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Abstract: GC-MS metabolic profiling of the apolar and polar fractions from
methanolic extracts of Haberlea rhodopensis revealed more than one hundred
compounds (amino acids, fatty acids, phenolic acids, sterols, glycerides, sac-
charides, etc.). Bioactivity assays showed that the polar fractions possessed
strong free radical scavenging activity (ICsg = 19.95+14.11 pug mi-! for fresh
leaves and 50.04+23.16 pg mi-1 for desiccated leaves), while both the polar and
apolar fractions failed to provoke any significant cytotoxic effects against the
tested cell lines. Five compounds possessing antiradical activity were identified
—syringic, vanillic, caffeic, dihydrocaffeic and p-coumaric acids.
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INTRODUCTION

Haberlea rhodopensis Friv. is a very rare Balkan endemite belonging to the
group of extremely desiccation-tolerant (ressurection) plants which are capable
of withstanding long periods of almost full desiccation and to recover quickly on
water availability.12 Carbohydrates and phenols were found to play an important
role in the survival of plants under extreme conditions.3 Phenolic compounds,
accumulated in high amounts in ressurection plants, are assumed to protect the
membranes against desiccation and free radical-induced oxidation.4>

Ethnobotanical data that Haberlea leaves were used for the treatment of
wounds and diseases of stock in the Rhodope region of Bulgaria stimulated our
interest in this plant species. Similarly, Myrothamnus flabelifolia, a desiccation-
-tolerant plant accumulating gallotannins, is used in traditional folklore and me-
dicine in southern Africa due to its wound-healing properties.® Alcoholic extracts
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212 BERKOV et al.

of H. rhodopensis were found to possess strong antioxidant and antimicrobial
activities.6:7 Preliminary phytochemical studies indicated that this plant contains
flavonoids, tannins and polysaccharides,” in addition to previously reported li-
pidsB and saccharides.3

The aim of the present study was to perform metabolic profiling of this
resurrection plant in parallel with antioxidant and cytotoxicity activity assays in
an attempt to make a preliminary evaluation of its potential for application in

phytotherapy.
EXPERIMENTAL
Plant material

Micropropagated plants, obtained by an in vitro propagation system developed in our
laboratory,® were used in this study to avoid possible damage of natural habitats and problems
resulting from handling material of unknown age, size and stage of plant growth. The plants
were maintained routinely in culture rooms under a 16/8 h light/dark photoregime, at 22 °C
with a light intensity of 75 umol m2 s, The micropropagated Haberlea plants possess the
same resurrection behaviour as plants taken from natural habitats.® Leaves from well-deve-
loped plantlets (about 3 months in culture) were taken out from the culture vessels and left to
dry to the full air-dried stage in a culture room under controlled conditions (2225 °C and 60 %
relative humidity in the dark) or lyophilized to obtain the desiccated and fresh leaf samples,
respectively.

Sample preparation

For metabolite analysis, 50 mg (DW) of leaf samples were macerated in 500 pl of metha-
nol in Eppendorf tubes. 20 pl of nonadecanoic acid (C19:0, 2 mg mi-1) and ribitol (2 mg mi-1)
were added as interna standards and the material was extracted for 30 min at 70 °C. Sub-
sequently, 500 pl of chloroform was added and the material was extracted for a further 5 min
at room temperature with vortex. Then, 300 pl of distilled water was added and the extract
was centrifuged at 13,000 rpm for 10 min to separate the apolar and polar fraction. 300 pl ali-
quots of the polar and apolar fractions were dried by lyophilisation. Dried polar and apolar
fractions were dissolved in 50 pl of pyridine and derivatized with N,O-bis(trimethylsilyl)-
trifluoroacetamide (BSTFA, 50 ul) for 90 min at 40 °C. The derivatized extracts were dissol-
ved in 100 pl chloroform and injected into the GC-MS system. BSTFA and pyridine were
purchased from Sigma-Aldrich (St. Louis, MO, USA).

For the bioactivity assays, about 420 mg of dry plant material was extracted in a similar
manner to the above-described method, using 4 ml of both methanol and chloroform and 2.5
ml of water to obtain the polar and apolar fractions. No internal standards were added.
GC-MSanalyses

The GC-MS analyses were performed on a Hewlett Packard 7890 instrument coupled
with MSD 5975 equipment (Hewlett Packard, Palo Alto, CA, USA) operating in EI mode at
70 eV. An HP-5 MS column (30 mx0.25 mmx0.25 um) was used. The temperature pro-
gramme was: 100-180 °C at 15 °C min' and 180-300 °C at 5 °C min'1 with a 10 min hold at
300 °C. Injector temperature was 250 °C. The flow rate of the carrier gas (helium) was 0.8 ml
minL. A split ratio of 1:20 was used for the injection of 1 pl of the solutions.
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METABOLITES OF H. rhodopensis 213

Metabolites identification

The compounds contained in the polar and apolar fractions were identified as TM S deri-
vatives with the help of the NIST 05 database (NIST Mass Spectral Database, PC-Version 5.0 —
2005, National Institute of Standardization and Technology, Gaithersburg, MD, USA), and
other plant-specific databases: the Golm Metabolome Database (http://csbdb.mpimp-golm.mpg.de/
/csbdb/gmd/home/gmd_sm.html) and the lipid library (http://www.lipidlibrary.co.uk/ms/ msOl/
/index.htm), as well as literature datal® based on the matching of the mass spectra and the
Kovats retention indexes (RI). A syringic acid standard, purchased from Sigma-Aldrich (St.
Louis, MO, USA), was co-chromatographed for confirmation of the major phenolic acid in the
polar fraction. The measured mass spectra were deconvoluted using AMDIS 2.64 software
before comparison with the databases. The groups of unidentified compounds were deter-
mined based on the specific mass spectral fragmentation and in comparison with the mass
spectra of the known metabolites. All unknown compounds, comprising more than 0.1 % of
the TIC (total ion current), were used to calculate the relative contribution of each metabolite
group. The response ratios were calculated for each analyte relative to the internal standard
(ribitol for the polar and nonadecanoic acid for the apolar metabaolites) using the calculated
areas for both components. The RI values of the compounds were measured with a standard n-
hydrocarbon calibration mixture (C9—-C36) (Restek, Cat No. 31614, supplied by Teknokroma,
Spain) using AMDIS 2.64 software.

Determination of the free radical scavenging activity

The stable radical 1,1-diphenyl-2-picrylhydrazyl (DPPH) was used for the determination
of the free radical scavenging activity of the extracts.1! Different concentrations of the extracts
(5, 10, 20, 50, 100 and 200 ug mL-1 in methanol) were added to an equal volume (2.5 mL) of
a methanolic solution of DPPH® (0.3 mM, 1 mL). After 30 min at room temperature, the Ab
values were measured at 517 nm using a Jenway 6320D spectrophotometer and converted into
the percentage antioxidant activity using the following equation: DPPH* anti-radical scaveng-
ing capacity (%) = 100((Ab(sample) — Ab(blank)x100/Ab(control)). Methanol (1.0 mL) plus
plant extract solution (2.5 mL) was used as the blank, while DPPH® solution plus methanol
was used as the control. The extracts were measured in triplicate on two different days. The
results are presented as the meantstandard error of |Csp.

Cytotoxic activity

The cédll lines used in this study, namely HL-60 (acute myelocyte leukaemia), its multi-
-drug resistant sub-line HL-60/Dox, SKW-3 (KE-37 derivative) (T-cell leukaemia), and
MDA-MB-231 (breast cancer), were purchased from the German Collection of Microorga-
nisms and Cell Cultures (DSMZ GmbH, Braunschweig, Germany). They were cultured under
standard conditions — RPMI-1640 liquid medium supplemented with 10 % foetal bovine se-
rum (FBS) and 2 mM L-glutamine, in cell culture flasks, housed at 37 °C in an incubator “BB
16-Function Line” Heraeus (Kendro, Hanau, Germany) with a humidified atmosphere and 5 %
CO,. The cell cultures were maintained in the logarithmic growth phase by supplementation
with fresh medium two or three times weekly. The mdr-phenotype of HL-60/Dox was main-
tained by culturing cells in the presence of 0.2 uM doxorubicin. In order to avoid synergistic
interactions, HL-60/Dox were maintained in an anthracycline-free medium (90 % RPMI 1640,
10 % FCS) for at least 72 h prior to the cell viability experiments.

Cdllular viability after exposure to the tested compounds was assessed using the standard
MTT-dye reduction assay as described by Mosmann!? with some modifications.13 The me-
thod is based on the reduction of the yellow tetrazolium dye MTT to a violet formazan pro-
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214 BERKOV et al.

duct via mitochondrial succinate dehydrogenase in viable cells. The exponentially growing
cells were seeded in 96-well flat-bottomed microplates (100 pl wellY) at a density of 1x10°
cells per ml and after 24 hincubation at 37 °C, they were exposed to various concentrations of
the tested compounds for 72 h. At least 8 wells were used for each concentration. After the
incubation with the test compounds, 10 pl MTT solution (10 mg mi-1 in PBS) aliquots were
added to each well. The microplates were further incubated for 4 h at 37 °C, after which the
formed MTT-formazan crystals were dissolved by adding 100 pl well~1 of 5 % HCOOH-aci-
dified 2-propanol. The MTT-formazan absorption was determined at 580 nm using a micro-
processor-controlled microplate reader (Labexim LMR-1). Cell survival fractions were cal-
culated as percentage of the untreated control.
Data processing and statistics

The cell survival data were normalized as percentage of the untreated control (set as 100 %
viability). The 1Cgy values (concentrations causing 50 % scavenge of the DPPH*) were cal-
culated using non-linear regression analysis (GraphPad Prism Software). The statistical pro-
cessing of the biological data included the Student’s t-test, whereby values of p < 0.05 were
considered as statistically significant.

RESULTS AND DISCUSSION

The free radical scavenging activity assays (Table 1) showed that the polar
fractions of both desiccated and fresh samples possessed strong antioxidant
activity; the fraction from the desiccated leaves being more active (p < 0.05).
Mainly saccharides, as well as organic acids, phenolic acids, phosphate-contain-
ing compounds and amino acids, showing high levels of biological variabilityl4
were found by GC-MS (Table Il). The total amounts of disaccharides and tri-
saccharides were about two-times more in the samples obtained from the desic-
cated as compared to those from the fresh samples (Table I11). The amounts of
phosphate-containing compounds tended to decrease in the desiccated |eaves,
while glycerides, mainly glycerol, increased. There were no detectable changes
in the total amount of amino acids.

TABLE |. Free radical scavenging activity of H. rhodopensis fractions

Fractions of H. rhodopensis [CsptSE / pg mi™*
Polar fraction of desiccated leaves 19.95+3.42°
Polar fraction of fresh leaves 50.04+3.44°
Apolar fraction of desiccated leaves >200
Apolar fraction of fresh leaves >200
Quercetin® 3.23+0.39
Syringic acid® 4.40+0.37

®Reference compound; bsignificantly different at p < 0.05

The antiradical activity of plant extracts may be explained by the presence of
phenolic compounds.1516 Five free phenolic acids were detected in these frac-
tions, with syringic acid dominating (46, more than 86 % of all the free phenolic
acids) (Tables Il and I11). This compound was reported to be a potent antioxidant,
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METABOLITES OF H. rhodopensis 215

effectively inhibiting linoleic acid (fatty acid) peroxidation.1> The concentration
of syringic acid and of the other free phenolic compounds were found to be about
3-timesless (p < 0.05) in the desiccated (2.8 % of the total ion current, TIC) than
in the fresh leaves (7.8 % of the TIC) of H. rhodopensis. Similar results concern-
ing the total phenolic acids were reported for Ramonda serbica, another resur-
rection plant. The predominant phenolic compounds found in R. serbica, how-
ever, were protocatechuic and chlorogenic acids.4

TABLE Il. Metabolites found in H. rhodopensis fractions; identification: Golm database,
NISTO05, the lipid library, Madeiros and Simoneit'® and standard; results represent the
meanstSE of the response ratios of measurements on 3 different fractionations from different
samples (50 mg). The response ratios represent peak area ratios using ribitol (40 ug) for polar
and nonadecanoic acid (40 ng) for apolar metabolites as quantitative internal standards

M*/b Apolar fraction Polar fraction

Compound ior?se mRi{n Fresh Desiccated Fresh Desiccated

leaves samples leaves samples
Glycolic acid (1) 2059147 3.69 - - 0.1+0.1 tr
L-Valine (2) 174/72  3.77 - - tr 0.1+0.03
Lactic acid (3) 234%147 4.35 - — tr tr
Phosphoric acid methyl ester (4) 256/241 4.76 - - tr tr
Malonic acid (5) 248/147 4.98 - - tr
4-Hydroxybutanoic acid (6) 233%147 5.29 - - tr tr
L-Serine (7) —/132 554 - - tr tr
Hydrocarbon — branched (8) —57 496 0.2+0.2 0.1+0.02 - -
Glyceroal (9) 293%147 571 15+0.6 1.0+0.3 06x0.1 4.1+4.2
Phosphoric acid (10) 314/299 5.75 9.4+35 4.9+25 82+32 3.4+05
Succinic acid (11) 262/147 6.07 0.1+0.1 tr 2.0+1.0 05201
Hydrocarbon — branched (12) —/71 616 0.6+04 0.2+0.1
2,3-Dihydroxypropanoic acid 307/147 6.28 - - 0.5+0.4 tr
(13)
UC (14) 145 632 2.9+0.4 — - —
Fumaric acid (15) —245 6.39 - - 0.1+0.1 tr
3,4-Dihydroxyl-2-furanone (16) 262/147 6.71 - - 0.3+0.1 tr
Hydrocarbon — branched (17) —/57  7.03 0.4+0.01 0.3+0.1 - -
Hexadecane (18) -/57 731 03+0.2 0.2+0.1 - -
Hydrocarbon — branched (19) —/57 739 05+0.3 0.2+0.2 - -
Hydrocarbon — branched (20) —/71 751 0.2+0.1 tr - -
Hydrocarbon — branched (21) 71 772 3.4+28 1.2+0.3 - -
Malic acid (22) 3359147 7.73 05#0.3 0.3x0.03 10.4#55 4.0+0.7
Erythritol (23) —217  7.97 - - 0.7+0.5 0.2¢0.1
UC® (24) —/355 8.62 1.9+0.5 - - -
Glutamine (25) 363/246 9.13 0.1+0.1 - - -
UC (26) —220 9.2 — - 18.1+9.2 6.8+1.6
Xylonic acid (27) 364/217 9.34 - - 4.0+3.0 7.8+18
UC (28) —/355 9.34 1.9+0.2 - - -
Dodecanoic acid (29) 272/257 9.4 0.2+0.2 0.2+0.03 - -
UM (30) —/220 10.09 - - 24+20 04401
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M*/b Apolar fraction Polar fraction
Compound iorfse min Fresh Desiccated Fresh Desiccated
leaves samples leaves samples
Hydrocarbon — branched (31) —71 101 2217 0.9:0.1 - -
UM (32) —/218 10.15 - - 15.5+18.2 0.2+0.2
UM (33) —/205 10.32 - - 5.1+1.9 0.2+0.03
Vanillic acid (34) 312/297 10.97 - - 1.0+0.5 0.3+0.3
UM (35) —/292 11.01 - - 26.5+10.1 25.0+13.3
Ribonic acid (36) 511/292 11.05 - - 23.4+54 22.7+3.0
Glycerol phosphate (37) 445/357 11.12 13.741.0 4.4+0.6 tr 0.7£t0.4
UM (38) —217 11.34 - - 4629 2.0+09
Glucofuranose (39) —217 11.64 - - 59+26 0.8+0.3
Fructose | (40) —217 1181 - - 10.2+2.2 6.6+3.8
Phytol 1 (41) —/95 11.88 7.5+t4.4 2.8+0.8 - -
Fructose 11 (42) —217 11.94 - - 115+2.8 5.5+25
Tetradecanoic acid (43) 300/285 12.12 0.9+0.4 0.3+0.1 - -
Fructose 111 (44) —204 12.28 - - 6.0£3.0 1.0+04
UM (45) —217 12.36 - - 142456 2.7+1.1
Syringic acid (46) 342/327 12.94 4.3+09 8.8+4.2 43.8+10.5 24.9+2.6
Hydrocarbon — branched (47) —/71 1314 12+12 0.6+£0.1 - -
Glucose (48) —/204 13.28 - - 6.7+3.3 3.6£1.9
Caffeic acid (49) 396/293 135 - - 0.1+0.1 tr
Dihydrocaffeic acid (50) 398/179 13.7 - - 54+21 21+15
Ascorbic acid (51) 464/332 13.94 - - 0.4+04 0.1+0.2
9-Hexadecenoic acid (52) 326/117 14.64 0.1+0.1 0.1+0.03 - -
Hexadecanoic acid (53) 328/313 15.04 16.0+6.2 10.8+1.3 - -
UC (54) 397/218 15.18 0.8+0.4 - - -
Heptadecanoic acid (55) 342/327 16.18 0.3+0.1 0.3+0.1 - -
p-Coumaric acid (56) 396/396 16.7 - - 0.4+0.2 0.1+0.1
Phytal 11 (57) —/143 1715 15+02 0.8+0.1 - -
9.12-Octadecadiencic acid (58) 352/337 17.68 2.5+1.5 1.6+0.9 - -
9-Octadecenoic acid (59) 354/339 17.78 1.9+0.7 2.3+0.8 - -
UC (glyceride) (60) 402/314 179 12.0+7.3 7.3+0.2 - -
Octadecanoic acid (61) 356/341 18.19 57+0.6 6.2+1.3 - -
UC (Polyolphosphate) (62) 602/587 18.31 25.1+2.0 7.0+2.9 - -
Uridine (63) 445%217 21.76 - - - 0.2+0.02
2-Hexadecanoylglycerol (64) 4597218 23.16 0.3+0.2 0.1:0.1 - -
UD (65) —217 23.32 - - 7.1+1.3 tr
UD (66) —/361 23.44 - - 72.9+14.4183.2+52.0
1-Hexadecanoylglycerol (67) 459%371 23.66 2.7+1.0 3.2+0.5 - -
?2UD (68) —/361 23.78 - - 67.7+19.4 59.3+24.1
2UD (69) —217 24.1 - - 8.4+5.1 tr
2UD (70) —217 24.38 - - 59.9+16.0168.3+60.3
2UD (71) —/361 24.48 - - 21.9+9.6 32.9+32.3
2UD (72) —217 24.55 - - 9.6+59 24405
2UD (73) —217 247 - - 14.3+t1.0 7.1+129
2UD (74) —217 24.85 - - 0.8+0.6 tr
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TABLE Il. Continued

M*/b Apolar fraction Polar fraction
Compound ior?se mF?n Fresh Desiccated Fresh Desiccated
leaves samples leaves samples
UD (75) —/361 25.07 - - 11.0+7.1 55.5+30.0
uUD (76) —/361 25.18 - - 47.3£59.5
Sucrose (77) —/361 25.26 - - 40.1+15.7160.3+61.4
UD (78) —217 25.74 - - 0.8+0.5 tr
UD (79) —/191 25.85 - - 1.0+0.7 2.0+1.8
1-Octadecanoylglycerol (80) 487%399 26.39 3.6+1.2 45+0.7 0.9+0.6 1.0+0.2
Squalene (81) 409/69 26.83 0.4+0.1 0.4+0.1 - -
Tetracosanoic acid (82) 440/425 26.99 0.1+0.1 0.1+0.1 - -
UC(glyceral) (83) 530/193 29.14 27.9+0.2 21.9+4.4 - -
UT (84) —217 30.27 1.1+04 0.7+0.2
Tocopherol (85) 502/502 31.05 7.0+29 6.2+1.0 - -
Cholesterol (86) 458/329 3115 1.2+04 1.9+0.3 - -
UC(glyceral) (87) 558/133 31.57 27.6+6.1 24.3+0.6 - -
Campestrol (88) 472/382 32.45 9.2+1.1 10.1+14 - -
Stigmasterol (89) 484/83 32.82 0.6£0.1 0.6+0.3 - -
UT (90) —217 33.46 - - 6.7+2.4 13.8+5.3
UT (92) —217 3357 - - 10.8+2.5 11.9+2.1
SSitosterol (92) 486/396 33.6 39.415.2 41.4+4.3 - -
UC (93) 396/381 33.79 - - 4.4+30 0.720.7
UT (94) —/361 33.83 - - - 26.2+22.1
UT (95) —217 34.33 - - 14.9+10.9 29.81+6.1
UT (96) —217 34.75 - - 3.0+14 4.2438
UT (97) —217 35.18 - - 37124 6.9+19
UT (98) —217 3542 - - 7.845.7 21.4+129
UT (99) —/217 35.81 - - 9.8+2.4 33.4+334
UT (100) —/361 35.97 - - 10.8+7.3 24.9+7.1
Raffinose (101) —/361 36.21 - - 22.7+6.1 15.0+3.2
UT (102) —217 36.61 - - 5.0+29 5.3%33
UT (103) —217 37.04 - - 3.0+0.8 -
UC-diglyceride (104) —129 38.36 16.0+1.6 9.6+7.7 - -
Total - — 2556+ 187.0+ 6481+ 1034.8+

+39.7 +12.3 #1144 +305.15

a[M-15]+; bcompoundswith “U” are unknown

As compared to desiccated leaves, the higher concentration of free phenalic
acids in the fresh leaves is not in correlation with their lower antiradical activity,
which indicates that other unidentified compounds contribute to the antiradical
activity of the polar fractions. The presence of flavonoids and tannins was re-
ported for H. rhodopensis® but, due to the limitations of GC-MS, such com-
pounds were not detected in the present study.

The apolar fraction of the methanolic extract showed relatively weak anti-
oxidant activity (Table I). This fraction consisted of glycerides (29 and 33 % of
TIC of the fresh and desiccated samples, respectively), sterols (20 and 29 %,
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respectively), phosphate-containing compounds (19 and 9 %, respectively), free
fatty acids (11 and 12 %, respectively), polyenes (6%), phenolic acids and hyd-
rocarbons. The relatively weaker antioxidant activity could be explained by the
presence of small amounts of a-tocopherol and free phenolic acids.

TABLE I11. Main groups of compounds in the extracts of H. rhodopensis; the results represent
the meanstSE of the response ratios and % of TIC (total ion current) of the measurements on
3 different fractionations from different samples (50 mg). The response ratios represents peak
arearatios using ribitol (40 pg) for polar and nonadecanoic acid (40 pg) for apolar metabolites
as quantitative internal standards

Apolar fraction Polar fraction

Fresh leaves Desiccated Fresh leaves Desiccated |eaves

Compound leaves
Response % of Response % of Response % of Response % of

ratio TIC raio TIC ratio TIC ratio TIC
Hydrocarbons 8869 32 37+10 20 - - - -
Phosphates 48.1+6.4 189 16.3+6.0 8.6 8.3£3.2 13 4.0+08 04
Organic acids 07403 03 0301 02 409+159 6.21 353+58 36
Phenalic acids 43+09 17 8.8+4.2* 46 506+13.4 7.8 27.4+44* 2.8

Fatty acids
Saturated 232476 89 17.8+28 95 - - - -
Unsaturated 45422 17 4.0+17 21 - - - -
Polyenes 16.4+7.7 6.48 10.3t2.0 55 - - - -
Glycerides 74.1+16.0 29.3 61.24¢65 327 1.5+0.7 0.2 50+44 06
Sterols 50.446.8 20.0 54.0+6.3 28.8 - - - -
Amino acids - - - — 01+0.003 002 01+01 0.01
Saccharides

Mono- - - - — 109.7455.2 17.0 48.3+246 4.6
Di- - - - — 315.2+106.7 48.8 720.5£334.8 70.0
Tri- - - - — 9924450 154 184.8+101.4 17.2
Syringic acid 43+09 17 88+42 4.6 438t105 6.7 249+x26* 25

Significantly different at p <0.05

The polar and apolar fractions of H. rhodopensis were screened for their
cytotoxic activity against a panel of four human tumour cell lines, representative
for some important types of neoplastic diseases, including a multi-drug resistant
cell line (Table IV). Both tested fractions failed to evoke any significant
cytotoxic effects against any of the cell lines.

TABLE V. Cytotoxic effects of the polar and apolar fractions of H. rhodopensis after 72 h
continuous exposure (M TT-dye reduction assay); each value represents the arithmetic meant
+SE from 8 independent experiments

Concentration HL-60 cells HL-60/Dox cells SKW-3cells MDA-MB-231 cdlls
mg/ml Hc30® Hc70° Hc30 Hc70 Hc30 Hc70 Hc30 Hc70
0.00 100+2 100+2 100+7 100+7 100+2 100+2 100+5  100+2
0.10 103+2 101+2 103+3 100+3 101+3 95+6 100+3  100+3
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TABLE IV. Continued
Concentration HL-60 cells HL-60/Dox cells SKW-3cells MDA-MB-231 cells

mg/ml Hc30 Hc70 Hc30 Hc70 Hc30 Hc70 Hc30 Hc70
0.20 101+1 100+3 99+3  95+7 100+2 97+4 9743 99+4
0.25 102+2 104+2 11446 104+3 10616 99+3 111+7  102+3
0.40 95+4  99+3 9446  94+4  93+7 96x4 9616 9447
0.50 102+2 107+4 109+6 102+5 107+4 97+4 103+2 10245

®Polar fractions; bapolar fractions

CONCLUSIONS

In conclusion, the polar fractions of H. rhodopensis showed potent free radi-
cal scavenging activity. GC-MS metabolic profiling of the polar and apolar frac-
tions resulted in the detection of more than one hundred compounds, including
several phenolic acids. In depth quantitative analysis of the phenolic complex
(free and conjugated phenolic acids, flavonoids and polyphenols), however, is
needed to reveal the relationship between antiradical activity and metabolites in
the extracts of H. rhodopensis. The lack of any cytotoxic activity of the extracts
indicates that the plant may be used in phytotherapy for its antiradical properties.
In this respect, the desiccated leaves of H. rhodopensis are more suitable due to
their higher antiradical activity.
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T'ACHOMACEHA AHAJIU3A BUOJIOIIKHN AKTUBHUX EKCTPAKATA EHAEMCKE
BUJBKE Haberlea rhodopensis

STRAHIL H. BERKOV', MILENA T. NIKOLOVA? NEVENA I. HRISTOZOVA®, GEORGI Z. MOMEKOV*,
ILIANA I. IONKOVA* 1 DIMITAR L. DJLIANOV*

1AgroBio Ingtitute, 8 Dragan Tzankov Blvd., 1164-Sofia, 2 nstitute of Botany, Bulgarian Academy of Sciences,
23 Acad. G. Bonchev Str., 1113-Sofia, SFacul ty of Biology, Sofia University, 8 Dragan Tzankov Blvd.,
1164-Sofia u *Facul ty of Pharmacy, Medical University of Sofia, 2 Dunav Str., 1000-Sofia, Bulgaria

lacHOMaceHa aHanM3a MOJAapHHUX U HemojapHuX Merabosura Gusbke Haberlea rhodopensis
H30JI0BaHUX EKCTPAKIMjOM METaHOJIOM JICTEKTOBAJIA j& BUILE OJ] CTO je[Hbeha (aMUHO-KHCEINHA,
MAacHHX KHcCelnHa, GQeHOIHNX KHUCeNMHa, CTepoia, TIMIepu/a, caxapiuaa, uTx.). TectoBu 3a oape-
huBame OHOJONIKE aKTHBHOCTH Cy MOKa3alH Aa MonapHe (pakiuje UMajy M3pakeHy aKTHBHOCT
npema cio6oxunmM paukamaMa (ICs, = 19,95+14,11 pg mi™ 3a ceesxe mucrose n 50,04+23,16 ug mi™
3a OCYILICHE JINCTOBE), JOK HU IIOJapHEe HU HemoNapHe (pakiyje HUCY UCHOJbHIIEC 3HAYajHEe LIUTO-
TOKCHYHE e(eKkTe Ha TecTHpaHUM henujckuMm JinHHjaMa. T1eT jeaumema ca aHTUPaJUKAICKOM aK-
tuBHOWNY je MICHTU()UKOBAHO: CHPHHTHHCKA, BAaHWIMHCKA, KODEHHCKA, AUXHIPOKOGEHHCKA M
P-KyMapHHCKa KHCEIHHa.

(TTpumibero 24. mapra, peBuaupato 6. jyna 2010)

Available online at www.shd.org.rs/JSCS/

2011 Copyright (CC) SCS




220 BERKOV et al.

REFERENCES

. J. Markovska, T. Tsonev, G. Kimenov, A. Tutekova, J. Plant Physiol. 144 (1994) 100
K. Georgieva, S. Lenk, C. Buschmann, Photosynthetica 46 (2008) 208
. J. Muller, N. Sprenger, K. Bortlik, T. Boiler, A. Wiemken, Physiol. Plant. 100 (1997) 153
. C. Sgherri, B. Stevanovic, F. Navari-1zzo, Physiol. Plant. 122 (2004) 478
. J. Moore, K. Westall, N. Ravenscroft, J. Farrant, G. Lindsey, W. Brandt, Biochem. J. 385
(2005) 301
I. lonkova, S. Ninov, I. Antonova, D. Moyankova, T. Georgieva, D. Djilianov,
Pharmazja 1-4 (2009) 22
7. R. Radev, G. Lazarova, P. Nedialkov, K. Sokolova, D. Rukanova, Z. Tsokeva, Trakia J.
Sci. 7 (2009) 34
K. Stefanov, Y. Markovska, G. Kimenov, S. Popov, New Chem. 31 (1992) 2309
9. D. Djilianov, G. Genova, D. Parvanova, N. Zapryanova, T. Konstantinova, A. Atanassov,
Plant Cell Tissue Organ Cult. 80 (2005) 115
10. P. Medeiros, B. Simoneit, J. Chromatogr. A 1141 (2007) 271
11. C. Cimpoiu, J. Lig. Chromatogr. Relat. Technol. 29 (2006) 1125
12. T. Mosmann, J. Immunol. Met. 65 (1983) 55
13. S. Konstantinov, H. Eibl, M. Berger, Br. J. Haematol. 107 (1999) 365
14. U. Roessner, C. Wagner, J. Kopka, R. Trethewey, L. Willmitzer, Plant J. 23 (2000) 131
15. F.Liu, T. Ng, Life Sci. 66 (2000) 725
16. D. Szwajgier, J. Pielecki, Z. Targonski, Acta Sci. Pol. 4 (2005) 129.

o UAWNE

©

Available online at www.shd.org.rs/JSCS/

2011 Copyright (CC) SCS




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




