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Ha cecoonsuunuii Oens a61semcs akmyaibHblM Hanpagienue Uccied08anus pacmumensHulX 00beKmos 6 pamKax
IKONI02UHECKO20 MOHUMOPUH2A OJIA CO8ePUleHCMB08anus kavecmea pumonpenapamos. Lenvio nacmoswei pabomol
ABULOCH ONpedeeHue dNeMEeHMH020 COCMABA U OYEHKA IKOJI0SUHECKOU YUCMOMbL 100208 PO3MAPUHA 1eKaAPCMBEHHO-
20 (Rosmarinus officinalis L.), unmpooyyuposannoeo 6 bomanuueckom cady Ilamueopckoeo meouro-gpapmayesmuue-
ckoeo uncmumyma (IIM®H) . [Iamueopcka (Poccus). Mamepuanst u memoost. DKcnepumeHmanbHsle Uccie008aHUs.
nposoounu na oaze LlenmpansbHotl ucciedosamenbckoll 1abopamopuy cnekmpansho2o ananusa «Kaexazeeoncvem-
Ka» Ha ougparxyuonnom cnekmpozpage J[DC-8-1 memodom ucnapenus uz kpamepa yeonoHo2o 3iekmpood. Domo-
Mempuposanue CReKmpozpamm nposooUnU ¢ NOMOWbLIO AMIAACA CREKMPANbHBIX JUHUL U CREKMPOG-CIMAHOAPMOE C
nozpeuwinocmoio He 6onee 2% 6 nepecueme na sony. Pesynemamut u oocyyncoenue. Bnepsvie 6 nobezax posmapuna
Jnekapecmeennozo, unmpooyyuposannozo na Cesepnom Kaekaze, 6vino udenmuduyuposarno 25 snemeHmos, u3 Hux
npeobraoarowue maxkpo- K, Ca, Mg, Na, P u muxposnemenmot — Al, Si u Fe. Toxcuunvie snemenmut As, Cd, Hg, Bi,
Sb 6 nobezax posmapuna 1exapcmeennozo He obnapysicenvl. Posmapun nekapcmeennviil He HaKaniusaem maiceabix
Memanios uiu OHU NPUCYMCMBYIOM 8 C1ed08blx Konuvecmeax. 3axatouenue. Omcymcemesue majiceivblx Memainos
WU UxX HU3Koe cooepicanue 6 nobezax posmapuna 1eKapCmeeHH020 MOICHO 00BbACHUMb ONA2ONONYYHBIMU IKOLO-
2uuecKuMuy ycaoguamuy bomanuieckozo caoa. Ilpunumasn 6o eénumanue mom gaxm, umo OUO2eHHAsE AKKYMYIAYUA U
CPeOHUl XUMUYECKUL COCMAE PACTUMENbHBIX OP2AHUIMOB AGIAIOMCI UX CUCMEMAMUYECKUM NPUSHAKOM, B03MONCHO
UCNONb306aANUE NOOE208 POIMAPUHA JIEKAPCMBEHHO20 KAK UCIOYHUKA He MONbKO NPUPOOHBIX COeOUHEHUU NEPEUYHO20
U BMOPULHO20 CUHME3A, HO U MUHEPATLHBIX 8EUECNE, YUACMEYIOWUX 8 PeVIAYUU NPOYECCO8 IHCUZHEOeaMEeNbHOCTU.
Dmo nodueprusaem mepanesmuieckyio 3HaUUMOCHIb CbIPbSL U BOIMOICHOCIb CO30AHUA NPENAPAMO8 KOMOUHUPOBAH-
HO20 Oeulcmeust Oisl ieueHus i NPOQUIAKMUKY PA0a NAMON02ULL, CEAZAHHBIX C HAPYUWEHUEM MUHEPATbHO20 0OMeNa Ha
OCHOBE POIMAPUHA 1eKAPCMBEHHO20.

Knrouegwie cnosa: posmapun nexapcmeennsiti, Rosmarinus officinalis L., nobeau, mukposnemenmsl, Makpodie-
Menmul
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Nowadays studying plant objects in the framework of environmental monitoring to improve the quality of herbal
remedies is a very important area of research. The aim of the work is to determine the elemental composition and as-
sessment of environmental cleanliness of rosemary shoots (Rosmarinus officinalis L.), introduced in Botanical garden
of Pyatigorsk medical-pharmaceutical Institute (PMPI), Pyatigorsk (Russia). Materials and methods. An experimen-
tal study was performed at the Central research laboratories spectral analysis (“Kavkazgeolsyemka”) on diffraction
spectrograph DFS-8-1 by evaporation from a crater of the carbon electrode. Photometric measurement of spectro-
grams was performed using the Atlas of spectral lines and spectra of standards with an accuracy of not more than
2% in terms of ash. Results and discussion. For the first time there were 25 elements identified in rosemary shoots
introduced in the North Caucasus. The prevailing macro elements were K, Ca, Mg, Na, P and the trace elements were
Al, Si and Fe. The toxic elements As, Cd, Hg, Bi, Sb were not detected in the rosemary shoots. Rosemary does not
accumulate heavy metals or they are present in trace amounts. Conclusion. The absence of heavy metals or their low
content in rosemary shoots can be explained prosperous environmental conditions of Pyatigorsk Botanical garden.
The use of rosemary shoots as a source of natural compounds of primary and secondary synthesis and minerals, are
involved in the regulation of life processes. This underlines the therapeutic importance of the raw materials and the
possibility of creating drugs of combined action on the basis of rosemary for the treatment and prevention of patholo-

gies associated with disorders of mineral metabolism.

Keywords: Rosemary, Rosmarinus officinalis L., shoots, microelements, macroelements

Beenenne. dapmakonornyeckas akTUBHOCTD JIEKap-
CTBEHHBIX PACTCHHUI CBs3aHA C COACP)KAaHMEM B HUX HE
TOJNBKO OPTaHUYIECKUX OMOJIOTHYECKH aKTHBHBIX BEIIECTB,
HO ¥ BCIECTB HEOPTaHMYECKOW TMPHPOIBI — MaKpo- U
MHKpPO371eMeHTOB. OHUM U3 TEPBBIX BAXHYIO POJIb MHU-
KpO- ¥ MakpodJIEMEHTOB B (PU3HOJIOTMYECKHX MPOLIECCax
paCTUTENBHBIX U KUBOTHBIX OPTaHW3MOB OIHCAJ aKaJe-
muk B.W. BepHanckuii, roBopsi O TOM, UTO OPraHU4ECKUE
1 HEOPTaHWYECKHE TPHUPOIHBIC AIEMEHTHI CBA3aHBI IPYyT
C JIpyTOM U BO3MOKHOCTB NPOTEKAaHHS OCHOBHBIX (pH3HU-
OJIOTUYECKUX PEaKIUi B KUBBIX OPraHU3Max 3aBUCHUT OT
ux comepxxkanus [1, 2]. BHenpenune coBpeMeHHBIX TEXHO-
JIOTUI U XUMH3ALMsl MHOTUX c(hep MPOMBIIIIEHHOTO MPO-
M3BOJICTBA, POCT KOIMYECTBA aBTOTPAHCIOPTA MPUBOASAT
K HaKOIUICHHIO B OKPY’KaloOIEH cpeie pa3IWdHBIX Oomac-
HBIX ¥ SIOBUTBIX XMMHYECKHUX BEIIECTB — TOKCHKAHTOB
Ha BCEX YPOBHSX OMOCKEpbl, YTO pa3pyllaeT HPHPOTHOE
9KOJIOTHUECKOE paBHOBecHe. OIeMeHTaMu Ouocdepsl,
KOTOpbIe B OOJIBIIEH CTETMEHH TMOJBEPraroTcs 3arpsi3He-
HUIO TSOKENBIMUA METaJllIaMU, SIBIISIIOTCS ToYBa U Boja [3,
4]. Crenenb 3arpsi3HEHUs] OKpYIKaroIiel cpesibl 00yCIoB-
JIUBAeT YPOBEHb COJCP)KAaHHUS SKOTOKCHKAHTOB B CBHIPHE
JICKAPCTBEHHBIX PACTEHHH, OATOMY aKTyalbHO Halpas-
JICHWE UCCTICIOBAaHUH PACTUTENBHBIX OOBEKTOB B PaMKax
9KOJIOTHYECKOTO MOHHUTOPHHIA Ul COBEPIICHCTBOBAHUS
KauecTBa ¢uronpenaparos [3, 5]. Mccienoanus mo naH-
HOW TEMaTUKe NPOBOMWINCH B psiie pernoHos Poccun,
B cTpaHax EBpombl, Appuku, Azuu. [lyOGnukamun B Ha-
YYHOH JIUTEpaType MOKa3bIBAIOT, YTO B JEKAPCTBEHHOM
pacTUTENBHOM CBIpbE HAOMIONACTCS HAKOIUICHHE TaKHX
METaJIJIOB, KaK CBUHEI] U KaJMUMH.

B MenunuHCKoM NpakTUKe BCEX CTpaH MUPA HAXOAST
MIPUMEHEHNE JIEKapCTBEHHBIC PACTCHHUS, COIEpIKaIlue
a¢upHsle Macaa. PoaMapuH nekapcTBeHHbIN (Rosmarinus
officinalis L.), cemeiicTBO sicHOTKOBbIC (Lamiaceae)
— a(dupoMacnuyHOE MHOTOJIETHEE BEYHO3EJCHOE pac-
tenue. [Ipouspacraer B naukom Buue B CeBepHoil Ad-
puke, Typuuu, B ctpanax CpemuzeMHOMOpPbs. JIuCThs
pO3MapHHa BKJIIOUEHBI B COCTaB bpUTaHCKONM TpaBsHOM
¢dapmakonen, B CIIA, Muauu, Kutae sBistrorest ouiu-
HAJIBHBIM CBIPbEM M HCHOJIB3YIOTCS B TOMEonaTuH 5, 6].
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JIucThst po3MaprHa MCHOJB3YIOTCSI B KaUeCTBE IPHITPa-
BbI M KOHCEPBAHTa IHIIEBBIX MTPOAYKTOB. DdupHOE Mac-
JI0O po3MapHHa TPOSBIISICT BBIPAKEHHbIE aHTHOAKTEpHU-
aJIbHbIE, IPOTHBOTPUOKOBBIE, IPOTHBOBOCIAIUTEIbHbIE,
LIUTOCTAaTUYECKNE, aHTHOKCHIAHTHBIE CBOMCcTBa [7]. OHO
BXOJIMT B COCTaB TaKMX KOMOWHHPOBAHHBIX MIPENapaToB,
kak «Kanedppomn», «Ilynpmekcey, « IBkadbom», « Tetecent»
U psifia 3aperuCTPUPOBAHHBIX OMOJIIOTMYECKH aKTHBHBIX
nob6asok (BAJ]) x nume. OcHOBHO# rpymmoi 6uonoru-
YEeCKHM aKTHBHBIX BEIIECTB JIMCTHEB PO3MapHHA SIBIISICT-
csi AUPHOE Macllo, COAEp)KaHWE KOTOPOTrO JOCTUTAET
1,8%, OCHOBHBIMU KOMIIOHEHTaMH KOTOPOTO SIBIISIOTCS:
uuneon (19,6%), Gopuunanerar (9,1%), uzobopueon
(8,4%), d-Bepbenon (7,9%), 6-nunen (7,9%) [8]. Pas-
HOCTOPOHHHUE UCCIICIOBAHUS PO3MaprHa JIEKapCTBEHHO-
IO MPOBOAATCS BO MHOTMX cTpaHax mupa. I1o paHHbIM
Hay4YHOIl JINTepaTypbl U COIIACHO COOCTBEHHBIM HCCIIe-
JIOBaHMUSIM, JIMCThSI ¥ TI00Ern po3MapHHa TaKkkKe couep-
JKar TyOWSIbHBIC BEIIECTBA, (PJIABOHOUIBI, PO3MApPHHO-
BYI0, KO(elHYI0, HUKOTHUHOBYIO, YPCOJIOBYIO KHCIIOTHI,
aMUHOKHCIJIOTHI U MUHEpanbHbIe BemecTsa [9, 10]. 13-
yueHHE HAyYHOH OTEUEeCTBEHHOI 1 3apyOekHOM JIuTepa-
TYpBI 110Ka3aJl0, YTO JaHHBIE 110 JIEMEHTHOMY COCTaBYy
mo0eToB po3MapuHa JIGKApCTBEHHOTO OTCYTCTBYIOT. Ha
oduranbHOM caiite MUHHCTEPCTBA CEIBCKOTO XO3sIi-
ctBa CIIIA B HannoHanbHOH 0Oa3e MaHHBIX MPOTYKTOB
MTUTaHKS JIMCThSI PO3MapHHA JIEKAPCTBEHHOTO OTHECEHBI
B pazzen «CIieluu U IPHUITPABbL, POLYKTHI IIUTaHUsD. B
100 T CBEKEro/CyX0oro ChIpbsi COACPIKUTCS B MI': KaJIbIIUI
(Ca)—317/1280, xene3o (Fe) — 6,65/29,25, marauii (Mg)
— 91/220, maprasuer (Mn) — 0,960/1,867, docdop (P) —
66/70, xanmuii (K) — 668/955, narpuii (Na) — 26/50, nuHk
(Zn) — 0,93/3,23, menp (Cu) — 0,301/0,55, cenen (Se) —
4,6 mr [11]. TOKCUYHBIX YIEMEHTOB HE HaKarauBaeT. 13-
yueHHE MHUHEpaJIbHBIX BEIIECTB 0OErOB pO3MapHHa Jie-
KapCTBEHHOT'0, MHTPOIYLIUPOBAHHOTO B OOTaHHYECKOM
cany IlsTuropckoro Memauko-(hapManeBTHYECKOrO HH-
cruryta (IIM®N), akTyanbHO 11 TadbHEHIIEro mpuMe-
HEHHUS ChIPbSl KaK MCTOYHMKA OMOJIOTMYECKH aKTHBHBIX
BeiecTB. [IpencTapisier Hay4YHbIH MHTEPEC HCCIIENOBa-
HUE BIIUSIHUSL aHTPOIIOTeHHBIX (PAaKTOPOB Ha AKOJIOTrHYe-
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CKOE COCTOSTHHE Ca/1a U HAKOTUICHHE TOKCHYHBIX JIEMEH-
TOB B PaCTEHHMSIX, IIPOU3PACTAIOIINX HA €r0 TEPPUTOPHH,
TaK KaK OOTAaHUYECKHIl CaJl HAXOJMTCS B YePTE rOpoAa.

Leab ucciienoBanusi — ONPEICICHUE JJIEMEHTHO-
IO COCTaBa M OIEHKA YKOJIOTHUYECKOW YHUCTOTHI TIOOETrOB
pO3MapuHa JIEKapCTBEHHOTO, HHTPOJYLMPOBAHHOTO B
OorannueckoM caay IlsTuropckoro Menuko-hapmares-
TUYCCKOI'O MHCTUTYTA.

Marepuanbl U Metoabl. OObEKTOM HCCIICOBAHUS
ObUTH 00pas3Ibl CHIPhS — OTHOJICTHUEC HEOIAPCBECHCBIIIHE
oberu po3MapuHa JICKapCTBEHHOI'O, 3aroTOBJICHHOTO B
6orannyeckoM caay Ilsturopckoro Meanko-hapMalieBT1-
yeckoro nHCTUTyTA (T. [Iaturopek, Pocens) B 2015 romy.

3azomoeka cuipva. Cymiky CHIPbS TPOBOAWIN TPH
25-30°C, uzberas Bo3AeHCTBUS NPSAMBIX COTHEYHBIX JTy-
yell, B TeUeHHUEe ABYX Henenb. Iloreps B macce mpu Bbl-
CYLIMBaHUU MOOETOB po3MapuHa cocTaBmia oT 6,83%
10 9,01%. 3aroToBIEHHOE CHIPhE PO3MapUHA JIeKap-
CTBEHHOTO TPEACTaBIseT co00H CMeCh OOIMCTBEHHBIX
moberoB mmuHOM 15-20 cM, JTUCTBEB M HEOONIBIIOTO
KOJIMYECTBA IIBECTKOB. JIucTes CYIIPOTHUBHBIC, KOKHCTLIC
IpoaO0JIroBarbi€, C HCJIBHBIM 3aBEPHYTHIMU BHU3 KpPacEM,
muHON 31-35 MM M mmpHHON 2-3 MM; MOBEPXHOCTH
JIUCTBEB C BEPXHEH CTOPOHBI TEMHO-3€JIEHOTO I[BETA,
KOXKUCTAas, ONEeCTsIIas, ¢ HIKHEH CTOPOHBI — CH3as C
TYCTBIM BOMJIOYHBIM OMMYIICHUEM, YCPCIIKU KOPOTKHE.
Crelnu MUIHHAPHYCCKON (OPMBI, OMYIICHHBIC C CEPO-
BaToii oTclanBaroleiics mpookoii. L{BeTku ¢ nsitn3youa-
TOM YaIeyKoil 1 IBYTYOBIM OJI€THO-PO30BBIM BEHIHKOM.

Onpeodenenue INEMEHMHO20 COCMABA. AHATATHYC-
ckyto poly (macca 10,0 r) a7t onpeneneHus 3IeMeHTHO-
IO COCTaBa T'OTOBHMJIM METOIOM KBApTOBAHHs M3 CPEIHEH
poOsr [12]. TIpeaBapuTenbHbIE HCCIIEIOBAHHS COMepKa-
HUS1 307161 OOIIIEH U 30161, HepacTBOopuMOi B 10% pacTBo-
e XJIOPUCTOBOJIOPOIHOM KUCIIOTHI, B IOOETaxX po3MapruHa
JIEKapCTBEHHOTO MOKa3ajM, YTO B UCCIICIOBAHHBIX 00pa3-
1ax cheIpbs 301a obmas cocrapisier 1,02—1,79% u 30ma,
HepactBopuMas B 10% pacTBope XJIOPHUCTOBOAOPOIHOM
KHC0Th, He TpeBbimaet 0,13 mo 0,26% [9, 13].

OmnpezneneHne IEMEHTHOTO COCTaBa MOOETOB MPo-
Bonunu Ha Oasze lleHTpanbHON HCCIIeOBATEIbCKON Ja-
Ooparopuu cnekTpaibHOro aHanuza «KaBkasreosicbem-
ka» (arrecrar akkpenutaruu POCC RU 0001.510717)
METO/IOM HCTIapeHUsl U3 Kparepa YroidbHOTO 3EKTpoaa
Ha audpakumonHom crekrporpade JDPC-8-1. doro-
METPHPOBAHKE CIEKTPOTPaMM TPOBOIAMIM C ITOMOIIBIO
ariaca CIICKTPaJIbHBIX JIMHUHA U CIICKTPOB-CTaHAAPTOB
¢ TOTPEIIHOCThI0 He Oonee 2% B mepecueTe Ha 30Ty.
[Ipoby wuccrmemyeMoro CoIpbs A aHAIM3a TOTOBHIN
METOJIOM CYXOil (TepMHUYECKON) MUHEPAIH3alUN MyTeM
CKUTaHUsI IPOOBI B My(eNIbHOM TIeUr TIPH KOHTPOJIUpye-
MOM TeMmeparypHoM pexkume. Oxoio 2,5 T, H3MeTsIeH-
HBIX U TIPOCESHHBIX CKBO3b CUTO C Pa3MEPOM OTBEPCTHI
1 MM, T0OEroB po3mMapHHa JIEKApCTBEHHOTO MOMEIIAH
B (GappopoBbIil THreIb U MEPEHOCHIN B XOIOAHYIO MY-
¢denpuyr0 nieus. O30cHHE 00pasia MPOBOAMIN MOCTE-
MIEHHO, TMOHUMas Temmeparypy neun Ha 50°C kaxmbie
30 munyT 10 480°C. O6pazer BbIIEPKUBAIHU JI0 TIOJTHOTO
ozonenus [14]. [nst onpeneneHus couep kanus KaaMus
W CBHUHIA IIOCIE OXJIAKACHUsSI MpPoOy MEPEeHOCHIH BO
(TOPOIUIACTOBBIN CTaKaH, MPHOABISIIM 5 MJI a30THOM
KHUCJIOTHI KOHIIEHTPUPOBAHHOM, CBOOOJHON OT CBUHIIA U
KagMus, ocTaBisid Ha 10 gacoB. 3areM mpoly BeImapu-
BaJIM JI0 CyXOro OcTarka u g00aBisutu 1 M ¢propuctoBo-
JIOPOJHOM KHUCJIOThl KOHLIEHTPUPOBAaHHOMW, BbIIApUBAJIU
Jocyxa MpH CHJIBHOM HarpeBe. OCTaToK OXJIaXJIalnu U
obpabareBasii 10 M XJIOPUCTOBOJOPOAHON KHUCIOTOM
passenenHoii (1:1), ymapuanu. OcTaTok JOBOIWIH XJIO-
PHUCTOBOIOPOIHON KHCIOTOH 2,5% pacTBOpoM 110 00be-
ma 10 mur.

PesysbTarsl u 00cyxaenue. O6padboTka pe3ynbra-
TOB W3MEPEHHH MPOBOAMIACH C HCHOJIB30BAHHEM KOM-
MIBIOTEPHBIX IPOrpaMM. B pacueTax ncnonb3oBanu cpes-
Hee apu(pMETHUECKOe TPeX MapauleNbHbIX HU3MEpEHUi
OJIHOM MpoOBI. Pe3ynbrarsl onpe/eneHns Makpo- U MH-
KPO3JIEMEHTOB B IIPOIIEHTAX OT MACCHI 30JIbHOTO OCTATKa
M00ETOB pO3MapHHa JIEKAPCTBEHHOTO MPEACTABICHHI B
Tabmume 1.

Tabnuya 1 — Inemenmuslii cocmae novezoé Rosmarinus officinalis L.

35 Coneprxanune, % OT Macchl Conepxanne, % OT Macchl
JIEMEHT DnemMeHT
30JILHOI'O OCTATKa 30JILHOTO OCTaTKa
Maxkpo31eMeHThI
Kamnii (K) * 30 Marnauii (Mg) * 5
Kanpimii (Ca) * 10 Harpmnit (Na) * 5
Dochop (P) 3
MHUKPODIEMEHTEI
Keneso (Fe) * 0.3 Cepebpo(Ag) 0,00001
Amromunnii (Al) 0.5 Kpemunii (Si) 6
Crponmuii (Sr) 0,15 Mapranen (Mn) * 0.1
[uak (Zn) * 0,06 Twuran(Ti) ** 0,05
Bop (B) 0,05 Mensb (Cu) * 0,015
Bapuii (Ba) 0,03 Huxkens (Ni) ** 0,002
Bananuii (V) ** 0,002 Monubaen (Mo) * 0,002
Xpowm (Cr) ** 0,002 Kanmuii (Cd) He o6napyxeHo
Csumner (Pb) 0,002 Cenen (Se) He oGnapyxeno
JIurnii (Li) * 0,004 Mbeiubsk (As) He oOHapyxeHo
KobGaisr (Co) * 0,0003 Bucmyrt(Bi) He oOHapyxeHo
Onoso (Sn) 0,0004 Cypbma(Sb) He oGHapyxeHo
Bepumnuii (Be) 0,0001 Pryte (He) He oOnapyxeHo

*— ICCeHYUAIbHbLE DlIeMEHMbl, ** — YCIIOBHO-9CCEHYUAIbHbLE DJIeMEHMbl
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JlaHHBIE SKCIEPUMEHTAIbHBIX HCCIIECIOBAHUN IIO-
Ka3bIBAIOT, YTO B Mo0OErax po3MapHHa JEKapCTBEHHOTO,
HHTPOAYLMPOBAHHOTO B OoTanmdeckoM caxy [IM®OU,
MpUCYTCTBYET 25 snemMeHToB. Chipp€ GoraTto OHOIOTH-
YEeCKH aKTUBHBIMH MaKpO-, MUKPO- M YIBTPaMUKPOIJIe-
MEHTaMH, U3 KOTOPHIX 11 SBIAIOTCSA 3CCEHIHMATBbHBIMU
u 4 — ycnoBHO-3cceHnanbHeIMu. [1o pesynasraram aHa-
JIU3a COCTABJICH MEepeUeHb OOHAPYKEHHBIX ICMEHTOB B
COOTBETCTBHUH C WX MPOICHTHBIM COJEPKAHUEM B 30JIb-
HOM OCTaTKe MoOeroB po3MaprHa jekapcTBeHHoro: K >
Ca> Si> Mg > Na > P> Al >Fe > Mn > Sr > Zn >B>
Ti>Ba>Cu>Li> Mo >Pb>Ni>V>Cr>Sn>Co
> Be > Ag, KOTOPBIi CBUACTEILCTBYET O 3HAYUTEIHLHOM
COZIEPYKAHUM KaJIbIIMsl, KaJIMsl, MarHus, HaTpust U pocdo-
pa — MaKpoOdJIEMEHTOB U MHUKPOAJICMEHTOB — aJIFOMUHHSA,
JKeJe3a ¥ KpeMHHSI.

Tokcu4HbIE 371eMEeHTHI: MBIIBSK (As), kaamuii (Cd),
pryts (Hg), Bucmyt (Bi), cypsma (Sb), conepkanue ko-
TOpbIX HOpMupyercsi [ocynapcrBenHoit ®apmakoneen
13-ro w3nanus, B moberax po3MaprHa JIEKapCTBEHHOTO
He oOHapysKeHbl, copepkanue cBuHa (Pb) cpaBHuBamm
¢ mpenensHo pomycTuMoi koHmentpanueit (ITJIK) mns
yas, TaK KaK OTCYTCTBYIOT efnHbIe noka3arenu [1JIK mms
TOKCHYHBIX AJIEMEHTOB B JICKAPCTBEHHOM PACTUTECIHLHOM
ceipbe [15]. [lomyueHHOE 3HaUEHHE HE MPEBBIIIACT Ipe-
nenbHo jgonyctuMyto koHneHtpamuioo (ITIK). Ananus
o0pasia nmouBbl OOTAHWYECKOTO cajia MOoKa3ayl MPHUCYT-

CTBHE TaKMX MaKpO- ¥ MHUKPOJJIEMEHOB (MI/KT MOYBBI),
Kak: Harpuit — 953,0; kanuit — 425,7; xanpuuii — 623,0;
dbochop — 1020; dapuii — 220; meas — 82,1; muHK — 60,2;
cBuHen — 27,3; cepebpo — 0,7; monubaen — 2,1; cTpoH-
uuii — 3,2; nutuit — 4,9; mapranen — 543; Hukens — 7,9;
rayuii — 10,0; repmanuii — 0,7. JlaHHBIE CBUIETEIbCTBY-
0T 00 OTCYTCTBHUU TOKCHYHBIX 3JIECMCHTOB B IIOYBE, TIC
HHTPOIYLHNPOBAH UCCIICAYEMbIH PaCTUTEIBHBIN OOBEKT.

3akiioyeHue. BriepBeie ompenenieH 3IEeMEHTHBIN
COCTaB OJHOJICTHUX IMOOErOB pO3MapuHa JIEKapCTBEH-
HOTO, HHTpoAyIMpoBanHoro Ha CesepHom Kagkaze. Ot-
CYTCTBHE TSXKECJIBIX MCTAJIJIOB U UX HU3KOC COACPIKAHUC
B mo0erax po3MaprHa JIEKapCTBEHHOTO MOXHO OOBsC-
HHUTH 6J'IaFOl'[OquHBIMI/I OKOJIOTUYECKUMHU  YCIIOBUAMU
6orannueckoro caaa. [IpuHuMas Bo BHUMaHue TOT (axT,
4yTO OMOTCHHAs aKKyMYJISIIHA M CPEIHUI XUMHUYCCKUI
COCTaB PACTUTCIIBHBIX OPraHMW3MOB SABJIAIOTCA HX CH-
CTEeMaTHYECKUM MPU3HAKOM, BO3MOKHO HCIIOIb30BaHUE
oOEroB po3MaprHa JISKApCTBEHHOTO KaK MCTOYHUKA HE
TOJIBKO TPUPOTHBIX COC}II/IHCHI/Iﬁ MEPBUIHOIO U BTOPUY-
HOI'0 CMHTE3a, HO U MUHEPAJIbHBIX BCIIECTB, Y4aCTBYIO-
LIMX B PETYJISILUH MTPOIIECCOB KU3HEACATESIBHOCTH. DTO
NMOAYCPKUBACT TCPANCBTUYCCKYIO 3HAYMMOCTDL CBIPpbA U
BO3MOYKHOCTb CO3/[aHUSI MperaparoB KOMOMHUPOBAHHO-
O JICWCTBHS HA OCHOBE PO3MapUHA JIEKAPCTBEHHOTO JIJIsI
JIcUCHHsT U TPO(PHUIAKTHKH 3a00JCBaHUM, CBA3aHHBIX C
HapylIeHHeM MHHEPaIbHOTO OOMEeHa.

Introduction. Pharmacological activity of medic-
inal plants is associated with the fact that they contain
not only organic biologically active substances, but also
inorganic ones — macro- and microelements. Academi-
cian V.I. Vernadsky was one of the first to describe the
important role of micro- and macroelements in the phys-
iological processes of plant and animal organisms. The
scientist discussed the relation of organic and inorganic
natural elements to each other and the fact that their con-
tent can influence the occurrence of basic physiological
reactions in living organisms [1, 2]. The introduction of
modern technologies and the chemicalization of many
areas of industrial production, the increase in the number
of vehicles lead to the accumulation of various dangerous
and poisonous chemicals in the environment — toxicants
at all levels of the biosphere, which destroys the natural
ecological balance. The elements of the biosphere that
are more exposed to pollution by heavy metals are soil
and water [3, 4]. The degree of pollution of the environ-
ment determines the levels of toxicants in raw materials
of medicinal plants, that is why the area of research of
the plant within environmental monitoring to improve
the quality of herbal remedies is so important [3, 5]. The
studies of this type were conducted in several regions of
Russia and some countries of Europe, Africa, Asia. Pub-
lications in the scientific literature show the accumula-
tion of such metals as lead and cadmium in medicinal
plant raw materials.

In medical practice of all countries in the world, me-
dicinal plants containing essential oils are used. Rose-
mary (Rosmarinus officinalis L.), Lamiaceae family, is
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a aromatic perennial evergreen plant. It grows wild in
North Africa, Turkey, Mediterranean countries. Rose-
mary leaves are included in the British Herbal Phar-
macopoeia, in the United States, India, China they are
official raw materials and are used in homeopathy [5,
6]. Rosemary leaves are used as a seasoning and food
preservative. Essential oil of rosemary exhibits a pro-
nounced antibacterial, antifungal, anti-inflammatory,
cytostatic, antioxidant properties [7]. It is a part of such
combined preparations as “Kanefron”, “Pulmeks”, “Evk-
abol”, “Tetesept” and a number of registered biologically
active additives (BAA) for food. The main group of bi-
ologically active substances of rosemary leaves is an es-
sential oil, the content of which reaches 1.8%; their main
components are: cineol (19.6%), bornilacetate (9.1%),
isoborneol (8.4%), d-verbenone (7.9%), 6-pinene (7.9%)
[8]. Versatile studies of rosemary are conducted in many
countries around the world. According to the scientific
literature and own research, leaves and rosemary shoots
also contain tannins, flavonoids, rosemary, coffee, nic-
otinic, ursolic acids, amino acids and minerals [9, 10].
The study of domestic and foreign scientific literature
has shown that the data on the elemental composition of
rosemary shoots are absent. On the official website of the
US Department of Agriculture in the national food data-
base, leaves of dwarf rosemary are referred to the sec-
tion “Spices and condiments, food”’[11]. In 100 grams of
fresh/dry raw materials there are (in mg): calcium (Ca)
—317/1280, iron (Fe) — 6.65 / 29.25, magnesium (Mg) —
91/220, manganese (Mn) — 0.960/1.867, phosphorus (P)
—66/70, potassium (K) — 668/955, sodium (Na) — 26/50,
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zinc (Zn) — 0.93/3.23, copper (Cu) — 0.301/0.55, seleni-
um (Se) — 4,6 mg [11]. Toxic elements do not accumu-
late. The study of mineral substances of rosemary shoots
introduced in the botanical garden of PMFI is relevant
for the further use of raw materials as a source of bio-
logically active substances. It is of scientific interest to
study the influence of anthropogenic factors on the eco-
logical state of the garden and the accumulation of toxic
elements in plants growing on its territory, because the
botanical garden is within the city limits.

The aim of the work is to determine the elemental
composition and evaluate the ecological purity of rose-
mary shoots introduced in the botanical garden of Pyati-
gorsk medical-pharmaceutical institute.

Materials and methods. The object of the study is
the samples of raw materials — annual, non-fading rose-
mary shoots prepared in the botanical garden of Pyatig-
orsk medical-pharmaceutical institute (Pyatigorsk, Rus-
sia) in 2015.

Collection of raw materials. Raw material drying
was carried out at 25-30°C, avoiding exposure to direct
sunlight, for two weeks. Humidity of the rosemary shoots
was of 6.83% to 9.01%. Harvested rosemary raw mate-
rial was a mixture of leafy shoots 15-20 c¢m long, leaves
and a small number of flowers. The leaves were opposite,
leathery, oblong, with rolled down edge, 31-35 mm long
and 2-3 mm wide; the leaf surface from the upper side
was dark green, leathery, glossy; underside — grey with
dense tomentose pubescence, the petioles were short. The
stems were cylindrical in shape, pubescent with grayish
loose tube. The flowers were with five-toothed calyx and
a bilabiate pale-blue corolla.

Determination of elemental composition. An ana-
lytical sample (weight 10.0) for the determination of the
elemental composition was prepared by quartizing from
an average sample [12]. Preliminary studies of the con-
tent of total ash and ash insoluble in 10% hydrochloric
acid solution in rosemary shoots showed that in the sam-

ples of raw materials analyzed the total ash was 1.02—
1.79% and the ash insoluble in 10% hydrochloric acid
solution did not exceed 0.13% to 0.26% [9, 13].

The elemental composition of the shoots was deter-
mined on the basis of the Central Research Laboratory
for Spectral Analysis “Kavkazgeolzemka” (accreditation
certificate ROSS RU 0001.510717) by evaporation from
the crater of a carbon electrode, on a diffraction spectro-
graph DFS-8-1. Photometry of the spectrograms was car-
ried out using an atlas of spectral lines and spectra-stan-
dards with an error of no more than 2% in terms of ash.
The sample of the raw material for the analysis was pre-
pared by the method of dry (thermal) mineralization by
burning the sample in a muffle furnace under controlled
temperature conditions. About 2.5 g of crushed and sift-
ed through a sieve with a size of 1 mm holes of dwarf
rosemary shoots were placed in a porcelain crucible and
transferred to a cold muffle furnace. The sample was oxi-
dized gradually, raising the furnace temperature by 50°C
every 30 minutes to 480°C. The sample was kept until
complete ashing [14]. To determine the cadmium and
lead contents after cooling, the sample was transferred
to a fluoroplastic beaker, then 5 ml of concentrated ni-
tric acid, free from lead and cadmium, was added. The
sample was left for 10 hours, then evaporated to a dry
residue. After that 1 ml of concentrated hydrofluoric acid
was added and evaporated to dryness under intense heat.
The residue was cooled, then treated with 10 ml of hy-
drochloric acid diluted (1:1) and evaporated. The residue
was adjusted with 2.5% hydrochloric acid to a volume
of 10 ml.

Results and discussion. The processing of the mea-
surement results was carried out using computer pro-
grams. In the calculations, the arithmetic mean of three
parallel measurements of one sample was used. The re-
sults of the determination of macro- and microelements
as a percentage of the mass of the ash residue of rose-
mary shoots are presented in Table 1.

Table 1 — Elemental composition of shoots of Rosmarinus officinalis L.

Element Content,% by' weight of Element Content,% by' weight of ash
ash residue residue
Macroelements
Potassium (K) * 30 Magnesium (Mg) * 5
Calcium (Ca) * 10 Sodium (Na) * 5
Phosphorus (P) 3
Microelements
Iron (Fe) * 0.3 Silver (Ag) 0.00001
Aluminum (Al) 0.5 Silicon (Si) 6
Strontium (Sr) 0.15 Manganese (Mn) * 0.1
Zinc (Zn) * 0.06 Titanium (Ti) ** 0.05
Bor (B) 0.05 Copper (Cu) * 0.015
Barium (Ba) 0.03 Nickel (Ni) ** 0.002
Vanadium (V) ** 0.002 Molybdenum (Mo) * 0.002
Chromium (Cr) ** 0.002 Cadmium (Cd) Not detected
Lead (Pb) 0.002 Selenium (Se) Not detected
Lithium (Li) * 0.004 Arsenic (As) Not detected
Cobalt (Co) * 0.0003 Bismuth (Bi) Not detected
Tin (Sn) 0.0004 Antimony (Sb) Not detected
Beryllium (Be) 0.0001 Mercury (Hg) Not detected

* — essential elements, ** — conditionally essential elements
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The data of the experimental studies show that in the
rosemary shoots introduced in the PMFI botanical gar-
den, there are 25 elements. The raw materials are rich
in biologically active macro-, micro- and ultramicroele-
ments, of which 11 are essential and 4 are conditionally
essential. Based on the results of the analysis, a list of
the detected elements was compiled in accordance with
their percentage content in the ash residue of shoots of
rosemary: K> Ca > Si > Mg > Na > P > Al >Fe > Mn >
Sr>Zn>B>Ti>Ba>Cu>Li>Mo>Pb>Ni>V>Cr
> Sn > Co > Be > Ag, which indicates a significant con-
tent of macroelements (calcium, potassium, magnesium,
sodium and phosphorus) and trace elements (aluminum,
iron and silicon).

Toxic elements of arsenic (As), cadmium (Cd), mer-
cury (Hg), bismuth (Bi), antimony (Sb), the content of
which is normalized by the State Pharmacopoeia of the
13th edition, were not found in the rosemary shoots; the
lead content (Pb) was compared with the maximum per-
missible concentration (MPC) for tea, since there are no
consolidated indicators of MPC for toxic elements in
medicinal plant raw materials [15]. The obtained value
does not exceed the maximum permissible concentration
(MPC). The analysis of the sample soil of the botanical

garden showed the presence of such macro- and micro-
elements (mg / kg soil) as: sodium — 953.0; potassium
—425.7; calcium — 623.0; phosphorus — 1020; barium —
220; copper — 82.1; zinc — 60.2; lead — 27.3; silver — 0.7;
molybdenum — 2,1; strontium — 3,2; lithium — 4.9; man-
ganese — 543; nickel — 7.9; gallium — 10.0; germanium
— 0.7. The data indicate that there are no toxic elements
in the soil where the studied plant object is introduced.

Conclusion. For the first time the elemental com-
position of annual rosemary shoots introduced in the
North Caucasus was determined. The absence of heavy
metals and their low content in the rosemary shoots can
be explained by the favorable ecological conditions of
the botanical garden. Taking into account the fact that
biogenic accumulation and the average chemical com-
position of plant organisms are their systematic feature,
it is possible to use rosemary shoots as a source of not
only natural compounds of primary and secondary syn-
thesis, but also as minerals involved in the regulation
of vital processes. This emphasizes the therapeutic im-
portance of raw materials and the possibility of creating
combinations of drugs based on rosemary for the treat-
ment and prevention of diseases associated with viola-
tion of mineral metabolism.
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