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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> 
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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; 

6. �<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 

EG5>4<=<FN SbB 6 O>>EFV =>EVO >GD>G<V=G ?D< EF6>D5==V >><5DFV==<E 

?D5?4D4FV6. 

� D>5>FV 6?5DL5 >FD<<4=> F4 >E4D4>F5D<7>64=> >><??5>E< >GD>G<V=G 7 

4<DF5DV==<< F>>E>W4>< CRM197 F4 =>7> �-DD47<5=F>< F4 ?D>45<>=EFD>64=> 

6<M<= DV65=L ?D<7=VG5==O >?VF<==<E ?V=V= A431 F4 MDA-MB-231 >FD<<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><. �>6545=4 

EF45V?L=VEFL >><??5>EV6 G 6>4=<E E5D54>6<M4E F4 5D5>F<6=VEFL 6??<6G =4 
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<4?V7=V7>64=V >?VF<=< D>5<FL WE ?5DE?5>F<6=>N 547>N 4?O EF6>D5==O =>6<E 
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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; 
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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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