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LIBETKOB, Hukonau LiseTkoB



AOKyMEHTH Ha AOLL A-p Hukonait Lserkos LIBeTkoB 32 yuacTie B KOHKYPC 32 aKAAEMHYHA AVBAKHOCT ,11pochecop™ B mpocbecnonarno HarpasAenue 4.2, XUMITIeckn HayKu'™,
HAYYHA CIIELMAAHOCT ,,BHOOpraHiYHa XUMus, XHMUA HA HPUPOAHHTE ¥ OHOAOIMYHO AKTHBHM BEINCCTBA™ 32 HyxAMTe Ha cekums ,MoAekyAeH AM3aiiH M OHOXHMIYHA

rapnakororns, UMB-BAH (AB, uss. 6p. 114/24.12.2025 1)

Pe3tomMeTa Ha Hay4HUTe NyGnukaumum
Ha
aou. a-p Hukonau LiBetkoB LiBeTKOB

3a yyacTue B KOHKYPC 3a akageMmnyHaTta QiTbXXHOCT ,,npodpecop” no npodecmMoHanHo HanpaeneHue 4.2
UMUYECKM HayKM®, HayyHa creunanHoct ,buoopraHnyHa XuUMUS, XUMWUSE Ha MPUPOOHUTE U
BuonornyHo akTMBHM BellecTBa“, obsBeH B [IbpaBeH BeCTHUMK u3B. 6p. 114/24.12.2025 rog. ot
WHcTUTYT Nno monekynsipHa 6uonorus ,Akag. Pymen LiaHes®, BAH

Pe3tometa Ha HayuyHM Ny6AnKaumMm, NnpupaBHEHU HA XabUnUTauMoHeH Tpya,

1 | 31 | Nikolay T. Tzvetkov, H.-G. Stammler, Silvia Hristova, Atanas G. Atanasov, Liudmil Antonov. (Pyrrolo-
pyridin-5-yl)benzamides: BBB permeable monoamine oxidase B inhibitors with neuroprotective
effect on cortical neurons. European Journal of Medicinal Chemistry, 2019,162, 793—-809,
ISSN:0223-5234, DOI:10.1016/j.ejmech.2018.11.009

Abstract: An extensive study was performed to develop a series of (pyrrolo-pyridin-5-yl)benzamides as reversible MAO-B
inhibitors. Compounds 14 (NTZ-2020, hMAO-B ICsp = 1.11 nM, Ki = 0.56 nM, >9000-fold selective versus MAO-A) and 15
(NTZ-2027, hMAO-B ICso = 3.27 nM, Ki = 1.45 nM, S| > 3058) are identified as the most promising BBB permeable derivatives
within the series of (1H-pyrrolo[3,2-b]pyridine-5-yl)benzamides, combining both high potency and selectivity with optimal
physicochemical and drug-like properties required for CNS active drugs. Extended photophysical analysis, including single X-
ray analysis, quantum-chemical calculations and spectroscopic experiments provided insights into their tautomerism and
structural behavioural, which relates to their biologically active form. The reversible MAO-B inhibitor 14 (NTZ-2020) exhibits a
neuroprotective effect on cortical neuron survival and induces neurite network outgrowth. These effects are associated with
a good BBB penetration of 14 that was confirmed in a triple cell neurovascular unit (NVU) model.

Pestome: lNpoBege ce ob6WMPHO MpoydyBaHe 3a pas3paboTkata Ha cepua OT (MMPONO-NUPUAMH-5-UN)6eH3ammuam KaTto
o0bpaTMMM MHXMbUTOpU Ha MAO-B. CveamHenna 14 (NTZ-2020, hMAO-B ICso = 1.11 nM, Ki = 0.56 nM, >9000-KkpaTHa
cenektmBHocT cnpssmo MAO-A) u 15 (NTZ-2027, hMAO-B ICso = 3.27 nM, Ki = 1.45 nM, SI > 3058) ca naeHTUPpULMpPaHM KaTo
Hall-obellaBalluTe NPousBoaHU B cepusta ot (1H-nupono(3,2-blnupuann-5-un)beHsammam, cnocobHn Aa npemuHasat
KpbBHO-MO3b4HATa 6Gapuepa (BBB) BeljecTBa, CbYeTaBallM BWMCOKA €OUKACHOCT U CENEKTUBHOCT C  OMNTUMAJHU
OUBMKOXMMMYHM W NIEKAPCTBEHM CBOMCTBA, HeobxoaumMu 3a /ieKapctBa, denctsawm Bbpxy LHC. PaswwupeHute
$oTODU3NYHM M3CNeaBaHNA, BKAKOYBALLM KPUCTANOTPAdCKM aHANN3, KBAHTOBO-XMMMUYHW U3UUCIEHUA U CMIEKTPOCKOMUYHM
eKCNepuMeHTH, loKa3axa TAXHATa TaBTOMEPUA U CTPYKTYPHO MOBEAEHME, CBbP3aHM C BUMONOMMYHO aKTMBHATA UM popma.
Obpatummar MAO-b uHxmbutop 14 (NTZ-2020) nposBABa HEBPOMPOTEKTMBEH edeKT BbpXy MNPEKMBAEMOCTTa Ha
KOPTMKOBUTE HEBPOHM M MHAYLMPA PacTeXa Ha HEBPOHHATA MpeXKa. Tesn edeKTu ca CBbp3aHu ¢ Aobpua nepmeabunuter
Ha cbeauHeHKe 14 npe3 BBB, KoeTo bellie NOTBbPAEHO B MOAEN Ha TPOMHA KNEeTbYHa HEBPOBacKynapHa eamHuua (NVU).

BB permeability Reversible MAO-B Cortical neuron survival
inhibitors neurite outgrowth
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2 | 32 | Nikolay T. Tzvetkov, Hans-Georg Stammler, Maya G. Georgieva, Daniela Russo, Immacolata
Faraone, Aneliya A. Balacheva, Silvia Hristova, Atanas G. Atanasov, Luigi Milella, Liudmil Antonov,
Marcus Gastreich. Carboxamides vs. methanimines: Crystal structures, binding interactions,
photophysical studies, and biological evaluation of (indazole-5-yl)methanimines as monoamine
oxidase B and acetylcholinesterase inhibitors. European Journal of Medicinal Chemistry, 2019, 179,
404-422, 1SSN:0223-5234, DOI:10.1016/j.ejmech.2019.06.041

Abstract: A comprehensive study was performed for the first time to compare two structurally related substance classes,
namely indazole-5-carboxamides (11-16) and (indazole-5-yl)methanimines (17-22). Both chemical entities are potent,
selective and reversible MAO-B inhibitors and, therefore, may serve as promising lead structures for the development of
drug candidates against Parkinson’s disease (PD) and other neurological disorders. Compounds 15 (Ki = 170 pM, Sl = 25907)
and 17 (Ki = 270 pM, SI = 16340) were the most potent and selective MAO-B inhibitors in both series. To investigate the
multi-target inhibitory activity, all compounds were further screened for their potency against human AChE and BuChE
enzymes. Compound 15 was found to be the most potent and selective AChE inhibitor in all series (hAChE ICso = 78.3 £ 1.7
UM). Moreover, compounds 11 and 17 showed no risk of drug-induced hepatotoxicity and a wider safety window, as
determined in preliminary cytotoxicity screening. Molecular modeling studies into the human MAO-B enzyme-binding site
supported by a HYDE analysis suggested that the imine linker similarly contributes to the total binding energy in
methanimines 17-22 as the amide spacer in their carboxamide analogs 11-16. Amplified photophysical evaluation of
compounds 17 and 20, including single X-ray analysis, photochemical experiments, and quantum-chemical calculations,
provided insights into their more favourable isomeric forms and structural features, which contribute to their biologically
active form and promising drug-like properties.

Pestome: 3a mbpBu mbT belle npoBefeHO OBLWIMPHO MPOy4YBaHE 33 CPaBHEHWE Ha [Be CTPYKTYPHO CBbP3aHM Knaca
BELLLECTBA, @ MMEHHO MHAA30/-5-kapbokcamnam (11-16) n (MHAa30n-5-un)meTaHuMUHK (17-22). U aBeTe rpynn XMMUYecKu
CbeAMHEHUNA CA BUCOKO epeKTUBHM, CENEKTUBHU U 06paTtMmmn nHxmbutopn Ha MAO-B 1 cnegosatesiHO MoraT Aa Cay»KaTt
KaTo 0bellaBalliy BOAELIM CTPYKTYPU 3a pa3paboTBaHETO Ha IeKapPCTBEHN KaHaMaaTy cpely 6onectta Ha MapKuHcoH (BM)
W ApYrM HEBPONOTUYHK pascTpoiicTea. CheamHeHusa 15 (Ki = 170 pM, SI = 25907) un 17 (Ki = 270 pM, SI = 16340) bsxa
NOEHTUONLMPAHU KAaTO Hal-eDeKTUBHUTE U CENEKTUBHU MHXMBUTOopM Ha MAO-b 1 B aBeTe cepuun. 3a ga ce npoyyu
MHoOroLenieBaTa MHXMOUTOPHA aKTUBHOCT, BCUMKM CbeaMHEHNA BAxa NOA/IOKEHN HA AOMbAHUTENEH CKPUHWMHE 33 TAXHATa
edpeKTMBHOCT cpelly YoseluKkuTte eHaumm AChE n BuChE. CbeamHeHne 15 ce okasa Han-edpekTMBHUA U cenektneeH AChE
WHXMBUTOP BbB BCMYKM cepumn (hAChE ICso = 78.3 + 1.7 uM). OcBeH ToBa, cbeamHeHua 11 u 17 He NoKasaxa PUCK OT
NeKapCTBEHO-MHAYUMPAHA XEeMATOTOKCMYHOCT WM MO-LUMPOK AMana3oH Ha 6e3omacHocT, Kakto 6e onpeneneHo B
npeaBapuTesIHUA CKPUHUHT 3@ LMTOTOKCUYHOCT. M3cnesBaHmA ¢ MOMOLLTA Ha MONEKYIHOTO MOZENMPAHE Ha MACTOTO Ha
CBbp3BaHe Ha 4voselkKkuAa eHsnum MAO-B, nogkpenerHn ot HYDE aHanus, nokasaxa, 4e MUMUHOBUAT NMHKEP AONpUHAcA no
nogobeH HauMH 3a obLjaTta eHeprMa Ha CBbp3BaHe B METAaHUMWHWUTE 17-22, KAKTO M aMUOHWUAT cnencep B TeXHWUTE
KapboKkcammaHu aHano3un 11-16. dotopursnyHaTa OLeHKa Ha cbeamHeHna 17 n 20, BkatouBaLLa Kpuctanorpadckm aHanms,
GOTOXUMMYHM EKCNEPUMEHTUN U KBAHTOBO-XMMWYHM U3UMUCAEHWA, faae UHPOpMaLLMA 3a NO-61aronpuUATHUTE UM M30MEPHM
GOpPMMN U CTPYKTYPHU XapaKTEPUCTUKKM, AOMNPUHACALLM 33 TAXHATa OMOJIOTMYHO aKkTMBHA ¢opma M MHoroobellaBalim
NeKapcTBEeHO NoA06HM CBOMCTBA.
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3 | 34 | Andy Wai Kan Yeung, Maya G. Georgieva, Atanas G. Atanasov, Nikolay T. Tzvetkov. Monoamine
oxidases (MAOs) as privileged molecular targets in neuroscience: Research literature analysis.
Frontiers in Molecular Neuroscience, 2019, 12, Article 143, 1-12, ISSN:1662-5099,
DO0I:10.3389/fnmol.2019.00143

Abstract: Monoamine oxidases (MAQOs) were discovered nearly a century ago. This article aims to analyze the research
literature landscape associated with MAOs as privileged class of neuronal enzymes (neuroenzymes) with key functions in the
processes of neurodegeneration, serving as important biological targets in neuroscience. With the accumulating publications
on this topic, we aimed to evaluate the publication and citation performance of the contributors, reveal the popular research
themes, and identify its historical roots. The electronic database of Web of Science (WoS) Core Collection was searched to
identify publications related to MAOs, which were analyzed according to their publication year, authorship, institutions,
countries/regions, journal title, WoS category, total citation count, and publication type. VOSviewer was utilized to visualize
the citation patterns of the words appearing in the titles and abstracts, and author keywords. CRExplorer was utilized to
identify seminal references cited by the MAO publications. Through decades of research, the literature has accumulated
many publications investigating the therapeutic effects of MAO inhibitors (MAOQIs) on various neurological conditions, such
as Alzheimer’s disease, Parkinson’s disease, and depression. We envision that MAQO literature will continue to grow steadily,
with more new therapeutic candidates being tested for better management of neurological conditions, in particular, with the
development of multi-target acting drugs against neurodegenerative diseases.

Pestome: MoHoammHookemaasute (MAQ) ca oTKpUTU Mpeam noutn Bek. HacToslarta ctatma uma 3a Uen Aa aHaamsupa
Hay4yHaTa nuMTepatypa, cBbp3aHa ¢ MAO KaTo MpuBUAErMpOBaHa K/iaca HEBPOHHU €H3UMU (HEBPOEH3MMMK) C KJIHOYOBM
dYHKUMM B MpoLecuTe Ha HeBpoAereHepaums, KOUTO C/AYXaT KaTo BaXKHW OMOMOrMYHM MULLEHM B HeBpoHaykute. C
HaATPYNBAHETO Ha NMyb/AMKaLUMK MO Ta3n TeEMA, HUE ce CTPEMMM [a NPOoBeAeM OLEHKA Ha Nyb/nMKaumMmTe U UMTUPAHMATA Ha
aBTOPUTE, Oa Pa3KpUMem MOnynspHUTE TeEMW 33 M3C/AeABaHe M Aa MaeHTUPUUMPAME WUCTOPUYECKUTE MM KOPEHM.
EnektpoHHaTa 6a3a gaHHM Ha Web of Science (WoS) Core Collection 6elwie m3nonssaHa, 3a ga ce uaeHTUdUUMpaAT
ny6avKaumm, cebp3aHn ¢ MAO, KouTo 6axa aHanM3MpaHW cropeq, roaMHaTa Ha nyb/nKyBaHe, aBTOPCTBO, UHCTUTYLMM,
CTpaHu/pervoHu, 3amasme Ha cnucaHueTo, Kateropus WoS, obuy 6poit uutrpaHua u Tun nybankaums. Codryepst
VOSviewer 6elle M3M0M3BaH 3a BU3ya/IM3MPAHE Ha MOAE/NUTE HA UMTMpPaHE Ha AymuTe, MNoABsBallM Ce B 3ar1aBusaTa U
pe3tomeTaTta, KaKTo U KIKYOBUTE AyMM Ha aBTopuTe. 3a uAeHTMdMUMpaHe Ha OCHOBHM MpPenpaTku, UMTUPaHU B
nybnvkaummte Ha MAO 6ele n3nonssaH codpTyepHmat naket CRExplorer. B pe3ynTtaT Ha aecetuneTna Ha U3cneaBaHus, B
NUTepaTypaTa ca HaTpynaHu peauua nybamkaumm, npoyysaluy tepanestmyHute edpekt Ha MAO uHxmnbutopute (MAOWN)
BbPXY Pa3/IMYHU HEBPOJIOTMYHW CbCTOAHWUS, KaTo Hanpumep 6onectta Ha Anuxaimep, 6onectta Ha [MAPKMHCOH U
aenpecusta. Cnopes NpPoBeAeHOTO M3C/AeABaHe ce NpeasuMyKaa, Ye nybavkaummte 3a MAO LWe npoab/ikn cTabuaHo aa
HapacTBa, KaTo BCe MoBeye HOBWM TePANeBTUYHMN KaHAMAATY We 6baaT TeCTBaHK 3a No-A406pa Tepanusa Ha HEBPOIOTUYHUTE
3abonfABaHMA, NO-CNeumManHo MocpeacTBOM pPa3paboTBaHETO Ha JIeKapCTBa C  MHOFOLIENEBO  AEWCTBME  CpeLly
HeBpoAereHepaTUBHN 3a00/1ABaHUS.

Mitochondria

Serotonin Catecholamines| Benzylamine (BA)
(5-HT) (CA) Phenylethylamine (PEA)

Adrenaline  Dopamine Noradrenaline
(Epinephrine) (DA)  (Norepinephrine, NE)

Tryptamine  Tyramine

Fig. 1. Localization of MAQOs on the mitochondrial outer membrane and their specificities towards neurotransmitters.
®ur. 1. lokanmsauma Ha MAO Ha BbHLUIHaTa MembpaHa Ha MUTOXOHAPUKUTE U TAXHATA CneumdUUHOCT CNPSMO HEBPOTPAHCMUTEPU.

Crp. 3/22 Pe3tomema Ha Hay4Hume nybéaukayuu LIBETKOB, Hukonai LiBeTKkoB



AOKyMEHTH Ha AOLL A-p Hukonait Lserkos LIserkoB 32 yuactue B KOHKYPC 33 aKAAGMIYHA ANBKHOCT ,,1Ipochecop™ B rpodrecronarHo HapasaeHne 4.2, XUMIHUECKH HAyKH
HAYYHA CIIELMAAHOCT ,,BHOOpraHIYHA XVMMS, XUMUA HA HPHPOAHHTE M OHOAOIMYHO AKTHBHH BEINECTBA'® 33 HYKAUTE HA CEKmsA ,,MOAEGKYACH AM3AIH M OHOXHMITIHA

rapnakororns, UMB-BAH (AB, uss. 6p. 114/24.12.2025 1)

4 | 50 | Andy Wai Kan Yeung, Maya G. Georgieva, Kiril Kirilov, Aneliya A. Balacheva, Martina I. Peeva, Olaf | Q2
K. Horbanczuk, Jarostaw O. Horbanczuk, Massimo Lucarini, Alessandra Durazzo, Antonello Santini,
Eliana B. Souto, Tamara |. Pajpanova, Luigi Milella, Atanas G. Atanasov, Nikolay T. Tzvetkov.
Neurotensins and their therapeutic potential: Research field study. Future Medicinal Chemistry,
2020, 12, 19, 1779-1803, ISSN:1756-8919, DOI:doi: 10.4155/fmc-2020-0124

Abstract: The natural tridecapeptide neurotensin has been emerged as a promising therapeutic scaffold for the treatment of
neurological diseases and cancer. In this work we aimed to identify the top 100 most cited original research papers as well as
recent key studies related to neurotensins. The Web of Science Core Collection database was searched and the retrieved
research articles were analyzed by using the VOSviewer software. The most cited original articles were published between
1973 and 2013. The top-cited article was by Carraway and Leeman reporting the discovery of neurotensin in 1973. The
highly cited terms were associated with hypotension and angiotensin-converting-enzyme. The conducted analysis reveals
the therapeutic potentials of neurotensin, and further impactful research towards its clinical development is warrantied. In
the present work we aimed to identify and analyze the top 100 most-cited original research papers, as well as the recent
trends in the field of neurotensins (NTs) by considering those scientific studies, published in the period of time between 1973
and 2020. In this context, we examined the scientific literature published since 1973 in order to identify impactful themes,
pharmacological trends, and major contributors in regard to institutions, countries/regions, and journals.

Pestome: MpMpPOAHUAT TPUAEKANeNnTUa, HEBPOTEH3MH Ce OYepTaBa KaTo obellaBalla TepaneBTMYHA OCHOBA 3a JIEYEHWNETO
Ha HeBPOJIOrMYHM 3ab01ABaHNA U paK. B HacToALLMA TPyA HME ce nocTapaxme Aa naeHtmduumpame 100-Te Hal-UUTUPAHM
OPUMMHANHN HAy4YHU CTAaTUKM, KAaKTO U NOCAeHUTE KKYOBM MPOyYBaHUA, CBbP3aHW C HeBPOTeH3MHUTe. belle HanpaBeHo
TbpceHe B 6a3aTa gaHHM Web of Science Core Collection, a HamepeHWTe Hay4HM CTaTUM BsAXa aHaIM3UPAHM C MOMOLLTA Ha
codtyepa VOSviewer. Han-umtmpaHuTe OpUriHaaHmn ctatum ca nybankysaHm mexxkay 1973 u 2013 r. Hali-uptnpaHata cratma
e Ha Carraway 1 Leeman, B KOATO ce CbObLLaBa 32 OTKPUBAHETO Ha HEBPOTEH3MHA npe3 1973 r. Hal-umTupaHuTe TepMUHM
Ca CBbp3aHM C XUMOTOHUA W aAHMMOTEH3UH-KOHBEPTUPALL, eH3um. [1poBeAeHMAT aHa/M3 pPa3KpuBa TepaneBTUYHUA
NOTEHLMA/I Ha HEBPOTEH3MHA M rapaHTMpa MO-HATATbLUHM 3HAYMMWU U3CNEeABAHMA 33 HErOBOTO KAMHWYHO passuTue. B
HacTosAwaTta pabota naeHtduLmpaxme 1 aHannsmpaxme 100-Te Ha-LUTUPAHN OPUTMHAIHU HAYYHU CTaTUK, KAKTO U Hait-
HOBUTE TEHAEHLMM B 06/1acTTa Ha HeBpoTeH3uHMTe (NT), KaTo B3emeM npeasua, HaydHUTe UscinensaHus, NybaMKyBaHN B
nepuoga mexay 1973 n 2020 r. B TO3M KOHTEKCT HME MPOyYnXMe HayvHaTa imTepaTypa, nybamKyeaHa ot 1973 r. Hacam, ¢
uen aa naeHtudumumMpame sHa4MMmn Temu, GapmaKoiorMyHM TEHAEHUMN U OCHOBHW M3C/1e40BaTe/ICKM MPYMM MO OTHOLLEHWE
Ha UHCTUTYLIMK, CTPaHW/PErMoHN 1 CriCaHUA.
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5 | 72 | Toni Kiihl, Maya G. Georgieva, Harald Hilbner, Maria Lazarova, Matthias Vogel, Bodo Haas, Martina
|. Peeva, Aneliya A. Balacheva, lvan P. Bogdanov, Luigi Milella, Maria Ponticelli, Tsvetomir Garey,
Immacolata Faraone, Roumyana Detcheva, Borislav Minchev, Polina Petkova-Kirova, Lyubka
Tancheva, Reni Kalfin, Atanas G. Atanasov, Liudmil Antonov, Tamara |. Pajpanova, Kiril Kiriloy,
Marcus Gastreich, Peter Gmeiner, Diana Imhof, Nikolay T. Tzvetkov. Neurotensin(8—13) analogs as
dual NTS1 and NTS2 receptor ligands with enhanced effects on a mouse model of Parkinson’s
disease. European Journal of Medicinal Chemistry, 2023, 254, 115386, ISSN:0223-5234
DOI:10.1016/j.ejmech.2023.115386

Abstract: The modulatory interactions between neurotensin (NT) and the dopaminergic neurotransmitter system in the
brain suggest that NT may be associated with the progression of Parkinson’s disease (PD). NT exerts its neurophysiological
effects by interactions with the human NT receptors type 1 (hNTS1) and 2 (hNTS2). Therefore, both receptor subtypes are
promising targets for the development of novel NT-based analogs for the treatment of PD. In this study, we used a virtually
guided molecular modeling approach to predict the activity of NT(8-13) analogs by investigating the docking models of
ligands designed for binding to the human NTS1 and NTS2 receptors. The importance of the residues at positions 8 and/or 9
for hNTS1 and hNTS2 receptor binding affinity was experimentally confirmed by radioligand binding assays. Further in vitro
ADME profiling and in vivo studies revealed that, compared to the parent peptide NT(8-13), compound 10 exhibited
improved stability and BBB permeability combined with a significant enhancement of the motor function and memory in a
mouse model of PD. The herein reported NTS1/NTS2 dual-specific NT(8-13) analogs represent an attractive tool for the
development of therapeutic strategies against PD and potentially other CNS disorders.

Pestome: Moaynmpalimte B3aMMOAENCTBMA MexKay HeBpoTeH3uH (NT) 1 gonammnHeprMyHaTa HeBPOTPaHCMUTEPHA cUCTEMA
B MO3bKa npeanonarart, ye NT moxke aa 6bae cBbp3aH C nporpecupaHeTo Ha bonectta Ha MapkuHcoH (PD). NT npossnaBa
cBOUTE HEBPOPU3NONOTMYHK edeKTM Ype3 B3anmoaencTems ¢ Yoselukute NT peuentopu ot Tun 1 (hNTS1) n 2 (hNTS2).
CnepoBaTteniHO W ABaTa NoATMNA peLenTopu ca obelasaliy Lenn 3a pa3paboTtsBaHeTo Ha HOBM aHano3u Ha NT 3a fedeHne
Ha PD. B ToBa mpoyyBaHe M3Mon3Baxme BUPTYasIHO HACOYeH MOAXO4, 3a MOJIEKYIHO MoAenvpaHe, 3a Aa npeasuavm
aKTUBHOCTTA Ha aHano3ute Ha NT(8-13), KaTo m3c/eBaxme MOAEAUTE Ha AOKUHT Ha /iMraHau, npeaHasHayeHu 3a
cBbp3BaHe ¢ Yoselwkute peuentopn NTS1 u NTS2. 3HayeHWUeTO Ha ocTaTbuuMTe B MO3UUMKM 8 n/Mam 9 3a aduHUTETa Ha
cBbp3BaHe Ha peuentopute hNTS1 m hNTS2 bGelle eKCnepuUMEHTa/IHO MOTBbPAEHO Ype3 TecToBe 3a CBbP3BaHe Ha
paguonuranan. JombnHutenHu in vitro ADME npodunupaHe M in vivo NpoyvyBaHMA pPa3KpuUxa, 4e B CPaBHEHWE C
poautenckusa nentng NT(8-13), cbeanHeHne 10 nposssaBa NogobpeHa CTabUAHOCT M MPOMYCK/IMBOCT HA KPbBHO-MO3bYHaTa
6apuepa, KOMBMHUPAHN CbC 3HAUUTENHO MNOJObpeHMe Ha MOTOPHaTa QYHKUMA M MameTta B MUK mogen Ha PD.
HoknaggaHute TyK NTS1/NTS2 asoiHo-cneumduunn NT(8-13) aHanosu npeactasnsaBaT aTpakTMBHO CPeACcTBO 3a
pa3paboTBaHe Ha TepaneBTUYHM CTpaTerMun cpelly PDu noTteHUmManHo Apyrv HapyLweHua Ha LIHC.

Compound 10

KiNTS1 = 6.9 nM

KiNTS1 =6.5nM
ECsoNTS1 =0.82nM

NT(8-13)

Human NTS1
Human NTS2
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1|26 Dongdong Wang, Pavel Uhrin, Andrei Mocan, Birgit Waltenberger, Johannes M. Breuss,
Devesh Tewari, Judit Mihaly-Bison, tukasz Huminiecki, Rafat R. Starzyriski, Nikolay T. Tzvetkov,
Jarostaw Horbanczuk, Atanas G. Atanasov. Vascular smooth muscle cell proliferation as a
therapeutic target. Part 1: molecular targets and pathways. Biotechnology Advances, 2018,
36, 6, 1586—1607, DOI:https://doi.org/10.1016/j.biotechadv.2018.04.006

Abstract: Cardiovascular diseases are a major cause of human death worldwide. Excessive proliferation of vascular smooth
muscle cells contributes to the etiology of such diseases, including atherosclerosis, restenosis, and pulmonary hypertension.
The control of vascular cell proliferation is complex and encompasses interactions of many regulatory molecules and
signaling pathways. Herein, we recapitulated the importance of signaling cascades relevant for the regulation of vascular cell
proliferation. Detailed understanding of the process underlying this process is essential for the identification of new lead
compounds (e.g., natural products) for vascular therapies.

Pesiome: CbpaeuHo-CbaoBuTe 3ab60NABAaHUA Ca OCHOBHA MPWUMHA 33 CMBPTHOCTTA NPM XopaTa B CBETOBEH Maluab.
MpeKkoMepHOTO pPasnpPOCTPaHEHNE Ha [MaAKOMYCKY/IHA KIETKM B CbAOBETE AOMPWUHAcA 3a €TMOMOTMATAa Ha TaKuBa
3ab601ABaHMUA, BKAOYMTENIHO aTEPOCKNEPO3a, PECTEHO3a U MY/IMOHA/IHA XMMNEPTOHMA. KOHTPO/TLT Ha Pa3npoCTpaHeHMETo Ha
CbAOBUTE KNETKM € CoXEH M 06XBalla B3auMOAEWUCTBUA MEXKAY MHOMO PEryiaTopHM MOMEKYM U CUTHAJIHW NbTUla. B
HaCTOALLETO M3cneasaHe Hue 0606LIMXME 3HAaYEHMETO Ha CUTHAIHUTE KacKadu, KOMTO ca OT 3HauyeHMe 3a perynMpaHeTo Ha
pa3npoCcTpaHeHMETO Ha CbA0BUTE KAETKW. MoapobHOTO pa3bupaHe Ha MEXaHM3Ma, KOMTO CTOM B OCHOBaTa Ha TO3M NpoLEC,
€ OT CbLLECTBEHO 3HaYyeHWe 3a MAEHTUOULMPAHETO Ha HOBU BOAELUM CbeAMHEeHUA (Hanpumep, NPMPOAHM MPOAYKTH) 3a
CbA0BM TEPANUM.
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\!/ N\ A/
\F/pw

“// telomerase

integrins/ECM

e interleukins TNF-a

interleukins -

PDEs == ~_ -
mitochondria\ -
MODULATION ) «<— epigenetic factors
~
o — ] frer
heparin =—> <+— CAMP, cGMP
heparan sulphates el <+— prostacyclin
WTAP / =~ nuclear receptors

Fig. 1. Molecules and signaling pathways affecting VSMC proliferation.
®ur. 1. Monekynu 1 cUrHasaHu MbTULLA, BAVAELLM BbpXy Nponmdepaumata Ha VSMC.
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2 |27 Pavel Uhrin, Dongdong Wang, Andrei Mocan, Birgit Waltenberger, Johannes M. Breuss,
Devesh Tewari, Judit Mihaly-Bison, tukasz Huminiecki, Rafat R. Starzyrski, Nikolay T. Tzvetkov,
Jarostaw Horbanczuk, Atanas G. Atanasov. Vascular smooth muscle cell proliferation as a
therapeutic target. Part 2: Natural products inhibiting proliferation. Biotechnology Advances,
2018, 36, 6, 1608—1621, DOI:https://doi.org/10.1016/j.biotechadv.2018.04.002

Abstract: Many natural products have been so far tested regarding their potency to inhibit vascular smooth muscle cell
proliferation, a process involved in atherosclerosis, pulmonary hypertension and restenosis. Compounds studied in vitro and
in vivo as VSMC proliferation inhibitors include, for example, acetylbritannilactone, carvacrol, 3,3'-diindolylmethane,
hyperoside, indirubin-3'-monoxime, and malabaricone C, among others. Moreover, both taxol and rapamycin, the most
prominent compounds applied in drug-eluting stents to counteract restenosis, are natural products. Numerous studies show
that natural products have proven their potential to yield effective inhibitors of vascular smooth muscle cell proliferation and
ongoing research effort might result in the discovery of further clinically relevant compounds.

Pe3stome: [ocera ca TeCTBaHWM MHOIO MPUPOAHM MPOAYKTM 3a TAXHaTa CMOCOOHOCT Aa WHXMbupaT nposaudepaumsTa Ha
TNaZKOMYCKY/IHUTE K/IETKM Ha CbAOBETE, MPOLEC, CBbP3aH C aTepoCKIepo3a, Ny/IMOHANHA XUMNEPTOHUS U pPecTeHosa.
CveanHeHuATa, u3cnedsaHu in vitro v in vivo Kato MHXMbuTopu Ha nponudepaumata Ha VSMC, BKAHOYBAT Hanpumep
aAUETUNOPUTAHUNAKTOH, KapBakpon, 3,3'-AUMHAOAMAMETAH, XMNepo3ua, WUHAMPYOUH-3'-MOHOKCMM U MmanabapukoH C,
mexay apyrm. OcBeH TOBa, KaKTO TaKCO/LT, Taka M pPanaMMUMHBT, Hali-U3BECTHUTE CbeaUHEHMUA, NPWUAaraHu B CTEHTOBE C
NIeKapCTBEHO MOKPUTME 33 MPOTUBOAEMNCTBME Ha pPecTeHo3aTa, ca HaTypasHW npoayKTu. MHOrobponHM npoy4YBaHUA
NMOKa3BaT, Ye ecTeCTBEHUTE NPOAYKTU ca AOKa3anu noTeHumana cu aa Aasat edeKTMBHU MHXMOUTOPKU Ha nponndepaumsTa
Ha [AAKOMYCKY/IHUTE KNETKM Ha CbAOBETE W NPOAbJ/XKaBallMTe W3CNe40BaTe/ICKM yCuMAMA MmoraT [a Aosedat Ao
OTKPMBAHETO Ha APYr1 KAMHNYHO 3HAYMMM CbeAUHEHWA.

Pelargonidin Apamin
Capsaicin Dihydroaustrasulfone alcohol Brazilin
P - Indirubin-3'-Monoxime Dihydroaustras
Daidzein

ihvd Piperlongumineulfone alcohol
Dihydroaustra- FAK Pterostilbene
sulfone alcohol PI3K/AKT

STAT,

Resveratrol

Emodin GO0 Tangeretin
Glycitein \
Pterostilbene M -
Resveratrol G2 Apaf“.'"
| —)
w DNA synt Cyclin E/\ Dihydroaustrasulfone alcohol
Dihydroaustra- Isorhapontigenin
DI-3-n-butylphthalide G1 | sulfone alcohol Lycopene
Murrayafoline A _| PC Clitocybin B P!perlne .
Pterostilbene Piperlongumine
Sesamin Cyclin D1 Resveratrol
Ursolic acid CDKI p27kipl cDs \ Acetylbritannilactone
prCDKl coxa 0% /\ CIitocyAbin B
Indirubin-3*- | | Crocetin
Crocetin Monoxime Dihydroaustrasulfone alcohol
Sesamin Indirubin-3'- Murrayafoline A
Monoxime Plumericin
Murrayafoline A Clitocybin B Acetylbritannilactone
Plumericin Dihydroaustrasulfone alcohol | | Clitocybin B
Pterostilbene Indirubin-3‘-Monoxime Dihydroaustrasulfone alcohol
Sesamin Murrayafoline A Indirubin-3'-Monoxime
Pterostilbene Murrayafoline A
Pterostilbene
Sesamin

| — Inhibition — Activation |

Fig. 1. Natural products in study as VSMC proliferation inhibitors.
®ur. 1. MpupoaHn NPoayKTU, U3CAeABaHN KaTo MHXMBUTOPU Ha nponvdepaumaTa Ha VSMC.
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3 |48 Lyubka P. Tancheva, Maria |. Lazarova, Albena V. Alexandrova, Stela T. Dragomanova,
Ferdinando Nicoletti, Elina R. Tzvetanova, Yordan K. Hodzhev, Reni E. Kalfin, Simona A. Miteva,
Emanuela Mazzon, Nikolay T. Tzvetkov, Atanas G. Atanasov. Neuroprotective mechanisms of
three natural antioxidants on a rat model of Parkinson’s disease: A comparative study.
Antioxidants, 2020, 9, 49, 1-23, DOI:10.3390/antiox9010049

Abstract: We compared the neuroprotective action of three natural bio-antioxidants (AOs): ellagic acid (EA), a-lipoic acid
(LA), and myrtenal (Myrt) in an experimental model of Parkinson’s disease (PD) that was induced in male Wistar rats through
an intrastriatal injection of 6-hydroxydopamine (6-OHDA). The animals were divided into five groups: the sham-operated
(SO) control group; striatal 6-OHDA-lesioned control group; and three groups of 6-OHDA-lesioned rats pre-treated for five
days with EA, LA, and Myrt (50 mg/kg; intraperitoneally, i.p.), respectively. On the 2™ and the 3" week post lesion, the
animals were subjected to several behavioral tests: apomorphine-induced rotation; rotarod; and the passive avoidance test.
Biochemical evaluation included assessment of main oxidative stress parameters as well as dopamine (DA) levels in brain
homogenates. The results showed that all three test compounds improved learning and memory performance as well as
neuromuscular coordination. Biochemical assays showed that all three compounds substantially decreased lipid peroxidation
(LPO) levels, and restored catalase (CAT) activity and DA levels that were impaired by the challenge with 6-OHDA. Based on
these results, we can conclude that the studied AOs demonstrate properties that are consistent with significant
antiparkinsonian effects. The most powerful neuroprotective effect was observed with Myrt, and this work represents the
first demonstration of its anti-Parkinsonian impact.

Pestome: B HacToALLETO U3CneaBaHe NPOBEAOXME CPAaBHEHME MEXKAY HEBPONPOTEKTUBHOTO AENCTBME HA TPU ECTECTBEHU
buoaHTMoKenaaHTa (AO): enarosa KucenmnHa (EA), a-nmnoesa kucenmHa (LA) u mupteHan (Myrt) B eKcniepMmeHTaneH Mogen
Ha bonectta Ha MapkuHCoH (PD), npeamsBMKaHa MpPY MbXKKM MibxoBe Wistar upes MHTpacTpuaTasHa MHMKEKUMs Ha 6-
xupgpokemgonamuH (6-OHDA). HKnBoTHWUTe bsxa pasdeneHn Ha neT rpynu: KOHTPOJIHA rpyna ¢ GUKTMBHA onepauun (SO);
KOHTPONHA rpyna cbeC cTpmatanHa 6-OHDA nesua; u Tpu rpynu nabxose ¢ 6-OHDA ne3us, npeasaputenHo NeKkyBaHW B
NPOAb/KEHWE Ha MET AHU CbOTBETHO C EA, LA n Myrt (50 mg/kg; nHTpaneputoHeanHo, i.p.). Ha 2-parta n 3-tata cegmuua
cnen, yBpeXOaHeTo MBOTHWUTE 6Axa MNOA/OMEHW Ha HAKOMKO MOBEAEHYECKM TecTa: poTauma, npeamsBuKaHa ot
anomopdwH; poTapoa,; 1 TeCT 3a NacMBHO M3bArsaHe. BUOXMMMWYHATa OLEHKA BKNHOYBALLE OLEHKA Ha OCHOBHUTE MAapameTpu
Ha OKCMOATUBHMSA CTPEC, KAKTO M HMBATa Ha AonamuH (DA) B MO3bYHUTE XOMOreHaTH. Pesyntatute nokasaxa, ye u Tpute
TECTBAHW CbeauHeHMA nogobpAsaT CNOCOOHOCTTA 3a y4YeHe W MAaMeTTa, KaKTO M HEBPOMYCKY/IHAaTa KOOpAMHALMA.
BUOXMMUYHUTE aHANM3M MOKa3axa, Ye U TPUTE CbeAUHEHWUA 3HAUUTENHO HAaMaNABaT HMBATA Ha JMNUAHA NePOKCUaaLMA
(LPO) n Bb3cTaHOBABAT KaTanasHata (CAT) akTMBHOCT M HMBATa Ha DA, KOUTO ca BUIN HapyLUEHW OT Bb3AENCTBUETO Ha 6-
OHDA. Bb3 ocHOBa Ha Te3u pe3y/TaTi MOXEM Aa 3aK/lounm, Yye mscneasaHute AO nposBABaT CBOMCTBA, KOMTO ca B
CbOTBETCTBUE CbC 3HAUUTE/IHU aHTUMAPKMHCOHOBM edeKTn. Han-moLLeH HeBpOMNpOoTeKTMBEH edekT belle HabatogasaH Npu
Myrt, 1 Ta3m paboTa NnpeacTaBAABa MbPBOTO AOKA3ATE/ICTBO 32 HErOBOTO AHTMMNAPKMHCOHOBO Bb3AeNCTBUE.
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(1R)-(-)-Myrtenal Ellagic acid a-Lipoic acid
(Myrt) EA] LA
IUPAC name: IUPAC name: IUPAC name:
(1R,55)-6,6-dimethylbicyclo[3.1.1]hept-2-ene-3- 2,3,7,8-tetrahydroxychromeno(5,4,3-cde] (R)-5-(1,2-dithiolan-3-yl)pentanoic acid
carbaldehyde chromene-5,10-dione

Fig. 1. Chemical structures and IUPAC names of myrtenal (Myrt), ellagic acid (EA), and o -lipoic acid (LA).
®ur. 1. Xummueckn cTpyktypu 1 IUPAC HaumeHoBaHMs Ha mupTeHan (Myrt), enarosa KucenuHa (EA), o-nunoesa kucenmHa (LA).
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4 149 Silviya Abarova, Lyubka Tancheva, Rumen Nikolov, Julia Serkedjieva, Elitsa Pavlova, Alessia | Q2
Bramanti, Ferdinando Nicoletti, Nikolay T. Tzvetkov. Preventive effect of a polyphenol-rich
extract from Geranium sanguineum L. on hepatic drug metabolism in influenza infected mice.
Scientia Pharmaceutica, 2020, 88, 45, 1-17, DOI:10.3390/scipharm88040045

Abstract: The decreased hepatic drug metabolism (predominately 1 phase) is one of the essential reasons for numerous
side effects and for increased drug toxicity during influenza virus infection (IVI). The present study aims to investigate some
mechanisms of the preventive effect of standardized polyphenol complex from the medicinal plant Geranium sanguineum L.
(PPhC) (10 mg/kg nasally). A verified experimental model of IVI A/Aichi/2/68 (H3N2) (4.5 Ig LDsp) in male ICR mice was used.
Changes in hepatic monooxygenase activities, as well as NADPH-cytochrome C reductase activity and cytochtome P450
content, were studied on days 2, 6, 9, 21 of the infection together with thiobarbituric acid reactive substances in liver
supernatant. Our data clearly demonstrates that VI affects all components of the electronic chain of cytochrome P-450. N-
demethylases and hydroxylases as well as the activity of cytochrome C reductase and cytochtome P-450 content were
decreased in the course of the virus infection. This implies that free radicals play an important role not only in the
pathogenesis of VI, but also in the modulation of the hepatic monooxygenase activity. This is also consistent with
established PPhC-preventive effect against increased TBARS-levels. PPhC restored even over the control levels most of the
monooxygenase activities that were inhibited in IVl animals probably via multiple mechanisms that may entail antioxidant
activity, selective antiviral and protein-binding effects. In contrast to infected animals, in healthy mice PPhC showed
moderate reversible inhibitory effect on hepatic monooxygenase activities.

Pestome: HamaneHuaT metabo/iM3bM Ha sieKapcTBaTa B YepHus apob (npeavmHo nmbpBa ¢asa) e egHa OT OCHOBHWUTE
NPUYMHU 32 MHOTOBPOMHUTE CTPAHMYHU edeKTU U NOBULLEHATA TOKCMYHOCT Ha JieKapcTBaTa No Bpeme Ha MHEeKUMA ¢
rpuneH supyc (IVI). HactosawoTto npoyyBaHe Mma 3a Len ga M3ciedBa HAKOM MEXaHM3MM Ha NPeBaHTUBHMS edeKT Ha
CTaHAapTM3MpaHuA nondeHoNeH KoMMNIEKC oT aedebHoTo pacteHue Geranium sanguineum L. (PPhC) (10 mg/kg Ha3anHo).
M3nonssaH e nposepeH ekcriepumeHTtaneH mogen Ha IVI A/Aichi/2/68 (H3N2) (4,5 lg LDso) npy mMbsKKM ICR MULLKM.
MpomeHuTe B aKTUBHOCTTa Ha YePHOAPOOHNTE MOHOOKCUIeHasu, KakTo M akTueHocTTa Ha NADPH-uutoxpom C peayktasata
M CbabprKaHMETO Ha umuToxpom P450, 6axa uscneasaHun Ha 2, 6, 9 u 21 aeH oT UHPeKumATa, 3aeaHO ¢ TMobapbuTyposaTta
KMCEeNMHa, pearnpalla Cc BelllecTBaTa B YepHOAPOOHUA cynepHaTaHT. HawmTe aaHHKM AcHO noKaseart, Ye VI 3acara BcuYyKum
KOMMOHEHTU Ha eNleKTPOHHaTa Bepura Ha umtoxpom P-450. N-gemetnnasute n XmapoKCUAasnTe, KaKTo M aKTUBHOCTTA Ha
umtoxpom C peayKrasaTa M CbAbPMKAHWETO Ha umToxpom P-450 ca Hamanenu B xoga Ha BupycHaTa MHbekums. Tosa
03Ha4aBa, Ye CBOOOAHMTE pagmKanM UrpasT BaXkHA PONA He camo B MaToreHesata Ha IVI, HO u B moaynaumAta Ha
AKTMBHOCTTA Ha YepHOAPOOHaTa MOHOOKCMreHasa. ToBa CblUO € B CbOTBETCTBME C YCTAHOBEHWUA MpPeBaHTUBEH edeKT Ha
PPhC cpewy nosuweHute HMBa Ha TBARS. PPhC Bb3cTaHOBM [0pM HaA, KOHTPO/AHUTE HMBA MNO-rOAAMaTa 4acT oT
MOHOOKCUIeHa3HUTE aKTUBHOCTW, KOUTO 6sxa MHXMbUpaHu npu IVl KMBOTHU, BEPOATHO YpPE3 MHOMKECTBO MEXAHM3MM,
KOWUTO MOFaT A3 BK/OYBAT QHTMOKCUMZAHTHA aKTMBHOCT, CENEKTUBHM aHTUBMPYCHW W NPOTEMH-CBBbP3BALWM edeKTn. 3a
pasnnKa OT 3apaseHuTe KMBOTHW, NPU 3apaBu MULWKKM PPhC nokasa ymepeHo 06paTMMO UHXMBUTOPHO AENCTBUE BbPXY
YepHOAPOBHUTE MOHOOKCUIEHA3HWN aKTUBHOCTMU.
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5 |51 Andy Wai Kan Yeung, Nikolay T. Tzvetkov, Maya G. Georgieva, liyan V. Ognyanov, Karolina
Kordos, Artur Jozwik, Toni Kihl, George Perry, Maria Cristina Petralia, Emanuela Mazzon,
Atanas G. Atanasov. Reactive oxygen species and their impact in neurodegenerative diseases:
Literature landscape analysis. Antioxidants & Redox Signaling, 2021, 34, 5, 402-420,
DOI:10.1089/ars.2019.7952

Abstract: The excessive production of reactive oxygen species (ROS) has been linked to neurodegenerative diseases (NDs),
and therefore, many scientific works were published on the impact of ROS on the development of prevalent NDs, such as
Alzheimer’s (AD) and Parkinson’s disease (PD). Since quantitative and qualitative bibliometric analyses on this research area
has not been done yet, the aim of the current work is to explore the scientific literature implying ROS in NDs and to identify
the major contributors, mainstream research themes, and topics on the rise. Overall, 22,885 publications were identified and
analysed within the Web of Science (WoS) Core Collection electronic database (Clarivate Analytics, Philadelphia, PA, USA).
Most of the manuscripts were published in the 21% century. The publications were mainly related to the WoS categories
Neurosciences and Biochemistry molecular biology. AD, PD, and amyotrophic lateral sclerosis (ALS) were much more
investigated than multiple sclerosis (MS) and Huntington’s disease (HD). Vitamin E and curcumin were frequently mentioned
as potential antioxidant therapeutics, but their efficacy in treating NDs requires more clinical studies, since the existing
evidences were mainly from in vitro experiments and in vivo animal studies. Mitochondrial dysfunction, autophagy, and
nuclear factor erythroid 2-related factor 2 were among the author keywords with rising prevalence. Further research in these
directions should advance our understanding of the mechanism and treatment of NDs.

Pestome: CBPbXMPOAYKUMATA Ha peakTUBHU KucnopoaHu suagose (ROS) e cBbp3aHO ¢ HEBpoAereHepaTUBHM 3a6019BaHUA
(NDs) u 3aToBa ca nyb6MKyBaHW MHOTO Hay4YHM TPYAOBE 33 Bb3AehcTBMETO Ha ROS Bbpxy pa3BUTUETO HA Pa3npOCTPaHEHU
NDs, kaTo 6onectra Ha Anuxaiimep (AD) n 6onectra Ha MapKuHcoH (PD). Tbih KaTo BCe OLLE He ca MPOBEeAEHU KONUYECTBEHU
M KayecTBeHN BUBANMOMETPUYHN aHa/IM3M B Ta3M 00/1acT Ha HaydyHUTE M3C/eABaHMA, LeTa Ha HacToslaTta paboTta e aa
npoy4Yn Hay4yHaTa AuTepaTypa, cebp3aHa ¢ ROS npu NDs, n ga naeHTMdMumpa ocHOBHUTE GAKTOPU, OCHOBHUTE TEMM Ha
Hay4yHWUTE M3CNeaBaHnA U Temute, KoMTo HabupaT nonynspHoct. O6wo 22,885 nybamkaummn 6axa naeHTMOUUMPaHU U
aHa/M3MpaHU B eneKTpoHHaTa 6asa gaHHM Web of Science (WoS) Core Collection (Clarivate Analytics, ®unagendus,
MeHcuneaHua, CALLL). NMoBeyeTo OT pbKonucuTe ca NybMKyBaHM npe3 21-8u BeK. MybanKaLMuTe ca CBbP3aHM MaBHO C
Kateropmumte Ha WOS ,HeBpoHaykn“ u ,buoxumma n monekynapHa buonorna”. AD, PD u ammotpoduyHa natepanHa
ckneposa (ALS) ca v3cneaBaHM MHOTO MO-0BCTOMHO OT MHOMKecTBeHa cKiepos3a (MS) un 6onectta Ha XbHTUHITOH (HD).
BuTaMuH E 1 KYPKYMWMH Y4ECTO ce CMOMEHABAT KaTo MOTEHLMANHN aHTUOKCUAAHTHWN TePaneBTUYHN CPeaCcTBa, HO TAXHATA
edurKacHocT npu neveHmeto Ha NDs M3MCKBA NoBeYe KAMHUYHM NPOYYBAHMA, Tbil KAaTO CbLUECTBYBALLMTE [OKA3aTe/CTBa Ca
TNaBHO OT in Vitro eKCNePUMEHTU U in Vivo NPOyYBaHMA BbpXY *KMBOTHU. MUTOXOHAPWANHATA AUCPYHKLMSA, aBTodarnata u
AOPEHNAT PaKTOp epuUTponaeH 2-cBbp3aH GakTop 2 ca cpes, KAYOBUTE AYMM Ha aBTOpUTE C HapacTealla yecTota. o-
HaTaTbLUHW NPOYYBAHMA B TE3WN HanpasaeHuA b TpA6Bano Aa 3aabnbouat pasbrpaHeTo HM 32 MEXaHM3MA U IeYEHMETO Ha
NDs.
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6 |53 Andy Wai Kan Yeung, Nikolay T. Tzvetkov, Alessandra Durazzo, Massimo Lucarini, Eliana B. | Q2
Souto, Antonello Santini, Ren-You Gan, Artur Jozwik, Weronika Grzybek, Jarostaw O.
Horbanczuk, Andrei Mocan, Javier Echeverria, Dongdong Wang, Atanas G. Atanasov. Natural
products in diabetes research: quantitative literature analysis. Natural Product Research,
2021, 35, 24, 5813-5827, DOI:10.1080/14786419.2020.1821019

Abstract: The current study aimed to identify which natural products and which research directions are related to the major
contributors to academic journals for diabetes therapy. Bibliometric data were extracted from the Web of Science online
database using the search string TOPIC = (“natural product*” OR “natural compound*” OR “natural molecul*” OR
"phytochemical*" OR “secondary metabolite*”) AND TS = (“diabet*”), and analyzed by a bibliometric software, VOSviewer.
The search yielded 3,694 publications, which were collectively cited 80,791 times, with an H-index of 117 and 21.9 citations
per publication on average. The top-contributing countries were the India, United States, China, South Korea, and Brazil.
Curcumin, flavanone, resveratrol, carotenoid, polyphenols, flavonol, flavone, and berberine were the most frequently cited
natural products or compound classes. Our results provide a brief overview of the major directions of natural product
research in diabetes up to now and hint on promising avenues for future research.

Pestome: HacToAwoTO NpoyyBaHe Mmalle 3a Uen Aa UAEHTUOUUMPA KoM MPUPOSHN NPOAYKTU M KOW HanpaBieHWA Ha
M3Cne[BaHUA Ca CBbP3aHU C OCHOBHMTE (AKTOPW, AOMPUHACALM 33 AKALEMUUYHWUTE CMUCAHMA 3a NledeHne Ha amaber.
BubnmometrpuyHMTEe AaHHM BsAXa M3BeYEeHW OT oHMalH basata gaHHM Web of Science, Kato ce M3nos3salle TbpcellaTta
Bepura TOPIC = (,,natural product*” OR ,natural compound*” OR ,,natural molecul*” OR , phytochemical*” OR ,secondary
metabolite*”) AND TS = (,,diabet*”), u 6sxa aHanusmpaHu c bubanometpudeH codprtyep VOSviewer. TopceHeTo aage 3694
nybnmMkaumm, Kouto baxa uutmpaHu obuwo 80 791 mbtu, ¢ H-mHaeke 117 mn cpeaHo 21,9 umMtmpaHus Ha nybaMKaums.
CrpaHuTe c Haw-ronam npuHoc ca UHaua, CALL, Kutan, HOxkHa Kopea wn Bpasunaunsa. KypkymuH, ¢dnasaHOH, pecBepaTtpon,
KapoTuHoua, nonndeHonu, dnasoHon, GaaBoH N GepbepuH ca Ha-4ecTo LUUTUPAHUTE NPUPOAHN NPOAYKTU UKW Knacose
cbeauHeHus. HawuTe pesyntatm NpedocTaBaT KpaTbK MNperies, Ha OCHOBHUTE HanpaBieHMA B W3CAeABaHMATA Ha
NpUpPoAHUTE NPOAYKTU Npu AnabeT 4O MOMEHTA M AaBaT HACOKM 3a obeLLaBaluy NbTMLLA 33 6baeLLm U3cneaBaHuA.
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7 |61 Dongdong Wang, Jiansheng Huang, Ting Gui, Yaxin Yang, Tingting Feng, Nikolay T. Tzvetkov,
Tao Xu, Zhibo Gai, Ying Zhou, Jingjie Zhang, Atanas G. Atanasov. SR-BI as a target of natural
products and its significance in cancer. Seminars in Cancer Biology, 2022, 80, 2022, 1838,
DOI:10.1016/j.semcancer.2019.12.025

Abstract: Scavenger receptor class B type | (SR-BI) protein is an integral membrane glycoprotein. SR-Bl is emerging as a
multifunctional protein, which regulates autophagy, efferocytosis, cell survival and inflammation. It is well known that SR-BI
plays a critical role in lipoprotein metabolism by mediating cholesteryl esters selective uptake and the bi-directional flux of
free cholesterol. Recently, SR-BI has also been identified as a potential marker for cancer diagnosis, prognosis, or even a
treatment target. Natural products are a promising source for the discovery of new drug leads. Multiple natural products
were identified to regulate SR-BI protein expression. There are still a number of challenges in modulating SR-BI expression in
cancer and in using natural products for modulation of such protein expression. In this review, our purpose is to discuss the
relationship between SR-BI protein and cancer, and the molecular mechanisms regulating SR-BI expression, as well as to
provide an overview of natural products that regulate SR-BI expression.

Pestome: poOTEMHBT CKaBeHAXbP peuenTop Knac B tin | (SR-BI) e uHTerpaneH membpaHeH ravkonportenH. SR-BI ce
o4yepTaBa KaTto MyITUYHKUMOHANEH NPOTEMH, KOMTO peryavpa asTodarmaATta, eGpepoLmTos3aTa, OLENABAHETO HA KNETKUTE U
Bb3naneHneTo. M3sectHo e, ye SR-Bl urpae KputMyHa pona B meTabonvMama Ha AMNONPOTEMHUTE, KAaTO Meauupa
CEe/IeKTUBHOTO YCBOABAHE Ha XOECTEPO/IOBM eCTEPU M ABYNOCOYHUA MNOTOK Ha cBoboaeH xonectepon. Hackopo SR-Bl bewwe
NMOEHTUONLMPAH M KaTO NOTEHUMANEH MApKep 3a AMArHOCTMKA, MPOrHO3a MAW AOPU LEA 3a Ie4eHUe Ha pak. HaTypanHute
npoayk™ ca obeLuaBall, M3TOYHWUK 33 OTKPMBAHETO HAa HOBW NIEKAPCTBEHWU CpeacTsa. bAaxa MaeHTMOUULMPAHM MHOMXKECTBO
NPUPOAHU NPOAYKTU, KOUTO perynnpar ekcnpecuaTa Ha npoTtemHa SR-Bl. Bce oLe cblecTByBaT peanua npean3BuKaTencrsa
npu MmoaynmMpaHeTo Ha ekcnipecmata Ha SR-BI npu pak v npy M3nNon3BaHETO Ha NPUPOAHM NPOAYKTU 33 MOAyAUpPaHe Ha
eKcrpecusaTa Ha To3W MpoTenH. B To3n npernes HawaTa Uen e ga obcbAMM Bpb3KaTa mMexay npotenHa SR-Bl v paka,
MOJIEKY/IAPHUTE MEXaHW3MM, Peryimpalum ekcrnpecuata Ha SR-Bl, Kakto m ga npesoctaBum 0630p Ha MNpuUpoaHUTE
NPOoAYKTW, KOUTO perynupar ekcnpecuaTa Ha SR-BI.
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Fig. 1. Role of scavenger receptor class B type | (SR-BI) in preventing macrophage foam cell formation by promoting cholesterol
metabolism.
dur. 1. Ponsta Ha cKaBeHAyKbp peLenTopa Kaac B tvn | (SR-BI) B npeaoTBpaTaBaHETO Ha 06pa3yBaHETO Ha NEHECTU KNETKM B
MaKpodaruTe Ypes CTUMyMpaHe Ha MeTabo/IM3Ma Ha XO/1ecTeposa.
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8 |64 Petko Alov, Hristo Stoimenov, Iglika Lessigiarska, Tania Pencheva, Nikolay T. Tzvetkov, llza
Pajeva, Ivanka Tsakovska. In Silico Identification of Multi-Target Ligands as Promising Hit
Compounds for Neurodegenerative Diseases Drug Development. International Journal of
Molecular Science, 2022, 23, 13650, 1-26, DOI:https://doi.org/10.3390/ijms232113650

Abstract: The conventional treatment of neurodegenerative diseases (NDDs) is based on the “one molecule—one
target” paradigm. To combat the multifactorial nature of NDDs, the focus is now shifted toward the development of
small-molecule-based compounds that can modulate more than one protein target, known as “multi-target-directed
ligands” (MTDLs), while having low affinity for proteins that are irrelevant for the therapy. The in silico approaches
have demonstrated a potential to be a suitable tool for the identification of MTDLs as promising drug candidates
with reduction in cost and time for research and development. In this study more than 650,000 compounds were
screened by a series of in silico approaches to identify drug-like compounds with predicted activity simultaneously
towards three important proteins in the NDDs symptomatic treatment: acetylcholinesterase (AChE), histone
deacetylase 2 (HDAC2), and monoamine oxidase B (MAO-B). The compounds with affinities below 5.0 uM for all
studied targets were additionally filtered to remove known non-specifically binding or unstable compounds. The
selected four hits underwent subsequent refinement through in silico blood-brain barrier penetration estimation,
safety evaluation, and molecular dynamics simulations resulting in two hit compounds that constitute a rational
basis for further development of multi-target active compounds against NDDs.

Pe3tome: KOHBEHLIMOHANHOTO NIeyeHne Ha HeBpoaereHepaTnesHu 3abonasaHna (NDDs) ce ocHoBaBa Ha napaaurmarta ,,eqHa
Mosiekysia — edHa uen”. 3a ga ce 6opu ¢ myntudaktopHMA xapaktep Ha NDD, ¢oKycbT cera ce M3mecTBa KbM
pa3paboTBaHETO Ha CbeAMHEHMA Ha Ba3aTa Ha MasikM MONEKYIM, KOMTO MOFaT A3 MOZY/MPAT NOBeYe OT egHa NPOTEMHOBA
Uen, U3BECTHM KaTo ,,myntuuenesu auraHan” (MTDL), KaTo CblLUEBPEMEHHO MMAT HUCKA apUHUTET KbM NPOTENHM, KOUTO Ca
6e3 3HauyeHue 3a TepanuaTta. [logxoaute in silico ca nokasanuM noTeHuman Aa 6bAaT NOAXOAALLO CPeAcTBO 3a
maeHTMdnumpaHe Ha MTDL KaTo obellaBaliy KaHOMAATW 3@ JIEKAPCTBA, KAaTO HaMa/sifABaT pa3xoaute M BPEemMeTo 3a
Hay4YHOM3C/1Iea0BaTe/ICKa U Pa3BOMHA AEMHOCT. B ToBa npoy4yBaHe noseye ot 650 000 cbeanHeHMsA b6saxa NOA/IOKEHM HA
CKPVHUHI ype3 cepus oOT in silico nogxogu, 3a Aa ce MAEHTUPUUMPAT NEKAPCTBEHU CbEAMHEHWA C MPOrHO3MpaHa
€/IHOBPEMEHHA aKTMBHOCT KbM TPWU BaXKHM NPOTENHA B CUMIMTOMATUYHOTO /ledeHne Ha HP3: auetunxonmnHectepasa (AChE),
XMCTOH aeauetunasa 2 (HDAC2) u moHoamuHooKenaasa b (MAO-B). CbeamHeHusaTa ¢ apunutet noa 5.0 UM 3a BCUUKK
nscnenBaHun Lenn 6axa JOMbAHUTENHO GUATPUPAHK, 33 Aa Ce NPEMAXHAT U3BECTHUTE HecneuMdUYHO CBbP3BaLLM Ce UK
HecTabuiHM cbeguHeHna. M3bpaHuTe YeTupu xmuta Osxa NOAJIOMKEHW Ha MOC/MeABallo YCbBbpLUEHCTBaHe 4ypes in silico
OLEHKa Ha NPOHMKBAHETO Mpe3 KPbBHO-MO3b4YHaTa bapunepa, oLeHKa Ha 6e3onacHOCTTa M CUMYIALLMKM Ha MONEKYAAPHATA
OMHaMMKa, B pe3yNTaT Ha KoeTo 6Axa NoNyYeHM A8e XUTOBU CbeAMHEHMSA, KOUTO NPEACTAaBAABAT PaLMOHaIHA OCHOBA 33 Mo-
HaTaTbLWIHO pa3paboTBaHe Ha MyITULLENEBUN aKTUBHU CbeaUHEHUA cpem,y NDDs.
: (biological target 3)
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Fig. 1. PDB crystallographic structures and reference ligands of the selected target protein complexes.
®ur. 1. PDB kpucTanorpadcku CTpYKTYpU U pedepeHTHU nnraHam Ha usbpaHute Lenesm NpoTeEUHOBU KOMMIEKCH.
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9 (73 Martina |. Peeva, Maya G. Georgieva, Aneliya A. Balacheva, Maria Ponticelli, Ivan P. |Q2
Bogdanov, Tsonko Kolev, Luigi Milella, Hans-Georg Stammler, Nikolay T. Tzvetkov. Crystal
structures, molecular docking and in vitro investigations of two 4-Substituted 2-(5,5-dimethyl-
3- styrylcyclohex-2-enylidene)malononitrile derivatives as potential topoisomerase |l
inhibitors. Crystals, 2024, 14, 496, DOI:https://doi.org/10.3390/cryst14060496

Abstract: Type |l topoisomerases (TOP2s) play a key role in altering the DNA topology by transiently cleaving both
strands of a DNA duplex. Therefore, increased TOP2 activity is associated with many cancers. Herein, we present the
synthesis, structural characterization, virtual screening, and structural exploration, as well as evaluation of the
antiproliferative effects of two new 4-substituted 2-(5,5-dimethyl-3-styrylcyclohex-2-enylidene)malononitrile
derivatives with potential application in the drug design of isoform-specific TOP2 inhibitors. Both compounds 1 and 2
were verified by ESI-TOF-MS, NMR, and single-crystal X-ray diffraction (SCXRD) analysis. Furthermore, we applied our
recently proposed SCXRD/HYdrogen DEsolvation (HYDE) technology platform in order to perform molecular
modeling, virtual screening, and structural exploration with 1 and 2. For this purpose, we used the crystal structure
of human TOP2f complexed to DNA and the anticancer drug etoposide. Moreover, we further evaluated the
antiproliferative activity of 1 and 2 on human hepatocarcinoma HepG2 cells and compared the observed effects with
those of the reference hTOP2B inhibitor etoposide. Based on the obtained results, compounds 1 and 2 showed a
virtually higher binding affinity (Kj HYDE values) over etoposide towards hTOP2B but lower antiproliferative activity

compared to those of etoposide.

Pestome: Tonomsomepasute ot Tmn Il (TOP2) nrpasT KAo4oBa pons B MPOMsaHaTa Ha Tonosnoruata Ha AHK upes npexogHo
pa3suensaHe Ha aseTe Bepurn Ha JHK aynnekc. CheposatenHo, nosuweHata aktMBHOCT Ha TOP2 ce cBbp3Ba C MHOrO
BMAoBe pak. TyK npeactaBAMe CUHTE3a, CTPYKTYPHATa XapaKTepuUCTUKa, BUPTYaNHUA CKPUHUHE U CTPYKTYPHOTO MU3C/1eaBaHe,
KaKTO M OLEHKaTa Ha aHTMnponudepatnBHUTe edpeKTU Ha ABa HOBU 4-3amecTeHn 2-(5,5-AMMeTnN-3-CTUPUNLMKIOXEKC-2-
€HUAUAEH)MAIOHOHUTPUIHU NMPOU3BOAHU C MOTEHLMANHO NPU/IOKEHME B MPOEKTUPAHETO Ha JIeKapcTBa 3a M30pOPMHO-
cneupdmyHm TOP2 MHXMBUTOPU. XMMMYECKaTa CTYKTypa Ha AgeTe cbeauHeHusa 1 n 2 6ewe gokasaHa ypes ESI-TOF-MS,
NMR 1 MOHOKpWCTanHa peHTreHoBa gudpakuma (SCXRD). OcBeH TOBa, HME MPUIOKMXME HallaTa HAaCcKopo MpeasioxKeHa
TexHonormyHa nnatpopma SCXRD/HYdrogen DEsolvation (HYDE), 3a ga nposesem MOMIEKY/THO MOAENMpaHe, BUPTyaseH
CKPUHWHT U CTPYKTYPHO HaarpaxkgaHe ¢ 1 n 2. 3a Tasu uen M3nos3Baxme KpUCTasiHaTa CTPYKTypa Ha 4voBelukua TOP2,
KomnaekewpaH ¢ JHK 1 npoTMBopaKoBmA nekapcTBeH NpoayKT etorno3ua. OcBeH TOBa, HWE AOMbAHUTENIHO OLEHUXME
aHTMNponndepaTMBHaTa aKTMBHOCT HA 1 M 2 BbpXy YOBELIKM XemnaTOKAPUMHOMHM HepG2 KAETKM M CpaBHUXMe
HabntogasaHMTe edekTn C Tesn Ha pedepeHTHMA hTOP2B nHxmbutop etonosung,. Bb3 ocHOBa Ha MoAyveHWTe pesynTaTy,
cbeamHeHuna 1 1 2 nokasaxa NpPaKTUYECKM No-BUCOKa aduMHUTET Ha cBbp3BaHe (Ki HYDE cToliHOCTH) cnpsMo eTono3n, Kbm
hTOP2p, Ho No-HUCKa aHTMNPOMdEpPaTUBHA aKTUBHOCT B CPaBHEHME C TE3N Ha eTono3ua,
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10( 79 Martina I. Peeva, Maya G. Georgieva, Aneliya A. Balacheva, Atanas Pavlov, Nikolay T.
Tzvetkov. In Vitro Investigation of the cytotoxic and antiproliferative effects of Haberlea
rhodopensis total extract: A comparative study. Cosmetics, 2024, 11, 2, 1-13,
DOI:10.3390/cosmetics11020046

Abstract: Haberlea rhodopensis Friv., known also as Rhodope silivryak and the Orpheus flower, is a Balkan endemic
“resurrecting” plant belonging to the Gesneriaceae family. In folk medicine, the leaves of Haberlea rhodopensis Friv.
were widely used to treat wounds and some infectious diseases of stock such as foot-and-mouth disease and hoof
rot, while the herb of Haberlea rhodopensis Friv. is still used to cleanse the stomach, liver, kidneys, and blood
vessels. Because of the content of myconoside, during the last decade, Haberlea rhodopensis Friv. extracts have
been recognized as valuable cosmetic ingredients. In the present study, we aim to (i) evaluate the cytotoxic and
antiproliferative activity of two herb extracts of Haberlea rhodopensis Friv. that are commercially used for the
preparation of cosmetic ingredients on different cancer cells, with one normal cell line used as a reference, and (ii)
compare the investigated effects with those observed for the reference anticancer, non-selective compound
doxorubicin. Herein, we observed a decrease in the inhibitory activity of both extracts compared to those of
doxorubicin against all tested cell lines. However, the myconoside-enriched Haberlea rhodopensis Friv. plant Extract
2 (designated also as M2) showed increased inhibitory activity (cytotoxicity and antiproliferative effects) compared
to the Haberlea rhodopensis Friv. plant Extract 1 (designated also as E1). Moreover, the Haberlea rhodopensis Friv.
plant Extract 2 showed a significant increase in cytotoxicity (at 24 h) and antiproliferative activity (at 48 and 72 h
post-treatment) at its highest-tested concentration of 100 ug/mL compared to Haberlea rhodopensis Friv. plant
Extract 1.

Pestome: Haberlea rhodopensis Friv., n3sectHa cblo Kato Pogoncku cuameaKk n ueteto Ha Opdelt, e 6anKkaHCKO
eHAEMUYHO ,Bb3KPbCBALLO” pacTeHne, NpuHagiexallo KbM cemeinctBo Gesneriaceae. B HapogHaTa meauvumHa
nnctata Ha Haberlea rhodopensis Friv. ca 6unan WNMPOKO M3M0/3BaHU 3a IeYEHNE HA PaHU U HAKOU MHPEKUMO3HM
3abonABaHMA Ha A0OUTBHKA, KaTo LWan U rHMeHe Ha KonuTaTa, AokaTo bunkarta Haberlea rhodopensis Friv. Bce oule ce
M3M0/a3Ba 3@ NPOYUCTBAHE Ha CTOMAXxa, YepHMA Apob, 6vbpeLmTe U KPbBOHOCHUTE CbaoBe. MNopagun CbAbpPKAHNETO
Ha MWMKOHO3MA, Npe3 NocAeaHOTO AeceTusieTue eKkcTpakTute oT Haberlea rhodopensis Friv. ca Npu3HaTh 3a LEHHMU
KO3METMYHM CbCTaBKU. Llenta Ha HacToAwoTo npoyyBaHe e (i) p[a ce OueHM UMUTOTOKCMYHATa W
aHTMNpoandepaTMBHATA aKTUBHOCT Ha ABa BUNKOBU eKcTpaKkTa oT Haberlea rhodopensis Friv., KOUTo ce n3non3ear 3a
NPUroTBAHE Ha KO3METUYHWU CbCTaBKM, BbPXY Pa3/IMYHM PAKOBM KAETKWU, KaTo 3a pedepeHuma u3nos3Bame eaHa
HOPMAaJIHA KNEeTbYHa /IMHKA, U (ii) Aa ce cpaBHAT uscneaBaHute edekT c Te3n, HabagaBaHM Npu pedepeHTHUA
HeceneKkTMBEH NPOTUBOPAKOB NpenapaT AOKCOPYOMLMH. B HacToAWOTO NnpoyyBaHe HabalogaBaxme HamanABaHe Ha
MHXMBUTOPHATA aKTMBHOCT Ha [BAaTa EKCTPAKTa B CPaBHEHME C Ta3uM Ha AOKCOPYOMUMH BbpXy BCUYKU TeCTBAHWU
KNETbYHU NNHUK. Bbnpekn ToBa, 060oraTeHMAT C MUMKOHO3MA, pPacTUTENEH eKCTPaKT 2 oT Haberlea rhodopensis Friv.
(0b03HaueH cbwo KaTo M2) NoKasa noBuweHa MHXMOUTOPHA aKTUBHOCT (LMTOTOKCUMYHOCT W aHTUNPOANdePaTUBHU
edeKTn) B cpaBHEHME C pacTUTENHUA eKCTpaKT 1 oT Haberlea rhodopensis Friv. (0603HauyeH cbluo Kato E1). OcseH
TOBAa, PAaCTUTE/IHUAT eKCTPaKT 2 oT Haberlea rhodopensis Friv. nokasa 3Ha4YNTEHO YBE/IMYEHME Ha UMTOTOKCUYHOCTTA
(cnen 24 yaca) u aHTUNponudepaTUBHaTa akTMBHOCT (cnen 48 n 72 uaca cief TPeTUPAHETO) Npu Hai-BMCOKaTa
TecTBaHa KoHLUeHTpauusa ot 100 pg/mL B cpaBHeHMe ¢ pacTutenHuns ekcTpakTt 1 ot Haberlea rhodopensis Friv.
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Myconoside-enriched
Extract 2 / M2
on

Comparative study of
two herb HR extracts
E1 and M2 vs. doxorubicin

Cytotoxicity &
- ’7 antiproliferation profile
Myconoside ©° MDA-MB-231 cancer cells
M2 ICs 58.2 pg/mL (24h)
M2 ICs 47.7 pg/mL (48h)

M2 IC5, 46.7 pg/mL (72h
Extract 2 / M2 Extract 2/ M2 Extract 2 / M2 50 46.7 pg/mi (72h)

HT-29 cancer cells
MDA-MB-231 cells HT-29 cells HepG2 cells M2 (Cgg >100 pig/mL (24h)

M2 ICqq 49.6 pig/mL (48h)
M2 ICq4 36.7 pg/mL (72h)

HepG2 cancer cells

M2 ICs, 58.9 pg/mL (24h)
M2 ICs 46.5 pg/mL (48h)
M2 ICs 58.8 pg/mL (72h)

Viabitty ()
T Viabiity (%)
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I. Pajpanova, Nikolay T. Tzvetkov. AVPI analogs and conjugates: Molecular docking studies
and in vitro biological evaluation. Current Research in Biotechnology, 2024, 8, 100246,
DOl:https://doi.org/10.1016/j.crbiot.2024.100246

Abstract: In recent years, small peptide and non-peptide AVPI-/Smac-mimetics have been developed as IAP
antagonists and are in clinical trials to overcome resistance to apoptosis in various cancer types. In this study, we
present molecular modeling studies and in vitro biological evaluation of a set of AVPI-mimetics, including parent
AVPI, tetrapeptide AVPI-mimetics and AVPI-conjugates. Combined molecular modeling studies and HYDE analyses
provided valuable information regarding the protein-ligand interactions within the binding site of clAP1-BIR3 and
XIAP-BIR3 domain, showing that the binding part of both domains (clAP1- and XIAP-BIR3) are formed from 22 amino
acid residues, and their active part of 11 AAs. Moreover, 5 amino acids are defined common for both targets, namely
Lys299, Gly306, Leu307, Trp310, and Trp323. Based on the observed docking models, six amino acid residues for
clAP1-BIR3 and five amino acids for XIAP-BIR3 are recognized actively involved in the formation of H-bonds with the
respective ligand. The amino acid sequence 308 (Arg308 in clAP1-BIR3, Thr308 in XIAP-BIR3), simultaneously forming
two H-hydrogen bonds, seems to plays a key role in improvement of binding affinity. Apart from docking results the
synthesized set of AVPI-mimetics was tested in vitro using cell biology (MTT assay) and parallel artificial membrane
permeability assay (PAMPA). The results showed that the double modification of AVPI via substitution of Pro® with
Hyp3, as well as elongation of AVPI's C-terminus by its conjugation with RGD-analogs, significantly increase the
antiproliferative effects of AVPI-conjugates on all tested cancer cell lines (MDA-MB-231, MCF-7, HepG2 and HT-29
cells) compared to the parent AVPI peptide. SARs analysis defined this modification beneficial for the overall
biological activity of the AVPI-mimetics and pointed out AVHypl-AgbGD as the most active conjugate with an ICso of
348 uM for MDA-MB-231, 457 uM for MCF-7, 399 uM for HepG2, and 578 uM for HT-29 cells. Though the calculated
ICso values were still high, we consider AVHypl-AgbGD peptide as a good basis for further modifications. In addition,
PAMPA results showed that substitution of Pro with Hyp improved the BBB permeability of AVHypl peptide
compared to its parent molecule.

Pestome: pe3 nocneaHnte roamHu ca pa3paboTeHn Manku nentuaHu u HenentuaHm AVPI-/Smac-mumeTtuum Kato
IAP aHTaroHWUCTM, KOUTO Ca B KAMHWUYHU MU3NUTBAHMA 33 NPEOAONABAHE HA PEe3MCTEHTHOCTTa KbM anonTo3a npu
pasnnMyHM BMAOOBE pak. B ToBa npoy4yBaHe nNpeacTaBAME MOJIEKY/IHM MOAENMpPalM M3CaenBaHMA WU in vitro
61oN0rMYHa oLUeHKa Ha Habop oT AVPI-mumeTnum, BKAtOUMTENHO poantenckn AVPI, tetpanentuaHu AVPI-mumeTtnum
n AVPI-KoHtoratn. KombuHMpaHUTE MOJIEKYIHM Moaenunpalum nscnegsaHmna u HYDE aHanmsm npegoctaBmxa LeHHa
MHPOPMALMA OTHOCHO MPOTEUH-AUTAHAHUTE B3aMMOAENCTBMA B PAMKUTE HA CBbP3BALLOTO MACTO Ha clAP1-BIR3 u
XIAP-BIR3 nomeliHa, NOKasBanKK, Ye CBbP3BallaTa YacT Ha aBaTa gomeliHa (clAP1- u XIAP-BIR3) e obpasyBaHa oT 22
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AMMHOKUCE/IMHHW OCTaTbKa, @ aKTMBHaTa uMm 4YacTt oT 11 amuHoKkucenmnHu. OcBeH TOBa, 5 aMWHOKMUCENNHU ca
onpeaeneHn Kato obuwin 3a ABeTe MULLIEHU, @ UMeHHO Lys299, Gly306, Leu307, Trp310 u Trp323. Bb3 ocHOBa Ha
HaboaaBaHUTE AOKUMHT MOAE/NN, LWeCT aMUHOKUCENIMHHN ocTaTbKa 3a clAP1-BIR3 v neT amumHoKucenmnuHu 3a XIAP-
BIR3 ca pa3sno3HaTM KaTo aKTWMBHO y4yacTBawy B o06pasyBaHeTo Ha H-BpPb3KM CbC CHLOTBETHUA JUFaHA.
AMUHOKUCeNMHHaTa nocneaosaTtenHoct 308 (Arg308 B clAP1-BIR3, Thr308 B XIAP-BIR3), KoATO eaHOBpPEeMEHHO
obpasysa aBe H-BOAOPOAHM BPbB3KM, W3MAEXAa MUrpae KAw4oBa pona B nopobpaAsaHeTo Ha aduHMTETa Ha
cBbp3BaHe. OcBeH pe3yaTaTUTe OT AOKMHI, CUHTE3UPAHMAT Habop oT AVPI-mnmeTnum b6elwe TecTsaH in vitro, kKaTo ce
usnosssaxa Knetkn (MTT TecT) M napaneneH TecT 3a NPOMYCKAMBOCT Ha M3KycTBeHa membpaHa (PAMPA).
Pesyntatnte nokasBaT, 4Ye pABoiHaTa moamdukauma Ha AVPI 4ypes 3amectBaHe Ha Pro3 c¢ Hyp3, KaKkto wu
yobnxasaHeto Ha C-kpaa Ha AVPl uype3 KoHloraumata My ¢ RGD-aHanosu, 3HauuTenHO noBuMLwaBaT
aHTunpoandepatnsHmTe edekTn Ha AVPI-KOHIOraTuTe BbPXY BCUYKWU TECTBAHM PAKOBU KAETbYHU NMHMKM (MDA-MB-
231, MCF-7, HepG2 u HT-29 KneTku) B cpaBHeHue c poauTena AVPI nentna. AHanusbT Ha SAR onpepena Tasm
moanduKauma KaTo nosesHa 3a uAasnocTHaTa buonornyHa aktmeHocT Ha AVPI-mumetnumte n nocoyusa AVHypl-AgbGD
KaTo Hal-akTmBHMA KoHtorat ¢ IC50 ot 348 uM 3a MDA-MB-231, 457 uM 3a MCF-7, 399 uM 3a HepG2 n 578 uM 3a
HT-29 KneTku. Bbnpeku ye maumncneHute CTOMHOCTM Ha ICso HsAxa Bce owe BUCOKM, HMe cumTame AVHypl-AgbGD
nentuaa 3a Aobpa OCHOBA 3a NO-HATaTbLWHU MoguduKaumun. B gonvaHeHune, pesyntatute ot PAMPA nokasgar, ye
3amecTBaHeTo Ha Pro ¢ Hyp nogobpsea BBB nponyckansoctTa Ha AVHypl nentnaa B cpaBHeHMe ¢ HerosaTta U3xoaHa
MmonekKyna.
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Ivan P. Bogdanov, Maria Ponticelli, Luigi Milella, Kiril Kirilov, Maima Matin, Hans-Georg
Stammler, Atanas G. Atanasov, Liudmil Antonov. Favipiravir vs. Deferiprone: Tautomeric,
photophysical, in vitro biological studies, and binding interactions with SARS-Cov-2-
MPro/ACE2. Current Research in Biotechnology, 2024, 7, 100176, 1-18,
DOI:10.1016/j.crbiot.2024.100176

Abstract: Coronavirus disease 2019 (COVID-19) still remains the most disastrous infection continuously affecting millions of
people worldwide. Herein, we performed a comparative study between the anti-influenza drug favipiravir (FAV) and the anti-
thalassemia drug deferiprone (DFP) in order to examine their potential as basic scaffolds for the generation of most effective
and structurally novel antivirals. To conduct the initial molecular modelling and virtual screening steps, our recently proposed
single crystal X-ray diffraction (SCXRD)/HYdrogen DEssolvation (HYDE) technology platform has been used. This platform
allows molecular design, interactive prioritization and virtual evaluation of newly designed molecules, simultaneously
affecting two COVID-related targets, including angiotensin-converting enzyme 2 (ACE2) as a host-cellular receptor (host-
based approach) and the main protease (MP®) enzyme of the spike glycoprotein of SARS-Cov-2 (virus-based approach).
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Based on the molecular docking results, DFP has shown higher binding affinity (K woe values) over FAV towards both
biological targets. The tautomeric, physicochemical, and biological properties of FAV and DFP have been studied both
experimentally and theoretically using molecular spectroscopy (UV-VIS absorption), parallel artificial membrane permeability
assay, and cell biology (PAMPA and MTT assay), as well as DFT quantum chemical calculations. According to the obtained
results, the enol tautomers of both compounds are considerably more stable in different organic solvents. However, the keto
tautomer of FAV was estimated to be most preferable under physiological conditions, which is in good agreement with the
molecular docking studies. The isolated crystal structure of DFP is in an excellent agreement with the computation in respect
of the most stable tautomer. Combined single X-ray/molecular modeling studies including HYDE analyses provided not only
insights into the protein-ligand interactions within the binding site of SARS-Cov-2-ACE2 and SARS-Cov-2-MP™, but also a
valuable information regarding the most stable enol tautomeric form of DFP that contributes to its estimated higher potency
against these targets.

Pestome: KopoHaBupycHata 6onect 2019 (COVID-19) Bce oule octaBa Hal-KatacTpodanHata WHOEKUMA, KOATO
HEeMpeKbCHATO 3acAra MWAMOHM XOpa MO CBeTa. TyK HanpaBUXMe CPABHUTE/IHO MPOYYBAHE MEXKAY MNPOTUBOrPUMHOTO
nekapcteo dasunupasup (FAV) n nekapcTsoTo NpoTMB Tanacemus aedepunpoH (DFP), 3a a npoyunm TexHus noTeHuuan
KaTO OCHOBHW CKeNeTa 3a reHepupaHe Ha Hal-edeKTUBHM N CTPYKTYPHO HOBM aHTMBMPYCHM CPeACTBa. 3a NPOBEXKAAHE Ha
MbPBOHAYa/IHOTO MOJIEKYNIAPHO MOAENMPAHE WU ETanuTe Ha BUPTYaNeH CKPUHUHI, Belle M3Mon3BaHa HallaTa HACKopPOo
npeasiioXeHa TeXHONOrMYHa naaTdopma 3a MOHOKPUCTaNHa peHTreHoBa audpakuma (SCXRD)/HYdrogen DEssolvation
(HYDE). Ta3u nnatdopma No3Bo/ISBA MOSIEKY/IAPHO NPOEKTUPAHE, MHTEPAKTUBHO NPUOPUTU3NPAHE U BUPTYasIHA OLLEHKA Ha
HOBOPa3paboTeHM MOJIEKY/IM, €AHOBPEMEHHO 3acArawiM e uenu, cebp3aHn ¢ COVID, BKAOUUTENIHO aHTMOTEH3UH-
KoHBepTupaly, eHsum 2 (ACE2) KaTo npuemMHO-KneTbuyeH peuentop (6asupaH Ha rocTONPUEMHUK MOAX0A) U OCHOBHUS
npoteaseH (Mpro) eH3vM Ha LWKMNOBUA MKONpPoTeMH Ha SARS-Cov-2 (6asupaH Ha BMpYycWM noaxod). Bb3 ocHoBa Ha
pesynTaTUTE OT MONIEKYNIAPHMA AOKMHT, DFP e nokasan no-BMcoK adpuHMTET Ha CBbp3BaHe (CToMHoCTU Ha Ki HYDE) cnpsmo
FAV Kbm aBete 6GUMONOMMYHM MULLEHUM. TaBTOMEPHUTE, PUINMKOXMMUYHUTE U BMonornyHuTe cBocTBa Ha FAV mn DFP ca
W3CNEABAHN KaKTO EKCMepMMEHTaNIHO, Taka M TEOPETMYHO C MOMOLUTA Ha MoseKynspHa crekTpockonua (UV-VIS
abcopbuun), napaneneH aHanM3 Ha U3KYCTBEHA MemMbBpaHHa NPOMNYCKANBOCT U KneTb4Ha buonorua (PAMPA u MTT aHanus),
KaKTo 1 DFT KBAHTOBO XMMWYHU M3uncneHuna. Cnopes nonydyeHuTe pesyntatim eHOMHUTE TaBTOMEPU Ha ABeTe CbeaUHeHUA
Ca 3HAaYMTENHO MO-CTabUAHM B PA3IMYHU OpraHWYHK Pa3TBOpUTENN. Bbnpekun ToBa, KETO TaBTOMepHT Ha FAV ce oueHsABa
KaTo Hal-NpeanoyYnTaH npu GU3MONOrMYHM YCI0BUA, KOETO € B f0DPO CbOTBETCTBME C U3CNEeABaHUATA 32 MOJIEKYNAPHO
[OKWHIrBaHe. M3onnpaHaTa KpuctanHa CTpyKTypa Ha DFP e B OT/IMYHO CbOTBETCTBUE C U3YMC/IEHMETO MO OTHOLLEHUE Ha Hait-
CTabunHmA TaBTomep. KOMBUHUPAHWUTE eAUHUYHWN U3CAEABaHNA C PEHTIeHOBO/MONEKYNAPHO MOAENMPAHE, BKIOUUTENHO
aHanm3u Ha HYDE, npeaoctaBmxa He camo npeAcTaBa 3a B3aMMOAENCTBUATA NPOTEUH-INFAHA, B MACTOTO Ha CBbP3BaHe Ha
SARS-Cov-2-ACE2 1 SARS-Cov-2-Mpro, HO U LeHHa MHPOPMaLMA OTHOCHO Hal-CTabuaHATa eHoNHa TaBToMepHa dopma Ha
DFP, KoATO AoNpMHAcA 3a U34MCeHaTa My No-BUCOKa ePEKTUBHOCT CPELLY Te3M LieN.
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13| 82 Nikolay T. Tzevtkov, Kiril Kirilov, Maima Matin, Atanas G. Atanasov. Natural product drug
discovery and drug design: two approaches shaping new pharmaceutical development.
Nephrology Dialysis Transplantation, 2024, 39, 3, 375—378, DOI:10.1093/ndt/gfad208

Abstract: From a historical point of view, natural products (NPs) have a crucial role in promoting modern drug discovery,
serving as an ‘inexhaustible’ source of new ideas for drug design or for inspiration of the development of a large number of
the currently prescribed drugs. Over the last decade, the NP-based drugs have led to a significant improvement in treatment
of several human diseases, especially infectious (for example, diverse antibiotics) and cardiovascular diseases (for example,
statins), but also cancer (for example, NPs-based antibody-drug conjugates) and multiple sclerosis (for example, fingolimod).
While the significance of NPs to drug discovery in general is well-established, the presented examples and metrics
concerning the application of NPs in the area of kidney diseases (KDs) indicate that the significance of drugs derived from
nature might be even higher in the specific area of KDs therapy. Nevertheless, NPs, together with drug design-derived
pharmaceuticals, are anticipated to both continue to play a key role in drug discovery and development in general as well
specifically in the therapeutic area of KDs. NPs are having the potential to be an unspent source for unique structural motifs
with yet-to-be-discovered bioactivities. The application of modern technologies in drug discovery, including genome miming
and engineering, and SDs design approaches like virtual screening of large compound libraries represent a powerful
combination and promising tool in future drug development processes.

Pestome: OT ucCTOpuyecka riegHa Touka npupogHute npoayktu (NPs) MmaT pelwaBalia ponsi B HacbpyaBaHETO Ha
CbBPEMEHHOTO OTKPMBAHE Ha IEKAPCTBA, CNYYKEMKM KaTo ,Hensyeprnaem” U3TOYHUK HAa HOBM MAEM 33 AM3aMH Ha NeKapcTea
WM 3a BAbXHOBEHWE 33 pa3paboTBaHETO Ha rofiam Bpoi OT MoHacToAWEM NpeanMcaHuTe fekapcTsa. lMNpes nocnegHoTo
[eceTuneTne nekapcteata Ha 6asata Ha NP goBegoxa [0 3HAUMTENIHO NOAOOPEHWE B IEYEHMETO HA HAKONKO YOBELLKM
3a60/19BaHUsA, 0COOEHO MHPEKLMO3HW (Hanprmep PasINyHM aHTMOMOTULM) U CbpAEYHO-CbA0BM 3ab60nABaHMSA (Hanpumep
CTaTWHM), HO CbLIO W paK (HampMMep KOHIOraTW aHTUTANO-NIeKapcTBO Ha 6asata Ha NP) M MHOXecTBeHa CKieposa
(Hanpumep PuHronMmog). Bonpeku ye 3HadeHMeTo Ha NP 3a OTKpMBAHETO HA JIEKAPCTBA KaTo LAN0 e Jobpe YCTaHOBEHO,
npeacTaBeHUTe NPUMEPU U MNoKasaTenn OTHOCHO NpuoxKeHueTo Ha NP B obnactta Ha 6bbpednHnTe 3abonasaHua (KDs)
MOKa3BaT, Ye 3HAYEHWETO Ha JIEKAPCTBaTa, MOJyYEHM OT MPMPOoAATa, MOXe Aa 6bae A0opWu NO-BMCOKO B cneuuduyHaTa
obnact Ha TepanuATa Ha KDs. Bbnpeku ToBa ce odaksa NP, 3aegHo ¢ papmaueBTUYHUTE NPOAYKTH, NOYYEHWN OT AM3aliHa Ha
NeKapCTBa, Aa NPOABAXKAT Aa UIPAAT KNHOYOBa POAA B OTKPUMBAHETO M pPa3paboTBAHETO Ha JIeKapCTBa KaTo LANO, KaKTo U
KOHKpPeTHO B TepaneBTMyHaTa obsact Ha KD. NPs umat noteHumana ga 6baat HemspasxofBaH WM3TOYHMK 33 YHWUKaHU
CTPYKTYPHU MOTMBM C BUOAKTUBHOCT, KOATO BCE OLUE He e OTKpMTa. [puaaraHeTo Ha MOAEPHU TEXHONOMMM B OTKPUBAHETO
Ha NeKapcTBa, BKAOUUTENIHO UMUTMPAHE HA FEHOMA U MHXKEHEPCTBO, U NOAXOAM 33 NPOEKTUPaHe Ha SDs KaTo BUpTyaneH
CKPUHWHT Ha rosiemn BUBANOTEKM OT CbeaMHEeHUA, NPeacTaBaAABaT MOLWHA KOMOWHauus M obeluasall, MHCTPYMEHT B
b6baeLLmMTe Npoueck Ha pa3paboTBaHe Ha 1IeKapcTBa.

NATURAL PRODUCTS (NPs) SYNTHETIC DRUGS (SDs)
1) Scaffold diversity and complexity (wider chemical space) 1) Narrow scaffold diversity and complexity (usually from NPs)
2) Larger number of sp® C-atoms 2) Lower number of sp® C-atoms
3) More stereocenters (3D 'bulky’ molecules) 3) Less or no stereocenters (2D 'FLAT’ molecules)
4) Less number of halogen and N-atoms 4) Higher number of halogen and N-atoms
5) Structurally ’optimized’ by evolution bioactive compounds ¢ 3 5) Structurally ’optimized’ during drug development process
6) Beyond ’Lipinski’s rule-of-five’ (Ro5) 6) Small moleculs within ’Lipinski’s rule-of-five’ (Ro5)
— higher molecular mass — lower molecular mass (< 500 Da)
— higher numbers of H-bond donors and acceptors — lower numbers of H-bond donors and acceptors (< 10)
— higher hydrophilicity (lower cLogP values) — lower hydrophilicity (higher cLogP values, 3-6)
— greater molecular rigidity — lesser molecular rigidity
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T. Tzvetkov, Luigi Milella. Insight into the interaction of Humulus lupulus L. specialized
metabolites and gastrointestinal bitter taste receptors: In vitro study in STC-1 cells and
molecular docking. Journal of Natural Products, 2024, 87, 8, 2021-2033,
DOl:https://doi.org/10.1021/acs.jnatprod.4c00532

Abstract: Bitter taste receptors, also known as taste 2 receptors (T2R), are expressed throughout the body and are
involved in regulating different physiological processes. T2R expression in the intestinal tract regulates orexigenic
and anorexigenic peptide secretion, thus becoming potential a potential target for controlling food intake and the
prevalence of obesity and overweight. The present study aims to investigate the implication of hop bitter
compounds such as a-acids, 8-acids, and xanthohumol in the secretion of anorexigenic hormones and T2R
expression in intestinal STC-1 cells.

The tested bitter compounds induced the secretion of the anorexigenic hormones glucagon-like peptide 1 and
cholecystokinin concurrently with a selective increase of murine Tas2r expression. Xanthohumol and a-acids
selectively increase Tas2r138 and Tas2r130-Tas2r138 expression, respectively, in STC-1 cells, while 8-acids increased
the expression of all bitter receptors studied, including Tas2r119, Tas2r105, Tas2r138, Tas2r120, and Tas2r130.
Increased intracellular calcium levels confirmed this activity. As all investigated bitter molecules increased Tas2r138
expression, computational studies were performed on Tas2r138 and its human orthologue T2R38 for the first time.
Molecular docking experiments showed that all molecules might be able to bind both bitter receptors, providing an
excellent basis for applying hop bitter molecules as lead compounds to further design gastrointestinal-permeable
T2R agonists.

Pestome: PeL.enTopuTe 3a ropums BKYC, M3BECTHM CbLLO KaTo peuenTopu 3a BKyc 2 (T2R), ce ekcnpecupaT B LANOTO
TANO M y4yacTBAT B PEry/IMpPaHeTo Ha pasinyHu GU3MONOrMYHKU npouecn. Ekcnpecnata Ha T2R B YpeBHUA TPaKT
peryninpa cekpeumaTa Ha OpPeKCUreHeH N aHOPEeKCUreHeH NenTua, KaTto Mo TO3M HaUYMH Ce NpeBpbLLa B NOTEHLUMa Ha
Len 3a KOHTPOJMpaHe Ha npuMema Ha XpaHa M pa3snpoCTpPaHEHMEeTO Ha 3aTNbCTABAHETO M HAaAHOPMEHOTO Terno.
HacTtoAawoTto u3cnegsBaHe vma 3a Uen Aa u3caenBa 3HAYEeHUETO Ha ropyMBuTE CbeAMHEHMA Ha XMen KaTo o-
KUCENWNHM, B-KUCEIMHM N KCAHTOXYMOA B CEKPELMATA HA aHOPEKCUIEHHM XOPMOHU U eKcnpecuATa Ha T2R B YpeBHU
STC-1 KneTKwn.

TecTBaHWUTE TFOPUYMBM CbEAMHEHUA WHAYUMPAT CEKpeuuAaTa Ha aHOPEKCUTEHHWUTE XOPMOHW [ItoKaroHonoaobeH
nentng 1 n XONEeUUCTOKNUHUH eAHOBPEMEHHO CbC CENEKTUBHO MOBULUABAHE HA eKcnpecuATa Ha muwun Tas2r.
KCaHTOXyMONBT U O-KUCENMHUTE CeNeKTUBHO YBenun4yaBaT ekcnpecnAta Ha Tas2rl38 w Tas2r130-Tas2r138,
cboTBeTHO, B STC-1 KneTtku, AOoKaTo P-KMCenMHuTe NOBWULLIABAT EKCNpecusaTa Ha BCUYKU M3C/AedBaHW FOpYMBM
peuenTtopu, BkatounTenHo Tas2rll9, Tas2r105, Tas2r138, Tas2r120 n Tas2r130. NosnweHnTe BbTPEKNETbYHM HUBA
Ha Kanuui NOTBbPKAABAT Ta3M aKTMBHOCT. Tbli KaTO BCUYKM U3CAELBAHW TFOPYMBM MOJIEKYAN MOBMLIABaT
eKkcnpecusaTa Ha Tas2rl38, 3a NbpBu NbT 6AXa U3BBPLUIEHN UIUUCAUTENHU M3CAeaBaHUA BbpXy Tas2rl38 n Herosus
yoBelkKu opTtonor T2R38. EKcnepumeHTUTE C MONEKYNAPHO AOKUHI MOKa3axa, Ye BCUYKU MOJIEKY/IM MOXKe Aa ca B
CbCTOAHME Ja CBbPXKAT W ABaTa roOpyYMBM PELLENTOpa, OCUTYPABAMKM OT/IMYHA OCHOBA 3a MpwaaraHe Ha ropyMeu
MOJIEKY/IN HA XMeN KaTo BOAEeLWM CbeAUHEHUA 3@ NO-HAaTaTbWHO NPOEKTUPaHe Ha CTOMALUHO-YPEBHU NPOMNYCKAMNBU
T2R aroHuctn.
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Abstract: Multidrug-resistant (MDR) Staphylococcus aureus infections significantly threaten global health. With rising
resistance to current antibiotics and limited solutions, the urgent discovery of new, effective, and affordable antibacterials
with low toxicity is imperative to combat diverse MDR S. aureus strains. Glucomoringin Isothiocyanate (GMG-ITC) from
Moringa oleifera Lam. is one of the phytochemical compounds with several biological activities, including antimicrobial, anti-
inflammatory, and antioxidant activities, and is also effective against S. aureus. This study focuses on screening GMG-ITC as a
potential drug candidate to combat MDR S. aureus infections through molecular docking and computational approaches. The
molecular interaction analysis revealed a strong binding affinity towards pathogenic and other S. aureus bacterial-specific
proteins by forming hydrophilic and/or hydrophobic interactions. GMG-ITC also showed a strong binding affinity to
cyclooxygenase-2 and FAD-dependent NAD(P)H oxidase, suggesting that it is a potential anti-inflammatory and antioxidant
candidate that may eliminate inflammation and oxidative stress associated with S. aureus infections. Molecular dynamics
(MD) simulations validated the stability of the GMG-ITC molecular interactions determined by molecular docking.
Pharmacological analysis highlights its potency as a drug candidate, showing strong absorption, distribution, and excretion
properties in combination with low toxicity. It acts as an active protease and enzyme inhibitor with moderate activity against
GPCR ligands, ion channels, nuclear receptor ligands, and kinases. Enrichment analysis further elucidated its involvement in
important biological, molecular, and cellular functions with potential therapeutic applications in diseases like cancer, hepatitis
B, and influenza. Results suggest that GMG-ITC is an effective antibacterial agent that could treat MDR S. aureus-associated
infections.

Pestome: MyntupesucteHTHUTe (MDR) nHdeKummn cbe Staphylococcus aureus npeacTaBnsBaT CepUO3Ha 3ans1axa 3a 34paBeTo
B cBeTOBeH Malab. C HapacTBallaTa Pe3nCTEHTHOCT KbM HACTOALLMTE aHTUOMOTULM W OFPaHUYEHUTE PELLEHUS, CMELLHOTO
OTKpWMBaHe Ha HOBW, ePEKTUBHU U AOCTbNHM aHTUBAKTEPUAIHN CPEACTBA C HUCKA TOKCUYHOCT € HaNoKMTeNHO 3a bopba ¢
pas3nnyHu wamose MDR S. aureus. TNHOKOMOPUHIMH m3oTHoumaHat (GMG-ITC) ot Moringa oleifera Lam. e eaHo ot
OUTOXMMUYHUTE CbEAMHEHUA C HAKOIKO BMONOMMUYHM aKTUBHOCTM, BKAKOUYUTENIHO aHTUMMKPOOHA, NPOTMBOBbL3NAAUTENHA U
AHTMOKCMIAHTHA aKTMBHOCT, U e eeKTUBEH U1 cpelLly S. aureus. ToBa NpoyyBaHe ce GOKycupa BbpXy CKpUHMpaHeTo Ha GMG-
ITC KaTo noTeHUManeH KaHAMAAT 3a /IeKapPCTBO 3a bopba ¢ nHdpeKkummte ¢ MDR S. aureus 4pe3 MeToamuTe Ha MOJIEKY/THUA
OOKMHT M KOMMIOTbPHM NOAXOAM. AHAIM3BT HA MONEKYNAPHOTO B3aMMOAENCTBUE PA3KPU CUIHA abUHUTET KbM NAaTOFeHHMU U
Apyrn BGaKkTepuanHu creumduyuHM npoTeMHM Ha S. qureus 4ype3 obpasyBaHe Ha XMAPOOUAHU n/uan xnMapodobHU
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B3aMmogencTeums. GMG-ITC cblLo MOKasa cuHA apUHUTET KbM LIMKIOOKCUreHasa-2 n FAD-3aBucuma NAD(P)H okcnpaasa,
KOETO npeafonara, Ye e NnoTeHumaneH NpoTMBOBL3MNAIMTENEH U aHTUOKCUAAHTEH KaHOMAAT, KOMTO MOXEe A3 eMMMHMPA
Bb3Ma/IEHNETO U OKCUAATUBHUSA CTPEC, CBbP3aHU C MHdeKLmMUTe ¢ S. aureus. CMynaumMmnTe Ha MONEKYNAPHA AMHaMKKa (MD)
NMoTBbpAMXa CTAabWUIHOCTTA Ha MOJIEKYAApPHUTE B3ammogenctsns Ha GMG-ITC, onpeneneHn 4Ype3 MONEKYIHO AOKMHT.
PapMaKONOMMUYHMAT aHaNM3 noavepTaBa HeroBaTa ePUKACHOCT KaTo KaHAMAAT 33 IEKAPCTBO, MOKA3BalKM CUTHU CBOWMCTBA
Ha abcopbuua, pasnpeneneHne n eKcKpeLms B KOMOMHALMA C HUCKA TOKCUYHOCT. TOM AeACTBA KaTO aKTUBEH NPOTEaseH U
€H3MMEH MHXMBUTOP C yMmepeHa akTMBHOCT cpellty GPCR nvraHam, MOHHM KaHanW, AAPEHN PELENTOPHU IMTaHaM U KUHA3W.
AHanM3bT Ha 060raTABAHETO AOMbJAHUTENHO M3ACHM HEFOBOTO YYaCTME B BaKHWU OMONOMMYHM, MONEKYAAPHU U KNETBYHM
bYHKUMM € NOTEHUMANHM TEPaNeBTUYHM NPUIOKEHNA NPK 3aD0NABAHMSA KaTo paK, XxenatuT B v rpmn. Pesyntatute nokasear,
ye GMG-ITC e epeKTMBHO aHTMBAKTEPMA/THO CPEACTBO, KOETO MOXKeE Aa IeKyBa MHbeKUun, cebp3aHm ¢ MDR S. aureus.
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Fig. 1. A schematic diagram showing the purification of GMG-ITC from GMG through catalyzed hydrolysis by myrosinase enzyme.
dur. 1. CxemaTnyHa Avarpama, nokassalla npedncreaHeTo Ha GMG-ITC or GMG ypes KaTannsmpaHa XMaponm3a ¢ eH3rma MMPOo3nHa3a.
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