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The protective properties of Safureja hortensis L. on the rat lymphocytes DNA lesions were
tested. Lymphocytes were isolated from blood samples taken from healthy rats. DNA breaks
and resistance to H,0,-induced damage were measured with the comet assay. Rat lympho-
cytes were incubated in S. hortensis ethanolic extract (SHE) (0.05, 0.1, 0.5, 1.0, and 2.5 mg/
mL), essential oil (SHEQ)(0.05, 0.1, 0.5, 1.0, and 2.5 ut/mL}, H,O, (50, 100, and 200 uM), a
combination of H,O, (200 mM) with either SHE (1.0, 2.5 mg/mL) or SHEO (1.0, 2.5 uL/mL) at
4°C for 30 min, and the extent of DNA migration was measured using a single-cell microgel
electrophoresis technique under alkaline conditions. Treatment of rat lymphocytes with SHE or
SHEOQ resulted in significant reduction of H,O-induced DNA damage compared to controls.
SHE exhibited a significant (P<0.01) inhibitory effect on oxidative DNA damage at 2.5 mg/mL.
SHEO (1.0 and 2.5 ulL/mL) also showed significant inhibitory effects (P <0.01) on H,O, induced
chromosomal damage. In conclusion both the ethanolic extract and the essential oil of the
plant reversed the oxidative damage to rat lymphocytes induced by hydrogen peroxide.

Key words: Antigenotoxicity, Antioxidant, DNA damage, Satureja hortensis

INTRODUCTION have a variety of antioxidant properties and further, that
the consumption of foods or beverages rich in antioxidant
Satureja hortensis L. (summer savory) is a well known  phytochemicals have positive effects on human health
aromatic and medicinal plant widely cultivated throughout and aging (Hertog et al., 1993; Joseph ef al, 1999;
the Middle East, The aerial stems and leaves of S. Willcox et al., 2004).
hortensis have frequently been used in traditional Iranian In this study, we report on our evaluation the inhibitory
medicines to treat muscle pains, cramps, nausea, infectious  effects of an ethanol extract and the essential oils of S.
diseases and diarrhea (Zargari, 1990). Extracts of S. hortensis L on the oxidative damage that is caused by
hortensis have been shown to have antimicrobial, anti- H,O, on isolated rat lymphocytes.
oxidant, antispasmodic and sedative properties (Hajhashemi
et al., 2000; Gulluce et al., 2003; Dorman et al., 2004, MATERIALS AND METHODS
Souri et al., 2004). Also, because of its aroma, S. hortensis
is used as a flavoring additive in cookery (Amin, 1991). Plant material
DNA damage and oxidative stresses are accepted to be Aerial parts (stems and leaves) of S. horfensis were
major factors in many degenerative diseases and in the collected from the suburbs of Mashhad (northeastern
aging process (Ames and Gold, 1990; Ceruti, 1985; Iran)in July, 2004. A voucher specimen was deposited in
Wiseman et al., 1995). Numerous reports have demon- the herbarium of the School of Pharmacy, Mashhad
strated that certain plant products, when studied in vitro,  University of Medical Sciences (MUMS), Iran (153-1908-
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Soxhlet apparatus. The ethanol was removed under
reduced pressure yielding 16.71 g of a viscous extract.

The plant essential oils (SHEO) were obtained from
aerial parts of S. hortensis (100 g) by a hydrodistillation
method using a Clevenger type of apparatus (Clevenger,
1928). SHEO was separated from the aqueous layer,
dried over anhydrous sodium sulfate and stored at 4°C
until further use. The SHEO vyield was 0.6 % (v/w).

Collection of blood samples and cell isolation

Male Sprague-Dawley rats (180-250 g) were obtained
from the Razi Institute (Mashhad, Iran) and housed in
groups of five under standard laboratory conditions of
constant temperature (21+2°C) and a 12/12 h light/dark
cycle for at least 10 days prior to testing. Commercial food
pellets and tap water was freely available. Animals were
transferred to the testing laboratory at least 1 h before the
start of the experiments. The use of the animals was
carried out in accordance with the regulations of the
MUMS Ethics Committee,

Blood samples were obtained by venipuncture from tail
veins. Five mL of the whole blood was diluted 1:1 with
phosphate-buffered saline (PBS) and carefully layered on
the top of a lymphocyte separation medium having a
density of 1.077 g/mL (aqueous solution of Ficoll, 57 g/L)
in a centrifugation tube and in a ratio of 1:1. After
centrifugation for 20 min at 1,000 x g, gradient-separated
lymphocytes were recovered, diluted 1:1 with PBS and
centrifuged a second time at 1,000 x g for 5 min. The cell
pellets were resuspended in 0.5 mL of PBS and the cells
counted in a Neobauer chamber. The cell concentration
was adjusted to 5,000 cells/uL in preparation for the
comet assay. Cell viability was determined by using the
trypan blue dye exclusion technique of (Philips (1973) and
was seen to be more than 98%.

Comet assay

The comet assay was performed under alkaline con-
ditions according to the method described by Singh et al.
(1988) with slight modifications. 10 uL aliquots of a cell
suspension was mixed with 90 ulL of preheated 0.5% (w/
v) low melting point agarose (LMP) in PBS at 37°C and
the mixtures then added to frosted glass microscopic
slides pre-coated with a 1.5% normal melting point agarose.
After solidification of the second layer, a third layer of 100
puL LMP agarose (0.5% w/v) was applied. Immediately
after the addition of the cells and their inclusion into the
agarose and the solidification of the gel, the slides were
separately immersed in a large volume (50 mL per slide)
of different concentrations of SHE (0.05, 0.1, 0.5, 1.0, and
2.5 mg/mL), SHEO (0.05, 0.1, 0.5, 1.0, and 2.5 uL/mL),
H,0, (50, 100, and 200 uM) and a combination of H,O,
(200 pM) with either SHE (1.0 and 2.5 mg/mL) or SHEO
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(1.0 and 2.5 ulL/mL) and incubated at 4°C for 30 min.

The microscopic slides were then washed with PBS,
immersed in a cold lysing solution (2.5 M NaCl, 100 mM
Na,EDTA, 10 mM Tris, 1% triton X-100, 10% dimethyl
sulfoxide, pH 10.0) and incubated overnight at 4°C. At the
end of the incubation period, the slides were washed with
PBS and placed in an electrophoresis tank. DNA was
allowed to unwind for 30 min in freshly prepared alkaline
electrophoresis buffer (1 mM Na,EDTA, 0.3 N NaOH, pH
13.0). Electrophoresis was conducted at 300 mA at 4°C
for 30 min; all procedural steps were performed under
yellow light conditions to minimize additional DNA
damage. The slides were then neutralized with by three
times washing Tris-HCI buffer (0.4 M, pH 7.5) and stained
with ethidium bromide (20 pg/mL). The slides were studied
using a fluorescent microscope (Nikon100) attached to a
CCD camera connected to a personal computer. Fifty
individual cells were selected for calculations for each
analysis, and four separate experiments (four slides for
each experimental point) were conducted for each series.
Single cells were analyzed with “Casp 1.2.2.” software.
The DNA damage was expressed as % Tail DNA, where
% Tail DNA= [Tail DNA/ (Head DNA + Tail DNA)] x 100. A
higher % Tail DNA indicated a higher level of DNA damage.

Statistical analysis

Differences between groups were evaluated by means
of one-way analysis of variance (ANOVA) followed by the
Dunnett test .Values were expressed as mean + standard
error (SE). Statistical significance was accepted at the p<
0.05 level.

Chromatographic fingerprint analyses of the SHE

The liquid chromatographic system used (Knauer)
consisted of an in-line degasser and a controller coupled
to a UV detector (Knauer) interfaced with a PC running
Eurochrom (Knauer). Sample separations were performed
onh a reverse-phase nucleosil -100 C18 analytical column
(125 x 4.0 mm) operating at room temperature and a flow
rate of 1 mL/min. Detection was carried out at 450 nm.
Elution was by a ternary nonlinear gradient of the solvent
mixture MeOH/H,O/CH,COOH (10:88:2, vivlv) (solvent
A), MeOH/H,0O/CH,;COOH (90:8:2, viviv) (solvent B) and
MeOH (solvent C). The composition of the mobile phase
was changed from 85:15:0 (A/B/C) to 70:30:0 (A/B/C) in
15 min, changed to 60:40:0 (A/B/C) in 3 min, held for 12
min, changed to 0:100:0 (A/B/C} in 5 min, 0:85:15 (A/B/C)
in a further 2 min, and to 0:70:30 (A/B/C) in 11 min, and
returned to the initial conditions in 2 min.

RESULTS

Isolated rat lymphocytes were treated with various con-
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centrations (50, 100, and 200 uM) of hydrogen peroxide
(Figs. 1 and 2), SHE (0.05, 0.1, 0.5, 1.0, and 2.5 mg/mL)
or SHEO (0.05, 0.1, 0.5, 1.0, and 2.5 mL/mL) at 4°C for
30 min to evaluate chromosomal; damage. The induced
effects of oxidative stress were measured by means of a
single-cell gel electrophoresis (SCGE) assay. A significant
increase in % taill DNA was observed with increasing
concentrations of H,O, (50 to 200 uM; P<0.001; Fig. 1).
The representative photographic images of the rat
lymphocytes exposed to PBS and H,0, are shown in Fig.
2. The experiments using the control cell groups (SHE
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Fig. 1. Rat peripheral blood lymphocyte DNA damage (breaks) after
exposure to different concentrations of H,0, (30 min at 4°C and
processed by SCGE). The level of the DNA breaks are expressed as
the mean + SE (n=4 slides x 50 lymphocytes) of the percentage of
DNA migrated in the tail of the comet (percent DNA in Tail). *P < 0.001
is statistically different compared to the negative control sample (0 uM
H,0,) (ANOVA test).

Fig. 2. DNA comet images of lymphocytes: (A} control cells with no
induced damage; {B) test cells with H,0, (200 mM) induced DNA
damage.
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and SHEO with no H,O, included) resulted in very slight
chromosomal damage with the tail DNA distributed
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Fig. 3. DNA damage of rat peripheral blood lymphocyfes exposed to
different concentrations of Satureja hortensis ethanol extract (SHE),
H,0, (200 mM) or a combination of H,0, {200 uM) with SHE (1.0 and
2.5 mg/mL) at 4°C for 30 min in the SCGE assay. DNA damage is
expressed as the mean + SE (n=4 slides x 50 lymphocytes) of % DNA
in tail. 2P > 0.05, °P < 0.001, compared with the negative control (0 mg/
mL SHE); °P > 0.05, P <0.01 compared with the positive control (200
1M H,0,) (ANOVA test).
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Fig. 4. DNA damage of rat peripheral blood lymphocytes exposed to
different concentrations of Satureja hortensis essential oil (SHEO),
H,0, {200 mM) or a combination of H,0, (200 uM) with SHEO (1.0 and
25 ul/mL) at 4°C for 30 min in the SCGE assay. DNA damage is
expressed as the mean + SE (n=4 slides x 50 lymphocytes) of % DNA
in the tail. P > 0.05, °P < 0.001, compared with the negative control {0
pL/mL SHEO); P < 0 .01 compared with the positive control {200 uM
H;0,) (ANOVA test).
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Fig. 5. HPLC fingerprint analyses of a Satureja hortensis ethanol extract

between 0 and 10% (P>0.05; Fig. 3 and 4). The protec-
tive effects of SHE and SHEO against H,O, induced
chromosomal damage were measured and as shown in
Fig. 3, SHE had a significant (P<0.01) inhibitory effect on
H,0O, induced DNA damage at the relatively low concen-
tration of 2.5 mg/mL. The SHEO at concentrations of 1.0
and 2.5 pl/mL exhibited significant inhibitory effects (P
<0.01) on H;0O, induced chromosomal damage (Fig. 4).
The SHE was also analyzed by HPLC and yielded 13
major. A representative SHE chromatogram is shown in
Fig. 5.

DISCUSSION

Many plants growing in the wild or cultivated have been
used as sources of different classes of useful chemicals,
including natural antioxidants (Nakatani, 2002, 2003;
Chipault ef al., 1956; Bracco ef al., 1981; Madsen et al.,
1996). Among the various medicinal herbs and plants,
some species are endemic and important to that region
since they may be used to produce raw materials as well
as finished pharmaceutical products containing antioxidant
phytochemicals that provide significant health benefits.

The observed biological activities of the essential oils or
extracts of a particular plant are attributed to their major
components or to the interactions of multiple phytoche-
micals. The synergistic or antagonistic effects of other
compounds present as a minor percentage of the mixture,
however, must be considered. Nonetheless, it is well
known that the contents of essential oil in particular, and
extracts of medicinal herbs in general contain antioxidants
and other useful biological factors that may change due to
different conditions e.g. the origins and the stage of
development of the collected plant material and their

30 40 50

Time (min)

immediate environment (Uslu et al., 2003).

The introduction of synthetic antioxidants, e.g., butylated
hydroxyanisole and butylated hydroxytoluene (BHT), as
potential inhibitors of lipid peroxidation in the food industry
has caused serious problems because of their extreme
volatility, an instability at elevated temperatures, and strict
legal and regulatory limitations, resulting in increasingly
high demand for naturally occurring antioxidant sources
(Dapkevicius ef al., 1998).

Antioxidants act by different mechanisms, one being the
prevention of reactive oxygen species (ROS) formation.
The ROS are formed during normal cell aerobic respira-
tion and they are the main causes of cellular damage that
has been related to cancer (ref?) and cardiovascular
diseases (ref?). Antioxidants are well known to play an
important role in the protection of cells against oxidative
damage that is caused by ROS (Koleva et al., 2002; Ou
et al., 2002). For example, it has been speculated that
enzymatic oxidation of linoleic acid produces a range of
products that may cause cancer (Bull et al., 2002).

In this study, we provide an initial report on the
antigenotoxic properties of ethanolic extracts and the
essential oils of S. hortensis, isolated from the intact
plant,. The essential oils from different Satureja species
have been found to differ qualitatively and quantitatively
(Milos et al., 2001; Tumen et al., 1998: Gulluce et al.,
2003). The essential oil of the cultivated S. hortensis plant
has been found to be rich in ¢-terpinene and carvacrol. It
has also been reported as a source of gamma terpinen,
thymol, carvacrol and other phenols (Go'ra et al., 1996:
Milos et al., 2001; Muller-Riebau et al., 1997; Madsen et
al., 1996; Zargari, 1990; Gulluce et al., 2003). The anti-
oxidant properties of thymol, carvacrol, and y-terpinene
have been reported by other investigators (Daferera et al.,
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2000; Gulluce et al., 2003; Didry et al., 1993). Therefore,
we suggest that the observed antigenotoxic activites of
the essential oil is thought to be related to the high
content of these components in the oil. The presence of
phenolic acids such as rosmarinic acid derivatives in S.
hortensis have also been reported (Bertelsen ef al,
1995), and these polyphenols ultimately were shown to
possess antioxidant activities in different test systems (Lu
and Foo, 2001). The activity observed in the antigen-
otoxicity assay, therefore, may be related to the presence
of rosmarinic acid derivatives in the extract. Further
analytical studies on the composition and on the anti-
oxidative activities of SHE and SHEOQO should help to
better understand the mechanisms responsible for the
observed antigenotoxic effects.
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