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ABSTRACT

 Volatile constituent components from aerial parts of Ziziphora capitata L. were successfully 
separated using headspace solid-phase microextraction (HS-SPME) approach, and were 
subsequently analyzed by means of GC and GC-MS instruments. The major volatile compounds 
were found to be pulegone (23.8%), p-mentha-3,8-diene (17.0%), a-pinene (11.4%), b-pinene 
(11.3%) and p-menth-3-en-8-ol (8.3%) altogether involving more than 70% of the profile accounting 
for high frequency of monoterpene hydrocarbons. Moreover, the methanolic extracts of Z. capitata 
were evaluated for possible antioxidant and antibacterial activities. In this regard, antioxidant activity 
of the extracts was determined by monitoring the scavenging capability of the DPPH free radical. 
Antibacterial activity was evaluated against some of Gram-positive and Gram-negative bacteria 
using disc diffusion and broth microdilution methods. The minimum inhibitory concentration (MIC) 
and minimal bactericidal concentration (MBC) values varied over the ranges 3.12-12.5 mg/ml and 
6.25-25 mg/ml, respectively. Our study revealed that methanolic extracts of Z. capitata exhibit strong 
and promising broad-spectrum activities against all the test isolates. For clinical isolates, the minimal 
MIC and MBC values were related to B. cereus and L. monocytogenes strains, whereas for the 
standard strains, both P. aeruginosa and S. aureus showed the lowest MIC and MBC values under 
the same conditions.

Keywords: Ziziphora capitata, HS-SPME-GC-MS, methanolic extract,
antioxidant activity, antibacterial activity.
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INTRODUCTION

 The genus Ziziphora L. belongs to the 
Lamiaceae family from botanical point of view. The 
origins of these plants are mainly in Iraq, Turkey, 
Caucasia, Middle Asia, Afghanistan, Pakistan, Syria, 
Armenia, Anatolia, west Siberia and Turkmenistan. 
As shown in the dictionary of Iranian plant names, 
the genus Ziziphora comprises four endemic species, 
namely Z. clinopodioides, Z. capitata, Z. persica and 
Z. tenuior which can be found sporadically in different 
parts of Iran1, 2. In local Persian tradition, Ziziphora 
capitata is called as “kakuti-e kuhi” involving about 
nine subspecies all native to Iran. In Turkish folk 
medicine, there is a variety of promising medical 
applications for diverse species of Ziziphora plants 
worldwide. They are frequently prescribed as 
infusions for various purposes such as powerful 
aperitif, sedative, stomachic carminative and 
antiseptic agents3. Different species of Ziziphora 
are also used to treat gastrointestinal disorders, 
hypertension, fever, edema, heart disease, insomnia, 
lung disease and hemorrhoids in China4 and for 
wound healing in Turkey3.

 According to the l i terature,  some 
investigations are found including cytotoxic5, 
immunomodulatory6, antimycotic7, antibacterial8, 9 
and antioxidant activities10-15 of essential oils and 
some extracts of plants belonging to the Ziziphora 
genus.

 To the best of our knowledge, this is the 
first comprehensive report concerning the chemical 
profile obtained from volatile natural compounds 
present in the aerial parts of Z. capitata using 
the HS-SPME-GC-MS method. This study was 
followed by screening the phytochemical evaluations 
involving antioxidant and antibacterial activities of its 
methanolic extract.

EXPERIMENTAL

Chemical and Supplies
 2,2'-diphenyl-1-picrylhydrazyl (DPPH), 
2,6-di-ter t-butyl-4-methylphenol (butylated 
hydroxytoluene) standard antioxidant agent (BHT), 
Gentamicin, Carbenciline, Ampicillin 10 (AMP10), 
Nalidixic acid (NA30), Nitrofurantoin (NFT 100) and 
Trimethoprim/ sulfamethoxazole (SXT) antibiotics 

were all provided from Sigma-Aldrich GmbH (Munich, 
Germany). 

Plant material and botanical identification 
 The plant material was collected during 
the flowering stage in April 2014, in Sahraye Jalali,  
Shahrood region, Semnan Province, at an altitude of 
4413 ft (1345 m) above sea level  located at latitude 
36°25’N and longitude 055°01'. A voucher specimen 
was deposited at the Herbarium (number 33895) of 
the Research Institute of Forests and Rangelands, 
Tehran, Iran.  

Preparation of the extracts
 The 100-gram portions including air-dried 
aerial parts of Z. capitata were first ground in a 
coffee grinder (Type 591, Moulinex, Paris, France) to 
produce a homogeneous powder. In order to obtain 
an identical particle size, the powder was passed 
through a sieve. To prepare the plant extract, 300 
ml of methanol was added to the powder. To avoid 
light deterioration during extraction, the medium 
was completely covered with a thin layer of an 
aluminum foil. The system then placed on a shaker 
for 48 h under a mild rate at a mean frequency value 
of 50 rpm. In order to eliminate small suspended 
materials, the obtained solution was first passed 
through Whatman filters and was subsequently 
filtered through 45 µm nylon filters in the next step. 
Finally, the resulting solution was decanted to the 
round-bottom flask of a rotary evaporator (RE, IKA 
RV 05 basic 1B, Staufen, Germany, D-79219) and 
the solvent was removed under a mild vacuum at  
+35°C. The extracts were stored under the darkness 
at 5°C until being used within a maximum period of 
one week.

DPPH Radical Scavenging Activity (DPPH-RSA)
 The in vitro antioxidant activities of methanol 
extracts from the aerial parts of Z. capitata were 
evaluated using the DPPH reagent through their 
capability to scavenge the free radical DPPH 
following Nabavi et al.16, Gholivand et al.11 and 
some similar methods17-19 with slight modifications. 
In this study, to perform phytochemical evaluations, 
methanolic solutions of DPPH (5×10-4 M) and Z. 
capitata extracts (1000 µg/ml) were first prepared. 
Further dilutions of the extracts were made to obtain 
the extracts concentrations over the overall range 
12.5-1000 µg/ml. Afterwards, the 3.00 ml portions 
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of each diluted extract solution were mixed with 
1.00 ml of DPPH, strongly shaken (vortex) and 
allowed to stand for 60 min. for performance of 
possible reduction reaction under the darkness. 
When DPPH reacts with an antioxidant compound  
which can donate a hydrogen atom it is reduced 
20. Finally, the absorbance of each solution was 
measured at 517 nm using a UVIKON-922 double 
beam UV/Vis spectrophotometer equipped with 
matched cuvettes. The experiments were repeated 
in triplicate, and the mean radical scavenging activity 
(RSA%) values were considered for each sample. 
The same procedure was followed for the BHT and 
the corresponding RSA% was calculated using the 
following formula (eqn.1).

 RSA(%)=[(Ab-As)/Ab]×100 ...(1)
 
 Where Ab and As respectively stand 
for absorption of blank sample (DPPH) and the 
absorption of tested extract solution. In addition, 
the blank solution involved all reagents except the 
extract.

Antibacterial assay
 In this research, we used standard strains 
including Staphylococcus aureus (ATCC 25923), 
Escherichia coli (ATCC 25922)  , Pseudomonas 
aeruginosa (ATCC 27853) and Enterococcus 
faecalis (ATCC 29212) provided by Iran Medical 
Sciences University, Tehran, Iran. In addition, clinical 
isolates involving Staphylococcus epidermidis, 
Escherichia coli, Streptococcus agalactiae, Listeria 
monocytogenes, Proteus mirabilis, Salmonella typhi, 
Pseudomonas aeruginosa, Klebsiella pneumoniae 
and Bacillus cereus (from Imam Hussain hospital of 
Shahrood, Semnan Province and Iran University of 
Medical Sciences, Tehran, Iran) were used for the 
current study. 

Disc diffusion assay
 To determine the antibacterial activity of the 
extracts obtained from the aerial parts of Z. capitata, 
the disc diffusion assay was conducted according to 
the standard methods given by Clinical Laboratory 
Standard Institute recommendations CLSI21 and 
Scorzoni et al.22. Accordingly, in the first step, the 
microorganism suspensions containing 108 colony-
forming unit per ml (CFU/ml) were loaded on a sterile 
cotton swabs and streaked over the dried surface 

of MHA plates for inoculation. Then, the sterile filter 
paper discs with 6 mm in diameter were impregnated 
with 20 µl (2×10 µl) of each sample (100 mg/ml) and 
were subsequently placed on the inoculated agar. In 
the next step, the plates were incubated at 37°C for 
24 h. Lastly, antibacterial activity was determined by 
measuring the diameter of inhibition zone against the 
microorganisms. The inhibition zone was measured 
in millimeters including the disc diameter. All of the 
tests were carried out in triplicate. Carbenciline 
(100 µg/ml) was used as the positive control. A disc 
which was impregnated with 20 µl of solvent was 
used as the negative control. For this assay, the 
extracts of the Z. capitata species were dissolved in 
methanol.

Minimum inhibitory concentration assay (MIC) 
 The antibacterial activities of the extracts 
from aerial parts of Z. capitata were determined 
against Gram positive and Gram negative bacterial 
strains using broth microdilution method. The term 
MIC was evaluated on bacterial strains which 
showed sensitivity to the extracts in the disc 
diffusion assay according to the proposed methods 
by CLSI21, Weckesser et al.23 and Mahdavi et al.24 
with some modifications. In order to determine 
the MIC, in a preliminary step, the 96-well plates  
(8×12 wells) were dispensed with 100 µl of the culture 
media (MHB) followed by charging the first well with  
100 µl of DMSO solution of the extract. Subsequent 
concentrations of the extract were prepared with 
serial dilution as follows: 100, 50, 25, 12.5, 6.25, 
3.125, 1.56 and 0.78 mg/ml. Afterwards, 100 µl from 
each of their serial dilutions was transferred into 
consecutive wells. The inocula (100 µl) containing 
1-2 × 106 CFU/ml of each isolate were added to each 
well. The final volume in each well was 200 µl. The 
last well line of the plate was reserved to test the 
sterility control of the medium and inoculum viability. 
One well was used as negative control by filling 200 
µl of MHB and the extract. E. coli ATCC 25922 and 
Gentamicin with concentrations of 50, 25, 12.5, 6.25, 
3.12 and 1.56 µg/ml served as positive controls 
according to the CLSI recommendations21. All tests 
were carried out in triplicate. After incubation for 24 
h at 37°C, bacterial growth was evaluated by the 
presence of turbidity and a pellet on the well bottom. 
MIC was defined as the first well with no visible 
growth during an 18-20 h incubation period at 37°C. 
After incubation time, 5 µl of the inoculations without 
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growth were dispensed on MHA (Merck, Germany) 
plates and after 24 h incubation at 37 °C, the lowest 
concentration without visible growth was regarded as 
minimal bactericidal concentration (MBC)21.

Gas chromatographic analyses 
 Gas chromatographic analyses were 
performed on a Shimadzu 15A gas chromatograph 
equipped with a spilt/splitless (ratio 1:30) injector 
and a flame ionization detector, both operating at 
250°C. High purity nitrogen served as the carrier gas 
(1 ml/min) and the capillary column used was DB-5 
(50 m×0.2 mm, film thickness 0.32 µm). The column 
temperature was kept at 60°C for 3 min, then heated 
to 220°C with a 5°C/min rate and finally kept constant 
at 220°C for 5 min. relative percentage amounts were 
calculated from peak area using a CR5 Shimadzu 
CR pack without the use of correction factors. 
 
 Gas chromatographic mass spectrometric 
analysis was performed using a Hewlett-Packard 
5973 instrument equipped with an HP-5MS column 
(30 m×0.25 mm, film thickness 0.25 µm). The effluent 
of the GC column was directly introduced into the 
source of MS. The column temperature programming 
was the same with GC analysis. The flow-rate of 
helium carrier gas was 1 ml/min, final temperature 
230°C while detector temperature was set at  
250°C; MS spectra were taken at 70 eV (E1) over the 
range 30-350 amu with an electron multiplier voltage 
of 1800 eV and scan time was 2 scans/ seconds.

Headspace solid-phase microextraction 
method 
 A commercially available manual SPME 
apparatus equipped with 75-µm diameter fibers 
obtained from Supelco (Bellefonte, USA) was used 
for the SPME procedure. Our routine SPME analysis 
is based on a modified syringe containing stainless 
steel microtubing within its syringe needle. This 
microtubing has an about 1-cm fused-silica fiber tip 
which is coated with an organic polymer involving 
polydimethylsiloxane combined with craboxene 
namely, PDMS-CAR. In fact, this fiber consists of 
porous particles of polydimethylsiloxane which are 
held together by carbowax as a powerful binder. 
The coated silica fiber can be moved between two 
positions, inside and outside the needle, with a 
plunger just like a normal syringe. Compared with 
a normal GC syringe, the diameter of the syringe 

needle housing the microtubing and coated silica 
fiber is not much increased. Before use, the fiber 
was conditioned at 250°C for 0.5 h in the GC injector. 
Then, one gram of powdered sample was placed in 
a 20-ml sample vial sealed with septum-type caps 
provided from Supelco, which was heated for 15 min 
at 70oC. After this time, the SPME needle pierced the 
septum, and the PDMS fiber was extended through 
the needle and exposed to the head-space above 
the sample for 15 min to trap the volatile compounds 
in the upper space of the vials. After an optimized 
extraction time (15 min), the fiber was drawn into the 
needle, and then the needle was removed from the 
septum and directly inserted onto the injection port of 
the GC. Desorption of analytes from the fiber coating 
was performed by heating the fiber in the splitless 
(250oC) mode of injection port for 5 min. Extraction 
and enrichment of the analyte are completed by the 
coating in the position outside the syringe needle. 
Penetration of the septum of a GC injection port 
was possible when the fiber was withdrawn into the 
syringe needle. Finally, desorption of the analyte and 
transfer to the capillary was performed after again 
moving the fiber to the position outside the syringe. 

Qualitative and quantitative analyses
 Identification and determination of the 
constituents of each profile were tentatively made 
by comparison of their mass spectral fragmentation 
patterns and retention indices (RI) relative to C9-C25 

n-alkanes both with those given in the literature25 as 
well as those stored in a MS spectral literature data. 
In addition, we utilized some of the spectral patterns 
as well as Kovatz indices based on previous findings 
of our research group26-53. 

RESULTS AND DISCUSSION

Chemical profile by HS-SPME technique
 Although the chemical  prof i les of 
hydrodistilled oils of Z. capitata have been reported 
previously, this study produced new profiles, mainly 
consisting of monoterpene hydrocarbons. Moreover, 
quantitative and qualitative analysis of volatile 
fractions from the aerial parts of Z. capitata, using 
the described method, has led to identification of 
several monoterpene hydrocarbons, oxygenated 
monoterpenes, sesquiterpene hydrocarbons 
and non-terpene hydrocarbons. To give a deeper 
insight into the separation process, the respective 
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chromatogram has been represented in Figure 
1. In addition, the names, retention indices and 
percentages of the constituents obtained from aerial 
parts of Z. capitata by the aforementioned method are 
listed in Table 1. As can be seen, there are negligible 
differences in numerical values of Kovats retention 
indices between the calculated ones and those cited 

in the literature. Furthermore, using the HS-SPME 
method, a total of 19 volatile components were 
identified from the aerial parts of Z. capitata totally 
accounting for 99.0% of the chemical profile (Table 
1), including seven monoterpene hydrocarbons 
(60.6%), seven oxygenated monoterpenes (35.1%), 
two sesquiterpene hydrocarbons (0.3%) and 

Table 1:  Chemical composition of the volatile constituents from the aerial parts of Ziziphora 
capitata obtained by HS-SPME approach a

No. Compound Class Rt f RI(Lit.)g RI(Cal.)h Percentage (%)

1 3–Methylcyclopentanone NH 4.92 848 854 0.2
2 α–Pinene MH 6.69 932 940.6 11.4
3 Camphene MH 7.05 946 945.9 1.1
4 β–Pinene MH 7.61 979 982.2 11.3
5 Myrcene MH 7.92 991 996.2 1.9
6 Limonene MH 8.75 1029 1035.6 13.4
7 p–Mentha–3,8–diene MH 9.59 1030 1035.9 17.0
8 (Z) –b–ocimene MH 9.90 1032 1039.6 4.5
9 Isopentyl 2–methylbutanoate NH 10.2 1100 1103.3 0.3
10 p–Menth–3–en–8–ol OM 11.15 1150 1154.0 8.3
11 Menthofurane OM 11.44 1164 1169.1 0.5
12 Isopulegone OM 11.68 1177 1181.2 1.1
13 cis–Pulegol OM 12.40 1229 1219.6 1.0
14 2-Methyoxythiophenol NH 12.45 1211 1212.8 2.5
15 Pulegone OM 12.92 1237 1244.8 23.8
16 γ–Terpineol OM 14.16 1199 1202.2 0.2
17 Piperitenone OM 14.72 1343 1347 0.2
18 α–Copaene SH 15.23 1377 1374 0.2
19 β–Bourbonene SH 15.39 1384 1386 0.1
 Total (%)     99.0
  MH b  Number   7
   Percentage (%)   60.6 
 OM c  Number   7
   Percentage (%)   35.1
 SH d  Number   2
   Percentage (%)   0.3
 NH e  Number   3
   Percentage (%)   3.0

a The compounds have been sorted according to their retention indices on an HP-5 MS capillary column
b Monoterpene hydrocarbons
c Oxygenated monoterpenes
d Sesquiterpene hydrocarbons
e Nonterpene hydrocarbons
f Retention time (min.)
g Kovatz retention indices given in the literature
h Calculated Kovatz retention indices
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Table 2: Molecular formula and major mass fragments of the most 
abundant compounds in the volatile profile using HS-SPME technique

No. Compound Molecular formula Mass fragments (m/z)

1 Pulegone C10H16O 81.1 (100%) a; 152.05 (82.87%); 67.10 (67.36%); 
   109.10 (54.67%); 82.10 (35.61%)
2 p-Mentha-3,8-diene C10H16 79.00 (100%); 93.1 (58.48%); 107.1 (54.79%); 
   136.05 (50.54%); 121.10 (43.54%)
3 Limonene C10H16 68.1 (100%); 93.10 (99.98%); 67.10 (76.72); 
   81.10 (49.98%); 43.00 (42.25%)
4 α-Pinene C10H16 93.00 (100%); 91.00 (40.70%); 92.00 (37.04%); 
   77.00 (26.43%); 79.00 (21.47%)
5 β-Pinene C10H16 93.10 (100%); 91.00 (28.04%); 69.10 (24.72%); 
   77.00 (22.74%); 79.00 (22.22%)
6 p-Menth-3-en–8-ol C10H18O 123.10 (100%); 81.10 (88.15%); 67.10 (29.84%); 
   41.00 (25.45%); 55.00 (21.10%)

aThe frequency of each fragment

Table 3:  Radical scavenging activity (RSA%) of  Z. capitata and BHT against DPPH assay

         Methanolic extracts of Z. capitata  BHT antioxidant agent
Concentration  RSA(%) IC50 Concentration  RSA(%) IC50

(µg ml -1)  (µg ml -1) (ppm)  (µg ml -1)

50 36.1±0.1  12.5 50.6±1.2 
100 42±0.3  25 57.2±0.4 
250 53.8±0.2 206.6±1.3 50 68.9±0.9 12.1±1.9
500 73.7±0.2  75 84.9±3.2 
750 96.9±0.2  100 97.5±0.8
Linear RSA(%) equations: Linear RSA(%) equations:
1) RSA%=0.0852C+32.487 1) RSA%=0.5898C+42.116
R2=0.998 R2=0.992
2) RSA%=0.0847C+32.555 2) RSA%=0.47C+45.358
R2=0.999 R2=0.996
3) RSA%=0.0851C+32.29 3) RSA%=0.5652C+42.704
R2=0.999 R2=0.995

three non-terpene hydrocarbons (3.0%). It should 
be noted that no oxygenated sesquiterpene 
was detected within the volatile chemical profile. 
Specifically, the major volatile components from the 
aerial parts were found to be pulegone (23.8%), 
p-mentha-3,8-diene (17.0%), a-pinene (11.4%), 
a-pinene (11.3%) and p-menth-3-en-8-ol (8.3%). 
However, lower amounts of other natural compounds 
occurred in the profile including (Z)-a-ocimene 
(4.5%), 2-methyoxythiophenol (2.5%), myrcene 

(1.9%), isopulegone (1.1%), camphene (1.1%), cis-
pulegol (1.0%) and menthofurane (0.5%). On the 
other hand, approximately trace amounts (<0.5%) 
of 3-methylcyclopentanone (0.2%), g-terpineol 
(0.2%), piperitenone (0.2%), a-copaene (0.2%) and 
b-bourbonene (0.1%) were recognized in the isolated 
volatile fractions from the aerial parts of Z. capitata. 
The details of molecular formulas and mass spectral 
patterns of the six dominant compounds found in 
the chemical profile of the volatile fraction in the 
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Table 4: The mean of the inhibition zones (mm) using disk diffusion method

Bacteria Antibiotics                           Inhibition zone (mm)
  Obtained Standard rangei

Staphylococcus aureus a – 15 ± 0.4 g –
Pseudomonas aeruginosa a – N.S. h –
Escheriscia coli a – N.S. –
Escheriscia coli ATCC 25922 b AMP10 

c 18 16–22
 NA30 

d 25 23–28
 NFT100 

e 21 20–25
 SXT f 26 23–29

a Clinical isolate  b Standard bacterial strainc Ampicillin 10 (AMP10) antibiotic d Nalidixic 
acid (NA30) antibiotic e Nitrofurantoin (NFT100) antibiotic f Trimethoprim/sulfamethoxazole 
(SXT) antibiotic g Relative standard deviations (RSD) based upon three replicate analysis.h 
Not seen i According to reference CLSI (2013)

aerial parts of Z. capitata has been summarized in  
Table 2.

Chemical composition of Z. capitata in similar 
reports 
 To the best of our knowledge, this is the 
first report concerning the volatile fractions from 
the aerial parts of Z. capitata as one of the most 
important herbal plants. However, there have been 
several reports on the profiles of water-distilled 
essential oils from Z. capitata in different parts 
of Iran. In the work of Ebrahimi et al.54, in the 
hydrodistilled oil from aerial parts of Z. capitata 
growing wild in Sanandaj, Kurdistan Province, Iran 
at an altitude of 1850 m, forty-two components 
were totally identified representing 98.1% of the oil 
mostly composed of sesquiterpene hydrocarbons 
(46.9%) and oxygenated sesquiterpenes (24.8 
%). In this report, the main constituents of the oil 
were germacrene D (21.3%), limonene (7.8%), 
b-caryophyllene (7.5%), bicyclogermacrene (5.5%) 
and spathulenol (4.5%). In a similar report, Aghajani 
et al. Aghajani et al8, detected 19 components 
in the oil of Z. capitata, accounting for 98.8% of 
the total oil composition. This research revealed 
the major compounds of the oil respectively as 
germacrene D (31.1%) and (Z)-b-ocimene (15.4%) 
followed by (E)-b-ocimene (9.7%), limonene (7.8%), 
b-caryophyllene (6.1%),  hexadecanoic acid (5.9%) 
and bicyclogermacrene (5.2%). Accordingly, the 
chemical profile of the hydrodistilled oil of Z. capitata 
consisted of six monoterpene hydrocarbons (35.1%), 

nine sesquiterpene hydrocarbons (49.4%), three 
oxygenated sesquiterpenes (8.4%) and only one 
aliphatic acid (5.9%).

Chemical composition of other species of 
Ziziphora genus in similar reports 
 Schulz and co-workers"55 have analyzed 
the essential oils obtained from various plant species 
belonging to a diverse set of genera involving 
Origanum, Satureja, Salvia, Sideritis, Thymus, 
Calamintha, Lavandula, Ziziphora and Thymbra by 
the use of two complementary methods, namely 
ATR/FT-IR and NIR-FT-Raman spectroscopy. 
This study showed characteristic key bands of 
the individual main volatile components such as 
carvacrol, thymol, p-cymene, g-terpinene, camphor, 
1,8-cineole, a-pinene and b-pinene.

 In addition, Konyalioglu and co-workers in 
2006 reported the chemical composition of Z. taurica 
subsp. tauric and Z. taurica subsp. taurica essences, 
wherein they found that the former oil highly consisted 
of caryophyllene oxide (26.16%), b-caryophyllene 
(24.8%), and germacrene-D (7.92%) while the latter 
one was mainly characterized by caryophyllene 
oxide (26.16%), b-caryophyllene (24.80%) and 
germacrene-D (7.92%)56.

 In the study of Bekhechi et al.57 on Z. 
hispanica (L.) essential oil from Algeria, the oil was 
characterized by a high content of pulegone (79.5%), 
as well.



1446 MOHAMMADHOSSEINI et al., Orient. J. Chem.,  Vol. 32(3), 1439-1451 (2016)

Fig. 1: The GC–MS chromatogram related to volatile profiles obtained from the aerial parts of 
Ziziphora capitata L. using headspace solid-phase microextraction (HS–SPME) approach

 In a related study, Behravan et al.7 isolated 
the essential oils of Z. clinopodioides Lam. in Iran, 
and found pulegone (44.5%), terpineol (14.5%) 
methyl acetate (10.9%), iso-neomenthol (7.1%) 
and 1,8-cineole (4.1%) to be the most abundant 
compounds .

 Amiri58 has reported, based on GC and 
GC-MS analyses, that the main components of 
water-distilled volatile oils from the aerial parts of Z. 
clinopodioides Lam. over the different growth stages 
were:
1. Pulegone (30.1%), thymol (21.3%), p-mentha-

3-en-8-ol (12.9%) and piperitenone (9.3%) in 
the pre-flowering stage. 

2. Pulegone (44.6%), p-mentha-3-en-8-ol 
(10.5%), 1,8-cineole (10.4%), piperitenone 
(8.7%) and thymol (6.7%) in the flowering 
stage.

3. Pulegone (41.3%), isomenthone (11.6%), 
p-mentha-3-en-8-ol (11%), p-mentha-3,8-
diene (7.2%) and thymol (5.8%) in the post-
flowering stage .

 Ding and coworkers59 have performed an 
interesting study concerning monitoring the changes 
in the chemical composition of Z. clinopodioides Lam. 
throughout nine different growth stages. This report 
highlighted pulegone (77.48-87.3%), p-menthanone 
(2.79-12.39%), trans-isopulegone (1.04-2.06%), 
D-limonene (0.51-3.03%) and eucarvone (1.5-
4.48%) as the most frequent compounds in the 
isolated essential oils.

 Gholivand et al.11 , have recently reported 
the main natural compounds occurring in the aerial 
parts of Z. tenuoir oil of the hydrodistilled essential oil 
using GC/MS technique. They have also compared 
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the respective profiles in two stages of growth. In this 
research, the main constituents of the 28 identified 
compounds in the oil were found to be pulegone 
(67.34% vs 59.61%), b-humulene (3.24% vs 3.25%), 
and limonene (5.06% vs 2.57%) at the flowering and 
pre-flowering stages, respectively.

 As mentioned above, numerous reports 
could be found in the literature in which the most 
frequency in all of the chemical profiles is related 
to oxygenated monoterpenes like pulegone and 
piperitenone3, 60-65 with the exception of one report 
as an improved GC-MS analysis using multivariate 
curve resolution approach in which pulegone 
(38.3%), isomenthone (7.06%), limonene (2.59%)  
along with some unusual compounds involving 
3',5'-dihydroxyacetophenone (22.83%), 2-methyl-
5-(1-methylethyl)-phenol (3.41%) and 2-acetyl-
4,4-dimethyl-cyclopent-2-enone (2.49%) constitute 
major natural compounds in the oil61.These findings 
altogether denote that the essential oils from different 
organs of various species of Ziziphora plants could 
be considered as potential sources of pulegone.

Antioxidant activity 
 The methanol extracts, which prepared 
from the aerial parts of Z. capitata, were subjected to 
screening for their possible antioxidant activity by the 
DPPH free radical scavenging assay. Considering 
corresponding regression analysis plots, the Z. 
capitata extract shows a rather desirable activity 
with an IC50 of 206.6±1.3 µg/ml (see Table 3). 
Moreover, BHT serves as a powerful antioxidant 
agent having an IC50 of 12.1±1.9 µg/ml under the 
same conditions. In other words as represented in 
Table 3, the DPPH radical scavenging abilities of 
all the methanolic extracts from the aerial parts of 
Z. capitata were considerably lower than that of the 
synthetic antioxidant BHT. 

 The term, IC50 is defined as the concentration 
of an extract that is required for 50% inhibition in vitro 
of free radicals present in a medium. It is evident that 
a lower IC50 value implies for better DPPH radical-
scavenging activity. Compared with similar reports, 
the obtained IC50 value for the extract of Z.capitata 

Fig. 2: Antibacterial activity of the methanolic extract from the aerial parts of Z. capitata against 
some of the bacterial strains involving nine clinical isolates + four standard strains (The RSD of 

all experiments fall within the range 0.1–0.9)
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is better in some cases. These mainly include polar 
subfraction of Z. tenuoir extracts in preflowering 
stage (IC50=284.12 µg/ml)11 as well as aqueous and 
methanol extracts of Z. tenuoir in which:
i) When treated with 1.5 and 1 mg/l of kin plus 

0.1 mg/l of naphthalene acetic acid (NAA) 
results in IC50 values respectively as 0.307 
and 0.369 mg/ml.

ii) As growing wild plants respectively show 
IC50=0.516 and 9.229 mg/ml66.

 However, our study on methanolic extract of 
Z. capitata showed higher IC50 value regarding some 
similar reports on some species of Ziziphora genus11, 

12. In the work of Gholivand et al.11, the IC50 values 
for non-polar subfraction in the flowering stage, non-
polar subfraction in the preflowering stage and polar 
subfraction in the flowering stage of the Z. tenuoir 
extracts were found to be respectively as: 43.17± 
3.68, 112.63± 5.36 and 135.21±6.78 µg/ml.

Antibacterial activity
 The antibacterial activity of the prepared 
extracts from the aerial parts of Z. capitata against 
Gram positive and Gram negative bacterial strains 
using the aforementioned disk diffusion and broth 
micro-dilution methods have been shown in Table 4 
and Figure 2 for both standard strains and clinical 
isolates.     

 As seen in Table 4, using the disc diffusion 
method, an inhibition zone of 15 ± 0.4 mm was 
obtained when using S. aureus while this test was 
found to be ineffective against P. aeruginosa and 
E. coli bacterial strains. Moreover, as shown in the 
Table 4, for bacterial strain of E. coli ATCC 25922, 
the obtained inhibition zones fall within the standard 
range (CLSI 2013) against all the antibiotics used.

 It seems logical that the antibacterial activity 
of each extract is greatly influenced by the factors 
like its concentration, the family, genus,  species of 
the plant of interest, the climatic conditions of the 
sampling area, and the polarity of the extracts solvent 
as well as the bacterial strains being used67. 

 The observed changes of MIC and MBC 
values as a function of the type of all bacterial strains 
in the extracts from the aerial parts of Z. capitata 
have been integrated in Figure 2. The perusal of this 

figure also demonstrates that the MIC values vary 
from 3.12 to 12.5 mg/ml while the MBC changes fall 
within the range 6.25-25 mg/ml. As shown in Figure 
2, regarding the standard bacterial strains, the 
highest sensitivities are referred to S. aureus and P. 
aeruginosa which both possess the lowest MIC (3.12 
mg/ml) and MBC (6.25 mg/ml) values. Compared 
to the other standard bacterial strains, the lowest 
sensitivity toward the extract of Z. capitata from its 
aerial parts was noted when E. faecalis was being 
used. In addition, a simple comparison revealed that 
the extract was so sensitive and effective against 
B. cereus and L. monocytogenes having MIC (3.12 
mg/ml) and MBC (6.25 mg/ml) values in the clinical 
strains. Furthermore, concerning the clinical isolates, 
the extract exhibited identical MIC and MBC values 
against E. coli, S. epidermidis, S. agalactia, P. 
mirabilis, P. aeruginosa and K. pneumoniae. However, 
the highest MIC and MBC values as the lowest 
sensitivity could be obtained when using S. typhi in 
the clinical isolates.

 In conclusion, the methanolic extract from 
aerial parts of Z. capitata exhibited antibacterial 
activity against both Gram positive and Gram 
negative bacteria. The results of this study are 
partially in agreement with a previous study by 
Aghajani et al.8 which have reported the inhibitory 
effects of Z. capitata against microorganisms like 
E. coli PTCC 1330, S. aureus PTCC 1113, S. 
epidermidis PTCC 1349, S. typhi PTCC 1185 and 
P. aeruginosa PTCC 1310.

CONCLUSION

 Medicinal plants are frequently used in 
the variety of approaches and play vital roles for 
human being. Quantification and qualification of the 
respective chemical profiles are of prime importance 
since there are broad spectra of natural compounds 
which can be used as proper alternatives for 
chemical drugs with noxious side effects68-71. Over the 
recent decades, there is a growing interest in drug 
discovery to medicinal plants for the maintenance 
of health in all parts of the world. In this report, 
the HS-SPME technique has been utilized to trap 
the volatile constituents from the aerial parts of  
Z. capitata when combined with gas chromatography 
and gas chromatography-mass spectrometry 
instrumentations. Polydimethylsiloxane-carboxene 
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(PDMS-CAR) fiber was used as the solid phase 
for SPME-based analysis. The method enabled 
us to identify seven monoterpene hydrocarbons 
(60.6%), seven oxygenated monoterpenes (35.1%), 
two sesquiterpene hydrocarbons (0.3%) and three 
non-terpene hydrocarbons (3.0%). Since the Z. 
capitata extract may have a transferable hydrogen, 
it can reduce the DPPH reagent resulting in a color 
change from deep violet to yellow. The numerical 
values obtained for BHT and methanolic extract 
from the aerial parts of Z. capitata were found to be 
206.6±1.3 µg/ml and 12.1±1.9 µg/ml respectively 
considering three replicate analyses under the same 
conditions.

 In the other part of this work, the antibacterial 
activity of the extracts from aerial parts of Z. capitata 
was assessed against 13 microorganisms (4 
standard strains + 9 clinical isolates) using the disc-
diffusion assay and micro-dilution methods followed 
by determination of the corresponding MIC and MBC 
values.

 Regarding the obtained results, Z. capitata 
herbal plant could be considered as a novel source 
of oxygenated monoterpenes as one of the most 
important groups of natural products with potential 
antioxidative and antibacterial activities. Furthermore, 
finding new natural-based alternatives like medicinal 
plants having remarkable antibacterial activities is of 
paramount interest since they can be widely used 
as remedies against many infectious diseases.
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