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Abstract: Jasmonates are plant hormones that induce the accumulation of many secondary
metabolites, such as rutin in buckwheat, via regulation of jasmonate-responsive transcription
factors. Here, we report on the identification of a clade of jasmonate-responsive subgroup 4
MYB transcription factors, FtIMYB13, FtMYB14, FtMYB15, and FtMYB16, which directly
repress rutin biosynthesis in Fagopyrum tataricum. Immunoblot analysis showed that
FtMYB13, FtMYB14, and FtMYB15 could be degraded via the 26S proteasome in the COI1-
dependent jasmonate signaling pathway, and that this degradation is due to the SID motif in
their C-terminus. Yeast two-hybrid and bimolecular fluorescence complementation assays
revealed that FtIMYB13, FtMYB14, and FtMYB15 interact with the importin protein
Sensitive to ABA and Drought 2 (FtSAD?2) in stem and inflorescence. Furthermore, the key
repressor of jasmonate signaling FtJAZ1 specifically interacts with FtMYB13. Point mutation
analysis showed that the conserved Asp residue of the SID domain contributes to mediating
protein—protein interaction. Protoplast transient activation assays demonstrated that
FtMYB13, FtMYB14, and FtMYB15 directly repress phenylalanine ammonia lyase (FtPAL)
gene expression, and FtSAD2 and FtJAZ1 significantly promote the repressing activity of
FtMYBs. These findings may ultimately be promising for further engineering of plant
secondary metabolism.

Pe3ome: JKacmonaTuTe ca pacTHTETHH XOPMOHHU, KOMUTO HHIYLIHMpAT aKyMyJIHpPaHETO Ha
rojsiM Opoil BTOpUYHHM META0OTUTH — KaTO PYTHH B €lifla HalpUMEp — 4pe3 peryivupaHe Ha
’KaCMOHAT-OTTOBapsIIH TPAHCKPUIIIMOHHM (hakTopu. B ToBa m3cnenBane e uaeHTUGUIIMpPaH
KJIOH OT kacMoHaT-otroBapsm S4 R2R3-MYB Ttpanckpuniimonsu (HakTopu, B TOBa YUCIIO
FtIMYB13, FtMYB14, FtMYB15 u FtMYB16, kouto AupeKkTHO MHXUOUpAT OMOCHHTE3a Ha
pytuH BBB Fagopyrum tataricum. Upe3 mmyHOONIOT aHanu3u € joka3ano, ue FIMYB13,
FIMYB14 u FtIMYB15 moratr ga ce pasrpagsar upe3 26S mporeazomu B COIl1l-3aBucumus
CUTHAJICH ITBT U Y€ Ta3u JAerpajanus ce 1pxu Ha SID MoTHBa B TexHust C-TepMUHANICH Kpail.
OcBeH TOBa, JPOXIEBUTE JBYXHOPHUAHM W  OUMOJNEKYISIpHH  (PIyopecleHTHH
KOMIJIEMEHTApHU U3cieaBaHus rmoka3sar, 4ye FMYB13, FMYB14 u FtMYB15
B3aMMOJICHCTBAT C MPOTEMHA HMMIIOPTHH, KOWTO € YYBCTBHUTEIEH KbM abOCIMCHHOBAaTa
kucennna (ABA) u Drought 2 (FtSADZ2) B crednoTo u chuserrero. FtISAD2 B3aumoelicTa
JUPEKTHO C FOpen30pOCHUTE TPAHCKPUIIIMOHHU (PAaKTOPH M MOCPEAHUYH 3a TPaHCIOPTa Ha
T€3U PEerpecopu B ApaTa Ha KIETKUTE B cTebsara u cbuBeTusTa. OT CBOS CTpaHa KIIIOUOBUS
CyIIpecop Ha JKacMOHAT CHTHanIM3anusara, a uMeHHo FtJAZ1l ce cBBp3Ba cnenupuvHO C
FtIMYB13 u moamomara wHXuOHMpaliaTta My aKTHBHOCT Hali-Bede B cre0iiaTa, JIACTaTa |
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ceuerusaTa. FtIMYB16 neiictBa kato cnenuduuen perenrtop, koiTto 3aBucu or EAR motusa
B KOpPEHUTE, JIOKaTo WHXuOWpamara aktuBHocT Ha FtMYB13, FtIMYB14 u FIMYB15 ce
JIBJDKU Ha KOoHcepBaTWBHHS ASP octarhk Ha SID momeliHa, KoeTo € JOKa3aHO 4pe3 T.Hap.
TOYKOBM MyTanuu. IIpu n3cnenBaHusaTa CBbp3aHH C NIPOTOIUIACT MPEXOAHOTO AKTUBHUPAHE Ce
ycranossiBa, ue FIMYB13, FtIMYB14 u FtIMYB15 nupekTHO MOTHCKAT reHHaTa eKCIpecus
Ha (enmnananud amonsk iuazata (FtPAL), a FtISAD2 u FtJAZ1 ctumysupar 3HaYUTEIHO
uHxuOupaimara akTuBHocT Ha FIMY B Tpanckpunimonnute gaktopu. Te3u pe3ynratu naBat
OCHOBHTE Ha B@XHO MOJIEKYJSPHO IIO3HAHME, KOETO MOXXe Ja ObJe HU3MOJI3BAaHO 3a
METa0O0JIMTHO MAaHUITYJIMPAaHE HAa BTOPUYHHS METabO0JIM3bM B PACTCHUSTA.

Hidalgo D., Georgiev M.1., Marchev A., Bru-Martinez R., Cusido R.M., Corchete P., Palazon
J.* (2017) Tailoring tobacco hairy root metabolism for the production of stilbenes. Scientific
Reports, 7: 17976 (Md2017 4.122; Q1).

Abstract: Tobacco hairy root (HR) cultures, which have been widely used for the
heterologous production of target compounds, have an innate capacity to bioconvert
exogenous t-resveratrol (t-R) into t-piceatannol (t-Pn) and t-pterostilbene (t-Pt). We
established genetically engineered HR carrying the gene encoding stilbene synthase (STS)
from Vitis vinifera and/or the transcription factor (TF) AtMYB12 from Arabidopsis thaliana,
in order to generate a holistic response in the phenylpropanoid pathway and coordinate the
up-regulation of multiple metabolic steps. Additionally, an artificial microRNA for chalcone
synthase (amiRNA CHS) was utilized to arrest the normal flux through the endogenous
chalcone synthase (CHS) enzyme, which would otherwise compete for precursors with the
STS enzyme imported for the flux deviation. The transgenic HR were able to biosynthesize
the target stilbenes, achieving a production of 40 ug/L of t-R, which was partially metabolized
into t-Pn and t-Pt (up to 2.2 ug/L and 86.4 pg/L, respectively), as well as its glucoside piceid
(up to 339.7 pg/L). Major metabolic perturbations were caused by the TF AtMYB12,
affecting both primary and secondary metabolism, which confirms the complexity of
biotechnological systems based on seed plant in vitro cultures for the heterologous production
of high-value molecules.

Pe3tome: TpanchopMupanu KOPEHOBM KYJIATYPU OT TIOTIOH, LIMPOKO M3IMOJI3BaHU 3a
XETEpOJIOKHA TIPOAYKIMSI HA LEJNeBH METa0OJUTH, HMAaT €CTECTBEH KamaluTeT 3a
OMOKOHBEpCHs Ha BBHIIHO J00aBeH t-pecBeparpoi B t-nunearanon u t-nrepoctuinben. B ToBa
U3CJIeBaHe ca MOJIY4YEeHU T'€HEeTHYHO MOIUGUIMPAaHU TpaHC(HOPMUPAHU KOPEHOBU KYJITYpH,
HOCHUTEIM Ha T'eH, Kojupam| cTiiOeH cuHTaza ot VitisS vinifera w/mmm TpaHCKpUIIIMOHEH
daxTop AtMYB12 ot Arabidopsis thaliana, ¢ en ga ce renepupa XOJIMCTHYEH OTTOBOP BB
(beHUIIpPONnaHoONIHUS BT M Ja C€ KOOPIMHHMpA aKTHBUPAHETO Ha HSAKOJIKO METa0OJUTHU
CThIIAJIa €IHOBPEMEHHO. B nonbiHeHue Ha ToBa e usnosssana MUKpOPHK u3kycTBeH anaior
Ha XaJIKOH CHHTa3a, KOATO OJIOKUpa KOHKYPCHTHUTE OMOCHMHTETHYHHW IIBTHINA, 4Ype3
BB3/IEHCTBUE BbPXY BHTPEKJIEThUHATA XAJIKOH CHHTa3a. XaJIKOH CHHTAa3aTa € €H3UM, KOUTO ce
KOHKYpHpa 3a W3IOJI3BAHETO Ha MPEANISCTBEHHUIM ChC CTWIIOCH CHHTa3aTa. TpaHCTeHHHTE
KOPEHOBH KYJITYPHU CHHTE3HMpAT IEJEBUTE CTHIIOCHH, JOCTHTANKHU J0 npoaynupanero Ha 40
ug/L t-pecBeparpos1, KOWTO ce METabOJIM3Upa YaCTHYHO 0 {-mMieaTaHoa u t-mrepocTHioeH
(mo 2.2 pg/L u 86.4 ug/L, ch0TBETHO), a CBIIO TaKa U 10 HEroBUs rimko3uy nunens (339.7
ug/L). OcHOBHHUTE ,,METa0OJUTHH CMYIICHUS” ca TPEIU3BUKAHH OT TPAHCKPHITIIUOHHHS
dakrop AtMYB12, koiiTo 3acsra KakTo IBbPBUYHHS, TaKa M BTOPUYHHUS META0OJIU3BM.
[TonydyeHuTe pe3ysiTaTH MOTBBPIKIABAT KOMIUIEKCHOCTTA MPU PETyJIMpaHeTO HAa OMOCHHTE3a
Ha BTOPUYHH META0OJHMTH B PACTUTEIHUTE IN VItr0 cuctemMu ¢ 1esl OMONpPOIYKIUS Ha IEHHU
MOJICKYJIH.



Charoonratana T., Wungsintaweekul J.*, Pathompak P., Georgiev M.l., Choi Y.H.,
Verpoorte R. (2013) Limitation of mitragynine biosynthesis in Mitragyna speciosa (Roxb.)
Korth. through tryptamine availability. Zeitschrift fir Naturforschung C, 68: 394-405 (M 2013
0.569; Q4).

Abstract: Metabolite profiles of Mitragyna speciosa were determined by means of *H NMR-
based and HPLC-based analyses. The results indicated that high contents of secologanin,
caffeic acid, gallic acid, epigallocatechin, and mitragynine were accumulated in leaves. In M.
spe- ciosa, feedings of tryptamine, tryptophan, phenylalanine or tyrosine significantly
increased the mitragynine contents. Feedings of tryptamine and loganin also enhanced the
mitragynine accumulation, but feeding of loganin only did not affect the mitragynine level.
The mRNA levels of anthranilate synthase alpha subunit (ASA), tryptophan decarboxylase
(TDC), and strictosidine synthase (STR) were measured by quantitative real-time polymerase
chain re- action (RT-gqPCR) in control plants and those exposed to methyl jasmonate (MJ; 10
uM). All genes responded to MJ after a 24-h treatment. The mitragynine contents were also
enhanced and corresponded to the transcript levels. From the present results we conclude that
a high content of secologanin together with a undetectable level of tryptamine in M. speciosa
feature the limitation of mitragynine biosynthesis. Additionally, expression of all the genes
limits production of an essential precursor for mitragynine production.

Pe3tome: M3cnienBan e merabonuTHus npodui Ha Mitragyna speciosa upes siipeHO-MarHuTeH
pe30HaHC W BHCOKO e(eKkTHBHa TedyHa Xpomartorpadus. Pesynrarute moka3BaT BHCOKO
ChJbp)KaHUE Ha CEKOJIOTaHUH, eMUraloKaTeXnH, Kad)eeHa U rajoBa KUCeNIMHA, a ChIIO Taka U
MUTpParvHUH B JIMCTaTa Ha pacTeHueTo. lIpu wu3mos3BaHeTO Ha NPEAIIECTBEHHUIM, KaTo
TpuntamuH, TpuntodaH, QEHWIaTaHWH WJIA THPO3WH C€ TIOBHINABA 3HAYUTEITHO
ChJbp)KaHUETO Ha MUTparuHuH. [logxpaHBaHETO C TPUNTAMUH U JIOTAHUH CHIIO MOBHILIABA
aKyMyJIUPaHETO HAa MUTPAarMHUH, HO M3IO0JI3BAHETO HA JIOTAHMH CAMOCTOSITETHO HE TOBIHUSIBA
akymynupaneto my. Huara na MPHK Ha anda noxn-eaunumiata Ha aHTpaHWIAT CHHTA3ara,
TpunrtodaH JekapOOKcwiazaTa M CTHUPKTO3MAMH CHHTa3araTa ca M3MEpPeHH upes
KOJIMYECTBEHA MOJMMepa3Ha BeprokHa peakius B peanHo Bpeme (RT-QPCR) B xoHTpomHH
pacTeHus u pacteHusi Tpetupanu ¢ mermwnkacmonar (10 uM). Cnen 24 uaca Tpetupane ¢
METHJDKaCMOHAT Cca aKTUBUPAHU BCUYKU M€HH, KOETO BOAU 10 MOBUIIEHOTO ChAbPKAHHE Ha
MUTpPArvHUH U KOPECTIOHAMPA Ha HUBO TpaHCKpunimsa. OT HACTOSIIETO MPOyYBaHE MOXE J1a
Ce HalpaBH 3aKIIOYEHUETO, Y€ BHCOKOTO CBHIBPKAHHE HA CEKOJIOTAaHWH 3aedHO C
HEJICTCKTUPYEMHTE CTOWHOCTH Ha TpuntamMuH B M. Speciosa ca xapakTepHH IpU
MHXUOMpaHEeTO Ha OMOCHHTE3a Ha MUTPAaruHuH. B ombiHeHne, eKcrpecusTa Ha BCUUKH Te3U
I'eHU JIMMUTHPA CUHTE3a HAa €CEHIIMAIHU MPEKYPCOPH B IPOAYKIUATA HA MUTPAr HHHH.

Georgiev M.1.*, Ludwig-Mueller J., Alipieva K., Lippert A. (2011) Sonication-assisted
Agrobacterium rhizogenes-mediated transformation of Verbascum xanthophoeniceum Griseb.
for bioactive metabolite accumulation. Plant Cell Reports, 30: 859-866 (Md2011 2.274; Q2).

Abstract: An efficient protocol for the establishment of transformed root culture of
Verbascum xanthophoeniceum using sonication-assisted Agrobacterium rhizogenes-medi-ated
transformation is reported. Only 10 days after the inoculation with A. rhizogenes ATCC
15834 and 45 s ultrasound exposure, hairy roots appeared on 75% of the Verbascum leaves.
Ten hairy root lines were isolated, although only half of them were free of bacterial contam-
ination and started growing when excised from mother explants. The transgenic nature of the
most vigorously growing hairy root clones (VX1 and VX6) was confirmed by polymerase
chain reaction. Under submerged cultiva- tion both hairy root clones accumulated high



biomass amounts (12.8 and 14.3 g¢/L, respectively) and signifi- cant amounts of bioactive
phenylethanoid glycoside verbascoside (over 6-times more than in mother plant leaves). LC-
APCI-MS analyses confirmed verbascoside accumulation in hairy root clones along with
three other phenylethanoid glycosides (forsythoside B, leucoscepto- side B and martynoside)
and an iridoid glycoside aucubin. This is the first report on the induction of hairy roots of
Verbascum plants.

Pe3tome: IlpencraBeH epekTUBEH MPOTOKON 32 MHULUUPAHE HAa TpaHC(POPMUPAHU KOPECHOBU
kyntypu ot Verbascum xanthophoeniceum upes npunaranero Ha Agrobacterium rhizogenes
TeHeTHYHA TpaHc(hopMalus U TPETUPaHE C YJITPa3ByK Ha PACTUTEIHHUTE eKCIUTaHTH. JleceT
nau cien uHokyinupane ¢ A. rhizogenes ATCC 15834 u tpertupane ¢ yaTpasByk ot 45
CEeKyHIHM, c€ HaOJogaBa TmosiBaTa Ha KOpeHH B 75% OT pacCTUTEIHHUTE CKCIUIAHTH.
TpaHCcreHHHs XapakTep Ha Hal-WHTCH3MBHO pacTsmnuTe KopeHoBu junHuu (VX1 u VX6) e
NOTBBPJIEH Ype3 MoJIMMepa3Ha BeprrkHa peakuus. Ilpu 1pa004nHHO KyJITHBUpPAHE U JBETE
KOPCHOBH JINHUHW HATPYIBAT BUCOKH KoJinuecTBa Ha Ouomaca (12.8 u 14.3 g/L) u 3HaunTeH!
KOJIMYECTBA OT (PCHUIICTAHOMIHUS TJIMKO3U ] Bepbacko3ua (moseve oT 6 mbTH, OTKOJIKOTO B
JHUcTaTa Ha PacTeHHETO). AHAJIM3UTE M3BBPIIEHH C TeUHa Xpomarorpadus KOMOMHHpaHA ¢
XUMHUYECKa HoHu3aims npu arMochepHo HamsraHe u Mac cnekrpomerpus (LC-APCI-MS)
MOTBBPK/IABAT ChIIBPIKAHUETO HAa BEpOACKO311 (OCHOBHHS BTOPUUYEH META0OJIUT), KAKTO U HA
TpU JApyrd (pEeHHJICTAHOUIHU TIMKO3UAM B Tpancopmupanute kopenu (popcurosun B,
JeyKocenTo3u B u MapTUHO3MI) U MPUIOUIHUS TIIMKO3U ayKyOuH, KOETO TI0Ka3Ba, ue Te3U
KyJITYypH UMaT TOJISIM MOTEHIHAJ 32 MPOMHIIUICHO TMOJy4YaBaHe Ha BepOacko3ua B ObJelie.
ToBa e MbpBOTO CHOOLIECHHE 32 UHIYLUPAHETO HA TpaHC(HOPMUPAHU KOPEHOBH KYITYpH Ha
pacrenust oT poa Verbascum.

Georgiev M.1.*, Ludwig-Mueller J., Weber J., Stancheva N., Bley Th. (2011) Bioactive
metabolites production and stress-related hormones in devil’s claw cell suspension cultures
grown in bioreactors. Applied Microbiology and Biotechnology, 89: 1683-1691 (Md2011
3.425; Q1).

Abstract: In a previous report, we showed that cell cultures of Harpagophytum procumbens,
a South African plant with high medicinal value, accumulate high amounts of anti-
inflammatory phenylethanoid glycosides during cultivation in shake-flasks. The aim of the
present study was to transfer the phenylethanoid biosynthetic process to a 3-L stirred tank
reactor and a 1-L glass-column bioreactor (operated with pulsed aeration). We found that,
with stepwise increases in aeration, the stirred tank reactor yielded similar productivities of
verbascoside (the major phenylethanoid glycoside in the cells) to those reported for shake-
flask cultures (55.68 vs. 54.78 mg verbascoside/L/day, respectively). Transfer in the pulse-
aerated column reactor resulted in 165.42 mg verbascoside/L/day, one of the highest yields
reported to date. Further, to evaluate the physiological status of the suspended cells in the
bioreactors cultures, we examined their hormone levels and compared them to those of cells
in shake-flask cultures. While indole-3-acetic acid levels did not differ significantly between
the bioreactor and shake-flask cultures, there were considerable differences in their levels of
abscisic, jasmonic, and salicylic acids. These results are discussed with respect to relative
stress levels in the different cultivation systems.

Pe3tome: Knerbunu kyntypu ot Harpagophytum procumbens (roxxuoadprkaHCKO pacTeHHE C
rojsiMa MEJIUIIMHCKA CTOMHOCT) HATPYNBAaT BUCOKH KOJUYECTBA (PCHIJICTAHOUTHU TJIMKO3HIN
C NMPOTHBOBB3MAINTEIHO JCUCTBHE TIPH KyJITHBUpaHe B koiow. llenTa Ha u3cieaBaHETO €
Tpanchep Ha mpoleca Ha OmocuHTEe3 Ha (peHmIeraHouan B 3-L OMOpeakTop ¢ MEXaHHUYHO
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pazobpkBane u 1-L crTerieH kosjoHeH OuopeakTop (paboremy ¢ IyJcoBa aeparusi).
VY CcTaHOBEHO €, Y€ CTHIAJOBUIHOTO MOBUIIABAHE HA acparusaTa B OMOpeakTopa ¢ MEXaHHMYHO
pa30bpkBaHe BOAM /10 J00MB Ha BepOacko3ua (MaxxopHUs (EHWIETAaHOWJIEH TIUKO3UI B
KJIETKHTE) B KOJMYECTBa OJM3KH JI0 TE€3W NpPH KYJITUBHpPaHE, NPOBeIeHO B Koiou (55.68
crpsimo 54.78 mg BepOacko3ua/L/nenH, cborBeTHO). TpanchepbT B MmylicallmOHHO-aCpUPAHUS
KOJIOHEH OHMOpeaKkTop BOAM A0 HarpymBaHeTo Ha 165.42 mg BepOackosua/L/meH, eaun oT
Hail-BHCOKUTE JTOOMBHU JOKJIaJBaH 10 cera. B mociieiacTBue € m3cienBaH (hU3HOIOTUYHHS
CTaTyC Ha CYCIIeH3HMOHHATa KyJITypa B OMOpeakTopuTe, Upe3 aHajIu3 Ha HUBAaTa Ha XOPMOHUTE
B HEsl U CpaBHEHHE C KIETKHUTE, KyJITUBHUpPAaHU B KoiaOW. JlokaTo KonmmyecTBaTa Ha WHION-3-
OLIETHATa KHCEIIMHA B KJICTKUTE HE C€ pa3jinyaBa MEXAy KyJITHBUPAHETO B KOJOH |
OouopeakTop, TO ce HaONIOAAaBaT 3HAYMTETHU pA3IMKA B HUBaTa Ha aOCIHMCHUHOBATA,
’KACMOHOBAaTa W CaJMIMJIOBATa KHCEIMHHU. 1€3W pe3ysiTaTH Ce JBJDKAT Ha OTHOCHUTEITHO
pa3InYHUTE HUBA HA CTPEC B PA3IMUYHUTE KyJITUBAIHOHHHU CUCTEMHU.

Marchev A., Yordanova Zh., Georgiev M.1.* (2018) Transformed root culture: from genetic
transformation to NMR-based metabolomics. In: Plant Cell Culture Protocols. Methods in
Molecular Biology, vol. 1815 (Loyola-Vargas V.M., Ochoa-Alejo N., Eds.), pp. 457-474,
ISBN: 978-1-4939-8593-7.

Abstract: Hairy root (HR) culture is considered as “green factory” for mass production of
bioactive molecules with pharmaceutical relevance. As such, HR culture has an immense
potential as a valuable platform to elucidate biosynthetic pathways and physiological
processes, generate recombinant therapeutic proteins, assist molecular breeding, and enhance
phytoremediation efforts. However, some plant species appear recalci- trant to the classical
Agrobacterium rhizogenes transformation techniques. Sonication-assisted Agrobacterium-
mediated transformation (SAArT) is a highly effective method to deliver bacteria to target
plant tissues that includes exposure of the explants to short periods of ultrasound in the
presence of the bacteria.

Nuclear magnetic resonance (NMR)-based metabolomics is one of the most powerful and
suitable platforms for identifying and obtaining structural information on a wide range of
compounds with a high analytical precision. In terms of plant science, NMR metabolomics is
used to determine the phytochemical variations of medicinal plants or commercial cultivars in
certain environments and conditions, including biotic stress and plant biotic interaction,
structural determination of natural products, quality control of herbal drugs or dietary
supplements, and comparison of metabolite differences between plants and their respective in
vitro cultures.

In this chapter, we attempt to summarize our knowledge and expertise in induction of
hairy roots from rare and recalcitrant plant species by SAArT technique and further
methodology for extraction of secondary metabolites of moderate to high polarity and their
identification by using NMR-based metabolomics.

Pe3rome: TpanchopMupaHUTe KOPCHOBU KYJITYypH CE MpPHUEMArT Karo ,3eineHa (abpuka™ 3a
MPOU3BOJICTBO Ha (hapMaleBTHYHO 3HAYMMH OMOJOTMYHO-aKTHBHH BelecTBa. KaTo TakuBa,
KOPCHOBHUTE KYJITYpH HMPUTEkKAaBAaT OrPOMEH MOTEHI[Mal Karo miardopma 3a MpoydyBaHe Ha
OMOCHHTETHYHH MBTHINA U (H3UOJOTUYHH TMPOLECH, MPOU3BOACTBOTO HA PEKOMOMHAHTHU
NPOTEHHH, TMOIIOMaraHe Ha MOJIEKY/SIPHOTO pPa3MHOKaBaHE WM YJICCHSBAaHE YCHJIHMATA B
nocoka Ha (QuTopemenuanuaTa. HsikoM pacTUTETHM BHIOBE HE ca IMOJATIMBH Ha
KJIaCMUECKUTE TEXHHKH 3a TpaHcopmarms c Agrobacterium rhizogenes. VYnrpasByk-
noanoMorHarara Agrobacterium-omocpeacrsana tpanchopmarust  (YIIApT) e  Bucoko



e(eKTUBEH METOJl 3a BBBEXJaHE Ha OakTepusiTa B PAaCTUTENHATa THhKaH, KOSITO BKJIIOYBA
yJITpa3ByKOBa €KCIIO3UIIMS Ha EKCIIaHTa 3a KPAaTKU MHTEPBAIM B IPUCHCTBHUE HA OaKTEepHsTA.

MeTtabosioMHUAT aHanu3 0azupaH Ha sSApeHO MarHuTeH pe3oHaHc (IMP) e enun ot Haii-
MOILIHUTE W YAAYHM TMOAXOAM 3a MJIEHTHU(QHUUMpPaHE W H3BJIMYaHE Ha HHopMalMs 3a
CTpyKTypaTa Ha ILIMPOK CIEKTbp OT CBEAMHEHUS C BHUCOKAa aHalIMTU4YHA TouyHOCT. [lo
OTHOIIIEHUE Ha pacTUTENHUTE u3cneaanus, AMP-6a3upanara merabosoMuka ce U3Moia3Ba 3a
OIlpeie/IiHE Ha PA3JIMKU B XUMHYHHUS ChCTAB Ha JICUEOHHUTE PACTEHMSI WM KOMEPCHAIHH
COPTOBE KYJITYpPU B DPA3IUYHU YCIOBUA, BKIIOUUTEIHO OWMOTHYEH CTPEC M PACTHUTEIHH
OMOTHYHHM B3aWMOJICHCTBUS, CTPYKTYPEH aHaJIW3 Ha MPHPOTHU MPOAYKTH, KAa4eCTBEH
KOHTPOJI Ha PacTUTENHH JIEKAPCTBEHU CPEJICTBA WIIM XPAHUTEJIHU 100aBKHU, U CPABHSBAHE Ha
METa0O0IUTHUS TPOPHIT MEXKTY PACTEHUATA U TEXHH UH 6UMPO KYIITYPH.

B Ta3u rnaBa, ca 00oIlleHM 3HAHUATA M ONUTA HU B MHAyLUpPAaHE Ha TpaHCPOpPMHUpPAHU
KOPEHOBM KYJITYypU OT PEIKH W HEeMOAATIMBU pacTuTenHu Buuose upe3 YIIApT, xakto u
METO/I0JIOTHS 32 €KCTPAKIMs HAa BTOPUYHHM META0OJIUTH ChC CPEIHA JI0 BUCOKA IMOJISIPHOCT U
MOCIICABAIIOTO UM HaeHTUUIIMpane upe3 IMP-6a3upana meraboaomMuKa.

Shi M., Liao P., Nile S.H., Georgiev M.1.*, Kai G.* (2020) Biotechnological exploration of
transformed root culture for value-added products. Trends in Biotechnology, DOI:
10.1016/j.tibtech.2020.06.012 (M 2019 14.343; Q1).

Abstract: Medicinal plants produce valuable secondary metabolites with anticancer,
analgesic, anticholinergic or other activities, but low metabolite levels and limited available
tissue restrict metabolite yields. Transformed root cultures, also called hairy roots, provide a
feasible approach for producing valuable secondary metabolites. VVarious strategies have been
used to enhance secondary metabolite production in hairy roots, including increasing substrate
availability, regulating key biosynthetic genes, multigene engineering, combining genetic
engineering and elicitation, using transcription factors (TFs), and introducing new genes. In
this review, we focus on recent developments in hairy roots from medicinal plants, techniques
to boost production of desired secondary metabolites, and the development of new
technologies to study these metabolites. We also discuss recent trends, emerging applications,
and future perspectives.

Pe3tome: JleueOHUTE pacTeHUs MPOU3BEXKAAT LIEHHU BTOPUYHU METAOOIMTH, NMPUTEKABALIU
IIPOTUBOPAKOB, aHAIT€TUYEH, AaHTUXOJMHEPTUYEH WIN IpyTU e()eKTH, HO HUCKUTE UM HHUBA U
OTPaHUUYEHOTO PA3NPOCTPAHEHUE B OIPEAEICHM PACTUTEIHHM THKAHW 3aTPyAHsIBA TEXHHUS
nobuB. TpanchopMupanuTe KOPEHOBH KYJITYpH, HapedeHH olmie hairy roots, ocurypsiBaT
IPAKTUYECKU MPUIOKHUM MOJIXOJ 3a JOOMB Ha IIEHHU BTOPUYHM MeTabonutu. PasHooOpazHu
CTpaTeruy ca M3MpOoOBaHM C IeJl yBelM4aBaHE Ha J00MBa Ha BTOPUYHHM METaOOIUTH NpHU
TpaHc(OpMHUpPAHU KOPEHOBU KYJITYpH, BKIIOUUTEIHO yBEeIMYaBaHE HAa KOHICHTpalMATa Ha
cyOcTpaTu 3a IOJIy4aBaHETO, PEryJMpaHe Ha KIIOYOBM TIE€HU, BaXXHM 3a OMOCHHTE3a,
MYJATUT€HHO W KOMOWMHAaTHMBHO T€HHO WH)KEHEPCTBO, €IHUCUTHpaHe, W3IMOJI3BaHEe Ha
TPAHCKPHUIIIIMOHHN (PaKTOPU M BHBEXJaHE Ha HOBM T'eHHU. B TO31 0030p aKueHTHpame BbpPXY
MOCJIEAHUTE Pa3pabOTKU Ha KOPEHOBU KYJITYpHU OT JiedeOHU pacTeHMsI, TEXHUKH 3a yCUJIBaHE
IPOU3BOJICTBOTO Ha JKEJAaHUTE BTOPUYHM METAaOOJUTH U pa3BUTHE Ha HOBU METOAM 3a
TAXHOTO wu3y4yaBaHe. OcBeH TOBa OOCHXKAaMe aKTyaJHd TEHJASHIMH, OOeIIaBamu
MPWIOXKEHUS U ObJCIIN TPECTIEKTUBH.



Marchev A.S., Yordanova Z.P., Georgiev M.l1.* (2020) Green (cell) factories for advanced
production of plant secondary metabolites. Critical Reviews in Biotechnology, 40(4): 443-458
(Md2019 8.108; Q1).

Abstract: For centuries plants have been intensively utilized as reliable sources of food,
flavoring, agrochemical and pharmaceutical ingredients. However, plant natural habitats are
being rapidly lost due to climate change and agriculture. Plant biotechnology offers a
sustainable method for the bioproduction of plant secondary metabolites using plant in vitro
systems. The unique structural features of plant-derived secondary metabolites, such as their
safety profile, multi-target spectrum and “metabolite likeness,” have led to the establishment
of many plant-derived drugs, comprising approximately a quarter of all drugs approved by the
Food and Drug Administration and/or European Medicinal Agency. However, there are still
many challenges to overcome to enhance the production of these metabolites from plant in
vitro systems and establish a sustainable large-scale biotechnological process. These
challenges are due to the peculiarities of plant cell metabolism, the complexity of plant
secondary metabolite pathways, and the correct selection of bioreactor systems and
bioprocess optimization. In this review, we present an integrated overview of the possible
avenues for enhancing the biosynthesis of high-value marketable molecules produced by plant
in vitro systems. These include metabolic engineering and CRISPR/Cas9 technology for the
regulation of plant metabolism through overexpression/repression of single or multiple
structural genes or transcriptional factors. The use of NMR-based metabolomics for
monitoring metabolite concentrations and additionally as a tool to study the dynamics of plant
cell metabolism and nutritional management is discussed here. Different types of bioreactor
systems, their modification and optimal process parameters for the lab- or industrial-scale
production of plant secondary metabolites are specified.

Pe3rome: OT BeKOBe pacTEeHHUSTa CE€ M3MOJI3BAT MHTEH3MBHO KaTO YCTOHYMB HM3TOYHHK 32
XpaHa, OBKYCHTEJH, arpOXUMUKaIu U (apmarneBTHUHN MoJekynu. lllupokara ymorpeba Ha
pacTeHusATa B CEJICKOTO CTOMAHCTBO M IPOMEHUTE B KIUMaTa BOJAT J0O H3YEpIIBaHE Ha
€CTECTBEHUTE HAXOJMWIIA Ha IIEHHU pacTeHHus. PactutenHuTe OMOTEXHOJOTMH IpeaaraT
Ha/IeKIEH METO]] 32 OMOTIPOIYKINS Ha PACTUTEIHA BTOPHYHU METAOOJIUTH Ype3 M3IOJI3BaHE
HAa pACTUTEIHH UH 6UMpPO CUCTEMH. YHUKAJIHUTE CTPYKTYpHU XapaKTEpPUCTUKH Ha
pacTUTETHUTE BTOPUYHHM METAO0JIUTH, KaTo J00bp Mpo¢uil Ha 6e30MacHOCT, UPOK CIEKThP
M CXOJICTBO C €CTECTBEHH METa0OJIUTH, ca JOBENM J0 Ch3JlaBaHE Ha TOJIsIM Opoi JieKapcTBa,
OCHOBaHM HA PACTUTEIIHU MOJIEKYJH, MPEACTaBISBAIM OKOJIO €IHAa YeTBBPT OT OO0IIUA
JIEKapCTBEH Ma3ap Ha 0J00peHUTe OT aMepUKaHCKaTa U eBpoIeiickaTa areHI|H Mo JIeKapCcTBa.
Bwrnpeku ToBa Bce olle IMa MHOTO TPYAHOCTH 3a MPEOI0JIsIBaHE, 3a /1a Ce yBEINYH JO0OHBa Ha
T€3U METa0OJMUTH B UH 6umMpO PACTUTEIHU KyATYpH U 3a Ch3JaBaHe HA YCTONYMB
enpomamiabeH OMOTEXHOJIOTWYEH TMpolec. Te3u Npeau3BUKATENCTBA CE€ OCHOBAaBAT Ha
oco0eHOoCTHTE B MeTabOIM3Ma Ha pAacTUTENTHATa KJIETKA, CI0KHOCTTA HA OMOCHHTETUYHUTE
IIBTHUIIA HA PACTUTEITHUTE META0OJIUTH U criennduKara mpu u300p Ha BUJIa HA OMOPEaKTOp U
ONTUMHM3UPAHETO Ha Lenaus mnpouec. B Hactodmms 0030p mpeacTaBsiMe WHTETPUPAHO
o0oIIIeHHE Ha BB3MOXXHHTE HOBU IOCOKM B MOJNOMaraHe Ha OWOCHHTE3a Ha ILIEHHH U
MOTEHIIMATHO THPCEHU Ha Iazapa MOJICKYJIH B PACTUTEIHH UH 6umpo KynTypHu. ToBa BKIIOYBA
MpUIOKEeHHeTo Ha meTrabonuTHO uHxkeHpecTBo U CRISPR/Cas9 merona 3a perynupaHe Ha
pacTuTenHUsT MeTaboJIM3bM Upe3 CBPBXEKCHpPEcHs/perpecus Ha €IUHUYHU WM rpyna oT
CTPYKTYpHU T€HU WM TpaHCKpUNUMOHHM (akropu. M3momsBanero Ha AMP-0a3zupanara
MeTaboJIOMUKa 3a MPOCIesiBaHe KOHIEHTPALUATa Ha METAa0OJIUTUTE U JOMBIHUTEIHO KaTo
MHCTPYMEHT 3a HU3ydaBaHe JAWHAMHKaTa Ha PACTHTEIHO-KIETHUYHUAT METa0OoIM3bM ca
obocpaeHn. OmmcaHu ca pa3IMYHUTE THIIOBE OMOPEAKTOPHU CHCTEMH, BB3MOXXHOCTHTE 32



MOIUGHUIMPAHETO UM M ONTHUMAJIHHUTE NapaMeTpu 3a JIabopaTOpHO WIM WHAYCTPHAIHO
IIPOM3BOJICTBO Ha BTOPUYHH PACTUTEITHU META0OIUTH.

Alipieva K.*, Korkina L., Erdogan Orhan 1., Georgiev M.I. (2014) Verbascoside — A review
of its occurrence, (bio)synthesis and pharmacological significance. Biotechnology Advances,
32: 1065-1076 (Md2014 9.015; Q1).

Abstract: Phenylethanoid glycosides are naturally occurring water-soluble compounds with
remarkable biological properties that are widely distributed in the plant kingdom.
Verbascoside is a phenylethanoid glycoside that was first isolated from mullein but is also
found in several other plant species. It has also been produced by in vitro plant culture
systems, including genetically transformed roots (so-called ‘hairy roots’). Verbascoside is
hydrophilic in nature and possesses pharmacologically beneficial activities for human health,
including antioxidant, anti-inflammatory and antineoplastic properties in addition to
numerous wound-healing and neuroprotective properties. Recent advances with regard to the
distribution, (bio)synthesis and bioproduction of verbascoside are summarised in this review.
We also discuss its prominent pharmacological properties and outline future perspectives for
its potential application.

Pesrome: dennneTaHOMHUTE IVIMKO3HU/IU Ca €CTECTBEHO PA3NIpOCTPaHEHH BOJHO-PA3TBOPUMHU
ChEIUHEHUS, MPHUTEKaBalll 3a0eleXUTEIHU CBOWCTBA M ca IIMPOKO Pa3NpOCTPAaHEHH B
pacTUTENHOTO LApcTBO. BepOacko3uabT € (eHUIeTaHOUJCH IVIMKO3UJ H30JIMPaH 3a ITbPBU
BT OT JIOIEH, HO CE€ OTKPUMBAa U B HSAKOM APYTH PAcTUTENHU BH0Be. Moiekynara ce
CHUHTE3Upa CHIIO U YPE3 PACTUTEIHH UH GUMPO KYJITYypU, BKIIOUYUTEIHO U TE€HETHYHO
TpaHC(HOPMHUpPAHUTE KOPEHOBH KyITypH, T.Hap. ‘hairy roots”. BepOacko3uabr € ¢
XuIpouiIHa MpUpOJa U MpUTEKaBa (PapMakoIOrMuHU e€(EeKTH BBPXY 3IpaBETO HA YOBEKA,
Karo AaHTUOKCUJAHTEH, NIPOTUBOBB3MAIUTEICH M aHTHUHEOIJIaCTUYEeH, KakTO U, pPaHO-
3a3/[paBsBalll U HEBPOIPOTEKTUBHU CBOicTBAa. OOOOIIEHH ca MMOCIEIHU JaHHHU 32 HETOBOTO
pasnpoCTPaHEHNE B PACTUTENHUS CBAT M HAIPEIbKBT 110 OTHOLIEHUWE HOBOBBBEJEHUSATA 3a
HeroBust (6Mo)cuHTe3 U Ouonpoaykuus. MzsectHure 10 cera ¢papMakoJOTHYHU CBOWCTBA ca
pasrieaHy U ObJEUIMTE Bb3MOXKHOCTH 3a IPUIIOKEHUETO MY Ca OTOENISA3aHH.

Georgiev M.L.*, Weber J. (2014) Bioreactors for plant cells: hardware configuration and
internal environment optimization as tools for wider commercialization. Biotechnology
Letters, 36: 1359-1367 (Md2014 1.591; Q3).

Abstract: Mass production of value-added molecules (including native and heterologous
therapeutic proteins and enzymes) by plant cell culture has been demonstrated as an efficient
alternative to classical technologies [i.e. natural harvest and chemical (semi)synthesis].
Numerous proof-of-concept studies have demonstrated the feasibility of scaling up plant cell
culture-based processes (most notably to produce paclitaxel) and several commercial
processes have been established so far. The choice of a suitable bioreactor design (or
modification of an existing commercially available reactor) and the optimization of its
internal environment have been proven as powerful tools toward successful mass production
of desired molecules. This review highlights recent progress (mostly in the last 5 years) in
hardware configuration and optimization of bioreactor culture conditions for suspended plant
cells.



Pe3ome: EnpomamiaGHOTO TPOM3BOJACTBO HA IIEHHW MOJEKYTH (BKIIOYUTEIHO HATHBHU U
XCTCPOJOXKHH IMPOTCUHU U €H3I/IMI/I) C nomMomTa Ha pPaCTUTCIHHU KICTbYHU KYJITYpH €
JIOKa3aHO KaTo e¢eKTHBHA alTepPHATHBA Ha KIIACHYCCKUTE TEXHOJOTHH [KaTo KyJTHBHpAHE Ha
pacTUTEIHUS M3TOYHMK W XUMHUYecKd (moiy)cuHre3]. Tomsm Opoit  nokasaTencTBeHH
MPOYYBAHHS TOTBBPKAABAT BBH3MOKHOCTTA 3a MamladupaHe HA PACTHTEITHO-KICTHYHO
0azupaHnTe TIpoIriecH (B Hal-TOJIIMAa CTETEH 3a MPOW3BOACTBO HAa MAKIUTAKCEN), KaKTO U
HSKOJIKO pa3padOTeHH IMPOU3BOJICTBEHH IpOIeca C ThPrOBCKO MpuiiokeHue. M300pbT Ha
NOJIXOAAl] TUN OmopeakTop (MM MOAOOpSBAHETO HA BeYE HAJTUYEH) U ONTUMH3UPAHETO
YCIIOBHSITa Ha BBTPEIIHATA My Cpella ca JOKa3aHW HAYMHH 3a TOA00psSBaHE MPOU3BOJICTBOTO
Ha IIeJieBUTE MeTabouTu. B HacTosmus 0030p ce akieHTHpa BbPXY Hamlpeabka (B PaMKHTE
Ha MOCJIeTHUTE 5 TOAWHU) B MOAOOPEHUATA IO OTHOILIEHUE Ha YCIOBUATA HA KyJITHBUpPAHE B
OoropeakTopa rnpu paboTa ChC CYCICHAUPAHU PACTUTEIIHH KICTKH.

Georgiev M.1.*, Agostini E., Ludwig-Mueller J., Xu J. (2012) Genetically transformed roots:
from plant disease to biotechnological resource. Trends in Biotechnology, 30(10): 528-537
(Md2012 9.66; Q1).

Abstract: Hairy root syndrome is a disease that is induced by Agrobacterium rhizogenes
infection and characterized by a proliferation of excessively branching roots. However, in the
past 30 years A. rhizogenes-mediated transformation has also provided a valuable platform for
studying biosynthesis pathways in plants. Furthermore, the genetically transformed root
cultures are becoming increasingly attractive, cost-effective options for mass-producing
desired plant metabolites and expressing foreign proteins. Numerous proof-of-concept studies
have demonstrated the feasibility of scaling up hairy root-based processes while maintaining
their biosynthetic potential. Recently, hairy roots have also shown immense potential for
applications in phytoremediation, that is, plant-based decontamination of polluted
environments. This review highlights recent progress and limitations in the field, and outlines
future perspectives for the industrial exploitation of hairy roots.

Pe3tome: “Hairy root” cuHIpOMBT € 3a00JisiBaHe MPUUYUHEHO OT 3apassBane ¢ Agrobacterium
rhizogenes u ce xapakrepusupa C pa3pacTBaHe Ha HPEKOMEPHO Pa3KIOHEHH KopeHH. B
nocienaute 30 rogunu A. rhizogenes-omocpecTBaHoTo TpaHcHOpMUpaHe PEAOCTaBs IEHHA
BB3MOXHOCT 3a H3y4daBaHC OMOCHHTETUYHUTE NbTUIIA B PACTCHUATA. OH_IG II0BEYC,
TCHETUYHO TPaHCPOPMHUPAHUTE KOPEHOBH KYyJITYpH C€ IPEBpPBINAT B IIPUBJICKATEINHA,
WKOHOMMYECKH M3TOJHMA alTepHATHUBA 32 MAllaOHO MPOU3BOACTBO HA JKEITAHUTE PACTUTEITHU
METa0OJUTH U EKCIpPECHUpaHe Ha YYyXId MNpoTeuHU. [oism Opoil 10Ka3aTesCTBEHH
NpOy4YBaHWs  HIIIOCTPUPAT  BB3MOXKHOCTTa 3a  MamiadupaHe Ha  OasupaHW  Ha
TpaHcPOpPMHUPAHUTE KOPEHOBU KyITYypH MPOLECH, MPU KOUTO € 3arazeH OMOCHHTETHUYHHUSAT
MOTEHIIMAT Ha KyJlTypara. B mocienHo BpeMe TpaHCHOPMUPAHUTE KOPEHOBU KYJITYpPH CHIIO
MOKa3BaT TOJIIM TMOTEHIMAI 3a TPWIOKEHHETO WM BBB (UTOpPEMEIHAlUATa, KOETO
Mpe/ICTaB/IsIBa MPEUYNCTBAaHE HAa 3aMbpceHaTa OKOJHA cpela C TMOMOINTa Ha pacTeHUsTa.
HacrosmusaT 0030p akmeHTHpa BBPXY IMOCICIHUTE HOBOBBBEICHUS H BH3HUKHAIU
OrpaHH4YCHUA B oOiacrra u AKILICHTHUPA BBHPXY 6’B)IGHII/IT6 BB3MOXHOCTH 3a IMPOMHIIJICHA
ynoTtpedara Ha KOPEHOBHUTE KYJITYPH.

Georgiev M.1.*, Weber J., Maciuk A. (2009) Bioprocessing of plant cell cultures for mass
production of targeted compounds. Applied Microbiology and Biotechnology, 83: 809-823
(Nd2009 2.896; Q2).



Abstract: More than a century has passed since the first attempt to cultivate plant cells in
vitro. During this time, plant cell cultures have become increasingly attractive and cost-
effective alternatives to classical approaches for the mass production of plant-derived
metabolites. Furthermore, plant cell culture is the only economically feasible way of
producing some high-value metabolites (e.g., paclitaxel) from rare and/or threatened plants.
This review summarizes recent advances in bioprocessing aspects of plant cell cultures, from
callus culture to product formation, with particular emphasis on the development of suitable
bioreactor configurations (e.g., disposable reactors) for plant cell culture-based processes; the
optimization of bioreactor culture environments as a powerful means to improve yields;
bioreactor operational modes (fed-batch, continuous, and perfusion); and biomonitoring
approaches. Recent trends in downstream processing are also considered.

Pe3srome: [IbpBUAT ONUT 32 uH 6umpo KyATUBUPAHE HA PACTUTEIHU KIETKH € MIPOBEICH MpPeu
noBede oT Bek. OT ToraBa pacTUTEIHUTE KIETHUHU KYyJITYPH CTaBaT BCE MO-TPUBIEKATENIHA U
MKOHOMHYECKH-€(DEKTHBHA aJTepHATMBA HA KIACHYECKHTE TMOJIXOAW 32 MallabHO
MPOM3BOJICTBO Ha METabOJIUTH OT pacTuTeneH mnpousxoa. OCBEH TOBa, pPACTUTEIHHUTE
KIEThYHU KYATYPH Ca €IUHCTBEHHSIT MKOHOMUYECKH YCTOWYHMB HAYMH 32 MPOU3BOJICTBO HA
HSKOW IIEHHU META0OJMUTH (HAIp. MAKIUTAKCeT) OT PEIKU W/WIHM 3aCTPAllCHH PACTHTEITHU
BumoBe. To3m 0030p o0oOIaBa Hampeabka B TOCICIHUTE TOAWHH B IPOU3BOJCTBCHHUTE
aCTeKTH Ha PACTUTEITHUTE KIEThYHU KYyJITYypH, OT KAyCHH KYyITypu IO TOJy4aBaHE Ha
MPOJYKT C IPAKTHUECKAa HACOUEHOCT KbM ONTUMHU3UPAHETO HAa yCTPOUCTBOTO HA OHOpEaKTopa
(Hamp. OmopeakToOpH 3a €IHOKpaTHA ymoTpeda) 3a padoTa ¢ PaCTUTEIHH KJIEThYHU KYITYPH;
ONTUMU3HPAHETO Ha KyJITypalTHaTa cpeia KaTo OCHOBEH IMOAXO/I 3a MoJo0psiBaHe Ha JOOMBA;
ONEpallMOHEH MOJenT Ha OHopeakropa (MEPHOJUYHO KYJITUBHUPAHE, HENPEKbCHATO
KyJITUBUpaHE M TMeppy3UOHHO) KAKTO U TMOAXOAM 3a OHMOMOHUTOPUHI. ChBpEMEHHHTE
TEHJICHIIMU B €TIIUTE Ha MPEUYHUCTBAHE CHILO ca Pa3TieAaHu.

Ilo xuMHs HA NPUPOAHHUTE MOJIEKYJIH (BKJ. MeTA00JJOMHKA U MeTa00JMTHO NpoduIu-
paHe)

Marchev A.S.*, Koycheva I.K., Aneva L.Y., Georgiev M.I. (2020) Authenticity and quality
evaluation of different Rhodiola species and commercial products based on NMR-
spectroscopy and HPLC. Phytochemical Analysis, DOI: 10.1002/pca.2940 (M®2019 2.772;

Q1).

Abstract: Introduction: The main concern regarding the authenticity and quality of Rhodiola
rosea L. (Sedum rosea (L.) Scop.) products is their adulteration with other Rhodiola species.

Obijective: The aim of the study was the development of a reliable and practical ana-
Iytical platform for quality and quantity assessment of the characteristic molecules in three
Rhodiola species (R. rosea, R. kirilowii (Regel) Maxim and R. crenulata (Hook. f. &
Thomson) H. Ohba), commercial products and their possible application as markers for the
authentication of R. rosea based products.

Material and Methods: The major molecules were identified by one-dimensional (1D) and
two-dimensional (2D) nuclear magnetic resonance (NMR)-based metabolomics and
quantitatively determined by high-performance liquid chromatography ultraviolet (HPLC-
UV) analysis. The orthogonal projections to latent structures dis- criminant analysis (OPLS-
DA) revealed the specific patterns in the metabolite profiles of R. rosea and R. crenulata.
Results: The coumarin crenulatin was only identified in R. crenulata and can be used as a
marker to detect potential adulteration of the commercial products. Crenulatin was identified
in two of the four analysed products by NMR-spectroscopy. According to the HPLC data, in
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less than a quarter of all products, the labelled amounts of salidroside and total rosavins were
confirmed.

Conclusions: The developed analytical platform was found to be useful in the investi-
gations of the phytochemical diversity of different Rhodiola species, the recognition of the
unique metabolites between them and the identification of adulterated products. Therefore,
this approach could be applied from the earliest to the latest stages of the value chain in the
manufacturing of R. rosea based products.

Pe3tome: OCHOBHHAT MpOOJEM CBBP3aH C ABTEHTHYHOCTTA M KAueCTBOTO Ha THPTOBCKU
npoayktu ot Rhodiola rosea L. (Sedum rosea (L.) Scop.) e Tsaxuoro dammmduuupane ¢
npyru BumoBe Rhodiola. 3a menra e paspaboTeHa HaaeKIHA M MPAKTHYHA AHATUTUYHA
rratopma 3a KayecTBeHA M KOJIMYECTBEHA OICHKA Ha XapaKTEPHUTE MOJICKYJIM B TPH BHIA
Rhodiola (R. rosea, R. kirilowii (Regel) Maxim u R. crenulata (Hook. f. & Thomson) H.
Ohba) u B ThproBcku mpenaparu, KakTo ¥ Bb3MOKHOTO PUIIOKEHHE HA T€3U MOJIEKYIH KaTo
MapKepH 3a aBTEHTUYHOCT Ha THPrOBCKH Mpenaparu Ha 6a3a R. rosea. OCHOBHUTE MOJIEKYIH
(p-thpo3os, camMapo3uI, pO3aBHH, PO3MH W PO3apuH) ca HICHTUGHUIMPAHU dpe3
M3II0JI3BAHETO Ha €/IHO- U JABYIMMEHCHOHHA MeTa00JIOMHUKa, Oa3upaHa Ha SAPEHO-MarHUTHUS
pEe30HAHC, ChYETaHa C KOJWYECTBEHO ONpeACisHe Ype3 BHCOKO e(eKTMBHA TeyHa
xpomatorpapuss ¢ UV/VIS nerexmust. JIMCKpUMHHAIMOHEH aHalW3 Ha OPTOrOHAIHATA
IOPOEKIMs Ha JAaTEHTHUTE CTPYKTYpH € M3MOJ3BaH 3a OMpeeisHe Ha crenuduuHure
XapaKkTepUCTUKU B MeTabonuTHUs npodun Ha R. rosea u R. crenulata (kosito ce m3moi3Ba
Haii-4ecTo 3a QanmuduiIupade Ha THPrOBCKH MpOAykTH Ha Oa3a R. rosea). Kymapuubt
KpeHyJaTuH e uneHtuduimpan exuacTBeHo B R. crenulata u moxe n1a Ob1e U3MOI3BaH KaTo
MapKep 3a JACTEeKUHUs Ha MOTEHIHATHO (ammuduIupaHe Ha ThPTOBCKU NPOAYKTH. J{aHHUTE
MOKa3BaT, Y€ B TO-MaJKO OT €/JHa YETBBPT OT aHAIM3HPAHHUTE TPOIYKTH € IMOTBHPACHO
ChIIbP)KAaHUETO Ha CATHMJPO3HUI M PO3aBUHU B TIX COPAMO CHIBPKAHMETO UM, OOSIBEHO Ha
erukera. Pa3paborenara ananuTuyHa rniaardopma e moje3Ha 3a U3cie/lBaHe Ha pa3iinKaTa BbB
(GUTOXUMHUYHHS ChCTaB Ha pa3nuuHu BuaoBe Rhodiola, pasmo3naBaHeTo Ha YHUKATHHTE
MeTabOoJIUTH MEXIY TAX U uaeHTHGUKanuaTa Ha Ganmudunupany npoaykru. CieaoBaTeiHo,
TO3M TIOJXOJ MOJKE Ja Ce M3IOJ3Ba OIlle OT Hal-paHUTEe eTamd Ha MPOHU3BOJCTBO IPH
OKa4YeCTBSBaHE Ha BXOJIIIUTE CYpPOBHHHU 0 MOCIEIHUTE €Tamd OT IMPOU3BOJCTBOTO Ha
THPrOBCKUTE MPOAYKTH.

Sieniawska E.*, Sawicki R., Golus J., Georgiev M.l. (2020) Untargeted metabolomic
exploration of Mycobacterium tuberculosis stress response to cinnamaldehyde. Biomolecules,
10(3): 357 (Md2019 4.082; Q2).

Abstract: The antimycobacterial activity of cinnamaldehyde has already been proven for
laboratory strains and for clinical isolates. What is more, cinnamaldehyde was shown to
threaten the mycobacterial plasma membrane integrity and to activate the stress response
system. Following promising applications of metabolomics in drug discovery and
development we aimed to explore the mycobacteria response to cinnamaldehyde within
cinnamon essential oil treatment by untargeted liquid chromatography—mass spectrometry.
The use of predictive metabolite pathway analysis and description of produced lipids enabled
the evaluation of the stress symptoms shown by bacteria. This study suggests that bacteria
exposed to cinnamaldehyde could reorganize their outer membrane as a physical barrier
against stress factors. They probably lowered cell wall permeability and inner membrane
fluidity, and possibly redirected carbon flow to store energy in triacylglycerols. Being a
reactive compound, cinnamaldehyde may also contribute to disturbances in bacteria redox
homeostasis and detoxification mechanisms.
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Pe3tome: AHTUMHKOOAKTepHAHATa AKTUBHOCT Ha I[MWHAMAJJICXH] € MOTBBPJACHA TPHU
u3nos3BaneTo Ha nadopatopuu mamose (M. tuberculosis H37Ra) u kiunuuau u3onatu. B
JOITBJIHEHUE Ha TOBA, IMHAMAJIEXHIBT pa3pyllaBa [EI0CTTa Ha Ila3MeHaTa MeMOpaHa MpH
MUKOOAKTEpUUTE U aKTUBUPAa CHUCTEMH CBBpP3aHH CbhC crTpeca. MMaiiku npeaBun
MPWJIOKCHUETO Ha METa0OJIOMHKATa B OTKPUBAHETO Ha JICKAPCTBEHH MOJICKYJIH, TOBA
M3CIIC/IBAHE € TIPOBEJICHO, 3a Ja C€ IPOYYH OTTOBOPHT Ha MUKOOAKTEPUUTE KbM IIMHAMAICX U]
(KOHTO € YacT OT ChCTaBa Ha €TEPUYHOTO MAClI0 B KaHeNaTa) C MPOBEXKIAHETO HA aHAIM3H
ype3 TeuyHa Xpomarorpadus-maccrekTpoMeTrpus. [IpuiaraHeTo Ha  METOJAMKH 34
MNpECABMKIAHC HAa ITPOMCHU B MeTaOOIUTHUTE IbTHUIIA U XapPaKTECPHUCTHUKA Ha MMPOAYIHIHPAHUTEC
JIMITH]TA, TIO3BOJISIBA OIICHKAaTa Ha CTPECOBHTE CHMIITOMHU TpW OakTepuuTe. Pesynrarure ot
TOBa W3CJICIBAaHE TMPEANOJaraT, uYe MHKOOAKTEPUUTE W3JIOKEHH Ha TpPETHUPaHE C
[MHAMAJIJIEXU]T MOTaT Jla M3I0JI3BAT CBOSITA BBHINIHA MeMOpaHa Kato ¢uinuecka Oapuepa
CIpPSMO Pa3IMYHU CTpecoBU (akTtopu. Hal-BEpOSATHO MHKOOAKTEPHUHUTE pPEIylupar
MPOMYCKJIMBOCTTA HA KJIEThYHATA CH CTEHA, KAKTO U TPAHCIIOpTa Ha (UIyHIIU TIPe3 Hes U Taka
MMpE€HACO4YBAaT MOTOKA Ha BBIJICPOAAa KbM HATPYINIBAHC HA TPHALUIITTIMICPOJIN U CbXPaHCHUEC Ha
eHeprus. Hapen ¢ ToBa IMMHAMaIeXuAbT HApYIIaBa PEIOKC XOMeEOCTa3ara Ha OaKTepUHTE,
KaKTO U TEXHUTE MEXaHU3MH Ha JeTOKCU(DUKAIIHUS.

Yordanova Z.P., Rogova M.A., Zhiponova M.K., Georgiev M.l.*, Kapchina-Toteva V.M.
(2017) Comparative determination of the essential oil composition in Bulgarian endemic plant
Achillea thracica Velen. during the process of ex situ conservation. Phytochemistry Letters,
20: 456-461 (MdD2017 1.575; Q2).

Abstract: Ex situ conservation of Bulgarian endemic plant Achillea thracica Velen. was
achieved by successful in vitro cultivation of mono-nodal segments on MS-B5 medium
supplemented with 1.0 mg/L BA for 20 days and subsequent transferring of regenerated
plants on hormone free basal MS-B5 medium for root development and accumulation of leaf
biomass. In vitro multiplicated plants were successfully acclimated in a growth chamber with
100% survival. GC-MS analysis of the essential oils resulted in the identification of 30, 10
and 28 compounds in in situ grown, in vitro cultivated and ex vitro adapted plants,
respectively, constituting 77.7%, 99.9% and 84.1% of the total oils. The wider variety of
compounds was found in the essential oils of in situ and ex vitro adapted plants where
santolina alcohol, b-eudesmol, 1,8-cineole, germacrene D, a-cadinol and artemisia alcohol
were the principal components comprising 68.7% and 69.3 of the oil, respectively. In vitro
cultivated plants consist of mainly 1,8-cineole, germacrene D and artemisia alcohol
representing 87% of the oil. Different growth conditions affect the composition of essential
oils, suggesting their possible involvement in the process of adaptation and surviving in
changing environmental conditions.

Pe3tome: EX situ koncepBammsita Ha Obirapckoro eHmemuuHo pacrenue Achillea thracica
Velen. e mocturnara upe3 in Vitro KyJaTUBHpaHe HA MOHO-HOJAITHKA CErMeHTH BbpXy MS-B5
xpaHutenHa cpeaa ¢ go6asenn 1.0 mg/L 6-Oensunamuuonypun 3a 20 JHUM W ClienBall
TpaHcep Ha pereHepupaHuTe pacTeHus BbpXy OazoBa MS-B5 xpanmrenna cpema 0e3
J00aBeHH pPACTeXXHU peryinaropu. Ta3u XpaHMTeNHa cpefa ce M3IO0J3Ba 3a pa3BUTHE Ha
KOPEHH W aKyMyJIUpaHe Ha JIMcTHa Omomaca. In vitro pa3sMHOXKEHHTE pacTeHHUs Ca YCHEIIHO
aKIMMaTH3MpaHu B pactexHa kamepa cbc 100% mnpexuBsiemoct. ['azxpomarorpadcku-
MAacCCIEKTPaJHU aHaJW3M Ha EeTEepPUYHOTO Macio noka3BaT Hanmuuuero Ha 30, 10 u 28
KOMITOHEHTa B IN SitU pacTsmuTe, IiN VItro KyITHBUPaHUTE U €X VItro azanTupaHuTe pacTeHus,
CBHOTBETHO, KOUTO cheTaBisiBaT 77.7%, 99.9% u 84.1% or oOmms chcTaB Ha €TSPUIHOTO
maciio. [To-ronsiMo BapupaHe B CbCTaBa Ha €TEPUYHOTO MACIIO ce HaOIoAaBa Mexay N Situ u
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ex Vitro ajanTupaHuTe paCcTCHUs, KbJICTO CAHTOJMHOBHS alKOXol, B-eyaecmon, 1,8-1uHeon,
repmakped /I, o-KaAMHOA ¥ aPTEMU3WHOB aJKOXOJ Ca MAKOPHHTE KOMIIOHCHTH,
ceeraBisiBan 68.7% wu 69.3% OT chcTaBa Ha €TEPUYHOTO MAacjo, ChOTBETHO. In Vitro
KYJITUBUPAHUTE PACTCHUs ChAbPKAT OCHOBHO 1,8-1uHeorn, repmakpeH [ v apTeMH3WHOB
aJIKOXOJI, KOUTO IpezcTaBisaBaT 87% 0T eTepuyHOTO Macio. Pa3nuyHuTe yCIIOBHUS Ha pacTex
JlaBaT OTPaXCHHE BBPXY ChCTaBa HA CTEPHYHHUTE Macla, KOCTO JaBa HPEIIIOCTAaBKH 3a
TSIXHOTO €BEHTYAJIHO y4acTHE B HNPOLIECUTE HA aJalTUPAHE U IPESKUBSIBAHE B IPOMCHSIIUTE
Ce YCIIOBHSL.

Alipieva K.*, Simova S., Zahmanov G., Zhou S., Wolfender J-L., Georgiev M.1.* (2017)
New tetraacetylated iridoid glycosides from Sambucus ebulus L. leaves. Phytochemistry
Letters, 20: 429-432 (Md2017 1.575; Q2).

Abstract: Two new minor “Valeriana type” iridoid glycosides (1) and (2) along with 3
known flavonol glycosides [quercetin-3-O-B-glucopyranosyl-7-O-a-rhamnopyranoside (3),
quercetin-3-O-B-glucopyranoside (4) and isorhamnetin-3-O-B-glucopyranoside (5)] were
isolated from Sambucus ebulus L. leaves. Their structures were unambiguously elucidated by
means of 1D- and 2D-NMR, and UPLC-TOF MS. Compound 2 is a rare representative of
iridoid diglycosides, containing uncommon ribohexo-3-ulopyranosyl sugar moiety.

Pe3tome: M3onupanu ca 1Ba HOBU “BaJ€pUAHOB TUIT MPHUAOWUJHU TJIMKO3UIA U TPU MO3HATH
¢1aBoHON  TVIMKO3UIM (xBepueTnH-3-0O-B-rmokonupanosui-7-O-o-paMHO-TIUPAHO3U,
KkBepueTuH-3-O-B-rimokonupano3us u u3opamMHeTHH-3-0O-B-TIoKonpaHo3Ku1) OT JUcTaTa Ha
Sambucus ebulus L. Texuure crpyktypu ca mokaszanu upe3 1J[- u 2/I-IMP u yarpa
BHCOKOKOe(pEeKTHBHA TeuHa Xpomarorpadus komoOumuupana ¢ wmaccrektpomerpus (UPLC-
ToF-MS). Ennara ot nBere M30iupaHd HOBH MOJICKYJIM € PSJIKO CpELIaH MPeCTaBUTEN Ha
UPUJOUIHUTE TIUKO3HMIM, KOUTO HMMaT B CBhCTaBa CH PHOOXEKCO30-3-YIONMHPAHO3HIIOB
3axapeH OCTaThK.

Marchev A.S.*, Aneva I.Y., Koycheva I.K., Georgiev M.1.* (2017) Phytochemical variations
of Rhodiola rosea L. wild-grown in Bulgaria. Phytochemistry Letters, 20: 386-390 (M 2017
1.575; Q2).

Abstract: Rhodiola rosea L. is a plant species with highly recognized adaptogenic properties
and hence with an intensive application in traditional medicine, as well as, in clinical practice.
The plant is characterized by a high phytochemical variability, depending on the geographical
location among others. In this study, we report on the application of NMR-based
metabolomics (1D and 2D) combined with multivariate data analysis and an HPLC method
development for quantitative determination of the metabolic differences in R. rosea rhizomes,
roots and aerial parts from its natural habitat in Bulgaria. In the rhizomes the content of
salidroside, rosarin, rosavin and rosin was 2.67%, 0.37%, 1.97% and 0.04%, respectively,
while their respective amounts in the roots were 0.31%, 0.06%, 0.39% and 0.01%.

Pe3rome: Rhodiola rosea L. e pactureneH BHI ChbC CHIIHO M3PAa3eHO AANTOTSHHO JCHCTBHE,
MHTEH3UBHO NIPUJIarad B TPaJULMOHHATa MEAUIMHA U KJIMHAYHATA [IpakTHKa. Pactenuero ce
XapakTepu3upa € BHCOKA (PUTOXMMHMYHA BapHaOUIHOCT, KOSTO 3aBUCH Hai-Be4e OT
reorpadckara yokanusa. B ToBa um3cnenBane e m3mnon3Bana 1J[- u 2J[-SIMP-6Ga3zupanara
MeTaboJIoMUKa, KOMOMHUpaHa C MYJITHBApUATHBEH aHaiu3 Ha gaHHUTe, kakto 1 BETX 3a
KOJIMYECTBEHO OMpE/eNiTHEe Ha METAa0OJUTHUTE Bapuallii B KOPEHHUIA, KOPEHU U HAI3EMHHU
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yacth Ha R. rosea or HeiiHu ecrtecTBeHM MectooOuTanus B bbarapus. B kopenummara
ChIIBPKAHUETO HA CATHAPO3U/, PO3aPHH, pO3aBUH U po3uH ¢ 2.67%, 0.37%, 1.97% u 0.04%,
CBHOTBETHO, JIOKATO TEXHUTE KoiaudecTBa B koperute ca 0.31%, 0.06%, 0.39% u 0.01%.

Koziol E., Erdogan Orhan I., Senol F.S., Alipieva K., Georgiev M.I., Skalicka-Wozniak K.*
(2016) Development of an efficient protocol for cimifugin isolation from Peucedanum schotii
and evaluation of its enzyme inhibitory activity. Natural Product Communications, 11(8):
1107-1110 (M 2016 0.773; Q4).

Abstract: The dichloromethane (DCM) extract of the fruits of Peucedanum schottii Besser ex
DC. (Apiaceae) was subjected to high-performance counter-current chromatography
(HPCCC) for the efficient and fast separation (30 min) and isolation of cimifugin using an
ethyl acetate: water (1:1 v/v, K = 1.01) system. The analytical scale-optimized separation was
easily scaled to semi-preparative conditions. Cimifugin (11.25% vyield, 96.5% purity) was
isolated for the first time from P. schottii and characterized by NMR spectroscopy. Cimifugin
and the crude DCM extract were evaluated using ELISA microtiter assays for their inhibitory
potential against the cholinesterases (acetylcholinesterase - AChE and butyrylcholinesterase -
BChE), and tyrosinase (TYR), which are key enzymes for the treatment of some
neurodegenerative diseases, i.e. Alzheimer’s and Parkinson’s. The crude extract exhibited a
weak inhibitory activity against AChE, BChE, and TYR (4.2, 35.5, and 0% at 100 pg mL?
and 10.3, 40.0, and 12.2% at 200 pg mL?, respectively), while cimifugin displayed low to
moderate inhibition towards AChE and BChE (3.1 and 21.6%, respectively) at 200 pg mL ™,

Pe3tome: [luxiiopMeTaHOBUST EKCTPAKT OT utogoBete Ha Peucedanum schottii Besser ex DC.
(cem. Apiaceae) e momIOKeH Ha BHUCOKO e(EeKTHBHA MHPOTHBOTOKOBA Xpomartorpadust
(HPCCC) uensima 6up30 pa3zaensne (B pamkute Ha 30 Min) u n3onupane Ha MUMUDYTHH Ype3
M3I0JI3BAHETO Ha enyeHTHa cutema etwmnarerar: Boga (1:1 v/v, K = 1.01). B nocneacrsue
METOIBT € ONTHMHU3UpAH 10 nojynpernapatuBHu yciaoBus. umudyrun (11.25% nobus u
96.5% uucrora) e u30IMpaH 3a MpeB BT OT P. Schottii u crpykTypHO nokaszan upe3 SIMP
criekTpockonus. [luMuyrud u quxiopMeTaHOBUSI EKCTPAKT ca aHanm3upanu upe3 ELISA 3a
U3CICBaHE HAa TEXHHUs HHXUOWpAI IOTCHIHMAN CHPSAMO XOJMHEcTepasute (aueTwi- u
OyTHPWIXOJHMHECTEpa3a) U TUPO3WHA3a, KOMTO Ca KIOYOBU CH3MMH NPU TPETHPAHETO Ha
HSIKOM HEBpOJIereHepaTUBHU 3a00jsiBaHus, Karo Oonectute Ha Anuxaiimep u IlapkuHCOH.
ExcrpakThT moKa3Ba ciaba HMHXHOHMpama akTUBHOCT CHPSMO  aleTHIXOJIMHECTepasa,
OyTupuixoiuHecTepasa u Tupo3uHasa (4.2, 35.5 u 0% npu xonnentpamms 100 pg/mL u 10.3,
40.0 u 12.2% npu 200 pg/mL, cboTBeTHO), MOKaTo IUMH(YIHMH € C HHCKAa 10 CpeaHa
MHXUOMpaIa aKTUBHOCT CIPSAMO alleTHIXOJMHECTepa3a W OyrtupuixoiuHecrepasa (3.1 u
21.6%, crotBeTHO) mipH 200 pg/mL.

Zahmanov G., Alipieva K., Simova S., Georgiev M.l.* (2015) Metabolic differentiations of
dwarf elder by NMR-based metabolomics. Phytochemistry Letters, 11: 404-409 (M 2015
1.353; Q2).

Abstract: Sambucus plants have prominent place in folk medicine of the people from Europe
and the Middle East. Sambucus ebulus (both above and under ground parts) preparations
showed anti-neoplastic, antimicrobial (incl. antiviral) and anti-inflammatory properties.
Elderberries accumulate sugars and fibers, vitamins and minerals, besides abundant secondary
metabolites, as flavonoids, anthocyanins, phytosterols, triterpenes and iridoid glycosides,
among others. Sambucus plants, however, also accumulate cyanogenic glycosides, whose
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presence is undesirable. Despite many applications so far the knowledge of the metabolites,
accumulated in Sambucus species, is still limited and based mainly on determination of the
major compounds. Here we report the application of 'H NMR metabolic fingerprinting in
combination with principal component and hierarchical clustering analyses to reveal the
metabolic differences of Sambucus mature and immature fruits, and plant leaves. Moreover,
we show that immature fruits and leaves of S. ebulus have similar metabolome, which
apparently undergoes significant changes during the fruit ripening stage. Sambunigrin was not
detectable in any sample. To the best of our knowledge this is the first report on the
systematic analysis of S. ebulus metabolome.

Pe3tome: Pacrenusrta otr pox SambuCUS UMaT BayKHO MSCTO B TPAJMIIMOHHATA MEAUIIMHA Ha
crpanute B EBpoma u Cpemuus M3stok. Ilpemapatu ot Sambucus ebulus (Bu3aymiam u
MO/I3EMHH YacTH) IMPUTEXaBaT aHTHHEOIUIACTHYHA, aHTUMUKPOOHA (BKJI. aHTHBHUDPYCHA) U
POTHBOBB3MATUTEIHA aKTUBHOCT. TPEBUCTUAT Ob3 aKyMysiupa 3axapu, GuOpH, BUTAMUHU U
MHHEPAJIM, 3a€JHO C XapaKTEPHUTE 3a HEr0 BTOPHMYHHM METaOOJMTH, Karo (IAaBOHOWJIH,
aHTOIMAHHW, (UTOCTEPOSIH, TPUTEPIICHH W WPHIOMIHU TJIMKO3MIH. PacTeHUSITa OT PO
Sambucus oGaue, akyMyJaupaT MHAHOT€HHHM TJIMKO3WIH, YHETO MPHCHCTBUE € HEKEIAHO.
BbIpeku TAXHOTO HMIMPOKO MPHIOKEHUE, HATMYHOTO 3HAHWE 33 METAOOJIMTHHS ChCTaB BBHB
BUJIOBETE OT Poa Sambucus e Bce OIIe OrpaHHYEHO CaMo 0 ONpeeisHe Ha TJIaBHUTE
metabonutu. B ToBa m3cneaBane e mpuiokeHa SIMP-6asupaHara MeTabONIOMUKA 3a€HO C
NPUHIMIICH KOMIIOHEHTCH M WEpapXWueH KIBCTEPEH aHalu3 3a H3CJIeBaHe Ha
METa0OJIMTHUTE Pa3/IMKK B JINCTA, 3peu U He3penu miogoBe oT Sambucus. Hapen ¢ ToBa, €
JIOKA3aHO, Y€ HE3peNuTe IUIOJ0Be M JucTta oT S. ebulus umar B chCTaBa CH CXOIHU
METabOJUTH, KOUTO OYEBHIHO MPETHPISBAT 3HAYMTEIHA MPOMEHH 10 BPEME Ha 3PECHETO.
ToBa e bPBHAT JOKJIa/, Oa3MpaH Ha CHCTEMAaTHYHUS aHaIu3 Ha Meaboautu ot S. ebulus.

Zahmanov G., Alipieva K., Denev P., Todorov D., Hinkov A., Shishkov S., Simova S.,
Georgiev M.1.* (2015) Flavonoid glycosides profiling in dwarf elder fruits (Sambucus ebulus
L.) and evaluation of their antioxidant and anti-herpes simplex activities. Industrial Crops and
Products, 63: 58-64 (Md2015 3.449; Q1).

Abstract: Dwarf elder (Sambucus ebulus L.) is a popular medicinal plant, used for centuries
in the folk medicine of the Balkan Peninsula. S. ebulus preparations have shown anti-
inflammatory, anti-neoplastic and antimi- crobial properties, besides abundant wound healing,
antioxidant and anti-ulcerogenic activities. We developed a scheme for isolation of individual
compounds utilizing different chromatographic tech- niques, while the structure elucidation
was performed by means of 1D and 2D NMR. Five flavonoid glycosides, e.g. quercetin-3-O-
laminaribioside [1], isorhamnetin-3-O-laminaribioside [2], quercetin- 3-O-rutinoside [3],
isorhamnetin-3-O-rutinoside [4], isorhamnetin-3-O-glucoside [5], were identified accordingly.
Compounds 1 and 2 are reported for the first time in the genus Sambucus. Several triterpenes
— ursolic, oleanolic and maslinic acid — were tentatively identified by GC-MS. The evaluation
of anti-herpes simplex virus type 1 and antioxidant (in ORACg_ and HORACE,) properties
suggests that the dwarf elder fruits might serve as a powerful source of valuable molecules for
various purposes.

Pe3tome: Tpesuctusar 663 (Sambucus ebulus L.) e meaumnuHcko pacTeHHe, H3IMOA3BaHO OT
BEKOBE BBB (OJIKIIOPHATA MEIUIMHA Ha CTpaHuTe OT bajkaHCKus monyocTpoB. [Ipenapatu ot
S. ebulus mnpurexaBaT TPOTHBOBB3MAIUTEIHA, AHTUHEOIUTACTHYHA W AHTHMHUKPOOHA
aKTUBHOCT, HapeJ C XapaKTEPHHUTE 3a TAX aHTHOKCHIAHTHA, MPOTHBOS3BCHA aKTUBHOCT M
CBOMCTBOTO MM Jia 3a3[paBsBaT BBHIIHH paHu. Pa3paboTeHa e cxema 3a H30JHpaHe M
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MpPEYMCTBAHE HA WHAMBHIyallHM MOJIGKYJIM 4Ype3 U3MOJ3BAaHETO Ha  Pa3IMyHU
XpoMaTorpa)CKu TEXHHUKH, a JOKa3BAaHETO Ha CTPYKTYpPUTE UM € H3BbpuIeHo 4upe3 1/1- u 2]]
SIMP-6a3zupana merabonomuka. Uaentuduurpanu ca netr (aBOHOMAHU TIIMKO3UAM, KaToO
kBepretuH-3-O-namunapubuosu [1], usopamuernn-3-O-namunapuoduosun [2], kBepueTHH-
3-O-pytunosun [3], uzopamuerun-3-O-pyruno3un [4] u uzopamuerun-3-O-rimokosus [5],
cboTBeTHO. Chemuuenuss 1 u 2 ca JOKIaJBaHM 3a MPHB MBT B poxa Sambucus. Hsikomko
TPUTEPIICHOBH CHEAWHEHHUs, KAaTo ypCOJIOBA, OJIEAHOJIOBA M MaclIWHEHa KHCEJIHa ca
UACHTUGUIMPAHU Ype3 raszxpomarorpadusi-maccrnekrpomerpus. @Ppakuuara Oorara Ha
(raBoHOMIM TIOKA3Ba MOTEHIMATHA aHTHOKCUIaHTHA aKTHBHOCT, JOKaTO TPyOHst METaHOJIEH
CKCTPaKT [MOKa3Ba aHTH-BHPYCHA aKTUBHOCT CpeIry xeprec cumiuieke Bupyc tum 1 (HSV-1),
KOETO IpeJoiara, 4e IogoBeTe Ha Ob3aka Morar Aa ObAaT M3MOJI3BaHM KaTO M3TOYHHK Ha
[IEHHH BTOPUYHU META00JINTH C BaXKHH (HapMaKOJIOTUIHNA aKTHBHOCTH.

Georgiev M.L.*, Ali K., Alipieva K., Verpoorte R., Choi Y.H. (2011) Metabolic
differentiations and classification of Verbascum species by NMR-based metabolomics.
Phytochemistry, 72: 2045-2051 (Md2011 3.351; Q1).

Abstract: The genus Verbascum L. (mulleins) comprises of about 360 species of flowering
plants in the Scrophular- iaceae family. Mulleins have been used in the traditional folk
medicine for centuries, for treatment of a wide range of human ailments, inter alia bronchitis,
tuberculosis, asthma, and different inflammations. Despite all applications the knowledge of
the metabolites, accumulated in different mullein species, is still limited and based mainly on
determination of the major compounds. Here we report the application of *H NMR metabolic
fingerprinting in combination with principal component analyses (PCA) in five different
Verbascum species. Based on the obtained results mulleins were divided in two groups: group
A (Verbascum phlomoides and Verbascum densiflorum) and group B (Verbascum
xanthophoeniceum, Verbascum nigrum and Verbascum phoeniceum). Further it was found
that the plants in group B accumulate higher amounts of bioactive iridoid and phenylethanoid
glycosides. V. xanthophoeniceum and V. nigrum accumulate higher amounts of the
pharmaceutically-important harpagoside (~0.5% on dry weight basis) and verbascoside,
forsythoside B and leucosceptoside B (in total 5.6-5.8% on dry weight basis), which
underlines the possibility for their application in pharmaceutical industry. To the best of our
knowledge this is the first report on the analyses of Verbascum sp. leaf metabolome.

Pestome: Poapr Verbascum L. (omen) BximrouBa okoso 360 Buma, MpUHAUICHKAIIA KbM
cemeiictBo Scrophulariaceae (OKueenuueru). JlomeHuTe ca W3MOM3BaHM B TPaJUOLMHHATA
MEIHIIMHA OT BEKOBE TPHU TPETUPAHETO HA MHOXECTBO 3a00JISIBaHHs MPH XOpara, Karo
OpoHXHUT, TyOepKysI03a, acTMa W peaulla IPyrd Bb3MaJICHUSA. BBIOPEKH BCHYKH TE3H
NPUIOKEHHS, MTO3HAHKUATA 3a aKyMyJIMPaHUTE BTOPHYHH METAOOJIMTH B Pa3JIMYHU BHUIOBE
JONICHH € BCE OIe OrPAaHMYCHO M CE CBEXKAAa CaMO JIO OMNpEACssHE Ha Ma)KOPHHTE
KOMITOHEHTH B TsX. M3momsBana e $SIMP-0asupanara merabojiOMHKAa B KOMOWHAIHS C
OPUHIMIICH KOMIIOHEHTEH W HepapXxudeH KIbCTCPEH aHalW3 3a H3CICJABAaHE Ha
METa0OJUTHUTE pa3inyus MPH TeT pa3iudHu Buaa Verbascum. Ha 0a3a Ha mosydeHHTe
pe3yJITaTy U3CIIeABaHKUTE JIOTIEHH ca Kiacuduimpanu B aBe rpynu: rpyma A (V. phlomoides u
V. densiflorum) u rpyna b (V. xanthophoeniceum, V. nigrum u V. phoeniceum). Cs1iio Taka ¢
YCTaHOBEHO, Y€ PACTECHHATA OT Tpymna b akyMysupar mo-BUCOKH KOJUYECTBA OT OMOAKTHBHU
upuaouId U (GeHWIeTaHOUIHU TiMKo3uan. V. xanthophoeniceum u V. nigrum akymynupar
BUCOKH KonmuecTBa oT xaprarom3uy (~0.5% ot cyxoTo Ternio), a chlio Taka BepOACKO3M/I,
dopcurosua b u aeskocentozua b (06mo 5.6-5.8% or cyxoTo Terio), KOeTo moauepraBa
BB3MOXKHOCTTA 33 TAXHOTO MPHJIOXKEHUE BbB (DapMalleBTUYHATA WHIYCTPHUs, KOETO pa3bupa
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ce Hail-Hampesa TpsAOBa J1a ce MOTBBPIU €KCIIEPUMEHTAIHO. ToBa € MBbPBOTO CHOOIIEHUE 3a
aHaJIM3 HAa META0OJUTHUSA ChCTAB B JIUCTA HA BUIOBEe Verbascum.

IIo (])apMaKO.]'IOFI/Iﬂ H OLICHKA Ha OHOJIOrMYHA AKTHBHOCT

Hinkov A.*, Angelova P., Marchev A., Hodzhev Y., Tsvetkov V., Dragolova D., Todorov D.,
Shishkova K., Kapchina-Toteva V., Blundell R., Shishkov S., Georgiev M.I. (2020) Nepeta
nuda ssp. nuda L. water extract: Inhibition of replication of some strains of human alpha
herpes virus (genus Simplex virus) in vitro, mode of action and NMR-based metabolomics.
Journal of Herbal Medicine, 21: 100334 (U®2019 2.221; Q2).

Abstract: Nepeta nuda L. has been used in traditional folk medicine for its diuretic, anti-
asthmatic, antioxidant, spasmo- lytic, sedative and analgesic properties (attributed to the
nepetalactones). In the present study, water extract from Nepeta nuda ssp. nuda L. was tested
in order to study its’ effect on the replication of Human Alpha herpes virus (HHV) type 1,
strain F (ACV-sensitive) and type 2, strain DD (ACV-resistant) in vitro. Toxicity was
measured at 48 h (CCso = 7.35 mg/ml + 0.06) and 72 h (CCsp = 4.488 mg/ml £ 0.308) after
infection. The extract showed potent anti-herpesvirus activity in both antiviral tests performed
(MTT-based colorimetric assay and yield reduction assay). By the time the extract was added,
two experimental arrangements were applied. The antiviral activity increased when water
extract was added simultaneously with the inoculation of the cell monolayer (EC50 of 0.66
mg/ml + 0.04 and 0.788 mg/ml = 0.009 for the F and the DD strains, respectively, measured
via colorimetric assay). The ICso value was 0.181 mg/ml = 0.073 and 0.0888 mg/ml £ 0.014
for the F and the DD strains, respectively, measured via yield reduction assay. Unfortunately,
selectivity for viral versus cellular molecular targets (SI) was low except for the Sl values
(40.60 and 82.77 for the F and the DD strains, respectively) obtained via the yield reduction
assay when water extract was added simultaneously with the inoculation of the cell
monolayer. In both types of antiviral assays water extract retained activity against the ACV-
resistant DD strain. The virucidal assay showed that water extract did not reduce the
infectivity of either of the strains used at a concentration equal to the maximum non-toxic
concentration. Therefore, the above-men- tioned rise in the antiviral activity detected in
experimental settings when the extract was added immediately after inoculation is not due to
direct inactivation of the extracellular virions. Rather, it is due to interference with the
adsorption but not the penetration (according to the results of the conducted experiment). The
time of addition test demonstrated that the water extract continued to exhibit antiviral activity
even when added 10 h after infection. All these observations suggest that water extract exibits
its anti-herpesvirus activity by influ- encing both early (adsorption) and late events of HHV
replication. Metabolomic studies of the extract showed that the major phenolic acids present
in the extract include rosmarinic, chlorogenic, gallic, vanillic, caffeic, protocatechuic, ferulic
and cinnamic acids; while the presence of flavonoids was marked by cirsimaritin, chrysoeriol,
vanillin, rutin and quercetin.

Pesrome: Nepeta nuda L. ce ymorpeOsiBa B TpaguIMOHHATa MEAWIIMHA IOPAAUd HEHHUTE
JIUypPeTUYHH, AHTH-aCMAaTUYHH, AHTHOKCHIAHTHH, CHOAa3MOJHMTHYHH, CCJATUBHH U
AHAITETUYHU CBOWMCTBA (IIBJDKAIIM CE HAa ChIABPIKAIIUTE CE B PACTEHUETO HEINETaTaKTOHHU). B
HACTOSINETO M3CIIEABaHE € mpoydeH edexra Ha BojgeH ekcrpakt ot Nepeta nuda ssp. nuda L.
BBPXY peIuTMKanusaTa Ha xepnecHu Bupycu - Human Alpha Herpes (HHV) Bupyc tumn 1, miam
F (ACV-uycrutenen) u HHV tun 2, mam DD (ACV-pesuctenten) in vitro. ExctpaktsT
MOKa3Ba M3pa3eHa aHTHU-XEPIeCHa aKTUBHOCT MpH aBara u3noia3BaHu Tecra (MTT-6a3upan
KOJIODUMETPHUYCH aHAIM3 M IpU TECT 3a HamausiBaHe Ha jao0uBa). [IpoTHBOBHpYCHAaTa
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aKTMBHOCT C€ MOBMIIIaBa, KOraTa €KCTPaKThT ce MpHIara eTHOBPEMEHHO C MHOKYJAlMATa Ha
MOJIeITHUTE KieTku ¢ BupycHute mamose (ECso 0.66 mg/mL + 0.04 u 0.788 mg/mL + 0.009
3a mam F u DD cpotBetHO). CroiiHoctute Ha 1Cs0 ca 0.181 mg/mL + 0.073 u 0.0888 mg/mL
+ 0.014 3a F u DD pecnexkTtuBHO, OTYETEHH NpU TECTA 3a HaMassiBaHe Ha nqoOuBa. [Ipu nBere
ONUTHU TIOCTAHOBKM BOJHHUAT €KCTPAKT 3ala3Ba IMPOTHBOBHUPYCHATA CH AKTUBHOCT CPEILY
ACV-ycroitunusaT DD mam. AHanm3bT 3a BUPYLIHMIHA aKTHBHOCT IOKa3a, Y€ BOJHHUST
eKCTPaKT TMpHWjaraH B MaKCMMallHaTa HETOKCHMYHA KOHICHTpalMs HE HamalsBa
MH(EKIIMO3HOCTTAa HA HUTO €AMH OT JBaTa u3cieqBanu mjama. CieoBaTesHO, CTIOMEHATOTO
MOBHUIIIaBAaHE B MPOTHBOBUPYCHOTO JACHCTBUE HA €KCTPAKTa MPH IpUIaraHe HEMOCPEACTBEHO
Clell WHOKyJAlMATa HE C€ ABbJDKM Ha WHAKTHBHpAaHE Ha BBTPEKICTHYHUTE BHPHOHHU
JacTUIM. BeposaTHO TOBa € MO-CKOpO CBBP3aHO C MPOMsHAa B abcopOLusATa, OTKOJKOTO C
NIPOHMKBAHETO Ha BHpYcCa B KJIETKaTa (CHIVIACHO MPOBEICHHUTE eKCIepuMeHTH). TecToBe 3a
BpPEMETO Ha MpHJIaraHe Ha eKCTpakTa MOKa3BaT, Y€ NMPOTUBOBUPYCHUAT €(PEKT Ha BOJHUS
eKCTPaKT MPOIbJKaBa JIOpU U Npu npuiarade Ha 10-s1 yac criex MHOKyIanuaTa. Bcuuku te3u
HAOJIOJICHUS TIpEAIoarar, ye BOJHUAT ekcTpakT oT N. nuda mosnusBa KakTo paHHUTE (a3u
(abcopOrnusiTta) Taka W KbCHUTE mposiBu (perukanusara) Ha HHV  uwHbeknusTa.
MeTaboIOMHHAT aHaIM3 Ha EKCTpakTa IOKa3Ba KAaTO OCHOBHU MOJICKYJIH PO3MapHHOBA,
XJIODOTEHOBA, TajoBa, BaHWJCHA, KaeeHa, NPOTOKaTexXyeHa, ¢epyioBa M I[IMHAMOBA
KUCEJIMHU; JIOKaTO (IaBOHOMAWTE cCa TNPEACTAaBEHHW TMPEIUMHO OT LUPCUMAPHUTHH,
XpU3E0pHOJ, BAHWINH, PyTUH U KBEPLIETUH.

Hu T., Linghu K., Huang S.*, Battino M., Georgiev M.1., Zengin G., Li D., Deng Y., Wang
YT., Cao H.* (2019) Flaxseed extract induces apoptosis in human breast cancer MCF-7 cells.
Food and Chemical Toxicology, 127: 188-196 (Md2010 4.679; Q1).

Abstract: Significant evidence indicated that flaxseed (Linum usitatissimum) possesses
various positive health aspects such as reducing the risk of cancer and cardiovascular
diseases. The fatty acids are considered to be responsible for these benefits of flaxseed.
Herein, the in vitro effects of flaxseed extract on the growth and apoptosis of human breast
cancer MCF-7 cells were investigated. The MCF-7 cells treated with flaxseed extract showed
a dose-de- pendent decrease in cell viability. The flaxseed extract induced reactive oxygen
species and the flow cytometric analysis demonstrated that flaxseed fatty acids triggered
apoptosis of MCF-7 cells, which was also shown by the loss of mitochondrial membrane
potential and caspase cascade reaction. Thus, the flaxseed extract regulated the growth of
MCF-7 cells and induced apoptosis. Eventually, the flaxseed could be used as a dietary
supplement to prevent breast cancer.

Pe3rome: Pemuiia mokasatencTBa couaT MoJ3UTe OT JieHeHOTO ceme (Linum usitatissimum) 3a
3/IpaBeTO, Cpell KOWTO ca HaMalsgBaHE HAa pHUCKA OT pAKOBU U KapAMOBACKYJIapHU
3a0oisiBaHUA. MacTHUTE KUCEIMHU ca CMATAHM KaTo OTTOBOPHM 3a MO3UTHUBHUA e(eKT Ha
cemeHara oT JieH. Ilpoydyen e edekra Ha EKCTpAaKT OT JICHEHO CeM€ BBPXYy pacTexa H
arornTo3ara Ha YOBEIIKM KJIETKH OT KapIIMHOM Ha MiledHa xJe3a (kierbuHa JuHus MCF-7).
Tperupanure ¢ excTpakT oT JieHeHo ceme MCF-7 knerkum mnoxasBaT 1030-3aBHCHMO
HamajsiBaHe Ha KJIEThYHATAa CH JKU3HEHOCT. EKCTpakThT HHAYyIHMpa OOpa3yBaHETO Ha
PEaKTUBHU KHCIOPOJHU (POpPMH, a aHAIM3BT C IPOTOYHA IIUTOMETPUS MOKa3Ba MHAYLMpaHE
Ha anonto3a B MCF-7 xnerpunara nunaus. Te3u gaHHU Osixa MOTBBPJEHU W OT 3arybara Ha
MHUTOXOH/IpHAJICH MOTeHIIMAl U aKTUBUPAHE Ha KACla3HUTE KAaCKaJHU MPOIECH B KIETKHUTE.
Perynupanero Ha KJIETHUHHUS pacTeX M MHIynHpaHeTo Ha amonrto3a npu MCF-7 xierpuHa
JVHMS € OCHOBAHHUE JICHEHOTO CeMe Jja HaMepH IPHIIOKEHHE KaTo XpaHWTENIHa Jo0aBKa 3a
MPEBEHIU Ha PaK HA MJIeYHATa jKJie3a.
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Jiang X., Cao C., Sun W., Chen Z., Li X., Nahar L., Sarker S.D., Georgiev M.l., Bai W.*
(2019) Scandenolone from Cudrania tricuspidata fruit extract suppresses the viability of
breast cancer cells (MCF-7) in vitro and in vivo. Food and Chemical Toxicology, 126: 56-66
(MD2019 4.679; Q1).

Abstract: Scandenolone, an isoflavone, has shown anti-cancer potential. In this study, we
extracted scandenolone from Cudrania tricuspidata fruit and evaluated its anti-breast cancer
effects as well as toxicity in cell and animal models. In cell model, scandenolone suppressed
the breast cancer MCF-7 cells viability, ceased mitotic cell cycle, decreased mitochondrial
membrane potential, up-regulated cleaved caspase-3 and promoted the phosphoryla- tion of
p53. Additionally, this isoflavone promoted cell apoptosis and induced a sustained activation
of the phosphorylation of p38 and ERK, but not JNK and Akt. The effects were further
verified in a human MCF-7 breast cancer xenograft model, where scandenolone efficiently
suppressed the cancer growth and increased apoptotic cells in tumor tissue. However
scandenolone has also shown certain toxicity to normal hepatocytes and breast epithelial cells.
It could be concluded that scandenolone suppressed the growth of breast cancer cells, but its
toxicity towards normal cells might limit its potential clinical use.

Pe3tome: CkanzeHOJI0H € n30(IaBOH M3BJIeYeH OT IutogoBere Ha Cudrania tricuspidata. B
TOBA WM3CIIC/IBAHE CKaHIACHOJIOH ¢ npuiokeH Ha MCF-7 TyMOopHa KJIEThYHA JIMHUS M MHIIU
MOJIeNT Ha paK Ha MJIEYHATa KJIie3a C IeJl J]a CE OIICHU MPOTUBOTYMOPHHUS My noTeHuuai. [Ipu
N Vitro eKCrepuMEHTHTE CKaHICHOJIOH IOTUCKA KIeThYHATa >KU3HEHOCT, HapyIllaBa
MHUTOTHYHATa (pa3a Ha KICTHYHUS L[UKBJI, HamalsiBa MHUTOXOHAPHAIHHUS MOTEHIHAJ,
MOBHIIIABA AKTUBHOCTTA Ha Kacmasa 3 v MpoBoKupa (pochoimpupaHeTo Ha MPO-arnonTOTHYHUS
npotenH P53. B mombiaHeHne Ha TOBa, M30(JIaBOHBT MPEAN3BUKBA allONTO3a  aKTUBUPAaHE HA
p38 u ERK, o #e u na JNK u Akt. Te3u ebekTr ca MOTBBPAECHH W MPH MHUIIA MOJIET C
KceHoTpaHciulanTupane Ha MCF-7 pakoBM KJIE€TKM, NPH KONTO CKaHAEHOJOH e(UKacHO
MOTHUCHA pacTeXa Ha TymMOpa WM TOBHIIM OpOs amoNTOTHYHM KJIETKM B pakoBaTa THKaH.
Bwrnpeku ToBa, CKaH/IEHOJIOH TTOKa3Ba OIpe/esieHa TOKCHYHOCT U KbM XCTATOLUTH U 3/IpaBH
KIETKH OT MJyedHa xkie3a. [lopamu ToBa, ca HEOOXOMUMH JOMBIHUTEIHU WU3CICABAHUS TIO
OTHOIICHHE Ha EJIEMHHHPAHETO My OT OpraHu3Ma Tpead Ja Cc€ TPUCTBIIU KbM
pa3paboTBaHETO Ha MOXJIO 32 KIMHUYHA YITOTpeOa Ha CKaHICHOJIOH.

Amirova K.M., Dimitrova P., Marchev A.S., Aneva LY., Georgiev M.l.* (2019)
Clinopodium wvulgare L. (wild basil) extract and its active constituents modulate
cyclooxygenase-2 expression in neutrophils. Food and Chemical Toxicology, 124: 1-9
(Md2019 4.679; Q1).

Abstract: Clinopodium vulgare L. (wild basil) has a wide range of ethnopharmacological
applications and accumulates a broad spectrum of phenolic compounds, recognized for their
anti-inflammatory and anticancer properties. The triggered cyclooxygenase-2 (COX-2)
expression is creating an immunosuppressive microenvironment in the inflamed tissue and
considered to be the main cause of failure of even new anticancer-/immune-therapies.
Nowadays, selective and novel plant-derived COX-2 inhibitors with safe profile are subject of
profound research interest.

This study aimed to analyze the metabolic profile of C. vulgare and search for phenolic
molecules with potential biological properties. By application of *H and 2D-NMR (Nuclear
Magnetic Resonance) profiling, caffeic, chlorogenic acids and catechin were identified along
with a bunch of primary and secondary metabolites. Further, the biological effect of C.
vulgare extract (CVE) and its constituents on zymosan-induced COX-2 expression and
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apoptosis of murine neutrophils have been studied. The CVE, caffeic and chlorogenic acids
inhibited zymosan-induced COX-2 expression in bone marrow neutrophils, in vitro and in
vivo activated. The obtained data indicate that CVE may have a good potential to manipulate
neutrophil functions, however, its action may depend on the cellular state, the inflammatory
milieu and the relative content of caffeic and chlorogenic acid in the extract.

Pesiome: Clinopodium vulgare L. (koremika CThIIKAa) € MEIUIMHCKO pacT€HHE C pEAMIa
eTHO(ApMAKOJIOTHYHU  NPUJIIOKEHUS, MNPOAYLHPAIIO [IUPOK CHEKThP OT (EHOIHU
ChbEJMHEHUS, U3BECTHH C TEXHHUTE INPOTHUBOBB3MAIUTEIHA M TPOTUBOTYMOPHH CBOMCTBA.
AxTHBHpaHaTa eKcrpecus Ha rukinookcurenasa 2 (COX-2) cb3naBa MMYHOCYNIPECHBHA Cpe/a
BBHB BB3MAJICHATA ThKAH U € CUMTaHA 32 OCHOBHA NIPUYMHA 32 HEyCIleXa B MPOTUBOTYMOpPHATA
¥ UMyHHaTa Tepanus. B Hamm nHU, cenextuBHE HOBU COX-2 MHXUOUTOPH OT PacTHTEICH
pou3xoa ¢ 100bp mpodun Ha 6e30MacHOCT ca OOEKT Ha M3KJIIOUYMTENICH HaydYeH uHTepec. B
TOBA U3CJICIBAHE € aHATM3UPaH MeTaboauTHUs podut Ha C. vulgare u ca uaeHTudUIIUpaHU
(hEHOTHUTE MOJICKYJIU C MIOTEHITHAIHA OMOJIOTUYHA aKTUBHOCT. Upe3 nmpunarane Ha 1/1- u 2/1-
AMP npodummmpane ca maeHTUUIMPaHH KadeeHa W XJIOPOT€HOBA KUCEIWHU, KaTEXUH U
JIpYTH THPBUYHM W BTOPUYHH METAOONUTH. JOMBIHUTENHO, OUONOTHUHUAT e(eKT Ha
excrpakt ot C. vulgare (CVE) u HeroBuTe aKTMBHU KOMIIOHEHTH € MPOYYEH MPH 3MMO3aH-
naaymupana COX-2 ekcnpecuss u amonto3a Ha mumu Heytpodunu. CVE, kadeenara u
xyoporeHoBa kucenuHu mnotuckaT COX-2 ekcnpecusita, HHAyIHpaHa OT 3WMO3aH B
HEYTPODWIN H30JIMPAaHH OT KOCTCH MO3bK aKTHBHpAHH, KakTo IN VItro taka u in Vivo.
KadeeHnsT ocTaThK NMPUCHCTBAI B CTPYKTYypaTa U Ha BeTe (EHOIHHU KUCEITMHH BEPOSTHO ©
OTTOBOPEH 3a MPOTHBOBB3MANUTENHATA WM akTUBHOCT. OT [pyra cTpaHa KaTexuHa
JOIIBJIHUTENTHO cTUMYHpa ekcripecusita Ha COX-2 u npu aBara mozena. [lonydyenurte naHHu
noka3Bar, ye CVE nma u3sBeH MoTeHIMall a MOIyJIHpa HeYyTpodmIHaTa GYHKINS, BEIPEKA
4ye, HErOBOTO JEHCTBHE € 3aBHCHUMO OT KJIEThYHOTO CHCTOSHUE, BB3MaJIUTENHaTa cpela U
OTHOCHUTEITHOTO ChABbPKaHHE Ha KaeeHa U XJIOPOreHOBa KUCETMHH B €KCTPAKTA.

Dimitrova P., Alipieva K., Stojanov K., Milanova V., Georgiev M.1.* (2019) Plant-derived
verbascoside and isoverbascoside regulate Toll-like receptor 2 and 4-driven neutrophils
priming and activation. Phytomedicine, 55: 105-118 (M 2019 4.268; Q1).

Abstract: Background: Neutrophils have a short live in circulation and accelerate greatly
local immune responses via increased granulopoiesis and migration at high numbers to
infected or inflamed tissue.

Hypothesis: Since neutrophils produce a variety of factors with destructive and pro-
inflammatory potential the regulation of their homeostasis and functions might be eventually
beneficial in inflammation-related pathological conditions. Herein we investigated the effect
of natural-derived verbascoside (Verb) and its positional isomer isoverbascoside (IsoVerb) on
neutrophil functions.

Methods: We used purified murine bone marrow (BM) neutrophils to study cell
responsiveness to priming or activation via Toll-like receptors (TLRs) 2 and 4. The
expression of CD11b, chemokine (CXC motif) receptor 2 (CXCR2), the intracellular level of
phosphorylated p38 mitogen-activated protein kinase (MAPK) and tumor necrosis factor
(TNF)-a in neutrophils were determined by flow cytometry while the release of macrophage
inflammatory protein (MIP)-2 in culture supernatant was determined by enzyme-linked
immunosorbent assay (ELISA).

Results: We found that Verb appeared less powerful inhibitor of TLR2 and TLR4-
mediated apoptosis than IsoVerb. However at concentrations below 16 uM and in LPS
priming conditions Verb was more selective inhibitor of CD11b and CXCR2 expression than
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IsoVerb. Both compounds showed similar activity on integrin/ chemokine receptor expression
when neutrophils were stimulated with ZY or were activated with LPS. Verb sustained
CXCR2 expression and turnover via regulation of the cell responsiveness to its ligand KC
(CXCL1) and via the release of MIP-2 (CXCL2). Both Verb and IsoVerb increased TNF-a
production and inhibited p38 phosphorylation in TNF-a* cells. We fail to discriminate sharply
between Verb's and IsoVerb's efficacy when studying p38 phosphorylation in LPS stimulated
neutrophils. The multi-parametric analysis provides critical insight on the range of on-target
effects of Verb and IsoVerb.

Conclusion: The strength and selectivity of Verb and IsoVerb depended on the degree of
activation and functional state of neutrophils, and both compounds are with potential to affect
neutrophil-related pathologies/conditions in heterogenic populations.

Pe3rome: HeyrpodunHuTte KIIETKH MPOIYIUPAT peArIlia MMyHHH (HAKTOPH C JECTPYKTUBHU H
NPO-BB3MNATUTETHU (PYHKLUHU, TOPAJAN KOETO PETyJIMPaHETO HAa TeXHUTE (QPYHKIIMH MOXKeE Ja
MOBJIMSIC TIOJIOKUTEIIHO HA PEAMIA TATOJOTUYHU ChCTOSHUSA. M3cnenBaHo € BIMAHUETO Ha
MPUPOJHATA MOJIEKYJIa BEpOACKO3HI M TO3WIMOHHHS MYy HW30MEp H30BEpOACKO3HIl BBPXY
HeyTouiaHata ¢(yHKIHUS. MoJeKyIsIpHO-OHMOJIOTMYHUAT aHAIM3 IO0Ka3a, uye BepOacko3ua e
no-cnabo norenteH naxuoutop Ha Toll-like penenropu (TLRS) 2 u 4 ot nzoBepOACKO3UI.
Bbopekn ToOBa, B KOHUEHTpauuu mox 16 pM U JAONBIHUTENHO CTUMYJUpPAHE C
JUMONONIN3axapua, BepOacKo3MJl ce OKa3Ba C I0-BUCOKO CEJIEKTHBHA HMHXUOUTOpHA
aktuBHOCT KbM CD11b u CXCR2 ekcnpecusita mpu HeyTpohuau ot u3oBepdacko3u. [Isere
MOJICKYJI TIOKa3BaT CXOJHA AaKTHBHOCT KBbM HHTETPHH/XEMOKWHOBHSI PEIeNnTop Mph
BB3IAJIEHUE HAa HEYTPO(PUIN MHAYLHPAHO OT 3UMO3aH WM Junonoiausaxapui. Bepdacko3un
nojyrbpka excrnpecusita Ha CXCR2 mocpencTBoM perynanus B OTTOBOPa Ha KIETKHTE KbM
Heropus yurang KC (CXCL1) u ocBoboxaaBanero Ha MIP-2 (CXCL2). Kakto BepOacko3u,
Taka ©, W30BepOAacKo3uJ ToOBHWIIABAT mnpoxaykiusra Ha TNF-o u wuHXHOMpaxa
dochopunupanero Ha P38 mpu TNF-a* wietku. J[Bere MoJieKyJ U MOKa3BaT 3HAYUTEIICH
MOTEHIIMAJ 32 TMOBJIMABAHE HA XKMBOTO-3aCTpPAIIABAlIM TATOJIOTUH, CBBP3aHU C IMOBHIIEHA
HEYTPO(HUITHA AKTUBHOCT KaTO CETNICUC MJIM CTEPHITHO CUCTEMHO Bh3IAJICHUE.

Vasileva L.V.*, Saracheva K.E., lvanovska M.V., Petrova A.P., Marchev A.S., Georgiev
M.1., Murdjeva M.A., Getova D.P. (2018) Antidepressant-like effect of salidroside and
curcumin on the immunoreactivity of rats subjected to a chronic mild stress model. Food and
Chemical Toxicology, 121: 604-611 (Md2018 3.775; Q1).

Abstract: Deregulated cytokines' production is found in depressed patients. Salidroside and
curcumin both have been described with potential antidepressant-like activities. The present
study investigated the effect of pure sali- droside, curcumin and their combination on the
immunoreactivity of animals, subjected to a chronic mild stress (CMS) model, followed by
lipopolysaccharide (LPS)-induced inflammation. Wistar male rats were separated in the
following six groups: control, CMS model, fluoxetine (2.5 mg/kg, oral), salidroside (5 mg/kg,
oral), curcumin (20 mg/kg, oral) and salidroside + curcumin (5 mg/kg + 20 mg/kg, oral).
Changes in glucose preference, spatial learning and exploratory behavior were recorded. The
IL-6 levels in the rats' sera and of the TNF-a levels in the rats' sera and the brain tissue
homogenate were evaluated. The groups exposed to stress and treated with fluoxetine,
salidroside, curcumin or salidroside + curcumin showed increase in the glucose preference
and locomotor activity, as well as, decrease in the escape latency and the cytokines' levels
compared to the CMS model group. The chronic stress induced behavioral alternations and
increased cytokines’ levels in rats which were reversed by administration of salidroside and
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curcumin, suggesting antidepressant-like effects comparable to that of fluoxetine and potential
synergistic interaction regarding the anti-inflammatory and anti-stress effects.

Pe3tome: [Ipu namueHTH ¢ Ienpecus YecTo ce YCTaHOBSIBA JUCPETYJIAllUs B CEPYMHUTE HUBA
Ha ompeaeneHr NUTOKUHUA. Camuapo3ua U KypKyMHUH ca MPUPOIAHH MOJICKYJH C H3BECTHA
AHTHCTPECOBA aKTUBHOCT. M3cienBaH e eeKThT Ha CATUAPO3UT U KYPKYMHH TPUIIOKEHU
CaMOCTOSITENTHO, KaKTO M B KOMOHWHAIMs BBPXY HMMYyHHaTa PEAKTHBHOCT Ha IUIBXOBE,
MOJJIOKEHU HA MOJIeT Ha XPOHUYEH CTpec 3a 4 CeIMUIM MOCIeABaH OT MPEIU3BUKBAHE Ha
CHUCTEMHO BB3MAJICHUE ¢ JHIonoiu3axapus. OIyoKCeTHH € H3IOJ3BaH KaTo IMO3WTHUBHA
KOHTpOJIa 3a aHTH-JCIPECHBHO neiicTBue. JKMBOTHHUTE, TOJJIOKEHH Ha TpoIeaypa 3a
XPOHUYEH HEMPEIBUIUM CTpPEC JEMOHCTpUpAT peauila TPOMEHU B TMOBEACHUYECKUTE CHU
pPEaKIUU KaTo aHXEJOHHWS, HaMaJleH HHTepeC KbM MPHEM Ha TJII0K03a, HApyIICHO IMOKaYBaHE
Ha TEJECHO TerJi0 W JBUTATEelIHA aKTUBHOCT B CPAaBHEHHE C HECTPECHPAHHTE KOHTPOJIHHU
KUBOTHH. [IpHiio)kKeHHeTO Ha caluapo3u] M KYpKYMHUH, KaKTO CaMOCTOSATEITHO Taka U B
KOMOWHAIIHS TPEIM3BUKA aHTH-JCTIPECUBEH €PEKT M3pa3eH B HaMalsiBaHE HA HETAaTHBHUTE
MPOSIBU OT TPWIOKEHUETO Ha XPOHHYEH CTPEC JI0 HUBA CPAaBHHMH C TE3W Ha IMO3WTHBHATA
koHpona ¢ayokcerun. Kato nombiaHenwe, ananu3bT ¢ ELISA Ha cepyM u Mo3bueH
XOMOTEHAT Ha XUBOTHHUTE C MOJICN Ha JIETPecHs IMOKa3BaT MOHKeHne B HuBata Ha TNF-o u
IL-6 mpu mpuIOKEHUETO HA CHIIMAPO3U], KYPKYMHUH M KOMOMHAIIMATA OT JIBETEC MOJIEKYJIH.
Pesynarature moka3BaT wu3pa3eH MMYHOMOAYJIATOPEH, NPOTUBOBB3MAIUTEICH U AaHTH-
JenpecuBeH e(QeKkT Ha camuApo3ua W KypkymuH. KoMmOuHammsaTa uMm € ¢ oOemiaBarg
TEepareBTHUYECH IMOTSHITHAI 3a JICUCHWE Ha ChCTOSIHUSI HA XPOHWYCH CTPEC M JIeKa JI0 YMEpeHa
JeTipecusl.

Uysal S., Aktumsek A., Picot-Allain C.M.N., Unuvar H., Mollica M., Georgiev M.I., Zengin
G.*, Mahomoodally M.F. (2018) Biological, chemical and in silico fingerprints of Dianthus
calocephalus Boiss.: A novel source for rutin. Food and Chemical Toxicology, 113: 179-186
(MD2018 3.775; Q1).

Abstract: Extracts (methanol, ethyl acetate, and water) from Dianthus calocephalus Boiss.
prepared by different extraction techniques (maceration, Soxhlet, and ultrasonication) were
studied for possible inhibitory action against key enzymes (o-amylase, a-glucosidase, acetyl
cholinesterase, butyryl cholinesterase, and tyrosinase). Antioxidant potential was established
using a battery of assays and phenolic compounds profiled by RP-HPLC. Binding pose of
tyrosinase with rutin was studied by means of molecular docking. Methanol extracts showed
the highest phenolic (39.35-40.25 mgGAE/g) content and rich in rutin (61.38-72.07 mg/g
extract). Ethyl acetate extracts of D. calocephalus were potent inhibitors of acetyl (1.45-1.48
mgGALAE/g) and butyryl (2.44-2.74 mgGALAE/g) cholinesterases. Docking studies showed
that rutin interacts with the side chains of the key amino acid residues and to the copper atom
found at the active site of tyrosinase. Methanol extracts showed highest antioxidant capacity.
D. calocephalus showed interesting biological properties that could be further studied to
manage dia- betes, neurodegenerative diseases, Alzheimer's disease, and hyperpigmentation.

Pe3iome: Excrpaktu (MeTaHosieH, eTunalerared u BogeH) ot Dianthus calocephalus Boiss.,
MOJIy4EeHU 4pe3 pa3iiMuyHU TEXHHKH Ha eKkcrpaxupane (mauepamwus, COKCIeT-eKCTpaKius U
TpEeTUpaHEe C YATPa3ByK) ca H3CIEIABAHM 3a TAXHATa HHXUOUTOPHA AKTUBHOCT CIIPSIMO
KIIOYOBH €H3UMHU (0-aMujas3a, o-TJII0KO3u7as3a, aneTwi -, OyTUpUIXOJMHecTepasa U
TUPO3WHA3a). AHTHOKCHJAHTHUAT MOTEHLHAN € YCTAaHOBEH 4pe3 MOpeaulia OT METOAH 3a
ompeseNsiHe Ha aHTUOKCHJIAHTHA aKTHUBHOCT, a (PEHOJHOTO ChIBP)KAHHE B EKCTpakTa Oe
onpeneneHo upe3 ooparHodazoBa BETX. Cebp3Bamusar ahuHUTET HA PyTHH KbM THPO3WHA3A
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€ TPOYyYeH Ype3 TMOAXOJA Ha MOJIEKYJTHO MojenrpaHe. MeTaHOTHHAT €KCTPAKT IOoKa3a Haii-
BHCOKO Chabpkanue Ha oo ¢eHomn 39.35-40.25 mg GAE/g, ot koiito pyrtuHa ¢ 61.38-
72.07 mg/g excrtpakt. EtmnaneratHust ekcrpakt ot D. calocephalus 3maummo uHXOMpa
aretii- (1.45-1.48 mgGALAE/Q) u outypun- (2.44-2.74 mgGALAE/g) xonuHecTepasure.
MoriekyTHOTO MOJeNMpaHe MmoKas3a, 4ye pyTUH B3aUMOJCHCTBA ChC CTPAHUYHUTE BEPHUT'H Ha
KJIFOYOBHM aMUHOOCTATBIM U C MEJTHHS aTOM OT aKTHBHUS IEHTHP HAa THPO3HMHA3ATA.

Fierascu R.C., Georgiev M.Il., Fierascu I.*, Ungureanu C., Avramescu S.A., Ortan A,
Georgescu M.I., Sutan A.N., Zanfirescu A., Dinu-Pirvu C.E., Velescu B.S., Anuta V. (2018)
Mitodepressive, antioxidant, antifungal and anti-inflammatory effects of wild-growing
Romanian native Arctium lappa L. (Asteraceae) and Veronica persica Poiret
(Plantaginaceae). Food and Chemical Toxicology, 111: 44-52 (M®2018 3.775; Q1).

Abstract: The present study aims to evaluate the potential uses of hydroalcoholic extracts
obtained from Romanian native wild-growing plants. The hydroalcoholic extracts were
obtained from the burdock roots and respectively the aerial parts of birdeye speedwell. The
extracts were characterised by HPLC (quantifying 13 compounds in the V. persica extract, 6
compounds in the A. lappa extract and confirming the presence of arctiin and arctigenin in the
burdock extract). The antioxidant potential of the crude extracts was evaluated using two
methods: the DPPH assay (79.91% for speedwell extract, 76.23% for burdock extract) and the
phosphomolybdate method (296.5 mg/g ascorbic acid equivalents for burdock, 324.4 mg/g for
speedwell). The crude extracts were found to be active against both fungal lines used
(Aspergillus niger and Penicillium hirsutum), inhibition zones - 17.1 mm and 13.1 mm
against P. hirsutum, respectively ca. 22 mm for both extracts against A. niger. The cytogenetic
effects (assessed using the Allium cepa assay) revealed a series of chromosomal aberrations
and nuclear aberrations induced in the meristematic root cells. The anti-inflammatory effect,
estimated in two inflammation experimental models, showed a significant effect, especially
for the speedwell extract. The results recommend the evaluated extracts as promising sources
of biologically-active compounds.

Pesrome: B ToBa m3ciienBaHe € OLICHEH NPWIOKHHUAT IOTEHIMAT Ha BOJHO-AJIKOXOIHH
eKCTPaKTH OT PYMBHCKH JUBOPACTSIIM pacTEeHHs: KOpeHH oT pemeir (Arctium lappa) u
HAJ36MHU 4YacTH OT mepcuiicko BenukaeHue (Veronica persica). Excrpakrtute ca
anamsupany upe3 BETX kaTo konmuecTBeHO ca onpezenieHn 13 BemectBa B eKkcTpakTa ot V.
persica u 6 B To3u or A. lappa, BKIIOYHTENHO XapaKTEPHUTE 3a PACTEHHETO ApKTUHH W
apKTUTeHWH. TOTalHUTE EKCTPaKTH TOKa3BaT (yHrummaHa aktuBHOCT cperry Aspergillus
niger u Penicillium hirsutum, kato nHXuHOKUTOpHUTE 30HU Osixa ¢ pasmep: 17.1 mm u 13.1 mm
cpeury P. hirsutum, 22 mm cpemry A. niger, cboTBeTHO. [[UTOreHETHYHUST aHAIN3 OLICHEH
ype3 Allium cepa tect paskpuBa pejuiia XpOMO30OMHHU M SAPSHHU aOepalliu, MPEIU3BUKAHU B
MEPHUCTEMHH KOPCHOBH KICTKH. BKIIOYEHH B MHKpPOEMYJCHH EKCTPAKTHTE I[OKa3axa
NPOTUBOBB3NANUTENICH e(eKT, OCOOEHO H3pa3eH INpH EeKCTpaKTa OT BelHKIeHdYe. Tesn
pesynratu odepraBar ekcTpakture ot A. lappa u V. persica karo o0eriaBaiiy W3TOYHHUIU Ha
OMOJIOTMYHO-aKTUBHH MOJICKYJIH C TIPOTUBOBB3MATUTEIICH S(EKT.

Fierascu I., Georgiev M.1., Ortan A.*, Fierascu R.C.*, Avramescu S.M., lonescu D., Sutan
A., Brinzan A., Ditu L.M. (2017) Phyto-mediated metallic nano-architectures via Melissa
officinalis L.: synthesis, characterization and biological properties. Scientific Reports,
7: 12428 (Md2017 4.122; Q1).

23



Abstract: The development of methods for obtaining new materials with antimicrobial
properties, based on green chemistry principles has been a target of research over the past few
years. The present paper describes the phyto-mediated synthesis of metallic nano-
architectures (gold and silver) via an ethanolic extract of Melissa officinalis L. (obtained by
accelerated solvent extraction). Different analytic methods were applied for the evaluation of
the extract composition, as well as for the characterization of the phyto- synthesized materials.
The cytogenotoxicity of the synthesized materials was evaluated by Allium cepa assay, while
the antimicrobial activity was examined by applying both qualitative and quantitative
methods. The results demonstrate the synthesis of silver nanoparticles (average diameter 13
nm) and gold nanoparticles (diameter of ca. 10 nm); the bi-metallic nanoparticles proved to
have a core-shell flower-like structure, composed of smaller particles (ca. 8 nm). The Ag
nanoparticles were found not active on nuclear DNA damage. The Au nanoparticles appeared
nucleoprotective, but were aggressive in generating clastogenic aberrations in A. cepa root
meristematic cells. Results of the antimicrobial assays show that silver nanoparticles were
active against most of the tested strains, as the lowest MIC value being obtained against B.
cereus (approx. 0.0015 mM).

Pe3iome: Pa3zpaboTBaneTo Ha METOAM 3a MOJy4YaBaHE HA HOBH MAaTEepPHalM C aHTUMHKPOOHU
CBOICTBa, 0a3MpaHW Ha MPUHIMUIATE Ha ,,3€JICHaTa” XUMHS ca OOCKT Ha MOBUIICH WHTEPEC
npe3 MocjaeHUuTe FoUHU. B TOBa mpoy4BaHe € onrcaH METO/]l 32 paCTUTENHO-0a3upaH CUHTE3
Ha HaHO-MaTepHaau (3JaTHU U cpeOBbpHHU) Ype3 eTaHoHA ekcTpakius Ha Melissa officinalis
L. Ouenkara Ha (UTOXMMHUYHHUS CHCTaB HAa EKCTPAKTa, KaKTO M Ha (UTO-CUHTE3UpPAHUTE
MaTepHajM, € IpoBe/ieHa Ype3 MOpeauia OT aHAIUTUYHU MOAX0AU. [IUTOreHOTOKCUYHOCTTa
Ha CHHTE3MpAHUTE HaHO-Marepuaiu ¢ oueHeHa 4ype3 Allium cepa tectr, nokarto
AHTUMUKpPOOHAaTa AaKTHBHOCT Ype3 KAueCTBEHW W KOJMYECTBEHW MeTomu. Pesynrarturte
MOKa3BaT, e CHHTE3UpaHWTE CpeObPHU HaHOUYACTHIM (cpedeH auamersp 13 NM) u 3maTHU
HaHovacTuIM (cpereH auameTbp 10 NM), KakTO M OM-METATHUTE HAHOYACTHIM (CPEICH
JuamMeTsp 8 nm), ca TBHPIO-OOBUTH C LIBETOBHJHA CTPYKTypa. CpeObpHUTE HaHOYACTHULIU
MOKa3BaT AakKTUBHOCT yBpexaama saapenata JIHK. 3natHuTe HaHOuWacTMmM TmOKa3Batr
HYKJICOTIPOTEKTHBHA AKTUHOCT, HO TEHEPHUpAaT W arpecMBHU KJIACTOICHHU abepalyu B
meprctemHn kietku ot Allium cepa. AHTHMUKPOOHUTE TECTOBE IMOKa3BaT aKTUBHOCT 3a
CpeObPHUTE HAHOYACTHUIIHM, KaTO Haii-HUCKH cToiiHocTH Ha MIC ca otuerenu cpemry Bacillus
cereus (mpubausutenso 0.0015 mM).

Marchev A.S.*, Dimitrova P., Koycheva I.K., Georgiev M.1.* (2017) Altered expression of
TRAIL on mouse T cells via ERK phosphorylation by Rhodiola rosea L. and its marker
compounds. Food and Chemical Toxicology, 108: 419-428 (Md2017 3.977; Q1).

Abstract: Rhodiola rosea L. extracts have shown neuroprotective, anti-fatigue, anti-
inflammatory and anti-tumor properties. However, the studies on their effect on T cell
function are rather scarce. We examined the potential of R. rosea extract and its major
constituents e salidroside, rosarin, rosavin and rosin to alter cell growth of human Jurkat T
cells, apoptosis of splenic mouse CD3 T cells and expression of the surface markers and
phosphorylation of extracellular signal-regulated kinase (ERK). The initial screening for cell
viability in Jurkat T cells and for apoptosis of mouse T cells showed the strongest activity for
rosavin and rosarin. Rosarin and rosavin did not alter significantly the dynamic of CD69
expression upon stimulation, but altered TNF-related apoptosis-inducing ligand (TRAIL)
expression. Rosavin inhibited TRAIL upregulation, while rosarin showed an opposite effect.
Indeed, rosarin increased the frequencies of CD3*TRAIL* T cells and the fold inhibition of
ERK phosphorylation. Our data showed that different effects of rosarin and rosavin on
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TRAIL expression can involve distinct action on ERK signaling and hence highlighted their
potential to manipulate TRAIL as a tool to rescue the resistance to apoptosis in autoimmune
diseases and cancer.

Pe3stome: Exkcrpaktsr ot Rhodiola rosea L. e mo3Hat cbCc CBOMTE HEBPOIPOTCKTUBHH,
MPOTHBOBB3MAIUTEIHHN, TPOTHBOTYMOPHHU CBOICTBA, KAaKTO U 32 IIpeMaxBaHE Ha HaMaJsIBaHE
Ha (u3Myeckata W yMCTBEHa ymopa. Bbmpeku ToBa, M3clie[jBaHUSATA MO OTHOIIEHHWE Ha
edekxTa My BbpXy QYHKIHATA HAa T-KIETKUTE ca HEAOCTAaThYHU. B TOoBa mpoyduBaHe € OllCHEH
MOTEHINATBT HAa EKCTPAaKT OT R. rosea W HEroBUTE OCHOBHHM KOMIIOHEHTH CaJIHIPO3HU]I,
po3apuH, PO3aBMH W PO3MH 3a MOBIMSBaHE KIEThUHHMsS pacTexxk Ha Jurkat T-wierkw,
anorrro3ata Ha wmumu CD3 T-wierkm u ekcrmpecusta Ha TOBBPXHOCTHU MapKepu U
dochopunrpaneTo Ha eKCTpallellylapHaTa CUTHaI-peryaupana kuHasza (extracellular signal-
regulated kinase, ERK). [TbpBoHaYaIHUAT CKPHIHHMHT 3a OIIEHKA Ha KJICThYHATA KU3HEHOCT
Ha Jurkat T-kieTku mokas3Ba, ye€ OCHOBHHUTE MOJICKYJIM HICHTUQUIMPAHU C EKCTpakKTa OT
KopeHuIa Ha R. rosea 1030-3aBUCHMO MOBUIIIABAT allONTO3aTa, KaTo ¢ Hall-CUJIHA aKTUBHOCT
ca po3aBuH M po3apuH. Canuapos3ua M po3WH MOBIUSABAT PaHHUTE MPOSIBU HA T-KIETHYHO
aKTUBUpaHe ¢ mpomsiHa ¢ auHamukata Ha CD69 ekcrpecusita, KOeTo Ha CBOM pei BOIU JI0
YCKOpEHa aromnTo3a. Po3aBuH 1 po3aprH HE MOBIUABAT 3HAYUMO JIWHAMHUKATA B EKCIPECUsITa
Ha CD69, Ho or npyra crtpana mnoBnusBaT ekcnpecusita Ha [NF-cBBp3an amomnTo3o-
unnynupair aurang (TNF-related apoptosis-inducing ligand, TRAIL). PozaBun uuXuOupa
cBpbxekcpecusita Ha TRAIL, nokaro po3apuH MMa NMPOTUBOIMONOXKEH epekT. BebuiHocT,
pozapun moBummk yecrorata Ha CD3*TRAIL* T xmerku W B [bTH HHXHOHMpa
dochopunupanero Ha ERK. [lonyuenute gaHHM odepTaBaT MOTEHI[HMAIA HA TE3U MOJIEKYJIH
na moxynupar TRAIL xarto moaxoj 3a mpeoosiiBaHe PEe3UCTEHTHOCTTa KbM alonTo3a Mpu
HSIKOW aBTOMMYHHH U PaKOBH 3a00JISIBAaHHSL.

Chen L., Teng H., Zhang K.Y., Skalicka-Wozniak K., Georgiev M.l., Xiao J.* (2017)
Agrimonolide and desmethylagrimonolide induced HO-1 expression in HepG2 cells through
Nrf2-transduction and p38 inactivation. Frontiers in Pharmacology, 7: 513 (Ud2017 3.831;

Q).

Abstract: Agrimonolide and desmethylagrimonolide are the main bioactive polyphenols in
agrimony with well-documented antioxidant, anti-diabetic, and anti-inflammatory potential.
We report here for the first time that agrimonolide and desmethylagrimonolide stimulate the
expression of phase Il detoxifying enzymes through the Nrf2-dependent signaling pathway.
Agrimonolide and desmethylagrimonolide also possess considerable protective activity from
oxidative DNA damage. In order to explore the cytoprotective potential of agrimonolide and
desmethylagrimonolide on oxidative stress in liver, we developed an oxidative stress model in
HepG2 cells, and check the hypothesis whether Nrf2 pathway is involved. Western blotting
and luciferase assay revealed that exposure of HepG2 cells to agrimonolide or
desmethylagrimonolide leads to increased heme oxygenase-1 (HO-1) expression by activating
ARE through induction of Nrf2 and suppression of Kelch-like ECH-associated protein 1
(Keapl). Moreover, agrimonolide and desmethylagrimonolide also activated ERK signaling
pathways and significantly attenuated individual p38 MAPK expression, subsequently leading
to Nrf2 nuclear translocation. In conclusion, our results indicated that transcriptional
activation of Nrf2/ARE is critical in agrimonolide and desmethylagrimonolide-mediated HO-
1 induction, which can be regulated partially by the blockade of p38 MAPK signaling
pathway and inhibiting nuclear translocation of Nrf2.
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Pe3ome: ArpuMOHONHI ¥ JECMETHUJIATPHUMOHOINU] Ca OCHOBHUTE OHOIOTMYHO-aKTUBHU
nonueHoNn B KaMIIMKa ¢ J0o0pe TMpOyYeHW aHTHOKCHUAAHTH, AaHTUIHAOCTHH U
MPOTHBOBB3NANINTENIHN edektn. B Hamero mnpoyuBaHe 3a TpPBB IBT € ONKHCAHO
CTUMYJIUPAIIOTO JICHCTBHE HA arpUMOHOJU M JECMETHIIATPUMOHOJU BBPXY CKCIIPECHUSTA
Ha JISTOKCHKHpany eH3umu oT ¢asa I, upes monusiBane va Nrf2-3aBucuM curHaieH mbT. 3a
Jla OIIEHUM LUTONPOTEKTHUBHHUS €(PEKT Ha JBETE MPHUPOJHH MOJEKYJIH CPENly OKCHIATUBHU
YBpPEXKIaHUS B 4YepHUS Jpo0, pa3paboTuxme Mojed Ha OKCuAaTuBeH cTpec Ha HepG2
KJIeThYHA JIMHKS, ¥ npoBepuxme yuactuero Ha Nrf2 mersa. Western blotting nporeomuusit
aHaMM3 W TecThT ¢ Jayuudepaza paskpuxa B HepG2 Tpetupanu ¢ arpuMOHONIUT U
JICCMETHIIarPUMOHOJIU/T TIOBHIIIEHA ekcripecust Ha heme oxygenase-1 (HO-1) kato cienctBue
ot aktuBupane Ha ARE upe3 nnnykuus Ha Nrf2 u cynpecus na of Kelch-like ECH-associated
protein 1 (Keapl). B mombnHenue, asere cheaunenus aktupupar ERK curnanuzanusra u B
3HauynTenHa crerneH maxuOupar P38/MAPK ekcrnpecusra, KOETO OT CBOS CTpaHa BOAM [0
sapeHa TpaHciokanus Ha Nrf2. OOoOmieHuTe pe3ynTatd co4ar TpPaHCKPUITIMOHHATA
aktuBanus Ha Nrf2/ARE kato KiI040B MeXaHH3bM 3a arpuMOHOJMI- U JIECMETHII-
arpuMOHONHMA-TIpeAn3BuKaHaTta uHAyKnus Ha HO-1, kosTo MOXe dYacTHYHO Aa Obje
nosiusiHa upe3 Onokupane Ha P38/MAPK curHamHus mbT W MHXHOMpaHE Ha speHara
Tpanciokarus Ha Nrf2,

Vasileva L.V.*, Getova D.P., Doncheva N.D., Marchev A.S., Georgiev M.l. (2016)
Beneficial effect of commercial Rhodiola extract in rats with scopolamine-induced memory
impairment on active avoidance. Journal of Ethnopharmacology, 193: 586-591 (M 2016
2.981; Q1).

Abstract: Rhodiola rosea L., family Crassulaceae also known as Golden Root or Arctic root
is one of the most widely used medicinal plants with effect on cognitive dysfunction,
psychological stress and depression. The aim of the study was to examine the effect of a
standardized commercial Rhodiola extract on learning and memory processes in naive rats as
well as its effects in rats with scopolamine-induced memory impairment.

Materials and methods: Sixty male Wistar rats were used in the study. The experiment
was conducted in two series - on naive rats and on rats with scopolamine-induced model of
impaired memory. The active avoidance test was performed in an automatic conventional
shuttle box set-up. The criteria used were the number of conditional stimuli (avoidances), the
number of unconditioned stimuli (escapes) as well as the number of intertrial crossings.

Results: The chemical fingerprinting of the standardized commercial Rhodiola extract was
performed by means of nuclear magnetic resonance (NMR). Naive rats treated with
standardized Rhodiola extract increased the number of avoidances during the learning session
and memory retention test compared to the controls. Rats with scopolamine-induced memory
impairment treated with Rhodiola extract showed an increase in the number of avoidances
during the learning session and on the memory tests compared to the scopolamine group. The
other two parameters were not changed in rats treated with the extract of Rhodiola in the two
series.

Conclusion: It was found that the studied Rhodiola extract exerts a beneficial effect on
learning and memory processes in naive rats and rats with scopolamine-induced memory
impairment. The observed effect is probably due to multiple underlying mechanisms
including its modulating effect on acetylcholine levels in the brain and MAO-inhibitory
activity leading to stimulation of the monoamines‘ neurotransmission. In addition the
pronounced stress-protective properties of Rhodiola rosea L. could also play a role in the
improvement of cognitive functions.
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Pesrome: Rhodiola rosea L. (Crassulaceae) omie no3nara kato 371aTeH KOPEH HIH apKTHYSCKU
KOpEeH € €JHO OT HaW-IIMPOKO H3IMOJI3BAHUTE MEAWIUHCKH PACTCHHUS E(PEKTHBHO IPH
MOBIIMSIBaHE HA KOTHUTHUBHH IUCQPYHKIWH, TICUXOJIOTHYECKA cTpec W nmenpecus. Llenta Ha
U3CIEIBAHETO € Jla ce mpoyud edekra Ha craHmaptu3upad excrpakt or Rhodiola Bepxy
00y4YEeHHETO W TaMeTTa Ha 37JpaBU IUIbXOBE U TaKUBa C MOJEN Ha CKOMOJIaMUH-WHAyIHpaHa
amMHe3Ws. XWMHUYHHAT OTIEYaThK Ha CTAaHAAPTU3MPAHHS EKCTPAKT € aHAIM3HUPaH dupes3
MerabomoMuKa, 0Oa3upaHa Ha SAPCHO-MarHUTHUS PE30HAHC, KaTo ca HACHTH(UIMpaHH
XapaKTEepHUTE CHTHAJIM Ha PEAMLA IMbPBUYHU M BTOPHYHH METAOOJMTH, BKIIOYHUTEITHO U HA
camuaposun. [Ipu TectoBere 3a aKTUBHO 0Oy4YeHUE, MPHIIOKEHUETO HA €KCTPaKTa IMMOBUIIIABA
Oposi akTUBHM HM30sTBaHUs (TIOKa3aTej Ha 3aydyaBaHeE) 10 BpeMe Ha /-JHEBHOTO OOyueHHE,
KakTO M TIpU TecTa 3a MaMeT BBbPXY 3IpaBU JKUBOTHH. [Ipu Mojena Ha CKOIOJIAMHH-
MHIyLIIUPaHO MTAMETOBO YBpEXIaHe TpeTupaHute ¢ ekctpakT ot Rhodiola mpxoBe moka3sar
noJ00peHne B 00y4eHHETO CIpsSMO MOJENIHATa rpyna. Te3n pesynraTu codaT MOI30TBOPHHS
edekt Ha ekcTpakT oT Rhodiola Bbpxy 0OyueHHeTo u maMerTa KakTo MpH 3/IpaBu, Taka U MPH
IUTBXOBE ChC CKOMOJAMUH-MHIyIMpaHa aMHe3us. HaOmronaBaHUTE NOBEICHUYECKH MPOMEHU
BEPOSITHO ca pe3yJaTaT OT MHOKECTBO MEXaHU3MH, BKIIOYHTEIHO W MOJIYJIHpaHe
alleTHJIXOJMHOBATa Menuanusi B Mo3bka u nHxuOupane Ha MAO eH3uMmHara akTHBHOCT. B
JOITBJIHEHUE, W3pa3eHHuss aHTH-cTpec epekT Ha R. rosea L. moxe nma € OT 3HaueHHE 3a
MoA0OpsIBAHETO HA KOTHUTUBHUTE (DYHKITHH.

Georgiev M.1.*, Alipieva K., Orhan I., Abrashev R., Denev P., Angelova M. (2011)
Antioxidant and cholinesterases inhibitory activities of Verbascum xanthophoeniceum Griseb.
and its phenylethanoid glycosides. Food Chemistry, 128: 100-105 (Md2011 3.655; Q1).

Abstract: The members of Verbascum L. (Scrophulariaceae) are known to be rich in
phenylethnoid glycosides, and among them Verbascum xanthophoeniceum is an endemic
plant species for the Balkan region, Northwestern, and Southern Turkey. A scheme was
developed for the isolation of the main active constituents that accumulate in plant aerial
parts. The antioxidant activities of total methanol extracts, collected phenylethanoid
glycosides fractions and specific active constituents (forsythoside B, verbascoside and
leucosceptoside B) were then evaluated in 2,2°-diphenyl-1-picrylhydrazyl (DPPH), oxygen
radical absorbance capacity (ORACEg.), hydroxyl radical averting capacity (HORACk),
ferric-reducing antioxidant power (FRAP), and superoxide anion radical scavenging assays.
In vitro acetylcholinesterase (AChE) and butyrylcholinesterase (BChe) inhibitory activities of
abovementioned extracts, fractions and isolated pure compounds were also examined.
Depending on the method used, forsythoside B, verbascoside and leucosceptoside B proved to
be effective radical scavengers and cholinesterases inhibitors. On the basis of these findings it
can be proposed that in addition to providing a potent source of antimicrobial and anti-
inflammatory compounds, Verbascum plants could serve as attractive mines of powerful
antioxidants for various purposes.

Pe3tome: TlpencraBurenure Ha Bua Verbascum L. (Scrophulariaceae) ca mosunatu ¢ 6oraro
ChIbpiKaHue Ha (peHUIETaHOUIHH TIIMKO3HIH, cpel KouTo ¢ u Verbascum xanthophoeniceum
— EHJEMHMYHO pacteHue 3a bankanckus perwon, Ceseposamamgna u IOxna Typrms.
PaspaboTeHa e cxema 3a W30JMpaHe Ha OCHOBHUTE aKTHBHH KOMITOHEHTH, KOUTO PaCTCHUETO
HATPyNBa B HAJA3EMHUTE CH 4acTH. AHTHOKCHIaHTHATa aKTHBHOCT Ha TOTAJIHUS METaHOJICH
€KCTPaKT, HW30JMpaHuTe (Ppakuuk ¢ (OEHWIETAHOWJHU TIIMKO3HMIAM W OTACIHH aKTHBHH
komMnoHeHHTH (opcuto3ua B, BepOacko3ma u seBkocenro3us B) e omnenena upe3 2,2°-
diphenyl-1-picrylhydrazyl (DPPH), oxygen radical absorbance capacity (ORACkL), hydroxyl
radical averting capacity (HORACkL), ferric-reducing antioxidant power (FRAP), u
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superoxide anion radical scavenging meromau. In Vitro amerwi- u OyTUPUIXOIHHECTEPAa3HATA
MHXUOUTOpPHA AKTHUBHOCT Ha TOPEMOCOYCHHTE EKCTPAKT, (Ppakuuu W M30JUPAHU UYUCTH
BEIIIECTBA CBHINO € H3cienBaHa. B 3aBUCHMMOCT OT uW3MOd3BaHHS MeToJ, (opcutosun B,
BepOacko3uJ M JieykocenTto3us B B pasznuuHa cremeH moka3BaT e€QEKTHUBHOCT KaTo
AHTUOKCHJIAHTH U MHXUOUTOPH Ha XonuHecTepasuTe. Ha Ga3aTa Ha Te3u pe3yiTarH, BUIOBETE
oT pox Verbascum wmorar ga ca OCBEH H3TOYHMK HAa AaKTUBHU MPOTHBOMUKPOOHU U
IIPOBUTOBB3NAIUTEIHN MOJIEKYJIM, Taka W Ha AaHTUOKCHJAHTH 3a XpaHUTEIIHATa,
KO3METHYHaTa M (papManeBTHYHaTa UHIYCTPUH.

Gyurkovska V., Alipieva K., Maciuk A., Dimitrova P., Ivanovska N., Haas C., Bley Th.,,
Georgiev M.1.* (2011) Anti-inflammatory activity of devil's claw in vitro systems and their
active constituents. Food Chemistry, 125: 171-178 (Ud2011 3.655; Q1).

Abstract: Cell suspension and Agrobacterium rhizogenes-transformed hairy root cultures of
Devil’s claw (Harpagophytum procumbens), an African plant with high medicinal value, were
cultivated in shake-flasks. A purification scheme to isolate their main active constituents (the
phenylethanoid glycosides verbascoside, leucosceptoside A, b-OH-verbascoside and
martynoside; structurally identified by NMR and LC-MS) was then developed, and their
concentrations in the cultures were determined by UV spectrometry following HPLC
separation. Preparations, extracts and the isolated phenylethanoid glycosides from the H.
procumbens in vitro systems were tested on isolated murine macrophages to study their
effects on nitric oxide (NO) and cytokine (TNF-a, IL-6) release and the expression of COX-1
and COX-2. They were also added to human serum to investigate their effects on the classical
pathway of complement activation. The results indicate that the extracts and preparations of
the in vitro systems, and pure verbascoside (their main active constituent), had strong anti-
inflammatory properties, comparable to or even higher than that of pure harpagoside (a major
anti-inflammatory constituent of intact Devil’s claw tubers). Thus, they have potential as new
anti-inflammatory agents.

Pesiome: Krnerpuna cycmensust u Agrobacterium rhizogenes-tpanchopmupanu KOpeHOBH
KyJITYpH OT Is1BoJICKH HOKBT (Harpagophytum procumbens), adprukancko pacTeHne ¢ BUCOKA
MEIUIIMHCKA CTOMHOCT, ca KyJITUBUpPAHU B KoJOW. Pa3paboTeHa e cxeMa 3a MpeuncTBaHE U
U30JIMpaHe Ha aKTHBHHUTE UM MeTa0OJIMTH, B TOBA YUCIO BepOACKO3U/, JIEBKOCENTO3M A, -
XHIPOKCH-BEPOACKO3UI M MAPTHHO3U, KaTO CTPYKTYPHOTO HJIECHTH(HUIMpPaHE € HAIpaBEHO
ype3 SIMP u Teuna xpomarorpaxusi B KOMOMHAIMS C MaccrekTpockonus. KoHIeHTpanuuTe
Ha Te3UM BTOPMYHM METAa0OJIUTH B €KcTpakTa ca omnpeneneHu upe3 UV crnektpomerpus
nocneasana ot BETX paspensne. TohproBcku mpenapatd, €KCTPAKTH W M30JUPaHU
(eHUITETAaHOMIHM TJIMKO3UIU OT IN Vitro xyarypu Ha H. procumbens ca tectBanu BBpXY
U30JIMPaHK MUIIM Makpogard 1o OTHOLICHHE eeKTa UM KbM IPOIYKIHUATA HA a30TCH OKCH/T
(NO) u turokunu (TNF-o u IL-6), kakTo u ekcripecusTa Ha pKiIookcurenasu 1 u 2 (COX-1
u COX-2, choTBeTHO). B mombiiHeHue, ca 100aBeHH M KbM YOBEIIKH CEPYM C IeN Jia Cce
OLICHH BJIMSIHUETO UM BBbPXY KIIACHYECKHUS BT 332 aKTUBHPAHE Ha KoMmIuieMeHTa. [loimydeHure
pe3yiTaTd pa3KpHBaT, Y€ EKCTPAKThT M Tpemapature OT iN Vitro cucreMu, KakTo
BepOacko3uga  (OCHOBHHMAT ~ aKTHBEH  KOMIIOHEHT)  MMaT  CHJHO  HW3pa3eHH
MPOTHUBOBB3MAIUTEIIHA CBOWCTBA, CPABHUMH W JIOPH HAJBHUIIABAIIM TE3W HA Xapraro3u
(Hali-aKTUBHHAT TMPOTUBOBB3MAIMTEICH KOMIIOHEHT OT JSBOJICKH HOKBT). Bbmpeku, ue
noJydeHure in Vitro kyarypu ot H. procumbens, He npoayiiupaT Xaprnoro3ua U Xapraru/, 3a
KOWTO € JOKJaJBaHa M3BECTHA TOKCHYHOCT, T€ MOTaT Ja CIy)XaT KaTo M3TOYHUK Ha HOBU
OMOJIOrMYHO-aKTUBHH MPOTHBOBB3MAITUTEIIHA MOJICKYJIH C MOILICH S(EKT.
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Abstract: The expanding dimensions of the global health crisis of overweight population has
defined the term “globesity”. Among the most common pathological conditions connected
with excessive adiposity are hyperglycemia, insulin resistance, dyslipidemia and hypertension
which result in chronic non-communicable diseases (NCD) such as metabolic syndrome
(MetS), type 2 diabetes (T2D), and nonalchoholic steatohepatitis (NASH). The contribution
of inflammatory-immune reactions in obesity and its related co-morbidities is unequivocal.
Increased levels of free fatty acids (FFA), reactive oxygen species (ROS) and reactive
nitrogen species (RNS) overloads the homeostatic system resulting in pro-inflammatory
adipokines secretion, immune-activation and chronic in- flammation in obesity. The cellular
mechanisms of defense against oxidative stress are orchestrated by the transcription factor
nuclear factor erythroid 2 p45-related factor 2 (NRF2). Excessive oxidative stress in the cell
activates NRF2 which upregulates genes encoding major cytoprotective enzymes such as
NAD(P)H:quinone oxidoreductase 1 (NQO1), heme oxygenase 1 (HO1), and glutathione S-
transferases (GST). The present review aims to clarify the interconnections between chronic
inflammation, oxidative overload and NRF2-mediated cytoprotection as potential therapeutic
approach in obesity.

Pe3rome: HapacTBamoro n3MepeHHE Ha CBETOBHATa 3/paBHAa KpH3a CbC 3aTIBCTABALLOTO
HaceJeHWEe HaJIO)KM BB3HUKBAHETO Ha TepMuHa ‘“‘globesity”. Cpen Hali-uecTo cpeliaHuTe
3a00JsIBaHMsA, CBBP3aHH CBC 3aTIBCTABAHETO Ca XUIIEPIVIMKEMHUATA, HMHCYJIMHOBATA
PE3UCTEHTHOCT, JAUCIHIUAICMUATA U XUMEPTOHHUATA, KOUTO BOJIAT IO PAa3BUTHETO HA T.Hap.
XpOHUYHU He3apa3Hu 3abonsiBanus (chronic non-communicable diseases, NCD) xkaro
metabomuren cunapom (MetC), 3axapen muaber tunm 2 (T23]]) u HeankoxoleH
crearoxenatuT (HACX). Vwyactuero Ha BB3NAIUTEIHO-UMYHHHUTE pEaKUUU IpU
3aTIIBCTSIBAHETO U CBBP3AHUTE C HEro 3a00JIABaHUS € YCTAaHOBEHO. YBEIMUYEHHTE HHUBa Ha
cBoboguuTe MacTHH kKucenunu (CMK), peakTMBHUTE KUCIOPOIHH PaJUKaId U PEAKTUBHHUTE
a30THM paJIMKajii IPETOBapBar Mo IbPKaHETO Ha XOMEoCcTa3aTa B OpraHu3Ma, KOeTo BOAU J10
OTJEJsIHE Ha NIPO-Bb3NAIUTEIHU aIMIIOKUHU, aKTUBUPAaHE HA UMyHHAaTa CUCTEMAa U XPOHUYHO
BB3MAJICHUE IPH 3aTIbCTsABaHe. KileThbUuHO-MEAMUPAHUAT 3aIUTEH MEXaHU3bM CpeILy
OKCHUJIATUBEH CTPEC Ce PHKOBOAW OT TpaHKpHUIIMOHHUS (akTop nuclear factor erythroid 2
p45-related factor 2 (NRF2). IlpexkomepHusT okcumatuBeH ctpec aktuBupa NRF2 B
KJIETKUTE, KOWTO OT CBOS CTpaHa MHIYLMPA EKCIPECUsiTa Ha OCHOBHHU KJIEThYHO-TIPOTEKTUBHU
ensumMu karo NAD(P)H:xunon oxcupenykraza 1 (NQOI), xemokcurenaza 1 (HOL1), u
rrytatioH-S-tpancdepaza (GST). Hacrosmuar o030p menu na M3SCHU B3aUMOBPB3KHTE
MEXIy XPOHUYHOTO Bb3NalleHHe, OKCUIATUBHUAT cTpec 1 NRF2-omocpencrBanara kinerbuHa
3alIMTa KaTo MOTEHIIMAICH OXO0/1 B JICYEHUETO Ha 3aTIbCTABAHETO.

Vasileva L.V., Marchev A.S., Georgiev M.1.* (2018) Causes and solutions to “globesity”: the
new fa(s)t alarming global epidemic. Food and Chemical Toxicology, 121: 173-193 (M 2018
3.775; Q1).

Abstract: Diverse groups of factors are leading to increased weight gain and obesity, such as
certain genetic phenotypes, neuroendocrine disturbances, the administration of some drugs,
behavioral, social and environmental factors. The progressively escalating rates of overweight
and obesity worldwide have led to an introduction of a new term “globesity”. Excessive
accumulation of body fat and especially of visceral adipose tissue is the main pre- disposing
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factor for the development of metabolic syndrome and other obesity related co-morbidities. At
the present moment only few pharmacotherapeuticals are used for long-term treatment of
obesity acting on narrow target spectra, e.g. pancreatic and gastric lipase inhibition, acting as
adrenomimetics or activating the satiety centers in hypothalamus. Plant-based medications
that accelerate weight loss, proved to be safe, effective and widely available, would be a
preferable alternative for anti-obesity treatments. As plant extracts are multi- component
systems they could also act by more than one mechanism, including decreased lipid
absorption, decreased energy intake, increased energy expenditure, decreased pre-adipocyte
differentiation and prolifera- tion, decreased lipogenesis and increased lipolysis.

The current review gives a summary of the risk factors for obesity development and its
characteristics con- sequences. Current treatment options, combining lifestyle changes and
conventional treatment with commercial anti-obesity drugs have been described as well.
Special emphasis on in vitro, in vivo and human studies, of potential medicinal plant extracts
and phytochemicals, such as polyphenols, terpenoids, alkaloids, saponins, able to modulate
the molecular pathways and gene/protein expressions related to obesity, have been
highlighted.

Pe3rome: PaznoposHa rpyna ¢akropu BOISAT 10 HATPYNBaHE HA TETJIO U 3aTILCTSIBAHE, KaTo
OIpeIeNIeHN FeHETUYHN (EHOTHITHU 00YyCIOBEHOCTH, HEBPOSHIOKPUHHY HapyILIEHUs, IPUEM
Ha HSKOM JIEKapCTBa, MOBEJCHYECKH, COLIMAIIHN M €KOJIOTHYHU (akTopH. [IpoabmkuTeTHoTo
YBEJIMYABaHE CIIy4auT€ Ha XOpa C HAJHOPMEHO TEIVIO M 3aTVIBCTSABAaHE IO CBETa BOJAT 10
BB3HHMKBaHE Ha TepMHHA “globesity”. IIpekoMepHOTO HaTpynBaHE HA MAacTHa ThKaH, 0COOEHO
BbB BHCLEpaJHAaTa o00JacT € OCHOBHMs mpefpasnojaran (akTop 3a pa3BUTHE Ha
METa0O0JIUTEH CHHIPOM M JIpyrH 3a00NsBaHUs, CHITBTCTBAIM 3aTIBCTABaHETO. Jlo MOMEHTa,
orpaHuyeH Opoi JiekapcTBa ca OJOOpPEHM 3a ABITOCpOYHATa Tepamnus MpU 3aTIbCTSIBAHE,
UMallld TECeH CHEeKThbp Ha JAEHCTBHE, HalpUMep, MHXMOMUTOpPM Ha CTOMAIlHATa JIMIIA3a,
CTUMYJIMpAIIH aAPEHOPELENTOPUTE WM aKTUBHpAILM LIEHThpPa HAa CUTOCT B XUIOTajamyca.
JlexapcTBa Ha pacTUTEIHa OCHOBA, C JOKa3aHa €(EeKTMBHOCT M 0O€30MacHOCT M BHCOKa
JOCTBITHOCT, ca MpeANoYUTaHa aNTepHaTHBa B ChBpPEMEHHATa Tepanus Ha 3aTIBCTSIBAHETO.
Tbii KaTO PaCTUTEIHUTE EKCTPAKTH UMAT OoraT M pa3HOOOpa3eH ChCTaB, MOTAT Jia MPOSBSIBAT
epeKTa cu IO MOBEYE OT €IMH MEXaHU3bM, BKIIOUUTENIHO IOHM)KABAHE YCBOSBAHETO Ha
JUNUIATE, HaMaJeH KaJOpHEeH IpHeM, I[IOBUIIEH pa3XxoJd Ha €Heprus, IOTUCKaHe
JudepeHnranuaTa Ha MpeajMiolUuTH U TAXHOTO pa3MHO)KaBaHE, HaMaJIEHO HATpyIBaHe Ha
JUTIAIA ¥ TIOBUIIIABAaHE HA PA3TPaXIAHETO UM (JIMIIONN3A).

HacrosmusaTt 0630p cucremaru3upa puckoBUTe (HaKTOpU 3a Pa3BUTHE HA 3aTIBCTABAHETO
U XapaKTEepHUTE 3a HEero nocienuiy. Bapuantute 3a jedeHue 10 MOMEHTa, KOMOMHUPAHETO
Ha IPOMsHA B HAYMHA HA XMBOT W ynoTpeda Ha HAKOM OT OJOOpEHUTE MEAMKAMEHTH 3a
3aTIIBCTSIBaHE ChIIO ca onucaHu. OObpPHATO € CHEeMaTHO BHUMAHKUE HA UH 8UMPO, UH 6UB0 U
KJIMHUYHUTE IMPOYyYBAHUS HA EKCTPAKTH OT JIeYeOHM pacTeHUss U TEXHU CBCTaBKH KaTo
NONU(EHONN, TEPIEHOUIH, ATKAJTOUAM, CAIOHWHU TOTCHLUUATHO MOBJIMIBAIM T'eHHATa/
IIPOTEUHOBATA EKCIPECHsI HA MOJIEKYJIM yYacTBALIM B Pa3BUTHETO HA 3aTIIBCTSABAHETO.

Chen L., Teng H., Xie Z., Cao H., Cheang W.S., Skalicka-Wozniak K., Georgiev M.I., Xiao
J.* (2018) Modifications of dietary flavonoids towards improved bioactivity: An update on
structure-activity relationship. Critical Reviews in Food Science and Nutrition, 58(4): 513-
527 (Md2018 6.704; Q1).

Abstract: Over the past two decades, extensive studies have revealed that inflammation

represents a major risk factor for various human diseases. Chronic inflammatory responses
predispose to pathological progression of chronic illnesses featured with penetration of
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inflammatory cells, dysregulation of cellular signaling, excessive generation of cytokines, and
loss of barrier function. Hence, the suppression of inflammation has the potential to delay,
prevent, and to treat chronic diseases. Flavonoids, which are widely distributed in humans
daily diet, such as vegetables, fruits, tea and cocoa, among others, are considered as bioactive
compounds with anti-inflammatory potential. Modification of flavonoids including
hydroxylation, o-methylation, and glycosylation, can alter their metabolic features and affect
mechanisms of inflammation. Structure—activity relationships among naturally occurred
flavonoids hence provide us with a preliminary insight into their anti-inflammatory potential,
not only attributing to the antioxidant capacity, but also to modulate inflammatory mediators.
The present review summarizes current knowledge and underlies mechanisms of anti-
inflammatory activities of dietary flavonoids and their influences involved in the development
of various inflammatory-related chronic diseases. In addition, the established structure—
activity relationships of phenolic compounds in this review may give an insight for the
screening of new anti-inflammatory agents from dietary materials.

Pe3tome: Ilpe3 mociennuTe nBE neceTUIETHs, 0OCTOWHH MPOyYBaHUS CTUTAT JI0 U3BOJA, Ue
BB3MAJICHUETO TMPEJACTaBIsiBA OTPOMEH PUCKOB (DaKTOp TpU pa3IUdHHU 3a00JsIBAHUS.
XpOHUYHUTE BB3MATUTEIIHA OTTOBOPH IIPEApa3noiarar KbM MPOTrPECHs Ha ChIIECCTBYBAIIUTE
XpPOHUYHU 3a00JIsBaHMs, KOETO CE€ OCBIIECTBABA 4Ype3 NMPOHMKBAHE HAa UMYHHHM KIETKH Ha
BB3NAJICHUETO, HAPYILIEHO PETyJINpaHe Ha MEKIYKIECThYHATA KOMYHUKAlMUsl, HATPYIIBAHE HA
W3IUIIHO KOJIMYECTBO IIMTOKMHU M 3aryba Ha OapuepHa ¢yHkius. OT KoeTo ciensa, ye
MMOTUCKAHETO Ha BB3MAJCHUETO MOXKE Ja 3a0aBW, MPEIOTBpPATH WJIH Ja JEKyBa XPOHUYHHTE
3a0onsBanusa. PIaBOHOUANUTE, KOUTO C€ MpHEMaT KaTo OMOJOTHYHO AKTUBHHU MOJIEKYTH C
MIPOTUBOBB3MATUTENCH MOTEHIMAI, Ca IIMPOKO MPEACTABEHU B YOBEIIKAaTa €XXeIHEeBHA JUETa,
HalpuMep B 3€JCHYYLHTE, IUIOJOBETE, 4YaiaT W KakaoTo. [IpoMsHa B CTpyKTypara Ha
(hIaBOHOWINTE, BKIFOYUTEIIHO XUAPOKCcHUaupane, O-MeTuiiMpaHe ¥ TITUKO3WINpaHe MOTaT Ja
MPOMEHST TEXHUTE METAOOIUTHH CBOMCTBA M JIa MOBIUSAAT MEXaHU3Ma UM Ha JCWCTBHE MPH
Bp3nasieHne. MHdopmanms 3a Bpb3KaTa CTPYKTypa-aKTUBHOCT 3a €CTECTBEHO CpEIIaHUTE
(haTBOHOMIM TPEIOCTABS IMPEABAPUTEIIHO HHQPOpPMAIUS 3a TEXHHUS IMPOTUBOBB3MATUTEIICH
MOTEHIIMAJ, HE CaMO II0 OTHOIICHHE Ha AaHTHOKCHUIAHTHATA MM CIIOCOOHOCT, HO U
BB3MOKHOCTTa UM Ja TIOBJMSBAT BB3NAIMTEIHUTE MenuaTtopu. Hacrosmuar o0630p
MPEAOCTaBsl aKTyallHH JaHHU WU aKIEHTHpa BBPXY MEXaHW3Ma Ha MPOTHBOBB3IMAIUTEITHO
JICICTBIE Ha TPUETUTE 4Ype3 XpaHara (IaBOHOWAM W BIUSHUETO UM BBPXY pPa3BUTHETO Ha
pPa3HOOOpa3HUTE XPOHUYHU 3a00JIABaHUS, CBBbpP3aHM C BB3MaJEHUETO. B pombiaHeHue,
00001IeHUTEe B HM3JI0KCHUETO JAaHHU 3a BPbB3KAaTa CTPYKTYpa-aKTUBHOCT TIPH (DEHOTHUTE
ChEIUHEHHUS MoraT Ja ObJaT OTIpaBHA TOYKA 332 ThPCEHE 32 HOBU MPOTHBOBB3MATUTEIHH
MOJIEKYJIM Ha0aBSHH C XpaHaTa.

Marchev A.S., Dimitrova P.A., Burns A.J., Kostov R.V., Dinkova-Kostova A., Georgiev
M.1.* (2017) Oxidative stress and chronic inflammation in osteoarthritis: can Nrf2 counteract
these partners in crime? Annals of the New York Academy of Sciences, 1401: 114-135 (M 2017
4.277; Q1).

Abstract: Osteoarthritis (OA) is an age-related joint degenerative disease associated with
pain, joint deformity, and disability. The disease starts with cartilage damage but then
progressively involves subchondral bone, causing an imbalance between osteoclast-driven
bone resorption and osteoblast-driven remodeling. Here, we summarize the data for the role of
oxidative stress and inflammation in OA pathology and discuss how these two processes are
integrated during OA progression, as well as their contribution to abnormalities in
cartilage/bone metabolism and integrity. At the cellular level, oxidative stress and
inflammation are counteracted by transcription factor nuclear factor erythroid p45-related
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factor 2 (NRF2), and we describe the regulation of NRF2, highlighting its role in OA
pathology. We also discuss the beneficial effect of some phytonutrients, including the
therapeutic potential of NRF2 activation, in OA.

Pe3ome: Octeoaptputa (OA) € BB3pacTOBO-00YCIOBEHO JETEHEPATUBHO CTABHO 3a00IIIBaHE,
CBIIPOBOJIEHO ¢ 0OJKa, AeopMmaius Ha CTaBUTE U 00e3/BIKBaHE. 3a00JIIBaHETO 3aro4Ba C
yBpeXJaHe Ha Xpyllsdia, KOETO B IOCJIEACTBHME oOXBalla M KOCTTa, Hamupalia ce
HETMOCPEACTBEHO MO/ XpYIIsiia, KOETO BOAM JO HapylleH OajaHC MEeXIy OCTEOKJacT-
MPEIU3BUKAHOTO pasrpakJaHe Ha KOCTHO BEHIECTBO M OCTEO0IACT-TIPEAN3BUKAHOTO
Bb3CTaHOBsIBaHE HAa KOCTHATa ThKaH. B HacTosAmusa 060p ca 0000IIEeHN JaHHUTE 3a POJIsATa Ha
OKCHUJATUBHUS cTpec W Bb3naneHuero npu OA u ce oOchkIa Kak TEe3H JBa Ipoleca CH
B3aMMOJICIICTBAT 10 BpPEME Ha MpOTpecHsATa Ha 3a00JSBAHETO, KAKTO M TEXHUS MPUHOC 32
HapyleHUs: MeTaboJIM3bM M MHTErpUTeTa B XpPYIIsiIHATA M KOCTHA ThKaHU. Ha kineTpuyHO
HUBO, Ha OKCHJAQTHBHHs CTpEC M BB3MAJCHHUETO c€ MPOTHBOJCWCTBA Ype3 aKTUBUpPAaHE Ha
TpanckpunuuoHeH (akrop nuclear factor erythroid p45-related factor 2 (NRF2), u Hue
omucBaMe noaxou 3a perynanusata Ha NRF2, ¢ aknieHT BbpXy possita My B MaTOJOTHATA Ha
OA. OGcpaenu ca u OnaronpusTHUTE €(PEeKTH Ha HAKOM XPaHU OT PACTUTENEH IPOHU3XOJ,
BKJIFOUUTEJIHO U TepalleBTUUHUS UM NoTeHIuan upe3 aktuBupane Ha NRF2, mpu OA.
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