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DW {average dry biomass 5.68+4.08 per explant). The root dry weight
recorded in G. elegans was 0.92£0.54 g. The growth was similar for G,
scorzonerifolia and G. paniculata; the dry weight reached 0.29 g and
0.34 g per explant, respectively. Minimum growth was observed in G,
trichotoma cultures. Generally, the dry weights were 2.9-5.9% of the
fresh weights, which closely paralleled the fresh weights responses.
The fingerprints of the saponin HPLC profiles of the root in vitro
Gypsophila cultures were drastically different with at least up to 30
different saponins detected for some of them. The roots of G. elegans
accumulated saponins {expressed as gypsogenin 3-O-glucuronide) up
to 65 mg/g OW (mean value 31.36+31.83 mg/g DW). These amounts
were higher than in G. paniculata and G. trichotoma roots found in
this study and as the best producing ones (30.2-40 mg/g). The cell lines
of G. glomerata showed a smaller quantitative amount of saponins
(between 1.3 and 7.10 mg/g DW) than those of G. elegans but nearly
the same HPLC profiles as for root extracts of intact G. paniculata.
The other species showed a smaller production of saponins after 3
months of subculture. However, individual lines (each line cultures
representing one phenotype) of G. scorzonerifolia, G. paniculata and
G. trichotoma showed variation in gypsogenin 3-O-glucuronide
content: in some cases the levels were below LD or LQ. Generally, the
content of gypsogenin 3-O-glucuronide was not related to the growth
rate of the cultures: the maximum average content recorded in G.
elegans cultures in liquid medium represented 8-fold increase
compared with that found in G. glomerata, but the mean dry biomass
was 6 times lower,

In conclusion, the biosynthetic behavior of Gypscphila species assayed
was different but we found gypsogenin saponins in all excised root
cultures which prove that in vitro root culture can contribute in
producing saponins from Gypsophila. It coulc be suggested that
selection of celllines of G. elegans and G. glomerata may be effective
for enhancing the saponin production in Gypsophila root cultures.
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BACKGROUND

Free radicals are highly reactive and unstable transitional chemical
compounds that have potential to damage the chemical structure and
impair the function of lipids, proteins and nucleic acids. It is well known
that free radicals are normally produced during the metabolic
processes and that, in physiological conditions, their harmful effect
over bio-molecules is disabled by the activity of endogenous (repre-
sented mainly by antioxidant enzymes) and exogenous (represented
by dietary antioxidants) antioxidant barrier. In conditions of extremely
high production of free radicals within the biological system and/or
lack of endogenous and/or exogenous antioxidants, a state of oxida-
tive stress occurs, which has been proven to be the basis of many
chronic diseases, primarily atherosclerosis, various cancers and neu-
rodegenerative diseases. Considering the involvement of oxidative
stress in the pathogenesis of above mentioned chronic diseases, nu-
merous trials were conducted to study the possible preventive effect
of antioxidant (pro)vitamins: beta-carotene, vitamin C and E. Incon-
sistent and mainly negative results of these trials, as well as positive re-
sults from research on the effect of diet rich in fruits and vegetables
and of green tea on chronic diseases associated with oxidative stress,
favored the use of natural versus synthetic antioxidants. It is believed
that one of the possible reasons for such results is that natural prod-
ucts, despite the known antioxidant (projvitamins, contain numerous
other antioxidants that have strong physiological effect. It is also be-
lieved that antioxidants contained in the natural products are impor-
tant both because of their individual functions and their synergistic
effects in the body.

AIM OF THE STUDY: Knowing the positive effects of green tea on the
prevention of some of the chronic diseases that are associated with
high oxidative stress, our aim was to measure the level of total an-
tioxidants in infusions prepared from some frequently used medicinal
plants in Republic of Macedonia and to compare the obtained values
with that of green tea.

MATERIAL AND METHODS

The content of total antioxidants was measured in infusions prepared
from the following medicinal plants: lemon balm (Balm leaf), St. John's
wort (Hyperici herba), linden (Tiliae flos), nettle (Urticae folium) and
green tea {Camellia sinensis). Medicinal plants from Good Nature, Al-
kaloid Skopje, were purchased in the local market, packed in filter
bags.

Infusions prepared from lemon balm, St. John's wort and nettle picked
in Maleshevo Mountains were also analyzed.

Preparation of infusions: 0,5g dry plant was poured with 50mL boiling
water and let stand for 15 minutes, covered.

The content of total antioxidants was measured by FRAP method, ac-
cording to Benzie and Strain. The method is based on the principle
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that ferric to ferrous ion reduction at low pH causes production of
colored ferrous-tripyridyltriazine complex that absorbs at 593nm.
Solutions of FeSO4 with known concentrations were used as
standards. The concentration of total antioxidants is expressed as
mmol/L FeSOy.

RESULTS

Results from our measurements once again confirmed the high con-
tent of total antioxidants in the infusion prepared from green tea:
25,2mmol/L. From the other studied medicinal plants, the infusion
prepared from lemon balm (Good Nature, Alkaloid) had particularly
high value of total antioxidants, very close to that of green tea: lemon
balm - 19,2mmol/L. Total antioxidants content in the infusions pre-
pared from other Macedonian medicinal plants under study, from
Good Nature, Alkatoid, were: St. John's wort - 8,5mmol/L; linden -
6,1Immol/L; nettle - 2,9mmol/L.

Infusions prepared from lemon balm and nettle picked in Maleshevo
Mountains gave similar results as commercial medicinal plants: lemon
balm - 19,5mmol/L; nettle - 3,7mmol/L. Exception was the infusion
prepared from St. John's wort picked in Maleshevo Mountains that had
higher content of total antioxidants compared with commercial me-
dicinal plant: St. John's wort - 12,6mmol/L.

CONCLUSION: Besides well known health effects of our frequently
used medicinal plants: lemon balm, St. John's wort, linden and nettle,
of particular importance is their content of total antioxidants that
has potential to contribute in lowering of free radicals and improve-
ment of oxidative status in the body.

In this context it is important to remind of our previously published
data about total antioxidants level in herbal infusions suitable for un-
restricted everyday use (4) that could also contribute in reducing of
oxidative stress.
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CnobonruTe paamKanm NPeTCTaByBaaT BUCOKOPEAKTUBHM 1 HECTaBUHW
NPEOLHM XEMUCKH KOMMOHEHTH KOM MMAaT MOTEHLM]an 3a HapylLyBatbe
Ha XeMWCKaTa CTpyKTypa M (byHKUMjaTa Ha AMIMAKUTe, NPOTEMHMUTE U
HYKNEUHCKUTE Kucenmhu. (losHato e fgeka cnobofHuTe pagukanm
HOPManHO Ce CO3/1aBaaT BO TEKOT Ha METabONMUKMTE NPOLECH M feka,
80 (hM3MONOLLIKM YCNIOBM, HUBHOTO WTETHO A.jCTBO BP3 GUOMONEKyMTE
€ OHEBO3MOXEHO CO aKTMBHOCTA Ha eHforeHaTa (NpeTcTaBeHa rmasHo
CO @HTMOKCMIAHTHUTE eH3UMM) M ersoreHata (NpeTcraseHa Co
aHTMOKCMAGHCUTE NDUMEHM CO XpaHaTa) aHTMOKCHAaHTHa Bapuepa. Bo
YCNoBY Ha 0COBEHO BUCOKA NPOAYKUM]A Ha CROBOAHM paauKkany Bo
BMONOWIKMOT CUCTEM M/MNM HEQOCTUT HA EOreHU MUK er3oreHm
aHTMOKCUAGHCH, Ce jaByBa COCTOj6a Ha OKCMAATMBEH CTPEC 3a KOja e
AOKaXaHO [eka MpercTaByBa OCHOBA Ha roneM 6poj XpOHMUHM
3abonysatba, BO MPB pefl aTepOCKNEPO3a, PasNiHK KapUMHOMM M
HeBpoZereHepatusHu 3abonysarsa. MMajku ja npeasua MHBONBMPaHO-
€Ta Ha OKCWUATMBHMOT CTPEC BO NaTOreHe3aTa Ha NPeTXO/HO CNoMeHa-
TuTe 3aB0nyBakba, HanpaseHu Gea BPOJHU MCAKTYBatbE 38 NOTEHLMjaN-
HUOT NpeseHTMBeH edheKT Ha aHTUOKCUAAHTHUTE (TpO)BUTaMUHM: BeTa-
kapoTeH, Butamut C u E. HekoH3ucTeHTHUTE 1 npeTexHo HeraTMsHM
pesynTatu off BaKBUTe CTYAMM, KaKO M NO3MTUBHWTE pesynTaTh Of
UCTpaxyBamaTa 3a edekToT Ha McxpaHaTa Gorata co osolje U
3e/IeHUYK U Ha 3eIeHUOT Yaj BP3 XPOHMUHKTE 3a60NYBarba NOBP3aHK CO
OKCMAATMBHMOT CTPec, ja thaBopuaupaaT ynoTpebata Ha NPUPOLHUTE
AHTMOKCHAHCH RACMPOTH CUHTeTMUKKMTE npenapati. Ce cMeTa fleka
€/1Ha O/l MOXHUTE MPUUUHM 33 BAKBMTE PE3YNITATH Off UCTPAXYBAHATA €
Taa WTo NPUPOAHUTE NPOAYKTH, MOKPaj MO3HATUTE aHTUOKCUAAHTHM
(Npo)BUTaMUHK, CONPXET M BPOjHM APYIU aHTUOKCUAAHCH KOM MMAAT
cunHo usmMonotwko Aejctso. Ce CMeTa MCTO TaKa [eKa aHTMOKCH-
ABHCHTE COAPXKAHY BO NPUPOAHMTE MPOLYKTU CE 3HAYAjHU KaKo Mopaau
CBOUTE MOEMHEUHN (DYHKUMM, TaKa M CO HUBHOTO CMHEPrUCTUUKO

[&JCTBO BO OpraHu3MoT.

LEN HA TPYAOT

3Haejkm 3a no3uTUBHKTE echeKTH Ha 3eNeHMoT Yaj BO NpeseHUMjaTa Ha
HEKOM Of XPOHMUHMTE 3aboflyBatba KOM Ce NOBP3aHM CO BMCOK
OKCMAATUBEH CTPeC, Halua Lien belue f1a ro U3MepUMe HUBOTO Ha BKYTHHU
BHTUOKCMAAHCHM BO  MHYIU MOAFOTBEHM Off HEKOM HajuecTo
ynoTpe6ysanu nekouTM pacTenmja o Perybnuka MakefoHuja 1 ga ru
cropesnme JobuennTe BpeHOCTM CO OHaa Off 3eN1eHHNOT Yaj.

MATEPUJANT U METOAU

CoflpxuHaTa Ha BKYMHUTE aHTMOKCMAaHCM Oelle ofpedysaHa 80
WHdby3u NOAroTBEHN O CRIEAHUTE NEKOBUTH PaCTeHMja: MaToumMHa (Balm
leaf), kanTapuoH {Hyperici herba), nuna (Tiliae flos), konpusa (Urticae
folium) u 3enen vaj (Camellia sinensis). Mlekosutute pacTtenuja o Good
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Nature, Ankanomg Ckonje, 6ea HabaseHu o cnobogHa npogaxba,
NaKyBaHu Bo OUNTEp BPEKUYKM.

Anamusupatm 6ea ucto Taka u MHEY3M Off MATOUMHA, KAHTAPUOH 1
KONpuBa MOArOTBEHM oOf NeKOBMTH  pacTeHuja cobpaHu 8O
Manewesckute Mnanmum.

MoaroToska Ha urdbysuTe: 0,58 cy8o uccTHeTO pactenue ce npenvsa
co S0mL Bpena Boga M ce ocTasa £a cTou 15 MUHYTH BO NokpueH cag,
fioche WTo ce npoyeaysa u ce aHanMaupa.

BxynHaTa cogpxuHa Ha aHTMOKCHAaHCH bewe oapenysaHa co FRAP
MeTogata, cnopes Benzie u Strain. Metogata e basupaHa Ha
APAHLANOT Ha pefyKumja Ha depu- 30 thepo-joH npu Hucka pH, npu
WTo ce NpoayuMpa oboeH thepo-TpUNMPUAMNTPMAIMH KOMMTEKE KOj
ancopbupa Ha 593nm. Pactsopu o FeSO4 co nosHata koHueHTpauuja
6ea KopucTeHM Kako CTangapav. KoHueHTpaumjata Ha BKynHue
AHTUOKCMABHCH & M3paseHa kako mmol/L FeSQOy.

PE3YNTATU

PesynraTuTe og HawwTe Mepersa yWiTe efiHall ja NOTBPAMja BMCOKaTa
COAPXUHA Ha BKYNHUTE aHTMOKCUAAHCH BO UHDY3OT NOArOTBEH on
3enenuoT vaj: 25 2mmol/L. Og ocranaTuTe UCTIUTYBaHU NEKOBMUTH
pactenmja, uHy30T 0a MaTouMHa (Good Nature, Ankanoug) ucto Taka
MoKaxa 0CobeHO BUCOKA BPeHOCT Ha BKyNHU BHTUOKCMAAHCH, MHOTY
Bnucka co Taa of 3enenmoT yaj: MaToumMHa - 19,2mmol/L. Coapxurara
Ha BKYNHMTE aHTHOKCHABHCH BO WHeby3UTe NOArGTBEHM O OCTaHaTUTE
MCNUTYBAHKM MaKe[OHCKM REKOBMTW pacTeHuja of Good Nature,
Ankanoug, uskecysalue: KaHTapuoH - 8,5mmol/L; nuna - 6, Immol/L;
Konpwmsa - 2,9mmol/L.

WHdby3uTe nogroteenu o MaTounHa u konpusa cobpanu o Manelues-
ckuTe [TnaHMHmM fanoa cAuuHK pesynTaTh Kako u KOMepuujanHuTe nex-
0BMTM pacTenuja: matounHa ~ 19,5mmol/L; konpmsa - 3,7mmol/L.
Vicknyyok npetcTasysause uHchy30T NoAroTseH Ofl KaHTapUOH of, Mane-
WeBCKHTE [1NaHMHW, KOj UMaLLe HEWTO NOBUCOKa COAPXMHA Ha BKYMNHM
GHTHOKCMARHCH BO OIHOC Ha KOMEPLMJaNHUOT: KaH™apHOH ~ 12,6mmol/L.

3AKNYYOK

[okpaj fo6po nozHaTHTe NekoBUTU AejCTBa Ha HawuTe MHOry YecTo
KOPUCTEHM NeKOBUTM pacTeHuja: MaTOuMH3, KaHTapWOH, funa u
KONpusa, ofj 0cobeHo 3Hauere e W HMBHATa COMPXMHA Ha BKYNHM

HTUOKCHAAHCH Koja UMa NMOTEHLMjAN a NPHIOHECE 3a HaManyBatbe Ha
coppxuHata Ha cnobogHuTe paguKany, a co Toa 1 33 nogobpysarbe Ha
OKCUAATMBHUOT CTaTYC Ha OPraHM3MOT.

Bo 080j KoHTeKCT 3HauajHO € pa ce ucTakHaT M HawMTe npeTXoaHo
objaBeHu NoaaToLY 3a HUBOTO Ha BKYNHM aHTMOKCHAAHCH BO xepbasHu
MHcpy3M NOTOAHM 33 HeorpaHHueHa CeKojHeBHa ynotpeba (4), ko ucto
Taka b1 MOXene fa npuacHecar 3a HaMarnyBame Ha OKCMAATUBHUOT
cTpec.
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Satureja montana L. is a perennial semi-shrub growing wild in south-
ern Europe, the Caucasus and northern Africa [1]. This aromatic
species is frequently used as a traditional medicinal plant. With regard
to the presence of phenolic compounds, S. montana is known to
posses certain pharmacological activities [2-5]. The present study de-
scribes the content, chemical composition and compositional varia-
tions of the essential oil at different phenclogical stages of Satureja
montana L. transferred from natural habitat to Belgrade. Two sub-
species S. montana subsp. montana and S. montana subsp. pisidica
{Wettst.) Sili¢ were included in the analysis.

The essential oil was obtained from the aerial parts of the plant by hy-
drodistillation and analyzed by gas chromatography (GC/FID and GC/MS).
5. montana subsp. montana exhibited the lowest oil content in the
pre-flowering stage (0.5%) and the highest in the flowering stage (1.2%).
With the development of fruit and seeds the oil content dropped from
0.9% to 0.6%. Plants gathered in natural habitats exhibited the same
trend. The main constituent in the oil of the cultivated plants in the
pre-flowering stage was thymol (48.9%), whose concentration in the
remaining phenological stages varies between 2% and 3%. Linalool
(50%-75.6%) was the dominant component in the oils isolated from
plants in the flowering, fruiting and full fruiting stages. The concen-
tration of linalool in oil of plants in the pre-flowering stage was only
1.1%. Thymol methyl ether was the second most important compo-
nent in oil of cultivated plants in the pre-flowering stage (12.4%), flow-
ering stage (16.6%) and full fruiting stage (23.6%). This component was
missing in the oils of plants in the fruiting stage, which contained a
high concentration of cis-sabinene hydrate. In the oil obtained from
plants in other stages, cis-sabinene hydrate varies between 0.7% and
1.2%. Oils of plants from the natural populations were rich in thymol
(37.6%), carvacrol (13.2%) and p-cymene {11.1%} in the pre-flowering
stage. The amount of p-cymene rises sharply in the oil of plant in post
fruiting stage (57.14%), while the amount of thymol and carvacrol
drops significantly (1.3%; 0.4%).

5. montana subsp. pisidica contained much more essential ofl in the
pre-flowering stage (0.8%) compared to the post-flowering stage {0.3%).
The plants from the natural population were very rich in oil (1.2%). In
the pre-flowering stage the oil obtained from cultivated plants con-
tained mostly carvacrol (43.5%), B-terpinene (17.5%) and thymol
(11.1%). In the post-flowering stage the concentration of these com-
ponents decreases {19.3%; 5.6%; 5.2%), while p-cymene (30%) and
linalool (13.7%) emerge as dominant. In the oil of plants in the pre-
flowering stage the p-cymene content amounted to 5.3%, while the
concentration of linalool was very low, 0.85%. Plants collected from
natural habitat exhibited a domination of p-cymene (24.9%), cis-
sabinene hydrate (15.4%) and thymol (11.1%). Cis-sabinene hydrate in
oil of cultivated plants appeared in a 1% concentration in pre-flower-




