-CniuchbK HA HAYYHHTE MYOJIMKALNH, ¢ A0CTPAKTH
(Ha OBJIATAPCKM M AHTJIMUCKHU €3UK)
Ha 1J1. ac. 1-p Anapei C. Mapues

34 Y4aCTHC B KOHKYPC 3a I0HCHT
no Hanpasienue 5.11. buorexunonoruu (TexHonorus Ha GUOTOTUYHO AKTUBHHUTE BEIIECTBA) 32
Hy)KauTe Ha Jlemaprament ,,buorexnonorus, Jlaboparopus mo MeraboIoMuKa

CouceKkbT Chabpka 43 HAyYHHM TPyAa, OT KOUTO | moje3eH mojnen, 4 riaBu OT KHUTH, 27
nyOJIMKauuu B peepupaHd U MHAEKCUPAHU CIUCAHUS B CBETOBHO M3BECTHH 0a3M JaHHU C
HayuyHa uapopmanms (13 8 Q1,6 8 Q2 u 3 8 Q3 u 1 B Q4) c o6y umnakT ¢pakrop 83.18 u 11
B HepedeprpaHH CIHCAHUSA C HAYYHO PEleH3UpaHe WU B PEIaKTUPAHU KOJIEKTUBHU TOMOBE.
B 17 ot npeacraBeHnTe Hay4HU TPYJOBE IJ1. ac. A-p MapueB € BOJeIll WU KOPECTOHANPAIIL
aBTOP.

Ilonesen mooden

1. Teoprues M., MapueB A., bennna M., Amupona K., I'eues 1. (2021) Xpanutenna cpena
3a in vitro pa3MHOXKaBaHe Ha pacteHus oT Buna Haberlea rhodopensis Friv. I[lamenmuo
s6edomcmaeo Ha Penybnuxa bvieapus, peructparmorer Ne 3980 Ul.

Pesrome:
[Tone3HHUAT MOJEN ce OTHACS 0 ChCTAaB 3a XpaHUTETHA Cpefia 3a UH eumpo pa3MHOKaBaHE Ha
pactenuero Haberlea rhodopensis Friv. 3a Hyxaute Ha papmarieBTHIHATa IPOMHUIILICHOCT.
3amagyara Ha TOJIE3HUS MOJIEN € J]a PEJIOKU ChCTaB 32 XPAHUTEIIHA CPEMia 3a UH GUMPO
pasMHOXkaBaHe Ha H. rhodopensis, KOUTO Ja TO3BOJM YCKOPEHOTO MY pPa3MHOXKaBaHE B
KOHTPOJIMpAaHU U aCCIITUYHU YCIOBUA MPE3 IsAjlaTa roJgruHa, HC3aBUCUMO OT KIIMMATUYHHTC
YCIIOBUS U CE30HA, J1a BOJM JI0 ITOBUIIIABAHE HA KOJIMYECTBOTO Ha ()EHUIICTAHOUIHU TTIMKO3U/IH,
B YaCTHOCT MHUKOHO3H/] B JIUCTATa U CBUIICBPCMCHHO C TOBa Ja JIMMUTHUPA U3UCPIIBAHCTO HA
€CTECTBEHUTE MECTOOOMTAaHHS Ha PACTEHHUETO, KOETO € OT OCOOEHO 3HaueHue 3a TO3U
3acTpallieH pacTUTENCH BU/I.

Momnoepaghuu u enasu om kKnueu

2. Marchev A., Yordanova Z., Georgiev M.* (2018) Transformed root culture: From genetic
transformation to NMR-based metabolomics. In: Plant Cell Culture Protocols. Methods in
Molecular Biology, vol. 1815 (Layola-Vargas V., Ochoa-Alejo N., Eds.), pp. 457-474.
Springer Science+Business Media, LLC, part of Springer Nature. ISBN: 9781493985937.

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 recalcitrant 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
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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.

Pesrome:

TpanchopmupanutTe KOPEHOBU KyITypH, Tull ,hairy root“ (HR) ce cumrar 3a ,3eneHu
¢dabpuku, U3MOI3BAaHU 3a IOJlyyaBaHe Ha OWomaca W OMOJOTMYHO AKTHBHU MOJIEKYIH C
¢dapMmanieBTMUHO 3HadeHue. Karo TakuBa, TpaHCHOpPMHpPAHHTE KOPEHOBH KYJITYpH HMAT
OFPOMEH TMOTEHLMAI Karo BaXHa OWOTEXHOJIOTMYHA T[argopMa 3a U3SCHSABAaHE Ha
OMOCHHTETHYHHTE ITbTHUILA HA BTOPUYHUTE METAOOIUTH, (PU3HOIOTUYHUTE MIPOLECH, KAKTO U
MOJy4YaBaHETO Ha PEKOMOWHAHTHM TEpAleBTUYHU TPOTEHMHU. BBIpEeKH TOBa, HIKOH
pacTUTENIHU BUJIOBE ca TPYAHO MOJATIMBY 3a MOJIy4aBaHE Ha TPAaHCPOPMHUPAHU KOPEHH Ype3
KJIaCUYECKUTE IIOAXOAM Ha TeHeTHMYHa TpaHchopMmanus c¢ Agrobacterium rhizogenes.
Agrobacterium-vMeauupaHara TeHeTHUHA TpaHCPOopManus U TpeTupaHe ¢ ynrpa3Byk (SAArT)
€ BUCOKO €(PEKTHBEH METOJI, KOWTO OCUTYpaBs MPexo/1a Ha OaKTepHaIHU IUIa3MUJ B IieJieBaTa
pacTUTENHa THKAaH U BKJIKOYBA TPETHPAHE HA PACTUTEIHMTE €KCIUIAHTHU 3a KPaTKO BpEME C
YITpa3BYK.

Mertabonomukara Oa3upaHa Ha SIIPEHO-MAarHUTHUAT pe3oHaHc (SIMP) e exna ot Haii-
MOIIHUTE ¥ MOAXOJAIM IUIATPOPMU 3a HAECHTHU(PHULUPAHE M IOJydyaBaHE Ha CTPYKTypHa
uHpopMalKs 32 MIMPOK CHEKTHhP OT ChEIWHEHMS C BHUCOKA aHATUTH4YHA NpeuusHoct. SIMP
MeTaboJIoMUKaTa CE€ H3MOJ3Ba 3a OmNpeessiHe Ha (UTOXMMUYHU Bapuallid B JICUCOHU
pacteHust WM (ypakHU KYJITYpH B OIpeNieieHa OKOJHA Cpela M YCIOBHSA, BKIIOYHTETHO
OMOTHUEH CTPEC, CTPYKTYPHO OIpEeIIssHE Ha IPUPOAHUTE POTYKTH, KOHTPOJI HAa KaUeCTBOTO
Ha OWJIKOBH TNpernapaTy WM XpaHUTETHU JOOaBKM M CpaBHEHHE Ha METaOOJUTHUTE PA3IUKH
MEXy pPaCTEHUATA U TEXHUTE UH 6UMPO KYITYPH.

Tyk o6o6maBame 3HaHUS U ONUT B UHAYIMpaHeTo Ha HR oT peaku pacTuTenHu BUaOBE
ype3 SAATT TexHuKa W B CJICACTBUE €KCTPAKIMS HA BTOPUYHU METAOOIMTH C yMepeHa N0
BHCOKa MOJIIPHOCT U TSXHOTO UAeHTuuImpane upe3 AMP merabonomen aHanus.

3. Marchev A., Georgiev M.* (2016) Plant cell bioprocesses. In: Current Developments of
Biotechnology and Bioengineering. Bioprocess, Bioreactors and Controls (Larocche C.,
Sanroman M., Du G., Pandey A., Eds.), pp. 73-95. Elsevier. ISBN: 9780444636744.

Abstract:

Plant cell cultures (PCCs) offer sustainable production systems for high-value pharmaceuticals,
cosmetics, and health and food ingredients, and exert an essential role in human diet and health
care. These include secondary metabolites (SMs) with proven anticancer, antiinflammatory,
hepatoprotective, antivirus, antimicrobial, repellent, and antioxidant properties, including
proteins, antibodies, vaccines, pesticides, flavonoids, saponins, alkaloids, terpenoids,
anthocyanins, betalains, etc. Their growing commercial importance has created enhanced
interest in biosynthesis through biotechnological systems. The potential of plant in vitro
cultures for the production of important food and medicinal ingredients has been admitted for
a long time. Compared with intact plant production, PCCs have numerous advantages. They
are able to produce SMs from the mother plant because of their totipotency. Possible cultivation
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under defined conditions avoids several restrictions such as geographical factors (climate
change, soil conditions, and crop variations) and ecological factors (work with endangered or
restricted plant species, which can erode their genetic diversity). Another advantage is the scale-
up and optimization of the cultivation conditions to improve SM yield, keeping rigid control of
process parameters according to good manufacturing practice (GMP), thus ultimately providing
the continuous production of biosafety (the absence of pesticides and human/animal pathogens)
and bioactive and stable natural products. From an economic perspective, the cultivation of
PCCs has shorter production cycles, simpler and less expensive downstream processes for
extraction, and purification of SMs from the biomass or the culture medium.

Pesrome:

Pacturennure xnerpunn kyntypu (PCCs) ce um3mon3BaT KaTo YCTOWYMBU CHCTEMHU 3a
61/IOCI/IHT€3 Ha 6PIOJIOFI/I‘IHO AKTUBHU MOJICKYJIM, KOUTO HUMAT BaXHO 3HAYCHHUC KaToO
KOMITOHEHTH BbB (papMalleBTUYHH U KO3METHYHU MIPEeNapaTH, a ChIIO0 Taka U ChIIECTBEHA PO
B AuCTaTa W 3ApaBCTO HaA XOpara. T'onsgma gacT OT TE3W aKTUBHU MOJICKYJIM Ca BTOPUYHU
MeTaboINTH, KOHUTO MIpUTEKaBaT aHTHHEOIUIaCTUYHA, MIPOTUBOBB3MANIUTEIHA,
XCMATOMPOTCKTUBHA, AHTUBUPYCHA, aHTI/IMI/IKpO6Ha U AaHTHUOKCHUJAAaHTHA AaKTHUBHOCTU WU
BKJIIOUBAT NPOTEHHH, AHTUTENA, BAKCHHH, MECTHUIHUAN, (IIaBOHOHWIU, CAIOHUHH, TEPIICHU,
aHTolMaHu, OetamanmHu U Ap. HapacTBamaTa UM ThProBcKa CTOMHOCT TIOBHILIABA HHTEpECa 3a
TAXHOTO TOJy4aBaHE OT PACTUTEIHH UH eumpo cucTeMu. [loTeHIHnanbT Ha Te€3U PACTUTEIHH
CUCTCMHU 34a MOJIY4aBaAHCTO HAa KOMIIOHCHTU C BaKkHa MCJIUIIMHCKA U XPAaHUTCIIHA CTOMHOCT €
MpU3HAT MHOTO OTJAaBHa. B cpaBHenue ¢ pacrenusita, PCCs umar MHOro npeaumcta. Te ca
CIOCOOHHM J1a CHHTE3UPAT BTOPUYHH META0OIUTH XapaKTepHHU 32 MAWYMHOTO PacTeHUE, 3apan
TAXHATa TOTUNOTEHUUS. BB3MOXKHOCTUTE 3a KyNTHBHpPAaHE MPH KOHTPOJIUPAHU YCIOBUS
MIPEOIONIABAT HSAKOM OTrpaHMYCeHMs, KaTro reorpadcku (akTopu (KIMMATHUYHH TPOMEHU H
MOYBEH CHCTAB), KAKTO M €KOJOTMYHU TakuBa (paboTa ChbC 3aCTpallleHu PACTUTEIHU BUIOBE,
KOETO MOXeE Ja JIOBeJe 10 HaMmalsBaHE Ha BHJIOBOTO pazHooOpasue). [Ipyro mpeauMcTBo e
BB3MOXHOCTTA 3a €IpOo-MalladHO KyJTHBUpAaHE U ONTHUMH3UpPAHE Ha YCJIOBUATA Ha
KyJITUBUpPAHE 3a OBUIIIAHAHE HA 100MBA Ha BTOPUYHHU META0OJIUTH, IIPH Ca3BaHe Ha J0OpUTe
MIPOM3BOJICTBEHH TMPAKTUKHU, BOJEHKH [0 HENPEKbCHATOTO IOJlyyaBaHE Ha Oe30MacHu
(OTChCTBHUE HA MECTUIMIU ¥ TATOT€HH ) U OMOAKTUBHU IPUPOAHU MPOAYKTH. OT UKOHOMUYECKa
rieaHa Touka wui3non3BaHeTo Ha PCCs e cplIo ynyaHo, ThHA KaTo T€ MMAaT MO-KPaTKH
MNPOU3BOACTBCHU IMHUKIH, YJICCHCHA CKCTPAKIUA MW TIPCYUCTBAHC HaA MeTaGOHI/ITI/ITG oT
KyJITypajHaTa cpeja.

4. Dzhambazova T., Badjakov 1., Dincheva I. Georgieva M., Tsvetkov I., Pavlov A.,
Marchev A., Mihalev K., Ivanov G., Kondakova V., Batchvarova R., Atanassov A.*
(2014) Omics technologies — new approaches for detection of unique qualities of small
fruits. In: Omics Technologies and Crop Improvement (Benkeblia N., Ed.), pp. 187-208.
CRC Press, Taylor & Francis Group. ISBN: 9781466586680.

Abstract:

The omics disciplines applied in the context of nutrition and health have the potential to deliver
biomarkers for health and comfort, reveal early indicators of disposition to disease, and discover
bioactive, beneficial food components. These technologies are aimed at unraveling the overall
expression of genes, proteins, and metabolites in a functionally relevant context, and provide
insights into the molecular basis of various fundamental processes involved in growth and
development of plants and their environment.
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Pe3rome:

[Ipunaranero Ha OMHUKC IIaTGOPMUTE MO OTHOIICHWE HA 3JPaBETO M XPAaHEHETO HMAaT
MOTEHIIHAN 32 GOPMUPAHETO HA MAPKEPH, KOUTO MOTAT J1a CE U3IOJI3BAT 3a paHHA TUATHOCTHKA
Ha 3a00JIsIBaHUS U PAa3KPUBAHETO Ha IMOJIE3HU, OMOAKTUBHU XPAHUTEIIHU KOMIOHEHTH. Te3un
TEXHOJOTHUU LCITAT paBKpI/IBaHGTO Ha Is1IJI0CTHATa CKCHPGCI/ISI Ha1rcHH, HpOTGI/IHI/I n MeTa6OJII/ITI/I,
a CBIIIO TaKa M J1a OCUTYPST M0-3aAbJIO0YCHN MOJICKYJTHU TTO3HAHMS 32 HAKOU (hyHIaMEHTATHI
MPOLIECH, CBbP3aHU C pacTeXka U Pa3BUTHETO HA PACTCHUTA B TAXHATa Cpe/a.

5. Georgiev V., Marchev A., Berkov S., Pavlov A.* (2013) Plant in vitro systems as sources
of tropane alkaloids. In: Hand Book of Natural Products: Phytochemistry, Botany and
Metabolism of Alkaloids, Phenolics and Terpenes (Ramawat K., Mérillon J-M., Eds.), pp.
173-211. Springer. ISBN: 9783642221439.

Abstract:

Tropane alkaloids are frequently used in medicine because of their valuable pharmacological
activities. To this group belong hyoscyamine, its racemate atropine, scopolamine, and cocaine.
Hyoscyamine and scopolamine are widely applied as parasympatholytic agents who antagonize
acetylcholine binding in a competitive manner. Therapeutic doses of atropine possess
antispasmodic properties and are used in treatment of cardiac and gastrointestinal diseases. It is
used to treat acute bronchitis, to control the symptoms of Parkinson’s disease, and as an antidote
in cases of poisoning by organophosphates. The better activity on the central nervous system at
lower therapeutic doses of scopolamine supported with less side-effect than atropine determines
its greater demand on the market than hyoscyamine and atropine.

Pe3rome:

TpomaHoBuTe alKaJOWaW C€ W3IOJI3BAT YECTO B MEAMWIIMHATA, 3apagd LEHHUTE CH
(apMakoJIIOTUYHM aKTUBHOCTU. KbM Ta3u rpymna ajkalouIu CHajaT XMOCIHAaMHUH, aTpPOIUH,
CKOTIOJIJAMMH W KOKaWH. XHWOCIIMaMHWHA H CKOIOJIAMHHA C€ W3IO0JI3BaT IIMPOKO KaTo
HapaCI/IMHaTI/IKOJII/ILII/ITI/I n B’bSHpGHHI[CTBaT CB’bpSBaHeTO Ha allCTUJIXOJIMHA II0 KOHKypeHTGH
bT. B moaxoasmy TepaneBTUYHU 103U aTPOIKWHA MPUTEKaBAa aHTUCIIA3MAaTHYHO JICUCTBUE U
CE U3II0JI3BA IIPU TPETUPAHETO HA CHPACYHU U FaCTPOMHTECTUHAIIHY HapyleHus. M3noissa ce
MIPH JICYCHUETO Ha OCTHP OPOHXHUT, 32 KOHTPOJIUPAHE CUMITOMHUTE Ha Oojecta Ha [lapkuHCOH
¥ KaTo aHTUAOT IIpHU OTpaBsiHe ¢ opraHodocdarnu crenuHeHns. CKomolaMiUHa € MHOTO TIOBEYE
THPCEH Ha Ia3apa, Mopajy TOBa, Y€ UMa Mo-100bp eHEeKT BbPXY NEHCTBUETO HA IEHTPAIHATA
HEpBHA CHCTEMA, a CHINO TaKa U MO-MAIKOTO CTPAHUYHU €(EKTU B CPABHEHUE C XUOCIIHAMUHA
Y aTPOIIHHA.

Hayunu nyboauxayuu 6 uzoanus, Koumo ca pepepupanu u UHOEKCUpaHu 6 C6emoGHO U3BECHU

bazu OaHHU ¢ HaAy4Ha uHGopmayus

6. Sieniawska E.*, Sawicki R., Truszkiewicz W., Marchev A., Georgiev M. (2021) Usnic
acid treatment changes the composition of Mycobacterium tuberculosis cell envelope and
alters bacteria redox status. mSystems, accepted (Md2019 6.280; Q1).

Abstract:

Mycobacterium tuberculosis developed efficient adaptation mechanisms in response to
different environmental conditions. This resulted in ability to survive in human macrophages
and in resistance to numerous antibiotics. To get insight into bacterial response to potent
antimycobacterial natural compounds, we tested how usnic acid, a lichen-derived secondary
metabolite, would influence mycobacteria at transcriptomic and metabolomic level. The
analysis of expression of sigma factors revealed a profound impact of usnic acid on one of the
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primary genetic regulatory system of M. tuberculosis. Combined LC-MS and NMR analyses
allowed to observe the perturbations in metabolic pathways, as well as in lipid composition,
which took place within 24 h of exposure. Early bacterial response was related to redox
homeostasis, lipid synthesis and nucleic acids repair. Usnic acid treatment provoked
disturbances of redox state in mycobacterial cells and increased production of structural
elements of cell wall and cell membrane. In addition, to increase in molecules related to
restoration of redox balance, the rearrangements of cell envelope were the first defence
mechanisms observed under usnic acid treatment.

Pesrome:

Mycobacterium tuberculosis ycnsiBa na pa3Bue pa3jindHU aIallTHBHA MEXaHU3MHU B OTTOBOP Ha
pa3IMyYHU BB3ACHCTBUS UABAILM OT OKOJIHATaA cpena. ToBa BOAM A0 yBelIMYaBaHE HA HeWHaTa
MPESKUBSIEMOCT B YOBEHIKUTE Makpodaru, KakTO ¥ Ha PE3UCTEHTHOCTTAa KbM MHOTO
anTHOMOTHIM. 3a Ja ce pazdepe OakTepHaTHUS OTTOBOP KbM MOTCHIIMAIHM aHTUMHUKPOOHHU
NPUPOJHH BEIECTBA € M3CJEIBAaHO BIUSHHETO Ha ushic acid (M30yMpaHa OT JIUILEH) BbPXY
MyKOOaKTepusiTa Ha TPAHCKPUIILIMOHHO U METa0OJMTHO HUBO. AHallM3a Ha €KCIpecusTa Ha
curmMa (pakTOpuTe IM0a3Ba, Y€ KHCEIWHATa WMa CHINECTBEHO BIHUSHUE BBPXY I€HETHYHATA
perynatopHa cuctema Ha M. tuberculosis. Kombunupanoto npuioxenue Ha TX-MC u SIMP
JaBaT BH3MOXKHOCT J1a c€ HAaOJII01aBaT HAPYyIICHUSITa B METAOOIUTHUTE MTBTHUINA, & CHIIIO TaKa
Y TUIUIHUS ChCTaB B paMKUTe Ha 24 yaca OT TpETHUpaHEeTo ¢ kKucenuHara. PanHus 6akrepuanex
OTIOBOpP € CBBP3aH C PEIOKC XOMEOCTa3ara, JIMIUAHUS CHUHTE3 M BH3CTAHOBSIBAHETO Ha
HYKJICMHOBUTE KHUCEJIHWHU. TpeTHupaHeTo ¢ KUCEeIMHAaTa MPOBOKUpa AucOaniaHc B PEIOKC
XOMeocTa3aTa Ha MyKOOaKTepusiTa U MOBUIIABA MPOAYKIHITA HA CTPYKTYPHU E€IEMEHTH OT
KJIeThbUHATA CTEHA U KJIeThbuHaTa MeMOpaHa. B nombiHeHne Ha TOBa, C 1)1 J1a c€ Bb3CTaHOBU
penokc OanaHca, KaTo IIbPBH 3aIUTEH MEXaHU3bM B pe3yaTaTa OT TPETHPAHETO C KHCeTnHaTa
ce HaOJIr01aBaT MPOMEHHU B KJI€ThbUuHAaTa OOBHUBKA Ha OaKTepUsITa.

7. Marchev A., Vasileva L., Amirova K., Savova M., Koycheva Y., Balcheva-Sivenova Zh.,
Vasileva S., Georgiev M.* (2021) Rosmarinic acid-From bench to valuable applications in
food industry. Trends in Food Science & Technology, DOI: 10.1016/j.t1fs.2021.03.015
(U219 11.077; Q1).

Abstract:

Rosmarinic acid (RA) is widely distributed in plant species of Lamiaceae and Boraginaceae
families, among others. Structurally RA is an ester of caffeic acid and 3.4-
dihydroxyphenyllactic acid with well explored biosynthetic pathway, physiological functions
in plants and (potential) biological activities. Great number of herbal preparations and food
supplements, containing RA, are marketed with claims for beneficial health effects.
Furthermore, due to the inhibition of lipid peroxidation and bacterial growth, RA is approved
for use as natural antioxidant and/or preservative in food industry. The present review will
explore the contemporary biotechnological approaches for RA mass-production and will
attempt to summarize its main biological properties based on recent studies. Future applications
in food industry and potential functional food development will be proposed. Implications for
technological and chemical modification of RA aiming to improve its bioavailability will be
presented. The advances in biotechnological production of RA provide effective and “green”
approach which worth further implementation to a large-scale application. Numerous in vitro
and in vivo studies confirm many of the claimed health-promoting effects of RA, as well as, its
value as food additive. Despite the recent improvements in RA stability and bioavailability, its
use in food products should be thoroughly evaluated until a tight balance between safety and
efficiency is set.
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Pesrome:

PozmapunoBara kucenuHa (RA) e mMpOKO pa3snpoCTpaHEHAa B PACTUTEIHUTE BHUJOBE OT
cemerictBo Lamiaceae u Boraginaceae. B ctpykTypHo oTHomenune RA e ecrep Ha kadeeHera
KucenuHa u 3,4-muxuapokcudeHunmMieyHaTa KICcelIuHa ¢ 100pe n3yyeH OMOCUHTETUYEH ITBT,
¢buszmonornyHn QYHKIMH B PacTeHUATA W (NMOTCHIIMAIHHM) OMOJOTUYHU aKTUBHOCTHU. [ 0yisim
Opoil THPrOBCKM MperapaTH, B TOBA YUCIIO U XPAaHUTEITHH JO0aBKH, ChAbpkamu RA ca Ha
naszapa, JEKJIApUpaKyd pa3IuyHU HEMHU 37paBOCioBHU moJi3u. [lopagu cBoiicTBara cu 1a
MHXUOMpA JTUIUAHATA TIePOKCHIAINS U OaKTepHajeH pacTex, RA e onoOpeHa 3a u3nosa3BaHe
KaTo MPHUPOJICH aHTUOKCHIAHT U/UIIM KOHCEPBAHT B XpaHHUTeNHATa MHAYCTpUs. Ta3u 0630pHa
cTatus ey 0000IIaBaHe Ha ChBPEMEHHUTE OMOTEXHOJIIOTUYHU MTOIX0/U 32 OMOCHHTE3 Ha RA,
KAaKTO W Ha HEHHHUTe Hali-Ba)XKHM OMOJIOIMYHU aKTUBHOCTH. Hapen ¢ ToBa ca mpeasiokeHu u
BB3MOXHOCTH 32 MpHIokeHne Ha RA B ch3maBaneTo Ha (hyHKIIMOHANHYU XpaHH. [IpenacraBenu
ca Bb3MOYKHOCTH 32 OMOTEXHOJIOTUYHO M XUMUYHO MOAU(UIIPaHE HA Ta3U MOJIEKYJIa, C KOETO
ce menu mogoOpsBaHe Ha HelHata OuoHamuyHocT. OO0O0OImEHM ca HOBOCTUTE B
OMOTEXHOJIOTMYHOTO ToJyyaBaHe Ha RA, KakTo U BB3MOXKHOCTHTE 3a e€ApO-MaliabHO
KyntuBupane. ['onsim Opoit un 6umpo u um 6ueo U3CneABaHUS MOTBBPKAABAT 3APABOCIOBHUTE
moyI3u OoT mpuemMa Ha RA, KoeTo moBWIlIaBa HEWHATa CTOMHOCT KaTO XpaHHWTENHAa J00aBKa.
Bwnpeku MHOToTO no1o0penus B crabuiIHOCTTa 1 OnoHannuHocTTa Ha RA, HeitHata ynmotpeba
B XpaHUTEITHUTE MPOIYKTH TPSAOBA a ce CilydBa caMo CJIe]] IIbJIHA OLICHKAa M YCTaHOBSBAaHE Ha
OanaHca MeXXay HeliHaTa ehUKacHOCT M O€301acHOCT.

8. Amirova K., Dimitrova P., Marchev A., Krustanova S., Simova S., Alipieva K., Georgiev
M.* (2021) Biotechnologically-produced myconoside and calceolarioside E induce Nrf2
expression in neutrophils. International Journal of Molecular Sciences, 22(4): 1759
(M D2019 4.556; Q2).

Abstract:

The pathological manifestation of various diseases can be suppressed by the activation of
nuclear factor erythroid 2 p45-related factor 2 (Nrf2), a transcriptional regulator of the cellular
redox balance. Haberlea rhodopensis Friv. is a resurrection plant species endemic for Bulgaria,
containing biologically active phenylethanoid glycosides that might possess antioxidant or
redox activity. This study aimed to analyze the metabolic profile of in vitro cultured H.
rhodopensis and to identify molecules that increase Nrf2 expression in bone marrow
neutrophils. Fractions B, D, and E containing myconoside, or myconoside and calceolarioside
E in ratios 1:0.6 and 0.25:1 were found to be the most active ones. Fraction B (200 pg/mL)
improved neutrophil survival and strongly increased the Nrf2 intracellular level, while D and
E, as well as, myconoside and calceolarioside E at the same ratios had a superior effect.
Calceolarioside E (32 pg/mL) had stronger activity than myconoside, the effect of which was
very similar to that of 2-cyano-3,12-dioxo-oleana-1,9(11)-dien-28-oic acid methyl ester
(CDDO-Me), used as a positive control. These data indicate that both molecules, used alone or
in combination have stimulatory activity on the endogenous Nrf2 level, indicating their
therapeutic potential to regulate the cellular redox homeostasis oxidative stress-associated
pathologies.

Pesome:

[TaTonornynara nposiBa Ha pa3’IMYHH 3200JISIBAHUS MOKE J1a O'bJIe TOTUCHATA YPE3 aKTHBHPAHE
Ha sapeHust (akTop eputpoua 2, cBbp3aH ¢ p4S daktop 2 (Nrf2), koiito ce sBsiBa
TPAHCKPHUIIIMOHEH peryJaTop Ha AaHTUOKCHJIAHTHHMA OamaHc B opranusma. Haberlea
rhodopensis Friv. e ennemudeH 3a bearapust BB3KpBCBAL] PACTHTENEH BUJ, ChIbPIKalll
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OMOJIOTUYHO AKTUBHU (PCHHUJICTAHOUTHU TIUKO3UIU, KOUTO IMPUTEKABAT AHTUOKCHIAHTHA
akTuBHOCT. [IpoBesieHO € MeTaboIMTHO TPOPMITHPAHE TOCPEICTOBM METa00IOMHKA Oa3upaHa
Ha SPEHO-MAarHUTHUS PE30HAHC HA UH umpo KyATHBUPAHU pactenus H. rhodopensis, Kakto
U UASHTU(QUIMPaHEe HAa MOJIEKYJINTE, KOUTO YBEeIN4aBat ekcrpecusita Ha Nrf2 B HeyTpoduinre,
M30JIMPaHU OT KOCTEH MO3bK Ha MUIIKU. Cres nmpoBeneHo GpakiMOHUPaAHE € YCTaHOBEHO, Ue
¢pakuum B, D u E, kouto chabpkaT MUKOHO3H WM MHKOHO3WJ M Kaiueonapuosua E B
cboTHOmeHust 1:0.6 m 0.25:1 umar Haii-Bucoka aktuBHOCT. @pakuus B (200 pg/mL)
moAoOpsiBa MPEXXUBAEMOCTTAa HAa HEYTPOPWIMTE U CHUITHO yBeIMYaBa eKcrpecusara Ha Nrf2,
nokaro ¢pakmun D uw E, KakTOo M NPWIOKEHUTE CAMOCTOSITETHO WM B CHOTHOIICHHE
MUKOHO3H] B Kanteosapro3ua E umat ome mo-100sp edexr. Kameonapuosun E (32 pg/mL)
MMa MO-BUCOKA aKTUBHOCT OT MUKOHO3H/I, YUHTO €PEKT € MHOTO MMOJJ00€H Ha TO3U Ha 2-1[UaHO-
3,12-nmuokco-oneana-1,9(11)-nuen-28-onnoBa kucenuHa wmetwioB ecrep (CDDO-Me),
W3MOI3BaH KaTo MOJIOKHUTENHA KOHTpona. Te3w MaHHU TOKa3BaT, Y€ M JIBETe MOJEKYIH,
U3MOI3BaHN CaMOCTOSITEIHO WJIM B KOMOMHalMsi cTUMynupaT akTuBHOcTTa Ha Nrf2. Tosa
MOKa3Ba TEXHUSAT TEPANEeBTUYCH MOTCHIMAN 3a pEryldpaHe Ha NAaTOJOTHYHU IPOIIECH,
CBBpP3aHU C OKCUIATUBHUSI CTPEC U PETyJIMpaHe Ha KJIeThbUHaTa XOMEOoCTas3a.

9. Marchev A.*, Koycheva 1., Aneva I., Georgiev M. (2020) Authenticity and quality
evaluation of different Rhodiola species and commercial products based on NMR-
spectroscopy and HPLC. Phytochemical Analysis, 31(6): 756-769 (M®z019 2.7725 Q1).

Abstract:

The main concern regarding the authenticity and quality of Rhodiola rosea L. (Sedum rosea
(L.) Scop.) products is their adulteration with other Rhodiola species. The aim of the study was
the development of a reliable and practical analytical 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.

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 discriminant analysis (OPLS-DA) revealed the specific patterns
in the metabolite profiles of R. rosea and R. crenulata.

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 less than a
quarter of all products, the labelled amounts of salidroside and total rosavins were confirmed.

The developed analytical platform was found to be useful in the investigations 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.

Pesrome:

Baxxen BBIpOC 3a KpaifHUTE MOTPEOUTENN € aBTEHTUYHOCTTA U KaUYeCTBOTO HA THPTOBCKHUTE
npoayktu ot Rhodiola rosea L. (Sedum rosea (L.) Scop.), mopaay Bb3MOKHOCTA 32 TAXHOTO
danmmmduuupane ¢ apyru BunoBe Rhodiola. Pa3paboreHa e HajexaHa M IpaKTUYHA
aHAJIMTUYHA MJaTgopmMa 3a KaueCTBEHO U KOJIMYECTBEHO OMNpeeisHe Ha XapaKTepHUTE
MOJIeKyH B TpH BUAa Rhodiola (R. rosea, R. kirilowii (Regel) Maxim u R. crenulata (Hook. f.
& Thomson H. Ohba) u B ThproBcku mpemnapatu, KaKTO ¥ Bb3MOXKHOTO MPUIIOKCHUE HA TE€3U
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MOJICKYJIM KaTO MapKepH 3a J0Ka3BaHE aBTEHTUYHOCTTA Ha THPIOBCKU Ipernapary Ha Oa3za R.
rosea.

OCHOBHMTE MOJIEKYJIN (p-TUPO30JI, CANUAPO3UMA, pPO3aBHH, PO3MH M pPO3apuH) ca
UIACHTU(QUIMPAHU Ype3 U3MOJI3BAHETO HA €HO- U ABYIMMEHCHOHHA MeTaboIoMuKa, 6a3upana
Ha SIApEHO-MarHuTHUA pe3oHaHc (SIMP), cbueraHa ¢ KOJIMYECTBEHO ONpEAEIsiHE dYpe3
BHcokoedekTuBHa TeuHa xpomarorpadus ¢ UV/VIS nerexnus. [uckpuMUHAITMOHHUS aHATN3
Ha OpTOrOHAJHAaTa NpoeKuus Ha jareHTHuTe cTpykrypu (OPLS-DA) e wusnonssan 3a
ompeesHe Ha crieuUIHUTE MOJIEKYIIH B MeTabouTHHS npodui Ha R. rosea v R. crenulata
(K0ATO ce M3IM0I3Ba Hall-uecTo 3a Ganmuduurpane Ha ThPrOBCKH MPOAYKTH Ha 0a3a R. rosea).

KymapunbT kpeHynatuH e uaeHTuguIupal equHCTBeHO B R. crenulata v Mmoxe na Obae
M3IONI3BAH KAaTO MapKep 3a JEeTEeKIMs Ha MOTeHIHUanHO (ammuduiypaHe Ha ThPrOBCKH
npoayktu. [logyyeHnTe JaHHUTE TOKA3BaT, Y€ B [I0-MAaJIKO OT €1HA YETBHPT OT aHATU3UPAHUTE
NPOAYKTH € MOTBBPIACHO ChIBPKAHUETO Ha CANMAPO3UA W PO3AaBUHH B TAX CHPSAMO
ChJIbP’KAHUETO UM, OOSIBEHO Ha €THKETA.

Pazpaborenata aHanuTHyHa TulaTdopma € ToJe3Ha 3a M3CIe/IBaHE Ha pas3liiKara BbB
(GUTOXMMUYHHS CHCTAaB HAa PA3IUYHU BUIOBE Rhodiola, pa3mo3HaBaHETO HA YHHKAJTHUTE
METa0OIUTH MEXIY TAX U UIeHTH(PUKanusATa Ha Ganmmduuupanu npoaykTa. CienoBarTenHo,
TO3U TOAXOJ MOXE Ja C€ H3MOJ3Ba Olle OT Hall-paHUTE eTanmu Ha IMPOU3BOJCTBO MpH
OKAQueCTBSIBAHE Ha BXOJMIIWTE CYPOBHHM JO IOCIEAHUTE CTAAMU OT NPOU3BOJACTBOTO Ha
THPrOBCKUTE MPOAYKTH.

10. Dimitrova P., Alipieva K.*, Grozdanova T., Leseva M., Gerginova D., Simova S.,
Marchev A., Bankova V., Georgiev M., Popova M. (2020) Veronica austriaca L. extract
and arbutin expand mature double TNF-o/IFN-y neutrophils in murine bone marrow pool.
Molecules, 25(15): 3410 (U ®2019 3.267; Q2).

Abstract:

Plants from the Veronica genus are used across the world as traditional remedies. In the present
study, extracts from the aerial part of the scarcely investigated Veronica austriaca L., collected
from two habitats in Bulgaria-the Balkan Mountains (Vau-1) and the Rhodopi Mountains (Vau-
2), were analyzed by nuclear magnetic resonance (NMR) spectroscopy. The secondary
metabolite, arbutin, was identified as a major constituent in both extracts, and further quantified
by high-performance liquid chromatography (HPLC), while catalpol, aucubin and verbascoside
were detected at lower amounts. The ffect of the extracts and of pure arbutin on the survival of
neutrophils isolated from murine bonemarrow (BM) were determined by colorimetric assay.
The production of cytokines-tumor necrosis factor (TNF)-a and interferon (IFN)-y was
evaluated by flowcytometry. While Vau-1 inhibited neutrophil vitality in a dose-dependent
manner, arbutin stimulated the survival of neutrophils at lower concentrations, and inhibited
cell density at higher concentrations. The Vau-1 increased the level of intracellular TNF-a,
while Vau-2 and arbutin failed to do so, and expanded the frequency of mature double TNF-
o' /IFN-y" neutrophils within the BM pool.

Pesrome:

Pactenusra ot poxn Veronica ce n3non3Bar B HapoJHaTa MEUIIMHA HA CTPaHU OT L CBAT. B
HACTOSIIIOTO M3CJe/BaHEe € MpoBeaeHa (OTOXMMHUYHA XapakTepucThka upe3 SIMP-6a3upana
MeTa0O0JIOMUKA HA PACTUTEIHHM €KCTPAKTH OT BB3YIIHU YAaCTH Ha €MH €1a00 MPOy4YeH BHU] B
TOBa oTHoueHue Veronica austriaca L., csOpan oT nBe Mecroobutanus B bearapus — Ctapa
mnanuHa (Vau-1) u Pogornm (Vau-2). Apoyrun (308.2-382.9 ug/g) e unentuduimpad Kato
OCHOBEH BTOPHYEH META0OJHT U B JBaTa EKCTPAKTa, KAKTO U KOJIMYECTBEHO aHAIM3UPAH Ype3
BucokoedekTuBHa TeuyHOCT xpomarorpaduss (BETX), mokaro karamos, aykyOuH U
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BepOaCKO3H/I ca OTKPUTH B IO-HUCKU KOJIMYECTBA. BIUSHIETO Ha eKCTPAKTUTE U YUCT apOyTHH
BBPXY OLEISIBAHETO HA HEYTPO(UINTE, U30JIMPAHU OT KOCTEH MO3BK Ha MUIIKH € OIIPEeIICHO
Yype3 KoJIopUMeTpudeH aHanus. [IpoayrupaHeTo Ha MUTOKUHM, KaTO TYMOP HEKPO3HUC (aKTop
(TNF)-a u uatepdepon (IFN)-y e ananuzupano upe3 npoTouHa muromeTpus. JJokaro Vau-1
MHXUOMpa HEyTpOoHUIHATA >KU3HEHOCT MO J10303aBUCUM HAYWH, apOYTHHBT CTHUMYJIHpa
MPEXHUBSIEMOCTTa Ha HEYTPOPHUINTE NPU MO-HUCKU KOHLEHTPALMM U MHXUOMpaA KIETHUHHS
pacTex Mpu MO-BUCOKHU KOHIIEHTpaluu. Vau-1 yBenuuaBa HUBaTa Ha BbTpekieTpueH TNF-a,
JoKaTo npu Vau-2 1 apOyTHH He ce Ha0JI10/1aBa 0100Ha 3aBUCUMOCT M BOJIST JI0 YBEITUYaBaHE
yectoraTa Ha 3penu TNF-o' / IFNM merpodumm.

11. Hinkov A.*, Angelova P., Marchev A., Hodzev Y., Tsvetkov V., Dragolova D., Todorov
D., Shishkova K., Kapchina-Toteva V., Blundell R., Shishkov S., Georgiev M. (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 (M®2019 2.221; Q2).

Abstract:

Nepeta nuda L. has been used in traditional folk medicine for its diuretic, anti-asthmatic,
antioxidant, spasmolytic, 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 (CCso = 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 (ECso 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 SI 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-mentioned 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 influencing 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.

Pe3rome:

Nepeta nuda L. ce u3noi3Ba B TPaJWLMOHHATa MEIUIMHA TIOpPAaad XapaKkTepHUTE 3a Hes
IUYPETUYHHU, AaHTU-aCMATUYHH, AHTUOKCUJJAHTHH, CIIA3MOJIMTUYHHU, CEAATUBHYU U aHAITCTUYHU
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CBOMCTBA (IBJDKAIIM CE Ha ChABPKAIIUTE C€ B PACTCHUETO HENEeTaJakTOHHW). B HacrosmeTo
W3CIIe/IBaHE € MPOYYEeH uH sumpo epexta Ha BOACH €KCTPakT oT Nepeta nuda ssp. nuda L.
BBPXY peIUTMKaIMATa Ha XeprecHu Bupycu - Human Alpha Herpes (HHV) Bupyc tun 1, mam
F (ACV-uyctButenen) u HHV tun 2, mmam DD (ACV-pe3uctenten). EKCTpakThT Mmokas3Ba
u3pa3eHa aHTU-XeplecHa AaKTUBHOCT mpu JjBata wu3non3Banu Ttecra (MTT-6a3upan
KOJOPUMETPUYEH aHallu3 M INpU TeCT 3a HamMaisBaHe Ha jaoOuBa). [IpotuBoBHpycHaTa
aKTUBHOCT C€ MOBHUIIIABA, KOTaTa eKCTPAKTHT CE€ MpHUIara €IHOBPEMEHHO C MHOKYJIAIHUITA Ha
MozeHuTe KieTku ¢ BupycHute mamose (ECso 0.66 mg/mL + 0.04 u 0.788 mg/mL + 0.009 3a
maMm F u DD cwotBetHo). CroitHocTrTe Ha ICso ca 0.181 mg/mL + 0.073 u 0.0888 mg/mL +
0.014 3a F u DD pecnekTHBHO, OTYETCHH MPHU TECTa 3a HamaysiBaHe Ha nobwBa. [Ipu aBete
OMHUTHU TOCTAHOBKU BOJHMST €KCTPAKT 3ara3Ba MPOTHBOBUPYCHATA CH aKTHBHOCT CpPEIy
ACV-ycroituuusast DD maMm. AHaIM3bT 3a BUPYLHUAHA AKTHUBHOCT ITOKa3a, 4€ BOJHUST
eKCTPAaKT TMpuiaraH B MaKCUMaJHaTa HETOKCHYHA KOHIICHTpAIMs HE HaMaisiBa
MH(EKIMO3HOCTTa Ha HUTO €UH OT JBaTa u3cienBaHu mama. CiegoBaTeaHo, CIOMEHATOTO
MOBHIIIABaHE B MPOTUBOBUPYCHOTO JICHCTBHE HA €KCTPAKTa MPHU MpUIIaraHe HemoCpeaCTBEHO
clie]] MHOKYJIAlUsITa He Ce IbJDKU Ha MHAKTUBHpPAHE Ha BbTPEKIEThYHUTE BUPUOHHU YaCTHULIH.
ChriaacHoO MpoOBEIEHUTE EKCIIEPUMEHTH, BEPOSTHO TOBA € TO-CKOPO CBBP3aHO C MPOMsHA B
abcopOrusTa, OTKOJIKOTO ¢ IPOHUKBAHETO HAa BHUpYyca B KJeTKaTa. TecTOBE 3a BPEMETO Ha
MpUJIaraHe Ha EKCTPaKTa IOKa3BaT, Y€ MPOTUBOBUPYCHUSAT €(PEKT Ha BOIHHS EKCTPAKT
npoAbJbKaBa JIOpM M Tpu mnpwiarane Ha 10-1 4dac cien WMHOKyJaanusita. Bcuuku Tte3u
HaAOJIOACHNUS MIPeIoaraT, 4Ye BOJHHUAT eKCTPAKT OT N. nuda TOBIHSABA KAaKTO paHHUTE (a3u
(abcopbumsiTa) Taka W KbCHUTE mposiBu (perukarnusata) Ha HHV  uHbekmusTa.
MeTaboJOMHUAT aHAIM3 Ha EKCTPaKTa IMOKa3Ba KAaTO OCHOBHU MOJIEKYJIM PO3MapHHOBA,
XJIOPOT€HOBA, TajoBa, BAHWJIOBA, KaeeHa, MpoTokaTexona, (hepyaoBa U HUHAMOBA KUCEIINHU;
J0KaTo (pIaBOHOMIUTE Cca MPEJCTaBEHU MPEAUMHO OT IIMPCUMAPUTHH, XPU3EOPHOJI, BAHIINH,
PYTHH U KBEPLETHH.

12. Marchev A., Yordanova Z., Georgiev M.* (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
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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.

Pesome:

OT BekoBe pacTEeHHsATa CE M3MOJ3BAaT KAaTO HAJEKEH HM3TOYHMK Ha XpaHa, OBKYCHTENH,
OLBETUTENM W KOMIIOHEHTH C TIPWIOKEHHE BBB (papMalleBTUYHATA IPOMUIIICHOCT.
EctecTBeHM MecTOOOMTaHUS HAa pacTeHUsATa, 00aue ObP30 ce u3YepnBaT, IOPaIud H3MEHEHHETO
Ha KJIuMaTa M pa3BUBALIOTO ce€ 3eMezaenue. PacTuTenHuTe OMOTEXHONOTMH IpejajaraTt
YCTOMUYMB TOJXO/A 32 OMOMPOAYKIMS HAa PACTUTEIHH BTOPUYHU META0OJMTH, M3MOI3BANKU
PACTUTENIHUTE UH 6UMPO CUCTEMH. Y HUKAJHATa CTPYKTYpHA XapaKTePUCTUKA Ha BTOPUYHHUTE
METa0OJIUTH OT PACTUTENCH MNPOM3XOJ, TEeXHUs Oe3omaceH Npodui, MHMPOK CIEKThP Ha
JecTBUE U ,,MeTa0OJUTHO MPEANOYNTaHE" JOBEA0XA IO Ch3AABAHETO HA MHOTO JICKAPCTBEHU
IpernapaTy Ha OCHOBaTa Ha MEIUIIMHCKHU PACTEHHsI, KOUTO ca MPUOIU3UTEIHO €HA YETBBPT OT
BCHYKH JIEKapCTBa, 000peHr OT AreHuusTa mo XpaHute W jekapctBata Ha CAIIl w/mmm
EBpomneiickara areHuus 1o Jiekapcrara. Bee ome mMa MHOIO INPEAU3BUKATENICTBA, KOUTO
TpsiOBa N1a ce TpeojoieaT B MOAOOpSBaHE HAa MPOW3BOJCTBOTO Ha TE€3W META0OJHUTH OT
pPACTUTENIHU UM 8UMPO CUCTEMH M YCTAHOBSIBAHE HAa YCTOMUMBOCT MpPHU MallabMpaHETo Ha
OMOTEXHOJIOTMYHMS Mporec. Te3nm npenu3BHKATENCTBA CE€ Ib/DKAT HA OCOOEHOCTUTE Ha
pacTUTENHUS KIEThYEH MeTa00JIM3bM, KOMIUIEKCHOCTTa Ha OMOCHHTETHYHHMTE MbTHINA Ha
BTOPUYHUTE METaOOJUTH, KAKTO M Ha MPAaBUIHUA NOJOOp Ha OMOPEaKTOPHU CHCTEMHU H
onTUMU3HpaHe Ha Ouomnporeca. Haunnurte 3a mogoOpsiBaHe Ha OMOCHHTE3a HA TE€3W LIEHHU
MOJICKYJIH OT PACTUTEIHH UH GUmMPO CUCTEMH, BKIIOYBAT METAaOOJUTHO HH)KEHEPCTBO U
CRISPR/Cas9 TexHomorusita 3a peryldpaHe Ha pPAaCTUTEIHHS METaboIM3bM  Ype3
CBpBbXEKCIIpeCcHs/penpects Ha eAMHUYHU WU IPyTa OT TeHU WIN TPAaHCKPUILIMOHHU (QaKTOPH.
WznomsBanero Ha SIMP-0azupana mera0oJIOMUKa 32 MOHHUTOPHHI Ha KOJHMYECTBaTa Ha
METa0OJUTUTE, KAKTO U KaTO MHCTPYMEHT 3a U3CJIE[BaHE Ha JAMHAMHUKATa Ha KICTbYHMS
METa0OIN3bM € AMCKYTHPAaHO B TO3M 0030p. Pa3znuuHu BHIOBe OMOPEAKTOPHU CHCTEMH,
TAXHAaTa MOJU(UKAIMSI U ONTHUMAJIHM NapaMeTpu Ha KyJITHUBUpPaHE IpU J1a00paTOpHO HIIU
MHYCTPHAITHO MPOU3BOCTBO HA PACTUTEIHUTE BTOPUYHU META0OIUTH Ca CHILO aKIICHTUPAHHU.

13. Marchev A., Georgiev M.* (2020) Plant in vitro systems as a sustainable source of active
ingredients for cosmeceutical application. Molecules, 25(9): 2006 (M 2019 3.267; Q2).

Abstract:

Cosmeceuticals are hybrids between cosmetics and pharmaceuticals which are being designed
for a dual purpose: (1) To provide desired esthetical e ects and (2) simultaneously treat
dermatological conditions. The increased demand for natural remedies and the trends to use
natural and safe ingredients resulted in intensive cultivation of medicinal plants. However, in
many cases the whole process of plant cultivation, complex extraction procedure, and
purification of the targeted molecules are not economically feasible. Therefore, the desired
production of natural cosmetic products in sustainable and controllable fashion in the last years
led to the intensive utilization of plant cell culture technology. The present review aims to
highlight examples of biosynthesis of active ingredients derived through plant in vitro systems
with potential cosmeceutical application. The exploitation of dfferent type of extracts used in a
possible cosmeceutical formulation, as well as, their activity tested in in vitro/in vivo models is
thoroughly discussed. Furthermore, opportunities to manipulate the biosynthetic pathway,
hence engineering the biosynthesis of some secondary metabolites, such as anthocyanins, have
been highlighted.
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Pesrome:

Ko3merunure ca XuOpuaHU MPOIYKTH MEXKAY KO3METHUEH U (papMalieBTUUYEH MPOIYKT, YUUTO
OCHOBHU TpenHazHadeHus ca: (1) ocurypsiBaHe Ha kelaH ecTeTudeH eekT u (2) B ChIIOTO
BpeMe JieueHue Ha jaepMmaTuueH mnpoOsieM. [IoBUIIEHOTO ThpceHe Ha MPUPOAHHU MPOAYKTH U
TEHJCHIIMUTE 32 W3MOJ3BaHE Ha MPUPOJHU W OE30MacHH CHhCTaBKM B TIX JOBEIOXa IO
WHTEH3UBHATa yrnoTpeda Ha JedeOHuTe pacTeHus. B MHOTO citydan o0ade, 1enus mpoiec Ha
KYJITUBHpAaHE HA PACTCHMSTA, CIIO)KHATA MPOIEAypa MO EKCTpaKlIus W TPEYUCTBAaHE Ha
L[EJIEBUTE MOJIEKYJIUTE HE € MKOHOMUYECKHU U3rofieH. Ciie10BaTeNIHO, KEIaHOTO IPOU3BOACTBO
Ha HATYypaJHU KO3METHYHU MPOIYKTH MPe3 MOCISTHUTE TOJAUHU JOBEJ0Xa 0 MHTEH3UBHOTO
W3MOJI3BaHE HAa PACTUTEIHUTE KIEThUHU OnoTexHosoruu. Hacrosmust o030p nmMa 3a 1en aa
nmoayepTae MOIXOJSIIM MPUMEPHU 3a OMOCHHTE3a Ha AKTUBHH METAa0OJHTH, TMOJYyYE€HH OT
PacTUTETTHU UH 6UMPO CUCTEMU C TIOTEHIIMATHO MPUIIOKEHHE B Ko3MeTHKaTa. ExcruioaTanusta
Ha pa3IMYHU BHJIOBE EKCTPAKTH, W3IMOJ3BAHM B KO3METHYHU (OpMynH, a camo Taka u
u3Ccle/BaHe Ha TiIXHATa AaKTUBHOCT B PAa3JIMYHU UH 6UMPO/UH 6U80 MOJEIN € CBhIIO0
muckytupaHa. OCBEH TOBa, € aKIEHTUPAHO BHPXY BB3MOKHOCTHUTE 3a MaHUITyJIHUpaHE Ha
OMOCHMHTETUYHUS ITBT U LIEJIEBO CTUMYJIMpaHe Ha OMOCUHTE3a Ha HAKOW BTOPUYHU METa0OIHUTH,
KaTo aHTOIMAaHUHU HAIPUMeED.

14. Amirova K., Dimitrova P., Marchev A., Aneva Y., Georgiev M.* (2019) Clinopodium
vulgare L. (wild basil) extract and its active constituents modulate cyclooxygenase-2
expression in neutrophils. Food and Chemical Toxicology, 124: 1-9 (M®2019 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 1H 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 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.

Pesrome:

Clinopodium vulgare L. (xoTemka CTBIIKa) € MEAULUHCKO PACTEHHE C LIMPOK CIEKTBP OT
€THO(apMaKOJIOTUYHU TPWIOKEHUSI, MPOAYLUPALIO0 PA3HOPOIHU IO XUMHYHA CTPYKTypa
(EHONMHN CHETUHEHHUS, M3BECTHH C TEXHUTE NPOTUBOBB3MAIUTEIHU U TNPOTUBOTYMOPHHU
CBOICTBAa. AKTHBHpaHaTa eKcrpecus Ha mukiookcurenaza 2 (COX-2) cw3maBa
MMYHOCYIPECHBHA Cpela BbB BBb3MaJCHAaTa ThKAaH M € CUMTaHA 33 OCHOBHA IMPHYMHA 3a
Heyclexa JOpM M B WHOBATHBHM IMPOTUBOTYMOPHM W HMMYHHHM Tepanuu. B Hamum aHH,
cenektuBHUTE ¥ HOBU COX-2 MHXUOUTOPHU OT pacTHTENEH MPOU3X0/] ¢ Oe3omaceH mpodui ca
00€eKT Ha M3KJIIOUYUTEJIEH Hay4yeH UHTEPEC.
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B ToBa wu3cienBane e aHanuszupad MetaGomutHua mnpodun Ha C. vulgare u ca
UACHTUGUIMPAHU (DEHOTHUTE MOJIEKYJIU C IOTEHLMalTHa OMOJIOrMYHA aKTUBHOCT. Ypes
npunarade Ha 1/{- u 2JI-SIMP npodunupane ca uaeHTuGHUIMpaHd KadeeHa U XIOpPOreHOBa
KHCEIMHU, KaTeXWH W JpYyrd NObPBUYHM M BTOPUYHM META0ONMUTH. J(OMBIHMUTENHO,
ouosnornyHuAT eext Ha exctpakT oT C. vulgare (CVE) u HeroBure akTHBHU KOMITOHEHTH €
mpoydeH npu 3uMo3aH-uHaynupana COX-2 excrpecus M aronTo3a Ha MUIIH HEYTPODUIIH.
ExctpaktsT CVE, KadeenaTa u XJ0poreHoBa KHUCETUHH MOTHCKAT ekcrpecusita Ha COX-2,
MHAYLMpaHa OT 3MMO3aH B HEYTPO(YUIN U30JIMPaHH OT KOCTEH MO3bK M aKTUBUPAHU, KAKTO UH
gumpo Taka u un u6o. KapeeHusT ocTaThbK NPUCHCTBALL B CTPYKTYpaTa U Ha JBeTe (PEHOIHU
KHCEJIMHU BEPOSATHO € OTTOBOPEH 3a IPOTUBOBB3NAIUTENHATA UM akTUBHOCT. OT Apyra cTpaHa
KaTexuHa JONBJIHUTENHO cTuMynaupa ekcnpecusara Ha COX-2 u mpu jABata Mojena.
[Tonyuenure nannu nmokas3sar, ye CVE nMa u3sBeH moTeHIMAI J1a MOAyIupa HeyTpoduiHaTa
(GyHKLIMSA, BBOPEKM Ye, HETOBOTO JEHCTBHE € 3aBHCUMO OT KIEThYHOTO CBCTOSHHE,
BB3IMAINUTEIIHATA CPEla U OTHOCUTEIHOTO ChAbPKaHUE Ha KaheeHa M XJIOPOreHOBa KUCETUHU
B ekcTpakTa. [loryueHuTe TaHHH MTOKa3BaT, 4Ye eKCTPAKTHT OT KOTEIIKA CTHIIKA MOXKE J1a CITY)KU
KaTO M3TOYHUK Ha HOBH PACTUTEIHU MOJIEKYJIU C IPOTUBOBB3NAIUTEIHA AKTUBHOCT.

15. Vasileva L.*, Saracheva K., Ivanovska M., Petrova A., Marchev A., Georgiev M.,
Murdjeva A., Getova D. (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 (M®2018 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 salidroside, 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 curcumin,
suggesting antidepressant-like effects comparable to that of fluoxetine and potential synergistic
interaction regarding the anti-inflammatory and anti-stress effects.

Pesome:

[Ipy mamueHTH C JAEmpecuss 4ecTO C€ YCTAaHOBsIBA JIUCPEryJlalus B CEpyMHHTE HUBA Ha
ompeneneHn OUTOKMHH. Camuapo3ux W KypKyMHH ca TPHUPOJHH MOJIEKYJIH C HW3BECTHA
AaHTHUCTPECOBAa M aHTH-JENpPECaHTHA aKTUBHOCT. M3cnenBan e edekThT Ha canuapo3un (5.0
mg/kg nepopanno) u kypkymuH (20.0 mg/kg nmepopaaHo) NpHuIOKEHH, KAKTO CAMOCTOSITEITHO
taka ¥ B komOuHarus (5.0 mg/kg + 20.0 mg/kg nepopanHo) BbpXy UMyHHaTa peakTUBHOCT Ha
IUTBXOBE, MOJJIOKEHW Ha MOJEN Ha XPOHWYEH CTpec 3a 4 ceaMuIu, IOCIeIBAaHO U OT
NpeIU3BUKBaHE HAa CHUCTEMHO BBb3MajeHue c junonoiuzaxapun. dmyokceruH (2.5 mgkg
NepopaHoO) € W3IOJ3BaH KaTo IO3UTHBHA KOHTPOJA 3a aHTH-ACHPECHBHO JICHCTBUE.
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JKuBOTHUTE, MOUIOKEHH Ha IPOLEAYpa 32 XPOHUYEH HENPEIBUIUM CTPEC IEMOHCTpUpAT
peauna NpoOMEHM B MOBEACHYECKUTE CH PEaKLMM KaTO aHXEIOHUS, HaMaJeH MHTEPEC KbM
IIPUEM Ha IJII0OKO3a, HApyIIEHO IOKAauyBaHE Ha TEJIECHO TErJ0 M JBUIATEIHA aKTUBHOCT B
CPaBHEHUE C HECTPECHPAHUTE KOHTPOJIHU XUBOTHU. [IpmiokeHnero Ha camuapo3ua M
KYPKYMHH, KAKTO CAMOCTOSITEJTHO TaKa U B KOMOWHAIIMS MTPEeIU3BUKA aHTH-ACTIPECUBEH €PEKT
M3pa3€H B HAMAJISIBAHE HAa HETAaTUBHUTE MPOSIBA OT IPHIJIOKEHUETO HA XPOHUYEH CTPEC 10 HUBA
CpPaBHUMH C TE€3U Ha MO3UTHBHATa KOHpoja ¢uyokceTuH. KaTo nombiHeHHe, aHAIM3bT C
ELISA Ha cepyM M MO3bUYE€H XOMOI€HAT Ha >KMBOTHUTE C MOJEJ] Ha JENpecusl MokKa3Batr
noHwxkeHue B HUBata Ha TNF-o u IL-6 npu npunokeHneTro Ha CUIMAPO3UL, KYPKYMHUH U
KOMOMHAaIMATa OT JBETe MOJEKylu. Pe3ynraTtuTe moka3BaT H3pa3eH MMYHOMOAYJIATOPEH,
NPOTHBOBB3MAINUTEIEH M  aHTU-JENpecHBeH e(eKT Ha CaJuApO3u] M  KYpPKYMHH.
KombOunanusta um e ¢ obemnasail TeparneBTUYEH MOTEHIIMAT 3a JEUEHUE Ha ChCTOSHUS Ha
XPOHHUYEH CTPEC U JIEKa 10 yMEPEHa ACTIPECHS.

16. Vasileva L., Marchev A., Georgiev M.* (2018) Causes and solutions to “globesity”: the
fa(s)t alarming global epidemic. Food and Chemical Toxicology, 121: 173-193 (A ®d2018
3.775; Q1).

Abstarct:

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 predisposing 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 multicomponent 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 proliferation,
decreased lipogenesis and increased lipolysis.

The current review gives a summary of the risk factors for obesity development and its
characteristics consequences. 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:

Paznuunu rpynu ¢aktopw KaTo TeHETHMYHH (PEHOTUIIOBE, HEBPOCHIAOKPHUHHH HapYIICHUS,
HpI/IJIaFaHeTO Ha HIKOH JIeKapCTBa, IIOBEACHUYCCKHU, COIIMAJIHU U CKOJIOTHYHH q)aKTOpI/I, BOOAT
JI0 TIOBUIIICHO HATPYMBAHE Ha TETJI0 M 3aTibCTsABaHE. [IporpecuBHO HapacTBAIIUTE HWBA Ha
Ha,Z[HOpMeHO TCrJIO U 3aTIBCTABAHEC B CBCTOBCH MaH_Ia6 JOoBEaoxXxa 40 BBBCKIAHCTO HA HOB
TEPMUH ,,eNUAeMUs OT 3aTIbcTsiBaHe™. [I[peKOMEpHOTO HaTpynBaHE HA TEJICCHH Ma3HUHU H
0c00CHO Ha BHCIIEpaJIHATA MACTHA ThKaH € OCHOBHUS IIpeapa3noaraiy GakTop 3a pa3BUTHETO
Ha METa0OJIMTEH CHHIAPOM U IPYTH CHITBTCTBAIIM 3a00JISIBAHUS, CBbP3aHH ChC 3aTIBCTABAHETO.
[Tonacrosiem caMo HAKOJKO papMaKoTEpareBTUYHU CPEACTBA C€ M3MOJ3BAT 32 JBITOCPOIHO
JIeYCHHUE Ha 3aTIBCTABAHE, ChC CEIU(UIHO JeHCTBUE, HAP. MHXUOUTOPH Ha MMAHKpEaTUIHATA
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U CTOMAIIHATa JIuMa3a, AeWCTBAIM KaTO aJpeHOMHUMETHIIM WM aKTHUBHPAIHU LIEHTPOBETE Ha
CHTOCT B XHIIOTanamyca. JIekapcTBaTa Ha pacTUTEIHa OCHOBA, KOUTO YCKOpSBAT 3arybara Ha
Terao, ca Oe3omacHH, €(EKTUBHU U INUPOKO JOCTBIIHM M Ouxa OWIM mpeanodYuTaHa
anTepHATHBA 3a JIEYEHHE Ha 3aTIbCTABaHE. TBHH Karo pPACTHUTENHUTE EKCTPAKTH ca
MHOTOKOMIIOHEHTHH CHCTEMH, T€ CBhII0 Taka MOrar jAa JeicTBaT MO IOBe4Ye OT EIUH
MEXaHHW3bM, BKIIOYHTEIHO HaMaJieHa JMIUAHA aOcopOIus, HaMaleH CHEPrHeH IpueM,
YBEIIMYEHN EHEPruiHU pa3xoJy, HamaleHa audepeHuuanus W npoiudepanus mnpu
aMIOIUTUTE, HAMAJICHA JINTIOTeHe3a 1 TIOBHUILICHA JIUTIONN3a.

Hacrosmusar o00630p mpencraBisiBa 00OOIIeHHE Ha PHUCKOBHTE (HDaKTOPH CBBP3aHU C
Pa3BUTHETO HA 3aTIBCTABAHETO M XapaKTEPHCTHKA Ha IocieunuTe oT Hero. [IpeacraBenu ca
HACTOSIIIM BB3MOKHOCTH 3a JICYEHHE, ChUETaBallld IPOMEHM B HAuyMHA Ha KHUBOT H
KOHBEHIIMOHAJIHO JICYCHNE C THPTOBCKH HIpEnapaTd MPOTHB 3aTIBCTSABaHE. AKIECHTUPAHO €
BBPXY UH 6UMPO U UH GUE0 W3CIICIBAHUS BBPXY X0pa, Ha MOTEHIIUAIHY JIeYeOHU PACTUTEITHH
eKCTPaKTH W (UTONpenapard, Karo NONMU(EHONH, TEPICHOWIN, AIKAJIOUIW, CAIOHWHH,
CIOCOOHHM Ja MOAYJIUpAT MOJICKYJIAPHUTE IBTHIIA W EKCIIPEeCUUTe Ha TEHW/IPOTEHHH,
CBBP3aHHU ChC 3aTITBCTSIBAHETO.

17. Hidalgo D., Georgiev M., Marchev A., Bru-Martinez R., Cusido6 R., Corchete P., Palazon
J.* (2017) Tailoring tobacco hairy root metabolism for the production of stilbenes.
Scientific Reports, 7: 17976 (U®2017 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 ¢-resveratrol (z-R) into
t-piceatannol (z-Pn) and t-pterostilbene (#-Pt). We established genetically engineered HR
carrying the gene encoding stilbene synthase (STS) from Vitis vinifera and/or the transcription
factor (TF) AtMYBI12 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, chieving a production of 40 pg
L ! of +-R, which was partially metabolized into #-Pn and #-Pt (up to 2.2 ug L ' and 86.4 pg L,
respectively), as well as its glucoside piceid (up to 339.7 ug L™!). Major metabolic perturbations
were caused by the TF AtMYBI12, 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.

Pesrome:

Tpanchopmupann KOpeHOBU KYITYpPH OT TIOTIOH, IIMPOKO M3MOJ3BAaHU 32 XETEPOJIOKHA
MIPOYKIIHS HA IIeTIEBU METaOOIUTH, UMAT €CTECTBEH KalaluTeT 32 OMOKOHBEPCHS Ha BHHIITHO
n00aBeH t-pecBepaTpos B (-MHUIEaTaHOI U {-ITepOoCTIIOCH. B ToBa m3cienBaHe ca MonMydeHu
TeHETUYHO MoaudUIIpaHy TpaHCPOPMHUPAHU KOPEHOBH KYITYPH, HOCUTEIH Ha T€H, KOIHUPAIIl
cTUIOCH CUHTa3a OT Vitis vinifera w/wnm TpanckpuniuoneH Gaktop AAMYB12 ot Arabidopsis
thaliana, ¢ nen ga ce TeHepUpa XOIUCTUYEH OTTOBOP BBHB (PEHWINPOIAHOUIHUS BT U Ja CE
KOOpJIMHHUPA AKTUBUPAHETO HA HAKOJIKO METaOOJIUTHHU CThIIaja eAHOBpEMEHHO. B qombiHeHne
Ha ToBa ¢ m3mon3BaHa MUKpOPHK M3KycTBeH aHalor Ha XalKOH CHHTa3a, KOATO OJIoKupa
KOHKYPEHTHHUTE OMOCHHTETUYHU IIbTUILA, Ype3 Bb3ACHCTBUE BbPXY BhTPEKIEThYHATA XAIKOH
CHMHTa3a. XaJKOH CHHTa3aTa € €H3UM, KOWUTO C€ KOHKypHpa 3a H3I0JI3BAaHETO Ha
MpeIUIECTBEHUIIM ChC CTHJIOEH CHHTa3aTra. TpaHCTeHHUTE KOPEHOBU KYJITYpU CHHTE3UpAT
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[[EJIeBUTE CTWIOEHU, MOCTUTAiKK 10 mpoayrupanero Ha 40 pg/L t-pecBeparpon, KOWTO ce
MeTaboJM3upa YacTUYHO 10 f-TUIeaTaHoN | t-nrepocTmwindoeH (mo 2.2 pg/L m 86.4 pg/L,
CbOTBETHO), a CBIIO Taka W 10 HeroBus rimkozun nuneun (339.7 pg/L). Iomyuenure
pe3ynTaTd pa3KpuBaT YCTOWYMBOCTTAa Ha TE€HETHMYHO MoJuduIMpaHUTe TpaHCHOPMUPAHU
KOPEHOBHU CHUCTEMHM OTHOCHO XE€TEpOJIOKHAaTa MPOLYKLMS Ha f-pecBEpaTpoil U HErOBUTE
JepyuBaTH, KaTo f-MHIeaTaHoNl U f-nTepocTwiOeH. CruMynupaHeTro Ha (EHOJHUs
MeTaboMM3bM, YHETO OTPAKEHUE ce 3a0es3Ba B MOBUIIICHUTE HUBA Ha KaeeHa U CHHAIOBA
KHCEJIMHA B TPaHC(POPMUPAHUTE KOPEHOBH KyNTypH, Hocenn AtMYB12 TpaHCKpuninoHHus
¢dakTop, MOrar Ja OCUTYpST NPEIIIECTBEHUIIM W 32 KOHKYPCHTHHTE IHTHUIIA, BOJCIIH JO
CHHTE3a Ha JIMTHAH U JIUTHUH. B Ta3u Bpb3Kka € He0OXO0AMMO U3MOI3BAaHETO HA HOBH MOAXO/H,
B KOWTO KOHKYPEHTHHUTE MBTUIIA ce Onmokupar ot cnerupuyaan MukpoPHK-u, a moroka Ha
BBIVIEpOJA CE€ KaHamu3upa eQPeKTUBHO KbM OHOCHMHTe3a Ha CcTwiOeHu. OCHOBHHUTE
,METa0OJIUTHU CMYILEHUS ca TMPEeAU3BUKAHH OT TpaHCKpUNIHMOHHMA (akTop AtMYBI12,
KOWTO 3acAra KakTO IbPBUYHUS, Taka M BTOpUYHHUS MeTabonu3bM. [lomydeHnure pesynratu
MOTBBPKAABAT KOMIUJICKCHOCTTA MPH PETYIUPAHETO Ha OMOCHHTE3a HAa BTOPUYHU METabOIHUTH
B PACTUTEIHUTE UH BUMPO CUCTEMHU C 1] OMOMPOAYKIUS HA [IEHHH MOJIEKYIIH.

18. Marchev A., Dimitrova P., Burns A., Kostov R., Dinkova-Kostova A., Georgiev M.*
(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
(MD2017 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 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.

Pesrome:

OcteoaptputsT (OA) € fereHepaTUBHO 3a00JIsIBaHE HA CTAaBUTE, CBBP3aHO C 00JIKA, YBpEkKIaHE
U TaxHaTa nedopmarus. bomecTra 3amouyBa C yBpekJaHe Ha XpyIsiia, HO Clie]] TOBa
MPOTPECUBHO  OOXBala CyOXOHJpaJiHaTa KOCT, TMPUYUHSABANKKA AucCOaTaHC MEXIY
OCTEOKJIACTHATa KOCTHA pPe30pOmusi M OCTe0OIacTHOTO pemonenupane. Tyk oOoOmaBame
JTAHHUTE 3a POJIsiTa Ha OKCUIATUBHUS CTPEC U Bb3NAJIEHUETO B naTojiorusta Ha OA U Kak Te3u
JIBa TIpoIIeca ca MHTETPUPAHU IO BpeMe Ha mporpecusita Ha OA, KaKTO ¥ TEXHUS IPUHOC KbM
aHOMaJIMM B XPYILISUTHUS/KOCTHUS MeTabonu3bM. Ha KileThuHO HUBO, BbPXY OKCHUIATHUBHUS
CTpeC U BB3MAJICHUETO MOXE Ja C€ MPOTUBOICHCTBA Upe3 TPaHCKPHUIIIMOHEH (DaKTOp sapeH
dakTop eputpoun p45-cebpian daktop 2 (NRF2) u Hue onucame perymanusita Ha NRF2,
MmoJuepTaBaiiki HeroBata pojisi B matojorusita Ha OA, KakTo W moje3Hus e(heKT Ha HIKOU
(DUTOHYTPUEHTH, BKIIOUMTEITHO TEXHUS TepaneBTUUYEH MOTEHIIUAJ Mpy akTuBHpane Ha NRF2
B OA.
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19. Marchev A.*, Dimitrova P., Koycheva 1., Georgiev M. (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 (M®2017 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 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.

Pesrome:

Excrpakter oT Rhodiola rosea L. e Tmo3HaT CBhC CBOUTE HEBPONPOTCKTUBHU,
MIPOTHUBOBB3MATUTEITHH, TPOTUBOTYMOPHHU CBOMCTBA, KAKTO U 3a MpEeMaxBaHE WM HAMAJISIBaHE
Ha ¢u3nyecKaTa 1 yMCTBeHa ymopa. Berpeku ToBa, nu3cieBaHusTa [0 OTHOLLIEHUE HA edeKTa
My BBpXy (QyHkmmsta Ha T-kimeTkuTe ca HeAoCTaThbuHU. B TOBa mpoydyBaHe € OILCHEH
MOTEHLIMATBT Ha EKCTPAaKT OT R. rosea W HETOBUTE OCHOBHM KOMIIOHEHTH CaJIHMIIPO3UI,
po3apuH, pO3aBUH M PO3HH 32 MOBIUsABAaHE KIETHYHUS pacTex Ha Jurkat T-kmeTku, amonTo3ara
Ha mumyu CD3" T-KJIeTKu M eKcnpecHusaTa Ha IIOBbPXHOCTHH MapKepH U (ochOpPHINPAHETO HA
eKCTpalenyJapHaTa CUTHalI-perynupana kunasa (extracellular signal-regulated kinase, ERK).
[IbpBOHAYATHUAT CKPUHUHT 32 OLIEHKA Ha KJIeThyHaTa )ku3HeHocT Ha Jurkat T-kieTku mokassa,
4Ye OCHOBHUTE MOJEKYJIH HISHTUDUIMPAHH B EKCTpakTa OT KOpeHWIa Ha R. rosea
710303aBUCUMO TOBHILIABAT allONTO3aTa, KaTo ¢ Hail-CUIHA aKTUBHOCT Ca PO3aBUH U PO3apHH.
Canuapo3ua U pO3HH MOBIUSIBAT PAHHUTE MPOSBH Ha T-KJIETHYHO aKTUBUPAHE C TIPOMSHA B
nuHamukaTta Ha CD69 ekcripecusiTa, KOETO Ha CBOM pejl BOAM 10 YCKOpEHa anonTo3a. Po3aBuH
U PO3apuH He NMOBJIMABAT 3HAUMMO JAMHAMUKaTa B ekcrpecusara Ha CD69, Ho oT npyra cTpaHa
noBiusBar ekcnpecustra Ha TNF-cBvp3an amonto3o-unmymupam Jsmrann (TNF-related
apoptosis-inducing ligand, TRAIL). Po3aBun naxubupa cBpbxekcnpecusta Ha TRAIL, qokaro
pO3apUH HMa NPOTHUBOIMONOXKEH e(eKkT. BcebhIIHOCT, po3apuH NOBHILIABA 4YecToTaTa Ha
CD3'TRAIL" T kietku u B ibTH uaxuOupa pochopunupanero va ERK. IMonyuenure nanuu
odyepTaBaT NOTEHUHAJIa Ha Te3u Mojekynu pna wmoxayiaupar TRAIL karo mnomxox 3a
MPEOONSIBAaHE PE3MCTEHTHOCTTa KBbM alloNTo3a NpPH HAKOM AaBTOMMYHHH U PaKOBU
3a00JIBaHHUS.

20. Marchev A.*, Aveva I., Koycheva 1., Georgiev M. (2017) Phytochemical variations of
Rhodiola rosea L. wild-grown in Bulgaria. Phytochemistry Letters, 20: 386-390 (M1®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
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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%.

Pesrome:

Rhodiola rosea L. e pacTuTelieH BUJ ChC CHJIHO H3Pa3€HO aJaNTOTEHHO JCHCTBUE H
WHTEH3UBHO MPUWIOXKEHUE B TPAIUIIMOHHATA MEIUIIMHA U KIIMHUYHATA MpakThKa. Pacrenunero
ce XapakTepusupa ¢ BHUCOKa (UTOXMMHUYHA BapUaOMIIHOCT, KOSTO 3aBHUCH Hal-Bede OT
reorpadckara nokainus. B ToBa m3cienBane e usnomsBaHa 1J[- u 2J1 SAIMP-6a3upanara
MeTabo0JIoMrKa, KOMOMHHpaHa ¢ MYJTHBApUATUBEH aHAM3 HAa JaHHUTE, KakTo 1 BETX 3a
KOJIMYECTBEHO OIpeesiHe Ha METa0OJUTHUTE BapHUallid B KOPEHUINA, KOPEHH U HAJ[3€MHU
yacTH Ha R. rosea OT HEWHHM €CTECTBEHM MecTtoobwTaHusi B bwarapus. B kopenwmmiara
ChABPAKAHUETO HA CATUIPO3U, PO3apUH, po3aBUH U po3uH € 2.67%, 0.37%, 1.97% u 0.04%,
ChOTBETHO, JIOKaTO TeXHUTE KojumyecTBa B kopeHure ca 0.31%, 0.06%, 0.39% u 0.01%. Te3u
KOJIMYECTBA HA CAIMJIPO3U] U PO3aBUHU Ca JOCTATHYHO BUCOKH, 32 J1a U3IIBIHAT KPUTCPUUTE
3a TXHOTO ChIbpKaHHe B R. rosea carnacHo apmakoneitnure uzuckpanus Ha Pycust (0.8—1%
canmuapo3un U 3% poszasunun) u CAI] (0.08% canmunposun u 0.3% pozasunn). [lopaau tazu
MPUYKHA CE 04YaKBa, Y€ U3CJIeIBAHUTE TYK €KCTPAKTH OT 3JIaTE€H KOPEH Il MpUTEeXaBar 1 100pa
OMOJIOTMYHA aKTUBHOCT.

21. Vasileva L.*, Getova D., Doncheva N., Marchev A., Georgiev M. (2016) Beneficial effect
of commercial Rhodiola extract in rats with scopolamine-induce 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: 1t 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
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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.

Pesrome:

Rhodiola rosea L. (Crassulaceae) mo3HaT oIie KaTo 37aTeH KOPEeH WIN apKTUYECKH KOPEH €
€HO OT Hal-IIMPOKO M3IMOJI3BAHUTE MEAUIIMHCKU pacTeHUs], €pEeKTUBHO MPHU MOBJIUSIBAaHE Ha
KOTHUTHBHH JUCQYHKINHU, ICUXOJOTHYECKU cTpec U Aenpecud. Llenra Ha uscienBaHeTo € aa
ce nmpoyuu edeKTa Ha CTaHJAAPTU3UPaH EKCTPAKT OT Rhodiola BpXy 00y4E€HHUETO U TTaMeTTa Ha
3paBU ITbXOBE M TaKMBAa C MOJIENl HA CKOMOJIAMUH-WHAYIHpaHa aMHE3Us. XUMHUYHUSAT
OTIIeYaThK Ha CTaHJAPTU3UPAHUS EKCTPAKT € aHAJM3UpaH upe3 MeTadojoMHKa, 0a3upaHa Ha
SAPEHO-MarHUTHHS PE30HAHC, KaTo ca WIACHTU(UIIMPAHU XapaKTEPHUTE CUTHAIM Ha peaula
II'bPBUYHU U BTOPUYHU METaOOIUTH, BKIIOYUTEIHO U Te3H Ha canuaposull. [lpu tecroBete 3a
aKTUBHO OOyueHHe, NMPHIOKEHHETO Ha EKCTpaKTa MOBHIIAaBa OpoOs aKTUBHU H30ATBaHUSA
(mokazaren Ha 3aydaBaHeE) 10 BpeMe Ha 7-THEBHOTO OOydeHHE, KaKTO M MPHU TECTa 3a ImaMeT
BBPXY 3/paBU >KUBOTHU. [Ipy Mozena Ha CKONMOJAMHUH-MHIYLMPAHO MaMETOBO YBpPEXIaHE,
TPETUPAHUTE C EKCTPAKT OT Rhodiola TurbxoBe MoOKa3Bat Mogo0peHue B 00yUYEHHETO CIPSIMO
MoJieJIHaTa rpyna. Te3u pe3ynTaTH pa3KpuBaT IMOJI30TBOPHUS e(EeKT Ha eKCTpakT oT Rhodiola
BbpPXY OOYYEHHETO M IaMeTTa KaKTO IMpH 3ApaBU, Taka U MPHU IUTbXOBE ChC CKOMOJIAMHH-
uHAyIMpaHa amHe3us. HaOmiogaBaHuTe MoBeleHYECKH MPOMEHU BEPOSITHO ca pe3yiTaT OT
MHO>KE€CTBO MEXaHU3MU, BKIIFOUUTEIIHO U MOAYJIMPAHE alleTHIIXOJMHOBATA MeIhallis B MO3bKa
u uaxubupane Ha MAO eH3MMHaTa akKTUBHOCT. B monbiIHEHNE, N3pa3eHUsl aHTH-CTpeC eeKT
Ha R. rosea L. Moe /1a € OT 3HaueHue 3a NoJ00PsIBAHETO HA KOTHUTUBHUTE (PYHKIIUU.

22. Marchev A., Yordanova Z., Alipieva K., Zahmanov G., Rusinova-Videva S., Kapchina-
Toteva V., Simova S., Popova M., Georgiev M.* (2016) Genetic transformation of rare
Verbascum eriophorum Godr. plants and metabolic alterations revealed by NMR-based
metabolomics. Biotechnology Letters, 38: 1621-1629 (M®2016 1.7305 Q3).

Abstract:

Objectives To develop a protocol to transform Verbascum eriophorum and to study the
metabolic differences between mother plants and hairy root culture by applying NMR and
processing the datasets with chemometric tools.

Results Verbascum eriophorum is a rare species with restricted distribution, which is poorly
studied. Agrobacterium rhizogenes-mediated genetic transformation of V. eriophorum and
hairy root culture induction are reported for the first time. To determine metabolic alterations,
V. eriophorum mother plants and relevant hairy root culture were subjected to comprehensive
metabolomic analyses, using NMR (1D and 2D). Metabolomics data, processed using
chemometric tools (and principal component analysis in particular) allowed exploration of V.
eriophorum metabolome and have enabled identification of verbascoside (by means of 2D-
TOCSY NMR) as the most abundant compound in hairy root culture.

Conclusion Metabolomics data contribute to the elucidation of metabolic alterations after
T-DNA transfer to the host V. eriophorum genome and the development of hairy root culture
for sustainable bioproduction of high value verbascoside.

Pe3rome:

IlenTa Ha W3ClIeNBaHETO € Ja ce pa3padOTH MPOTOKOJ 3a TeHeTWYHa TpaHchopmaius Ha
Verbascum eriophorum W u3cnenaBaHe Ha META0OIUTHUTE PA3NIUKH MEXKIY MaHdUHOTO
pacTeHue W monydeHuTe ¢ Agrobacterium rhizogenes TpaHchOpPMHUPAHH KOPEHOBHU KYJITYPH
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ype3 npunarane Ha IMP-merabonutHo npodunupane. Verbascum eriophorum € psiibK BUJ C
OTpaHUYEHO PA3MPOCTPAHEHHUE U € ClIad0 MPOYUEH MO OTHOIIEHHE Ha PUTOXUMUYEH ChCTaB. B
TOBA M3CJICABAHE 3a IPBHB BT € MPOBEICHA TeHeTUYHA TpaHcopmarus Ha V. eriophorum ¢ uen
onpejensiHe Ha MeTaOOJIUTHH MPOMEHH B TpaHC(HOPMHpPAHUTE KOPEHOBU KYITYPH CHPSIMO
MaitunHOTO pactenue nocpenctsoM 1/1- u 2J] AMP-6a3upana merabonomuka. B pesynrat Ha
TOBa € UACHTU(UIINPAHA CTPYKTypaTa Ha BepOacKO3uaa, KOMTO € U MaKOPHUS METa0OJIUT B
TpaHchopMUpaHuTe KOpeHH. Te3u JaHHU CBUJICJICTBAT 3a MPUJIOKEHUETO Ha METab0JIOMUKaTa
C IIeJT U3SICHSBaHE Ha MEeTa0OJUTHUTE U3MeHeHus cien Tpancdepa Ha T-JIHK ot 4. rhizogenes
B T€HOMa Ha V. eriophorum, KakTo U BB3MOXKHOCTTA 3a M3IIOJI3BaHE HA MOJYYCHUTE KOPEHH
Karo OWOTEXHOJIOTWYHA IUIaTGopmMa 3a YCTOWYMBO MPOIYLHMpAaHE HA LEHHU BTOPUYHU
METa0OJIUTH OT PACTUTEIICH MTPOU3XO/.

23. Marchev A.*, Dinkova-Kostova A., Gyorgy Z., Mirmazloum L., Aneva 1., Georgiev M.
(2016) Rhodiola rosea L.:. from golden root to green cell factories. Phytochemistry
Reviews, 15: 515-536 (M®2016 3.393; Q1).

Abstract:

Rhodiola rosea L. is a worldwide popular plant with adaptogenic activities that have been and
currently are exploited in the traditional medicine of many countries, as well as, examined in a
number of clinical trials. More than 140 chemical structures have been identified which belong
to several natural product classes, including phenylpropanoid glycosides, phenylethanoids,
flavonoids and essential oils, and are mainly stored in the rhizomes and the roots of the plant.
A number of mechanisms contribute to the adaptogenic activities of R. rosea preparations and
its phytochemical constituents. Among them, the intrinsic inducible mammalian stress
responses and their effector proteins, such as heat shock protein 70 (Hsp70), are the most
prominent. Due to its popular medicinal use, which has led to depletion of its natural habitats,
R. rosea is now considered as endangered in most parts of the world. Conservation, cultivation
and micropropagation are all implemented as potential preservation strategies. A number of in
vitro systems of R. rosea are being developed as sources of pharmaceutically valuable
secondary metabolites. These are greatly facilitated by advances in elucidation of the
biosynthetic pathways and the enzymes, which catalyse the production of these secondary
metabolites in the plant. In addition, biotechnological approaches show promise towards
achieving sustainable production of R. rosea secondary metabolites.

Pesrome:

Rhodiola rosea L. uma NonyNnspHOCT B LS CBAT KaTO PaCTEHUE C aIallTOT€HHO JIEHCTBUE U Ce
U3M0/I3Ba MHTEH3MBHO B TpPAJULMOHHATa M CbBPEMEHHTa MEAMIIMHA B MHOIO CTpaHH.
Nnentudumupann ca moBedue oT 140 XMMUYECKH CTPYKTYpPH, KOUTO MPHUHAIEKAT KbM
HSKOJIKO XMMHUYHM KJlaca CBHEIWHEHHs], BKIIOYUTETHO (EHWJINPONMAHOUIHN TIMKO3H]IH,
¢dbenuneranonay, (¢GIABOHOMIM M €TEPUYHU Macja, KOUTO C€ aKyMyJlupaT TIJIaBHO B
KOpPEHMILIaTa U KOPEHHUTE Ha pacreHueTo. ChIIecTBYBAT MHOXXECTBO MEXAaHU3MH, KOUTO
JOTIPUHACST 32 aIallTOT€HHUTE CBOMCTBA Ha R. rosea, KakTO U CheIMHEHUSATA, ChbpPKAIIU Ce
B Hest. Cpen TAX eMH OT Hall-aKTUBHUTE KOMIIOHEHTH € XUUT-110K nipotenHa (Hsp70). [Topanu
MOMyJIsipHAaTa CU MEIUIIMHCKA yrnoTpeda, ToBa € JOBEJO /0 M3uUeplBaHe Ha €CTECTBEHUTE
MECTOOOMTAHHUS Ha PACTEHUETO, M B HALIM JJHU R. rosea € 3aCTpallieH Bl B TIOBEYETO YaCTH Ha
cBeta. KoHcepBupaHeTo, KyJITHBUPAHETO W MHUKPOPAa3MHOXKABAaHETO C€ IpuUjlarat Karo
MIOTEHLIMAJIHYU CTPATETUy 3a Olla3BaHe Ha Buja. IHMIMUpaHu ca peauna ul 6umpo CUCTEMU OT
R. rosea xato U3TOYHUIM Ha (apMalleBTUYHO LIEHHU BTOPUYHU MeTaboNMUTU. ['0/IIMO TIXHO
MPEJUMCTBO € Bb3MOXKHOCTTA 32 N3yyaBaHe Ha OMOCHHTETUYHHUTE ITbTUINA H EH3UMUTE, KOUTO
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KaTaau3upar CHHTE3a Ha TE3W BTOPHUYHU METa0OIMTH M CHOTBETHO BOIU O TSAXaHATa
MTOBUIIIEHA TTPOTYKIIHS.

24. Georgiev M.*, Radziszewska A., Neumann M., Marchev A., Alipieva K., Ludwig-Miiller
J. (2015) Metabolic alterations of Verbascum nigrum L. plants and SAArT transformed

roots as revealed by NMR-based metabolomics. Plant Cell Tissue and Organ Culture,
123(2): 349-356 (U ®D2015 2.390; Q1).

Abstract:

Verbascum nigrum L. (dark mullein) is known to be a rich source of bioactive secondary
metabolites, including high value iridoid and phenylethanoid glycosides, hence the
development of alternative approaches for their sustainable supply is highly relevant. Here we
report the induction of a transformed root culture of V. nigrum by applying sonication assisted
Agrobacterium rhizogenes mediated genetic transformation. Further, nuclear magnetic
resonance (NMR)-based metabolomics approach has been successfully applied to study
metabolic differences of the V. nigrum mother plant and related transformed roots. 'H NMR
fingerprinting in combination with 2D NMR and multivariate data analysis revealed that the
most abundant molecule in the hairy root culture is glutamine, which is not found in the mother
plant tissue. These findings provide important insights on the metabolic alterations as a result
of the transformation of the host plant genome and development of so-called hairy roots.

Pesrome:

Verbascum nigrum L. (ThbMeH JIoTIeH) € 60TaT M3TOYHUK HAa OMOJOTMYHO aKTHBHU BTOPHUYHU
MeTabONIUTH, BKJIIOYUTEIIHO MPUIOUIHU U  (DEHUJICTAaHOUTHU TJIMKO3UAM C BHCOKA
(hapMakoJIOTHYHA CTOMHOCT, CIeI0OBATEIHO PAa3BUTHETO Ha AITEPHATUBHH MOJXO/IU 32 TSXHATA
ycTOWYMBa TPOAYKIHUS € OT rojiiMO 3HaueHue. B ToBa mpoyuBaHe ce cbhoOmiaBa 3a
MHAYIMPAHETO Ha TpaHC(OpMHUpaHAa KOPEHOBA KyJTypa 4pe3 TeHeTHYHa TpaHchopMauus C
Agrobacterium rhizogenes Ha pacTeHHETO V. nigrum, 4pe3 TpeTHpaHe Ha PaCTUTEIHUTE
eKCIUIaHTH ¢ ynTpa3ByK. Hapex ¢ ToBa ycmemiHo e npuioxena u SIMP-merabonomukara 3a
orpezessiHe Ha METaOOJIUTHUTE Pa3IUKU MEXKIY U3XOAHOTO pacTeHUe V. nigrum v MoIy4eHuTe
TpaHc(hOpMUpPaHU KOpEeHOBH KyaTypu. EmgHo- m aByaumencuonannata SIMP-mmatdopma B
KOMOMHAIMSI ¢ MYJITUBAPUATUBHUAT aHAJIM3 HA IMOKa3BaT, Y€ B HAl-rOJIIMO KOJIMYECTBO €
aMMHOKHMCENIMHATa TIIyTaMUH B TPaHC(HOPMHUPAHUTE KOPEHH, KOETO € M OCHOBHATA Pa3jMKa B
CpPaBHEHHE C MAW4YMHOTO pacTeHHe. Te3u KOHCTaTauuu MpPEAOCTaBIT BaXHW H3BOAU 32
METa0OJUTHUTE MPOMEHHM B PE3Yy/ITaT HAa I'eHETWYHATa TpaHchopMalus, MPH KOSITO CTaBa
npeHoc Ha T-JIHK ot Gaktepusita B pacTEHHETO TOCTONPHUEMHHUK, B PE3yJTaT Ha KOETO Ce
nojiy4yaBar T. Hap. TpaHC(hOPMUPAHU KOPEHH.

25. Georgieva L., Ivanov L., Marchev A., Aneva A., Denev P., Georgiev V., Pavlov A.* (2015)
Protopine production by Fumaria cell suspension cultures: effect of light. Applied
Biochemistry and Biotechnology, 176(1): 287-300 (U®2015 1.606; Q3).

Abstract:

Protopine biosynthesis in Fumaria rostellata and Fumaria officinalis cell suspensions was
investigated. For the first time, we reported for calli and cell suspensions obtained from F.
rostellata and F. officinalis. Callus induction was initiated on a Murashige and Skoog medium,
supplemented with sucrose and various concentrations of plant growth regulators: 2,4-
dichlorophenoxyacetic acid (2,4-D) and 6-benzylaminopurine (BAP). The best morphological
characteristics, growth behavior, and protopine biosynthesis were observed fortwo callus lines
(S5FRL14 and 12FOL1) cultivated under submerged conditions, at low concentration of 2,4-D
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(0.2 and 0.5 mg/L) and higher concentration of BAP (2.0 and 3.0 mg/L). The maximal yield of
protopine was accumulated from cell suspension of F. rostellata (line SFRL14) cultivated under
illumination-49.6 mg/L. Time courses of utilization of sucrose, ammonium, nitrate, and
phosphate ions in cultural liquid andacetylcholinesterase inhibitory activity of alkaloid extracts
of studied suspensions are also presented.

Pesrome:

W3cnenBan e OumocHHTE3a Ha MPOTONUH B KIEThUHU CyCHeH3uu Ha Fumaria rostellata v
Fumaria officinalis, uneto M”HULIMUpPAHE ce TOKJIAJBa ChUIO Taka U 3a MPbB MbT. MHAyKIMATA
Ha Kanyc ¢ mHunmupana Ha Murashige n Skoog xpanuTenHa cpena ¢ go0aBeHa 3axaposa U
pa3NUYHM KOHIIGHTPALIMM Ha PAaCTeXHU pEryiaropu, KaTto 2.4-auxiopodeHOKCHOoLeTHA
kucenmnHa (2.4-D) u 6-6enszunamubnonypun (BAP). Haii-no6bp pactexx m OWOCHMHTE3 Ha
NPOTONUH ce HaOmoaaBa B e cycneH3nonnu juHun (SFRL14 u 12FOL1), kynTuBupanu B
Te4YHa cpejia, mpu HUucka KoHreHTpanus Ha 2.4-D (0.2 u 0.5 mg/L) u nmo-Brucoka KOHIIEHTpaIUs
Ha BAP (2.0 u 3.0 mg/L). MakcumanHuaT 100MB Ha MPOTONMH € OTYETEH B KIEThYHA
cycnien3us Ha F. rostellata (muausa SFRL14), xkyntuBupana npu ¢poronepuon 16 h ceetno/8 h
TbMHO (49.6 mg/L). U3cnenBano e ChIIO Taka M YCBOSIBAHETO Ha 3axapo3a, aMOHHEBH,
HUTpaTHU U (ocPaTHU HOHU B KYNTypajgHa TEYHOCT U alleTUIXOJMHECTepa3a MHXHOupaiia
aKTUBHOCT Ha QJIKAJIOUHUTE €KCTPAKTH OT U3CIICIBAHUTE CYCIICH3UH.

26. Georgiev V., Marchev A., Nikolova M., Ivanov 1., Gochev V., Stoyanova A.*, Pavlov A.
(2013) Chemical composition of essential oils from leaves and flowers of Salvia ringens

Sibth. et. Sm. growing wild in Bulgaria. Journal of Essential Oil Bearing Plants, 16(5):
624-629 (M 2013 0.187; Q4).

Abstract:

The constituents of essential oils, obtained from different aerial parts (leaves and flowers) of
Salvia ringens Sibth. et Sm. growing wild in Bulgaria, have been analyzed by GC-MS. The
yields of leaves and flowers oils were similar (0.03 % v/w and 0.04 % v/w). 60 compounds
were identified in both oils, which correspond to 97.7 % and 97.3 % of the total oils constituents
for leaves and flower oils, respectively. Both leaves and flowers oils showed similar chemical
compositions, with predominance of camphor (17.2 % and 18.8 %) and borneol (7.2 % and 8.7
%). Further analyses of minor component distributions proves that the both leaves and flowers
could be equally used as a raw material for obtaining of camphor reach essential oil from Salvia
ringens Sibth. et Sm.

Pesrome:

AHanu3upaH € CbCTaBa Ha ETEPUUHOTO MACIIO, TOTYYEHO OT Pa3INyHU Bb3AYIIHHU YacTH (JIUCTa
u 11BeToBe) Ha Salvia ringens Sibth. et Sm., nuBopactsma B bearapus upe3 ' X/MC. JIoOuBbT
Ha eTepuyHO Maciio oT Jjucrata u useroBere € cxomeH (0.03% v/iw u 0.04% v/w).
Wnentudunmpanu ca 60 KOMIOHEHTa B ChCTaBa HA JBETE Macia, KOUTO mpeacTanisiBat 97.7%
u 97.3% ot o0mus cbCTaB Ha €TEpPUYHOTO Macio. Karo OCHOBHM KOMIIOHEHTH ca
unentudumupanu xkamdpop (17.2% u 18.8%) u Gopueon (7.2% u 8.7%). Ananuza u Ha
MUHOpPHUTE KOMIIOHEHTHU B ChCTaBa Ha MacliOTO OT JIUCTA U I[BETOBE, [T0Ka3Ba, e Te MoraT J1a
ObJaT PABHOCTOWHO M3IOJI3BAHU 34 MMOTYYaBAHETO HA €TEPUYHU Macia oT S. Ringens, Goratu
Ha Kamdop.

27. Steingroewer J.*, Bley Th., Georgiev V., Ivanov 1., Lenk F., Marchev A., Pavlov A. (2013)

Bioprocessing of differentiated plant in vitro systems. Engineering in Life Sciences, 13(1):
26-38 (Md2013 1.890; Q3).
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Abstract:

Plant cells contain a wide range of interesting secondary metabolites, which are used as natural
pigments and flavoring agents in foods and cosmetics as well as phytopharmaceutical products.
However, conventional industrial extraction from whole plants or parts of them is limited due
to environmental and geographical issues. The production of secondary metabolites from in
vitro cultures can be considered as alternative to classical technologies and allows a year-round
cultivation in the bioreactor under optimal conditions with constant high-level quality and
quantity. Compared to plant cell suspensions, differentiated plant in vitro systems offer the
advantage that they are genetically stable. Moreover, the separation of the biomass from culture
medium after fermentation is much easier. Nevertheless, several investigations in the literature
described that differentiated plant in vitro systems are instable concerning the yield of the target
metabolites, especially in submerged cultivations. Other major problems are associated with
the challenges of cultivation conditions and bioreactor design as well as upscaling of the
process. This article reviews bioreactor designs for cultivation of differentiated plant in vitro
systems, secondary metabolite production in different bioreactor systems as well as aspects of
process control, management, and modeling and gives perspectives for future cultivation
methods.

Pesome:

Pacturennara kieTka Cbhbpika roJsiM Opoil BTOpUYHU METa0OIUTH, KOUTO CE U3IONI3BAT KAaTo
HaTypaJHi TUTMEHTH, OBKYCUTEIH B XpaHUTEITHATA M KO3METHYHATAa HHIAYCTPHS, KAKTO ¥ KaTO
¢duTodapmareBTHUHU NMPoayKTH. KOHBEHIIMOHAIHATA €KCTPAKIIHS Ha PAaCTEeHHS OT MPUpOaTa
€ CBBbp3aHA C HAKOM NPHPOJHM W TeorpadCKu orpaHndeHus. buocnHTe3a Ha BTOPUYHU
METa0OJUTH OT PACTUTEIHH UH GUMPO CUCTEMH € TIOJXOAIIa aNTepHaTHBA Ha KIIACHUECKUTE
TEXHOJIOTUHU M IO3BOJISIBA KyJATHBHPAHE Mpe3 [sjIaTa TOJMHAa B OMOPEaKTOPHU CHCTEMH TIPH
ONITUMAJTHH YCJIOBUS C BB3MOXHOCT 32 IOJIydyaBaHe Ha METa0OJIUTH C BUCOK T00MB M Ka4eCTBO.
B cpaBHeHne ¢ pacTUTEIHNTE KICTHYHU CYCIIEH3UH, TU(EepEeHIIMPAHNTE PACTUTEIHN CHCTEMH
UMaT HIKOM NPEAMMCTBA, KAaTO T€HETHYHAa CTAOMIHOCT Hampumep. Bbhpeku ToBa, HAKOH
HeJIOCTaThIM Ha AU(EpEeHIMPAHUTE KYJITYpPH B TIOBEUETO CIIydad €, 4e MMaT HUCHK TOOMB Ha
1eJIEBU METa0OIUTH, IBJKAIIM Ce Ha TEXHUTE MOP(HOIOTUYHU XapaKTEPUCTHKH TI0 BpeMe Ha
OMOpEaKTOPHOTO KyATHBHPAHE, KOETO BB3MPEISIACTBA U MamladupaHeTo Ha mpoueca. Tyk e
HarpaBeHo 0000IIeHNE Ha pa3IMYHUTE BUJOBE JM3aliH Ha OMOPEaKTOpH 3a KyJITHBHpaHE Ha
nudepeHIpany ux 6umpo CUCTEMH, OMOCHHTE3 Ha BTOPUYHHI METa0OJIMTH OT TSX, a ChIIO TaKa
Y HAKOM aCIEeKTH CBbP3aHU C KOHTPOJIA, YIIPABICHUETO U MOJCITUPAHETO HA KYITUBAIMOHHUTE
MPOLIECH.

28. Marchev A., Ivanov I., Vrancheva R., Pavlov A.* (2013) Solid phase extraction and HPLC
determination of phloridzin in natural products. Bulgarian Journal of Agricultural Science,
19(2): 201-203.

Abstract:

A reliable technique for routine analysis of phloridzin from natural products (apples and plums)
combining solid phase extraction with Amberlite XAD4 and subsequent HPLC analysis was
developed. The proposed methodology is less complex than other methods for flavonoid
analysis from natural samples. The samples were extracted with acidified water (pH2) and then
adsorption on resin XAD4 was carried out. The highest recovery value of 90% was achieved
when methanol was applied as eluent. With the developed HPLC method the analysis were
performed for 20 min using Waters HPLC system with UV detection at 285 nm and Supelco
Discovery HS C18 column (5 pum, 25 cm X 4.6 mm) operated at 26°C. The mobile phase
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consisted of solvent A: 2% acetic acid and solvent B: acetonitrile under gradient flow rate.
Under these operating conditions the method was precise, linear relationship was established in
the range of 10-100 ug/mL, and the coefficient of correlation (r%) was > 0.99. This technique
was applied for the analysis of phloridzin in different samples of Malus “Golden delicious” and
Prunus “Troyan blue”. The content of phloridzin in the different samples ranged between 14.0
and 24.0 pg/g of fruits.

Pesrome:

Pazpaborena e HajmexIHA TEXHUKA 32 PYTHHHO OIpeneNisHe Ha (IOPUA3UH OT MPHPOTHH
MPOAYKTH (SIOBJIKU U CITUBU ), KOMOMHUPAKK TBBPIoGdazoBa ekcTpakius ¢ Amberlite XAD4 u
BETX ananus. [Ipobute ce exctpaxupar ¢ Boga ¢ pH2 u ciex ToBa ce abcopTupar Ha cMoja
XAD4. Haii-Bucokust 1o6uB Ha Quopumsun or 90% e mocTurHaT NpU HU3MOJI3BAHETO Ha
MeTaHoI Karo enyeHT. Pazpaborenust BETX meron e m3mbianuM 3a 20 MHH, U3MOJI3BAMKH
Waters HPLC cucrema ¢ UV nmerekmus npu 285 nm, komona Supelco Discovery HS C18 (5
um, 25 cm x 4.6 mm), padorema npu 26°C. [lonBuxnara ¢aza ce CbCTOU OT Pa3TBOPUTEN A
2% oueTHa KUCEIMHA U Pa3TBOPUTEN B: alleTOHUTpuII, U3MOI3BAlKU IPpalueHTEH NOToK. [Ipn
Te3W YCJIOBHUS JIMHEHHOCTTa Ha cTaHjaapTHaTta mpaBa € B croiiHoctute 10-100 pg/mL, a
xoeduImenTa Ha kopenanus (r°) e > 0.99. Ta3u TexHUKa e IPUIOKEHA 32 aHATIN3 HA QIOPHI3UH
B pa3nu4Hu npodu Malus “3natHa npeBb3xoaHa” u Prunus “TposiHcka cuHs”. ChAbpKaHUETO
Ha (Iopu3UH B pa3audHuTe podu Bapupa ot 14.0 no 24.0 ug/g Ha mioaose.

29. Marchev A., Georgiev V., Ivanov I., Pavlov A.* (2012) Cultivation of diploid and
tetraploid hairy Roots of Datura stramonium L. in stirred tank bioreactor for tropane
alkaloid production. Journal of Bioscience and Biotechnology, 1(3): 211-216.

Abstract:

Biomass accumulation and tropane alkaloids production by diploid and tetraploid hairy root
cultures of Datura stramonium L. cultivated in stirred tank bioreactor at different aeration rates
were investigated. The maximal growth for both hairy root cultures (ADB = 8.3 g/L and 6.8
g/L for diploid and tetraploid line, respectively) was achieved at aeration rate of 15.0 L/(L.h).
The corresponding growth indexes were remarkably high (GIDW = 9.0 and 7.8 for diploid and
tetraploid line, respectively) compared to the values, usually reported for other hairy root
cultures. The optimal aeration rate for biomass accumulation was also optimal for alkaloids
biosynthesis. According to our survey, the achieved maximal amounts of accumulated
hyoscyamine (35.0 mg/L and 27.0 mg/L for diploid and tetraploid line) were the highest
reported in the scientific literature for D. stramonium L. hairy roots. During the cultivation in
stirred tank bioreactor, the hairy roots biosynthesized pharmaceutically important alkaloid
scopolamine in minor concentrations. This is an important observation since scopolamine was
not detected during submerged cultivation of these hairy root lines in other bioreactor types.
However, the ploidy level was found to be the most important factor concerning scopolamine
production by D. stramonium L. hairy roots cultures. The present work demonstrated the effect
of ploidity levels on biomass accumulation and tropane alkaloids production by D. stramonium
L. hairy roots cultivated in stirred tank bioreactor. This investigation show that the stirred tank
bioreactor could be successfully applied for both maximal biomass accumulations, as well as
for manipulation of tropane alkaloids production by diploid and tetraploid D. stramonium L.
hairy root cultures.

Pe3rome:

N3cnenBano e akymynupaHeTo Ha Ouomaca M OMOCHHTE3 Ha TPOIMAHOBH ANKAIOUIH OT
JTUTUIONIHU U TETPAIJIONTHN KOPEHOBU KyNTypu Ha Datura stramonium L., KynTUBUpaHU B
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OMOpeakTop ¢ MEXaHUYHO Pa30bpPKBAaHE MPU Pa3IMYHA CKOPOCT Ha aepupaHe. MakcuMamHUs
pactex Ha nBete kopeHoBU KyaTypu (ADB = 8.3 g/L u 6.8 g/L) e mocTuruaTo npu CKOpocT Ha
aepupane ot 15.0 L/(L.h). CrorBetHuTe pactexxuu unaekcu (GIDW = 9.0 u 7.8) ca Bucoku B
CpaBHEHHE C JpPYr'MW TaKMBa KOPEHOBM KynTypu. OnTUManHaTa CKOPOCT Ha aepupaHe 3a
aKyMyJupaHe Ha OrMoMaca € ONTHMaliHA M 32 OMOCHHTE3 Ha ajmKajioumu. JJOKiIaJBaHUTE TyK
croitHocTH Ha xuocimaMuH (35.0 mg/L u 27.0 mg/L) ca Haii-BUCOKUTE TOKIAABAHU JIO0 CETa B
HayyHaTa JHUTEpaTypa MO OTHOIICHHWE Ha TpaHChOpMUpaHH KOpeHU OT D. stramonium L.
W3cneaBanuTe KOPEHOBU JIMHUMA CUHTE3UPAT CHILO TaKa U CKOMOJIAMUH B MAJIKU KOJIMYECTBA.
ToBa e BaxxHO HaOIIOZICHNE, T KATO CKOTIOJIAMHH HE C€ CHHTE3Upa MPH KyJITUBUPAHE B IPYTU
BUJIOBE OMOPEAKTOPHHU cUCTEMHU. BbIpeku ToBa, IUIOMAHOTO HUBO € Hal-BakHUA (PakTop 3a
OMoCHHTEe3a Ha CKONOJaMHUH B TpaHCGOpMHpaHH KOpeHu Ha D. stramonium L. Texymoro
u3cne/BaHe pa3kpuBa e(eKkTa Ha IUIOMIHOTO HUBO BbpPXY OHMOCHHTE3a Ha TPOMAHOBU
QJIKAIONIM OT KOPEHOBU KynTypu Ha D. stramonium L. B OUOpEaKkTOp ¢ MEXaHUYHO
pa3z0obpkBaHe. To3u TUIl OMOpEaKTOpHA KOHCTPYKLHS MOKE Ja C€ M3IO0J3Ba YCIEUIHO 3a
MaKCcHMaJeH JOOUB Ha aJIKATIONAN OT MUIUIOMIHHU U TETPAILIONIHU KOPEHOBH KyITypHu OT D.
stramonium L.

30. Vrancheva R., Ivanov 1.*, Marchev A., Pavlov A. (2012) Qualitative and quantitative
determination of protopine in Fumaria spp. by TLC-densitometry method. Journal of
Bioscience and Biotechnology, 1(3): 255-259.

Abstract:

A rapid and accurate TLC-densitometry method for qualitative and quantitative determination
of protopine has been developed. The best separation was achieved using a mobile phase
chloroform — ethyl acetate — methanol — ammonium hydroxide (80:80:40:0.05, v/v/v/v). The
results obtained by this method (CV% 3.4) corresponded well with those obtained by using a
HPLC method. The reliability of the proposed method was proved through reproducibility test
with alkaloid extracts from Fumaria spp.

Pesrome:

Pa3zpaboren e mpeuumszen TLC-meHCHTOMETpHYEH METOJA 332 KAYeCTBEHO U KOJIWYECTBEHO
onpezensHe Ha npoTonuH. Hail-nobpoTo pas3znensHe € MOCTUTraHaTo MPU U3MOJI3aBEHTO Ha
noJIBMKHA (haza XJI0popopM — eTUIT aleTaT — MeTaHo — aMmoHueB xuapokcus (80:80:40:0.05,
v/v/v/v). Tlonyuenute pesynratu (CV% 3.4) kopecnionaupar noope ¢ Te3u nonydenu ot BETX
aHann3u. HanexHocTTa Ha MeToJa € IOTBBpPJAEHA 4Ype3 TECT 3a BB3MPOU3BOAMMOCT C
aJIKaJION/IHA EKCTPaKIUs OT pacTeHus oT pol Fumaria spp.

31. Marchev A.*, Georgiev V., Badjakov I., Kondakova V., Nikolova M., Pavlov A. (2011)
Triterpenes production by rhizogenic callus of Salvia scabiosifolia obtained via
Agrobacterium rhizogenes mediated genetic transformation. Biotechnology &
Biotechnological Equipment, 25(5): 1-4.

Abstract:

Rhizogenic callus of Salvia scabiosifolia Lam. formed after transformation with Agrobacterium
rhizogenes ATCC 15834 was isolated and investigated for triterpenes production. The
rhizogenic callus was cultivated on MS medium free of phytohormones and showed stable
morphological and growth characteristic. The genetic transformation was confirmed by PCR
amplification of rolA gene, found in the genome of transformed rhizogenic callus cells. Cell
suspension was successfully initiated by transferring rhizogenic callus on LS medium supplied
with 0.2 mg/L 2,4-D. The suspension culture was stable, fast growing (accumulated 1.709 g dry
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biomass/L) and produced 829.14 pg/g dry biomass oleanolic acid. This is the first report for
initiation of rhizogenic cell suspension culture from the rare plant Salvia scabiosifolia Lam.

Pesrome:

[TonydeHn e pusoreHneH kaiyc ot Salvia scabiosifolia Lam. cnen reneTudHa Tpancopmarius ¢
Agrobacterium rhizogenes ATCC 15834, xoiiTo € u3cieaBaH 3a OMOCUHTE3 Ha TPUTEPIICHHU.
PusorenHusT kamyc e KynTuBupaH Ha MS xpaHuTenHa cpena 0€3 pacTeXHH PEeryaaTopu U
MoKa3Ba CTaOWJIHM pacTeXHU W OHMOCHUHTETUYHHM  XapaKTEpPUCTUKH. ['eHeTHuHarta
Tpanchopmanus e norTBbpAeHa upe3 PCR ammmudukanms Ha rolA reHa, KOWTO ce HaMHUpa B
reHoMa Ha TpaHchopMUpaHHsl PU3OTeHEH Kaiyc. MHMIMMUpaHa € KJIeThbYHa CYCIEeH3Us upe3
TpaHcgep Ha pu3oreHHus kanyc Bbpxy LS cpena ¢ no6asenu 0.2 mg/L 2.4-D. Cynen3znonnara
KYJTypa uMa ChIIO TI0OpU PacTeKHH XapakTepucTuku (akymynupa 1.709 g cyxa 6momaca/L) u
npoayuupa 829.14 pg/g cyxa Ouomaca orneaHosnoBa KucenuHa. ToBa € MbpBUS JOKIAJ 3a
MHUIMUPAaHEe Ha PU30T€HHA KJEThYHA CYCIIEH3USl OT PEIKUS U 3acTpalleH pacTUTEIeH BH]
Salvia scabiosifolia Lam.

32. Pavlov A., Georgiev V.*, Marchev A., Berkov S. (2009) Nutrient medium optimization
for hyoscyamine production in diploid and tetraploid Datura stramonium L. hairy root
cultures. World Journal of Microbiology and Biotechnology, 25:2239-2245 (M®2009 1.278;

Q2).

Abstract:

The common effect of NO3, KH2PO4 and sucrose on the biosynthesis of hyoscyamine by
diploid and tetraploid Datura stramonium L. hairy root cultures were studied. Polynominal
regression models were elaborated for the description of hyoscyamine biosynthesis as a
consequence of variation of the investigated variables (NO3™ between 31 and 47 mM, and
sucrose between 20.00 and 40.00 g/1 for diploid and NO3 - between 31 and 47 mM; KH2PO4
between 0.50 and 1.25 mM, and sucrose between 50 and 70 g/l, for tetraploid hairy roots,
respectively). Optimization procedures allowed us to establish the optimal concentrations of the
investigated variables and to propose the modifiedM Snutrient media, with 1.10 g/l KNOs, 0.17
g/l KH2POy4, and 40 g/ sucrose, for diploid and with 1.10 g/l KNOs3, 0.17 g/l KH2PO4, and 50
g/l sucrose, for tetraploid Datura stramonium L. hairy root cultures. The proposed modified
MS media provided optimal hyoscyamine production yield for both investigated hairy root
cultures.

Pesrome:

N3zcnensan e edexra Ha NO3', KH2PO4 u 3axapo3a Bbpxy OMocHHTE3a Ha XHMOCHHAMUH OT
TUIUIONIHUA U TETPAIUIONIHN TpaHCPOPMUPAHU KOPEHOBU JIMHUU Ha Datura stramonium L.
[Tonmy4yeHuTe perpecCHOHHM 3aBUCMOCTH, OITUCBAT OMOCUHTE3a Ha XMOCLIUAMHH KaTO pe3yJTar
oT BapuaruuTe Ha u3cienpanute npomersmBa (NO3™ mexny 31 u 47 mM, u 3axapo3a MEexIy
20.00 u 40.00 g/1 3a qummonauute 1 NO3™ mexny 31 u 47 mM; KH,PO4 mexay 0.50 u 1.25
mM, u 3axapo3a mexxay 50 u 70 g/, 3a TeTparionIHuTe KOPEHU CHOTBETHO). Ta3u mporeaypa
Ha ONTHMU3AINS Ha ChCTaBa HA XPaHUTEIHATA Cpea BOJU 10 YCTAHOBSBAHE HA ONTUMAITHUTE
KOHIEHTPALlUU OT HM3CJIEIBAHUTE XPAaHUTEIHM KOMIIOHEHTH M TO3BOJIABA Jla C€ MPEAJIOoKU
Monudumpan cberaB Ha MS xpanutennara cpeaa ¢ 1.10 g/l KNOs, 0.17 g/l KH2POs4, u 40 g/l
3axapo3a, 3a aumiougaute u 1.10 g/l KNOs, 0.17 g/l KHoPOs, u 50 g/l 3axaposza, 3a
TETPAILTIONTHUTE KOPEHOBH KyATYpH. [IpennokeHusT CbcTaB HAa XpaHUTEITHATA Cpe/ia BOAH 10
ONTUMAaJHaTa MPOIYKIUS Ha XMOCLUAMUH B JABETE U3CIIEABAHH JIMHUU.
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Hayunu nyoauxayuu 6 Hepegepupanu cnucamus ¢ HaAy4yHo peyeHsupare uiu 8 pedaKmupaHu

KOJIEKMUBHU MOMOBe

33. Marchev A.*, Georgiev V., Pavlov A. (2017) Development of plant in vitro systems from
the genus Salvia towards biosynthesis of biologically active triterpenes. Microbiology for
Better Health and Future, 70" Anniversary of The Stephan Angeloff Institute of
Microbiology: 177-184.

Abstract:

Plants from the genus Salvia are abundant natural source of triterpenes. Triterpenes exhibit
numerous valuable biological activities, e.g. anti-inflammatory, cytotoxic, antivirus and
antimicrobial, which makes them attractive for pharmaceutical and cosmetics industry. The
latest scientific discoveries reveal the potent hepatoprotective, antitumor, anti-inflammatory
and antireumatic activities of ursolic and oleanolic acid, which provokes the interest of many
pharmaceutical companies to incorporate them in many drugs. As a result of the growing market
demand raises the necessity from the development of alternative technologies for triterpenes
production. The induction and utilization of plant cell suspension cultures and hairy roots from
species of the genus Salvia might be an appropriate platform for their sustainable biosynthesis.
Currently we summarize thelatest investigations from a working group in the Laboratory of
Applied Biotechnologies in Plovdiv, which is focused on induction and assessment of the
biosynthetic potential of diverse plant in vitro systems from rare Bulgarian Salvia species and
establishment of biotechnological process for biosynthesis of biologically active triterpenes.

Pesrome:

Pactenusita ot pox Salvia ca enHU OT Hail-OOraTUTE M3TOYHUIIU HA TPUTEPIICHU B TIPUPO/IATA.
Tputepnenure npuTekaBaT BaXXKHH OMOJOTMYHU AKTMBHOCTH KAaTO: MPOTHBOBB3NAIUTEIHO,
AHTUBHUPYCHO, AHTHUMHUKPOOHO W IUTOTOKCHYHO MICWCTBUE, KOETO TH TIPaBU HWHTEPECHU
MOJIEKYIH 3a (papmaneBTHYHATA M KO3METHMYHA WHAYCTpus. WM3cnenBaHusi pasKpuBaT
XEMaToNpPOTEeKTUBHATA,  AHTHpPAKOBaTa, aHTHUBB3MAJIUTEIHATa W  AHTHPEBMAaTHYHATA
aKTUBHOCTH Ha ypCoJIOBaTa M OJICAHOJIOBATa KUCETUHH, KOETO IIPOBOKKPA HHTEPECA HA TOJIEMHU
(dbapMarieBTHYHN KOMITAHUW KBbM H3I0JI3BaHE Ha TE3W CYOCTAHIIMU B JICKAPCTBEHU IPOIYKTH.
Karo crnenctBue OT MOBHILIEHHS Ma3apeH MHTEPEC Bb3HHMKBA HYXAa OT pa3pabOTBaHETO Ha
AITCPHATHBHE TEXHOJOTMU 3a TIONYYaBaHETO Ha Te3W OWOJOTHMYHO-aKTHBHH BEIIECTBA.
WHnnuupaneTo W W3IMOJA3BaHETO Ha KIETHUHU CYCIICH3MHM W TPaHCPOPMHUPAHU KOPEHOBH
KyITypH OT pacTeHHs OT pox Salvia Moxe Ha ce OKaXe MOIXOAsAlla aJTepHATHBA 3a
MOJTy4yaBaHETO Ha OWOJOTMYHO AaKTHBHM CBHEIMHEHHs NpUHAJUIekKAIId KbM TIpyrara Ha
TpuTepneHute. B HacTosmiara paborta ca 0000IMEHN TMOCIEIHUTE PE3yATAaTUTE HA CKUIA OT
JlaGopaTopus 1o nmpuIoKHU OMoTexHOoJI0ruK — [I10BAKMB 1O oTy4aBaHe M 0XapaKTepU3upaHe
Ha OMOCHHTETHYHHSI TIOTCHIIMA Ha PA3JIMYHH PACTUTEIIHU in Vitro CACTEMH OT pelKH 3a bbi-
rapusi mpeacTaBUTeNy Ha pon Salvia n pa3paboTBaHETO HAa OMOTEXHOJIOTMYEH IPOLEC 3a
MoJTy4aBaHe Ha OMOJIOTHYHO-aKTUBHH TPUTEPIICHH OT THX.

34. Georgieva L., Ivanov 1., Marchev A., Aneva I., Georgiev V., Denev P., Pavlov A.* (2015)
Initiation and selection of callus cultures from Fumaria rostellata Kanf. as potential

producers of isoquinoline alkaloids. Scientific Bulletin. Series F. Biotechnologies, Vol.
XIX: 52-57.

Abstract:

The aim of the study was development of protocols for obtaining callus cultures from Fumaria
rostellata Knaf. For the purpose leaves, stems and flowers of the investigated plant were used
as explants. Callus was initiated on a Murashige and Skoog nutrient medium, supplemented
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with 30 g/l sucrose, 5.5 g/l “Plant” agar and various concentrations (0.2; 0.5; 1.0; 2.0; 3.0 mg/l)
of auxin (2,4-dichlorophenoxyacetic acid) and cytokine (6-benzylaminopurine). The best
results for initiation of calli were observed at a low concentration of 2,4-D (0.2 mg/l or 0.5
mg/1) and a high concentration of BAP (2.0 mg/l or 3.0 mg/l). It is well known that Fumaria
plants are rich sources of isoquinoline alkaloids and obtained in vitro cultures from F. rostellata
could be used as potential technological matrixes for development of a commercial process for
protopine production.

Pesrome:

[lenta Ha u3cneABaHETO € pa3paboTBaHE Ha MPOTOKOI 3a MOJTydYaBaHe HAa KATyCHU KYJATYPH OT
Fumaria rostellata Knaf. 3a excranTé ca M3MOJN3BaHU JMCTa, CTHOJAa M LIBETOBE Ha
n3cienBaHoTo pacrenue. Kamycst e nanmuupad Ha Murashige u Skoog xpanutenna cpena,
nonbiHeHa ¢ 30 g/L 3axapo3sa, 5.5 g/L pactutenen arap u paznuunu kKoHuentpauuu (0.2; 0.5;
1.0; 2.0 u 3.0 mg/L) aykcun (2.4-n1uxi0po(EHOKCHOIIETHA KHUCETWHA) U IUTOKUH (6-
6en3unamuHonypuH). Haifi-noOpu pesynraTu 3a MHHLMMpPAaHE Ha Kalyc ce HaOmionaBaT Ipu
Hucka koHreHTpanus Ha 2.4-D (0.2 mg/L nnu 0.5 mg/L) u Bucoka konuentpaus Ha BAP (2.0
mg/L umu 3.0 mg/L). JloOpe u3BecTHO e, ue pacTeHusTa OT poj Fumaria ca 6oraTv U3TOYHULIN
Ha U30XUHOJIMHOBY AJIKAJIONIU, CIIEIOBATEIIHO UH 8umpo KyATypuTe oT F. rostellata morat na
Ce M3IOJI3BaT KaTO MOTEHIIMATHa OMOTEXHOJIOTMYHU MaTpHIla 3a pa3paboTBaHe Ha MPoIeC 3a
OMOCHHTE3 Ha TIPOTOTHH.

35. Raynova Y., Marchev A., Doumanova L., Pavlov A., Idakieva K.* (2015) Antioxidant
activity of Helix aspersa maxima (Gastropod) hemocyanin. Acta Microbiologica
Bulgarica, 31(2): 127-131.

Abstract:

Hemocyanins (Hcs) are oligomeric copper-containing proteins that function as oxygen carriers
in the hemolymph of several mollusks and arthropods. In this study we present an investigation
on the antioxidant activity of the Hc isolated from snails Helix aspersa maxima (HaH), using
various experimental models. The free radical scavenging activity was determined against 1,1-
diphenyl-2-picrylhydrazyl (DPPH) radical and [2,2’-azinobis(3-ethylbenzothiazoline-6-
sulfonic acid)] free radical cation (ABTS). Cupric ion reducing antioxidant capacity
(CUPRAC) and Ferric-reducing antioxidant power (FRAP) assay also were carried out. The
results obtained show that HaH exhibits good radical scavenging activity by 59.54% reduction
of the DPPH and 62.31% inhibition of ABTS radicals. Furthermore, HaH demonstrated a strong
chelating effect on copper ions measured through CUPRAC method.

In conclusion, the present study revealed for the first time the antioxidant properties of
molluscan Hc. The antioxidative activity of HaH could probably involve quenching of reactive
oxygen species and metal ion chelation, thereby reducing the potential of prooxidants to attack
cellular components.

Pesrome:

XeMOIIMaHUHHUTE Ca OJUTOMEPHH MEA-ChABPIKAIU MPOTEUHHU, KOUTO (YHKIIMOHUPAT KAaTo
KHCIIOPOJIHA HOCHUTENH B XeMojuMdaTa Ha MOBEYETO MEKOTENIN U PaKoOOpa3HU OPraHU3MH.
[IpencraBeHo € w3cienBaHe HA aHTUOKCUAAHTHATA aKTUBHOCT Ha XEMOIIMAHWH, U30JUPAH OT
oxioBu Helix aspersa maxima (HaH), u3mon3Baiiku pa3nudHd €KCIIEPUMEHTATHA MOJICTIH.
Panukan ynaBsiimara akTHBHOCT Ha XEMOIIMAHWHA € OMIPEJIEICHA CIIPSIMO CBOOOTHUTE PaIUKAIIN
1.1-diphenyl-2-picrylhydrazyl (DPPH) wu [2,2’-azinobis(3-ethylbenzothiazoline-6-sulfonic
acid)] (ABTS). AHTHOKCHIaHTHATa aKTUBHOCT HAa XeMOIIMaHWHA € aHATU3UPAHA U C METOJTUTE
CUPRAC u FRAP, xouTo oT4nTaT CTENEHTA HA EICKTPOHEH TpaHCchep Ha aHTHOKCHUIAHTA KbM
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panukana. [lonyuenure pesynratu nokassar, ye HaH nputexaBa nmoOpa paaukan yiasiia
aKTUBHOCT, u3pazeHa B 59.54% penynupane na DPPH u 62.31% wunxubupane na ABTS
panukanure. OcBeH ToBa, aHanuzute ¢ CUPRAC mertona nemonctpupar, ue HaH nmpurexasa
CHJIHA CIIOCOOHOCT Ja XelaTupa MEJHHU HOHH.

B 3akmntoueHue, HacTOSIIIOTO U3CIEABaHE IEMOHCTPUPA 3@ IbPBU ITBT AHTUOKCHUIAHTHUTE
CBOMCTBA Ha XeMoLMaHuH. BeposaTHO, aHTHOKCHIaHTHAaTa akTUBHOCT Ha HaH BrirtouBa, kakto
yJaBsiHE Ha peaKTUBHHU (GOPMH Ha KHCIOPOJa, Taka U XeJaTHpaHe Ha METaJHU HOHU, KaTo IO
TO3M HAYUMH HaMmalsgBa INOTEHLHAla Ha IPOOKCUAAHTHTE [a aTaKyBaT KOMIIOHCHTHTE Ha
KJIETKaTa.

36. Teneva Ts., Beshkova D.*, Marchev A., Nikolova M., Frengova G., Pavlov A. (2014)
Geranium sanguineum L. - an alternative source for isolation of lactic acid bacteria.
Ecological Engineering and Environment Protection, 1: 4-11.

Abstract:

In recent years it was observed a trend for increased interest in lactic acid bacteria (LAB),
isolated from nondairy environment due to their diverse metabolic profile and unique flavor-
forming activities. Looking for new solutions to improve starter systems for healthy fermented
foods and to expand opportunities for maximum utilization of biological potential of LAB,
results in the idea of exploiting biodiversity of the unique natural bio-systems (medicinal
plants). After large-scale screening of 300 microbial isolates (obtained from different parts of
Geranium sanguineum L.) based on coagulation of milk, gas formation and non-specific odour
and succeeding multiple transfer and growth in MRS and M17 selective media were isolated
169 single bacterial colonies. By differentiating tests were selected 62 Gram (+) and catalase (-
) LAB. Of the representative lactic acid flora of G. sanguineum L. was studied acid-producing
activity.

Pesrome:

B nocnennute roaMHM ce HaOMIOJaBa HapacTBalla TEHACHIMS KbM H30JUPAHETO Ha
mieyHokucenn Oaktepun (LAB) oT HemileuHa cpena, MOpajad TEXHUS Ppa3HOOOpa3eH
MeTa0OMUTEeH Mpo(WI M YHHUKATHH BKYCOBO-(hOpMHUpaiid cBoiicTBa. B ThpceHero Ha
WHOBAaTUBHHU pELICHUS 3a MOA0OpsABaHE HAa CTApTEpHUTE KYJITYypu C LIeJ IoJlyuyaBaHE Ha
3IpaBOCTIOBHH (DEPMEHTHpATH XpaHU € M3CIEeIBaHO OMOpPa3HOOOPA3UETO MO OTHOIICHUE Ha
MJICYHOKHUCENN OaKTepUu OT HAKOW MPHUPOJIHU OMocucTteMu (MeaumuHCKH pacteHus). Cren
ckpunupane Ha 300 MuKpoOHHM wH30mara (MOJYYEHH OT pPA3NU4YHU 4YacTH Ha Geranium
sanguineum L.), 6a3upaHO Ha KoaryJupaHETO Ha MJIIKO, (hopMUpaHe Ha ra3, HecnenuduieH
apoMaT M HEKOJIKOKpaTHO KyilTHBHpaHe Ha ceneKkTuBHM MRS um M17 xpanutennu cpenu ca
n3onupanu 169 equHnvyHM OaktepuanHu KoysoHUU. OT TAX ca cenektupanu 62 I'pam (+) u
karanasa (-) LAB.

37. Ivanov L.*, Vrancheva R., Marchev A., Petkova N., Aneva I., Denev P., Georgiev V.,
Pavlov A. (2014) Antioxidant activities and phenolic compounds in Bulgarian Fumaria
species. International Journal of Current Microbiology and Applied Sciences, 3(2): 296-
306.

Abstract:

Fumaria plants have been traditionally used against skin diseases, as diuretics, laxatives,
hepatoprotectants and etc. Their biological activity is associated with the presence of
isoquinoline alkaloids, while polyphenols are not investigated well in this context. Polyphenols
could increase the added value of medicinal plants extracts by enhancing their antioxidant
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activity or improving overall biological activities. The presented study evaluated the
polyphenolic contents and antioxidant activities of extracts of five Bulgarian Fumaria species
(Fumariaceae): Fumaria officinalis L., Fumaria thuretii Boiss., Fumaria kralikii Jord.,
Fumaria rostellata Knaf. and Fumaria schrammii (Asch) Velen. Qualitative and quantitative
determinations of phenolic acids and flavonoids were performed by HPLC system with UV-
detection. Antioxidant activity of extracts was evaluated by four popular spectrophotometric
methods (DPPH, ABTS, FRAP and CUPRAC). The total phenolic content was the highest in
extract of F. officinalis with quercetin (0.49 = 0.03 mg/g DW), p-coumaric (1.10 = 0.03 mg/g
DW) and ferulic (2.35 + 0.04 mg/g DW) acids as major compounds. This extract also showed
the highest antioxidant activity among the investigated plants. Our data reveal new possibilities
to expand applications of Fumaria extracts from a local ethnomedicine drug to new industrial
fields such as foods and cosmetics preservation.

Pesrome:

Pacrenusita ot pox Fumaria ce W3MON3BaT TPAIULMOHHO NMPHU KOXKHHU 3a00JISIBaHUS, KATO
OUYPETHUIIM, XENaTONpPOTEKTaHTH U JAp. TsAXxHara OMOJOTMYHA AKTHUBHOCT € CBBbp3aHa C
MPUCHCTBUETO HAa W30XMHOJMHOBU AalIKAJIOWAW, JIOKAaTO CBhABPKAHUETO Ha (HEHOIHU
cheluHeHus: He e noOpe u3cnensano. [lomudenonure Moke na MOBUIIAT MEIUIIMHCKATa
CTOMHOCT Ha TE3W PACTCHHsI, JBIDKANIO0 Ce Ha MOBHIICHATA AHTHOKCHIAHTHA AKTHBHOCT
KOHKPETHO WJIM TMOBHIIaBaHE Ha OWOJIOTMYHATa aKTUBHOCT KaTo Isio. M3cnenBano e
MoJIM(EHOHOTO ChIbPKAHNE M AHTUOKCHIAHTHATa AaKTUBHOCT Ha TMET OBITapCKH BUIOBE
Fumaria (cemetictBo Fumariaceae): Fumaria officinalis L., Fumaria thuretii Boiss., Fumaria
kralikii Jord., Fumaria rostellata Knaf. u Fumaria schrammii (Asch) Velen. Kauectenoro u
KOJMYECTBEHOTO OIpeaensHe Ha (PEHONHUTE KHUCETMHH U (DIaBOHOMIUTE € HU3BBPIICHO
nocpenctsoM BETX cucrema ¢ UV-nerekiusa. AHTHOKCHIAHTHATa aKTUBHOC € U3CJIeABaHa 10
Hsakoyko cnekrpodoromerpudau meroga (DPPH, ABTS, FRAP u CUPRAC). Haii-Bucokoto
ChIbpKaHUE HA 00U (PEHONM € B eKCTpakTa oT F. officinalis, a MaXXOpHUTE KOMIIOHEHTH ca
kBepreTuH (0.49 + 0.03 mg/g DW), p-xymapona (1.10 = 0.03 mg/g DW) u depynoBa kucennnu
(2.35 £ 0.04 mg/g DW). To3u eKcTpakT ChIO Taka MOKa3Ba U Hail-BHCOKAa aHTUOKCHIAHTHA
aKTUBHOCT B CpaBHEHHE C JPYIHTE HW3CIEABAaHU pacTeHHs. Te3u JaHHU pa3KpuBaT HOBU
BB3MOXHOCTTH 32 paslIupsiBaHE HAa MPUIIOKUMOCTTA HA €KCTPAKTH OT Fumaria, Bapupaiiku ot
€THOMEUIIMHA 10 MIPUJIOKEHNE B XpaHUTEJIHATA U KO3METHYHATA MPOMHUIILIIEHOCT.

38. Georgieva L., Marchev A., Bojinov B., Ganeva D., Pavlov A.* (2013) Improved HPLC
method for determination of organic acids from Bulgarian sorts of tomatoes. Scientific
Works, University of Food Technologies, Vol. LX: 626-631.

Abstract:

An improved HPLC method for quantitative determination of malic acid, ascorbic acid, citric
acid and fumaric acid was developed. HPLC separation was achieved using a reversed phase
C18 column Symmetry® with 6 mM H3PO4 as a mobile phase (flow rate 0.5-1.0 mL/min.). The
calibration curves were linear from 0.01 to 0.25 mg/mL for ascorbic (r*>0.99) and fumaric
(12>0.99) acids and from 0.1 to 1.0 mg/mL for malic (1>>0.99) and citric (r>>0.99) acids. The
reliability of the proposed system was proved through reproducibility test with extracts from
different Bulgarian varieties of tomato.

Pe3rome:

[Togo6pen e BETX wMerox 3a KOJMMYECTBEHO OIpeAeisHE Ha s0BIUYEHa, acKOpOMHOBA,
JUMOHEHa M (yMapoBa KHCENTMHA. Pa3gensHero Ha BellecTBaTa € IIOCTUTHATO Ype3
M3M0M3BaHeTO Ha ob6paTtHO (azoBa C18 xomona Symmetry® ¢ 6 mM H3;PO4 xato moaBukHa
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¢aza (cxkopoct Ha nmotoka 0.5-1.0 mL/min.). KanuOpanuonHara npaBa uma JMHEEH XapakTep
ot 0.01 10 0.25 mg/mL 3a ackop6uHOBa (1>0.99) 1 pymaposa kucenunu (1>>0.99) u ot 0.1 10
1.0 mg/mL 3a s6b14ena (1>>0.99) u numonena kucemuuu (r>>0.99). HamexHOCTTa Ha MeToa
€ OIpeJeNieHa Ype3 TECT 32 BB3MPOU3BOIUMOCT C €KCTPAKTH OT PAa3JIMYHU OBJITAPCKU BHIOBE
JIOMartH.

39. Georgieva L., Marchev A., Ivanov L., Daniela G., Bojinov B., Pavlov A.* (2013) Improved
HPLC methods for determination of carotenoids and tocopherols in different varieties of
tomatoes. Scientific Works, University of Food Technologies, Vol. LX: 632-637.

Abstract:

HPLC methods for determination of fat soluble vitamins and biological activities of carotenoids
have been improved and adapted for application to different varieties of tomatoes. HPLC
separation was achieved using a reversed phase C18 column Discovery® with gradient system
with acetonitril : methanol (8:2) and MTBE (methyl tert-butyl ether) flow rate 1.0 mL/min for
carotenoids (luteolin, lycopene and B-carotene), and column Symmetry® with isocratic solvent
system methanol: water (98:2) for quantitative determination of a-, B-and o- tocopherols. The
calibration curves were linear from 10 to 500 pg/mL (r*>0.99) for tocopherols and from 5 to 50
ng/mL (r>>0.99) for carotenoids. The reliability of the proposed systems ware proved through
reproducibility test with different extracts from lyophilized tomatoes samples. Critical for the
success of determination was adding to mobile phases and during the extraction procedure
synthetic antioxidant BHT (butylhydroxytoluene, 227 umol).

Pesrome:

Anantupan e BETX Meron 3a KOJIMUECTBEHO ONPENENISIHE HA MACTHO Pa3TBOPUMH BUTAMUHH,
M30JIUpaHu OT JIoMaTu. Pa3nensHeTo Ha BelecTBaTa € MOCTUTHATO ¢ oOpaTtHo ¢azoBa C18
xonoHa Discovery® ¢ rpaJueHTHO eIyHpaHE ChC CMEC OT aleTOHHTPUI : MeTaHon (8:2) u
MTBE (Tept-OyTrur MeTui eTep), ckopocT Ha motoka 1.0 mL/min 3a kaporeHouu (JIyT€OIHH,
JMKONeH U PB-KapoTeH), M KoldoHa Symmetry® ¢ H30KpHTHYHA CHCTEMa OT Pa3TBOPUTENM
MeTaHon: Boaa (98:2) 3a KOJIWMYECTBEHO ONpeAeisHe Ha o-, - U O- TOKOhEpoIH.
KanubpaloHHUTE MpaBd MMaT JuHeeH xapaktep or 10 go 500 pg/mL (1*>0.99) 3a
Tokodepomn u ot 5 10 50 pg/mL (1>>0.99) 3a kaporeHommu. Hagexmuocrra Ha BETX
METOAMTE € IMOTBBPJAEHA Ype3 TECTOBE 3a BB3MPOM3BOIMMOCT C PA3IUYHU EKCTPAKTH OT
muoduimizupanu gomatd. OT KPUTHYHO 3HAUYEHHE 32 ONpPENEISIHETO Ha Te3W BEIIEeCTBA €
n00aBsiHETO, KAKTO B MOOMJIHUTE (pa3H, Taka M MO BpEME HA EKCTPAKIUATA HA CUHTCTHUYHHS
aatuokcunanT BHT (OyTtun xuapokcu TomyeH B KpaiftHa KOHIeHTpamwus 227 pmol).

40. Vrancheva R., Marchev A., Ivanov 1., Georgiev V., Pavlov A.* (2012) HPLC method for
qualitative and quantitative analysis of mono- and disaccharides with refractive index

detection. IX-th Scientific — technical conference with international participation “Ecology
and health’ 2012”: 411-416.

Abstract:

Rapid and accurate high-performane liquid chromatography (HPLC) method with refractive
index detection (RID) for qualitative and quantitative analysis of free mono- and disaccharides
(fructose, glucose, galactosea sucrose and lactose) was developed. The method was precise and
linear relationship was established in the range of 0.5-5.0 mg/ml for each sugar analyzed. The
method was successfully applied to determine the sugars in nutrient media of different plant in
vitro systems and dairy products.
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Pe3rome:

Anantupan e 0pp3 1 iperiuzeH BETX meron ¢ nznon3anero Ha RID-nerekTop 3a kauecTBEHO
U KOJNMYECTBEHO OINpEENITHE Ha MOHO- W au3axapunau ((pykrosa, TIIIOKO3a, TrallakTos’a,
3axapo3a W Jakro3a). [lomydeHuTe CTaHApPATHH TpPaBH Ha CHEAWHEHHUSATA WMaT JIMHEEH
xapaktep B KoHueHTparuure ot 0.5 mo 5.0 mg/ml. MeToabT € ycHemHo NPUIIOKEH 3a
omnpeAeNsiHE ChABPIKAHUETO HA 3aXapy B XpaHHUTEIHATA CPeia, U3M0JI3BaHa 3a KYJITHBUPAHE Ha
pa3IMYHU PACTUTEIIHU UH UMPO CUCTEMHU, KAKTO U Ha MIIEYHU MPOJIYKTH.

41. Marchev A., Petrova A., Nedelcheva D., Lazarova 1., Trusheva B., Kostova N., Bankova
V., Pavlov A.* (2011) GC/MS profiles and antioxidant activity of extracts from Lavandula
vera MM and Rosa damascena Mill. cell suspension cultures. Scientific works — University
of Food Technologies, Vol. LVIII (2): 183-188.

Abstract:

Antioxidant activities of acetone and methanol extracts of Lavandula vera MM and Rosa
damascena Mill. cell suspension cultures were investigated. The acetone extract of R.
damascena and the methanol extract of L. vera showed strongest antioxidant activities
estimated by ABTS, DPPH, FRAP and CUPRAC methods. On the base on the performed
GC/MS analyses we suggested that these activities were due to terpene compounds in R.
damascena, and phenolic compounds in L. vera extracts.

Pesome:

N3cnenBana € aHTHOKCHUIAHTHATa aKTUBHOCT Ha AalleTOHOBM M METAHOJIHU EKCTPakTH OT
KJIeThYHa cycrnieH3us Ha Lavandula vera MM w Rosa damascena Mill. YcraHoBeHO e, 4e
alleTOHOBUS €KCTPAKT OT R. damascena v METAaHOJIHUS €KCTPAKT OT L. vera MpUTEXaBaT Haii-
CUJIHU aHTUOKcHAaHTHU akTuBHOCTU ompenenenn no ABTS, DPPH, FRAP u CUPRAC
meroaute. Pesynrature or mnposeneutre ['X/MC aHanu3u Ha MOMYyYEHHTE EKCTPAKTH
IIpearoarar, 4¢ Te3u aKTUBHOCTU C€ JBbJDKAT Ha HAJIMYMETO Ha TEPICHHU B €KCTPAKTa OT R.
damascena v pEHOTHU ChEAMHEHHS B €KCTPAKTa OT L. vera.

42. Marchev A., Nikolova M., Georgiev V.* (2011) Genetic transformation of Salvia rihgens
Sibth. et. Sm. with Agrobacterium rhizogenes in two-phase submerged cultivation system.
Scientific works — University of Food Technologies, Vol. LVIII(2): 171-176.

Abstract:

Two-phase submerged cultivation in the presence of adsorbent resin Amberlite XAD-4 was
applied to prevent negative effects of released phenolic compounds during transformation
procedure of Salvia ringens Sibth. et Sm with Agrobacterium rhizogenes. All the released
flavonoids and mos of the phenolic acids, having cytotoxic activities, were adsorbed on the
resin, which had overall stimulating effects on root development. To our best knowledge
knowledge, this is the first report fro successful Agrobacterium rhizogenes transformation of
Salvua ringens Sibth. et Sm plants.

Pesrome:

[lpunoxen e wMerox Ha JBY(pa3HO IBJIOOYMHHO KYyATHBHpPAaHE B MPbCHCTBHETO Ha
aacopommonHa cmoia Amberlite XAD-4 3a agcopO1ius Ha CEKpETUPAHUTE TOKCUYHH (DEHOTHI
ChEIMHEHUS IPU TeHeTHYHa TpaHcopmanus Ha Salvia ringens Sibth. et Sm ¢ Agrobacterium
rhizogenes. 1[410TO KOJMYECTBO CEKpeTHUpaHU (IIaBOHOMIM, KAKTO M TojisMa 4YacT OT
CeKpeTHUpaHUTe (PEHOJIHU KHUCEJIMHU ca afcopOoupaHu oT cMmonara. ToBa oka3Ba 3HAYMTEJICH
cTUMyiHpan] e(ekT BbpXy IosBaTa W IOCIEABAILIOTO HapacTBaHE Ha O0Opa3yBaHUTE

32 o1 33



Tpancopmupanu kopenu. [1o Halw JaHHH, TOBA € TBPBOTO CHOOIIIEHHUE 32 OCHIIECTBSIBAHE Ha
ycnenrHa Tpancopmanust Ha Salvia ringens Sibth. et Sm ¢ Agrobacterium rhizogenes.

43. Delenk H., Haas C.*, Gantz S., Marchev A., Pavlov A., Steudler S., Unbehaun H.,
Steingroewer J., Bley T., Wagenfiihr A. (2015) Influence of Salvia officinalis L. hairy roots
derived phenolic acids on the growth of Chaetomium globosum and Trichoderma viride.
Pro Lingo, 11(4): 268-274.

Abstract:

The influence of Salvia officinalis L. hairy roots derived phenolic acids on the growth of two
typical cellulose degrading moulds, Chaetomium globosum and Trichoderma viride, was
examined. For this, 26 hairy root lines of S. officinalis were induced and investigated with
regard to the production of phenolic acids. Pure, commercial phenolic acids, analogues to that
biosynthesised in the hairy root cultures, were solved in 96% ethanol and applied to malt extract
agar plates. The fungal cultures were transferred to the agar plates, and fungal growth was
observed 5 and 12 days after inoculation. The hairy root line A produced the highest amount of
total phenolic acids (1582.0ug/g), while line B produced the highest amount of sinapic acid
(262.8ug/g). Trans-cinnamic and salicylic acid showed antifungal activity to the growth of C.
globosum. The growth of this strain was inhibited by vanillic, p-coumaric and sinapic acid.
Moreover, it was observed that sinapic acid prevented the spore formation of C. globosum.
Protocatechuic, sinapic, and salicylic acid inhibited the growth of T. viride minimal.
Furthermore, only sinapic acid inhibited the spore formation of this mould. The investigations
have shown antifungal activity of six S. officinalis hairy root derived phenolic acids on malt
extract agar plates.

Pesrome:

W3cnenBaHo e BIMSHUETO Ha (EHONHM KHCEIMHM, XapaKTEepHU 3a TpaHCHOpMUpPAHUTE
KOPEHOBU KyATypu OT Salvia officinalis L. BbpXy nBe mieceHHu ru0u, karo Chaetomium
globosum wn Trichoderma viride, KoUTO MoraT na pasrpaxkiar Lenysio3a. 3a Ta3H el ca
u3cieBaHu 26 JIMHIH Ha TPaHC(HOPMUPAHU KOPEHOBHU KYITYpH OT S. officinalis, 10 OTHOIIEHHE
Ha CIIOCOOHOCTTa MM Ja MNpOAYyIUpaT (QEeHONHU KucenuHH. DEHOIHUTE KHCEIMHU ca
pa3TtBopeHu B 96% eTaHON U MPUIIOKEHU BbPXY arap oT MaJlloB eKCTpakT. [lneceHnuTe roou
ca TpaHc(eprpaHu BbpXY NETPUTA C TBBPJA XpaHUTEIHA CPElia, a PacTeka UM € aHAJTU3UPaH
Ha 5 u 12 naM cnen uHOKynMpane. TpanchopMmupaHaTa KOPpEHOBA JUHUS A TIPOIYIIMpA HaM-
BHCOKOTO ChAap:kanue Ha ooy ¢henonnu kucenunu (1582.0 ng/g), noxaro B iuHus B e Haii-
BHCOKO CBHIBP)KAaHHETO Ha CcHHamoBa KucenumHa (262.8 pg/g). Tpanc-kaneneHara u
CaNTUIIMIIOBAaTa KUCEIMHU UMAT MPOTHBOILIECEHHa akTUBHOCT crpsimo C. globosum. Pacrexa
Ha TO3W IIaM CBINO TaKa CE MOTHUCKAa OT BAaHWJIMHOBA, P-KyMapoBa W CHHAIIOBA KHUCEJIHWHHU.
CunamoBaTa KHUCENMHa BB3MpensacTBa U ¢opmupanero Ha crnopu B C. globosum.
[IpoTokarexoBaTa, CHHAIIOBAaTa M CAJHMIIMIOBAaTa KHUCEIMHA WHXUOHMpAT pactexa Ha 1. viride
minimal. CaM0 cUHamoBaTa KHCEIMHAa MHXUOUpa (OPMHUPAHETO HA CIOPU OT TO3U INAM.
W3cnenBaHusiTa NOTBBPXKAAaBAT M MPOTHBOIUIECEHHATa aKTUBHOCT HA IIIECT OT M3CJICIBAaHUTE
TpaHc(hOpMUpPaHU KOPEHOBU TUHUU Ha S. officinalis, KOUTO ChIBPKAT CIOMEHATUTE (PEHOIHU
KHCEJINHHU.
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