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IMocrosHHO Bo3pacTaromue moTpedHocTH obIecTBa B OnoIorndecku akTHBHBIX BemectBax (BAB) pacturensaoro mpo-
HCXOXKIAEHHsI 00YCIIOBINBACT ITOUCK MEPCIIEKTHBHBIX UCTOYHUKOB MX moiydeHusi. BAB pacturensHoro npoucxoxuaeHus odia-
JaloT JieueOHBIMU CBOWCTBAMH, YTO CBSI3aHO C UX OOJNBLION (QU3HOIOrHYecKoit akTHBHOCTBI0. BAB siBisitoTcst ananoramu CuH-
TETUYECKHX JIEKAPCTBEHHBIX MIPENapaToOB U UCTIOIb3YIOTCS B (PAPMAKOIOTMYECKOI MPOMBIIIIEHHOCTH. Y CTAHOBJIEHHOE BO MHO-
rux paborax HakoruieHue bAB y pacTeHuii B 3KCTpeMallbHBIX YCIOBUAX OMPAB/IBIBAET X H3YyUCHHUE B YCIOBHAX CEBEpA.

Bopmesuk CocHoBckoro (Heracleum sosnowskyi Manden. ) — KpyIHOE TpaBSHICTOE PACTCHUE, COJEPIKUT OOJBIION KOM-
mwiekc BAB. HecMoTps Ha TO, YTO OH HaXOIUTCS B CIIUCKE COPHBIX U OMACHBIX PACTCHUH, HEKOTOPBIE U3 €T0 METa0OIUTOB BCE-
TaKW MOTYT HaWTH NPUMEHEHHE B 00JIaCTH pa3pabOTKH HOBBIX MEIUIMHCKUX M BETEPUHAPHBIX MIPENapaToOB IPOTHUB BUTHIINTO,
THE3I0BOH IICIIMBOCTH, OOJIBICEHHS, IICOPHA3a, a TaKkKe 00IaJal0IUX aHTUMAKPOOHBIMHU U (QyHTUIMAHBIMA cBolcTBamu. [Ipn
9TOM B HACTOsIIIIee BpeMsi OCOOEHHOCTH MeTabonn3ma OopiieBrka B yciaoBusix Kpaitnero CeBepa u3yueHbl HelocTaToqHo. s
HaKOIUICHHs JaHHBIX [0 H3YUCHHUIO 9THX 0COOCHHOCTEH HE0OXO0IUM MoA00P MOAXOSIIINX METOIOB U NTapaMeTPOB SKCTPAKIIMH
FAB u ontumanbpHBIX YCIOBUH CKPUHHMHI aHaJIM3a pa3nuyHbIX Ipynn BAB B opranax OopiueBuka aist ObICTPOH M TOYHOH
OLIEHKHU X COZIEP KaHMSI.

Llens mccnenoBanus — MO00P ONTHMAIBHBIX YCIOBHH BOJHO-CIIMPTOBOH yIBTPa3BYKOBOH 3KCTPAKIUH MOIH()EHOIb-
HBIX COeANHEHHH, (TaBaHONIOB M AHTHOKCHIAHTHON aKTUBHOCTH M3 JINCTHEB OopIeBrka COCHOBCKOTO, IPOM3PACTAIOMIETO B
ycioBusIx MypmaHCKoi 061acTH.

C noMo1mbio 0gHO0(aKTOPHOI ONTUMH3ANUK HANICHO, YTO ONTUMAIBHOE BpeMsl SKCTPAKIUU COCTaBIIO 90 MHH, KOH-
nenTpanus 3tanona — 80%, MomHocTh yibTpa3Byka — 100%. C nomonisio anropurma bokca-benkena mogo6paHs! onTuMansHbIe
YCIIOBHSI BOJHO-CIIUPTOBOH YJIBTPa3ByKOBOM KCTPAKINH MOIH(PEHOIBHBIX COSTUHEHHH, (PIIaBOHOUIOB, a TAK)KE aHTHOKCHIAHT-
HOW aKTUBHOCTH M3 JHCTheB OoprieBnka CocHoBckoro: temmeparypa — 30 °C, koHueHnTtpaius staHona — 80%, cOOTHOIICHHE
CBIPBSI K 3KCTpareHty — 1 : 24, Bpems — 90 MuH, oOecreunBaroIie MaKCUMAIbHBIH BBIXOA MOIU(PEHOTIBHBIX coenuHeHnit (%),
¢dnaBoHOH 0B (%), aHTHOKCHIAHTHYIO aKTUBHOCTH (%).

Knroueswvie crosa: 6opieBrk COCHOBCKOTO, YIBTPa3ByKOBasl OKCTPaKIHs, anroput™ bokc-benkena, MypMaHckas 0671acTb.

s nurupoBanmsi: Koznosa C.B., Liseros H.C. Ontumu3zariiist ycIoBHiA YIbTPa3ByKOBOH IKCTPAKIIUN BTOPHYHBIX Me-
TaboauTOB U3 NHUCTheB Heracleum sosnowskyi Manden. ¢ TOMOLIBIO BOJHO-3TAHOJBHBIX cMecel // XUMHsL pacTUTENBHOTO Chl-
pbst. 2024, Ne4, C. xxx—xxx. DOI: 10.14258/jcprm.20240413600.

Beeoenue

Bopmesux CocHoBckoro (nat. Heracleum sosnowskyi Manden.) — KpynHOe TPaBSIHHUCTOE PAaCTEHHE, BUI
pona bopuesuk (Heracleum) cemeiicrBa 3outnunsie (Umbelliferae) [1]. D10 KpaiiHe HEIPUXOTIMBOE pacTeHUE,
YCTOHYMBOE K ITOTOIHBIM YCIOBHUSAM, 00Jaaioiiee BEICOKOW CEMEHHOW MPOAYKTUBHOCTBIO M aJUICIIONAaTHIECKOM
AKTHBHOCTBIO, OTHOCHUTCSI K MHBa3UBHOMY BH/Y, KOTOPOE YIpoXkaeT OnojornieckoMy MHOrooopasuto [2]. Pacmpo-
cTpaHeHue OopIeBUKa Ha TeppuTopun Poccuiickoit denepariuu SBISETCS OCTPOM MpoOIeMOl BO MHOTHX PETHOHAX
[3], B ToM uncie Ha KonbckoM nonyoctpoBe. IHBa3ust TaHHOTO BUJA HAHOCUT 3HAYUTENIbHBIN SKOJIOTHUECKUA U
(uHaHCOBBIN ypoH MypMaHCKO#H 001acTH, U3MEHSIS ee IPUPOIHbIE JaHIadThl, 0e3B03BpaTHO TpaHCHOPMHUPYS
XpyITKHUE U ysA3BUMBbIe sKocucTeMbl CeBepa.

* ABTOD, C KOTOPBIM CIIE/[yET BECTHU TIEPETIUCKY.
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Bwmecte ¢ TeM pacteHue obmamaeT OONBIION 3eJIeHON Maccoi u comepkuT Komiuiekc bAB [4], 9To OTKpHI-
BacCT MNECPCIICKTUBY UX ,uanbﬂeﬁmero MMPAKTUICCKOro NpuMCHECHUS B J'le'-leGHOﬁ MPaKTHUKE JICKAPCTBCHHBLIX CPEACTB
Ha OCHOBe 3Toro0 Brna [5]. [Ipu aToM Xxumudeckuii coctaB OopineBrka COCHOBCKOTO Majo H3Y4eH, T0 HEMHOTOYHC-
JICHHBIM JaHHBIM, B XUMHUYECKOM COCTaBE PACTCHHUS MPeoOIafaroT hypaHOKyMapHHbI IPEUMYIIICCTBEHHO Icopaie-
HOBOTO THIIA U B MEHBIIIEH CTEIIEHH — IPOW3BOJHBIC aHTeIINHA [6]. JlekapcTBEHHBIE MpemapaThl, 00J1aIatoITie
(l)OTOC@HCI/IGI/IHI/BI/IpleIJ_[I/IMM CBOﬁCTBaMH, HCHOJIB3YIOTCA AJIA JICHECHWU A BUTUIIUTO, FHC3HOBOﬁ IJICIIUBOCTH, 06.]'[])1-
ceHws, Ticopuasa [7].

Bakrepunuanbie, (GyHTHIMIHBIC U BUPYJIUIIUIHBIC CBOMCTBA 3(DUPHBIX Maces MO3BOJIIOT UCIOJIb30BATh UX
B MenunmHe [§]. CoctaB neTy4nx coequHeHni OopmeBrnka COCHOBCKOTO BKIIFOUYAET |8 KOMIIOHEHTOB, B TOM YHCIIE
CIIUPTHI, aJIbACTHIBI, TEPIICHBI U 3(DUPEI JKUPHBIX KHCIOT. OKTHIIAIETAT, OKTAHOJI, OKTaHAIb, TEKCHIT H300YTUPAT U
TeKCUII-2-METHII Oy THPAT SIBIISIOTCS OCHOBHBIMH JIETYYUMU KOMIOHEHTaMU. OOHapyKEHO, 4TO (PEeHOJIbHBIE COCIH-
HEHHS B SKCTPAKTaX PA3IUYHBIX OPraHOB OOPIICBHKA MAKCUMAIILHOE KOJMYECTBO HAKATUTUBACTCS B IIBETKAX M JIH-
CTBSIX pacTeHus [9].

Takum 00pazom, pa3BUTHE METOIOB repepadoTku OoprieBrka COCHOBCKOTO TTO3BOJIAT PACKPHITH MOTEHIIAAT
9TOr0 BUJIA KaK HCTOYHHUKA CBIPBS JJIsl XUMHYECKOi1, (papMalieBTHUeCKOil, map(roMepHOil, eJUTI0I03H0-0yMaXHOH,
MUIIEBOW MPOMBIIIJICHHOCTH M B 00J1aCTH ceIbCcKOro Xo3siictea [10].

B 10 %€ Bpems ocTaroTcs HeJOCTATOYHO H3YYEHHBIMU 0COOEHHOCTH MeTabonmn3Ma OopiieBrka COCHOBCKOTO
B ycioBusix Kpaitnero CeBepa, KOJIHYECTBO CUCTEMATHYSCKIX HCCIICOBAaHUH MpoIieccoB KcTpakimu bAB u3 6op-
LIEBUKA KpaifHe OrpaHUYEeHO.

Kak m3BecTHO, pacTeHHs Ha CeBepE HCIBITHIBAIOT KOMILICKC HEOJIArONMPUSTHBIX BO3ACHUCTBHIA, B KOTOPOM
CYMMUPYIOTCS 3P PEKTHI eCTECTBEHHBIX (B YaCTHOCTH, KIIMMATHYECKHX) M aHTPOTIOTeHHBIX (akTopoB [11]. Ycra-
HOBJIICHO, YTO C YBEJIMYCHUEM CTEIICHU IKCTPEMAILHOCTH KIIMMATHIECKUX YCIIOBHHA MPOM3PACTAHUS B TKAHAX PsAaa
BUJIOB PACTEHHH CHHTE3UPYETCs OOblIee KOJIMYECTBO OMOIIOTHYECKH aKTUBHBIX BemiecTB [12, 13]. V3menenue
YCIIOBHIA CPEIBI CKAa3bIBACTCS HE TOJIBKO HA KOJUYECTBE TEX WM WHBIX BEIIECTB, HO MOXET BBI3BIBATH y HUX IIIy0O-
KW KadeCTBeHHbIE CABUTH [ 14]. B cBsI3H ¢ 3TUM KOMIUIEKCHAs OIIEHKA COAep KaHus pa3In4yHbIX rpymi bAB B 6op-
nieBrke COCHOBCKOTO ITO3BOJIUT YIIYYIIUTh TOHUMaHHE 0COOCHHOCTEH MeTabom3Ma pacTeHus B ycloBusax Koib-
CKOTO ITOJTyOCTPOBA.

TakuMm 00pazom, JUIs IPOBEACHUs paOb0THI HEOOXO UM ITOI00P HAarOOIee MOAXOSIIIX METOIOB U TAPaMETPOB
skcrpakini BAB u3 Tkaneit opranos 6opmieBrka CocHOBCKoro. Ha maHHBIN MOMEHT NIepCIIeKTHBHBIME U COBPEMEH-
HBIMH METOAaMU 3KcTpakiuu BAB 13 pacTUTENBHOrO ChIpbs BBICTYNAET YIbTPa3ByKoOBast dKcTpakius [15, 16], mos-
BOJISIFOIIAst COKPATHTh BPEMS ITPOIIECCa, KOJIMIECTBO MCIIONB3YEMOT0 PACTUTEIIFHOTO MaTepHaia H pacXo SKCTpareH-
ToB [17]. TpaAWIIOHHBIMH 3KCTpareHTaMHU JUIs H3BIcueHs bAB SBISIOTCS CMeCcH dTaHOJA U BOIBI, OTHAKO 3(dek-
THUBHOCTB 3KCTPAKIMH CHJIBHO 3aBUCHT OT cocTaBa cMecH [ 18]. OnTuMansHble yCIOBUS SKCTPAKIIMH 3aBUCT OT THIIA
W3BJICKAEMBIX BEIIECTB U MOT'YT OBITH CIIeIIM()UIHBIME IS KaXKI0T0 KOHKpeTHOTO pacterwus [ 19]. s sToro HeoOXo-
VMO TIPOBOJIUTH ONTHUMHU3AIMIO METOAWKH IO MOAO0PY YCIOBHI BOAHO-CIIMPTOBOM YIBTPa3ByKOBOW AKCTPAKIINHI
BAB u3 mictreB 6opreBnka COCHOBCKOTO, IIPOU3PACTAIONIETo B YCIOBHAX MypMaHCKO# o0siacTu.

Mamepuanst u memoowt

Jluctest pactenmii 6opieBrka COCHOBCKOTO ObUINM COOpaHbI Ha TUIOMaIKax [1osIpHO-aIbIMICKOTO ca1a-uH-
ctutyTta (IIABCU) Ha Teppuropmnu r. Anatutel MypmaHckoii obmactu Bo Bpems nsetenus (06.07.2022 r.). Ceexmue
JIVICThsI BHICYIIMBAIIH, BBIICPKHUBAs HA CI0KEHHOH B HECKOIIBKO CIOCB (PHIBTPOBAIBLHOM OyMare B XOPOIIO IPOBET-
pHBaeMOM MOMEIIIEHIH IIPH KOMHATHOH Temmepatype B Tedenue 20 nueil. KoHeuHas BIaXXHOCTB CHIPBSI, ONIpeIeTIcH-
Hasl BBICYIIIMBAHUEM HABECKU pacTUTENbHOro Marepuana npu 105 °C go nocrosiHHOM Maccsl, cocTasisiia 1.3%. Bel-
CYIIEHHBIN MaTepua H3MeNbYaid 1 MPOITyCKaIX yepe3 T1abopaTopHbIe CHTa ¢ THaMETPOM staeek 1, 3 u 5 M.

[TonOop onTHMaNbBHBIX yCIOBHH TPOBOAMICS B HECKOJIBKO 3TAIlOB: BBIOOP ONTUMAIBHOTO BPEMEHH, KOHIICH-
TpalK ATAHOJA U MOILHOCTH YJIbTPa3ByKa MPOBOAMIICS MO METOY OAHO(AKTOPHOM ontuMu3armu. Jjis skeTpak-
un Opanmuchk HaBecku 0.05 T THCTHEB U CMEMIMBAIHCH € SKCTpareHToM (50% 3THIIOBEINA CIUPT B BOJIE) B COOTHO-
ieHnu (B/0) chipbst ¥ akcTparenta 1 : 30 (1.5 mut akcTpareHTa). DKCTpaKLus IPOBOAMIACH C UCTIOJIb30BAHUEM YIIb-
Tpa3BykoBoil BaHHbl Buiurek VBS-3-DP B Teuenue ot 5 1o 180 mun npu temneparype 45 °C, nonaepxuBaeMoit
3a CYET YCTPOUCTBA JTOMOIHUTEIFHOTO TEPMOCTaTHPOBaHUs. BEIOOp TeMnepaTypbl, THAPOMOIYJIS U AUaMeTpa 4a-
cTUl] — N0 anropuTMy bokca-beHkeHa ¢ MATUKPAaTHBIM MOBTOPEHHEM LEHTPaJbHOM TOUYKH. (sl 3KCTpakuuu
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WCTIONB30BAIHCh HaBeCKU pactutenbHoro Marepuana 0.1-0.05 r. KomOuHanmu mapameTpos it anroputMa bokca-
benkena npuBeneHs! B Tabnuue 1.

Obmee comepkanne noiudeHonsHBIX komnoHeHToB (TPC) ompenensiocs mo peakmun ¢ peaktuBoM Do-
nnHa-Yoxantey [20] 1 BeIpaXeHO B SKBUBAJICHTHOM cojiepkaHuu rajutoBoit kuciotsl (GAE). OGmmee conepixanue
tmaBononnoB (TFC) — peakunu KOMIDIEKCOOOpa30BaHUS C XJIOPHIOM aMFOMUAHUS [21] 1 BBIpaskeHO B SKBUBAJICHT-
HOM conepkannu pytuHa (RE). O6mas antnokcuaanTHas aktuBHocTh (TAC) onpenensiercst Ha ocHOBe ocdomo-
mbaaTHOTO MeTo A [22] 1 BEIpa)kaeTcsl B SKBUBAIIEHTHOM coziep kaHuH ackopOnHOBo# KucinoTel (AAE). [TogpoOHo
yKa3aHHbIC METO/IbI OIMCaHbI B padote [23]. J{ist onpeneneHus moaugeHOIOB SKCTPAKThI pa3barisiin B 50 pas, st
(maBoHOMIOB — B 50 pas, Ay ONpeAEICHUsI aHTHOKCUIAHTHOHM aKTHBHOCTH HCIIOJIb30BATACH AJIMKBOTA CHIPOTO KC-
TpakTa 00BeMOM 25 MKJI. IKCTUHIHHU H3Mepsutuch Ha hotokomopumerpe KOK-3-01 (30M3, Poccus).

J171s1 OLIeHKY annpOKCUMALK SKCIIEPUMEHTAIbHBIX JaHHBIX 3aBUCHMOCTH BBIXOZa MOIU(EHONIOB, (hI1aBOHO-
WJIOB ¥ aHTHOKCHUJIAHTOB OT BPEMEHH HCIOIb30BAJIOCH YPaBHEHUE PEaKIK BTOPOTO Mopsika [23], onuckiBaromiee
3aBHCHMOCTB 3HAUYEHUS COOTBETCTBYIOIIETO MapameTpa 3kcTpakTa (Y¢) OT BpeMeHH (f) yepe3 KOHCTAaHTy CKOPOCTH
(k, r mr! mun") u paBHOBeCHOE 3Ha4YeHME TapameTpa dKcTpakTa (Y°9):

eq\2
y = k) )
1+ ktY

OT0 ypaBHEHHE MOXKET ObITh JIMHEAPU30BaHO B KoopauHaTax t/Yor ¢

t 1 1
Y o yealt Ty
Yy Y9 k)

2

W3 HaksI0HA ¥ CMEIIEeHHs YPaBHEHHUS! IMHEHHON allpOKCHMAaIK SKCIIEPUMEHTAIbHBIX JaHHBIX MOTYT OBITh
HalIEeHbI BEJIMYMHBI Y 1 k.

Bce u3mepenuns npoBoMIIMCh B TPEXKpaTHOM NoBTOpHOCTH. [lomydeHHbIe TaHHBIe 00pabaTHIBAIUCH C HC-
oJIb30BaHKeEM mporpammuoro obecredenuss MS Offise Excel. Onenka 10cTOBEPHOCTH MPOBOIMIACEH C HCITOIB30-
BanueM Tecta Trioku pu p<0.05. lanHble 1o onTuMu3anuy oopabareiBanuck B nporpamme Design-Expert 11 Trial
(Stat-Ease Inc., Minneapolis, USA) ¢ UCIIO/Ib30BaHHEM METOI0JIOTHH AMIPOKCUMALINHU IIOBEPXHOCTH OTKIIHKA.

Tabnuna 1. YpoBHU ¥ 3HAYCHUS ITapaMETPOB ONTHUMH3ANUU B anroputMme bokca-beHkena

No T, °C v/m d, MM
1 45(0) 10(-1) 5(+1)
2 45(0) 30(+1) 1(-1)
3 30(-1) 30(+1) 3(0)
4 30(-1) 10(-1) 3(0)
5 45(0) 20(0) 3(0)
6 30(-1) 20(0) 1(-1)
7 45(0) 10(-1) 1(-1)
8 60(+1) 30(+1) 3(0)
9 45(0) 30(+1) 5(+1)
10 60(+1) 20(0) 1(-1)
11 30(-1) 20(0) 5(+1)
12 45(0) 20(0) 3(0)
13 45(0) 20(0) 3(0)
14 60(+1) 10(-1) 3(0)
15 60(+1) 20(0) 5(+1)
16 45(0) 20(0) 3(0)
17 45(0) 20(0) 3(0)

Pezynomamut u 06cyscoenue

[TonmyuyenHble 3HaYCHNST KHHETHYECKIX TapaMeTPOB IIPUBEACHEI B TA0IHUIIE 2, CPaBHEHNE SKCIIEPHUMEHTAIb-
HBIX JAHHBIX W allpOKCUMAIMOHHON KpuBOM — Ha pucyHke 1. [Toka3aHo, 4TO MOJy4YEeHHbIE TAaHHBIE JOCTATOYHO
XOPOIIO ammpOKCUMHUPYIOTCS YPaBHEHUEM PEAKIIMH BTOPOTO TOPSIIIKA.

B xoz1e npoBeneHysi KHHETUYECKUX UCCIIEIOBAHUN YCTAHOBIIEHO, UTO JOCTATOYHBIM JIJIsl SKCTPAKIUU MOKHO

cyutath Bpems 90 MuH.
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CrnemyromuM dTaroM ONTHMHU3AINH yCIOBHAN SKCTPAaKIHUU OBLT MOA00P ONTUMAIEHOW KOHIIEHTPAIUH 3Ta-
Houia B auamnasoHe oT 0 10 90%. Pe3ynpTaThl, MOKa3bIBAIOIIME BIUSHUE COCTaBa DKCTPAreHTa Ha U3BJICUeHUE TIOJTH-
(heHOTBHBIX KOMITOHEHTOB M COCTUHEHUH, TPOSBILIOMINX aHTHOKCHIAHTHYIO aKTHUBHOCTb, U3 JINCTHEB OOpIIIEBHKA
COCHOBCKOT0, TIPE/ICTABJICHBI HA PUCYHKE 2.

[IpencraBneHHbIe HA PUCYHKE 2a JTaHHBIE CBUIETEIBCTBYIOT, YTO HAHMOOJIbIIIEe N3BIICUEHIE COAepKaHus (e-
HOJIbHBIX KOMIIOHCHTOB M3 9KCTPAKTOB JIUCThEB OopieBHKa COCHOBCKOTO MPOUCXOAUT BOJHO-CIIUPTOBOM CMECHIO
¢ cozmepxanueM 60% stanona — 3.5+0.5 mr GAE/r. 13 pucynka 26 cinexyer, 4To HanOoblee U3BJIEUEHNE COJIep-
JKaHUs (IIABOHOMJIOB M3 9KCTPAKTOB JIMCThEB OopieBrKka COCHOBCKOTO MPOUCXOAUT BOAHO-CIIMPTOBOM CMECHIO C
conepxanneM 80%-ro 3taHona — 5.8+£0.5 mr RE/r. Takas e KOHIIEHTpalHs STaHOJIA OKa3bIBaeTcs Hanboee 3¢-
(heKTUBHOM TS U3BIICUCHUS M3BJICUCHUE COCIMHCHUH, MPOSBISIONNX aHTHOKCHIAHTHYI0 aKTHBHOCTB. VX BBIXOJ
nocruraet 38.7+1.1 mr AAE/ (puc. 2B). Takum o6pa3zom, 80% 3TaHOI SBISIETCS] ONTUMAIBHON KOHLIEHTpALMEH ISt
W3BJICUCHUSI [IEJICBBIX KOMITOHEHTOB B UCCIIEYEMBIX 3KCTPAKTaX JIUCThEeB OopiieBrka COCHOBCKOTO.

3aBHCHMOCTS IIeNIEBBIX TAPaMETPOB OT MOIIHOCTH YJIbTpa3Byka B anana3one ot 0 mo 100% mpencraBieHb
Ha pUCYHKe 3.

W3 pucynka 3a ciemyer, 4To MaKCHMaJIbHOE KOJIMYECTBO (PEHONBHBIX KOMIIOHEHTOB focTturaercs npu 100%
MOIIHOCTH yIBTPa3ByKoBoro BozaehcTust — 3.1+1.1 mr GAE/r. MakcuManbHOE KOJTHYECTBO (DIIABOHOUIOB U aH-
THOKCHIAHTOB Takxe HabOmromaercs npu 100% momrHocTH, 6.24+0.5 Mr RE/r 11 41.4+1.1 mr AAE/T COOTBETCTBEHHO.
Takum 00pazoM, pe3ysIbTaToOM MOA00pa ONTHMATBHOW MOIIIHOCTH YIIBTPa3BYKOBOTO BO3JICHCTBUS HA CTCIICHD H3-
BJICUCHHUS [[EJIEBBIX KOMIIOHEHTOB HUCCIIEAYEMBIX IKCTPAKTOB JINCTHEB OOpIIEBHKa sABiIsgeTCs MOIHOCTE — 100%.

Tabnuna 2. Pe3ynbTaTsl onpe/eieHus paBHOBECHBIX 3HAYCHUH MapaMeTpoB IKCTpakTa (YY) u KOHCTaHT
CKOpOCTH (k) MX BEICBOOOXKIEHHS U3 JIUCThEB OoprieBruka COCHOBCKOTO

ITapametp Y4, me/z k 1073 2 me! mun!
TPC 57.1 10.2
TFC 41.1 29.3
TAC 36.5 6.3
70 50
45
- P 1 ¢ }
* ? 40 * [ |
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= 20 15
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5
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C(EtOH), % ?
1 aHTHOKCHJAHTOB (6) OT 00bEMHOW KOHICHTPAIUU
‘ stanona (C(EtOH), %)

[ToBepxHOCTH OTKIIMKA JIJIsi OOLIETro cojepkaHust noau(eHoIoB, (IIaBOHOUIOB U 001l aHTHOKCHIAHTHOM
AaKTUBHOCTH, MOJYUYEHHBIE B X0JI€ BBIIIOJHEHUS DKCTPAKIUK O anroputMmy bokca-beHkeHa, npencraBieHbl Ha pU-

CYHKax 4—0 ¥ ONHCHIBAIOTCS YPABHEHUSIMHU:

TPC=44.70-18.904+5.95B-5.13C+0.524B+2.354AC-4.15BC-0.714%-4.71B*+4.91C*+8.834*B+9.334B*
TFC=52.06-21.77A+6.9B-6.41C-0.63AB+3.18AC-1.40BC-3.13A%-8.96B>+8.20C?>+8.88A’B+12.05AB?
TAC=43.0-14.98A+6.30B-1.79C-0.43AB-2.10BC-2.945A2-8.47B*+1.73C*+-6.93A?B+8.15AB?

rre A —remmeparypa, °C; B — )KHIKOCTHBII MOIyIb (OTHOIIEHNE 00beMa IKCTpareHTa K Macce CyXoro pacTUTENILHOTO
marepuana); C — KpylmHOCTb PACTUTENHHOTO ChIpbs, MM. Kaxiplii mapameTp uaMensiercs B rpezenax ot +1 no -1.

PesynpraThl AucriepcHOHHOTO aHanmu3a Jis ypaBHeHui, omuckiBaromux TPC, TFC u TAC, npuBeneHsl B
tabmunax 2—4. U3 Benuuunsl P-value, koTopasi Jjis 3HAYMMBIX TTapaMeTpOB JOJDKHA ObITh MeHbIe 0.05, cienyer,
4r0 B ciydae TPC 3HAUMMBIMU SBISIOTCS BCE Mapamerpbl, Kpome AB u A°. Jlns TFC He3HAYMMBIMU ABJIAKOTCS
Tosbko napamerpbl AB u BC. [ina TAC — AB, BC u C?. OjjHaKko UCK/IIOUEHHE HE3HAYMMBIX TEPMOB M3 MoOJENeit
BEIET K YMEHBIIICHUIO KOA(PPHUINEHTOB IeTCPMUHALINN 1 CHIDKCHHIO OMIMOKK HeaJeKBaTHOCTH noadopa (Lack of
fit) 1o 3HAUMMBIX 3HaYeHul P-value. Kosdpuuuent nerepmunanuu (R?) s TPC cocrasun 0.9954, nna TFC —
0.9960, mns TAC — 0.9895. Benmunns! Lack of fit aBIsIOTCS HE3HAYMMBIMH JUIS BCEX TAPAMETPOB, YTO ITOKA3BIBAET
XOPOILUHA BBIOOP MOJEIH.

Hcxons w3 MomydeHHBIX DAaHHBIX, OBUTH PacCUMTaHbl ONTUMANBHBIC YCIOBHS SKCTPAKIMHU: TEMIlepaTrypa —
30 °C. XKunkoctHblid Moxyns — 1 : 27, nnamerp yactun — 1 M. [1pu ykazaHHBIX ycI0BHsIX ObLiia ITPOBEAEHA SKCTPAK-
ust. CpaBHEHHE PAaCYETHBIX M SKCIIEPHIMEHTAIBHBIX JaHHBIX IPUBEACHO B TabmIle 5. BuaHO, 9T0 3KCIEpUMEHTANBEHO
TIOJTyYEeHHbIE 3HAYCHUsI HECKOJILKO HIDKE PACCUMTAHHBIX, OIHAKO 3TO MOXKET OBITh CBS3aHO C KAYECTBOM allpoKCUMa-
LMY, yYUTHIBAIOIIEH MaKCUMHU3aLHUIO Bcex Tpex xapakTrepuctik skctpaktos (TPC, TFC n TAC).
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Puc. 6. IToBepXHOCTH OTKJIMKa 00LIEH aHTHOKCHJAHTHOIM aKTHBHOCTH OT TeMIepartypsl (4), rugpomonyis (B)
1 IaMeTpa 4acTULl pacTUTENLHOTrO chIpbs (C). [IpeacTaBneHbl HOBEPXHOCTH B IBYX HaOOpax KOOPAUHAT,
1ockosibKy TepM AC OTCYTCTBYET B MOJICITH

Tabnmna 2. Pe3ynapTaTsl ANCTICPCHOHHOTO aHATIN3a IS YPAaBHEHHS MTOBEPXHOCTH OTKJIMKA OOIIET0 COAep KaHus

1o (eHoIIoB
Vcrounnk Bapuanuu SS df MS F P-value
Model 3300.04 11 300.00 99.04 <0.0001
A-T 1428.84 1 1428.84 471.72 <0.0001
B-v/im 141.61 1 141.61 46.75 0.0010
C-d 210.13 1 210.13 69.37 0.0004
AB 1.10 1 1.10 0.36 0.5726
AC 22.09 1 22.09 7.29 0.0428
BC 68.89 1 68.89 22.74 0.0050
A2 2.14 1 2.14 0.7057 0.4392
B? 93.51 1 93.51 30.87 0.0026
C? 101.61 1 101.61 33.55 0.0022
A’B 155.76 1 155.76 51.42 0.0008
AB? 173.91 1 173.91 57.42 0.0006
Residual 15.14 5 3.03
Lack of Fit 4.20 1 4.20 1.54 0.2828
Pure Error 10.94 4 2.74
Cor Total 3315.18 16
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Tabmuma 3. Pe3ynpTarTsl IUCTIEPCHOHHOTO aHAIN3A JUTS yPaBHEHHS TIOBEPXHOCTH OTKIIMKA OOIIETO CONEPKAHUS

(h1aBOHOUIOB
Hcrounuk Bapuanuu SS df MS F P-value
Model 4471.58 11 406.51 113.97 <0.0001
A-T 1896.60 1 1896.60 531.76 <0.0001
B-v/m 190.44 1 190.44 53.39 0.0008
C-d 328.96 1 328.96 92.23 0.0002
AB 1.56 1 1.56 0.4381 0.5373
AC 40.32 1 40.32 11.31 0.0201
BC 7.84 1 7.84 2.20 0.1983
A? 41.25 1 41.25 11.57 0.0192
B? 337.65 1 337.65 94.67 0.0002
c? 282.77 1 282.77 79.28 0.0003
A°B 157.53 1 157.53 44.17 0.0012
AB? 290.41 1 290.41 81.42 0.0003
Residual 17.83 5 3.57
Lack of Fit 4.06 1 4.06 1.18 0.3385
Pure Error 13.77 4 3.44
Cor Total 4489.42 16
Tabnuna 4. Pe3ynbpTaTsl ANCTICPCHOHHOTO aHAJH3a I yPAaBHEHHS IOBEPXHOCTH OTKJINKA OOIIeH
AQHTHUOKCHUJIAaHTHOM aKTUBHOCTH
HcTounuk Bapranun SS df MS F P-value
Model 2341.31 10 234.13 56.47 <0.0001
A-T 897.00 1 897.00 216.36 <0.0001
B-v/m 158.76 1 158.76 38.29 0.0008
C-d 25.56 1 25.56 6.17 0.0476
AB 0.7225 1 0.7225 0.1743 0.6909
BC 17.64 1 17.64 4.25 0.0847
A? 36.52 1 36.52 8.81 0.0250
B’ 302.07 1 302.07 72.86 0.0001
C? 12.60 1 12.60 3.04 0.1319
A’B 95.91 1 95.91 23.13 0.0030
AB? 132.85 1 132.85 32.04 0.0013
Residual 24.88 6 4.15
Lack of Fit 18.78 2 9.39 6.17 0.0600
Pure Error 6.09 4 1.52
Cor Total 2366.18 16

Tabnuna 5. CpaBHEHHE PaCYCTHBIX M AKCICPUMEHTAIBHBIX TaHHBIX 00 00IIEM CoaepKaHuK MOIH(EHOIIOB,

(bHaBOHOI/I,HOB u O6HICI>1 aHTI/IOKCH,HaHTHOﬁ AKTUBHOCTHU SKCTPAKTOB JINCTHCB 60pIIIeBI/IKa

COCHOBCKOFO, TMOJTYYCHHBIX IIPU ONITUMAJIBHBIX YCIOBHUAX

TPCealc TPCexp TFCealc TFCexp TAC TACexp
80.6 58.3t1.4 90.0 56.9+£3.2 61.2 46.7+0.6
Buieoowt

1. beina HN3y4YC€Ha ONTHUMH3ALUA BOI[HO-CHHpTOBOi/lI OKCTpaKuun OMOJIOTHYECKHA aKTHUBHEIX BCHICCTB U3 JIU-

ctheB OopmeBuka CocHoBckoro (Heracléum sosnowskyi Manden.). C moMOImp0 0THO(QAKTOPHOW ONTHUMHU3AIHH

HalIeHO, YTO ONTUMAIBHOE BPEMS SKCTPAKLIUHU cocTaBuio 90 MUH, KOHIEHTpaIus 3TaHosa — 80%, MOLTHOCTb YiIb-

TpaszByka — 100%.

2. C nomoiikio anroputma bokca-beHkeHa mogo0paHbl ONTUMAIbHBIC YCIOBUS BOAHO-CIIMPTOBOM yIIbTpa-

3BYKOBOM SKCTPAaKINH MOJH(DEHONBHBIX COSANHEHUH, (JIaBOHONUIOB, a TAKXKE AaHTHOKCHUIAHTHOW aKTUBHOCTH U3

nucTheB OopiieBruka COCHOBCKOrO: BpeMst 3KcTpakimu — 90 MuH, KOHIIEHTpaIus 3taHona — 80%, MOIIHOCTD YJib-

Tpa3Byka — 120 BT, Temmeparypa — 30 °C, coOOTHOIIEHHE MacCHl CHIphs K 00beMy dKcTparenTa — 1 : 27, obecneun-

BalOIMe MaKCUMAJIbHBIH BBIXO/I IIEJIEBBIX IPYIIIT COETUHEHU TTOJIM(PEHOIBHBIX COSMHEHNH, (hIIaBOHONUIOB, aHTH-

OKCUIAaHTHYIO aKTUBHOCTB.
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Kozlova S.V.", Tsvetov N.S. OPTIMIZATION OF THE CONDITIONS OF ULTRASONIC EXTRACTION OF SEC-
ONDARY METABOLITES FROM THE LEAVES OF HERACULUM SOSNOWSKYI MANDEN. USING WATER-ETHA-
NOL MIXTURES

Scientific Center for Medical and Biological Research of Human Adaptation in the Arctic, Kola Science Center of the
Russian Academy of Sciences, Fersmana st., 14, Apatity, 184209, Russia, s.kozlova@ksc.ru

The ever-increasing needs of society for biologically active substances (BAS) of plant origin determine the search for
promising sources of their production. Biologically active substances of plant origin have medicinal properties, which is associ-
ated with their great physiological activity. BAS are analogues of synthetic drugs and are used in the pharmacological industry.
The accumulation of biologically active substances in plants under extreme conditions established in many works justifies their
study in northern conditions.

Sosnovsky's hogweed (Heracléum sosnowskyi Manden.) is a large herbaceous plant that contains a large complex of
biologically active substances. Despite the fact that it is on the list of weeds and dangerous plants, some of its metabolites can
still find application in the development of new medical and veterinary drugs against vitiligo, nested baldness, baldness, psoriasis,
as well as having antimicrobial and fungicidal properties. At the same time, at present, the features of the metabolism of hogweed
in the conditions of the Far North have not been studied enough. To accumulate data on the study of these features, it is necessary
to select suitable methods and parameters for the extraction of biologically active substances and optimal conditions for screening
the analysis of various groups of biologically active substances in the organs of hogweed for a quick and accurate assessment of
their content.

The aim of the study was to select the optimal conditions for hydroalcoholic ultrasonic extraction of polyphenolic com-
pounds, flavanoids and antioxidant activity from the leaves of Sosnovsky's hogweed, which grows in the conditions of the Mur-
mansk region.

Using one-way optimization, it was found that the optimal extraction time was 90 minutes, the ethanol concentration was
80%, and the ultrasound power was 100%. Using the Box-Behnken algorithm, the optimal conditions for hydroalcoholic ultra-
sonic extraction of polyphenolic compounds, flavonoids, as well as antioxidant activity from the leaves of Sosnowski's hogweed
were selected: temperature — 30 °C, ethanol concentration 80%, raw material to extractant ratio — 1 : 24, time — 90 min, providing
the maximum yield of polyphenolic compounds (%), flavonoids (%), antioxidant activity (%). The regression equation was
calculated, reflecting the dependence of the yield of polyphenols and flavonoids on the extraction factors.

Keywords: Sosnovsky's hogweed, ultrasonic extraction, Box-Behnken algorithm, Murmansk region.

For citing: Kozlova S.V., Tsvetov N.S. Khimiya Rastitel'nogo Syr'va, 2024, no. 4, pp. xxx—xxX. (in Russ.). DOI:
10.14258/jcprm.20240413600.

* Corresponding author.
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