Pe3ioMeTa HAa Hay4YHUTE NYy6/IMKALMM HA 6BNIrapCcKu U aHIMTMACKU e€3UK
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Mokasaten N24: XabunutauuvoHeH TPpyA - Hay4YHW nybnvkauuvuM v vU3aaHus,
KOWUTO ca pedepupaHn U MHAEKCMPAHW B CBETOBHOM3BECTHW 6a3n gaHHWU C
HayuyHa nHdopmaumnsa (Web of Science un Scopus - SIR)

1. Batovska DI, Todorova IT. Trends in utilization of the
pharmacological potential of chalcones. Curr Clin Pharmacol. 2010;
5(1): 1-29. DOI: 10.2174/157488410790410579.

Abstract: Chalcones (1,3-diaryl-2-propen-1-ones) are open chain flavonoids that
are widely biosynthesized in plants. They are important for the pigmentation of
flowers and, hence, act as attractants to the pollinators. As flavonoids, chalcones also
play an important role in defense against pathogens and insects. Longstanding
scientific research has shown that chalcones also display other interesting biological
properties such as antioxidant, cytotoxic, anticancer, antimicrobial, antiprotozoal,
antiulcer, antihistaminic, and anti-inflammatory activities. Some lead compounds
with various pharmacological properties have been developed based on the chalcone
skeleton. Clinical trials have shown that these compounds reached reasonable plasma
concentrations and did not cause toxicity. For these reasons, chalcones became an
object of continued interest in both academia and industry. Nowadays, several
chalcones are used for treatment of viral disorders, cardiovascular diseases, parasitic
infections, pain, gastritis, and stomach cancer, as well as like food additives and
cosmetic formulation ingredients. However, much of the pharmacological potential of
chalcones is still not utilized. The purpose of this review is to describe the recent
efforts of scientists in pharmacological screening of natural and synthetic chalcones,
studying the mechanisms of chalcone action and relevant structure-activity
relationships. Put together, these activities aimed at synthesis of pharmacologically
active chalcones and their analogs.

Pe3ome: XankoHute (1,3-gmapun-2-nporeH-1-oHn) ca ¢naBoHOMAM C OTBOpPEH
npbcteH C, KOUTO ce BUOCMHTE3MpaT B MHOIO pacTeHus. Te ca BaXXHU 3a NUrMeHTa-
umaTa Ha uBeToBeTe, MPUBAMYAT ONpaWMTENINTE U CbLUO UIrPasiT BaXKHa pons B
3aWmMTaTa Ha pacTeHusTa cpelly naTtoreHn W HacekoMu. AbNAroroguliHW Hay4HU
n3cnenBaHMs ca rnokasanu, Ye XaJIKOHUTe NMposiBABAT aHTUOKCUAAHTHA, LMTOTOKCUY -
Ha, NpOTMBOpPAKOBa, aHTUMUKPOOHA, aHTMNPOTO30MHA, NPOTMBOA3BEHA, AHTUXUCTA-
MMUHOBA W NPOTUBOBbB3MANMUTE/NIHA aKTUBHOCT M Bb3 OCHOBA Ha TEXHWUS CKeneT ca pas-
paboTeHn HAKOM NuaepHU CTpykTypu. Cnopea KIMHUYHUTE U3NUTBAHUS Te3n Cbean-
HeHMs AocTuraTt AONYCTUMU MNJa3MeHU KOHLUEHTpauum M He npeam3BUKBaAT TOKCUY-
HOCT. lNMopaan Te3n NpUYMHU XanKoHUTe ca 06eKT Ha MOCTOSIHEH MHTepec KakTo B



aKageMu4yHuUTe cpeau, Taka U B MHAyCTpuaTa. B Hawum AHM HAKONKO XankoHa ce
M3MoN3BaT 3a /le4eHWEe Ha BUPYCHU U MNaApPasUTHU WUHPEKUUM, CbpAEYHO-CbAOBMU
3abonsBaHuUs, racTtpuT, pak Ha CToMaxa M 3a obnekyaBaHe Ha 60NnKa, KakTo U KaTo
XpaHuTenHun o6aBkM N CbCTaBKN B KO3METUYHN DOpMYyNn. Bbnpekn ToBa rosisiMa 4acTt
OT hbapMaKoNOrM4YHMSA NOTEHLUMAN Ha XaNKOHUTE BCe Olle He e yCBOeH. LlenTa Ha Ta3u
o630pHa cTaTMa e pa onuwe nocneaHuTe NOCTMXEHUS BbB (apMaKoIornMyHus
CKPUHWHI Ha NMPUPOAHUTE U CUHTETUYHU XANKOHU, N3yyaBakKnm MeXaHU3MUTE UM Ha
OENCTBUE N CbOTBETHUTE BPb3KWU CTPYKTYpPa-aKTMBHOCT M MO TO3W HauyuH Aa Aaje
HaCOKW 3@ CMHTE3 Ha (hapMaKO/IONMYHO aKTUBHM XaNIKOHW U TEXHM aHas103M.

2. Todorova I, Batovska D, Stamboliyska B, Parushev S. Evaluation of
radical scavenging activity of a series of synthetic hydroxychalcones
towards DPPH radical. J Serb Chem Soc. 2011; 76(4): 491-497.
DOI: 10.2298/]1SC100517043T.

Abstract: Sixteen hydroxychalcones were synthesized in sufficient purity by the
Claisen-Schmidt condensation between appropriate acetophenones and aromatic
aldehydes. All the compounds were evaluated for their ability to scavenge the stable
free 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical. Important structure-activity
relationships were observed that strongly contribute to the knowledge for the design
of DPPH radical scavenging chalcones. Relevant theoretical parameters were
computed to understand and explain the obtained experimental results.

Pe3tomMme: LllecTHageceT xmapoKCuUxankoHa 6sxa CMHTE3NnpaHM C AOCTaTbYHa YNCTOTA
ype3 koHAeH3aumsa no Claisen-Schmidt mexay noaxoaswo 3amMecteHn aueTodeHOHM
N apoMaTHU angexman. Bcmukn cbeanmHeHmns 6saxa oueHeHW 3a TaxHaTa CnocobHoCT
Aa ynaeaT ctabunnHua csoboaeH 2,2-andennn-1-nukpunxmgpasunn (DPPH) paagukan.
Baxa HabnogaBaHM BaXXHW BPb3KU CTPYKTYPa-aKTUBHOCT, KOWUTO 3Ha4YUTENHO
AONpUHACAT 3a Au3aliHa Ha xankoHu ¢ DPPH pagukan-ynoBuTenHa aKTUMBHOCT.
Mony4yeHnTe eKCnepuMeHTasHM pe3yntatn 6saxa o06siCHeHW 4ype3 u34YucieHne Ha
CbOTBETHUTE TEOPETUYHU NapaMeTpu.

3. Mitrev Y, Mehandzhiyski A, Batovska D, Liese A, Galunsky B. Original
enzyme-catalyzed synthesis of chalcones: Utilization of hydrolase
promiscuity. J Serb Chem Soc. 2016; 81(11): 1231-1237. DOI:
10.2298/1SC160422069M.

Abstract: E-chalcone was obtained with very high stereoselectivity for the first time
by an enzyme-catalyzed Claisen-Schmidt condensation between benzaldehyde and



acetophenone. From a set of lipases, only that from hog pancreas demonstrated
promiscuity, catalyzing the reaction in the presence of imidazole as a promoter.
Another enzyme, acylase from Aspergillus melleus (3.5.1.14) also proved to be active
in the synthesis of E-chalcone under the same reaction conditions. This acylase along
with the recombinant D-aminoacylase (3.5.1.81) catalyzed also the reaction between
acetophenone and p-nitrobenzaldehyde. Such “green” approach to synthesis of
chalcones is of great interest, because of their important applications as formula
ingredients in pharmaceutical, food and cosmetic industry.

Pe3tomMe: E-xXanKoHbT 6€ nosyyeH ¢ MHOro BMCOKa CTEpPeOCesIeKTUBHOCT 3@ NbpBU
NbT 4Ype3 eH3MMHO KaTanu3mpaHa KoHaeH3aumsa no Claisen-Schmidt mexay
6eH3anaexma un auetodeHoH. OT rpyna smnasn, camMo Ta3n OT CBMHCKM MNaHKpeac
OEMOHCTpUpa MNPOMUCKYUTET, KaTanuM3uMpamkm peakumsaTa B MPUCBCTBMETO Ha
MMMUAa30a KaTto npomoTop. Apyr eH3uMm, aumnasza oT Aspergillus melleus (3.5.1.14),
CbLUO Ce OKa3a aKTUBEH B CMHTe3a Ha E-XankoH npu CbluUTe peakUuMOHHU YCOBUS.
Ta3n auunasa 3aefHo ¢ pekoMbuHaHTHaTta D-amuHoauunasa (3.5.1.81) katanusupa
N peakumaTa Mexay auetodeHoH n p-HutpobeHsanaexua. Takbs ,3eneH" Nnoaxoa KbM
CMHTE3a Ha XalKOHWUTE € OT rosi M MHTepec, NOpaan BaXXHUTE UM MPUIOXKEHUSA KATO
CbCTaBKM Ha popMynm BbB (hapMaueBTMYHaTa, XPaHUTENHO-BKYCOBAaTa N KO3METUY-
HaTa NPOMMULLIEHOCT.

4, Sinha S, Batovska D, Medhi B, Radotra B, Bhalla A, Markova N,
Sehgal R. In vitro anti-malarial efficacy of chalcones: Cytotoxicity
profile, mechanism of action and their effect on erythrocytes. Malar
J. 2019; 18: 1-11. DOI: 10.1186/s12936-019-3060-z.

Abstract: Background: Malaria extensively leads to mortality and morbidity in
endemic regions, and the emergence of drug resistant parasites is alarming. Plant
derived synthetic pharmaceutical compounds are found to be foremost research to
obtain diverse range of potent leads. Amongst them, the chalcone scaffold is a
functional template for drug discovery. The present study involves synthesis of ten
chalcones with various substitution pattern in rings A and B and assessment of their
anti-malarial efcacy against chloroquine sensitive and chloroquine resistant strains
as well as of their cytotoxicity and efect on haemozoin production. Methods: The
chalcones were synthesized by Claisen-Schmidt condensation between equimolar
quantities of substituted acetophenones and aryl benzaldehydes (or indole-3-
carboxaldehyde) and were screened for anti-malarial activity by WHO Mark III
schizont maturation inhibition assay. The cytotoxicity profle of a HelLa cell line was
evaluated through MTT viability assay and the selectivity index (SI) was calculated.
Haemozoin inhibition assay was performed to illustrate mode of action on a
Plasmodium falciparum strain. Results: The ICso values of all compounds were in the
range 0.10-0.40 pg/mL for MRC-2 (a chloroquine sensitive strain) and 0.14-0.55
pg/mL for RKL-9 (a chloroquine resistant strain) of P. falciparum. All the chalcones



showed low cellular toxicity with minimal haemolysis. The statistically significant
reduction (p<0.05) in the haemozoin production suggests a similar mechanism than
that of chloroquine. Conclusions: Out of ten chalcones, number 7 was found to be a
lead compound with the highest potency (ICs0=0.11 pg/mL), as compared to
licochalcone (ICs0=1.43 pg/mL) and with high selectivity index of 85.05.

Pestome: lNpeanctopus: ManapusiTa BoaAM A0 BMCOKA CTeneH Ha 3abosieBaeMoCT W
CMBbPTHOCT B €HAEMUYHUTE pEernoHn, a rnosiBata Ha pPe3UCTEeHTHM KbM JleKapcTBa
napasmtn e ocobeHo TpeBOXHa. YCTAaHOBEHO €, Ye cpea Hal-MOLHUTE U3TOYHMLUM Ha
neKapcTBa 3a Masiapmsa ca CUHTETUYHUTE hapMaLeBTUYHM aHaN03u Ha CbeJUHEHNS OT
pacTuTeneH npous3xod, KaTo O0CObeHO nepcnekTUBEeH € XaJIkOHOBUAT CKeneT.
HacTtoawoTo u3cneaBaHe BK/IOYBA CUMHTE3 HA AECeT XasIkOHa C pasfiMyeH Moaen Ha
3aMecTBaHe B nNpbCcTeHuTe A n B 1N oueHKa Ha TaxHaTa aHTUManapuinHa ePuUKacHOCT
CpeLly YyBCTBUTENHU N PE3UCTEHTHM KbM XJTIOPOXMH LLLAMOBE, KaKTO U onpeaesnisaHe Ha
TAXHaTa UMTOTOKCUYHOCT U edeKT BbpXy MPOM3BOACTBOTO Ha XEMO30MH. MeTtoau:
XankoHute 6s1xa cuHTEe3mpaHum 4pe3 koHaeH3aums no Claisen-Schmidt mexay
€KBMMOJIapHN KONMYecTBa OT NOAXO0ASALL0 3aMecTeHU aueTodeHOHU 1 apunangexvuam
(vnn nHpon-3-kapbokcangexmn) n 6sixa nacnenBaHu 3a aHTUManapumHa aKTUBHOCT
ype3 WHO Mark III MeToq 3a HXMbMpaHe y3psBaHETO Ha LWM3OHTU. LIMTOTOKCUYHNAT
npodun Ha xankoHuTe belle oueHeH B KNneTb4uHa nHMA Hela upe3 MTT TecT n bewe
U34YncneH UMHAEKCbT UM Ha cenekTUBHOCT (SI). 3a ga ce waCTpUpa HaYUHBLT Ha
AeNCTBME Ha XanKoHUTe BbpXy WwamoBe Plasmodium falciparum 6e naBbplueH aHanums
Ha nHxmbmpaHe Ha xeMo30uH. Pesyntatu: ICso CTOMHOCTUTE HA BCUYKWU CbeAUHEHUS
6saxa B ananasoHa 0.10-0.40 pg/mL 3a MRC-2 (wam, 4yyBCTBUTENEH KbM XJIOPOXUH)
1n 0.14-0.55 pg/mL 3a RKL-9 (wam, ycTon4mB Ha XJ1I0poxXmMH) Ha P. falciparum. Bcuukn
XaNKOHW roKa3axa HUCKa K/eTbYHa TOKCMYHOCT C MUHMManHa XeMosausa.
Cratuctmyeckn 3HauymMmoTo HamaneHue (p<0.05) B nNpom3BOACTBOTO Ha XEMO30MH
npegnonara MexaHn3bM, NoAobeH Ha TO3M Ha XJI0poxXuHa. 3aknyenHusa: OT gecetre
XanKoHa, 3a HoMmep 7 6e ycCTaHOBEHO, 4Ye e NMAepHO CbeguHeHWe C Han-BUCcoKa
edekTmBHOCT (IC50=0.11 pg/mL), B cpaBHeHune ¢ nnkoxankoHa (ICsp=1.43 pg/mL) u
C BUCOK MHAEKC Ha cenekTtuBHOCT oT 85.05.

5. Sinha S, Radotra B, Medhi B, Batovska D, Markova N, Sehgal R.
Ultrastructural alterations in Plasmodium falciparum induced by
chalcone derivatives. BMC Res Notes. 2020; 13(1): 1-6. DOI:
10.1186/s13104-020-05132-z.

Abstract: Objective: Chalcones (1, 3-diaryl-2-propen-1-ones) and their derivatives
are widely explored from the past decade for its antimalarial activity. To elucidate
their mechanism of action on the malaria parasite, the ultrastructural changes with
the action of these derivatives in different organelles of the parasite were studied in
vitro. Infected RBCs [CQ sensitive (MRC-2) and CQ resistant (RKL-9) Plasmodium
strain] were treated with three chalcone derivatives 1, 2 and 3 and standard drugs,



i.e., CQ and artemisinin at twice their respective ICso values for 24 h and then
harvested, washed, fixed, embedded and stained to visualize ultra-structure changes
before and after intervention of treatment under in vitro condition through
transmission electron microscope. Results: The ultrastructural changes demonstrate
the significant disturbance of all parasite membranes, including those of the nucleus,
mitochondria and food vacuole, in association with a marked reduction of ribosomes
in the trophozoites and cessation of developing schizonts which suggest multiple
mechanisms of action by which chalcone derivatives act on the malaria parasite. The
present study opens perspectives for further exploration of these derivatives in vivo
malaria model to discover more about its efect and mechanism of action.

Pe3ome: Len: B nocnegHoto aecetunetme, xankoHute (1,3-gnapwun-2-nponeH-1-
OHW) U TEXHUTE MPOU3BOAHU Ca LUIMPOKO MU3CNe[BaHU 3a aHTUManapumnHa akTUBHOCT.
3a na ce M3FACHM MEexaHU3MbT UM Ha [AenCTBMe BbpXYy ManapumHug napasut U
YNTPacTPYKTYPHUTE NPOMEHUN, KOUTO NPUYNHABAT B pa3IM4HX OpraHesin Ha rnapasura,
6saxa nposeneHu in vitro nscneasaHusa. NMHdbekTpaHn yepseHU KpbBHU KneTkn [CQ
yyscTButeneH (MRC-2) n CQ pesucteHteH (RKL-9) Plasmodium wam] 6saxa TpeTupaHu
C Tpu XankoHa 1, 2 u 3 n cTaHAapTHU nekapcTea, T.e. CQ 1M apTEMU3NHUH NpU ABa
MbTU MO-BUCOKM OT CbOTBETHUTE UM ICs0 CTOMHOCTM 3a 24 yaca 1 cnep ToBa cbbpaHu,
n3MnTHM, GUKCMpaHW, BrpageHW U OUBETEHM, 3@ Ja Cce Bulyanusumpart ynaTpa-
CTPYKTYPHU NPOMEHU Npean n cnej MHTepBeHUMSa Ha TpeTUupaHe npu in vitro ycnosus
ype3 TPaHCMUCUOHEH eNeKTPOHEeH MUKPOCKOM. Pe3ynTtaTn: YNTpacTpyKTypHUTE
NPOMEHN AEMOHCTPUPAT 3HAUMUTENHO HapyLlleHMe Ha BCUYKW MapasmTHU MeMbpaHu,
BKJTHOUUTENHO TE3U Ha SAPOTO, MUTOXOHAPUNTE U XpaHUTENHaTa Bakyoa, BbB Bpb3Ka
C nopgyepraHo HamansaBaHe Ha pubo3omMuTe B TPOoPO30OUTUTE U CNMpaHe Ha
pa3BuMBallMTE Ce LWM30HTU, KOETO npeanosiara MHOXeCTBO MEXaHU3MU Ha AENCTBUE,
ype3 KOUTO XasIkoHUTe AENCTBaT BbpXy ManapunHug napasut. HactoawoTo npoyuy-
BaHe OTBaps NepCneKTUBM 3a MO-HaTaTbWHO M3CcneaBaHe Ha Te3n CbeAUHEHUs B in
vivo MoZen Ha Manapus, 3a Aa ce OTKpue nosBeye 3a TeXHUs edekT U MEXAHMU3BbM Ha
hencreue.

6. Sinha S, Prakash A, Medhi B, Sehgal A, Batovska D, Sehgal R.
Pharmacokinetic evaluation of chalcone derivatives with antimalarial
activity in New Zealand white rabbits. BMC Res Notes. 2021; 14: 1-
7. DOI: 10.1186/s13104-021-05684-8.

Abstract: Objective: Malaria is a major global health concern with the urgent need
for new treatment alternatives due to the alarming increase of drug-resistant
Plasmodium strains. Chalcones and its derivatives are important pharmacophores
showing antimalarial activity. Determination of the pharmacokinetic variables at the
preliminary step of drug development for any drug candidates is an essential
component of in vivo antimalarial efcacy tests. Substandard pharmacokinetic
variables are often responsible for insufficient therapeutic efect. Therefore, three
chalcone derivatives, 1, 2, and 3, having antimalarial potency were studied further



for potential therapeutic efcacy. Results: In vivo pharmacokinetic studies of these
three derivatives were performed on New Zealand White rabbits. The three
derivatives were administered intra-peritoneally or orally at effective dose
concentration and blood samples at different time points were collected. The
determination of drug concentration was done through reverse phase-high
performance liquid chromatography. The peak plasma concentration of derivative 1,
2, and 3 were 1.96+0.46 pug/mL (intraperitoneal route), 69.89+5.49 ug/mL (oral
route), and 3.74%£1.64 pg/mL (oral route). The results indicate a very low
bioavailability of these derivatives. The present study gives a benchmark to advance
the investigation of more derivatives in order to revamp the pharmacokinetic
variables while maintaining both potency and metabolic constancy.

Pe3romMe: Llen: ManapusaTta e rnobaneH 3gpaBeH npobnem CbC cnewHa HyXaa OT HOBMU
anTepHaTUBK 3a NleYeHne Nopaan TPEBOXHOTO HapacTBaHe Ha PEe3UCTEHTHUTE KbM
nekapctBa wamoe Plasmodium. XankoHuUTe W TexXHUTEe MNPOM3BOAHW Ca BaXXHWU
dapmakodopu, nokassallm aHTUManapummHa akTMBHocCcT. OnpeaensHeTo Ha apMako-
KUHETUYHUTE TMPOMEHNMBM HaA nNpeaBapuTenHusa eTtan oT pa3paboTBaHETO Ha
neKapcTBa 3a BCAKO JIeKapCTBO-KaHAMAAT € CbLEeCTBEH KOMMOHEHT Ha in Vivo TecTo-
BETe 3a aHTMManapuiHa eduKacHoCT. HectanHgapTHUTe dapMaKOKMHETUYHU Npo-
MEH/IMBM 4YeCTO Ca OTFOBOPHM 3a HeaoCTaTbyHMSA TepaneBTuyeH edekT. o Tasm
npuvymMHa, TpU XankoHa, 1, 2 u 3, npuTexasBawn aHTUManapumnHa akTUBHOCT, b6sxa
AONBAHUTENHO MPOYYEHU 3a NOTeHuMasiHa TeparneBTMYHaA eduKacHocT. Pesynrtatu:
N3BbplweHn 6gxa in vivo apMakOKUHETUYHW U3CNeABaHUS Ha XanKoHUTEe BbpXY
HoBO3enaHAackn 6enn 3anun. TpuTe CbeAuHeHUs 6axa NPUNOXEeHW WHTpanepuTo-
HeanHo WUAM OpasiHO B KOHUEHTpauus Ha edekTnBHa A03a U 6axa cbbpaHU KPpbBHU
npobn B pasiM4HM MOMeHTM OT Bpeme. KoHueHTpauusaTa Ha nekapcTtBoto 6be
onpepeneHa u4pe3 BucokoedeKTUBHA TeyHa Xpomatorpadpwus c obpaTHa d¢a3za.
NMukoBaTa nsia3MeHa KoHueHTpauusa Ha 1, 2 n 3 e cboTBeTHO 1.96+0.46 pg/mL
(nHTpaneputoHeaneH NbuT), 69.89+5.49 ug/mL (nepopaneH nvT) N 3.74+1.64 ug/mL
(nepopaneH nbT). Pe3yntatuTe MNoKa3BaT MHOMO HUCKa O6MOHANMYHOCT Ha Te3wn
Npou3BoAHU. HacToAWOTO NpoyyYBaHe AaBa €TanoH 3a HanpeabK B M3CNeABaHETO Ha
noeeye Npon3BOAHMU, 3a Aa ce NpepaboTaT papMakOKNHETUYHUTE NPOMEHINBU, KaTo
CbLlEBPEMEHHO Ce NnoaabpXKa KaKTO edUKACHOCTTa, Taka M MeTabolMTHOTO MOCTO-
SIHCTBO.

pyna I

MokazaTten N° 7: Hay4yHa nybnukauusa B u3gaHUs, KOUTO ca pedepupaHu u
WHAEKCUPAHM B CBETOBHOM3BECTHU 6a3n AaHHM C HaydyHa uHdopmauma (Web
of Science n Scopus - SJR), U3BBbH XabunuUTaunMoHHUS Tpy4,

7. Vasil'ev R, Kancheva V, Fedorova G, Batovska D, Trofimov A.
Antioxidant activity of chalcones: The chemiluminescence



determination of the reactivity and the quantum-chemical calculation
of the energies and structures of reagents and intermediates. Kinet
Catal. 2010; 51(4): 507-515. DOI: 10.1134/50023158410040087.

Abstract: Six antioxidants from the class of chalcones (ArOH), compounds from
which flavonoids are obtained in nature, were studied. The antiradical activity of
chalcones and a number of related compounds was determined by a
chemiluminescence method using the scavenging of peroxide radicals ROOe + ArOH
— ROOH + OAre (with the rate constant k7) in a model reaction of diphenylmethane
(RH) oxidation. The structures and energies of the reagents and intermediates were
determined by semiempirical quantum chemical (PM3, PM6) calculations. 3,4-
Dihydroxychalcone and caffeic acid, which have a catechol structure, that is, two
neighboring OH groups in phenyl ring B, exhibited high antioxidant activity (k7 = 107
| mol=t s71); this is consistent with the lowest bond strengths D(ArO-H) of 79.2 and
76.6 kcal/mol, respectively. The abstraction of a hydrogen atom by the ROQe radical
is the main reaction path of these compounds; however, the low stoichiometric
coefficients of inhibition (f = 0.3-0.7) suggest a contribution of secondary and/or
side reactions of ArOH and OAre. In the other chalcones, the ArO-H bond is stronger
(D(ArO-H) = 83-88 kcal/mol) and the antioxidant activity is lower (k7 = 104-105 |
mol-ts™1),

Pe3sromMe: M3cneasaHn 65xa WeCT aHTUMOKCMAAHTa OT Knaca Ha xankoHute (ArOH),
CbeAMHEHMS, OT KOMTO ce nony4dasaT diaBoHoMAMTE B npupoaaTa. AHTMpaaMKanHaTa
aKTUBHOCT Ha XaJkoOHUTe W peavua CpoaHU CbeanHeHus b6e onpegeneHa u4pes
XeMUNyMmHecueHTeH MeTod, KaTto 6e wu3non3BaHoO YyNaBAHETO Ha MNepoKCUAHU
paaukann ROOe + ArOH — ROOH + OAre (CbC CKOpOCTHa KOHCTaHTa k7) B MmoaenHa
peakumsa Ha okucneHue Ha andeHunmetaH (RH). CTpykTypuTe M eHeprumTe Ha
peareHTUTe M MeXAWHHUTE nNpoAayKTU 6sxa onpeaeneHn 4pes noJyeEMNUPUYHN
KBAaHTOBOXMMUYHU (PM3, PM6) nsumncneHuns. 3,4-ANXNApPOKCUXANKOHBT M KadeeHaTa
KMUCennHa, KoOMTO MMaT KaTexosioBa CTPYKTypa, ToecT Ase cbceaHu OH rpynu BbB
deHnnoBma NpbCTeH B, Nnokasaxa BMCOKA aHTMOKCMAAHTHaA aktueHocT (k7 = 107 |
mol-! s71); ToBa € B CbOTBETCTBME C HAM-HUCKUTE SIKOCTU Ha Bpb3kaTa D(ArO-H)
CbOTBETHO OT 79,2 u 76,6 kcal/mol. OtBnnuyaHeTto Ha BogopoaeH atoM OT ROOQe
paavkana € OCHOBHUAT peakuMOHEH MbT Ha Te3n CbeAUHEHUS; HO HUCKUTE CTEXMO-
METPUYHU KoedUuumeHtTn Ha UHxmbupane (f = 0,3-0,7) npeanonaraT NpPMHOC Ha
BTOPUYHU U/MNN CTpaHUYHK peakumn Ha ArOH u OAre. lNpu ocTaHanutTe XaskoHwu
Bpb3kaTa ArO-H e no-cunHa (D(ArO-H) = 83-88 kcal/mol) n aHTMOKCMAaaHTHaTa
aKTUBHOCT e no-Hucka (k7 = 104-105 | mol-t s71).

8. Ivanova A, Batovska D, Todorova I, Stamboliyska B, Serly J, Molnar
J. Comparative study on the MDR reversal effects of selected
chalcones. Int J Med Chem. 2011; 2011. DOI: 10.1155/2011/
530780.



Abstract: Based on the structure of three previously established lead compounds,
fifteen selected chalcones were synthesized and evaluated for their multidrug
resistance (MDR) reversal activity on mouse lymphoma cells. The most active
chalcones were stronger revertants than the positive control, verapamil. In the model
of combination chemotherapy, the interactions between the anticancer drug
doxorubicin and two of the most effective compounds were measured in vitro, on
human MDR1 gene transfected mouse lymphoma cells, showing that the type of
interaction for one of these compounds was indifferent while that for the other one
was additive. Furthermore, two chalcones inhibited 50% of cell proliferation in
concentration of around 0.4 pg/mL and were from 2- to 100-fold more active than
the most chalcones. The structure-activity relationships were obtained and discussed
in view of their usefulness for the design of chalcone-like P-gp modulators and drugs
able to treat resistant cancers.

Pe3ome: Bb3 OCHOBa CTpyKTypaTa Ha Tpu MnpeaBapuTenHo YCTaHOBEHU NNAEPHMU
cbeAnHeHusd, 6axa cuHTe3upaHu 15 xankoHa W oueHeHW 3a TaxHaTa obpatTuma
aKTUBHOCT BbpXy My/ATUMeAMKaMeHTO3Ha pe3ucteHTHocT (MDR) B Muwmn nnMdomMHM
KNeTkn. Han-akTuBHUTE XankoHW 6saxa MNo-CUSIHWU peBEepTaHTW OT MONOXWUTEsSHaTa
KOHTpona, Bepanamwun. B ™Mogena Ha KoMbuHMpaHa XxuMuoTepanus, B3au-
MOAENCTBUATA MexXay MNpOTUBOPAKOBOTO JIeKapCTBO AOKCOPYOUUMH U ABe OT Haun-
edeKTUBHUTE CbeAuHeHUs 6axa u3MepeHu in vitro B KNeTKM OT MUK NTMMPOM,
TpaHcdeKkTUpaHu ¢ yoselwwkn MDR1 reH, KOeTO nokasa, 4Ye TUNbT Ha B3auMOAeNCTBMe
3a@ e4HO OT Te3UN CbeANHEHUS e UHANPEPEHTEH, a 3a ApyroTo e aanTueeH. OCBeH ToBa
ABaTa XankoHa nHxmbupat 50% oT kneTbyHaTa nponudepaums B KOHUEHTpaUUs oT
okos0 0.4 uyg/mL n ca ot 2 4o 100 NbTM NO-aKTUBHWU OT NOBEYETO XaNlKOHWN. Bpb3kuTte
CTPYKTYpa-akKTUBHOCT ca 0bCbAeHW C ornea Ha TAXHaTa MNOoJIe3HOCT 3a AM3anHa Ha
XankoHononobHn P-gp MoaynaTtopu 1 NeKapcTsa, CNocobHU Aa NeKyBaT PE3UCTEHTHMU
pakoBu 3abonsiBaHus.

0. Mehandzhiyski A, Batovska D, Dimitrov D, Evstatieva L, Danova K.
Nitric oxide-scavenging activity of in vitro cultured Balkan medicinal
and aromatic plants. BJAS. 2013; 19(2): 31-34.

Abstract: Methanolic extracts from the aerial and root parts of in vitro cultured
Artemisia alba and the aerials of in vitro cultured Clinopodium vulgare, Hypericum
tetrapterum, H. richeri and the endemic H. rumeliacum were evaluated for their nitric
oxide scavenging capacities. Extracts of H. rumeliacum, H. richeri and H. tetrapterum
exhibited remarkably higher activity (0.18, 0.17 and 0.97 mg.ml™!, respectively)
compared to C. vulgare and A. alba (SCsp = 3.45, 2.93 and 2.62 mg.ml?,
respectively). Vitamin C (a reference compound) exhibited activity of 0.26 mg.ml*.
The presented results are indicative of the high therapeutic potential of the extracts



derived from the in vitro cultured plants and are a good basis for furthermore detailed
research.

Pe3sroMme: MeTaHONIOBM EeKCTpPakTM OT HaA3eMHUM M KOPEHOBM 4YacTu Ha in vitro
KynTuempaHa Artemisia alba n Hag3eMHM 4YacTu Ha in vitro kyntmempanu Clinopodium
vulgare, Hypericum tetrapterum, H. richeri n eHaeMmnuyHuat H. rumeliacum 6saxa
OUEHEHM 3a TEXHMSA KanauuTeT 3a y/aBsiHE Ha a30TeH OKCcuA paaukan. EkcTpaktute
oT H. rumeliacum, H. richeri n H. tetrapterum nokasaxa 3abenexmTenHo No-BMcoka
akTMBHOCT (cboTBeTHO 0.18, 0.17 1 0.97 mg.ml™!) B cpaBHeHue ¢ C. vulgare n A. alba
(SCso = 3.45, 2.93 n 2.62 mg.ml!, cbotBeTHO). ButammH C (pedepeHTHO
cbeaMHeHMe) nokasa akTUBHocT oT 0.26 mg.ml-i. MpeacrtaBeHuTe pe3ynTatM ca
nokasaTesiHM 3a BUCOKUS TepaneBTUYEH MoTeHUMaN Ha eKCTpaKTUTe, NOSyYeHn OT in
vitro KynTneBmpaHm pacteHus n ca nobpa ocHoBa 3a No-3aabnboyeHn nscnenBaHms.

10. Markova N, Batovska D, Kozuharova E, Enchev V. Anti-conjunctivitis
effect of fresh juice of xGraptoveria (Crassulaceae): A phytochemical
and ethnobotanical study. ] Intercult Ethnopharmacol. 2015; 4(1):
24. DOI: 10.5455/jice.20141104014605.

Abstract: Aim: The parent of xGraptoveria, Graptopetalum paraguayense, is used
in Chinese folk medicine for alleviating hepatic disorders, detumescence and
detoxication, lowering of blood pressure, inhibition of cancer cells, exerting diuretic
effects, relieving pain and infections. No data are available regarding its anti-
conjunctivitis effect. The aim of this preliminary study is to test the anti-conjunctivitis
properties of xGraptoveria (Crassulaceae) and to identify its bioactive constituents.
Materials and Methods: Fresh watery juice of leaves of xGraptoveria was extracted
with n-butanol and the extract was analyzed using gas chromatography-mass
spectrometry (GC/MS). The ethnobotanical appraisal of the anti-conjunctivitis
properties of xGraptoveria was based on 11 interviews about the symptoms against
which this plant demonstrated positive effect. Results: Fresh juice of xGraptoveria
leaves applied directly to the irritated eye 2 times per day cured conjunctivitis in all
reported cases. The main groups of organic compounds identified by GC/MS analysis
in the fresh extracted leaf juice of xGraptoveria were: Alkylamines, hydroxycarboxylic
acids, aliphatic and aromatic carboxylic acids, amino acids, alcohols, aromatic and
aliphatic hydrocarbons. Conclusion: In this preliminary study, it is suggested that
xGraptoveria exerts anti-conjunctivitis activity, through synergistic effect of different
chemical compounds, most probably alkylamines and mainly hydroxycarboxylic,
aliphatic, and aromatic carboxylic acids.

Pe3ome: LUen: Poautenar Ha xGraptoveria, Graptopetalum paraguayense, ce
M3Nnon3Ba B KWUTaMcKaTa HapoAHa MeauumHa 3a obnekyaBaHe Ha 4epHoOApPO6HM
HapylweHunsa, AeTyMecUueHUNa U AeTOKCUKaumg, NoHmxXaBaHe Ha KpbBHOTO HandraHe,



MHXMObMpaHe Ha pakoBUTE KIETKW, YrpaxKHsBaHe Ha AWypeTudeH edekT,
obnek4yaBaHe Ha 6051Kka U MHDekunn. HaMa AaHHN 3@ AHTUKOHIOHKTUBUTHUSA MY e ekT.
LlenTa Ha ToBa npeaBapuTEsIHO MpOoyyBaHe e Aa ce TecTBaT CBOMCTBATa CpeLly
KOHIOHKTMBUT Ha XGraptoveria (Crassulaceae) v ga ce naeHTMduUumMpaT HerosmuTe
6noakTUBHM CbCTaBku. MaTtepmann u metoau: lNpeceH BOAHUCT COK OT JINCTA Ha
xGraptoveria 6e ekcTpaxupaH Cc n-6yTaHON W eKCTpakTbT bewe aHanuM3aumpaH C
rnoMollTa Ha rasoBa xpomaTtorpadus-maccnektpomerpusa (GC/MS). ETHo6oTaHu4ec-
KaTa oueHKa Ha cBoMcTBaTa Ha xGraptoveria cpelly KOHIOHKTUBUT Ce OCHOBaBa Ha 11
WHTEpPBIOTA 3@ CUMMMNTOMUTE, Cpelly KOWUTO TOBa pacTeHMe MoKasBa MOJSIOXUTENEH
edekT. PeayntaTtu: lNpeceH cok oT nucta Ha XGraptoveria, NpuUnIoXXeH AUPEKTHO BbLPXY
pa3apa3HEHOTO OKO 2 MbTU Ha AEH, NIeKyBa KOHIOHKTUBUT BbB BCUUYKWU AOKNAABAHM
cnyyan. OCHOBHUTE rpynn OpraHnU4YyHM cbeanHeHus, naeHtudpuumpann dpes GC/MS
aHanu3 B NpPSICHO M3BNAEYEeHMsI COK OT nucta Ha xGraptoveria, ca: ankunamuHm,
XNAPOKCUKAPOOKCUAIHN KUCENNHKU, anndaTHNU U apoOMaTHU KapbOKCUIHU KUCENUHMK,
aMWUHOKUCENMHN, anKOX0sN, apoMaTHU N anndaTHU Bbriesogopoamn. 3akntoyeHme: B
TOBa nNpeaBapuTesIHO NpoyyBaHe ce npeanonara, 4Ye xGraptoveria nposiBsSBa
aKTUBHOCT cCpelly KOHIOHKTMBUT 4pe3 CUHeprmyeH edekT Ha pasfMyHU XUMUYHMU
CbeAMHEHMNS, Han-BEPOATHO aJKMNaMUHU N FNaBHO XMAPOKCUKApPOOKCUIHN, anudaT-
HW U apOMaTHU KapbOKCUNHN KUCENNHMU.

11. Miliovsky M, Svinyarov I, Prokopova E, Batovska D, Stoyanov S,
Bogdanov M. Synthesis and antioxidant activity of polyhydroxylated
trans-restricted 2-arylcinnamic acids. Molecules. 2015; 20(2): 2555-
2575. DOI: 10.3390/molecules20022555.

Abstract: A series of sixteen polyhydroxylated trans-restricted 2-arylcinnamic acid
analogues 3a-p was synthesized through a one-pot reaction between homophthalic
anhydrides and various aromatic aldehydes, followed by treatment with BBrs. The
structure of the newly synthesized compounds was confirmed by spectroscopic
methods and the configuration around the double bond was unequivocally estimated
by means of gated decoupling 3C-NMR spectra. It was shown that the trans-cinnamic
acid fragment incorporated into the target compounds’ structure ensures the cis-
configuration of the stilbene backbone and prevents further isomerization along the
carbon-carbon double bond. The antioxidant activity of compounds 3a-p was
measured against 1,1-diphenyl-2-picrylhydrazyl (DPPH®), hydroxyl (OH®*) and
superoxide (02°*-) radicals. The results obtained showed that the tested compounds
possess higher activities than natural antioxidants such as protocatechuic acid, caffeic
acid and gallic acid. Moreover, it was shown that a combination of two different and
independently acting fragments of well-known pharmacological profiles into one
covalently bonded hybrid molecule evoke a synergistic effect resulting in higher than
expected activity. To rationalize the apparent antioxidant activity and to establish the
mechanism of action, a SAR analysis and DFT quantum chemical computations were
also performed.



Pe3ome: Cepus OT LWecTHageceT TMOJNXUAPOKCUINPAHN aHano3nM Ha TpaHCc-
3anpeyeHa 2-apujkaHeneHa kucennHa 3a-p 6e cMHTe3npaHa ype3 peakuus B e4uH
CbA Mexay XoModTanoBu aHXUAPUAN N Pas3/IMYHU apoMaTHU angexvan, nocnenBaHo
OT TpeTupaHe c BBri. CTpykTypaTta Ha HOBOCUHTE3MpaHUTE cCbeanHeHust bele
NOTBbpAEHa 4pe3 CreKTPOCKOMNCKM MeToaAM M KOHdurypaumsaTa OKOS0 ABOMHATa
Bpb3ka belle HeaBYCMUCNEHO oueHeHa ype3 1*C-NMR cnekTpu. Bewe nokasaHo, 4ye
(bparMeHTBLT Ha TpaHC-KaHeNeHaTa KMUCenuHa, BKKYEH B CTPYKTypaTa Ha ueneBute
CbeAMHEHMNs, ocurypsiea UUC-KOHpuUrypaumata Ha rpbbHaka Ha cTtunbeHa u
npefoTeBpaTtsBa MoO-HaTaTbllHa W30Mepu3auusa Mo [ABOMHATa Bpb3Ka BbrAepos-
Bbrepos. AHTMOKCMAAHTHAaTa aKTUBHOCT Ha CbeanHeHus 3a—p 6e namepeHa cnpsiMo
1,1-andeHnn-2-nukpunxuapasmn (DPPH*®), xuapokcmnHu (OH®) v cynepoKcuaHu
(02°=) paaukanu. lMony4dyeHuTe pe3ynTaTM MNoKasaxa, 4Ye TeCTBaHUTE CbeAWHEHUS
nputexasaT MNO-BMCOKA aKTUBHOCT OT MPUPOAHN AHTUOKCUAAHTM KaTo MpoTo-
KaTexyeHa, kadeeHa u ranoBa kucenuHu. OceBeH ToBa 6elwe mMokasaHo, u4e
KoMbuHauMsa OT ABa pa3/IM4HU N HEe3aBUCMMO AencTtBawm dparmeHTa oT Aobpe
M3BECTHM (apMaKosorMyHM npodunm B efHa KOBaJSIEHTHO CBbp3aHa XubpuaHa
Mosiekysna rnpeansBuKBa CUHeprnyeH edekT, Bogel, A0 MNo-BMCOKA OT O4yakBaHaTta
aKTUBHOCT. 3a Aa ce paunoHanu3ampa oveBumaHaTa aHTMOKCUMAAHTHA aKTMBHOCT U Aa
Ce YCTaHOBM MeXaHU3MbT Ha AencTBume, Cblo 6sxa ussbpweHn SAR aHanm3 u DFT
KBAHTOBO-XUMWUYHU U3UNCTIEHUS.

12. Stamboliyska B, Jashari A, Yancheva D, Mikhova B, Batovska D,
Popovski E, Mladenovska K. Structure and radical scavenging activity
of isoxazolo- and thiazolohydrazinylidene-chromaffin-2,4-diones.
Bulg Chem Commun. 2017; 49D: 99-105.

Abstract: Quantum chemical calculations based on the density functional theory and
NMR spectroscopy have been employed to perform structural analysis of four
thiazolo- and three isoxazolohydrazinylidene-chroman-2,4-diones and to predict their
relevant structural isomers. The scavenging capacities of the studied molecules
towards nitric oxide (NO*), superoxide anion radical (O2*) and DPPH* radicals were
estimated. The compounds possessing a thiazolidine ring were 10-fold more active
in the test with nitric oxide (NO*®) than the rest of coumarins with isoxazolidine ring.
A radical scavenging mechanism in aqueous medium was proposed to explain this
activity.

Pe3ome: C noMowTa Ha KBAHTOBO-XMMUYHUTE U34YUCIEHUS, Ba3mpaHn Ha TeopusTa
Ha PyHKUMOHaNHaTa NAbTHOCT U SAMP cnekTpockonus CTPpyKTYpHO 6sixa oxapakTepu-
3MpPaHN YeTUpu TMA30J10- U TPU U3O0KCA30JIOXNAPAZUHUINLAEH-XPOMAH-2,4-01M0Ha WU
6sxa npeackasaHM CbOTBETHUTE UM CTPYKTYPHM u3omepu. baxa oueHeHu
YNOBUTENHUTE KanauuTeTu Ha u3cneaBaHuTe Monekynm cnpsiMo asoteH okcmg (NO*),
cynepokcug aHuvoH paaukan (02*) n DPPH® pagukan. CbegnHeHuaTa C TUasou-
OVHOB npbCTeH ca 10 NbTWM NO-aKTUBHM Npu Tecta € a3oTeH okcuma (NO*) ot



OoCTaHanuTe KyMapuHU C U30KCa30/MAMHOB NpbCcTeH. MpeanoxeH 6e MexaHu3bM 3a
ynaBsHe Ha paauvKanu BbB BOAHa Cpeaa C Luen Aa ce 06sCHU Ta3n akTUBHOCT.

13. Mincheva I, Zaharieva M, Batovska D, Najdenski H, Ionkova I,
Kozuharova E. Antibacterial activity of extracts from Potentilla
reptans L. Pharmacia. 2019; 66(1): 7-11. DOI: 10.3897/pharmacia.
66.35293.

Abstract: Potentilla reptans is widely used in traditional medicine as an astringent,
for treating diarrhea, hemorrhoids and for bleeding gums. A recent ethnobotanical
study has reported on the anti-mastitis effects of the aerial parts of P. reptans
decoction. The aim of the present study is to evaluate the antibacterial potential of
extracts and fractions, obtained from aerial parts of P. reptans against three strains
of Staphylococcus aureus. The observed MICs were within the range of 0.325 - 2.5
mg/ml. Studied extracts and their fractions exerted mostly bacteriostatic effect, with
the n-hexane fraction of hydroethanolic extract being the most active (MIC 0.313
mg/ml against S. aureus ATCC 6538 P). However, further investigations are
necessary to reveal the precise mode of action of P. reptans against mastitis.

Pe3rome: Potentilla reptans ce nanonsea WMpPOKO B TpaAULUMOHHATa MegnUMHa KaTto
AACTPUHIEHT, 3@ NleYeHMe Ha Anapusl, XeMopouaum U Mpu KbpPBEHE Ha BeHuuTe.
CKkOpoLWwHO eTHOH6OTAHMYECKO nMpoy4yBaHe cbobuwaBa 3@ aHTUMACTUTHUTE edeKTU Ha
HaA3eMHUTe YyacTu Ha oTBapa oT P. reptans. Llenta Ha HacToAwoTO U3cneaBaHe e aa
ce oueHun aHTMbakTepuanHMAT NOTeHUMan Ha eKCTpakTu U (pakumu, NoayyYeHu oT
HaA3eMHM 4actTu Ha P. reptans cpewy Tpu wama Ha Staphylococcus aureus.
HabnwopnasaHute MIC ca B amanasoHa ot 0.325 - 2.5 mg/ml. W3cnepsanute
EeKCTpaKTn n TexHuTe dpakumm npoasasaTt NpeanMHo 6akTtepmocTaTnyeH edekT, KaTo
Han-aKTUMBHA € N-xeKcaHoBaTa dpakumsa Ha xmgpoetaHonosus ekctpakt (MIC 0.313
mg/ml cpewy S. aureus ATCC 6538 P). Bbnpekun ToBa ca He06X0AMMWN AOMBIHUTENHN
n3cneaBaHus, 3a Aa Ce paskpuve TOYHUAT MeXaHU3bM Ha AenctBue Ha P. reptans
CcpeLly MacTuT.

14. Sinha S, Medhi B, Radotra B, Batovska D, Markova N, Bhalla A,
Sehgal R. Antimalarial and immunomodulatory potential of chalcone
derivatives in experimental model of malaria. BMC Complement Med
Ther. 2022; 22(1): 1-14. DOI: 10.1186/s12906-022-03777-w.

Abstract: Background: Malaria is a complex issue due to the availability of few
therapies and chemical families against Plasmodium and mosquitoes. There is
increasing resistance to various drugs and insecticides in Plasmodium and in the



vector. Additionally, human behaviors are responsible for promoting resistance as
well as increasing the risk of exposure to infections. Chalcones and their derivatives
have been widely explored for their antimalarial efects. In this context, new
derivatives of chalcones have been evaluated for their antimalarial efcacy. Methods:
BALB/c mice were infected with P. berghei NK-65. The efcacy of the three most potent
chalcone derivations (1, 2, and 3) identifed after an in vitro compound screening test
was tested. The selected doses of 10 mg/kg, 20 mg/kg, and 10 mg/kg were studied
by evaluating parasitemia, changes in temperature, body weights, organ weights,
histopathological features, nitric oxide, cytokines, and ICAM-1 expression. Also,
localization of parasites inside the two vital tissues involved during malaria infections
was done through a transmission electron microscope. Results: All three chalcone
derivative treated groups showed signifcant (p<0.001) reductions in parasitemia
levels on the ffth and eighth days of post-infection compared to the infected control.
These derivatives were found to modulate the immune response in a P. berghei
infected malaria mouse model with a signifcant reduction in IL-12 levels. Conclusions:
The present study indicates the potential inhibitory and immunomodulatory actions
of chalcones against the rodent malarial parasite P. berghei.

Pe3tome: lpeaunctopusa: CnoxeH npobsiem npu manapusaTa € Han4ynmeTo Ha Masiko
Tepanmu n XMMMYHU CbeAMHEHUS C aKTUBHOCT cpewly Plasmodium n komapu. Hanuue
€ HapacTBala pe3ncTeHTHOCT B Plasmodium 1 BbB BeKTOpa KbM pas/InYyHU SiekapcTea
N HCcekTMunan. OCBeH ToBa YOBELLKOTO NoBeAeHmne e OTrOBOPHO 3a HacbpyaBaHe Ha
PE3UCTEHTHOCTTA, KaKTO M 3a yBe/iM4YaBaHe Ha puUcCKa OT u3faraHe Ha WHdeKuunu.
XankoHUTe M TexHUTe MNPOM3BOAHM Ca LWWMPOKO M3CNeABaHW 3a aHTU-ManapuiiHn
edeKkTn. B TO3M KOHTEKCT HOBM NPOU3BOAHMN Ha XankoHUTe 6axa oueHeHW 3a TaxHaTa
aHTUManapumHa edukacHoct. Metoan: BALB/c muwkn 65xa 3apaseHun c P. berghei
NK-65. TectBaHa 6e eduKaCHOCTTa Ha TpuTe HaW-aKTUBHM xankoHa (1, 2 n 3),
naeHTudnumpaHmn cneg in vitro tect 3a ckpuHuHr. N36panunte gosm ot 10 mg/kg, 20
mg/kg n 10 mg/kg 6sxa n3cneaBaHn 4ypes oueHKa Ha napasnTeMusiTa, NpoOMeHUTE B
TemMnepaTtypaTa, Te/IeCHOTO Tersio, Ter71I0ToO Ha OpraHnTe, XUCTOMaTONIOrMYHNTE XapaK-
TEPUCTUKKN, A30THUSA OKCUA, UMTOKMHUTE M ekcnpecumata Ha ICAM-1. Cblwo Taka,
NoKanu3mMpaHeTo Ha Napa3nTn B ABETE XMU3HEHOBAaXXHW TbKaHW, y4yacTBallM No BpeMe
Ha ManapumHu WHdekunn, 6bewe MN3BLPLIEHO 4Ype3 TPAHCMUCUOHEH efIeKTPOHEH
MUKpoOcKon. PesynTtaTtu: U Tpute rpynum, TpeTMpaHu C XaaKoHU, NOKa3BaT 3HAaYMTENTHO
(p<0,001) HaManeHMe Ha HMBATa Ha Napa3uUTEMUSA Ha MeTUs U OCMUSA AeH cnepn
3apa3siBaHeTO0 B CpaBHEHMEe CbC 3apa3eHaTa KOHTposia. YCTAaHOBEHO e, 4ye Te3u
NpoM3BOAHU MOAYNMPAT UMYHHUS OTFOBOP B MOAEN Ha MUWKa, 3apa3eH ¢ P. berghei,
CbC 3HaA4uMTeNHO HaMangBaHe Ha HuBaTta Ha IL-12. 3aknw4yeHusa: HacToAwoTo
n3cnegBaHe pa3kpuBa NOTEHUMANHUTE UHXNOUTOPHN U UMYHOMOAY IMpPALLM AENCTBUS
Ha XaNKOHUTE cpelly ManapumnHusa napasuTt Ha rpm3aduTte P. berghei.

15. Pasdaran A, Butovska D, Kerr P, Naychov Z, Aneva I, Kozuharova E.
Gentians, natural remedies for future of visceral pain control; an
ethnopharmacological review with an in silico approach. Biol Futura.
2022; 73(2): 219-227. DOI: 10.1007/s42977-022-00114-7.



Abstract: Different gentian preparations are used as traditional remedies for internal
pain control in: Persian traditional medicine (PTM), Chinese traditional medicine
(CTM) and Ancient Greek medicine (AGM) from the time of the Roman Empire.
Objective: To present a survey of the ethnopharmacological applications of gentians
recorded as being used in Eastern and Western traditional medical systems (PTM,
CTM and AGM) and their pharmacological effects, chemical composition as well as an
in silico investigation of the possible active component/s for the alleviation of internal
pain via molecular docking studies. Major traditional medicine literature (PTM, CTM
and AGM, 50 AD-1770) and ethnobotanical studies for the application of gentians
were reviewed. Nine European species representing 5 of the 13 sections currently
attributed to Gentiana were selected. Chemical compounds and pharmacological
activity data of these species were gathered from diferent databases including Google
Scholar, PubChem, PubMed and Web of Science (between 1972 and 2020). The
possible active constituents of gentians on visceral pain receptors were investigated,
in silico. In all investigated literature, traditional uses of gentian were indicated to
have anti-nociceptive efects on visceral pain and possess diuretic action. According
to our computational study, acylated flavonoid glycosides, viz. trans-feruloyl-2"-
isovitexin (33), trans-feruloyl-2"-isovitexin-4'-O-B-D-glucoside (34), iso-orientin-4'-
O-glucoside (38), trans-cafeoyl-2"-iso-orientin-4'-O-B-D-glucoside (39), iso-orientin-
2"-0-B-D-glucoside (40) and isoscoparin (41), might be responsible for visceral pain
reduction by interacting with the purinergic receptor (P2X3) and vanilloid receptor 1
(TrpV1). This fnding shows a good correlation with diferent traditional gentian uses
in Persian, Chinese and European ethnomedicine for visceral pain control.

Pe3ome: PasznuyHM npenapatu OT TUHTABA Ce M3MNO0J3BaHM KaTto TpagMUMOHHMU
cpeacTBa 3a KOHTpon Ha 6onkata B: llepcunckaTta TpagmumoHHa meauumHa (PTM),
KutanckaTta TpaanunoHHa megmumHa (CTM) n OpeBHorpbukaTta MeamumHa (AGM) ot
BpeMeTo Ha PumckaTa uMmnepus. Llen: MNpeacrtassHe Ha npernea Ha eTHodapMakono-
FMYHUTE MPUNOXEHUS HA TUHTABATA, PErMcTpUpaHn KaTto U3rnon3BaHu B U3TOYHUTE U
3anagHuTe TpagMUuMoHHU MeanumnHcku cuctemu (PTM, CTM n AGM) n TexHute dapma-
KOMOrMYHM edeKTn, XMMMYEH CbCTaB, KakTo M in silico nacnegBaHe Ha Bb3MOXHUSA
aKTUBEH KOMMOHeHT/n 3a obnekyaBaHe Ha 60nKa u4pe3 MONeKyIApHU LOKUHI
n3cnenBaHus. bsxa npernegaHn oCHOBHAaTa finTepaTypa No TpaauuMoOHHa MeauuuHa
(PTM, CTM n AGM, 50 AD-1770) n eTHO6OTaHMYeCKUTE n3cnenBaHmsa 3a Npuioxe-
HMETO Ha TUHTABaTa. bsaxa n3bpaHun geseT eBponenckn Bmaa, npeacrasnasawm 5 or
13-Te cekumn, KOWUTO nMoOHacTosAweM ce npunmceat Ha Gentiana. [aHHuUTe 3a
XUMUYHUTE CbeAUHEHUS U (apMakosorMyHata akKTUBHOCT Ha Te3n Buaose 6Hsaxa
cbbpaHu oT pasnnyHu 6a3m gaHHKU, BKAYMTENHO Google Scholar, PubChem, PubMed
n Web of Science (Mexay 1972 n 2020 r.). Bb3MOXHUTE AKTUBHU CbCTAaBKW Ha
TUHTSIBaTa BbpXYy peuenTtopuTe 3a BucuepanHa 6onka 6sixa nacnegsanu in silico. Bbe
usnata npoyyYyeHa nutepaTtypa ce noco4ysa, Yye TpaauumoHHaTta ynotpeba Ha TMHTSBA
MMa aHTUHoOUMLEeNTMBEH edeKT BbpXYy BUcLepanHaTta 605Kka n nputexasa AMypeTUYHO
aencrteue. Cnopel HaweTo U3UUCIUTENHO mn3cneaBaHe, aunanpaHnTe paaBoOHOUAHMU
rnMKko3naun, T.e. TpaHc-depynoun-2"-n3osmutekcuH (33), TpaHc-depynounn-2"-
N30BUTEKCUH-4'-0O-B-D-rntoko3na (34), n3o-opueHTnH-4'-O-rnoko3mng (38), TpaHc-
kadeonn-2"-n3o-opmeHTnH-4'-0O-B-D-rnokosng (39), nso-opmeHTUH-2"-0-B-D-rnto-
ko3na (40) n nsockonapuH (41), Moxe aa ca OTFOBOPHM 3a BMCLEpanHU HaMmansBaHe



Ha 6onkaTta 4pe3 B3auMoAencTBMe C NypuHepruyHusa peuentop (P2X3) u BaHuU-
nongHusa peuentop 1 (TrpV1). ToBa oTkpuTMe Noka3sa Aobpa Kopenaums C pa3anyHn
TPaANUMOHHM ynoTpebun Ha TUHTsABATa B NepcuiickaTa, KMTamckata M eBponenckarta
eTHOMeAMUMHA 3a KOHTPOJT Ha BUcUepanHaTta 6onka.

16. Pasdaran A, Naychov Z, Batovska D, Kerr P, Favre A, Dimitrov V,
Aneva I, Hamedi A, Kozuharova E. Some European Gentiana species
are used traditionally to cure wounds: Bioactivity and conservation
issues. Diversity. 2023; 15(3):467. DOI: 10.3390/d15030467.

Abstract: Wound care will always be among the main tasks in all surgical specialties.
Several medicinal plants have proven efficacy to cure wounds. Ethnobotanical
research and ethnopharmacological research have virtually endless potential to find
new lead compounds. The aim of this research review is to assess the potential of
some Gentiana species as sources of promising active compounds to support wound
healing. Gentians are among the most popular medicinal plants used in many
countries for a wide spectrum of health conditions. Traditionally, those used to cure
wounds are Gentiana lutea, G. punctata, G. asclepiadea, G. cruciata, G. oliverii, G.
septemphida, and G. gelida. Candidate compounds with skin regeneration and
wound-healing potential isolated from gentians are isogentisin, isoorientin,
mangiferin, lupeol, pinoresinol, syringaresinol, eustomoside, and sweroside. Based
on the rich source of traditional knowledge on the properties of gentians to cure
various skin and soft tissue complications; only very few modern pharmacological
studies have been performed to test this potential. Our review demonstrates that this
field deserves further investigation. Many gentians are declining in number and have
high IUCN conservation status, and cultivation and micropropagation methods are
the only solution for the development of new drugs based on gentian extracts.

Pe3ome: 'pmxaTta 3a paHaTa BMHaru we 6bae cpea OCHOBHUTE 3a4ayu BbB BCUYKMU
XUPYPrUYHN CneunanHocTn. HAaKonko neyebHU pacteHmst uMaT AoKa3aHa epuKacHoOCT
3@ NleyeHne Ha paHu. ETHob6oTaHM4yecknTe uscneaBaHus M eTHoPapMaKoIorMyHuTe
n3cneaBaHMsa UMaT NpakTnyeckn 6e3kpaeH NoTeHUMan 3a HaMMpaHe Ha HOBU IMAEPHM
cbeamHenmns. Llenta Ha To3m 0630p € Aa OoueHM noTeHumana Ha HSKOM BMAOBE
Gentiana kaTo M3TOYHMLUM Ha obellaBalluy aKTUBHU CbeAWHEHWUS 3a noanoMaraHe
3a34paBsiBAHETO Ha paHU. TUHTSBUTE ca cpea Hal-nonynsapHuTe nedyebHn pacTtenus,
M3MON3BaHNW B MHOMO CTpPaHW 3@ LWWPOK CNEKTbP OT 34PaBOC/AOBHU CbCTOSIHUS.
TpaaAnUMOHHO Te3n, N3N0N3BaHM 3a NledeHne Ha paHu, ca Gentiana lutea, G. punctata,
G. asclepiadea, G. cruciata, G. oliverii, G. septemphida n G. gelida. Kanauaat
CbeANHEHMS C pereHepauus Ha KoxXaTa W MoTeHuuan 3a 3a3apaBsiBaHE Ha paHuy,
N30/IMpaHN OT TUHTSABA, Ca U30MEHTU3MH, UBOOPUEHTUH, MaHrMdepunH, Nyneosa, NMHO-
pPE3NHON, CUPUHTApe3nHO, eycToMO3MA U CBepo3na. Bbnpekn 60ratms U3TOYHUK Ha
TPaANUMOHHM 3HAHMA 3@ CBOMCTBATa Ha TUHTSIBaTa Aa JIeKyBa pasfIMyHM YCNOXHEHMUS
Mo KoOXaTa U MEKUTE TbKaHW; MHOIO Masiko CbBpPEMEHHU (hapMaKo/IOrMYHN uU3cnea-
BaHMS Ca M3BbPLUEHM 3@ TECTBAHE Ha TO3M NoTeHuman. Hawuat o630p nokasea, 4e



Ta3n obnacTt 3acnyxaBa AOMbJIHUTENIHO Mpoy4YBaHe. MHOro TUHTABM HaManaBaT Ha
6poi 1 nMaT BUCOK cTaTyc Ha ona3BaHe B IUCN, a MeToauTe 3a KYNTUMBUPAHE U MUKPO-
pa3MHO)KaBaHe ca eAMHCTBEHOTO peLleHMe 3a pa3paboTBaHETO Ha HOBM NNEKAPCTBA Ha
6a3aTa Ha eKCTpaKTu OT TUHTSBA.

17. Kozuharova E, Simeonov V, Batovska D, Stoycheva C, Valchev H,
Benbassat N. Lavender essential oil from Bulgaria and its
pharmacological effects. Pharmacia. 2023; 70(2): 395-403. DOI:
10.3897/pharmacia.70.e104404.

Abstract: Lavender essential oil is economically important and widely used in
aromatherapy perfumery, food industry and pharmacy. Bulgaria is a global leader in
lavender cultivation overtaking countries such as France, UK, China, India, and Spain
during the last few years. The aim of this research is: 1) to characterize a lavender
essential oil sample obtained from agricultural plantation near Pomorie, Bulgaria; 2)
to perform descriptive statistical test based on a data set of 13 samples available in
4 publications, 3) to compare the varieties regarding the quantity of the most
important components such as linalool and linalyl acetate 4) to summarize the
pharmacological effects of the main components. As a result of GS/MS analysis of the
essential oil sample obtained from agricultural plantation near Pomorie, we identified
44 compounds. The major constituents were linalyl acetate (27.5%) linalool (24.1%),
E-B-ocimene (7.0%), terpinen-4-ol (5.1%) caryophyllene (4.5%), carvacrol (4.4%),
lavandulyl acetate (3.5%), Z-B-farnesene (3.3%), and Z-B-ocimene (3.2%). Linalool
and linalyl acetate are the main ingredients based on which the quality of the
essential oil is evaluated. In the studied samples they fluctuated between varieties
depending on the year of extraction and the locations of origin in Bulgaria. Some
varieties were characterized by a more stable ratio of linalool - linalyl acetate,
compared to others. The main other components of our sample as well as the other
examined Bulgarian samples fit the standards according to the requirements of ISO
(2002) and the of European Pharmacopoeia (10th edn., Council of Europe 2020) with
few exceptions. Lavender oil has humerous pharmacological applications based on its
anxiolytic, sedative, antioxidant, anti-inflammatory, antitumor and antimicrobial
activities. Although linalool and linalyl acetate largely contribute to these effects, the
overall efficacy of lavender oil is proven to be due synergistic relationships between
the components.

Pe3ome: ETepnyHOTO Macno OT naBaHAy/Nla € WMKOHOMMYECKM BaXXHO WU LIMPOKO
M3NoN3BaHO B apoMmaTepaneBTUYHaTa napdoMepusi, XpaHUTENHO-BKycoBaTa MNpo-
MULWNEHOCT 1 hapMmaumaTa. bbnrapma e cBeTOBEH Nnaep B OTrNeXAaHETO Ha NaBaH-
Ayna, u3npesBapBalikm npe3 nocnegHuTe roagnHu cTtpaHu kato ®paHuwus, Benuko-
6puTtanusa, Kutan, Mugmna n Ucnanusa. Llenta Ha ToBa nscneasaHe e: 1) aa ce xapak-
Tepusunpa npoba oT eTepuyHO Macno OT NaBaHAyna, Nony4vyeHa OT 3emMefesncka niaH-
Tauus kpan NMomopue, bbnrapus; 2) Aa ce U3BbpLUM ONMUcaTesieH CTaTUCTUYECKU TeCT



Bb3 OCHOBa Ha Habop oT AaHHM oT 13 npobu, HannyHm B 4 nybnukaumn, 3) Aa ce
CPaBHAT Pa3HOBUAHOCTUTE MO OTHOLWEHME HA KOJSIMYECTBOTO HA HaM-Ba>KHUTE KOM-
NMOHEHTW KaTo AIMHANOA M AuHanun auetat 4) Aa ce o606waAT dhapMakonormyHmTe
edeKkTM Ha OCHOBHUTE KOMMOHeHTU. B pe3yntat Ha GS/MS aHanum3 Ha npoba oT
eTepMyHO Macso, NoJay4yeHa OT 3eMeaesncka nnaHTaumsa kpam Nomopue, naeHTUdUUnN-
paxme 44 cbeanHeHus. OCHOBHUTE CbCTaBKM ca nnHanun auetaT (27.5%) nuHanon
(24.1%), E-B-oummeH (7.0%), TepnnHeH-4-on (5.1%) kapuoduneH (4.5%), kapBa-
kpon (4.4%), nasaHaynun auetat (3.5%), Z-B-cdapHeseH (3.3%) n Z-B-oumMeH
(3.2%). JlnHanon v nnHanun aueTtaT ca OCHOBHUTE CbCTaBKU, MO KOUTO Ce OLEeHsBa
KayecTBOTO Ha eTepuyHOTO Macno. B wuscneasaHuTe npobu Te BapupaTt Mexay
COpTOBETE B 3aBUCMMOCT OT roauHata Ha pobuBaHe M MeCTOHaxoXAeHusita B
Bbnrapusa. Hakou copToBe ce XxapakTepusupaTt € No-CTabuaHO CbOTHOLIEHWE IMHANoN
- JIMHaNuUN aueTtaT B CpaBHeHWe C Apyru. [ipyrmnte oCHOBHM KOMIMOHEHTW Ha HawaTa
npoba, KakTo M Ha ApyruTe uscneasaHn 6bnarapckm npobu, oTroBapsaT Ha cTaHaap-
TnuTe, onpeaenenn ot ISO (2002) u ot EBponenickata dapmakones (10-To nsgaHwue,
CbBeT Ha EBpona 2020) ¢ Manku mskao4veHus. JlaBaHAYy/10BOTO Macso MMa MHOro-
6ponHK dapMakonorMyHmn npunoxeHus, 6asmMpaHnm Ha HeroBaTa aHTUAHKCUONUTUY-
Ha, cefaTWBHA, aHTMOKCUMAAHTHA, NPOTUBOBBb3NANNTENHA, NPOTUBOTYMOPHA U aHTU-
MUKpPO6HA aKTUBHOCT. Bbnpeku 4ye nuHanon v AnHanuia auertat A0 ronsma creneH
AOMNpuHAcAT 3a Te3n edeKkTn, e AoKasaHo, Ye obuiaTta eddMKacHOCT Ha slaBaHAY/10BOTO
Macno Ce Ab/IKN Ha CUHEPTUYHUTE BPB3KN MeXAY KOMMOHEHTUTE.

18. Kozuharova E, Batovska D, Stoycheva K, Favre A. Secondary
metabolites from some gentians and their defense against seed
predators. Biochem Syst Ecol. 2023; 110, 104701. DOI: 10.1016/
j.bse.2023.104701.

Abstract: We discovered a strong reduction of fruit set in some Gentiana species,
while studying their breeding systems and pollination ecology in the Bulgarian
mountains. The fruit set of five species belonging to Gentiana section Gentiana (G.
asclepiadea, G. lutea subsp. symphyandra, G. punctata), G. sect. Cruciata (G.
cruciata) and to some extent to G. sect. Pneumonanthe (G. pneumonanthe) was
notably reduced due to predation of various insect larvae. The seeds of four species
belonging to G. sect. Calathianae (G. verna, G. utriculosa, and G. nivalis) and G. sect.
Chondrophyllae (G. pyrenaica) remained consistently unharmed. Our observations
indicate that a phytochemical defense may have evolved as adaptation to predation
in some Gentiana lineages and not in others, for example, in the form of specific
repellent or insecticidal secondary metabolites. By reviewing the available literature,
the aim of our study is thus to investigate whether an adaptation to fruit and seed
predation occurs either by excluding phenological and ecological factors, allowing
some species to avoid pests, or identifying species-specific metabolites which may
be involved in the phytochemical defense of some species. Throughout the study, we
take the evolutionary context of Gentiana into account. Generally, we found that the
most abundant secondary metabolites in Gentiana (iridoids, flavonoids and
xanthones), were disproportionately studied across the sections. Species which were



best phytochemically characterized were the medicinal plants of G. sect. Gentiana,
whereas members of G. sect. Calathianae were only represented by relatively scarce
secondary metabolites data. Nevertheless, we discuss secondary metabolites of
gentians that are possibly involved in the attraction, oviposition, deterrence, and
feeding of various insect orders. Our review highlights some individual components
that may be involved in these processes; and by identifying gaps in the data
available, we set the base for further integrated investigations designed to
disentangle the complex interactions between seed predation and chemical defense
and their variation through time and space.

Pe3tome: [lokaTo u3yyaBaxMe CUCTEMUTE 3@ Ppa3MHOXaBaHE M eKosornaTa Ha
onpallBaHe Ha TUHTABUTE B 6barapckuTe NaaHUHKU, OTKPUXME CUTHO HaMansiBaHe Ha
naoAoBeTe B NJIOAHMSA CaK Ha HAKOW Buaose. bposAT Ha nnopgoseTe OT neT BUAQA,
npuHaanexawm kbMm Gentiana section Gentiana (G. asclepiadea, G. lutea subsp.
symphyandra, G. punctata), G. sect. KpyuunaTa (G. cruciata) v AOHSAKbAE Ha TE3U OT
G. sect. Pneumonanthe (G. pneumonanthe) 6ewe 3HauynTenHO HaManeH nopaau
XUWHNYECTBO Ha JflapBuUTe Ha pas3anyHM HacekoMu. CemeHaTa Ha 4eTupu BuUAQ,
npuHaanexawm koM G. sect. Calathianae (G. verna, G. utriculosa n G. nivalis) n G.
sect. Chondrophyllae (G. pyrenaica) octaBaxa MNOCTOSHHO HeBpeaAuMMU. HawwuTe
HabnoaeHna nokasaxa, vye (pUTOXMMMYHAaTa 3alinTa MOXe Aa Ce € pa3Buaa KaTto
ajanTauusa KbM XMLLIHMYECTBOTO B HAKOWM nnHuM Gentiana, a He B Apyru, Hanpumep
noa cdopmarta Ha cneunduyHn peneneHTn Uin NHCEKTULUMAHN BTOPUYHM MeTabonutu.
Ypes npernea Ha Hanu4yHaTa nuTepaTypa, UenTa Ha HaweTo uscneasaHe 6e aa ce
Npoy4YMn Kak Bb3HWKBA aganTtaumsaTa Ha niogoBeTe U CceMeHaTa KbM XWULWHUYECTBOTO.
HawaTta ctpaterns 6e aa ce pasrnegat (eHONOrMYHN U eKONOrnMYHU haKTopu, KOUTO
no3BoNABaT Ha HAKOM Buaose aa wm3bsaresaT BpeauTenn U ga ce uaeHtuduumpart
cneumduyHm 3a BMaoBeTe Metabonmtu, KOUTO MoraT Aa yyactBaT B GUTOXMMUYHATA
UM 3awmTa. o BpeMe Ha Npoy4YBaHETO HMe B3exMe NoA BHMMaHue eBOJILMOHHUSA
KOHTEKCT Ha Gentiana. KaTo usno oTKpuxMe, 4ye Ham-pasnpoCTpaHEHUTE BTOPUYHMU
mMeTabonutn B Gentiana (Mpuaonaun, GnaBoHONAN U KCAHTOHM) Ca HEMPOMOPLMOHANHO
n3cneaBaHun B cekumute. BuaoseTe, KOUTO ca Han-gobpe PUTOXMMUYHO OXapakTe-
pu3npaHn, ca nedyebHute pacteHuns oT G. sect. Gentiana, gokaTo u4neHoBeTe Ha
cekumns G. Calathianae 6s1xa npeacTtaBeHM CaMO OT OTHOCUTENIHO OCKbAHW AaHHW 3a
BTOPUYHN MeTabonutn. Bbnpekn ToBa, HMe obCbxaamMe BTOpUYHUTE MeTabonntm Ha
TUHTSIBaTa, KOUTO BEPOSATHO Yy4yacTBaT B MPMBJIMYAHETO, AMuUenosiaraHeTo, Bb3Mu-
paHEeTO MU XpPaHEHEeTO Ha pas3/IMYHU rpynu Hacekomu. HawwuaTt npernej nogveprasa
KO OTAEeNHW KOMMOHEHTM MoraT Aa ydyacTtBaT B Te3uM Npouecu; MU 4Ype3 UAEeHTU-
duumpaHe Ha NpPoOMNyCcKM B HAIWYHUTE AAHHW, HWE NOCTaBAMe OCHoBaTta 3a Mo-
HaTaTbWHN UHTErpupaHu mnacneaBaHus, nNnpegHa3HavyeHW Aa pasrpaHnyaT CAOXKHUTE
B3aMMOAENCTBUS MeXAY XULWHWMYECTBOTO Ha cCeMeHaTa M XMMMYeckaTa 3alumTta wm
TAXHOTO M3MEHEHME BbB BPEMETO U MPOCTPAHCTBOTO.

19. Sinha S, Medhi B, Radotra BD, Batovska D, Markova N, Sehgal R.
Evaluation of chalcone derivatives for their role as antiparasitic and
neuroprotectant in experimentally induced cerebral malaria mouse



model. 3 Biotech. 2023; 13(7): 260. DOI: 10.1007/s13205-023-
03676-y.

Abstract: Cerebral malaria is a severe complication of Plasmodium falciparum
infection with a complex pathophysiology. The current course of treatment is
ineffective in lowering mortality or post-treatment side efects such as neurological
and cognitive abnormalities. Chalcones are enormously distributed in spices, fruits,
vegetables, tea, and soy-based foodstuffs that are well known for their antimalarial
activity, and in recent years they have been widely explored for brain diseases like
Alzheimer's disease. Therefore, considering the previous background of chalcones
serving as both antimalarial and neuroprotective, the present study aimed to study
the efect of these chalcone derivatives on an experimental model of cerebral malaria
(CM). CM-induced mice were tested behaviorally (elevated plus maze, Rota rod test,
and hanging wire test), biochemically (nitric oxide estimation, cytokines (IL-1, IL-6,
IL-10, IL-12p70, TNF, IFN-y), histopathologically and immunohistochemically, and
fnally ultrastructural changes were examined using a transmission electron
microscope. All three chalcones treated groups showed a signifcant (p<0.001)
decrease in percentage parasitemia at the 10th day post-infection. Mild anxiolytic
activity of chalcones as compared to standard treatment with quinine has been
observed during behavior tests. No pigment deposition was observed in the QNN-T
group and other chalcone derivative treated groups. Rosette formation was seen in
the derivative 1 treated group. The present derivatives may be pioneered by various
research and science groups to design such a scaffold that will be a future antimalarial
with therapeutic potential or, because of its immunomodulatory properties, it could
be used as an adjunct therapy.

Pe3ome: LlepebpanHata Manapma e TexXKO YCNOXHeHMe Ha uHdekuymaTa ¢
Plasmodium falciparum, KkoeTo npoTu4ya CbC CNOXHa natoduanonorms. MU3nons3saHUAaT
NMOHACTOSLWEM KYPC Ha leyeHne e HeedpeKTUBEH 3a HaMansiBaHe Ha CMbPTHOCTTA UK
CTpaHn4yHUTe edeKkTn cnen neyeHmeTo, Kato HEBPOIOrMYHN U KOFTHUTUBHU aHOManuu.
XankoHuTe ca LWKWMPOKO pasnpoCTpaHeHU B NoAMpaBKUTe, N0AOBeTe, 3eneHYyuunTe,
yas M XpaHUTe Ha OCHOBaTa Ha Cos, KOUTO ca Aobpe M3BECTHM CbC CBOATA
aHTMManapuiiHa aKTUBHOCT, a Npe3 nocnegHnuTe rogmHu ca nscneaBaHn Npu MO3bYHU
3abonasaHma kato 6onectrta Ha Anuxanmep. lNpeasua aHTUMaNapUMHUTE N HEBPO-
NPOTEKTUBHM e(PeKTN Ha XaJIKOHMUTE, HAaCTOSALWOTO U3cneABaHe nMa 3a Luen ga npoyyu
edeKkTa Ha Te3n CbeaMHEHUs BbpPXYy eKcnepuMeHTaneH Moaen Ha uepebpanHa
manapua (CM). CM-UHaoyumpaHun Muwkn 6sxa TeCTBaHM noBefdeH4Yecku (m3aurHatr
natoC NabupuHT, TECT C poTa NpbYkKa U TECT C BUcAwWwa ten), b6MoxmmMmyHo (oueHka Ha
asoTeH okcua, umtokmHu (IL-1, IL-6, IL-10, IL-12p70, TNF, IFN-y), xmuctonaTto-
NOrMYHO M MMYHOXUCTOXMMUYHO M HaKpas YATPacTPYKTYpHUTE npoMeHun b6saxa
n3cneaBaHM C NOMoLLTa Ha TPAHCMUCUOHEH eNeKTPOHEH MUKPOCKON. U TpuTe rpynu,
TPETUPAHN C XanKoHW, nokaszaxa 3HaumTenHo (p<0,001) HamaneHue Ha nNpoueHTa
napasutemusa Ha 10-usa aeH cnea nHdekumaTa. Jleka aHKCMOIUTUYHA aKTUBHOCT Ha
xankoHute 6e HabngaBaHoO NoO BpeMe Ha NoBefAeHYecKnTe TeCToBe B CpaBHEHWE CbC
CTaHOApTHOTO NlevyeHne C XWMHUH. He 6e HabnwpgaBaHO oOTnaraHe Ha MWUIMEHT B



rpynaTa, nekysaHa ¢ QNN-T v apyru rpynu, nekyBaHu ¢ xankoHu. Obpa3syBaHeTo Ha
po3eTka e HabnwagaBaHO B rpynaTta, TpeTMpaHa CbC CbeanHeHue 1. TpuTe XasikoHa
mMoraT Aa 6baaT M3non3BaHM OT pas/IMYHU U3CNEeAO0BATENICKM M HaydHW Fpynu Aa 3a
Cb3JaBaHe Ha aHTMManapuvmMHO CpeacTBO C TepaneBTUYEH noTeHuMan WM KaTo
AONbAHUTENHA Tepanusa nopaau MMyHoMoAy mpawmTe UM CBOMCTBA.

20. Mehandzhiyski A, Tsvetkova I, Najdenski H, Batovska D. Synthesis
of chalcones and their heterocyclic analogues with potential
antibacterial activity. Bulg J Chem. 2012; 1: 53-59.

Abstract: A series of 12 chalcones (1-12) with potential antibacterial activity was
synthesized by the Claisen-Schmidt condensation between variously substituted
acetophenones and aryl aldehydes. The compounds of choice were selected to
contain 4’-methoxyphenyl-, 4’-cyanophenyl-, 4’-hydroxyphenyl- or phenyl group as
the ring A and 4-chlorophenyl-, 4-nitrophenyl-, 4-cyanophenyl-, 3,4,5-
trimmmethoxyphenyl- (1-8) or indolyl- (9-12) functions as the ring B in the
chalcones skeleton. The electronic effects of the substituents on the reaction yields
were estimated. Presence of electron-donating substituents in the p-position of the
aromatic rings of starting reagents favored obtaining high yields of chalcones (52-
91%). During the reaction between 4-cyanobenzaldehyde and 4-cyano-
acetophenone, the Michael adduct 13 was obtained instead of the expected chalcone.
The structure of all the compounds synthesized was elucidated by spectral methods
(UV, IR, H- and 3C-NMR). Tests for the antibacterial activity of the chalcones were
conducted towards three Gram-positive pathogenic bacteria: Staphylococcus aureus,
Streptococcus pyogenes, and Corynebacterium diphteriae. The results obtained were
compared with those published in the literature for chalcones with strong activity. It
turned out that the selected combinations of substituents in aromatic rings of the
synthesized chalcones did not improve the antibacterial activity of these compounds.

Pe3tome: [NocpeacTtBoM angonHa KoHaeH3saumsa no Knansen-LLUMuAaT mexay 3amMecTeHun
aueTodpeHOHM M apoMmaTHu angexnam 6e cumHTesanpaHa cepumsa oT 12 pa3HoobpasHo
3aMecTeHn xankoHu (1-12) c noteHumanHa aHTubakTepuanHa akTUBHOCT. [lony-
yeHuUTe cbeanmHeHus 6saxa noabpaHun aa cbabpxaT 4'-MeToKCUdeHunnoB, 4'-umaHo-
deHunnos, 4'-xmapokcndeHnnos nan GeHUI0B 3aMecTuTesl Kato NMpbCcTeH A N 4-
xnopogeHnnos, 4-HuTpodeHmnnos, 4-umaHodenmnnos, 3,4,5-TpumeTokcndenmnos (1-
8) nnn nHgonos (9-12) 3amecTuTen KaTto NpbCTeH B B xankoHoBMA ckenet. OueHeHo
6e BIUSIHMETO Ha eNeKTPOHHUTE edeKkTU BbpXy A0O6MBUTE Ha uenesBuTe MPOAYKTU.
YcTtaHoBeHO 6e, ye HanMumeTo Ha eNeKTPOHAOHOPHW 3aMeCcTUTeNn Ha 4-Ta No3nuns B
apoMaTHUTE a4pa Ha M3XoAHWUTE CbeAnHeHusa 6naronpusaTcTBa NOJydYaBaHeTO Ha
XaNKOHU BbB BUCOKU 0o6uBKM (52-91%). MNpun peakumsa mexay 4-umaHobeHzangexu
N 4-unmaHoaueTodeHOH, BMECTO O4YaKBaHWA NPOAYKT C XallKOHOBa CTpPyKTypa, 6e
M30/IMpaH aAyKT Ha npucbeamHsaBaHe no Muxaen 13. CTpyKTypaTa Ha BCUYKMU
cbeavHeHus 6elle gokasaHa C MoMoluTa Ha cnekTpanHu metoam (YB, U4, H- n 3C-
SMP). MNpoBeneHn 6sxa TectoBe 3a aHTMOaKTepmanHa akTUBHOCT cpely Tpu pam-



nonoxutenHn 6aktepun: Staphylococcus aureus, Streptococcus pyogenes W
Corynebacterium diphteriae. CpaBHWUTENEeH aHanM3 Ha MoJlydeHuTe pe3yntatun C
NUTEepaTypHU AAHHM 3@ XaJIKkOHM C BUCOKA aKTUBHOCT, NoOKasa 4e Taka m3bpaHute
KOMbMHaUMM OT 3aMecTUTeNM B apOMaTHUTE sf4pa Ha CUHTE3MPAHWUTE XaNlKOHWU He
BOAST A0 NOBMULLABaHe Ha aHTMbakKTepuanHaTta aKkTUBHOCT.



