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B1l. Zhelev Z., D. lvanova, l.Aoki, T. Saga, and R. Bakalova. — 2-Deoxy-D-glucose sensitizes
cancer cells to Barasertib and Everolimus by ROS-independent mechanism(s), Anticancer Res.,
2015, 35(12), 6623-6632, IF2015 = 1895 (Q3), SR = 0829 (Q2).
https://ar.iiarjournals.org/content/anticanres/35/12/6623.full.pdf

[lenta Ha HACTOAMIOTO wH3cienBaHe Oemie ma ce wu3cnensa: (i) BB3MOXKHOCTTA 3a IMOBUINABaHE HA
YYBCTBUTEIIHOCTTA Ha PAKOBUTE KJIETKH KbM ITPOTHBOPAKOBH JIEKAPCTBA, Ype3 M3I0JI3BaHE Ha PeIOKC MoyJiaropa 2-
neokcu-D-rimoko3za (2-DDG); (i) oTkpuBaHe Ha KOMOWHAI[MM ChC CHHEPIrHYHO HHUTOTOKCHUeH edekt; (iii)
M3ACHSBAHE POJIATA HA PEaKTUBHUSA KucIopox Bupose (ROS) 3a MHAYKIMS Ha aronTo3a ¥ MUTOTOKCHYHOCT MPHU  TE3U
koMmOnHanuu. M3cnensaneTo obdxBama 15 mMpoTHBOPaKOBH JIeKapCTBa — KaKTO KOHBEHIMOHAIHH, Taka M OT HOBO
nokonenne. Yernpu napamerpn OsXxa aHaJU3MPaHU €IHOBpEMEHHO BHpXYy Jurkat KieTh4YHA JTMHUS OT JICBKEMHUYHHU
TUMGOLUTH, TPETUPAHHU ¢ XUMeoTepaneBTHIH 1 2-DDG (oTaenHo niy B KOMOMHAIMS): KIEThYHA XKH3HECTIOCOOHOCT,
MHIYKIUs Ha anonrto3a, HMBa Ha ROS m HMBO Ha NpOTeMH-KapOOHMIHM IPOXYKTH. MHOro moOpe m3paszeH
CHHEPTUYHH IHTOTOKCWYHH e(eKTH ce ycraHoBsBa ciex 48 uaca Tpetmpane Ha Jurkat xierkure ¢ 2-DDG B
KOMOHMHAIIMS C XUMEOTEPaNeBTUIINTE. MaJOoIuKInb, eBepoaumyc, joHadapHHO, OGopTesomud u OapaceptuO.
[TokazaHHAT CHHEPTUUEH HUTOTOKCHYEH e(eKT Ha eBeposuMyc B kKoMmOuHauus ¢ 2-DDG e npuapyxeH oT MHOTO
CHJIHA MHAYKIMS Ha aronTo3a B KIETKUTE, HO MHOTO CHITHO pexynupane Ha HuBoTo Ha ROS. IIpomenu B HEBaTa Ha
MPOTEHH-KApOOHUIIHYU NPOJYKTH He 0s1xa ycraHOBeHH. CHHEPIrHYHUAT HIUTOTOKCHUYeH edekT Ha Gapaceptu6 ¢ 2-DDG
€ TIPUIPYKEH OT MHOTO CHJIHA MHIAYKIIMS Ha aroITo3a B KIETKHUTE, Oe3 HUKAaKBO MOBUIIaBaHe HAa HUBaTa Ha ROS, HO
C MOBHIIABAaHE HAa NPOTEHH-KapOOHMUIIHUTE TIPOAYKTH.
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The aim of the present study was to investigate: (i) the possibility of sensitizing cancer cells to anticancer drugs
using the redox modulator 2-deoxy-D-glucose (2-DDG); (ii) to find such combinations with synergistic cytotoxic
effect; (iii) and to clarify the role of reactive oxygen species (ROS) for induction of apoptosis and cytotoxicity through
these combinations. The study covers 15 anticancer drugs — both conventional and new-generation. Four parameters
were analyzed simultaneously in Jurkat leukemia cells, treated by drugs or 2-DDG (separately or in combination):
cell viability, induction of apoptosis, levels of ROS, and level of protein-carbonyl products. Very wellexpressed
synergistic cytotoxic effects were found after 48-h treatment of Jurkat cells with 2-DDG in combination with:
palbociclib, everolimus, lonafarnib, bortezomib, and barasertib. The synergistic cytotoxic effect of everolimus with
2-DDG was accompanied by very strong induction of apoptosis in cells, but a very strong reduction of ROS level.
Changes in the levels of protein-carbonyl products were not detected. The synergistic cytotoxic effect of barasertib
with 2-DDG was accompanied by very strong induction of apoptosis in cells, without any increase of ROS levels, but
with an enhancement of protein-carbonyl products.

B2. Zhelev Z., D. lvanova, R. Bakalova, I. Aoki, and T. Saga. — Inhibition of pentose-phosphate
pathway through 6-aminonicotinamide sensitizes leukemia lymphocytes, but not normal
lymphocytes, to chemotherapeutics by ROS-independent mechanism, Anticancer Res., 2016,
36(11), 6011-6020, IF2016 = 1.937 (Q3), SJR = 0,769 (Q2). doi:10.21873/anticanres.11190
https://ar.iiarjournals.org/content/anticanres/36/11/6011.full.pdf

enta Ha HacTOsMIOTO H3cienBaHe Oeme na ce u3cienBa: (1) BB3MOXHOCTTa 3a CEHCHOWIM3MpaHE Ha
JICBKEMUYHHUTE JTUMQOIHUTH KbM HNPOTUBOPAKOBH JIEKAPCTBA Upe3 MHXMOMpaHE HA IMEHT030-(pocdaTHuS BT upe3
M3M0JI3BaHeTO Ha 6-aMmuHOHUKOTUHAMU (6-ANA); (ii) 12 ce HaMepsaT KOMOMHAIIMY ChC CHHEPTHUYCH [ATOTOKCUYEH
eeKT BBpPXy JEBKEMUYHHUTE JUM(OIMTH M Ja C€ H3CIE[BA TAXHATA IMTOTOKCHYHOCT BBPXY HOPMAlTHUTE
mumMornuty; (iii) U 1a ce U3SICHH pOIIsATa HA peakTHBHHUTE kKuciaopomuu Bunose (ROS) B mHAyKnmATa Ha amonTo3a
npu Te3u KomOuHaimu. B mpoyuBaHero oOxBamia 15 HpOTHBOpaKOBU JIeKAapCTBa — KOHBEHIMOHAIHH W HOBO
nokosieHre. EKcnepuMeHTHTe ca TPOBEICHH BBPXY JeBkemuuHa Jurkat kimeThbuHa JTHHHS W BBPXY HOPMAJHH
TUMQOIUTH, H30JMPaHM OT KIMHUYHO 3ApaBH KpbBOJapuTenu. YeTHpu mapaMerbpa Osfxa aHaIW3UPAaHU
€MHOBPEMEHHO B JIBeTe KJIETHYHH CYCIICH3WH, TPETHpaHH OT xumeorepameBTuind U 6-ANA (mo oTaenHo u B
KOMOMHAINN): KJIEThYHA )KU3HECTIOCOOHOCT, MHAYKIMS Ha allonTo3a, HuBo Ha ROS 1 HUBO Ha IPOTENH-KapOOHMITHI
nponyktd. [loBedeto KOMOMHAIMM OT XuMeoTepanmeBTHK U 6-ANA ce XapakTepusupaT CbC CHHEPTHYEH
LUTOTOKCHYCH e(eKTH BbpXy Jurkat kieTknre. CHHEPrHYHHUAT €PEKT ce yBeNINYaBa C yBeIN4aBaHe HA MHKYOAI[HOHUS
nepuoa. [Ipu xomOunupane Ha 6-ANA c KOHBEHIIMOHQJIHM XMMHOTEPANEBTHYHU (HANpHMEp JOKCOPYOHINH),
CHHEPTMYHM IUTOTOKCHYHU €(QEKTH ca OTKPUTH M IIpW HOpManHu JuMmponutH. W mpm npara THma KIETKH
IIUTOTOKCHYHOCTTA HAa KOMOMHAILUATA OT AOKCOpYOUIMH 1umoc 6-ANA ce npuapyxaBa OT IOBHIIEHA HHIYKIUS Ha
aTonTo3a, HO B ciaba CTeneH ce HamanusBaT HuBata Ha ROS m mpoTenH-KapOOHWIHU NPOAYKTH, B CpaBHEHHUE C
KJIETKH, TPETHpaHU C camo aokcopyomuuH. ITpu xomOuHanms ot 6-ANA c HOBO MOKOJEHHE HPOTHBOPAKOBH
JIeKapCTBa (HAIPUMEDP €BEPOIMMYC HIIM OapacepTH0), CHHEPTHUHHUST IIUTOTOKCHYCH S€(PEKT BBPXY JCBKEMHYHHUTE
TUM(OIUTH € CHIIO MPHIPYKEH OT MHOTO CHJIHA MHAYKIIHS Ha arnonrto3a, Ho upe3 ROS-He3aBucHM MexaHU3BM(H).
Huro enHa OT Te3u KOMOMHALMKM HE MOKa3BaT HAKAKBA [[UTOTOKCHYHOCT BHPXY HOpMalIHH JUMGouuTH. [laHHuTEe
npexmnoiarar, 4e 6-ANA Moxe /a ce H3M0J3Ba KaTo JOIBIHWUTEICH KOMIOHEHT B XMMHOTEpanusaTa, KOeTo Ou
TIO3BOJIMJIO J]a C€ HAMAaJIAT TEPANeBTUYHHU J03HM OT IPOTHBOPAKOBUTE JIEKAPCTBA, KaTO 110 TO3M HAYMH Ja Ce CBEXIIEe
JI0 MUHIMYM TEXHUTE CTPaHUYHH €EKTH.

The aim of the present study was to investigate: (i) the possibility of sensitizing leukemia lymphocytes to
anticancer drugs by inhibiting pentose-phosphate pathway using 6-aminonicotinamide (6-ANA); (ii) to find
combinations with synergistic cytotoxic effect on leukemia lymphocytes and to investigate their cytotoxicity towards
normal lymphocytes; (iii) and to clarify the role of reactive oxygen species (ROS) in the induction of apoptosis by
those combinations. The study covers 15 anticancer drugs — conventional and newgeneration. The experiments were
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performed on Jurkat leukemia cell line and normal lymphocytes, isolated from clinically healthy blood donors. Four
parameters were analyzed simultaneously in both cell suspensions treated by drug or 6-ANA (separately, and in
combination): cell viability, induction of apoptosis, level of ROS, and level of protein—carbonyl products. Most
combinations of drug plus 6-ANA were characterized by synergistic cytotoxic effects on Jurkat cells. The synergism
increased with increasing incubation time. Upon combination of 6-ANA with conventional chemotherapeutic (e.g.
doxorubicin), synergistic cytotoxic effects were also detected in normal lymphocytes. In both cell types, the
cytotoxicity of the combination of doxorubicin plus 6-ANA was accompanied by increased induction of apoptosis,
but by a slight reduction of ROS and protein—carbonyl products compared to cells treated with doxorubicin only.
Upon combination of 6-ANA with newgeneration anticancer drugs (e.g. everolimus or barasertib), the synergistic
cytotoxic effect on leukemia lymphocytes was also accompanied by very strong induction of apoptosis through ROS-
independent mechanism(s). Neither of these combinations exhibited any cytotoxicity towards normal lymphocytes.
The data suggest that 6-ANA could be used as a supplementary component in anticancer chemotherapy, and would
allows therapeutic doses of anticancer drugs to be reduced, thereby minimizing their side-effects.

B3. Zhelev Z., D. Ivanova, D. Lazarova, I. Aoki, R. Bakalova, and T. Saga. — Docosahexaenoic
acid sensitizes leukemia lymphocytes to barasertib and everolimus by ROS-dependent mechanism
without affecting the level of ROS and viability of normal lymphocytes, Anticancer Res., 2016,
36(4), 1673-1682, IF2016 = 1.937 (Q3), SJIR = 0,769 (Q2).
https://ar.iiarjournals.org/content/anticanres/36/4/1673.full.pdf

IenTa Ha HacTosMIOTO MpoyuBaHe €: (i) fa ce u3cienBa Bh3MOXKHOCTTA 32 CEHCHOMIIM3UPaHEe Ha JIEBKEMHYHH
TIMQOINTH CIPSAMO MPOTHBOPAKOBH JICKapCTBa, C M3MOJI3BAaHE Ha JTOKO3axekcacHoBa kucennHa (DHA); (ii) ma ce
HaMepAT KOMOWHAIMM ChC CHHEPTHYEH IUTOTOKCHYEH e(EeKT BbPXY JEBKEMHUUYHH JUM(OINTH, O3 WIM C MHOTO
HHUCKA IIUTOTOKCHYHOCT COPSAMO HOpManmHHTE JuMponnuty; (iil) U ma ce M3sACHHU poisiTa Ha aKTHBHUTE (GopMu Ha
kuciopoaa (ROS) 3a WHIYKIMS Ha amomnTo3a M IUTOTOKCHYHOCT Ype3 MPIJIOKCHHE Ha TaKHMBa KOMOWHAIMH.
W3cnenBanu ca 15 mpoTHBOTYMOpHH TpenapaTa — KOHBEHLIIMOHAHY M HOBO MoKoJieHue. Jlo0pe u3pa3eH CHHEpTuieH
UTOTOKCHYEH e(eKT ce Habto1aBa ciell TpeThpane Ha JeBkeMudHu tumdonntu (Jurkat) c DHA B komOuHauus c:
Bapazeptu0, Jlonadapuu6, Eeponumyc u [Tanbonuknud. [logdpanu ca nse komounamnuu, DHA ¢ eBepoaumMyc uiu
OapacepTHO M € U3cieBaH TeXHUs ePEeKT BbPXY )KU3HECIIOCOOHOCTTa Ha HOPMAIHUTE JTUM(OLUTH, KAaKTO U BbPXY
nponsBojcTBOTO Ha ROS W mHayknmsTa Ha amonTo3a B JBETE€ KIETHYHM JIMHUM (JICBKEMHYHH M HOPMAIHU
mnmpornurn). [lpu m3bpanute koHmeHTpauuun DHA, eBepomumyc um OapacepTtud (mpuiaraHud IOOTHETHO) ca
IIUTOTOKCHYHU KbM JIEBKEMUYHH JUM(OINTH, HO HE M KbM HOPMAJIHUTE TaKuBa. B JeBKeMHYHHTE JTMMQOIUTH
IIUTOTOKCHYHOCTTA Ha KOMOWHAIIMHUTE TIPEeTapaTy € ChIPOBOJICHA OT CHIIHA MHIIYKIHS HA aronTo3a U MPOHU3BOICTBO
Ha ROS. B HOpMmamHuTe JTUMGOUUTH MPIIOKCHHUTE MPETapaTd — CaMOCTOATENIHO W B kKoMOmHarmus ¢ DHA, He
noBiusBatT HUBOTO Ha ROS u He mpemau3BukBar amomnto3a. J[OKOJIKOTO € HM3BECTHO, HACTOSANIOTO MPOy4YBaHE €
BPBOTO, KOETO u3ciensa cuneprudna ROS-3aBucuma riurorokcnunocT mexay DHA u npoTuBOTYMOpHHU Npenapati
OT HOBO INOKOJICHHE, KaTo eBeponuMyc 1 6apacepTu6d. Te3n koMOMHAIMK HE MPEAU3BUKBAT MPOU3BOACTBO HA ROS
BB BUCOKH KOHIICHTPAIlUK B HOPMAJIHUTE (HEpaKkoBM) KiIeTKU. [lanHNTe nipeanonarat, ue DHA Moxe aa ce u3nomnssa
KaTO JOIBJIHUTEICH KOMIIOHEHT B [TPOTUBOPAKOBATA XUMHOTEPAITHSL, T03BOJISIBAIKKM HAMaJsIBaHE HA TEPAlleBTUUHUTE
JI03¥ Ha XUMHOTEPAIICBTHKA (€BEPOIMMYC U OapacepTrO), KOSTo e IOBeJIe 10 HaMAJIsIBaHEe Ha CTPAHHYHUTE S(PEeKTH.

The aim of the present study was: (i) to investigate the possibility of sensitizing leukemia lymphocytes to
anticancer drugs using docosahexaenoic acid (DHA); (ii) to find combinations with synergistic cytotoxic effect on
leukemia lymphocytes, without or with only very low cytotoxicity towards normal lymphocytes; (iii) and to clarify
the role of reactive oxygen species (ROS) in the induction of apoptosis and cytotoxicity by such combinations. The
study covered 15 anticancer drugs, conventional and new-generation. Well-expressed synergistic cytotoxic effects
were observed after treatment of leukemia lymphocytes (Jurkat) with DHA in combination with: barasertib,
lonafarnib, everolimus, and palbociclib. We selected two synergistic combinations, DHA with everolimus or
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barasertib, and investigated their effects on viability of normal lymphocytes, as well as on the production of ROS and
induction of apoptosis in both cell lines (leukemia and normal). At the selected concentrations, DHA, everolimus and
barasertib (applied separately) were cytotoxic towards leukemia lymphocytes, but not normal lymphocytes. In
leukemia cells, the cytotoxicity of combinations was accompanied by strong induction of apoptosis and production of
ROS. In normal lymphocytes, drugs alone and in combination with DHA did not affect the level of ROS and did not
induce apoptosis. To our knowledge, the present study is the first to report synergistic ROS-dependent cytotoxicity
between DHA and new-generation anticancer drugs, such as everolimus and barasertib, that is cancer cell-specific
(particularly for acute lymphoblastic leukemia cells Jurkat). These combinations are harmless to normal lymphocytes
and do not induce abnormal production of ROS in these cells. The data suggest that DHA could be used as a
supplementary component in anticancer chemotherapy, allowing therapeutic doses of everolimus and barasertib tobe
reduced, minimizing their side-effects.

B4. Zhelev Z., D. Ivanova, R. Bakalova, I. Aoki, and T. Higashi. — Synergistic cytotoxicity of
melatonin and new-generation anticancer drugs against leukemia lymphocytes, but not notmal
lymphocytes, Anticancer Res., 2017, 37(1), 149-159, IF2017 = 1.865 (Q4), SJR = 0,717 (Q2).
doi:10.21873/anticanres.11300; https://ar.iiarjournals.org/content/anticanres/37/1/149.full.pdf

Hacrosimoro mpoyuBaHe AEMOHCTpHUpa crel(uyHa YyBCTBUTCIHOCT HA JICBKEMHYHH JUMQOIUTH KbM
MPOTUBOPAKOBU JIEKAPCTBEHU CPENCTBA, Ype3 M3IOJI3BAHETO HAa MEJATOHWH WM U3SICHSIBA POJIATA HAa PEAKTUBHUTE
kucnopoauu Bugose (ROS) npu unayiupanero Ha anonTo3a. [IpoyuBaHeTo oOxBaia YeTUPU KOHBEHIIMOHAIHH 1 11
MIPOTHBOPAKOBH JIEKAPCTBEHHU CPEICTBA OT HOBO IMOKOJICHHE. USTHPH IapaMeTpHTe ca aHATM3UPaHU eTHOBPEMEHHO
BBPXY JICBKEMIYHHI 1 HOPMAaJTHA TUMQOIUTH, TPETUPAHH C XUMEOTEPATICBTHIIN, MEJIATOHIH WM TEXHH KOMOMHAIINH
KJICThYHA JKU3HECTIOCOOHOCT, MHAYKIUA Ha alloNTo3a, HUBO HAa peakTWBHU kuciopomau Bumoe (ROS) u HuBO Ha
MPOTEUH-KapOOHWI NPOAYKTH. [louTH BCHYKN H3cieIBaHU KOMOWHAIINY MEX Ty MEJTATOHIH M XUMEOTEPAIICBTHIIA OT
HOBO TOKOJICHHE C€ XapaKTepu3mpaxa C HWHAYIHpaHe Ha CHHEPTHYHA IIMTOTOKCHYHOCT MO OTHOIICHHE Ha
JICBKEMHYHH JIUM(OILUTH, TOKATO MPU KOMOMHAIIMUTE ¢ KOHBEHI[MOHAHH JICKAPCTBEHU CPEICTBA ce HaOJItoJaBaxa
aJIUTUBEH WM aHTarOHUCTUYHEH e()eKT BBbpPXY KIeThUHATa >KU3HECIOCOOHOCT. AMTUBHATA ITUTOTOKCUYHOCT TPHU
JICBKEMHYHH JTUM(OIMTH, CJIC MPUIAraHe Ha JOKCOPYOUIIMH B KOMOWHAIIMS C MEJIATOHHH, Oellle MPUAPYKEHA OT
penyuupane HuBata Ha ROS 1 mpoTenH-KapOOHUITHU MPOYKTH, KAKTO U Ype3 MOTHCKaHe Ha MPoIleca Ha aronTo3ara.
B HOpMayiHU TUMGOILUTH CE YCTaHOBSIBA, Ye HAMA 3HAUHMTEIIHA POMSIHA B HUTO CIMH OT U3CJCIBAHUTE MMapaMeTpH,
B CpaBHCHHE C KIETKH, TPETHPAHH caMoO C JokcopyOunuH. KoMOMHAnuuTe OT €BEpONIMMYC IUTIOC MEJIATOHHH
OapacepTHO IUTFOC MEIATOHMHBT MOKa3BaT BIICUATIISABAII CHHEPTUYCH UTOTOKCHYHEH €(EKT BBPXY JICBKEMUYHHU
TIM(OIUTH, HO HE MOBIHIBAT JKU3HECTIOCOOHOCTTa Ha HOpMaiHU JuM@oruth. [Ipu neBkeMuIHATe THMQOIUTH
CHHEPTUYHATA IIUTOTOKCHYHOCT € IMPUAPYKEeHA OT CHITHA MHIYKIIMA Ha allonTo3a, HO ce HaOIltoaBa peaylupane Ha
HuBara Ha ROS 10 HEBO O] TOBa Ha KOHTpOJaTa. B HOpMamHu TUMQpOIUTH, Te3H KOMOMHAIINY HEe IPOMEHST HABATa
Ha ROS, kakTo 1 Ha MPOTENH-KApOOHUITHYU MPOIYKTH U HE TIPEIU3BUKBAT aronTo3a. JJaHHuTe mokassar, 4e MeJIaToH
€ oOeraBani JOITbIHATEICH KOMIIOHEHT B XUMHUOTEPATHSITA, KOMTO [MO3BOJIsIBA HAMAJISIBAHE HA TEPANIeBTUYHUTE JTO3U
Ha TMPOTHBOPAKOBUTE JIEKAPCTBEHU CPEJICTBA, CBEKIANKHU 10 MUHIMYM TEXHUTE CTPAHUYIHH €(DEKTH.

The present study demonstrates specific sensitization of leukemia lymphocytes towards anticancer drugs using
melatonin and clarifies the role of reactive oxygen species (ROS) for induction of apoptosis. The study covers four
conventional and 11 new-generation anticancer drugs. Four parameters were analyzed simultaneously in leukemia
and normal lymphocytes treated with drug, melatonin, or their combination: cell viability, induction of apoptosis,
level of reactive oxygen species (ROS), and level of protein—carbonyl products. Almost all investigated combinations
of melatonin with new-generation anticancer drugs were characterized by synergistic cytotoxicity towards leukemia
lymphocytes, while the combinations with conventional drugs exhibited additive or antagonistic effects on cell
viability. In leukemia lymphocytes, the additive cytotoxicity of doxorubicin plus melatonin was accompanied by low
levels of ROS and protein—carbonyl products, as well as by suppression of apoptosis. In normal lymphocytes, none
of the studied parameters changed significantly compared to cells treated with doxorubicin only. The combinations
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of everolimus plus melatonin and barasertib plus melatonin exhibited impressive synergistic cytotoxic effects on
leukemia lymphocytes but did not affect the viability of normal lymphocytes. In leukemia cells, the synergistic
cytotoxicity was accompanied by strong induction of apoptosis but a decrease of ROS to a level below that of the
control. In normal lymphocytes, these combinations did not affect the level of ROS nor of protein—carbonyl products,
and did not induce apoptosis. The data suggest that melatonin is a promising supplementary component in
chemotherapy which allows the therapeutic doses of anticancer drugs to be reduced, minimizing their side-effects.

B5. lvanova D., Z. Zhelev, D. Lazarova, P. Getsov, R. Bakalova and 1. Aoki. - Vitamins C and
K3: a powerful redox system for sensitizing leukemia lymphocytes to everolimus and barasertib,
Anticancer Res., 2018, 38(3), 1407-1414, 1F2018 = 1.935 (Q4), SJR = 0,722 (Q2);
doi:10.21873/anticanres.12364; https://ar.iiarjournals.org/content/anticanres/38/3/1407 .full.pdf

Hen: [ocnenanTe MPOyYBaHUS MPEIOCTABAT YOSIUTEIHH T0Ka3aTEICTBA, Ye KOMOMHUPAHOTO TPIJIOKCHUE Ha
ButamuH C 1 npoButamuH K3 (MeHaMOH) MMa MPOTHBOPAKOBA AKTHBHOCT. MOJICKYIIPHUTE MEXaHU3MH B OCHOBATa
Ha TO3W TPOIEC BCe Ome He ca nodpe m3ydeHH. HacrosAmoTo mpoydyBaHe MMa 3a Il na u3ciienBa edekra Ha
koMOuHanwmsTa ot ButaMuH C u nmpoBuTaMuH K3 BBpXY pemokc-cTaTyca Ha JICBKEMUYHHA W HOPMAITHU JTUM(OIINTH,
KaKTO W TEXHUAT CCHCHOMITN3UPAIT e(EeKT CIIPSIMO Pa3IHIHH IPOTHBOPAKOBH JICKAPCTBA.

Marepuanu 1 Metoau: [IUTOTOKCHYHOCTTa Ha BelecTBaTa ce€ PErHCTPHUpa C OLBETSIBAHE C TPUIIAHOBO CHHBO
(barpmiiotTo mMpoHMKBA Mpe3 KieThbYyHaTa MeMOpaHa Ha MBPTBUTE KIETKHM) M W3MEpPBaHE C aBTOMATH4eH Oposiu Ha
KJIETKU. ATIONTO3aTa ce aHanu3upa upe3 (UIyopecluerH W30THOLMaHaT-aHeKCUH V TecT. OKCHAATUBHUAT CTpeC ce
JIETEKTHPA 4pe3 ONpe/essiHe Ha BETPEKISTHYHNTE HUBA Ha aKTUBHH ()OPMHU HA KHCJIOPOJia U a30Ta.

Pesynratu: KomOunupanoto npuioxenue Ha 300 uM Butamun C m 3 puM mnposutamun K3 HamamsiBa
JKU3HECTIOCOOHOCTTa Ha JIeBKeMUYHUTE JuMpomutd ¢ ~ 20%, HO He BIMsAC BBPXY JKH3HECHOCOOHOCTTa Ha
HOpMalTHUTE TUMQOIMTH. BCHukn KOMOWHANMK OT MPOTHBOTYMOpeH mpemapar rmioc ButamuHun C m K3 ce
XapaKTepu3nupaT ChC CHHEPTUYCH HUTOTOKcHYeH edekr Ha kierkd Jurkat, B cpaBHeHHEe ¢ KICTKH (OT cChImaTa
KJICTHYHA JIMHUS ), TPETHPAHU CaMO C JICKapCcTBO 3a 24 daca. B ciryuas Ha 6apacepTn6d 1 eBepOIMMYC TO3H CHHEPTHICH
e(eKT ce yBennJyaBa B paMKUTE Ha 72 yaca. ToBa e MpUIPYKEHO U OT CHIITHA MHIYKIIHS Ha aIloNTo3a, HaMassiBaHe Ha
HUBOTO Ha XWIPONEPOKCHINM M YMEPEHO IOBHIICHO CBHABPKAHHE HA MPOTEHH-KapOOHWIHM TPOIYKTH B
JIEBKEMHUYHUTE JTUM(POIHUTH.

3akirouenue: JIeBKeMUYHUTE JTUMQPOIKUTH Cca MO-4yBCTBUTEIHU Ha MPOTHBOTYMOPHH Ipenapary (eBepoiuMyc
nnu 6apacepTud) npu koMOuHMpaHo npuioxeHne ¢ ButaMuau C u K3, B cpaBHeHHEe ¢ HOpMaJHUTE JTUMQOIUTH.
Kom6unamusra ot Butamut C u K3, ¢ nen Mogynupane Ha peloKC-XoMeocTa3aTa, UMa MepCleKTHRA JIa ce Mmpuiara
3aeHO C KOHBCHIIMOHAHATA XUMHOTEPANHS 32 JOIUBIHUTEIHO CCHCUOWIN3UpPAaHEe Ha JIEBKEMUYHUTE JTUMQOIUTH
KBM JICKapCTBEHUTE TpenapaTH.

Background/Aim: Recent studies provided convincing evidence for the anticancer activity of combined
application of vitamin C and pro-vitamin K3 (menadione). The molecular pathways underlying this process are still
not well established. The present study aimed to investigate the effect of the combination of vitamin C plus pro-
vitamin K3 on the redox status of leukemia and normal lymphocytes, as well as their sensitizing effect for a variety
of anticancer drugs. Materials and Methods: Cytotoxicity of the substances was analyzed by trypan blue staining and
automated counting of live and dead cells. Apoptosis was analyzed by fluorescein isothiocyanate-annexin V test.
Oxidative stress was evaluated by the intracellular levels of reactive oxygen and nitrogen species and protein—carbonyl
products. Results: Combined administration of 300 uM vitamin C plus 3 uM pro-vitamin K3 reduced the viability of
leukemia lymphocytes by ~20%, but did not influence the viability of normal lymphocytes. All combinations of
anticancer drug plus vitamins C and K3 were characterized by synergistic cytotoxicity towards Jurkat cells, compared
to cells treated with drug alone for 24 h. In the case of barasertib and everolimus, this synergistic cytotoxicity increased
within 72 hours. It was accompanied by strong induction of apoptosis, but a reduction of level of hydroperoxides and
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moderately increased protein—carbonyl products in leukemia cells. Conclusion: Leukemia lymphocytes were more
sensitive to combined administration of anticancer drug (everolimus or barasertib) plus vitamins C and K3, compared
to normal lymphocytes. The combination of vitamin C plus K3 seems to be a powerful redox system that could
specifically influence redox homeostasis of leukemia cells and sensitize them to conventional chemotherapy.

B6. lvanova D., Z. Zhelev, S. Semkova, I. Aoki, R. Bakalova. - Resveratrol modulates the redox-
status and cytotoxicity of anticancer drugs by sensitizing leukemic lymphocytes and protecting
normal lymphocytes, Anticancer Res., 2019, 39(7), 3745-3755, IF2019 = 1.994 (Q4), SIR = 0,716
(Q2);doi:10.21873/anticanres.13523; https://ar.iiarjournals.org/content/anticanres/39/7/3745.full.pdf

Llen: UzcnenBaneTo € HACOYEHO KbM e()eKTa Ha PECBEpPaTpoII BBPXY PEAOKC-CTaTyca M )KHU3HECTIOCOOHOCTTa Ha
JICBKEMUYHH W HOPMaIHH JHUM(QOLUTH, KAaKTO M KbM CIIOCOOHOCTTa My JAa MOBHUILaBa YYBCTBHTEIHOCTTa Ha
JICBKEMUYHH JIUM(OIMTH KbM XHMEOTEPAIIEBTHIIH.

Marepuanu u meronu: OmnpenensHeTO Ha LIUTOTOKCUYHOCTTA C€ M3BBPILIBA Ype3 OLBETSIBAHE C TPHUIIAHOBO
CHHBO, MHAYKIMATA HA alloNTO3a — YPe3 TECT 3a eKCIpechs Ha AHEKCHH V, M OKCHAATHBEH CTPEC — Ype3 ONpeIeisTHe
BBTPEKIICTHPUYHUTE HUBA HA PEaKTUBHNU KHciIopoHn Bunose (ROS) n npoTenH-kapOOHMI POAYKTH.

Pesynratn: MHKyOupaHeTo Ha pecBepaTpoi B KOMOWHAIMS C MOBEYETO OT M3CICABAHHUTE IPOTHBOPAKOBH
JeKapcTBa € JOBEJO 10 TO0-BHCOKHM TOKCHYHOCT, OTKOJKOTO PECBEPATpPON HIM XHMEOTEPANeBTHKA IPHIOKECHU
camocrosaTenHo. Ilpn Tpermpane Ha seBkeMHA JUMQOIMTH ¢ OapacepTnd W €BEpONMMYC, B NPHCHCTBHE Ha
pecBepaTpoi, ce HaOoAaBa CHHEPTHYeH IMTOTOKCHUYEH e(EeKT MPHUIPYKEH OT CHIHA WHIYKLMS Ha aronTo3a,
MOBUIIIABaHE HA HUBATa HA XUAPONEPOKCUIN M He3HAUUTEIHU IIPOMEHH B NIPOTEHH-KapOOHUIHUTE MpoayKTH. He ce
Ha0JII01aBaT MPOMEHH B TE€3U IapaMeTpH IPH HOPMaIHUTE JTUM(OLIUTH.

3aknrouenue: PecBeparpot e oberaBay JObIHATEIICH eJIeMEHT KbM MPOTUBOPAKOBATa TEpPaIus, KOUTO MOXe
Jla TI03BOJIM HaMaJIsIBAHE HA TEPAlleBTUYHUTE J03M Ha XUMEOTEparneBTHINTE OapacepTHO U eBEepOIMMYC, CBEXKIANKN
JI0 MUHIMYM TEXHHTE CTPAaHUYHH €EKTH.

Background/Aim: The study is directed to the effect of resveratrol on the redox-status and viability of leukemic
and normal lymphocytes, as well as its ability to sensitize leukemic lymphocytes to anticancer drugs.

Materials and Methods: Cytotoxicity was analyzed by trypan blue staining, apoptosis — by Annexin V test, and
oxidative stress — by the intracellular levels of reactive oxygen species (ROS) and protein-carbonyl products.

Results: Incubation of resveratrol in combination with the majority of anticancer drugs resulted in higher toxicity
than resveratrol or drug alone. In the case of leukemic lymphocytes treated with barasertib and everolimus in the
presence of resveratrol, synergistic cytotoxicity was accompanied by strong induction of apoptosis, increased levels
of hydroperoxides and insignificant changes in proteincarbonyl products. None of these parameters changed in normal
lymphocytes.

Conclusion: Resveratrol is a promising supplementary compound for anticancer therapy, that may allow
reduction of the therapeutic doses of barasertib and everolimus, minimizing their side-effects.

B7. lvanova D., Z. Zhelev, G. Zlateva, D. Lazarova, Z. Yaneva, R. Panovska, I. Aoki, R.
Bakalova. — Effect of alpha-tocopheryl succinate on the cytotoxicity of anticancer drugs towards
leukemia lymphocytes, Anticancer Res., 2022, 42(1), 547 — 554, 1F2020 = 2.480 (Q4), SJR =
0,735 (Q2); https://doi.org/10.21873/anticanres.15512.



https://ar.iiarjournals.org/content/anticanres/39/7/3745.full.pdf
https://doi.org/10.21873/anticanres.15512

ac. 1-p Jdonuka I'eoprueBa UBanoBa PE3IOMETA HA HAYYHU TPYJIOBE
IIpunoowcenue 1

Len: ToBa npoyuBaHe aHanu3upa epexra Ha o-Tokopepus cykuuHat (a-TS) BbpXy peloKC-ChCTOSIHHETO Ha
JICBKEMUYHH W HOPMAJHM JUM(QOLMUTH, KAKTO W TSAXHATa YyBCTBUTEIHOCT KBbM IETHAJECET IPOTHBOPAKOBU
JIEKapCTBEHU CPEJICTBA.

Marepuamun n meroau: JKn3HecrmocoOHOCTTa Ha KIETKHTE Oelle aHaJu3WpaHa Ype3 aBTOMAaTU3UPAHO
npeOposiBaHEe Ha )KMBU U MBPTBU KJIETKH M METOZA 3a OLBETSBAHE C TPHUIIAHOBO CHHBO. AIONTO3aTa CE€ aHAIN3Upa
gpe3 FITC-Annexin V Tect. OKCHIATHBHHAT CTPEC CE€ OICHSABA Upe3 M3MEpBaHE HAa BBTPEKICTHUYHHTE HHBA Ha
peaxTuBHHU Kucnopogau Bunose (ROS) u npoTenH-kapOOHUIHA TPOTYKTH.

Pesynrati: moBedero oT koMOmHammmTe (0-TS TUTIOC XHMEOTEpameBTHK) NPOSBSIBAT AAWTHUBCH WM
AQHTAarOHUCTHYCH e(eKT BbPXY MpoTHQepupaiaTa CrioCOOHOCT U KU3HECITOCOOHOCTTa Ha JIEBKEMUIHH JTUM(OITUTH.
o-TS B komOmHammsa c Oapaceptn0, Ooprezomu® wiau NoHaapHHO TOKa3BaT CIJIHO H3pa3eHa CHHEPTrHYHA
LIUTOTOKCUYHOCT, KOSITO € Hail-moOpe m3paseHa mpu ciaydas ¢ Oapaceptud. To3u edekr Oerie MpUIpYKEH C
BIEYAT/IsIBAaIlla MHIYKIUS Ha aronTo3a, KaKTo M C MOBHIIEHO oOpasyBane Ha ROS, HO ¢ HE3HAYNUTETHH TPOMEHH B
HMBaTa Ha NpOTeHH-KapOOHWIHU npoayktd. KomOumHammsita ot o-TS 1umoc OGapaceptud He mpoMeHs
JKM3HECIIOCOOHOCTTA Ha HOPMAJIHH JIMMQOIUTH U HE MPEIU3BUKBA OKCUAATHBEH CTPEC U aIolTo3a B TE3U KIIETKU.

3akmrouenue: o-TS Moxe na Oble oOemaBaly aJloBaHT B MPOTHBOPAKOBAaTa TEPaIusl, Clie/l TbPBOHAYAIHOTO
JICYCHHE Ha 3JI0KaYeCTBCHOTO 3a0oiisiBaHe, 0COOEHO Ipu ocTpa JMM(oOIacTHA JeBKeMUs, ThH KaTo criomara 3a
HaMalsiBaHE Ha TEpaleBTHYHUTE HO03W Ha OapacepTud, OopTe3omMud W soHadapHHO, yBETMYaBAaKU TEXHATA
e(eKTUBHOCT M MUHUMH3HPAaHE HA TEXHUTE CTPAHUIHU €(DEKTH.

Background/Aim: This study analysed the effect of a-tocopheryl succinate (a-TS) on the redox-state of leukemia
and normal lymphocytes, as well as their sensitization to fifteen anticancer drugs.

Materials and Methods: Cell viability was analyzed by trypan blue staining and automated counting of live and
dead cells. Apoptosis was analyzed by FITC-Annexin V test. Oxidative stress was evaluated by the intracellular levels
of reactive oxygen species (ROS) and protein-carbonyl products.

Results: Most combinations (a-TS plus anticancer drug) exerted additive or antagonistic effects on the
proliferation and viability of leukemia lymphocytes. a-TS combined with barasertib, bortezomib or lonafarnib showed
a strong synergistic cytotoxic effect, which was best expressed in the case of barasestib. It was accompanied by
impressive induction of apoptosis and increased production of ROS, but insignificant changes in protein-carbonyl
levels. a-TS plus barasertib did not alter the viability and did not induce oxidative stress and apoptosis in normal
lymphocytes.

Conclusion: o-TS could be a promising adjuvant in second-line anticancer therapy, particularly in acute
lymphoblastic leukemia, to reduce the therapeutic doses of barasertib, bortezomib, and lonafarnib, increasing their
effectiveness and minimizing their side effects.

B8. Ivanova D., Z. Yaneva, R. Bakalova, S. Semkova and Zh. Zhelev. -The antimalaria drug
artemisinin displays strong cytotoxic effect on leukaemia lymphocytes in combination with
vitamin C and pro-vitamin K3. Bulgarian Journal of Veterinary Medicine, 2021, 24(4), 533 — 543,
SJIR2020 = 0,211  (Q3); DOI: 10.15547/bjvm.2019-0134; http://www.uni-
sz.bg/bjvm/BJVM%20December%202021%20p.533-543.pdf.

ToBa mpoyuBaHe wu3cieqBa NPOTUBOPAKOBHA €(EeKT Ha IPOTHBONAPA3HTHOTO JICKAPCTBEHO CPEJICTBO
apTeMU3UHKH, B KOMOMHaNus ¢ 1Ba peoke Moaynaropa: Butamut C u nposutamus K3 (C/K3) ExcriepumenTute ca
MPOBEJICHU BBHPXY JeBKeMUuHH uMpouuth, Jurkat knerpuna nunust. Kierkure 6s5xa TpeTUPaHH C apTEMH3UHUH, WITH
¢ sutamunute C/K3 camocTosTeHO, KaKTO U B KOMOMHAIMU OT TpuTe cheauHeHus. KiierbunaTa nponudepanus 1
KHU3HECIIOCOOHOCT 0s1Xa aHATM3NPAHH Ype3 METOAa Ha TPUIIAHOBO CHHBO M aBTOMAaTHYHO MpeOposiBaHe Ha KICTKHUTE.
Pesynrarure mokazear, ye apremusnHuH (>10 pM) moTucka kieTbuHaTa mpofudepanus, HO He NpPEeIU3BHKBA
KIeThUYHA CMBPT A0 KoHueHtparus 500 uM. IIpoTuBOmapasuTHOTO JIEKAPCTBEHO CPEICTBO JEMOHCTPUpPA SICEHO
M3pa3eH MUTOCTaTH4YeH e(heKT MPU KOHIIEHTpauu B quana3ona ot 250 uM — 500 pM — kieTKuTe He ce pa3MHOKaBar,
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HO ca Bce omie xuBu. Kombunanusita ot Buramunure C/K3 (200:2, 300:3 uM / uM), OpHIOKEHH CAMOCTOSTEITHO, HE
TIOBJIMSBAT KieThYHaTa npoiudeparnus u xuznecnocooHocT. Buramuunte C/K3 B KOHIIGHTPAIMOHHO CHOTHOILICHHE
500:5 (uM/ pM) HamansBaT akTUBHOCTTa Ha KileThbuHata nponudepamus ¢ ~10%. TpoiiHata koMOMHamusi OT
apremu3unud/ ButamMuH C/mpoButamMud K3 mposiBiBa CHHEPrHYHM aHTHIIPONU(EpaTUBHH €(PEKTH HPU BCHYKU
aHAIM3UpPaHN KOHIEHTPAIIMOHHU CHOTHOLIeHWs. To3um cuHeprudeH edekT ce ycwiBa C IOBUIIABaHE Ha
KoHIeHTpanaTta Ha BurammHure C/K3. Bb3 ocHOBa Ha JsuTepaTypHH [JaHHM C€ Mpeanosiara, de
aHTUNPONH(EPaTUBHUAT e€(eKT Ha TpoWHAaTa KOMOMHAIMS € MEIUMpaH OT NMPOMEHH B PEJOKC-XOMEOCTa3a Ha
paxoBute KieTkd. Pegoke cucremara C/K3 BeposATHO AeWCTBA BBPXY MUTOXOHIPHHAATHATA aKTHBHOCT HAa PAKOBUTE
KJIETKH ¥ TIOBHUIIABA IPOU3BOACTBOTO HA CYNICPOKCH aHUOH PAIMKAI, KAKTO M AKTUBHPA MPOATIONTOTHYHHI CUTHATHU
IBTHINA, CHEHU(HUIHN 32 PAaKOBHUTE KJIETKH. Ho OT apyra cTpaHa, apTeMU3HHIH MOXE J1a I0BEAE 10 00pa3yBaHE Ha
XUJPOKCWIIHU PaJMKald B pPE3yiATaT Ha aKTHBUpaHe Ha peakuuure Ha @DeHTHH, KaKTO M H3YeplBaHe Ha
BBTPEKIETHYHHUTE PEAyLMPAIIH eKBUBaIeHTH. KoMOMHAIMATA OT /1BaTa peJOKC MEXaHM3Ma BOJST IO aKTUBHPAHE Ha
CHTHAJIHU ITBTHINA 32 HHIYyLIUPAHE Ha CMBPT IIPU PAKOBH KIIETKH.

This study investigated the anticancer effect of the anti-parasitic drug artemisinin in combination with two redox
modulators: vitamin C and pro-vitamin K3 (C/K3) The experiments were conducted on leukaemia cells Jurkat. Cells
were treated with either artemisinin or C/K3 alone and with all three compounds. Cell proliferation and viability were
analysed using trypan blue stating and automated cell counting. The results showed that artemisinin (>10 pM)
suppressed cell proliferation activity, but did not induce cell death up to 500 uM. The drug demonstrated a clear
cytostatic effect at concentrations 250 uM-500 pM — Jurkat cells did not proliferate, but were alive. The combination
C/K3 (200:2, 300:3 uM / uM) applied alone did not affect cell proliferation and viability. Vitamins C/K3 in
concentration ratio 500:5 (uM/ puM) decreased cell proliferation activity by ~10%. The triple combination
artemisinin/C/K3 manifested synergistic anti-proliferative effects at all concentration ratios analysed. This synergistic
effect increased with increasing C/K3 concentration. Based on literature data, it was assumed that the anti-proliferative
effect of the triple combination was mediated by changes in the redox-homeostasis of cancer cells. The C/K3 redox
system likely acted on cancer mitochondria and increased superoxide production and activation of pro-apoptotic
signals, specific for cancer cells. On the other hand, artemisinin could generate hydroxyl radicals as a result of
activation of Fenton reactions, depleting intracellular reducing equivalents. Both redox mechanisms lead to activation
of signal pathways for induction of cancer cell death.

B9. BakalovaR., E. Georgieva, D. lvanova, Z. Zhelev, I. Aoki, and T. Saga. — Magnetic resonance
imaging of mitochondrial dysfunction and metabolic activity, accompanied by overproduction of
superoxide, ACS Chem. Neurosci., 2015, 6(12), 1922-1929, 1IF2015 = 4.096 (Q1), SJR = 1,819
(Q1); DOI: 10.1021/acschemneuro.5b00220.

ToBa npoyuyBaHe NMoOKa3Ba, Y€ MPOHUKBAIA B MUTOXOHIPUUTE HUTPOKCHIHA coHaa (mito-TEMPO) no3Bossia
OTKpHBaHE Ha CYNEpOKCHJ aHHOH pajuKal U BH3yalIM3UpaHe Ha MUTOXOHIpHATHA AUCOYHKIHS B KUBUTE KICTKH
nopaau epekra Ha ckbesBaHeTo Ha T1 B IMP. MutoxonapuanHata qTuchyHKIUS ¢€ HHIYIMpa Ype3 TPETUpaHe Ha
KJIETKH C POTEHOH Hu 2-meTokcuectpaauon (2-ME/Rot). M3mepBanusara ¢ SIMP Gsixa usBbpmenn Ha 7T MRI.
Knerknre, Tperupanu ¢ 2-ME/Rot, ce xapakrepuznupaTr chC CBPBXIPOM3BOACTBO Ha CYNEPOKCHI aHWOH PaJMKAa,
KOETO C€ MOTBBbPXKAaBa Ype3 KOHBEHIMOHAJIEH aHAMUTHYH TECTO 3a JICTEeKLHsA Ha CYNEPOKCHI, AUXUIPOCTUINYM
(DHE) tect. B npucsctBuero Ha Mito-TEMPO, untensutetsT Ha SIMP curnana B 2-ME/Rot-TpeTupanu KieTku e
~30-40% mo-BHCOK B CpaBHEHHE C TO3M B HETPETHPAaHH KIETKM WJIM CaMO B XpaHHTelHa cpena. B mojenHu
(6e3KIeThYHN) CUCTEMH HAOII0IaBaxMe, e CYIepOKCH T aHUOH pauKaia, HO He U BOJOPOJICH MEPOKCH]I, IIOBUIIIABA
uaTeH3uBHOCTTAa Ha T1-m3mepenus SIMP curham Ha mito-TEMPO. OcBen ToBa, CymepoKCHI aHHOH paauKaia
BBb3cTaHoBsiBa T1- m3mepenus SIMP kontpact Ha mito-TEMPOH, HekoHTpacTeH (quaMarHuTeH) aHajor Ha mito-
TEMPO. Toga 6Gemre moteepeHo u ¢ momorra Ha EITP ciekrpockomnus. Pesynrarnte moka3Bat, ue CynepoKCHAHUAT
pammkan ydacTBa B 3acmiBaHeTo Ha T1- m3mepenus SIMP KoHTpacT B JKMBHTE KJIETKH, B OTCHCTBHETO M B
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npucskcTBrueTo Ha MuTo-TEMIIO. To3m nokian 1aBa HacOKa 3a OTKpHUBaHE Ha HOBH Bb3MOYKHOCTH 33 (DYHKIIMOHAJICH
SIMP, 3a oTkpuBaHe Ha MeTa0OJIMTHA AKTHBHOCT, NMPHIPYKEHA OT CBPBXIPOM3BOJICTBO HAa CYNEPOKCH] AHHOH
paauKai, KakTo ¥ OT HapyllaBaHe Ha OanaHca Me1y CyNepOKCHI ¥ BOJOPOAEH MEPOKCHI, MHOTO BaXKEH IOJX0] 3a
U3SICHABAaHE Ha (MHUTE MOJICKYJSIPHM MEXaHU3MHM B peryjiupaHe Ha MHOTO Nartojoruu. Busyanusamusra Ha
MHUTOXOH/IpHAJIHATa AKTHBHOCT B PEAJHO BpeME MOXe Jaa ObIe OT pellaBallo 3HAUYEHUE 3a M3SICHSABaHE Ha
MOJIEKYJISIPHUAT MEXaHW3bM Ha (yHKOuoHanHus SIMP B HeroBara oOmonprera AehUHHINS, KaTO METOJ 3a
OTKpHBaHE Ha HEBPOBACKYJIAPHO CBBP3BAHE.

This study shows that a mitochondria-penetrating nitroxide probe (mito-TEMPO) allows detection of superoxide
and visualization of mitochondrial dysfunction in living cells due to the effect of T1 shortening in MRI. Mitochondrial
dysfunction was induced by treatment of cells with rotenone and 2-methoxyestradiol (2-ME/Rot). The MRI
measurements were performed on 7T MRI. The 2-ME/Rot-treated cells were characterized by overproduction of
superoxide, which was confirmed by a conventional dihydroethidium test. In the presence of mito-TEMPO, the
intensity of MRI signal in 2-ME/Rot-treated cells was ~30—40% higher, in comparison with that in untreated cells or
culture media. In model (cell-free) systems, we observed that superoxide, but not hydrogen peroxide, increased the
intensity of T1-weighted MRI signal of mito-TEMPO. Moreover, the superoxide restores the T1-weighted MRI
contrast of mito-TEMPOH, a honcontrast (diamagnetic) analogue of mito-TEMPO. This was also confirmed by using
EPR spectroscopy. The results demonstrate that superoxide radical is involved in the enhancement of T1-weighted
MRI contrast in living cells, in the absence and presence of mito-TEMPO. This report gives a direction for discovering
new opportunities for functional MRI, for detection of metabolic activity, accompanied by overproduction of
superoxide, as well as by disturbance of the balance between superoxide and hydrogen peroxide, a very important
approach to clarify the fine molecular mechanisms in the regulation of many pathologies. The visualization of
mitochondrial activity in real-time can be crucial to clarify the molecular mechanism of the functional MRI in its
commonly accepted definition, as a method for detection of neurovascular coupling.

B10. IvanovaD., Z. Zhelev, I. Aoki, R. Bakalova, and T. Higashi. — Overproduction of reactive
oxygen species — obligatory or not for induction of apoptosis by anticancer drugs? Chin. J. Cancer
Res., 2016, 28(4), 383-396, IF2016 = 3.000 (Q2), SJIR = 0,939.

MHoro mnpoy4BaHHsS IIOKa3BaT, Y€ KOHBEHIMOHAJIHWTE IIPOTHMBOPAKOBH JICKAPCTBEHH CpPEJCTBA MOBHUIIABAT
BBTPEKIIETHPUHUTE HUBA HA peakTHBEH kuciopon Bupose (ROS) u mpomeHSAT pemokc-xomMeocTazaTa Ha PaKOBHTE
kieTku. OOIIONPUETO € CXBAIlaHETo, Y€ MPOTHBOPAKOBUTE €(EKTH B PE3yiTaT OT HPHIOKEHATa XMMUOTEPAINTa,
ce ABJDKAT Ha MHyIIMpaHe HAa OKCHIATHUBEH cTpec 1 Mexuupane Ha ROS-3aBuciMa anonTos3a B pakoBuTe KIeTKH. OT
Jpyrara OT CTpaHa, yBpeKAAIINTe CTPaHWYHU e(heKTH HAa KOHBEHIIMOHATHATA IIPOTHBOPAKOBA XUMHOTEPAIHS CHII0
ce IBJDKAT Ha OBUIIEHOTO MPpou3BoAcTBO Ha ROS u HapymaBaHe Ha peOKC-XOMeocTa3aTa B HOpMaTHUTE KIETKU U
ThKaHU. Ta3u cTaTus ONMCBa MEXaHU3MMUTE 3a 3a/I€HCTBaHE U MMPOMEHIHE Ha MHAYKIUS Ha alloNTo3a OT aKTUBUPAHE
Ha ROS-3aBucumu kbM ROS-He3aBucuMu npTHia. Hue ce onurBame Ja OTrOBOPUM Ha BBIIpoca: ,,BB3MOXKHO 1 €
Ja ce IpeAu3BHKa BHCOKA CIENU(HUYHOCT KbM aloITO3a CaMO B DPAaKOBU KIETKH, 0e3 Je ce IpOBOKHpa
CBPBXIPON3BOJCTBO Ha ROS, kakTo 1 6€3 MHAyLMpaHe Ha BpelHH e()eKTH BbPXY HOPMaJIHUTE KJIETKU U ThKaHH?
[IpernensT chIIO Taka mpeylara HOBa TEPAleBTHYHA CTPATErHs 3a CEJEKTUBHOCT IO OTHOIIEHWE Ha pPaKoBHUTE
KJIETKH, O€3 3HAYMTEeNHO IIOBJIMSBAHE BBPXY JKM3HECIIOCOOHOCTTA HAa HOPMAJHHUTE KIETKM M THKaHH, 4Ype3
KOMOMHHMpaHe Ha NPOTHBOPAKOBH JIEKAPCTBEHU CPEICTBA C PEIOKC-MOAYJIATOPH, IMOBIMSIBaHE Ha cClenu(UIHN
BBTPEKIIETHYHH CUTHAJHY IThTHINA U N30ATBaHE HA OKUCHAATHBEH CTpPEC.

Many studies demonstrate that conventional anticancer drugs elevate intracellular level of reactive oxygen
species (ROS) and alter redox-homeostasis of cancer cells. It is widely accepted that anticancer effect of these
chemotherapeutics is due to induction of oxidative stress and ROS-mediated apoptosis in cancer. On the other hand,
the harmful side effects of conventional anticancer chemotherapy are also due to increased production of ROS and
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disruption of redox-homeostasis of normal cells and tissues. This article describes the mechanisms for triggering and
modulation of apoptosis through ROS-dependent and ROS-independent pathways. We try to answer the question: “Is
it possible to induce highly specific apoptosis only in cancer cells, without overproduction of ROS, as well as without
harmful effects on normal cells and tissues?”” The review also suggests a new therapeutic strategy for selective killing
of cancer cells, without significant impact on viability of normal cells and tissues, by combining anticancer drugs with
redox-modulators, affecting specific signaling pathways and avoiding oxidative stress.

% Pestomera Ha HaydyHH nyOJNMKalMK, B W3AaHUsS pedepupaHd W HHICKCUPAHU B
CBETOBHOM3BECTHU 0a3u naHHM ¢ HayuyHa nHpopmanms (Web of Science u Scopus), oTHacsmm
ce KbM rpyna or moka3atejqd [ OT MUHUMATHUTE HANWOHAIHU W JOMBPHUTEITHU
M3MCKBaHUS KbM Hay4yHaTa M TperojaBaresickaTa JeMHOCT Ha KaHIUAATUTE 3a 3aeMaHe Ha
aKaJIeMUYHa JUTh>KHOCT "JTOIeHT" .

(nybnuxkayuu u3evH oucepmayuorer mpyo 3a npudoousare na OHC “0oxmop”)

I'1. GeorgievaE., D. Ivanova, Z. Zhelev, R. Bakalova, M. Gulubova, and I. Aoki. — Mitochondrial
dysfunction and redox imbalance as a diagnostic marker of “free radical diseases”, Anticancer
Res., 2017, 37(10), 5373-5381, IF2017 = 1.865 (Q4), SJR = 0,717 (Q2); DOI:
10.21873/anticanres.11963; https://ar.iiarjournals.org/content/37/10/5373.abstract

BbTpeknerbuHuAT penoke OanaHc (peqoKe CTaTyc) € JMHAMHUYHA CUCTEMa, KOSITO MOXKE Jia Ce MPOMEHH 4pe3
MHOTI'O q)aKTOpI/I. MI/ITOXOH[[pI/II/ITe ca ¢IHHU OT Hali-Ba)KHUTE cpena THX. Te3n OpraHejii ca OCHOBHUAT BBTPEKICTHYCH
M3TOYHUK Ha €HEeprus 3a KieTkaTa. Te ca OT ChILECTBEHO 3Ha4YCHHUE 3a MOJIbPXKaHE Ha KIEThYHATa XOMEOCTasa
rnopajau 3a peryjimpaHe Ha MHOTI'O 6I/IOXI/IMI/I‘IHI/I mpouecu. HI/IHaMHKaTa Ha MUTOXOHAPUHUTE C€ IPOMEHS 11O BpEME Ha
Pas3JIMYHUTE KICTHYHU ZleﬁHOCTH U B HAKOM CJIy4Yald MOXKE Ja MPUYUHU CBPBXIIPOU3BOACTBO Ha PCAKTUBHU
kuciopoanu Bunose (ROS), koeto oT cBOs cTpaHa Hachbp4yaBa NMPEAW3BHKBAHETO Ha OKUCIHMTEIHO YBPEXKIaHEe Ha
JHK wMonekynmure W MOBHINABaHE WJIM HaMalsBaHe Ha peryjanusira Ha pasnuyHd  ¢ocdarasy,
nponudepaTHBHH/aHTHIIPOIH(epaTHBHE (AKTOPH, arloNTOTHYHH/AaHTHAIIONTOTHYHHU (akTtopu H 1p. Hemo moseue,
MHTOXOHJIpHAHA TUCHYHKIHSA U BHTPEKICTHUHHAT PEIOKC NHCOAAHC MOTAT HENPEKBbCHATO 1a MOIABPXKAT U Ja
JOTPHHACST 32 Pa3BUTHETO Ha IIMPOK CIIEKTHP OT MATOJIOTUH, HAPEYCHH ,,00JIECTH Ha CBOOOIHHUTE paiKain‘ (Hamp.
3nmokauecTBeHUTE 3a00JsIBaHMSA, HEBPOJETeHEpAaTHBHUTE 3a00JIIBaHUs, aTepOCKIepo3a, Bh3naieHue u ap.). To3u
o030pHaTa cTatus € (OKyCHpaHa BBPXY MUTOXOHIpHATIHATA MUCHYHKIUS M KIETHUYCH PEIOKC CTaTyC Karo
OTIIMYMTENICH OeJler Ha KJIeThYHaTa XOMeOCTa3a M KaTo JUAarHOCTHYEH MapKep IMpHU 3JI0KaueCTBEHH 3a0O0JIsiBaHMS.
O03opHara crartusi € NpeJHa3HauYeHa € 3a MIMpOKara YUTaTelCcKa ayAuTOpUs — OT CTYAEHTHU IO CIICHHAJIHCTH B
obnacrra.

The intracellular redox balance (redox status) is a dynamic system that may change via many factors.
Mitochondria are one of the most important among them. These organelles are the main intracellular source of energy.
They are essential for maintaining cellular homeostasis due to regulation of many biochemical processes. The
mitochondrial dynamics change during cellular activities and in some cases, can cause an overproduction of reactive
oxygen species (ROS), which encourages the induction of oxidative DNA damage and up- or down-regulation of
phosphatases, proliferative/anti-proliferative factors, apoptotic/anti-apoptotic factors, etc. Moreover, mitochondrial
dysfunction and redox imbalance can continuously support and contribute to a wide range of pathologies, termed as
“free radical diseases” (e.g., cancer, neurodegeneration, atherosclerosis, inflammation, etc.). This review article is
focused on the mitochondrial dysfunction and cellular redox status as a hallmark of cell homeostasis and diagnostic
marker of cancer. It is intended to broad readership — from students to specialists in the field.
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I'2. lvanova D., Zh. Zhelev, P. Getsov, B. Nikolova, I. Aoki, T. Higashi, R. Bakalova. - Vitamin
K: Redox-modulation, prevention of mitochondrial dysfunction and anticancer effect, Redox
Biology, 2018, 16, 352-358, IF2018 = 7.793 (Ql), SJR = 2,166
(Q1);DOI:10.1016/j.redox.2018.03.013; https://www.sciencedirect.com/science/article/pii/S22132
31718300934?via%3Dihub

To3u mperyien € HACOYEH KbM PENOKC-MOIYJIHPAIIUTE CBOWCTBA W NPOTHUBOpaKkoBHs edekr Ha BUTamuH K.
Konmemnusra Ha ctatusTa € GoKycHpaHa BbPXY JABa acliekTa: (i) peIoKc UKEI Ha BUTaMHH K 11 HeroBHA e(DEeKT BBPXY
KaJIMeBaTa XOMeocCTasa, ,,0HKOTeHCH W “OHKOCYNPECHBHH pPEaKTUBHH KHCIOPOIHH BHAOBE H CIICHU(PUIHOTO
WHAYIHpaHe Ha OKCHAATUBEH CTPEC BBPXY pakoBH KIETKH; (ii) ButamuH K B komOmHanus ¢ ButamuH C KaTo MOIIHA
peloKc-crucTeMa, KosiTo o0pasyBa Oaitnac mexry Mutoxonapuanaure komruiekcH 11 u Il ot enexrpon-TpancnoprHara
Bepura M IO TO3M HAYMH NPEJOTBPATSIBA MHUTOXOHAPHAIHATa AMCQYHKIMS, BB3CTAHOBSBA OKHCIUTEIHOTO
¢dochopunmpane u aepoOHATa TIIMKOJINM3a, MOJAYJIHpA PEIOKC-CHCTOSHHETO Ha BBTPEKIETHUHH PEOKC-IBOWKH,
CJIMMHUHHpa XWUIIOKCHUYHATa Cpclila B PAKOBUTC KIICTKM W HHAYHOHUpa KIETKaTa CMBPT. AHaJ’II/I?;I/IpaHI/ITC JaHHU
npeamnoJarat, 4¢ BUTaMUH C&K moxe Jla TOBUIIN YyBCTBUTCIIHOCTTA HA PAKOBUTC KJICTKHM KbM KOHBCHIHMOHAJIHATA
XAMHOTEPaIis, KOSTO IT03BOJIsIBA IOCTUTaHE Ha MO-HUCKA e(peKTHBHA 11032 OT JICKapCTBEHOTO CPEACTBO M HAMAJIIBaHE
Ha BpeJHUTE My cTpaHUYHH eektu. O030pHaTa CTaTHs € IIpeJHA3HAUCHA € 3a IMPOKATa YUTATEJICKA ay JUTOPUS — OT
CTYICHTH JI0 CIICLUAIMCTH B 00JIacTTa.

This review is directed to the redox-modulating properties and anticancer effect of vitamin K. The concept is
focused on two aspects: (i) redox-cycle of vitamin K and its effect on the calcium homeostasis, “oncogenic” and “onco-
suppressive” reactive oxygen species and the specific induction of oxidative stress in cancer; (ii) vitamin K plus C as
a powerful redox-system, which forms a bypass between mitochondrial complexes Il and Il and thus prevents
mitochondrial dysfunction, restores oxidative phosphorylation and aerobic glycolysis, modulates the redox-state of
endogenous redox-pairs, eliminates the hypoxic environment of cancer cells and induces cell death. The analyzed data
suggest that vitamin C&K can sensitize cancer cells to conventional chemotherapy, which allows achievement of a
lower effective dose of the drug and minimizing the harmful side-effects. The review is intended for a wide audience
of readers - from students to specialists in the field.

I'3. Yaneva Z., D. lvanova, N. Nikolova and M. Tzanova. — The 21st century revival of chitosan
in service to bio-organic chemistry, Biotechnology & Biotechnological Equipment, 2020, 34(1),
221 - 237. IF2020 = 1.632 (Q4), SJR = 0,417 (Q3);
https://www.tandfonline.com/doi/full/10.1080/13102818.2020.1731333

Ju3aliHbT M CHHTE3bT HAa OMONOJMMEPHH HAaHO- M MHKPO(OPMYJIMPOBKH ca HOBA TEHJCHIMS C HApacTBall
NPUOPUTET B HAYYHHUTE M3CIEIBAHUS M Pa3pabOTKH B oOsacTTa Ha OMOMENUIMHATA, ONOOpraHMYHATa/MEAUIITHCKA
XUMUsL, papMarieBTHKa, arpOXUMUS ¥ XPaHUTEIHO-BKYCOBa TPOMHUIIICHOCT. ToBa BKIIIOYBA OTPOMEHO pa3HOOOpasue
0T M0100peHH 1 HOBOPa3paOOTEHU aHAIMTUYHHU U (PU3NKO-XUMHYIHU TEXHUKH 34 ,,0e3BpeIeH™ 1 e()eKTHBEH CHHTES.
OOXBaThT Ha HACTOSILIMS MPETJIE] € JIa TIOMYEPTAsT MOCIEAHNTE ITOCTIKEHUS B METOJIUTE 32 IIPOEKTHPAaHE Ha HOBU
XUTO3aHOBHU MHKPO- W HAHO-HOCHUTCIIM U TPAHCIOPTEPH. CneunaneH AKICHTBT € IIOCTAaB€H BBPXY TEXHUTE
(I)yHK[H/IOHaJ'[HOCTI/I M KalaluTeT 3a WHKAIICYJIUPaHE Ha €CTCCTBCHU OMOaKTUBHU CbCANHCHUA, KAKTO U TAXHOTO
KOHTpOJTUpano in Vitro/in vivo ocBoGokiaBaHe B pasiMdHA GHOJOTHYHH/(U3HOJIOTHYHU cpean. [IporHosute 3a
MPWIAraHeTO Ha XWTO3aHOBU (HOPMYJIHMPOBKH M XHOPHIHHM CHCTEMH Ha 0a3aTa Ha XWTO3aH Ca 33 NPOTPECHBHO
HapaCTBaHC, KaTO MO3HAHUATA OTHOCHO TEXHUTE (I)I/ISI/I‘{HI/I, XAMHMYHH U OMOJIOTMYHH CBOWCTBATA HEMIPEKBCHATO CE
pasmmpsiBat. [1o To3u HaYMH TO3M IIperJie]l NMpejylara 0OEKTHBHA OIIEHKa OTHOCHO KalaluTeTa, MPHI0KUMOCTTa U
I'bBKAaBOCTTa Ha HOBOPa3pabOTEeHWTE XMOPHIHM CHCTEMH, Oa3MpaHW Ha XHUTO3aH. EjuH neraiieH mHTerpaTtuBeH
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MOAXO0, KOMTO BKJII0YBAa MHOBAaTUBHHUTE HAYYHH ITOCTIDKEHUS, 0a3UpaHu BbPXY CJIOKHHU HOBH, IPELU3HN U HaJICKIHU
AQHAJMTHUYHM TPOLEAYPU M METOJM 332 Ka4eCTBEHHM M KOJMYECTBEHM MOP(OJOrMYHH, CTPYKTYPHH, CHEKTPAJHH,
XMMHUYHM U OMOXMMHUYHHU aHAJIM3M Ha OWOIPEKYpPCOpH, NMPH KOUTO IMPOCKTUPAHUTE XMTO3aHOBHUTE MHUKTO/HAHO-
XUOpUIHM CHUCTEMHM MoraT Ja ce Ipuiarar. YCTOHYMBUTE IIO3HAHHMS OTHOCHO MEXaHW3Ma M METOIuTe 32
HHKAICyJIUpaHe Ha ©CTCCTBEHH OWMOAKTHBHU BELIECTBA M TAXHOTO IN Vitro/in vivo ocBoGOXKIaBaHETO CHIIO CE
pasriexaa u 00CHxKIa.

The design and synthesis of biopolymer nano- and micro-formulations are a new trend with growing priority in
scientific research and development in the fields of biomedicine, bioorganic/medicinal chemistry, pharmaceutics,
agrochemistry and food industry. This incorporates a vast variety of improved and newly-developed analytical and
physico-chemical techniques for ,,green“ and efficient synthesis. The scope of the present review was to outline the
recent advances in the methods for design of novel chitosan micro- and nano-carriers and transporters. Special
emphasis is laid on their functionalities and capacity for encapsulation of natural bioactive compounds and controlled
in vitro/in vivo release in various biological/physiological media. Expectations for the application of chitosan
formulations and chitosan-based hybrid systems are progressively increasing as the knowledge regarding their
physical, chemical and biological properties constantly expands. Thus, this review proposes insights on the objective
assessment of the capacity, applicability and versatility of newly-designed chitosan-based hybrid systems. A detailed
integrative approach, which incorporates the innovative scientific achievements based on complex novel, precise and
reliable analytical procedures and methods for qualitative and quantitative morphological, structural, spectral,
chemical and biochemical analyses of the bioprecursors and the designed chitosan-carrier micro/nano-hybrid systems,
is applied. Sustainable knowledge on the mechanism and methods of natural bioactive substances encapsulation and
in vitro/in vivo release is reviewed and discussed.

I'4. lvanova D. and Z. Yaneva. - Antioxidant properties and redox-modulating activity of chitosan
and its derivatives: biomaterials with application in cancer therapy, BioResearch Open Access,
2020, wvol. 9(1), 64-72, SJR2020 = 0,457 (Q3); DOI: 10.1089/biores.2019.0028;
https://www.liebertpub.com/doi/10.1089/biores.2019.0028

MHoro npoy4BaHus II0Ka3BaT, 4e METadMI03Ma Ha MUTOXOH/IPHUTE UMa OCHOBHA POJISl ITPH BH3HUKBAHETO HA
KaHI[epOTreHe3aTa, MOpajy MOBHUIIABAHE HA HUBATa Ha 00pa3yBaHe Ha peakTHBHH Kuciaopoauu Bumose (ROS), kouto
MOBJIMSBAT BHB BCHUYKU €TalM Ha OHKOTeHaTa TpaHchOpMalMs W MpOrpecHs Ha 3J0KAaueCTBEHOTO 3a0oJisiBaHE.
OO1I0NPHETO € CXBaIllaHEeTO, Y€ MPOTHBOPAKOBUAT e(eKT Ha KOHBEHIMOHATHUTE XUMEOTAPEIIEBTUIIN Ce ABJIKH Ha
MPCAN3BUKBAHC HA OKCUJATUBCH CTPEC U MOBUITABAHC HA BBTPECKJICTHhYHNU HMBA HA ROS, KOUTO NPOMEHAT PEAOKC-
XoMeocTra3ara B pakoBuTe KieTkd. OT Jpyra cTpaHa, YBPaXAAlIUTe CTPAHWYHU €(eKTH OT KOHBEHIIMOHAIIHUTE
XMMEOTEPaNeBTHIN Ce IbDKAT M Ha MOBHIIEHO Npon3BoAcTBO Ha ROS m HapymaBaHe Ha peJOKC-XOMEOCTaszaTa B
HOPMaJIHUTE KJIETKH U TbKaHU. [lopanu ToBa ce Habro1aBa HapacTBall HHTEPEC KbM M3IIOJI3BAHETO Ha €CTECTBEHUTE
CBEAMHEHUS OT Pa3JIMuHU M3TOYHHMIIH, IPUTEKABAIIN aHTHOKCHJAHTHA AKTHBHOCT, KOUTO OMXa MOTJIM A2 MOBJIHAAT
MO pa3yiMueH HAaYMH BBPXY PEIOKC-CHCTOSHHETO Ha PAaKOBUTE KIETKM M Ha HOPMAJHHWTE KJIETKH M Morar Jia
MPEOTBPATAT yBPEXKAaHEe NMPEAN3BUKAHO OT WHUIMHPAHWUTE OKHUCIMTEIHM peakunu. V3BeCTHO €, 4e XWTO3aHBT
NposiBSBa TOJSIMO pa3sHooOpasue OT OWOJOTMYHO-aKTHMBHO JIGWCTBHE, BKIIOYUTEIHO OHOpa3rpaguMocT,
OMOCHBMECTUMOCT M MMa IO-MaJIKO TOKCHYHA mpuponaa. Hopa;m CBOUTC AHTUOKCHUIOAHTHU, aHTI/I6aKT€pI/IaJ'[HI/I,
IMPOTUBOPAKOBU, IPOTUBOBBINAIUTCIITHU U UMYHOCTUMYJIUpAIH HeﬁCTBHﬂ, 6I/IOHOHI/IMep'bT C€ HM3IIOJI3BAH B Ir'oJsIMO
pazHooOpas3ue oT papManeBTUIHN, OMOMETUITUHCKH, XPAHUTEITHO-BKYCOBH, 3[JPaBHH 1 CEJICKOCTOTIAHCKH CEKTOPH H
€ KIacupuIHUpaH KaTo HOB (PM3NOIOTHYHEH OMOAaKTHBEH MaTepHall.
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Many studies have shown that mitochondrial metabolism has a fundamental role in induction of carcinogenesis
due to the influence of increased levels of reactive oxygen species (ROS) generation in all steps of oncogene
transformation and cancer progression. It is widely accepted that the anticancer effect of conventional anticancer drugs
is due to induction of oxidative stress and elevated intracellular levels of ROS, which alter the redox homeostasis of
cancer cells. On the other hand, the harmful side effects of conventional anticancer chemotherapeutics are also due to
increased production of ROS and disruption of redox homeostasis of normal cells and tissues. Therefore, there is a
growing interest toward the development of natural antioxidant compounds from various sources, which could impact
the redox state of cancer and normal cells by different pathways and could prevent damage from oxidant-mediated
reactions. It is known that chitosan exhibits versatile biological properties, including biodegradability,
biocompatibility, and a less toxic nature. Because of its antioxidant, antibacterial, anticancer, anti-inflammatory, and
immunostimulatory activities, the biopolymer has been used in a wide variety of pharmaceutical, biomedical, food
industry, health, and agricultural applications and has been classified as a new physiologically bioactive material.

I'5. Tzanova M., V. Atanasov, Z. Yaneva, D. Ivanova, T. Dinev — Selectivity of current extraction
techniques for flavonoids from plant materials, MDPI, Processes, 2020, vol.8, 1222, p. 1-30,
IF2020 = 2.847 (Q3), SJR = 0,414 (Q2); https://doi.org/10.3390/pr8101222

dnaBoHOMIUTE MMAT IIHUPOK CHEKTHP OT YCTAHOBEHH IOJOXKUTETHN €(DeKTH BBPXY 3[paBETO Ha Xopara H
JKMBOTHUTE. Te HaMUpaT NPUIOKEHHE B METUIIMHATA 33 Tepanus Ha 3a00JIsIBaHUsI U XUMHOTIPO(DUIAKTHKA, OTKBAETO
HMHTEPECHT KbM TAX ce yBenndana. OCBEH TOBa ce M3IMOJI3BAT B XpaHUTEIHATa U KO3METUYHATA POMUIIITICHOCT KaTo
NMUTMEHTH U OMOKOHCepBaHTH. PacTeHMsTa ca HewzyepraeM W3TOUYHHMK Ha (aBoHomau. Hali-BakHata CTBIKA OT
npepaboTKaTa Ha pacTUTEIHA CYpPOBHHA € €KCTPAKIMATA U M30JIMPAHETO Ha IesIeBUTe cheauHeHus. KauecTBoTo Ha
eKCTpakTa M e()eKTHBHOCTTA Ha MPOLIEAypaTa ce BIHUAAT OT HAKOJIKO (pakTopa: pacTHTENIeH MaTepuall U MoJIroTOBKa
Ha IpoOuTe 3a NpeBapUTEIHO U3BIMYAHE, BU Pa3TBOPUTEI, TEXHUKA HAa EKCTPAKIUS, (GU3NKOXMMUYHH YCIOBUS U
T.H. HactostmmaT mpernen obchxkaa o0muTe MpodIeMn M KIIOYOBUTE NPEIM3BUKATENICTBA HA €KCTPAKIMOHHUTE
NpOLEAYyPH WM Pa3IMYHUTE MEXaHM3MH 3a CEJICKTHBHO W3BIMYaHE Ha ()IABOHOWAM OT PA3IMYHH PACTHTEIHH
n3TOUYHUIU. B 0000menne, HsAMa yHUBEpcaleH METOJ Ha EKCTPAKIMS M BCAKAa ONTHMH3MpaHa Mpoleaypa e
WHJMBH/yallHa 32 CHOTBETHUTE pPacTeHHsA. 3a Jla ObJe CEelIeKTHBHA TEXHHMKAaTa Ha EKCTpakius, TS TpsOBa na
KOMOMHHpa ONTHMAaJEeH Pa3TBOPUTEIN MM CMEC OT pa3TBOPHUTEIH C MOAXOJAIA TexHHKa. He Ha mocnegHo mscTo,
ONTHUMH3AIMATA My € Ba)KHa 3a pa3nu4Hu npuiokeHus. OCBeH TOBa, KOraTo M30paHUAT MeTox TpsOBa na Obae
CTaHJapTU3UPaH, TOU TPsAOBa J1a MOCTUTHE MPUEMIIBA CTEIICH Ha TOBTOPSIEMOCT M BB3IIPOU3BOIUMOCT.

Flavonoids have a broad spectrum of established positive effects on human and animal health. They find an
application in medicine for disease therapy and chemoprevention, whence the interest in flavonoids increases. In
addition, they are used in food and cosmetic industries as pigments and biopreservatives. Plants are an inexhaustible
source of flavonoids. The most important step of plant raw material processing is extraction and isolation of target
compounds. The quality of an extract and eciency of a procedure are influenced by several factors: Plant material and
pre-extracting sample preparation, type of solvent, extraction technique, physicochemical conditions, etc. The present
overview discusses the common problems and key challenges of the extraction procedures and the different
mechanisms for selective extraction of flavonoids from different plant sources. In summary, there is no universal
extraction method and each optimized procedure is individual for the respective plants. For an extraction technique
to be selective, it must combine an optimal solvent or mixture of solvents with an appropriate technique. Last but not
least, its optimization is important for a variety of applications. Moreover, when the selected method needs to be
standardized, it must achieve acceptable degree of repeatability and reproducibility.
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I'6. Bakalova R., S. Semkova, D. lvanova, Z. Zhelev, T. Miller, T. Takeshima, S. Shibata, D.
Lazarova, I. Aoki, T. Higashi. — Selective targeting of cancerous mitochondria and suppression of
tumor growth using redox-active treatment adjuvant, Oxidative Medicine and Cellular Longevity,
2020, art. number 6212935, 1F2020 = 6.543 (Q2), SJR = 1.494 (Q1)

BemecTtBata, KOMTO MOBIMABAT pENOKC-CTaTyca HAa KJIETKUTE W TEXHUTE KOMOHMHAIMM, HampuMep
XUHOH/ackopbaT M MeHamuon/ackop6ar (M/A; Hapmuan ome Apatone®), 3aciykaBaT BHAMAaHHE 3apajd
CHOCOOHOCTTa CH J1a yOWBAT PakOBHTE KJIETKH, 0€3 N1a BIHSAT BBPXY KU3HECIOCOOHOCTTa HA HOPMAJTHHUTE KIICTKH,
nposiBsiBaiiku cuHepruueH edekr. OCHOBHHAT MEXaHW3bM Ha JeicTBHe Ha M/A CIpsMO pakoBHTE KIIETKH 10
MOMEHTA HE CE € CBBP3BaAJI C MUTOXOHIpUHTE. [{enTa Ha HaCTOAIOTO M3CIEABAHE € /1a TIPOYUH JaIH Ta3: KOMOWHALINS
MOBJIMSBA BBPXY (YHKLMATA HA MUTOXOHAPHHUTE Ha TYMOpPHHTE KJETKH. EXCIieprMeHTHTE ca HalpaBeHU BBHPXY
paxoBu kinerbynu auHuH (Jurkat, Colon26 1 MCF7) u Hopmanau xietku (HopManau tumdonuta, FHC u MCF10A),
TPETHUPAHHU C PA3IMYHH KOHIEHTPAI[MH HA MEHAIHOH, ackopbaT u/win TsaxHata komOunanus (2/200, 3/300, 5/500,
10/1000 1 20/2000 uM /uM ot M/A). M/A B koMOuHaLMs ceMUHUIHO MOTHCKA pacTeka HA TYMOPHHUTE KIIETKH,
kaTto ce HaOmomaBa cuHepruueH edekt. [IpunokeHara koMOWHALWsl Ha JBaTa NpernapaTa He BIHsIEe Ha
JKU3HECIIOCOOHOCTTa Ha HOPMANHHUTE KJICTKH NPH (apMakoJIOTMYHU KOHUeHTpauwmu. [lpu tperupanutre ¢ M/A
TYMOPHH KJIETKH IUTOCTATHYHHAT/ IIMTOTOKCHYHUAT €(PEeKT e MpuApyKeH oT (1) MPOU3BOICTBO HA MUTOXOHAPHAIICH
CYNEpOKCHJ BbB BHCOKH KOHICHTpanuu (10 15 mbTH Haj KOHTPOIHOTO HMBO), (il) 3HAYMTENHO HaMaJsIBAaHE Ha
MHUTOXOH/IpHANHUsI MeMOpaHeH noteniual, (iii) HamansBaHe Ha HuBata Ha AT®, cykuunar, NADH u NAD™ u (iv)
HamasieHa excripecust Ha PD-L1 (excripecupan BEpXyY IMOBBPXHOCTTa HA TYMOPHUTE KIETKH U HIMYHHHUTE KJICTKH IIPU
pa3IMYHUTE BUOBE OHKOJIOTHYHH 3a00isiBanus). M30poeHuTe edektu ca 1030-3aBucumu. Muaxudupanero Ha NQO1
OT IMKyMapoJ MOBHUILIaBa HUBATa HA MUTOXOHAPHAIHUS CYNIEPOKCH U YBEIMYaBa YyBCTBUTEIIHOCTTA HA TYMOPHHUTE
wietku kbM M/A. TIpu HopMasHuTe (HEepaKoBH) KIETKH M/A HHIyIMpa OTHOCHTEIIHO HUCKO U HE3aBUCHMO OT J03aTa
MOBUILIABAHE HAa MUTOXOHJPHUAIHUS CYIEPOKCH] U ,,Cc1a0“ OKcuAaTHBEH crpec. Te3u HaHHM mpenroJaraT, ue
MPOTUBOTYMOPHUAT edekT Ha M/A e pe3ynrar ot crnerupuueH MeXaHU3bM, TSCHO CBBP3aH C MUTOXOHAPHUTE Ha
tymopuute Kietku. [Ipu Hucku/ymepenu nosu Ha M/A (1/100-3/300 pM/uM), KouTO MOTar Jia ce JOCTHTHAT C
HiepopaeH MpUeM U apeHTepanHo (MHXeKUMOHHO), M/A yBennyaBa 4yBCTBUTEIHOCTTa HA TYMOPHHUTE KICTKH KbM
KOHBEHIIMOHAJIHUTE IPOTHBOPAKOBH CPEACTBA, KOETO CE INPOSBSIBA CHHEPTHYHO, C yBEIWYEHA IIMTOTOKCHYHOCT,
NpUIpY’XEHa OT MOBHUIEHAa MHAYKIWS Ha amonrto3a. M3cnensanm ca komOuHammm ot M/A ¢ 13 mpoTuBOpakoBU
nekapctBa (ABT-737, Gapaceptu6, Omeomurmna, BEZ-235, Gopre3omMu0, NIHCIUTATHH, €BEPOIMMYC, JIOMYCTHH,
nonadapun6, MG-132, MLN-2238, nantorukmu6 u PI-103). Huckure/ymepenn mno3u Ha M/A He Mpean3BUKBAT
HeoOpaTHMa LUTOTOKCMYHOCT B TYMODHHUTE KIETKHM, HO IPUYMHSABAT HEOOpAaTHMMHU METa0OJMTHH IPOMEHH,
BKJIFOUMTENHO: (1) HamassiBaHe Ha cykuuHata 1 NADH, (ii) aenonsipusanusi Ha MUTOXOHApHaIHaTa MeMOpaHa u (iii)
CBPBXIIPOJYKIIMSA HA CYNEPOKCH, CAMO B MUTOXOHIPHUHTE Ha PakoBHTEe KIeTKH. B mombinenue, M/A motucka
TYMOPHHSI PacTex in ViVO, clea mepopaiHo MPUIOKEHHWEe TPH MHIIKK C MEJTaHOM, JIeKYBaHH C MpernapaTtd
NoHWKaBamy ekcnpecusita Ha PD-L1 B MenanoMHuTe Ki1eTKH. ExcriepuMeHTaHUTe JaHHK MTOKa3BaT yBeJIMYaBaHe
YYBCTBUTEIHOCTTa HA TYMOPHHUTE KJIETKH KbM KOHBEHIIMOHAHUTE XUMHOTEPAIEBTUIN cJe]| Tpuiarane Ha M/A,
KaTO MEXJyBPEMEHHO He MOBIMABAT HepakoBuTe KieTku. [Ipeamnonarame, ue M/A 00ycioBeHNTE NPOTUBOTYMOPHHU
edeKTH ca NMpeAn3BUKAaHU OT OKHCIUTEIHO-PEIYKIIMOHHOTO B3aUMOJCHCTBHUS Ha IBeTe BemecTsa. [Ipexmnonara ce,
4ye M/A 1Ma OTHOIICHHE M KbM HMYHHATA PEaKIHsl, IPABESHKN PAKOBHUTE KJIETKH ,,JJOCTBITHH “ U PECIIEKTHBHO yA3BUMHU
KbM €CTECTBEHHS IMYHEH OTIOBOP.

Redox-active substances and their combinations, such as of quinone/ascorbate and in particular
menadione/ascorbate (M/A; also named Apatone®), attract attention with their unusual ability to kill cancer cells
without affecting the viability of normal cells as well as with the synergistic anticancer effect of both molecules. So
far, the primary mechanism of M/A-mediated anticancer effects has not been linked to the mitochondria. The aim of
our study was to clarify whether this “combination drug” affects mitochondrial functionality specifically in cancer
cells. Studies were conducted on cancer cells (Jurkat, Colon26, and MCF7) and normal cells (normal lymphocytes,
FHC, and MCF10A), treated with different concentrations of menadione, ascorbate, and/or their combination (2/200,
3/300, 5/500, 10/1000, and 20/2000 uM/uM of M/A). M/A exhibited highly specific and synergistic suppression on
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cancer cell growth but without adversely affecting the viability of normal cells at pharmacologically attainable
concentrations. In M/A-treated cancer cells, the cytostatic/cytotoxic effect is accompanied by (i) extremely high
production of mitochondrial superoxide (up to 15-fold over the control level), (ii) a significant decrease of
mitochondrial membrane potential, (iii) a decrease of the steady-state levels of ATP, succinate, NADH, and NAD",
and (iv) a decreased expression of programed cell death ligand 1 (PD-L1)—one of the major immune checkpoints.
These effects were dose dependent. The inhibition of NQO1 by dicoumarol increased mitochondrial superoxide and
sensitized cancer cells to M/A. In normal cells, M/A induced relatively low and dose-independent increase of
mitochondrial superoxide and mild oxidative stress, which seems to be well tolerated. These data suggest that all
anticancer effects of M/A result from a specific mechanism, tightly connected to the mitochondria of cancer cells. At
low/tolerable doses of M/A (1/100-3/300 uM/uM) attainable in cancer by oral and parenteral administration, M/A
sensitized cancer cells to conventional anticancer drugs, exhibiting synergistic or additive cytotoxicity accompanied
by impressive induction of apoptosis. Combinations of M/A with 13 anticancer drugs were investigated (ABT-737,
barasertib, bleomycin, BEZ-235, bortezomib, cisplatin, everolimus, lomustine, lonafarnib, MG-132, MLN-2238,
palbociclib, and PI-103). Low/tolerable doses of M/A did not induce irreversible cytotoxicity in cancer cells but did
cause irreversible metabolic changes, including: (i) a decrease of succinate and NADH, (ii) depolarization of the
mitochondrial membrane, and (iii) overproduction of superoxide in the mitochondria of cancer cells only. In addition,
M/A suppressed tumor growth in vivo after oral administration in mice with melanoma and the drug downregulated
PD-L1 in melanoma cells. Experimental data suggest a great potential for beneficial anticancer effects of M/A through
increasing the sensitivity of cancer cells to conventional anticancer therapy, as well as to the immune system, while
sparing normal cells. We hypothesize that M/A-mediated anticancer effects are triggered by redox cycling of both
substances, specifically within dysfunctional mitochondria. M/A may also have a beneficial effect on the immune
system, making cancer cells “visible” and more vulnerable to the native immune response.

I'7. Yaneva Z., E.B. Simeonov and D.G. Ivanova. — In vitro ultraviolet-B radiation mediated
antioxidant response of Bulgarian Goldenrod (Solindago virgaurea L.) extrct, Bulgarian Chemical
Communications, 2020, 52, 33-40. SJR2020 = 0,179 (Q4).

VYepexaamoro yiarpaBuosiietoBo B (UVB) nbueHne € BakHa 4acT OT CIBHYEBHS €JIEKTPOMATrHUTEH CIIEKTH,
YUUTO CE30HHM M ABJITOCPOYHM HHMBA BEPOSATHO I OCTAHAT MOBHUILIECHHM 3a JeceTwieTs Hamnpen. [lopaan Bucokara
YyBCTBHUTEIHOCT Ha pacTeHusiTa kbM UVB panuanus, Te TpsaOBa ga pearupart 066p30, 3a Ja HaMansIT oOpa3yBaHUTE Ha
MOBBPXHOCTTA peakTHBHU Kuciaopoanu Bumose (ROS). I[Nosumennure HuBa Ha ROS Ha K1€ThUYHO HUBO MPUYMHSABAT
OKHCIISIBaHE HA NPOTEUHH, JTUMUIN U APYTH OMOMOJIEKYJIH, KaTo M0 TO3M HauMH 3acTpamaBaT (pyHKIIHOHAIHOCTTA U
IEJIOCTTA HA €H3UMHTE CUTEMH U KJIEThYHU MEMOPaHH KOMITIOHEHTH.

HacrosmoTo npoy4yBane 3a MbpBH ITHT CHOOIIABA 32 PAANKAN-yJIaBAIIaTa, AHTHOKCHAAHT-3AIINTHATA aKTUBHOCT
U cTabHiIHATa CTPYKTYpa Ha ekcTpakTa nonydeH ot Solidago virgaurea L. npeny u ciient n3narane Ha UVB panuarms.
ChcraBbT HA XUMUUECKH YUCTHS (97 %) eKCTpaKT ce ycTaHOBsBa B HeoOpaboTeHuTe u B Tpetupannte ¢ UVB mpobu
upe3 RP-HPLC anamus. Upes gupextHa EPR cnekTpockomnus ce yctaHoBuXa equHUYHA cuMeTprndan EPR curaamm
KakTo B HeoOpaboreHnu npodu (g = 2,0043 £ 0,0003), taka u B o6padorern ¢ UVB mpodu (g = 2,0054 + 0,0002).
Nutensutera Ha EPR curnanute Ha gBaTa ekcTpakTa MOKa3BaT BB3MOXKHO OOpa3yBaHe Ha CTaOWIHHM paguKaTHU
cTpykTypu. TpsiOBa fa ce oTOenexu, ue B eKCTpaKTa ca perucTpUpaHy CTA0OMITHH paTuKaIHU CTPYKTYpH 2 1 6 Mecera
cinenq UVB-ungymmpanoTto okuciienne. OcBeH TOBa, KaKTO HETpeTUpaHuTe, Taka 1 UVB-00:1p4eHNTE eKCTPAKTH OT
S. virgaurea L. mokasaxa g00pe u3pa3eHu CloOCOOHOCTH 3a yjIaBsHE Ha PagUKaid W aHTHOKCHIAHTHO-IIPOTEKTUBHU
CBOMCTBa Cpelly peakTHBHM BUIOBE KaTo a3zorTeH okcuy (NO), peayuupainin areHTH, HeeH3MMeH 2,2-a3MHOOHC
(ABTSe+) cTpykTypH, cynepokcuaeH aHuoH pagukan u DPPH crabunnu pagukamu. Hacrosmure pesynraTu
XapakTepusupar ekcrpakta ot S. virgaurea L. xaro obGemaBany ROS-ynapsm antuokcuaant ¢ UVB-3ammtan
CBOIMCTBA M 04YepTaBar ObjelIaTa My NPUI0KHUMOCT 33 pa3padOTBaHETO Ha HOBH CIIBHIIE3AIIUTHH MEIMKAMEHTH.
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Damaging Ultraviolet B (UVB) radiation is an important part of the solar electromagnetic spectrum, which
seasonal and long-term levels are likely to remain elevated for decades to come. Due to the high sensitivity of plants
to UVB radiation, they need to react quickly to minimize surface reactive oxygen species (ROS) mediation. The
increased levels of ROS, at cellular level, causes oxidation of proteins, lipids, and other biomolecules, thus
jeopardizing enzymes and cell membranes functionality and integrity.

The present study for the first time reported the radical-scavenging, antioxidant-protective properties and stable
structure of Solidago virgaurea L. extract before and after exposure to UVB radiation. The composition of the
chemically pure (97 %) extract was established in the untreated and in the UVB-treated samples by RP-HPLC. By
direct EPR spectroscopy, single symmetrical EPR signals were established in both untreated samples (g = 2.0043 =
0.0003) and UVB-treated samples (g = 2.0054 + 0.0002). The intensities of the EPR signals of both extracts
demonstrated a possible formation of stable radical structures. It should be pointed out that stable radical structures
were registered in the extract 2 and 6 months after the UVB-induced oxidation. Furthermore, both untreated and UVB-
irradiated S. virgaurea L. extracts showed well-expressed radical-scavenging abilities and antioxidant-protective
properties against reactive species such as nitric oxide (NO), reducing agents, non-enzymatic 2,2-azinobis (ABTS«+)
structures, superoxide anion and DPPH stable radicals. The current results characterize the S. virgaurea L. extract as
a promising ROS-scavenging antioxidant with UVB-protective properties, and outline its future applicability for the
development of new photo-medications.

I'8. Yaneva Z., D. lvanova, G. Beev and K. Besheva. — Quantification of catechin in Acacia
catechu extract by non-derivative, first derivative UV/Vis spectrophotometry and FT-IR
spectroscopy, Bulgarian Chemical Communications, 2020, 52, 41 — 47. SJR2020 = 0,179 (Q4).

IlenTa Ha HACTOSIIOTO HW3CJIEABAaHE Oemie Na ce Ompeaenn KOJMYECTBEHO Ha KAaTEXMH B HM3CYIICH upe3
MyJIBepH3HUpaHe eKCTpakT oT Acacia catechu, upes mpunarane Ha HempousBoxHa (ND), mbpBa nponsBonna (FD)
UV/Vis criekrpodoromerpus u FT-IR cnexrpockonmst. Meromonoruara Ha ND mpu pH = 7,9 ce mokas3a kaTo Haii-
YyBCTBUTEIHATA, JTMHEHHA, IPELI3HA, IPOCTa ¥ TOYHA METOIUKA CPEJl BCHUKH NMpHIarand MeToau. ChIbp)KaHHETO
Ha KaTeXHH B JIBe cepuu OT 1o 12 paztBopa ot ekcrpakt Ha Acacia catechu (70% EtOH) crorBetHo npu pH = 4.0 u
pH = 7.9, ce ompexnens upe3 Beue paspadorenute UV/Vis ND meroan. CTaTHCTHUECKHTE aHAIM3U MEXKAY
eKCIIepUMEHTATHUTE JaHHH OT JIBETE CEPHUH, IIOIyUYeHH OT JIBETe TEXHUKH, C€ 0Ka3axa CTaTUCTUYeCKH 3HaunMHu. Haii-
BHCOKOTO ChIbp)KAHWEC HA KATEXHH B Hepas3peleHHs ETaHOJOB eKCTpakT Ha Acacia catechu e kommdectBeHO
omnpezeineno kato 169,88 mg/L npu pH = 7,9 u 171,52 mg/L npu pH = 4,0. CpaBuurennure ananu3u Ha FT-IR
CIIEKTPHUTE HA YKMCT KaTeXWH M eKCTpakT oT Acacia catechu B mpaxoobpasua Gopma 1 HE3HAUHTEITHUTE OTKIOHCHHSI
B IIMPHHATA U MHTEH3UTETA Ha JICHTHUTE, HECbMHEHO JI0Ka3aXa BUCOKOTO ChIAbPIKaHHE HA €CTECTBEHHUS AaHTHOKCHAAHT
B PACTHTEJHHS €KCTPakT. [locieTHOTO 3aKII0OUeHNE Ce MOJIKPEIs OT YCTAHOBEHHUS 3HAUMTENEH CPE/ICH MPOLEHT Ha
Bb3cTaHOBsIBaHe (97,17%) Ha KaTEeXWH B CypOBUS PaCTUTEJICH EKCTPAKT.

The aim of the present study was to quantify catechin in spray-dried extract of Acacia catechu by applying non-
derivative (ND), first derivative (FD) UV/Vis spectrophotometry and FT-IR spectroscopy. The ND methodology at
pH = 7.9 demonstrated to be the most sensitive, linear, precise, simple and accurate among all applied methods.
Catechin content in two series of 12 Acacia catechu extract solutions (70% EtOH) at pH = 4.0 and pH = 7.9,
respectively, was determined by the developed UV/Vis ND methods. The statistical analyses between the
experimental data sets obtained by both techniques proved to be statistically significant. The highest catechin content
in the non-diluted ethanol Acacia catechu extract was quantified as 169.88 mg/L at pH = 7.9 and 171.52 mg/L at pH
= 4.0. The comparative analyses of the FT-IR spectra of pure catechin and Acacia catechu extract in powdered form
and the insignificant bands width and intensity deviations proved undoubtedly the high content of the natural
antioxidant in the plant extract. The latter conclusion was sustained by the established significant average percent
recovery (97.17%) of catechin in the raw plant extract.
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I'9. Yaneva Z. and D. Ivanova. — Catechins within the biopolymer matrix-design concepts and
bioactivity prospects, Antioxidants, 2021, 9(12), art. number 1180. IF2020 = 6.313 (Q1), SJR =
1,067 (Q2); DOI: 10.3390/antiox9121180; https://www.mdpi.com/2076-3921/9/12/1180

EnuaeMuoornyHy npoyuBaHus U KIMHUIHHA U3MUTBAHUS TIPEIIONAraT, ue eKCTPAKTHTE OT KATCXUHU CaMU 110
cebe cM He MOrar Jja OCHTYpST JOCTaThbYHO HHMBO HA OMOAKTHMBHOCT M OOCINABAIlX TEPareBTUYHU c(EKTH 32
MOCTUTaHe Ha MOJ3H 32 3[APABETO MOPAIH PeIulia OTPAaHUYCHUSI, CBbP3aHHU C JIOIa OpajHa abcopOIys, OorpaHu4eHa
OMOHANNYHOCT, YYBCTBUTEIHOCT KbM OKHCIIsiBaHEe M T.H. CBBPEMEHHHM Hay4dHM H3CIEIBAHUS CHOOLIABAT 3a
MHOXXECTBO TEXHHMKH 32 NPOCKTHPaHE HA MHUKPO- U HAHO-OMO-IOCTABAIIM CHUCTEMH KaTo HOBHM M OOellaBaIlu
CTpaTeruy 3a NpeooisiBaHe Ha TE3H NPEMATCTBUS U 32 MOBHIIIABAHE HA TEPAleBTHYHATA aKTHBHOCT HA KATEXUHHTE.
OOeKkTHBHATa OIIEHKA Ha MOJ3UTE OT TAX 00auye M3UCKBA KPUTHYHA CPAaBHHUTENHA OICHKA Ha MPEIUMCTBAaTa U
HEIOCTATBIIUTE Ha MPOCKTUPAHUTE CUCTEMH KAaTCXWHU-OMOHOCUTEIH, TsAXHATA OWOJIOTHYHA aKTHBHOCT W
aJIMUHUCTpApaIly aCleKTH [0 OTHOIICHUE Ha OE30MacHOCTTa. B TOBa OTHOIIICHHE HACTOSAIIMAT MpEriiei 00CKTUBHO
ouepTaBa, CPaBHABA M OLICHIBA MMOCICIHUTE TIOCTIKEHHUS, CBbP3aHH C HOBOPa3paOOTCHUTE JU3AMHEPCKH KOHIICIIIHN
3a MHKAICYJUPAHE Ha KATCXHHUTE B PA3JIMYHN OHOIOIMMEPHH HOCUTEIIN U TAXHOTO MOBEICHUE TP OCBOOOXKIaBaHe,
ChC CHCIUANICH AaKICHT BBPXY CHCHUGUUHUTC (PUIUOJOTMIHM OHUO(YHKIIMOHATHOCTH HAa HHOBATHBHUS
Omo¢1aBOHOM T/ OMOTIOIIIMEP CHCTEMH 32 TOCTaBKa.

Epidemiological studies and clinical investigations proposed that catechins extracts alone may not provide a
sucient level of bioactivities and promising therapeutic effects to achieve health benefits due to a number of constraints
related to poor oral absorption, limited bioavailability, sensitivity to oxidation, etc. Modern scientific studies have
reported numerous techniques for the design of micro- and nano-bio-delivery systems as novel and promising
strategies to overcome these obstacles and to enhance catechins’ therapeutic activity. The objective assessment of
their benefits, however, requires a critical comparative estimation of the advantages and disadvantages of the designed
catechins-biocarrier systems, their biological activities and safety administration aspects. In this respect, the present
review objectively outlines, compares and assesses the recent advances related to newly developed design concepts
of catechins’ encapsulation into various biopolymer carriers and their release behaviour, with a special emphasis on
the specific physiological biofunctionalities of the innovative bioflavonoid/biopolymer delivery systems.

I'10. Semkova S., D. Ivanova, B. Nikolova, G. Zlateva, R. Bakalova, Z. Zhelev, I. Aoki —
Inhibition of ATP-synthase potentiates cytotoxicity of combination drug menadione/ascorbate in
leukemia lymphocytes, Biotechnology & Biotechnological Equipment, 2021, 35(1), 1738 — 1744.
IF2020 = 1.632 (Q4), SJR = 0,417 (Q3); https://doi.org/10.1080/13102818.2021.1996268

KoMmOuHUpaHoTo nexapcTBO  MeHaauwoH/ackopbar (M/A) mposiBSIBa CHHEPTHYHEH, JO303aBUCHUM,
aHTunponuepaTiBeH U HIUTOTOKCHYHEH e(DeKT CIPsIMO PAKOBUTE KIETKH, HO HE M CHPSIMO HOPMAJIHUTE KJIETKH OT
CBIIHSI TPOHU3XO0]T, 0COOCHO B KOHIICHTPAIINH, KOUTO MOTAT J1a Ob/IaT MOCTUTHATH iN VIVO Ype3 MepopaTHOTO UM, KaKTO
W 4Ype3 TapeHTepaqTHOTO UM npuioxeHue. Ilpennmomara ce, uye M/A BB3IEHCTBA CEIEKTUBHO BBPXY
JCchYHKIMOHUPALIMTE MUTOXOHIPUY Ha PAKOBH KJIETKH. TOYHHAT MOJIEKYJICH MEXaHU3bM 00aue BCe OILE HE € SICeH.
Ienta Ha HacTOSIIIOTO M3cIeIBaHe O€ /1a ce M3SICHU POJIsITa U Ha afeHo3uHTpHpochat (ATD) cuaTa3aHaTa aKTUBHOCT
W HEHHOTO CympecupaHe 4pe3 OJMIOMHIMH-A BbPXYy WHIyIUpaHaTta oT M/A HIHTOTOKCHYHOCT, 0Opa3yBaHe Ha
MHUTOXOH/IpHAJICH CYNEPOKCH] aHWOH paaukai u HUBoTO Ha AT® mpu neBkemuunn imumdorurta. Kierkure Osixa
TPETHPaHU C pa3INuHU KOHIEHTpaluu Ha M/A B OTCHCTBHE U B IPUCHCTBUE Ha onuromMunuH-A (100 ng/mL) 3a 24
yaca u 48 yaca. C moMonira Ha KOHBEHIMOHAJIHN aHAINTHYHN METOAM OsSXa aHaJIM3MPaHH KJICTBUYHUSIT PacTeX U
JKHU3HECTIOcOOHOCT, HUBaTa Ha AT® M MUTOXOHAPHAIHUS CYNEPOKCH aHWOH pajukai. PedynraTure mokassart, ue
MOTUCKaHEeTO Ha akTUBHOCTTa Ha AT® cuHTa3aTa OT OJMTOMHMIMH-A BOAM IO HamajsiBa KIETHUHHUS PACTeXK U
KHU3HECIIOCOOHOCT M yBEINYaBaHE Ha MPOM3BOICTBOTO HA MUTOXOH/IPHAJIEH CYIIEPOKCH/, KAKTO U M3YEPIIBAHETO HA

17


https://www.mdpi.com/2076-3921/9/12/1180
https://doi.org/10.1080/13102818.2021.1996268

ac. 1-p Jdonuka I'eoprueBa UBanoBa PE3IOMETA HA HAYYHU TPYJIOBE
IIpunoowcenue 1

AT® B kiIeTKH, TPETUPAHHU ¢ HUCKK/TIOHOCUMH 11031 M/A (10 5/500 uM/uM), B cpaBHEHHE C KIETKUTE TPETUPAHU
camo ¢ M/A. OauroMuIMH-A He TOBIIUSBA TE3U NMapaMeTpH B KIETKUTE, TPETHPAHU C BUCOK 7031 oT M/A (10/1000
u 20/2000 pM/pM). Nnxubupanero Ha AT® cuHTazaTa HachbpyaBa LUTOTOKCMYHOCT Ha M/A, ocobeHo mnpu
JIEBKEMUYHH JTUM(QOLUTH, TPETUPAHU C HUCKW/TIOHOCUMH J1031. Hue npueMem, 4ye IMTOTOKCHYHOCTTa Ha M/A € TSCHO
CBBbp3aHa C HWHHUIMHMPAaHE Ha YBPEXKAAaHE Ha OKCIHMTENHOTO (ochopuinupaHe, KakToO M uYe H3YEpIIBAHETO Ha
mutoxoHapuanaust AT® e pemasamng GpaxTop 3a KISThIHATA CMBPT.

The combination drug menadione/ascorbate (M/A) manifests synergistic dose-dependent antiproliferative and
cytotoxic effects towards cancer cells, but not towards normal cells of the same origin especially at concentrations
that can be achieved in vivo by its oral and parenteral administration. It is assumed that M/A alters selectively
dysfunctional cancerous mitochondria. However, the exact molecular mechanism is not clear yet. The aim of the
present study was to elucidate the role of adenosine triphosphate (ATP) synthase activity and its suppression by
oligomycin-A on M/A-induced cytotoxicity, mitochondrial superoxide and ATP level in leukaemic lymphocytes.
Cells were treated with different concentrations of M/A in the absence and presence of oligomycin-A (100 ng/mL)
for 24 h and 48 h. The cell growth and viability, steady-state ATP level and mitochondrial superoxide were analysed
using conventional analytical tests. The results showed that suppression of ATP synthase activity by oligomycin-A
decreased the cell growth and viability and increased the production of mitochondrial superoxide and depletion of
ATP in cells treated with low/tolerable doses of M/A (up to 5/500 uM/uM), compared to the cells treated with M/A
only. Oligomycin-A did not affect these parameters in cells treated with high doses of M/A (10/1000 and 20/2000
uM/uM). The inhibition of ATP synthase potentiated the cytotoxicity of M/A, particularly in leukaemic lymphocytes
treated with low/tolerable doses. We assume that the cytotoxicity of M/A is tightly connected to impairment of
oxidative phosphorylation, and mitochondrial ATP depletion is a crucial factor for cell death.

I'11. Yaneva Z., D. Ivanova and N. Popov — Clinoptiolite microparticles as carriers of catechin-
rich Acacia catechu extracts: microencapsulation and in vitro release study, Molecules, 2021,
26(6), art. number 1655. IF2020 = 4412 (Q2), SJR = 0,782 (Ql); DOIl:
10.3390/molecules26061655; https://www.mdpi.com/1420-3049/26/6/1655.

OcHOBHATA IIeJ1 Ha HACTOSIIIIOTO U3CIIE/[BAHE € JIa Ce aHAIM3MPa MUKPOKAICYIMPAHETO, KananuTera Ha in Vitro
ocBoOOX1aBaHe M e()EeKTHBHOCTTA Ha OOraTusT Ha KaTeXWH eKcTpakr ot Acacia catechu c¢ momornra Ha
mukpoyactunu Clinosorbent-5 (CLS-5), upe3 mpunarane Ha 3aJbJI00YEHH MOIPOOHHM aHAM3U U MAaTEMATHYECKO
MOJIeTIMpaHe Ha WHKAICYJIHPAaHETO W KHWHEeTHKara Ha IN Vitr0o ocBoOoxknaaBaHe Ha moiau()eHOI-MHHEpaTHATA
KOMIIO3UITMOHHA cucTeMa. VHKancynupaHero Ha OuodaBaHoiIa U €(pEKTHBHOCTTa HAa HETOBOTO OCBOOOXIaBaHE
BBbpPXY/OT MUHEpAJIHATa MaTpHLa 0sXa OLEHEHH Ype3 COPOIIMOHHH EKCIIEPUMEHTH U MHTEPIPETaTUBHO MOJEIMPaHe
Ha eKCIIEpUMEHTATHUTE NaHHU. [[OBBPXHOCTHUTE M CIEKTPAJIHU XapaKTEPUCTHKU Ha €CTECTBEHOTO OMOAKTHBHO
BEILIECTBO, KAKTO ¥ HAa HEOPraHUYHHUS MUKPOHOCHTEN ca onpeaenenu upe3 Fourier Transform Infrared Spectroscopy
(FTIR) u wupes Ultraviolet/Visible (UV/Vis) cnextpodoromerpuunn aHaan3d. MakCHMalHaTa CTEleH Ha
MHKpPOKAIICyJIMpaHe Ha KaTeXHH B Kucena cpena e 32%. Kunetnunoto npoy4sase Ha in Vitro ocBoOox1aBaHeTo My
B cHMylMpaHa cToMmamHa cperaa Oe3 enmsumu (pH = 1,2) yrpepam 88% wMakcumanHa edekTHBHOCT Ha
ocBoOOX1aBaHe, nocTuraata ciea 24 gaca. IpodunsT Ha in Vitro ocBoOoaBaHe MoKa3Ba, 4e pa3zpaboTeHara
MHUKPOHOCHUTEIHA CHUCTeMa OHO(IIABAHOJ/KIMHONTHUIONUT OCUTYPsIBa TPOJBDKUTENHO N VItr0 moBexeHue Ha
ocB0o0OOX/1aBaHE Ha KaTexWH, Oe3 IbpBOHadaneH edekT Ha B3puB. Clle0oBaTENTHO PE3yNATATHTE OT HACTOSIIOTO
W3CIIEIBAHE Ca OT CBIIECTBCHO 3HAYCHHWE 3a MAM3aiiHa M pa3paboTBaHe Ha WHOBATHBHU KartexuH-CLS-5
MHUKPOHOCHUTEJIHU CHCTEMH 32 MPHUJI0KEHHE IIPU XOMaHHaTa M BETepUHAPHA MEJHUIIMHA.

The main goal of the present study was to investigate the microencapsulation, in vitro release capacity and
efficiency of catechin-rich Acacia catechu extract by Clinosorbent-5 (CLS-5) microparticles by in-depth detailed
analyses and mathematical modelling of the encapsulation and in vitro release kinetics behaviour of the polyphenol-
mineral composite system. The bioflavanol encapsulation and release efficiency on/from the mineral matrix were
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assessed by sorption experiments and interpretative modelling of the experimental data. The surface and spectral
characteristics of the natural bioactive substance and the inorganic microcarrier were determined by Fourier
Transform Infrared Spectroscopy (FTIR) and Ultraviolet/Visible (UV/Vis) spectrophotometric analyses. The
maximum extent of catechin microencapsulation in acidic medium was 32%. The in vitro release kinetics study in
simulated enzyme-free gastric medium (pH = 1.2) approved 88% maximum release efficiency achieved after 24 h.
The in vitro release profile displayed that the developed bioflavanol/clinoptilolite microcarrier system provided
sustained catechin in vitro release behavior without an initial burst effect. Thus, the results from the present study are
essential for the design and development of innovative catechin-CLS-5 microcarrier systems for application in human
and veterinary medicine.

I'12. Yaneva Z., E. Simeonov, N. Rusenova, D. Ivanova, G. Nikolova, Y. Karamalakova, C.
Chilev and G. Beev. — Flavonoids extraction Kkinetics, antimicrobial activity and radical
scavenging potential of Bulgarian Woundwort (Solindago virgaurea L.), Separations, 2022, 9(2),
art. number 27. IF2020 = 2.777 (Q3), SJIR = 0,485 (Q2)

JleuebHOTO pacTenue 3iatHa mnpwunna (Solidago virgaurea L.) ce xapakrepusupa ¢ THYPETHYHO,
AHTHMYTareHHO, MPOTHBOBB3MAIUTEIIHO ICHCTBHE U CE TpUIara MnpH JIeYeHue Ha UH(EKIMKA B MTMKOYHUTE TBTHUIIA,
HedponnTHasa, KaKTO M IPH JICYeHHe Ha 3a00JisiBaHMs Ha rpocraTara. llenara Ha HACTOALIOTO M3CJIEBaHE € Jia ce
aHaATM3Upa KMHETHKATa Ha €KCTPAKIIMsS Ha KATCXWH, CIIUTaJOKATCXHH M KBEPIICTHH, U30JIMPAHUA OT CSKCTPAKTH Ha
Obirapcka 3j7aTHa MPBYMIA, 32 Ja Ce OICHW HEWHHWS aHTHOAKTepHaleH NMOTCHIHAN Ha ACHCTBHE CpPEIIy YCTHPHU
6akrepuanuu mama (Staphylococcus aureus ATCC25923, Escherichia coli ATCC 25922, Pseudomonas aeruginosa
ATCC 27853 u Bacillus cereus), kakto ¥ HeiHUS aHTHOKCHAAHTEH KaMalUTeT M MOTCHIMAN 3a YIaBsiHE Ha
pamukaioBH CTpyKTypu. KoHIEHTpamuute Ha (IABOHOMOUTE B EKCTPAKTUTE, IIONYYCHH TIPH pPa3IHIHU
eKCTPAaKIMOHHU YCJIOBUS (pa3TBOPHUTEN, TeMIepaTypa, BpeMe Ha eKCTpakIms) Osxa OIpeleNieHH dpe3
HOBOpa3paboTenu ot HayuyHus ekun RP-HPLC-PDA wmeromomoruu. MetoasT Ha audys3us mpe3 arapa Oeie
NPUIIOKEH KaTo METOJl 3a OlEHKa Ha aHTHOaKTepuasiHaTa aKTHBHOCT Ha PAacTHTENHHTE eKcTpakTH. [lomydenure
exctpaktd B 70% EtOH npu 20 °C moka3BaT 3HAYUTEIHO MMO-BHCOKA aHTHOAKTEpHAIHA AaKTHBHOCT CPEIy XPAHUTE
naroreHHu Gakrepuu S. aureus u P. Aeruginosa, B cpaBHenue ¢ Te3u nonydenu npu 70% u 98% EtOH u choTBETHO
npu 30° C u 20° C temneparypu. JleueOHOTO pacTeHHe MPOsBsIBA 33J0BOJMTENICH aHTUOKCUAAHTEH TOTEHIMAN U
panuKai-ynaBsiia akTHBHOCT.

The medicinal plant woundwort (Solidago virgaurea L.) characterizes by diuretic, antimutagenic, anti-
inflammatory activity and it has been applied for urinary tract, nephrolithiasis and prostate disorders treatment. The
aim of the present study was to analyze the extraction kinetics of catechin, epigallocatechin and quercetin from
Bulgarian woundwort extracts, to assess the antibacterial potential of the medicinal plant extracts against four bacterial
strains (Staphylococcus aureus ATCC25923, Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853
and Bacillus cereus), their antioxidant capacity and radical scavenging potential. The concentrations of the flavonoids
in the extracts obtained at different extraction conditions (solvent, temperature, extraction time) were determined by
newly-developed by the scientific team RP-HPLC-PDA methodologies. The agar well diffusion method was applied
to evaluate the antibacterial activity of the plant extracts. The 70% EtOH extracts at 20 C displayed significantly
higher antibacterial activity against the foodborne pathogenic bacteria S. aureus and P. aeruginosa as compared to the
70% and 98% EtOH extracts at 30° C and 20° C, respectively. The medicinal plant exhibited satisfactory antioxidant
potential and radical-scavenging activity.

I'13. Nikolova N., D. Ivanova, and Z. Yaneva. — In vivo radioprotective potential of newly
synthesized azomethine and styrylquinoline derivatives and a natural polyphenol: a preliminary
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study, Life-Basel, 2022, 12(3), art. number 346. IF2020 = 3.817 (Q2); DOI: 10.3390/1ife12030346;
https://www.mdpi.com/2075-1729/12/3/346.

IlenTa Ha HACTOSILOTO H3CIEIBAaHE € Ja CE aHaJIM3UpPa PaJAMONPOTEKTHBHATA aKTHBHOCT Ha CHIMMapHH,
pacTuTesHa CYOCTaHIMSI C XENaTONPOTEKTHBHA aKTUBHOCT, KaKTO M Ha YETHPH HOBOCHHTE3HPAaHU CTPYKTYPHH
MPOU3BOJIHM Ha a30METHHM Ha aHTPAHWIIOBA KHCEIIMHA M aJIKHII-2-CTHPHIXUHOJIMHOBA KUCEIMHA U 1a CE OLEHU
BIIMSIHUETO HA BH/a HA Pa3TBOPHUTENIS U HA 03aTa Ha GHOAKTHBHOTO ChEUHEHHE BBPXY IN VIVO paguIpOTeKTUBHUAT
UM ToTeHnuan. IlrsxoBe oT Buma Wistar ¢ termo 110-120 g 6sixa M3MOI3BaHHM TP N VIVO €KCIIEPUMEHTHUTE.
[leTHamecer MHUHYTH ciiel i.p. MEDKEKTHpaHE Ha ChEAWHEHHATA, ONMUTHUTE XMBOTHH Osixa obmpueH:m ¢ 8 Gy.
Pesynrature mokaszear, ue chemuHeHneTo 2-{[(3,5-muxunpo-2-xumpokcudeHmT)METHICH]| aMIHO }-0eH30eHa
KrcenrHa B 1o3a oT 60 mg/kg TemecHo Terno nposBsBa Haif-BHCOK PaJHONIPOTEKTUBEH e()eKT, TOKATO €CTECTBEHUAT
EKCTPaKT CHIIMMapHH He NPOSBSABAT PAIHONPOTEKTUBEH OTESHIMAN, IOPH PU BUCOKHU JIO3H.

The aim of the present study was to investigate the radioprotective activity of silymarin, a plant substance with
hepatoprotective activity, of four newly synthesized structural derivatives of anthranilic acid azomethines, and alkyl-
2-styrylquinolinic acid, as well as to establish and assess the influence of the solvent type and bioactive compound
dose on the in vivo radioprotective potential of the natural and novel synthetic compounds. MaleWistar strain rats
weighing 110-120 g were used for the in vivo experiments. Fifteen minutes after i.p. injection of the compounds, the
experimental animals were irradiated by 8 Gy. Results indicate that the compound 2-{[(3,5-dihydro-2-
hydroxyphenyl)methylen] amino}-benzoic acid in a dose of 60 mg/kg body weight exhibited the highest
radioprotective effect, whereas the natural extract silymarin did not manifest radioprotective potential, even in high
doses.

I'14. Yaneva Z., D. Ivanova, N. Nikolova and M. Toneva. — Organic dyes in contemporary
medicinal chemistry and biomedicine. 1. From the chromophore to the bioimaging/bioassay agent,
Biotechnology & Biotechnological Equipment, 2022, 36(1), 1 — 14. 1F2020 = 1.632 (Q4), SJR =
0,417 (Q3).

Hacrosimusar npernen Oerre MPOBOKHPAaH OT M3MCKBAHETO 3a IUIOCTEH Mperyie]] Ha MOCICIHUTE HAyYHH
HOCTIDKCHUS, PAa3KPUBAILK HOBH XOPH30HTH 332 CHBPEMEHHOTO NPHIIOKEHHS HAa OPTaHWYHH Oarpuia B yciyra Ha
MOJIepHATa MEIULUHCKa XHMHs, (apmanus W OuomenuuuHa. [IpernenbT odepTaBa OCHOBHHTE CTPYKTYPHH
XapaKTePUCTUKH, (PU3UKOXUMHUYHHTE CBOMCTBA M OMOJIOrMYHATA aKTHMBHOCT Ha pa3lIMYHU ceMeiicTBa Oarpwia u
npemiara MOAM(GHUIMPAaHH KilacMUKAUMW Ha Oarpuiara CHOpeA TEXHHTE CTPYKTYPHH XapaKTepUCTHKU U
6I/IOOpFaHI/I'-IHI/I (I)yHKHI/IOHaHHOCTI/I, O6CJ'Iy)KBaHII/I HYXXAUTEC Ha CbBPEMCHHATA aHAJIUTHUYHA XUMUSA U OMOXUMHSL.
OcHOBHa 4acT OT mperiena ce GoKycupa BbpXy NpeAUMCTBaTa U HEJOCTAThIUTE IIPU U3MOJI3BAHETO HA Oarpuia KaTo
BCKTOpHU B OMOAHAIMTUYHUTE aHAIU3H. HOCHCZ{HOTO CC OCHOBaBa Ha CPAaBHUTCJIHU aHAJIMN3WU HAa OTPAHUYCHUATA Ha
HSKOHW IIMPOKO MPUIIAraHu KJIACHYECKH METOJOJIOTHU Cpelly MPEeJUMCTBaTa U Pe3yNTaTUTe OT NPHIIOKESHUETO Ha
HOBOPa3pabOTEHU MOJIEKYJIN Ha OarpuiIoTo B ChBPEMEHHUTE TEXHUKH 3a OnMoaHanu3u, 6a3upanu Ha 6arpuia.

The present review was provoked by the demand of a comprehensive overview on the recent scientific
achievements revealing new horizons for advanced applications of organic dyes in service of contemporary medicinal
chemistry, pharmacy and biomedicine. The review outlines the basic structural characteristics, physicochemical
properties and biological activity of various dye families and suggests modified classifications of dyes according to
their structural moieties and bioorganic functionalities serving the necessities of modern analytical chemistry and
biochemistry. A major part of the review focuses on the pros and cons of the use of dyes as vectors in bioanalytic
assays. The latter is based on comparative analyses of the limitations of some widely applied classical methodologies
vs. the advantages and outcomes of the application of newly-designed dye molecules in modern dye-based bioassay
techniques.
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(nybonuxkayuu 6v6 épbv3Ka ¢ oucepmauuonen mpyo 3a npuooousane Ha OHC “0oxmop”)

Al. lvanova D., D. Lazarova, E. Georgieva, I. Aoki, Z. Zhelev and R. Bakalova - Systematic
study on the cytotoxic and/or cytostatic effects of over twenty anticancer drugs: The crucial
importance of the analytical approach and data processing, Anticancer Res., 2014, 34(10), 5825-
5827 (short paper). IF=1.826

Lenta Ha HacTosimata paboTa € Ja ce W3SACHH LHUTOTOKCHYHMSA €(eKT Ha IPOTHBOPAKOBU BEIIECTBA, Ype3
M3II0JI3BaHE Ha BHCOKO CTAHIApPTU3MPaH aHAJIMTHYCH ITOIXOJ] M Hpenu3Ha oO0paboTka Ha manHute. Han nBanmecer
MPOTUBOPAKOBH IIperiapaTa (HOBO MOKOJICHUE) ca TECTBAaHM BHPXY KYJITHBHPAaHU KIETHYHU JMHUM. M3cnenBanu ca
KJIeThYHAaTa )XU3HECTIOCOOHOCT M Mpotudepanust ¥ ca IPHI0KEHH Pa3InYHU MOAXO0IM IpH 00paboTKaTa Ha JaHHUTE.
Bb3 ocHOBa Ha KOHBEHIIMOHAJIHUS MOAXOJ 32 U3UUCISIBAHE Ha JKU3HECIIOCOOHOCTTA Ha KIJIETKUTE, KaTO MPOLEHT OT
CHOTBETHATa KOHTPOJIA, BCHYKH JIEKapCTBa MOTraT Jia ObJaT XapakTepU3UpaHu KaTo LUTOTOKCHYHU. Bb3 ocHOBa Ha
edeKTa Ha JIEKApPCTBEHUTE CPEICTBa BBHPXY OpOsi Ha KU3HECIIOCOOHHMTE KIETKHM BBB BCsKa TpeTHpaHa mpoda (B
CpaBHEHHUE C IIbPBOHAYAJHATA CTOWHOCT), MIPeNapaTHTe MOraT 1a ObIaT pa3aeleH: B TPH rpynu: (i) IUTOTOKCHYHH
JeKapcTBa; (i) CHITHO MUTOCTATUYIHH JIEKapCTBa, HO HE IIMTOTOKCHYHY; (iii) TekapcTBa 0e3 epeKT BhpXy KIeThUHATA
JKHU3HECIIOCOOHOCT M CBC CpaBHUTENHO cnab muToCTaTH4eH edekT. M3cinenBaHeTo IIOKa3Ba BaXKHOCTTa Ha
AQHATMTUYHHSA TOAXO0I M 00paboTKaTa Ha JaHHUTE. 3aBDKUTEIHO € J1a C€ KOHTPOJIHpPa e(eKThT Ha JEKapCTBEHOTO
CpelCTBO BbPXY OpOsi Ha )KU3HECIIOCOOHUTE PAKOBH KJICTKH 0 BpeMe Ha JICUCHHETO, B CPaBHEHHE C TbPBOHAYAITHATA
cToifHOCT. B moBeyero ciy4am pakoBUTE KIETKM OCTaBaT )KMBU B MPHCHCTBHETO Ha JIEKAPCTBEHMs mperapar (B
3aBHCHUMOCT OT U30paHaTa /103a) U € BBIPOC Ha BpeMe Te3H KJICTKU Ja 3al04YHAaT Ja c€ Pa3MHOXKABaT OTHOBO CIEN
NpeKpaTsBaHe HA TePaHsiTa.

The aim of this study was to clarify the real cytotoxic effect of anticancer substances by using a highly
standardized analytical approach and precise data processing. Over twenty anticancer drugs (new generation) were
tested on cultured cell lines. Cell viability and proliferation were analysed and different data processing was applied.
Based on the conventional approach for calculation of cell viability as a percentage from the respective control all
drugs could be characterized as cytotoxic. Based on the effect of the drugs on the number of viable cells in each treated
sample (compared to the initial value) they could be divided in three groups: (i) cytotoxic drugs; (ii) strongly cytostatic
drugs, but not cytotoxic; (iii) drugs without effect on cell viability and with comparatively weak cytostatic effect. The
study shows the crucial importance of the analytical approach and the data processing. It is obligatory to control the
effect of the drug on the number of viable cancer cells during the treatment, comparing to the initial value. In most
cases, the cancer cells stay alive in the presence of the drug (depending on the selecting dose) and it is a matter of
time these cells to start proliferating again after termination of the treatment.
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A2. Georgieva E., D. Ivanova, D. Lazarova, R. Bakalova, I. Aoki, Z. Zhelev - In vitro analysis of
redox status of normal and tumor cells using nitroxide radicals and EPR spectroscopy, Anticancer
Res., 2014, 34(10), 5917-5919 (short paper). IF=1.826.

[Tpeamer Ha HacTOSIIOTO M3CienBaHe ¢ AMHaMukaTa Ha EPR curHana 3a perucrpupane Ha pemoKc-CTaTyc in
Vitro Ha HOpPMaJIHM M PAaKOBH KJIETKH C M3IIOJ3BaHE Ha JIBA HUTPOKCHIHM paaukana (methoxy-TEMPO u mito-
TEMPO). Hurpokcunuute paaukaimm (KOUTO ce XapakTtepmsupaTr ¢ EPR koHTpacT) y4yacTBaT B peaknuy Ha
CJIEKTPOHEH OOMEH C MHOXECTBO BBTPEKICTHYHM OKHCIHMTEIHH M PEAYLHpAIIH EKBHBaJIEHTH. CKOPOCTHHTE
KOHCTaHTH Ha TE€3M peaklMM OlpeneisaT AuHaMukata Ha EPR curnana B kierbpuHarta cycneHsus. B HopmanHuTe,
HepakoBH KiIeTkH EPR curHambpT Ha HUTPOKCHIOWTE 3HAYMTENHO CE MMOHMKABa MO BpeMe Ha MHKyOamwmsarta. [Tpu
paKoBHUTE KIETKM MHTCH3UTETHT HA EPR curaana e mo4ru mocTosiHEH B paMKHUTE Ha /IBa daca Clie]l MHKyOausTa u
HEe HaMansBa 3HA4YMTENHO. [/laHHUTE MOKa3BaT, Y€ HEPAKOBUTE KICTKH C€ XapaKTepU3UpaT C BHCOK pemyLHpall
KalaluTeT U NPeBpbIIaHe HA HUITPOKCUIHUA PaJUKall B AUaMarHUTEH XUIPOKCUIIAMUH, JOKaTO PaKOBUTE KIIETKH Ce
XapakTepu3npar ¢ BUCOK OKCUJIATHBEH KanmauuteT. OmnucaHaTa METOJOJIOTHsS € MOJXO0 1A 3a Au(epeHrays Ha
PaKoBH OT HEPaKOBU KJIETKH Bh3 OCHOBA Ha TEXHUS PEIOKC-CTaTYC.

In the present study we describe in vitro imaging analysis of cellular redox status in cancer and non-cancer cells
using two redox-sensitive nitroxide derivatives (methoxy-TEMPO and mito-TEMPO) and electron paramagnetic
resonance (EPR) spectroscopy. The nitroxide radical (which is characterized by EPR contrast) participates in electron-
transfer reactions with a variety of intracellular oxidative and reducing equivalents. The rate constants of these
reactions determine the EPR signal dynamics in cell suspension. In non-cancer cells, EPR signal intensity of nitroxides
decreased significantly during incubation. In cancer cells, EPR signal intensity was almost constant within two hours
of incubation and did not decrease significantly. The data suggest that non-cancer cells are characterized by a higher
reducing activity to the nitroxide radical, while cancer cells are characterized by a higher oxidative activity. The
described methodology is an appropriate sensing platform for differentiation of cancer from non-cancer cells based
on their redox status.

A3. lvanova D., R. Bakalova, D. Lazarova, V. Gadjeva and Z. Zhelev - The impact of reactive
oxygen species on anticancer therapeutic strategies, Adv. Clin. Exp. Med., 2013, 22(6), 899-908.
IF=0.333

Han 50-rogumHunsaT onut B M3ydaBaHe Ha akTHBHHUTE (OPMHM Ha KHCIOPOAA W TSAXHOTO OTHOUIEHHE KbM
OuostorusATa ¥ MEAMIIMHATA TI0KA3Ba, Y€ HOPMAJIHHUTE 3APaBHU KICTKH Ha 0O3alfHHUIUTE ce XapaKTepH3HpaT ¢ HUCKO
HUBO Ha akTHBHUTE (hopmu Ha kuciopoaa (ROS) u nmocrosiHHO (pedhepeHTHO) HMBO HA PEAYIMPAIH SKBUBAJICHTH.
TpaitHoTo moBumasane Ha ROS Hajx KPpUTHYHOTO HUBO BOJH JI0 TMIOCTOSTHEH OKCHUIATHBEH CTpeC B KIeTkuTe. ToBa
MOJKE J1a MIPUYMHU HECTAaOMIHOCT HAa F€HOMa M MYTAaIlMH, KOUTO Ca OTTOBOPHHU 3a ajanTalyira Ha KJIETKUTE KbM
OKCUJATUBEH CTPEC U TAXHOTO oueisiaHe. Ha cBoW pen Te3n Myranuu MOrar Ja IIPOBOKHMpAT 3JI0Ka4€CTBEHO
3abossBane. OOmonpuero e, ye 6amaHchT Mexxay ROS m pemynupamure eKBHBAJICHTH B KIETKUTE W THKaHHUTE
ompenens TexHHA penokc-craTyc. OleHKaTta Ha peJoKC-CTaTyca Ha TBKAHUTE KMMa TOISIM IMOTEHLHUANl IpH
JMarHOCTHKAaTa Ha OHKOJIOTMYHM 3a00JIsBaHMWS, KaKTO M IIEPCIIEKTHBH IIPHM aHTHUpAKoBaTa Tepamus U Ou Moria
3HAQYUTENIHO Jia JOIpPUHECE 3a IIAHMPAHETO HA MOJAXOMAAIIO JIEUYEHHE U 3a MOBHIIABAHE KaueCTBOTO HA KUBOT Ha
nanueHTuTe. KOHBEHIMOHANHATAa TepaneBTUYHA CTPATErHs Ce€ OCHOBaBa HAa JIEKApCTBA, KOUTO YBEIMYaBaT
reaepupaneTo Ha ROS n uHIynmpar anonTosa B pakoBUTE KJIETKH. 1031 TepaneBTHYCH MOAX0]] 00aue, tMa CepHO3HI
HEIOCTaThIM, KOMTO ce M3pa3siBa B MPOsiBaTAa HA PA3JINYHHA CTPAHHYHU €(pEeKTH B HOPMATHH (HEPAaKOBH) THKaHU.
HacTosmusar 0630p omucBa OCHOBHTE Ha OMOJOTHATa Ha CBOOOAHWTE paavKalM B KaHIeporeHe3aTta. ABTOpHTE
aKIEHTHPAT BBPXY Pa3IHIHHS PEIOKC-CTAaTYyC, C KOMTO ce XapaKTepu3upaT HOPMAITHUTE M PAKOBUTE KIETKH, KOETO
MO3BOJISIBA M3MOJI3BAHETO HA TO3M MTOKa3aTes KaTo HOB TEPAIeBTUYEH TapreT. ABTOPHUTE, CHINO TaKa 0YEPTABAT HAKOU
HAacOKHM 3a pa3paboTBaHETO Ha oOellaBally TEpareBTUYHM CTpaTeru, Ha 0a3a Ha perynanusra Ha peloKc-
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CUT'HaJIM3anuATa ¢ IIoMOoIITa Ha KOM6I/IHI/IpaHa Tepanus. O630p”bT € MIpCIHa3HA4YCH 3a INUPOKA YUTATCJICKA Ay JUTOPUA
— OT HCCIICHHAJIUCTHU JO U3CJICIO0BATCIIN B 00J1acTTa Ha OMOXUMHUATA HA OHKOJIOTHMYHUTE 3a00JIIBaHUS U (bapMaumITa.

Over 50 years of experience in free radical biology and medicine shows that normal cells of healthy mammals
are characterized by a low steady-state level of reactive oxygen species (ROS) and a constant (reference) level of
reducing equivalents. A lasting increase of ROS above the critical level leads to permanent oxidative stress in the
cells. This could cause genomic instability and mutations, which are responsible for adaptation of cells to oxidative
stress and their survival in an oxidative environment. In turn, these events could provoke malignancy. It is widely
accepted that the balance between ROS and reducing equivalents in cells and tissues determines their redox status.
The evaluation of tissue redox status has great diagnostic potential in cancer, as well as prognostic potential for cancer
therapy, and could significantly contribute to the planning of appropriate treatment and to increasing the patients’
quality of life. The conventional therapeutic strategy is based on drugs that increase ROS generation and induce
apoptosis in cancer cells. However, this therapeutic approach has serious disadvantages: the expression of various
toxic side effects in normal (non-cancer) tissues. The current review describes the basics of free radical biology in
carcinogenesis. The authors emphasize the different redox status of normal and cancer cells, which permits the use of
this parameter as a new therapeutic target. The authors also outline some directions for the development of promising
therapeutic strategies based on the regulation of redox signaling using combined therapy. The review is intended for
a broad readership — from non-specialists to researchers in the field of cancer biochemistry and pharmacy.

A4. lvanova D., E. Georgieva, D. Lazarova, V. Gadjeva, R. Bakalova and Z. Zhelev - Redox-
modulating and/or antioxidant properties of nitroxides — a potential reason for decreasing side-
effects of cancer therapy, Trakia Journal of Sciences, 2014, 12(3), 329-337.

ChllecTBYBAIIMTEe TEPANEBTHYHN IOJXOAU — JIbUETEPANUATa M KOHBEHIIMOHAIHATA XUMHOTEpPAIHs MNpU
OHKOJIOTMYHU 3a00JIIBAHUS, UMAT CEPHO3HH CTPAHUYIHU €(EKTH, B PE3YJITAT HA IOBUILICHOTO 00pa3yBaHe HA AKTHBHU
dhopmu Ha kucmopona u a3ora (ROS/RNS) B HepakOBUTE KICTKH U ThKaHU. Pa3BUTHETO Ha OKCHIATHBEH CTPEC B
HEpaKOBUTE ThKaHU € CEPHO3eH NpoOJieM MpHU TepanusTa Ha OHKOJOTMYHHM 3a0oisBaHusi. Heobxomumo e na ce
NPOYYH BBIPOCHT 32 KOMOMHALMS OT BellecTBa ¢ JAUGEpPEHLUUpaH M CUHEpPruueH e(eKT BbPXY paKkoBUTE M
HOPMAaJIHUTE KJIETKU: BELIECTBA C MoHmWkaBaiiy HuBara Ha ROS/RNS, HacoYeHU KbM HOPMaJIHH KJIIETKH U BEIECTBA,
nosurraBany HuBara Ha ROS/RNS B pakoBute KieTku. B T031 KOHTEKCT peOKC-MOIYIATOPHUTE Ca SHH OT Haii-
MOAXOMASIINTE TPEeTeHAeHTH. HacTosmusT 0030p ouepTaBa OCHOBHHUSI HPHHIUII HA Ta3d HOBA TEPANEBTUYHA
cTparerusi, Kato ce (hOKycHpa BbpPXY HHUTPOKCHUIHUTE MPOU3BOJHU, KATO €IHH OT Hai-00elaBalluTe pPeIOKC-
MO/IyJIATOPH C AHTHOKCHIAHTHA CIIOCOOHOCT.

The existing therapeutic approaches — radiation therapy and conventional chemotherapy of cancer, suffer of
serious side-effects as a result of increased generation of reactive oxygen and nitrogen species (ROS/RNS) in non-
cancer cells and tissues. Currently, the development of oxidative stress in non-cancer tissues of cancer-bearing
organism is a serious problem of cancer therapy. It is necessary to ask about a combination of substances expressing
a therapeutic synergism as a result of differentiated effects on cancer and normal cells: substances with increased
ROS/RNS-scavenging properties, targeting normal cells and substances with increased ROS/RNS-generating
properties targeting cancer cells. In this context, the redox-modulators are one of the most attractive candidates. The
present review outlines the basic principle of this novel therapeutic strategy, focusing on nitroxide derivatives as one
of the most promising redox-modulators with antioxidant ability.

4

/ ac. n-p Jlonuka MBanosa /

23



