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BAATOAAPHOCTN

N3scaeapanmsaATa, BKAIOUEHN B HACTOSIIINS AVICepTallIOHEH TPY4, ca OCbIeCTBeHU
B ntepuoga 2017-2026 r. ¢ puHaHCOBaTa ITOAKpera Ha HayYHOU3CAe 0BaTeACKI IIPOeKTU

Ha Qony, ,Hayunn uscaeapanmsa™:

1. Hosu ¢eponen-coappxaniyu kamdop cyadpoHaMUAM - aHTUTYMOpPHA
aKTMBHOCT ¥ MeXaHI3bM Ha gelictBue. N0 Ha 40roBop: AH11/16

2. AHTUTYMOpHa aKTMBHOCT I MEXaHI3bM Ha AeJICTBYe Ha HOBOCUHTe3MpaH!
AHK-uHTepKaanpaiu XxeTepoIKAMIHO KOHAeH31paHu HapTaauMuau. Ne Ha A40rOBop:
KI106-H61/1

3. LykAM4HN TTOAMMepHM "J4eTKM'" - MHOBAaTUBHU I11aTOPMU 3a CUHTE3 Ha
cdpepuUHI HYKAeMHOBI KMCeAVHN I AOCTaBsIHe Ha AeKapCTBa U MOAMHYKAeoTnuAu. NO Ha
aorosop: KIT06-H89 /2

4. HoBu 0611OKOMIIOHEHTM 1 OMOTeHHM HaHOYacTUIIM OT XemMoaum@ara Ha

MOpcKHM 0xA10B Rapana venosa cpenry pak Ha ko>kata No Ha gorosop: KI106-H81 /6

MBCAeABaHI/I}ITa ca IIOAKpeIleHn n OT HaLU/IOHaAHaTa HaydHa IIporpaMa
,,MHOBaTI/IBHI/I HIUCKOTOKCUYHY OMMOAOTMYHO aKTUBHU CpeAacTBa 3a IIpenr3Ha Meﬂ,MLH/IHﬁH

— buoAxrtnsMea na MOH, aorosop Noe 401 /217.

HpeACTaBeHI/ITe pesyaratit Ca 11404 Ha AbATOTOAUIITHO ChTPYAHUIECTBO MEXKAY
crieqnaAucTt OT pa3AVMYHNM Hay4dHU obaactu un Hay4YH! MHCTUTYLUN B B"b/ll"apI/I}I n

qy>KO1Ha.

Cnenmaaza 0aarogapHOCT ce M3Ka3Ba Ha VIHCTUTyTa IO MOAeKyAspHa O110A0TMs
»~AKag. Pymen llanes” — bbarapcka akagemmns: Ha HayKuUTe, KOMTO OCUTYpM HaydHaTa
cpeda, uMHPpacTpyKTypara UM ajMUHUCTpaTMBHaTa IOAKpella 3a peaAu3UpaHe Ha

3HauUuTe/AHa 49acCT OT U3CAeABaHNATa, BKAIOYEHI B HACTOSIIIMSL TPYA.

ABTOp"bT nspasiBa Haﬁ-MCKPEHaTa cn 6Aa1"O,ZI,apHOCT KbM BCUYKMU KO/la60paTOpI/I,
KaKTO 1 KbM KOA€ermre, AOKTOPpaHTUTE U CTYACHTUTE OT CEKLIII ,,CprKTypa u CIDYHKLU/I}I

Ha XpoMaTuHa”, 0e3 4IsITO BceoTAaliHa II0AKperia TO3U TPyA He O1 0114 Bb3MOJKEH.



1. YBOA

Paxkosute 3aboasBaHUs IIpeACTaBAsIBAaT €AVH OT Hall-3HauMMUTe 3ApaBHU
poOAeMU Ha CbBpeMeHHOTO 00111ecTBO. Criopea gaHHNTe Ha MeXXayHapodHaTta areHIs
3a usdcaeasane Ha paka (IARC) xpm CeTtoBHaTa 3apasHa opranusanst (C30), mpes 2022
I. B CBeTOBEeH Malrad ca peructpupanu okoao 20 M1AMOHa HOBU CAy4ast Ha OHKOAOTUYHI
3aboasBanust 1 64130 9,7 MuanoHa cMbpTHI cay4dast [1, 2]. ITpubansnureano scexu netn
JOBeK pas3BlMBa pak B X0J4a Ha KMBOTA CI, KaTO BCEK!U AeBeTU MBXK U BCsKa ABaHajeceTa
>KeHa yMUpAT BCAEACTBYE Ha 310KadecTBeHO 3aboasBane [3]. ITpornosure couat, ye 40
2050 r. 6posIT Ha HOBOAMATHOCTUIIMPaHUTe CAydal ITfe HapacHe A0 Haj 35 MIAMOHA, KaTo
yBEeANYEHNETO IIle Bb3Ae3e Ha 77% CIPsSIMO HACTOSIIUTE AQHHY — TEHAEHIIS, KOSITO Ce
ABAKY IIPEeAVIMHO Ha 3acTapsiBaHeTO U HapacTBaHEeTO Ha CBeTOBHOTO HaceaeHue (Purypa
1) [1, 4].

Cpea BcHUKU BUAOBE 3A0KadyecTBeH!U 3a00AsBaHIS paKbT Ha Oeans ApoO e Hail-
pasnpocrpaneHusr B raobasen Mairad (12,4% or HOBUTE cAydau) U eJHOBPEMEHHO C
TOBa — BOJeIljaTa IpuunHa 3a cMbpTHOCT (18,7% OT OHKOAOTMYHNTE CMBPTHU CAydan).
Caeapart 1o pakbT Ha I'bpJara (11,6%), KOAOPEKTaAHMUAT paK 9,6%), paKbT Ha IIpocTaTara
(7,3%) m cromarnmsT pak (4,9%) [1, 3]. B koHTeKCcTa Ha HACTOSIIINSL AVICEPTAIIIOHEH TPYA
0coOeHO 3HavyeHle UMaT PaKbT Ha Oeans ApoO, paKbT Ha rbpAaTa U AOHIKbAE PaKbT Ha
IpocTaTaTa KOXHIAT MeAaHOM, Thil KaTO IMEHHO cpellly KAeThYHUTe MOAeAN Ha Te3!
3a004sBaHIs Ca HaCOYeHU U3CAeABaHUATA, OIMCAHM B CAeABallluTe raasy. Bwripexnu
3HAUNMTeAHNs HalIpeAbK B 00JacTTa Ha OHKOAOINATA, BKAIOUUTEAHO Pa3BUTHETO Ha
TapreTMpaHy  Tepalmuy, MUMYyHOTepanusi U  IlepcOHaAM3MpaHa  MeAUIINHA,
KOHBeHIIMIOHaAHaTa XMMIOTepanusl OCTaBa OCHOBEH CTbAO Ha JAedeHlUe IIpU IIOBEeYeTO
coanaHn Tymopu. HeliHuTe HpMHIIUIIHM OrpaHMuYeHMs1 obade ca A0Ope M3BECTHIL:
HeceAeKTVMBHa IMTOTOKCUMYHOCT C yBpesKAaHe Ha 34paBaTa ThbKaH, 3Ha4MTeAH! HeXKeAaH!

eCl)eKTI/I 1 He Ha I10CAeAHO MZCTO - Cl)eHOMeH’I)T JAeKapCTBE€Ha pe3MCTeHTHOCT.

HpI/I,ZI,O6I/ITaTa U Bpod€HaTa MYATUAEKapCTBE€Ha Pe3MCTEHTHOCT € OTTOBOPHa 3a
OKOA10 90% OT HEYCIIeXNTe Ha XMMMOTEPaIleBTUYHOTO JA€4Y€HINE IIpVM MeTacCTaTn4deH

KapOoImHOM [5, 6] I'enetuunara XeTepOTreHHOCT Ha TYMOPHIUTE KAE€TKI, aKTUBMPAHETO Ha



aATepHATVMBHN CHUTHa/AHV II'bTUINA M IIPOMEHNTE B A€KapCTBEHIII MeTaboAU3bBM

AOIIPMHACST 3a IIOCTEIIEHHOTO pa3BUTIE Ha pe3ucTenTeH ¢genoruta [7].

Fno6anHaTa TeXXecT Ha paka:
Crtatuctmka v nporHosu (2022-2050)

To3u npernea NpeACTaBs KNIOYOBYM AaHHM OT Mex/ayHapoAHaTa areHUVs 3a n3cne/aHe Ha paka
(IARC) 33 2022 r. 1 cpaBHUTeNEH aHanM3 ¢ NporHo3uTe 3a 2050 r., KaTo aKUeHTUpa BbpXy BoAeLuTe
BU/0BE 3a60NABaHNA 1 AEMOTPadCKUTE MPUUMHI 3@ TEXHWUS PBCT.

2022: TeKyLL0TO CbCTOSAHME Ha 106a/HOTO 3apaBe 2050: Bbgewm npeansBMKaTeNCTBA

20 MUINOHA HOBU (J ] OyakBaH CKOK A0 Hapg,
cny4yas n 9,7 MMnnoHa ' 35 MUINOHA HOBU
CMBbPTHU cnyyas. O cnyuyas.

I'IprnmzmenHo BCEKM NeTu 4yosek

pa3sunBa pak B X0Aa Ha X1BOTa C.

Mo-BMNCOK pUCK OT
CMBPTHOCT NPU MBXeETe.

Ymupa Bcekun 9-T MbX cpelly Bcsika 12-Ta ToBa npeacrasnsaBa
XeHa CbC 3710KaYecTBeHO 3abonnBaHe. ~ ApamMaTuuHo

yBenuyeHue ot

77% cnpamo
PaK®T Ha 6envs apo6 e AaHHWTe OT 2022T.

Haii-pa3npocTpaHeH U CMbPTOHOCEH.

[Aemorpadckure -

npomeHu ca Bogely, °

¢dakTop 3a pbcTa. Iiii'
® Pak Ha 6enus Apob (12.4%) L ——
@ Pak Ha reppata (11.6%)

© KonopexraneH pax (9.6%) TeHAeHUMNATA Ce AbXW OCHOBHO Ha 3acTapsiBaHeTo

Toii e npyunHa 3a 18,7% OT BCMUKM W HapacTBaHeTO Ha CBETOBHOTO HaceneHue.
OHKO/IOMMUHI CMBPTHY CAyHau.

A NotebookLM

®urypa 1. I'’a06aaHaTa TeXXeCT Ha pakKa: akTyaaHO CbCTOsTHIE VI IIPOTHO3M A0
2050 r. VI3TOuHUMK: azanTupaHo o gaHHu Ha International Agency for Research on
Cancer (IARC), GLOBOCAN 2022 u nnporsosu 3a repuoga 2022-2050, Busyaansarys ¢
NotebookLM.

IIpeoaoasABaHeTo Ha Te3u OrpaHMYEHIs] M3JICKBAa MHTETpUpaH I104X0/, ChueTaBally
paspaboTBaHeTO Ha HOBM OMOJOIMYHO aKTUBHU MOAEKyAU, UAeHTUUIIMpaHeTO Ha
aATepHaTMBHU MOAEKYAHM MUIIIeH! U Ch3jaBaHeTo Ha e(peKTUBHM CUCTeMMU 3a AOCTaBKa.
IIpes mocaeaHuTe ABe JeceTMAeTUs 3HauUTeAeH MHTepeCc IIpeAU3BMKBAT KaKToO
CMHTEeTUYHUTE MaAK/ MOAEKYAM C HOBUM MeXaHM3MM Ha JAeliCTBUe, TaKa U IPUPOAHNTE
IIPOAYKTM, KOUTO IIpoAgbAXKaBaT Ja ObJaT HemsuepriaeM M3TOYHUK Ha CTPYKTyPHO
pasHooOpasue M OwmoaormyHa akTuBHOCT. Ilapaseano c ToBa pas3BUTHETO Ha
HaHOMeAMIIMHaTa OTKpMBa HOBM BB3MOKHOCTM 3a IIOBHMINIaBaHe Ha CeAeKTUBHOCTTA,
O1oHaAMYHOCTTa U TepareBTYHaTa e(PeKTUMBHOCT Ha IIPOTUBOTYMOPHUTe areHTH. Tesn

HaIrpaBA€HIMS ITOCTEIIEHHO C€ YTBbp KAaBaT KaTO B3aIMHOAOITbABAINN C€ CTpaTermm B



CbBpeMeHHaTa OHKO/AOIMYHAa Cl)apMaKOAOI'I/I}I, HaCO4YeHl KbM HO-eCl)eKTI/IBHO n II1I0-

IIpenmn3HoO IIOBANIBaHE Ha TYMOPHIUTE KAETKU.

HezaBucumo ot pa3dAN4IHNMA XMIUYEH IIPOM3X04 Ha U3CAeABaHUTE CbeAMHEHNST U
OMOAOTUYHU CncreMn, 3HauuTeZHa 4acCT OT TiAX B"b3,ZI,eI7ICTBaT BbpXy OI'PaHNYE€H 6pOI7I
CIDYH,ZI,aMeHTaAHI/I YS3BUMOCTI Ha TYMOPHaTa KA€TKa. CpeA TSX OCOOEHO 3HaYeHIe MMaT
HapyILIeHNMATa B pe4aOKC-XOMeOCTa3aTa, PelANKAalIVOHHMAT CTpeC, yBpeXAaHMATa Ha

AHK n akTuBMpaHeTo Ha IIporpaMi 3a KAeTb4yHa CMBPT.

HaCTO}IH_U/UIT AVICEPTAlIIOHEH TPYA € N3TpadeH BbPXYy XUIIOTe3aTa, 9€ CTPYKTYPHO
pasandHM CMHTETUYHU U IPUPOAHN areHT! MOoraTr Aa MHAyIOUpaT IHpPpOTUBOTYMOPEH
eCl)eKT qpe3 KOHBEPIeHINMI KbM O6H.U/I KA€TbYHV MeXaHV3MIU. Hopazu/l TOBa OCHOBEH
aKII€eHT € IIOCTaBeH BbPXYy poAsTa Ha OKCUAAQTUBHISI UM PEIAVKAIVOHHIMS CTpeC,
HapyLI€eHMsITa B 'ZlHK MHTETIPpUTETA, p53-3aBI/ICI/IMI/ITe CUTHa/AHU ITbTUITa 1 MeXaHU3MUTe
Ha TIIpOorpaMupaHa KJA€TbYHa CMBPT KaTO OIIpedeAsainn Cl)aKTOpI/I 3a TyMOpHaTa

9YyBCTBUTEAHOCT KbM TepaIlleBTVNIHO B"I)B,ZI,eIZCTBI/Ie.

MBCAeABaHI/I}ITa, BKAOYEHN B HaACTOJgMMI AVCEPTallMOHEH TPYA O6XBaH_IaT pn
B3alIMHOAOITbABAIllVI C€ HAaY4YHNM HallIpaBA€HN:, KOUTO BKAIOYBAT pa3pa60TBaHeTo Ha
HOBUM CMHTE€TUNYHV aHTUTYMOPHN ar€eHTN (Cl)epOL[eH—C’I),ZI,"bp)KaH_U/I KaM(i)Op CYACI)OHaMI/I,ZI,I/I
n  XeTepOonNKANYIHO-aHyANPaHU HaCl)TaAI/IMI/I,ZI,I/I), ns3caeaBaHeTO Ha IpnpoAHmM
M3TOYHMIONM Ha O1MOAOTMYHA AKTUBHOCT (MOpCKI/I MOAIOCKM, pacTUTEAHN U rbOHU
HpO,ZI,YKTI/I), AOITbAHEHN OT IIpridaraHe Ha MHOBATUBHU ITIOAVMEPHNM HAHOCHUCTEMU 3a
OIITMMM3VpaHe Ha A€KapCTBe€HaTa AO0CTaBKa. Ilo TO3m HaumH ca npeACTaBeHl BCUYKU
OCHOBHMI €TaIli OT CbBpE€MEHHII ITPOIeC Ha Ch34aBaHe Ha ITPOTMBOTYMOPHI CpeAaCTBa —
OT OTKPMBAHETO Ha aKTMBHU MOAEKYAN A0 HO,ZI,O6p}IBaHe Ha TsiXHaTa Cl)apMaLIeBTI/I‘{Ha

OpUAOKMUMOCT.

IIpoBeaenure mscaeasaHmsl ca peaausypanu B VIHcTuTyTa 1O MOAeKyAspHa
onoaorus "Axkag. Pymen llanes" — BAH, B pamKknTe Ha HalMOHAAHM HayYHU ITPOEKTH,
C aKTMBHOTO y4acTue Ha AOKTOPaHTH, IOCTAOKTOPaHTM M HaIluM KoaabopaTtopu OT
bobarapus n uy>xOuna. Peayatature ca myOankysanu B 10 pelieH3aupaHy HaydHU CTaTUU
B peHOoMupaHu MexayHapoaun wuszanus (Web of Science / Scopus), mokpusaru
nepuoga 2021-2026 r. Pesyarature, mpeacraBeHM B Te3u IyOAmKaiuy, ¢opmupar

Hay4YHaTa OCHOBa Ha Aucepranmsira, HpOC/le,ZIJIBaIZKI/I pasBuUTNETO Ha €J4Ha



rocJeAoBaTeAHa 13cAeA0BaTeAcKa IIporpamMa — OT OTKpUBaHeTO Ha HOBU CUHTETUYHU U
IPUPOAHU aAHTUTYMOPHM areHTH, IIpe3 U3SCHABAaHETO Ha TeXHUTe MOAeKyAH!U
MeXaHI3MI Ha AeliCTBIe, 40 pa3paboTBaHeTO Ha CbBpeMeHHI ITI0AX0AM 3a IT0400psiBaHe
Ha TsxHata (papMalleBTUYHA IPUAOXKMUMOCT. IloaydeHurte pesyaraTm IOKasBaT, ue
He3aBICUMO OT XMMMYHATa IpUpOAa Ha U3II0A3BAaHUTE MOAEKYAHU, IIPOTUBOTYMOPHIAT
edpekt MOXe Ja Obde IIOCTUTHAT upe3 Bb3AENCTBUE BLPXy OIpaHUYeH Opoit
pyHAaMeHTaAH!I KAeTBHYHU YA3BUMOCTU, CBBbP3aHM C MHOAABpP>KaHETO Ha TeHOMHara

CTa6I/I/1HOCT, peaoKc-xoMeocTa3daTa U ITporpaMumTe 3a KA€TbY9HO OLleAsIBaHe.

2. 1IEA V1 3AAAUN

PakoBute 3a00asBaHMsI IpogabA>KaBsaTt 4a 6"I),ZI,aT BOAe€IIla ITpMYNMHA 3a CMbPTHOCT B
raobaseH MaLT_Ia6, a HAAMYHUTE XUMNOTEPaIlI€eBTUIHN! ITOAXO0AV Ca OTpaHNY€HN OT ANIICa
Ha TyMOpHa CE€A€KTUBHOCT, He>XeAaHN CTpaHUYHN eCl)eKTI/I 1 HensOe>KHaTa IIOsIBA Ha
JA€KapCTBE€Ha pPe3NMCTEeHTHOCT. B OTTOBOP Ha Te3N IIpeau3BMKaTeACTBa HaCTOSIIVAT
AVICEpTallIOHEH TPy € HaCO4Y€H KbM CUCTEMHO I/I,ZI,eHTI/ICl)I/ILU/IpaHe 1 OXapaKTepusmpaHe
Ha HOBUM aHTUTYMOPHH ar€eHTV OT CMHTETMYECH U IIPUPOAEH ITPON3X04, C aKLIEHT BbpPXY
MOAEKYJAHNTE ME€XaHMN3MI Ha TIAXHOTO ,ZI,eI?ICTBI/Ie u pa3pa60TBaHeT0 Ha CTpaTermm 3a
ITIOBUIIIaBaHE€ Ha  TJIXHaTa Cl)apMaLIeBTI/I‘-IHa OpUAOKUMOCT 4Ype3 IIOAMMEPHU

HaHOCHUCTEeMMU 3a 40CTaBKa.

MBCAGAB&HI/I}ITa ca peaanspaHn B pn B3alIMOCBbpP3aHU TeMaTn4YHM
HaIlpaBA€HII, HAMEPUAN OTPpa>keHIE B 10 HY6AI/IKaLU/H/I B peHOMIpPaH MEXAYHapOAHU
Hay4YHN M3J4aHVI. O6e,ZI,I/IH}IBaH_[aTa KOHLIeIINNMA Ha IIpeACTaBeHUTE M3CAeABaHILsI €, de
CTPYKTYPHO pa3An4dHy CHUHTETUYHM U IIPUPOAHM areHTm MoraT Jda peaausupar
INPpOTUBOTYMOPHIS CU eCI)eKT apes3 B’I)SAGI?ICTBI/IG BbPXYy O6LLH/I KA€ThYHU YII3BUMOCTH, a
CbBPEMEHHINTE HAHOCUCTEMI MOTAT Aa ITIOBUIIAT TAXHAaTa T€palleBTU4YHa ITPMAOKIMMOCT.
HOpa,ZI,I/I TOBa B HACTOAIIN TPY 4 € IIPVAOKEH MHTETrprpaH II0AXO04, O6XBaH_[aH_[ ITbPBUTE
eTanm Ha eAHO IIPpeAKAVMHNYIHO M3cAegBaHe — OT I/I,ZI,eHTI/ICl)I/ILH/IpaHeTO Ha OMOAOTUYHO
aKTVBHII MOAEKYyAM W WM3SICHJABAHETO Ha TEXHNUTEe MeXaHNM3MI Ha Aeﬁ[CTBI/Ie A0

pa3pa60TBaHeTo Ha CTpaTermmM 3a TJAXHaTa OIITUMN3VpaHa 40CTaBKa.



2.1. Ilea Ha AMicepTalIOHHUS TPYA

IleaTa Ha HacTOAIIMA AVCepTallMOHEH TPy € JAa ce IIOKaXke, 4e CTPYKTYPHO
pasAMYHU CUHTETUYHI U IPUPOAHM OMOAOTMYHO aKTUBHY areHT) MOTaT Aa peaAn3upar
Ce/eKTUBeH IPOTUBOTYMOpeH e(eKT upe3 Bb3AeNCTBUE BLPXy OIpaHNYeH Opoit
pyHAaMeHTaAHN ySA3BMMOCTM Ha TyMOpHaTa KJeTKa, U 4a ce pa3paloTAT MOAXOAU 3a
IOBUIIIaBaHe Ha TsIXxHaTa (papMalleBTIYHA ITPUAOXKIMOCT Ype3 ChbBpeMeHHU IT0AVIMepPHI

HaHOCHCTEMI.

2.2. Hayuynu 3agaumn

B paMKINTE Ha Tasln O6H_[a IeAa Ca CI)OpMYAI/IpaHI/I IITeCT KOHKPETHN Hay49YHI 3a4a4I:

SaAaqa 1. ,Zl,a ce n3clegBa LUTOTOKCHMYHATa M IIPOTMBOTYMOPHATa AaKTMBHOCT Ha
HOBOCHHTE3MPaHV Cl)epOL[eH—C’I),ZI,"I)p)KaH_U/I KaM(l)Op CYACl)OHaMI/I,ZI,HI/I IIponsBoO4gHI, KaToO

ce OXapaKTepuspar MOAEKYAHUTE ME€XaH3MI Ha TAXHOTO AeﬁCTBI/Ie.

3agaua 2. Ja ce oxapakTepuaupar OMOAOTMYHO HOBOCUHTE3UPAHU XeTepOLUMKANIHO-
aHyAMpaHy HadpTaAMMUAHU IPOU3BOAHU I Aa Ce U3CAeABa pOAsTa Ha pellAVKaIIMIOHHS
crpec, AHK yBpexaaHusTa 1 KATBUHNUS OTIOBOP KBbM T€HOTOKCUYEH CTpec 3a

peaanspaHe Ha TEXHVA IIPOTNBOTYMOPEH eCI)eKT.

Saaaqa 3. ,Zl,a Ce OLI€HM aHTUTYMOPHIIIT IIOTEHITVIaA Ha IPUPOAHIU ITPOAYKTU OT MOPCKI,
pacTuTteaen n rbOeH npomsxoq "M Jda ce I/I,ZI,GHTI/ICI)I/ILU/IpaT KATBbYHINITE MeXaHIN3MI,

CBbpP3aHN C TJIXHATa OMO0AOTMYHA aKTUBHOCT.

3agaua 4. Ja ce oxapakTepusyupaT OMOAOITMYHO HOBOpPa3pabOTeHM I1OAMMEpPHU
HaHOCMICTeMH 3a AOCTaBKa Ha OMMOAOTMYHO aKTUBHM CheAMHeHM: C Ijea IoJ00psiBaHe Ha
TsAXHaTa pas3TBOPUMMOCT, CTaOMAHOCT, KAeTBYHO HaTpyIlBaHe U TepalleBTUYHa

eeKTUBHOCT.

3agaua 5. Ja ce nagentuduiupar odbmure pyHigaMeHTaAH! ysA3BMMOCTM Ha TyMOpHaTa
KJA€TKa, 4pe3 KOUTO CTPYKTyPHO pa3AMYHUM CUHTETMYHM U HPUPOAHU areHTu

peaansmpar CeACKTUBHUA CU1 IIPOTMBOTYMOPEH eCl)eKT.



3. PE3AYATATU
ExcriepumeHTaaHaTa OCHOBa Ha HACTOSIINA AVICEPTaLIIOHEH TPy A ce popmupa OT

10 Hayuynu nyOanKanuy, My0AMKyBaHU B pelieH3MpaHy MeXKAyHapOAHM CIIMICAHMS IIpe3
nepuoga 2021-2026 r.

HY6AI/IKaLU/H/ITe Ca rpynmpaHin B Tpu TeMaTUYIHN HaIllpaBA€HI S, CbOTBETCTBAIIIMI Ha
OCHOBHITE MN3CAeJ40BaTeACKIU ob0aacTu Ha AUcepTanusAaTa. Te CbAbpoKaT OpUTVTHAAHUTE
pe3yaTaTtil, BbpXy KOUTO € M3rpadeH HaCTOAIOMAT AVICepTalillIOHEH TPyA4 U IIPpOCAeAsIBaT
pa3BuTNETO Ha IIOCA€eAO0BaTeaHa I3CAeg0BaTelACKa IIpOorpaMa, HaCO4Y€Ha KbM
I/I,ZI,eHTI/I(l)I/ILH/IpaHe Ha HOBM aHTUTYMOPHN areHTl, N3SICHABaHe Ha TEXHUTE MOAEKYAHN
MeXaHMn3MIM Ha AeﬂCTBMe u pa3pa60TBaHe Ha I104XO0AlM 3a IIOBUMIIIaBaHE€ Ha TiAXHaTa

CeAeKTMBHOCT "N CI)apMaLIeBTI/I‘-IHa OpUAOKUMOCT.

B caeABallinTe riogpasaean ca ripeACraBeHl I'bpBUTe CTpaHMIIN Ha M3II0A3BaHNTE
HY6AI/IKaLU/H/I, KOUTO CbABPZKAT CbOTBETHUTE PE3IOMETA 1 Ca I'PYIIMIPaHN 110 TeMaTNYIHU

HaIllpaBA€HILI.
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Abstract: The successful design of antitumour drugs often combines in one molecule different
biologically active subunits that can affect various regulatory pathways in the cell and thus achieve
higher efficacy. Two ferrocene derivatives, DK-164 and CC-78, with different residues were tested for
cytotoxic potential on non-small lung cancer cell lines, A549 and H1299, and non-cancerous MRC5.
DK-164 demonstrated remarkable selectivity toward cancer cells and more pronounced cytotoxicity
against A549. The cytotoxicity of CC-78 toward H1299 was even higher than that of the well-
established anticancer drugs cisplatin and tamoxifen, but it did not reveal any noticeable selective
effect. DK-164 showed predominantly pro-apoptotic activity in non-small cell lung carcinoma
(NSCLC) cells, while CC-78 caused accidental cell death with features characteristic of necrosis. The
level of induced autophagy was similar for both substances in cancer cells. DK-164 treatment of A549,
H1299, and MRCS5 cells for 48 h significantly increased the fluorescence signal of the NFkB (nuclear
factor ‘kappa-light-chain-enhancer” of activated B-cells) protein in the nucleus in all three cell lines,
while CC-78 did not provoke NFkB translocation in any of the tested cell lines. Both compounds
caused a significant transfer of the p53 protein in the nucleus of A549 cells but not in non-cancerous
MRCS5 cells. In A549, DK-164 generated oxidative stress close to the positive control after 48 h,
while CC-78 had a moderate effect on the cellular redox status. In the non-cancerous cells, MRC5,
both compounds produced ROS similar to the positive control for the same incubation period. The
different results related to the cytotoxic potential of DK-164 and CC-78 associated with the examined
cellular mechanisms induced in lung cancer cells might be used to conclude the specific functions of
the various functional groups in the ferrocene compounds, which can offer new perspectives for the
design of antitumour drugs.

Keywords: ferrocene derivatives; lung cancer; cytotoxicity; apoptosis; autophagy; ROS

1. Introduction

Chemotherapy plays a significant role in the treatment of cancer worldwide. That
is why the identification and study of new promising molecular structures as potential
anticancer drugs is a great challenge. Chemotherapeutics, combining several biologically
active subunits in one molecule, can modulate different regulatory pathways in the cell
and thus achieve higher efficacy than drugs that affect only one cellular process [1-3].
The success of cisplatin in antitumour therapy as one of the main chemotherapeutics in
clinical practice motivated scientists’ interest in metal compounds. In the last few decades,
several cisplatin analogues have been developed as potential antitumour agents, but only
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Abstract: The discovery of new anticancer drugs with a higher, more specific activity and diminished
side effects than the conventional chemotherapeutic agents is a tremendous challenge to contempo-
rary medical research and development. To achieve a pronounced efficacy, the design of antitumor
agents can combine various biologically active subunits in one molecule, which can affect different reg-
ulatory pathways in cancer cells. We recently demonstrated that a newly synthesized organometallic
compound, a ferrocene-containing camphor sulfonamide (DK164), possesses promising antiprolifera-
tive activity against breast and lung cancer cells. However, it still encounters the problem of solubility
in biological fluids. In this work, we describe a novel micellar form of DK164 with significantly
improved solubility in aqueous medium. DK164 was embedded in biodegradable micelles based on
a poly(ethylene oxide)-b-poly(a-cinnamyl-e-caprolactone-co-e-caprolactone)-b-poly(ethylene oxide)
triblock copolymer (PEO;13-b-P(CyCL3-c0-CLy44)-b-PEO113), and the physicochemical parameters
(size, size distribution, zeta potential, encapsulation efficiency) and biological activity of the obtained
system were studied. We used cytotoxicity assays and flow cytometry to determine the type of
cell death, as well as immunocytochemistry to assess the influence of the encapsulated drug on the
dynamics of cellular key proteins (p53 and NFkB) and the process of autophagy. According to our
results, the micellar form of the organometallic ferrocene derivate (DK164-NP) exhibited several
advantages compared to the free substance, such as higher metabolic stability, better cellular uptake,
improved bioavailability, and long-term activity, maintaining nearly the same biological activity and
anticancer properties of the drug.

Keywords: block copolymers; polymeric micelles; cancer therapy; ferrocene-based drugs

1. Introduction

Cancer is the second-leading cause of death in the world [1]. The cancer burden
continues to grow globally, exerting tremendous physical, emotional, and financial strains
on both social and health systems. Along with surgery, irradiation, and immunotherapy,
the most commonly used approach for treating cancer is chemotherapy, which applies
different cytotoxic substances causing cell death in cancer tissue [2]. Unfortunately, these
chemotherapeutic drugs have many disadvantages, including a short circulation half-
life, restricted targeting, and low specificity, and can cause damage to both healthy and
cancerous cells [3-5]. Consequently, most drug development efforts are focused on novel
cancer therapeutics with improved properties.
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Abstract

Background/Objectives: The development of small-molecule agents that selectively target
DNA replication remains a central strategy in anticancer drug discovery. In this study,
we report the biological characterization of a novel 6-nitro-benzodioxin-naphthalimide
(NI) derivative (compound 5a), evaluated as a potential DNA-targeted anticancer lead.
Methods/Results: The antiproliferative activity of 5a was assessed in a small panel of
human lung carcinoma cell models (A549, H1299) and a non-malignant control (MRC-5),
revealing pronounced cytotoxic effects in tumor cells, accompanied by favorable selectivity
indices. Mechanistic investigations demonstrated that treatment with 5a results in strong
inhibition of DNA synthesis, as evidenced by a marked reduction in EdU incorporation and
a robust induction of the DNA damage marker YH2AX. These effects were associated with
cell-cycle perturbations characterized by accumulation in G; and G, /M phases, followed by
activation of apoptotic pathways. Importantly, clonogenic survival assays confirmed that
even transient exposure to 5a leads to a sustained loss of proliferative capacity, indicating
irreversible long-term cellular damage. These results support a replication stress-driven
mechanism of action for compound 5a, consistent with interference in DNA-associated
processes during S phase. Conclusions: While the precise molecular initiating event
remains to be elucidated, the observed biological profile positions 5a as a promising DNA-
targeted lead structure with potential for further pharmaceutical optimization. These
findings provide a solid foundation for the continued development of naphthalimide-based
compounds as anticancer agents within a pharmaceutically relevant framework.

Keywords: naphthalimide; benzodioxin; DNA damage; cell cycle arrest; apoptosis; p53;
lung carcinoma

1. Introduction

Over the past five decades, 1,8-naphthalimide derivatives have attracted sustained
scientific interest owing to their unique DNA-interactive properties, structural tunability,
and broad biological potential. The search for affordable, potent, and selective anticancer
agents remains a central objective in medicinal chemistry, particularly in light of persistent
challenges related to drug resistance, off-target toxicity, and unfavorable pharmacokinetic
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Abstract

Background/Objectives: DNA-targeting small molecules that induce replication stress
represent a promising strategy in anticancer drug development. 1,8-Naphthalimide (NI)
derivatives are well-established DN A-intercalating agents, and heterocyclic annulation
offers a rational approach to enhancing their potency and tumor selectivity. Here, we
report the synthesis and biological evaluation of a novel series of benzofuran-containing
naphthalimide derivatives, with particular focus on the lead dinitro-substituted compound
5d. Methods: Cytotoxic activity was assessed using the MTT assay in A549 (p53 wild-type),
H1299 (p53-null), and MRC-5 cells. Long-term antiproliferative effects were evaluated
by clonogenic survival assay. Cell cycle distribution was analyzed by propidium iodide
staining and flow cytometry. Replication stress and DNA damage were quantified by EAU
incorporation and YH2AX immunofluorescence, respectively. Apoptosis was assessed by
Annexin V/PI staining and caspase-3/7 activation assay. p53 nuclear accumulation and au-
tophagy induction were evaluated by immunofluorescence and Western blot, using LC3 as
an autophagic marker. Results: All compounds exhibited cytotoxic activity in the nanomo-
lar range, with 5d emerging as the most potent and selective. Clonogenic survival was
significantly reduced, indicating durable suppression of proliferative capacity. Treatment
with 5d induced G, arrest in A549 cells and the accumulation of H1299 cells in G, /M, con-
sistent with p53-dependent and p53-independent checkpoint activation, respectively. EAU
incorporation was markedly reduced, while YH2AX intensity increased, collectively sup-
porting a replication stress-driven mechanism of DNA damage. Apoptosis was confirmed
by increased Annexin V-positive populations and caspase-3/7 activation. LC3 puncta
formation and LC3-I/LC3-II conversion were increased, indicating LC3 processing and au-
tophagosome accumulation consistent with the activation of autophagy-related processes.
Conclusions: 5d induces a cellular phenotype consistent with replication stress, including
reduced EdU incorporation, YH2AX accumulation, cell cycle arrest, and apoptotic cell
death in a p53 status-dependent manner. These findings establish benzofuran-annulated
naphthalimides as a promising scaffold for the development of anticancer agents that
exploit replication stress vulnerabilities in tumor cells.

Keywords: benzofuran; naphthalimide; anticancer agents; replication stress; DNA damage;
YH2AX; cell cycle arrest; apoptosis; p53; autophagy-related LC3 response
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Abstract: This study is the first report describing the promising antitumor activity of biologically
active compounds isolated from the hemolymph of marine snail Rapana venosa—a fraction with
Mw between 50 and 100 kDa and two structural subunits (RvH1 and RvH2), tested on a panel of
human breast cell lines—six lines of different molecular subtypes of breast cancer MDA-MB-231,
MDA-MB-468, BT-474, BT-549, SK-BR-3, and MCF-7 and the non-cancerous MCF-10A. The fraction
with Mw 50-100 kDa (HRv 50-100) showed good antitumor activity manifested by a significant
decrease in cell viability, altered morphology, autophagy, and p53 activation in treated cancer cells.
An apparent synergistic effect was observed for the combination of HRv 50-100 with cis-platin for all
tested cell lines. The combination of HRv 50-100 with cisplatin and /or tamoxifen is three times more
effective compared to treatment with classical chemotherapeutics alone. The main proteins in the
active fraction, with Mw at ~50 kDa, ~65 kDa, ~100 kDa, were identified by MALDI-MS, MS/MS
analyses, and bioinformatics. Homology was established with known proteins with antitumor
potential detected in different mollusc species: peroxidase-like protein, glycoproteins Aplysianin A,
L-amino acid oxidase (LAAO), and the functional unit with Mw 50 kDa of RvH. Our study reveals
new perspectives for application of HRv 50-100 as an antitumor agent used alone or as a booster in
combination with different chemotherapies.

Keywords: Rapana venosa hemolymph; breast cancer; cisplatin; tamoxifen; bioactive compounds;
mass spectrometry

1. Introduction

Oncological diseases are characterized by high incidence and mortality and have
significant social and health impacts. Cancer is a leading cause of death worldwide, ac-
counting for nearly 10 million deaths in 2020, or nearly one in six deaths [1]. Breast cancer
is the most common cancer in women and the second most common cancer overall, with
global incidence and mortality rates of 24.2% and 11.6%, respectively, making it the second
cause of mortality among women worldwide. Conventional cancer treatments, such as
chemotherapy and radiation, have numerous pitfalls, being toxic to healthy cells, leading
to many side effects, ineffective induction of cell death, and drug resistance [2]. Monother-
apeutic approaches target actively proliferating cells non-selectively, which ultimately
leads to the destruction of both healthy and cancerous cells. Chemotherapy can be toxic
to patients, with multiple side effects and risks, and strongly compromise their immune
system by affecting bone marrow cells [2,3].

A particular case is the treatment of patients diagnosed with triple-negative breast
cancer (TNBC) due to high resistance to anticancer drugs. This persuades researchers to
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The antitumor activity of cannabidiol on lung cancer cell lines A549 and

H1299: the role of apoptosis
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ABSTRACT

In the recent years, the application of new antitumor drugs has focused on the replacement of
conventional chemotherapeutics with compounds derived from natural products. Cannabidiol
(CBD) is one of the 113 cannabinoids derived from the plant Cannabis sativa and is characterized
with complex and not entirely understood biological function. Unlike the other most abundant
cannabinoid in Cannabis sativa - tetrahydrocannabinol, cannabidiol has low affinity to the
endocannabinoid receptors and the manifestation of its activity does not appear to rely on the
endocannabinoid system. Cannabidiol is used in the treatment of many diseases including some
types of cancer. The aim of our study was to evaluate the cytotoxic activity of cannabidiol and
its effect on the process of programmed cell death. This process is directly involved in the
antitumor effect of many drugs. Two lung cancer cell lines, A549 expressing p53 and H1299-p53
negative, were used. Apoptosis was monitored by Anexin V assay and the activation of Caspase
3/7. We found that CBD treatment led to a dose-dependant apoptosis increase in p53 positive
A549 cells. The level of apoptosis in p53 negative H1299 cells was much lower and did not
seem to be dose dependent. However, the total cell viability was similar for the two cell lines,
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which was due to the increased necrosis observed in H1299 cells.

Introduction

Lung cancer is the leading cause of cancer-related
death worldwide [1,2]. Non-small cell lung cancer
(NSCLC) represents 85% of all lung cancers and is char-
acterized by genetic abnormalities, which lead to alter-
ations in signalling pathways that are targets for drug
therapies — as a result leading to drug resistance [3].
Therefore, the development of novel therapeutic alter-
natives for NSCLC patients is an area of intense
investigation.

Cannabinoids have been used for many centuries
to counter pain. The endocannabinoid system (ECS) is
an evolutionarily conserved signalling pathway, which
has diverse regulatory functions [4]. In the last two
decades, a growing body of evidences had shown the
role of ECS in a diverse scope of diseases, such as
psychological disorders, motion disorders like
Parkinson’s and Huntington’s disease, neuropathy, dis-
seminated sclerosis, spinal cord trauma, atherosclerotic
disease, heart attack, hemorrhagic stroke, high blood
pressure, eye disease, abnormal weight and bone dis-
eases. For each of these diseases the potential positive
effect of cannabidiol (CBD), a good candidate for ECS

modulator and/or regulator, has been demonstrated
[4-9]. Several studies have demonstrated that canna-
binoids also have antineoplastic effect and are usually
accompanied with no negative side effects such as
the ones produced by the conventional chemotherapy
treatment [10,11].

Cannabidiol (CBD) exerts selective cytotoxicity and
halts the proliferation of many types of cancer. These
effects mainly rely on processes such as apoptosis and
autophagy and they are observed in many types of
cancer [12-16]. In in vitro experiments CBD showed
the most powerful antineoplastic activity compared to
other phytocannabinoids [11]. In in vitro experiments
CBD has been established as a potent anti-metastatic
agent in treatment of cervical cancer cells [17], alveolar
and lung cancer cells [18,19] and breast carcinoma
cells [20]. Furthermore, CBD has demonstrated anti-
neoplastic effects on solid tumors in vivo [12,18,19].

The aim of our study was to evaluate the cytotoxic
activity of cannabidiol and its effect on the process
of programmed cell death - a process directly involved
in the antitumor effect of many drugs. Two lung cancer
cell lines, A549 expressing p53 and H1299-p53
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Natural medicine: an evaluation of the in vitro cytotoxic effect of several Bulgarian
fungal species on two panels of cancer cell lines

A. Dushkov, M. Petrova, J. Todorova, A. Gospodinov, I. Ugrinova*
Institute of Molecular Biology, Bulgarian Academy of Sciences, 1113, Sofia, Bulgaria
Received January 14, 2021; Revised March 01, 2021

The medicinal potential of Bulgaria’s wild-growing fungi has, until recently, largely gone unexplored by the native
scientific community. While many of the region’s mushrooms have long been prized by residents as a valuable food
source, they have generally not been thought of as having the medicinal value of certain herbs, for example. However,
the growing body of scientific literature confirming the diverse beneficial effects of many Asian mushrooms (long held
in high regard by ancient medicinal traditions of their respective regions), as well as the somewhat surprising discovery
that some of these same mushrooms can be found in Bulgaria, has sparked our interest in exploring the effects they may
have on different types of cancer, with the goal of either complementing existing treatments or, perhaps, uncovering
new treatments based on compounds isolated from fungal extracts. We have prepared different ethanol and water
extracts from the mushrooms Trametes versicolor, Lenzites betulina, Fomes fomentarius, Fomitopsis betulina and
Amanita muscaria and have examined the primary cytotoxic effect of these crude extracts on a panel of human skin and
lung cancer cells in vitro, with the goal of establishing their IC50 values via MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) assay, comparing them, and gaining perspective for future research. Our results show that
all extracts exhibit varying degrees of cytotoxicity even at low concentrations, warranting further inquiries into their

anti-tumor potential.

Key words: fungi; cancer; cytotoxicity; replication; natural medicine

INTRODUCTION

Historically, different civilizations’ attitudes
toward mushrooms in general have been very
dissimilar. As Gordon and Valentina Pavlovna
Wasson point out [1], there is a clear dichotomy
between civilizations that readily accept
mushrooms as a food source and even medicine
(termed ‘mycophilic’) and those that disregard
them or outright reject them as such
(“mycophobic’). A good example of a mycophilic
civilization is ancient China, where mentions of
mushrooms can be found in some of the oldest
known medicinal texts, such as the Huangdi
Neijing. China is also the home of some of the first
known mushroom cultivation attempts — the fungus
Auricularia auricula-judae is known to have first
been grown intentionally in China around the year
600 A.D ‘[2]. In comparison, after the Roman Age,
many Western European civilizations have either
not paid much attention to mushrooms in general,
or regarded them as unnatural and dangerous due to
their proclivity for growing on dead and rotting
matter, their sudden appearance after rainfall as
compared to the slow-growing plants (even
appearing in circles, whose common name ‘fairy
rings’ reflects their supposed supernatural origin in

* To whom all correspondence should be sent:
E-mail: ugryiva@gmail.com

the Western European mind), and their curious
shapes, colors and odors. Bulgaria is, in some ways,
no exception to this - while some of the local
mushrooms have been well regarded as delicious
edibles, evidence for their medicinal use is scarce.
However, the times are changing, and with the
growing availability of information accumulated on
the medicinal properties of staple Asian
mushrooms, the scientific community is gaining an
interest in exploring the beneficial effects of their
consumption and the mechanisms of action of their
active compounds. The realization that some of the
best medicinal fungi from Asia — the well-known
Trametes versicolor (kawaratake, &£:Z yun zhi),
Ganoderma lucidum (reishi), Grifola frondosa
(maitake), and Inonotus obliquus (chaga), for
example — can be found in Bulgaria’s forests, has
prompted us to take active interest in examining the
effects of several local species on cancerous cells in
vitro.

The species of mushroom we studied in this
work — all wood-growing fungi, except for Amanita
muscaria - have each been indicated to contain
compounds that exhibit some kind of anti-cancer
activity via various mechanisms. Trametes
versicolor, or ‘turkey’s tail’, contains a compound
known as polysaccharide K, or Krestin (PSK), a
protein-bound polysaccharide used as an adjuvant

© 2021 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria 35
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Abstract: The fungus Amanita muscaria is universally recognizable for its iconic appearance; it is also
widely regarded as poisonous, inedible, and even deadly. In spite of that, there have been documented
cases of use of A. muscaria-containing preparations against various diseases, including cancer, to
no apparent ill effect. The search for compounds that can be used to treat cancer among various
plants and fungi has been intensifying in recent years. In light of this, we describe an HPLC HILIC
analytical method for the evaluation of the content of the anticancer compound ergosterol (ERG) and
the neuroactive alkaloids ibotenic acid (IBO) and muscimol (MUS) that contribute significantly to
the unpleasant physiological syndrome associated with A. muscaria consumption. A ‘homemade’
A. muscaria tincture made using 80-proof rye vodka as the solvent, an A. muscaria extract made with a
standardized water—ethanol solution as the solvent, and fractions obtained from the second extract
via liquid-liquid extraction with nonpolar solvents were analyzed. The study also presents the
results of capillary zone electrophoresis with contactless conductivity detection and UHPLC-MS/MS
analyses of the IBO and MUS content of the two native A. muscaria extracts and an evaluation of
the standardized extract’s cytotoxic effect against a small panel of lung cell cultures in vitro. Our
results show that the standardized extract has a significant cytotoxic effect and does not contain the
compounds of interest in any significant quantity.

Keywords: cancer; fungi; alkaloids; HPLC; mass spectrometry; capillary electrophoresis; cytotoxicity;
Amanita muscaria

1. Introduction

With cancer at the forefront of many areas of clinical and biological research, scien-
tists the world over are looking for novel compounds that exhibit potential for effective
therapeutic and supportive applications to fight this deadly condition. While much of the
research is focused on examining the action of plant-derived compounds, the world of
fungi is also an area of rising interest. One fungus that seems to have not been examined
for potential anticancer action as much as others have is A. muscaria (L.:Fr.) Hook., also
known as fly agaric, fly amanita and mukhomor, among others. It is a fungus with an
almost cosmopolitan distribution that can be found in woodland habitats in various boreal
regions of the Northern Hemisphere. All known subtypes of A. muscaria, as well as the
related species A. pantherina (DC.) Krombh., are widely considered inedible due to their con-
sumption inducing a characteristic set of symptoms sometimes called “pantherina-muscaria
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Abstract: Sangre de drago, the sap of Croton lechleri Miill. Arg. tree, has been used for centuries in
traditional medicine owing to its diverse biological activities. Extracts derived from different parts
of the species contain a multitude of phytochemicals with varied applications. Twigs, however, are
among the least studied parts of the plant. This study unveils new biological activities of Croton
lechleri twig extracts recovered by applying Soxhlet and advanced green techniques. For all extracts,
total phenolic content and antioxidant activity were determined. Subsequently, four were selected,
and their cytotoxic effects were assessed on both normal (HaCat) and malignant melanoma (A375)
skin cell lines using the MTT assay and trypan blue exclusion assay. All showed dose-dependent
cytotoxicity, with the Soxhlet ethanol extract demonstrating the highest selectivity towards A375
cells over HaCat cells. The extracts induced apoptosis and necrosis, as confirmed by Annexin V/PI
dual-labeling and flow cytometry, highlighting their ability to trigger programmed cell death in
cancer cells. The selective inhibition of cell cycle progression in A375 compared to HaCat observed
both for Soxhlet ethanol and pressurized ethanol extracts induces cell cycle arrest at multiple points,
primarily in the G1 and G2/M phases, and significantly reduces DNA synthesis as evidenced by the
decrease in the S-phase population, confirmed by the EdU assay. Consequently, the Soxhlet extract
composition was analyzed using LC-MS, which revealed their richness in polyphenolic compounds,
particularly flavonoids from the flavonol subclass.

Keywords: Croton lechleri twig extracts; supercritical; pressurized liquid extractions; cytotoxicity;
selectivity index; total phenolic and flavonoid content; antioxidant activity

1. Introduction

Croton lechleri Mull. Arg., a species of flowering plant in the spurge family Euphor-
biaceae, is a tree growing in Mexico, Colombia, Venezuela, Ecuador, Peru, and Brazil. It is
best known for the production of characteristic thick deep red latex, called sangre de drago
(dragon’s blood), which is secreted when the tree bark is cut and is considered one of the
strongest healing agents known [1]. As reported by Gupta et al. [2], the Spanish Jesuit P.
Bernabe Cobo was the first to report that the red resin was used widely throughout the
native tribes of Mexico, Peru, and Ecuador in the 1600s. Early Greeks, Romans, and Arabs
also used the latex for its medicinal properties.

For centuries, sangre de drago has been widely employed internally to treat in-
testinal complaints and externally as a popular cicatrizant for wound healing in holis-
tic medicine [1,2]. In recent years, the results of extensive in vitro and in vivo studies
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Differences in pH between the tumour interstitium and healthy tissues can be used to induce
conformational changes in the nanocarrier structure, thereby triggering drug release at the desired site.
In the present study, novel pH-responsive nanocarriers were developed by modifying conventional
niosomes with hexadecyl-poly(acrylic acid),, copolymers (HD-PAA,)). Niosomal vesicles were prepared by
the thin film hydration method using Span 60, Span 60/Tween 60 and cholesterol as main constituents,
and HD-PAA modifiers of different concentrations (0.5, 1, 2.5, 5 mol%). Next, two model substances,
a water-soluble fluorescent dye (calcein) and a hydrophobic agent with pronounced antineoplastic
activity (curcumin), were loaded in the aqueous core and hydrophobic membrane of the elaborated
niosomes, respectively. Physicochemical properties of blank and loaded nanocarriers such as
hydrodynamic diameter (Dy,), size distribution, zeta potential, morphology and pH-responsiveness were
investigated in detail. The cytotoxicity of niosomal curcumin was evaluated against human malignant cell
lines of different origins (MJ, T-24, HUT-78), and the mechanistic aspects of proapoptotic effects were
elucidated. The formulation composed of Span 60/Tween 60/cholesterol/2.5% HD-PAA;; exhibited
optimal physicochemical characteristics (D, 302 nm; ¢ potential —22.1 mV; high curcumin entrapment
83%), pH-dependent drug release and improved cytotoxic and apoptogenic activity compared to free
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Introduction

The key advantages of nanoparticulate drug delivery systems
such as small size, functionality, capacity to encapsulate wide
variety of bioactive substances and thus to improve their phys-
icochemical characteristics and bioavailability have attracted
enormous research interest, leading to constant improvement
and evolution of nanomedicine.'? The site-specific drug delivery
is especially beneficial in cancer therapeutics, as it contributes
to diminished systemic toxicity, reduced side effects and
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enhanced therapeutic efficacy.>* In particular, the elaboration
of stimuli-responsive nanocarriers, which are able to release
their cargo in response to specific triggers (e.g., temperature,
pH, redox potential, ionic composition, etc.) is a very promising
concept for development of advanced nanocarriers.>® Niosomes
are nanoscale drug delivery systems possessing good biocom-
patibility, biodegradability, and low toxicity.”® They are vesic-
ular aggregates, identical to liposomes, but their bilayer
membrane is composed of non-ionic surfactants (along with
cholesterol) instead of phospholipids.® This fact imparts to
niosomes superior chemical stability, reduced cost of produc-
tion, and facilitated scale-up.'>'* Niosomes have been exploited
as feasible nanocarriers for delivery of hydrophobic and
hydrophilic drugs, biologically active compounds, genetic
material, as well as imaging agents in diagnostics/thera-
nostics.”»* Drug delivery of natural phytochemicals has been
a challenging task due to their inherent disadvantageous
properties such as high molar mass, limited aqueous solubility,
low chemical stability, predisposition to photodegradation.** In
terms of topical application, these limitations may be overcome
by developing advanced vesicular carriers, e.g., aspasomes
(ascorbyl palmitate-based vesicles),”* bilosomes (biles salts
containing vesicular systems),'® elastic liposomes,'”*® or ultra-
deformable vesicles.®?' The last two types of nanocarriers
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4. OBOBIIIEHO OBCHXAAHE

IIpeacTaBeHUTe B AMICEPTALIMOHHUS TPYJ MU3CAeABaHN OOXBalllaT TPU, Ha IPBB
rorae4, TeMaTU4YHO Pa3ANIHM HaIlpaBAeHMs — (pepolleH-ChbAbpKaliy CcyAPpOHaAMUAN,
XeTepOLUKANYHO-aHyAMpPaH HaPTaAUMUAU, HPUPOAHU IPOAYKTU U TIOAUMEPHHU
HaHOcucTemn. OOeguHsIBalIIaTa MM AO0THKa oOade He IIPOou3TIda OT XMMUYHOTO CXOACTBO
Ha areHTUTe, a OT CBOJICTBaTa Ha TsAXHaTa MuIleHa. TymMopHaTa KAeTKa, He3aBUCUMO OT
CBOsI IIPOM3XO0J, pa3umMTa 3a OlleAsBaHETO CUM Ha OrpaHMYeH Opoil (pyHiaMeHTaAHU
Ipoliecu — IoAAbp>kaHe Ha peA0Kc-OasaHca, Ha TeHOMHATa 15110CT ¥ Ha KOHTPOAa BbPXY
KAeTbuyHaTa cMBpT. VIMeHHO Te3um mponecu, pasraejaHy He KaTO MeXaHM3MM Ha
OTAeAHUTe CbeAMHEeHUs, a KaTo IPUCHINN YA3BUMOCTY Ha TyMOPHMSA (PeHOTHII,

npeAcraBAsiBaT OpranmsmpalaTa OC Ha HaCTOAINNVA TPYA.

Ot tasu raeagHa To49Ka CTpyKTypHOTO pa3H006pa31/Ie Ha n3CcAeJdBaHITe areHTI He €
IIpedKka IIpe O606H.I€HI/I€TO, a HErosa OIlOpa: IMOM XMMWMYHO HECBbP3aHM MOAEKYAV,
AeﬂCTBaHIM qapes3 padAndHN ITbPBUYHN MEe€XaH3MI, ITOpa3siaBaT €4AH! U CbIN KA€TbhYHN
caabocTu u ChIIIEBPEMEHHO IaAsAT HOpMaAHUTE KAETKI, TO OIIPeACASIIIVISIT Cl)aKTOp He
€ IIpupodaTa Ha areHTa, a ysI3BIMOCTTa Ha MIIII€HaTa. B To3m cMucha Ha6AIOAaBaHaTa
TyMOpPHa C€A€KTVMBHOCT H€ € BTOPOCTEIIEHHO Cl)apMaKOAOFI/ILIHO KayeCTBO, a OCHOBHOTO
CBIAETEACTBO B IIOAKpe€Ila Ha Te3aTa — Ts IIOKa3Ba, 4e e(i)eKT"bT ce orpegeast oOT

0CODEHOCTUTE Ha TyMOpHaTa KA€TKa, a He caMO OT CBOJICTBATa Ha CbeAMHEHNEeTO.

4.1. KOHBepFeHLU/I}I Ha CTPYKTYPHO pa3AMIHN aHTUTYMOPHU areHT! KbM O6I_HI/I KA4eTbUYHI

MeXaHlI3MI

Deporen-kampop-cyaponammaure  (DK-164, CC-78) wu  OGensodypau-
/ 6enzoanokcnu-anyanpannte Hapraanmuan (5a, 5d) mpeacraBasBaT CTPYKTYPHO
pas3AMyYHU KAacoBe CMHTETMYHI aHTUTYMOpPHU areHTH. He3aBucumo OT chblrjecTBeHuTe
pasandnsi B XMUYHATa UM IIPUPOAA, ABaTa KAaca CheANHEHNST KOHBepPIupaT KbM 001l

OMoAOTHYEH pe3yaTaT — aKTMBIMpaHe Ha IIpOorpaMM 3a KA€Tb4Ha CMBbPT.
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IIpu ¢eporneHoBuTe MpOM3BOAHN TO3U e(peKT ce peaamusupa IpeAVIMHO upe3
peAoKc-aKTUBHOCTTa Ha QepoleHoBuss (pparMeHT U TeHepupaHe Ha peaKTUBHU
KICAOPOAHU BUAOBE, BOJAeIIM AO OKCUAATUBHM YBpeXAaHMs Ha KAeTbUHUTE
MaKpOMO/A€eKyAl. 3a pa3AMKa OT TiAX, XeTePOLMKANYHO-aHyAMpaHUTe HaPpTaAUMUAU
IIpeAN3BMKBAT TeHOMHa Jecraduamsanus upe3 AMpeKTHO Bzaumogericrsue ¢ AHK,
penaMkKamiOHeH CTpeCc U akTUBUpaHe Ha OTroBopa KbM YyBpexdaHe Ha JHK.
[IpeaBapureaHu pesyaTari, IIOAydeHU dype3 KOMeTeH TecT (comet assay) 1 aHaAu3 Ha
penaukanyonnnute BaakHa (fiber labeling), nacouBar kbM KalO4OBa poOAsl Ha OCTa
ATR/CHKI B TO31u mporjec — BBIPOC, KOUTO € MpeAMeT Ha TeKyIIy U3CAeABAHIIS.
HeszaBucuMo oT pasanyHuTe I'bPBUYHN MeXaHU3MMU, U ABaTa KJAaca CbeAVHeHUs BOAAT
Ao HatpynsaHe Ha /JAHK yspesxganms, axktusumpanHe Ha DDR curnaamsanusta u

aHTa’kIVpaHe Ha p53-SaBI/ICI/IMI/I nan p53-HeBaBI/ICI/IMI/I MEeXaHI3MU Ha KAeTb4YHa CMBbPT.

ITogobHa QyHKIIMOHAaAHA KOHBepreHIMs ce HabAl0gaBa UM IIpU HPUPOAHUTE
arertn. Xemoanmdunara ¢paxnus HRv 50-100 ot Rapana venosa v kanadbuamoast (CBD)
ot Cannabis sativa ca OMOXMMIYHO HECBbP3aHM MOAEKYAHM CHCTeMM, HO IpeAN3BUKBaT
CXOAHM KAeTbyHU oTrosopu. [Ipu Bcruky e ycTaHOBeHa akTuBalls Ha p53 B TYMOpPHUTe
kaeTku. Tasy akTuBaIus e CbIIPOBOAeHa C IIPU3HAIIM Ha OKCUAATUBEH M KAeThUeH CTpec,
KOeTO e CbBMeCTMMO C XUIIoTe3aTa 3a CTpec-MeANMpPaHO aHTaKypaHe Ha p53-3aBucUMU
IporpamMy, Makap ue IpsKaTa HIpPUYMHHO-CAeACTBeHa Bpb3Ka OCTaBa Ja ObJe
IOTBbPJeHa ¢ PyHKIMOHaAHU 1ToAxoau (Harp. ROS-yaassiu areHT nan MoAyAupaHe
Ha p53). OcobeHO Ba>kHO e, Ue U ABaTa areHTa 3alla3BaT aKTUBHOCT U IIpU P53-AepUITNTHN
MOJeAM, KOeTo IoKa3Ba aHTakKlpaHe I Ha aATepHaTUBHU MeXaHU3MM 3a e AUMIHUpaHe

Ha TYMOPHUTE KAETKU.

Apyra oOmja xapakTepucTuKa Ha Te3U HPUPOAHM areHTU e TsAXHaTa TyMOpHa
ceaektuBHOCT. Kakto CBD, Taka m xemoammuure ¢ppaxkunm Ha R. Venosa, a u
ekcTpakTute ot Croton lechleri mposiBsBaT o-cAeH epeKT BbpXy TYMOPHITE B CpaBHeHe
C HOpMaAHUTe KAETKM, KOeTO BepOsITHO OTpa3sBa 3aBUMCMMOCTTa Ha MeXaHM3Ma UM Ha
AEVICTBYe OT celM(PpUIHM 0COOEHOCT Ha TYMOPHMs (PeHOTHUI, BKAIOUMTEAHO IOBUIIIEH
peAOKc-cTpec, HapyllleHa MUTOXOHApMaaHa (PYHKIMSA UM BUCOKa IpoandepaTrBHa

AaKTMBHOCT.
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4.2. TpI/ITe TYMOPHH YA3BMMOCTY KaTO OpraHM3NMpalin OC1

CucreMaTUIHUSIT Imperaea Ha TpuTe HaIlpaBA€HI ITOKa3Ba, ge
IIPOTMBOTYMOPHUIT eCl)eKT Ha mM3sCaeABaHUTE areHTi ce€ KOHLIEHTpHUpa BbPXy TpU
INOBTaApsAIIN Ce caabocTu Ha TyMOpHaTa KA€TKa, BCJIKa OT KOUTO MOXe Ja 61)4e

pasraegaHa He3aBIICMIMO, HO KOUTO B AeﬁCTBMTeZIHOCT ca IIperiAeTeHn.

Hapymenata peaokc-xomeocrasa e IrbpBata OT TsX. TyMOpHUTe KA€TKU 4eCcTO
IOAABPKaT MOBUIIeHN Oa3aAH! HIBA Ha PeaKTUBHU KICAOPOAHU BIAOBE B pe3yATaT Ha
OHKOTeHHa aKTUBalMsl U MeTabOAUTHO IpellporpaMupaHe, KOeTo I'm A00AMKaBa A0
IIpara Ha OKCIAaTMBHa IOHOCUMOCT. JlOIT'bAHUTEAHOTO HaTOBapBaHe — He3aBIUCUMO AaAl
gype3 peJoKC-IIMKAMpaHe Ha ¢epolleHOBusA (pparMeHT, ype3 IpeariolaraeMo eH3MIMHO
reHepypaHe Ha pPeaKkTUBHU KUCAOPOAHU BIAOBE OT MOAIOCKHM Oearpru (Ha Oasa
xomoaorus ¢ L-aM1HOKMCceAVHHA OKCuAas3a), MAN Ype3 MUTOXOHAPUAAHA AVCPYHKITVS
— M3MeCTBa Te3U KAeTKI OTBbJ a4allTUBHIL UM KaIllallUTeT, A0KaTO HOPMaAHUTE KAETKA

ITIOHACAT ChIIIOTO B"I)S,ZI,QIZCTBI/IQ.

3aBUCUMOCTTa OT MOAABP>KaHETO Ha TeHOMHaTa CTaOMAHOCT e BTOpara
YSI3BUMOCT. XeTepOIIMKANYHO-aHyAUpaHUTe HAaPTaAMMUAY 51 pa3KpUBaT Hall-sICHO: Ype3
AupeKkTHO B3aumogerictsue ¢ AHK 1 nuaynupase Ha penankanioHeH CTpec — e 4HO OT
XapaKTepHUTe YsI3BUMIU CBCTOSIHMS Ha TyMOpHara Kaerka [67, 68] — Te mperosapsar
CUCTEeMUTe 3a IIOIpaBKa M KOHTPOA Ha KAeThYHMA LIMKbA, aKTUBUPalKI OTTOBOpa KbM
yBpexgaHe Ha AHK. ITpuHunmsT obade He e orpaHM4eH 4O TsIX — BCeKU areHT, KOMTO
nopaxkda AHK yspexaanmsa mam axtusupa DDR curHaamsanusra, ekcraoatupa

c¢blraTa 3aBMCUMOCT.

HapyH_IeHI/I}IT KOHTpOA BbpPXYy KA€TbYHaTa CMbPT € TpeTaTa OcC. Msmuoro TymoOpu
ChIIIECTBYBAT B CbCTOSIHNME Ha XPOHIMYECH ITPOAIIOIITOTNYEH HAaTVICK 11 pa34MTaT Ha CTeCHEH
Ha6op OT MeXaHUM3MI 3a IPEeXKUBSIEeMOCT, 3aTOBa CpaBHUTEAHO caabo AOITbAHUTEAHO
IIpOarioIITOTMIHO B"bSAeﬁICTBMe yecTo € A0CTaTb4YHO Jda HaK/JAOHUI DasaHca KbM

HeoOpaTyuMa CMBPT.

Hag Tesu Tpu ocn, 6e3 Aa cbBIlaga ¢ HUTO e4Ha OT TsX, CTOM p53 — MHTerpaTop Ha

CTpecoBuUTe CUTHAAU, KOMTO CBbp3Ba OKCUAAQTMBHOTO I T€HOMHOTO YBpeXJaHe C
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IporpaMute 3a KAeTbuHa CbA0a. CUCTEMHOTO CpaBHEHIe MeXAY KAeTBUHU AVHUN C
pasamdyen TP53 craryc mokassa, ye (PYHKIIMOHAAHUAT P53 ycuaBa aIllONTOTUYHISA
OTTOBOP, HO Ue HUTO eAVH OT U3CAeABaHIUTe aTeHT! He 3aBJICU U310 OT Hero: mpu p53-
AepUIIUTHM KAeTKM Ce aHTa’KMpaT aATepHATUBHU ITBTHUIA — MUTOTHYHA KatacTpoda,
HEeKPOTUYHO ITOAOOHM MeXaHM3MU Ha KAeTbYHa CMBPT MAU TeXXKKa MUTOXOHApPUAAHA
aucdyukumsa. Tosa e cbilectseHO, ThII KaTo TP53 MyTanmumre ca cpeg, Haii-decTuTe
HapylleHNs] B YOBEIIKUTe HeoIllJa3uM U YeCcTo Ipujpy>kasaT TepalleBTUYHATA
PEe3UCTEeHTHOCT; CIIOCOOHOCTTa Ha areHTuTe JAa JeiictBaT U 0Oe3 (yHKUMOHadeH P53

pasmnp:sBa IIOTeHMaldHaTa UM IIPUAOKINMOCT.

B paGorata Hu 4yecto pasraexxgame m Inporieca asrodarusa. AsrodarusTa B
IIOBeYeTO cAydyall M3I'bAHsABA ajallTUBHA, 3alllUTHa POAsl — OIMUT 3a OrpaHMYaBaHe Ha
CTpeca; eJBa KOTaTO YBpeXXJaHeTO HaAXBbpAM KamalluTeTa 3a Bb3CTaHOBsBaHe, Ts

OTCTBIIBa IIpeA HeO6paTI/IMOTO €AVIMVIHNpPaHe Ha KA€TKaTa.

4.3. CeAeKTUBHOCTTA KaTO CBIAETEACTBO 3a YA3BIMOCT-HaCO49€HO AeNCTBUe

AKO TpuTe YI3BUMOCTU AENMCTBUTEAHO oOIlpeleadT edeKTra Ha U3CAeiBaHUTE
areHTM, TO HAM-NPSIKOTO HabAIOJaeMO CcAeACTBMe OT ToBa Om Omaa TymMoOpHara
CeAeKTMBHOCT — M MMEHHO TS Ce YCTaHOBsBa I10CA€40BaTeAHO IIPU BCUYKM BOAEIIN
ceeanenust  (Tabamma 1). CeaekTmBHOCTTA TYyK He € IIPOCTO >KeAaTeAHO
(papMaKkoA0rMIHO KauecTBO, a IIpoBepKa Ha camara Te3a: Ts IIOKa3Ba, 4e AeICTBUETO ce

oripeaeast OoT OCO6€HOCTI/I, OpucChIiM Ha TYMOPHaTa, HO He 11 Ha HOpMa/HaTa KAeTKa.

Tpurte rpynm ysa3BUMOCTM HaMHupaT IHIpsKO OTpakeHue B HaOAl0JaBaHaTa
ceaeKTUBHOCT. [ToBuiennsT 6azaeH OKCUAATHBEH CTpecC IIpaBy TYMOPHUTE KAETKM I10-
9YBCTBUTEAHU KbM  (pepOlLleHOBUTe IIPOM3BOAHN, MOAIOCKHUTe (Qpakium u
KaHaOuAmoA4a, A0KaTO HOpMa/AHNUTe KAeTKI pasroAaraT ¢ IIO-TOASIM ajallTUBeH pe3eps.
3aBUCUMOCTTa OT CHpaBsgHETO C PeNAMKallMOHHMS —CTpec OOsCHsBA  3alllo
HaTaAUMUANTE AOCTUTAT KPUTUYHO HMBO Ha TEHOMHO YBpeXKAaHe B TYMOPHUTe, HO He
U B HOpMaJAHNUTe KAeTKM — C MHAEKCU Ha CeAeKTUBHOCT A0 32 mnpu OeH30pypaHOBOTO
npounssogHo 5d u amHmsata H1299. HapymieHnsaT KOHTPOA BbpXy KAeTbYHaTa CMBPT
IIpaBUl TYMOPHUTEe KAETKU CKAOHHMU Ja IIpeMIHAT KbM HeoOpaTUMO eAVMUHNpaHe Ipu

B'bB,ZI,eIZCTBI/Ie, KOeTO HOpMaAHUTE KAE€TKN ITOHACIT.
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OcobeHo 1okaszateseH B ToBa OTHoIeHue e aHaaorsT CC-78 [98]. Tlpu mHero

crpykrypHata Mogudukanus cupsmo DK-164 soan ao zaryba Ha NF-kB-saBucummns

MEXaHI3bM U NHAYyIIVIpaHe Ha HEKPO3a BMECTO aIIOIITO3a, €eAHOBPEMEHHO C TOBa ce I'Y6I/I

1 TyMopHaTta ceaektusHocT (SI < 1, Tabanna 1). ToBa OpsKO cBbp3Ba MexaHM3Ma Ha
y

,ZI,GIZCTBI/IG CbC CEAEKTMBHOCTTA: IIpeMaxXBaHETO Ha CHGLH/ICI)I/I‘IHOTO, YsI3BIMOCT-HAaCO4Y€HO

AelicTBIe IIpeMaxBa I CIIOCOOHOCTTa Ja ce mjaaar HopMmaanurte kaetku. CC-78 Taka

CAYy>KUM KaTO BbTpeIIeH HeraTBeH KOHTpPOJ, IIOTBbp>KJaBalll,

npom3tTnda OT Me€XaHNn3Ma, a He OT XMIMMYHISI KAac.

ge CeJAeKTUMBHOCTTa

Tabauma 1. IMTOTOKCMYHA aKTUBHOCT ¥ TYMOPHAa CeAeKTUBHOCT Ha BOAeIuTe

are’HTu B Mi3cAed0BaTeaCKaTa IIporpamMa

Boaem arenT TymopHn

(manmpaBaenme) kaetku: IC50

DK-164
(dpeporien-

KaMpop
cyadonammna)

MCEF-7: 14,2 uM;

Hopmaanm
KAeTKU:

IC50
MCF-10A:

SI

Mexaunsbsm [ p53-

3aBICIMOCT

saapeHa p53-

CC-78
(¢peporienos

aHaAor)

5a —
DEeH30AVIOKCIIH-

HapTaAMUA

5d —
Oensodypan-

HapTaAMUA

HRv 50-100
(Rapana venosa,

xeMoanMpHa

dpaxys)

IIVICIIAQTUH

MDA-MB-231: 56 | 86 uM; TpaHCAOKALVs (camo
uM; A549: 13,7 MRC-5: 131 tymopun), NF-«xB, ROS,
uM; H1299: 52 uM | uM artorrrosa, G1 apecr
MCEF-7: 20 uM; MRC-5: 10 <1b?
MDA-MB-231:9,2 | uM (MCE- Hekpo3a; 0e3 NF-kB (98]
uM; A549: 12,4 10A: n.1.) TPaHCAOKAL[VsI
uM; H1299: 19 uM

pelAnKaIiOHeH CTPec;
A549 80 nM; MRC-5 =

5,6; 6,6 | asorina p53-3aB./He3as. | [107]

H1299 68 nM 450 nM

AKTVMBHOCT

pelAnKaIIOHeH CTPec;
A549 61 nM; MRC-5 352

58,32 | yYH2AX?, EdU|; [108]

H1299 11 nM nM

aronTo3a

P53 axTMBaIN,
pak Ha rbpgarta — | MUHMMa/AeH

aBTOdAarms;
u3paseHa edexr CeAeKT.?* [123]

CUHEPTU3BM C
AKTUBHOCT (MCEF-10A)
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. p53-3aB. anlonToO3a
(@3 X(e I A549 ~ H1299 MRC-5 mo-
. ceaexT.* | (A549) / Hekpo3a [137]
sativa) (cxoaen IC50) caab edexr
(H1299)
Croton lechleri
A375 meaanom — | HaCaT — IIpOAIIONTOTUYHA
(eranoaos 4,7 [147]
Ce/eKTUBHA 3artaseHu AKTUBHOCT
eKCTPaKT)

* SI = ICso(nopmaanm) / ICso(tymopHn); 3a rppaunte Annnn crpsimo MCF-10A, 3a
6eaoapodunTe cipamo MRC-5.

» KauecrBena ceaexTnBHOCT: 3a ppaxumm /ekcrpakrut (HRv 50-100, CBD) He ce aedpunnpa
eanunyeH ICso/SI; mpu CBD obrmara >xm3HecrrocobHocT e cxoana 3a A549 n H1299, Ho
MEeXaHM3MbT Ha CMBPT Ce padandasa P53-3aBUCUMO.

®3a CC-78 SI < 1 cipsimo MRC-5 (ICso 10 uM nipu Hopmaauwmte cpery 12-19 uM npn
TYMOPHITE) — CbeAMHEHIETO He IIPOsIBsIBa TYMOPHA CeAeKTUBHOCT; AQHHUTE UAIOCTPUpaT

3ary0aTa Ha ceAeKTUBHO AeNCTBIe TP CTPyKTypHaTa Moaudukamus capsmo DK-164.

C’I)H_[eCTBeHOTO €, 4e Ta3l CeA€KTUBHOCT € ITOCTUIHaTa IIpeAMHO 0e3 Kaacmuecko
MOAEKyJAHO TapreTmupaHe Ha eAVHNYEH penernTop mnAm MyTalVsl. Bmecro ToOBa Ti
npoms3Tnda OT HaCO4YBaHe€ KbM CI)YH,ZI,aMeHTaAHI/I pasan4ausr MeXAy TYMOPHUSI U
HOpMaAHISI (l)eHOTI/IH. TakbB II0AXO/4, IIpUTE>XaBa IIOTEHINMAJAHO IIPEeAVMCTBO IIpe
TapreTmpaHeTo Ha OTA€AHa MOJA€eKya: TOI € II0-MaAKO 3aBUCUM OT KOHKpPEeTHIILI
MyTallIOHEH HpOCl)I/I/l Ha TyMOpa I IIopagan ToOBa IIOTE€HLMAaAHO INPUAOXNUM IIPpU II0-
IIINPOK CIEKTbp HEOIIAa3UI. C ToBa CeAEKTUBHOCTTA Ce IIpeBpblla OT XapaKTeplICTIKa

Ha OT4€/AHVTE CbeAMHEHIVISI B KOHLIEIITyaaHa OCHOBA Ha IeANsI TPYA.

4.4. Ot OMOAOTMYHO aKTUBHATA MOA€Kyaa 40 TEPAIIEBTMYHOTO IIPNAOZKEHNE: pOAsTa Ha

IIOAVIMEPHUTE HAHOCUCTEMMN

EAI/IH OT Ba’XHUTE N3BOAV Ha HaACTOJIINI ANCePpTallIOHEH Tpy4a €, 4e
I/I,ZI,eHTI/I(l)I/ILU/IpaHeTO Ha OMOAOTMYHO aKTUBHA MOA€Ky/Aa IIpeAacTaBAsiBa caMO II'bpBaTa
CThIIKa B IIpoOIleca Ha pa3pa60TBaHe Ha IIOTE€HIIMaA€H IIPOTUBOTYMOPEH areHT.
He3zasucnumo oT BucokaTa Cit OM0A0TMYHA AaKTVIBHOCT, MHOTO II€PCIIEKTMBHI Cb€AMTHEHISI

ca OrIpaHnU4YeHu OT He6/laI‘OHpI/I}ITHI/I (l)I/IBI/IKOXI/IMI/I‘{HI/I u q)apMaKOKI/IHeTI/I‘IHI/I
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XapaKTepUCTUKM, BKAIOUYNTEAHO HIICKa BOAHa Pa3TBOPUMOCT, OIpaHIMY€Ha CTa6I/I/1HOCT,

HeAOCTaTb4yHa OMOHAAMYHOCT ¥ HEOIITMAaAHO BbTPEKAETHYHO HATPYyIIBAHE.

Tosu mpo6.aem e 0coOeHO SICHO AeMOHCTpUpaH IIPU BOAEIIOTO (peporieH-KaMPpop-
cyadponamnano mnpoussogHo DK-164. Bempekn wuspasenata My IpOTMBOTYMOpPHA
aKTMBHOCT M CeAeKTMBHOCT, HeropaTa HICKa BOJHa pa3TBOPUMMOCT OTpaHMYaBa
BB3MOKHOCTUTE 3a Obgemio ¢apMaleBTUIHO IpuaoxeHne. PaspaboTBaHeTOo Ha
Ouopasrpaanma muteata popma (DK164-NP) mokassa, ue HaHODOPMYAUPAHETO MOXKeE
Aa IIpeoJoAee TOBa OTpaHIYeHle, KaTO ChIlleBpeMeHHO 3ara3y O10A0TMYHaTa aKTUBHOCT

Ha CbeAMHEHNETO.

HO/lyLIeHI/ITe pe3yaTaTtu II0Ka3BaTt, 4€ IIOAVMMEPHIUTE HAaHOCUCTEMM He CAedBa Aa ce
pasraexxgar eAMHCTBEHO KaTO IIaCMBHM HOCUTEAM Ha A€KapCTBEHU MOAEKYAN.
HaHpOTI/IB, T TIIPeACTaBAsABaT aKTUBEH MHCTPYMEHT 3a MOAMCI)MLIMpaHe Ha
Cl)apMaKOAOFI/ILIHOTO ITOBeg€HIEe Ha OMOAOTMYHO aKTUBHUTE BenjecTBa 4pe3 IOBNIITaBaHe
Ha TsXHaTa Ppa3TBOPUMOCT, CTa6I/I/1HOCT, KA€ThYHO YCBOsJBaHE ¥ KOHTPOAMPAHO

0CBOOO>KaBaHe.

Tazm KOHLeNnIm: € oTBbpaeHa 1 OT OCTaHaAUTe pa3pa60TeH1/1 HaHOHAaTCl)OpMI/I
B HaACTOJAIONMA TPYA. MYATI/ICIDYHKLU/IOHaAHI/ITe MNOAVMEPHIN HOCUTEAN AEMOHCTpUparT
BBb3MO>KHOCT 3a CY6K/1€T’I)‘-IHO Tapretrpane, a pH—‘IYBCTBI/ITeAHI/ITe HMNO30MU OCUTYypsBaT
KOHTPOANPaHO OCBO60)I(AaBaHe B yCAO0BILsITa Ha TYMOPpHaTa MMKpOCpeaa. HezaBucumo
OT pa3dAn4msiTa B apXUTEKTypaTa M, BCMYKH Te€3M CUCTeMU Ca HaCOY€HN KbM €4Ha O6H_[a

e — IIOBUIIlaBaHe Ha Te€PpaIll€BTUYHNA ITOTEHIIMaA Ha aKTVIBHOTO BEIIIEeCTBO.

CAe,ZI,OBaTeAHO IIOAMMEPHNTE HaHOCHUCTEMMN He IIpeAcCTaBAsgBaAT CaMOCTOSITEAHO
ns3caeA0BaTeACKO HallpaBAe€HNe, a AOIMYHO IIPpOABbASKEHNMEe Ha CTpaTrerusra 3a
pa3pa60TBaHe Ha HOBI aHTUTYMOPHI areHTIH. ,Z],OKaTO CMHTETUYHUTE U IIPpUPOAHUTE
CbeAVTHEHISI ocurypssaT O1oaoTMYHaTa aKTMBHOCT, HaHOCHUCTEeMUTE cb34aBaT
IIpeAIIOCTaBKM Ta3Ml aKTMBHOCT Jda 6”[)48 Tpchcl)opMMpaHa B ITOTEHIIMaAHO ITPMAOKUM
TepalleBTM4IE€H I10AXO0A. B TO3M cMUCHA Te U3IIBAHSIBAT po4asTa Ha CBbP3BalljO 3BEHO
MeXAy CIDYH,ZI,aMeHTaAHI/ITe nuscaeABaHust BbpXy IIPOTUMBOTYMOPHUTE MOAEKyAU U

TJAXHaTa 6134e1_ua KAVMMHNYHa peaansanysi
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5. 3AKAIOYEHNE

HaCTO}IH_U/I}IT AVICEPTAalIOHEH TPyA O6€,ZI,I/IH}IBa pesyaratute OT IIETTOAMIITHIA
ns3caeaBaHms, HaCO4Ye€HIN KbM I/I,ZI,eHTI/I(l)I/ILH/IpaHe, O1O0AOTUYHO OoXapaKTepusrpane I
OIITMMM3VIpaHe Ha HOBM aHTUTYMOPHM areHTU OT CMHTETUYEH I IIPUPOAEH IIPOU3XOA.
AOFI/IKaTa, KOsITO CBbp3Ba TpuUTe TeMaTM4YHIN HaIlpaBA€HNS, HE € CXOACTBOTO MEXKAY
are’HTnrte, a TOBa Ha TiAXHaTa MMIIEHA: OI'PaHNYEHNAT Ha6op CIDYHAaMeHTaAHM
VS3BUMOCTH, KOWTO XapaKTepum3mpaT TyMOpHaTa K4€TKa — HapylleHaTa peJgoKc-
XOoMeOocCTa3da, 3aBMICMMOCTTa OT ITOAABbP>KAaHETO Ha TeHOMHaTa CTaOMAHOCT U OTCAAOEHUAT
KOHTpOA BbpXYy KA€Thb4YHaTa CMBbPT. M3CA€,ZI,BaHI/ITe Cl)epOLIeH-CT)A’bp)I(aLL[M IIpOnN3BOAHI,
XeTepOUMKANIHO-aHYAVIPpaH Ha(l)TaAMMMAM, MOAIOCKHI  OMOaKTUBHU BelllecCTBa,
OpupoAHN IMPOAYKTU ¥ IIOAVMEPHNM HAaHOCHUCTEMU Ca pasride€edaHll MMEHHO IIpe3 Ta3l

npusMa — KaTo pa3An4HN CpeaCTBa, HACOYE€HN KbM O6I_T_I Ha60p KA€ThUYHU CAa0OCTIH.

HOAyLIeHI/ITe pe3yaTaTtit IIOKa3BaT, 4€ HEe3aBUCIIMO OT ChINECTBEHNTE pa3AN4dNsI B
XMMNYHaTa CTPYKTypa " OMOAOTMYHILS IIpom3xo4 Ha nscAedBaHNUTe areHTl, 3Ha4lTeAHa
qacT OT TiAX peaansnpar HIPOTUMBOTYMOPHIT CU eCl)eKT apes3 B'bB,ZI,eIZCTBI/Ie BbpPXY

OrpaHI4Y€H 6pOI7I CI)YH,ZI,aMeHTaAHI/I KAeThYHU ITPOLIeCH.

OcobeHo 3HaueHme 3a nHTepnpeTagmsiATa Ha IIOAYyYE€HUTE Pe3yATaTu NMa
CUCTEMHOTO U3CAeABaHE Ha poOAsiTa Ha p53 KaTO KAIO4YOB pPeryaatop Ha KA€TbYHI
OTTOBOP KBbM pa3ANIHN BIAOBE CTpecC. ,Zl,aHHI/ITe ITOKa3BaT, 4ue p53-SaBI/ICI/IMI/ITe CUTHaAHUN
IIpTUIIIA IIPpEeACTaBAsSIBAT Ba’XK€H MEXaHN3bM 3a peaandrpaHe Ha IIPOTMBOTYMOPHIILI
ec])eKT Ha pegunia OT M3CA€ABaHUTE areHTl, KaTO ChIIEeBPEeMEHHO Ce€ YCTaHOBJBa U
HaAM4MeTo Ha aATepHaTBHNI p53-HQSaBI/ICI/IMI/I MeXaHI3MN Ha KA€Tb4YHa CMBbPT. Tosa
pasiinp:sBa IIOTEHIIMaAHaTa IIPUAOKIUMOCT Ha U3CAeABaHUTE ChbeAVHEHIISI ITPU TYMOPH

C pazanyeH MoaeKyaeH npodua u pasander TP53 cratyc.

PGSYATaTI/ITe AEMOHCTpHUpAaT CbIIO, 9€ TyMOpPHaTa CeA€KTUBHOCT MOXKe AJa 6”1)48
IIOCTUTHaTa 4Ype3 eKCIlAo0aTupaHe Ha CHeLU/ICI)I/I‘-IHI/I OMOAOTUMYHM OCODEHOCTM Ha
TYMOPpHUTE KA€TKM, BKAIOYNTEAHO IIOBMINECHIMSI OKCHAAaTVBEH CTpeC, HapyIlleHaTa
reHOMHa CTaOMAHOCT U 3aBUCUMOCTTA OT MEeXaHM3MITe 3a CIIpaBsHe C peIIANKallMIOHHIIA
cTpec. Ilo TO3u HauuH nscaeABaHuUTe areHTu IIpOsABsBAT CIIOCOOHOCT Aa B’I)B,ZI,GIZCTBaT
OpenMyIIeCTBeHO BbpXy TYMOPHUTE KAETKI IIPpY OTHOCUTEAHO Iad€He Ha HOpMaAHUTEe

KA€TbYHU ITOITyAaITNIL.
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HapaAeAHo C OTKpMBAaHETO VM OXapaKTepMU3NPaHETO Ha HOBU OMOAOTMYHO aKTUBHU
MOAEKyAN, IIpOBEeACHNUTE U3CA€ABaHISI IIOKa3BaT 3HAYEHMNETO Ha CbBpPEMEHHUTE
INOAMMEPHNM HAHOCHUCTEMI KaTO CpeAaCcTBO 3a IIpeoaoAsIBaHEe Ha OrpaHM4YeHIsITa,
CBbp3aHM C Pa3TBOPMMOCTTA, CTaOMAHOCTTAa U OMOHAAMYHOCTTA Ha IIEePCIIEKTVBHI
AHTUTYMOPHHN areHTl. PaBpa6OTeHI/ITe HaHOCHCTEMU AEMOHCTpHMpAT Bb3MOJKHOCTTaA 3a
HO,ZI,O6p}IBaHe Ha TeXHUTe Cl)apMaLIeBTI/ILIHI/I XapaKTeEPUCTUKU U IIpeaCTaBAsIBaT Ba’kKHa

CTBIIKa KbM 6’I),ZI,GH_IOTO UM IIPpNAO>KEHNE.

B cBosiTa ISIAOCT AVICEPTAIMIOHHIIIT TPYA IIpeAdara MHTEerpripaHa KOHIEIINIST 3a
nuscaedBaHe Ha IIPOTMBOTYMOPHI areHT — OT OTKPMBAaHETO Ha HOBU OMOAOTUYHO
AKTVBHU MOAEKYAU V1 U3SICHIBAHETO Ha TEXHNUTE MOAEKYAHN MeXaHI3MV Ha ﬂ,eﬁ[CTBMe A0

pa3pa60TBaHeTo Ha I104X041 3a OIITUMM3VMpaHe Ha TAXHaTa A4O0CTaBKa.

6. HAYUHN ITPVTHOCI

6.1. Ilpunocu c pyHsaMeHTaleH XxapaKTep

YcraHoBeHO €, 4e CTPYKTYPHO pa3ANIHN CMHTETUYHN I IIPUPOAHN aHTUTYMOPHU
areHTNn peaamnsmpar IIpoTUBOTYMOPHUA CU eCl)eKT qapes3 B’I)S,ZI,GI?ICTBI/IG BbpPXYy OI'paHNYEH
6p0]71 q)YHAaMeHTaAHI/I KA€ThYHU YSI3BMMOCTH, CBBP3aHM C HapyIIE€HINsI B PeAOKC-

XoMeocCTa3aTa, reHOMHaTa CTaOMAHOCT ¥ MeXaHU3MUTE 3a KAETHYHO oneasiBaHe.

PastMTa € IeHTpadHaTa po4s Ha p53 KaTO MHTerpupall MOA€KyA€H peryaarop
Ha KAE€TDbYHVIA OTTOBOP KbM pPas3sANIHU Cl)OpMI/I Ha CTpeC, BKAIOYNTEAHO OKCUAATVBEH
CTpecC, penamnKallVioOHeH CTpec " AHK YBpEXAaHMA, MHAYOVIpaHU OT M3CAeABAaHUTE

AHTUTYMOPHH areHTn.

Ilokazano €, 4e IIpOTNBOTYMOpPHAaTa aKTMBHOCT Ha peauIia 13clAeABaHN al€eHTI ce
3alla3Ba U IpU KAETKMM C HapyIlI€Ha p53 CIDYHKLU/I}I, KOeTO IIOKa3Ba HaANM4YMETO Ha

alATepHaTBHU p53-H63aBI/ICI/IMI/I MEXaHI3MMU 3a UHAYLIIPaHe Ha KA€Tbh49Ha CM'BbPT.

ITokasaHO e, ye TyMOpHaTa CeAeKTMBHOCT Ha M3CAeABaHNUTE areHTV OTpassiBa
HaCOYeHOCTTa UM KbM CIelM(UIHN YI3BMMOCTI Ha TyMOpHIs (peHOTHUII; 3arydoara Ha
MexaHu3bpM npu anaaora CC-78 e cpiipoBogeHa cbc 3aryda Ha ceaektusHOCT (SI < 1) —
pe3yATaT, KOITO YTBbp>KAaBa CeAeKTMBHOCTTa KaTO MHAMKATOP 3a YA3BMMOCT-HAaCOYE€HO

AeliCcTBHUe.
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6.2. IIpnHocu ¢ excriepuMeHTaAeH XapakTep

3a mppBUM IIBT € OXapakTepusMpaH MTPOTUBOTYMOPHUAT IOTeHIMAaAd U
MOAEKyAHUST MeXaHU3bM Ha JAelicTBMe Ha cepus (pepolieH-KaMpop-cyaPpoHaMUAHU
IIPOU3BOAHH, KaToO e MAEeHTU(PUIUpPAHO BoAemoTo cheduHeHne DK-164 ¢ m3paseHa
TYMOpPHa CeAeKTUBHOCT I CIIOCOOHOCT Aa Moayanupa p53- u NF-kB-zasucumu curnaanm

II'bTULIIA.

3a IIbpBU IIBT Ca MU3CACABAHI XETEPOLMKANYIHO-aHYyAVIPpaHU 6eH30,ZI,I/IOKCI/IH- u
6eH30C1)ypaH-C"b,ZI,’I)p>KaLLH/I HaCl)TaAI/IMI/I,ZI,HI/I IIpoOnsBOAHI " € IIOKa3aHO, Y€ TEXHVIAT
IIPOTMBOTYMOPEH eCl)eKT € CBbp3aH C UMHAYHIVpPpaHE Ha PpelIAVMKallIOHEH CTpeC,

aKTUBVIpaHE Ha DDR CUTHaAM3ann:ATa U 1I1ocaeABalia allIoIlITOTMYHa KA€Tb9Ha CMBbPT.

3a IbpBU IIBT € AEMOHCTpUpaHa aHTUTYMOPHa aKTMBHOCT Ha XeMOAUMpHU
¢ pakium OT Y4epHOMOPCKILS OXAIOB Rapana venosa cpelily 4OBeIIKY TYMOPHU KAETKU I €
yCTAHOBEH IOTEeHIIMaAbT UM KaTO XeMOCeHCHMOMAM3UpAIN areHTV B KOMOMHAIUS C

OVICIIAQTIUH.

[Toaydyenn ca HOBU gaHHU 3a IPOTUBOTYMOpPHAaTa aKTMBHOCT U MeXaHU3MMUTE Ha
AEVICTBIIe Ha IIPUPOJHU IPOAYKTM OT pacTUTeAeH U I'bOeH MPOU3XOA, BKAIOUNUTEAHO
KaHaOmamoa, excrpaktu ot Croton lechleri i Amanita muscaria, CBbp3aHI ¢ MHAyLIIpaHe

Ha OKCMAaTVIBEH CTpeC I IIporpaMlpaHa KA€Tb4Ha CM'BbPT.

6.3. IlpuHOCH ¢ mpuAO>KeH XapaKTep

OxapaKTepI/IsMpaHM ca 6I/IOpaSI‘paAI/IMI/I INOAMMEPHN HaHOCUCTEMMU 3a AOCTaBKa
Ha aHTUTYMOPHM areHTM, OCUTypsBalll r[0406peHa Ppa3TBOPpUMOCT, CTAaOMAHOCT U

Cl)apMaLIeBTI/ILIHa NPpUAOKMMOCT Ha OMOAOTMYHO aKTUBHUTE ChbeAVIHeHI 1.

7. 13BOAU

1. ®eponen-kamdpop-cyapoHaMAHUTE IIPOU3BOAHU IMpPOsBSIBAT U3paseHa
IIPOTUBOTYMOPHa aKTUBHOCT Cpelly MoJdeAM Ha pak Ha TIbpdara n
HeapeOHOKAeThueH 0e104po0eH KapLITHOM, KaTo BoJemloTo cheauHeHne DK-164
II0Ka3Ba M3pas3eHa TyMopHa ceaektusHOCT (SI 2,5-9,6), 3a pazauka ot anaaora CC-

78, KOMTO He IIposiBsiBa ceAeKTUBHOCT (SI < 1).



2.Ilpotusorymopumar edekr Ha DK-164 e cBbp3aH ¢ MHAyLMpaHe Ha
OKCIAAQTUBEH CTpeC, aKTuBalus Ha Ppb3-3aBUCHMMM CUTHAAHM ITHTUINA,
MogyaupaHe Ha NF-«xB curnaamsanmsara, kaeTbyeH apecT M allOOTOTHMYHA

KaeTb4Ha CMBPT.

3.Huckara Bogna pastsopumoct Ha DK-164 moxe ycremHo ga Obae
IIpeojoAsHa 4pe3 BKAIOYBaHe B OMopasrpaguMu IIOAMMEPHU Mulean, Oes

CblllecTBeHa 3ary0a Ha O10/A0IMYHa aKTUBHOCT.

4, XeTepOLU/IKAI/I‘-IHO-aHYAI/IpaHI/ITe HaCl)Ta/H/IMI/I,ZI,HI/I IIPOM3BOAHI IIPOsABIBAT
CMAHa LOUTOTOKCMYHA aKTUMBHOCT B HIMCBK HAHOMOJAap€H Alalla3O0H ¥ BIICOKa
TYMOPpHa CEeAE€KTMBHOCT CIIPJAIMO HOPpMaAaHUTE KAETKM, AOCTHUTallla MHAEKC Ha

CeAeKTUBHOCT A0 32 npu 6eH30QypaHOBOTO IIPOU3BOAHO.

5.Bogemure OeH304MOKCHMH- 1 OeH30PypaH-ChbAbpXKaliu HapTaAUMUAU
UHAYLIMpaT peliAnKaloHeH cTpec, motuckane Ha AHK cunTesa, aktusupane Ha

KAeTbuHMsA otropop KbM AHK yBpesxganms u rmocaeasaliia arronrosa.

6. KaeTpuHUAT OTTOBOP KbM HaPTaAMMUAHUTE IPON3BOAHM 3aBucy ot TP53
cTraTyca, KaTo p53-KOMIIeTeHTHIUTe KAeTK! pearupat npeaumHo upes G1 apecr, a
p53-aedurintHuTe KAeTKM — upe3 3agbpkaHe B G2/M ¢asa u aatepHaTuBHM

MEXaHI3MMN Ha KAeTb9Ha CMBbPT.

7. Xemoaumpnure ¢pakium ot Rapana venosa TPpOsBABAT TYMOPHO-
ce/eKTUBHa aHTUNpoaudepaTnBHa aKTUBHOCT U IOTeHIMparT edeKkTa Ha

OUCIIAATVH IIPpU KA€TbYHU MOAEAV Ha pakK Ha I'bpJara.

8. AuTurymMopHuAT edekT Ha akTuBHaTta ppaknyst HRv 50-100 kDa e cebp3san

C MHAYyLIMIpaHe Ha OKCAAQTUBEH CTPeC, aKTMBalMsI Ha p53 u aBTOCl)al"I/I‘IeH OTTOBOP.

9. KaHa6I/I,ZI,I/IOA’I)T IIPOsBiIBa IIPOTMBOTYMOPHAa AaKTMBHOCT cpeimy

6eAOApO6HM KapOMHOMHUM KA€TKUM 4Ype3 MHAyOVpaHe Ha KAETbYEH CTpeCc U’
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nporpaMmmpaHa KAeTb49Ha CMBPT, KaTO TUITBT KAE€TBYEH OTTOBOP (anonTosa

CIIpsIMO HEKpO3a) 3aBUCK OT p53 cTaTyca Ha KAETKUTE.

10. EkcTpakTuTe OoT ObArapcku rbOHI BUAOBe, BKAIOUUTEeAHO Amanita muscaria,
IIPOsIBSIBAT HIUCKO-TOKCUYEH aHTUIIpoAM(epaTBeH ITOTeHIIaa, KaTo epeKTbT UM
e CBbP3aH C ITOBAMsIBaHe Ha ITpoAndepaTBHaTa aKTUBHOCT Ha TYMOPHUTE KA€TKI

1 3aBUICH OT KA€TDHYHM TUII.

11.Etanoaosusar excrpakt ot Croton lechleri mposBsiBa ceaeKTUBHa
IIMTOTOKCMYHOCT CHPsAMO MeJaHOMHM KAeTKM U MHAyIMpa aIloITOTHYHA

KaeThb4Ha CMBbPT IIPpU MUHVMAaAHO 3acsiaraHe Ha HOpMaAHUTEe KA€TKIL.

12.Paspaborennte pH-uyBCTBUTEAHN HMO30OMU IIpeACTaBAsIBAT e(peKTUBHU
rnaarpopMu 3a AOCTaBKa Ha OMOAOTMYHO aKTUBHU MOAEKYAU ¥ IIO3BOAsSBAT

1‘10406p${BaHe Ha TexXHurTe Cl)apMaLleBTI/I‘IHI/I XapaKTepUCTUKI.

13.Tloay4yeHute pesyAtaTu HoKas3Bat, 4e CTPYKTYPHO pa3sANMIHY CUHTETUYHU 1
IPUPOAHU areHTM MoOIaT Ja peaAusupar IPOTUBOTYMOpPeH edeKT dpes3
Bb3JeIICTBIIe BBPXy OIpaHnYeH Opoil (yHAaMeHTaAHU KAeTBbYHU IIPOIlecH,
CBbp3aHM C HapyIlleHNUs B pPesoKC-XOMeOoCTa3aTa, TeHOMHaTa CTaOMAHOCT U

MeXaHN3MUTe 3a KA€TbUYHO OlleAsgdBaHe.

14. TymopHaTa ceA1eKTUBHOCT Ha 3CAeABaHITe areHT! OTpa3siBa HACOUeHOCTTa
UM KBbM CrlenupUIHM ySA3BUMOCTY Ha TyMOpHU: (peHOTUIL; 3arydata Ha NF-kB-
3aBucMMUs MexaHM3bM npu aHaaora CC-78 e cbopoBodeHa ChC 3aryba Ha

ceaexkTuBHOCT (SI < 1).

15. MHTerpI/IpaHI/I}IT I104X0A4, CbyeTaBall] pa3pa60TBaHe Ha HOBI1 aHTUTYMOPHU
are’HTy, U3sICHsIBaHe Ha MOAEKYAHUTE MEeXaHV3MI Ha ,ZI,eI7ICTBI/Ie " OIITIMU3NpaHe
Ha TJXHaTa AOCTaBKa 49pe3 IIOAMMEPHNM HaHOCUCTEMI, ITPEeACTaBAsIBaA eq)eKTI/IBHa

CTpaTermn: 3a Cb3daBaHe Ha IePCIIEKTVBHY ITPOTBOTYMOPHN KaHANAAQTIL.
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8. IIEPCIIEKTVIBM 1 BBAEIIO PA3BUTIME HA M3CAEABAHIVIATA

HOAyLIeHI/ITe pesyaratit o4depTaBaT HIKOAKO II€PCIIEKTVIBHV HaIIpaBAC€HISI 3a
6’1)461.[[0 pa3BuTHE Ha IIpeACTaBeHaTa n3cle40BaTeACKa IIporpaMa. Te ca HacoOYeHU KaKTO
KbM 3a4"bA6oanaHe Ha IIO3HaHVATa 3a MOAEKYAHNTE MEXaHVI3MIM Ha ,ZI,eI7ICTBI/Ie Ha
I/I,ZI,eHTI/I(l)I/ILH/IpaHI/ITe AHTUTYMOPHI areHTy, TaKa " KbM HO,ZI,O6p}IBaHe Ha TJXHaTa

Cl)apMaLIeBTI/ILIHa INPpUAOKUMOCT 4Ype3 CbBPEMEHHU I104X0AV Ha HaHOMeAUIIITHaTa.

8.1. Passutne Ha HadpTaaMMUAHaTa I1AaTPopMa

Cpeﬂ, HaI?I-HepCHeKTI/IBHI/ITe pe3yaratit B HACTOJAIONMA TPyA Ca Te3l, CBbp3aHN C
XeTeEpOUIMKANIHO-aHYAVIPpaHUTE Ha(l)TaAI/IMI/I,ZI,HI/I IIPON3BOAHI. B’I),ZI,GH_U/ITG n3caeABaHIL
Ca HaCO4YeHV KbM ,ZI,eTaI7I/1HO M3JCHsIBAHE Ha MEXaHU3MUTE, CBbP3aHU C peIIAMKAIIVIOHHIISI
cTpec, AHK YBpeXXKAaHIITa " BSaI/IMO,ZI,eIZCTBI/IeTO C TOIIomM3oMepasnuTe, KakKTo U KbM
YyCTaHOB/IBaHe Ha CTPYKTYPHO-aKTMBHOCTHM 3aBMCUIMOCTHU IIpU HOBI IIpE€ACTaBUTEAN Ha
TO3M KAaaC CbeAVHEHI . Te3u n3caeaBaHNsI I11e 6’I),Zl,aT O606H.[€HI/I B AB€ CaMOCTOATeAHUN
HY6AI/IKaLU/II/I, [IOCBEeTeH! CHOTBETHO Ha OMOAOTMYHATA aKTMBHOCT M Ha MOAEKYyAHUTE

MeXaHN3MI Ha ,ZI,eI7ICTBI/Ie Ha BOZemunTe IIpOn3BOAHIL.

8.2. HOAI/IMepHI/I HaHOCHCTEMI I TapreTipaHa 40CTaBKa

IToanmepHuTe HOCUTEAN, pa3pabOTeHN B HACTOSIIUS TPY4, Chb3AaBaT OCHOBA 3a
Obaelio pasBuTue Ha mnaatdopmu 3a gocraBka Ha siRNA, HacoueHu KbM e(eKTUBHO
BbTPEeKAeTBbYHO TPaHCIOPTHUPaHe Ha TepalleBTUYHI HyKAeMHOBY KMCeAVHU U IIOTUCKaHe
Ha KAIOYOBU peryAaTopy Ha KAeTbUHMsA LUKbA. bbaemure mscaeaBaHus e Obaatr
HacoueH) KbM Cb3JaBaHe Ha HOBO IIOKOJAeHMe (PYHKIIMOHAAU3MPAHU IMOAVMEpPHHU
HaHOCHUCTeMM 3a KOMOUHUpaHa gocTraBka Ha siRNA, mpoTMBOTYMOpHHU JAeKapcTBa U
NPpUPOAHU OMOAOTMYHO aKTUMBHU MoAekyan. OcobeH MHTepec IIpeAcTaBAsBa
pa3paboTBaHeTO Ha TapreTUpaly U CTUMYA-9yBCTBUTEAHN I11aTPOPMH, IIO3BOASABAIIN

INOBMIIIE€HA CeAEKTMBHOCT VI HaMa/J€Ha TOKCMYHOCT KbM HOPpMa/AHUTE KA€TKIL.

8.3. Mopcku 6uopecypcu u Rapana venosa

HOAyLIeHI/ITe pesyaTaTtit IIOKa3BaT 3HAYNTEAHIA ITIOTEHITNAA Ha Rapana venosa Kato
M3TOYHMK Ha HOBM aHTUTYMOPHIU MOAEKYAN. B’I),ZI,EH_U/ITG nscaeaBaHms Ca HaCO4eH! KbM
AOITbAHUTEAHO Cl)paKLU/IOHI/IpaHe u I/I,ZI,eHTI/ICl)I/ILH/IpaHe Ha aKTMBHITE KOMIIOHEHTNM Ha

XeMOAI/IMCl)aTa I KbM MU3JCHSIBAHE Ha MEXaHN3MUTE, OIIpeAeAs N TIAXHaTa TyMOPHa

35



ceaeKTUBHOCT. OcoOeH MHTepec IpeAcTaBAsBa pa3pabOTBaHeTO Ha HAHOYACTUIIM U
XUOPUAHY OAVMEPHI HaHOCKCTeM, Oa3MpaH Ha XeMOAMM(pHI KOMIIOHEHTH, KaKTO
U U3CAeABAaHETO Ha BB3MOXKHOCTUTE 3a KOMOMHMpAHETO UMM CbC CbIIeCTBYBaIllU
IIPOTUBOTYMOPHI CpeACTBa C lleA IIOBMIIIaBaHe Ha TepameBTMYHaTa e(peKTUBHOCT U

npeoAoAsBaHe Ha A€KapCTBe€HaTa pe3MCTEeHTHOCT.

8.4. IlpupoaHu NpoAyKTU U 3eAeHU OMOTeXHOAOTUN

Apyro mepcrieKTMBHO HaIlpaBA€HNE € U3CAeABAHETO Ha IIPUPOAHM IIPOAYKTI,
IIOAYYEeHN 4Ype3 ChbBPEMEHHU eKOAOIMYHO ChOOpa3HU TeXHOAOTMM. B Ta3m Bpb3Ka ca
paspaboTeHI  TIPOEKTHM  IIPeAJAOKEeHNs,  HacouyeHM  KbM  OMOAOIMYHOTO
oXapakTepusupase Ha ekctpaktu ot Achillea millefolium, Cornus mas vi rbBOHM U3TOYHUITU
Ha OMO0/A0TMYIHO aKTUBHM BellecTBa. OCHOBEH aKIIeHT Irie ObJAe ITIOCTaBeH BbPXY Bpb3KaTa
MeXAY XVMMIYHIS ChCTaB, IIPOTUBOTYMOPHATA aKTUBHOCT VI MEXaHM3MUTE Ha KAeThUeH

OTTOBOP KbM OKCMAAaTVMBEH 11 TECHOTOKCMYEH CTpecC.
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