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Satureja hortensis L. (Lamiaceae) has been used as a folk
remedy to treat various such as cramps, muscle pains, nau-
sea, indigestion, diarrhea, and infectious diseases. In this
study, the antagonistic effects of essential oil of S. hortensis
(SHE) were studied against aflatoxin B, (AFB,) in human
lymphocytes in vitro. The analysis of the essential oil was
performed by using Gas chromatography-mass spectrometry
(GC-MS). Anti-genotoxic effects of the SHESs was evaluated
using sister chromatid exchange (SCE), micronuclei (MN)
tests against AFB,. Also level of malondialdehyde (MDA),
superoxide dismutase (SOD) and glutathione peroxidase
(GPx) activities used to determine the anti-oxidative effects
of the SHEs. This result showed AFB, (5 uM) increased
the frequencies of SCE, MN and the level of MDA. AFB,
at the same concentration decreased the activities of SOD
and GPx. However, different concentrations of SHE with
AFB, decreased the frequency of SCE and MN and level
of MDA and also increased the activities of SOD and GPx
significantly. Especially, the 1.0, 1.5, 2.0 uL dose of SHE
are more effective than other doses. The results of this
experiment have clearly shown that SHE has strong anti-
oxidative and antigenotoxic effects, these biological activities
of SHEs can be due to its component.

Keywords: Satureja hortensis, aflatoxin B,, essential oils
of Satureja

Introduction. Satureja hortensis L. (Lamiaceae) is
an aromatic and medical plant. Leaves, flowers,
and stems of S. hortensis are frequently used as
tea or additives in commercial spice mixtures for
many foods to offer aroma and flavor and called
«sater, ank, or anug» by the people from different
regions in Turkey [1]. S. hortensis has also been
used as a folk remedy to treat various ailments such
as cramps, muscle pains, nausea, indigestion, di-
arrhea, and infectious diseases. It is used in the
traditional medicine in Iran for treating stomach
and intestinal disorders [2].

Extracts of S. hortensis have been shown to
have antimicrobial, antioxidant, antispasmodic and
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sedative properties [2]. In previous studies, the
contents of essential oils and extracts of medicinal
plants were demonstrated that they have antimi-
crobial, antioxidant, and other biological activities.
The chemical composition of essential oils may be
different due to the origin, the locality, the envi-
ronmental conditions, and the stage of development
of the collected plant material [3].

Although the biological activity of an essential
oil is mainly attributed to its major components, the
synergistic or antagonistic effect of a compound in
a minor percentage in the mixture has to be con-
sidered. The essential oils from different Sarureja
species have been found to be different both quali-
tatively and quantitatively [4, 5]. The essential oil of
cultivated summer S. hortensis has been found to be
rich in o-terpinene and carvacrol [6]. In addition-
al, the essential oil of S. hortensis which is widely
distributed in the Anatolia region of Turkey, has
been measured in the following percentage; thymol
(29.0 %), carvacrol (26.5 %), a-terpinene (22.6 %),
and p-cymene (9.3 %) |7].

Many edible plant species such as tea, fruits,
juices, spices, and vegetables throughout the his-
tory of mankind have been attractive to scientists
as natural sources of compounds that are safer than
the synthetic ones. Many other plants have also
been screened for their antioxidant capacities, and
attempts led to the introduction of natural antioxi-
dants such as those from rosemary and sage [8].

Aflatoxins are biologically active secondary me-
tabolites produced by certain species of Aspergillus
molds including Aspergillus parasiticus, Aspergillus
nominus and Aspergillus flavus [9, 10]. Aflatoxins
caused the cellular and DNA damage via two dif-
ferent ways. Firstly, aflatoxins especially AFB,
(C,,H,,0,) is metabolized to AFB, -8,9-oxide by
cytochrome P450 system and forms adduct pri-
marily at N7 position of guanine and are respon-
sible for its mutagenic and carcinogenic effects [11,
12]. Secondly, aflatoxins produce reactive oxygen
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species (ROS) such as superoxide radical anion,
hydrogen peroxide and lipid hydroperoxides. The
hydroxyl radicals interact with DNA and produces
mutations [13, 14].

In present study, it was aimed to determine
whether S. hortensis essential oil (SHE) has any
protective effect against AFB, mutagen agent by
measuring sister chromatid exchange (SCE) and
micro nucleus (MN) frequencies and activities su-
peroxide dismutase (SOD), glutathione peroxidase
(GPx) and malondialdehyde (MDA) level in hu-
man lymphocyte cell culture in vitro.

Materials and methods. Plant material. S. horten-
sis plants were collected during the flowering stage
in July 2009, from the eastern part of Erzurum city
of Turkey (ATA-9350). The identification of plant
materials was confirmed by a plant taxonomist, As-
soc. Prof. Dr. Yusuf KAYA, in the Department of
Biology, Ataturk University, Erzurum, Turkey.

Isolation of the Essential Oil. The air-dried and
ground aerial parts of plants collected were submit-
ted to water distillation for 3 h using a Clevenger
type apparatus (yield 1.98 %, v/w). The obtained
essential oil was dried over anhydrous sodium sul-
fate and, after it was filtered, stored at 4 °C until
tested and analyzed.

GC-MS Analysis Conditions. The analysis of
the essential oil was performed using a Hewlett-
Packard 5890 Il GC, equipped with a HP-5 MS
capillary column (30 m x 0.25 mm x 0.25 um) and

Table 1. Essential oil content of S. hortensis

a HP 5972 mass selective detector. For GC-MS
detection, an electron ionization system with ion-
ization energy of 70 eV was used. Helium was the
carrier gas at a flow rate of 1 mL/min. Injector and
MS transfer line temperatures were set at 220 and
290 °C, respectively. The oven temperature was pro-
grammed for GC analysis. Diluted samples (1/100,
v/v, in acetone) of 1.0 uL were injected manually
and in the splitless mode. The components were
identified based on the comparison of their rela-
tive retention time and mass spectra with those of
commercial standards (for the main components),
NBS75K library data of the GC-MS system, and
literature data. The results were also confirmed by
the comparison of the compounds elution order
with their relative retention indices on nonpolar
phases reported in the literature [15].

Microscopic Evaluation. Blood samples were ob-
tained by vein puncture from four (two men and
two women) healthy non-smoking volunteer do-
nors. This study was approved by the local ethics
committe. Experiments were also conformed to the
guidelines of the World Medical Assembly (Decla-
ration of Helsinki). Lymphocyte cultures were set
up by adding 0.5 mL of heparinised whole blood to
RPMI-1640 chromosome medium supplemented
with 15 % heat-inactivated fetal calf serum, 100 IU/
mL streptomycin, 100 I[U/mL penicillinand 1 % L-
glutamine. Lymphocytes were stimulated to divide
by 1 % phytohaemaglutinin. AFB, (in concentra-

Retention Index Retention time Components % Identificitation
methods
983 11.84 B-Pinene 0.33 GC, MS, RI
1023 13.75 a-Terpinene 0.55 GC, MS, RI
1034 14.24 p-Cymene 3.14 GC, MS, RI
1067 15.72 y-Terpinene 9.05 GC, MS, RI
1172 21.61 Borneol 0.64 GC, MS, RI
1178 21.99 Terpinene-4-ol 0.96 GC, MS, RI
1289 26.97 Thymol 0.10 GC, MS, RI
1296 27.43 Carvacrol 79.17 GC, MS, RI
1347 29.39 Thymol acetate 2.24 GC, MS, RI
1419 32.25 B-Caryophyllene 1.48 GC, MS, RI
1442 33.04 Aromadendrene 0.30 GC, MS, RI
1478 34.60 vy-Muurolene 0.25 MS, RI
1494 35.24 Viridiflorene 0.35 GC, MS, RI
1513 36.33 y-Cadinene 0.51 MS, RI
1574 39.40 Spathulenol 0.92 MS, RI

66

ISSN 0564—3783. Llumonoeusn u eenemura. 2014. T. 48. No 5



tions of 5 uM), and essential oils of S. hortensis
(SHE) were added to the cultures. The experiments
were performed on seven groups as follows:

Control

5 uM AFB
5 uM AFB
5 uM AFB
5 uM AFB

Culture 1:
Culture 2:
Culture 3:
Culture 4:
Culture 5:
Culture 6:
Culture 7:

+ SHE 0.1 pL
+ SHE 0.5 pL
+ SHE 1.0 pL
5 uM AFB, + SHE 1.5 uL
5 uM AFB, + SHE 2.0 uL

For SCE demonstration, the cultures were in-
cubated at 37 °C for 72 h, and 5-bromo-2-deoxy-
uridine at 8 pg/mL was added at the initiation of
cultures. All cultures were maintained in the dark-
ness. Next, 0.1 mg/mL of colcemide was added 3 h
before harvesting to arrest the cells at metaphase.
The cultures were centrifuged at 800 g for 10 min.
Cells were harvested and treated for 30 min with
hypotonic solution (0.075 M KCI) and fixed in a
1:3 mixture of acetic acid/methanol (vol/vol). Bro-
modeoxyuridine-incorporated metaphase chromo-
somes were stained with fluorescence plus Giemsa
technique as described by Perry and Evans [16]. In
SCE study, by selecting 20 satisfactory metaphases
for each group, the results of SCE were recorded on
the evaluation table. For each treatment condition,
well-spread second division metaphases containing
42—46 chromosomes in each cell were scored, and
the values obtained were calculated as SCEs per cell.

For MN analysis, cytochalasin B was added
44 h after PHA stimulation to a final concentration
of 3 ug/ml. Twenty-eight hours later (after 72 h of
culture) the cells were harvested by centrifugation
(900 g x 10 min). The supernatant was removed,
the cells were mixed thoroughly and 5 ml of cold
hypotonic solution (0.05 M KCI) was added. The
cells were subsequently incubated at 37 °C for 20
min and centrifuged again (900 g x 10 min). The
pellet was mixed thoroughly and 5 ml fresh fixative
(1 : 3 acetic acid : methanol) was added dropwise.
This fixation procedure was repeated three times and
the tube was centrifuged again. The cell pellet was
then resuspended in 1 ml of fresh fixative, dropped
on to a clean microscope slide, incubated at 37 °C
or at room temperature overnight, and stained with
Giemsa dye. Coded slides were scored blind by
two independent individuals. Only binucleated cells
were scored for MN analysis. For each subject, at
least 2000 binucleated cells were analyzed for the

1
1
1
1
1
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presence of MN. For the MN scoring, the mi-
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cronucleus criteria described by Countryman and
Heddle were used: a diameter less than 1/3 of the
main nucleus, non-refractivity, not touching, and
with the same color as the nucleusor lighter [17].

Biochemical Analysis. The cell homogenates
were prepared at a 1 : 10 (w : v) dilution in 10 mM
potassium phosphate buffer, pH 7.4. Samples were
centrifuged at 3000 rpm for 10 min at 4 °C, and
the supernatants were collected and immediately
assayed for enzyme activities. All samples were
measured in six fold.

Measurement of SOD activity. Cu, Zn-SOD ac-
tivity in the cell culture supernatant was detected
by the method of Sun et al. [18]. Assay reagent in
2.45 mL [0.3 mM xanthine, 0.6 mM Na,EDTA,
0.15 mM nitroblue tetrazolium (NBT), 0.4 M
Na,CO,, 1 g/L bovine serum albumin] was com-
bined with 100 pL of the sample. Xanthine oxidase
(50 uL, 167 U/L) was added to initiate the reaction,
and the reduction of NBT by superoxide anion radi-
cals, which are produced by the xanthine-xanthine
oxidase system, was determined by measuring the
absorbance at 560 nm. Cu, Zn-SOD activity was
expressed in units of SOD per mg protein, where
1 U is defined as that amount of enzyme causing
half-maximal inhibition of NBT reduction.

Measurement of GPx activity. GPx activity in
the cell culture supernatant was measured by the
method of Paglia and Valentine [19]. Briefly, 50 uL
of sample was combined with 100 pL of 8 mM
NADPH, 100 pL of 150 mM reduced GSH, 20 uL
of glutathione reductase (30 U/mL), 20 pL of
0.12 M sodium azide solution, and 2.65 mL of
50 mM potassium phosphate buffer (pH 7.0,

Table 2. The frequencies of SCEs and MN in blood
Iymphocytes exposure to AFB, and SHE

Groups SCEs/Cell MN/Cell
Control 6.60 + 0.35 2.2 +0.002
AFB, 820 £0.26° 4.3 £0.002 ¢
AFB, + SHE 1 857 £0.23° 5.7 £ 0.001 ¢
AFB, + SHE 2 8.40 £ 0.17 ° 5.1 +0.001 ¢
AFB, + SHE 3 7.55 £ 0.87 ™ 4.3 £ 0.002 ¢
AFB, + SHE 4 6.87 £ 0.14 ¢ 2.6 £0.001
AFB, + SHE 5 7.23 £0.12°¢ 3.0 £ 0.001

Note. For SCE 2p < 0.001 compared with control group,
bp < 0.005 compared with contol group, ¢p < 0.005
compared with AFB, group. For MN “p < 0.05.
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5mM EDTA) and the tubes incubated for 30 min at
37 °C. The reaction was initiated with the addition
of 100 pL of 2 mM H,0O, solution, mixed rapidly
by inversion, and the conversion of NADPH to
NADP was measured spectrophotometrically for
5 min at 340 nm. The enzyme activity was expressed
as units per g protein using an extinction coefficient
for NADPH at 340 nm of 6.22 - 107°.

Measurement of MDA level. MDA levels in the
cell culture supernatant were determined spectro-
photometrically according to the method described
by Ohkawa et al. [20]. A mixture of 8.1 % sodium
dodecyl sulphate, 20 % acetic acid, 0.9 % thiobar-
bituric acid was added to 0.2 mL of sample, and
distilled water was added to the mixture to bring the
total volume up to 4 mL. This mixture was incu-
bated at 95 °C for 1 h. After incubation, the tubes
were left to cool under cold water and 1 mL dis-
tilled water with 5 mL n-butanol/pyridine (15 : 1,
v/v) was added, followed by mixing up. The samples
were centrifuged at 4000 x g for 10 min. The su-
pernatants were removed, and absorbances were
measured with respect to a blank at 532 nm. Tet-
raethoxypropane (1,1,3,3-tetracthoxypropane) was
used as the standard. Lipid peroxide levels were
expressed as mol/l MDA. Protein concentrations
in the cell culture supernatant were determined by
Bradford method [21]. All photometrical measure-
ments were performed with a DU 530 spectropho-
tometer (Beckman Instruments, Fullerton, Califor-
nia, USA) in a quartz cuvette.

Statistical analysis. The statistical analysis of MN
frequencies was performed by use of the 2 test.
For statistical analysis of biochemical parameters

and analysis of SCE values Mann—Whitney U-test
was used. A value of P less than 0.05 was accepted
as statistically significant. Results were expressed
as mean * SD. For these procedures, SPSS 15.0
version for Windows (SPSS Inc, Chicago, Illinois,
USA) was used.

Results. GC-MS analysis of the crude oil iso-
lated from dried aerial parts of S. Aorfensis resulted
in the identification of 15 compounds. Carvacrol
(79.17 %), gamma-terpinene (9.05 %), terpinene-
4-ol (4.55 %), p-cymene (3.14 %), thymol acetate
(2.24 %) and B-caryophyllene (1.48 %) were the
main components (87.4 %) of the oil based on
GC-MS analysis (Table 1).

AFB, caused significant formations of SCE and
MN on peripheral lymphocytes as seen in Table
2. Such an increase was found to be statistically
significant (p < 0.05). Whereas, SCE and MN fre-
quencies decreased by different concentrations (1.0,
1.5, 2.0 uL) of §. hortensis simultaneous treatments
with AFB,. Such a decrease was found to be sta-
tistically significant (p < 0.05). Other doses of S.
hortensis were not caused a decrease in SCE and
MN frequencies. The 1.5—2 pL dose of SHE were
more effective than other doses.

The results of the effect of essential oil on anti-
oxidant enzymes in human blood cells was deter-
mined by measuring GPx, SOD and MDA activities
as shown in Table 3. AFB, caused a decrease in the
activities of SOD, GPx and an increase in MDA
level. These results were found to be statistically
significant (p < 0.05).

However, these effects of AFB, decreased co-
treatment with higher concentrations of essential

Table 3. The effects of AFB, and SHE on MDA, SOD and GPx enzymes activities

Groups MDA (nmol/mL) SOD (U/mg protein) GPx (U/gr protein)
Control 96.00 = 2.86 0.82 = 0.17 12.62 £ 091
AFB1 149.33 £ 2.13 0.33 £0.07° 7.23 £0.68°
AFB, + SHE 1 150.40 £ 3.40 * 0.52 £0.05° 7.50 £0.79°
AFB, + SHE 2 121.60 + 1.43° 0.73 + 0.041 ¢ 10.69 £ 0.85 <«
AFB, + SHE 3 98.760 *+ 1.43 « 0.81 £0.04° 12.29 £ 0.29 «
AFB, + SHE 4 108.80 + 3.50 0.82 £0.03° 12.62 £ 0.91 «
AFB, + SHE 5 107.20 £ 0.12 0.81 £0.01° 12.62 £ 0.91 <

Note. *p < 0.001 compare with control group, °p < 0.05 compare with control group, <p < 0.001 compare with AFB,-
treatment group, 9p < 0.05 compare with AFB -treatment group, ¢p < 0.001 compare with AFB, + SHE 1, 'p <

< 0.005 compare with AFB, + SHE 1.

68

ISSN 0564—3783. Llumonoeusn u eenemura. 2014. T. 48. No 5



oil. In summary, significant increases in the activi-
ties of SOD, GPx and decreases in level of MDA
were observed compared with treatment of AFB,
alone.

Discussion. GC-MS analysis of the crude oil
isolated from dried aerial parts of S. hortensis re-
sulted in the identification of 15 compounds. In
the previous studies, the essential oils from dif-
ferent Satureja species have been found to differ
qualitatively and quantitatively [5, 7, 22]. The es-
sential oil of the cultivated S. hortensis plant has
been observed to be rich in thymol, carvacrol, and
terpinene chemotype. In addition that, other stud-
ies by Ghannadi have been reported that thymol/
carvacrol (1:1 59.7 %), a-terpinene (12.8 %), and
p-cymene (9.3 %) are major constituents of the oil
isolated from the seeds of S. hortensis [23]. S. hor-
tensis essential oil has also been reported as a source
of gamma terpinen, thymol, carvacrol and other
phenols [6, 7, 22, 24—26]. In this study it has been
observed that SHE has relatively higher amounts
of carvacrol (79.12 %), terpinene — chemotype
(14.05 %), p-cymene (3.14 %) and thymol
(2.24 %). As emphasized before in some researches,
essential oil content can be affected by the influence
of several local, climatic, and seasonal factors. For
example, severe water stress was reported to alter
carvacrol/a-terpinene contents [7, 22, 27].

The antigenotoxic activities of SHE against AFB,
in the present study were assessed by evaluating MN
and SCE frequencies as shown in Table 2. SHE
was found to be effective against genotoxic effects
of AFB,. The observed antigenotoxic activity of
SHE can attribute to the essential oils composi-
tions. Antigenotoxic activity of the essential oils
is apparently related to their high carvacrol, ter-
pinene, particularly p-a cymene and thymol. In a
previous study, it has been reported that carvacrol
has antimutagenic activity on SCE induced mito-
mycin C in human lymphocyte cultures [28]. In
addition, Soltani et al. [29], has showed that . Aor-
tensis has protective properties on DNA lesions in
rat lymphocytes exposed to oxidative stress and this
protective effect have been linked to compounds
such as thymol, carvacrol, and y-terpinene. The
observed antigenotoxic activities of the essential oil
are thought to be related to the high content of these
components in the oil especially, carvacrol.

Also, our results showed that AFB, caused a de-
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crease in SOD and GPx activities and an increase
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in level of MDA. But, these effects of AFB, on
enzymes decreased cotreatment with S. hortensis
essential oils. Previous researches have reported S.
hortensis essential oils have antioxidant capacity and
the antioxidant capacity have been linked to com-
pounds such as thymol, carvacrol, and a-terpinene,
y-terpinene, p-cymene [7, 30—32]. The antioxidant
capacity of S. hortensis could be depended on carva-
crol which is the major component in the essential
oil of S. hortensis. The antimutagenic effect of
carvacrol may be due to its antioxidant property as
reported by some researches [28, 29]. In summary,
anti-genotoxic effect of SHE may be attributed to
the antioxidant activity of the mentioned com-
pounds. The essential oils of S. hortensis have anti-
genotoxic and the antioxidant activities therefore;
they can be used as a natural preservative ingredient
in the food or pharmaceutical industry.

The authors are thankful to the Fatih Univer-
sity, Research Project Foundation (Contract no:
P50031301 B (2923) for financial support of this
study.

AHTATOHUCTUYECKOE JIEVICTBUE
BOUPHOT'O MACIIA SATUREJA HORTENSIS
HA AFB, B JIUM®OLMTAX YEJIOBEKA

IN VITRO

S. Ceker, G. Agar, L. Alpsoy,
G. Nardemir, H.E. Kizil

Satureja hortensis L. (Lamiaceae) ucrosb3yercst Kak Ha-
POHOE CPECTBO IS JIeYeHUsI Pa3HbIX 3a00JIeBaHUM,
TaKWX KakK CIa3Mbl, MbILIIEUHbIE 00U, TOLTHOTA, HApY-
LLIEHMST TTUIIEBapeHusI, Auapes: U MH(GEeKIIMOHHbIE 3a00-
neBaHus. B Hactosieir pabote Ha mnpumepe JumM@o-
LIMTOB YeJIOBEKa in Vvitro M3ydyajJM aHTarOHUCTUYECKOE
neiictBue aupHoro Macna S. hortensis (SHE) Ha ag-
natokcuHbl B, (AFB)). AHanu3 3(MpHbIX Macea Npo-
BOAMJICSI C TTIOMOIIIbIO Ta30BOI XpomaTorpaduu — macc-
cnekrpoMerpun (GC-MS). AHTUTeHOTOKCUUYECKUT (-
dexr SHE Obu1 olleHeH Ha OCHOBAaHWUM M3Y4eHHUs 00-
MeHa cectpuHckux xpomatun (SCE) u mMukposiiepHoro
tecta npotuB AFB,. Kpome Toro, sl OLEHKM aHTH-
okcugaTuBHbIX 3(pdekroB SHE wucnonb3oBanu ypo-
BeHb aKTMBHOCTE MaJOHOBBIX auanbaeruaoB (MDA),
cynepokcuaaucmyTasbl (SOD) U IIOTaTUOHIIEPOKCU-
naspl (GPx). IToxkasano, yto AFB, (5 uM) yBennuusaer
yactrotry SCE, MN u ypoBenb MDA. AFB, B Toi1 xe
KOHIIEHTpalUMu cHuKaeT aktuBHocTh SOD u GPx. On-
HaKo pasnuuHble KoHueHTpaunu SHE ¢ AFB, cHu-
xanu vactory SCE, MN u ypoBeHb MDA, a Takxe
CyIIECTBEHHO yBeJaumuuBaiu akTuBHOCTh SOD u GPx.
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Konuenrpauuu SHE 1.0, 1.5, 2.0 pL Obliu Hanbogee
3 heKTuBHBIMU. Pe3yabTaThl pabOThl YE€TKO MOKAa3alu,
yro SHE mMeeT cuibHbIN aHTUOKCUIATUBHBIN U aHTHU-
reHotokcuueckuii apdexr. Takas Ouosornueckass ak-
TUBHOCTb OmpeessieTcss XuMmuueckum cocraom SHE.
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