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Abstract: Lead (Pb) contamination remains a global environmental concern due to its
potential impact on ecosystems and human health. Sideritis montana has gained attention as a
potential bioindicator of heavy metal pollution. The research explores the levels of lead in S.
montana and assesses the risk for safe use of this potentially medicinal plant. This study presents
a comprehensive analysis of Pb accumulation in S. montana from three different locations. The
obtained results indicate variations in the accumulation of Pb by the plant species S. montana,
which reflects the influence of environmental factors on the accumulation of toxic metals by

plants. ICP-OES determined concentrations of Pb for Kravlje (control site), Gornje Polje (near
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landfil), and Rgostanska Cuka (burned habitat) locations were 0.33, 20.62 and 0.35 ppm,
respectively. This study underscores the multifaceted role of Sideritis montana as a bioindicator.
It highlights the need for comprehensive monitoring of Pb contamination in ecosystems where S.
montana grows.
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INTRODUCTION

Heavy metals accumulation in the environment, particularly near landfill sites, threatens
ecosystems and human health. Lead (Pb) is a metallic element recognized for its detrimental
impact on human health and the ecosystem. Pb exposure triggers various physiological
alterations in plants. Pb toxicity inhibits plant growth and development, reduces biomass
production, stunts root and shoot growth, and inhibits flowering and fruiting (Sharma & Dubey,
2005).

Pb-induced damage occurs at the cellular and molecular levels. DNA damage, protein
denaturation, and disruption of cellular membranes (Cobbett & Goldsbrough, 2002). Pb
interferes with the uptake of essential nutrients such as plant nutrients like calcium, magnesium,
and iron (Khalid et al., 2017).

Lead pollution has harmful effects on plant physiology and growth. Understanding Pb
toxicity mechanisms is crucial to mitigate its impact on plants and ecosystems, especially for
potential medicinal plants like Sideritis montana.

The plant species Sideritis sacrdica and Sideritis reiserii, known under the name
,2Mountain Tea®, have a rich history of traditional use in various cultures (Stankov Jovanovic¢ et
al., 2023). According to the same authors, the dried leaves and flowers of these two plant species
are commonly used to prepare herbal teas in the treatment of respiratory and gastrointestinal
inflammation. Beyond their medicinal applications, S. sacrdica and S. reiserii have found their
way into culinary practices as flavorful teas (Gonzalez-Paramas, Esteban-Ruano, Santos-Buelga,
de Pascual-Teresa, 2017). Their aromatic leaves can be added to salads and used as a spice in

cooking (Pljevljakusi¢ et al., 2011).
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In Turkey, an infusion of the aerial parts of the plant Sideritis montana subsp. remota is
used against stomach ailments (Bulut, Haznedaroglu, Dogan, Koyu, Tuzlaci, 2017), while in
Greece, Sideritis montana subsp. remota is used against respiratory tract inflammation and cough
(Tsioutsiou et al., 2019).

In Serbia, there is only one species of the genus Sideritis — Sideritis montana (quxnuh,
1974). Still, due to its pro-oxidant properties, it is not used in traditional medicine (Koleva et al.,
2003). The tea prepared from its leaves is considered a general health tonic, valued for its
(2012) noted that the essential oil of S. montana from the locality Kravlje, near the city of Ni$
(Serbia), has a high antibacterial potential and should be further studied to apply it. The essential
oil of Sideritis montana L. subsp. montana showed noteworthy inhibition on tumor cells
(Venditti et al., 2016).

Toth et al. (2015) proved that methanol extract prepared from the air-dried flowering
aerial parts of Sideritis montana has neuronal and smooth muscle effects on in vitro tested
Guinea-pig ileum. Té6th et al. (2017) isolated and identified new abietane diterpenoids from
Sideritis montana, and their antiproliferative properties were established, and remarkable
activities were detected. Extract from the S. montana plant has a high content of polyphenolic
compounds, which show strong antioxidant activity (Firuzi, Javidnia, Gholami, Soltani, Miri,

2010), so it can be considered a potential medicinal plant species.

MATERIAL AND METHODS

Samples of Sideritis montana plant were collected (the flowering stage) from a
designated region in Serbia at three locations (Kravlje — control site, Gornje Polje — near landfill,
and Rgostanska Cuka — burned habitat). Vouchers specimen S. montana from different locations,
with inventory numbers 13888, 13889 and 3890, were deposited in the herbarium HMN —
Herbarium Moesiacum Nis of Department of Biology and Ecology, Faculty of Science and
Mathematics, University of Nis.

Analytical grade nitric and perchloric acid were used as reagents for the wet digestion of
samples. Ultra-scientific ICP multi-element standard solutions of about 20.00+0.10 mg L' were

used as a stock solution for calibration.
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ICP-OES analysis was conducted to determine the concentrations of Pb in the plant
samples. I[CP-OES offered high sensitivity and precision in Pb quantification. All analyses were
carried out on aniCAP 6000 inductively coupled plasma optical emission spectrometer
(ThermoScientific, Cambridge, United Kingdom), which uses an Echelle optical design and a
Charge Injection Device (CID) solid-state-detector.

Plant material, including leaves, stems, and flowers, was carefully collected, cleaned,
dried, and ground into a fine powder and prepared following the wet-acid/peroxide digestion
method (Dimitrijevi¢, Nikoli¢, Miti¢, Stankov Jovanovi¢, Miladinovi¢, 2023). The method of
wet digestion was adopted to enable the measurement of the metal concentrations. The metal
content in the plant material was determined after the acidic treatment. First, concentrated HNO3
was added to the sample and heated up in the open glass to a small volume (until red vapors
originating from NO2 were removed); then digestion was continued with 70% HClO4 and again
evaporated to a low volume. Finally, the solutions were transferred to standard vessels and

diluted to a volume of 25 ml (Ili¢ et al., 2021).

RESULTS

The study highlights the potential risk of Pb contamination in Sideritis montana.
Consumers of S. montana products should be aware of the potential risk of Pb exposure, mainly
if sourced from areas with industrial or pollutant activities. Monitoring and safety measures are
crucial to mitigate health risks.

The ICP-OES-determined concentrations of Pb for Kravlje (control site), Gornje Polje
(near landfil), and Rgostanska Cuka (burned habitat) were 0.33, 20.62, and 0.35 ppm,
respectively (Table 1).

The findings indicated fluctuations in Pb accumulation, demonstrating the influence of
environmental factors like soil composition and land usage practices. This study underscores the
multifaceted role of Sideritis montana as a bioindicator. It highlights the need for comprehensive

monitoring of Pb contamination in ecosystems where S. montana grows.
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Table 1. Concentration of Pb in Sideritis montana from various locations in Serbia

Sideriti " Kravlje Gornje Polje Rgostanska Cuka
taertis montana (control site) (near Landfill) (burned habitat)
Pb
0.33+0.02 20.62+0.02 0.35+0.01
[ppm]
CONCLUSION

This research utilized ICP-OES to determine the lead concentrations in Sideritis montana.
The results suggest that the plant exhibits varying levels of Pb contamination, with higher
concentrations near landfill sites. Ongoing surveillance and safety protocols are crucial for
evaluating and addressing potential environmental hazards linked to Pb contamination in S.
montana. The obtained results provide valuable data on the accumulation of lead in S. montana
at different sites, including a control site, which is far from potential sources of pollution, and
contributes to a better understanding of the complex interactions between environmental
pollution by heavy metals, plant ecology, as well as human health considerations in context

potential medical applications of this plant species.
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Caxerak: Konramunamnuja onoBom (Pb) je mpeamer riobanHe 3a0pHHYTOCTH 3a
KUBOTHY CpeIuHYy 300T IMOTEHIMjaIHOT yTHIAaja Ha E€KOCHCTEeME M 3/IpaBJbe Jbyau. Bpcra
Sideritis montana je TpUBYKIA MaXmby KA0 MOTEHIUjATHU OMOMHIMKATOpP 3araljema TEeIKuM
Mmetanuma. OBa cTyadja ce 0aBU UCTPAXUBAKHEM HUBOA OJI0BA Y BPCTH S. montana v MPOILIEHOM
pu3uKa 3a 6e30enHy yrnoTpeOy OBe MOTEHIIM]aTHO JIEKOBUTE OnJbke. McTpakuBame mpecTaBiba

cBeoOyXBaTHY aHanu3y akymy’amnuje Pb y Bpctu S. montana ca Tpu paznuuura JOKaluTeTa.
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JloOujern pe3ynratu ykaszyjy Ha Bapujandje y akymyinauuju Pb ox crpane OusbHe BpcTe S.
montana, ITO OfpakaBa yTUlaj (pakTopa >KMBOTHE CPEAMHE HA aKyMyJlallijy TOKCUYHUX MeTaia
on crpane Ouspaka. ICP-OES wmeromom onpehene cy konunentpanmje Pb y Owmsbkama ca
nokanurera Kpaibe (koHTpoHO MecTo), ['opme [losbe (01m3y janoBumTa) u Promrancka Uyka
(mokapumre) u uznocuie cy 0,33; 20,62 u 0,35 ppm. OBa cryauja gokasyje yaory S. montana
Kao OMOMHAMKATOpA U UCTUYE TTOTpely 3a mpahemeM KOHTaMUHAIIH]€ 0JIOBOM y €KOCUCTEMUMA y
KojuMa pacre S. montana.

Kibyune peun: Sideritis montana, TeIIKA METaH, OJIOBO, JAIOBUIIITE

YBOJI

AKyMmynaiyja TEIIKUX MeTaja y >KHBOTHO] CPEIWHH, MOCECOHO y ONM3WHU jaJOBUINTA,
MpeACTaB/ba MOTEHIMjAIHY TPETHY U €KOCHCTEeMUMa W JbYIACKOM 3iapaBiby. Omoo (Pb) je
TEUIKM METaJl MMO3HAT MO CBOJUM HITETHUM yTHIajUMa Ha 3ApPaBJb€ JbYAH U KUBOTHY CPEAMHY.
N310eHOCT 0JIOBY M3a3UBa pa3iMyuTe (HU3MOJIONIKE MPOMEHe y Ousbkama. TOKCHUYHOCT 0JIOBa
MHXUOMpa pacT M pa3Boj OMJbaka, cMamyje MPOU3BOY OHOMace, ycropaBa pacT KOpeHa H
W3/1aHaKa U HHXHOMpaA IBeTamke U miogoHomeme (Sharma & Dubey, 2005).

Omreheme M3a3BaHO OJIOBOM jaBjha C€ Ha NEJIMjCKOM W MOJICKYJIADHOM HUBOY, a MOXE
outn y Buay omrehewa /IHK, nenatypauuje mporenHa um nopemehaja henmmjckux memOpana
(Cobbett & Goldsbrough, 2002). OnoBo MoOXe OMETaTH YHOC ECEHLHUJATHUX XPaHJbUBUX
CYTICTaHITU TOIMYT KaJlujyma, Mmarae3ujyma u reoxkha (Khalid et al., 2017).

3araheme o0BOM mMa mTeTHE edekTe Ha (PU3HMOJOTH]y U pacT Oubaka. PazymeBame
MeXaHH3aMa TOKCHYHOT JeNIOBama OJI0Ba je OJ KJbYYHOT 3Hayaja 3a yOnakaBame HEroBOT
yTHIIaja Ha OWJbKE M EKOCHCTeMe, MOCeOHO 3a MOTEHIMjaJHO JIEKOBHTE OWJbKE Kao INTO je
Sideritis montana.

bumne Bpcre Sideritis scardica w Sideritis reiserii, mo3HaTe MOJ] HA3UBOM ,,IINTAHUHCKH
4aj“, uMajy OoraTy UCTOpHjy TpaJHIMOHAIHE ynoTpeOe y pazauuuTHM KyaTypama (Stankov
Jovanovi¢ et al., 2023). IIpema uctum ayTopuma, OCYLICHH JIMCTOBU M I[BETOBU OBE JIBE OMIbHE
BpCTE c€ OOMYHO KOPHUCTE 3a MPUIIPEMy OMJbHUX YajeBa, Yy JICUCHY yIaje TUCAJHUX IyTeBa U
raCTPOMHTECTUHAIHOT TpakTa. OCUM METUIIMHCKE MpUMEHe, S. scardica u S. reiserii Cy Halie

IpUMEHY y KYJIHHapCcTBY Kao 4ajeBu ca ykycoM (Gonzalez-Paramds, Esteban-Ruano, Santos-
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Buelga, de Pascual-Teresa, 2017). bbuxoBu apoMaTH4YHU JTHUCTOBH MOTY C€ JI0OJaBaTH cajarama 1
KOPUCTUTH Kao 3aunH y KyJuHapceTBy (Pljevljakusic et al., 2011).

VY Typckoj ce 4aj HaA3eMHUX AenoBa Ouibke S. montana subsp. remota KOPUCTH MPOTUB
cromaynnx Tteroba (Bulut, Haznedaroglu, Dogan, Koyu, Tuzlaci, 2017), nok ce y I['pukoj
Sideritis montana subsp. remota KOpUCTH IPOTUB yTaJie AUCAjHUX MMyTeBa U Kanwka (Tsioutsiou
etal., 2019).

Y Cpbuju mocToju camo jenHa Bpcta pona Sideritis — S. montana (Juxnuh, 1974), anu ce
300T CBOjUX NMPOOKCHIATUBHUX CBOjCTaBa HE KOPUCTH Yy TpaaunmoHanHoj meauuuau (Koleva et
al., 2003). Yaj mpunpemsbeH O JINCTOBA OBE BPCTE MOXKE CE CMaTpaTH OKPENsbyjyhuM TOHHKOM,
2013). Miladinovi¢ et al. (2012) Hanomumy Aa eTapcko yibe S. montana ca nokanureta Kpasse,
y 6nu3unu rpaga Huma (Cpbuja) nMa BUCOK aHTHOAKTEpH)jCKU MOTEHIMjall U 1a ra Tpeda nabe
NpoyYyaBaTh y IHJbY EeroBe mpumeHe. Etapcko yibe Sideritis montana L. subsp. montana je
MOKa3ayio 3HauajHy HHXuOuIMjy TyMopckux henuja (Venditti et al., 2016).

Téth et al. (2015) cy Tectupanu in vitro MeTaHOIIHE €KCTPAKTE HAJI3EMHUX JETIOBa OUIbKE
Sideritis montana Ha wieyMy 3aMoplia M JOKa3ajdl 3Ha4yajaH e(ekar Ha HEYpOHE M TJaTKe
mumuhe. Toth et al. (2017) cy uzomoBanum W UISHTU(DHUKOBATM HOBE IUTEPIEHOHWIEC H3 S.
montana M YTBPIWIN Cy BUX0Ba aHTUNIpondepaTnBHa cBOjcTBa. EkcTpakT Ouspke S. montana
MMa BHCOK CaJipikaj MOIH(EHOIHUX jeANbEha, KOja TI0Ka3yjy jaKy aHTHOKCHIATUBHY aKTUBHOCT
(Firuzi, Javidnia, Gholami, Soltani, Miri, 2010), ma ce MoXxe cMmaTpaTd MOTEHIIUjaTHO

JIEKOBUTOM OHMJEHOM BpPCTOM.

MATEPUJAJI 1 METOIE

VY3opuu OwsbHEe Bpcre Sideritis montana TPUKYIUbeHH Cy y (a3u 1mBeTama ca TpH
nokanuteta y Cpouju: Kpasibe — koHTpoHa jtokaruja, ['opmwe [losbe — y HemocpeaHoj 6au3uHu
janoBumrTa pynHuka u Promrancka Uyka — noxkapumre. Xepbapujymcku npumepuu Sideritis
montana ca OBUX Pa3IMYUTHX JOKAJIUTETa, ca MHBeHTapckuM OpojeBuma 13888, 13889 u 13890,
nenoHoBaHu cy y xepOapujymy HMN — Herbarium Moesiacum Nis, Ha JlemapTmaHy 3a

ouonorujy u exkojorujy [IpupogHo-mMaremarnukor dakynatera YHuBep3utera y Hurmry.
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Kopumnihenn cy peareHcu aHaaTuTHYKe YMCTONE 3a JUTECTH]Y HA MOKPOM MYTYy (a30THA U
MepXJIOpHA KUCeNnnHa). 3a KanuOparyjy je KopumheH OCHOBHM MYJITHEIEMEHTHH CTaHIApIHU
pacTBop uHja je konueHtpamnuja metana 20,00+0,10 mg/l.

VY uuspy onpehuBama KOHIIEHTpalMje oyioBa y OMsbHOM Matepujany pahena je ICP-OES
ananmu3a. ICP-OES ananu3a mokasyje BHCOKY OCETJBMBOCT W TMPEIU3HOCT Yy KBaHTHU(HUKAIIU]jH
onoBa. Cee ananmse cy pahene Ha aniCAP 6000 onTHYKOM E€MHCHOHOM CIIEKTPOMETPY ca
WHIYKTHBHO crperHyToMm miasmoM (ThermoScientific, Kemopui, YVjenumeno KpameBcTBO).

busbHu Matepujan, ykibydyjyhu nucroBe, crabJbUKe U LIBETOBE, MAXJBUBO j€ CaKyIJbEH,
ouninheH, OCYIIeH W MJICBEH Y (UHH TpaX W MPHUIPEMIbCH 3a aHAIHM3y NMPUMEHOM METOIC
KHCEJIMHCKO-TICPOKCHIHE aurecTrje Ha MokpoMm myTy (Dimitrijevi¢, Nikoli¢, Miti¢, Stankov
Jovanovi¢, Miladinovi¢, 2023). [IpuMmemeHa mMeTona IUrecTHje Ha MOKpOM MyTy omoryhasa
oapehuBame KOHIEHTpauuje Merana. HakoH KHCETMHCKO-IEPOKCHIHOT TpeTMaHa oxapeheH je
canpikaj merana. [IpBo je y y3opak monaTa KOHIIGHTpOBaHA a30THA KUCEIMHA, H y30paK yIapeH
0 Majie 3ampeMuHe (CBE JIOK C€ HE YKJOHE IPBEHE mape Koje motudy ox NOy); 3aTuM je
JUrecTHja HacTaBJbeHA y3 JojaBame 70% mepXiaopHe KUCENMHE U Y30pLH Cy YIapeHH A0 Maje
3arpemuHe. Ha kpajy, pactBopu cy mnpebaueHH y HOpPMajHE CyJOBE M pazONaxeHH [0

sanpemuHe o 25 ml (Ili¢ et al., 2021).

PE3VJITATU

OBHUM HCTpaKMBam-EM HarJallaBa ce MOTEHIMjaIHU PU3MK OJ] KOHTaMuHauuje Sideritis
montana 010BOM. MOHUTOPHUHT U Mepe 0e30eJHOCTH Cy KJbyUHE 3a yOlakaBame 3/IpaBCTBEHUX
pu3uKa Kana ce Sideritis montana pazmarpa y erHodapmakosomkom cmuciy. I[CP-OES metogom
yTBpleHe Cy KOHLeHTpaluje ojoBa 3a Jiokamuje Kpasibe (koHTpoiHO Mecto), ['opme Ilosse
(6nm3y janoBuiura pyaHuka) U Prorancka Yyka (moxkapumre) u 6une cy 0,33, 20,62 u 0,35 ppm
(Tabena 1).

Pesynraru cy mokazanm Bapujaiyje y akyMyJamyju ojioBa of cTpane Sideritis montana
ca pa3IMYMTHUX JIOKAllKja, IITO Opa)kaBa YTHUIA] paKTopa >KUBOTHE CPEelMHE Kao ILITO Cy CacTaB
3eMJBUINTA U MOTEHIUjaTHI U3BOPU KOHTaMMHAIM]je 3eMibHInTa. OBa CTy/Mja Harjamasa yjaory
Sideritis montana ¥ao OWOWHIWKATOpAa M HWCTUYE MOTPeOy 3a KOHCTAaHTHUM Ipahemem

KOHIICHTpAIlja 0JI0Ba Y EKOCUCTEMUMa Yy KojuMa pacte Sideritis montana.
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Tab6ema 1. Kornenrpartija omoBa y Sideritis montana ca pa3nunauTux jJokanurera y Cpouju

Co Kpagibe Topmwe Iobe Promrancka Uyka
Sideritis montana . .
(KOHTPOJIHA JIOKAIIMja) (0sm3y nenoHuje) (moxkapuiure)
Pb 0,33+0,02 20,62+0,02 0,35+0,01
[ppm]
3AKJbYYAK

OBo wucrpaxuBame je crposereHo je mpumeHoMm [CP-OES wmerome u oapehena je
KOHIICHTpaluja ojoBa y Owsblin Sideritis montana. Pesynratu cyrepunry ga OwsbKa IMOKa3zyje
pa3nuynTe HUBOE KOHIICHTpAllMje OJIOBA, ca OYEKMBAHO BehMM KOHIEHTpauujama y OJIM3MHU
janoBumrta pyaauka. Kontunyupano npaheme u Mepe 06e30€1HOCTH Cy O/ CYHITUHCKOT 3Hauaja
3a MpOIeHY U yOJia)kaBame MOTCHIIUjATHUX SKOJIOMIKMX PU3UKA MOBE3aHUX Ca KOHTaAMUHAIIH]OM
oJioBa y Omsblia S. montana. JlobujeHn pe3yaTaTH Mpyxkajy MojaTKe O aKyMyJalijyu ojioBa y S.
montana Ha pa3InYUTUM JIOKATUTETUMA YKIJbYy4yjyhHu M KOHTPOJIHU JIOKAJUTET, KOJU je ylaJbeH
Ol TOTEHIMjaTHUX H3BOpa 3araljema, IITO JOMPUHOCH OO0JBEM pasyMeBamby CI0XKEHUX
WHTEpaknuja nu3melyy 3aralema )KMBOTHE CpEIMHE TEIIKUM METaJIMMa, €KOJIOTHje OuJbaka, Kao 1
pasmarpama JbYACKOT 3[[paBJba Y KOHTEKCTY MOTEHIMjaIHE MEJAWIMHCKE MPUMEHE OBE OMJbHE

BpCTE.

3axBanmauna: VcrpaxuBame je Moap,aHo o7 MHHUCTapCTBO MPOCBETE, HAYKE U TEXHOJIOIIKOT
pa3Boja PenyGmuke Cpobuje (Yrosopu Op. 451-03-65/2024-03/200124 u 451-03-66/2024-
03/200027).
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