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Antioxidative and antiproliferative effects of Satureja montana L. extracts
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Summary

Purpose: To study in vitro the antioxidative effect of 6
Satureja montana L. extracts on free radicals and their
antiproliferative effect on human tumor cell lines.

Materials and methods: The antioxidative effect of
extracts on 2, 2-diphenyl-1-picryhydrazyl (DPPH) radi-
cal was investigated by electron spin resonance (ESR)
spectroscopy. Cell growth effect was measured by sulfor-
hodamine B colorimetric assay on HeLa (human cervix
epidermoid carcinoma), HT-29 (human colon adenocar-
cinoma), and MCF-7 (human breast adenocarcinoma) cell
lines. ICsy values were calculated from the concentration
response curves following 48 h exposure time.

Results: The antioxidative activity of extracts increased
dose-dependently at mass concentrations ranging from 0.05
to 0.3 mg/ml, and decreased in the following order: n-bu-
tanol > methanol > water > ethyl acetate > petroleum ether.
All extracts effected cell growth but in a different way, de-
pending on the extract dose and cell line. Extracts exhibit-
ed antiproliferative effect on HeLa cell line with ICs, values
ranging from 0.41 to 0.84 mg/ml except petroleum ether

Introduction

Satureja montana L. is a hardy, woody peren-
nial, native to Europe and North Africa with only lim-
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(ICsy>1 mg/ml). Petroleum ether and chloroform extracts
stimulated proliferation of HeLa cells within a concentra-
tion range from 0.0625 to 0.125 mg/ml. No extract reduced
MCF-7 cells growth by 50% even at the concentration of 1
mg/ml. Only petroleum ether and chloroform extracts in-
duced significant growth inhibition of HT-29 cells (ICsy was
approximately 0.74 mg/ml for both extracts). Strong stimu-
lation of HT-29 proliferation was observed within a con-
centration range from 0.0625 to 0.25 mg/ml for petroleum
ether, n-butanol and chloroform extract, and from 0.0625 to
0.5 mg/ml for methanol and water extracts, respectively.

Conclusion: The obtained results indicated that Sat-
ureja montana L. extracts are strong antioxidants in vitro.
ESR data demonstrated that n-butanol, methanol and water
Satureja montana L. extracts possess high antioxidative
activity. Chloroform extract did not show any antioxida-
tive activity. Satureja montana L. extracts selectively in-
hibited the growth of human tumor cells.

Key words: antioxidative activity, antiproliferative activ-
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ited use. The green leaves and herbaceous sections
of stems from both species are used fresh and dried
as flavoring agents in seasonings, stews, meat dishes,
poultry, sausages, and vegetables. As a medicinal
plant, it has been traditionally used as a stimulant, sto-
machic, carminative, expectorant, antidiarrheic and
aphrodisiac. The essential oil has demonstrated anti-
microbial and antidiarrheic activity because of the
phenols in the oil. Satureja montana L. has been
used in the treatment of cancer [1-3].

Numerous investigations have proved that medic-
inal herbs contain diverse classes of compounds such
as polyphenols, tocopherols, alkaloids, tannins, caro-
tenoids, terpenoids, etc. [4,5]. Among them, phenolic
acids and flavonoids are particularly attractive as they
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are known to exhibit various beneficial pharmacological
properties such as vasoprotective, anticarcinogenic, an-
tineoplastic, antiviral, anti-inflammatory, as well as anti-
allergic and antiproliferative activity on tumor cells [1-
3].

Our previous investigations showed that differ-
ent Satureja montana L. extracts possess high total
phenolic and flavonoid contents. We continued our
investigation with the goal to define the antioxidative
and antiproliferative activities of these extracts.

Materials and methods

Experimental material

Methanol, ethyl acetate, chloroform, n-butanol
and petroleum ether were obtained from “Zorka”,
[labac (Serbia). DPPH was purchased from Sigma
Chemical Co. (USA). These chemicals were of ana-
lytical reagent grade. Other used chemicals and sol-
vents were of the highest analytical grade.

Plant material

Satureja montana L. was collected in August
2002 from the region of Zlatibor. Voucher specimen
of the collected plant was confirmed and deposited
at the Herbarium of the Department of Pharmacog-
nosy, Faculty of Medicine, University of Novi Sad.

Preparation of extracts

Dried plant of Satureja montana L. (10 g) was
extracted with 70% methanol (2X500 ml) at room
temperature for 2X24 h. Part of obtained extract (20%
v/v) was evaporated to dryness under reduced pres-
sure and used further as methanol extract. The rest of
the extract (80% v/v) was concentrated under reduced
pressure. After removing methanol, the extract was
successively treated with petroleum ether (2X20 ml),
chloroform (2X20 ml), ethyl acetate (2X20 ml) and n-
butanol (2X20 ml). The petroleum ether, chloroform,
ethyl acetate, n-butanol and water extract were evap-
orated to dryness under reduced pressure. The yields
of extracts were: methanol, m = 0.22+0.010 g; petro-
leum ether, m=0.05+£0.0023 g; chloroform, m=
0.04+0.002 g; ethyl acetate, m=0.07+£0.0031 g; n-bu-
tanol, m=0.19+0.009 g, and water, m=1.49 £0.072 g.

DPPH radical assay
Blank probe was obtained by mixing 600 ul 0.4

mM methanolic solution of DPPH and 200 pl of meth-
anol. A volume of X pl of 1% methanolic solution of
the investigated extract was added to a mixture of
(200 X) ul of methanol and 600 ul of 0.4 mM metha-
nolic solution of DPPH radical (probe). The range of
the investigated extract concentrations was 0.05-0.30
mg/ml. After that, the mixture was stirred for 2 min
and transferred to a quartz flat cell ER-160FT.

The ESR spectra were recorded on an ESR
spectrometer Bruker 300E (Rheinstetten, Germany)
under the following conditions: modulation frequency
100 kHz, modulation amplitude 0.256 G, receiver gain
2X10%, time constant 40.96 ms, conversion time 327.68
ms, center field 3440.00 G, sweep width 100.00 G, x-
band frequency 9.64 GHz, power 20 mW, tempera-
ture 23° C. The antioxidative activity (AA) value of
the extract was defined as: AA=100-(h,- h,)/h, [%],
where h, and h, are the height of the second peak in
the ESR spectrum of DPPH radicals of the blank
and the probe, respectively.

Cell lines

The 3 human tumor cell lines used in the study
were: Hela (cervix epithelioid carcinoma), MCF-7
(breast adenocarcinoma, estrogen receptor-positive)
and HT-29 (colon adenocarcinoma). The cells were
grown in Dulbecco’s modified Eagle’s medium
(DMEM, Gibco, BRL, UK) with 4.5% glucose, sup-
plemented with 10% heat inactivated fetal calf se-
rum (FCS, NIVNS, Serbia and Montenegro), and
antibiotics: 100 IU/ml of penicillin and 100 mg/ml of
streptomycin (ICN Galenika, Serbia and Montene-
gro). The cells were subcultured twice a week and a
single cell suspension was obtained using 0.5% trypsin
(Serva). All cell lines were cultured in 25 ¢cm? flasks
(Costar) at 37° C in atmosphere of 5% CO, and 100%
humidity. Exponentially growing cells were used
throughout the assay. The cell density (number of cells
per unit volume) and the percentage of viable cells
were defined as previously described [6].

Sulforhodamine B (SRB) assay

Cell growth was evaluated by colorimetric SRB
assay according to Skehan et al. [7]. The SRB dye
(C57H»9N,04S,Na) binds to protein basic amino acid
residues under mildly acidic conditions, providing sen-
sitive index of cellular protein content. Tumor cells were
harvested and plated into 96-well microtiter plates
(Corning) at seeding density of 3 X 10° cells per well,
in a volume of 180 ml, and preincubated in complete
medium at 37° C for 24 h. Extracts were added to all
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Figure 1. ESR spectra of the DPPH radicals: (A) in the absence of extracts (blank); (B) in the presence of 0.15 mg/ml of n-butanol
extract; (C) in the presence of 0.3 mg/ml of n-butanol extract of Satureja montana L.

the wells (20 ml/well), except control, to achieve the
required final concentrations (0.0625-1 mg/ml). Micro-
plates were incubated at 37° C for 48 h in atmosphere
of 5% CO, and 100% humidity. After incubation, the
cells were fixed (50% TCA, 1h, +4° C), washed 5
times with tap water and dried in air. Cells were stained
with 0.4% SRB (100 ml/ well) for 30 min at room tem-
perature. Plates were washed 4 times with 1% acetic
acid to remove unbound dye, and dried in air. Protein-
bound dye was extracted with 10 mM TRIS base (200
ml/ well). Absorbance (A) was measured on a micro-
plate reader (Multiscan Ascent, Labsystems) at 540/
620 nm. Effect on cell growth was expressed as a
percent of a control, calculated as: (At/Ac) X 100 [%],
where At and Ac are the absorbance of the test sam-
ple and the control, respectively.

ICs, values defined as the dose of compound
that inhibits 50% of cell growth were interpolated from
concentration response curves following 72 h expo-
sure time.

Statistical analysis

Data were expressed as mean + standard devia-
tion of quadruplicate and evaluated using two-tailed
Student’s t- test. The level of statistical significance
was 95% (p < 0.05).

Results

DPPH radical antioxidative activity of extracts

The ESR spectra of DPPH radicals in the blank
and in probes were characterized by their 5 lines of
relative intensities 1:2:3:2:1 and hyperfine splitting
constant ay=9.03 G (Figure 1).

Generally, the AA of methanol, ethyl acetate, n-
butanol and water extracts increased dose-dependently
at mass concentrations ranging from 0.05 to 0.30 mg/
ml (Figure 2). The 3 extracts, n-butanol, methanol and
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Figure 2. The influence of different concentrations of Satureja montana L. extracts on DPPH radicals.
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water, exerted excellent antioxidative effect on DPPH
radical (at the concentrations 0.20 and 0.30 mg/ml,
AA=100%). Ethyl acetate extract present at concen-
trations range 0.05 - 0.15 mg/ml did not exert any anti-
oxidative effect, while higher concentrations (0.15 -
0.3 mg/ml) of this extract showed better antioxidative
activity (AA=16.88 - 32.5%). Also, petroleum ether
extract possessed antioxidative activity only at the high-
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er investigated concentrations 0.20 and 0.30 mg/ml (AA
=39.06% and 51%, respectively). Chloroform extracts
did not show any antioxidative activity.

Antiproliferative activity on human tumor cell lines

All extracts effected cell growth but in a differ-
ent way, depending on the extract dose and cell line
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Figure 3. Growth response of HeLa (a, b), MCF-7 (c, d), and HT-29 cells (e, f) to Satureja montana L. extracts. Cells were
incubated with various concentrations of extracts for 48 h. Growth inhibition was measured by SRB assay. Data are the means + SD

of quadruplicate.



Table 1. IC50 values of 6 Satureja montana L. extracts

Cell line 1C50 [mg/ml]

n-butanol  methanol water ethyl acetate chloroform petroleum ether
HeLa 0.46 0.83 0.84 0.41 0.78 >1
HT-29 >1 >1 >1 >1 0.74 0.74
MCF-7 >1 >1 >1 >1 >1 >1

Cells were exposed to Satureja montana L. extracts (concentration range from 0.0625 to 1 mg/ml) for 48 hours
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(Figure 3). Extracts exhibited antiproliferative effect
on HeLa cell line with ICs, values ranging from 0.41 to
0.84 mg/ml, excluding petroleum ether with 1Cs, >1
mg/ml (Table 1; Figure 3a-b; Figure 4a-c). Petroleum
ether and chloroform extracts significantly stimulated
proliferation of HeLa cells within a concentration range
from 0.0625 (p <0.01) to 0.125 mg/ml (p <0.05) (Fig-
ure 3b). No extract inhibited the growth of MCF-7 cells
even at the highest concentration (1 mg/ml) (Figure

— ¥ L]
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3c-d; Figure 4g-i). Only petroleum ether and chloro-
form extracts induced significant growth inhibition of
HT-29 cells (ICs, was approximately 0.74 mg/ml for
both extracts; p <0.05) (Tablel; Figure 3f; Figure 4f).
Strong stimulation of HT-29 proliferation was observed
within a concentration range from 0.0625 to 0.125 mg/
ml for petroleum ether (p <0.05), n-butanol and chlo-
roform extract (p <0.05), and from 0.0625 to 0.5 mg/
ml for methanol (p <0.01) and water extracts (p <0.01),
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Figure 4. Antiproliferative effect of Satureja Montana L. extracts after 48 h of exposure: HeLa cell line (a: control; b: petroleum ether,
0.25mg/ml; c: ethyl acetate, 0.25mg/ml); HT-29 cell line (d: control; e: methanol, 0.25 mg/ml; f: petroleum ether, 0.25 mg/ml); MCF-7
cell line (g: control; h: n-butanol, 0.25mg/ml; i: methanol, 0.25mg/ ml). Reichert-Jung inverted microscope. Magnification 10X10.
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respectively (Figure 3e-f; Figure 4¢). Antiproliferative
activity of extracts based on ICs, values decreased in
the following order: ethyl acetate> n-butanol> chloro-
form> petroleum ether> methanol> water.

Discussion

In this study we demonstrated for the first time
the growth inhibition activity of Satureja montana
L. extracts against human cervix epidermoid HeLa
and human colon adenocarcinoma HT-29 tumor cells,
and their growth stimulation activity on human breast
adenocarcinoma MCF-7 cell line. The AA of extracts,
documented with DPPH assay, was most prominent
by n-butanol extract that, also, strongly inhibited the
growth of HelLa cells.

Free radicals, which are formed by exogenous
chemicals or endogenous metabolic processes in the
human body or in food, are capable of oxidizing bio-
molecules, resulting in cell death and tissue damage
[8,9]. Natural phytochemicals such as phenolic com-
pounds found in numerous herbs, commonly involve
an aromatic ring as part of the molecular structure,
with one or more hydroxyl groups.

Our previous investigations showed that differ-
ent Satureja montana L. extracts possess high total
phenolic and flavonoid contents. Hydroxyl derivatives
of benzoic acid (protocatechuic and vanillic), cinnamic
acid (caffeic, coumaric, ferulic and syringic) and fla-
vonoids (catechin and epicatechin) were identified by
HPLC (unpublished data). The AA of extracts can
therefore be attributed to the hydrogen-donating abil-
ity and direct scavenging activity of the active con-
stituents [10,11]. The antioxidative efficiency based
on this mechanism is typical for different phenolic
acids and flavonoids whose presence has been proved
in Satureja montana L. The DPPH AA of extracts
increased dose-dependently at mass concentrations
ranging from 0.05 to 0.30 mg/ml. The AA of extracts
was changed in the following order: n-butanol > meth-
anol > water > ethyl acetate > petroleum ether.

Antiproliferative and antioxidative effects of Sa-
tureja montana L. extracts were achieved using ex-
tracts at a range of mass concentrations. However,
AA was achieved by concentration range that most-
ly induced either small growth inhibition or growth
stimulation of cells.

The growth inhibition activity of Satureja mon-
tana L. extracts was evaluated on 3 histologically
different human cancer cell lines. Among them, HelLa
cells were found to be the most sensitive to all ex-
tracts except petroleum ether extract. The growth of

human adenocarcinoma HT-29 cells was inhibited by
extracts only at concentrations above 0.7 mg/ml. Cell
growth stimulation of HeLa and HT-29 cells at con-
centrations below 0.4 mg/ml is in accordance with
reported biphasic effect of plant extracts [12,13].

MCF-7 cells responded by growth stimulation to
all extracts at almost the whole range of extract con-
centrations. No extract reduced MCF-7 cells growth
by 50% even at the concentration of 1 mg/ml. As the
MCF-7 cells are estrogen receptor-positive, it could be
proposed that, at least, some extracts might contain
phytoestrogens or growth-stimulating factors. It is
known that genistein, a natural isoflavone phytoestro-
gen, stimulates the growth of estrogen-dependent MCF-
7 cells at low concentrations, but higher concentra-
tions have opposite effect [12,13]. The precise com-
position of Satureja montana L. extracts has not been
available so far. Therefore, explanation of the possible
mechanism of cell growth stimulation through estro-
gen receptors could not be reliably neither proved nor
excluded.

Low level of free oxygen species is necessary for
promoting the cell proliferation, and the redox alterations
play a significant role in a signal transduction pathway
important for cell growth regulation [14,15]. Therefore,
it is reasonable to propose that Satureja montana L.
extracts, as strong antioxidants, might influence cell re-
dox state leading to decreased cell proliferation.

In conclusion, the obtained results indicate that
Satureja montana L. extracts are strong antioxidants
in vitro and that they can selectively inhibit the growth
of human tumor cells. However, the antiproliferative
as well as growth stimulation mechanisms of the ex-
tracts require further targeted investigations.
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