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Abstract: Essential oils extracted by hydrodistillation frahe aerial parts and corollas of
Origanum acutidengHand.-Mazz.) letswaart, an endemic Turkish flopecses, were
analyzed by GC-MS. The amounts of essential oidioketd from the aerial parts and the
corollas were 0.73% and 0.93%, respectively. Tw4iy components in both the aerial
parts oil and the corolla oil, representing 95.1H#d 93.88%, respectively, were
identified. The aerial parts and corolla oils weharacterized by the predominance of two
components:p-cymene (9.43% and 17.51%) and carvacrol (67.51% 8R8.33%),
respectively. The essential oils were also evatude their antimicrobial activity against
ten bacteria by the disc diffusion assay. Our figdi showed the following order in the
sensitivity to the essential oils, as indicatedtry corresponding inhibition zond3roteus
vulgaris > Salmonella typhimurium» Enterobacter cloacae Klebsiella pneumonia
Escherichia coli> Serratia marcescens Pseudomonas aeruginosgaer the aerial parts
essential oil, andsalmonella typhimuriure Proteus vulgaris> Enterobacter cloacae
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Escherichia coli> Klebsiella pneumoniae> Serratia marcescenss Pseudomonas
aeruginosafor the corolla essential oil. The studied essgmtils thus exhibited a broad-
spectrum of activity against both Gram-positive &rm-negative bacteria, whereas the
tested Gram-positive bacteria were more susceptbltlee essential oil samples.

Keywords: Origanum acutidens (Hand.-Mazz.); Essential oil, GC-MS analysis,
Antibacterial activity.

Introduction

Of the 250,000 species of flowering plants in therM, more than 20,000 — nearly 10 % of the
total — are classified as herbs. Herbs picked mpleefrom the wild have been an essential factor in
health care all over the World throughout the agas in all cultures. Nowadays, some 80 % of the
World’s people rely on traditional, plant-based mets for their primary health care.

According to the most recent records, in Turkeydhare 10,754 native plant species and 3,708
endemic plant species (an endemism ratio of abéi®)31]. The genu®riganum(belonging to the
Lamiaceae) is represented by 22 species and faaspsuaies in Turkey, considered as the gene centre
of this genus. They are grouped into eight sectanms 14 species are endemic to Turkey. One such
endemic species i©riganum acutidengHand.-Mazz.) letswaart. Some ender@idganumspecies
including O. acutidengsuch aO. bilgeri, O. hypercifoliumandO. sipyleum are used as herbal teas
in the regions where they grow [2]. In additi@riganumspecies are widely used as a culinary herb,
to flavor food products and alcoholic beverage$][39. acutidends a perennial herb of some 15-30
cm in height. It has gray-green fragrant leaveipwegreen flower bracts and a white to pale yellow
or pink corollas.

Essential oils have many applications in folk madiand for flavoring and preservation, as well as
in the fragrance and pharmaceutical industries. artemicrobial property of essential oils has been
known for a long time, and a number of investigadidhave been conducted on their antimicrobial
activities, using bacteria, viruses and fungi aggaorganisms.

A lot of Origanumplants are characterized by the existence of ealtle chemical differences with
respect to both essential oil content and commositnd researchers have recently concentrated on
these plants in particular, owing to the potentatimicrobial and antioxidant activities of their
essential oils. The essential oil from the aerat$ of Origanum acutidengHand.-Mazz.) letswaart
has been analyzed by several authors, and carvanmp-cymene were identified as the major
components in this oil [6-8], and it was reportédttthe essential oil obtained fro@riganum
acutidens exhibited a significant antimicrobial activity agst the bacteria used the study [7].
However, we have not found any published reseandh® content and composition of the essential oil
from Origanum acutidenfiowers.

The aims of this study were to identify and comptre chemical composition of essential oils
isolated by hydrodistillation from aerial parts aondrollas of Origanum acutidengHand.-Mazz.)
letswaart grown in Turkey by gas chromatographysmsgectrometry (GC/MS) analysis, and to
evaluate the antimicrobial activities of these etaéolls.
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Results and Discussion

The aerial parts and corolla gave dark yellowistt pale yellowish oils, respectively. The essential
oil contents obtained were 0.73% in aerial parts @:93% in corollas. In previous studies [8-10] the
essential oil obtained from the aerial partsQofacutidensranged from 0.6-1.4%. The essential oil
components identified in the two samples are ligtefiable 1, together with their relative percewisg
in order of their retention indices. The qualitatiompositions of aerial parts and corolla thereewe
different. Twenty-five components in both aeriaktpaoil and corolla oil, representing 95.11% and
93.88%, respectively, were identified (Table 1).

Table 1.Chemical compositions (%) of essential oil in dlarand aerial parts d. acutidens.

Peak no. Compounds RT Corolla Aerial Parts
(min) (%) (%)

1 a-Phellandrene 9.58 0.55 -
2 o - Pinene 9.84 0.63 0.27
3 Camphene 10.45 0.73 0.31
4 2-p-Pinene 11.68 - 0.18
5 1-Octen-3-ol 11.85 - 0.74
6 3-Octanone 12.18 0.65 1.26
7 Myrcene 12.36 0.57 0.29
8 a-Terpinene 13.49 0.77 0.32
9 p-Cymene 13.89 17.51 9.43
10 Eucalyptol 14.18 0.46 0.54
11 y-Terpinene 15.47 0.79 0.44
12 cis-Sabinenehydrate 15.86 0.92 0.55
13 Linalol 17.44 0.70 -
14 S-Thujone 17.68 1.93 1.31
15 a- Thujone 18.21 - 0.31
16 Camphor 19.51 1.17 0.50
17 Isoborneol 20.49 2.21 1.36
18 Terpinene-4-ol 21.05 0.62 0.62
19 p-Cymen-8-ol 21.42 0.58 0.54
20 Dihydrocarvone 21.99 - 0.33
21 Tymoquinone 24.41 2.85 3.80
22 Linalyl butyrate 24.73 1.76 -
23 Borneol 26.12 1.19 -
24 Thymol 26.30 - 0.54
25 Carvacrol 26.83 52.33 67.51
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Table 1.Cont.

26 S-Caryophyllene 31.79 2.04 1.62
27 J-Cadinene 34.88 - 0.79
28 1H-Cycloprop[e]azulen-7-ol 38.14 0.46
29 Caryophyllene oxide 38.34 0.91 1.09
30 Isoelemicin 40.24 0.57
31 SIndacene-1,7-dione 46.50 0.55
32 6-(2-Formylhydrazino)-N,N- | 46.96 0.89

bis (isopropyl)-1,3,5-triazine-

2,4-diamine

Amount of identified compounds 93.88 95.11

In our studyp-cymene (9.43% and 17.51%) and carvacrol (67.518652233%) were found to be
the major components of both the aerial parts amdlla oils, respectively. As seen Figure 1, th@alto
of these two components were recorded higher imalaparts (76.94%) than corolla (69.84%).
Similarly to our findings, the contents of cavrd@odp-cymene measured in previous studies [6,8,10]
varied from 65% to 87.0% and from 2.0% to 14.0%pextively.

The other important component of the aerial paittsvas tymoquinone (3.80%) This component
(2.85%) was detected relatively low amount in daralil. p-thujone, camphor, isoborneol, afied
caryophyllene were observed higher in corolla oidl an aerial parts oil. Sixteen components (total
10.89%) in corolla and 17 components (total 7.78%&erial parts were found below 1%.

Figure 1. p-Cymene and carvacrol and their total relative am®in the two essential oils (%).
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2-f-Pinene, 1-octen-3-olg-thujone, dihydrocarvone, thymo#-cadinene, and 1H-cycloprople]-
azulen-7-ol were found only in the aerial partseasial oil. Also,a-phellandrene, linalool, linalyl
butyrate, borneol, isoelemicigindacene-1,7-dione, and 6-(2-formylhydrazino)-N;his (isopropyl)-
1,3,5-triazine-2,4-diamine were found only in tharatla essential oil. It was reported that linalool
acetate, borneol arfidcaryophyllene were found in amounts of 1.7%, 1&% 1.3%, respectively, in
the essential oil isolated by hydrodistillationrfradhe aerial parts dD. acutidend8]. Also, borneol
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(1.5%-2.0%) and terpinene-4-ol (1.0% - 1.4%) wezeorded in a previous study on essential oil of
oregano [10]. In our study, borneol (1.19%) wasnfbin the corolla oil, but this component was not
detected in the aerial part op-Caryophyllene and terpinene-4-ol were recordedath corolla
(2.04% and 0.62%, respectively) and in aerial pdr82% and 0.62%, respectively) essential oils.

The two essential oil samples obtained from a@aals and corollas . acutidensvere screened
for antibiotic activity against ten bacterial strai Tables 2 and 3 summarize the antibacterial
properties of the two essential oils, which exlgtit broad-spectrum of activity against both Gram-
positive and Gram-negative bacteria.

Table 2. Antibacterial activity against Gram-positive batef the aerial parts and corolla
essential oils fron®. acutidens.

Mean diameter of inhibitory zones (mm+SEj)

Treatments S. aureus S. epidermidis S. pyogenes
Aerial Parts 56.0+00 52.25+0.14 82.5+1.44
Corolla 60.0+0.6 33.50+0.57 85.0+0.7
Chloramphenicol (30 pg) 26.00+057 29.75+1.18 33.75+1.31
Tetracycline (30 pg) 31.50+0.28 9.25+0.25 43.75+2.3%
Ampicillin (10 pg) 39.00+2.48 19.00+1.06 46.25+2.39
Carbenicillin (100 ug) 40.50+0.28 23.75+0.63 43.00+2.64°
Erythromycin (15 pg) 25.25+0.95 32.50+2.25° 38.25+1.65"

% The values are means * standard error (n=4); Meutis the same letter within columns are not
significantly different ap>0.05; -:no activity.

Table 3. Antibacterial activity against Gram-negative baet®ef the aerial parts and
corolla essential oils fro®. acutidens.

Mean diameter of inhibitory zones (mmzSE}

S, P. K. E. E.

Treatments S. marcescens . . P. aeruginosa _ . .
typhimurium vulgaris pneumoniae cloacae coli

Aerial Parts 10.5+0.78 26.0+0.5%° 7.0+0.0° 33.5+0.28 14.5+0.28 24.0+0.57 13.5+0.28

Corolla 18.0£0.0 33.0+0.0 9.0+0.¢7 31.0+0.57 20.5+0.28 25.0+0.6° 22.75+0.28

Chloramphenic  27.75+0.62  27.75+1.3%  10.75+1.489  20.50+1.28  28.50+0.98  30.50+0.64"  27.25+0.8%

ol (30 pg)

Tetracycline 23.00+0.9%  26.25+1.3%  18.50+1.32 30.75+1.88 27.75£1.3%  28.75+1.08%  29.00+0.78

(30 po)

Ampicillin 14.25+1.28  26.25+0.78° - - 21.00+2.38 - - 27.00+1.08  20.75+0.4%

(10 po)

Carbenicillin 25.25+0.4% 24.00+1.29 23.25+2.49 31.75+1.68 - - 32.50+1.70  22.75+1.08

(100 pg)

Erythromycin 10.75+1.18 11.50+0.28 18.5045.54 11.00+0.57 12.75+0.85 - - 15.25+2.13

(15 pog)

& The values are means * standard error (n=4); Mewgitis the same letter within columns are not
significantly different ap>0.05; -:no activity
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The phenolic components such as thymol, carvacanyacrol methyl ether ang-cymene are
mainly responsible for the antibacterial propertigfs essential oils [11]. The principal active
component ofOriganum essential oils is carvacrol [3,4] and, for instgn@eiganum minutiflorum
carvacrol-rich oil (73.9%) exhibited strong antinaiial activity [12].Likewise, Origanumscabrun
which contains 75% of carvacrol, had a very highbacterial effect agains$g. aureusandE. coli[4].

It was also stated that thymol and carvacrol weaee rhain components @riganum glandulosum
essential oil and, also that the high level of tbicontained inO. glandulosunmil is responsible for
the observed strong biological activity [pCymene, which is the biological precursor of cared is
not an effective antibacterial when used alone [1&], but when combined with carvacrol, a
synergistic effect again&. cereushas been reported [13].

The aerial parts and corolla essential oils gaeeltést inhibitory activity again§treptococcus
pyogenesStaphylococcus aurewsnd Staphylococcus epidermigighich are Gram-positive bacteria.
In our study, inhibition zones of the essential fodim aerial parts and corolla varied from 82.5 and
85.0 mm to 52.3 and 33.5 mm, respectively, for @ram-positive bacteria used. Although the two
essential oil samples exhibited similar growth Inifoiry activity againss. pyogeneandS. aureusthe
aerial part essential oil was more active agathseépidermidighan the corolla oil. As to the Gram-
negative bacteria, inhibition zones of the esskntldrom aerial parts and corollas varied from.33
and 33.0 mm to 7.0 and 9.0 mm, respectively. Theeqtibility of these bacteria changed depending
on the essential oil sample investigated. Our figdishowed the following order in the sensitivity t
the essential oils, measured by the respectivebiiidn zones,P. vulgaris>P. typhimurium> E.
cloacae>, K. pneumonig E. coli>S. marcescersP. aeruginosdor the aerial parts essential oil, and
P. typhimurium>P. vulgaris>E. cloacae>E. col> K .pneumoniaeS. marcescensP. aeruginosa
for the corolla essential oil (Figure 2).

Figure 2. Inhibition zone differences between the aeriatgpand corolla essential oil with
respect to used bacteria strains (mm).
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On the whole, the Gram-positive bacteria used in siudy were more susceptible against the
essential oil samples. As known, the Gram-posithaeteria seem to be more susceptible to the
inhibitory effects of the essential oil than thea@rnegative bacteria, a feature attributed to the
differences in the respective cell wall structurébe greater susceptibility of the Gram-positive
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bacteria may result from their simpler single lagell wall structures, while the Gram-negative cell
wall is a multi-layered structure and quite comp|és, 16]. It has been reported that the phenolic
monoterpene carvacrol is able to disintegrate theranembrane of Gram-negative bacteria, releasing
lipopolysaccharides (LPS) and increasing the pebrigaof the cytoplasmic membrane to adenosine
triphosphate (ATP) [16, 17]. This was shown to dgenghe cells irreversibly. Our findings are in
agreement with these data. On the other hand, & megorted that ssential oils extracted by
hydrodistillation from the aerial parts of 23 saegbfAlgerian Origanum glandulosunbesf. were
characterized by the predominance of four companéhymol (18.5-73.1%), carvacrol (7.6—72.6%),
p-cymene (1.7-18.5%) ang-terpinene (1.1-18.7%), and all microbial straisdherichia coli
Pseudomonas aerugings8taphylococcus aureu&nterococcus hirgeCandida albicans Candida
tropicalis) tested(Gram-positive and Gram-negative bacteria and tggashowed a fairly similar
degree of susceptibility to the essential oils undeestigation, although no evident difference was
observed in their sensitivity [18]. Similarly, tiessential oils 0O. vulgaresubsp hirtum appeared to
be equality effective against both Gram-positivd &mam-negative microorganisms [17].

Positive controls (reference antibiotics) showedibaicterial activity towards the Gram-positive
bacteria used, but no inhibition by ampicillin ag&iP. aeruginosaandK. pneumoniagecarbenicillin
againstK. pneumoniagand erthromycin again&. cloacaewere observed. In addition, the essential
oil from flowers showed stronger antibacterial adfiy against all the microorganisms, exc8pt
epidermidisandP. vulgaris used in our study (Tables 2 and 3).

Twenty-three minor components, constituting 24.0a% 18.17% of essential oil obtained fr@n
acutidenscorolla and aerial parts, respectively were dete€Table 1). There is some evidence that
minor components also have a critical part to playantibacterial activity, possibly by producing a
synergistic effect between other components [18]s has been found to be the case for sage [20],
certain species dfhymug21, 22] and oregano [21].

When the our results were compared with the liteeatthe chemical composition and content of
essential oil fromO. acutidens similarly other medicinal plants, in the presestudy showed
significant differences, which can be attributedesal factors, such as the part of plant underyais|
the stage of plant development, the time of hainvgsr picking, differences in climatic and ecolcaji
conditions, and the different distillation methagsed in the studies etc. [15-23] and the antimiatob
activities of plants depends on the type, compmsiéind concentration of essential oils. Essentigl o
rich in phenolic compounds, such as carvacrol, \ai@ely reported to possess high levels of
antimicrobial activity [4, 24].

On the whole, this study demonstrates the antibatt&ctivity of the essential oil of this endemic
species against the tested bacterial strains, lbmdrst report on the components and antibaateri
activity of the corolla essential oil @. acutidensIn view of the obtained inhibitory responds «f it
aerial parts and corolla, it is suggest that thessential oils or the natural components founchén t
essential oil ofO. acutidenscould be used in the food and pharmaceutical ingss and as an
alternative to common synthetic antimicrobial pro€u
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Experimental
Plant Material

This study was carried out at the laboratoriehefRield Crops Department, Faculty of Agriculture
of Ankara University. The herbal parts ©figanum acutidengHand.-Mazz.) letswaart grown at the
experimental field of this Department were colleictehen flowering (July 30, 2007). The collected
plants were dried in the shade at room temperature.

Isolation of essential oil

Dried aerial parts (leaves and stems) and coralits of the flowers (about 50 g) were ground and
subjected to hydrodistillation for 3 h in 500 mLte& using a Clevenger-type apparatus.

Gas chromatographic-mass spectrometric analyseseéntial oil

All gas chromatography (GC) analyses were carriatl an a Hewlett Packard 6890 N GC
instrument, fitted with a HP 5MS 30 mx0.25 mmxQ2b film thickness capillary column and FID
detector. The column temperature was programmaeud §0°C to 150°C at an initial rate of 3°C/min.
The injector and detector temperatures were progeanat 220°C and 290°C, respectively. Helium
was used as the carrier gas at a flow rate 1 mL/fine gas chromatography-mass spectrometry
(GC/MS) analyses were performed using a Hewlettk&ac 5973 (mass selective detector)-6890
GC/MS system operating in the electron ionizatigstesm with ionization energy of 70 eV (equipped
with a HP 5MS 30 nx 0.25 mnmx 0.25um film thickness capillary column), using He (1 miin) as
the carrier gas. The initial temperature of theuoot was 50°C and then heated gradually to 150°C
with a 3°C/min rate, held for 10 min and finallyised to 250°C/min. Diluted samples (1/100 in
acetone, v/v) of 1.0 uL were injected automaticalhg in the splittess mode. The identification of
chemical compounds obtained from our study wasopeid by matching their retention times and
mass spectra with those obtained from the Flavoi&liley7n.1 and NIST98.L spectral and literature
data [25]. Relative percentages of the separategboands were calculated from FID chromatograms.

Antibacterial bioassay

The disc diffusion assay (Kirby-Bauer Method) wagdito screen for antibiotic activity [26]. The
microorganisms used were:Escherichia coli (ATCC®25922), Pseudomonas aeruginosa
(ATCC®27853), Salmonella typhimurium(ATCC®14028), Serratia marcesceng ATCC®8100),
Proteus vulgaristATCC®13315), Enterobacter cloaca¢ATCC®23355) andKlebsiella pneumoniae
(ATCC®13883) which are Gram-negative bacteria a@iheptococcus pyogend®TCC®19615),
Staphylococcus aureu@TTC®25923) andStaphylococcus epidermid{@ TCC®12228) which are
Gram-positive bacteria. The pathogenic organismee gelected for the study on the basis of their
clinical and pharmaceutical importance.
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BD-Microtrol discs (Becton Dickinson Laboratoridsiance) containing different bacterial strains
were transferred to test tubes containing 2 mLrgplic Soy Broth (TSB) and incubated for 3 hours at
37°C. After 3 hours, one bacteriological loop fraach broth was streaked on Tryptic Soy Agar
(TSA) plates and incubated for 2 days at 37°C. iAttdays, 4-5 loops of pure culture were transterre
to 20 mL of TSB in a test tube for each bacteriedis and incubated overnight at 37°C; then 0.2 mL
from each culture was transferred into 0.8 mL T8Eppendorf tubes. A sterile cotton swab dipped
into the bacterial suspension and 0.L mL from estcdind was transferred into Mueller-Hinton (M-H)
agar plate (One Eppendorf tube was used for eaah @gte). The plates were inoculated with a
microorganism suspension at a density of délls/mL. Agar plates were streaked four timeshe
time turning the plate at a 90° angle and finallpbing the swab through the edge of the plate. All
extracts were sterilized by filtering through a22m filter (Pal-Gelman Laboratory) and sterile grap
discs (Glass Microfibre filters, Whatm&né mm in diameter) were soaked in the extract gladed
onto inoculated plates. The inoculum for each bacte was prepared from broth cultures. The
amounts of the undiluted essential oils appliedewidrL. There were four replicates for each extract
tested for each bacterium. Positive controls coedisf five different antimicrobial susceptibilitgst
discs (Bioanalys®: erythromycin (15 pg) (E-15), ampicillin (10 peAM-10), carbenicillin (100 ug)
(CB-100), tetracycline (30ug) (TE-30) and chloramplieol (30 pg) (C-30). One antibiotic disc was
used for each plate and run in duplicate. Inocdlglates with discs were placed in a 37°C incubator
After 16 to 18 hours of incubation, the results eveecorded by measuring the zones of growth
inhibition surrounding the disc. Clear inhibitiomres around the discs indicated the presence of
antimicrobial activity.

Statistical analysis

The results obtained from antibacterial bioassagsevexpressed as means + standard error of the
mean. All data were analyzed by analysis of vaea@dNOVA) and mean values were compared with
Duncan’s Multiple Range Tests using SPSS versSESE6 Inc., Chicago, IL, USA) [27].
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