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Abstract

The antimicrobial activities of chloroform, acetone,
ethanol, and water extracts of 25 plants, mostly used as
remedies against various diseases in Turkish traditional
medicine, were tested against 10 pathogenic bacteria and
one fungus (Candida albicans) using the disk diffusion
method. Among the tested plant species, Ziziphora clinopo-
dioides Lam (Labiatae), Thymus fallax Fisch et Mey. (Labi-
atae), and three Hypericum species [H. heterophyllum Vent.,
H. hyssopifolium Chaix. subsp. elongatum (Ledeb.) Woron
var. elongatum, and H. scabrum L.] (Guttiferae) showed
antimicrobial activity at a broader spectrum. In particular,
chloroform, acetone, and ethanol extracts of Z. clinopodi-
oides inhibited the growth of all microbial species. Min-
imal inhibition concentration values of Z. clinopodioides
extracts were also found to be low. The antioxidant activity
of the acetone, ethanol, and water extracts of 20 plants was
also evaluated by lipid peroxidation inhibition and DPPH
free radical scavenging methods. It was found that water,
ethanol, and acetone extracts of Z. clinopodioides, T fallax,
three Hypericum species, Artemisia santonicum L. (Com-
positae), and Echinophora tenuifolia L. subsp. sibthorpiena
(Umbelliferae) have strong antioxidant activities among
the tested plant species. In general, there is a correlation
between the antioxidant potential and total phenolic con-
tents of the extracts. In light of the current study, it can
be concluded that Z. clinopodioides and T. fallax may have
potential use in the food industry as antioxidants and an-
timicrobial herbs, as well as pharmaceutical interest.

Keywords: Antimicrobial, antioxidant, Hypericum, Thy-
mus fallax, Ziziphora clinopodioides.

Introduction

In recent years, multiple-drug resistance in human
pathogenic microorganisms has developed as a result
of indiscriminate use of commercial antimicrobial drugs
commonly used in the treatment of infectious diseases
(Service, 1995). In addition, antibiotics are sometimes as-
sociated with undesirable adverse effects, including hy-
persensitivity, allergic reaction, and immune suppression
(Davies, 1994; Enne et al., 2001). Many kinds of diseases
have been treated with herbal remedies since ancient times.
Herbal remedies are still being used extensively in many
countries. Therefore, research into biologically active ex-
tracts and compounds from natural sources has been of
great interest to scientists in an attempt to discover new
sources for drugs that may be useful in combating infec-
tious diseases. In recent years, a large number of stud-
ies dealing with antimicrobial screening of the extracts of
medicinal plants have been reported (Sokmen et al., 1999;
Keles et al., 2001; Erdogrul, 2002; Mukherjee et al., 2002;
Rabanal et al., 2002; Dall’Agnol et al., 2003; Dulger &
Gonuz, 2005; Fenner et al., 2005; Ozturk & Ercisli, 2005;
Salehi et al., 2005). Turkish native herbs from both nat-
ural and cultivated sources are being more widely used
on a commercial scale in the food industry, in traditional
medicine, and for their flavoring properties (Baytop, 1999).
For example, many Thymus (Labiatae) and Ziziphora (Labi-
atae) species are widely used as spices and in the treatment
of infectious diseases (Baytop, 1999; Ismaili et al., 2004;
Sokmen et al., 2004). Hypericum (Guttiferae) species are
commonly used in the treatment of skin wounds in tradi-
tional folk medicine (Baytop, 1999).

Lipid peroxidation is one of the major factors causing
deterioration of foods during the storage and processing.
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Also, oxidized polyunsaturated fatty acids may induce ag-
ing and carcinogenesis (Halliwell & Gutteridge, 1989). Al-
though there are some synthetic antioxidant compounds,
such as butylated hydroxytoluene (BHT) and butylated hy-
droxyanisole (BHA), which are commonly used in pro-
cessed foods, it has been reported that these compounds
can have some side effects (Ito et al., 1983). Therefore,
many researchers have focused their attention on natu-
ral antioxidants. Reactive oxygen species (ROS) and re-
active nitrogen species (RNS) are produced in cells by dif-
ferent means (Davies, 1994; Halliwell, 1997). Exogenous
sources of free radicals include tobacco smoke, ionizing ra-
diation, certain pollutants, organic solvents, and pesticides
(Halliwell & Gutteridge, 1989). ROS and RNS may cause
DNA damage that could lead to mutation. All aerobic or-
ganisms, including humans, have antioxidant defenses that
protect against oxidative damage (Davies, 2000; Sun et al.,
1998). However, these natural antioxidant mechanisms can
be inefficient, and hence dietary intake of antioxidant com-
pounds becomes important (Espin et al., 2000). Natural
antioxidants constitute broad ranges of compounds includ-
ing phenolics, carotenoids, «-tocopherols, and vitamin C
(Velioglu et al., 1998; Cakir et al., 2003, 2006). Medicinal
plants and herbs are diverse sources of natural antioxidants.
Therefore, there is a great interest concerning the antioxi-
dant properties of medicinal plants and herbs (Velioglu et
al., 1998; Cakir et al., 2003, 2006; Ismaili et al., 2004; Sok-
men et al., 2004; Salehi et al., 2005; Erdemoglu et al., 2006;
Ozgen et al., 2000).

This study was undertaken to determine the potential
antimicrobial, antioxidant, and free radical scavenging ac-
tivities of the extracts of some Turkish native herbs.

Materials and Methods
Plant material

The aerial parts of Hypericum heterophyllum Vent. (Gut-
tiferae), Echinophora tenuifolia L. subsp. sibthorpiane
(Guss) (Umbelliferae), and Stachys recta L. var. grandi-
flora (Labiatae) were collected in the Gaziantep region of
Turkey (southeastern Anatolia) in July 2005 at the flowering
stages, and Salvia hydrangea DC. ex Benth. (Labiatae) was
collected in the Igdir region of Turkey (northeastern Anato-
lia) in July 2005 at the flowering stages. Other plants used
in the current study were collected in the Erzurum region
of Turkey (eastern Anatolia) in July 2005 at the flowering
stages. The plant samples were dried in shade and iden-
tified by Dr. Sengul. Voucher specimens of plant samples
have been deposited at the herbarium of Atatiirk University
(Erzurum, Turkey) (Table 1).

Extraction procedures

The aerial parts of the plant samples (50 g) were separately
extracted with 150 mL chloroform (CHCIl3), acetone, and

ethanol (EtOH) at room temperature for 3-times. The or-
ganic solvents were evaporated to dryness under vacuum
at low temperature using a rotary evaporator. To obtain the
water extracts, 50 g plant sample was kept in 250 mL boiling
water for 10 min and subsequently filtered. Then water so-
lutions were lyophilized using a Labconco 117 freeze-dryer
(Labconco Corp, Kansas City, MO, USA).

Antibacterial activity

Antibacterial activity assays of the extracts and commercial
antibiotics were carried out by a disk diffusion method on
nutrient agar (NA) medium for bacteria and potato dextrose
agar (PDA) medium for fungi. Bacterial suspensions (108
CFU/mL final cell concentrations) were poured into Petri
dishes (9 cm) from flasks containing 25 mL sterile NA and
PDA and then were spread out by a sterile swab. The ex-
tracts solutions (10 mg/mL concentration) were prepared
by dissolving in suitable organic solvents and the solutions
sterilized by filtering through 0.45 pum Millipore filters.
Sterilized disks (6 mm) were impregnated with 100 uL of
the extract solutions and then were placed in the middle
of the inoculated agar plates. Ofloxacin (OFX; 10 png/disk),
sulbactam (30 pg/disk) + cefoperazone (75 pg/disk) (SCF;
105 pg/disk), and netilmicin (NET; 30 pg/disk) were used
as positive controls. All of the reagents used in antibac-
terial activity assays and disks were obtained from Oxoid
(Basingstoke, UK). Bacterial cultures were incubated for
24 h at 37 + 2°C, whereas fungal cultures were incubated
at 35 £ 2°C for 48 h. At the end of these periods, inhibition
zones were measured in diameter (mm) around the disks.
All of the tests were done in triplicate.

The minimal inhibition concentration (MIC) values
were determined by using the modified microwell dilu-
tion method (Okeke et al., 2001): 100 L of suspension
containing 108 CFU/mL of bacteria was spread on nutrient
broth (NB). In the microwell dilution method, a twofold
serial dilution of the extracts was prepared by diluting with
dimethylsulfoxide (10%) to achieve a decreasing concen-
tration range of 250 to 31.25 pg/mL in the microplate. All
test plates were incubated at 37°C for 24 h. The least con-
centration of each extract showing a clear zone of inhibition
was taken as the MIC. Each assay in this experiment was
repeated 3-times.

Antioxidant activity

Antioxidant activities of the acetone, ethanol, and water
extracts of 20 plant species were determined using the thio-
cyanate method (Cakir et al., 2003, 2006). Briefly, extract
solutions (30 pug/mL) were mixed with 2.5 mL 0.02 M
linoleic acid (Fluka emulsion containing equal weight of
Tween-20 in pH 7.4 phosphate-buffered saline; Sigma),
and the final volume was adjusted to 5 mL with phosphate-
buffered saline (pH 7.4) in a test tube and incubated in
darkness at 40°C. The amount of peroxide formed was
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Table 1. Plant species from Turkish flora screened for antimicrobial and antioxidant activities.
Herbarium
Plant name (Family) Local name no. (ATA-) Traditional use References
Achillea biebersteinii Afan Pireotu, sari civanpergemi 9795 Against hemorroid Tatli, 1988; Baytop,
(Compositae) 1999
Achillea millefolium L. subsp. Civanpergemi, akbasli, 9796 Diuretic, appetizer, antiseptic, Tatli, 1988; Baytop,
millefolium (Compositae) barsamaotu, binbiryaprakotu, degasify, and wound healing 1999
marsamaotu, kandilgigegi
Alcea pallida Waldst and Kit Yabani hatmi 9797 Expectorant, anti-inflammatory Baytop, 1999
(Malvaceae)
Artemisia dracunculus L. Tarhun, tarhin, terhun 9783 Antiseptic, appetizer, muscle Baytop, 1999
(Compositae) relaxant, anthelmintic, degasify,
against anemia and
gastrointestinal disorders, as a
spice
Artemisia santonicum L. Deniz yavsani, kokulu yavsan 9772 Appetizer, strengthen, Baytop, 1999
(Compositae) anthelmintic, for the treatment of
diabetes
Artemisia spicigera C. Koch Yavsan 9773 Antipyretic, appetizer Tatli, 1988; Baytop,
(Compositae) 1999
Capsella bursa pastoris Coban gantasi, Medik, 9798 Diuretic, against constipation and  Tatli, 1988; Baytop,
(Cruciferae) kuskusotu ve Cingildakli Ot bleeding 1999
Crambe orientalis L. var. orientalis — 9799 — —
(Cruciferae)
Echinophora tenuifolia L. subsp. Cordik, Corduk, Cogiir, 9800 Against stomachache, wound Baytop, 1999
sibthorpiane (Guss) Cogiirdik, Cortlik, Cortiik, healing, antidepressant, sedative
(Umbelliferae) Coviirdiik, ¢oyiir otu and as a spice in making pickle.
Hypericum heterophyllum Vent. 9801 As an anti-inflammatory together ~ Baytop, 1999
(Guttiferae) with olive oil
Hypericum hyssopifolium Chaix. 9802 — Tatli, 1988
subsp. elongatum (Ledeb.)
Woron var. elongatum
(Guttiferae)
Hypericum scabrum L. (Guttiferae) Kepir otu, Kizilcik otu, Mayasil 9803 To abolish spasm; against diarrhea, Tatli, 1988; Baytop,
otu, H. hyssopifolium hemorrhoid, eczema; and as a 1999
sedative, anthelmintic, antiseptic;
and as an antifungal for various
fungal disorders (magne,
psoriasis, ringworm)
Nepeta racemosa Lam. (Labiatae)  Anik otu, asotu 9804 As appetizer and spice in salad and  Tatli, 1988; Baytop,
soups 1999
Salvia brachyantha (Bordz.) Pobed Adagayi 9805 — —
(Labiatae)
Salvia candidissima Vahl. subsp. Beyaz ¢igekli adagayi 9806 As stimulant, degasify, appetizer; Tatli, 1988; Baytop,
candidissima (Labiatae) and against stomachache 1999
Salvia hydrangea DC. ex Benth Adagayi 9792 As a herbal tea Baytop, 1999
(Labiatae)
Salvia verticillata L. subsp. Mavi gicekli adagayi, dadirak 9807 — Tatli, 1988
amasiaca (Freyn et Bornm)
Bornm. (Labiatae)
Stachys lavandulifolia Vahl. var. Tokali cay, tiiylii cay, esek otu 9808 To degasify, as appetizer; a herbal — Tatli, 1988; Baytop,
lavandulifolia (Labiatae) tea, against stomachache 1999
Stachys recta L. var. grandiflora Adacayi, balbasi 9647 As a herbal tea Cakir et al., 1997
(Labiatae)
Tanacetum aucheranum (DC.) Pire otu 9793 Insecticidal Tatli, 1988; Baytop,
Schultz. Bip. (Compositae) 1999
Tanacetum chiliophyllum (Fisch. Pire otu 9794 Insecticidal Baytop, 1999

Et. Mey) Schultz. var.
chiliophyllum (Compositae)

(Continued on next page )
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Table 1.  Plant species from Turkish flora screened for antimicrobial and antioxidant activities (Continued)
Herbarium
Plant name (Family) Local name no. (ATA-)  Traditional use References
Teucrium orientale L. (Labiatae) Kirve otu 1153 As appetizer, stimulant, tonic, and ~ Tatli, 1988; Baytop,
against stomach pains and 1999
diabetes
Teucrium polium L. (Labiatae) Tiiylii kisamahmut otu 9810 As appetizer, stimulant, tonic, Baytop, 1999
diaphoretic, and against stomach
pains and diabetes
Thymus fallax Fisch et Mey. Kekik 9811 As anthelmintic, diuretic, spice, Tatli, 1988; Baytop,
(Labiatae) antiseptic, in the treatment of 1999
respiratory and gastric diseases
Ziziphora clinopodioides Lam Keklik otu, Kir nanesi, 9812 As appetizer, degasify, antiseptic, Tatli, 1988; Baytop,

(Labiatae) Nane ruhu

against diabetes and asthma 1999

determined by measuring absorbance at 500 nm after mix-
ing of 0.1 mL sample with 0.1 mL FeCl, (0.02 M) and 0.1
mL thiocyanate (30%) in 4.7 mL ethanol at intervals during
incubation (Yen & Chen, 1995; Cakir et al., 2003, 2006).
All measurements were done in triplicate.

DPPH (1,1-diphenyl-2-picrylhydrazyl) radical
scavenging activity

DPPH radical scavenging activities of acetone, ethanol, and
water extracts of 20 plant species were measured as previ-
ously reported (Cakir et al., 2003, 2006). Briefly, a 1 mM
solution of DPPH (Fluka) radical solution in methanol was
prepared, and then 1 mL of this solution was mixed with
3 mL of sample solutions in ethanol. Final concentrations
of the extracts were 50 and 100 pwg/mL. BHT was used
as a positive control at 100 pug/mL concentration. After
30 min incubation in the dark, the absorbance was mea-
sured at 517 nm. The assays were carried out in triplicate.
A decrease in the DPPH solution absorbance indicates an
increased DPPH radical scavenging activity. This activity
is given as% DPPH radical scavenging that is calculated by
the equation:

% DPPH radical scavenging

< )

The DPPH solution without extract solution was used as
control.

Control absorbance — sample absorbance

Control absorbance

Amount of total phenolic compounds

Antioxidant compounds generally contain phenolic
group(s). Because of this, amounts of phenolic compounds
in each of the extracts were determined as described pre-
viously (Singleton et al., 1999). Briefly, extract solutions
were adjusted to 4 mL by addition of distilled water and
transferred to 10 mL Erlenmeyer flasks. Afterward, 0.25

mL Folin-Ciocalteu reagent (FCR; Fluka) was added to
these mixtures, and after 3 min, 0.75 mL Na,COj5 solution
was added. The final extract concentration was 100 pg/mL.
Subsequently, the mixture was shaken on a shaker for 2 h
at room temperature, and then absorbance was measured at
760 nm. The assays were carried out in triplicate.

The same procedure was applied for gallic acid (Sigma)
at a range of concentrations, and Abs;¢o—gallic acid con-
centration graphic was obtained. Using the graphic, data of
the extracts are given as gallic acid equivalents.

Statistical analyses

In the measurements of all activities, three individual mea-
surements were made, and results were calculated as means
of these measurements. Statistical calculations were carried
out using SPSS 9.0 software. To determine whether there
were significant differences between activities of samples
analysis of variance (ANOVA) was applied. Values of p <
0.05 were considered significantly different (o« = 0.05).

Results and Discussion
Antimicrobial activities of extracts

In the current study, the antimicrobial activities of chlo-
roform, acetone, ethanol, and water extracts of 25 plant
species (Table 1) were studied using the disk diffusion
method. These plants are widely used as folk remedies
against various diseases in Turkey. The extract yields var-
ied from 0.25% to 28.30% (w/w) (Table 2). As shown in
Table 3, the plant species exhibited the antimicrobial activ-
ity producing inhibition zone diameters varying from 8.0 to
35.0 mm, depending on susceptibility of the tested bacteria.
P vulgaris and B. megaterium were the most sensitive bacte-
ria to the plant extracts. The MICs of the extracts showing
inhibition zones more than 10 mm were also determined
(Table 3).
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Table 2. Yields of the extracts.

Yield (% w/w)

Plant name Acetone Chloroform Ethanol Water
Achillea biebersteinii 2.47 2.11 5.00 3.90
Achillea millefolium 2.63 2.76 4.29 4.20
Alcea pallida 1.06 227 242 5.80
Artemisia dracunculus 4.53 5.01 3.85 22.90
Artemisia santonicum 2.10 1.51 4.21 8.07
Artemisia spicigera 1.80 2.50 20.20 11.20
Capsella bursa pastoris 2.31 3.04 3.87 12.20
Crambe orientalis 0.25 5.92 4.13 7.90
Echinophora tenuifolia 1.53 1.54 550 2830
Hypericum heterophyllum — 9.74 12.09 11.80 14.00
Hypericum hyssopifolium 4.38 6.07 8.17 18.20
Hypericum scabrum 6.90 9.81 6.57 25.70
Nepeta rascemosa 4.17 5.88 5.80 7.30
Salvia brachyantha 3.12 3.88 3.06 3.80
Salvia hydrangea 2.58 2.49 4.76 5.40
Salvia candidissima 2.47 3.30 2.00 4.10
Salvia verticillata 3.08 5.02 4.20 10.00
Stachys lavandulifolia 1.12 1.77 5.82 10.00
Stachys recta 2.95 2.89 4.69 9.90
Tanacetum aucheranum 3.53 5.65 3.81 10.10
Tanacetum chiliophyllum 3.93 443 4.00 6.50
Teucrium orientale 6.60 7.35 24.4 10.00
Teucrium polium 0.40 1.31 4.76 19.60
Thymus fallax 6.49 6.51 2.70 7.60

Among the tested plant species, chloroform, ethanol,
and acetone extracts of Ziziphora clinopodioides strongly
inhibited the growth of all bacterial species, with the ex-
ception of the ethanol extract of this species against B.
megaterium. Several MIC values were also found to be low
(Table 3). Nevertheless, the water extract of Z. clinopo-
dioides was effective against only S. aureus. The water
extracts of the plant species were, in general, not as effective
against the microbial species as organic solvent extracts.
The other plant species that exhibited significant antimicro-
bial activity over a relatively broad spectrum were Thymus
fallax, three Hypericum species (H. scabrum, H. hyssopi-
folium subsp. elongatum var. elongatum, H. heterophyllum),
and two Artemisia (Compositae) species (4. santonicum
and A. spicigera). The largest inhibition zones (35 mm) and
lowest MIC values were observed for the chloroform and
acetone extracts of Z. clinopodioides against P vulgaris. As
can be seen in Table 3, E. coli and C. albicans were the most
resistant microbial species against the extracts. Among the
plant species tested, only Z. clinopodioides, A. santonicum,
and A. spicigera showed anticandidal activity.

The current results show that Z. clinopodioides had a
remarkable antibacterial and anticandidal activity among
the tested plants. These results are compatible with the re-
sults reported by Salehi et al. (2005), who reported that a
methanol extract of this plant exhibited antibacterial activity
against B. subtilis, S. aureus, and E. coli. However, acetone

extract of Iranian Z. clinopodioides subsp. rigida has not
shown any antibacterial activity (Salehi et al., 2005). Con-
vensely, in the current study, the acetone extract of Turkish
Z. clinopodioides showed a remarkable antibacterial activ-
ity. These differences may be attributed to the genotypic
variation and/or climatic conditions.

The acetone extract of 7 fallax inhibited the growth of
nine bacterial species (Table 3). Likewise, recent studies
showed that Thymus species growing in Turkish flora have
strong antibacterial activity over a broad spectrum (Vardar-
Unlu et al., 2003; Ozturk & Ercisli, 2005).

Previous reports also showed that some Hypericum
species growing in various regions of the world have
a remarkably broad spectrum of antimicrobial activities
(Herrera et al., 1996; Sokmen et al., 1999; Mukherjee et
al., 2002; Rabanal et al., 2002; Dall’Agnol et al., 2003;
Dulger et al., 2005; Dulger & Gonuz, 2005; Fenner et al.,
2005). However, none of those studies were about the Hy-
pericum species that were the subjects of the current study.
The three Hypericum species tested in the current study
showed remarkable antibacterial activity (Table 3). In con-
trast with antibacterial activity, these Hypericum species
had no anticandidal activity against C. albicans (Table 3).
Similarly, Fenner et al. (2005) have found that the ex-
tracts of some Hypericum species did not show any activity
against C. albicans. Other reports on Hypericum showed
that this genus contains phloroglucinols, flavonoids, tan-
nins, saponins, benzopyrans, and xanthones (Ishiguro et al.,
1994; Yamaki et al., 1994; Cakir et al., 2003; Dall’ Agnol
et al., 2003, 2005). It has also been demonstrated that
phloroglucinol derivatives isolated from some Hypericum
species have antibacterial activity (Ishiguro et al., 1994;
Yamaki et al., 1994; Dall’ Agnol etal., 2005). Therefore, the
antibacterial activities of Hypericum species determined in
the current study may be attributed to their phloroglucinol
derivatives.

Antioxidant and DPPH radical scavenging activities of
the extracts

Antioxidant activities of acetone, ethanol, and water ex-
tracts of 20 plant species were determined using the thio-
cyanate method. Chloroform extracts of the plant sam-
ples were not tested for antioxidant activity due to solu-
bility problems in the emulsion system. As can be seen
from Figures 1-6, the extracts isolated from plant samples
showed various degrees of inhibition of the oxidation of
linoleic acid compared with the control. It can be concluded
from the figures that Z. clinopodioides, T fallax, three Hy-
pericum species, A. santonicum, and Echinophora tenuifo-
lia have strong antioxidant activities among the tested plant
species. For instance, ethanol and water extracts of Z
clinopodioides and H. heterophyllum, water and acetone
extracts of 7. fallax, and acetone and ethanol extracts of H.
hyssopifolium and E. tenuifolia strongly inhibited the oxi-
dation of linoleic acid. However, the extracts of the other



212 E. L. Unal et al.

Table 3. Antimicrobial activity of the plants as mean of inhibition diameter zone (mm); MIC in pug/mL is given in parentheses.

Plant name Extract Bm Bs Ec Ecl Kp Pm Pv Se Sp Sta Ca

A. bibersteinii CHCl; 11 (125.0) 8 — — — — 11 (250.0) — — — —
Acetone 12 (250.0) 9 — — — — 12(125.0) — — — —
Ethanol 9 — — — — — 10 (250.0) — 7 — —
Water — — — — — — — — — — —

A. millefolium CHCl, 9 — — — — — 11(250.0) — — — —
Acetone 9 — — — — — 11(250.0) — — — —
Ethanol 9 — — — — — 10 (250.0) — — — —
Water 5

Al pallida CHCl; —
Acetone — — — — — — — — — — —
Ethanol — — — — — — — — — — —
Water — — — — — — — — — — —

A.. dracunculus  CHCl; — — — 23(62.5) — — — — — — —
Acetone — — — 23(31.25) — — — — — — —
Ethanol — — — — — — — — — — —
Water — — — — — —

A. santonicum CHCl; 13 (125.0) — — — — 9 14(125.0) — — — 12 (125.0)
Acetone  14(62.5) — — — — 8 13(125.0) — — — —
Ethanol 8 — — — — — 9 — 8 — —
Water — — — — — — — — — — —

A. spicigera CHCl; 10 (250.0) — — — — — 11(125.0) — — — 14 (125.0)
Acetone 10 (125.0) — — — — — 10 (250.0) — — — 14 (62.5)
Ethanol — — —
Water — — — — — — — — — — —

C. bursa pastoris CHCl; — — — — — — — — 8 — —
Acetone — — — — — — — — — — —
Ethanol — — — — — — — — — — —
Water 8 — — — — — — 9 8 — —

C. orientalis CHCI, — — — — — — — — — — —
Acetone — — — — — — — — — — —
Ethanol — — — — — — — — — — —
Water — — — — — — — — — — —

E. tenuifolia CHCl; — — — — — — — — — — —
Acetone — — — — — — — — — — —
Ethanol 13 (125.0) 10 (250.0) — — — — — — — — —
Water — — — — — — — — — — —

H. heterophyllum CHCl;3 17 (62.5) — — — — — 20(62.5) — — — —
Acetone 17 (125.0) — — — — — 20(62.5) — — —
Ethanol 16 (62.5) — — — 16 (125.0) — — — — 13 (125.0) —
Water — — — — — — — — — — —

H. hyssopifolium CHCl; 22 (62.5) 10(250.0) — — — — 20(62.5) — — — —
Acetone 14 (250.0) — — — — — 11 (250) — 13 (125.0) — —
Ethanol 15 (62.5) 12 (250.0) — — — — 15(125.0) — —

Water — _
H. scabrum CHCl;  13(125.0) 9 — — — —  14(125.0) — — 10(250.0) —
Acetone 8 13 (250.0) — — — — 17 (125.0) — 13 (250.0) 11 (250.0) —
Ethanol — 10(250.0) — — — — 15(125.0) — — 11(250.0) —
Water — — — _
N. rascemosa CHClI; — — — — — — — — — _ _
Acetone —
Ethanol 10 (250.0) — — — — — 9 — — _ _
Water — — — — — — — — — — —
S. brachyantha ~ CHCl3 — — — — — — — — _ — _
Acetone — 12(125.0) — — — — — 10 (250.0) — — —
Ethanol — — _
Water — — — — — — — — — — —
S. candidissima  CHCl3 — — — — — — — — _ _ _
Acetone — — — — _ - _ . _ o o
Ethanol — — — — — _ _ _ . . o
Water — — — — — — — — — — —
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Table 3. Antimicrobial activity of the plants as mean of inhibition diameter zone (mm); MIC in pg/mL is given in parentheses.
(Continued)
Plant name Extract Bm Bs Ec Ecl Kp Pm Py Se Sp Sta Ca
S. hydrangea CHCl; — — — — — — 20 (62.5) — — — —
Acetone — — — — — — 20 (62.5) — — — —
Ethanol — — — — — — 9 — — — —
Water — — — — — — — — — — —
S. verticillata CHCI, — — — — — — — — — — —
Acetone — — — — — — 7 — — — —
Ethanol — — — — — — — — — — —
Water — — — — — — — — — — —
St. lavandulifolia CHCl; — — — — — — — — — — —
Acetone — — — — — — — — — — —
Ethanol 9 — — — — — — — — 12(250.0) —
Water — — — — — — — — — — —
St. recta CHCl3 — — — — — — — — — — —
Acetone 7 — — — — — 11(125.0) 9 — — —
Ethanol — — — — — — — — — — —
Water — — — — — — — — — — —
T. orientale CHCI, — — — — — — — — — — —
Acetone — — — — — — — — — — —
Ethanol  10(125) 8 — — — — — — — — —
Water — — — — — — — — — — —
T. polium CHClI3 — — — — — — — — — — —
Acetone 10(250.0) — — — — — 10(250.00 — — — —
Ethanol 12(250.0) — — — — — — — — 9 —
Water — — — — — — — — — — —
T aucheranum CHCI;  13(125.00 — — — — — 10(250.00 — — 12(125.0) —
Acetone — — — — — 9 12(125.0) — — 13(125.00 —
Ethanol 11(125.0) — — — — — 13(125.0) — — 9 —
Water — — — — — — — — — — —
T. chiliophyllum CHCl; 12 — — — — — 12 — — 9 —
(250) (250.0)
Acetone — — — — — — 12 — — — —
(250.0)
Ethanol 15 — — — — 8 12 — — — —
(62.5) (125.0)
Water 10 — — — — — — — — — —
(250.0)
T fallax CHCl; — — 12 — 9 — 15 10 — — —
(250.0) (125)  (250.0)
Acetone 10 10 - 10 12 12 23 11 10 8 —
(250.0) (250.0) (250.0) (250.0) (250.0) (62.5) (250.0) ((250.0) (250.0)
Ethanol 7 — — — — — 10 — — 13 —
(250.0)
Water 25 8 — — — — 5 — — 11 —
(62.5) (250.0)
Z. clinopodioides CHCl; 25 12 13 11 10 15 35 13 10 10 17
(62.5) (250.0) (125.0) (125.0) (125.0) (125.0) (31.25) (125.0) (250.0) (250.0) (62.5)
Acetone 20 12 13 11 13 15 35 13 10 10 17
(62.5) (250.0) (125.0) (250.0) (250.0) (125.0) (31.25) (125.0) (250.0) (250.0) (31.2)
Ethanol — 16 10 10 12 12 30 12 11 13 10
(62.5) (250.0) (250.0) (250.0) (125.0) (31.25) (125.0) (250.0) (125.0) (250.0)
Water — — — — — — — — — 10 —
(250.0)
Positive controls® — 25 21 32 20 12 12 13 25 11 21 18
(62.5)  (62.5) (62.5) (31.25) (125.0) (125.0) (125.0) (62.5) (62.5) (62.5) (31.25)
SCF SCF SCF

Negative control

OFX

OFX NET OFX OFX

OFX

OFX

NYS

—, Not active.

Bm, B. megaterium A59; Bs, B. subtilis ATCC6633; Ec, E. coli AG59; Ecl, E. cloacae A135; Kp, K. pneumonia A137; Pm, P mirabilis
AG36; Pv, P vulgaris A161; Se, S. enteritidis ATCC13076; Sp, S. pyogenes ATCC176; Sta, S. aureus ATCC29213; Ca, C. albicans A117.
“OFX, ofloxacin (10 pg/disk); SCF, sulbactam (30 pg) + cefoperazona (75 pg) (105 pg/disk); NET, netilmicin, (30 png/disk) (Oxoid);

NYS, nystatin.
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tested plant species in the current study have moderate,
weak, or no antioxidant activities (Figs. 4 to 6).

The free radical scavenging activities of the extracts of
20 plant samples were determined using a stable DPPH
free radical. The results are shown in Figure 7. The figure
shows that water was found to be the best solvent for ex-
tracting the DPPH radical scavenging components from the
plant samples compared with ethanol and acetone. Hence,
it can be suggested that polar compounds present in the
herb are mainly responsible for its free radical scavenging
activity. It seems that results of DPPH radical scavenging
activities of the plant samples do not always correlate with
their antioxidant activities. For instance, as shown in Fig-
ure 3, all extracts of Hypericum species strongly inhibited
the oxidation of the linoleic acid and also showed potent
DPPH radical scavenging activities. However, Z. clinopo-
dioides and T fallax extracts were superior to those of the
other plants for inhibiting linoleic acid oxidation, whereas
these species showed relatively low DPPH radical scaveng-
ing activities. Nevertheless, all extracts of Crambe orien-
talis L. var.orientalis (Cruciferae), Capsella bursa-pastoris
(Cruciferae), and Salvia candidissima Vahl. subsp. can-
didissima (Labiatae) showed weak DPPH radical scaveng-
ing activities as well as weak inhibition of linoleic acid
oxidation.

It is believed that the phenolic and/or polyphenolic com-
pounds biosynthesized in the plant sample might be re-
sponsible for antioxidant activity (Cakir et al., 2003, 2006).
Hence, total phenolic compound contents of the extracts
of 20 plant species were determined. The amounts of total
phenolic compounds present in the extracts are shown in
Figure 8 as gallic acid equivalent. As shown in this fig-
ure, in general, the extracts of three Hypericum species,
T fallax, Z. clinopodioides, and S. hydrangea contained
relatively high content of phenolic compounds. These re-
sults would suggest that there is a correlation between an-
tioxidant potential and total phenolic content of the ex-
tracts. This correlation was confirmed by ANOVA treatment
(o = 0.05). Likewise, the plant samples such as S. candidis-
sima, Alcea pallida Waldst and Kit (Malvacea), and C.
bursa-pastoris showed relatively weak antioxidant and free
radical scavenging activities and also contain relatively low
amounts of phenolic compounds. However, all extracts of
E. tenuifolia showed potent inhibitory effect on the peroxi-
dation of linoleic acid and free radical scavenging activity,
whereas their phenolic contents were found to be relatively
low. Therefore, the antioxidant potential of E. tenuifolia
can be attributed to its nonphenolic components. It is in-
teresting to find that the ethanol extract of S. hydrangea
contains a relatively high content of phenolic compounds
but significantly increased the peroxidation of linoleic acid
(Figs. 2 and 8).

The current results show that Z. clinopodioides, T. fallax,
and three Hypericum species (H. scabrum,H. hyssopifolium,

and H. heterophyllum) have strong antioxidant potential.
This may be due to their high phenolic contents. Thymus as
well as Ziziphora species are of botanical and pharmaceuti-
cal interest due to their characteristic scent or taste (Baytop,
1999; Ismaili et al., 2004; Sokmen et al., 2004). Various
Thymus species are aromatic plants of Mediterranean flora,
commonly used as spices, food preservatives, and tradi-
tional medicine (Baytop, 1999; Ismaili et al., 2004; Sokmen
et al., 2004). Consequently, there are numerous studies on
the antioxidant potential of Thymus species growing in var-
ious regions of the world (Ismaili et al., 2004; Sokmen et
al., 2004; Agbor et al., 2005; Ozgen et al., 2006; Vital-
ini et al., 2006). Recent reports show that various Thymus
and several Ziziphora species have antioxidant potential
(Ismaili et al., 2004; Sokmen et al., 2004; Agbor et al.,
2005; Salehi et al., 2005; Ghafari et al., 2006; Ozgen et al.,
2006; Vitalini et al., 2006). As shown in Figures 1 and 7,
all extracts of Z. clinopodioides and T. fallax have potent
antioxidant and free radical scavenging activities.

Reports have demonstrated that Hypericum species
contain many phenolic compounds such as flavonoids,
phoroglucinols, bisanthraquinones, and xanthones, most of
which have antioxidant activity (Zheng & Wang, 2001;
Couladis et al., 2002; Cakir et al., 2003; Skerget et al.,
2005). Thus, the strong antioxidant potential of Hypericum
species tested in the current study may be attributed to their
phenolic metabolites.

Recently, Tepe et al. (2006) studied the antioxidant ac-
tivities of methanol extracts of six Salvia (S. caespitosa, S.
hypargeia, S. euphratica, S. sclarea, S. candidissima, and S.
aethiopis) species and found that S. candidissima has higher
antioxidant activity than the rest. As shown in Figure 2, ace-
tone and ethanol extracts of this species exhibit significant
antioxidant activity. Similar results for antioxidant activi-
ties of Salvia species have been found by others (Malencic
et al., 2000; Yildirim et al., 2000; Couladis et al., 2002).
Furthermore, two potent antioxidant phenolic compounds
from S. plebei were also reported (Weng & Wang, 2000;
Gu & Weng, 2001).

In conclusion, Thymus and Ziziphora species have botan-
ical and pharmaceutical interest due to their characteristic
scent or taste, and various Thymus species are aromatic
plants of Mediterranean flora, commonly used as spices,
food preservatives, and traditional medicine. The current
results show that the aerial parts of Z. clinopodioides and
T fallax have both broad-spectrum antimicrobial activi-
ties and potent antioxidant and free radical scavenging
activities. From these results, it can be concluded that Z.
clinopodioides and T. fallax may find new benefits as nat-
ural sources in the food and pharmaceutical industries due
to their strong antimicrobial and antioxidant activities. The
components responsible for their antimicrobial and antiox-
idant activities have not been identified. This will be the
aim of further studies.
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Figure 7.
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