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Kypkymin (mudepynonsnMeran) — 11e noiideHonbHa CroTyKa MPUPOIHOTO
MOXO/PKEHHS 3  HM3KOIO  TEpalmeBTUYHUX  BJIACTHBOCTEW, a  came
aHTUNIPOITIHEPATUBHOIO, MPOATIOTITOTUYHOIO Ta MPOTUITYXJIMHHOIO BIACTHUBOCTSIMH,
alie HU3bKOI 010A0CTYMHICTIO. OJHUM 31 CHOCO0IB MiJIBUILIEHHS 010/10CTYIMHOCTI
KYPKYMIHY € HOT0 B3aEMOIis 3 MpoTeiHOBUMU Hocisimu. Jludrepiiiauii Tokcun (JT)
€ OIHUM 13 HaWOUIBIl BUBYEHUX TMPUPOJHUX I[MTOTOKCHYHUX areHTiB 31
cnernudIgHICTIO IO acOIIMOBAHOTO 3 MyXJIMHHUMH KJIITHHAMU perentopa proHB-
EGF (remapun-3B’s3yBanbuuil EGF-noni6umit dakrop pocry). Bukopucranus
CRMI197 B skocTi HOCI Juisl KypKyMiHYy € SIK CIOCOOOM  IiJIBUILEHHS
010J0CTYITHOCTI OCTAaHHBOT'0, TaK 1 IIJIIXOM CHELU(PIYHOCTI TOCTABKU KYPKYMIHY B
KJIITUHA. TakuM 4YUHOM, JIOCIIJDKEHHS YTBOPEHHS KOMIUIEKCIB KYPKYyMIHY 3
npoTeiHOBUMH HOCIsIMH, 30kpemMa 3 CRM 197, € oqHuM 3 NEpCeKTUBHUX TT1JIXO0/11B
JUTSI CTBOPCHHS HOBHIX ITpEIapaTiB 3 MPOTHITYXTMHHUMH BJIACTUBOCTSIMHU.

Mertoro poboTu 0yi0 ofiepKaHHS KOMILUIEKCIB KypKyMiHY 3 npoTeinamu BSA
ta CRMI197 nna miaBumieHHs OI10JOCTYIMHOCTI Ta cHenu@igHoi J10CTaBKU
KYPKYMiHY B KJIITUHHU Ta XapaKTEPUCTHUKA OTPUMAHUX KOMILIEKCIB.

Bianosigno 10 Metu O0yio ncopmyiboBaHO 6 3aBaHb:

1. OTpumaT KOMIUIEKCH KypKyMiHy 3 mporeinamu BSA ta CRM197 Ta
OXapakTepu3yBaTH iX (i3UKO-XIMIYHI BIaCTUBOCTI;

2. JlocmiauTi IUTOTOKCHYHUI BIUIMB OTPUMAHUX KOMIUICKCIB MO0
MaJITHI30BaHUX KIITHH;

3. OmiHUTH J110  KYpKyMiHY, HpPOTE€IHOBUX HOCIiB Ta MpOTEIH-

KypPKYMIHOBUX KOMILJIEKCIB 11[0/I0 HEMATITHI30BAaHUX KIIITHH;



4. BuBunti MexaHi3Mu B3a€MOil KypKyMiHY Ta WOTO MpPOTETHOBHX
KOMIIJIEKCIB 3 TIOBEPXHEI0 MAJIITHI30BAHUX KIIITHH;
5. 3’scyBaTd  MEXaHI3MHM  IUTOTOKCHYHOTO  BIUIMBY  OTPUMAaHHX
KOMILJICKCIB HAa MaJIiTHI30BaHI KIIITHHH;
6. JlocnmiiuTy IMyHOTE€HHICTh TPOTETHOBUX HOCIIB KYpKyMIHY.
Ompumannsa Komnaekcie Kypkyminy 3 npomeinamu BSA ma CRM197 ma
xapakmepucmuka ix enacmueocmeit. JlocnipkeHHs in Silico MOXJIMBUX CaMTIB
3’€JHAHHS MOJIEKYJIM KYpKYMIHY Ta ABOX JOCIHIKyBaHUX npoTeiniB — CRM197 ta
BSA 3a 1onomMororw MOJEKYISPHOrO JOKIHTY MOKa3ajl0 HAsBHICTh IIOHAMMEHIIE
JIBOX CaWTIB 3B’si3yBaHHS B MoOJieKyJdl BSA Ta mpuHaiiMHI OJHOTO B MOJEKYJI1
CRM197. 3rigHo Takux po3paxyHKiB, B MEPUIOMY CalTi 3B’sI3yBaHHA KYPKYMIHY 3
BSA BiH yTBOpIoe BogHeBi 3B a3ku 3 3anuikamu Tyr138, Tyr161 1 His146. dpyruit
caliT 3B’s13yBaHHs KypKyMiHy 3 BSA xapaktepu3yBaBcsi BOJTHEBUMH 3B’ SI3KaMU MK
Ser202, 11e290 i B3aemomissiMmu MoJekysipHux m-opOitanedt (Pi-Pi 3B’s3kom) 3
Trp214. Kommneke CRM197 3 KypKyMiHOM CTaOLII3y€ThCSA HUISIXOM yTBOPEHHS
BOJHEBUX 3B’s3KiB 13 B3aemonismu Lys20, Glyl8 1 Pi-Pi mix apomarnyanmu
yactuHaMmu Kypkyminy Ta His171 Tyr61 CRM197. CriekTpoMeTpuyuHe A0CTIKEHHS
NOKa3ajo, 10 OO0MABA MPOTEIHW BUSIBUIIM 3[ATHICTH IMiJABUIIYBAaTH PO3YMHHICTD
KYpKyMiHY B BOAHMX Oydepax, 1mo MoxHa Oyyio 3adiKCyBaTH MO 30UIbIIECHHIO
NOTJIMHAHHA Ha XBWIl 420HM A1 yTBOPEHUX KOMIUIEKCIB, IO € XapaKTEpPHUM
MaKCUMYMOM TOTJIMHAHHS KypkyMmiHy. [Ipm HacudeHHI MpOTEiHIB KypKyMiIHOM
MOJAJIbIIOro 301IbIIeHHST €(hEeKTUBHOCTI TOTJIMHAHHA HE crocrepiraeThcs. Ha
OCHOBI IIMX JAaHMX MOJISIPHE CITIIBBIJIHOIIEHHS cTaHoBuio 1:2,5 mma BSA i
kKypkyMiHy Ta 1:3 gnsgs CRM197 1 kypkyminy BianoBigHo. CrieKTpaibHa MOBEAIHKA
KOMIUIEKCIB MOXe OyTH JTOKa30M CTE€X10MeTpii yTBOPEHHS KOMIUIEKCIB KYPKYyMIHY 3
BSA a6o CRM197. Orxe, mo Oinblne HIX OJAHA MOJIEKYyJa KypKyMiHYy MOXe
B3a€EMOJIISITH 3 OJTHIEI0 MOJIEKYJIOIO IPOTEIHY.
OTpumaHi KOMIUIEKCH XapaKTEpU3YBaJIUCsS CTaOUIBbHICTIO Ta IiJIBUIICHOIO
PO3YUHHICTIO KYPKYMIiHY. 3rigHo MO/JIETTFOBAHHS in silico Ta

CHEKTPO(HOTOMETPUYHUX JOCIIKeHb MojieKkyjda CRM197 Mae He MeHIe 0JTHOTO
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caiiTy 3’eHaHHS 3 KypKyMiHOM, a mMoJiekyjia BSA wmae moHaliMeHIe Ba caiTu
3’€THAHHS 3 MOJICKYJIOI0 KYPKYMIHY.

Ouinka YUMOMOKCUYHO20 6NJIUGY OMPUMAHUX KOMNIEKCI8 000
MANiZHI308AHUX KIMUK ma ix 0e3neunocmi 011 yMOGHO HOPMANbHUX KIIMUH in
vitro. JlocimiJpkeHHsT BIUIMBY KYypKyMIHY Ha MAalirHi30BaHl KIITHHU Oyi0
BU3HAUYCHHO 3a HOro inHdexcom yumomokcuunocmi 50% (ICsp) Ha MalITHI30BaHUX
kmTtuHax JiHlT MDA-MB231, mo mnokasajia HU3bKYy HUTOTOKCHUYHICTh BIJIBHOTO
KypkyMiny. (ICsp=0,012 mr/mi).

Buznauennss ICsp AeMOHCTpye Oe€3MeKy BHUKOPUCTAaHHS HETOKCHYHOIO
pexomOinanTHoro mnoxigHoro AT (CRM197) ta #toro B-¢parmenty (SbB) Ha
BIIMIHY BIiZ AUGTEpIHHOrO TOKCHUHY JUISI JOCHIDKYBaHUX KMTHH. Jlis
mudTepitHoro Tokcuny ICsp ctanoBuna 0,048 Mxr/mu ans kimituH jiHiT MDA-
MB231 1 0,018 wmkr/ma mis koitaH gD A431. Koituana maig A431
JIEMOHCTpYBaia BUILY YyTIUBICTH 10 TUPTEPIHHOTO TOKCHHY Yepe3 BUIIIUNA PIBEHb
excrpecii proHB-EGF sk micug 38°s13yBanns 3 JT. ICsp st CRM197 1 SbB 0yB Ha
nBa nopsaaku BumuM, HK i AT ans o6ox mepeBipeHMX KIITHUHHUX JiHIA. Le
CBIIUUTh mpo Te, 1mo BukopuctanHs CRMI197 1 SbB e Ounbin Oe3nedyHuM, HiX
npuponsoro T.

Huxunii piBenp 1mutokcuuHocti CRM197 BigHocHo HatuBHOro /T He
Bukimovae BBy CRM197 na kimiTuHY nUisixoM (OpMyBaHHS MOp B MEMOpaHI.
Jlns mepeBipku AaHOi TimoTe3d OyJIO0 MPOBEACHO BHU3HAYCHHSI ITPOBITHOCTI
dbocdaTu 1uiIeTaHoIaMiH-BMINTYIOBaIBHOI O111apoBOi JIiMigHOT MeMOpaHu I A1€10
pI3HUX OJIOKATOPIB YTBOPEHHS IMOP — COJICH T1a30J1110 3 PI3HOIO JOBKHUHOIO O1YHOTO
JaHIfrora ta BB KoH toratiB CRM 197 3 6nokaTopamu Ha MyXJIMHHI KINTHHA. TpH
HalleeKkTuBHINI OJOKATOpU 3a pe3yJbTaTaMu EKCIEPUMEHTIB 31 3HUKEHHS
eNIEKTPONPOBIMHOCTI pochaTuanIeTaHOIaMIH-BMINTYIOBAIBHOI O11TaPOBOI JIiITITHOT
MeMOpaHnu Oyiau OOpaHl i TECTyBaHHS Ha KyJbTypax KIITHH. Pe3ynbraru
MOKAa3aJIH ITiIBUINCHHS XUTTe3naTHOCTI HAa 30% Ki1iTHH, 00pobmeanx CRM 197 (10°

"MKI/MIT), TiJl BILIMBOM OJIOKaTOpy Ha KiIiTUHAaX A431.



3 MEeTOI0 BU3HAYCHHS €(PEKTUBHOCTI 3aCTOCYBAHHS KOMIUIEKCIB KYPKYMIHY 3
MpOTEiHaMU TIOJ0 MATITHI30BAHUX KJIITHH MH TPOTECTYBAIW KIITHHHY JIHIIO
MDA-MB-231. ICsp kommiekciB Kypkyminy cranoBuia 0,0015 mr/mun nst CRM 197
10,0008 mxr/mi st SbB mono kimitne MDA-MB-231. Ile cBiguuTh mpo T€, 110
KOMIUIEKCH TPOTEIHIB 3 KYPKYMIHOM MOXYTh OyTH €(QEeKTUBHUMHU 3aco0amMu
JIOCTaBKU  JJi1  TOKpAIIEHHsS  CHenu(pIYHOCTI JIOCTAaBKM Ta  MiJABUIICHHS
010JI0CTYITHOCTI KYPKYMIHY JUIsl MATITHI30BaHUX KJIITHH.

Kurrezgathicte  kimituH  MDA-MB-231, 00po0OiieHHX  KOMILUIEKCaMu
KypkymiH-BSA ta xypkymiH-SbB, 3menmyeTsest B 1,5 pa3u MopiBHSIHO 3 BIUIMBOM
BUIbHOTO KypkyMmiHy. Komrmekc SbB 3 KypkyMiHOM 3HMXKYBaB KHTTE€3/1aTHICTh
MDA-MB-231 1 A431 xmituan Ha 49% 1 71% BianosigHo. MasiraizoBai
cycriensiitHi kaituHu Jurkat Ta HemaniraizoBani kaiTuHu 4BL npogemMoHcTpyBanu
BIJICYTHICTh YyTJIMBOCTI JIO BCIX MPOTECTOBAHMUX KOMIIJIEKCIB MIMOBIPHO 33 PaXyHOK
HU3bKOTO piBHS ekcnpeccii proHB-EGF na ix moBepxHi.

YTBOpPEHHsI KOMIUIEKCIB ~KYPKYMIHY 3 HETOKCUMYHUMH  IOXIJHUMH
TUGTEPIHHOTO TOKCHMHY 3HAYHO MiABUIIMIO Ol0JOCTYMHICTh KYPKYMIiHY IIOJIO
ManirHizopanux KiituH. ICsp s komiuiekciB KypkyMiHy 3 CRM197 ta SbB 1
craHoBuiH 4,2MKM Ta 2,2MKM BIAIOBIAHO.

Hocnioyncenna 63aemooii ompumanux Komnaekcie 3 KIIMUHAMU Ma
GU3HAYUEHHA MEXAHI3MIB IX WUMOMOKCUYUHO20 6NJIUCY HA MATICHI308aHI KTIMUHU.
3a J0MOMOror MPOTOKOBOI HUTO(IyopuMeTpii Oyla0 MpOJAEMOHCTPOBAaHE
30UIbIICHHST €(EeKTUBHOCTI B3a€EMOJII 3 MOBEPXHEI KIITHH (HIyOopecIirorydoro
KypKyMiHY npuHaiiMHi B 6 1 10 pa3iB anst komriekciB BSA 3 kypkyminom Ta SbB 3
KYPKYMIHOM BITHOCHO BIJIBHOTO KypKyMiHY ajist KiTHH A431. Jlna KaiTuHOT JiHil
MDA-MB-231 piBenb B3a€MO/Iii 3 KOMIUIEKCaMH 3017bITyBaBCs B S Ta 7 paziB s
BSA 3 ta SbB BiamosiaHo.

JlocnipkeHHs yacy 1HTepHaii3auli KypkyMmiHy kinituHamu A431 noxasao,
0 BUTBHUIA KYPKYMiH MOTPAIUISE€ B CEPEANHY KIITHH BIPOJOBXK 15 XBUIIWH, TOI
AK KOMIUIEKCH KYpPKYMIHY 3 MpPOTEIHOBUMHU HOCIAMH CTalOThb IOBHICTIO

IHTEepHATU30BaHUMHU BOpoJoBXK 90 xBuiauH. CHOBUIBHEHE TPaHCIOPTYBAHHS
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MPOTEIHOBO-KYPKYMIHOBOTO KOMIUIEKCY /10 KJIITUHU MOYXHA TOSICHUTH B3a€MOJIIEI0
SbB i CRM197 3 proHB-EGF, 110, iiMmOBipHO, MPUBOAUTH 1O iX 3aTPUMKH Ha
KJIITUHHIN TOBEPXHI.

BusnaueHHss piBHS KypKyMiH-IHAYKOBAaHOTO aronTo3y IOKa3ajio, IO
BUKOpUCTaHHS KOMIUIEKCIB BSA-kypkymiH a0o SbB-KypKyMiH MiJIBULLUAIIO PIBEHb
3aru0eni kimituH A431 y 3,14 Tta 4,97 pa3ziB BIANOBIAHO, TOJI SIK KUTTE3JATHICTh
knTiH MDA-MB-231 3Hu3unacs B 2 pa3d MOPIBHSHO 3 KOHTPOJIEM Il 000X
BUKOPUCTAaHUX OUIKOBUX HOCIiB. OTXke, e()EeKTUBHICTh aloNTo3y 3yMOBJIEHA B
HepIly 4Yepry MOJIEKYJIOI0 KypKyMiHy, Toal sk BSA ta SbB BHKOHYIOTH poJib
MIEPEHOCHHUKIB.

Bbyno mokazaHo, mo BIUIMB KYpPKyMIHY Ta MOr0 KOMIUIEKCIB BHUKJIMKaB
3aru0enb KIITUH B MEPILY Yepry amornTo30M, TOJl SK BMICT HEKPOTHYHHUX KIIITUH
OyB Ha piBHI KOHTPOJTIO.

AHaii3 BMICTYy OCHOBHHMX CHUTHAJIBHUX TIPOTEIHIB TOKa3aB CTATUCTHYHO
nocroBipeHe 3HWkeHHS (QocdopuaboBanoi popmu EGFR, mo mpusBoauth 10
301IbIIEHHS WMOBIPHOCTI MEpPEXOJy MAIITHI30BaHUX KIITUH JI0 alONTHYHOI'O
HUISIXY Yepe3 3HUKEHHS piBHs akTuBauii Akt-1.

Hocnioyncenna imynozenHocmi OKpemux cyO0oOUHUUb HEMOKCUYHO20
pekomobinanmunozo  ougmepinunozo  mokcuny.  OIIHKY  IMYHOI€HHOCTI
PEKOMOIHAHTHUX TIPOTEIHIB TPOBOAWIM IS BU3HAYEHHS MOMJIMBOCTI iX
BUKOPHUCTAHHS MPU CTBOPEHHI HAa iX OCHOBI JIIKApChKHX 3ac00iB, B TOMY YHCII1
KOMIUICKCIB 3 KypKyMiHOM. HalicuibHiII iIMyHOT€HHI BJIaCTHBOCTI XapakTepH1 JJIs
CRM197, Toni sixk SbB nposiBUB HMKUKNA PiBEHb IMYHOT€HHOCTI, 110 € MIATPYHTTIM
JUTsl BAKOPUCTaHHsS came B-cy0oauHIn ik HOCISl KypKyMiHY, OCKIJIbKY BiH HE Oyjie
BUKJIMKATH aKTHUBHOI IMYHHOT BI/IMIOBI/II Ta € OUIbII O€3MEYHUM TIPU BUKOPUCTAHH1
in vivo.

TakumM YuHOM, B XOJ1 JAMCEpPTalIiHOI poOOTH OyJI0 CTBOPEHO KOMIUIEKCH
Kypkyminy 3 nporeinamu BSA, CRM197 rta itoro B-dpparmenrom, nociimxeHo ta
MPOAHAII30BaHO 1X (PI3MKO-XIMIUHI BJIACTMBOCTI Ta BIUIMB Ha MAalirHI30BaHI Ta

HEMAJIITHI30BaHl KJITUHM, 10 JO3BOJWJIO CTBOPUTH MIAXOAM JO IIiJIBUIIICHHS
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010J0CTYITHOCTI Ta CHENU(PIYHOCTI TOCTABKU KYPKYMiHY 10 MyXJIMHHHX KIIITHH.

OTpumMaHi pe3ybTaTH JO3BOJIUIN 3pOOUTH HACTYITHI BUCHOBKHU:

1. Kypkymin ytBoproe criviki komiuiekcu 3 BSA ta CRM197 3a paxyHOok
ICHYBaHHS II[OHAMMEHIIIe JBOX CaWTIB 3’€JIHaHHS 3 MoJieKylor BSA Tta 3
Mmozekynoro CRM197;

2. PiBeHb IMTOTOKCHYHOCTI Ta aHTUIPOJIi(epaTHBHOI aKTUBHOCTI KypKyMiH-
MPOTETHOBUX KOMIUIEKCIB OyB OUIbIE HIXK HA MOPSIAOK BUIAM BiTHOCHO
BUIBHOT'O KypKyMIHY;

3. IlpoTeiH-KypKyMiHOBI ~ KOMIUIEKCM  HE  TPOSBISIOTH  BHPAXKEHOTO
[UTOTOKCUYHOTO BIUIMBY 1100 HEMATITHI30BaHUX KIIITUH;

4. BIONOCTYNHICTb KYypKYMIHY y CKJaJl KOMIUIEKCIB 3 KypKYMiHOM
30UIBIIYETHCS 33 PAXYHOK IT1JIBUIIIEHHS! PO3YMHHOCTI, TOJII SIK CIIEU(IYHICTD
JIOCTaBKU KYPKyMIHY 1O MaJiTHI30BaHMX KJIITHH Yy CKJIaJl KOMIUIEKCIB 3
HETOKCUYHUM  PEKOMOIHAaHTHUM  TOXITHUM  AUGTEPIHHOTO  TOKCHUHY
30UTBIIYETHCS 32 paxyHOK B3aeMomii 3 penentopoMm pro-HB-EGF na mux
KJIITHHAX, 110 OyJ0 BH3HAYCHO 3a 30UIBIICHHSAM €(EKTHUBHOCTI B3a€MOJIii
KypKyMiHY 3 TIOBEPXHEIO KJIITHH Ta 3a PIBHEM IHTEepHAaTi3aIlli KOMIUIEKCIB;

5. TlepeBaxkaroumM TUISIXOM 3aruOesii MadiTHI30BaHUX KIITHH A €0
KypKyMIH-TIPOTETHOBUX KOMILJIEKCIB OyB arornTo3;

6. IMyHOTr€HHICTp  HETOKCMYHMX  MOXIJHUX  JAUQPTEPIHHOIO  TOKCHHY
3MEHIIYIOThCS 3 IX pO3MIpOM, IO JO3BOJSIE MPOMOHYBATH MEHIILY
cyOomuHuio SbB B sIKOCTI HOCIS KYpKyMiHY MPH CTBOPEHHI KOMEpPLIHUX

npenaparis.

B po0oti Bmepiie oTpuMaHO Ta OXapaKTEPU30BAHO KOMIUIEKCH KYPKYMIHY 3
mudTepitaIM Tokcoinom CRM197 Tta iioro B-dparMenToM Ta nMpoaeMOHCTPOBAHO
BUIIMI piBEHb MPUTHIYEHHS KIITUHHUX JiHiH A431 Ta MDA-MB-231 otpumanumMu
KOMIUIEKCAMHM y TIOPIBHSIHHI 3 KOMIUIEKCOM KypKyMiHy 3 BSA, BuibHHUM
KypkyMiHOM Ta BuUlbHUM CRMI197 abo iioro B-dparmentom. JloBeneHa

CTaOlIBHICTh KOMIUIEKCIB Y BOJAHHMX CEepeloBUIIaX Ta €()EKTUBHICTh BIUIMBY Ha
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MaTITHI30BaHI KIITUHA POOUTH iX MEPCHEKTUBHOIO 0a3010 JJIsi CTBOPEHHS HOBHX
TEparneBTUYHHUX MPETmapariB.
3a Marepiasiamu qucepTaiii omyosikoBaHo 3 poOoTH (€KBiBaJIeHTHI 5 poOoTam
srimao Ilomokennss mpo [lopsmok mpoBeACHHSI €KCIIEPUMEHTY 3 TMPHUCYKCHHS
cTyneHs jokTopa ¢inocodii, 3aTBepkeHoro noctaHoBoro Kabinery MiHicTpiB
Vkpaiau Big 06 Oepeznst 2019 poky Ne 167), 3 HUX 2 CTaTTi y MIXKHAPOJIHUX
BUJAHHAX Tepmioro kBapTwio Ql, mo BXOAATh 10 MDKHApPOIHOI 0a3W JaHHUX
SCOPUS, Ta 1 crarTs y BITYM3HIHOMY BUJIaHHI1, III0 HAJIEKUTH 710 (haXOBUX BU/IaHb,
Bu3HaHux MOH Vkpainu; 2 Te3 y marepiaiaXx MIXHApPOJHUX Ta BITYHU3HSHUX
KOHT'peciB 1 KOH(epeHIIi.
Kntouosi cnoea: xypkymiH, MyXJIMHHI 3aXBOPIOBAHHS, MPOTUIYXJIHMHHA i,
[IUTOTOKCUYHUHN BIUIMB, KJIITUHHUN CUTHAJIIHT, MaJTITHI30BaH1 KJIITUHU, paK TPYIHOI
3aJ1037, TPOTETHOBI HOCI{, TPOTETHN KPOB1, MOJICKYJISIPHUN JTOKIHT, XpomaTorpadis,

cnernudiyHa 10 cTaBKa, HAHOKOMILICKCH, ITOJIIMEPH1 HOCIi, alomnTo3.
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0O.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) 1s 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 .



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, [1e290 and interactions
of molecular m-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-P1i 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 CRM 197 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 s5p 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 5o was 0.048 pg /ml for
MDA-MB231 cells and 0.018 pg /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 5o 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 " ug/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 ICsy of the
curcumin complexes was 0.0015 mg/ml for CRM197 and 0.0008 pg /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. IS5y for curcumin complexes with CRM197 and SbB and were 4.2
UM and 2.2 uM, 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 CRM 197 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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