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Buveeoenue (6xknwousa anomayus nHa npedcmaseHus npoekm, yeiu, pabomua npozpama,
npeosudeHu OeluHocmu - 00 2 cmp.)

B namm 1HU HapacTBa MHTEPECHT OT M3IOJI3BAHE HA JICUCOHH pacTEHUS KaTO M3TOYHHK Ha
€CTECTBEHH OMOJIOrMYHO aKTUBHU ChEIMHEHUS U aHTHOKCUIAHTH, KOUTO Ca OT U3KITIOUUTEITHO
3HAYEHHE 3a YOBEIIKOTO 37pase. Inula e romsim poa CiioKHOIBETHH PACTEHUS, ChCTOSIII CE OT
okosio 100 Buaa, pa3npoCTpaHEHHW B LIETUsI CBAT W IpenuMHO B EBpoma, Asus, Adpuka u
perunona Ha Cpenuszemuo mope. Oxoso 25 Buaa Inula ca uscnensanu xumudecku. XapakTepHU
OCHOBHHM KJIAaCOBE BTOPUYHH METa0OIUTH Ca CECKUTEPIIEHOBU JIAKTOHH U (iaBoHOUAU. Hstkon
Bu10Be Inula mposiBsiBaT GMONOTHYHN AKTHBHOCTH KAaTO: aHTHOAKTEpHATHA, XMUITOTIINKEMHYHA,
MPOTUBOSI3BEHA, aHTUBUPYCHA, MPOTUBOI'bOMYHA, TPOTUBONIAPAa3UTHA U Jp. BunoseTre oT To3U
POJI Ce U3IOJI3BAT KaTO TPAJUIIMOHHU JIEKApCTBEHU MPOAYKTH B 1M CBIAT. KONEKTUBBT NMa
3a 11eJ1 M3CJIe/IBaHe HAa XUMHUYHUSA ChcTaB Ha BuaoBe Inula pactsmu B beiarapus u gocera uma
pe3yJITaTv BbpXY 3 BHUA.

Bropusit eram Ha mpoekTa € MpPOABDKEHHE Ha (PUTOXMMHUYHUTE HU3CJIEIBaHUS Ha
npezacraButenu ot pon Inula. Odextn Ha npoyuBanusra e Obxat Bugosere Inula bifrons u
Inula salicina, 3a xouto nmmcBa wHpOpPMAIUS 32 TEXHUS XHMMUYEH CHCTaB U OMOJOTMYHA
AKTHUBHOCT.

3a mocTuraHe Ha M3clieZloBaTeICKaTa 1eJl B paMKHUTE Ha BTOPHS €Tam OT MPOEeKTa ce
IpEeIBIIKIA U3ITBIHEHUETO Ha CIICAHUTE 33/1a41 U IEHHOCTH:

1. ITonyyaBaHe Ha eKCTPAKTH 32 GUTOXMMHUYHHN ¥ OMOJIOTHYHHU H3CJIeABaAHHA. 3a
IeIITa 1€ Ce M3IMOJI3BAT CyxHu HaazeMmuu dactu ot Inula bifrons u Inula salicina, cs6panu ot
bearapcku ecrectBeHn Haxoauiua. YUpes3 mocrienoBaTenHa Malepalus U yIATpa3ByKOBa
EKCTpaKLMsl Ha PACTUTENHHUS Marepuan c XJopopopMm H MeTaHON Imie ObAaT MOJIY4YEeHU
EKCTPaKTH 000TaTeH! Ha PAa3IUYHU TUIIOBE OMOJIOrMYHO-aKTHBHU BEIIECTBA.

2. ®OuToXMMUYEH CKPUHHMHI 3a omnpeJejissHe HAa BTOPUYHM MeTA0O0JIMTH OT
xjopodopMeHuTe W MeTAHOJHHUTEe eKcTpakTu. [lomyyeHuTe ekcTpakTd mie ObaarT
AHAIM3UpPAHW C TIOMOINTa HAa THHKOCIOWHA W/WIM BHCOKOS()EKTHBHA THHKOCIOWHA
xpomatorpadust (TCX w/mmm BETCX) B mnpuchCcTBUE Ha CBUICTENH, H30JUPAHH U
OXapakTepHU3UpaHu MpeIu TOBa B HalllaTa JIaOoOpaTOpHs ¢ MOIXOISAIIO MOAOpaHU MOJBHKHU
¢da3u u Buzyanusupane ¢ YB cBeTnmHa WM HampbCKBaHE ChC CIIENU(PUIHHM peareHTH (CspHa

KHcenuHa, anucanaexun pearent, NP/PEG u np.)




3. M3ompaHe HA MHANBUAYAJIHU ChelMHEeHUs1. Pa3mmunu xpoMaTorpa)Cku TEXHUKA
me 6’[:,[[3.’[‘ H3I0JI3BAHU 34 TAXHOTO U30JIMPAHC OT CbOTBCTHUTC CKCTPAKTHU.

4. CTpYKTYpHO  oOXapakTepu3UpaHe Ha H30JMpPaHUTEe CbeAUHeHHs. 3a
uAeHTU(UIIMpaHE HA WHAWBUAYAIHUTE CHhEIMHEHUS III€ C€ M3IMOJ3BAT CHEKTPAIHU METOIU
(AAMP, 1Y, YB, MC).

5. Omnpenesisine HA AHTHOKCHJIAHTHHUS MOTEHIHAJ HA CbOTBETHUTE €KCTPAKTH,
¢pakuun u wHAUBMAYadaHH BeumlecTBa. llle ObmaT u3moN3BaHU CHEKTPOGOTOMETPUYHU
METOJIM 3a M3CJIeIBAaHE Ha aHTUpaauKaioBa akTUBHOCT cupsimo DPPH u ABTS panukanu.
AHTI/IOKCI/II[aHTHI/I}IT IIOTCHIMAJI IIIC 6’[:,[[6 OTUYETCH KAaTO €KBUBAJICHTHU TpOHOKC.

6. O0o0menune Ha mnojydeHuTe pe3yaratu. llomydenute pesyiaratu me ObaaT
aHAJIM3MPAHU C e ThPCEHE Ha CXOJCTBO/pasiinuue Mexay oTraennute Bumose Inula
(BBTPEBUIOBO WJIM MEXIYBHIIOBO pPa3HOOOpa3ue), Bpb3Ka MEXKIYy XHMHYECH CHCTaB H

OMOJIOTHYHA AaKTUBHOCT, O(OPMSIHE Ha OTUET U HAYyYHO CHOOIICHUE.




Pezynimamu u o6cvacoane (0o 10 cmp.)

1. TloayyaBaHe HA eKCTPAKTH 32 (PUTOXUMHYHU U OMOJOTHYHM M3CJIEIBAHUS U
(puTOXHMHUYEH CKPUHUHT 32 onpe/iesisiHe HA BTOPUYHHN MeTA00JMTH B XJI0PO(OPMEHHTE H
METAHOJTHUTE eKCTPAKTH.

B HacTOsAII0TO U3CIIe/IBaHE € M3IOA3BaH PACTUTENICH MaTepUall OT JiBa BUaa oT pox Inula:
Inula bifrons L. u Inula salicina L. ce6pan BbB (ha3za mbiieH mb(TEK OT €CTECTBEHH HAXOIUIIIA.
Bb3ayniHo cyXuTe U CMIICHU HAJ36MHH YaCTH Ca eKCTPaXUPaHH MOCIIEI0BATEIHO ¢ XJI0pohopM
U METaHOJ IMpH CTaifHa Temreparypa B MpoiabiikeHue Ha 24 4. [lodydeHuTe eKCTpakTH ca
(GUITpYBaHH M KOHIICHTPUPAHU HA POTAIIMOHECH BaKyyM H3IapUTEl.

TCX cpaBHsIBaHE B Pa3IMYHH MOJBM)XHH CHCTEMHU Ha XJIOPO(POPMEHUTE EKCTPAKTH Ha
nBata Bujga U Busyanusupane Ha TCX mnerna ¢ koHi. H2SOs u mocnenBanio HarpsiBaHe mpu
120°C B mpuChCTBHE Ha CTaHIAPTH - TPUTEPIICHOBU CHEAMHEHUS U [-CHTOCTEPOJ IMOKa3a
CXOJICTBO 10 OTHOIICHUE HA OCHOBHUTE KOMIIOHCHTH, KAKTO U HAJIMYKME HA JIPYTH TEPIICHOU U
B ekcrpakTa ot |. bifrons L. B Y cnektbpa Ha xia0podopmenus excrpakt ot Inula bifrons e

Hajuie abcopOimoHHa wBuna mnpu 1750 cmt

, Jokaro TakaBa uBuia B MY cnexkrbpa Ha
xsopodopmenust excrpakt ot . salicina. orcherBa. ToBa € ykazaHue 3a HaJIW4YMe Ha
CECKUTEPIICHOBH JIAKTOHU C (.-METHJICH-Y-JIAKTOHEH npbeTeH B |. bifrons.

TCX cpaBHsIBaHE B Pa3JIMYHU MTOJIBIKHH CHCTEMH Ha METAHOJIHUTE €KCTPAKTH Ha JIBaTa
Buga u BusyanuszupaHe Ha TCX merna ¢ NP pearent (1%-eH 2-amuHOETHI ecTep Ha
mudeHnI00pHa KUCceTMHa B METAaHOJ) B MPHUCHCTBUE HA XJIOpOreHosa, 1,5-, 3,5-, 4,5- u 3.4-

I[I/IKaq)eOI/IJIXI/IHOBI/I KHUCCIINHU IMTOKa3a CXOACTBO IO OTHOICHHUEC HA OCHOBHUTC KOMIIOHCHTH, HO

pasjiiKa B TAXHOTO KOJITUYCCTBO.

2. U3o1mmpane ¥ CTPYKTYPHO OXapaKkTepu3upaHe HA HHIAWBUAYAIHH CheIMHEHNS .

Ha paspaborBane 0sixa MOMIOXKEHU XJopodopmeHure excrpaktu ot |. bifrons u .
salicina, mopaau HaONIOJaBaHWTE IMO-CHINECTBEHW Pa3jIMKK B TEXHHUS XHMHYEH CBhCTaB. 3a
1eiTa, eKCTPAaKTUTE OsXa MOMJIOKEHH Ha XpomaTtorpadcko (pakIMOHHpaHE 4Ype3 KOJOHHA
xpoMmatorpadus BbpXy CHIHKArel ChC CMEC OT XEKCaH-STUIIALETAT C HapacTBalla MOJISIPHOCT U
nociensaio pexpomarorpadupane upe3z KX w/mmm [ITCX na nogOpanu ¢paxiuu goseae 10

M30JIMpaHe Ha MHIUBUAYATHUTE CheIMHEHNUS. 3a OoNpeeliiHe Ha CTPYKTypaTa Ha HU30JIMpaHUTE




ChEAMHEHUsI ca U3MON3BaHU crnekTtpanHu meronu (AMP, MUY, VB, MC), kakto U XUMHUYHU

TpaHcopManuu (XHIPOIH3a U METHIIUPAHE).

2.1. W3oaupaHe W UIeHTH(PUIHPAHE HA CECKUTEPNEHOBH JIAKTOHH H
ceckutepneHounu ot |. bifrons.

B WY cnektpute Ha net cheauHenus 1-5 (Our. 1) ce HabmogaBa abCcopOIMOHHA UBHIIA
mpu 1750 cm, koeTo e yka3aHue 3a HalMYHe HA O-METHJICH-Y-TAaKTOHEH NMpbCTeH. ToBa ce
noTBBPXKAaBa u ot Texaute ‘H IMP criektpu (Tabmmma 1), B KOUTO ce HabII01aBaT CUTHAH B
no-ciabo mone & 6.07-6.24 (H-13) u 6 5.43-5.62 (H-13°). Hanuue e chIio U CHrHan 3a
XapakTepHUs KapOMHOJIEH IPOTOH OT JJAKTOHHMA NPBCTEH 1pH O 3.99-4.46 (H-8). CroiinocTuTe
Ha KOHCTAaHTUTE HAa CHWH-CIIMHOBO B3aumMojeciicTBue J7g, J7,13 m J713° ompenmensat yuc-
CBBP3BAHETO HAa JIAKTOHHHS TPBCTEH B CheAWMHEHUS 1-2 W mpanc- CBBP3BaHETO MY B

cheauHeHus 3-5.
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@wr. 1. CeckuTepIeHOBH JTAKTOHH U ceckuteprienon1u B |. bifrons

'H aMmP cnekrpanuu naHHu Ha 1 w 2 (Tabmuma 1) ca cXomHM W CHOTBETCTBAT Ha
CECKHMTEpIICHOBH JIAKTOHH C eiimecMaHoB ckeneT (8 0.76/0.78 s, H-14) u A**®- npoiina BpB3Ka
(5 4.39/4.46 d m 4.73/4.93 d, H-15 u H-15"). B H SIMP criekTbpa Ha JJaKTOHA 2 ce HAOII0/1aBa
JOII'BJIHUTENIEH CUTHAJ Tpu O 4.26, XapakTepeH 3a NPOTOH T'eMUHAJIEH Ha XUAPOKCUIIHA TPYIIa.
Mscroro Ha nocineanara npu C-3 cinensa or COSY exkcnepuMeHTa, a OTHOCHTEIHATa
CTEpEeOXUMHUS MPHU TO3U XHUPaJeH IEHThP € OnpejesieHa OT CTOMHOCTUTE Ha KOHCTAHTHTE Ha
CIIMH-CIIMHOBO B3aumojeictBue, kakto 1 oT NOESY ekcniepumenTa. CiekTpaJIHUTE JaHHU Ha
cbenauHeHns 1 W 2 chBHAAT C JIMTepaTypHHUTE AaHHU 3a m3oamanToaakToH (Klochkov et al.,
2006) u m3oTeaexun (Herz et al., 1968), choTBeTHO.

'H IMP cniextpanaute nanau Ha 3 1 4 (Tabmuma 1) ca MHOTO GJIM3KH, KOETO € YKa3aHHe,
ye Te ca OT €QUH M ChIIM cKeieTeH Tum. [IpaBu BrHeudaTieHHe pa3jiukKaTa B XHMHUYHOTO

orMmecTBaHe Ha H-1 curnana, KakTo U B CUTHAJIUTE 32 eKk30MeTHiIeHoBUTE ipoToHu H-14 u H-




14’. Curnanst H-1 ce sBsBa ipu 2.10 ppm, a H-14 u H-14" — ipu 6 4.91 u 5.03 B cniekThpa Ha
CheIMHEHHUE 3, JOKATO B CIIEKTHpa Ha cheAuHeHne 4 — H-1 curHanbT OTMECTEH B 1O-cl1abo 1mosie
npu o 3.05, a H-14 u H-14" curnanure ca npenokputu npu 6 5.04. CnemoBarenHo, nBara
JakToHa ca m3oMepu. OTHOCHTENHATa CTEPEOXUMUSI B CTPYKTypaTa Ha JIakToHUTe 3 U 4 e
ompeJiesieHa OT CTOMHOCTUTE Ha KOHCTAHTUTE HA CHMH-CIMHOBO B3auMozeiictBue u ot NOESY
cnekTbpa. Taka, NOESY kopenanusra H-1/H-15 u H-1/H-8 B criekTbpa Ha 3 mokasBa TsAXHaTa
syn-B-opuentanusi, T.e. B-H-1. NOESY B3aumoneiicreusita H-1/H-5 u H-5/H-7 B cniekTbpa Ha
4 ompenensT o-pasloyIoKEHUETO Ha Te3u NpoToHU. CpaBHABAHETO HA HANUYHUTE JAHHU C
JUTEpaTypHU MOKa3axa, ue cheauHeHue 3 ¢ mayBuckoamna (Mossa et al., 1997; Zdero et al.,

1987), a naktoust 4 ¢ 1-emu-unyBuckoaua.(Rustaiyan et al., 1987).

Ta6muna 1. 'H IMP nanau Ha ceenunenus 1-6 8 CDCls (mynaTumnernocr, J B Hz).

H 1 2 3 4 5 6
2.10(ddd, 59,105, 3.05(ddd, 9.0,

1 1.20 (m)* 1.30 (m)* o9 S0 109 252 (brd, 8.9)  2.24 (m)

1 154 (m)* 168 (m)* - - - 1.94 (m)

2 153 (m)* 178 (m)* 1.96 (m) 1.90 (m) 1.74 (m)* 158 (m)

2 120 (m)* 178 (m)* 170 (m) 175 (m) 165 (m)* 152 (m)

3 1.90(ddd. 52, 4 o6 iyt 2 8) 1.93 (m) 1.80 (m) 1.83 (m) 1,59 (m)
12.2,12.2) 26 (brt, 2. : : : :

, 2.25 (br ddd,

3 PRty 162 (m) 1.83 (m) 168 (m)* 1.34 (m)
180 (dd, 1.7, 1.82 (dd, 1.9,

5 o 238 (brdd, 2.2,128) 1.71(m) 2.18 (m) - )
168 (ddd, 1.7, 2.20 (ddd, 2.7, 3.7, 2.02 (dd, 1.9,

6 SRR 168 (m) * Ty 2,01 (m) e 159 (m)

6 1.38 (m) 1.30 (m) * 1.20 (m) 1.08 (m) hgg)(dd' 15 120 (m)

7 2.94 (m) 2.95 (m) 265 (m) 2,58 (m) 2.93 (m) 2.46 (m)

. 446(ddd, 17, 444(ddd, 47,47,  427(ddd, 60,03  415(dd,38,  399(dd. 38 o o
4.9, 4.9) 17) 10.6) 9.7,12.2) 9.7,12.2) :

g - - - - - 1.46 (m)

300(dd, 38, 223 (ddd, 38,

9 215(d,17,155) 318 (brdd,60,155) 50 e 1.49 (m)

o 1;‘2)(‘“' 49 150(dd,47,155) 250 (dd, 106, 15.5) fézf)(dd' ST 77 (myr 1.25 (m)

13 6.08 (d, 1.0) 6.07 (d, 1.1) 6.18 (d, 3.5) 6.18(d,33)  616(d,34)  6.24 (brs)

13 556 (d. 1.0) 553 (d. 1.1) 5.48 (d. 3.5) 548(d.32)  543(d.32) 562 (brs)

14 0.78 (5) 0.75 (5) 5.03 (brs) 5.04 (brs) 088(d.74) 067 (s)

14 - - 4.91 (brs) 5.04 (brs) - -

15 439 (d, 1.5) 4.46 (d) 114 (s) 113 (s) 1.35(s) ‘1‘%‘ (brd,

15° 4.73(d, 1.5) 4.93 (d) - ; - ‘1”75;‘ (brd,

*- IPUTIOKPHUBAIIY CE CUTHAIN

3 u 4, T.e. mpuHAIEKAT KbM €UH U CHIIl CKeJIeTeH THM. JIumcBaT obavye CUTHAIHMTE 32 BTOpa

'H SIMP nannute Ha chenunenne 5 (Tabmuna 1) ca MHOTO GIM3KH J10 TE3U HA TAKTOHUTE




€K30METUJICHOBA TPYIa, KakTo U cUrHaisT 3a H-5. Bmecto ToBa ca nanuue gyomner npu 6 0.88
3a BTOpUYHA METHUJIHA TpyNHa U CUHIJeT npu O 1.35, XapakTepeH 3a TpeTUYHa METHIIHA TpyTIa,
remuHanHa Ha kuciaopoaHa ¢ynkmus. COSY, HSQC u HMBC ekcniepuMeHTHTE MO3BOJIMXA
MPUIKMCBAHETO HAa BCUUKKU CUTHANHU B ChelnHeHue 5. OTHOcHUTENHATa CTEPEOXUMUS Clie[Ba OT
NOESY ekcniepumenTa, B koiiTo B3aumoseiicrsuero H-1/H-7 onpeznens o-pa3mnonoxeHueTo Ha
te3u npotonu, a H-14/H-15 u H-14/H-8 — tsaxnara B-opuenraius. CeKTpaJHUTEe JaHHHU Ha
CheAMHEHUE 5 ChBHNAAAT C JHTepaTypHute maHHW 3a 4,5-emokcu-100,140H-1-enu-
unyBuckoaua (Momen-Roknabadi et al., 2008).

'H SIMP cnextpannute nanuyu Ha 6 (Tabmuma 1) ca MHOTO GJIM3KH JI0 T€3H HA JAKTOHA
1, HO NIUTICBA XapAKTEPHHUs CUTHAI 32 KapOMHOINIEH IPOTOH OT JlakToHHaTa ¢pyHkius. B 13C SIMP
CIIeKThpa ce HalJI0JaBa CUTHAJ 3a BBIVIEpOa OT KapOoHuiHa rpyna mpu O 171.9. HMBC
B3auMojieiicTBusTa Ha nociaeauus ¢ H-7, H-13 u H-13" onpeaensat npucsecrBuero Ha COOH
rpyna npu C-12. CpaBHsBaHETO Ha CHEKTPAJHUTE JaHHM C JIMTEPATYpHHU I0O3BOJHU
UJICHTU(PHUIIMPAHETO MYy KaTO TMO3HATOTO CheIUHECHHE KocToBa kuceauna (6) (Sofou et al.,
2017).

Bceuuku m3onupann ceCKUTEpNeHOBU CheIMHEHHS 1-6 ce choOIaBaT 3a mbpBU BT B
u3cinenBanus Bu. JlureparypHaTa crpaBka 1okasa ChIIO, Y€ Te3H CheAUHEHHs ca HAMUPaHU U

B apyru Buzose Inula - 1. helenium, I. racemosa, I. viscosa u ap. (Seca et al., 2015, 2014)

2.2. M3oupane U uaeHTH(QUIIMPAHE HA TUTepNeHoBH Kuceaunu oT |. bifrons
Coenunenue 7 (dur. 2) e U30aMpaHO KaTO 0E31BETHO MACI000pa3HO BEUIECTBO C BI'bI HA
sepTene [o]p?’ -52° (¢=0.4, CHCl3). HRESIMS nokaza [M-H] ¢ m/z 415.28574, choTBeTCTBAI

Ha cherHeHue ¢ MoJiekyiHa dhopmyrna CaeHaoO4.
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®ur. 2. TureprnieHoBu kucenunu B . bifrons

B 'H, BC AMP (Ta6muna 2) n HSQC crnektpu ce HabmoaaBaT 26 BBITIEPOIHH CUTHAJIA

NPUITUCAHU 3a 4 METUJIOBHU (2 cuHTIIETa, yOseT U TpuruieT), 11 MeTuiIeHoBH, 5 METHHOBHU U 6




KBaTepHEpHU BbIIepona. JlBara kBarepHepHu Bbruiepona npu 183.0 u 1734 ca
UICHTUPHUIMPAHA CHOTBETHO KaTro KapOOHWJIEH OT KapOOKCHIIHA KHCEIMHAa M  ecTep.
Cunrnerute npu Oon 5.08 m 5.07, Beraepomuuar curHan npu oc 109.9 m curHamst 3a
KBaTEpPHEPEH BBIJIEPOJ Mpu Oc 155.6 ChOTBETCTBAT HA €K30MeTWJIEHOBA rpymna. HaunHbT Ha
CBBbp3BaHE B MoJieKynaTa € onpezaeneH ot aaineuynure C/H Bzaumopeiicteus (Qur. 3). HMBC
KopenanusaTa Ha MeTwiHata rpyna npu C-18 (O 1.23), H-3 (6n 1.01) u H-5 (61 1.09) che
curHana oc 183.0 (C-19) ompenenar msicroto Ha kKapbokcwiHara rpyna npu C-4. HMBC
KopenanusaTa Ha MeTuiaHata rpymna npu oH 0.95 (H-20) ¢ C-1 (8¢ 40.5), C-5 (8¢ 56.5), C-9 (b¢
52.8) u C-10 (8¢ 39.8) onpenens neitHoTo Msicto nipu C-10. CurHansT mipu Ox 5.27 ChOTBETCTBA
Ha METHHOB NPOTOH, TEMHHAJICH Ha eCTepHa Ipymna, a HeroBoTo Msicto npu C-15 crneasa ot
COSY BzaiimonerictBueto Ha H-15 ¢ ek3omerunenoBus npoton npu C-17 (du 5.07 u 5.08).
HMBC kopenamusita Ha H-15 ¢ C-9 (8¢ 52.8), C-13 (0c 42.5), C-14 (6c 37.2) u kapOoHmmHMUS C-

1’ (6c 173.4) mopeepkaaBat no3unusaTa H-15 1 mpuchCTBHETO Ha alIUIIOKCH TpymHaTa.

@wr. 3. [To-Baxxun HMBC (A) u NOE (B) B3aumoeiicTBus B CTpyKTypaTta Ha 7

OtHocuTenHaTa cTepeoxuMus e onpeneneHa ot HabmogaBanute NOE B3aumoneiicTBus
(®uwr. 3). NOE kopenanuute H-5/H-9, H-5/H-1 (6H 0.83), H-5/H-3 (61 1.01), H-5/H-7 (81 1.24),
H-5/H-18, H-18/H-3 (dn 1.01), H-18/H-6 (dn 1.86), H-9/H-1 (o1 0.83), H-9/H-12 (6H 1.49) u H-
9/H-15 ompenenst P-opHeHTalMATa UM B eHm-KaypaHOBHSI CKEJICT, T.C. O-OpPHEHTAIHs 3a
armutoken rpynata npu C-15. B nonsnnenne, NOE B3aumopeiictBusta nHa H-20 ¢ H-14 (6u
1.96), H-11 (du 1.62) u H-6 (du 1.76) moxkasa, ue ca Te ca a-opueHTupanu. CienoBaTenHo,
CheMHEHUE / € aIMIOKCH MPOU3BOIHO HA erm-15a-Xxunpokcu-kayp-16-en-19-osa kucenuna.
(Bruno-Colmenarez and de Delgado, 2011). Ecrepnata rpyma € ompeaeieHa Karo 3-
METUINEHTAHOMIOKCH (3-MEeTHIIBAJIEPOUIOKCH) OT XapakTepHute curdanu B “H SIMP u 3C
SAMP cnektsp, COSY u HMBC excniepumentute (®dur. 3). Ilo T031 HauuH cheanHeHue 7 €

OIIPEJICTICHO KAaro HOBO NPUPOJHO CHEIMHEHHE M € HaMMEHYBaHO KaTo ewnm-15a-(3-




MeTWJINEHTAHOUJIOKCH)-Kayp-16-eH-19-0Ba kucenuna. HanpaBeHnarta nuteparypHa cripaBKa
IMMOoKa3Ba, Y€ uMa CaMO HIAKOJIKO M30JIMPAaHU CbCIUHCHUSA C 3-MEeTHUIINEHTAaHOUIOKCH rpymnu ot
€CTEeCTBEHH HM3TOYHMIM — 3 epemopduiana ot S. praecox (Bohlamnn and Zedero, 1976),
OIIONaHoBO Tpou3BoaHO oT L. narynesis (Gao et al., 2006), 1,10-cexo-eiinecmanonuy ot .
britannica (Fischedick et al., 2013), 3 nabmanoBu aurepnenu ot C. villosum (Zdero and
Bohlmann, 1988) u aurepnenos rimko3uz ot V. titecaensis (Bohlmann et al., 1984).

'H IMP u 3C IMP cnexrpanau nanHu Ha chequHenue 8 (Tabnuia 2) ca MHOTO OJIM3KH
710 T€3W Ha 7, HO Ce pasiryaBaT 110 CUTHAINTE Ha €CTePHHS 3amMecTuTelN. B cnekTpute Ha 8 ce
ChIBpXKAT CHTHAJIM XapakTepPHU 3a 3-MeTWIOyTaHOWIOKCHM rpymna. CpaBHABaHETO Ha
CIICKTPAJIHUTC JAHHW Ha CbCAUHCHUC 8 C JIMTCPATyPHHU MMO3BOJIA I/II[GHTI/I(bI/II_II/IpaHeTO MY KaTo

enm-15-(3-MeTHIOyTAaHOMJIOKCH )-Kayp-16-eH-19-0Ba kuceruna (Velikova et al., 2000).

Ta6muua 2. *H u BC SIMP nannu Ha chenunenns 7-9 8 CDCls (J B Hz).

7 8 9
e oy dc O O
1 1.88 (m)* 40.5 1.81(m) 1.82 (m)
0.83 (ddd, 3.5, 12.6, 12.6) 0.79 0.82 (m)
2 1.86 (m)* 19.0 1.78 (m)* 1.79(m)
1.43 (m)* 1.36 (m)* 1.39 (m)
3 2.16 (brd, 12.6) 37.7 2.09 (brd, 13.2) 2.10 (brd, 13.4)
1.01 (ddd, 3.5, 12.6, 12.6) 0.94 (m) 0.98 (td, 4.4, 13.3, 13.3)
4 - 43.6 - -
5 1.09 (dd, 2.0, 12.0) 56.5 1.03 (dd, 2.1,12.2) 1.47 (dd, 7.7, 15.2)
6 1.86 (m)* 20.8 1.78 (m)* 2.03 (m)
1.76 (dddd, 3.3, 12.0, 12.0, 12.0) 1.69 (m) 2.08 (m)
7 1.64 (m)* 34.8 1.56 (m)* 4.75 (s)
1.24 (m) 1.17 (m) -
8 - 474 - -
9 1.21(dd, 2.5,7.2) 52.8 1.14 (dd, 1.2, 5.9) 1.38(dd, 2.7, 5.5)
10 - 39.8 - -
11 1.62 (m)* 184 1.56 (m)* 1.57 (m)*
1.53 (m) 1.46 (m) 1.52 (m)
12 1.61 (m)* 32.7 1.55 (m)* 1.57 (m)*
1.49 (m) 1.43 (m) 1.41 (m)*
13 2.81 (brs) 425 2.71 (brs) 2.61 (brs)
14 1.96 (brd, 12.0) 37.2 1.89 (brd, 11.8) 1.82 (dd, 2.2, 10.5)
1.43 (m)* 1.36 (m)* 1.23 (m)
15 5.27 (brs) 82.7 5.20 (s)
16 - 155.6 - -
17 5.07 (brs) 109.9 5.00 (brs) 4.74 (brs)
5.08 (brs) 5.01 (brs) 4.69 (s)
18 1.23(s) 28.7 1.16 (s) 1.08 (s)
19 - 183.0 - -
20 0.95 (s) 15.8 0.87 (s) 0.89 (s)
1 - 1734
2! 2.33(dd, 6.0, 14.8) 419 2.26 m (2H) 2.01
2.11 (dd, 8.3, 14.8)
3 1.90 (m) 318 1.90m
4 1.36 (m)/1.25 (m) 29.3 0.90d (7.0)*
5¢ 0.89 (t, 7.2) 11.3 0.90d (7.0)*
6’ 0.94 (d, 6.7) 19.3

*- IIPUIIOKPUBAIIN CE€ CUTHAIN




'H SIMP u C SIMP cnexrpanuure nanau na cheaunenue 9 (Ta6muia 2) ca MHOTo OH3KK
10 Te3u Ha 7 M 8 MoKa3Bailld, Y€ TO € OT ChIIUS CKEIETeH THII, a8 UMEHHO exm-KaypaHoB. B
CHEKTPUTE Ca HAJIMIE CUTHAIIM 3a alleTaTHa eCTepHa Ipyma, a Ha0II0AaBaHUTE MAJIKU Pa3IuUHsI
B CUTHAQJINTE HA HAKOM ITPOTOHHU OTPEeAT HeiHOTO MsicTo npu C-7. ToBa 6€ MOTBBPJEHO U OT
nposegenute HMBC n NOESY ekcnepumenTn. CpaBHSIBAaHETO Ha CHEKTPAJIHUTE JAHHU C
JUTEpATypHU MO3BOJIU UACHTHUPHUIIMPAHETO HA TUTEPIICHOBATa KucenrnHa 9 karo 7f-aueTokcu-
enm-Kayp-16-en-19-oBa kucenmna (Fraga et al., 2012).

JlutepaTypHaTa crnpaBKa IMOKasa, ye AUTEPIEHOBUTE CheAMHEHUs /-9 ce Hamupar 3a
OppBU TBT B mpejactaButenu Ha pon Inula. Jlocera, uMa camMo HSKOJKO CHOOIIEHHUS 3a
ChIbpXKaHUE HA auTeprieHouu B ueTupu Buaa Inula - 1. nervosa (Yan et al., 2011), I. cappa
(Wu et al., 2010), I. japonica (Ding et al., n.d.; Qin et al., 2009; Yu et al., 2019) u I. britannica
(Yu Shao et al., 1996). Hamepenute B |. japonica u |. britannica nuteprieHonau ca ChIIo ¢ enm-
KaypaHOB BBIJIEPOJICH CKEJIET, HO C€ Pa3iMyaBaT Mo MPUPoJaTa U MICTOTO HAa 3aMECTHTEIUTE,
a IMEHHO Te ca MPOU3BOIHM Ha 17-xuapokcu-16a-enm-kaypan-19-oBata kucenuna. Msrnexna,
4e JIUTSPIICHOMIUTE C eHm-KaypaHOB CKeJIeT 3a XapaKTepHH 3a BuaoBeTe oT pox Inula. Omie
noseue, |. bifrons, . britannica u I. japonica npunamnexat kpM cexiust Enula, moxaro I.
nervosa u |. cappa ca npencrasutenu Ha cekuus Duhaldea (Anderberg, 1991). byaeuu mo-
3a161009eHN (PUTOXUMHYHU U3CIIEABAHUS Ca HEOOXOAUMH, 32 Ja C€ MMOTBBPAY WIH OTXBBPIU
Ta3u XUIOTE3a.

2.3. U3oupaHe u naeHTHGUIHMPaHe HA TPUTEpHeHONIH U cTeposu ot |. bifrons u

I. salicina
Ot xnopodopmenus: excrpakt Ha |. bifrons ca wsonupanu TputeprneHouaute f-
amupun-3-0O-anerat (10), p-amupun-3-O-naamurar (11) u 16p-xuapoxcu-nyneona-3-0O-
naamurar (12). Tsaxuaara crpykrypa 6e motBbpaeHa upe3 TCX cpaBHsBaHE C aBTEHTHYHHU
CBUJETEIH, KAaKTO M 4pe3 cpaBHsiBaHe Ha TexHuTe SMP u Mac-CekTpanHu HaHHU C
muteparypuu (Feleke and Brehane, 2005; Kundakovic et al., 2004). ITpu xpomaTtorpadckoTo
pasaensiHe Ha xiopodopmenust ekctpakt ot |. salicina ca momydenu (pakiuu, CbIbpKaIIn
CBOOOJHU TPUTEPIICHOBH AJTKOXOJIH, TEXHH alleTaTh U AbAroBepukHu ectepu. TCX cpaBHsABaHe
Ha Te3u (pakiuu BbpXY cuiukaren ummperaupad ¢ p-p Ha AgGNO3 mokaza mpuchCTBHUE HA
MoBeYe OT €HO CheAnHeHrne. DpakIuaTa, ChAbPKAIA €CTEPU C ABITOBEPIIKHUA KUCETUHU €

IMOAJIOKECHAa Ha XUAPOJM3a B aJIKajlHa Cp€aa MW IOCICABAIIO MCTUIMPAHC HA OTACICHUTC




kucenuuu. ['’X-MC Ha monydeHuTe aJIKOXOJIM M METHIIOBUTE €CTEpH, KaKTO M Ha (hpakiuure,
ChIbpXKAIM CBOOOTHH aJIKOXOJIM U TEXHU alleTaTH MO3BOJIM UACHTU(UIIMPAHETO HA CIICAHUTE
tputepreHonau B . salicina - B- u a- amupun (13 u 14), nymeon (15), Tapakcacrepo: (16), y-
tapakcactepoa (17), kakro u Texuure areratd (10, 18-21) u maamwmratu (11, 22-25). B
EKCTpaKTa MPUCHCTBAT U CICAHUTE 16-XUAPOKCH MPOU3BOAHY Ha dyneol (12), Tapakcactepo
(apanauon-3-O-maamurar, 26), y-tapakcacrepon (¢apagmon-3-O-maamurar, 27). B
W3CIICIBAHUTE EKCTPAKTHU € YCTAHOBEHO ChHINO U MPUCHCTBUETO HA B-cuTocTepoit 28, upe3 TCX
CpaBHsIBaHE C AaBTCHTMYHU cBHjeTenH, kakTo M upe3 ['X-MC Ha Qpakmusara, chabpkalia

chenunenneTo. CTpykrypurte Ha chenunenus: 10-28 ca mpencraBenu Ha Owur. 4.

10 R= COCH; 14R=H
11 R=CO(CHy)14CHy 18 R= COCH;
13R=H 22 R=CO(CH,)14CH,

12 R;=CO(CH3)14CHz R,= OH
15 Ry=H R,= H

19 R;=COCHj R,= H

23 R;=CO(CHyp)14CH3 Ry= H

28

16 R;=H R=H 17R;=H R=H

20 R;=COCH3 R,=H 21 R,=COCH3 R,= H

24 Ry=CO(CH,)14CH3 Rp=H 25 R;=CO(CHj)14CH3 Ry= H
26 Ry=CO(CH,)14CH3 Ry= OH 27 R;=CO(CH,)14CH3 R,= OH

®ur. 4. Tpurepnenouu u crepoinu B |. bifrons u 1. salicina

3. KonmmuecTBeHo onpenensiHne Ha (PeHOHH CheIHHEHUs B eKcTpakTu Ha |. bifrons
u |. salicina v oneHKka HA TEXHUAT AHTHOKCHIAHTEH MOTEHIHAJT

W3BecTHO €, Ye (heHOTHHUTE CheTUHCHUS U (DJIABOHOUIUTE JTOMPHUHACAT 3a ISUTOCTHUS
AQHTHOKCUJIAHTCH TOTEHIIMAA Ha PacTEHHUATa, Taka Y€ B XJIOPOPOPMEHHUTE W METAHOIHHUTE
eKCTpakTH OT Haa3eMHu yactu Ha |. bifrons u I. salicina ca onpenencau 00MOTO ChABPIKAHNE
Ha (eHONHU cheauHeHus U (aaBoHouan. OOMIOTO ChAbPKaHUE HA (PCHONHH CHEIUHEHUS B
eKCTpakTuTe € onpezeneHo ¢ momornra Ha Folin- Ciocalteu metoma (Miliauskas et al., 2004) u
€ MpPEeACTaBeHO KaTo MHJIWIPaMH CKBHBAJICHT Ha rajoBaTa KHCEIMHAa B | T EKCTpPakT

(mgGAE/gDE). O6mioro chabprkanne Ha (pJIaBOHOMIN B €EKCTPAKTHTE € ONPEAEICHO [0 METO/1a




omucan ot Zhishen (Zhishen et al., 1999) u e npencraBeHO KaTo MUJIMTpaMU CKBUBAJICHT Ha
katexuH B | 1 exctpakT (mgCE/gDE). Ilonydenute pesynratu ca mpeactaBeHu Ha dwr. S.
KonudectBoTo Ha heHONMHN cheauHeHus Bapupa ot 21.24+0.73 mg GAE/g DE 10 212.99+12.40
mg GAE/g DE, a toBa Ha ¢maBoHouanu cheaunenus - ot 20.30+0.02 mg CE/g DE no
51.91+0.80 mg CE/g DE. MeraHomHHTE €KCTPAKTH HA J[BaTa BHJA Ca 1M0-00raTH Ha (CHOIIHU
CbheMHEHHs W (DIaBOHOMIM, JOKAaTO ChIBPKAHMETO Ha TE3M JBa Kilaca CHhCIUHCHHS B
XJIOpOPOPMEHUTE EKCTPAKTH € 3HAUUTEITHO MO-Majiko. ExcrpakTute ot I. salicina ca mo-6oratu

Ha (peHOIHU cheanHeHus U (IIaBOHOUIM B cpaBHEeHHE ¢ Te3u ot |. bifrons.

250 0.8

B TdC [mg GAE/ gDE] B DPPH [mMTrolox/gDE]

200 B TONC [mg CE/ gDE] o W ABTS [mMTrolox/gDE]
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@ur. 5. O610 (heHoNMHO U PIABOHOUIHO ChIbPKaHKE (JISIBO) U AHTHOKCHIAHTEH MMOTEHIIAAI

(nsacuo) Ha excrpakTu ot |. bifrons u |. salicina

N3cnensana e cnocoOHOCTTA HA METAHOJTHUTE U XJIOPOPOPMEHUTE EKCTPAKTH 1A YIaBSIT
cBobomgante DPPH panukanu u ABTS fioH-panukany, a TEXHUST aHTUOKCHIAHTEH TTOTEHIHA
e npeacraBeH B MM Tposiokc ekBuBalieHTH Ha rpaM cyx ekctpakT (mM Trolox/g DE) (dur. 5).
3a 1mesrTa ca M3MOI3BaHM CIIEKTPO(YOTOMETPHYHN METOIM OMUCAaHU B JuTepaTypara (Thaipong
et al., 2006). AHTHOKCHIAHTHHAT KalalMTET Ha U3CJICBAHUTE CKCTPAKTH, H3MEPEH 110 METO/Ia
DPPH Bapupa ot 0.018+0.003 no 0.704+0.005 mMTE/gDE. Ot ¢wur. 5 ce Bwxzaa, ue
METaHOJHUAT eKcTpakT ot |. salicina nma Haii-BucOKa pajuKai-norabliania akTHBHOCT, a Hal-
HUCKa — XJjopodopmeHHAT ekctakT oT |. bifrons. AHTHOKCHIAHTHUAT KamalWTeT Ha
W3CIICIBAHUTE EKCTPaKTH, u3MepeH mo meroga Ha ABTS Bapupa ot 0.048+0.002 no

0.526+0.002 mM TE/g DE. Haii-Bucoka paaukai-moribliaiia akTHBHOCT OTHOBO UMa IpodaTa




or |. salicina. TlpucbcTBHETO Ha XJIOporeHoBa kwuceiwna, 1,5-, 3,5-, 4,5- u 3,4-
TUKA(EONITXUHOBA KUCCIMHM B METAHOJHUTE CKCTPAaKTH, Jo0ka3aHo upe3 TCX, BeposSTHO

JIOTIPUHACS 32 TI0-T00pUsI aHTHOKCUIAHTEH IMOTEHIINAJ Ha Te3U €KCTPAKTH.

H3600u/Ob0011€HUCE

1.3a mbpBU BT € H3CeaBaH PUTOXMMUYHUAT cbeTaB Ha Inula bifrons u I. salicina ot
OBIATapCKH MTPOU3XOJ.

2.0t xjopodopMeHHsT €KCTpaKT MOJy4eH OT Haa3emHute yvactu Ha |. bifrons ca
U30JMpaHu U uACHTHUIMpaHu 13 cheTUHEHUS: IET CECKUTEPIICHOBH JIAKTOHA, eiilecCMaHOBa
KUCEJIMHA, TPH TUTCPIICHOBU KHUCEIWHH, TPU TpPUTEpIICHOUIa U P-cutocTepoi. Bceuuku
ChEAMHEHHs C€ OTKPUBAT 3a IbPBU IIbT B M3CJICIABAHUS BHJ, a €IHO OT TAX enm-150-(3-
METHJITIEHTAaHOMIOKCH )-Kayp-16-eH-19-0Ba KrucennHa € HOBOOTKPUTO MPUPOTHO ChEIUHEHHE.

3.3a pasnuKa OT CECKHUTEPIICHOBUTE JAKTOHH, KOUTO Ca XapaKTEPHH KOMIIOHEHTH 3a
BUJIOBETE OT pox Inula, mprchCTBHETO HA TUTEPIICHOBU ChEIMHEHHs € HeoOuyaiiHo. JJocera
JTUTEPIICHOMIA ca HAMUPAHH caMo B ueTHpH Bua oT pox Inula: 1. nervosa, |. cappa, I. japonica
u |. britannica. Ilpasu Bmewarienue, ue l. japonica, |. britannica u |. bifrons, kouto
NpUHAUIeKAT KbM cekius Enula, mpomynupaT AUTEpreHOBH KUCETHHHU OT eHm-KaypaHOB THII,
3a pasnuka ot |. nervosa u |. cappa ot cexuus Duhaldea, npoaynupany HeokiepogaHoBu u
aOueaTaHOBU JUTEPICHOMIU. bbIeHM 1M0-33abJ0049eHN (DUTOXMMHUYHHM W3CIICIBAHHS Ca
HEOOXOIMMHU, 32 JIa C€ TIOTBBP/IU WA OTXBBPJIM Ta3H XUIIOTE3a.

4. B xnopodopMeHHs €KCTPaKT MOJydYeH OT Haa3eMHu dactu Ha l. salicina e ycranoBeHo
HAJIMYMETO Ha TpUTEpNeHOBU cbeauHeHus. I'X-MC Ha ¢pakuuu, ChIbp)Kalld TO3U THII
ChCIUHCHUS TO3BOJIM HIACHTU(DUIMpAHETO Ha 15 TpuTeprieHouMga OT o- W [- aMUPHUHOB,
JYTI€0JIOB, TAPAKCACTEPOJIOB U Y-TapaKCcaCTEPOIIOB TUIT — AIKOXO0JIU, TeXHU 3-O-aueratu u 3-
O-nanmuTaTH, KakTo U Ha 16-xuapokcwmiryneon-3-O-manMurar, apHUARON-3-O-TaIMUTaT 1
dapamnon-3-O-nanmurat. BcHYKH CheIMHEHUS Ce OTKPHUBAT 32 ITbPBH ITHT B U3CJICABAHUS BHI.

5. Haii-Bucoko ChIbpKaHWE HAa TOTAJIHU (DEHOJHH CheIUHCHHUS UM (DIABOHOUIH €
HaMEpPEHO B MeTaHOJIeH ekcTpakT ot . salicina, a Hali-HHCKO - B XJ1I0poOpMEHHSI €KCTPAKT OT
I. bifrons.

6. YcTaHOBEHO €, Y€ METaHOJIHUTE €KCTPAKTH IOJIyUYEHH OT HaJA3eMHHM yacTu Ha |. salicina

u |. bifrons mputexasar mo-m100bp aHTHOKCHIaHTEH MoTeHIHaT crpsimo DPPH® u ABTS®" or




CHOTBETHHUTE XJIOPOQOPMEHH eKcTpakTH. [lomydyeHHmTe pe3ynTatH Kopemupar ¢ oOIIoTo
(enonno u ¢naBoHOMIHO CHABPKAHHE HA TE3H €KCTPAKTH. [[pUCHCTBHETO HA XJIOPOTE€HOBA
KucenuHa, 1,5-, 3,5-, 4,5- u 3,4-11HKa(1)e0HJIXHHOBH KHCEJIHHA B METAHOJHUTE EKCTPAKTH,
nokazaHo 4pes TCX cpaBHABaHe CBC CTaHJapTH, BEPOATHO IJOUPHHACA 3a MO-A0GpHs
AHTHOKCHIAHTEH MOTEHITUAT Ha T€3H eKCT];aKTH.

7. Tloy4eHHTe pesynTaTH IOKa3BaT KaKTO MPHIMKA, TaKa H CHIIECTBEHA Pa3jIMKa BLB
puToxuMMYHHMS NpodI Ha IBaTa U3ciieasanu Buaa. O61a xapaxTepucTuka 3a I salicinau I
bifrons € TPUCHCTBHETO Ha MEHTALMKIIMYHH TPHTEPHIEHON M. Pasnnkara ce ChCTOH B TOBa, Ye
1. bifrons cbaBpka CECKUTEPIICHOBH JTAKTOHH H JHUTEPIEHOBH KHCETHHH, KAKBUTO ChEIHHEHUS

He ca HamepeHH B /. salicina.
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