> 74E>5G FD44<FV==>W <54<F<=< V =4 EL>7>4=VL=V= 45=L. '<E?5==V 

4>E?V465==O ?>>474?<, M> >GD>G<V= <4T =4476<G4==> L<D>><= E?5>FD 

>>D<E=<E 6?4EF<6>EF5=, 6>?NG4NG< ?D>F<74?4?L=G, 4=F<>>E<44=F=G, 

EV<V>?D>DV?4>F<G=G F4 EV<V>F5D4?56F<G=G 4>F<6=>EFV, O>V <>6GFL 5GF< 

6<>>D<EF4=V G EGG4E=V= F5D4?VW [73, 177, 254]. &V 4VW 5G?< ?D>45<>=EFD>64=V O> 

=4 DV6=V ?V=V= >?VF<= G >G?LFGDV, F4> V =4 F64D<==<E <>45?OE, M> V ?O7?> 6 >E=>6G 

?D>6545==O >?V=VG=<E 6<?D>5G64=L =4 ?N4OE.  

�GD>G<V= T >E=>6=<< 6F>D<==<< <5F45>?VF>< C. longa, M> EF4=>6<FL 4> 

15% 6V4 =>7> EGE>W 647<. �GD>G<V= 74 E6>TN EV<VG=>N ?D<D>4>N 

(4<D5DG?>W?<5F4=; 1,7-5VE(4-7V4D>>E<-3-<5F>>E<D5=V?)-1,6-75?F44VT=-3,5-4V>=) 

T ?>?VD5=>?>< 7 <>?5>G?OD=>N 647>N 368,38 >.4.<. �>7> 6<VEF E>?444T 77% 6V4 

>GD>G<V=>W4V6, >FD<<4=<E V7 >>D5=56<M4 Curcuma longa Linn. �>?5>G?4 

>GD>G<V=G <4T FD< >E=>6=V DG=>FV>=4?L=V 7DG?<: ³, ³-=5=4E<G5=>W ³-

4<>5F>=>6>W F4 46>E 4D><4F<G=<E O-<5F>>E<-D5=>?L=<E 7DG? (D<E. 1.1) 

file:///C:/Users/dariy/Downloads/ДИСЕРТАЦІЯ%20ЧУДІНА.docx%23_Toc514766943
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�D><4F<G=V >V?LFO, O>V T D5=>?4<<, 7'T4=4=V 46><4 ³, ³-=5=4E<G5=<<< 

>4D5>=V?L=<<< 7DG?4<<. �<>5F>=< GF6>DNNFL EF45V?L=V 5=>?< V ?57>> 

45?D>F>=GNFLEO 7 GF6>D5==O< 5=>?4FV6 [70, 174] %4D4>F5D=V 5>EFD4>F< C. longa 

<VEFOFL EFDG>FGD< FDL>E V7>D>D< >GD>G<V=G (I 3 III), 7 O><E V7>D>D<4 I T 

=4=5V?LL ?>L<D5=>N. �576464NG< =4 =4=5V?LLG ?>L<D5=VEFL E4<5 ?5DL>W 

V7>D>D<< (557?>E5D54=L> >GD>G<V=G), 45O>V 6G5=V EF65D46GNFL ?D> ?>FG6=VLV 

4=F<>>E<44=F=V F4 ?D>F<?GE?<==V 6?4EF<6>EFV FD5FL>W V7>D>D<< (5VE-

4<<5F>>E<>GD>G<V=) [70]. �E>V?L>< ?5DL4 V7>D>D<4 4><V=GT G E>?44V 

>GD>G<V=>W4V6 F4 ?D>O6?OT L<D>><= E?5>FD 5V>?>7VG=>W 4>F<6=>EFV, F> =444?V 

F5>D5F<G=4 F4 5>E?5D<<5=F4?L=4 G4EF<=< D>5>F< 5G4GFL ?D<E6OG5=V E4<5 FV= 

V7>D>D<V.  

 

$<E. 1.1. �>45?L EFDG>FGD <>?5>G? >GD>G<V=G I, II, III (>GD>G<V=, 

4<<5F>>E<>GD>G<V=, 5VE-4<<5FV>>E<>GD>G<V=). 

 �>?5>G?4 >GD>G<V=G <4T >V?L>4 >E=>6=<E 4>F<6=<E 7DG? ($<E.1.2), O>V 

7G<>6?NNFL O> DV7<>>-EV<VG=V, F4> V 5V>?>7VG=V 6?4EF<6>EFV >GD>G<V=G, 4 E4<5 

7V4D>>E<?L=4 7DG?4, <5F>>E<?L=4 7DG?4, 4>F<6=4 <5F<?5=>64 7DG?4 F4 4<-

>5F>=>64 7DG?4. �V4D>>E<7DG?4 F4 <5F>>E<7DG?4 7G<>6?NNFL <V=V<4?L=G 
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D>7G<==VEFL <>?5>G?< G 6>4V F4 T ?5DE?5>F<6=<<< <VL5=O<< 4?O EV<VG=<E 

<>4<DV>4FV= 6 ?5DLG G5D7G G5D57 6<E>>G ?>?OD=VEFL 7V4D>>E<7DG?< [Singh, 

2010, El-Gazzar, 2016]. �5F<?5=>64 7DG?4 T 4>F<6=<< E4=F><, M> 7G<>6?NT 

L6<4><= <5F45>?V7< >GD>G<V=G F4 =>7> 6<6545==O 7 >D74=V7<G, F><G 

<>4<DV>4FVW L?OE>< D54>FV= >>=45=E4FVWW FVTW 7DG?< T >4=<< 7 64DV4=FV6 

?V46<M5==O 5V>4>EFG?=>EFV >GD>G<V=G [18].  

 

$<E. 1.2. �>F<6=V 7DG?< <>?5>G?< >GD>G<V=G 

�GD>G<V= T DV4>VE=<< ?D<>?44>< ?D<D>4=>7> ?V74=4G, M> <VEF<FL G E6>W= 

EFD>GFGDV 7DG?G ³-4<>5F>=V6. &O 7DG?4 <>65 7G<>6?N64F< D54>FVW >>=45=E4FVW, 

7>>D5<4 D54>FVN ,<DD>6<E >E=>6 [162]. �>DV< F<E 7DG?, ?>46V==V 769O7><, M> 

<VEFOFLEO G ?V=V==<E G4EF<=4E <>?5>G?< <>6GFL E?G7G64F< E4=F>< 4?O 

=G>?5>DV?L=>7> ?D<T4=4==O, M> F4>>6 T ?5DE?5>F<6=>N <VL5==N 4?O 

EF6>D5==O 5V?LL EF45V?L=<E EV<VG=<E ?>EV4=<E >GD>G<V=G [209]. 

 �E=GT =<7>4 EFDG>FGD=<E 4=4?>7V6 >GD>G<V=G, O>V ?>4V?ONFL =4 FD< 7DG?<, 

4 E4<5: ?D<D>4=V ?>EV4=V >GD>G<V=G 7 Curcuma longa, 4=4?>7< >GD>G<V=G, 

>FD<<4=V 7 V=L<E D>E?<= (F45?. 1.3) F4 E<=F5F<G=V 4=4?>7< [216]  

�GD>G<V=, F<>?>>GD>G<V=, 5VE45<5F>>EV>GD>G<V= V 45<5F>>E<>GD>G<V= 

(7476<G4= WE =47<64NFL >GD>G<V=>W44<<) T FDL><4 >E=>6=<<< 4=4?>74<< 

>GD>G<V=G, >FD<<4=<<< 557?>E5D54=L> 5>EFD4>FVTN >>D5=V6 C.longa. �5O>V 

5V>?>7VG=> 4>F<6=V E?>?G><, O>V 7GEFDVG4NFLEO 6 ?D<D>4V F4>>6 <4NFL 

EFDG>FGD=G ?>4V5=VEFL 4> >GD>G<V=G V 6<7=4G4NFLEO O> ?D<D>4=V 4=4?>7<. 

%<=F5F<G=V 4=4?>7< >GD>G<V=G E?>?G>< >FD<<GNFL L?OE>< <>4<DV>4FVW 

>E=>6=>W EFDG>FGD< >GD>G<V=G 74 4>?><>7>N DV7=<E EV<VG=V D54>FVW. 
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&45?<FO. 1.3. %FDG>FGD=V 4=4?>7< >GD>G<V=G [216] 

 

�E=>6=<<< <VL5=O<< 4?O EFDG>FGD=>W <>4<DV>4FVW >GD>G<V=G T 

DG=>FV>=4?L=>W 7DG?< (7V4D>>E<?L=4, <5F>>E<?L=4, 4<5EF5D=4 F>M>), 4D<?L=<= 

5VG=<= ?4=FN7 F4 ?>46V==<= 76'O7>>. &4>>6 >4=<< V7 =4=5V?LL 66<64=<E 

<>4<DV>4FV= T GF6>D5==O >><??5>EV6 7 <5F4?4<< [243]. �D<>?44>< 

E<=F5F<G=<E 4=4?>7V6  <>6GFL E?G7G64F< EF24 [248] F4 (1E,6Z)1,7-5VE(13-DF>D-

9-5F<?>G<4D<=-8-V?)-5-7V4D>>E<3->>E>75?F4-1,4,6-FDVT= [80] 

1.1.2. %?>E>5< >FD<<4==O >GD>G<V=G 

�>G<=4NG< 7 1815 D>>G, >>?< >GD>G<V= 5G6 6?5DL5 6<4V?5=<= 7 >GD>G<<, V 

4> 1970-E D>>V6 5G?> ?<L5 >V?L>4 ?>6V4><?5=L ?D> =>7> EV<VG=G EFDG>FGDG, 

V7>D>D<<, <>6?<6VEFL EV<VG=>7> E<=F57G, 5V>EV<VG=G F4 4=F<>>E<44=F=G 

4>F<6=VEFL [202, 247]. �E5 7<V=<?>EO ?VE?O ?G5?V>4FVW Aggarwal F4 =>7> >>?57 

[1, 114, 211] G 1995 D>FV M>4> ?>F5=FV==>7> ?D>F<?GE?<==>7> 5D5>FG 

7G<>6?5=>7> 4VTN >GD>G<V=G. �>G<=4NG< 7 FL>7> G4EG F5<?< 4>E?V465=L 

>GD>G<V=G EFDV<>> 7D>E?< V 74?<L4NFLEO EF45V?L=> 6<E>><<< V =4 

EL>7>4=VL=V= 45=L ($<E.1.4).  

file:///C:/Users/dariy/Downloads/ДИСЕРТАЦІЯ%20ЧУДІНА.docx%23_Toc514766947
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$<E.1.4. �V?L>VEFL ?G5?V>4FV= 74 >?NG>6<< E?>6>< «curcumin», 77V4=> 7 

PubMed. 

%>G4 5V?LLVEFL 4>E?V4=<>V6 74=<4?<EO 557?>E5D54=L> 5V>?>7VG=<<< 

4E?5>F4<< 6??<6G >GD>G<V=G F4 <>6?<6>EFV =>7> 6<>>D<EF4==O G L<D>>V= 

<54<G=V= ?D4>F<FV, DO4 6G5=<E D>7G<V?< =5>5EV4=VEFL 6<7=4G5==O EV<VG=>W 

EFDG>FGD< >GD>G<V=G, M> 6V4?>6V44T 74 G=V>4?L=G 5V>?>7VG=G 4>F<6=VEFL [116, 

184]. �4476<G4==> 646?<6<< 5F4?>< 4?O 5G4L-O><E 4>E?V465=L 6??<6G F4 

6?4EF<6>EF5= >GD>G<V=G T =>7> 5>EFD4>FVO F4 V45=F<DV>4FVO 7 >>D5=V6 Curcuma 

longa. �4=5V?LL<< E6VF>6<< 6<D>5=<>>< >GD>G<< T �=4VO, 45 6>=4 7446=4 

6<>>D<EF>6GTFLEO O> FD44<FV==<= 74EV5 4?O ?V>G64==O =<7>< 74E6>DN64=L [1, 2, 

61]. �4?56=> 6V4 ?>E>465==O F4 �DG=F>6<E G<>6, 45 6V45G64TFLEO 6<D>MG64==O, 

>GD>G<4 <VEF<FL 2-15 % >GD>G<V=>W4V6 [70]. %>G4 ?D> 5>EFD4>FVN F4 D>74V?5==O 

>GD>G<V=G 7 ?>D>L>G >GD>G<< ?>6V4><?O?>EO M5 6 1815 D>FV, 4> EL>7>4=V 

?>6V4><?OTFLEO ?D> 6E5 5V?LL 5>>=><VG=V F4 5D5>F<6=V <5F>4< 5>EFD47G64==O 

[105, 124, 125, 173,229, 239]. 

�5F>4< 5>EFD47G64==O >GD>G<V=G <>6=4 D>74V?<F< =4 FD44<FV==V F4 

EGG4E=V. �4=5V?LL ?>L<D5=<<< FD44<FV==<<< <5F>44<< >FD<<4==O >GD>G<V=G 

T 5>EFD4>FVO %>>E?5F4 F4 <4F5D4FVO [121, 148]. �>EFD4>FVO D>7G<==<>>< 7 

=4EFG?=>N >>?>=>G=>N ED><4F>7D4DVTN 4?O >G<M5==O >GD>G<V=G 

?D>6>4<FLEO 6 >V?L>4 5F4?V6, ?D< FL><G 6<>>D<EF>6GTFLEO >V?L>4 ?>?OD=<E V 

=5?>?OD=<E >D74=VG=<E D>7G<==<>V6, 6>?NG4NG< 75>E4=, 5F<?4F5F4F, 4F5F>=, 

<5F4=>? F>M>. �GD>G<V= <>6=4 6<4V?<F< 7 >GD>G<V=>6>W EG<VLV (EG<VL 

>GD>G<V=G, 4<<5F>>E<>GD>G<V=G F4 5VE4<<5F>>E<>GD>G<V=G) 74 4>?><>7>N 
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>>?>=>>6>W ED><4F>7D4DVW L?OE>< 44E>D5FVW EG<VLV =4 E<?V>475?V 7 

6<>>D<EF4==O< EG<VL5= D>7G<==<>V6, F4><E O> 4<E?>D<5F4=/>FF>64 ><E?>F4 

45> <5F4=>?/E?>D>D>D<, 4?O >FD<<4==O FDL>E DV7=<E DD4>FV=. $D4>FVN 

>GD>G<V=G 4>44F>>6> >G<M4NFL =4 E<?V>475?V, 6<>>D<EF>6GNG< EG<VLV 

E?>D>D>D</4<E?>D<5F4= F4 5F4=>?/<5F4=>? O> 5?N5=F<. � GEVE 6<>>D<EF4=<E 

>D74=VG=<E D>7G<==<>V6 5F4=>? 6<O6<6EO =4=>D4M<< D>7G<==<>>< 4?O 

5>EFD4>FVW >GD>G<V=G [105]. %>G4 E?>D>64=V D>7G<==<>< 4G65 5D5>F<6=> 

5>EFD47GNFL >GD>G<V= 7 >GD>G<<, 6>=< 7476<G4= =5 6<>>D<EF>6GNFLEO G5D57 WE 

=5?D<==OF=VEFL G E4DG>6V= F4 D4D<4>>?>7VG=V= ?D><<E?>6>EFV [3, 160]. 

�>EFD4>FVO 74 4>?><>7>N G?LFD476G>G [34], 5>EFD4>FVO 74 4>?><>7>N 

<V>D>E6<?L [124, 265], 5>EFD4>FVO 74 4>?><>7>N 5=7<<V6 [194] T 

=4=?>L<D5=VL<<< <5F>44<< 6 EGG4E=><G ?D>F5EV 5>EFD47G64==O. �576464NG< 

=4 5474F> =54>?V>V6, F4>V O> 6<E>>V F5<?5D4FGD<, FD<64?<= G4E D>5>F< V 

6<>>D<EF4==O 65?<>>W >V?L>>EFV >D74=VG=<E D>7G<==<>V6, FD44<FV==<= <5F>4 

5>EFD4>FVW L<D>>> 6<>>D<EF>6GTFLEO 7464O>< ?D>EF>FV ?D>F54GD V =<7L><< 

5>E??G4F4FV==<< 6<FD4F4< [22]. � >7?O4G =4 4544?V L<DL5 6<>>D<EF4==O 

>GD>G<V=G 7 F5D4?56F<G=>N <5F>N, 6 F><G G<E?V 4?O ?5D>D4?L=>7> 66545==O 

5G?< D>7D>5?5=V <5F>4< 5>EFD4>FVW 7 6<>>D<EF4==O< E4DG>6<E D>7G<==<>V6, 

F4><E O> FD<4F<?7?VF5D<=<, O>V 44NFL 6<E>>V 6<E>4< >GD>G<V=G [229]. %?D>5< 

5>EFD4>FVW 74 4>?><>7>N 5=7<<V6, 45 ?>?5D54=N >5D>5>G >GD>G<< ?D>6>4<?< 

F4><<< 5=7<<4<<, O> ³-4<V?474 V 7?N>>4<V?474, ?D<765?4 4> 7=4G=>7> 

75V?LL5==O 6<E>4G >GD>G<V=G. �4=4> G5D57 75V?LL5==O 64DF>EFV 5>EFD4>FVW F5= 

<5F>4 =5 EF46 >><5DFV==<< [112]. �=L<< >><5DFV==> 6<FFT744F=<< F4 

5D5>F<6=<< <5F>4>< 5>EFD4>FVW >GD>G<V=G T 6<>>D<EF4==O 6G7?5><E?>7> 747G 

[23, 35].  

�45=F<DV>4FVN F4 >V?L>VE=5 6<7=4G5==O >FD<<4=>7> >GD>G<V=G ?D>6>4OFL 7 

6<>>D<EF4==O< >4=>7> 45> 45>V?L>>E <5F>4V6 ED><4F>7D4DVW, F4><E O> 

F>=>>L4D>64 ED><4F>7D4DVO 6<E>>>5D5>F<6=4 DV4<==4 ED><4F>7D4DVO F4 <4E-

E?5>FD><5FDVO [51, 59, 71]. �?O 6<O6?5==O >GD>G<V=G ?D>EFV V =4476<G4==> 

>>D<E=V 45E>D5FV==V 45F5>F>D< 6 4V4?47>=V 4>66<= E6<?L 6V4 350 4> 450 =< 45> 
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6 '$->5?4EFV 7 6<>>D<EF4==O< 7474?L=>W 4>66<=< E6<?V 45F5>FG64==O 6 

4V4?47>=V 6V4 250 4> 270 =<. �4E-E?5>FD><5FDVO 7 DV4<==>N ED><4F>7D4DVTN 

F4>>6 T >4=<< 7 G=V65DE4?L=<E V=EFDG<5=FV6 4?O 6<O6?5==O >GD>G<V=G. � GEVE 

?5D5D4E>64=<E <5F>4V6 =4=5V?LL GGF?<6<< 4?O 6<O6?5==O >GD>G<V=G (4> 

1=7/<?) T <5F>4 D?G>D5EF5=FVW, M> 75G46GTFLEO 6 >5?4EFV 6V4 400 4> 450 =<. 

�<E>>>5D5>F<6=V <5F>4< F>=>>L4D>6>W ED><4F>7D4DVW 7 6<>>D<EF4==O< 

4?N<V=VT6<E ??4EF<=, ?>?5D54=L> ?>>D<F<E E<?V>475?5< O> =5DGE><>N D47>N, 

V E?>D>D>D<-<5F4=>?>< O> D>7G<==<>><, 6<O6<?<EO 4G65 >>D<E=<<< O> 4?O 

6<O6?5==O, F4> V 4?O D>74V?5==O >GD>G<V=G 7 >GD>G<V=>W4=>W EG<VLV [12]. �>DV< 

F>7>, >4?V?OD=<= 5?5>FD>D>D57 7 4<?5D><5FD<G=<< 45F5>FG64==O< <>65 5GF< 

DGF<==> 6<>>D<EF4=<= 4?O >FV=>< >GD>G<V=G/>GD>G<< 6 D4D<4>>?>7VG=<E 

?D>4G>F4E [226]. 

$<E. 1.5. �474?L=4 EE5<4 EV<VG=>7> E<=F57G >GD>G<V=G [167]. 

�>DV< ?D><<E?>6> 646?<6<E 4?O  E4DG>6>W F4 D4D<4>>?>7VG=>W 

?D><<E?>6>EF5= <5F>4V6 5>EFD4>FVW F4 >G<M5==O >GD>G<V=G 7 ?D<D>4=>W 

E<D>6<=< VE=GNFL >><5DFV==> 646?<6V E?>E>5< >FD<<4==O >GD>G<V=G L?OE>< 

=>7> EV<VG=>7> E<=F57G. �D4>F<G=> G5D57 EF>?VFFO ?VE?O ?5DL>7> 6<4V?5==O 

>GD>G<V=G 7 >GD>G<< [247], ?5DL4 EF4FFO ?D> E<=F57 >GD>G<V=G 5G?4 

>?G5?V>>64=4 �4<?5 6 1913 D>FV [118]. �5F>4 6>?NG46 ?'OFL EF44V= V ?>G<=46EO 

7 >>=45=E4FVW >4D5><5F>>E<D5DG?>V?E?>D<4G F4 5F<?4F5F>4F5F4FG. �V7=VL5 

Pabon [167] >?<E46 5V?LL ?D>EF<= <5F>4 E<=F57G >GD>G<V=G 7 6<E>><<< 
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6<E>44<<, 6<>>D<EF>6GNG< 4F5F<?4F5F>= V 74<VM5=V 4D><4F<G=V 4?L457V4< 74 

?D<EGF=>EFV FD<>>E<4G 5>DG (B2O3), FD<4?>V?5>D4FG V =-5GF<?4<V=G.  

 �GD>G<V=, GF6>D5=<= 6 D57G?LF4FV 74?D>?>=>64=>W EE5<< D54>FVW 

($<E.1.5.) 7 D54>FV==>W EG<VLV <>6=4 6V4>>D5<<F< ?D><<64==O< V ?>6F>D=<< 

>E4465==O< 7 =4EFG?=>N >>?>=>>6>N ED><4F>7D4DVTN.  

1.1.3. $V7<>>-EV<VG=V 6?4EF<6>EFV >GD>G<V=G 

�GD>G<V= T <4=65 =5D>7G<==<< G 6>4V ?>?VD5=>?><, O><= 4>5D5 D>7G<==<= 

6 ?>?OD=<E D>7G<==<>4E, 7>>D5<4 F4><E O> ��%�, <5F4=>?, 5F4=>?, 

4F5F>=VFD<?, E?>D>D>D<, 5F<?4F5F4F F>M>. ' F4><E 6G7?56>4=56<E =5?>?OD=<E 

D>7G<==<>4E O> F<>?>75>E4= V 75>E4= >GD>G<V= F4>>6 T 4>5D5 D>7G<==<<. 

%5D54 ?>?OD=<E D>7G<==<>V6 >GD>G<V= <4T =4=6<MG D>7G<==VEFL G ?G6=<E 

D>7G<=4E G5D57 V>=V74FVN 7V4D>>E<?L=<E 7DG?. �D>F5 >>=F5=FD>64=V ?G6=V 

D>7G<=< ?D<76>4OFL 4> 7=<65==O EF45V?L=>EFV <>?5>G?< >GD>G<V=G F4 WW 

L6<4>>W 457D444FVW [235]. �<F4==O ?V46<M5==O D>7G<==>EFV >GD>G<V=G G 

557?5G=<E 4?O D4D<4>>?>7VG=<E FV?5= D>7G<==<>4E T >4=<< 7 =4?DO<>V6 

EGG4E=<E 4>E?V465=L. �>>D5<4, 5G?> ?>>474=>, M> D>7G<==VEFL >GD>G<V=G 7 

EGE>W 4<E?5DEV==>W D>D<< 7=4G=> ?V46<MGTFLEO G E<=F5F<G=<E ?>?V<5D=<E 

D5G>6<=4E, F4><E O> Soluplus® [8]. 

�<6G5==O E?5>FD4?L=<E 6?4EF<6>EF5= >GD>G<V=G ?>>474?>, M> <>?5>G?4 

<4T 464 <4>E<<G<< ?>7?<=4==O: >4<= 7=4E>4<FLEO G 6<4<<V= >5?4EFV E?5>FDG V 

<4T 4V4?47>= 6V4 410 4> 430 =<; V=L<= <4>E<<G< 7=4E>4<FLEO 6 

G?LFD4DV>?5F>6V= >5?4EFV V <4T <4>E<<G< 5V?O 265 =<. �>?OD=<= >>5DVFVT=F 

5>EF<=>FVW >GD>G<V=G 6 <5F4=>?V EF4=>6<FL 55000 4<3<>?L21E<21 ?D< 425=< 

[179, 242].  

�4 E?5>FD4?L=V 6?4EF<6>EFV 5G4L-O>>W D5G>6<=< 6??<64T WW >F>G5==O, 

7>>D5<4 F<? D>7G<==<>4. �E>V?L>< >GD>G<V= T 4>5D5 D>7G<==<< G =<7FV 

?>?OD=<E F4 =5?>?OD=<E D>7G<==<>V6, F> E?5>FD 45E>D5FVW F4 D?G>D5EF5=FVW 

5G45 6V4DV7=OF<EO 4?O >>6=>7> D>7G<==<>4 ($<E.1.6). 
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$<E.1.6. %?5>FD< ?>7?<=4==O F4 D?G>D5EF5=FVW >GD>G<V=G. %?5>FD< 

?>7?<=4==O 6 4F5F>=VFD<?V, F>?G>?V F4 5F4=>?V; ?V=VW la, 2a V 34 6V4?>6V4=>;. 

E?5>FD< D?G>D5EF5=FVW 6 4F5F>=VFD<?V, F>?G>?V V 5F4=>?V; ?V=VW lf, 2f V 3f 

6V4?>6V4=>;. E?5>FD< ?>7?<=4==O 6 <VF5?4E SDS, Triton X-100 F4 N,N-

4<<5F<?D>D<4<V4V (DMF); ?V=VW 44, 54 V 64 6V4?>6V4=>, E?5>FD< D?G>D5EF5=FVW 

6 SDS, <VF5?4E Triton X-100 V 6 ?V=VOE DMF 4f, 5f V 6f. �GD>G<V= = 15 ?�. A = 

375 =< [179]. 

 �D< >?D><V=5==V 6 >D74=VG=><G 45> <VF5?OD=><G D>7G<=V ?>7?<=4==O 

>GD>G<V=G 7<5=LG64?>EO, M> E6V4G<FL ?D> F5, M> >GD>G<V= 7 G4E>< 6<7>DOT. 

�5?V=V==4 L6<4>VEFL 6<7>DO==O ?D<76>4<FL 4> =4>>?<G5==O ?D>4G>FV6 

D>F>457D444FVW, M> ?>7?<=4NFL 6 F><G 6 4V4?47>=V 4>66<= E6<?L, M> = 

>GD>G<V=, 4?5, >G56<4=>, T 5V?LL D>F>EF45V?L=<<< [45].  

�GD>G<V= ?D<D>4=> VE=GT G 46>E F4GF><5D=<E D>D<4E 3 5=>?L=4 F4 

>5F>D>D<4, O>V ?57>> ?5D5E>4OFL >4=4 6 >4=G (F4GF><5DVO) [36]. �>DV< F>7> 

>GD>G<V= <>6=4 D>77?O44F< O> E?45>G ><E?>FG �D5=EF544, M> <4T FD< DGE><<E 

?D>F>=<, V, 6V4?>6V4=>, FD< pKa, O>V <>6GFL 5GF< >?<E4=V DV6=O==O<< 

4<=4<VG=>W DV6=>647< ($<E.1.7).  
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$<E. 1.7. &G4F><5D=V ?5D5F6>D5==O F4 D54>FVW 4<E>FV4FVW >GD>G<V=G. 

�G?> ?>>474=>, M> pKa1 7=4E>4<FLEO 6 4V4?47>=V pH 6V4 7,5 4> 8,5 V 

E4D4>F5D<7GTFLEO 7<V=>N >>?L>DG 6V4 6>6F>7> 4> G5D6>=>7>. pKa2 F4 pKa3, 

6>474=V =4 $<E 1.6, =4 >V?L>4 ?>DO4>V6 =<6GV 74 pKa1, M> D>5<FL WE D>7D4EG=>> 

F4 4=4?V7 <5=L 7=4G<<<<< 6 >>=F5>EV 4>E?V465==O 5V>?>7VG=<E 6?4EF<6>EF5= 

>GD>G<V=G [178].  

�GD>G<V= 747=4T EV<VG=>W 457D444FVW 6 6>4=<E F4 >D74=VG=<E D>7G<==<>4E, 

M> T E5D=>7=>N ?5D5?>=>N 4?O =>7> 6<>>D<EF4==O. �DV< F>7> DV65=L 

457D444FVW 75V?LLGTFLEO 7 ?V46<M5==O< pH [207]. ' D>7546?5=<E D>7G<=4E 90% 

>GD>G<V=G 457D44GT 6?D>4>66 ?5DL<E 30 E6<?<=. �E=>6=<<< ?D>4G>F4<< 

457D444FVW >GD>G<V=G T FD4=E -6(4'-7V4D>>E<-3'-<5F>>E<D5=V?)-2,4-4V>>E>-5-

75>E4=4?, D5DG?>6<= 4?L457V4, D5DG?>64 ><E?>F4, D5DG?>V?<5F4= F4 64=V?V= 

(D<E 1.6). &4>>6 6V4><>, M> DV65=L 457D444FVW T 7=4G=> <5=L<<, >>?< 4> =L>7> 

4>44NFL ?V?V4<, ?V?>E><<, 4?L5G<V=<, F<>?>45>EFD<=, >G>GD5VFGD<?, ��$, 

DV7=><4=VF=V E<=F5F<G=V ?>?V<5D< V 5474F> V=L<E 6<E>>><>?5>G?OD=<E V 

<V>D>75F5D>75==<E E<EF5<. �4=VTN 7 F4><E E<EF5< T L<D>>>66<64=4 D5F4?L=4 

5<G4G4 E<D>64F>4, 6<>>D<EF4==O 10% D>7G<=G O>>W O> E5D54>6<M4 4?O 

D>7G<=5==O >GD>G<V=G, 755DV74T EF45V?L=VEFL >EF4==L>7> 6?D>4>66 FD<64?>7> 

G4EG [178].  

�>DV< EV<VG=>W 457D444FVW >GD>G<V= ?V444TFLEO <5F45>?VG=<< 

?5D5F6>D5==O< ?D< ?>FD4??O==V 4> >D74=V7<G. ,?OE< <5F45>?V7<G 
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6V4DV7=ONFLEO G ?N45= F4 MGDV6 [89, 249]. �E=GT 464 >E=>6=V L?OE<, 74 O><<< 

6V45G64TFLEO <5F45>?V7< >GD>G<V=G: �- >>='N74FVO V 6V4=>6?5==O. �->>=9N74FVO 

(>><E=5==O) >GD>G<V=G ?D<76>4<FL 4> GF6>D5==O >GD>G<V=-7?N>GD>=V4G F4 

>GD>G<V=-EG?LD4FG [20]. $57G?LF4F>< 6V4=>6?5==O T F4>V ?D>4G>F<, O> 

F5FD47V4D>>GD>G<V=, 75>E47V4D>>GD>G<V= V >>F47V4D>>GD>G<V=. �V=>D=<<< 

?>5VG=<<< ?D>4G>F4<< T 4<7V4D>>GD>G<V= 7?N>GD>=V4, F5FD47V4D>>GD>G<V= 

7?N>GD>=V4, D5DG?>64 ><E?>F4 V 4<7V4D>D5DG?>64 ><E?>F4 [65, 82]. �6464TFLEO, 

M> >>6=4 D54>FVO <5F45>?VG=>7> L?OEG 457D444FVW >GD>G<V=G >4F4?V7GTFLEO 

E?5F<DVG=<< 5=7<<><. �D>F5 =4 EL>7>4=V 6>=< =5 V45=F<DV>>64=V V 

74?<L4NFLEO ?D54<5F>< 4?O 6<6G5==O. � 44=V, M>4> F>7>, M> EG?LDG64==O 

>GD>G<V=G 74 4>?><>7>N EG?LDGD-D5=>?-FD4=ED5D47< ?N4<=< 7 =4EFG?=<< 

6V4=>6?5==O< ?D>4G>FV6 ?V4 4VTN 4?>>7>?L457V4D>75=47< <>65 5GF< >4=<< 7 

<>6?<6<E L?OEV6 <5F45>?V7<G >GD>G<V=G G ?N4<=< [65]. �E>V?L>< ?D>4G>F< 

EV<VG=>W F4 <5F45>?VG=>W 457D444FVW G4EF>>6> ?5D5F<=4NFLEO, F> 6E5 M5 

74?<L4TFLEO 6V4>D<F<< ?<F4==O G 6V4<V==>EFOE F<E ?D>F5EV6 F4 DV6=V WE 6??<6G 

=4 =<7L>G 5V>4>EFG?=VEFL >GD>G<V=G 4?O 6<6<E >D74=V7<V6. 

1.2 �V>?>7VG=V 6?4EF<6>EFV >GD>G<V=G 

1.2.1. �5E4=V7<< 4VW >GD>G<V=G 

,<D>><= E?5>FD 5V>?>7VG=<E 4>F<6=>EF5= >GD>G<V=G ?>OE=NTFLEO 

65?<G57=>N >V?L>VEFN <>?5>G?-<VL5=5=, =4 O>V 744F5= 6??<64F< >GD>G<V=. �4 

$<E 1.8 ?D54EF46?5=> 6V4><V =4 EL>7>4=V=L=V= 45=L <VL5=V 4?O >GD>G<V=G 

[200]. �>F<64FVO >GD>G<V=>< >4=<E <VL5=5= F4 V=7V5G64==O V=L<E e 5V?LL>EFV 

6<?44>V6 ?D<76>4<FL 4> V=4G>G64==O 4?>?F>7G, M> T ?D>6V4=<< <5E4=V7<>< 

?D>F<?GE?<==>7>, 4=F<?D>?VD5D4F<6=>7>, V<G=><>4G?NNG>7>, 

4=F<54>F5DV==>7> 6??<6G >GD>G<V=G. �5F4?L=VL5 D>77?O=5<> =4=5V?LL 

7=4GGMV D4>F>D<. 

$4>F>D< FD4=E>D<?FVW, F4>V O> AP-1 F4 =<7>4 V=L<E ?>E5D54=<>V6 ?5D544GV 

E<7=4?G, 6>?NG4NG< <>?5>G?< 44757VW, >V?L>4 >V=47, F4><E O> D5F5?F>D=V 

F<D>7<=>V=47<, <VF>75=-4>F<6>64=V ?D>F5W=>V=47< (MAPK) F4 c-jun N-terminal-
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>V=47< (JNK) 6??<64NFL =4 ?5D55V7 <54<>4<5=F>7=>-V=4G>>64=>7> 4?>?F>7G 

>?VF<= [107].  

�5O>V ?GE?<==V >?VF<=< 7=<6GNFL DV65=L 4?>?F>7G L?OE>< 4>F<64FVW 

O45D=>7> D4>F>D4 NF-»B/Rel [100]. �GD>G<V= V=4G>GT 4?>?F>7, 7=<6GNG< 

5>E?D5EVN NF-»B 6 ?GE?<==<E >?VF<=4E OTG=<>V6 F4 =>7> 4>F<6=VEFL G >?VF<=4E 

<5?4=><< [268. �?VF<=< CD138+, >FD<<4=V 6V4 E6>D<E =4 <VT?><G, 

45<>=EFDGNFL >>=EF<FGF<6=> 4>F<6=V NF-»B F4 STAT3, V EG?D5EVO F<E 

D4>F>DV6 FD4=E>D<?FVW >GD>G<V=>< ?D<7=VGGT 6<6<64==O >?VF<=, M> 6 E6>N 

G5D7G V ?D<76>4<FL 4> 4?>?F>7G [25]. Akt->V=474, Ser/Tre ?D>F5W=>V=474 F4 

D>ED4F<4<?V=>7<F>?-3->V=474 T EG?D5E>D4<< 4?>?F>7G 74 L?OE>< 4>F<64FVW 

NF-»B [166, 190].  

 

 

$<E. 1.8. �>?5>G?OD=V <VL5=V, O>V <>4G?NNFLEO >GD>G<V=><. %FDV?>>N 

6=<7 (³) ?>7=4G5=> V=7V5G64==O 4>F<6=>EFV; %FDV?>>N 665DE (±) ?>7=4G5=> 

?V46<M5==O 4>F<6=>EFV [200]. 
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�GD>G<V= 6<>?<>4T ?V46<M5==O ?D>=<>=>EFV <5<5D4=<, 6FD4FG 

<5<5D4==>7> ?>F5=FV4?G F4 ?D<7=VG5==O E<=F57G �&$, M> >?>E5D54>>64=> 

6V4>D<64T ?>D< 6 V7>?L>64=<E <VF>E>=4DVOE ?5GV=>< MGDV6 [149]. �>F<64FVO 

>4E?47< 3 V D>7M5??5==O PARP V Bid, 6<6V?L=5==O <VF>E>=4DVO<< F<F>ED><G c 

F4 4>F<64FVO >4E?47< 8 G 6V4?>6V4L =4 4VN >GD>G<V=G (25 <>�) T >E=>6>N 

<VF>E>=4DV==>7> L?OEG 4?O 4?>?F>7G, V=4G>>64=>7> >GD>G<V=>< G >?VF<=4E 

HL-60 [15, 258]. 

-5 >4=VTN 646?<6>N <VL5==N >GD>G<V=G T ?GE?<==<= EG?D5E>D 

?D>F5W= D53. �E=>6=<<< F<?4<< <GF4FV= p53, M> E?D<ONFL V=647VW F4 <V7D4FVW 

?GE?<==<E >?VF<=, T <VEE5=E-<GF4FVW, <GF4FVW 74 F<?>< 7EG6G D4<>< EG<FG64==O 

F4 E??4=EV=7-<GF4FVW [43]. �=5E5==O >GD>G<V=G 6<>?<>4T p53- V p21-=574?56=<= 

4D5LF >?VF<==>7> F<>?G F4 4?>?F>7 G D4>>6<E >?VF<=4E F>6EF>W ><L>< ?N4<=< 

HCT-116 7 75=>F<?>< p53 (+ / +), p53 (- / -) F4 p21 (- / -)[90].  

�>E<44F<6=<= EFD5E, 6<>?<>4=<= GF6>D5==O< 4>F<6=<E D>D< ><E=N 

(�$�) F4 7=<65==O< DV6=O 7?GF4FV>=G F4>>6 D>77?O44NFLEO O> 646?<6V 

4>F<64F>D< 4?>?F>7G [87]. �G4GG< ?V?>DV?L=>N E?>?G>>N, >GD>G<V= <>65 

4>?4F< FD4=E<5<5D4==<= <VF>E>=4DV==<= 54D9TD F4 75V?LLG64F< ?D>=<>=VEFL 

4?O ?D>F>=V6. /> =4E?V4>>, 6V45G64TFLEO ?D<7=VG5==O 4>G<G?OFVW 5=5D7VW ATP 6 

<VF>E>=4DVW, M> <>65 ?D<7657F< 4> 75V?LL5==O >V?L>VEFV ROS, M> 

D>77?O44TFLEO O> >4<= V7 D4>F>DV6 F<F>F>>E<G=>EFV >GD>G<V=G, >E>V?L>< 

GGF?<6VEFL 5474FL>E ?GE?<==<E >?VF<= 4> >GD>G<V=G >>D5?NT 7 75=5D4FVTN 

EG?5D>>E<4=<E D44<>4?V6 [103]. ' FL><G 6<?44>G >GD>G<V= T ?D>>>E<44=F><, 

M> ?V46<MGT 4>F<6=VEFL 4=F<>>E<44=F=<E 5=7<<V6 [188, 189] F4 75V?LLGT 

DV65=L 7?GF4FV>=G [253].  

' FL><G D>74V?V =4<< 5G?< D>77?O=GFV >E=>6=V <>?5>G?OD=V <5E4=V7<<, 

=4 O>V 6??<64T >GD>G<V=. ' =4EFG?=><G D>74V?V 5G45 ?D>4=4?V7>64=> 

>E>5?<6>EFV 5V>?>7VG=<E 6V4?>6V45= ?GE?<==<7 >?VF<= ?D< 4VW >GD>G<V=G. 
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1.2.2. �??<6 >GD>G<V=G =4 6<6V >D74=V7<< 

�D>F<?GE?<==4  F4 4=F<?D>?VD5D4F<6=4 4>F<6=VEFL >GD>G<V=G 

�GD>G<V= <4T 4=F<?D>?VD5D4F<6=<= 6??<6 O> =4 EF44VW V=VFVN64==O 

>=>>?>7VG=>7> 74E6>DN64==O, F4> V ?V4 G4E D>76<F>G V ?D>7D5EG64==V ?GE?<= 

[54, 180]. �V?L>4 4>E?V465=L =4 F64D<=4E ?>>474?<, M> >GD>G<V= <4T 

4>7>74?56=<= EV<V>?D>DV?4>F<G=<= 5D5>F ?D< >4=F5D>75=57V F>6EF>W ><L><, 

464=44FOF<?4?>W ><L><, L?G=>4, EFD46>E>4G F4 ?5D>D4?L=>7> 6G7?4 [134, 159]. 

�V4 4VTN >GD>G<V=G 6V45G64TFLEO 7<5=L5==O D>7<VDG ?GE?<=, V=4G>>64=<E 

4VTN 55=74?VD5=G V 7,12- 4<<5F<?55=744=FD4F5=G [52], 4 F4>>6 74FD<<>4 

D>76<F>> ?GE?<=, V=4G>>64=<E D>D5>?>6<<< 5DVD4<< =4 L>VDV <<LV [85]. �4?V 

45F4?L=VL5 D>77?O=5<> 6??<6 >GD>G<V=G =4 DV7=V F<?< >=>>?>7VG=<E 

74E6>DN64=L. 

�??<6 >GD>G<V=G =4 D4> 7DG4=>W 74?>7< 

� DV7=V EFG?5=V 7?>O>VE=>EFV F4 EF44V= ?GE?<==>7> D>EFG D4>G 7DG4=>W 

74?>7< [7]. �V?LL5 70% 6<?44>V6 D4>G 7DG4=>W 74?>7< <4NFL ?V46<M5=<= DV65=L 

5>E?D5EVW D5F5?F>D4 5EFD>75=G (ER) =4 E6>W= ?>65DE=V, F><G 4=F<5EFD>75=< 

G4EF> 6<>>D<EF>6GNFLEO O> >E=>6=5 ?V>G64==O. �D>F5 6E5 5V?LL5 4>>47V6 

?>>47GT, M> ?>T4=4==O DV7=<E ?D5?4D4FV6 ?D54EF46?OT =4=>D4MG EFD4F57VN 

?V>G64==O D4>G 7DG4=>W  74?>7<. �GD>G<V= ?D>O6?OT 4>F<6=VEFL O> M>4> 

5EFD>75=-?>7<F<6=<E, F4> V 5EFD>75=-=574F<6=<E >?VF<= D4>G 7DG4=>W  74?>7<. 

�GD>G<V= 6>?>4VT ??5=>FD>?=<<< 5D5>F4<<, O><<< <>4G?NT 4>F<6=VEFL 

?GE?<==<E >?VF<=, ?D<7=VGGNG< ?D>?VD5D4FVN <4?V7=V7>64=<E >?VF<=, 

?D>7D5EG64==O >4=F5D>75=57G, 4>F<6=VEFL <5F4EF47G64==O, D>76<F>> 

4=7V>75=57G F>M>. $>77?O=5<> >E=>6=V 6V4><V 5D5>F< >GD>G<V=G =4 DV7V>?>7VG=V 

6V4?>6V4V >?VF<= D4>G 7DG4=>W  74?>7<. 

' ?D>?VD5D4FVW >?VF<= D4>G 7DG4=>W  74?>7< NF-»B 4 ?D>74?4?L=<= 

D4>F>D FD4=E>D<?FVW 4 6V4V7D4T >?NG>6G D>?L. �V= D57G?NT FD=4E>D<?FVN 

?>=44 500 DV7=<E 75=V6, ?D>4G>F< O><E <>G?NNFL EF4= 4>F<6=>EFV E<7=4?L=<E 

L?OEV6 >?VF<=, O>V D57G?NNFL, 7>>D5<4, D>76<F>> 74?4?5==O, M> <>65 
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?D<7657F< 4> V=4G>FVW >4=F5D>75=57G. %?>?G><, 744F=V 674T<>4VOF< 7 NF-»B, 

L?OE>< =>7> V=7V5G64==O, <>6GFL 5GF< 6<>>D<EF4=V 6 F5D4?VW >=>>?>7VG=<E 

74E6>DN64=L [104, 113, 127]. 

�=L<<< <VL5=O<<, M> 6??<64NFL =4 ?D>?VD5D4FVN >?VF<= D4>G 7DG4=>W  

74?>7<, T D5F5?F>D< 5?V45D<4?L=>7> D4>F>DG D>EFG EGFR/ HER1 F4 HER2 

HER2 D>77?O44TFLEO O> D4D<4>>?>7VG=4 <VL5=L 4?O ?V>G64==O, >E>V?L>< =>7> 

=44<VD=4 5>E?D5EVO ?D<76>4<FL 4> D>76<F>G 5474FL>E 6<4V6 ?GE?<==<E E6>D>5 

[106]. �GD>G<V=, >>D5<> 45> 6 ?>T4=4==V 7 =>7> 4=4?>74<<, <>65 ?D<7=VGG64F< 

6<FFT744F=VEFL >?VF<= D4>G 7DG4=>W  74?>7< 74 D4EG=>> V=7V5G64==O 

F<D>7<=>V=47=>W 4>F<6=>EFV HER2 D5F5?F>DG [264].  

-5 >4=<< <5E4=V7<><, 74?GG5=<< 4> >4=F5D>75=57G, T 7<V=< (<GF4FVO G< 

4<??VDV>4FVO) G ?D>F5W=>V=47V B (Akt->V=474) [191]. $47>< 7 <GF>64=>N Akt 

>V=47>N, mTor->V=474 ?>E<?NT DVEF F4 ?D>?VD5D4FVN <4?V7=V7>64=<E >?VF<=, 

E?D<ONG< D>76<F>G 74E6>DN64==O [230]. ' >?VF<=4E D4>G 7DG4=>W  74?>7< 

>GD>G<V= 7=<6GT 4>F<6=VEFL >V=47< Akt G 4>7>- F4 G4E>- 74?56=<= E?>EV5, 4 

F4>>6 V=4G>GT 46F>D47VN F4 ?D<7=VGGT G5V>6VF<=-?D>F54E><=<= L?OE [74]. 

�DV< F>7>, 5G?4 6<EG=GF4 7V?>F574 ?D> F5, M> 744F=VEFL >GD>G<V=G 4> V=4G>FVW 

4?>?F>7G F4 4GF>D47VW G >?VF<=4E D4>G 7DG4=>W  74?>7< 74V=E=NTFLEO L?OE>< 

5?>>G64==O E<7=4?L=>7> L?OEG PI3K/Akt [5]. �G?> ?D>45<>=EFD>64=> 

?V46<M5=<= DV65=L 4?>?F>7G >?VF<= MCF-7 ?VE?O WE >5D>5>< >><5V=4FVTN 

>GD>G<V=4 F4 V=7V5VF>D4 PI3K, M> E6V4G<FL ?D> WE E<=5D7VG=<= 5D5>F [92]. 

�GD>G<V= F4>>6 744F=<= ?5D5L>>464F< EGFR-74?56=><G >?VF<==><G 

E<7=4?L=><G L?OEG, O><=, O> ?>6V4><?OTFLEO, ?>69O74=<= 7 ?D>?VD5D4FVTN, 

44757VTN, <V7D4FVTN, V 4<D5D5=FVN64==O< D4>>6<E >?VF<= [220, 262]. &4><< 

G<=><, <>4G?N64==O EGFR T E>D>L>N EFD4F57VTN 4?O ?V>G64==O D4>G. 

�GD>G<V= ?D<7=VGGT DVEF V ?D>?VD5D4FVN >?VF<= D4>G 7DG4=>W  74?>7< L?OE>< 

7<5=L5==O ?5D544GV E<7=4?V6 EGFR V 7=<65==O DV6=V6 EGFR V Akt [217, 227]. 

-5 >4=<< ?D<>?44>< F>7>, O> >GD>G<V= D54?V7GT E6>W ?D>F<?GE?<==V F4 

4=F<?D>?VD5D4F<6=V 6?4EF<6>EFV T <>4G?N64==O D4>F>D4 FD4=E>D<?FVW Nrf2, 

O><= D57G?NT 4>F<6=VEFL 75=V6, 6V4?>6V44?L=<E 74 45F>>E<>4FVN <>?5>G?-
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5?5>FD>DV?V6 V ROS F4 5?V<V=4FVN 45> 6V4=>6?5==O 45O><E ?>L>>465=<E =<<< 

?D>4G>FV6 [115]. 

�V4><>, M> 5EFD>75=-=574F<6=V >?VF<=< D4>G 7DG4=>W  74?>7< MDA-MB-

231 <4NFL 6<E>><= DV65=L V=647<6=>EFV 74 D4EG=>> 46>E ?D>F5W=V6 - MMP-2 

(<4FD<>E=>W <5F4?>?D>F5W=47<) F4 TIMP-1 (F>4=<==<= V=7V5VF>D 

<5F4?>?D>F5W=47<), M> T DG=>FV>=4?L=<<< 4=F47>=VEF4<<. �G?> ?>>474=>, M> 

>GD>G<V= 744F=<= 6<>?<>4F< 7<5=L5==O V=647<6=>EFV F<E >?VF<= L?OE>< 

V=7V5G64==O MMP-2 D47>< 7 ?4D4?5?L=>N 4>F<64FVTN TIMP-1 (F>4=<==<= 

V=7V5VF>D <5F4?>?D>F5W=47<) [201]. 

�??<6 >GD>G<V=G =4 D4> ?575=V 

�GE?<==V 74E6>DN64==O ?575=V T M5 >4=<< L<D>>> D>7?>6EN465=<< 

74E6>DN64==O< 7 6<E>><< DV6=5< ?5F4?L=>EFV, 7>>D5<4 E5D54 G>?>6V>V6 [64]. 

�G?> ?>>474=>, M> >GD>G<V= 744F=<= ?D<7=VGG64F< D4>F>D NF-»B ?D< 6??<6V 

=4 >?VF<==G ?V=VN �549, 4 F4>>6 V=7V5G64F< E<7=4?L=<= L?OE JAK2/STAT3 

[256]. �DV< F>7>, 5G?> ?D>45<>=EFD>64=>, M> >GD>G<V= 744F=<= ?D<7=VGG64F< 

?D>?VD5D4FVN V =46VFL V=4G>G64F< 4?>?F>7 L?OE>< V=7V5G64==O PI3K/Akt 

E<7=4?L=>7> L?OEG F4 EF<<G?N64==O GF6>D5==O <V>D>$��-192-5p 4?O 

=54DV5=>>?VF<==>7> D4>G ?575=V [94]. -5 >4=<< <5E4=V7<>< 6??<6G >GD>G<V=G 

6 >?VF<=4E ?575=56>W 445=>>4DF<=><< T ?D<7=VG5==O 5>E?D5EVW =<7>< ?D>F5W=V6, 

7>>D5<4 COX-2, EGFR F4 ERK (>V=474, M> D57G?NTFLEO ?>74>?VF<==<< 

E<7=4?><), M> ?D<76>4<FL 4> ?V46<M5==O DV6=O 4?>?F>7G V 7=<6GT 

6<FFT744F=VEFL >?VF<= 445=>>4DF<=><< [122].  

�??<6 >GD>G<V=G =4 =5>??47VW 75<>?>5F<G=>7> ?>E>465==O 

�5<4F>?>7VG=V ?GE?<==V 74E6>DN64==O ?>69O74=V V7 FD4ED>D<4FVTN 

>?VF<= >D>6V F4 >VEF>>6>7> <>7>G. �4=5V?LL D>7?>6EN465=<<< T F4>V 

74E6>DN64==O O> ?V<D><4, ?5=>5<VO F4 <=>6<==4 <VT?><4. �G?> ?>>474=>, M> 

>GD>G<V= 744F5= V=4G>G64F< 4?>?F>7 �->?VF<= ED>=VG=>W ?V<D>W4=>W ?5=>5<VW 

L?OE>< V=7V5G64==O STAT3, Akt, NF-»B, and X-769O74=>7> V=7V5VF>D4 
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4?>?F<G=>7> ?D>F5W=G (%-linked inhibitor of apoptosis protein, XIAP) [68, 170]. 

�>DV< F>7>, 5G?> ?>>474=>, M> >GD>G<V= 744F=<= 6<>?<>4F< 4?>?F>7 L?OE>< 

4>F<64FVW JNK/ERK/AP1 L?OEG G >?VF<=4E THP-1 7>EFD>7> <>=>F<F4D=>7> 

?5=>>7G [259].  

' >?VF<=4E ED>=VG=>7> <VT?>?5=>>7G ?D>F<?GE?<==V 6?4EF<6>EFV 

>GD>G<V=G ?D>O6?O?<EO L?OE>< ?V46<M5==O 4>F<6=>EFV PTEN, >4=>7> 7 

<GF>64=<E 45> «<>6G47=<E» ?GE?<==<E EG?D5E>DV6, M> T >4=VTN 7 ?D<G<= 

FD4=ED>D<4FVW >?VF<=. PTEN, 6 E6>N G5D7G, T <VL5==N miR-21, <V>D>$��, M> 

T 7V?5D5>E?D5E>64=>N 6 5474FL>E 6<44E ?GE?<==<E >?VF<=. �GD>G<V= V=4G>G646 

>?>E5D54>>64=G miR-21 <>4G?N64==O L?OEG PTEN/AKT, 6<>?<>4NG< 

?D<7=VG5==O D>EFG <4?V7=V7>64=<E  >?VF<= in vitro F4 in vivo [234].  

�V<D><< T ?9OF<< 74 ?>L<D5=VEFN ?GE?<==<< 74E6>DN64==O< V ?9OF>N 

>E=>6=>N ?D<G<=>N E<5DF=>EFV 6V4 D4>G 6 74EV4=<E >D4W=4E. ' ?V<D><V 

�5D>VFF4 4 =5E>46>V=EL>V= ?V<D><V 6<E>>>7> EFG?5=O 7?>O>VE=>EFV 4 

>GD>G<V= ?D<7=VGG646 4>F<6=VEFL L?OEG NF-»B 74 D4EG=>> V=7V5G64==O =>7> 

4>F<64F>D PI3K/Akt &5= 5D5>F 6<>?<>46 4?>?F>7 G FDL>E >?VF<==<E ?V=VOE 

?V<D><< �5D>VFF4 ?N4<=<, 4 E4<5 Namalwa, Ramos V Raji, O>V 5G?< >5D>5?5=V 

V>=V7GNG<< 6<?D><V=N64==O< O> D4>F>D>< >>=F5D>75=57G [56]. �GD>G<V= 

F4>>6 6??<64T =4 V=F5D?5=>V=-1 (IL-1³ F4 IL-1³), ?>FG6=<= F4 

5474F>DG=>FV>=4?L=<= ?D>74?4?L=<= F<F>>V=, O><= 55D5 GG4EFL G 

?D>7D5EG64==V D>76<F>G ?GE?<=< G5D57 5>E?D5EVN <5F4EF4F<G=<E F4 

4=7V>75==<E 75=V6 V D4>F>DV6 D>EFG. �GD>G<V= 7=<6G646 >4=F5D>75=57 L?OE>< 

7=<65==O E5>D5FVW ?D>74?4?L=>7> F<F>>V=G V=F5D?5=>V=G-1 (IL-1³ F4 IL-1³) 

G5D57 <>4G?OFVN AP-1 F4 NF-IL6, M> 5G?> ?>>474=> =5 <>45?V <<L5= 7 

?V<D><>N [49]. 

 &4><< G<=>< <>6=4 7D>5<F< 6<E=>6>> ?D> G=V65DE4?L=VEFL >GD>G<V=G O> 

?D>F<?GE?<==>7> 475=F4, O><= 744F5= V=7V5G64F< >4=F5D>75=57, 

<5F4EF47G64==O, <V7D4FVN <4?V7=V7>6=<E >?VF<= DV7=>W ?D<D>4<. �??<6 

>GD>G<V=G >?>E5D54>>64=<= 5474FL<4 L?OE4<<, O>V 76>4OFLEO 6 ?5DLG G5D7G 

4> V=4G>FVW 4?>?F>7G G5D57 <>4G?OFVN DV7=><4=VF=<E E<7=4?L=<E L?OEV6. 
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�D>F<74?4?L=4 F4 4=F<>>E<44=F=4 4>F<6=VEFL >GD>G<V=G F4 =>7> 

V<G=><>4G?N64?L=<= 6??<6 

�474F> 7 F5D4?56F<G=<E 5D5>FV6 >GD>G<V=G, ?>6'O74=V 7 =>7> 744F=VEFN 

?D<7=VGG64F< 7>EFD5 V ED>=VG=5 74?4?5==O [208]. �>E?V465==O in vitro ?>>474?<, 

M> >GD>G<V= ?D<7=VGGT 4>F<6=VEFL ?V?>>>E<75=47< F4 F<>?>>>E<75=47< G 

V=4G>>64=><G D>D5>?-12-<VD<EF4FV-13-4F5F4F>< 74?4?5=V >?VF<= <<L4G<E 

DV5D>5?4EFV6 [86], 4>F<6=>EFV >E4=F<=>6<E >>E<75=47 G >?VF<=4E NIH3T3 [126], 

E<=F57 >>E<4G 47>FG 6 <<L4G<E <4>D>D474E RAW264.7 [28] V 75=5DG64==O 

4>F<6=<E D>D< ><E=N (ROS) 6 4>F<6>64=<E ?5D<F>=54?L=<E <4>D>D474E MGDV6 

[95]. -5 >4=5 4>E?V465==O ?>>474?>, M> >><E?N64?L=4 EF<<G?OFVO ?D>F5W=V6 

G 6 <5<5D4=4E ?N4EL>>7> <>7>G <5F45>?VG=<<< ?D>>>E<44=F4<<, 

7><>F<EF5W=>< V ?5Djrcbljv 6>4=N <>65 5GF< 7=4G=> ?D<7=VG5=4 4VTN 

>GD>G<V=G [91]. �>DV< F>7> 5G?> 4>6545=>, M> >GD>G<V= ?D<7=VGGT ?5D5><E=5 

>><E?5==O ?V?V4V6 G ?D5?4D4FV <V>D>E>< ?5GV=>< MGDV6 [189], 4 F4>>6 G 

7><>75=4F4E <>7>G MGDV6, 45 >GD>G<>=V4< D4>F<G=> ?D>O6?ONFL 5V?LL E<?L=G 

4=F<>>E<44=F=G 4>F<6=VEFL, =V6 4?LD4-F>>>D5D>? [186].  

 

$<E.1.9. �<G=><>4G?N64?L=V 5D5>F< >GD>G<V=G [239] 

 �4 EL>7>4=VL=V= 45=L 6V4><>, M> >GD>G<V= <>65 ?D>O6?OF< E555 V O> 

<>4G?OF>D 7G<>D4?L=>W F4 >?VF<==>W V<<G=>W 6V4?>6V4V ($<E. 1.9). %>G4 ?<F4==O 
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V<G=><>4G?OF>D=>W 4>F<6=>EFV >GD>G<V=G FV?L>< =4 ?>G4F>G E6>7> 6<6G5==O V 

?>FD55GT 65?<>>W >V?L>>EFV DV7=>EF>D>==VE 4>E?V465=L, 665 ?>>474=>, M> 

>GD>G<V= 744F5= ?V4E<?<F< ?D>4G>FVN 4=F<FV? ??47<4F<G=<<< >?VF<=4<<. 

�DV< F>7>, >GD>G<V= 744F5= V=7V5G64F< GF6>D5==O ?D>74?4?L=<E F<F>>V=V6 

<4>D>D474<< F4 ?V<D>F<F4<< F4 ?D>?VD5D4F<6=G F4 F<F>F>>E<G=G 6V4?>6V4L &-

?V<D>F<FV6 in vitro. �>>474=>, M> ?D>6V4=G D>?L 6 >?<E4=<E <>4G?OFVOE 

6V4V7D4T V=7V5G64==O >GD>G<V=>< D4>F>DV6 NF-»B F4 AP1 [2].  

�5=D>?D>F5>F>D=4 4VO >GD>G<V=G 

�464O>< E6>W= 5474F>7D4==V= D4D<4>>?>7VG=V= 4VW >GD>G<V= EF46 >59T>F>< 

4>E?V465==O M>4> <>6?<6>EFV 6<>>D<EF4==O 4?O ?V>G64==O 45> ?D>DV?4>F<>< 

=5=D>4575=5D4F<6=<E 74E6>DN64=L, F4><E O> E6>D>54 �?LF75=<5D4 (AD) [187], 

E6>D>54 �4D>V=E>=4 (PD) [152]. AD E4D4>F5D<7GTFLEO 6V4>?445==O< ³-

4<V?>W4=<E (�³) 5?OL>> G ?4D5=EV<V <>7>G 7 ?>44?LL>N 6FD4F>N E<=4?F<G=<E 

769O7>V6 V 747<55??N =5=D>=V6. �5?>=>64=<= �³ D547GT 7 4>F<6>64=>N 

<V>D>7?VTN 7 ROS V F<F>E5<>>V=4<<, M> ?D<76>4<FL 4> 646>>7> 

=5=D>74?4?5==O. �?O ?V46<M5==O 5V>4>EFG?=>EFV >GD>G<V=G 5G?> ED>D<>64=> 

?>?V<5D=V =4=>G4EF<=>< 7 V=>4?EG?L>64=<< >GD>G<V=>< (NanoCurc #), M> T 

?>6=VEFN D>7G<==<< G 6>4V. �V>G64==O NanoCurc # 74E<M4T =5=D>==> 

4<D5D5=FV=>64=V ?N4EL>V SK-N-SH >?VF<=< 6V4 >?>E5D54>>64=<E ROS (H2O2) 

V=EG?LFV6, M> ?>?5D5464T D>76<F>> AD [152, 187].  

�??<6 >GD>G<V=G =4 E5DF56>-EG4<==G E<EF5<G 

%5D54 L<D>>>7> E?5>FDG 5V>?>7VG=>W 4>F<6=>EFV >GD>G<V=G 6V47=4G4NFL 

V =>7> ?>7<F<6=<= 6??<6 =4 7474?L=<= EF4= E5DF56>-EG4<==>W E<EF5<<. 

�>>D5<4, ?>>474=>, M> >GD>G<V=>W4< <>6GFL 7=<6G64F< DV65=L 

F<D>G?OFV==>7> %-D54>F<6=>7> ?D>F5W7=G, O><= D>77?O44TFLEO O> <4D>5D F4 

=574?56=<= D4>F>D D<7<>G E5DF56>-EG4<==<E 74E6>DN64=L [193]. �>DV< F>7>, 

4>6545=>, M> >GD>G<V= ?D>O6?OT 5D5>F<6=VEFL ?D>F< D>76<F>G V=D4D>FG 

<V>>4D44 F4 4F5D>E>?5D>7G [2]. �=L<<< 6G5=<<< 747=4G5=> 7=<65==O DV6=O 

FD<7?VF5D<4V6, ?V?>?D>F5W4V6 =<7L>>W MV?L=>EFV F4 7474?L=>7> E>?5EF5D<=G ?V4 

6??<6>< >GD>G<V=G [111]. Swamy 7 >>?574<< ?>>474?<, M>. >GD>G<V= 74?>5V74T 
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>4D4V><V>?4FVW, E?D<G<=5=V= 4>>E>DG5VF<=><. �V4 4VTN >GD>G<V=G 

75V?LLGTFLEO DV65=L 7?GF4FV>=G (GSH), EG?5D>>E<44<E<GF47< (SOD) V >4F4?47< 

(CAT) [228]. 

�??<6 >GD>G<V=G =4 ?5D55V7 FG>D>6>7> 4V455FG 

 �474F>7D4==VEFL 6<>>D<EF4==O >GD>DG<V=G G F5D4?56F<G=<E FV?OE 

>E>??NT V =>7> ?>7<F<6=<= 6??<6 =4 ?5D55V7 F4><E <5F45>?VG=<E 74E6>DN64=L, 

O> 4V455F. �D< ?5D>D4?L=><G ?D<=><G >GD>G<V=G MGD4<< 7 4V455F>< 6V4<VG4?< 

7=<65==O DV6=O FG>DG F4 75<>7?>5V=G 6 >D>6V [19]. Murudan F4 Pari ?>>474?< 

7=<65==O DV6=O 7474?L=<E ?D>F5W=V6 6 ??47<V >D>6V, 6 F><G G<E?V 7=<65==O 

DV6=O 4?L5G<V=G, 7?>5G?V=G, 4?L5G<V=/7?>5G?V= E?V66V4=>L5==O, O>V ?D4>F<G=> 

?D<=L?< 4> =>D<G G MGDV6 7 4V455F><, O>V FD<64?<= G4E 66<64?< >GD>G<V= 

[151].  

�=F<54>F5DV==V F4 4=F<6VDGE=V 6?4EF<6>EFV >GD>G<V=G 

/> 6V4><>, >GD>G<V= <4T ?DO<G 4=F<54>F5DV==G 4>F<6=VEFL M>4> 

L<D>>>7> E?5>FDG 54>F5DV=. �4 6V4EGF=>EFV E6VF?4 >GD>G<V= 6<O6?O6 =57=4G=<= 

4=F<54>F5DV==<= 5D5>F. $V7=V 4>E?V465==O ?>DV6=N64?< 5D5>F<6=VEFL 

F<F>F>>E<G=>EFV >GD>G<V=G <V6 7D4<?>7<F<6=<<< (Staphylococcus aureus, S. 

intermedius, Enterococcus faecalis) V 7D4<=574F<6=<<< 54>F5DVO<< (Escherichia 

coli, Salmonella typhimurium, Sarcina lutea). T>nnesen et al. 6<6G4?< 

D>F>5V>?>7VG=<= 5D5>F >GD>G<V=G =4 54>F5DV==<E E<EF5<4E V 

?D>45<>=EFDG64?<, M> 6 G<>64E 6<4<<>7> E?5>FD4 E6VF?4 >GD>G<V= ?D>O6?OT 

D>F>F>>E<G=G 4VN M>4> Salmonella typhimurium V E.coli ?D< 4G65 =<7L><E 

>>=F5=FD4FVOE [235]. �5M>446=> >FV=N64?<EO D>F>F>>E<G=V 5D5>F< >GD>G<V=G 

7 4F<=4D=<<< >?VF<=4<< E?<==<E 74?>7 V >FD<<4=V D57G?LF4F< ?>>474?<, M> 

<V>D><>?OD=V >>=F5=FD4FVW >GD>G<V=G, G E?>?GG5=V 7 =<7L><< DV6=5< 

>E6VF?5=>EFV, 5G?< 5D5>F<6=<<< 6 ?V>G64==V GD465=L ?>D>6=<=< D>F4 [29].  

 �>DV< 6<D465=<E 4=F<54>F5DV==<E 6?4EF<6>EF5=, >GD>G<V=G ?D<F4<4==4 

?D>F<6VDGE=4 4>F<6=VEFL O> M>4> ���-6<VE=<E, F4> V $��-6<VE=<E 6VDGEV6. 

�>G<=4NG< 7 90-E D>>V6 <<=G?>7> EF>?VFFO >GD>G<V= ?>G4?< 74EF>E>6G64F< O> 

475=F >><5V=>64=>W F5D4?VW 4?O ?V>G64==O 6VDGE=<E 74E6>DN64=L [17]. 
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�>E?V465==O <5E4=V7<V6 4=F<6VDGE=>W 4>F<6=>EFV >GD>G<V=G ?>>474?> >V?L>4 

<>6?<6<E L?OEV6. �>>D5<4, 4?O E>?44=<E 6VDGEV6, M> <4NFL EG?5D>4?E<4, 5G?4 

?>>474=4 674T<>4VO >GD>G<V=G 7 ?>65DE=56<<< ?D>F5W=4<< EG?5D>4?E<4G, M> 

?D<76>4<?> 4> 7<5=L5==O 6VDGE=>7> =464=F465==O 6 >?VF<=V [42, 44]. /> 5G?> 

6?5DL5 >?<E4=> Li 7V E?V646F>D4<<, >GD>G<V= 6??<64T =4 ?V?V4=<= 5VL4D 

<5<5D4=< EG?5D>4?E<4G O> 475=F, M> F4>>6 74FD<<GT ?>FD4??O==O 6VDGEG 4> 

>?VF<=<-E47OW=4 [88]. �DV< F>7>, G<E?5==V 4>E?V465==O ?>>474?<, M> >GD>G<V= 

?5D5L>>464T ?D>=<>=5==N DV7=<E 6VDGEV6 G >?VF<=< F4 ?D>4G>FVW =>6<E 

6VDGE=<E G4EF<=>> 74 D4EG=>> =>7> 674T<>4VW 7 ?>65DE=56<<< ?D>F5W=4<< 

6VDGEG [154]. Chen F4 V=., 6<O6?5=> 7=<65==O =4 90% 6VDGE=>7> =464=F465==O 

7D<?G 6 V=DV>>64=<E >?VF<==<E ?V=VOE MDCK, >5D>5?5=<E 30 <>� >GD>G<V=><. 

�DV< F>7>, 6>=< ?>>474?< ?DO<<= 6??<6 >GD>G<V=G =4 H1N1 F4 H6N1 M>4> 

7=<65==O V=D5>FV==>EFV G5D57 5?>>G64==O 75<47?NF<=4FVW [39].  

 

1.3. %?>E>5< ?V46<M5==O 5V>4>EFG?=>EFV >GD>G<V=G 

1.3.1. �<7L>4 5V>4>EFG?=VEFL >GD>G<V=G 

�576464NG< =4 ?5DE?5>F<6=VEFL 6<>>D<EF4==O >GD>G<V=G G5D57 

5474F>7D4==VEFL =>7> 5V>?>7VG=<E 6?4EF<6>EF5=, M> <>6GFL 5GF< 6<>>D<EF4=V 

G D4D<4>>?>7VG=V= ?D><<E?>6>EFV, =<7L>4 5V>4>EFG?=VEFL >GD>G<V=G T 

>E=>6=<< =54>?V>><, M> GE>?44=NT =>7> D>76<F>> O> 5D5>F<6=>7> 

F5D4?56F<G=>7> 74E>5G. $4D<4>>>V=5F<>4 >GD>G<V=G 4>6>4<FL =>7> =V7L>G 

5V>4>EFG?=VEFL =5 ?<L5 =4 DV6=V >?VF<=, 4 = =4 DV6=V >D74=V7<G. 

$4D<4>>>V=5F<>G >GD>G<V=G G <<L5= ?>DV6=N64?< 74 4>?><>7>N 

?5D>D4?L=>7> 45> 6=GFDVL=L>G5D56=>7> 66545==O. �D< 66545==V >GD>G<V=G 

?5D>D4?L=> 6 4>7V 0,1 7 / >7 DV65=L >GD>G<V=G 6 ??47<V 4>EO746 =4=6<M>W 

>>=F5=FD4FVW (0,22 <>7 / <?) G5D57 1 7>4; ?>FV< DV7>> 7=<6G646EO 4> DV6=O =<6G5 

5 =7 / <? ?D>FO7>< 6 7>4<=. �GD>G<V=, M> 66>4<6EO G5D57 

6=GFDVL=L>>G5D56<==G ?>D>6=<=G (0,1 7 / >7), 6 >>=F5=FD4FVW 6 ??47<V 4>EO746 

<4>E<<4?L=>7> 7=4G5==O 6 2,25 <>7 / <?, 4?5 L6<4>> 7=<6G646EO ?D>FO7>< 1 
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7>4. �V6 F<<, D>7?>4V? >GD>G<V=G 6 >E=>6=><G >>=F5=FDG646EO 6 ><L5G=<>G 

(> 100 <>7 / 7), 44?V =4GFL E5?57V=>4 (26,1 <>7 / 7), ?5GV=>4 (26,9 <>7 / 7), =<D>< 

(7,5 <>7 / 7) V F>4=<=4 <>7>G (0,4 <>7) [169]. �G?> ?>>474=>, M> <4>E<<4?L=<= 

DV65=L >GD>G<V=G 6 E<D>64FFV EF4=>6<6 0,36 ± 0,05 <>7 / <?, >>?< MGD4< G5D57 

6=GFDVL=L>65==5 66545==O 66>4<?< 10 <7 / >7 >GD>G<V=G, 6 ?>DV6=O==V 7 0,06 ± 

0,01 <>7 / <? >GD>G<V=G G E<D>64FFV, >>?< ?D<=>< 5G6 ?5D>D4?L=<<, E>G4 4>74 

5G?4 G 50 D47V6 6<M5 ?D< ?5D>D4?L=><G 66545==V [260]. �<E>4OG< 7 D57G?LF4FV6 

F<E 4>E?V465=L, 7D>7G<V?>, M> L?OE 66545==O 6V4V7D4T 646?<6G D>?L G 

E<D>64F>>6><G DV6=V >GD>G<V=G, 6 O>><G 5V>4>EFG?=VEFL >GD>G<V=G 7=4G=> 

=<6G4 ?D< ?5D>D4?L=><G 66545==V 6 ?>DV6=O==V 7 6=GFDVL=L>G5D56<==<<< F4 

6=GFDVL=L>65==<<< L?OE4<<. 

�5?<>4 7V4D>D>5=4 G4EF<=4 <>?5>G?< >GD>G<V=G ?D<76>4<FL 4> ?>74=>W 

D>7G<==>EFV G 6>4V, M> G4EF>>6> ?D<76>4<FL 4> =<7L>>W 5V>4>EFG?=>EFV 6 

>D74=V7<V ?N4<=<. �>DV< F>7>, L6<4><= >4F45>?V7< >GD>G<V=G F4 =>7> L6<4>5 

>>E<=5==O [248] >5<56GT F5D4?56F<G=5 74EF>EG64==O >GD>G<V=G, E>G4 6 

FD44<FV==V= EEV4=V= <54<F<=V 6V= 6V4><<= 7 446=VE G4EV6. �D>FO7>< 5474FL>E 

D>>V6 4>E?V465==O 6>47G64?< =4 =<7L>G 5V>4>EFG?=VEFL >GD>G<V=G in vivo, 

6>?NG4NG< =<7L><= DV65=L 45E>D5FVW F4 6<E>>G L6<4>VEFL <5F45>?V7<G.  

�E=GT >V?L>4 ?5DE?5>F<6=<E E?>E>5V6 ?V46<M5==O 5V>4>EFG?=>EFV 

>GD>G<V=G 6>?NG4NG< EV<VG=V <>4<DV>4FVW [75], 657<>G?OD=V ??4FD>D<< 

4>EF46>< =4 >E=>6V =4=>G4EF<=>> [78], 5>7>E><< [163] 45> <VF5?< [79 ] , 4 F4>>6 

GF6>D5==O >><??5>EV6 7 ?D>F5W=4<<  F4 V=L<<< 5V><>?5>G?4<< [237]. %5D54 

=<E ??4FD>D<< =4 >E=>6V ?D>F5W=V6 4?O FV?L>6>W 4>EF46>< >GD>G<V=G 4> ?56=<E 

F<?V6 ?GE?<==<E >?VF<= 66464NFLEO 7>?>6=<< ?D4>F<G=<< V=F5D5E>< G5D57 

<>6?<6VEFL 6<>>D<EF4==O ?D<D>4=<E ?>?V?5?F<4=<E ?V74=4V6 4?O ?56=<E F<?V6 

D5F5?F>DV6, ?>69O74=<E V7 D4>><. 

1.3.2. �<>>D<EF4==O 657<>G?OD=<E FD4=E?>DF<E E<EF5< 

 �4=<< 7 <>6?<6<E E?>E>5V6 ?V46<M5==O 5V>4>EFG?=>EFV >GD>G<V=G T 

=>7> G?4>>6>4 6 5>7>E><<. �>5D5 6V4><>, M> O> ?D>>4DV>F<G=V, F4> V 

file:///C:/Users/dariy/Downloads/ДИСЕРТАЦІЯ%20ЧУДІНА.docx%23_Toc514766954


50 

 

56>4DV>F<G=V >?VF<=< 744F=V GF6>DN64F< =565?<>V <5<5D4==V ?GE<DFV, O>V 

=47<64NFL ?>74>?VF<==<<< 657<>G?4<<. &V 657<>G?< <>6=4 6<4V?<F< 7 L<D>>> 

E?5>FDG >?VF<=, 4 F4>>6 WE <>6=4 7=4=F< 6 DV7=<E DV4<=4E >D74=V7<G, =4?D<>?44 

G E5GV, E?<=V, E?<==><>7>>6V= DV4<=V, ??47<V F4 E<D>64FFV [55]. �E=GT FD< 

>E=>6=V F<?< ?>7>4?VF<==<E 657<>G?, 4 E4<5 4?>?F>F<G=V FV?LFO (135 µ< G 

4V4<5FDV), <V>D>657<>G?< (10031000 =<), M> GF6>DNNFLEO 5DG=L>G64==O< 

??47<4F<G=>W <5<5D4=< =47>6=V, F4 5>7>E><< (303100 =<) 3 F5 =4=>657<>G?<, 

O>V GF6>DNT 6E5D54<=V >?VF<=< 5=4>??47<4F<G=<= D5F<>G?G< [98], O>V >EF4==V< 

G4E>< ?D<65DF4NFL G647G 5474FL>E 4>E?V4=<>V6 [62]. �>7>E><< DV7=<E >?VF<= 

<VEFOFL L<D>><= E?5>FD DV7=><4=VF=<E 5V>?>7VG=> 4>F<6=<E D5G>6<=, F4><E O> 

?D>F5W=<, ?V?V4<, =G>?5W=>6V ><E?>F< F>M>. �V?LL5 F>7>, 5>7>E><< 744F=V 

FD4=E?>DFG64F< E6V= 64=F46 <V6 >?VF<=4<< O> 7 ?DO<<< >>=F4>F>< <V6 

>?VF<=4<< F4> V 557 =L>7> [182]. �E>V?L>< 5>7>E><< DG=>FV>=GNFL O> 

FD4=E?>DF=V 74E>5< <V6>?VF<==>7> 769O7>G 4?O ?5D544GV WE 6<VEF G >?VF<=<-

D5F<?VT=F<, 6>=< ?D<65D=G?< 65?<>G G647G O> E?>EV5 4>EF46>< F5D4?56F<G=<E 

?D5?4D4FV6 [141]. � >V?L>4 ?5D5647 6<>>D<EF4==O 5>7>E>< O> E<EF5<< 4>EF46>< 

?V>V6. &V ?5D5647< 6>?NG4NFL WE 5V>EG<VE=VEFL [83], =4=>D>7<VD 5>7>E>< 

4>76>?OT W< 4>?4F< ?D<D>4=V 54D'TD< V ?D>=<>4F< 67?<5 F>4=<= [244], 6>=< 

<4NFL 6?4E=V D5F5?F>D<, M> 74557?5GGT 44D5E=G 4>EF46>G [83] V FD<64?<= G4E 

F<D>G?OFVW G5D57 =574F<6=<= Zeta-?>F5=FV4? [192]. �DV< F>7>, 5V?LLVEFL 

5>7>E>< T 5474F<<< =4 ?V?V4< 7V4D>D>5=<<< EFDG>FGD4<<. &O >E>5?<6VEFL <>65 

5GF< 6<>>D<EF4=4 4?O 4>EF46>< 7V4D>D>5=<E F5D4?56F<G=<E 475=FV6, 7>>D5<4 

>GD>G<V=G [224]. �474?><, 5>7>E><< T V454?L=<<< ?D<D>4=<<< FD4=E?>DF=<<< 

74E>54<< 4?O 4>EF46>< ?V>V6 ?D< >?V=VG=><G 74EF>EG64==V. �<>>D<EF4==O 

5>7>E>< O> E<EF5<< 4>EF46>< ?V>V6 5G?> 6?5DL5 ?>>474=> Sun 7 >>?574<<, >>?< 

>GD>G<V=, V=>4?EG?L>64=<= 6 5>7>E><<, 5G6 4>EF46?5=<= 6 >?VF<=<-<VL5=V 

L?OE>< 7?<FFO 7 ??47<4F<G=>N <5<5D4=>N [223].  

�4=VTN 7 =4=646?<6VL<E ?5D54G<>6 4?O >?V=VG=>7> 74EF>EG64==O 

5>7>E>< T EF4=44DF<74FVO ?D>F5EG 6<4V?5==O, >G<M5==O F4 E4D4>F5D<EF<>< 

5>7>E>< =4 >E=>6V DG=>FVW, 6V4F6>D5==O F4 G<EF>F<. �474?><, M>5 >FD<<4F< 
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5>7>E><< G 65?<>><G <4ELF45V, ?D>F5E 6<D>5=<FF64 ?>E?V4>6=> 6>?NG4T 

>G?LF<6G64==O 4>=>DEL><E >?VF<=, 75VD E5D54>6<M4 >?VF<==>W >G?LFGD<, M> 

<VEF<FL 6<E>>G >>=F5=FD4FVN 5>7>E>< F4 >G<M5==O 5>7>E>< [120].  

 �4EFG?=<< 646?<6<< >D>>>< 6<>>D<EF4==O 5>7>E>< T WE G?4>>6>4. 

&5D4?56F<G=V 475=F< <>6GFL 5GF< 7464=F465=V 6 5>7>E><< 74 4>?><>7>N 46>E 

>E=>6=<E <5F>4V6: 4>F<6=>7> 45> ?4E<6=>7>. &V <5F>4< ?D<76>4OFL 4> DV7=>7> 

6<E>4G 7464=F465==O F4 EF45V?L=>EFV F5D4?56F<G=>7> 475=F4 6 5>7>E><4E. 

�V4E>4< 4> ?4E<6=>7> 7464=F465==O T 6V4=>E=> ?D>EF<<<, =5 6<<474NFL 

4>4464==O 4>F<6=<E D5G>6<= V E>?444NFLEO 7 V=>G54FVW F5D4?56F<G=>7> 475=F4 

7 5>7>E><4<< 45> V=>G54FVW ?V>V6 7 4>=>DEL><<< >?VF<=4<<. �7>?L>64=V 

5>7>E><< <>6=4 ?D>EF> V=>G5G64F< 7 DV7=>N >>=F5=FD4FVTN ?D5?4D4FG, 

4>76>?ONG< ?D5?4D4FG 4<DG=4G64F< 6 5>7>E><< =4 >E=>6V 7D44VT=F4 

>>=F5=FD4FVW. �D5>F<6=VEFL 7464=F465==O 74?56<FL 6V4 7V4D>D>5=>EFV G< 

7V4D>DV?L=>EFV <>?5>G? ?D5?4D4FG. �V4D>D>5=V ?D5?4D4F< <>6GFL 4>F<6=VL5 

674T<>4VOF< 7 ?V?V4=<<< L4D4<< <5<5D4=< 657<>G? [223]. �4?D<>?44, Sun 7 

>>?574<< G 2010 D>FV ?V47>FG64?< 5>7>E><=<= >GD>G<V= L?OE>< V=>G54FVW 

5>7>E><, >FD<<4=<E 6V4 <<L4G>W ?V<D><<, 7 >GD>G<V=>< ?D< 22°C ?D>FO7>< 5 

E6<?<=, 4 ?>FV< 5>7>E><=<= >GD>G<V= >G<M4?< 7D44VT=F=<< 

F5=FD<DG7G64==O< [223]. �=L<= <5F>4 ?4E<6=>W G?4>>6>< 6>?NG46 

7464=F465==O 4>=>DEL><E >?VF<= ?5D54 6<4V?5==O< 5>7>E>< [130, 196]. ' 

F5E=VFV 5?5>FD>?>D4FVW =4 5>7>E><< 6??<64?> 5?5>FD<G=5 ?>?5, M> ?D<76>4<?> 

4> EF6>D5==O 4DV5=<E ?>D 6 5>7>E><4?L=V= <5<5D4=V F4 ?>DGL5==O FV?VE=>EFV 

D>ED>?V?V4=>7> 5VL4DG, M> 4>76>?O?> ?D5?4D4F4< ?D>=<>4F< 6 5>7>E><< [130]. 

-5 >4=<< ?5DE?5>F<6=<< E?>E>5>< ?V46<M5==O EF45V?L=>EFV F4 

5V>4>EFG?=>EV >GD>G<V=G T =>7> D>7G<=5==O G D>ED>?V?V4=><G 5VL4DV 45> 

?V?>E><4E [33, 212]. �G?> ?>>474=>, M> ?V?>E><4?L=<= >GD>G<V= ?>>D4M<6 E6>W 

D4D<4>>?>7VG=V 6?4EF<6>EFV F4, O> =4E?V4>>, E6>N ?D>F<?GE?<==G 4>F<6=VEFL. 

�V?>E><4?L=<= >GD>G<V= <>6=4 >FD<<G64F< 7 4>4464==O< DV7=><4=VF=<E 

5V>?>7VG=<E E?>?G>, 7>>D5<4 6VF4<V=G �, ?>?V5F<?5=7?V>>?N, 7V4?GD>=>6>W 
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><E?>F<, 4V>>E<4G >D5<=VN F4 D>?VT6>W ><E?>F<, M> E?D<OT 5V?LL 5D5>F<6=V= 

D54?V74FVW >GD>G<V=>< E6>WE 4>F<6=>EF5= [30]. 

 �V?L>4 4>E?V465=L ?>>474?< 6<DVL4?L=G D>?L D>ED>?V?V4V6 G 

?>>D4M5==V F5D4?56F<G=>W 5D5>F<6=VFV <4?<E <>?5>G? 7 =<7L>>N 

5V>4>EFG?=VEFN [13, 14, 38, 185]. �576464NG< =4 E6>N D5=>?L=G ?D<D>4G F4 

=<7L>G D>7G<==VEFL, >GD>G<V= <>65 76'O7G64F<EO 7 D>ED>?V?V44<< (7>>D5<4 

D>ED4F<4<?E>?V=><) L?OE>< GF6>D5==O =5>>64?5=F=<E 44G>FV6. �?4E=5, 

D>D<G64==O F<E >GD>G<V=-D>ED>?V?V4=<E >><??5>EV6 <>65 ?>E<?<F< 

D4D<4>>>V=5F<>G >GD>G<V=G L?OE>< EF45V?V74FVW ?D< ><L>>6<E 7=4G5==OE D� 

F4 74E<EF<F< >GD>G<V= 6V4 7V4D>?VF<G=>7> DG==G64==O [24]. �4=FV F4 V=. [136] 

?>6V4><<?<, M> >GD>G<V=-D>ED>?V?V4=<= >><??5>E ?>>D4MGT 5V>4>EFG?=VEFL 

>GD>G<V=G ?D< ?5D>D4?L=><G ?D<=><V ?>DV6=O=> 7 EGE?5=7VTN >GD>G<V=G 4> 

?'OF< D47V6. � V=L><G 4>E?V465==V D57G?LF4F< in vivo E?>6<64==O D>ED>?V?V4-

>GD>G<V=>6>7> >><??5>EG MGD4<< ?>>474?<, M> 5V>4>EFG?=VEFL 5G?4 7=4G=> 

5V?LL>N ?>DV6=O=> 7 6V?L=<< >GD>G<V=><. �DV< F>7>, D57G?LF4F< 

D4D<4>>>V=5F<G=<E 4>E?V465=L ?>>474?<, M> D>ED>?V?V4=>->GD>G<V=>6<= 

>><??5>E 446 7=4G=> 6<MV >>=F5=FD4FVW 6 ??47<V F4 6<O6<6EO 5V?LL EF45V?L=<< 

?>DV6=O=> 7 6V?L=<< >GD>G<V=>< [128]. &4><< G<=><, <>6=4 7D>5<F< 6<E=>6>>, 

M> >><??5>E D>ED>?V?V4V6 V >GD>G<V=G T >4=<< V7 ?5D?5>F<6=<E <5F>4V6 4?O 

F>7>, M>5 7D>5<F< >GD>G<V= 5V?LL EF45V?L=<< V ?>>D4M<F< =>7> 

5V>4>EFG?=VEFL [214]. 

 &4><< G<=>< <>6=4 ?V4EG<G64F<, M> 4>EF46>4 >GD>G<V=G 6 5>7>E><4E T 

5D5>F<6=<< E?>E>5>< ?V46<M5==O =>7> 5V>4>EFG?=>EFV F4 =46VFL <>65 

74557?5G<F< 44D5E=G 4>EF46>G 4> >?VF<=-<VL5=5=. � V=L>7> 5>>G, >FD<<4=OO F4 

G?4>>6>4 >GD>G<V=>< 5>7>E>< F4 EF4=44DF<74FVO FL>7> ?D>F5EG 74?<L4T ?>?5 

4?O =4G>>6>W 4VO?L=>EFV G ?>LG>4E =>6<E E?>E>5V6 ?V46<M5==O 5V>4>EFG?=>EFV 

>GD>G<V=G [98, 99, 163]  
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1.3.3. �><??5>E>GF6>D5==O >GD>G<V=G 7 ?D>F5W=>6<<< 

=4=>G4EF<=>4<< 

�5D5F6>D5==O D5G>6<=< 7V EF4=44DF=>W D>D<< =4 =4=>D>7<VD T >4=<< 7 

5D5>F<6=<E E?>E>5V6 4?O >FD<<4==O ?56=<E E?5F<DVG=<E E4D4>F5D<EF<> 

<4F5DV4?G [58]. �DV< F>7>, GF6>D5==O =4=>>><??5>EV6 >GD>G<V=G 7 

5V>?>?V<5D4<< (=4?D<>?44, ?D>F5W=4<<) 74557?5GGT E?>EV5 V=>4?EG?OFVW 

>GD>G<V=G, M> 74E<M4T =>7> 6V4 >><E=5==O F4 L6<4>>7> <5F45>?V7<G. � ?5DLG 

G5D7G >GD>G<V= <>65 GF6>DN64F< >><??5>E< 7 =>EVO<< 74 4>?><>7>N 

GF6>D5==O 7V4D>D>5=<E 674T<>4V=. �>4=56V 769O7>< 4>44F>>6> <>6GFL E?D<OF< 

GF6>D5==N =4=>>><??5>EV6 [232]. &5E=>?>7VG=> E4< ?D>F5E 

=4=>>><??5>EG64==O T ?D>EF<< D>7G<=5==O< >GD>G<V=G G 6V4?>6V4=><G 

D>7G<==<>G, F4>><G O> 5F4=>?, 4 ?>FV< 4>4>64==O >FD<<4=>W E<EF5<< 4> 

D>7G<=G ?D>F5W=G. �FD<<4=G EG<VL ?5D5<VLGNFL 4?O GF6>D5==O 

=4=>>><??5>EV6. �EF4==V< 5F4?>< T F<=FD<DG7G64==O 4?O 6<?GG5==O 6V?L=>7> 

>GD>G<V=G. �GD>G<V=-?D>F5W=>6V =4=>>><??5>E< <>6GFL 5GF< 6<>>D<EF4=V G 

6<7?O4V 4<E?5DE=>7> D>7G<=G 45> 6 ?5D5F6>DNNFLEO =4 ?>D>L>< L?OE>< 

74<>D>6G64==O 4?O ?>44?LL>7> 6<>>D<EF4==O [145, 146]. �>DV< 7=4G=>7> 

7D>EF4==O D>7G<==>EFV >GD>G<V=G (7>>D5<4, ?D< GF6>D5==O =4=>>><??5>EV6 7 

?D>F5W=>< E>W, D>7G<==VEFL >GD>G<V=G 7D>E?4 G 812 D47V6 [232]) =4=>>><??5>E< 

?D<76>4OFL 4> ?V46<M5==O EF45V?L=>EFV >GD>G<V=G F4 =>7> 4=F<>>E<44=F=>W 

4>F<6=>EFV [123].  

�><??5>E>GF6>D5==O 7 ?D>F5W=4<<  T ?5DE?5>F<6=>N F5E=V>>N 4?O 

75V?LL5==O 5V>4>EFG?=>EFV F4 D>7G<==>EFV >GD>G<V=G G 6>4=<E D>7G<=4E V 

<>65 ?>>D4M<F< =5E?D<OF?<6V D4D<4>>>V=5F<G=V 6?4EF<6>EFV >GD>G<V=G, 4 

F4>>6 E?>6V?L=<F< =>7> >><E=5==O [145]. �>EVW =4 E>=>6V ?D>F5W=V6 ?>EV?< E6>T 

<VEF5 6 74?G7V 74EF>EG64==O =4=>G4EF<=>> 6 5V><54<F<=V [40]. %4< ?D>F5E 

GF6>D5==O >GD>G<V=-?D>F5W=>6>7> >><??5>EG 6V45G64TFLEO 74 =4EFG?=>N 

EE5<>N. %?>G4F>G 7V4D>D>5=<= 74 E6>TN ?D<D>4>N >GD>G<V= 7<VLGTFLEO 7 

4<DVDV?L=<< 5V?>>< G 6>4=><G E5D54>6<MV, 6 D57G?LF4FV G>7> 6 EFDG>FGDV 

?D>F5W=G D>7?>G<=4TFLEO ?D>F5EE «46F>D>?4<=7G» - 6=GFDVL=O 7V4D>D>5=4 

file:///C:/Users/dariy/Downloads/ДИСЕРТАЦІЯ%20ЧУДІНА.docx%23_Toc514766955
file:///C:/Users/dariy/Downloads/ДИСЕРТАЦІЯ%20ЧУДІНА.docx%23_Toc514766955
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G4EF<=4 ?D>F5W=4 74E>??NT 7V4D>D>5=<= >GD>G<V=, GF6>DNNG< O4D> 

>><??5>EG, F>4V O> 7V4D>DV?L=4 G4EF<=4 ?D>F5W=4 GF6>DNT ?>65DE=N 

>><??5>EG. &4><< G<=>< GF6>DNTFLEO <VF5?OD=4 EFDG>FGD4 [21]. '<E?5==V 

4>E?V465==O 45<>=EFD>NFL ?V46<M5==O D>7G<==>EFV F4 5V>4>EFG?=>EFV 

>D>G<V=G G >><??5>EV 7 DV7=><4=VF=<<< ?D>F5W=4<<-=>EVO<<, 7>>D5<4 >475W=>< 

[168], 5<G4G<< E<D>64F>>6<< 4?L5G<V=>< [31] 45> 7 ?D>F5W=4<< D>E?<==>7> 

?>E>465==O, F4><<< O> V7>?OF ?D>F5W=4 E>=OL=<>G (Helianthus L) [215], 

?D>F5W= <4L (Phaseolus radiatus) [146] V E>T6<= ?D>F5W= (Glycine max) [40]. ' 

6EVE ?D54EF46?5=<E 4>E?V465==OE ?D>F5W=< D>E?<==>7> ?>E>465==O <4NFL 

6<E>>G 744F=VEFL 4> >><??5>E>GF6>D5==O 7 =5D>7G<==<< G 6>4V >GD>G<V=>< 74 

D4EG=>> =4O6=>EFV 7V4D>D>5=<E E4=FV6 F4 ?>>D4MGNFL =>7> EF45V?L=VEFL F4 

D>7G<==VEFL G 6>4=><G E5D54>6<MV. �D>F5W=< , 5>EFD47>64=V 7 <>?>>4 

(E<D>64F>>6V ?D>F5W=<  F4 >475W=) [60] F4>>6 <4NFL 6?4EF<6VEFL 

6<>>D<EF>6G64F<EO O> =>EVW 7V4D>D>5=<E <>?5>G? 45> V>=V6 [183]. %4W=<, O>V 

<VEFOFLEO 6 =4FGD4?L=><G <>?>FV G 6<7?O4V EG?5D<>?5>G?OD=<E 47D574FV6 

(>475W=>6<E <VF5?), T >E=>6=<<< <>?>G=<<< ?D>F5W=4<<  F4 <4NFL 6<D465=V 

5<G?L7G64?L=V 6?4EF<6>EFV, 4 F4>>6 744F=V 4> 75?5GF6>D5==O F4 769O7G64==O 

6>4< [93]. �GD>G<V= 7476<G4= 76'O7GTFLEO 7 >475W=>< G <>?>FV; F<< =5 <5=L, 

E<D>64F>>6<= ?D>F5W= F4>>6 6V4V7D4T 646?<6G D>?L G 4DV==>EFV 769O7G64==O 

[168]. %<D>64F>>6<= ?D>F5W= 7GEFDVG4TFLEO 6 FDL>E D>D<4E: >>=F5=FD4F, V7>?OF 

F4 7V4D>?V7>64=<= ?D>F5W=. �>=F5=FD4F E>?444TFLEO 7 80% ?D>F5W=G V 20% 6<DG 

V FG>DG (6G7?56>4<, ?4>F>74), F>4V O> V7>?OF <VEF<FL ?>=44 90% ?D>F5W=G [181] V 

?>E>4<FL 6V4 ?D>F5EV6 G?LFD4DV?LFD4FVW F4 4V4DV?LFD4FVW ?V4 G4E 6<D>5=<FF64 

E<DG [102]. �E=>6=<<< E>?44>6<<< V7>?OFG T 7?>5G?OD=V ?D>F5W=<, F4>V O> 55F4-

?4>F>7?>5G?V=, 4?LD4-?4>F4?L5G<V= V 5<G4G<= E<D>64F>>6<= 4?L5G<V= [176]. 

�464O>< E6>W< ?>6<6=<< 6?4EF<6>EFO< V DV7=><4=VF=<< F5E=>?>7VG=<< 

DG=>FV>=4?L=<< <>6?<6>EFO< E<D>64F>>6V ?D>F5W=<  L<D>>> 

6<>>D<EF>6GNFLEO 6 DV7=<E E4DG>6<E ?D>4G>F4E V O> >V?L>4 6<4V6 =>EVW6 E<EF5< 

F5D4?56F<G=<E F4 ?>6<6=<E E?>?G> [158]. �5DGG< 4> G647< >V?L>4 D4>F>DV6, 

=4?D<>?44, >>=F5=FD4FVN ?5D6<==>7> ?D>F5W=G, F5<?5D4FGDG F4 D�, ?D< O><E 



55 

 

6V45G64TFLEO ?D>F5E, 4 F4>>6 V>==4 E<?4, E<D>64F>>6V ?D>F5W=<  <>6GFL 

?D<=<4F< DV7=V EFDG>FGD<, =4?D<>?44, 47D574F< G D>D<V 

=4=>DV5D<?/FDG5>>/G4EF<=>>, 7=GG><E 6>?>>>> F4 <V>D>75?5= [4]. � FL>7> >?4EG 

?D>F5W=V6, 7>>D5<4 ß-?4>F>7?>5G?V=, <4T 744F=VEFL 4> E4<>75<D4==O, 

GF6>DNNG< =4=>DV5D<?OD=V 47D574F< 4>66<=>N 6V4 1 4> 10 µ< V7 4V4<5FD>< G 

=4=>4V4?47>=V (1310 =<) L?OE>< FD<64?>W F5D<VG=>W >5D>5>< 6 5>EFD5<4?L=> 

><E?<E. G<>64E (D� ?D<5?<7=> 2) V <4?>N V>==>N E<?>N [156]. �4=>DV5D<?< 

E<D>64F>>6>7> ?D>F5W=4 <4NFL ?V46<M5=V F5E=V>>-DG=>FV>=4?L=V 

E4D4>F5D<EF<>< ?>DV6=O=> 7 =5DV5D<?L=<<<. �>=< <4NFL 744F=VEFL 

EF6>DN64F< E4<>?V4FD<<G64=V 7V4D>75?V ?D< =565?<><E >>=F5=FD4FVOE 

?D>F5W=4, <4NFL GG4>6V 5<G?L7GNGV F4 ?V=>GF6>DN64?L=V E4D4>F5D<EF<><, 4 

F4>>6 <4NFL 5V?LLG 744F=VEFL 75V?LLG64F< 69O7>VEFL [17]. �>?< >GD>G<V= 

GF6>DNT >><??5>E 7 =4=>DV5D<?4<< (D� 3,2), =>7> D>7G<==VEFL G 6>4V 7=4G=> 

7D>EF4T, F>4V O> >E4465==O 7 G4E>< 7<5=LGTFLEO. 

�=L<= E?>EV5 FD4=E?>DFG64==O >GD>G<V=G ?>?O74T G 6<7>F>6?5==V 

5<G?LEVW, =4E<G5=>W >GD>G<V=><, >FD<<4=>N 7 ?D>F5W=V6 45> ?>?VE4E4D<4V6, 

F4><E O> E>T6V 6G7?56>4< 45> >475W=, E<D>64F>>6<= ?D>F5W=, 4D46V=EL>4 >4<54L, 

?5F<F<=, F6V=-80, F>M> [140]. �4 64?L, FV >><??5>E< 6<O6<?<EO =5 4G65 

EFV=><<<, >E>V?L>< 6>=< D>7?444NFLEO 7 G4E><, M> =574F<6=> 6??<64T =4 WE 

755DV74==O [267]. ' =5446=L><G 4>E?V465==V Ye 7V E?V646F>D4<< [263] 5G?> 

?D>45<>=EFD>64=>, M> >>?<64==O >>=D>D<4FVW E<D>64F>>6>7> V7>?OFG 

6=4E?V4>> 45E>?L64F4FVW <>6=4 ?V4FD<<G64F< L?OE>< ?5>DV?V74FVW. &4><< 

G<=><, 5G?> ?D>45<>=EFD>64=>, M> F4>V ?D>F5W=<, O> >475W=, >6>FD4=ED5D<=, 

V7>?OF E<D>64F>>6>7> ?D>F5W=G, =4=>75?L E<D>64F>>6>7> ?D>F5W=G F4 >475W=G 

45<>=EFDGNFL =<>6VD=V 6?4EF<6>EFV 4?O EF45V?V74FVW 5<G?LEVW >GD>G<V=G, V ?D< 

>><??5>E>GF6>D5==V 75V?LLGTFLEO 7V4D>D>5=4 ?>65DE=O, M> ?D<76>4<FL 4> 

7=4G=>7> 75V?LL5==O D>7G<==>EFV GF6>D5=<E >><??5>EV6, M> T 646?<6<< ?V4 

G4E ><L>>6>7> 6E<>>FG64==O [26].  

%<D>64F>>6V ?D>F5W=< <4NFL 744F=VEFL GF6>DN64F< 7V4D>75?V E>?>4=>7> 

F65D4V==O. &5E=V>4 E>?>4=>7> 75?5GF6>D5==O 6>?NG4T 46V ?>E?V4>6=V EF44VW: 
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>FD<<4==O D>7G<==<E 47D574FV6 L?OE>< =47DV64==O D>7G<=G ?D>F5W=G 7 

?>44?LL<< >E>?>465==O< >FD<<4=>7> D>7G<=G 7 =4EFG?=<< E>?>4=<< 

75?5GF6>D5==O, M> V=4G>GNFLEO ?V46<M5=>N >?>=F5FD>FVTN E>?V (4>4464==O 

CaCl2 V NaCl) 45> 4>4464==O< 7?N>>=>-D-?4>F>=G [9]. �>DV6=O=> 7 75?O<<, M> 

74F65D46GNFLEO ?D< =47DV64==V, 75?V E>?>4=>7> 74F65D4V==O <4NFL 744F=VEFL 

FD4=E?>DFG64F< GGF?<6V 4> F5<?5D4FGD< 5V>?D5?4D4F<, F4>V O> FV4<V= (6VF4<V= 

B1) V ?D>5V>F<><. &4>, G =5446=L><G 4>E?V465==V 5G?4 E?D>54 6<7>F>6?5==O 

7<VL4=>7> 7V4D>75?N, M> E>?444TFLEO 7 47D574FV6 E<D>64F>>6>7> ?D>F5W=G F4 

>4D47V==4=G, 4?O 74E<EFG >GD>G<V=G G 65DE=L><G 6V44V?V L?G=>>6>-><L>>6>7> 

FD4>FG V FD4=E?>DFG =>7> 4> F>6EF>W ><L><. &4>4 >><5V=4FVO D5G>6<= 4>76>?<?4 

4>EO7F< 6<E>>>W >>=F5=FD4FVW >GD>G<V=G V, D47>< 7 F<<, 74?>5V7F< 6FD4FV 

>GD>G<V=G 6?D>4>66 =>7> L?OEG 4> F>6EF>W ><L>< [75].  

�D<==OF> 66464F< ³-?4>F>7?>5G?V=, E<D>64F>>6<= ?D>F5W=, >4=VTN 7 

=4=>D4M<E ?D<D>4=<E ?>?V<5D=<E <4FD<FL 7464O>< E6>W= 4<6>6<6=V= 

?>6<6=V= FV==>EFV, ?>FG6=V= 4DV==>EFV 769O7G64==O F4 EFV=>VEFV 4> 7V4D>?V7G 

?5?E<=><, M> <>65 7D>5<F< =>7> >4=<< V7 >E=>6=<E 65>F>DV6 4>EF46>< 

F5D4?56F<G=<E 475=FV6 [143]. ³-?4>FD>7?>5G?V= <4T 2 74?<L>< FD<?F>D4=G (Trp 

19, D>7F4L>64=<= G 7V4D>D>5=V= ><L5=V, V Trp 61, D>7F4L>64=V =4 ?>65DE=V 

?D>F5W=4 ?>5?<7G ><L5=V [10]. ³-?4>F>7?>5G?V= <4T >><?4>F=G 7?>5G?OD=G 

EFDG>FGDG, 7464O>< G><G 6V= <4T 6<E>>G EFV=>VEFL 4> 457D444FVW 6 E5D54>6<MV 

L?G=>G [233]. �>?5>G?< >GD>G<V=G <>6=4 ?57>> 79T4=4F< =5 FV?L>< =4 

?>65DE=V ?D>F5W=V6 74 4>?><>7>N ?D>EF>7> <5F>4G >><??5>E>GF6>D5==O, 4?5 

F4>>6 <>6=4 6>?NG<F< G 6=GFDVL=N G4EF<=G ?D>F5W=G, >E>V?L>< EFDG>FGD4 

?D>F5W=G E<?L=> 74?56<FL 6V4 D� E5D54>6<M4 [77]. 

 �4 EL>7>4=VL=V= 45=L VE=GT LVEFL ?D>F5W=V6-=>EVW6, O>V <4NFL >DVFV==G 

?VF5=7VN =4 6<>>D<EF4==O O> 7?V>>>>=9N74F<. ' EGG4E=V= D4D<4>>?>7VG=V= 

?D4>F<FV ?5D5646=> 6<>>D<EF>6GNFLEO ?D46F56<= 4=4F>>E<=, 4<DF5DV==<= 

4=4F>>E<= V ?5D5ED5E=>-D54>F<6=<= <4F5DV4? 197 (CRM197) [241]. CRM197 

5G6 6?5DL5 6<4V?5=<= G 1970-E D>>4E O O6?OT E>5>N =5F>>E<G=<<= <GF4=F 

4<DF5DV==>7> 4=4F>>E<=G, O><= <VEF<FL >4=5 4<V=>><E?>F=5 74<VM5==O, G52E, 
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V, O> 6V4><>, <4T ?V46<M5=G 5D5>F<6=VEFL O> ?D>F5W=-=>EV=, >E>V?L>< 6V= <4T 

5474F> ?5DE?5>F<6=<E E4=FV6 769O7G64==O, 4 F4>>6 =5 ?D>O6?OT 

F<F>F>>E<G=>EFV M>4> =>D<4?L=<E >?VF<= >D74=V7<G [144]. CRM197 T 

?>?V?5?F<4>< 7 <>?5>G?OD=>N <4E>N 58 >�4, O><= <>65 5GF< D>7M5??5=<= 

FD<?E<=>?>4V5=>N ?D>F547>N =4 2 EG5>4<=<FV (DD47<5=F< � V �), 79T4=4=V 

4<EG?LDV4=<< 769O7>>< [153]. %G5>4<=<FO A T >4F4?VF<G=>N EG5>4<=<F5N ~21 

>�4, F>4V O> EG5>4<=<FO B, ~38 >�4, <VEF<FL 464 EG54><5=<, >4<= 

6V4?>6V44?L=<= 74 769O7G64==O 7 75?4D<=-769O7G64?L=<< EGF-?>4V5=<< 

D4>F>D>< D>EFG (HB-EGF), 4 4DG7<= 4 74 FD4=E?>>4FVN [50]. CRM197 

6<>>D<EF>6G646EO O> 7?V>>>>=9N74F 4?O 5474FL>E 64>F<=, ?5DL4 7 O><E HbOC 

(HibTITER®; Wyeth Pharmaceuticals, $V?445?LDVO, %,�) ?D>45<>=EFDG64?4 

74E<EF =5<>6?OF 6V4 74E6>DN64==O, ?>69O74=>7> 7 Haemophilus influenzae F<?G 

b [84]. �=LV ?D<>?44< 6>?NG4NFL >>=9N7>64=V 64>F<=< ?D>F< V=647<6=<E 

?=56<>>>>>6<E 74E6>DN64=L, <5=V=7>>>>>6<E 74E6>DN64=L V G5D56=>7> F<DG 

[245].  

 �?<E4=V ?D<>?44< 6<>>D<EF4==O CRM197 O> G=V65DE4?L=>7> =>EVO 4?O 

5474FL>E >>=9N7>64=<E 64>F<= 4>76>?<?> =4< 7D>5<F< ?D<?GM5==O M>4> 

<>6?<6>7> GF6>6>D5==O >><??5>EV6 <V6 >GD>G<V=>< F4 CRM197, M> 

?>F5=FV==> <>65 <4F< =5 ?<L5 5D5>F ?V46<M5==O 5V>4>EFG?=>EFV E4<>7> 

>GD>G<V=G, 4 = <>6?<6<= E<=5D7VG=<= 5D5>F M>4> <4?V7=V7>64=<E >?VF<=. 

�?4E=5, E4<5 FO V45O V ?O7?4 6 >E=>6G 44=>W D>5>F<.  
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$����� 2. ��&�$���� � ��&��� ��%������, 

2.1. �4F5DV4?< F4 >5?44=4==O 

2.1.1. $54>F<6< 

�>E?5D<<5=F4?L=V 4>E?V465==O ?D>6>4<?< 6 ?45>D4F>DVW V<G=>5V>?>7VW 

6V44V?G <>?5>G?OD=>W V<G=>?>7VW �=EF<FGFG 5V>EV<VW V<. �.�. �4??44V=4 ��� 

'>D4W=<. 

' D>5>FV 6<>>D<EF>6G64?<: =4F<6=<= 4<DF5DV==<= F>>E<= (5G6 =444=<= 

�=EF<FGF>< 5V>>D74=VG=>W EV<VW F4 =4DF>EV<VW V<. �. �. �GE4DO ��� '>D4W=<), 

4<DF5DV==<= 4=4F>>E<= F4 [Al(OH)3] (��& <$4D<EF4=44DF-�V>?V>=). �2%�3, 

CaCl2, Na2HPO4, �%l, H2SO4, NaOH, KCl, NaCl, KH2PO4, Na2CO3, NaHCO3, NaN3 

(�VD4=44-%, '>D4W=4), E5D54>6<M4 4?O 54>F5DV= LB («Sigma», %,�), G4L>< 

�5FDV, 474D («Sigma», %,�), 474D>74 («Sigma», %,�), IPTG (isopropyl ³-D-1-

thiogalactopyranoside) (Thermo Scientific), Ni2+-NTA 474D>74 (Qiagen, 

�V<5GG<=4), ?5DEG?LD4F 4<>=VN, F5FD4<5F<?5F<?5=4V4<V= (&����), 

4>D<?4<V4, N, N' 3 <5F<?5=-5VE-4>D<?4<V4, ³-<5D>4?F>5F4=>?, FD<F<= («Sigma-

Aldrich», %,�), 4>45F<?EG?LD4F =4FDVN (�%�) («Sigma-Aldrich», %,�), 

BSA, E5G>6<=4 («Sigma», %,�), 5D>< D5=>?>6<= E<=V=, >G<4EV 5?4><F=<= G-

250, V<V447>?, FD<E(7V4D>>E<<5F<?)4<V=><5F4= (Tris) («Sigma-Aldrich», %,�), 

?N<V=>?, =VFD>F5?N?>74 («Amersham Biosciences», %,�), 3,393

4V4<V=>55=7<4<= F5DFD47V4D>E?>D<4 (DAB), 3,39,5,59-F5FD4<5F<?55=7<4<= 

(&��), 7?VF5D<=, 5F<?>6<= E?<DF, <5F<?>6<= E?<DF, >FF>64 ><E?>F4, 

4<<5F<?EG?LD>>E<4 (��%�), 5F<?5=4V4<V=F5FD4>FF>64 ><E?>F4 (��&�), 

E?>D4<D5=V>>?, 4<?VF<?V=, >4=4<VF<=, 7?N>>74 (�<W6<54?D5?4D4F, '>D4W=4), 

?4D4D>D<4?L457V4, Mowiol-DABCO (1,4-4V4745VF<>?>[2, 2, 2]>>F4=), 

D?G>D5EF5W= V7>FV>FV4=4F (FITC), Triton X-100 («Sigma-Aldrich», %,�), Tween 

20 («Sigma», %,�), FD<?4=>6<= E<=V=, 54D6=<> 4?O >>=FD4EFG64==O O45D 

Hoechst 33342, ?D>?V4V= =>4<4, <4D>5D< 4?O 5?5>FD>D>D57G ?D>F5W=V6, 

>>>F5=?L V=7V5VF>DV6 ?D>F5W=47 (prod #1861279, Thermo Scientific), >>>F5=?L 
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V=7V5VF>DV6 D>ED4F47 (Thermo Scientific), <>=>>?>=4?L=V 4=F<FV?4 4> Akt, Akt-

P, NF-kB, NF-kB-P, EGFR, EGFR-P, Actin (Beckm4n Coulter, %,�), 

>G?LFGD4?L=V D?4>>=< F4 G4L>< 4?O >G?LFGD< F>4=<= (Greiner Bio One, 

�V<5GG<=4), E5D54>6<M5 RPMI-1640 7 L-7?GF4<V=>< F4 V=4<>4F>D><, 

E5D54>6<M5 DMEM, D5F4?L=4 E<D>64F>4 F5?OF (FBS), ?5=VF<?V=, EFD5?F><VF<=, 

4<D>F5DVF<=, M&& (3-(4,5-4V<5F<?FV47>?V?-2)-2,5-4VD5=V?F5FD47>?VG< 5D><V4) 

(«Sigma-Aldrich», %,�), >4=>D47>6<= ?45>D4F>D=<= ?>EG4 (Delta Lab, �E?4=VO) 

F4 V=LV D54>F<6< >64?VDV>4FVW E.G. 45> G.4.4. '?LFD4 G<EF4 6>44 5G?4 >FD<<4=4 7 

6<>>D<EF4==O< E<EF5<< >G<M5==O 6>4< Adrona. 

 

2.1.2.  �5?44=4==O  

�4<5D4 4?O 65DF<>4?L=>7> 5?5>FD>D>D57G (Bio-Rad, %,�), >D5VF4?L=<= 

L5=>5D-F5D<>EF4F ES-20, CO2-V=>G54F>D, G?LFD476G>>6<= 457V=F57D4F>D 

Labsonic M (Sartorius, �V<5GG<=4), E?5>FD>D>F><5FD GeneQuantoPro 

(Amersham Biosciences, %,�), L4D4 5V>557?5>< (Holten, $D4=FVO), 

<G?LF<?G=>>6<= DV45D µQuant ELx800 (BioTek, %,�), pH-<5FD PL-700AL 

(EZODO, &4=64=L), <V>D>F5=FD<DG74 �-14 (Joan, $D4=FVO), 4=4?VF<G=V 647< 

WAA 210/C/1 (Salex, �4=VO), >>=D>>4?L=<= <V>D>E>>? Carl Zeiss LSM 510 Meta 

(Carl Zeiss, �V<5GG<=4), ?D>F>>>6<= F<F>D?G>D<<5FD Coulter Epics XL 

(Beckman Coulter, %,�), ?VG<?L=<> >?VF<= Countess II FL (Thermo Scientific) , 

<4E-E?5>FD><5FD MALDI-TOF Voyager DE Pro (Applied Biosystems, USA, 

E5DV==<= =><5D 6393), <G?LF<?G=>>6<= E?5>FD>D>F><5FD 7 65DF<>4?L=<< 

?>F>>>< E6VF?4 (ASYS Expert 96, �6EFDVO). 

 

2.1.3. �45>D4F>D=V F64D<=<, >G?LFGD< >?VF<= 56>4DV>F, 5>E?D5EV==V LF4<< 

54>F5DV= F4 65>F>D<, M> 5G?< 6<>>D<EF4=V G 4>E?V465==V 

� 5>E?5D<<5=F4E 6<>>D<EF>6G64?< =4EFG?=V >?VF<==V ?V=VW 56>4DV>F:  

MDA-MB-231 (ATCC =><5D HTB-26) 3 >?VF<=< 445=>>4DF<=><< 7DG4=>W  

74?>7< ?N4<=<, A431 (ATCC =><5D CRL-1555) 3 >?VF<=< 5?V45D<4?L=>W 

>4DF<=><< ?N4<=<, EGE?5=7V==V >?VF<=< Jurkat (ATCC =><5D TIB-152) - 
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V<<>DF4?V7>64=4 ?V=VO >?VF<= &-?V<D>F<FV6 ?N4<=<, 4>F<6>64=V �->?VF<=< 

?N4<=< 4BL, MDA-MB-231 F4 A431 5G?< >FD<<4=V 7 >>?5>FVW >?VF<= V=EF<FGFG 

�V>EV<VW V<. �.�. �4??44V=4 ��� '>D4W=<. �?VF<==4 ?V=VO 4BL 5G?4 ?N59O7=> 

=444=4 ?D>D5E>D>< �N5>6 �G>4L 7 V=EF<FGFG �>?5>G?OD=>W 5V>?>7VW F4 

�5=5F<>< ��� '>D4W=< [6, 131]. 

�4>F5DV==V >?VF<=< E.coli LF4< BL21 (DE3) Rosetta (Novagen, %,�). 

�?47<V4=V 65>F>D< 4?O 5>E?D5EVW ?D>F5W=V6 6 ?D>>4DV>F<G=V= E<EF5<V 

5>E?D5EVW pET-24a(+). 

�EL>7> 6 5>E?5D<<5=F4?L=<E 4>E?V465==OE 5G?> 6<>>D<EF4=> 49 <<L5= 

Mus musculus ?V=VW BALB/c D>76545==O 6V64DVN �=EF<FGFG D4D<4>>?>7VW F4 

F>>E<>>?>7VW ���� '>D4W=<, E4<<FV 6V>>< 6-8 F<6=V6 F4 647>N 18-23 7. 

&64D<=< GFD<<G64?<EL 74 EF4=44DF=<E G<>6 M>4> >E6VF?5==O (12/12), 

F5<?5D4FGD< (20-23° C) F4 6>?>7>EFV (30-35%) 6 4>D54<F>64=><G 6V64DVN 

�=EF<FGFG 5V>EV<VW V<. �.�. �4??44V=4 ��� '>D4W=< 6V4?>6V4=> 4> 

«%F4=44DF=<E ?D46<? ?> G?>DO4>G64==N, GEF4F>G64==N F4 GFD<<4==N 

5>E?5D<<5=F4?L=<E 5V>?>7VG=<E >?V=V> (6V64DVW6)». �EV <4=V?G?OFVW 7 F64D<=4<< 

?D>6>4<?< G 6V4?>6V4=>EFV 4> 6<<>7 D57V>=4?L=>7> �><VF5FG 7 5F<>< D>5>F< 7 

?V44>E?V4=<<< F64D<=4<< F4 7 4>FD<<4==O< ?D46<? D>5>F< 7 ?45>D4F>D=<<< 

F64D<=4<< 6V4?>6V4=> 4> «�474?L=<E ?D<=F<?V6 5>E?5D<<5=FV6 =4 F64D<=4E», 

EE64?5=<E I3III �4FV>=4?L=<<< >>=7D5E4<< 7 5V>5F<>< (�<W6, 200132007 DD.) V 

G77>465=<E 7 ?>?>65==O<< 4<D5>F<6< $44< �6D>?5=EL>>7> %>N7G 86/609/�% 

«�D> 75?<65==O 74>>=V6, ?>EF4=>6 F4 44<V=VEFD4F<6=<E ?>?>65=L 45D646 

�% 7 ?<F4=L 74E<EFG F64D<=, M> 6<>>D<EF>6GNFLEO 4?O 5>E?5D<<5=FV6 F4 

V=L<E =4G>>6<E FV?5=» 6V4 24 ?<EF>?444 1986 D. 

 

2.1.4. �D>7D4<=5 74557?5G5==O 

�=4?V7 5?5>FD>D>D57D4< 3 TotalLab Quant, 7>5D465=L 7 >>=D>>4?L=>7> 

<V>D>E>>?G 3 FIJI, >5D>5>4 44=<E 7 ?D>F>>>6>7> F<F>D?G>D<<5FD4 3 FCS 

Express v3.0 F4 Flowing Software 2.5.1. �>5G4>64 7D4DV>V6 V 4V47D4< 3 Origin 8.0 

F4 Microsoft Excel (Microsoft corporation, %,�). %F6>D5==O V G?>DO4>>6G64==O 
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D<EG=>V6 3 Adobe Photoshop CS5 2014 F4 CorelDraw 2018. $>7D4EG=>> IC50 

?D>6>4<?< 74 4>?><>7>N Quest Graph# IC50 Calculator." AAT Bioquest, Inc., 7 

Jun. 2023, https://www.aatbio.com/tools/ic50-calculator �D>D<?5==O 

4<E5DF4FV==>W D>5>F< 3 Microsoft Word 77V4=> ?D46<? F4 D5>><5=44FV= =4>47G 

740 6V4 12.01.2017 «�D> 74F65D465==O �<<>7 4> >D>D<?5==O 4<E5DF4FV=». 

 

2.2.  �5F>4< 

2.2.1. �>E?V465==O ?>F5=FV==<E E4=FV6 E>D5FVW >GD>G<V=G 7 ?D>F5W=4<< in 

silico 

�D>F5W=>6V EFDG>FGD< CRM197 (5I82) V BSA (2VUE) >FD<<4?< 7 Protein 

Data Bank ( http://www.rcsb.org/ ) V ?V47>FG64?< 6 ?D>7D4<=><G 74557?5G5==V 

Chimera. �V74=4=V EFDG>FGD< 5G?< ?>5G4>64=V G Marvin Sketch software 

(?D>7D4<=5 74557?5G5==O 4?O EF6>D5==O 5E>V7V6) . �>FV< ?V74=4< ?D>F>=G64?< 

F4 75=5DG64?< 6 =<7L>>5=5D75F<G=<E >>=D>D<4FVOE (MarvinSketch 65DEVO 

21.16.0, ChemAxon  (https://www.chemaxon.com ). �>?5>G?OD=5 <>45?N64==O 

79T4=4==O ?D>F5W=G F4 ?V74=4G 6<>>=4?< 74 4>?><>7>N 655-E5D65D4 SwissDock, 

O><= 6<>>D<EF>6GT ?D>7D4<G 79T4=4==O ?D>F5W=-?V74=4 EADock DSS v3 [72]. 

�<>>D<EF>6G64?< ?D>EFVD ?>LG>G 20 × 20 × 20 Å V7 EVF>>N, F5=FD>64=>N =4 

E4=F4E 769O7G64==O. �DV< F>7>, 5G6 >5D4=<= F>G=<= F<? 79T4=4==O 7 

?4D4<5FD4<< 74 74<>6GG64==O<. 

2.2.2. �>E?D5EVO D5>><5V=4=F=<E ?>EV4=<E 4<DF5DV==>7> F>>E<=G 6 

?D>>4DV>F<G=V= E<EF5<V 5>E?D5EVW E.coli 

�?O >FD<<4==O >>=EFDG>FVW, O>G 6<>>D<EF>6G64?< 4?O FD4=ED>D<4FVW 

54>F5DV==<E >?VF<=, 4<??VDV>>64=<= 75= FV?L>6>7> ?D>F5W=G >59T4=G64?< 7 

65>F>D>< 5>E?D5EVW E.coli pET24a (+) V7 6<>>D<EF4==O< E4=FV6 D5EFD<>FVW 

BamHI < XhoI [96, 117]. �4>F5DV==G >G?LFGDG >?VF<= E.coli BL21 Rosetta, O>4 

<VEF<FL 6 E>5V ??47<V4=G ��� 7 65G4>64=<< FV?L>6<< 75=>< DD47<5=FG �&, 

>G?LF<6G64?< =4 E5D54>6<MV LB Broth V7 50 <7/? >4=4<VF<=G ?D< 37°% F4 

?>EFV==V= 45D4FVW (250 >5/E6) 6?D>4>66 =>GV. � =VG=>W >G?LFGD< 6V4V5<D4?< 5-10 

<? F4 6=>E<?< G E6V65 E5D54>6<M5 4?O =4D>MG64==O >?VF<==>W 5V><4E< F4 

http://www.rcsb.org/
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>G?LF<6G64?< 6?D>4>66 2 7>4<= ?D< 37°% F4 ?>EFV==V= 45D4FVW (250 >5/E6). 

�V45<D4?< 4?V>6>FG F4 6<<VDN64?< OD ?D< »=600 =<, ?VE?O F>7> O> 44=<= 

?>>47=<> 7=4E>4<6EO 6 <564E 0,3-0,5, 4>4464?< V=4G>F>D 5>E?D5EVW ?D>F5W=G 3 

V7>?D>?V?-³-D-1-FV>74?4>F>?VD4=>7<4>< (IPTG) 6 >>=F5=FD4FVW 1 <�. &V?L>6V 

?D>F5W=< E<=F57G64?< 6?D>4>66 3-4 7>4<= ?D< 30°% 6 G<>64E E<?L=>W 45D4FVW 

(250 >5/E6). �EV 6<M5 ?5D5D4E>64=V <4=V?G?OFVW ?D>6>4<?< 6 EF5D<?L=<E 

G<>64E. �4?V ?D>6>4<?< F5=FD<DG7G64==O >FD<<4=>W EGE?5=7VW ?D< 3600 >5/E6 

6?D>4>66 15 E6<?<=.  

2.2.3. �<4V?5==O F4 >G<M5==O D5>><5V=4=F=<E ?D>F5W=V6 <5F>4>< <5F4?>-

4DV==>W ED><4F>7D4DVW 7 6<>>D<EF4==O< Ni-NTA-474D>74 F4 WE 4=4?V7 

�G<M5==O ?D>F5W=V6 ?D>6>4<?< 74 4>?><>7>N <5F>4G <5F4?>-4DV==>W 

ED><4F>7D4DVW =4 Ni2+-NTA 474D>7V. �?VF<==<= >E44 D5EGE?5=4G64?< 6 

5GD5D=><G D>7G<=V 3 Wash Buffer (50 <� Na2�$�4 (pH 8,0), 0,5 � NaCl), O><= 

<VEF<FL 6M E5G>6<=G. �4 4>?><>7>N G?LFD476G>>6>7> 457V=F57D4F>D4 Labsonic 

(Sartorius, Germany) >5D>5?O?< =4 ?L>4G >FD<<4=<= D>7G<= (3×20 F<>?V6 

G?LFD476G>>6>W 457V=F57D4FVW) F4 F5=FD<DG7G64?< 20 E6<?<= ?D< 13400 >5/E6. 

�44>E44>6G DV4<=G =4=>E<?< =4 >>?>=>G 7 Ni-NTA-474D>7>N (Qiagen, 

Germany), ?>?5D54=L> 6DV6=>6465=G 10-15 >59T<4<< 5GD5DG 4?O ?D><<64==O 

(50 <� Na2�$�4 (pH 8,0), 0,5 � NaCl, 6 � c5G>6<=4). �4?V ?D><<64?< >>?>=>G 

10-15 >59T<4<< 5GD5DG 4?O ?D><<64==O 7 6 � E5G>6<=>N. �VE?O FL>7> 7=>6G 

?D><<64?< >>?>=>G Wash Buffer V7 4>4464==O< 6 M E5G>6<=< F4 V<V447>?G 6 

>>=F5=FD4FVW 10 <�. �?NFVN >G<M5=<E ?D>F5W=V6 ?D>6>4<?< 6 5GD5DV 7 

4>4464==O< 6 � E5G>6<=< F4 V<V447>?G 6 >>=F5=FD4FVW 250 <�. �VE?O >G<M5==O 

>FD<<4=<= D>7G<= D5>><5V=4=F=>7> ?D>F5W=G ?V44464?< 4V4?V7G ?D>F< 

D>ED4F=>-E>?L>6>7> 5GD5DG (PBS) (0,8% NaCl, 0,02% KCl, 0,144% Na2HPO4, 

0,024% KH2PO4, pH 7,4), 6?D>4>66 =>GV ?D< 4°%, ?D< ?>EFV==><G 

?5D5<VLG64==V F4 V7 7<V=>N 5GD5DG.  

'<EF>FG F4 >>=F5=FD4FVN FV?L>6<E ?D>F5W=V6 6 >FD<<4=<E 7D47>4E 

>FV=N64?< 74 4>?><>7>N <5F>4G �%�-���� 5?5>FD>D>D57G. �>?5>G?< 
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?D>F5W=V6 D>74V?O?< 6 10% ?>?V4>D<?4<V4=><G 75?V 6 Tris 5GD5D=V= E<EF5<V V7 

74EF>EG64==O< 5?5>FD>D>D5F<G=>W E<EF5<< Mini-PROTEAN (Bio-Rad, 

Hercules, CA, USA). $4D5G64==O 75?N 74V=E=N64?< 74 4>?><>7>N Coomassie 

Brilliant Blue G-250. �>=F5=FD4FVN ?D>F5W=G 6<7=4G4?< 45=E<F><5FDVTN V7 

6<>>D<EF4==O< E?5FV4?L=>W >><?9NF5D=>W ?D>7D4<< Fiji.  

2.2.4. �FD<<4==O >><??5>EV6 >GD>G<V=G 7 ?D>F5W=4<< 

�GD>G<V=G D>7G<=O?< G 96% 5F4=>?V (5 <7/<?). �>FDV5=G >V?L>VEFL 

>GD>G<V=G 4>4464?< 4> >FD<<4=>W >V?L>>EFV ?D>F5W=4 (CRM197, SbB 45> BSA) 

G D>7G<=V PBS (D� 7,4) 4?O 4>EO7=5==O <>?OD=<E E?V66V4=>L5=L 1:20 

?D>F5W=:>GD>G<V=. �GD>G<V=, D>76545=<= G PBS ?D< =5>5EV4=V= >>=F5=FD4FVW F4 

E?V66V4=>L5==V D>7G<==<>4, 6<>>D<EF>6G64?< O> >>=FD>?L. %D>D<>64=V 

>><??5>E< 4V4?V7G64?< G PBS, 74 4>?><>7>N PVDF 4V4?V7=>7> <VL>4 (Sigma-

Aldrich, %,�). 

2.2.5. %4D4>F5D<EF<>4 >FD<<4=<E >><??5>EV6 74 7<V=>N E?5>FDG ?>7?<=4==O  

 %?5>FD ?>7?<=4==O >><??5>EV6 >FD<<G64?< <5F>4>< 

E?5>FD>D>F><5FDVW 7 6<>>D<EF4==O< Optizen -POP (Optizen, �>D5O). 

�<<VDN64==O ?D>6>4<?< ?D>F< D>7G<=G PBS (pH 7,4). �GD>G<V= (5 <7/<? 

D>7G<=G 6 96% 5F4=>?V), D>7G<=5=<= G PBS, 6<>>D<EF>6G64?< O> >>=FD>?L, >>?< 

<< 4>E?V46G64?< E?5>FD4?L=V 6?4EF<6>EFV >><??5>EV6 >GD>G<V=G O> 7 BSA, F4> 

V 7 CRM197. 

2.2.6. �G?LF<6G64==O >G?LFGD >?VF<= 

�?VF<=< A431 >G?LF<6G64?< =4 ?>6<6=><G E5D54>6<MV RPMI-1640 7 L-

7?GF4<V=><, M> <VEF<?> 10% D5F4?L=>W E<D>64F>< F5?OF, EFD5?F><VF<= (100 

<7/?), ?5=VF<?V= (10 000 U) F4 4<D>F5DVF<= � (250 <>7/?) 74 5% %�2 6 

4F<>ED5DV. �?VF<=< MDA-MB-231 F4 4BL >G?LF<6G64?< =4 E5D54>6<MV DMEM, 

M> <VEF<?> 10% D5F4?L=>W E<D>64F>< F5?OF, EFD5?F><VF<= (100 <7/?), ?5=VF<?V= 

(10 000 U) F4 4<D>F5DVF<= � (250 <>7/?) 6 4F<>ED5DV 5% %�2. �G?LFGDG >?VF<= 

>G?LF<6G64?< =4 G4L>4E ?5FDV, 6 5% 4F<>ED5DV %�2 ?D< 37 %.  
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�G?LF<6G64==O E.coli ?D>6>4<?< =4EFG?=<< G<=><: 20 <>? EF>>G 54>F5DV= 

4>4464?< 4>, 20 <? LB, M> <VEF<?>10 <7 >4=4<VF<=G, F4 V=>G5G64?< 74 37# 

6?D>4>66 24 7>4<=<. �FD<<4=<= V=>>G?OF 4>4464?< 4> 250 <? LB 7 125 <>? 

>4=4<VF<=G. �>?5G EF46<?< =4 L5=>5D 250 >55DFV6, 37#, =4 2 7>4<=<, ?VE?O 

4>44?< ��&� 4> >>=F5=FD4FVW 0,1 <� F4 ?D>4>66<?< <VL4F< 7=<7<6L< 

F5<?5D4FGDG 4> 30# M5 3 7>4<=<. �VE?O >G?LF<6G64=O D>7?<?< D>7G<= G 

?D>5VD>< F4 F5=FD<DG7G64?< 74 3600 >5/E6. �?D>4>66 15 E6<?<=. �<44?<?< 

EG?5D=4F4=F, 54>F5DVW ?><VEF<?< G DD<75D =4 - 70#. 

2.2.7. �=4?V7 6<FFT744F=>EFV >?VF<= 74 4>?><>7>N �&& F5EFG 

�&& F5EF 547GTFLEO =4 6<7=4G5==V 4<E4?L=>W 4>F<6=>EFV >?VF<=. �&& (3-

(4,5-4V<5F<?FV47>?V?-2)-2,5-4VD5=V?F5FD47>?VG< 5D><V4) D>7>?444TFLEO 

<5F45>?VG=>-4>F<6=<<< >?VF<=4<< 4> >D<EF4?V6 D>D<474=G DV>?5F>6>7> 

>>?L>DG, >V?L>VE=<= 6<VEF O>>7> <>6=4 6<<VDN64F< 74 4>?><>7>N 

E?5>FD>D>F><5FD<G=<E <5F>4V6, D>7G<=<6L< WE G ?VF<G=><G 5GD5DV. 

�?O 4>E?V465==O F<F>F>>E<G=>7> 6??<6G >GD>G<V=G F4 =>7> >><??5>EV6 

>?VF<=< ?V=V= A431, MDA-MB-231 F4 4BL 6<EV64?< G 96-?G=>>6V ??4=L5F< 7 

D>7D4EG=>G 50000 >?VF<= =4 ?G=>G, 4>4464?< 4> =<E >>=FD>?L=<= ?D>F5W= 

(BSA), CRM197 F4 SbB G D>7D4EG=>G =4 >V=F56G >>=F5=FD4FVN G ?G=FV 0,1 µ�. 

&4>>6 4>4464?< >GD>G<V=, D>7G<=5=<= G PBS 4> 4>EO7=5==O >V=F56>W 

>>=F5=FD4FVW 2 µ� F4 >><??5>E< GEVE 6<M577444=<E ?D>F5W=V6 7 >GD>G<V=>< 

V=>G5G64?< 12 7>4. �?O D>7D4EG=>G =4?V6?5F4?L=<E 4>7 (IC50) 4?O >GD>G<V=G 

?>?5D54=L> =4D>M5=V >?VF<=< ?V=V= MDA-MB-231 V=>G5G64?<EO 6 E5D54>6<MV 

7 >>=F5=FD4FVO<< >GD>G<V=G 1 <>�, 10 <>�, 20 <>�, 50 <>�, 100 <>�. �?O 

6<7=4G5==O IC50 D5>><5V=4=F=<E =5F>>E<G=<E ?>EV4=<E �& >?VF<==V ?V=VW A431 

F4 MDA-MB-231 V=>G5G64?< 6 E5D54>6<MV 7 4>4464==O< =4F<6=>7> �&, 

CRM197 F4 SbB G >>=F5=FD4FVOE 6V4 0,01 <>� 4> 1 <>�. �D>5< V=>G5G64?< 

?D>FO7>< 24 7>4, 370%, 5% %�2.  

�<FFT744F=VEFL >?VF<= 6<7=4G4?< 74 4>?><>7>N �&&-F5EFG, O> >?<E4=> G 

[150]. C5D54>6<M4 6 ?G=>4E, 6 O>><G ?D>E>4<?> V=>G5G64==O, 74<V=N64?< =4 

=>65 7 4>4464==O< �&&-D5475=FG (Sigma, %,�) G >V=F56V= >>=F5=FD4FVW 0,5 
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<7/<?, 77V4=> D5>><5=44FV= 6<D>5=<>4 F4 V=>G5G64?< 3 7>4. �VE?O FL>7> D>7G<= 

�&&-D5475=FG 74<V=N64?< =4 ?V7GNG<= D>7G<= =4EFG?=>7> E>?44G 4?O 

D>7G<=5==O GF6>D5=<E >D<EF4?V6 D>D<474=G: 10% SDS, 0,6% >FF>6>W ><E?>F< 

G 4<<5F<?EG?LD>>E<4V (��%�) F4 6<7=4G4?< =>7> >?F<G=5 ?>7?<=4==O =4 

<G?LF<?G=>>6><G DV45DV µQuant ELx800 (BioTek, %,�) <V>D>??4=L5F=><G =4 

630 =<, ?D>F< 545 =<. $57G?LF4F< FL>7> F5EFG >FD<<4=V 6 L5EF<>D4F=<E 

?>6F>D4E. 

$>7D4EG=>> IC50 ?D>6>4<?< 74 4>?><>7>N ?D>7D4<< Quest Graph# IC50 

Calculator." AAT Bioquest, Inc., 7 Jun. 2023, https://www.aatbio.com/tools/ic50-

calculator. �4 D57G?LF4F4<< VF5D4F<6=>7> <>45?N64==O >?F<<4?L=<< 

DV6=O==O<, O>5 >?<EGT 5>E?5D<<5=F4?L=V F>G><, 5G?> >FD<<4=> 

FD<?4D4<5FD<G=5 DV6=O==O E<7<>W44?L=>W 4>7>74?56=>W >D<6>W: 

 

45 x 3 >>=F5=FD4FVO >GD>G<V=G (45> =>7> ?D>F5W=>6<E >><??5>EV6), O><= V=7V5GT 

DVEF >?VF<=, y 3 >V?L>VEFL 6<FFT744F=<E >?VF<= 74 x >>=F5=FD4FVW >GD>G<V=G 45> 

>><??5>EV6, min 3 6<FFT744F=VEFL >?VF<= 557 6??<6G V=7V5VF>D4 D>EFG, max 3 

6<FFT744F=VEFL >?VF<= 74 <4>E<<4?L=>W >>=F5=FD4FVW V=7V5VF>D4 D>EFG, IC50 3 

=4?V6F>?>E<G=4 4>74. 

2.2.8. �<7=4G5==O 5D5>F<6=>EFV 674T<>4VW 7 ?>65DE=5N >?VF<= EE46FV6 

>GD>G<V=G F4 =>7> ?D>F5W=>6<E >><??5>EV6 

�?VF<==V ?V=VV A431 F4 MDA-MB-231 ?VE?O V=>G5G64==O 6?D>4>66 48 

7>4<= ?D><<64?< 3 <? PBS×1. �VE?O ?D><<64==O 4>4464?< D>7G<= 11,4 <? 

PBS×1 7 600 <>? ��&� (0,5 �) 4?O V=>G54FVW 6?D>4>66 15 E6<?<= G F5D<>EF4F 

?D< 37#. �?VF<=< 6V4>DV??N64?<EO 6V4 ??4L>< V 6<E>4<?< G D>7G<=, ?D< FL><G 

D5F5?F>D proHB-EGF 74?<L46EO =5GL>>465=<<. �4 4>?><>7>N ?VG<?L=<>4 

>?VF<= Countess II FL D4EG64?< >V?L>VEFL >?VF<=. �FD<<4?< 9 <?= >?/<? 4?O 

�431 F4 8 <?= >?/<? 4?O MDA-MB-23. � >>6=G ?D>5G 7 EF>>G 5G?> 4>44=> 100 

<>? >?VF<=. �=>E<?< F4>V 7D47><: >GD>G<V= 2 <>�, BSA 0.1 <>�, >GD>G<V=-

https://www.aatbio.com/tools/ic50-calculator
https://www.aatbio.com/tools/ic50-calculator
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CRM197 (1:20), >GD>G<V=-SbB (1:20). �VE?O ?D>654<?< V=>G54FVN 30 E6<?<= G 

F5D<>EF4FV 37#. �4EFG?=<< 5F4?>< 6V4>DGGG64?< ?D>5< =4 F5=FD<DG7V 15 

E5>G=4 13,4 rpm, 6V4V5<D4?< EG?5D=4F4=F V 4> >E44G 4>44F< 1 <? PBS. 

�<7=4G5==O V=F5=E<6=>EFV D?G>D5EF5=FVW >?VF<= ?D>6>4<?< =4 ?D>F>>>6><G 

F<F>D?G>D><5FDV Coulter Epics XL (Beckman Coulter) 7 4D7>=>6<< ?475D>< 

(DV>E>64=4 75G46GNG4 4>66<=4 E6<?V 3 488 =<) =4 >E=>6V 6<>>D<EF4==O F4><E 

?4D4<5FDV6: ?DO<5 (<4?5 >GF>65) E6VF?>D>7EVN64==O F4 5VG=5 

E6VF?>D>7EVN64==O, 4 F4>>6 V=F5=E<6=VEFL D?G>D5EF5=FVW 74 >4=4?4<< FL1 (515-

535 =<). 

2.2.9. �>E?V465==O L?OEG 747<55?V >?VF<= 7 6<>>D<EF4==O< =45>DG �=5>E<= V 

F4 ?D>?V4V= =>4<4G 

�?O 4>E?V465==O <5E4=V7<G 747<55?V >?VF<= 6<>>D<EF>6G64?< 

D5>><5V=4=F=<= ?D>F5W= �=5>E<=G V, <VG5=<= D?G>D5EF5=F=>N <VF>>N FITC, 

O><= T Ca++ 74?56=<< ?D>F5W=><, M> E?5F<DVG=> 674T<>4VT 7 D>ED4F<4<? 

E5D<=>< [47] F4 ?D>?V4V= =>4<F (PI), M> T D?G>D5EF5=F=<< ��� 

V=F5D>4?OF>D>< 7 <4>E<<4?L=>N 4>66<=>N E6<?V ?>7?<=4==O 520  =< F4 

<4>E<<G<>< D?G>D5EF5=FVW 600 =<, V=F5=E<6=VEFL D?G>D5EF5=FVW O>>7> 

75V?LLGTFLEO G 20 D47V6 ?D< 674T<>4VW 7 ���. 

�?O 6<7=4G5==O DV6=O 4?>?F>7G F4 =5>D>7G >?VF<==V ?V=VV �431 F4 MDA-

MB-231 V=>G5G64?< G 6-?G=>>6><G ??4=L5FV 6?D>4>66 24 7>4<= 7 D>7D4EG=>G 

500000 >?VF<= =4 ?G>G. �VE?O ?>?5D54=L>W V=>G54FVW >?VF<= 4> =<E 6=>E<?< 

6V4?>6V4=V 4>7< >GD>G<V=G 45> =>7> >><??5>E< 7 ?D>F5W=4<< F4 V=>G5G64?< M5 

12 7>4<=. �G?< 6=5E5=V 7D47><: >GD>G<V= 2 <>�, BSA 0.1 <>�, PBS, >GD>G<V=-

CRM197 (1:20), >GD>G<V=-SbB (1:20). �VE?O G>7> >?VF<=< >E446G64?< 74 300g 

10E6, F4 WE E5D54>6<M5 7<V=N64?< =4 500 <>? D>7G<=G 10 mM HEPES, 150 mM 

NaCl, 5 mM KCl, 1 mM MgCl2, 1,8 mM CaCl2 7 4>4464==O< 10 <>7 

D5>><5V=4=F=>7> Annexin V-FITC F4 6 <>7 PI. �?VF<=< V=>G5G64?< 15 E6 74 

F5<?5D4FGD< 4°%. �=4?V7 7D47>V6 ?D>6>4<?< =4 ?D>F>>>6><G F<F>D?G>D><5FDV 

Coulter Epics XL (Beckman Coulter) 7 4D7>=>6<< ?475D>< (DV>E>64=4 75G46GNG4 

4>66<=4 E6<?V 3 488 =<) =4 >E=>6V 6<>>D<EF4==O F4><E ?4D4<5FDV6: ?DO<5 

file:///C:/Users/dariy/Downloads/ДИСЕРТАЦІЯ%20ЧУДІНА.docx%23_Toc514766981
file:///C:/Users/dariy/Downloads/ДИСЕРТАЦІЯ%20ЧУДІНА.docx%23_Toc514766981
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(<4?5 >GF>65) E6VF?>D>7EVN64==O F4 5VG=5 E6VF?>D>7EVN64==O, 4 F4>>6 

V=F5=E<6=VEFL D?G>D5EF5=FVW 74 >4=4?4<< FL1 (515-535 =<) F4 FL3 (610-630 

=<). 

2.2.10. �>E?V465==O V=F5D=4?V74FVW >GD>G<V=G <4?V7=V7>64=<<< >?VF<=4<< 

�?O 4=4?V7G ?D>5 =4 >>=D>>4?L=><G <V>D>E>>?V >?VF<=< A431, 6<D>M5=V 

=4 E>5?LFOE, ?D><<64?< 46VGV ?> 1 <? PBS. �?O 4=4?V7G 5D5>F<6=>EFV 

V=F5D=4?V74FVW >GD>G<V=G F4 =>7> >><??5>EV6 7 ?D>F5W=4<< 4>4464?< >GD>G<V= 2 

<>� F4 >><??5>E< >GD>G<V=-SbB (1:20) F4 V=>G5G64?< 6?D>4>66 5 7>4<=. � 

O>>EFV 54D6=<>4 >?VF<==<E O45D 6<>>D<EF>6G64?< Hoechst 33342, O><= 4>4464?< 

>4=>G4E=> 7 G4EF>4<< 4> >>=F5=FD4FVW 10<>� G E5D54>6<MV. �=>G54FVN 

?D>6>4<?< ?D>FO7>< 60E6. ?D< 370% F4 5% >>=F5=FD4FVW CO2 G E5D54>6<MV. 

�VE?O G>7> ?D><<64?< >?VF<=< 46VGV ?> 1<? PBS F4 4>4464?< D>7G<= 4% 

?4D4D>D<4?L457V4G G 0,1� Na-D>ED4F=><G 5GD5D=><G D>7G<=V 7 <5F>N 

DV>E4FVW >?VF<=, V=>G5G64?< 40 E6. ?D< 40%. �4?V 46VGV 6V4<<64?< =5769O74=<= 

?4D4D>D<4?L457V4 D>7G<=>< PBS F4 >EF4==V= D47 4<EF<?L>64=>N 6>4>N. �4 

E>5?LFO =4=>E<?< ?> 25 <>? D>7G<=G MOVIOL/Dabco, M> E?>6V?L=N646 

6<7>D4==O D?G>D>D>D4 F4 EF45V?V7G646 >?VF<=<, F4 DV>EG64?< ?>>D<6=5 E>?> 7 

>?VF<=4<< =4 ?D54<5F=><G E>?V. �?O 6<7=4G5==O G4E>6<E <56 V=F5D=4?V74FVW 

>GD>G<V=G F4 =>7> >><??5>EV6 7 ?D>F5W=4<< 4>4464?< >GD>G<V= 2 <>� F4 

>><??5>E< >GD>G<V=-SbB (1:20) G ?>?5D54=L> =4D>M5=V >?VF<=< G 12-

?G=>>6><G ??4=L5FV. �D>6>4<?< ?D<6<FFT65 >>=D>>4?L=5 E>4=G64==O 7 

DV7=>N G4E>6>N 5>E?>7<FVTN (2 E6, 15 E6, 90 E6). 

�D5?4D4F< 4=4?V7G64?< 74 4>?><>7>N >>=D>>4?L=>7> <V>D>E>>?G Carl 

Zeiss LSM 510 Meta >>D5<> 74 FDL><4 >4=4?4<<: 75G465==O 3 405 =<, 45F5>FVO 

3 420-480 =< 3 D?G>D5EF5=FVO Hoechst 33342; 75G465==O 3 467 =<, 45F5>FVO 3 

505-580 =< 3 D?G>D5EF5=FVO >GD>G<V=G; 75G465==O 3 543 =<, 45F5>FVO 3 6V4 560 

=< 3 46F>D?G>D5EF5=FVO >?VF<=.  
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2.2.11. �<G=V74FVO <<L5= DD47<5=F4<< =5F>>E<G=>7> ?>EV4=>7> �& F4 

745VD E<D>64F>>  

' E>4V 44=>W 5>E?5D<<5=F4?L=>W D>5>F< 4>E?V46G64?< D5>><5V=4=F=V 

?D>F5W=< ?D>>4DV>F<G=>7> ?>E>465==O, F><G << 6<>>D<EF4?< EF4=44DF=<< 

7D4DV>>< V<G=V74FVW, O><= 5G6 D>7D>5?5=<= 4?O E4<>> <<L5= BALB/c, 6V>>< 6-

8 F<6=V6, 74 O><< �7 (25-50 <>7 D>76545=<= 6 PBS) F4 >5D4=<= 449N64=F, G 

E?V66V4=>L5==V 1:1, 66>4<?< V=FD4?5D<F>=54?L=>. �4>E<<4?L=<= >59T< =4 

>4=G F64D<=G EF4=>6<6 0,2 <? [11, 101]. 

�<G=V74FVN <<L5= ?D>6>4<?< 74 EE5<>N, O>4 6>?NG4?4 6 E555 FD<>D4F=5 

66545==O ?D>F5W=>6>7> D>7G<=G 4>7>N 25 <>7/<<LG 7 4>4464==O< 449N64=FG 

(4?N<V=V= 7V4D>>E<4 Al(OH)3, 6?D>4>66 L5EF< F<6=V6 7 46>F<6=56<<< 

?5D5D64<<. �4 EE5<4 66>4<?< 0,1 <? D>7G<=G D5>><5V=4=F=>7> ?D>F5W=G F4 

449N64=FG G E?V66V4=>L5==V 1:1 6=GFDVL=L>G5D56=<< E?>E>5><. �6545==O 

74V=E=N64?< 6 =<6=V= ?D46<= >644D4=F 6<6>F4. �<>>D<EF>6G64?< 7>?>< 

4V4<5FD>< 22G. 

�D47>< >D>6V (V~50<>?) 6V45<D4?< =4 14-=, 28-= F4 42-= 45=L V<G=V74FVW, 

V7 E6>EF>6>W 65=<. �V4V5D4=<= <4F5DV4?, 557 4>4464==O 4=F<>>47G?O=FV6, 

V=>G5G64?< ?D>FO7>< 40 E6<?<= ?D< >V<=4F=V= F5<?5D4FGDV V F5=FD<DG7G64?< 

?D>FO7>< 30 E6 74 2700 >5/E6. 

2.2.12. �<7=4G5==O DV6=O 4=F<FV? 4> =5F>>E<G=<E D5>><5V=4=F=<E 

?>EV4=<E �& 6 E<D>64FFV >D>6V V<G=V7>64=<E <<L5= <5F>4>< ELISA 

� ?G=>< 96-?G=>>6>7> ??>E>>4>==>7> ??4=L5FG =4=>E<?< 4=F<75= 7 

>V=F56>N >>=F5=FD4FVTN 3 <>7/<?, G D>ED4F=>-E>?L>6><G 5GD5DV (PBS 3 (0,8% 

NaCl, 0,02% KCl, 0,144% Na2HPO4, 0,024% KH2PO4, pH 7,4) F4 74?<L4?< =4 =VG 

?D< F5<?5D4FGDV 4°C. �?O 6<44?5==O 4=F<75=G, O><= =5 45E>D5G646EO, ??4=L5F 

6V4<<64?< 3 D47< PBS. � O>>EFV 5?>>GNG>7> 475=F4 6<>>D<EF>6G64?< 

7=56<D5=5 1% <>?>>> 6 PBS F4 V=>G5G64?< ?D< 37°C 6?D>4>66 60 E6<?<=. 

�D47>< 4>E?V46G64=>W E<D>64F>< >D>6V <<L5= D>76>4<?< 6 E?V66V4=>L5==V 

1:100 6 PBS-T (PBS 7 Tween-20 6 >V=F56V= >>=F5=FD4FVW 0,04%). �=>G54FVN 7 

file:///C:/Users/dariy/Downloads/ДИСЕРТАЦІЯ%20ЧУДІНА.docx%23_Toc514766985
file:///C:/Users/dariy/Downloads/ДИСЕРТАЦІЯ%20ЧУДІНА.docx%23_Toc514766985
file:///C:/Users/dariy/Downloads/ДИСЕРТАЦІЯ%20ЧУДІНА.docx%23_Toc514766986
file:///C:/Users/dariy/Downloads/ДИСЕРТАЦІЯ%20ЧУДІНА.docx%23_Toc514766986
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?5D6<==<<< �& ?D>6>4<?< 6?D>4>66 1 7>4. �4?V ??4=L5F 6V4<<64?< PBS-T) 

4?O 6<44?5==O =5E?5F<DVG=> 769O74=<E �&. �?O 6<O6?5==O ?5D6<==<E �& 6 

?G=>< ??4=L5FG 6=>E<?< 4=F<6<4>6<= >>=9N74F anti-mouse Ab (Sigma-Aldrich, 

%,�) 6 PBS-T G E?V66V4=>L5==V 1: 12000 F4 V=>G5G64?< ?D< 37°C 6?D>4>66 60 

E6<?<=. �>6F>DN64?< ?D>F54GDG 6V4<<6>< 4?O 6<44?5==O =5769O74=<E 

?D>4G>FV6 D54>FVW F4 6=>E<?< 6 ?G=>< ?> 0,1<? D>7G<=G ED><>75==>7> 

EG5EFD4FG TMB (3,3», 5,5»-F5FD4<5F<?55=7<4<=) F4 V=>G5G64?< ??4=L5F 10-15 

E6 ?D< >V<=4F=V= F5<?5D4FGDV 6 F5<=><G <VEFV. �?O 7G?<=>< D54>FVW 6 ?G=>< 

??4=L5F4 4>4464?< ?> 0,05<? D>7G<=G 2 � EVDG4=>W ><E?>F<. $57G?LF4F< �$� 

>5D4E>6G64?< 74 4>?><>7>N <G?LF<?G=>>6>7> E?5>FD>D>F><5FD4 7 

65DF<>4?L=<< ?>F>>>< E6VF?4 (ASYS Expert 96, �6EFDVO) ?D< 4>66<=V E6<?V 450 

=< (D5D5D5=F4 3 630 =<). 

2.2.13. �<7=4G5==O 6<VEFG E<7=4?L=<E ?D>F5W=V6 F4 WE 4>F<6=>EFV 

<5F>4>< ELISA 

�464=F465=V >GD>G<V=-?D>F5W=>6<<< >><??5>E4<< >?VF<=< G5D57 24 7>4 

V=>G5VFVW 76V?L=O?< 6V4 EF4D>7> E5D54>6<M4 F4 ?D><<64?< PBS F4 74 4>?><>7>N 

L>D55>4 <5E4=VG=> 75<D4?< >?VF<=< 7 4=4 G4L>< �5FDV 6 1 <? E>?>4=>7> PBS. 

�FD<<4=G EGE?5=7VN >?VF<= F5=FD<DG7G64?< 5 E6<?<= ?D< 4°%. �E44 

D5EGE?5=4G64?< 6 RIPA 5GD5DV (Tris-HCl (D� 7,4), 150 <� E?>D<4G =4FDVN, 1 

<� 5F<?5=4V4<V=F5FD4>FF>6>W ><E?>F< (EDTA), 1% NP-40, 1% 457>>E<E>?56>W 

><E?>F< =4FDVN, 0,1% 4>45F<?EG?LD4F =4FDVN (SDS), 1 <� 

D5=V?<5F<?EG?LD>=V?DF>D<4 F4 V=7V5VF>D< ?D>F547). %GE?5=7VN >?VF<= 

E>=VDV>G64?< 2 D47< ?D>FO7>< 30 E5>G=4 =4 50% ?>FG6=>EFV ?D<?44G =4 ?L>4V. 

15 E6<?<= EGE?5=7VN 6<FD<<G64?< =4 ?L>4G, ?5DV>4<G=> ?5D5<VLGNG<. �VE?O 

V=>G54FVW F5=FD<DG7G64?< 3600 >5/E6 6?D>4>66 15 E6 4?O >E4465==O 

>?VF<==>7> 455DVEG. %G?5D=4F4=F 6<>>D<E>6G64?< 4?O 6<7=4G5==O E<7=4?L=<E 

?D>F5W=V6.  

' ??>E>>4>==<= 96-?G=>>6<= ??4=L5F =4=>E<?< ?> 100 <>? >?VF<==<E 

?V74FV6 G D>76545==V 1:100, O>V 6<EFG?4NFL G D>?V 4=F<75=G. �=>G5G64?< 
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?D>FO7>< 7>4<=< ?D< 37°% 7 ?>44?LL>N FD<>D4F=>N 6V4<<6>>N 

4<EF<?L>64=>N 6>4>N. /> 5?>>GNG<= 475=F >5D4?< 1% D>7G<= 7=56<D5=>7> 

<>?>>4 6 PBS, O>5 V=>G5G64?< 7>4<=G ?D< 37° 7 ?>44?LL<< FD<>D4F=<< 

6V4<<64==O<. �5D6<==V 4=F<FV?4, D>76545=V G E?V66V4=>L5==V 1:1000 7 PBS-T 

(PBS 7 Tween-20 6 >>=F5=FD4FVW 0,05%) V=>G5G64?< 12 7>4<= ?D< 4°% 7 

?>44?LL<< FD<>D4F=<< 6V4<<64==O<. �D>O6>G=V 4=F<6<4>6V 4=F<FV?4, 

>>=LN7>64=V 7 ?5D>>E<447>N ED>=G, D>7G<=O?< G PBS-T 6 E?V66V4=>L5==V 

1:8000. �=>G5G64?< 60 E6<?<= ?D< 37°%, ?VE?O G>7> FD<>D4F=> ?D><<64?<. �?O 

?D>O6>< D57G?LF4FV6 G >>6=G ?G=>G 4>4464?< ?> 100 <>? ED><>75==>7> 

EG5EFD4FG &��. �VE?O 10-15 E6<?<==>W V=>G54FVW ?D< >V<=4F=V= F5<?5D4FGDV 

D54>FVN 7G?<=O?< 4>4464==O< 50 <>? 2 � D>7G<=G EVDG4=>W ><E?>F<. 

$57G?LF4F< DV>EG64?<EO 74 4>?><>7>N <G?LF<?G=>>6>7> E?5>FD>D>F><5FD4 7 

65DF<>4?L=<< ?>F>>>< E6VF?4 ?D< 4>66<=V E6<?V 450 =<, ?D>F< 650 =<. 

2.2.14. �=4?V7 ?>D>GF6>DN64?L=<E 6?4EF<6>EF5= ?D>F5W=V6 

�?O 4>E?V465==O ?>D>GF6>DNNG<E 6?4EF<6>EF5= CRM197 =4 <5<5D4=G, 

6<>>D<EF>6G64?< ���, EF6>D5=V 7 D>7G<=G >><5DFV==<E ?D5?4D4FV6 $�A V $%, 

EG<VL O><E D>7G<=O?< 6 =-75?F4=V G E?V66V4=>L5==V 1:1 ?D< 7474?L=V= 

>>=F5=FD4FVW ?V?V4V6 20 <7/<?. �FD<<4=<= 6 D57G?LF4FV D>7G<= ?V?V4V6 =4=>E<?< 

=4 >F6VD G F5D?>=>6><G EF4>4=G<>G (>59T< 1 <?) 7 4V4<5FD>< 0,6 << 45> 

45?LD<=>6><G EF4>4=G<>G (>59T< 1<?) 7 4V4<5FD>< 0,15 <<. $>D<G64==O 

?V?V4=>7> 5VL4DG >>=FD>N64?< 6V7G4?L=> G 6V4>5D465=><G E6VF?V 74 4>?><>7>N 

5V=>>G?OD=>7> <V>D>E>>?4. �>4=>-E>?L>6<= D>7G<=, M> ><<646 <5<5D4=G, 

<VEF<6 10 <� Tris-�%l (pH 6,0 45> 4,8) F4 7444=G >V?L>VEFL E?>D<4G >4?VN. 

$V7=<FO ?>F5=FV4?V6 ?D<>?444?4EL 4> <5<5D4=< 6V4 465D5?4 =4?DG7<, M> 

4>76>?O?> >FD<<G64F< ?>EFV==G (6V4 3150 <� 4> 150 <�) 45> ?V=V==> 7<V=N64=G 

=4?DG7G 7V L6<4>VEFN 60 <�/E6, 6<>>D<EF>6GNG< F>= E4<<= 4V4?47>= 4<??VFG4. 

�4?DG7G, ?D<>?445=G 4> <5<5D4=<, >>=FD>?N64?< 74 4>?><>7>N F<DD>6>7> 

6>?LF<5FD4. �F>GGNG<= <5<5D4=G 6>4=>-E>?L>6<= D>7G<= ?5D5<VLG64?< 74 

4>?><>7>N <47=VF=>7> L5=>5D4. �>E?5D<<5=F< ?D>6>4<?< ?D< >V<=4F=V= 
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F5<?5D4FGDV (20 2 24°%). �D>6V4=VEFL ?>F5=FV4?74?56=<E V>==<E >4=4?V6, 

GF6>D5=<E 6 ?D<EGF=>EFV CRM197 6 ?D<EGF=>EFV E>?5= FV47>?VN (8 (R = C8H17) 

(OM�T), 9 (R = C9H19) (�M�T), 10 (R = C10H21) (�M�T) 12 (R = C12H25) 

(��M�T): 1 3 6<<VD< G E<<5FD<G=<E 1 M KCl (pHcis 6.0/pHtrans 6.0) E<EF5<4E, 

2 3 6<<VD< G =5E<<5FD<G=<E E<EF5<4E (pHcis 4.8/pHtrans 6.0). �><??5>E< E>?5= 

FV47>?VN 7 CRM197 7>FG64?< 74 >V<=4F=>W F5<?5D4FGD<. �5D54 4>4464==O< 4> 

E<EF5<< ��� F4>?VF<==<E ?V=V= >><??5>E< 5>E?>=G64?< ?D>FO7>< 30 E6<?<=.  

2.2.15. %F4F<EF<G=4 >5D>5>4 >FD<<4=<E D57G?LF4FV6 

�4=V 5G?< EF4F<EF<G=> >?D4FL>6G64?< 74 4>?><>7>N ?D>7D4<=>7> 

74557?5G5==O MO Excel, Origin 9.0 F4 Fiji. �?O ?>DV6=O==O >FD<<4=<E 44=<E 6 

4>E?V4=<E 7DG?4E, 6<>>D<EF>6G64?< >D<F5DV= %FLN45=F4. $V7=<FO 66464?4EL 

EF4F<EF<G=> 4>EF>6VD=>N ?D< $ <0,05. 6<>>D<EF4?< >>5DVFVT=F>< >>D5?OFVW 

�VDE>=4 (r), O><= T ?>>47=<>>< >>D5?OFVW (?V=V==>W 74?56=>EFV) <V6 46><4 

7<V==<<< xk, yk  F4 =45G64T 7=4G5=L 6V4 -1 4> +1 6>?NG=>. �=4G5==O +1 >7=4G4T, 

M> 74?56=VEFL <V6 xk, yk T ?V=V==>N V 6V4>5D464T 7D>EF4==O Y ?D< 7D>EF4==V X. 

�=4G5==O -1 3 6V4>5D464T 7<5=L5==O Y ?D< 7D>EF4==V X . />M> >>5DVFVT=F 

>>D5?OFVW �VDE>=4 4>DV6=NT 0, F> ?V=V==>W >>D5?OFVW <V6 7<V==<<< =5<4T [199].  

�=4G5==O 44=>7> ?4D4<5FDG >5D4E>6GTFLEO 74 D>D<G?>N:  

 

, 

45 rp,xk,yk 3 >>5DVFVT=F >>D5?OFVW �VDE>=4, Mx ,  My 3 >FV=>< <4F5<4F<G=>7> 

>GV>G64==O 6<?44>>6<E 65?<G<=, n 3 >5EO7 6<5VD><. 
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$����� 3. $��'�,&�&� &� �% ������$���/ 

3.1. �45D64==O >><??5>EV6 >GD>G<V=G 7 =5F>>E<G=<<< D5>><5V=4=F=<<< 

?>EV4=<<< 4<DF5DV==>7> F>>E<=G F4 WE E4D4>F5D<EF<>4 

3.1.1 %4D4>F5D<EF<>4 E4=FV6 E>D5FVW >GD>G<V=G 7 ?>EV4=<<< 4<DF5DV==>7> 

F>>E<=G 

�<DF5DV==<= F>>E<= (�&) 3 >E=>6=<= D4>F>D ?4F>75==>EFV 54>F5DVW 

Corynebacterium diphtheria, O><= ?D>O6?OT E555 O> E<?L=<= 5>7>F>>E<=, M> 

?D<7=VGGT E<=F57 ?D>F5W=G G GGF?<6<E 4> =L>7> 56>4DV>F<G=<E >?VF<=4E. 

&<?>6> 4?O 5V?LL>EFV 54>F5DV==<E F>>E<=V6, �& E>?444TFLEO 7 46>E G4EF<=: 

EG5>4<=<FO � (sbA) 3 <4T F<? EFDG>FGD=>7> <>F<6G ³ + ³ F4 T >4F4?VF<G=<< 

4><5=>< F4 EG5>4<=<FO � (sbB), M> E>?444TFLEO 7 46>E 4><5=V6 3 

FD4=E<5<5D4==>7> F4 D5F5?F>D=>7>. &D4=E<5<5D4==<= 4><5= E>?444TFLEO 7 

456'OF< ³-E?VD4?5=, 46V ?4D< O><E =5?>?OD=V V <>6GFL 5D4F< GG4EFL G 6EF46FV V 

FD4=E?>>4FVW, 6<>?<>4=>N pH-4>F<64FVTN. �><5=, M> 76'O7GT D5F5?F>D, 74 

5G4>6>N T E??NM5=<< ³-F<?V=4D><. &D5F<==G EFDG>FGDG F>>E<=G D>D<GNFL 

F4>V 4><5=<: R (4=7?. receptor binding), C (4=7?. catalytic), T (4=7?. 

transmembrane). sb� ED>D<>64=4 N>V=F56<< % 4><5=><, O><= 6<>>=GT 

>4F4?VF<G=G DG=>FVN. sb� E>?444TFLEO 7 4><5=V6 3 & V R, O>V 6<>>=GNFL DG=>FVW 

FD4=E?>>4FVW F>>E<=G 6 >?VF<=G F4 769O7G64==O 7 D5F5?F>D>< =4 ?>65DE=V 

GGF?<6>W >?VF<=<, 6V4?>6V4=> [46]. �<DF5DV==<= F>>E<= T 4>5D5 6V4><<< 

54>F5DV==<< D4>F>D>< ?4F>75==>EFV, M> <4T 6<E>><= DV65=L E?>DV4=5=>EFV 4> 

>?VF<==>7> D5F5?F>D4 proHB -EGF (75?4D<=-769O7GNG<= EGF-?>4V5=<= D4>F>D 

D>EFG), 4E>FV=>64=>7> 7 5474FL<4 ?GE?<==<<< >?VF<=4<< [81, 161]. �>7> 

674T<>4VO 7 D5F5?F>D>< E4D4>F5D<7GTFLEO 6<E>><<< ?>>47=<>4<< 

E?5F<DVG=>EFV F4 4DV==>EFV, O>G <>6=4 ?>DV6=OF< V7 E<?L=>N 674T<>4VTN 

4=F<75=-4=F<FV?> (>>=EF4=F4 4<E>FV4FVW 4?O >><??5>EG �& 7 HB-EGF E>?444T 

5?<7L>> 1028 - 1029 M [129]. �E>V?L>< �& T =4476<G4==> =5557?5G=<<, 4>FV?L=> 

?D>6>4<F< D>5>FG =5 7 E4<<< F>>E<=><, 4 7 =>7> 4=4?>74<< 3 =5F>>E<G=<<< 

?>EV4=<<< M> 755DV74NFL D5F5?F>D-769O7G64?L=G 4>F<6=VEFL. 
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CRM197 T D5>><5V=4=F=<< =5F>>E<G=<< ?>EV4=<< �&, O><= 

6V4DV7=OTFLEO 6V4 =4F<6=>7> F>>E<=G ?<L5 >4=VTN 74<V=>N 6 4<V=>><E?>F=V= 

?>E?V4>6=>EFV >4F4?VF<G=>7> 4><5=G (D<E. 3.1). CRM197 >FD<<GNFL L?OE>< 

74<V=< 7?VF<=G 6 ?>7<FVW 52 75=4 DT =4 7?GF4<V=>6G ><E?>FG [69, 221]. &O 

74<V=4 ?D<76>4<FL 4> 6FD4F< >4F4?VF<G=>W 4>F<6=>EFV %-4><5=>< V 6FD4F< 

F<F>F>>E<G=>EFV FV?>N <>?5>G?>N CRM197 [137]. �576464NG< =4 6FD4FG 

F>>E<G=>EFV, <>?5>G?4 CRM197 755DV74T =57<V==<<< 6EV EFDG>FGD=V 

>><?>=5=F<, 6?4EF<6V <>?5>G?V DT [53], 6>?NG4NG< EFDG>FGD<, 6V4?>6V44?L=V 

74 76'O7G64==O R-4><5=G 7 >?VF<==<< D5F5?F>D><. 

 

$<E. 3.1. %E5<4 5G4>6< =5F>>E<G=>7> ?>EV4=>7> 4<DF5DV==>7> F>>E<=G 

CRM197 F4 =>7> DD47<5=FV6 SbA, SbB F4 Rd. 

 �5F>>E<G=5 D5>><5V=4=F=5 ?>EV4=5 4<DF5DV==>7> F>>E<=G <4T 

?D>F<?GE?<==<= 6??<6 =4 45O>V F<?< ?GE?<==<E >?VF<=, 7>>D5<4 ?>>474=>, M> 

CRM197 5?>>GT ?D>?VD5D4FVN V 4=7V>75=57 F4 V=4G>GT 4?>?F>7 6 >?VF<=4E 

445=>>4DF<=><< SW-13 F4 H295R ?N4<=< 6 >G?LFGDV F4 =4 <<L4G<E 
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>E5=>FD4=E??4=F4=F4E [139]. �>DV< F>7>, ?>>474=>, M> CRM197 T 

?5DE?5>F<6=<< =>EVT< 4?O 5474FL>E ?V>4DEL><E ?D5?4D4FV6, F4><E O> 

?4>?VF4>E5? [231], 4>>E<DG5VF<= [110], F<E??4F<= [252]. �E5 F5 D>5<FL 

CRM197 ?5DE?5>F<6=<< <>6?<6<< =>EVT< 4?O >GD>G<V=G, O><= <>65 =5 FV?L>< 

?V46<M<F< 5V>4>EFG?=VEFL E4<>7> >GD>G<V=G, 4 = <4F< E<=5D7VG=<= 6??<6 =4 

?GE?<==V >?VF<=<. &4><< G<=><, ?5DL<< 5F4?>< =4L>W D>5>F< 5G?> 

4>E?V465==O in silico <>6?<6<E E4=FV6 79T4=4==O <>?5>G?< >GD>G<V=G 7 

<>?5>G?>N CRM197. 

 �5F>4 <>?5>G?OD=>7> 4>>V=7G, M> 6<>>=G646EO 74 4>?><>7>N 

?D>7D4<<=>7> 74557?5G5==O SwissDock 4>76>?<6  7D>5<F< DO4 ?D<?GM5=L 

M>4> <>6?<6<E E4=FV6 769OEG64==O F4 D>D<G64==O  EFV=><E >><??5>EV6 

<>?5>G?< >GD>G<V=G 7 <>?5>G?>N BSA F4 CRM197 [272] . 

 �>E?V465==O >><??5>E>GF6>D5==O BSA V >GD>G<V=G ?>>474?> VE=G64==O 

4>E <>6?<6<E E4=FV6 769O7G64==O (D<E. 3.2 A, B). �V4?>6V4=> 4> ?5DL>7> E4=FG 

769O7G64==O >GD>G<V= GF6>DNT 6>4=56V 769O7>< 7 Tyr138, Tyr161 V His146 

<>?5>G?< BSA (D<E. 3.2,A). 

 �DG7<= V<>6VD=<= E4=F 769O7G64==O >GD>G<V=G E4D4>F5D<7G646EO 

6>4=56<<< 769O7>4<< <V6 Ser202, Ile290 V 674T<>4VO<< Pi-Pi 7 Trp214 (D<E. 3.2, 

B). 

�. 

�. 

$<E. 3.2. %4=F< 76'O7G64==O BSA V >GD>G<V=G. �G=>F<D=V ?V=VW 6>6F>7> 

>>?L>DG 3 6>4=56V 769O7><; E<=V ?G=>F<D=V ?V=VW 3 674T<>4VW Pi-Pi. 

 



75 

 

�4 44=<<< <>?5>G?OD=>7> 4>>V=7G >><??5>E CRM197 7 >GD>G<V=>< 

GF6>DN646EO L?OE>< D>D<G64==O 6>4=56<E 769O7>V6 <V6 Lys20, Gly18 V Pi-Pi F4 

4D><4F<G=<<< G4EF<=4<< >GD>G<V=G F4 His17 V Tyr61 CRM197 (D<E. 3.3). 

 

 

$<E. 3.3. %4=F 769O7G64==O CRM197 V >GD>G<V=G. �G=>F<D=V ?V=VW 6>6F>7> 

>>?L>DG 3 6>4=56V 769O7><; E<=V ?G=>F<D=V ?V=VW 3 674T<>4VW Pi-Pi. 

3.1.2.  �=4?V7 G<EF>F< >FD<<4=<E ?D5?4D4FV6 =5F>>E<G=<E D5>><5V=4=F=<E 

?>EV4=<E 4<DF5DV==>7> F>>E<=G. 

$5>><5V=4=F=V 4=F<75=< 5G?< 5>E?D5E>64=V 6 54>F5DV==V= >G?LFGDV >?VF<= 

E.coli BL21 Rosetta (DE3), O>4 <VEF<FL 6 E>5V ??47<V4=G ��� 7 65G4>64=<< 

FV?L>6<< 75=>< DD47<5=FG �&. �VE?O 5>E?D5EVW ?D>F5W=<  7 >G?LFGD4?L=>W 

DV4<=< 5G?> >G<M5=> F4 ?D>4=4?V7>64=> <5F>44<< <5F4?-4DV==>W 

ED><4F>7D4DVW =4 Ni2+-NTA 474D>7V F4 74 4>?><>7> �%�-���� 5?5>FD>D>D57G. 

�FV=<6L< 5?5>FD>D>D57D4<< 4>E?V46G64=<E D5>><5V=4=F=<E ?D>F5W=V6 <>6=4 

4V=F< 6<E=>6>G, M> ?D>F5W=< >FD<<4=V G ?D5?4D4F<6=V= >V?L>>EFV F4 4>EF4F=L> 

>G<M5=V (D<E 3.4.). �F65, 44=V ?D5?4D4F< ?D>F5W=V6 <>6=4 6<>>D<EF>6G64F< 4?O 

?>44?LL>7> 4>E?V465==O WE >><??5>EV6 7 >GD>G<V=>< F4 F5EFG64==O WE DV7<>>-

EV<VG=<E F4 5V>?>7VG=<E 6?4EF<6>EF5=.  
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$<E. 3.4. �%�-���� 5?5>FD>D>D57D4<4 D5>><5V=4=F=<E ?D>F5W=V6, 

>G<M5=<E 74 4>?><>7>N <5F4?4-4DV==>W ED><4F>7D4DVW =4 Ni2+-NTA-474D>7V: 

SbB (37 >�4), CRM197 (58,4 >�4), � - <4D>5D <>?5>G?OD=>W <4E<, >�4. 

CRM197 T D5>><5V=4=F=<< =5F>>E<G=<< ?>EV4=<< �&, O><= 6V4DV7=OTFLEO 

6V4 �& ?<L5 >4=VTN 74<V=>N 6 4<V=>><E?>F=V= ?>E?V4>6=>EFV >4F4?VF<G=>7> 

4><5=G (Gly52Glu) [69, 221]. CRM197, SbA, SbB V Rd T D5>><5V=4=F=<<< 

4=4?>74<< DV7=<E G4EF<= <>?5>G?< �&, O>V G4EF>>6> ?5D5>D<64NFLEO V <4NFL 

F4>G 4><5==G EFDG>FGDG: CRM197 E>?444TFLEO 7 3 4><5=V6 (C, T, R); SbA 

E>?444TFLEO 7 1 4><5=G (C), SbB E>?444TFLEO 7 2 4><5=V6 (T, R); Rd E>?444TFLEO 

7 1 4><5=G (R) (D<E. 3.1). �>DV< F>7>, CRM197, SbA, SbB, Rd <VEFOFL 

?>?V7VEF<4<=>6V <VF><, O>V 6<>>D<EF>6GNFLEO 4?O WE 4DV==>W >G<EF><. �4 D<E. 

3.5 ?D54EF46?5=> 4<V=>><E?>F=V ?>E?V4>6=>EFV GEVE 77444=<E D5>><5V=4=F=<E 

?>EV4=<E �&.  

�D>4=4?V7G646L< <>?5>G?OD=V <4E< >FD<<4=<E =4<< ?D>F5W=V6 ($<E.3.4), 

M> >?<E4=> G D>74V?V 3.2 M>4> WE 6V4?>6V4=>EFV 4> 4<V=>><E?>F=<E 

?>E?V4>6=>EF5= [69], << 7D>5<?< 6<E=>6>> ?D> 6V4?>6V4=VEFL WE <>?5>G?OD=<E 
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<4E, 4 7=4G<FL V ?D> O>VEFL F4 G<EF>FG >FD<<4=<E ?D>F5W=V6, O>V 5G4GFL 

6<>>D<EF4=V G ?>44?LL><G 4>E?V465=V 6 O>>EFV =>EVW6 >GD>G<V=G.  

 

 

 

 

 

 

 

 

 

 

 

$<E. 3.5. %E5<4F<G=5 7>5D465==O <>?5>G?< 4<DF5DV==>7> F>>E<=G, M> 

?>>47GT >>D5?OFVN <V6 >>D5<<<< EG5>4<=<FO<<. N->V=F56<= >4F4?VF<G=<= 

4><5= Cd, O><= ?D54EF46?OT E>5>N EG5>4<=<FO A (SbA), ?>>474=4 EE5<V 

75?5=<< >>?L>D><. $5F5?F>D-76'O7GNG<= 4><5= Rd V 4><5= FD4=E?>>4FVW >DV7L 

>?VF<==G <5<5D4=G - Td, O>V D47>< GF>6DNNFL EG5>4<=<FN B (SbB), 7>5D465=G 

=4 EE5<V 5?4><F=<< >>?L>D><.�4<V=5=V 4<V=>><E?>F< ?>7=4G5=V G5D6>=<< 

>>?L>D><. 

 

3.1.3 �>E?V465==O E?5>FDG ?>7?<=4==O >FD<<4=<E >><??5>EV6 O> 

E4D4>F5D<EF<>4 5D5>F<6=>EFV WE GF6>D5==O. 

 CRM197 T ?D>F5W=>< 7 4>5D5 6<E>><< DV6=5< E?>DV4=5=V>EFV 4> HB-

EGFR. �<7>4 ?V=V= ?GE?<==<E >?VF<= 45<>=EFDGT =44<VD=G 5>E?D5EVN F<E 

D5F5?F>DV6, M> D>5<FL CRM197 <>6?<6<< E?5F<DVG=<< 475=F>< 4>EF46>< 

>GD>G<V=G. �>DV< FL>7> << F4>>6 6<>>D<EF>6G64?< BSA O> L<D>>> 

6<>>D<EF>6G64=<= ?D>F5W=>6<= =>EV= 4?O 4>EF46>< EV<VG=<E D5G>6<= ?D< 

<54<G=><G 74EF>EG64==V [206]. �5<464 ?D>F5W=< , BSA F4 CRM197 

file:///C:/Users/dariy/Downloads/ДИСЕРТАЦІЯ%20ЧУДІНА.docx%23_Toc514767001
file:///C:/Users/dariy/Downloads/ДИСЕРТАЦІЯ%20ЧУДІНА.docx%23_Toc514767001


78 

 

D>77?O44?<EO O> ?5DE?5>F<6=V =5E?5F<DVG=V F4 E?5F<DVG=V  =>EVW >GD>G<V=G 

6V4?>6V4=> 6 =4L><G 4>E?V465==V. 

 %?5>FD ?>7?<=4==O >GD>G<V=G ?D54EF46?O6 E>5>N L<D>>G E<G7G 7 

<4>E<<4?L=<< ?V>>< ?>7?<=4==O ?D< 4>66<=V E6<?V ~ 425 =<. �4=4> 

>><??5>E< >GD>G<V=G 7 ?D>F5W=4<< ?D>45<>=EFDG64?< DV7=V E?5>FD< 7 FDL><4 

?V>4<< G 6<?44>G CRM197 (D<E. 3.6) V 46><4 ?V>4<< 6 ?D<EGF=>EFV BSA (D<E. 

3.7). 

 �5<464 4>E?V46G64=V ?D>F5W=< ?>>474?< ?V46<M5==O 5D5>F<6=>EFV 

?>7?<=4==O 7V 75V?LL5==O< >>=F5=FD4FVW >GD>G<V=G. �>?< E?V66V4=>L5==O 

=4E<G5==O ?D>F5W=V6 >GD>G<V=>< 5G?> 4>EO7=GF>, ?>44?LL>7> 75V?LL5==O 

L6<4>>EFV ?>7?<=4==O =5 E?>EF5DV74TFLEO, M> ?D54EF46?5=> G 6<7?O4V ??4F> =4 

7D4DV>G. �4 >E=>6V 44=<E D>7D4E>64=5 <>?OD=5 E?V66V4=>L5==O EF4=>6<?> 1:2,5 

V 1:3 4?O BSA V >GD>G<V=G V CRM V >GD>G<V=G 6V4?>6V4=>. 

 

 $<E. 3.6. %?5>FD ?>7?<=4==O >GD>G<V=G F4 =>7> >><??5>EV6 7 CRM197. 

1 3 CRM197 (0,03 <>�); 2 3>GD>G<V= 6 PBS 0,3 <>�; 3 3 0,03 <>� CRM197 V 

0,009 <>� >GD>G<V=G (1:0,3125); 4 3 0,03 <>� CRM197 V 0,01875 <>� 

>GD>G<V=G (1:0,625); 5 3 0,03 <>� CRM197 V 0,0375 <>� >GD>G<V=G (1:1,25); 6 

3 0,03 <>� CRM197 V 0,075 <>� >GD>G<V=G (1:2,5); 7 3 0,03 <>� CRM197 V 

0,15 <>� >GD>G<V=G ( 1:5); 8 3 0,03 <>� CRM197 V 0,3 <>� >GD>G<V=G (1:10). 

'EV D>7G<=<, M> <VEFOFL >GD>G<V=, 7>FG64?< 6 ?D<EGF=>EFV 0,5 % 5F4=>?G. 
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 &5 4>76>?<?> =4< 7D>5<F< 6<E=>6>>, M> E?5>FD4?L=4 ?>654V=>4 

>><??5>EV6 <>65 5GF< 4>>47>< EF5EV><5FDVW >><??5>EV6 >GD>G<V=G 7 BSA 45> 

CRM197. �< <>65<> ?D<?GEF<F<, M> 5V?LL5 =V6 >4=4 <>?5>G?4 >GD>G<V=G 

<>65 674T<>4VOF< 7 >4=VTN <>?5>G?>N >5>E 4>E?V46G64=<E ?D>F5W=V6.  

 

 $<E. 3.7. %?5>FD ?>7?<=4==O >GD>G<V=G F4 =>7> >><??5>EV6 7 BSA. 

1 3 PBS; 2 3 >GD>G<V=G 6 PBS 0,3 <>�; 3 3 BSA (0,03 <>�); 4 3 0,03 <>� BSA 

V 0,01875 <>� >GD>G<V=G (1:0,625); 5 3 0,03 <>� BSA V 0,0375 <>� >GD>G<V=G 

(1:1,25); 6 3 0,03 <>� BSA V 0,075 <>� >GD>G<V=G (1:2,5); 7 3 0,03 <>� BSA V 

0,15 <>� >GD>G<V=G ( 1:5); 8 3 0,03 <>� BSA V 0,3 <>� >GD>G<V=G (1:10).  

'EV D>7G<=<, M> <VEFOFL >GD>G<V=, 7>FG64?< 6 ?D<EGF=>EFV 0,5 % 5F4=>?G. 

&4><< G<=><, 74 44=<<< <>?5>G?OD=>7> 4>>V=7G 5G?> ?>>474=> VE=G64==O 

46>E E4=FV6 E>D5FVW 4?O >GD>G<V=G 7 BSA F4 >4=>7> E4=FG 4?O E4D5FVW >GD>G<V=G 

CRM197. C?5>FD>D>F><5FD<G=V 44=V ?>>47GNFL VE=G64=O 46>E-FDL>E E4=FV6 

E>5FVW >GD>G<V=G 4?O BSA F4 >4=>7>-46>E 4?O CRM197. �4=5 ?D>F<DVGGO <>65 

5GF< ?>OE=5=5 F<<, M> 4><5=< CRM197 T 4G65 64DV455?L=<<<, V =4O6=VEFL 

?<L5 >4=VTW >D<EF4?>7D4DVG=>W EFDG>FGD< =5 4>76>?<?4 =4< 6D4EG64F< 6EV 

>>=D>D<4FV==V 7<V=<, O>V <>6GFL ?D<765EF< 4> GF6>D5==O E4=FV6 769O7G64==O 

>GD>G<V=G. 
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3.1.5 �<E=>6>< 4> D>74V?G 

1. �G<M5=V D5>><5V=4=F=V ?>EV4=V F4 WE DD47<5=F< �&,%55 6V4?>6V44NFL 

4<V=>><E?>F=<< ?>E?V4>6=>EFO< 74 E6>W<< <>?5>G?OD=<<< <4E4<<. 

2. �>?5>G?4 =5F>>E<G=>7> D5>><5V=4=F=>7> ?>EV4=>7> 4<DF5DV==>7> 

F>>E<=G CRM197 <4T M>=4=<5=L5 >4=<= ?>F5=FV==<= E4=F E>D5FVW 7 

>GD>G<V=><. 

3. �>?5>G?4 5<G4G>7> E<D>64F>>6>7> 4?L5G<V=G <4T M>=4=<5=L5 464 E4=F< 

E>D5FVW 7 <>?5>G?>N >GD>G<V=G. 
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3.2. �V>?>7VG=V 6?4EF<6>EFV >GD>G<V= - ?D>F5W=>6<E >><??5>EV6 M>4> 

<4?V7=V7>64=<E F4 =5<4?V7=V7>64=<E >?VF<= 

3.2.1. �<7=4G5==O =4?V6F>>E<G=>W 4>7< (IC50)  

�<7=4G5==O =4?V6F>>E<G=>W 4>7< (IC50) =5769O74=>7> >GD>G<V=G 

 �GD>G<V= T 4>5D5 6<6G5=<< 6F>D<==<< D>E?<==<< <5F45>?VF><, 

>FD<<4=<< 5>EFD4>VTN >>D5=V6 Curcuma longa, M> ?D>O6?OT ?D>F<?GE?<==G 

4>F<6=VEFL, 4?5 <4T =<7L><= DV65=L ?>7?<=4==O >?VF<=4<< [135]. 

 

 $<E. 3.8. �4?V6F>>E<G=4 >>=F5=FD4FVO (�%50) 6V?L=>7> >GD>G<V=G, 

D>7G<=5=>7> G PBS 4?O >?VF<==>W ?V=VW MDA-MB 231. �%50=0,012 <7/<? ± 

0,0003. M±m; n=3  

 �5DL<< 5F4?>< 4>E?V465==O 6??<6G >GD>G<V=G =4 <4?V7=V7>64=V 

>?VF<=< 5G?> 6<7=4G5==O =4?V6F>>E<G=>W 4>7< >GD>G<V=G (IC50) =4 ?D<>?44V 

>?VF<==>W ?V=VW MDA-MB-231 (445=>>4DF<=><4 7DG4=>W 74?>7<). &<FDG64==O 

>GD>G<V=G 7 6<>>D<EF4==O< FVTW ?V=VW >?VF<= ?>>474?> =<7L>G F>>E<G=VEFL 

6V?L=>7> >GD>G<V=G. IC50 6V?L=>7> >GD>G<V=G EF4=>6<?4 0,012 <7/<? ± 0,0003 

(D<E. 3.8). &4>5 6<E>>5 7=4G5==O IC50 6V?L=>7> >GD>G<V=G <>65 5GF< ?>OE=5=5 

DO4>< D4>F>DV6, 4 E4<5: ?>74=4 D>7G<==VEFL >GD>G<V=G G 6>4V F4 L6<4>5 

DG==G64==O =>7> <>?5>G?< G 6>4=><G E5D54>6<MV [108], L6<4><= <5F45>?V7< 

>GD>G<V=G, 4 F4>>6 =>7> L6<4>5 >><E=5==O [248] V, O> =4E?V4>>, D4>F<G=4 
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=5<>6?<6VEFL 4>EO7=5==O F5D4?56F<G=>W 4>7< O> 6 >D74=V7<V, F4> V 6 <>45?V 

>?VF<==>W ?V=VW in vitro.  

 �FD<<4=V =4<< 44=V 45<>=EFDGNFL =<7L>G F<F>F>>E<G=G 4>F<6=VEFL 

=576'O74=>7> >GD>G<V=G M>4> ?V=VW <4?V7=V7>64=<E >?VF<=. &4><< G<=><, 

=576464NG< =4 L<D>><= E?5>FD 5V>?>7VG=>W 4>F<6=>EFV >GD>G<V=G [132,155, 

175, 269] V, 7>>D5<4, 6<D465=<= 4=F<?D>?VD5D4F<6=<= 5D5>F [142, 250] 

EF>E>6=> <4?V7=V7>64=<E >?VF<=, ?>F5=FV==5 6<>>D<EF4==O >GD>G<V=G 6 

<54<F<=V O> G4EF<=< ?D>F<?GE?<==>W F5D4?VW 6<<474T D>7D>>5>< 4>44F>>6<E 

<5F>4V6 4?O 75V?LL5==O ?>7?<=4==O >GD>G<V=G >?VF<=4<< F4 ?V46<M5==O =>7> 

5V>4>EFG?=>EFV. 

�<7=4G5==O =4?V6F>>E<G=>W 4>7< (IC50) 4<DF5DV==>7> F>>E<=G F4 =>7> 
D5>><5V=4=F=<E ?>EV4=<E 

�4=<< V7 <>6?<6<E <5E4=V7<V6 ?V46<M5==O 5V>4>EFG?=>EFV >GD>G<V=G 

T =>7> E>D5FVO =4 <>?5>G?V-=>EVW, 7>>D5<4 =4 =>EVW 5V?>>6>W ?D<D>4< [237]. 

�<DF5DV==<= F>>E<= T >4=<< V7 =4=5V?LL 6<6G5=<E ?D<D>4=<E F<F>F>>E<G=<E 

475=FV6 7V E?5F<DVG=VEFN 4> 4E>FV=>64=>7> 7 ?GE?<==<<< 74E6>DN64==O<< 

>?VF<==>7> D5F5?F>D4 proHB -EGF (75?4D<=-769O7G64?L=<= EGF-?>4V5=<= 

D4>F>D D>EFG) [81, 161], O><= =4 EL>7>4=VL=V= 45=L 66464TFLEO >4=<< 7 

4>EF>6VD=<E >=>><4D>5DV6 [157] V T ?5DE?5>F<6=>N <VL5=N 4?O 4>EF46>< ?V>V6. 

�>5D5 6V4><>, M> HB-EGF 55D5 GG4EFL G ?D<E>>D5==V D>EFG F4 

?D>7D5EG64==V ?GE?<=<, <5F4EF47G64==V F4 4=7V>75=57V [144, 171], F><G 

=44<VD=4 5>E?D5EVO proHB -EGF 5G?4 ?>>474=4 =4 ?GE?<==<E >?VF<=4W 45O><E 

F<?V6 ?GE?<==<E >?VF<= ?N4<=< [165, 213], E5D54 O><E >?VF<==V ?V=VW A431 

[222] V MDA-MB231 [67]. %?5F<DVG=5 V=7V5G64==O D>7G<==>7> HB-EGF 74 

4>?><>7>N <>=>>?>=4?L=<E 4=F<FV? 45> ?>EV4=<E 4<DF5DV==>7> F>>E<=G, 

7>>D5<4 CRM197, L<D>>> 6<6G4TFLEO O> 5474F>>5VFONG<= E?>EV5 ?V>G64==O 

45O><E F<?V6 ?GE?<==<E 74E6>DN64=L ?N4<=<, 4?5 6E5 M5 <4T =<7L>G 

5D5>F<6=VEFL G5D57 =54>EF4F=N F<F>F>>E<G=VEFL M>4> <4?V7=V7>64=<E >?VF<= 

[27]. � V=L>7> 5>>G, F5D4?56F<G=5 6<>>D<EF4==O ?D<D>4=>7> 54>F5DV==>7> �& 

>5<565=5 =>7> 6<E>>>N 7474?L=>N F>>E<G=VEFN M>4> >D74=V7<G ?N4<=<, F><G 
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=5>5EV4=> 6<>>D<EF>6G64F< <5=L F>>E<G=V ?>EV4=V �&, F4>V O> V<G=>F>>E<=< 

F4 4=4F>>E<=<, O> 475=F< 4?O E?5F<DVG=>W 4>EF46>< ?D>F<?GE?<==<E 

?D5?4D4FV6, 6>?NG4NG< >GD>G<V=. 

�E=GT >V?L>4 =5F>>E<G=<E ?>EV4=<E 4<DF5DV==>7> F>>E<=G, M> 

?D54EF46?ONFL ?D4>F<G=<= V=F5D5E. �4=<< V7 =<E T CRM197, M> O6?OT E>5>N 

45D5>F=<= 7><>?>7 ADP-D<5>7<?FD4=ED5D47<, O><= =5 <4T >4F4?VF<G=>W 

4>F<6=>EFV G5D57 74<V=G 7?GF4<V=>6>W ><E?>F< 6 ?>?>65==V 52 =4 7?VF<= F4 

L<D>>> 6<>>D<EF>6GTFLEO 6 <54<G=V= ?D4>F<FV O> ?D>F5W=-=>EV= 4?O 

6<D>5=<FF64 >>=9N7>64=<E 64>F<= [27 ] F4 >E=>6< 4?O 44D5E=>W 4>EF46>< ?V>V6 

[41]. �4F<6=<= �&, CRM197 F4 =>7> D5>><5V=4=F=<= DD47<5=F SbB, <4NFL 

>4=4>>6V FD4=E<5<5D4==V 4><5=< F4 4VNFL =4 >?VF<==G <5<5D4=G EE>6<< 

E?>E>5><, M> ?D<76>4<FL 4> ?>D>GF6>DNNG>W 4>F<6=>EFV 557 7=4G=>W 

F<F>F>>E<G=>EFV [203, 204]. �7V4=> 7 =4L<<< ?>?5D54=V<< 4>E?V465==O<< 

<>?5>G?OD=>7> 4>>V=7G, =5F>>E<G=<= ?>EV4=<= 4<DF5DV==>7> F>>E<=G 

CRM197 45> =>7> DD47<5=F B <4NFL M>=4=<5=L5 >4<= <>6?<6<= E4=F 

769O7G64==O 7 >GD>G<V=><. &5 D>5<FL <>6?<6<< 6<>>D<EF4==O 4<DF5DV==>7> 

F>>E>W4G 45> =>7> ?>EV4=<E O> 5D5>F<6y<E <>?5>G?OD=<E ??4FD>D< 4?O 

4>EF46>< >GD>G<V=G F4 ?>4V5=<E DVF>EV<VG=<E D5G>6<= 6E5D54<=G >?VF<=-

<VL5=5=. 

�FV=>4 F>>E<G=>EFV ?D>F5W=>6<E ?5D5=>E=<>V6 T =5>5EV4=<< >D>>>< 

4?O 5G4L-O>>7> 4>E?V465==O M>4> <>6?<6>EFV 6>?NG5==O WE 4> F5D4?56F<G=<E 

?V4E>4V6, 6>?NG4NG< ?D>F<?GE?<==G F5D4?VN. �FD<<4=V =5F>>E<G=V ?>EV4=V 

4<DF5DV==>7> F>>E<=G T 4>5D5 6<6G5=<<< 5V>?>7VG=<<< <>?5>G?4<< 7 

4>6545=<<< ?D>F<?GE?<==<<< 6?4EF<6>EFO<< [257]. ' =4L><G 5>E?5D<<5=FV 

O> ?5DE?5>F<6=V =>EVW <>?5>G? >GD>G<V=G 6<>>D<EF>6G64?<EO 464 64DV4=F< 

=5F>>E<G=<E ?>EV4=<E 4<DF5DV==>7> F>>E<=G (CRM197 F4 =>7> DD47<5=F B). 

�<7=4G5==O IC50 4?O 46>E 4>E?V46G64=<E ?V=V= <4?V7=V7>64=<E >?VF<= 

45<>=EFDGT 557?5>G 6<>>D<EF4==O >5>E =5F>>E<G=<E ?>EV4=<E =4 6V4<V=G 6V4 

=4F<6=>7> 4<DF5DV==>7> F>>E<=G (D<E. 3.9 , D<E. 3.10). 
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$<E. 3.9. �4?V6F>>E<G=4 >>=F5=FD4FVO �%50 =4F<6=>7> �& F4 =>7> 

=5F>>E<G=<E D5>><5V=4=F=<E ?>EV6=<E CRM197 F4 SbB, D>7G<=5=<E 6 PBS, 

4?O >?VF<==<E ?V=V= MDA-MB F4 �431. M±m; n=3 

�4 4>?><>7>N >FD<<4=<E D57G?LF4FV6 5G?> 6<7=4G5=4 IC50 4?O 

4<DF5DV==>7> F>>E<=G 0,48 <>7/<? ± 0,02 4?O MDA-MB231 V 0,012 <>7/<? ± 

0,003 4?O A434, M> 6V4?>6V44T 44=<< 6 ?VF5D4FGDV [63]. 
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$<E. 3.10. IC50 4?O 4<DF5DV==>7> F>>E<=G, CRM197 V SbB 4?O >?VF<==<E 

?V=V= MDA-MB-231 V A431. M±m; n=6 

* - D < 0,05 (?>DV6=O=> 7 =4F<6=<< �&)  

�?VF<==4 ?V=VO A431 45<>=EFDGT 6<MG GGF?<6VEFL 4> 4<DF5DV==>7> 

F>>E<=G G5D57 6<E>><= DV65=L 5>E?D5EVW proHB-EGF O> E4=FG 769O7G64==O 7 

4<DF5DV==<< F>>E<=><. IC50 4?O CRM197 V SbB 5G6 =4 464 ?>DO4>< 6<M<<, =V6 

4?O 4<DF5DV==>7> F>>E<=G 4?O >5>E ?5D56VD5=<E >?VF<==<E ?V=V=. &5 E6V4G<FL 

?D> F5, M> 6<>>D<EF4==O CRM197 V SbB T 557?5G=<<, F><G >5<464 4>E?V465=<E 

D5>><5V=4=F=<E ?>EV4=V �& <>6GFL 74EF>E>6G64F<EO 4?O 4>EF46>< ?V>V6 G 

<54<G=V= ?D4>F<FV. 

�& CRM197 SbB
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3.2.2. �>E?V465==O ?>D>GF6>DN6445=<E 6?4EF<6>EF5= D5>><5V=4=F=<E 

?>EV4=<E �& O> =>EVW6 >GD>G<V=G. 

 ' ?>?5D54=L><G D>74V?V 5G?> ?>>474=> 6<E>><= DV65=L ?D<7=VG5==O 

6<FFT4VO?L=>EFV >?VF<= ?V=V= �431 F4 MDA-MB-231 =4F<6=<< 4<DF5DV==<< 

F>>E<=>< (IC50 E>?444?> 0,48 <>7/<? ± 0,02 4?O MDA-MB231 V 0,012 <>7/<? ± 

0,003 4?O A434). %RM197, M> <4T E5D54=V= DV65=L F<F>F>>E<G=>W 4>F<6=>EFV 

M>4> =<7>< <4?V7=V7>64=<E >?VF<= [41, 109, 137]. � =4L<E 4>E?V465==OE 5G?< 

?D>45<>=EFD>64=V DV7=V D57G?LF4F< M>4> >?VF<==<E ?V=V= �431 F4 MDA-MB-

231. �?VF<=< �431 <4?< 6<MG GGF?<6VEFL 4> CRM197 (IC50 = 1,38 <>7/<? ± 

0,02), ?>DV6=O=> 7 MDA-MB-231(IC50 = 2,22<>� ± 0,008). �FD<<4=V D57G?LF4F< 

<>6=4 ?>OE=<F< 6<M<< DV6=5< 5>E?D5EVW proHB-EGF D5F5?F>DV6 =4 ?>65DE=V 

>?VF<= �431 [165, 213]. �576464NG< =4 EGFFT6> <5=LG 5D5>F<6=VEFL 

?D<7=VG5==O D>EFG F4 ?D>7D5EG64==O ?GE?<==<E >?VF<= ?V4 4VTN CRM197 

?>DV6=O=> 7 =4F<6=<< �&, =4L<< =4EFG?=<< >D>>>< 5G?> 4>E?V4<F< <5E4=V7< 

6??<6G CRM197 =4 ?GE?<==V >?VF<=<.  

 �E=GT 45>V?L>4 ?D<?GM5=L M>4> ?D<D>4< F>>E<G=>7> 5D5>FG �&. 

�>>D5<4, F>>E<G=<= 5D5>F �& <>65 5GF< ?>69O74=<= 7 4VTN >4F4?VF<G=>7> %-

4><5=G, M> 6>?>4VT ADP-D<5>7<?FD4=ED5D47=>N 4>F<6=VEFN, O>4 

?D>O6?OTFLEO 6 F<F>??47<V >?VF<=<. �5D5=5E5==O 44=>7> 4><5=G 6E5D54<=G 

>?VF<=< 6V45G64TFLEO 74 4>?><>7>N FD4=E?>>4FV==>7> 4><5=G, O><= EF6>DNT 

?>DG 6 >?VF<==V= <5<5D4=V. �4=5 ?D<?GM5==O 5G?> 6<EG=GF> Donovan 7V 

E?V6D>5VF=<>4<<, O>V ?>>474?< GF6>D5==O ?>F5=FV4?>74?56=<E V>==<E >4=4?V6, 

M> <4?< ?D<6V4=VEFL 20 ?%< [53]. �4<< 5G?> 6<EG=GF5 ?D<?GM5==O, M> 

F<F>F>>E<G=<= 6??<6 4<DF5DV==>7> F>>E>W4G CRM197 <>65 5GF< 

>5G<>6?5=<= =>7> ?>D>GF6>DN64?L=<<< 6?4EF<6>EFO<<. �?O ?5D56VD>< 44=>W 

7V?>F57< 5G?> ?D>6545=> 464 4>E?V465==O, M> 74?GG4?< 6<7=4G5==O 

?D>6V4=>EFV D>ED4F<4<?5F4=>?4<V=-6<VMGN64?L=>W 5VL4D>6>W <5<5D4=< 

(���) ?V4 4VTN =<7>< 5?>>4F>DV6 GF6>D5==O ?>D 3 E>?5= FV47>?VN 7 DV7=>N 
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4>66<=>N 5VG=>7> ?4=FN74 F4 4>E?V465==O 6??<6G >>=LN74FV6 5?>>4F>D4 7 

CRM197 in viv> (D<E. 3.11).  

�D>6V4=VEFL >4=4?V6, M> GF6>DN64?<EO G ��� ?V4 6??<6>< CRM197 

6<<VDN64?< ?V4 4VTN +60 <�, O>V 74EF>E>6G64?< 4> cis EF>D>=< <5<5D4=<. 

�D5>F<6=VEFL ?D>6V4=>EFV 5G?> ?D>4=4?V7>64=> 6 46>E E<EF5<4E D>7G<=V6 

5?5>FD>?VFV6 3 E<<5FD<G=V= F4 =5E<<5FD<G=V=. �EV 6<<VDN64==O ?D>6>4<?<EO 

?VE?O 4>4464==O 4> cis >4<5D<  

 

 

$<E. 3.11. �D>6V4=VEFL ?>F5=FV4?74?56=<E V>==<E >4=4?V6, GF6>D5=<E 6 

?D<EGF=>EFV CRM197 6 ?D<EGF=>EFV E>?5= FV47>?VN (8 (R = C8H17) (OM�T), 10 

(R = C10H21) (�M�T) 12 (R = C12H25) (��M�T): 1 3 6<<VD< G E<<5FD<G=<E 1 

M KCl (pHcis 6.0/pHtrans 6.0) E<EF5<4E, 2 3 6<<VD< G =5E<<5FD<G=<E E<EF5<4E 

(pHcis 4.8/pHtrans 6.0). 3 - EE5<4F<G=5 7>5D465==O  4VW 5?>>4F>DG 6 ?>DV 74 

6<<V=N64==O< G E<<5FD<G=><G D>7G<=V (75?5=<= >>?VD) F4 G =5E<<5FD<G=><G 

(E<=V= >>?VD). %FDV?>< 1 V 2 6>47GNFL =4 ?>E?V4>6=5 4>4464==O ?>EV4=>7> 
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FV47>?VN 4> >>=F5=FD4FVW 0,05 <� V 0,1 <� 6V4?>6V4=>. %GFV?L=V 7>D<7>=F4?L=V 

?V=VW ?>7=4G4NFL =G?L>6<= DV65=L EFDG<G. �>=F5=FD4FVO CRM197 3 3 <7>/<?. 

 � >FD<<4=<E 44=<E 6<4=>, M> 5V?LLVEFL 7D4DV>V6 6V4>5D464NFL 

7=<65==O ?D>6V4=>EFV 6 D57G?LF4FV 6<>>D<EF4==O DV7=<E ?>EV4=<E E>?5= 

FV47>?VN 6 F<E->4<5DG 6 >V=F56V= >>=F5=FD4FVW 0,1 <�. �=<65==O 

<4>D>E>>?VG=>W ?D>6V4=>EFV ?>F5=FV4?74?56=<E =>==<E >4=4?V6, GF6>D5=<E ?V4 

4VTN CRM197, 6V45G64?>EO 7V 75V?LL5==O< >>=F5=FD4FVW 6EVE 4>E?V465=<E 

E>?5= FV47>?VN F4 4>EO74?> =4E<G5==O 74 0,05 <� 45> <5=L5 (0,02 <�) [203] G 

E>?L>6<E D>7G<=4E 7 DV7=<< pH. $V65=L 7=<65==O 5?5>FD>?D>6V4=>EFV 4?O 6EVE 

?5D56VD5=<E 5?>>4F>DV6 5G6 6<M<< G 64DV4=FV =5E<<5FD<G=>W E<EF5<< 

5?5>FD>?VFV6, M> <>4G?NT EF4= D4=L>W 5=4>E><<. 

�FD<<4=V 44=V 4>76>?ONFL ?D>EF56<F< >55D=5=G 74?56=VEFL 

5D5>F<6=>EFV 74FD<<>< 5?5>FD>?D>6V4=>EFV 6V4 4>66<=< 5VG=>7> ?4=FN74 

5?>>4F>D4. ���&, EV?L FV47>?VN, M> <VEF<FL 5VG=<= D44<>4? 7 8 7 4F><4<< 

>4D5>=G G ?4=FN7V, G =4L<E 4>E?V465==OE ?D>O6<6 E555 O> 

=4=?5DE?5>F<6=VL<= 5?>>4F>D E5D54 GEVE ?5D56VD5=<E =4<<, M> 7<5=LGT 

?D>6V4=VEFL EFDG<G =4 60%. ���&, M> <VEF<FL 10 4F><V6 >4D5>=G G ?4=FN7V, 

V=4G>GT 50% 7<5=L5==O 5?5>FD>?D>6V4=>EFV. �>?>6<=4 6V4 <4>E<<4?L=>W 

L6<4>>EFV 769O7G64==O 7 ?>D>N CRM197 5G?4 4>EO7=GF4 74 >>=F5=FD4FVW ���& 

0,02 <� 6 1 � D>7G<=V KCl, 5GD5D<7>64=><G 74 pH4,8 =4 cis-EF>D>=V. �>=EF4=F4 

4<E>FV4FVW ���& (Kd), 6<7=4G5=4 6 >>>D4<=4F4E %V??4, EF4=>6<?4 1024,65 M 7 

=4E<?>< 0,99. �V4EGF=VEFL ?>7<F<6=>W >>>?5D4F<6=>EFV ?D< 769O7G64==V ���& 

7 ?>D>N CRM197, E6V4G<FL ?D> =>7> ?5D6<==5 769O7G64==O ?<L5 7 >4=<< 

E4=F>< CRM197. 

�FD<<4=V D57G?LF4F< M>4> 7<5=L5==O ?D>6V4=>EFV >4=4?G ?>D< CRM197 

?V4 4VTN E>?5= FV47>?VN 4>76>?ONFL ?D<?GEF<F<, M> =4=?>FG6=VLV 5?>>4F>D< 

>4=4?G CRM197 75V?LLGNFL 6<FFT744F=VEFL E?D<==OF?<6<E >?VF<=, 

>5D>5?5=<E �&, L?OE>< 7=<65==O =>7> F<F>F>>E<G=>EFV [195]. �?O ?5D56VD>< 

44=>W 7V?>F57< =4<< 5G?> ?D>6545=> 6<7=4G5==O DV6=O 6<FFT744F=>EFV >?VF<= 

?V=VW �431 F4 MDA-MB-231 6 ?D<EGF=>EFV CRM197 F4 DV7=<E F<?V6 5?>>4F>DV6. 
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&D< 64DV4=F< E>?5= FV47>?VN 7 DV7=>N 4>66<=>N 6G7?5F56>7> ?4=FN74 (8 

(���&), 9(���&) V 10(���&) 4F><V6 6G7?5FN 6 ?4=FN7V) 5G?< >5D4=V 

6V4?>6V4=> 4> WE 744F=>EFV 7<5=LG64F< 5?5>FD>?D>6V4=VEFL ?>D< CRM197.   

 

 

$<E. 3.12. �<6<64=VEFL >?VF<= 7 DV7=>N >>=F5=FD4FVTN ���& M±m; n=6. 

 �5DL<< 5F4?>< 5G?> 4>E?V465==O F<F>F>>E<G=>7> 6??<6G ���& O> 

=4=5D5>F<6=VL>7> 5?>>4F>D4 ?>D< CRM197 =4 ��� =4 <4?V7=V7>64=V >?VF<==V 

?V=VW. $V65=L F<F>F>>E<G=>EFV ���& 5G6 =4 DV6=V >>=FD>?N(D<E. 3.12) 4?O >5>E 

?5D56VD5=<E >?VF<==<E ?V=V=, M> 4>6>4<FL 557?5G=VEFL 6<>>D<EF4==O 

5?>>4F>DG O> ?>F5=FV==>7> EV<V>F5D4?56F<G=>7> ?D5?4D4FG.  
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 �64 V=L<E 4>E?V465=<E 5?>>4F>DV6 GF6>D5==O ?>D<, 4 E4<5 ���& F4 

���& 5G?< ?5D56VD5=V M>4> DV6=O WE F<F>F>>E<G=>EFV 6 D>5>GV= >>=F5=FD4FVW 

5 <>�, M> 6<>>D<EF>6G64?4EO ?D< 4>E?V465==V 5?5>FD>?D>6V4=>EFV (D<E. 3.13). 

 

$<E 3.13. $V65=L F<F>F>>E<G=>EFV ���& (%8), ���& (%9) F4 ���& (%10) G 

D>5>GV= >>=F5=FD4FVW 5 <>� =4 >?VF<==G ?V=VN A431. � O>>EFV >>=FD>?N 

6<>>D<EF>6G646EO PBS. M±m; n=9 

 �4EFG?=<< >D>>>< ?VE?O 4>6545==O =<7L>>7> DV6=O F<F>F>>E<G=>EFV 

4>E?V46G64=<E 5?>>4F>DV6 =4 >?VF<=<, M> <56G646 7 6??<6>< PBS, 5G?> 

?D>6545=> 4>E?V465==O 6??<6G >>=LN74FV6 CRM197 7 5?>>4F>D4<< ?>D =4 

>?VF<==G ?V=VN �431 ($<E. 3.14).  

 %5D54 FDL>E ?5D56VD5=<E 5?>>4F>DV6 =4=>D4M<= D57G?LF4F 

45<>=EFDGT ���&. �4LV 44=V ?>>47GNFL 7=<65==O F<F>F>>E<G=>7> 6??<6G 

CRM197 ?D< 74EF>EG64==W =>7> 6 >><??5>EV 7 ���& (5 <>�) . $V65=L 

6<FFT744F=>EFV >?VF<= 75V?LL<6EO =4 30% ?>DV6=O=> 7 >?VF<=4<<, 

>5D>5?5=<<< =5769O74=<< 7 5?>>4F>D4<< CRM197 G >>=F5=FD4FVW 10-7<>7/<?.  
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$<E. 3.14. &<F>F>>E<G=VEFL >>=LN74FV6 E>?5= FV47>?VN 7 CRM197 M>4> 

>?VF<==>W ?V=VW �431. M±m; n=6 

�V46<M5==O DV6=O 6<FFT744F=>EFV >?VF<= ?V4 4VTN 5?>>4F>D4 >4=4?G ?>D< 

CRM197 4>6>4<FL, M> F<F>F>>E<G=<= 6??<6 CRM197 G4EF>>6> 

>?>E5D54>>6GTFLEO =>7> 4>6545=>N ?>D>GF6>DN64?L=>N 4>F<6=VEFL [204].  

3.2.3. �<7=4G5==O =4?V6F>>E<G=>W 4>7< (IC50) >GD>G<V=G, 44E>D5>64=>7> =4 

=5F>>E<G=<E ?>EV4=<E 4<DF5DV==>7> F>>E<=G 

/> 5G?> E>474=> 6<M5, =4LV ?>?5D54=V 44=V <>?5>G?OD=>7> 4>>V=7G 

?>>474?< <>6?<6<= E4=F 769O7G64==O 7 >GD>G<V=>< 4?O CRM197 V SbB O> 

EG5>4<=<FV CRM197. �>E?V465==O, >?<E4=V G ?>?5D54=VE D>74V?4E (3.1) 

4>6>4OFL 557?5G=VEFL 6<>>D<EF4==O 74?D>?>=>64=<E =4<< ?D>F5W=>6<E =>EVW6. 

' 769O7>G 7 F<< =4EFG?=<< =4L<< >D>>>< 5G?> 6<7=4G5==O 5D5>F<6=>EFV 

74?D>?>=>64=<E >GD>G<V=-?D>F5W=>6<E >><??5>EV6 M>4> <4?V7=V7>64=<E 

>?VF<=.  
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$<E. 3.15. &<F>F>>E<G=VEFL ?D>F5W=->GD>G<V=>6<E >><??5>EV6 M>4> 

>?VF<==>W ?V=VW MDA-MB-231. M±m; n=6, * - D < 0,05 (?>DV6=O=> 7 4VTN 6V?L=>7> 

>GD>G<V=G) 

� <5F>N 6<7=4G5==O 5D5>F<6=>EFV >><??5>EV6 << ?D>F5EFG64?< >?VF<==G 

?V=VN MDA-MB 231, M>5 >FV=<F< 7=<65==O IC50 4?O 769O74=>7> 7 ?>EV4=<<< 

�& >GD>G<V=G (D<E. 3.15). IC50 >><??5>EV6 >GD>G<V=G EF4=>6<?4 <>7/<? 0,0008 

<>7/<? ± 0,006 4?O >><??5>EG 7 CRM197 V 0,0015 <>7/<? ± 0,005 4?O >><??5>EG 

7 SbB 4?O <4?V7=V7>64=<E >?VF<= ?V=VW MDA-MB-231. &5 E6V4G<FL ?D> F5, M> 

>><??5>E< >GD>G<V=G <>6GFL 5GF< 5D5>F<6=<<< 74E>54<< 4>EF46><, 744F=<<< 

EGFFT6> ?>>D4M<F< 5V>4>EFG?=VEFL >GD>G<V=G <4?V7=V7>64=<<< >?VF<=4<< 

[271]. &4><< G<=>< >><??5>E< >GD>G<V=G 7 =5F>>E<G=<<< D5>><5V=4=F=<<< 

?>EV4=<<< �& <>6GFL 5GF< 5D5>F<6=>N G4EF<=>N ?D>F<?GE?<==>W F5D4?VW G 

6<?44>G ?GE?<==<E >?VF<= 7V 75V?LL5=<< DV6=5< 5>E?D5EVW HB-EGF, M> 

74557?5G<FL 44D5E=G 4>EF46>G >GD>G<V=>6<E >><??5>EV6 4> >?VF<= F4 

?V46<M<FL V<>6VD=VEFL 4>EO7=5==O F5D4?56F<G=>W 4>7<.  

3.2.4. �??<6 >GD>G<V=G F4 =>7> >><??5>EV6 =4 DV7=V F<?< <4?V7=V7>64=<E F4 

=5<4?V7=V7>64=<E >?VF<=  

 �<DF5DV==<= F>>E<= V =>7> ?>EV4=V <4NFL E4=F< 769O7G64==O 7 

>GD>G<V=><, O>V <>6GFL ?>E<?<F< ?>7?<=4==O >GD>G<V=G F4, O> D57G?LF4F, 

4=F<?D>?VD5D4F<6=G 4>F<6=VEFL [109, 272]. �V4><>, M> >GD>G<V= ?D<7=VGGT 
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?D>?VD5D4FVN L<D>>>7> E?5>FDG ?GE?<==<E >?VF<= 6 >E=>6=><G L?OE>< 

4?>?F>7G [225]. &><G =4EFG?=<= >D>> 4>E?V465==O 5G6 ?D<E6OG5=<= >FV=FV 

5D5>FG >><??5>EV6 >GD>G<V=G 7 <>?5>G?>N 4>EF46>< SbB O> EG5>4<=<FV 

=5F>>E<G=>7> ?>EV4=>7> �& M>4> DV7=<E F<?V6 >?VF<==<E ?V=V=, 7>>D5<4 

EGE?5=7V==<E F4 44757<6=<E <4?V7=V7>64=<E >?VF<= F4 =5<4?V7=V7>64=<E 

V<<>DF4?V7>64=<E ?V=V=. �4LV ?>?5D54=V 44=V <>?5>G?OD=>7> 4>>V=7G ?>>474?< 

M>=4=<5=L5 >4<= <>6?<6<= E4=F 769O7G64==O 7 >GD>G<V=>< 4?O CRM197 V 

SbB O> G4EF<=< CRM197. ' 5V?LL>EFV ?>44?LL<E 4>E?V465=L =4<< 

6<>>><DEF>6G646EO ?5D5646=> ?D>F5W= SbB O> EG5>4<=FO CRM197, >E>V?L>< 

6V= ?D>O6?O6 ?D4>F<G=> V45=F<G=V F<F>F>>E<G=V 6?4EF<6>EFV M>4> 

<4?V7=V7>64=<E >?VF<= 7 >4=>7> 5>>G, F4 <VEF<FL 6 E>5V D5F5?F>D769O7G64?L=<= 

4><5=, =4 O>><G, =<>6VD=>, D>7<VM5=<= E4=F E>D5FVW 4?O >GDG><V=G, 7 V=L>7>. 

�>DV< F>7>, <5=LV D>7<VD< SbB 4>76>?ONFL >FD<<G64F< =>7> 6 5V?LLV= 

>>=F5=FD4FVW F4 6<M>7> DV6=O G<EF>F<. �D>F5W= SbB, 4 F4>>6 >><5DFV==<= BSA 

6<>>D<EF>6G64?< 4?O ?D<7>FG64==O >><??5>EV6 7 >GD>G<V=>< G <>?OD=><G 

E?V66V4=>L5==V 1:20, L>5 74557?5G<F< 6<>>D<EF4==O GEVE <>6?<6<E E4=FV6 

4>EF46><.  

 � 5>E?5D<<5=FV << 6<5D4?< 4 >?VF<==V ?V=VW 7 DV7=<< DV6=5< 5>E?D5EVW 

proHB -EGF: >?VF<=< A431 7 =44<VD=>N 5>E?D5EVTN, MDA-MB-231 V7 E5D54=V< 

DV6=5< 5>E?D5EVW [109], >?VF<=< 4BL 7 =<7L><< DV6=5< 5>E?D5EVW F4 >?VF<==G 

?V=VN EGE?5=7V==<E >?VF<= Jurkat 3 >?VF<=< &-<VT4>W4=>W ?5=>5<VW 7 E5D54=V< 

DV6=5< 5>E?D5EVW proHB-EGF [246]. �V=VO >?VF<= 4BL 5G?4 >5D4=4 O> <>45?L 

=57?>O>VE=<E >?VF<=. �?VF<=< Jurkat 5G?< >5D4=V O> <>45?L EGE?5=7V==<E 

>?VF<=, F>4V O> >?VF<=< �431 F4 MDA-MB-231 5G?< >5D4=V O> 44757<6=V ?V=VW.  
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 $<E. 3.16. �<FFT744F=>EFL >?VF<= (6<7=4G5=4 74 4>?><>7>N MTT-F5EFG) 

4?O >?VF<==<E ?V=V= A431, MDA-MB 231, Jurkat F4 4BL ?V4 4VTN 6V?L=>7> 

>GD>G<V=G F4 =>7> >><??5>EV6 7 ?D>F5W=4<< BSA V SbB. �<>>D<EF4=V 

>>=F5=FD4FVW: 0,5 <>7/<? 4?O >GD>G<V=G, 4?O BSA F4 SbB - 5 <>7/<?. M±m; n=12, 

* - D < 0,05 (?>DV6=O=> 7 4VTN 6V?L=>7> >GD>G<V=G). 

 �<G4G<= E<D>64F>>6<= 4?L5G<V= 6<>>D<EF>6G64?< O> ?D>F5W=>6<= 

=>EV= 557 E?5F<DVG=>W E?>DV4=5=>EFV 4> D5F5?F>DV6 HB-EGF �?VF<=< A431, 

MDA-MB-231, Jurkat F4 4BL >5D>5?O?< =5769O74=<< >GD>G<V=>< F4 =>7> 

>><??5>E4<< 7 SbB 45> BSA. �<FFT744F=VEFL F<E >?VF<= >FV=N64?< 74 

4>?><>7>N <5F>4G MTT G5D57 24 7>4<=< ?VE?O >5D>5>< >GD>G<V=-

?D>F5W=>6<<< ?D5?4D4F4<< 6 >>=F5=FD4FVOE, ?>>474=<E =4 D<E.3.16. 
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�G?> ?D>45<>=EFD>64=>, M> 6<FFT744F=VEFL >?VF<= MDA-MB-231 

>5D>5?5=<E >><??5>E4<< >GD>G<V=:BSA F4 >GD>G<V=:SbB, 7<5=LGTFLEO 6 1,5 

D47< ?>DV6=O=> 7 6??<6>< =5769O74=>7> >GD>G<V=G. �?O >?VF<==>W ?V=VW �431 

V=7V5G64==O G<EF<< SbB 5G?> =57=4G=<< (23%), F4> E4<> O> V 4?O >?VF<= MDA-

MB-231 (DV65=L 6<FFT744F=>EFV ?D< >5D>5FV SbB 74?<L46EO =4 DV6=V 

>>=FD>?N), >><??5>E SbB 7 >GD>G<V=>< 7=<6G646 6<FFT744F=VEFL MDA-MB-

231 V A431 >?VF<= =4 49% V 71% 6V4?>6V4=>. 

�4 6V4<V=G 6V4 <4?V7=V7>64=<E 44757<6=<E >?VF<= �431 F4 MDA-MB-

231, O>V <4NFL 6<E>><= F4 E5D54=V= DV65=L 5>E?D5EVW proHB-EGF, EGE?5=7V==V 

<4?V7=V7>64=V >?VF<=< ?V=VW Jurkat ?D>O6<?< E555 =5GGF?<6<<< O> 4> 6??<6G 

>GD>G<V=G, F4> V =>7> ?D>F5W=>6<E >><??5>EV6. &5 4>76>?<?> =4< ?D<?GEF<F<, 

M> >><??5>E< >GD>G<V=G 7 =5F>>E<G=<<< ?>EV4=<<< �& T 5D5>F<6=<<< ?<L5 

EF>E>6=> 44757<6=<E <4?V7=V7>64=<E >?VF<= 7 6<E>><< F4 E5D54=V< DV6=5< 

5>E?D5EVW proHB-EGF.  

�V4EGF=VEFL 7=<65==O 6<FFT744F=>EFV 4?O 6EVE 4>E?V46G64=<E 

64DV4=FV6 >5D>5>< (O> 6V?L=<< >GD>G<V=><, F4> V =>7> ?D>F5W=>6<<< 

>><??5>E4<<) 6V4=>E=> >>=FD>?N 4>76>?<?> =4< 6<>>D<EF>6G64F< >?VF<=< 

4BL O> <>45?L =>D<4?L=<E =57?>O>VE=<E >?VF<= 4?O >FV=>< =5F>>E<G=>EFV 

>><??5>EV6 >GD>G<V=G O> ?>F5=FV==>7> ?D5?4D4FG 4?O =5<4?V7=V7>64=<E 

>?VF<=, M> 4>6>4<FL 557?5G=VEFL 6<>>D<EF4==O >><??5>EV6 G ?D>F<?GE?<==V= 

F5D4?VW. 

 

3.2.5. �<G=>75==VEFL >>D5<<E DG=>FV>=4?L=<E 4><5=V6 F4 EG5>4<=<FL 

=5F>>E<G=>7> D5>><5V=4=F=>7> 4<DF5DV==>7> F>>E<=G   

�>E?V465==O 5D5>F<6=>EFV V<G=V74FVW 
�4>?NG=<< 5F>?>< =4L>W D>5>F< 5G?> >FV=<F< V<G=>75==VEFL >FD<<4=<E 

D5>><5V=4=F=<E ?D>F5W=V6 4?O >FV=>< <>6?<6>EFV WE 6<>>D<EF4==O 6 EF6>D5==V 

>><5DFV==<E <54<G=<E ?D5?4D4FV6, 6>?NG4NG< >><??5>E< 7 >GD>G<V=><. �4 

?>G4F>G 4>E?V465==O =4<< 5G?> >FV=5=> DV65=L 5D5>F<6=>EFV V<<G=V74FVW, M> 

?D>O6<?< V<G=V7>64=V ?45>D4F>D=V <<LV. ' EE5<V =4L>7> 4>E?V465==O >>D5<V 
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7DG?< <<L5= 5G?< 64>F<=>64=V 4<DF5DV==<< 4=4F>>E<=>< F4 4<DF5DV==<< 

F>>E>W4>< CRM197, 4 F4>>6 =>7> >>D5<<<< EG5>4<=<FO<< F4 WE EG<VL4<<. 

�EL>7> << 6<>>D<EF4?< 7 7DG? F64D<= ?> 10 <<L5= 6 >>6=V= 7DG?V: 

1 7DG?4 3 CRM197 

2 7DG?4 3 A�& 

3 7DG?4 - SbA+SbB 

4 7DG?4 3 SbB 

5 7DG?4 3 SbA 

6 7DG?4 3 R-4><5= 

7 7DG?4 (>>=FD>?L) 3 Al(OH)3 

�D5>F<6=VEFL V<G==>W 6V4?>6V4V 5G?> >FV=5=> 74 7<V=>N F<FDG 4=F<FV? G 

E<D>64F>4E >D>6V 4>E?V46G64=<E F64D<=. �G?> ?D>6545=> <>=VF>D<=7 7<V= 

F<FDG 4=F<FV?, M> E6V4G<FL ?D> =4O6=VEFL V<G=>W 6V4?>6V4V, O>4 D>D<GTFLEO G 

6V4?>6V4L =4 ?56=G 4=F<75==G EG5EF4=FVN. �?O 4>EO7=5==O FVTW <5F<, 5G?> 

?>DV6=O=> 7=4G5==O �� (>?F<G=4 7GEF<=4) ?VE?O ?D>6545==O �$� 4?O 7D47>V6 

E<D>64F>< >D>6V <<L5= 4> V<G=V74FVW, ?VE?O ?5DL>W, 4DG7>W F4 FD5FL>W 

D564>F<=4FVW. �> G647< 5G?> 67OF> 7DG?G 1, F64D<=< O>>W 5G?< V<G=V7>64=V 

CRM197 F4 >>=FD>?L=G 7DG?G 7, 4?O V<G=V74FVW O>>W 6<>>D<EF>6G64?< 4?N<V=V= 

7V4D>>E<4 Al(OH)3. &V 46V 7DG?< 5G?< >5D4=V 4?O =4>G=>W 45<>=EFD4FVW 

?D>?>DFV==>7> 7D>EF4==O DV6=V6 4=F<FV? ?D< >>6=><G =4EFG?=><G 66545==V �� 

($<E. 4.10). 
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$<E. 3.17. �D5>F<6=VEFL V<G=V74FVW 4=F<75==>N EG5EF4=FVTN  V7 CRM197 

G ?>DV6=O==V 7 >>=FD>?5< (Mñó, n = 7). * - D < 0,05 (?>DV6=O=> 7 >>=FD>?5< 6 

<564E >>D5<>W EF44VW V<G=V74FVW), # - D < 0,05 (?>DV6=O=> 7V 7=4G5==O<< 4> 

V<G=V74FVW) 

�FV=<6L< >FD<<4=<= 7D4DV> <>6=4 74G646<F<, M> F<FD 4=F<FV? G 7DG?V 

1 ?D>?>DFV==> 7D>EF4T, M> E6V4G<FL ?D> =4O6=VEFL 445>64F=>W 7G<>D4?L=>W 

V<G=>W 6V4?>6V4V =4 4=F<75=, 4 >F65 V<G=V74FVO 5G?4 ?D>6545=4 644?>. ' E6>N 

G5D7G 6 >>=FD>?L=V= 7DG?V 7=4G5==O �� <4=65 =5 7<V=NTFLEO, M> 6>47GT =4 

?D4>F<G=> 6V4EGF=N �&-?D>4G>FVN, G 6V4?>6V4L =4 Al(OH)3.  

�<5VD EG5EF4=FVW 7 =4=6<M>N V<G=>75==VEFN  

$57G?LF4F< 5>E?5D<<5=F4?L=>7> 4>E?V465==O 45<>=EFDGNFL, M> DV65=L 

4=F<FV?>-GF6>D5==O G 6V4?>6V4L =4 DV7=V 4=F<75=< 7=4G=> 64DVNT. �?O >>6=>7> 

4=F<75=G DV6=V 4=F<FV? G E<D>64FFV >D>6V >FV=N64?< =4 >E=>6V ?>>47=<>4 

V=45>EG >?F<G=>W MV?L=>EFV (ODI - optical density index), E?V66V4=>L5==O <V6 

��, >FD<<4=<E ?D< F5EFG64==V 7D47>V6 E<D>64F><, 7V5D4=<E ?VE?O V<G=V74FVW, F4 

��, >FD<<4=<E 4?O 7D47>V6, 7V5D4=<E G FVTW 6 F64D<=< =4 ?>G4F>>6><G 5F4?V (4> 

V<G=V74FVW). 
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�4==<6GV DV6=V 4=F<FV? 5G?< 6<O6?5=V G 5 F4 6 4>E?V4=V= 7DG?V, O>V 5G?< 

V<G=V7>64=V SbA (ODI g 1,1) F4 Rd (ODI g 2,5), 6V4?>6V4=>, M> E6V4G<FL ?D> 

4G65 E?45>G V<G==G 6V4?>6V4L =4 FV 4=F<75=<. ' E>4V 7D>EF4==O ?>>47=<>G ODI 

44?V E?V4GT 4 7DG?4, 4?O O>>W 6 O>>EFV 4=F<75=G 6<>>D<EF>6G64?< SbB (ODI g 

7,4), >FD<<4=5 7=4G5==O 45<>=EFDGT, M> SbB 744F=4 E?D<G<=<F< =45474F> 

6<M<= DV65=L GF6>D5==O 4=F<FV?, =V6 SbA. SbB T >?NG>6>N EG5>4<=<F5N G 

D>D<G64==V 7G<>D4?L=>W V<G==>W 6V4?>6V4V G 6<?44>G V<G=V74FVW ?45>D4F>D=<E 

F64D<= 5>6V<>?OD=>N EG<VLLN Sb� F4 SbB (ODI g 11), M> D47>< E>?444T 

D5>><5V=4=F=<= 64DV4=F FV?>W <>?5>G?G 4<DF5DV==>7> F>>E<=G. &5 F4>>6 <>65 

5GF< ?>69O74=> 7 VEF>F=>N DV7=<F5N <>?5>G?OD=<E <4E 44=<E ?D>F5W=V6 (SbB 

(37 >�4), SbA (21 >�4), 45> 7 =4O6=VEFN E5D>?>7VG=> 646?<6<E 5?VF>?V6 E4<5 =4 

4V?O=FV SbB. �>DV6=O6L< D57G?LF4F<, >FD<<4==V ?D< F5EFG64==V E<D>64F>>6>7> 

<4F5DV4?G 7 7DG? 1-3, >45D64?< F4>V 7=4G5==O CRM197 (ODI g 14,9), A�& (ODI 

g 10,5), EG<VL SbA F4 SbB (ODI g 11) (D<E. 3.18.).  

 

$<E. 3.18. �=4G5==O ODI (V=45>E >?F<G=>W MV?L=>EFV) 4?O D5>><5V=4=F=<E 

?D>F5W=V6, 6<>>D<EF4=<E 6 5>E?5D<<5=FV (Mñó, n = 7). 
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%4<5 G F<E 7DG?4E E?>EF5DV74?<EO =4=6<MV 7=4G5==O 44=>7> ?>>47=<>4. 

&V D57G?LF4F< <>6=4 >57DG=FG64F< F<<, M> 44=V 4=F<75=V >>=EFDG>FVW <4NFL 

5V?LLG ?>4V5=VEFL 4<V=>><E?>F=>7> E>?44G 4> =4F<6=>7> 4<DF5DV==>7> 

F>>E<=G. 

�D>4=4?V7G646L< >FD<<4=V ?>>47=<>< ODI, 4V=L?< 6<E=>6>G, M> 

=4=>D4M<<< V<G=>75==<<< 6?4EF<6>EFO<< E4D4>F5D<7GTFLEO >FD<<4=<= 6 

=4LV= ?45>D4F>DVW D5>><5V=4=F=<= =5F>>E<G=<= F>>E>W4 CRM197, F>5F> G 

6V4?>6V4L =4 44=<= 4=F<75= D>D<GTFLEO =4=5V?LL4 7G<>D4?L=4 V<G=4 

6V4?>6V4L, F>4V O> SbB ?D>O6<6 =<6G<= DV65=L V<G=>75==>EFV, M> G E6>N G5D7G 

T ?V47DG=FFO< 4?O 6<>>D<EF4==O E4<5 �-EG5>4<=FV O> =>EVO >GD>G<V=G, 

>E>V?L>< F5= >>=LN74F =5 5G45 6<>?<>4F< 4>F<6=>W V<G==>W 6V4?>6V4V F4 

?D>O6?OT E555 O> 5V?LL 557?5G=<= ?D< 6<>>D<EF4==V in vivo.  

3.2.6. �<E=>6>< 4> D>74V?G 

1. �5769O74=<= >GD>G<V= ?D>O6?OT =57=4G=G F<F>F>>E<G=G 4VN M>4> 

<4?V7=V7>64=<E >?VF<=. �%50 >GD>G<V=G 4?O >?VF<==>W ?V=VW MDA-MB-231 

EF4=>6<FL 32,8<>� 

2. �5F>>E<G=V ?>EV4=V 4<DF5DV==>7> F>>E<=G (CRM197, SbB) =5 ?D>O6?ONFL 

F>>E<G=>7> 5D5>FG M>4> >?VF<= ?N4EL>>7> >D74=V7<G, 4 >F65 <>6GFL 5GF< 

6<>>D<EF4=V O> =>EV= <54<G=<E ?D5?4D4FV6, 7>>D5<4 >GD>G<V=G. 

3. 'F6>D5==O >><??5>EV6 >GD>G<V=G 7 =5F>>E<G=<<< ?>EV4=<<< 

4<DF5DV==>7> F>>E<=G 7=4G=> ?V46<M<?> 5V>4>EFG?=VEFL >GD>G<V=> M>4> 

<4?V7=V7>64=<E >?VF<=. �%50  4?O >>?<??5>EV6 >GD>G<V=G 7 CRM197 F4 SbB 

EF4=>6<?< 4,2<>� F4 2,2<>� 6V4?>6V=>. 

4. �D<7=VG5==O 44757<6=<E <4?V7=V7>64=<E >?VF<==>E ?V=V= �431 F4 MDA-

MB-231 >><??5>E4<< SbB 7 >GD>G<V=>< 5G?> =4 DV6=V 71% F4 49% 

6V4?>6V4=>. 

5. �GD>G<V= F4 =>7> >><??5>E< 7 CRM197 F4 SbB ?D>O6?O?< ?D<7=VGGNG<= 

6??<6 =4 44757<6=V <4?V7=V7>64=V >?VF<=<, F>4V O> =5 6??<64?< =4 

EGE?5=7<6=V <4?V7=V7>64=V >?VF<=< F4 =5<4?V7=V7>64=V >?VF<=< 

file:///C:/Users/dariy/Downloads/ДИСЕРТАЦІЯ%20ЧУДІНА.docx%23_Toc514767014
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6. B-DD47<5=F T ?5DE?5>F<6=<< ?D>F5W=>6<< =>EVT< >GD>G<V=G =4 DV6=V 

FV?>7> >D74=V7<G G5D57 E6>N =<7L>G V<G=>75==VEFL ?>DV6=O=> 7 CRM197. 
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3.3 �5E4=V7<< 6??<6G >GD>G<V=G =4 <4?V7=V7>64=V >?VF<=<  

3.3.1. �<7=4G5==O 6??<6G ?D>F5W=>6<E =>EVW6 =4 5D5>F<6=VEFL 674T<>4VW 

>GD>G<V=G 7 ?>65DE=5N >?VF<= EE46FV6 

 �FV=>4 5D5>F<6=>EFV 674W<>4VW >GD>G<V=G 7 ?>65DE=5N >?VF<= <>65 

5GF< 6<>>D<EF4=4 O> 4>44F>>6<= 4>>47 =4L>W 7V?>F57< M>4> =4O6=VEFV E4=FV6 

769O7G64==O >GD>G<V=G =4 =5F>>E<G=<E ?>EV4=<E �& (G 4>E?V465=V 

?D>F5EF>64=> ?<L5 DD47<5=F B). �D5>F<6VEFL 674T<>4VW 7 ?>V5DE=5N >?VF<= 

6V?L=>7> >GD>G<V=G F4 =>7> ?D>F5W=>6<E >><??5>EV6 5G?4 4>E?V465=4 74 

4>?><>7>N ?D>F>>>6>W F<F>D?G>D><5FDVW F4 6<<VDN64=L V=4G>>64=>W 

>GD>G<V=>< D?G>D5EF5=FVW 6 >?VF<=4E-<VL5=OE ?VE?O 24 7>4<= V=>G54FVW. 

�=F5=E<6=VEFL D?G>D5EF5=FVW >FV=N64?< 74 46><4 <>45?L=<<< ?V=VO<< 

?GE?<==<E >?VF<= A431 V MDA-MB-231 (D<E. 3.19). 

 

 

$<E. 3.19. �D5>F<6=VEFL 674T<>4VW >GD>G<V=G F4 =>7> >><??5>EV6 7 SbB 

4?O >?VF<==<E ?V=V= A431 V MDA-MB-231. �>=FD>?L - PBS, >GD>G<V= 0,5 

<>7/<?, BSA 5 <>7/<?: >GD>G<V= 0,5 <>7/<?, SbB 5 <>7/<?: >GD>G<V= 0,5 <>7/<?, 

CRM197 5 <>7/<?: >GD>G<V= 0,5 <>7/<?. (Mñó, n = 3). * - D < 0,05 (?>DV6=O=> 7 

6V?L=<< >GD>G<V=><)  
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�4LV D57G?LF4F< ?D>45<>=EFDG64?< EGFFT65 7D>EF4==O 5D5>F<6=>EFV 

674T<>4VW >><??5>EV6 >GD>G<V=G >?VF<=4<< A431 ?>DV6=O=> 7 6V?L=<< 

>GD>G<V=><. �>>474=>, M> 6V= 75V?LLGTFLEO ?D<=4=<=V 6 6 V 10 D47V6 4?O 

>><??5>EV6 BSA:Cur F4 SbB:Cur 6V4?>6V4=>. �?O >?VF<=>W ?V=VW MDA-MB-231 

5D5>F<6=VEFL 674W<>4VTW >GD>G<V=G G >><??5>E4E 7 BSA F4 SbB p75V?LL<?4EO 

5V?LL5 =V6 G 5 F4 7 D47V6 6V4?>6V4=> (D<EG=>> 3.19).  

 

3.3.2  �??<6 D5>><5V=4=F<E ?>EV4=<E 4<DF5DV==>7> F>>E<=G =4 

6=GFDVL=L>>?VF<==G 4>G<G?OFVN >GD>G<V=G >?VF<=4<< EE46FV6  

'4E V=F5D=4?V74FVW =5769O74=>7> >GD>G<V=G F4 =>7> ?D>F5W=>6<E 

>><??5>EV6 T 646?<6>N E4D4>F5D<EF<>>N, O>4 <>65 ?>OE=<F< 75V?LL5==O 

?>7?<=4==O >?VF<=4<< 5V?>>6<E >><??5>EV6 >GD>G<V=G ?>DV6=O=> 7 

=5769O74=<< >GD>G<V=><.  

 2 E6 15 E6 90 E6 

�GD>G<V= 0,5 

<>7/<? 

   

SbB 5 <>7/<?: 

>GD>G<V= 0,5 

<>7/<? 

   

 

$<E. 3.20. �=F5D=4?V74FVO >GD>G<V=G F4 =>7> >><??5>EV6 ?GE?<==<<< 

>?VF<=4<< ?V=VW A43174?56=> 6V4 G4EG 5>E?>7<FVW (0,5 <>7/<? >GD>G<V=, 5 

<>7/<? SbB. '4E V=>G54FVW: 2 E6, 15 E6, 2 7>4. �4ELF45 - 5 <><.  

file:///C:/Users/dariy/Downloads/ДИСЕРТАЦІЯ%20ЧУДІНА.docx%23_Toc514767011
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�?VF<==4 ?V=VO A431 5G?4 6<>>D<EF4=4 =4<< 4?O 4>E?V465==O 

744F=>EFV 4> V=F5D=4?V74FVW G5D57 6<E>><= DV65=L proHB-EGF, O><= <>65 

674T<>4VOF< 7 4<DF5DV==<< F>>E<=>< F4 =>7> ?>EV4=<<<. �4<< ?>>474=>, M> 

=5769O74=<= >GD>G<V= ?5D5F<=4T >?VF<==G <5<5D4=G 665 ?D>FO7>< ?5DL<E 15 

E6<?<=, F>4V O> >><??5>E< >GD>G<V=G 7 5V?>>6<<< =>EVO<< EF4NFL ?>6=VEFN 

V=F5D=4?<7>64=<<< ?<L5 6?D>4>66 90 E6<?<= (D<E. 3.20). 

%?>6V?L=5=5 FD4=E?>DFG64==O 5V?>>6>->GD>G<V=>6>7> >><??5>EG 4> 

>?VF<=< <>6=4 ?>OE=<F< 674T<>4VTN SbB V CRM197 7 proHB-EGFR. �4 

D<EG=>G 5.2 ?>>474=> ?>74>?VF<==<= D>7?>4V? >GD>G<V=G =4 ?>G4F>>6V= EF44VW 

V=F5D=4?V74FVW. �VE?O 1,5 7>4<= 5>E?>7<FVW 6EV 4>E?V46G64=V 64DV4=F< (>GD>G<V= 

V =>7> 1:20 >><??5>E< 7 BSA F4 SbB) 5G?< ?>6=VEFN ?>7?<=GFV >?VF<=4<<. &5 

?V4F65D465=> 6=GFDVL=L>>?VF<==<< D>7F4LG64==O< >GD>G<V=G, O><= 44T 

D?G>D5EF5=FVN G 75?5=><G E?5>FDV. �>4V5=4 >4DF<=4 E?>EF5DV74TFLEO 4?O 6EVE 

F<?V6 ?D>F5EF>64=<E >><??5>EV6 >GD>G<V=G.  

 3.3.3 �>E?V465==O 744F=>EFV >GD>G<V=G F4 =>7> >><??5>EV6 7 

?D>F5W=4<< V=4G>G64F< 4?>?F>7  

 �D>FO7>< >EF4==VE 45EOF<?VFL >4=VTN 7 =4=5V?LL 74EF>E>6=<E 

<VL5=5= G ?V>G64==V D4>G 5G?< >?VF<==V E<7=4?L=V L?OE<, O>V 6<>?<>4?< 

4?>?F>7 [32, 37]. %G?D5E<6=4 4>F<6=VEFL >GD>G<V=G =576464NG< =4 =>7> =<7L>G 

5V>4>EFG?=VEFL 4>6545=4 5474FL<4 46F>D4<< [13, 109, 251,255,266, 270]. �E=GT 

5474F> GO6?5=L ?D> <5E4=V7<< V=7V5G64==O D4>>6<E >?VF<= >GD>G<V=>< 45> =>7> 

>><??5>E4<< G< ?>EV4=<<<. ' 5474FL>E 4>E?V465==OE [13, 14, 240, 206] 

4?>?F>7 D>77?O44TFLEO O> ?D>6V4=<= E?>EV5 V=7V5G64==O >?VF<=. &><G 

=4EFG?=<< >D>>>< =4L>7> 4>E?V465==O 5G?> 4>E?V4<F< DV65=L >GD>G<V=-

V=4G>>64=>7> 4?>?F>7G F4 =>7> 74?56=VEFL 6V4 =4O6=>EFV ?D>F5W=>6<E =>EVW6 4?O 

>GD>G<V=G. � O>>EFV =>EVW6 E?5F<DVG=>W 4>EF46>< << 6<>>D<EF>6G64?< SbB 

DD47<5=F D5>><5V=4=F=>7> ?>EV4=>7> �&, F>4V O> 6 O>>EFV =5E?5F<DVG=>7> 

?D>F5W=>6>7> =>EVO =4<< 5G?> 6<>>D<EF4=> <>?5>G?G BSA. �D>F>>>64 

F<F>D?G>D<<5FDVO 5G?4 >5D4=4 O> =44V==<= V F>G=<= <5F>4 4?O >FV=>< DV6=O 
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4?>?F>7G. �FD<<4=V D57G?LF4F< ?>>474?< 7=<65==O 6<FFT744F=VEFV >?VF<= 

MDA-MB 231 V A431 ?V4 4VTN ?D>F5W=->GD>G<V=>6<E >><??5>EV6 (D<E. 3.21) . 

 

$<E. 3.21. �><??5>E< >GD>G<V=G 7 ?D>F5W=4<< 5D5>F<6=> V=4G>GNFL 

4?>?F>7 6 ?GE?<==<E >?VF<=4E ?V=V= �431 F4 MDA-MB 231. �>E?V465==O 

?D>6>4<?< 74 4>?><>7>N ?D>F>>>6>W F<F>D?G>D<<5FDVW . �>=FD>?L - PBS, 0,5 

<7/<? >GD>G<V=, 05 <>7/<? BSA, 5 <>7/<? SbB. * - D < 0,05 (?>DV6=O=> 7 6V?L=<< 

>GD>G<V=><)  

�?VF<=< ?V=VW 4BL 7455V?LL>7> =5 ?D>O6<?< DV6=O 4?>?F>7G, O><= EGFFT6> 

5 6V4DV7=O6EO 6V4 >>=FD>?N. &5 <>6=4 ?>OE=<F< O> =<7L>>N 5V>4>EFG?=VEFN 

E4<>7> >GD>G<V=G, F4> V =<7L><< DV6=5< 5>E?D5EVW D5F5?F>D4 pro-HB-EGF, M> 

D>5<FL 4?O F<E >?VF<= =54>FV?L=<< ?V46<M5==O 5V>4>EFG?=>EFV L?OE>< 

E>D5FVW =4 ?>EV4=<E �&. &4><< G<=>< <>6=4 7D>5<F< 6<E=>6>>, M> 

=5<4?V7=V7>64=V >?VF<=< 7 =57<V=5=>N 5>E?D5EVTN proHB-EGF T =5GGF?<6<<< 

4> 74?D>?>=>64=<E >><??5>EV6 V F><G T 557?5G=<<< 4?O 6<>>D<EF4D==O 6 

<54<G=V= ?D4>F<FV ?D>F<?GE?<==>W F5D4?VW.  

->4> <4?V7=V7>64=<E 44757<6=<E >?VF<= =4LV 44=V (D<E. 3.21) 6>47GNFL 

=4 =45474F> 6<M<= DV65=L 4?>?F>7G 4?O >?VF<=, >5D>5?5=<E ?D>F5W=>6<<< 

>><??5>E4<< >GD>G<V=G 6V4=>E=> 4> 4VW =5769O74=>7> >GD>G<V=G. �<>>D<EF4==O 
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>><??5>EV6 BSA:�GD>G<V= 45> SbB:�GD>G<V= ?V46<M<?> DV65=L 747<55?V 

>?VF<= A431 G 3,14 F4 4,97 D47V6 6V4?>6V4=>, F>4V O> 6<FFT744F=VEFL >?VF<= 

MDA-MB-231 7=<7<?4EO 6 2 D47< ?>DV6=O=> 7 >>=FD>?5< 4?O >5>E 

6<>>D<EF4=<E 5V?>>6<E =>EVW6. �=4?V7GNG< ?>4V5=V 5D5>F< E?5F<DVG=>7> =>EVO 

(SbB) F4 =5E?5F<DVG=>7> =>EVO (BSA) << <>65<> ?D<?GEF<F<, M> <5E4=V7< F4 

5D5>F<6=VEFL 4?>?F>7G 6 ?5DLG G5D7G 7G<>6?5=V 557?>E5D54=L> <>?5>G?>N 

>GD>G<V=G, F>4V O> BSA F4 SbB 6<>>=GNFL EGF> D>?L ?5D5=>E=<>V6.  

 

3.3.4 �>DV6=O?L=<= 4=4?V7 744F=>EFV >GD>G<V=G F4 =>7> >><??5>EV6 7 

?D>F5W=4<< V=4G>G64F< =5>D>7  

 �<D465=4 F<F>F>>E<G=4 4VO >GD>G<V=G F4 =>7> >><??5>EV6 5G?4 

?>>474=4 =4<< G D>74V?V 3.2. �4EFG?=<< 5F4?>< 5G?> 4>E?V465==O L?OEG 

747<55?V >?VF<=. �6><4 ?D>F<?56=<<< L?OE4<< 747<55?V >?VF<= T 4?>?F>7, 

74?D>7D4<>64=4 747<55?L >?VF<=, F4 =5>D>7. �<7=4G5==O L?OEG 747<55?V >?VF<= 

74E=>64=5 =4 4>E?V465==V EFDG>FGD=<E 7<V= >?VF<= V 4>76>?OT 665 =4 

?>G4F>>6<E 5F4?4E 6<O6<F< L?OE D>76<F>G >?VF<=<. �>>D5<4, >4=<< V7 D4==VE 

<4D>5DV6 4?>?F<G=>W 747<55?V >?VF<=< T D>ED>?V?V4=V ?5D55G4>6< G 

6=GFDVL=L><G F4 7>6=VL=L><G L4D4E <5<5D4=<, M> ?D>O6?OTFLEO G 

?5D5=5E5==V D>ED4F<4<? E5D<=G 7 6=GFDVL=L>7> L4DG <5<5D4=< =4 7>6=VL=V=, 

M> <>6?<6> 45F5>FG64F< 74 4>?><>7>N E?5F<DVG=>7> >4?LFV=-74?56=>7> 

D>ED4F<4<? E5D<=-769O7G64?L=>7> ?D>F5W=G �=5>E<= V. �5>D>7, 6 E6>N G5D7G, 

?>69O74=<= 7 6FD4F>N FV?VE=>EFV <5<5D4=<, G5D57 O>G <>6GFL ?D>=<>4F< ���-

769O7G64?L=V ?V7<5=F<, 7>>D5<4, ?D>?V4V= =>4<4. &4><< G<=><, >><5V=>64=5 

6<>>D<EF4==O ?D>?V4V= =>4<4G F4 �=5>E<=G V 4>76>?OT 6<7=4G4F< L?OE 

747<55?V >?VF<=<, =46VFL O>M> 6>=< 7=4E>4<FLEO M5 =4 D4==VE 5F4?4E D>76<F>G 

FL>7> L?OEG. 

 �4<< =5 6<O6?5=> 7=4G=>7> 6??<6G ?D>F5W=>6<E =>EVW6 BSA F4 SbB 

=4 DV65=L 4?>?F>7G F4 =5>D>7G ?>DV6=O=> 7 >>=FD>?L=<<< >?VF<=4<< ($<E. 3.22). 

�>4=>G4E, >GD>G<V= F4 =>7> >><??5>E< ?5D5646=> 6<>?<>4NFL 747<55?L >?VF<= 

L?OE>< 4?>?F>7G, F>4V O> =5>D>F<G=V >?VF<=< E>?444?< <5=LG G4EF>G.  
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$<E. 3.22. �GD>G<V= F4 =>7> >><??5>E< 7 ?D>F5W=4<< BSA F4 SbB 

6<>?<>4NFL 747<55?L <4?V7=V7>64=<E >?VF<=<E 4V=V= �431 F4 MDA-MB-231 

?5D5646=> L?OE>< 4?>?F>7G. �>E?V465==O ?D>6>4<?< 74 4>?><>7>N 

?D>F>>>6>W F<F>D?G>D<<5FDVW . �>=FD>?L - PBS, 0,5 <7/<? >GD>G<V=, 05 <>7/<? 

BSA, 5 <>7/<? SbB. �==5>E<= V 3 75?5=<= >>?VD, ?D>?V4V= =>4<4 3 >D4=656<= 

>>?VD.  

 &5=45=FVO M>4> ?5D56464==O 4?>?F<G=>7> L?OEG >?VF<==>W 747<55?V =44 

=5>D>F<G=<< L?OE>< E?>EF5DV74?4EO 4?O >5>E ?5D56VD5=<E =4<< >?VF<==<E 

?V=V= 44757<6=<E <4?V7=V7>64=<E >?VF<=, 4 E4<5 �431 F4 MDA-MB-231. 

�<E>><= DV65=L 4?>?F>7G, M> EGFFT6> ?5D56464T DV65=L =5>D>7G, T 5464=<< 

D57G?LF4F>< 74EF>EG64==O ?D>F<?GE?<==<E ?V>V6, >E>V?L>< =5>D>7 <>65 

E?D>6>>G64F< G<E?5==V ?>L>>465==O >D74=V7<G [48, 171].  

3.3.5. �??<6 >GD>G<V=G F4 =>7> >><?>5>EV6 7 ?D>F5W=4<< =4 >E=>6=V L?OE< 

E<7=4?L=>W FD4=E4G>FVW 

' ?>?5D54=VE D>74V?4E (3.3.3, 3.3.4) =4<< 5G?> 4>6545=>, M> 4?>?F>7, 

E?D<G<=5=<= 4VTN >GD>G<V=G F4 =>7> ?D>F5W=>6<E >><??5>EV6, T ?D>6V4=<< 

L?OE>< 747<55?V <4?V7=V7>64=<E >?VF<=. �4>?NG=<< 5F4?>< =4L>W D>5>F< 5G?> 

4>E?V465==O >E=>6=<E E<7=4?L=<E L?OEV6, 744VO=<E 6 V=G>FVW 4?>?F>7G.  
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 $<E. 3.23. �GD>G<V= F4 =>7> >><??5>E< 7 SbB ?D<7=VGGNFL 

D>ED>D<?N64==O D5F5?F>DG EGFR G ?V74F4E <4?V7V=V7>64=<E >?VF<= ?V=VW A431. 

$V65=L 4>F<=G 6<>>D<EF>6G64?< 4?O =>D<4?V74FVW 5>E?5D<<5=F4?L=<E 44=<E.  

(>GD>G<V= - 0,5 <>7/<?, BSA F4 SbB - 5 <>7/<?. M±m; n=4, * - D < 0,05 (?>DV6=O=> 

7 >>=FD>?5<),  # - D < 0,05 (?>DV6=O=> 7 6V?L=<< >GD>G<V=><). 

�?O 6<6G5==O F<E L?OEV6 << 6<>>D<EF>6G64?< >?VF<==G ?V=VN �431 O> 

<>45?L 44757<6=<E <4?V7=V7>64=<E >?VF<= 7 ?V46<M5=<< DV6=5< 5>E?D5EVW 

proHB-EGF, 6<E>><= DV65=L 4DV==>EFV 4> O><E ?D>O6?T D5>><5V=4=F=<= =>EV= 

>GD>G<V=G SbB. � =4L><G 4>E?V465==V 5G6 6<7=4G5=<= 6<VEF E<7=4?L=<E 

?D>F5W=V6, O>V 6V4V7D4NFL 646?<6G D>?L G ?5D5>?NG5==V ?D>4?>?F<G=<E L?OEV6 

>?VF<=<, 4 E4<5 Nf-kBp105, Akt-1, Phospho-Akt-1, Phospho-ErbB4, Phospho-

EGFR.  
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 �<VEF >E=>6=<E E<7=4?L=<E ?D>F5W=V6 5G6 6<<VDO=<= 74 4>?><>7>N 

F65D4>D47=>7> V<G=>-5=7<<=>7> 4=4?V7G. /> 4=F<75=< 6<>>D<EF>6G64?< ?V74F< 

>?VF<= �431, ?>?5D54=L> >5D>5?5=<<< 6?D>4>66 24 7>4<= >GD>G<V=>< F4 =>7> 

?D>F5W=>6<<< >><??5>E4<< G >>=F5=FD4FVOE 0,5 <>7/<? 4?O >GD>G<V=G, 4?O 

BSA F4 SbB - 5 <>7/<?.  

�FD<<4=V D57G?LF4F< ($<E. 3.23) 45<>=EFDGNFL EF4F<EF<G=> 4>EF>6VD=V 

6V4<V==>EFV <V6 6<VEF>< Phospho-EGFR 6 ?V74F4E >?VF<=, ?>?5D54=L> 

>5D>5?5=<E >GD>G<V=>< F4 =>7> >><??5>E4<< 7 ?D>F5W=>< SbB. $V65=L 4>F<=G, 

O><= 6<>>D<EF>6G646EO O> >>=FD>?L ?D>F5W=G 7 ?>EFV==<< DV6=5< 5>E?D5EVW, 

EF4F<EF<G=> =5 6V4DV7=O6EO 4?O GEVE 64DV4=FV6 >5D>5>< >?VF<=. �D< 4VW =4 

>?VF<=< >GD>G<V=G F4 =>7> >><??5>EV6 7 SbB E?>EF5DV74TFLEO EGFFT65 7=<65==O 

DV6=O Phospho-EGFR 6V4=>E=> >>=FD>?N. ' 64DV4=F=V 4VW 6V?L=>7> >GD>G<V=G 

DV65=L Phospho- EGFR 7=<7<6EO =4 36,54% 6V4=>E=> >>=FD>?N (4VO PBS). �D< 

4VW >><??5>EG SbB 7 >GD>G<V=>< 6<VEF Phospho- EGFR 7=<7<6EO =4 56,34% 

6V4=>E=> >>=FD>?N F4 =4 31,13% 6V4=>E=> 4VW 6V?L=>7> >GD>G<V=G. �FD<<4=V 

44=V <>6GFL D>77?O44F<EO O> 4>>47 ?D>4?>?F<G=>W 4>F<6=>EFV >GD>G<V=G, 

?>>474=>W G D>74V?V 3.2 74 4>?><>7>N 6<7=4G5==O F<F>F>>E<G=>7> 6??<6G 

>>??5>EV6 >GD>G<V=G 7 ?D>F5W=4<< F4 G D>74V?V 3.3 74 4>?><>7>N 6<7=4G5==O 

DV6=O 4?>?F>7G (�==5>E<= V-FITC, D?G>D<EF5=FVO O>>7> 5G?4 6<<VDO=4 74 

4>?><>7>N ?D>F>5>6>W F<F>D?G>D<<5FDVW). ' =4L<E 4>E?V465==OE 4VO 

>GD>G<V=G F4 =>7> >><??5>EV6 O> 7 BSA, F4> V 7 SbB =5 <4?4 EF4F<EF<G=> 

4>EF>6VD=>7> 6??<6G =4 6<VEF V=L<E ?5D56VD5=<E E<7=4?L=<E ?D>F5W=V6, 4 E4<5 

Nf-kBp105, Akt-1, Phospho-Akt-1, Phospho-ErbB4. 

EGFR 3 F5 D5F5?F>D 5?V45D<4?L=>7> D4>F>D4 D>EFG (EGFR), O><= 

6<>>=GT D>?L D5F5?F>D=>W F<D>7<=>V=47<, M> =4?56<FL 4> D>4<=< D5F5?F>DV6 

ErbB. �>7> 4>F<64FVO 6V4?>6V4=<<< ?V74=44<< ?D<76>4<FL 4> 

46F>D>ED>D<?N64==O E?5F<DVG=<E 74?<L>V6 F<D>7<=G 6 F<F>??47<4F<G=><G 

4><5=V EGFR F<< E4<<< V=VFVNNG< E<7=4?L=V >4E>44<, M> 55DGFL GG4EFL G 

?D>?VD5D4FVW, 4<D5D5=FV4FVW F4 <V7D4FVW >?VF<= [125]. �4 D<EG=>G 3.25 

?D54EF46?5=4 EE5<4 EGFR-74?56=>7> L?OEG E<7=4?L=>W FD4=E4G>FVW, M> 
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45<>=EFDGT 6??<6 Phospho-EGFR =4 6<6<6G64=VEFL >?VF<= F4 D>76<F>> 

4?>?F>7G.  

 

$<E. 3.24. %E5<4 EGFR-74?56=>7> L?OEG E<7=4?L=>W FD4=E4G>FVW [198]. 

/> 6<4=> 7V EE5<<, ?D54EF46?5=>W =4 $<E 3.24, 4>F<64FVO EGFR <>65 

?D<76>4<F< 4> 4>F<64FVW PI3->V=47<, O>4 >4F4?V7GT D>ED>D<?N64==O 

D>ED>V=>7<F<4V6 ??47<4F<G=>W <5<5D4=< G 39-?>?>65==V >V?LFO V=>7<F>?G. 

�47=4G5=4 <>4<DV>4FVO ?D<76>4<FL 4> D>D<G64==O 769O7G64?L=<E F5=FDV6 4?O 

?D>F5W=V6, M> <VEFOFL $�-4><5=<, F4><E O> PDK1/PDK2 F4 Akt >V=47<, V, O> 

=4E?V4>> 4>FG64==O >EF4==L>W. �>F<6>64=4 Akt-1 EF<<G?NT 4>F<64FVN mTor 

>V=47<, M> 6 D57G?LF4FV ?D<76>4<FL 4> ?>E<?5==O 6<6<64=>EFV >?VF<= [164, 

197]. �4D4?5?L=> 7 F<< ?D>F5E>< ?V46<M5==O 4>F<6=>EFV Akt-1 ?D<76>4<FL 4> 

?>E<?5==O 4>F<6=>EFV NF-kB, 4 >F65 V 75V?LL5==O DV6=O 4>F<64FVWW Bcl-2 F4 Bcl-

xl, O>V T V=7V5VF>D4<< 4?>?F>7G [252].  

�4 =4L<<< 44=<<<, >GD>G<V= F4 =>7> ?D>F5W=>6V >><??5>E< 7 

D5>><5V=4=F=<<< ?>EV4=<<< 4<DF5DV==>7> F>>E<=G, 4 E4<5 SbB, 7=<6GNFL 

6<VEF F4 DV65=L 4>F<6=VEF>EFV EGFR, M> ?D<76>4<FL 4> 7=<65==O 4>F<64FVW Akt-

1. �574F<6=4 D57G?OFVO Akt-1 7=<6GT 6<6<6G64=VEFL >?VF<= F4 ?V4E<?NT 

V<>6VD=VEFL ?5D5E>4G >?VF<= 4> 4?>?F<G=>7> L?OEG. &4><< G<=><, 

4>E?V46G64=V >><??5>E< <>6GFL 5D5>F<6=> 6??<64F< =4 >E=>6=V L?OE< 

?D>4?>?F<G=<E E<7=4?L=<E L?OEV6. 
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3.3.6. �<E=>6>< 4> D>74V?G  

1. �D5>F<6=VEFL 674T<>4VW 7 ?>65DE=5N >?VF<= 4?O >GD>G<V=>6<E 

>><??5>EV6 7 SbB 7D>E?4 G 10 D47V6 4?O >?VF<= �431 F4 G 7,4 D47< 4?O 

>?VF<= MDA-MB-231 ?>DV6=O=> 7 6V?L=<< >GD>G<V=><. 

2. �D>F5W=->GD>G<V=>6V >><??5>E< <4?< G 6 D47V6 FD<64?VL<= ?5DV>4 

V=F5D=47V74FVW 6V4=>E=> =5769O74=>7> >GD>G<V=G. 

3. $V65=L 4?>?F>7G ?5D56464T DV65=L =5>D>7G ?D< 4VW =4 >?VF<==V ?V=VW �431 

F4 MDA-MB-231 O> 6V?L=<< >GD>G<V=><, F4> V =>7> >><??5>E4<< 

4. �><??5>E >GD>G<V=G 7 �-DD47<5=F>< 4<DF5DV==>7> F>>E<=G ?V46<M<?< 

DV65=L 4?>?F>7G G 5 D47V6 4?O >?VF<==>W ?V=VW �431 F4 G 2 D47< 4?O 

>?VF<==>W ?V=VW MDA-MB-231. 

5. �GD>G<V= F4 =>7> ?D>F5W=>6V >><??5>E< 7 D5>><5V=4=F=<<< ?>EV4=<<< 

4<DF5DV==>7> F>>E<=G SbB <>6GFL 5D5>F<6=> 6??<64F< =4 V=VFNN64==O 

>E=>6=<E ?D>4?>?F<G=<E L?OEV6, 7>>D5<4, 7=<6GNG< DV65=L 6<VEFG F4 

4>F<6=>EFV Phospho-EGFR 

  

file:///C:/Users/dariy/Downloads/ДИСЕРТАЦІЯ%20ЧУДІНА.docx%23_Toc514767022
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$����� 4. ������ &� '�����,����/ �&$�����% $��'�,&�&�� 

 �GD>G<V= 3 ?>?VD5=>?L=4 E?>?G>4, >FD<<4=4 7 >>D5=56<M D>E?<=< 

Curcuma longa, T 5VE- ³,³ -=5=4E<G5=<= ³-4<>5F>= V 7=4E>4<FLEO 6 5=>?L=V= 

DV6=>647V 7V E6>W< F4GF><5D>< [108]. �GD>G<V= T ?5DE?5>F<6=<< DVF>EV<VG=<< 

475=F>< V7 4>6545=>N ?D>F<74?4?L=>N [175], ?D>4?>?F>F<G=>N [132, 133], 

=5=D>?D>F5>F>D=>N [155], 4=F<?D>?VD5D4F<6=>N [250] F4 ?D>F<?GE?<==>N 

[142], 6?4EF<6>EFO<<, M> <>6GFL ?>EVEF< E6>T <VEF5 G <54<G=V= ?D4>F<FV G 

E>?44V >><??5>E=>W ?D>F<?GE?<==>W F5D4?VW [269]. �V4D>D>5=VEFL <>?5>G?< 

>GD>G<V=G 6<>?<>4T =<7L><= DV65=L D>7G<==>EFV G 6>4V, M> T >4=VTN 7 ?D<G<= 

7=<65=>W 5V>4>EFG?=>EFV >GD>G<V=G 6 >D74=V7<V ?N4<=<. �>DV< =<7L>>7> DV6=O 

D>7G<==>EFV L6<4><= >4F45>?V7< >GD>G<V=G [210, 248, 242] >5<56GT =>7> 

6<>>D<EF4==O G <54<G=V= ?D4>F<FV. 

�474F> =4G>>6<E D>5VF ?D<E6OG5=V ?>LG>G DV7=<E E?>E>5V6 ?V46<M5==O 

5V>4>EFG?=>EFV >GD>G<V=G. �4 EL>7>4=V T E?D>5< 6<>>D<EF4==O EV<VG=<E 

<>4<DV>4FV= <>?5>G?< >GD>G<V=G [57, 75], 657<>G?OD=V E<EF5<< 4>EF46>< =4 

>E=>6V =4=>G4EF<=>> [97, 114], FD4E?>DF 6 5>7>E><4E [163] 45> <VF5?4E [79], 4 

F4>>6 EF6>D5==O >><??5>EV6 7 ?D>F5W=4<< F4 V=L<<< 5V><>?5>G?4<< [237]. 

�>EVW =4 >E=>6V ?D>F5W=V6 4?O 44D5E=>W 4>EF46>< >GD>G<V=G 4> ?GE?<==<E 

>?VF<= EF4=>6?OFL ?D4>F<G=<= V=F5D5E, >E>V?L>< <>6GFL E?G7G64F< ?V74=44<< 

4> D5F5?F>DV6 7 ?V46<M5=<< DV6=5< 5>E?D5EVW =4 ?>65DE=V ?GE?<==<E >?VF<=. 

�<DF5DV==<= F>>E<= (�&) T >4=<< V7 =4=5V?LL 6<6G5=<E ?D<D>4=<E 

F<F>F>>E<G=<E 475=FV6 7V E?5F<DVG=VEFN 4> 4E>FV=>64=>7> 7 ?GE?<==<<< 

>?VF<=4<< D5F5?F>D4 proHB-EGF (75?4D<=-769O7G64?L=<= EGF-?>4V5=<= 

D4>F>D D>EFG) [81, 161, 218, 219], O><= =4 EL>7>4=V T ?5DE?5>F<6=<< 

>=>><4D>5D>< [157] V D>77?O44TFLEO O> ?>F5=FV==4 <VL5=L 4?O 4>EF46>< 

EV<V>?D5?4D4FV6. %?5F<DVG=5 769O7G64==O 7 proHB-EGF ?D<F4<4==5 F4>>6 

?D<D>4=><G <GF4=FG �&, CRM197, M> ?>7546?5=<= >4F4?VF<G=>W 4>F<6=>EFV.  

HB-EGF 55D5 GG4EFL G ?D<E>>D5==V D>EFG F4 ?D>7D5EG64==V ?GE?<=<, 

<5F4EF47G64==V F4 4=7V>75=57V [144, 172], M> <>65 5GF< ?>OE=5=5 6<E>><< 

DV66=5< 5>E?D5EVW proHB -EGF [165, 213], E5D54 O><E >?VF<==4 ?V=VO 
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5?V45D<>W4=>W 445=>>4DF<=>< A431 [222] V ?V=VO 445=>>4DF<=><< 7DG4=>W 

74?>7< MDA-MB-231 [67]. %?5F<DVG=5 ?<7=VG5==O D>7G<==>W D>D<< HB-EGF 

74 4>?><>7>N <>=>>?>=4?L=<E 4=F<FV? 45> 4<DF5DV==>7> 4=4F>>E<=G, F4><E O> 

CRM197, L<D>>> 6<6G4TFLEO O> ?5DE?5>F<6=<= E?>EV5 ?V>G64==O 45O><E F<?V6 

?GE?<==<E 74E6>DN64=L ?N4<=<, 4?5 6E5 M5 <4T =<7L>G 5D5>F<6=VEFL G5D57 

=54>EF4F=N F<F>F>>E<G=G 4>F<6=VEFL M>4> <4?V7=V7>64=<E >?VF<= in vivo [27]. 

�4<< 5G?> ?>>474=>, M> =4F<6=<= �&, CRM197 F4 =>7> D5>><5V=4=F=<= 

DD47<5=F SbB, M><4NFL 7474?L=V FD4=E<5<5D4==V 4><5=<, 6>?>4VNFL 

?>D>GF6>DN64?L=>N 4>F<6=>EFN 557 7=4G=>W F<F>F>>E<G=>7> 6??<6G [204]. 

&4><< G<=>< 4>E?V465==O GF6>D5==O >><??5>EV6 >GD>G<V=G 7 ?D>F5W=>6<<< 

=>EVO<< T >4=<< 7 5D5>F<6=<E ?V4E>4V6 4?O 75V?LL5==O 5V>4>EFG?=>EFV 

>GD>G<V=G F4 ?V46<M5==O E?5F<DVG=>EFV =>7> 4>EF46>< 4> <4?7=V7>64=<E 

>?VF=. 

� O>>EFV ?D>F5W=>6<E =>EVW6 4?O >GD>G<V=G =4<< 5G?> >5D4=> 464 

?D<=F<?>6> DV7=V ?D>F5W=< 3 BSA O> <>45?L =5E?5F<DVG=>7> =>EVO >GD>G<V=G 

[97, 238] F4 4<DF5DV==<= F>>E>W4 CRM197 O> E?5F<DVG=>7> ?5D5=>E=<>4 

>GD>G<V=G 74 D4EG=>> =>7> 6<E>>>W E?>DV4=5=>EFV 4> proHB-EGF [109]. 

�5DL<< 5F4?>< =4L>W D>5>F< 5G?> 4>E?V465==O ?D<=F<?>6>W <>6?<6>EFV 

EF6>D5==O >><??5>EV6 >GD>G<V=G 7 >5D4=<<< ?D>F5W=>6<<< =>EVO<<. BSA T 

L<D>>> D>7?>6EN465=<< ?D>F5W=>6<< =>EVT< 5474FL>E EV<V>?D5?4D4FV6 DV7=>W 

?D<D>4<, O>V =4 EL>7>4=V L<D>>> 6<>>D<EF>6GNFLEO 6 O>>EFV D4D<4F56F<G=<E 

?D5?4D4FV6 [119, 238], F><G =4<< 5G?> 6<EG=GF> ?D<?GM5==O M>4> <>6?<6>EFV 

=>7> E>D5FVW <>?5>G? >GD>G<V=4. CRM197 5G6 >5D4=<= =4<< G5D57 E6>N 

E?5F<DVG=VEFL 4> proHB-EGF, M> D>5<FL <>6?<6<< =>7> ?D4>F<G=5 

6<>>D<EF4==O O> 475=F4 FV?L>6>W 4>EF46>< >GD>G<V=G 4> ?GE?<==<E >?VF<=, 

O><< ?D<F4=<4==4 ?V46<M5=<= DV65=L 5>E?D5EVW proHB-EGF. �47GNG<EL =4 

6<M5E>474=><G, << ?D<?GEF<?< F5>D5F<G=G <>6?<6VEFL GF6>D5==O >><??5>EV6 

>GD>G<V=G 7 >5D4=<<< ?D>F5W=4<<, M> <>65 EGFFT6> ?V46<M<F< 5V>4>EFG?=VEFL 

F4 E?5F<DVG=VEFL 4>EF46>< >GD>G<V=G. �?O 4>E?V465==O FVTW <>6?<6>EFV =4<< 

5G?> 6<>>D<EF4=> <5F>4 <>?5>G?OD=>7> 4>>V=7G, 74 4>?><>7>N O>>7> 5G?> 
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?D>45<>=EFD>64=> in silico =4O6=VEFL 46>E <>6?<6<E E4=FV6 79T4=4==O 

>GD>G<V=G 7 BSA F4 >4<= E4=F 7 CRM197. �?O BSA ?5DL<= E4=F 769O7G64==O 

>GD>G<V= GF6>DNT 74 D4EG=>> 6>4=56<E 769O7>V6 7 Tyr138, Tyr161 V His146 

<>?5>G?< BSA. �DG7<= E?>EV5 769O7G64==O >GD>G<V=G E4D4>F5D<7G646EO 

6>4=56<<< 769O7>4<< <V6 Ser202, Ile290 V 674T<>4VO<< Pi-Pi 7 Trp214. �><??5>E 

CRM197 7 >GD>G<V=>< EF45V?V7G646EO L?OE>< GF6>D5==O 6>4=56<E 769O7>V6 V7 

674T<>4VO<< Lys20, Gly18 V Pi-Pi <V6 4D><4F<G=<<< G4EF<=4<< >GD>G<V=G F4 

His17 V Tyr61 CRM197.  

�444?V, >FD<<4=V =4<< 44=V in silico 5G?< ?5D56VD5=V F4 ?V4F65D465=V 

E?5>FD>D>F><5FD<G=<< 4=4?V7>< >FD<<4=<E >><??5>EV6. �?O FL>7> =4<< 5G?< 

5>E?D5E>64=V D5>><5V=4F=V ?D>F5W=< (CRM197 F4 SbB, =>7> �-DD47<5=F) G 

54>F5DV==V= >G?LFGDV E.coli BL21 Rosetta (DE3), O>4 <VEF<FL 6 E>5V ??47<V4=G 

��� 7 65G4>64=<< FV?L>6<< 75=>< DD47<5=FG �&. � D57G?LF4FV >G<EF>< 74 

4>?><>7>N <5F4?>-4DV==>W ED><4F>7D4DVW =4 Ni2+-NTA 474D>7V << >FD<<4?< 

D5>><5V=4=F=V ?D>F5W=<, >E4D4>F5D<7>64=V 74 4>?><>7> �%�-���� 

5?5>FD>D>D57G. �7V4=> 7 5?5>FD>D>D57D4<>N F4 ?>DV6=O==O< 7 

4<V=>><E?>F=<<< ?>E?V4>6=>EFO<< >FD<<4=<E ?D>F5W=V6 << 4V=L?< 6<E=>6>G, 

M> ?D>F5W=< >FD<<4=V G 4>EF4F=V= >V?L>>EFV F4 4>EF4F=L>7> DV6=O >G<EF><.  

�FD<<4=V ?D>F5W=< 6<>>D<EF4?< 4?O D>D<G64==O >><??5>EV6 7 

>GD>G<V=><. �?O 4>6545==O D>D<G64==O >><??5>EV6 << ?5D56VD<?< E?5>FD< 

?>7?<=4==O 6V?L=>7> >GD>G<V=G F4 =>7> >><??5>EV6 7 ?D>F5W=4<< G DV7=<E 

EF5EV><5FD<G=<E E?V66V4=>L5==OE. �5<464 4>E?V46G64=<E ?D>F5W=< ?>>474?< 

?V46<M5==O 5D5>F<6=>EFV ?>7?<=4==O 7V 75V?LL5==O< >>=F5=FD4FVW >GD>G<V=G. 

�>?< E?V66V4=>L5==O =4E<G5==O ?D>F5W=V6 >GD>G<V=>< 5G?> 4>EO7=GF>, 

?>44?LL>7> 75V?LL5==O 5D5>F<6=>EFV ?>7?<=4==O =5 E?>EF5DV74TFLEO, M> 

?D54EF4?5=> G 6<7?O4V ??4F> =4 7D4DV>G. �4 >E=>6V >FD<<4=<E 44=<E =4<< 5G?> 

D>7D4E>64=5 <>?OD=5 E?V66V4=>L5==O, M> EF4=>6<?> 1:2,5 V 1:3 4?O BSA V 

>GD>G<V=G V CRM V >GD>G<V=G 6V4?>6V4=>. &5 4>76>?<?> =4< 7D>5<F< 6<E=>6>>, 

M> E?5>FD4?L=4 ?>654V=>4 >><??5>EV6 <>65 5GF< 4>>47>< EF5EV><5FDVW 

>><??5>EV6 >GD>G<V=G 7 BSA 45> CRM197. �< <>65<> ?D<?GEF<F<, M> 5V?LL5 
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=V6 >4=4 <>?5>G?4 >GD>G<V=G <>65 674T<>4VOF< 7 >4=VTN <>?5>G?>N ?D>F5W=G. 

&4><< G<=><, 5G?> 6<O6?5=> M>=4=<5=L5 464 <VEFO 76'O7G64==O >GD>G<V=G 7 

BSA. &5 5G?> ?V4F65D465=> E?5>FD4?L=<< 4=4?V7><, 4 F4>>6 4>>V=7>< G 

SwissDock.  

�4EFG?=<< 74644==O< ?VE?O 4>6545==O <>6?<6>EFV EF6>D5==O 

>><??5>EV6 >GD>G<V=G 7 ?D>F5W=4<< BSA F4 CRM197 5G?> 4>E?V465==O WE 

F<F>F>>E<G=>W 4>F<6=>EFV F4 D>?V G ?V46<M5=V 5V>4>EFG?=>EFV >GD>G<V=G. &5 

4>E?V465==O 6V45G64?>EO G >V?L>4 ?4D4?5?L=<E 5F4?V6.  

�G?> ?5D56VD5=> 6??<6 557?>E5D54=L> D5>><5V=4=F=<E ?D>F5W=V6 =4 

>?VF<=<. ' =4L><G 5>E?5D<<5=FV 6<>>D<EF>6G64?<EO 464 64DV4=F< 

=5F>>E<G=<E ?>EV4=<E 4<DF5DV==>7> F>>E<=G (CRM197 F4 =>7> DD47<5=F B) O> 

?5DE?5>F<6=V =>EVW <>?5>G? >GD>G<V=G F4 46V >?VF<==V ?V=VW <4?V7=V7>64=<E 

>?VF<= A431 F4 MDA-MB-231. �<7=4G5==O IC50 4?O 4>E?V46G64=<E >?VF<= 

45<>=EFDGT 557?5>G 6<>>D<EF4==O >5>E =5F>>E<G=<E ?>EV4=<E =4 6V4<V=G 6V4 

4<DF5DV==>7> F>>E<=G. IC50 4?O 4<DF5DV==>7> F>>E<=G E>?4446 0,008<>� ± 

0,0002 4?O MDA-MB231 V 0,001 <>� ± 0,0003 4?O A431. �?VF<==4 ?V=VO A431 

45<>=EFDGT 6<MG GGF?<6VEFL 4> 4<DF5DV==>7> F>>E<=G G5D57 6<E>><= DV65=L 

5>E?D5EVW proHB-EGFR O> E4=FG 769O7G64==O 7 4<DF5DV==<< F>>E<=><. IC50 4?O 

CRM197 V SbB 5G6 =4 464 ?>DO4>< 6<M<<, =V6 4?O 4<DF5DV==>7> F>>E<=G 4?O 

>5>E ?5D56VD5=<E >?VF<==<E ?V=V=. &5 E6V4G<FL ?D> F5, M> 6<>>D<EF4==O 

CRM197 V SbB T 557?5G=<<, F><G >5<464 4>E?V465=<E D5>><5V=4=F=<E 

?>EV4=<E �& <>6GFL 74EF>E>6G64F<EO 4?O 4>EF46>< ?V>V6 G <54<G=V= ?D4>F<FV.  

�>6545=4 557?5>4 6<>>D<EF4==O D5>><5V=4=F=<E ?D>F5W=V6 CRM197 F4 

=>7> �-DD47<5=F4 =5 6<>?NG4T WE 6??<6G =4 >?VF<=G, M> =5 T F<F>F>>E<G=<<. 

�V4><>, M> F>>E<G=<= 5D5>F 4<DF5DV==>7> F>>E<=G <>65 5GF< ?>69O74=<= 7 

>4F4?VF<G=>N 4>F<6=VEFN %-4><5=G ADP-D<5>7<?FD4=ED5D47<, O><= 

?5D5=>E<FLEO 6E5D54<=G >?VF<=< 74 4>?><>7>N GF6>D5==O ?>D< 6 ??47<>?5<V 

[53, 138]. �4<< 5G?> 6<EG=GF5 ?D<?GM5==O, M> 4<DF5DV==<= F>>E>W4 CRM197 

F4>>6 <>65 6>?>4VF< ?>D>GF6>DN64?L=<<< 6?4EF<6>EFO<<. �?O ?5D56VD>< 

44=>W 7V?>F57< 5G?> ?D>6545=> 464 4>E?V465==O, M> 74?GG4?< 6<7=4G5==O 
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?D>6V4=>EFV D>ED4F<4<?5F4=>?4<V=-6<VMGN64?L=>W 5VL4D>6>W <5<5D4=< 

(���) ?V4 4VTN DV7=<E 5?>>4F>DV6 GF6>D5==O ?>D 3 E>?5= FV47>?VN 7 DV7=>N 

4>66<=>N 5VG=>7> ?4=FN74 F4 6??<6 >>=LN74FV6 CRM197 7 5?>>4F>D4<< =4 

?GE?<==V >?VF<=<. �4LV 4>E?V465==O ?>>474?<, M> 6<>>D<EF4==O 5?>>4F>DV6 

7<5=LGT 5?5>FD>?D>6V4=VEFL ?>D CRM197. %5D54 ?D>F5EF>64=<E 5?>>4F>DV6 

=4=5D5>F<6=VL<< 5G6 ���& (8 4F><V6 >4D5>=G G 5VG=><G ?4=FN7V). �?>>4F>D< 

���& F4 ���& 7 9 F4 10 4F><4<< >4D5>=G G 5VG=><G ?4=FN7V 6V4?>6V4=>, 

F4>>6 ?>>474?< 7=4G=5 7=<65==O 5?5>FD>?D>6V4=>EFV ���. &4><< G<=>< FV 

FD< 5?>>4F>D< 5G?< >5D4=V 4?O F5EFG64==O =4 >G?LFGD4E >?VF<=.  

%?>G4F>G 5G?4 4>6545=4 6V4EGF=VEFL F<F>F>>E<G=>7> 5D5>FG GEVE 

5?>>4F>DV6 G D>5>G<E >>=F5=FD4FVOE (5 <>�) =4 >?VF<=4E �431 F4 MDA-MB-

231. �VE?O FL>7> 5G?> ?D>6545=> 4>E?V465==O F<F>F>>E<G=>EFV >>=9N74=FV6 

CRM197 7 5?>>4F>D4<< =4 >?VF<=4E �431. $57G?LF4F< ?>>474?< ?V46<M5==O 

6<FFT744F=>EFV >?VF<=, >5D>5?5=<E >>=9N74F>< 7 CRM197 ���& (10-7<>7/<?) 

=4 30% 6V4=>E=> 4VW 6V?L=>7> CRM197. �FD<<4=V 44=V E6V4G4FL ?D> F5, M> 

=576464NG< =4 =57=4G=<= F<F>F>>E<G=<= 5D5>F CRM197, 44=<= ?D>F5W= 

?D>O6?OT E6>N ?>D>GF6>DN64?L=G 4>F<6=VEFL, M>, 557G<>6=>, 6??<64T =4 =>7> 

6?4EF<6>EFV =>EVO.  

 �4EFG?=<< >D>>>< ?VE?O 4>E?V465==O F<F>F>>E<G=<E =4 

?>D>GF6>DN64?L=<E 6?4EF<6>EF5= D5>><5V=4=F=>7> ?D>F5W=G 5G?> ?D>6545=> 

4>E?V465==O 557?>E5D54=L> F<F>F>>E<G=>EFV 6V?L=>7> >GD>G<V=G. �4<< 5G?> 

?>>474=>, M> IC50 6V?L=>7> >GD>G<V=G EF4=>6<?4 32,8 <>� ± 1,3. &4>5 6<E>>5 

7=4G5==O IC50 6V?L=>7> >GD>G<V=G <>65 5GF< ?>OE=5=5 =>7> =<7L>>N 

D>7G<==VEFN G 6>4V F4 L6<4><< DG==G64==O< <>?5>G?< G 6>4=><G E5D54>6<MV 

[108, 116], 4 F4>>6 L6<4><< <5F45>?V7<>< F4 >><E=5==O< >GD>G<V=G 6 >?VF<=V 

[147, 248]. �576464NG< =4 L<D>><= E?5>FD F5D4?56F<G=<E 6?4EF<6>EF5= 

>GD>G<V=G, =>7> =<7L>4 F<F>F>>E<G=4 4>F<6=VEFL in vitro G=5<>6?<6?NT 

?D4>F<G=5 6<>>D<EF4==O G <54<G=V= ?D4>F<FV  

 �5F4?L=5 4>E?V465==O 6?4EF<6>EF5= >>D5<<E >><?>=5=FV6 

>><??5>EV6 (D5>><5V=4=F=<E ?D>F5W=V6 F4 6V?L=>7> >GD>G<V=G) ?V465?> =4E 4> 
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>FV=>< F<F>F>>E<G=>7> 6??<6G >><??5>EV6 =4 <4?V7=V7>64=V F4 =5<4?V7=V7>64=V 

>?VF<=<. � O>>EFV <>45?V =5<4?V7=V7>64=<E >?VF<= =4<< 5G?> >5D4=V >?VF<=< 

?V=VW 4BL 3 4>F<6>64=V �-?V<D>F<F<, O>V =5 ?D>O6<?< 7=<65==O 6<FFT744F=>EFV 

?V4 6??<6>< >><??5>EV6 >GD>G<V=G =V 6 64DV4=FV 6<>>D<EF4==O BSA O> 

?D>F5W=>6>7> =>EVO, =V ?D< 6<>>D<EF4==V CRM197. &4><< G<=>< 5G?4 4>6545=4 

557?5>4 6<>>D<EF4==O >><??5>EV6 M>4> G<>6=> =>D<4?L=<E >?VF<=. �444?V, 

5G?> ?D>6545=5 4>E?V465==O 6??<6G >><??5>EV6 =4 <4?V7=V7>64=V >?VF<=<. 

�4<< 5G?< >5D4=V EGE?5=7V==V >?VF<=< Jurkat F4 46V ?V=VW 44757<6=<E >?VF<= 

A431 F4 MDA-MB-231. %GE?5=7V==V >?VF<=< Jurkat, M> <4NFL =<7L><= DV65=L 

5>E?D5EVW proHB-EGF 6<O6<?<EO =5GGF?<6<<< 4> 4VW O> 6V?L=>7> >GD>G<V=G F4 

GEVE 74?D>?>=>64=<E =4<< >><??5>EV6, F>4V O> 44757<6=V >?VF<=< >5>E 

?D>F5EF>64=<E ?V=VW ?V444?<EO F<F>F>>E<G=><G 6??<6G ?D>F5W=->GD>G<V=>6<E 

>><??5>EV6. �G?> ?D>45<>=EFD>64=>, M> 6<FFT744F=VEFL >?VF<= MDA-MB-231 

>5D>5?5=<E >><??5>E4<< >GD>G<V=:BSA F4 >GD>G<V=:SbB, 7<5=LG64?4EO 6 1,5 

D47< ?>DV6=O=> 7 6??<6>< 6V?L=>7> >GD>G<V=G. �?O >?VF<==>W ?V=VW �431 

?D<7=VG5==O 6V?L=<< SbB 5G?> =57=4G=<< (23%), F4> E4<> O> V 4?O >?VF<= 

MDA-MB-231 (DV65=L 6<FFT744F=>EFV ?D< >5D>5FV SbB 74?<L46EO =4 DV6=V 

>>=FD>?N), >><??5>E SbB 7 >GD>G<V=>< 7=<6G646 6<FFT744F=VEFL MDA-MB-

231 V A431 >?VF<= =4 49% V 71% 6V4?>6V4=>. �??<6 >><??5>EV6 BSA 7 >GDG<V=>< 

=5 ?>>4746 7=4G=>7> F<F>F>>E<G=>7> 5D5>FG =4 6>4=G 7 4>E?V465=<E 

>?VF<==<E ?V=V=, M> D>5<FL =>7> 6<>>D<EF4==O 6 E?5F<DVG=V= ?D>F<?GE?<==V= 

F5D4?VW =54>FV?L=<<, ?D>F5 6E5 M5 =5 6<>?NG4T BSA 7 ?5DE?5>F<6=<E =>EVW6 

>GD>G<V=G. 

�EF4==V< 5F4?>< 4>E?V465==O F<F>F>>E<G=>7> 6??<6G ?D>F5W=-

>GD>G<V=>6<E >><??5>EV6 5G?> 6<7=4G5==O WE IC50, M> ?D>6>4<?>EO =4 

>?VF<==V= ?V=VW MDA-MB 231. /> 5G?> 747=4G5=> 6<M5, IC50 6V?L=>7> >GD>G<V=G 

EF4=>6<?4 32,8 <>� ± 1,3 =4 4>E?V46G64=V= >?VF<==V= ?V=VW. IC50 >><??5>EV6 

>GD>G<V=G EF4=>6<?4 4,2 <>� ± 0,006 4?O CRM197 V 2,2 <>� ± 0,005 4?O SbB 

=4 <4?V7=V7>64=<E >?VF<=4E MDA-MB-231. &5 E6V4G<FL ?D> F5, M> >><??5>E< 

>GD>G<V=G 7 D5>><5V=4=F=<<< ?D>F5W=4<< <>6GFL 5GF< 5D5>F<6=<<< 74E>54<< 
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4>EF46><, 744F=<<< EGFFT6> ?>>D4M<F< 5V>4>EFG?=VEFL >GD>G<V=G F4 =>7> 

E?5F<DVG=VEFL 4>EF46>< 4> <4?V7=V7>64=<E >?VF<=. &4><< G<=><, >><??5>E< 

>GD>G<V=G 7 =5F>>E<G=<<< D5>><5V=4=F=<<< ?>EV4=<<< �& <>6GFL 5GF< 

5D5>F<6=>N G4EF<=>N >><??5>E=>W ?D>F<?GE?<==>W F5D4?VW G 6<?44>G 

<4?VL=V7>64=<E >?VF<= 7V 75V?LL5=<< DV6=5< 5>E?D5EVW proHB-EGF, M> 

74557?5G<FL 44D5E=G 4>EF46>G >GD>G<V=>6<E >><??5>EV6 4> >?VF<= F4 

?V46<M<FL V<>6VD=VEFL 4>EO7=5==O F5D4?56F<G=>W 4>7<.  

�?O 4>E?V465==O <>6?<6>EFV 6?D>64465==O ?D>F5W=G->GD>G<V=>6<E 

>><??5>EV6 5G6 ?D>6545=<= 4=4?V7 V<G=>75==VEFV D5>><5V=4=F=<E ?D>F5W=V6 O> 

=>EVW6 >GD>G<V=G. �FD<<4=V D57G?LF4F< ?>>474?<, M> =4=E<?L=VLV V<G=>75==V 

6?4EF<6>EFV E4D4>F5D=V 4?O F>>E>W4G CRM197, F>5F> G 6V4?>6V4L =4 44=<= 

4=F<75= D>D<GTFLEO =4=6<M<= F<FD 4=F<FV?, F>4V O> SbB ?D>O6<6 =<6G<= 

DV65=L V<G=>75==>EFV, M> G E6>N G5D7G T ?V47DG=FFO< 4?O 6<>>D<EF4==O E4<5 

�-EG5>4<=FV O> =>EVO >GD>G<V=G, >E>V?L>< F5= >><??5>E =5 6<>?<>4T 4>F<6=>W 

V<G==>W 6V4?>6V4V F4 ?D>O6?OT E555 O> 5V?LL 557?5G=<= ?D< 6<>>D<EF4==V in 

vivo.  

�?O ?>OE=5==O 7=4G=>7> F<F>F>>E<G=>7> 5D5>FG >><??5>EV6 >GD>G<V=G 7 

D5>><5V=4=F=<< 5V?>>< SbB F4 ?D4>F<G=> 6V4EGF=VEFN F<F>F>>E<G=>7> 6??<6G 

=4 <4?V7=V7>64=V >?VF<=< >><??5>E>< BSA 7 >GD>G<V=>< 5G?> ?D>6545=> 

4>E?V465==O 5D5>F<6=>EFV 674T<>4VW 6V?L=>7> >GD>G<V=G F4 =>7> >><??5>EV6 7 

?>65DE=5N >?VF<= 74 4>?><>7>N ?D>F>>>6>W F<F>D?G>D><5FDVW. �=F5=E<6=VEFL 

D?G>D5EF5=FVW 74 >GD>G<V=>< V=F5D?D5FG64?4EO O> 5D5>F<6=VEFL =>7> 674T<>4VW 

7 ?>65DE=5N >?VF<= �431. �G?> ?>>474=>, M> V=F5=E<6=VEFL D?G>D5EF5=FVW 

75V?LLGTFLEO ?D<=4=<=V 6 6 V 10 D47V6 4?O >><??5>EV6 BSA 7 >GD>G<V=>< F4 SbB 

V7 >GD>G<V=>< 6V4?>6V4=> 6V4=>E=> 6V?L=>7> >GD>G<V=G. �?O >?VF<==>W ?V=VW 

MDA-MB-231 DV65=L 5D5>F<6=>EFV 674T<>4VW 7 ?>65DE=5N >?VF<=< 

75V?LLG646EO 6 5 F4 7 D47V6 4?O >><??5>EV6 BSA 7 F4 SbB V7 >GD>G<V=>< 

6V4?>6V4=>. �FD<<4=V D57G?LF4F< 4>76>?ONFL ?D<?GEF<F<, M> 5D5>F<6=VEFL 

674T<>4VW >GD>G<V=G 7 ?>65DE=5N >?VF<=< 557?>E5D54=L> 6??<64T =4 DV65=L 

=>7> F<F>F>>E<G=>EFV.  
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-5 >4=<< ?>>47=<>>< 5D5>F<6=>EFV 674T<>4VW >GD>G<V=G 7 ?>65DE=5N 

>?VF<= T =>7> ?>7?<=4==O >?VF<=4<< F4 G4E V=F5D=4?V74FVW ?D>F5W=-

>GD>G<V=>6<E >><??5>EV6, O><= 5G?> 4>E?V465=> 74 4>?><>7>N >>=D>>4?L=>W 

<V>D>E>>?VW. �4 <>45?V >?VF<==>W ?V=VW �431 5G?> ?>>474=>, M> 6V?L=<= 

>GD>G<V= ?5D5F<=4T >?VF<==G <5<5D4=G F4 <5F45>?V7GTFLEO 665 6?D>4>66 

?5DL<E 15 E6<?<=, F>4V O> >><??5>E< >GD>G<V=G 7 ?D>F5W=>6<<< =>EVO<< 

EF4NFL ?>6=VEFN V=F5D=4?V7>64=<<< F4 <5F45>?V7>64=<<< 6E5D54<=V >?VF<=< 

?<L5 6?D>4>66 90 E6<?<=. %?>6V?L=5=5 FD4=E?>DFG64==O ?D>F5W=-

>GD>G<V=>6>7> >><??5>EG 4> >?VF<=< <>6=4 ?>OE=<F< 674T<>4VTN SbB V 

CRM197 7 proHB-EGF F4, 6V4?>6V4=> ?D>4G>F<6=>N V=4G>FVTN 4?>?F>7G, 

6<7=4G5==O DV6=O O>>7> 5G?> =4EFG?=<< =4L<< 74644==O<. �FD<<4=V 

D57G?LF4F< ?>>474?< 7=<65==O 6<FFT744F=VEFV >?VF<= MDA-MB 231 V A431 ?V4 

4VTN ?D>F5W=->GD>G<V=>6<E >><??5>EV6. �5<4?V7=V7>64=V >?VF<=< ?V=VW 4BL 

7455V?LL>7> =5 ?D>O6<?< DV6=O 4?>?F>7G, O><= EGFFT6> 5 6V4DV7=O6EO 6V4 

7=4G5=L >>=FD>?N. &5 <>6=4 ?>OE=<F< O> =<7L>>N 5V>4>EFG?=VEFN 6V?L=>7> 

>GD>G<V=G, F4> V =<7L><< DV6=5< 5>E?D5EVW D5F5?F>D4 pro-HB-EGF. &4><< 

G<=><, =5<4?V7=V7>64=V >?VF<=< T =5GGF?<6<<< 4> 74?D>?>=>64=<E >><??5>EV6, 

M> ?V4F65D46GT 557?5>G 6<>>D<EF4==O >><??5>EV6 6 <54<G=V= ?D4>F<FV.  

�<E>><= DV65=L 4?>?F>7G, V=4G>>64=>7> >GD>G<V=-?D>F5W=>6<<< 

>><??5>E4<<, =5 6<>?NG4T VE=G64==O V=L<E F<?V6 >?VF<==>W 747<55?V, 6 ?5DLG 

G5D7G =5>D>7G. &><G =4EFG?=<< 5F4?>< 5G?> 4>E?V465==O L?OEG 747<55?V 

>?VF<= ?V4 4VTN >><??5>EV6. �FD<<4=V =4<< 44=V 45<>=EFDGNFL DV6=V 4?>?F>7G 

F4 =5>D>7G =4 DV6=V >>=FD>?N ?D< 4VW =4 >?VF<=< ?D>F5W=>6<E =>EVW6 - BSA F4 

SbB. �>4V5=G >4DF<=G << E?>EF5DV74T<> V 4?O >>=FD>?L=<E ?D>5. �4F><VEFL 

6??<6 >><??5>EV6 >GD>G<V=G 6<>?<>46 747<55?L >?VF<= 6 ?5DLG G5D7G 

4?>?F>7><, F>4V O> =5>D>F<G=V >?VF<=< E>?444?< <5=LG G4EF>G, M> 5G?> 

?>>474=> 4?O >5>E ?D>F5EF>64=<E <4?V7=V7>64=<E >?VF<=, 4 E4<5 �431 F4 MDA-

MB-231. �<E>><= DV65=L 4?>?F>7G, M> EGFFT6> ?5D56464T DV65=L =5>D>7G, T 

5464=<< D57G?LF4F>< 74EF>EG64==O ?D>F<?GE?<==<E ?V>V6, >E>V?L>< =5>D>7 

<>65 E?D>6>>G64F< G<E?5==V ?>L>>465==O >D74=V7<G.  



119 

 

�4>?NG=<< 5F4?>< 44=>W D>5>F< 5G?> 4>E?V465==O <>6?<6<E <5E4=V7<V6 

4?>?F>7G, E?D<G<=5=>7> 4VTN >GD>G<V=G F4 =>7> >><??5>EV6 7 BSA F4 SbB 74 

4>?><>7>N 6<7=4G5==O DV6=O 5>E?D5EVW >E=>6=<E E<7=4?L=<E ?D>F5W=V6 F4 WE 

4>F<6=>EFV >?VF<=4<< �431. �4L4 D57G?LF4F< 45<>=EFDGNFL DV7=<FN <V6 

6<VEF>< Phospho-EGFR 6 >?VF<=4E ?V4 6??<6>< >GD>G<V=G F4 =>7> 

>><??5>E4<< 7 SbB. ' 64DV4=F=V 4VW 6V?L=>7> >GD>G<V=G DV65=L Phospho- EGFR 

7=<7<6EO =4 36,54% 6V4=>E=> >>=FD>?N. �D< 4VW >><??5>EG SbB 7 >GD>G<V=>< 

6<VEF Phospho- EGFR 7=<7<6EO =4 56,34% 6V4=>E=> >>=FD>?N F4 =4 31,13% 

6V4=>E=> 4VW 6V?L=>7> >GD>G<V=G. �FD<<4=V 44=V <>6GFL D>77?O44F<EO O> 4>>47 

?D>4?>?F<G=>W 4>F<6=>EFV >GD>G<V=G. �=<65==O 6<VEFG F4 DV6=N 4>F<6=>EFV 

EGFR ?D<76>4<FL 4> 7=<65==O 4>F<64FVW Akt-1. �574F<6=4 D57G?OFVO Akt-1 

7=<6GT 6<6<6G64=VEFL >?VF<= F4 ?V4E<?NT V<>6VD=VEFL ?5D5E>4G >?VF<= 4> 

4?>?F<G=>7> L?OEG. &4><< G<=><, 4>E?V46G64=V >><??5>E< <>6GFL 5D5>F<6=> 

6??<64F< =4 >E=>6=V L?OE< ?D>4?>?F<G=<E E<7=4?L=<E L?OEV6. 

' ?V4EG<>G <>6=4 4>44F<, M> >><??5>E< >GD>G<V=G =4 >5>E F<?4E 

?D>F5W=V6 3 =5E?5F<DVG=><G BSA F4 E?5F<DVG=><G CRM197 (F4 =>7> 

EG5>F<=<FV SbB) M>4> ?GE?<==<E >?VF<= 7 75V?LL5=<< DV6=5< 5>E?D5EVW 

proHB-EGF T 5D5>F<6=<<< M>4> <4?V7=V7>64=<E >?VF<=, 557?5G=<<< 4?O 

G<>6=> =>D<4?L=<E >?VF<= F4 EF45V?L=<< G 6<>>D<EF4==V. �E5 6<MT747=4G5=5 

D>5<FL 4>FV?L=<< 6<>><EF4==O 74?D>?>=>64=<E >><??5>EV6 >GD>G<V=G 7 

?D>F5W=>4<< BSA, CRM197 F4 SbB O> >E=>6G 4?O EF6>D5==O >><5DFV==<E 

D4D<4F56F<G=<E ?D5?4D4FV6 4?O 6<>>D<EF4==O G >><??5>E=V= ?D>F<?GE?<==V= 

F5D4?VW.  
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&4><< G<=><, 6 E>4V 4<E5DF4FV==>W D>5>F< 5G?> >45D64=> >><??5>E< 

>GD>G<V=G 7 ?D>F5W=4<< BSA F4 =5F>>E<G=<<< ?>EV4=<<< �&, 4 E4<5 CRM197 

F4 =>7> �-DD47<5=F><, 45F4?L=> 4>E?V465=> F4 ?D>4=4?V7>64=> WE DV7<>>-

EV<VG=V 6?4EF<6>EFV = 5V>?>7VG=V 5D5>F<. �EF4=>6?5=>, M> D>D<G64==O 

>><??5>EV6 >GD>G<V=G 7 ?D>F5W=4<< 4>76>?OT EGFFT6> ?V46<M<F< 

5V>4>EFG?=VEFL 4>E?V46G64=>W E?>?G>< ?D<D>4=>7> ?>E>465==O F4 6V4>D<64T 

?5DE?5>F<6< D>7D>5>< D4D<4>>?>7VG=<E 74E>5V6 4?O 6<>>D<EF4==O G ?D>7D4<4E 

>><??5>E=>W F5D4?VW >=>>?>7VG=<E 74E6>DN64=L.  

1. �D>45<>=EFD>64=>, M> >GD>G<V= GF6>DNT EFV=>V >><??5>E< 7 BSA F4 

CRM197 74 D4EG=>> VE=G64==O E4=FV6 E>D5FVW 7 <>?5>G?>N BSA F4 7 

<>?5>G?>N CRM197; 

2. �<O6?5=>, M> DV65=L F<F>F>>E<G=>EFV F4 4=F<?D>?VD5D4F<6=>W 

4>F<6=>EFV >GD>G<V=-?D>F5W=>6<E >><??5>EV6 5G6 5V?LL5 =V6 =4 ?>DO4>> 

6<M<< 6V4=>E=> 4VW 6V?L=>7> >GD>G<V=G; 

3. �>6545=>, M> ?D>F5W=->GD>G<V=>6V >><??5>E< =5 ?D>O6?ONFL 

F<F>F>>E<G=>7> 6??<6G M>4> =5<4?V7=V7>64=<E G<>6=> =>D<4?L=<E 

>?VF<=; 

4. �<O6?5=>, M> 5V>4>EFG?=VEFL >GD>G<V=G G E>?44V >><??5>EV6 7 

>GD>G<V=>< 75V?LLGTFLEO 74 D4EG=>> ?V46<M5==O D>7G<==>EFV, F>4V O> 

E?5F<DVG=VEFL 4>EF46>< >GD>G<V=G 4> <4?V7=V7>64=<E >?VF<= G E>?44V 

>><??5>EV6 7 =5F>>E<G=<< D5>><5V=4=F<< ?>EV4=<< 4<DF5DV==>7> 

F>>E<=G 75V?LLGTFLEO 74 D4EG=>> 674T<>4VW 7 D5F5?F>D>< pro-HB-EGF =4 

F<E >?VF<=4E, M> 5G?> 6<7=4G5=> 74 75V?LL5==O< 5D5>F<6=>EFV 674T<>4VW 

>GD>G<V=G 7 ?>65DE=5N >?VF<= F4 74 DV6=5< V=F5D=4?V74FVW >><??5>EV6; 

5. �D>45<>=EFD>64=>, M> ?5D56464NG<< L?OE>< 747<55?V <4?V7=V7>64=<E 

>?VF<= ?V4 4VTN >GD>G<V=-?D>F5W=>6<E >><??5>EV6 5G6 4?>?F>7; 

6. �>>474=>, M> V<G=>75==VEFL =5F>>E<G=<E ?>EV4=<E 4<DF5DV==>7> 

F>>E<=G 7<5=LGNFLEO 7 WE D>7<VD><, M> 4>76>?OT ?D>?>=G64F< <5=LG 
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EG5>4<=<FN SbB 6 O>>EFV =>EVO >GD>G<V=G ?D< EF6>D5==V >><5DFV==<E 

?D5?4D4FV6. 
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