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ONPENENYBAIE HA COAPXKMHA
HA ATYMUHUYM BO BOJIA 3A MNUEIHE
COT®AAC

CysaHa AHresnioBa, [leca JakumoBa, [iurop MaHoB
LlexTap 3a JasHo 3apasje KymaHoBO

ConuTe Ha anyMuHIMYM, Kako Ha npumep AnyMuHMyM cyndat, uMaat
WMPOKa MPUMEHa NP TPETMaH Ha BOfJATa 3a N erbe, KaKO KoarynaHTH
33 [1a TO 3aCUNAT OTCTPaHYBAHETO Ha CYCMeHApaHuTe, KoNonaHuTe 1
pacTBopeHuTe cybcTaHumi, MpucycTsoTo Ha AnyMMHWYM BO BOAaTa 33
NWetbe [aBa NOBOA 33 AMCKyCja 33 MOXHMTe edbekTh no 3pasje,
NOpajv Herosata NoBP3aHOCT Co AnUixajMeposaTa HoNecT unu peran-
Ha eHuedanonaTmja.

MMagHa Len Ha 0BOj TPYA e Aa ce pa3paboTi MeTof 3a onpefienyBakbe Ha
COOPKMHATA Ha aNyMUHMYM BO BOfiaTa 33 Nketbe BO BOOBOAHATE Mpe-
Xa.

MpuMepouMTe Ha BOAa 3a aHanM3a bea 3eMeHu BO NOMMNPONMAEHCKM
WML, TPETXOAHO TpeTpaky co 10% a30THa KUCeNMHa, W YyBaHK Ha
TeMHO Ha +49C 10 HMBHO aHanu3mMpatbe. MpumepoumTe Gea 3akuceneHu
Ha pH<1 co npuMeHa Ha koHueTprpaa HNO3 (Merck Suprapur™). Bo
NPUMepOLIMTE Ha BOAA, ONPEAENyBarbeTo Ha AnyMUHUyM Ce U3BefyBa
[MPEKTHO CO NpUMEHa Ha aTOMCKa ancopnum1oHa CNeKTPOMETpHja CO
AMPONUTUUKK 0BnoXeHa rpathuTHa kuseTa v bexrpayna Kopexuuja
(PerkinElmer AAnalyst 600). CTaHapaHWTe pacTBopu Ha anyMuHityM o
koHueHTpauuja oa 10, 30 1 50 pg/l 6ea npuroTeri co paspeaysarse
Ha KOMepuMjanen pacTBOp Ha anyMUHUYM CO KORUeHTpaumja oa 1000
mg/\ Al 0.1% pacTsop Ha MarHe3uyM HHTPAT e ynoTpebeH Kako MaTpUKC
moamtaep. /ureapruor oncer e o 0-50 pg/l, co koehULMeHT Ha
kopenauuja 0.9995.

MogatouuTe 3a anyMuHlyM ce Aobrenm npu cnefere Ha BOAATa 3a
nuerse 0 BOAOBOAHATa MpEeXa BO ONwTMHa KyMaHoBo.

Bo npuMepoLmTe Kou Hea aHanu3upakK, BPEAHOCTa Ha aNyMUHUYM Ce
mewxu nomery 12 n 109 pg/l.

KJIMHUYKA BUOXEMMJA / TOKCHUKOJIOTUJA
/ XPAHA 1 UICXPAHA nocTep npe3eHTanun
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CpeTcKaTa 3paBCTBeHa OpraHu3aLmja MMa BOCTaHOBEHO MAKCMMAIHO
[103B0N1EHa KOHLIEHTpaLMja BO BoauTe 3a nuerbe off 200 g/l anyMUHYM.
WcTo Taka, pesyntatute fo6UeHm 3a anyMuH1yM ce Mo MaKCHMANHo
[03BOMNEHMUTE KOHLIEHTPALMM M COrNACcHO HaLiUTe 3aKOHCKM perynaTmeu.
OBoj MeToa e eaHocTageH, 6p3 v ToyeH U e NOTOofeH 33 CeKOjiHeBHO
aHanu3vpakbe Ha roneM 6poj NpUMEpOLIK.

ANTIOXIDANT STATUS AND DNA DAMAGE
INDUCED BY HEAVY METALS IN MATRI-
CARIA RECUTITA L. (ASTERACEAE)
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Plants have been identified as sources of various phytochemicals,
metabolites and active compounds, many of which possess important
antioxidant activity [Kahkanen 1999]. Heavy metal stress in all living or-
ganisms often results in the production of reactive oxygen species
(ROS), which are relatively reactive compared to molecular oxygen and
thus potentially toxic [Van Assche and Clijsters, 1990). Tolerance to
heavy-metal stress has been correlated with efficient antioxidative de-
fense system, as shown previously [Foyer et al., 1997, Dixit et al,, 2001;
Radi¢ et al., 2009]. One of methods used to assess the total antioxi-
dant capacity of plants is the ferric-reducing ability of plasma (FRAP)
assay of Benzie and Strain (1996). Heavy metals also induce several
cellular stress responses and damage to different cellular components
such as membranes, proteins and DNA. DNA based techniques like
Random amplified polymorphic DNA (RAPD) is used to evaluate the
variation at the DNA sequence level and can clearly be shown when
comparing DNA fingerprints from untreated and treated individuals
to genotoxic agents [Sawa D, 1998; Enan MR, 2006; Kekec et al., 2010},
The objective of the present study was to investigate whether expo-
sure of selected plant (Matricaria recutita L., Asteraceae) to heavy
metals can induce direct DNA damage and significant changes in en-
dogenous total antioxidants level in the plant.

Samples from Matricaria recutita L. were sampled from two different
areas, region with high industrial activity (city of Veles, around the lead-
zinc plant) and naturally clear area, mountain Plackovica. Leaves and
flowers from the plants were analyzed by FRAP assay. Total
antioxidant power of a freshly prepared, cooled, filtered infusion {0.5
g of dry leaves or flowers/50 mL of boiling, distilled water) of each sam-
ple was measured using the ferric reducing/antioxidant power (FRAP)
assay [Benzie and Strain, 1996]. In the FRAP assay, reductants
(“antioxidants”) in the sample reduce Fe™ tripyridyltriazine complex,
present in stoichiometric excess, to the blue colored ferrous form, with
an increase in absorbance at 595 nm. DNA extractions and amplifica-
tions were performed using REDExtract-N-Amp Plant PCR Kit (Sigma-
Aldrich). Amplifications were performed in a DNA thermocycler
(Mastercycler personal, Eppendorf) using 5 steps PCR-protocol [Enan
MR, 2006].

Heavy metal toxicity is considered to induce production of ROS, which
may result in significant alterations in cell structure and mutagenesis.
DNA damage induced by heavy metals were observed in obtained
RAPD profiles as disappearance and/or appearance of bands in com-
parison between plants from areas with different metal exposition.
Metals, also, induced oxidative stress in Matricaria recutita L. plants,
as evident from the decreased values for total antioxidants in pmol
FeSO,4 L in samples collected from Veles area: M. recutita leaves -
2080; M. recutita flowers - 2822, compared to samples sampled from
Plackovica mountain as: M. recutita leaves - 3960 and M. recutita flow-
ers - 2908. Plants developed different mechanisms enabling them to
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cope with metal accumulation in tissue and ROS formation induced by
metals presence. Tissue damage and additional DNA changes occurs
when the capacity of antioxidative systems becomes lower than the
amount of ROS generated [Sgherri et al., 2003; Kovatik and Batkor,
2008).

In summary, this study has shown that heavy metals can induce an-
tioxidant stress and DNA damage. Antioxidative system of M. recutita
seems to be inducible by environmentally encountered heavy metals
concentrations. Balance of different levels of plant metabolism is es-
sential for eliminating toxic effects of metals and maintaining of struc-
tural and metabolic integrity. Thus, oxidative stress characterized by
increased production of ROS could be an important mechanism of
metal toxicity, though extensive research is yet needed at the molec-
ular and subcellular levels in order to get a deeper insight into metal
toxicity.
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AHTUOKCUJLATUBEH CTATYC UDNA
OLUTETYBAHE UHAYLIUPAHO Of TELLIKH
METAJIU KAJ MATRICARIA RECUTITA L.
(ASTERACEAE)

Tapunka lopruesa!, TatjaHa Kamudxona-[TatoBcka ?,
Tatjana PyuikoBcka'
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PacTuTenHu1oT CBeT NpeTcTasysa 60raT M3Bop Ha CekyHAAPHU MeTabo-
UTH W aKTUBHM KOMIOHEHTM, CO NOTEHLM}aIHA BHTMOKCUAATUBHE K-
tuHocT [Kahkdnen 1999]. YecTo Teulkute MeTanu Bpliat BNWjaHKe Bp3
SKUBMTE OPraHW3MM, LUTO JOBEAYBa 1O NPOAYKLM|A Ha PRAKTUBHH KUCNO-

ponru suposu (ROS - reactive oxygen species), kov 8o cnopenba co
MOREKYNIapHHMOT KUCTIOPOR C& MHOTY NOPeaKTUBHM 1 33T0a NOTEHLM-
janHo Tokcuur [Van Assche and Clijsters, 1990]. TonepaHuujaTa KoH
CTPeCOT Of TeWkKH MeTanu e Bo TecHa Kopenaumja co eqmKaCHUOT eH-
AOreH aHTUOKCUAATUBEH onbpaHbeH cicTeM Kaj pacTermjaTa [Foyer et
al,, 1997; Dixit et al,, 2001; Radi¢ et al., 2009]. KsaHTMHUMPatseTo Ha
TOTAaNHHOT aHTMOKCHAATHBEH KanaUMTET Kaj pacTeHuja, kako MepKka 3a
0n6paHbeHUOT CUCTEM KOH Ofipefien CTpec, MOXe Aa ce BpUM CO
npumena Ha FRAP metogoT (Ferric-reducing ability of plasma - FRAP)
soBeseH o Benzie and Strain 8o 1996. TewkuTe MeTany, UCTO TaKa
MOX@AT 13 MHAYUMPaaT 1 KNIeTOUHY OArOBOPH Ha CTPeCoT 1 owTeTYBakHe
Ha Pa3MUHY KNETOUHM CTPYKTYPH K3KO WTO Ce MeMOpaHuTe, NpoTen-
rute 1 DNA. DNA 6a3upanuTe TeXHUKM, Kako WTo € CNyYajHoO aMrau-
uumpanata nommoptHa DNA TexHuka {(RAPD), ce kopucTaT 3a
eBanyauyja Ha sapmjaLumTe 8o DNA cekpeHumTe. OBwe NPOMEHN MOXaT
jacHo fa bune NOTBPAEHM CO KOMNAPUPaHe Ha DNA “oTnedatouure”
A06MEeH! Off TPETUPAHU M HETPETUPaHM NPUMEpOUM CO reHOTOKCMYHM
arercy [Sawa D, 1998; Enan MR, 2006; Kekec et al., 2010].

LlenTa Ha CTyaMjaTa e ja Ce uCnikTa 1 esanyupa BAVjAHMETO Ha eKCrno-
3jaTa Ha TelKU MeTaM Kaj u3bpaHo pacTenre {Matricaria recutita L.,
Asteraceae) Bp3 WHAyUMpareTo Ha DNA owTeTyBake 1 NPpOMeHK BO
EH/IOTEeHMOT AHTMOKCUAATMBEH CTaTYC Ha PacTeHUeTo.

MpuMepouuTe of Matricaria recutita L. ce cobpanv of fiBe pa3anuiHu
06NACTH: PErMOH CO BUCOKA UHAYCTPUCKE aKTUBHOCT (rpapoT Bene,
OKOAly TOMMNHWULATE 33 ONOBO LMHK) M KOHTPONHK NpUMepoLK OA
NPUPOAHO YMCT PeruoH, NnaHuHaTa Mnaukosuua. AHanu3upatu ce
AUCTOBM M LIBETOBM Qff WCNUTYBAHOTO pacTerne CO FRAP metopoT.
ToTanH1OT aHTUOKCHAATUBEH KanaLMTeT Ha CBEXO NPUroTBeHM wHdby3u
(0.5 g op ucylweHaTta papora/50 mb spena, pecTunupata Bona) Ol CEKO]
NpUMepok e onpefenex co FRAP meTog [Benzie and Strain, 1996].
EBeHTYanHo NPUCYTHUTE @HTMOKCUAAHCH BO NPUMEPOKOT FO peyum-
paar Fe>* /TpUMupUaMITPHasHH KOMINEKCOT MPMCYTEH BO CTEXUOMETPH-
CKM 0HOC, A0 cuHo oboeHa Fe?* dopMa, WTo ce pepnexTUpa Kako
nosucoka ancopbarumja npu 595 nm. DNA ekcTpakumjaTta u aMnm-
huKaLpjaTa e HanpaseHa co KopUCTetse Ha REDExtract-N-Amp Plant
PCR Kit {Sigma-Aldrich). AMnmdmkaumjata ce u3seaysa 8O DNA ther-
mocycler (Mastercycler personal, Eppendorf) co kopucTetve Ha npo-
Tokon Bo 5 uexopw [Enan MR, 2006].

YTBpAEHO € [leKa TOKCMUHOCTa Ha TewknTe MeTam € noBp3aHa co
npoaykumja Ha ROS, wro CUTHUMKAHTHO BAMjae BP3 KNeTouHata
CTPYKTYpa v MyTarexe3ata. DNA owiTeryBareto MHAYUMPaHO Ofi TEWKM
MeTanu e HabmyayBaHo co gobuennte RAPD npodhmiM, KaKo U3uesHy-
Babe M/WNK NojaBa Ha dparMeHTH Kaj pacTeHujaTa o obnactu co
Pa3NMuHa EKCTIO3MLMa Ha MeTaNu. MeTanuTe, UCTO Taka MHAYUMpaaT v
OKCUAATMBEH CTPEC Kaj UCTIHTYBAHOTO PACTEHME, Matricaria recutita L.,
WTO € eBUEHTHO Of HaMajyBareTo Ha BPefHOCTUTE 33 BKYNHUTE
AHTMOKCHMAAHCH U3Pa3eHH Kako pmol FeSOy4 L kaj npuMepoumTte oA
Benec: M. recutita nucT - 2080; M. recutita uger - 2822, B0 0fHOC Ha
npuMepounTe o [NauKoBuLa: M. recutita imcT - 3960 u M. recutita
ugeT - 2908. PacTeHujaTa pa3suBaaT pasNuurit MEXaHH3MA 38 cnpasyBsa-
tbe CO aKyMynaupjata Ha MeTanu 1 npogykumjata Ha ROS BO TkuBaTa.
Kora KanauuTeToT Ha aHTMOKCWUOATUBHUOT CUCTEM Ke ce HaManu fio
BPEeRHOCTM NOHMCKM Off KOMMUYECTBOTO renepuparyn ROS, ce nojasyBa
OLTETYBaME Ha TKUBATA M COOBETHU DNA npowmenu [Sgherri et al,,
2003; Kovacik and Backor, 2008].

[lo6uenute pesynTaTi MOKaxyBaaT Aeka Telkute MeTam MOXaT [1a
WUHYLMPAaT aHTMOKCMAATHBEH CTPEC U DNA owTeryBatbe. AHTUOKCU-
[ATMBHWOT CUCTeM Ha Matricaria recutita L. Moxe fa buae aktusupat
O] TELLKK MeTaM NPUCYTHY BO XKMBOTHATa CPEAMHA. PamHoTEXETa Ha
DPAINMUHUTE HUBOA Off PACTUTENHMOT MeTaboNM3aM @ eceHumjanHa 3a




