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donia and Albania were subjected to investigation. Plants were col-
lected in flowering stage and dried in shadow. Microwave-assisted di-
gestion of air-dried herbal mass was used for mineralization purposes.
Herbal infusions were prepared from 2 g of dried herbs in 200 ml boiled
water for 10 min and then filtered and evaporated on a hot plate al-
most to dryness. The residue was fully mineralized by HNO3. A total of
20 elements were determined by use of inductively coupled plasma
atomic emission spectrometry (ICP-AES, Varian Model 715-ES, USA)
and ETAAS on the Zeeman atomic absorption spectrometry (Varian
SpectrAA 640Z).

The most abundant macronutrients in both Sideritis species were K
and Ca, presented 6756-16213 mg/kg and 6363-10347 mg/kg, for S.
scardicaand S. raeseri, respectively. Lower amounts of P and Fe were
followed by much lower amounts of Na. Interesting results were ob-
tained for the content of Al, as samples of S. raeseri originated from
Jablanica (S12) and Galicica (S15) as well as one sample from Albania
{S7-Gramoz) contained higher amount of Al, 657, 648 and 994 mg/kg,
respectively. Aqueous infusions contained 49.5-89.1% of total K and
46-97% of total P, but smaller amounts of other macronutrients, rang-
ing up to 28.2%, 43.0%, and 20.9% of total Ca, Mg and Fe, respectively
(rarely more).

The contents of micronutrients in dried herbs of both Sideritis were
variable for different elements and the most abundant was Zn (up to
48.6 mg/kg), Mn (up to 44.4 mg/kg in S. scardica and up to 40.6 mg/kg
in S. raeseri), and B (up to 17.3 mg/kg and 20.0 mg/kg in both species,
respectively). Larger amounts of Ba and Sr and lower amounts of Cu
were registered also, and much lower amounts of Ni, Li, Cr and Co.
Aqueous infusions contained up to 40% of total B, and up to 20%,
61.8%, 36%, 30% and 42.3% of total Ba, Cu, Mn, Srand Zn, respectively.
Toxic elements were presented in very low amounts in both species,
ranging 0.01-0.59 mg/kg and 0.43-0.98 mg/kg for As for S. scardicaand
S. raeseri, respectively; from 0.31-3.16 mg/kg and 0.35-1.85 mg/kg for
Cd and from 0.34-2.79 mg/kg and 0.35-2.49 mg/kg for Pb, for S.
scardicaand S. raeseri, respectively. While As and Cd were very poorly
extractible with hot water, Pb was extracted more than 90% of total
amounts of Pb in dried herbs of Sideritis.
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McylweHu Hag3eMHy Aenosu o Pa3nuuH1 BuAoBu of Sideritis, kako WTo
ce Sideritis scardica Griseb. u Sideritis raeseri Boiss. & Heldr. {Lamia-
ceae), ce nosHath Kako [nanuencky, lronwort, Shepard's tea,
Muputicku u WapnnarmHcky vaj. [lsete pactenuja ce MHOTY NOMyNnapHu
80 MakegoHuja, Byrapuja, puuja u BO WCTOUHWTE AENOBM Of
MenuTepaHoT, Kako OCBEXYBauM, HO MCTO Taka v 33 NeKyBawe Ha
HacTuHKa. Ce KOPUCTAT 3a NOArOTBYBaHE Ha YajHU HaNUBKK 1 ce cMeTa
fieka ybnaxyBaaT KOHreCTUBEH CUHY3WUT, HONKa, BUPO3W BKAYUYBajKU
HACTUHKa 1 TpUN 1 ap.

Bunosu of pogot Sideritis WHTEH3UBHO C& UCMWTYBAHU BO OAHOC Ha
3aCTanNeHoCTa  Ha OfPefleHWM XeMUCKWM KOMMOHEHTW Kako WTo ce
thnasoHoMaKW, deHUNNPONaHoUAK, AePUBaTU Ha LMMETHA KUCENWHA,
(herunetaHouan (1), OuTepreHu, UPUAOUAM U APYrM  CAUYHW
KOMMOHEHTH, KaKO 1 BO OfIHOC Ha COCTaB Ha eTepuuHo Macho (2).
HeopamHa, noaaTouy 3a hnasoHouam, heHnnetaHouam v dheuanpona-
HOWZHYM KUCENUHW U HUBHUTE eCTpU ce 0BjaBeHH 3a athTOXTOHU BUAOBM
Sideritis of Makenonwja (S.scardica and S.raeseri) (3), kako 1 nogaToLu
33 COCTABOT Ha eTepuyHo Macno Off UCTUTe fABa Bugda Sideritis (4). Bo
nuTepatypa MOXe fa Ce HajaaT MHOry NOAaTouu 3a PasnuuHu
CeKyHAapHW MeTabonuTy, HO WMa CaMO HeKoNKy — HaBogu 3a
MUHEPANHMOT COCTas Ha BuosuTe Sideritis wto noTexHysaat o Cpbuja
n Typumja (2, 5). Wro ce ogHecysa 40 MUHEPaNHUQT cocTas Ha Sideritis
8uAoBUTe 0ff MakenoHuja 1 AnbaHuja HeMa NoaaTouu.

PactenujaTa, 3eN1eHUYKOT, 0BOWW|ETO KAKO W NEKOBUTWUTE pacTeHu|a
NPeTCTaByBaaT M3BOPU Ha MUHepanu. BHecyBarbe Ha MUHepanu nNpeky
CeKOjfiHeBHa MCXpaHa MK HEKOW APYrM U3BOPU € MHOTY BAXHO 3a
rpagere it MyHKUMOHMPAte Ha YOBEKOBMOT opraHuiaM. MuHepanure
ce noTpebHy 3a ONTUMANHO (BYHKUMOHUPAtHE HA HEPBHUOT CUCTEM,
WMYHONOWKMOT CUCTEM, M CUTE MYCKYNY BKAYYYBAjKM O U CpUeTO.
Co31aBarbeTo Ha XOPMOHM, UCTO Taka, bapa BHeCyBatbe Ha ronema
KOAMUMHA Ha MUHepanu. UHdy3uTe o NEKOBUTU pacTeHuja NoKpaj
OPraHCcK1Te aKTUBHK COCTOjKM COAPXAT U Pa3NUUHK MUHepanu. Hekou
Off HUB C& MaKpO W MUKDOHYTPHUEHTH HO MCTO TaKa uajHaTa Hanueka
MOXE [fla COAPXW TeuwKu MeTanu u  TOKCUYHW  MUHEpanu.
[ToTeHunjanHaTa KOHTaMWUHAUW|a Ha NEKOBUTU PACTEHWM|3 CO TOKCHYHY
eNeMeHTH MOXe Aa Ce AOMKMA Ha WMHAYCTPUCKOTO 3araflyBarbe Ha
XUBOTHATa CpeauHa, asTOMOOUNCKMTE U3AYBHW racosM WAM Ha
ynotpeba Ha r'ybpusa n Ha uHcexTuumay (6). CeeTckata 3pasCcTBeHa
opranu3aumja (C30) uMa NPoNMWaHo MaKCUMANHO [03BONEHM MPaHULM
33 338CTaNEHOCT Ha TPK TOKCUYHYU NEeMEHTH CMETaHO Ha CyBa Maca Ha
pacTuTeneH marepujan: apced, kagmuym v onogo (1,0; 0,3 u 10 mg/kg,
coogseTHo) (7).

3emajKkn ro NpesBuA rope HaseeHoTo, UeNTa Ha 0BOj TPYA e Aa ce
pobujaT NOAATOUM 33 COAPKMHATA HA HEKOM MAKPO W MUKDOHYTPHEHTU
80 xepbu on Sideritis scardica w Sideritis raeseri, Kako u 80 BOAEHM
MHAY3W WTO Ce KOPUCTAT KaKO OCBEXUTENHMA W NEKOBUTY HAMWBKW BO
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Cn. 1. 3acTaneHocT Ha NocebHu KNack MOHO U CECKBUTEDNEHW BO
eTepuyHO Macno oA MakefoHCKa cMpeka (npumepok JC-1)

Op MOHOTepNeHCKUTe jarnesoA0POAN FaBHK KOMNOHEHTY Ce: a-NUHEH
04 15,59% (JC9-1) go 43,19% (JC-14); B-nunen op 1,65% (JC9-1) no 5,35
(JC-14), -mupueH 26,50% (JC6-1) - 2,89% [JCS-1), caburen op 2,80 (JC5-
1) po 11,77% (JC6-1), numoren op 2,90 (JC4-1) po 4,46% (JC2-1).
OKCcuaUpHUTE MOHOTEPNEHCKU NPOM3BO/N Ce 3acTaneru of 2,24% [JC3-
1) ao 8,00% {JC9-1). Hajsactanenu ce Tepnuter-4-on of Tparosu (JCé-
1) po 6,32 % (JC9-1) n a-reprivHeon o4 0,18 % (JC3-1) no 1,63 % (JC3-11.
CeckBuTepneHckuTe jarneBodopoan ce 3actanenu co 17,45% (JC14-1)
no 45,25% (JC14-1). lommhupa repmakped D co 2,03% (JC14-1) ao
10,22% (JC4-1); —enemene op 6,40 % (JC7-1) no 1,43% (JC14-1) u trans-
(E)-kapuodunen co 1,8% (JC10-1) po 4,05% (JC5-1). OxkcuaupanuTte
CECKBUTEPMEHCKM Npom3soau ce jasysaat co 0,59% (JC3-1) no 5.76%
{JC13-1). Nomutmpaat a-kaguHon co 0,03 % (JC4-1) go 1,13 % (JC13-1)
{80 erepuuroto mMacno {JC4-1) He e maeHtudbukysaH). CMecata -
Myponon+t-kaguHon e 3actaneta on 0,13 % (JC9-1) po 1,74% {JC13-1).
Bo cnopeaba co Monorpadmjara ma Ph. Eur. 7 3abenexann ce
3HAUMTENIHW Pa3NuKK BO XEMUCKMOT COCTAaB Ha eTepUMHOTO Macno
nobueHo of 6oburkuTe O MakefoHCKaTa CMpeKa, BO OfHOC Ha
bapatbaTa Ha eBponckata thapmakoneja.
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Dried over-ground parts of different species of Sideritis, such as Sideri-
tis scardica Griseb. and Sideritis raeseri Boiss.&Heldr. (Lamiaceae), are
well known herbs recognized as Mountain tea, Ironwort, Shepard's tea,
Pirin tea or Sharplaninski caj. Both plants are very popular in Mace-
donia, Bulgaria, and Greece as well as throughout the Eastern Medite-
rranean as refreshment but also to cure common cold. The herbs are
often used to prepare teas widely believed to alleviate sinus conges-
tion, aches, pains and viruses including flu and common cold.
Species of genus Sideritis have been extensively investigated on chem-
ical composition of flavonoids, phenilpropanoids, cinnamic acid de-
rivates and phenilethanoids (1) as well as on essential oils composition,
chemistry of diterpeneoids, iridoids and other terpenoids or related
components (2). Recently, data on flavonoids, phenilethanoids and
phenilpropanoid acids and their esters have been reported for native
Macedonian Sideritis (S. scardica and S. raeseri) (3), as well as data on
essential oil composition of the same species (4). Amang plenty of data
that considered the composition of different secondary metabolites,
only few data dills with the content of minerals in these species orig-
inated from Serbia and Turkey (2, 5). There is no data on the minerals
content in the Macedonian or Albanian species of Sideritis.

Plants, vegetables and fruits, but also herbs, especially the weedy ones,
are mineral powerhouses. Getting minerals from normal diet or other
sources is very important for building and functioning of hurnan bod-
ies. Minerals are critical building blocks needed for optimum func-
tioning of the nervous system, the immune system, and all muscles,
including the heart. The production of hormones also requires large
amounts of minerals. Tea-infusions from medicinal plants, besides or-
ganic active compounds contain different amounts of minerals. Some
of them are macro and micronutrients but tea-infusions may contain
also heavy metals and toxic minerals. The potential contamination of
herbs with toxic elements may be due to environmental pollution
through industrial and automobile transport emission or to use of fer-
tilizers and insecticides (6). The World Health Organization (WHO) has
fixed maximum permissible levels in dry mass of medical plants for 3
toxic elements: arsenic, cadmium and lead (1.0, 0.3 and 10 mg/kg, re-
spectively) (7).

Taking into account the consideration mentioned above, the aim of
the present work was to obtain data for the content of some macro
and micronutrients in the dry herbs of Sideritis scardica and Sideritis
raeseri and in aqueous infusions of herbs used for preparation of re-
freshing and curative drinks in Macedonia and Albania. Besides, the
content of some toxic elements in dry herbs and tea-infusions was de-
termined also, in purpose of quality control of Sideritis specimens
from Macedonia and Albania in relation to toxic and metal minerals.
Twelve samples of Sideritis scardica collected on different localities
from Macedonia and nine samples of S. raeseri collected from Mace-




MakenoHuja u Anbatuja. [Tokpaj Toa, onpefeneHa e COpXWHaTa Ha
HEKOW TOKCUUHY enemeHTH BO CyBY Xepbi U uHdY3u, CO Uen KoHTpona
Ha KBanuTeTOT Ha NpumepounTe of Sideritis on Makeaonuja n AnbaHuja
BO OfIHOC Ha TOKCUUHUTE W METaNIHKTE MUHEePaNi.

Mcnurysau ce geaHaeceT npuMepouu of Sideritis scardica cobpatu
Ha pa3nuuH1 NokanuTeTw o Make[oHw]a 1 JeBeT npuMepoLn Ha S. rae-
seri cobpaku Bo MakepoHuja 1 Bo Anbanuja. PacTeHujata ce cobrpany
80 ha3a Ha LBETarE U Ce CYWeHU BO CeHKa. 3a MuHepanusauuja Ha
pacTuTenex Matepujan e KOpucCTeHa nocTanka co MUKpobpaHoBa
purectuja. lMogroTeeru ce n uHdy3m of 2 g UCYWeH pacTuTene
matepujan npenver co 200 ml 30BpueHa Boaa 8o Bpeme og 10 min,
hUNTPKPAHO 1 ynapeHo A0 CyBO BO nopuenaHcku sgenu. OCTaTokoT e
uenocHo murepanuavpan co HNO3. Co npumeHa Ha aTOMCKa emMuc1oHa
cnexTpoMeTpuja co UHAYKTMBHO cnpernaTta nnasma (ICP-AES, Varian
Mofen 715-ES, CAL) u Zeeman-oBa enekTpOTEpPMMYKA aTOMCKa
ancopnuuoHa cnekrpomeTpuja (Varian SpectrAA 640Z), onpeaenenu ce
siynro 20 enemeHTn. Haj3acTaneHu MakpoHyTpUEHTH BO fBeTa BUA3
Sideritis ce K Ca, 3acTaneHu 80 konuumxu 6756-16213 mg/kg u 6363-
10347 mg/kg, 3a S. scardica v S. raeseri; coofseTHo. Onpeaenetu ce
HUCKK coapximtu Ha P u Fe, kako u ywTe nonmcki Ha Na. MHTepecHu
pesynTati ce fobuenn 3a coppxuHata Ha Al, Bo npumepoumte of S.rae-
serikon noTekHysaat o Jabnanuua (512) u Fanuunia (S15), kako 1 egen
npumepok of Anbanuja (S7-pamos) kage wro cogpxurata Ha Al
uinecysa 657, 648 u 994 mg/kg, coonsetro. MHdysuTe conpxar 49,5
89,1% o BrynHuoT K vt 46-97% o BKYNHWOT P, 1 NOMany Konu4ecTsa Ha
APYrv MakpoHyTPueHTH (1o 28,2%, Ao 43,0%, Ao 20,9% o ekynHuoT Ca,
Mg v Fe, coonseTHo, petko nosexe).

CoapXuHaTa Ha MUKPOHYTPHUEHTU BO XxepbuTe of AseTa Bufa Sideritise
NPOMEHNMBA 3@ Pa3NIUUHK eNeMEeHTU Mpu WTO Haj3acTaneHi ce Zn (no
48,6 mg/kg), Mn (o 44,4 mg/kg 8o S. scardica u ao 40,6 mg/ g 8o S.
raeser) u B (a0 17,3 mg/kg n 20,0 mg/kg so geara Buga, cooaseTHO).
Oripepeneti ce moroneMu COAPXKUHK Ha Ba u St 1 NOHUCKYM COAPXKMHM
Ha Cu, KaKo U MHOry norucku coppxunm Ha Ni, Li, Cr u Co. MHdy3umuTe
coapxar ao 40% og skyneH B, u go 20%, 61,8%, 36%, 30% 1 42,3% oa
gxynHute Ba, Cu, Mn, Sr v Zn, coopgetHo.

CoppxvHaTa Ha TOKCHYHY ENEMEHTH CE ABUXM BO MHOTY MaNu rpaHutin
W BO ABaTa BiAa 13Hecysa: 3a As 0,01-0,59 mg/kg 1 0,43-0,98 mg/kg, 3a
S. scardicaw S. raeseri, coofseTHo, oaHocHo, 0,31-3,16 mg/kg n 0,35
1,85 mg/kg 3a Cd u 0,34-2,79 mg/kg u 0,35-2,49 mg/kg 3a Pb, 32 S.
scardica u S. raeseri, coogseTHo. 3a pasnuka o As u Cd kou MHOTY
cnabo ce ekcTpaxupaar co 30BpueHa BOAa, BO HajroneM Bpoj ciyvan
Pb ce ekctpaxupa noseke of 90% of BKYNHaTa 3acTaneHocT 8o
xepbarta.
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The aim of this study was to gain insight into the underlying bio-
chemical mechanism of action of the antidiabetic and antilipidemic
activities of the dry extract of Centaurium erythrea L., wildly growing
in the Republic of Macedonia. The extraction of the areal parts of the
dried plant was performed by the maceration in methanol with ultra-
sonic agitation (USA extraction), than freeze-dried, which resulted in
23,1% dry extract (CE) yield. HPLC-DAD-ESI-MS analyses revealed pres-
ence 4 different secoiridoides, 7 flavonoid heterosides » 7 xantones
representing 53%, 25% and 22% of all compounds, respectively.
Further, their effect on blood glucose and lipids was tested in normo-
and streptozotocin STZ hyperglycemic rats. The short term-12 days-
treatment of the STZ-diabetic rats with CE-extracts resulted with 74%
reduction of the produced hyperglycaemia, which is only 6% less than
the reduction caused by glibeclamide (GLB), as a positive control.
Liver gluconeogenic enzyme activities and levels of intermediates in
the carbohydrate metabolism were also measured.

The CE-extract had a significant impact on the hepatic carbohydrate
metabolism, enhancing the direct synthesis of glycogen and reducing
the activity of glucose-6-phosphatase, which further causes reduction
of production of blood glucose level. Glycogen accumulation in the
hepatocytes was also confirmed with histomorphological analyses.
The assessment of the effects after long-term-42 days CE-treatment
leads to conclusion that the blood glucose regulation is most evident
at the beginning of the experiment, decreasing up to the end of the
experiment. It is important to stress that the HbAlc in CE-treated
group of animals was even lower than in the GLB-treated groups.
The obtained results indicates that long-term treatment with CE
extract in SZT diabetic rats has a positive influence and regulate the
elevated level of glucose in the blood, which is slightly better than the
effect of glibenclamide.

Since we made identification of three groups of compounds in the CE-
extract, it is most obviously that all of them (bitter iridoides and
xantones, which cause pancreatic and stomach gland stimulation, and
flavonoides) probably have influence on the expressed
antihyperglycaemic effect.

The antilipidemic assessment of the CE-extract revealed no significant
changes on the lipid status [total cholesterol, triglycerides, HDL and
LDL level in the blood) of the treated normal and STZ hyperglycemic
rats.

The results demonstrate that dry extracts of the aerial parts of of Cen-
taurium erythrea, contain flavonoids, xantones and iridoides with
antihyperglycemic effects when administered to rats.




