Dapmaxozno3us, OOmMaHuKa

Pharmacognosy, Botany Dapmayus u papmaronoeus T. 5 Ne 6, 2017

VIAK 615.322:582.475 (470.53)

UCCNEAOBAHUE 3OUPHOIO MAC/IA KOPHEW E/IU O6bIKHOBEHHOM
(PICEA ABIES (L.) H.KARST) CEMEUCTBA — PINACEAE

/K. I'ynaes, B./l. benonozosa, I1.C. Mawenko, U.B. Kopomkoe

@I'HOY BO «llepmckas 2ocyoapcmeenHas papmayesmuieckas akaoemusy
Munucmepcmea 30pasooxpanenusi Poccutickou @edepayuu,
614990, Poccus, e. Ilepmv, yu. I[lonesas, 0. 2
E-mail: dkg2014@mail.ru

Cmambs nocesauena ucciedo8anuio IYupHoco Macia, 8bloelenHo2o u3 KopHel enu obviknosennou. Ilens —ycma-
HOBUMb KOMROHEHMHbLIL COCMAB YPUPHO20 MACIA U OCOOEHHOCTNU €20 IOKATU3AYUU 8 KOPHAX enu 00bikHosenHol. Ma-
mepuanst u memoowvt. Odvexmamu ucciedo8anusl AGIAIOMCA KOPHU el 00bIKHOBEHHOU He bolee 08YX CAHMUMEMPOS
6 duamempe, OHUWEHHbIEe OM 3eMAU U BbICYULeHHble. H3yueHue anamomuyeckux nPUsHaKo8 npogoousu o Memoouxe
Tocyoapcmeennoti papmaroneu Poccutickoti @edepayuu X111 uzoanusa na muxpockone mapku «buomeo-6» c ucnono-
308anuem gomo nacaoku DCN 510. Dguproe macno nonyuanu eudpooucmuniiyueli KopHel ey 00bIKHOBEHHOU ¢
nomowvio annapama Knesenoacepa no memoody 2 I'ocyoapcmeennoii ghapmaxoneu Poccuiickoti @edepayuu XIII us-
Ooanus. Komnonenmmuulil cocmag 3¢pupHo20 Macia onpeodensnu Ha 2a30-sHcuoKocmuom xpomamoepaghe Agilent 78904 ¢
macc-cenekmusHolm 0emexkmopom Agilent 5975C. Pesynomamut u oocyycoenue. B pezynvmame Mukpockonuuecko2o
uccnedo8anus Koprell ey 00biIKHOBEHHOU YCMAHOBLEHO, YMO IPUPHOE MACLO JOKATUZ08AHO NPEUMYUWECTNBEHHO 8
cemonanbix xooax. CmonaHvle X00bl pacnonodicensl 8 Opegecune Kophs. B yenmpanbHoll uacmu KOpHs cCMOIsAHbIE XOO0bL
bonvueco ouamempa. B cocmase s¢hupnozo macna kopueti enu 00vikHO8eHHOU 0OHApY*CceHO bonee 18 KomnoHenmos,
14 u3 nux oviau uoenmugpuyuposarvl. OCHOBHLIM KOMHOHEHMOM IPUPHO20 MACA ABNAEMC CECKEUMEPNEHOBbIIL JIaK-
moH — marnbepeon. 3aknwuenue. Ipuproe macio KoprHell enu 0ObIKHOBEHHOU UMeen YHUKATbHbIU KOMIOHEHMHbI
cocmas, BKII0YAIOWUL KOMINOHEHMbl HeXapaKmepHule 015 dPUPHO20 MAcia Opesechol 3enenu enu. Pasnuuue komno-
HEHMHO20 COCMABA YKa3vleaem Ha pa3Huyy ceolicme u (apmaxonozuieckol akmusnocmu. Ilpedocmasnsiom unmepec
oanvhetiuue Uccied08anus No ONPeOeleHuio NepCnekKmueHOCmMU UCNONb308AHUsS KOPHEl el 00bIKHOBEHHO.
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The article is devoted to the study of essential oil extracted from the roots of European Spruce (Lat. Picea abies).
The aim is to establish the component composition of the essential oil and the peculiarities of its localization in the
roots of European Spruce. Materials and methods. The objects of the study are the roots of European Spruce not lon-
ger than two centimeters in diameter, peeled and dried. The study of their anatomical signs was carried out according
to the methodology of the State Pharmacopoeia of the Russian Federation (the XIII-th edition) with the’Biomed-6"
microscope using the DCN 510 nozzle. The essential oil was obtained by hydrodistillation of European Spruce roots
using the device of Clevenger by Method 2 of the State Pharmacopoeia of the Russian Federation (the XIII-th edition).
The component composition of the essential oil was determined by an Agilent 78904 gas-liquid chromatograph with
an Agilent 5975C mass-selective detector. Results and discussion. As a result of the microscopic examination of the
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roots of European Spruce, it was established that the essential oil is localized mainly in resinous courses located in the
wood of the root. In the central part of the root, resin moves are of a larger diameter. More than 18 components were
found in the essential oil of European Spruce roots, 14 of them were identified. The main component of the essential oil
is sesquiterpene lactone — tanbergol. Conclusion. The essential oil of European Spruce roots has a unique component
composition that includes components not characteristic for the essential oil of spruce greenery. The difference in the
component composition indicates the difference in properties and pharmacological activity. Further studies are of
interest for determining the prospects of using European Spruce roots.

Keywords: European Spruce, roots, essential oil

BBenenne. Enp 0OBIKHOBEHHAS, MITH eBpOTICHCKas —
Picea abies (L.) Karst. — BedHO3€JICHOE XBOIHOE pacTe-
HHUE U3 ceMeicTBa COCHOBBIX (Pinaceae) BbicoTol 20-30
M C IHpaMuAaIbHON KpOHOW. PocT B BBICOTY HE mpekpa-
IaeTcs MPAaKTHYECKH BCIO XKMU3Hb, M JaKE CTapble JAepe-
BbSI COXPAHSIOT OCTPOBEPXYI0 KOHHUYECKYIO (hopMmy.

Enb 0OBIKHOBEHHAS! SIBISIETCSI APEBECHBIM PACTECHU-
€M, UMCIOIINM IIUPOKOE PACHPOCTPAHEHNE HA TEPPUTO-
puu Ilepmckoro kpasi 1 Apyrux peruoHoB EBpomneiickoit
yact Poccuiickoit @enepauuu [1, 2].

OpnHOM M3 BEAyNMX TPYIT OMOIOTHYECKH aKTHBHBIX
BEIIECTB JIPEBECHOM 3€JICHH U IINIIEK eI OOBIKHOBEHHOH
SIBIISTFOTCS 2(HPHBIE Macia. D(PUPHBIE MaciIa MPECTABISIOT
co00¥# JieTyure MacIsTHUCTBIE >KMAKOCTH, TPOSBIIONINC
aHTHOAKTEpPHAITbHYIO, IPOTHBOTPHOKOBYTO, IIPOTHBOBOCTIA-
JIUTENBHYIO U IPYTUE BUJIbI akTUBHOCTH [3-9]. Bonbuims-
CTBO padOT IOCBAIICHO HCCIIEIOBAHUIO KOMIOHEHTHOTO
cocTaBa 3(UPHOTO Maciia APEeBECHON 3€JICHU (OXBOCHHBIC
BETBU JWAMETPOM He Oormee 8 MM) enmi OOBIKHOBCHHOIM
[10-16]. dpeBecHast 3emeHb e OOBIKHOBESHHOH SBISCTCS
OTXOJIOM JIECO3aroToBOK. Ha kax/pIii KyOoMeTp 1peBecH-
Hbl npuxoaurest 10 500 kr apeBecHbIX 0TX010B [17]. OnHa-
KO, TIOCJIC 3aTOTOBKH JIPEBECHHBI Ha JIECOCEKE OCTACTCS U
KOpHEBasl CHCTEMA, KOTOPAsi MOXKET CTaTh MEPCIIEKTUBHBIM
HCTOYHUKOM OMOJIOTHYIECKH AKTHBHBIX BEILIECTB.

KopreBast cuctema enm OOBIKHOBEHHOH 3aieraet
MIPEUMYIIECTBEHHO B BEPXHEM CIIO€ TTOYBBI, YTO 3HAYH-
TEJIHO YTIPOIAET 3aroTOBKY KopHeH. [Ipmumna storo
KpOETCS B OTHOCHTENIBHO CIa00i Pa3BUTOCTH CTEPXKHE-
BOTO KOpHSI, OCHOBHAsI YacTh KOPHEBOW CHCTEMBI MpeJ-
cTaBleHa OOKOBBIMH OTBETBICHHUSIMHU, HAXOIIIUMHUCS B
BEpXHEM ciioe nouBsbl [18]. ¥V Takux apeBecHBIX MOPOJ,
Kak [TUXTa U COCHA CTEP)KHEBOI KOPEHb XOPOIIO Pa3BUT
1 yXOIUT BIIyOB MOYBHI Ha 3—5 MeTpoB. B 3ToM 3akiTio-
YaeTCst IPEUMYIIECTBO 3arOTOBKH KOPHEH €T 0OBIKHO-
BEHHOM Tiepe]] IPYTMMHU BHIAMH CEMENCTBA COCHOBBIX.

Lenab padoTbl — yCTAHOBUTH KOMIIOHEHTHBIM CO-
cTaB 3(UPHOTO Macia U 0OCOOCHHOCTH €0 JIOKAJIH3ALUH
B KOPHSX €I OOBIKHOBEHHOM.

Marepuaibl 1 MeToAbl. OObEKTaMH HCCIICTOBAHMS
CITY>KHJTH 00pasIbl KOpHEH e 0OBIKHOBEHHOH, coOpaH-
Hele B aBrycre 2016 roga na teppuropun MibuHckoro
paiiona Ilepmckoro kpas. OOpa3ibl KOpHEH 3aroToBiIe-
HBI C Pa3HbIX JIEPEBLEB B €IOBOM JIECY. 3arOTaBINBAIIH

TOJIBKO MOJIO/IbIe OOKOBBIE KOPHM IMAMETPOM Ha Cpes3e
He Oosiee 2 caHTHMETpOB. KOpHHM BBIKaIbIBaIN, OUMINIA-
JIM OT 3€MJIH, U3MEJIBIAIN U B JJAOOPATOPHBIX yCIOBHIX
noydanu 3(pUpHOE MacJIo.

D¢upHOE MaCIO MOMyYaad C TOMOLIBIO ammapara
Kneenmxepa mo merony 2 TocymapcTBeHHOU (hapma-
xorren Poccutickoit @enepanun X111 nznanns [19]. dus
XpoMaTorpauueckoro HMccienoBaHus >(pupHoe Macio
0TOMpaNIM U3 IPUEMHHUKA OTHOPA30BbIM ILITIPUIIEM U 3a-
nauBany B ammyisl. [lomydennoe aupHOE Macio cpaszy
MOABEPrail  aHAIN3Yy. XPOMAaTO-Macc-CHEKTPOMETPH-
YecKHii aHaiu3 3(UPHOTO Macia enu OOBIKHOBEHHOM
MIPOBOJVIIN Ha ra3oBoM xpomarorpade Agilent 7890A
C Macc-CceneKTHBHBIM aeTekTopoM Agilent 5975C. Tewm-
nepatypa ucnaputens — 250°C, temmeparypa KOJIOHKH
— 70°C, BBIAEpP)KHBACTCS B TCUCHHWE 5 MHUHYT, a 3aT€M
moBbImaeTcst 10 310°C co ckopocteio 10°C B MHHYTY
u BbuiepkuBaercs B teueHue 10 munyt. Temmeparypa
uaTepdeiica — 310°C, 06péM BBOOMMOIM TIPOOBI — 1 Mu-
KpOJIUTP, T'a3-HOCUTENDb — I'eJIui, fesieHue notoka — 1:10,
MOHU3ALNS — METOJIOM JIEKTPOHHOTO yziapa.

MHUKpOCKOITMYECKHE HCCIIEA0BAHMS MTPOBOIIIIN 110
Metonuke [ocymapctBenHo# (apmakoren Poccuiickoit
Oeneparm X1 nzganus [19]. DdupHoe maciao B Mu-
Kponpernaparax 0OHapyXKHBAJIN C MOMOIIBIO PEAKIHN C
Cymanowm II1. Cynan 111 okpammBaet xupHOe U dhupHOE
MacJjio B XKEJITO-OpPAH)KEBBII IIBET. AHATOMHUUYECKHE MPHU-
3HAKH MCCIIEN0OBAIN HAa MUKpOCKone Mapku «bromern 6»
(Poccust) mpu yBenmmuenun x40, x400. @oTorpadum Mu-
KPOIPETapaToB BBIMOIHEHBI C TIOMOIIBIO ()OTO HACATKH
DCN 510.

Pe3yabTaThl H 00cyxnenune. JHupHOE MacIo KOp-
Hell e OOBIKHOBCHHOM TPEACTABIACT COOOH TYCTYIO,
JIeTy4y0, OECIBETHYIO KHIKOCTb CO CIEIH()UIHBIM 3a-
naxoM. ConiepkaHue 3(pUPHOTO Macia COCTABIISIET OKOJIO
0,2+0,03% B cyxoMm ChIpbe.

OpnHOM M3 33734 MCCIIEI0BAHUS SBIISIIOCH YCTAaHOB-
JIeHnEe OCOOEHHOCTEH JOoKamu3anuu 3(QHUPHOTO Macia
B KOPHSX el OOBIKHOBEHHOW. B mpeBecHO# 3eneHH U
IINIIKAX €M 3(pUPHOE MACIIO JIOKATIH30BAHO TPEUMYIIIe-
CTBEHHO B CMOJITHBIX Xoaax [20, 21]. Ot ocobeHHOCTEH
JIOKAJIN3AIMN 3(UPHOTO MacIa MOXKET 3aBUCETh 3ar0TOB-
Ka, XpaHEHNE U CIOco0 MoiydeHus >pupHOro Macia u3
JAHHOTO CBIPBSI.
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Pucynok 1 — Cmonansie x00bl KopHell eiu 00bIKHO8EHH O
1 — nonepeunuiit cpes kopusa enu (x40); 2 — cmonanoii xo0 (%400)

D¢dupHOE Maciio KOpHE# enn 0ObIKHOBEHHOH JIOKa-
JIM30BaHO TPEUMYIICCTBEHHO B CMOJISIHBIX XOJIaX, KOTO-
phIMH TIpOHHW3aHA JpeBecuHa KopHel (puc. 1). Cmoms-
HBIC XO/IbI PABHOMEPHO pachpe/iesIeHbI 10 BCEH TOMIIHHE
cpe3a JpeBecHHbl KOpHsi. CMOJISIHBIE XOJIbl, PacIiojo-

JKCHHBIC B HeHTpaJ’ILHOﬁ 4JacTu APCBECUHBI KOpHA, UME-
FOT OOJIBIINIA ANaMeETp. CTEHKHU CMOJISTHBIX XOO0B Ipea-
CTaBJICHbI CCKPETOPHBIMU KJICTKaMU. BOprl" CMOJISIHBIX
XOOOB HaxoIATCA MApPCHXUMHBIC KICTKU C KPYIHbBIMU
KpaxMaJIbHbIMU 3€pHAMU.

Pucynox 2 — Cmonanoii xo0 kopus enu 00vikHoeennoil, peakyus ¢ Cyoanom II1 (x400)
1 — cmonanoit xo00; 2 — napenxumHule Ki1emKu ¢ KPYRHbIMU KPAXMAIbHbIMU 3€PHAMU;
3 — npoeooaujue Inemenmul OpesecuHbl — mpaxeuowl

Ha pucynke 2 moka3aH CMOJISTHOM XOf Ha ITOTIeped-
HOM cpe3e KOpHS el OOBIKHOBEHHOI mocie 00paboTKu
Cynanowm III. TTociie 06paboTku monepevHoro cpesa Kop-
HS1 IPOMCXOIUT OKPAIITMBAHKE B JKEITO-OPAHKEBBIN IBET
CEKPETOPHBIX KJIETOK M COIEPKUMOTO CMOJITHOTO XO7a,
YTO yKa3bIBAET HA MPUCYTCTBHE B CMOJISIHBIX XOJax KOp-
Hell e 0OBIKHOBEHHOH 3(hHpHOTO Macia.

BOKpyr CMOJSHBIX XOZOB PAacoNararoTcs MapeHXHUM-
HbIE KJIETKH C KPYITHBIMHI KPAaXMaJIbHBIMH 3€PHAMH, A TAKKE
TIPOBOJIAIITAE SIEMEHTHI APEBECHHBI — TPaXeu sl (prc. 2).

Hamu ucciieoBaH KOMIIOHEHTHBINH cOCTaB d(UPHO-
TO Macla, IOJTy9eHHOTO U3 KOpHEH elr 0OBIKHOBEHHOMH,
METOIOM THApomucTHILIIUHA. CocTaB 3(pUpHOro mMacia
HCCIIEOBAJIM METOIOM Ta30-KHMIKOCTHOH XpOMaTorpa-
(um ¢ Macc-CeneKTHBHOM neTeknueit (puc. 3).

B cocrase a¢hupHOro Maciia KopHeii €11 00bIKHOBEH-
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HOW oOHapyxmmu Oojee 18 KOMITOHEHTOB, W3 KOTOPBIX
14 6butn uaenTudupoBansl. J{ist cpaBHeHus1, B 3QuUp-
HOM MacJe IPEBECHOH 3eJIeHN eIl OOBIKHOBEHHOI BCETO
65110 00HApYXKeHO 0koJI0 100 KOMIOHEHTOB, M3 KOTOPBIX
0KoJ10 60 KOMITOHEHTOB OBLTH WACHTHU(PHUIINPOBAHEI.

Ha xpomarorpamme BHIHO, YTO OOJIBIIMHCTBO KOM-
IIOHEHTOB OTHOCSITCA K TSDKEIIONETydeil CeCKBUTEPIIEHO-
BO#1 (ppakumu 3hupHOTO Macia. [IporeHTHOE COOTHOIIIE-
HUE IUIOMAIN MUKOB CECKBUTEPIEHOBBIX KOMIIOHEHTOB
10 OTHOIICHHMIO K OOIIEH IIIOom@aay MMKOB Ha XpOoMaro-
rpaMMe TIPEBBIIIAET IMPOLEHT IUIOMAAN MHKOB MOHO-
TEPIICHOB. JTO TOBOPUT O TOM, YTO CECKBUTEPIICHOBBIC
COGMHEHUS cofepiKarcs B 3pUPHOM Macje KOpHel enu
OOBIKHOBEHHO B OOJBIIIEM KOJHMYECTBE.

KoMmoHeHTHBIH cocTaB A(HUPHOTO Maciia KOpHEH
e 0OBIKHOBEHHOI! TTpecTaBieH B Tabmuie 1.
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Pucynox 3 — Xpomamozpamma 3pupnozo macna Kopuei enu 00bIKHOBEHHOU
Tabnuya 1 — Komnonenmmuwiit cocmag 3ghupnozo macia KOpHeit enu 00blKHOBEHHOU
% IO M KA
Ne Bpews KOMITOHEHTA OT o0TIei Komnonent
yaepKUBaHUS, MUH HTOMA TTHKOB
1 4,083 0,8 B-miuHeH
2 4,889 0,5 A3-kapen
3 4,67 1,72 Bopreon
4 5,615 11,06 Bopuunanerar
5 5,695 4,19 3-MeTHI-4-130TPOTHII(EHOIT
6 6,617 2,63 bunmkio [7.2.0] yaneu-4-en, 4,11,11-tpumernn-8-metu-
JieH
7 7,316 3,07 Hadranen 1,2,3,5,6,8a-rekcarunpo-4,7-gumeTwi- 1-(1-me-
THJIITHI)
8 7,72 1,52 CraryneHon
8,077 2,62 T-xaguHOI
10 8,158 42 O-KaJuHOJ
11 8,621 1,99 He npenTndunnpoBaHHbIil KOMIIOHEHT
12 9,767 0,18 1,3,6,10-nuknorerpanekarerpaet, 3,7,11-tpume-
- 14-(1-MeTHI TIIT)
13 10,16 6,45 1u-nadto [2,1-b] nupan, 3-3TeHMII0/EKATH-
npo-3.4a,7,7,10a-neHTamMeTHI
14 10,308 28,47 TauobeproJ
15 10,579 1,78 He nnentudunmnpoBanHblii KOMIOHEHT
16 10,673 11,72 He npenTndunnpoBaHHbIil KOMIIOHEHT
17 10,898 1,94 He unenTudunupoBaHHbIif KOMIOHEHT
18 11,308 23 1-®enanTpenkapookcanpaeruy 1,2,3,4,4a,9,10,10a-oxra-
ruapo-1,4a-gumernin-7-(1-Me T TII)

B a¢upHOM Maciie kopHel e 00BIKHOBEHHO HJICH-
tuduumpoaHo 14 Bemects. [lo pesynabraram aHaimza
YCTAHOBJICHO, YTO OCHOBHBIM KOMIIOHCHTOM 3(HpPHOrO
Macia KOpHEeW enu OOBIKHOBEHHOH SIBIISCTCSI CECKBH-
TEPIICHOBBIN J1akTOH — TaHOepron (tadmn. 1). [lnomans
MHMKa JAHHOTO BEIIECTBA Ha XPOMATOrpaMMe COCTABISIET
28,47% ot oOuiel oy nukoB. TanOeprona He ObLT
paHee OOHApYXEH B S(PUPHOM MacJe IIUIICK eI OOBIK-
HOBeHHOﬁ 1 OYCHb PEAKO B HE3HAYUTCIIBHOM KOJINMYCCTBE
oOHapyxuBaeTcss B d(HPHOM Macje JPEBECHOW 3eJeHH
[3, 22-25]. Cpenu MOHOTEpPIICHOB B 3()UPHOM Maciie Kop-
Hel 1mpeobnagaeT OOpHIIIALICTAT C COACPIKAHUEM OKOJIO
11,06%. B cocraBe adupHOro macia oOHapyxeHo 4 He-
nIeHTUGUIMPOBaHHBIX coennHeHus. Hewnentudunumpo-

BaHHBIA KOMIIOHEHT CO BpeMeHeM yepxkuBanus — 10,673
MHHYT COJEP)KUTCSl B 3HAYUTEIBHOM KOJMYECTBE U MO-
JKET OKa3bIBaTh BIIMSIHUE HA CBOMCTBA A(pupHOro macna.
HenpeHntuduupoBaHHbIe KOMIIOHEHTBI 110 CBOEH XUMH-
YECKOH CTPYKType OTHOCSATCS NPEHMYILECTBEHHO K ce-
CKBHUTEPIIEHOBBIM coeHeHusM. [Ipencrasisitor nHrepec
JlaNTbHEHIINE UCCIIEA0BaHUs CTPYKTYPbI JAHHBIX BEIIECTB.

AHanmu3upysi CpaBHUTEJIbHBIC JaHHbIE KOMIIOHEHT-
HOTO cocTraBa d(PUPHBIX Mace JPEeBECHOH 3eJeHH, Kop-
Hell enu OOBIKHOBEHHOM, HaMH YCTaHOBJICHBI IOCTO-
SIHHBIE KOMITOHEHTBI JUISi JAaHHBIX OPTraHOB, TaKOBBIMHU
SIBJSIFOTCSL: B-uHeH, A-kapeH, 60pHeoI, OOpHHUIIALIETAT,
0-KaJIMHOJI, CIaTYJCHOJ, OJHAKO COJCpIKaHHE WX pas-
n4Ho (Tadn. 2).
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Taonuuya 2 — Cpasnenue KOMROHEHMHO20 COCMABA IPUPHO20 MACIA OPEGECHOIL 3e/1eHU
u KopHell e 00bIKHOGEHHOTL

° OdupHoe mMacio OdupHoe Macio
n/n Kommonerr ):[pg;aercznoﬁ 3€JICHU ?(ogﬂeﬁ e
1 |Kamden + -
2 | B-niuHeH + +
3 | B-mupueH + -
4 |a-DemnagpeH + -
5 | Kamdopa + -
6 |o-muHEH + -
7 | Oummen + -
8 |JlumoHeH + -
9 |A-kapen + +
10 |4-xapen + -
11 | o-Tepnuneon + -
12 | TepnuneH-4-0n + -
13 | Denxon + -
14 | Uzo60pHeon + -
15 |Bopueon + +
16 |bopHunarmerar + +
17 | uc- a-canTanon + -
18 | JloHruuKiIeH + -
19 | U3omuokopex + -
20 | dapueson + -
21 |Henpen + -
22 | 2-mertun-2-60pHeH + -
23 | 0-KaJoKOpeH + -
24 | Kayp-16-en + -
25 | CeiixemieH + -
26 |Kapuodumien + -
27 | a-kapuoduiieHn + -
28 |Komaen + -
29 |CanTronuHa TpUEH + -
30 |UzobopHeon + -
31 |Ilukmou3ocaTuHeH + -
32 | o-OepramoTeH + -
33 | ApomaneHapeH + -
34 | W3oapomalieHApPEH MOKCU]T + -
35 | o-dapHeseH + -
36 | DOnu-OunmkioceckBUdeIaIpeH + -
37 |Hepomumon + -
38 |Iluc-o-6ucaboyieH AMOKCH]T + -
39 | Myypodomn + -
40 |a-kaauHON + +
41 | T-xaauHON - +
42 | T'noGymnon + -
43 | KBuHOIMHELOIT + R
44 | CnaryneHon + +
45 |TymymneH + -
46 |o-xybebeH + -
47 | TanOepron - +
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B a¢upHOM Macie ApeBECHOM 3eJeHU el 0OBIKHO-
BEHHOW HaMM paHee ObUIO MICHTH()UIIMPOBAHO OKOJIO
50 xommoHeHTOB. B cocraBe adupHOro macia apesec-
HOMW 3€JIeHU Mpeodafany JEerKoJIeTydne MOHOTEPIICHO-
Bblc coequHEHUsI. OCHOBHBIM KOMIIOHCHTOM 3(HPHOTrO
Macja JPEeBECHON 3eJIeHH €I OOBIKHOBEHHOM SIBIISICTCS
6opuunanertar [3, 22-24]. DdupHoe Macio KOpHEH eu
0OBIKHOBEHHOH MPE/ICTABICHO, B OCHOBHOM, CECKBHUTEP-
IICHOBBIMH COCIMHCHHUAMH, OCHOBHBIM KOMIIOHCHTOM
ABTSIETCA CECKBHUTEprieHona — TaHOepros. Takue kom-
[MOHEHTHI, KaK O-TUHEH, KaM(opa, TUMOHEH, J-MHUPIICH,
KaMQeH, COCTaBJISIONINEe OCHOBY d(DMPHOTO Macia Jipe-
BECHOH 3€JICHU €JI1, OTCYTCTBYIOT WJIM HAlIEHb] B HE3HA-
YUTEIBHBIX KOJINYCCTBAX B 3PUPHOM Macjie KOPHEH CIIu.
D¢dupHOE Macao KOpHEH u 3(pUpPHOE MACIO IPEBECHOM
3€JIeHH €7 OOBIKHOBEHHOH 3HAYUTEIbHO OTIMYAIOTCS
110 KOMIIOHCHTHOMY COCTaBy, 4 3HAYUT, UMCIOT OTIINYWA
B CBOWCTBAxX M (papMaKOIOTHIECKOH aKTHBHOCTH.

O¢upHoe Macio KopHEH e 0OBIKHOBEHHOH conep-
JKUT B CBOEM COCTAaBE BEIECTBA, MPOSBIAIONINE Pa3IHy-
HyI (hapMaKoJOru4ecKkyo akTHBHOCTh. Takue Bellle-
CTBa, KakK: 3-MeTHII-4-M30MpOnuIPEeHOoN U CHaTylIeHol,
00J1a/1a10T IPOTHBOTPUOKOBBIM JCHCTBUEM; CIIATYJICHOI
U O-KaJJUHOJ TIPOABIAOT AHTUOKCUAAHTHYIO AKTUB-

HOCTb; [P-muHEH, OOpHEOJ, OOPHMIIAICTAT MPOSIBISIOT
aHTHOAKTePHAIBHYIO aKTUBHOCTH M OKa3BIBAIOT BIHUSHUE
Ha HEPBHYIO cucTemy [6, 26].

VY4uThIBas 3HAYNUTENBHBIC 3aMachl OTXOJOB JIeco3a-
TOTOBOK M JTOCTYITHOCTH CBIPbEBBIX PECYPCOB, MEPCICK-
THUBHBIM MCTOYHHUKOM IOJYYCHHUS HOBBIX BBICOKOI((DEK-
THUBHBIX MPENapaToB PACTUTEIHHOTO MPOHMCXOXKACHUS C
BBICOKOH OMOJIOTHYECKON aKTHUBHOCTHIO MOKHO CUUTATh
JIPEBECHYIO 3€JIeHb U KOPHH elTi OOBIKHOBEHHOIA.

BaxiroueHue. DpUpHOE Macao KOpHEH el OOBIKHO-
BEHHOH JIOKQJIN30BAHO MPEHMYIIECTBCHHO B CMOJISTHBIX
X0J1aX, KOTOPBIMH IIPOHHU3aHA IPEBECHHA KOPHSI.

B adupHoM maciie kopHel enr 00bIKHOBEHHOH 00-
HapyXeHO OKOJO 18 KOMITOHEHTOB, OOJBIIUHCTBO W3
KOTOPBIX OTHOCATCA K ceckBuTeprneHaM. OCHOBHBIM
KOMIIOHEHTOM >(HPHOTO Maciia KOpHEW elu SBISeTCS
CECKBHUTEPIICHON] — TAHOEPTOJI, BEIIECTBO KpaifHe PEAKO
BXOJIAIIIEE B COCTAB 3(UPHOTO Macia APEBECHOH 3eIeHI
enu. MccnenoBanue CBOMCTB U (DapMaKoIOru4eckoi ax-
TUBHOCTHU 3()HPHOTO Macia KOpHEH elu 0OBIKHOBEHHOMN
U ero OCHOBHOTO KOMIIOHEHTa — TaHOeprosa mpecTaB-
JISIeT WHTepec. YUHUTHIBAas OTPOMHYIO CHIPbEBYIO 0a3y u
0COOCHHOCTH XMMHYECKOTO COCTaBa, KOPHHU €U MOTYT
CTaTh HOBBIM IEPCIICKTHBHBIM BUIOM ChHIPBSI.

Introduction. European Spruce, or Pisea abies
(L.) Karst. is an evergreen coniferous plant of Pinaceae
family 20-30 m high with a pyramidal crown. Its height
growth does not cease almost all its life, and even old
trees keep a pointed conical shape.

European Spruce (Picea abies) is an arboreal plant
that is widely distributed in Perm and other regions of the
European part of the Russian Federation [1, 2].

One of the leading groups of biologically active sub-
stances of woody greens and cones of European Spruce
are essential oils. Essential oils are volatile oily liquids
that show antibacterial, antifungal, anti-inflammatory
and other activities [3—9]. Most of the works are devoted
to the study of the component composition of essential
oil of European Spruce woody greens (branches of a di-
ameter not more than 8 mm) [10—16]. European Spruce
woody greens is a waste of logging. Up to 500 kg of
wood waste account for each cubic meter of wood [17].
However, after wood harvesting, the root system remains
in the felling area and can become a promising source of
biologically active substances.

The root system of European Spruce lies mainly in the
upper layer of the soil, which greatly simplifies the harvest-
ing of the roots. The reason for this is that the taproot is
developed comparatively poorly, the main part of the root
system is represented by lateral branches located in the up-
per soil layer [18]. In tree species such as fir and pine, the
taproot is well developed and gets deep into the soil for 3—5
meters. This is the advantage of harvesting the roots of Eu-
ropean Spruce over other species of the Pinaceae family.

The aim of the work is to establish the component
composition of the essential oil and the peculiarities of its
localization in the roots of European Spruce.

Materials and methods. The objects of the study

were the samples of the roots of European spruce, col-
lected in August 2016 in the Ilinsky district of Perm re-
gion. The samples of the roots were harvested from dif-
ferent trees in the spruce forest. We prepared only young
lateral roots of a diameter not more than 2 centimeters.
The roots were excavated, cleaned, crushed and the es-
sential oil was obtained in laboratory conditions.

The essential oil was obtained with the help of Clev-
enger apparatus by method 2 of the State Pharmacopoe-
ia of the Russian Federation (the XIII-th edition) [19].
For chromatographic study, the essential oil was taken
from the receiver by a disposable syringe and sealed in
ampoules. The obtained essential oil was immediately
analyzed. Chromato-mass spectrometric analysis of the
essential oil of European Spruce was carried out on an
Agilent 7890A gas chromatograph with an Agilent 5975C
mass-selective detector. The evaporator temperature was
250°C, the primary column temperature was 70°C, it was
constant for 5 minutes, and then it rose up to 310°C with
a speed of 10°C per minute and was maintained for 10
minutes. The temperature of the interface was 310°C, the
volume of the sample was 1 microliter, the carrier gas
was helium, the flow split was 1:10, ionization was car-
ried out by the electron method.

The microscopic studies were carried out accord-
ing to the methodology of the State Pharmacopoeia of
the Russian Federation of the XIII-th edition [19]. The
essential oil in micropreparations was detected by reac-
tion with sudan III as sudan III paints fatty and essential
oil in a yellow-orange color. Anatomical signs were ex-
amined with a “Biomed 6” microscope (Russia) with a
magnification of 40 and 400 power. Photographs of mi-
cropreparations were made with the help of a DCN 510
photonozzle.
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Results and discussion. The essential oil of Europe-
an Spruce roots is a thick, volatile, colorless liquid with
a specific odor. The content of the essential oil in dry raw
material is about 0.2 + 0.03%.

One of the research tasks was to establish the
peculiarity of localization of the essential oil in Eu-

ropean Spruce roots. The essential oil of the woody
greens and cones is localized predominantly in resin
currents [20, 21]. The preparation, storage and meth-
od of obtaining the essential oil from this raw mate-
rial can depend on the peculiarity of the essential oil
localization.

Figure 1 — Resin currents of European Spruce roots
1 — Transverse section of the spruce root (x 40); 2 — resin current (x 400)

The essential oil of European Spruce roots is localized
mainly in resin currents, which the wood of roots is pene-
trated with (Fig. 1). Resin currents are evenly distributed
throughout the cutting thickness of the root wood. The res-

in currents located in the central part of the root wood have
a larger diameter. The walls of the resin currents are rep-
resented by secretory cells. Parenchymal cells with large
amylum granules are located around the resin currents.

Figure 2 — Resin currents of European Spruce root, reaction with sudan III (x 400)
1 — resin currents; 2 — parenchymal cells with large amylum granules;
3 — conductive elements of wood — tracheids

Figure 2 shows a resin course on the transverse section
of the root of a European Spruce after treatment with sudan
III. After the treatment of the transverse cut of the root, the
coloring of the secretory cells and the content of the resinous
course is yellow-orange, which indicates the presence of the
essential oil in the resin courses of European Spruce roots.

Around the resin courses there are parenchymal cells
with large starch grains, as well as conductive elements
of wood — tracheids (Fig. 2).

We studied the component composition of the es-
sential oil obtained from-European Spruce roots, by hy-
drodistillation. The composition of the essential oil was
studied by gas chromatography with a mass-selective
detection (Fig. 3).

526

In the composition of the essential oil of roots by
European Spruce, more than 18 components were found,
of which 14 were identified. For comparison, about 100
components were found in the essential oil of verdure by
European Spruce, of which about 60 components were
identified.

The chromatogram shows that most of the compo-
nents refer to the heavily volatile sesquiterpene fraction
of the essential oil. The percentage of the peak area of
the sesquiterpene components relative to the total area of
the peaks in the chromatogram exceeds the percentage
of the area of the monoterpene peaks. This suggests the
presence of sesquiterpene compounds in the essential oil
of-European Spruce roots in a larger amount.
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Figure 3 — Chromatogram of essential oil of roots by European Spruce

The component composition of the essential oil of European Spruce roots is presented in Table 1.

Table 1 — Component composition of essential oil of roots by European Spruce

N % peak area of the
Ne Retentl(?n tme, component from the Component
min total area of peaks
1 4.083 0.8 B-pinene
2 4.889 0.5 A’-carene
3 4.67 1.72 Borneol
4 5.615 11.06 Bornyl acetate
5 5.695 4.19 3-Methyl-4-isopropylphenol
6 6.617 2.63 Bicyclo [7.2.0] undec-4-ene, 4,11,11-trimethyl-8-methylene
7 7.316 3.07 1,2,3,5,6,8a-hexahydro-4,7-dimethyl-1- (1-methylethyl) naph-
thalene
8 7.72 1.52 Spatulenol
9 8.077 2.62 T-cadinol
10 8.158 4.2 a-cadinol
11 8.621 1.99 Unidentified component
12 9.767 0.18 3,7,11-trimethyl-14-(1-methylethyl)
1,3,6,10-cyclotetradecatetraene
13 10.16 6.45 3-ethenyl-dodecahydro-3,4a,7,7,10a-pentamethyl- 1n-naphtho
[2,1-b] pyran
14 10.308 28.47 Tanbergol
15 10.579 1.78 Unidentified component
16 10.673 11.72 Unidentified component
17 10.898 1.94 Unidentified component
18 11.308 2.3 1,2,3,4,4a,9,10,10a-octahydro-1,4a-dimethyl-7- (1-methylethyl)
1-phenanthrenecarboxaldehyde

In the essential oil of European Spruce roots 14
substances were identified. According to the results of
the analysis, the main component of the essential oil of
European Spruce roots is sesquiterpene lactone — tan-
bergol (Table 1). The peak area of this substance on the
chromatogram is 28.47% of the total area of the peaks.
Tanberghol was not previously found in the essential
oil of European Spruce cones and in the essential oil
of woody greens it is found very rarely and in an in-
significant amount [3, 22-25]. Among monoterpenes in
the essential oil of roots, bornyl acetate predominates
with a content of about 11.06%. In the composition of
essential oil, 4 unidentified compounds were detected.

An unidentified component with a retention time of
10.673 minutes is represented in a significant amount
and may affect the properties of the essential oil. The
unidentified components in their chemical structure are
predominantly related to the sesquiterpene compounds.
Further studies of the structure of these substances are
of interest.

Analyzing the comparative data of the component
composition of the essential oils of European Spruce
woody greens and roots, we have established constant
components for these organs: [-pinene, A’-carene,
borneol, bornyl acetate, a-cadinol, sputulenol, but their
content is different (Table 2).
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Table 2 — Comparison of the composition of essential oils of verdure and roots by European Spruce

Ne Component Essential oil of woody Essential oil of roots
greens
1 | Camphene + -
2 | B-pinene + +
3 | B-myrcene + -
4 |a-Phellandrene + -
5 | Camphor + -
6 |o-pinene + -
7 | Ocimene + -
8 |Limonene + -
9 |A’-carene + +
10 |4-carene + -
11 |a-Terpineol + -
12 | Terpinen-4-ol + -
13 |Fenchol + -
14 |Isoborneol + -
15 |Borneol + +
16 |Bornyl acetate + +
17 | Cis-a-santalol + -
18 |Longicyclene + -
19 |Isomyocorene + -
20 |Farnesol + -
21 |Cedrene + -
22 | 2-methyl-2-bornene + -
23 | a-calocorene + -
24 | Caur-16-en + -
25 | Seychellen + -
26 | Caryophyllene + -
27 | a-caryophyllene + -
28 | Copaene + -
29 |Santolina triene + -
30 |Isoborneol + -
31 | Cycloisosatinene + -
32 | o-bergamotene + -
33 | Aromadendren + -
34 |Isoaromadendrene epoxide + -
35 | o-farnesen + -
36 | Epi-bicyclsesquifyladrene + -
37 |Nerrolidol + -
38 | Cis-a-bisabolene epoxide + -
39 | Muurolol + -
40 |a-cadinol n T
41 |T-cadinol - +
42 | Globulol + -
43 | Quinolinedole + -
44 | Spatulenol + +
45 | Gumulen + -
46 |a-kubeben + -
47 | Tanbergol - +
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In the essential oil of European Spruce woody greens,
we earlier identified about 50 components. As a part of
the essential oil of woody greens, volatile monoterpene
compounds predominated. The main component of
the essential oil of European Spruce woody greens is
bornyl acetate [3, 22-24]. The essential oil of European
Spruce roots is represented mainly by sesquiterpene
compounds, and the main component is sesquiterpenoid
— tanbergol. The components such as a-pinene, camphor,
limonene, B-mercen, camphene, which form the basis
of the essential oil of spruce, are absent or found in
minor amounts in the essential oil of European Spruce
roots. The oil of European Spruce roots and the oil of
European Spruce woody greens differ significantly in
their component composition, which means they have
differences in properties and pharmacological activity.

The essential oil of European Spruce roots contains
the substances exhibiting different pharmacological
activity in its composition. Such substances as:
3-methyl-4-isopropylphenol and spatulenol, have an
antifungal effect; sputulenol and a-cadinol exhibit
antioxidant activity; B-pinene, borneol, bornyl acetate

show antibacterial activity and affect the nervous system
[6, 26].

Considering significant reserves of logging waste
and the availability of raw materials, European Spruce
roots and woody greens can be considered a promising
source of obtaining new highly effective preparations of
plant origin with high biological activity.

Conclusion. The essential oil of roots by European
Spruce is localized predominantly in resin currents,
which the root wood is penetrated with.

In the essential oil of European Spruce roots about
18 components have been found, and most of them are
sesquiterpenes. The main component of the essential oil
of European Spruce roots is sesquiterpenoids — tanbergol,
a substance that is extremely rare in the essential oil of
European Spruce woody greens. The investigation of the
properties and pharmacological activity of the essential
oil of European Spruce roots and its main component
— tanbergol is of interest. Considering the huge raw
material base and the chemical composition of European
Spruce roots, we have arrived at the decision, that they
can become a new promising type of raw materials.
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