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The genus Ziziphora is represented in the flora of Iran by four species [1]. In Iranian and Turkish folk medicine,
Ziziphora species have been used as sedative, stomachic, and carminative [2].

The composition of the essential oils of Z. pamiralaica, Z. denticulata, Z. Tenuior [3], Z. bungeana, Z. clinopodioides
[4], Z. vychodceviana , Z. pedicelcata, and Z. persica [5] grown under different ecological conditions in Russia was studied by
gas chromatography. Pulegone and isomenthone were the major constituents of these oils. Also the antibacterial activity and
composition of the essential oil of Z. persica in Turkey have been documented [6]. (+)-Pulegone (79.3%), limonene (6.78%),
and piperitenone (4.2%) were the predominant compounds. The major constituent found in the oil of Z. tenuior L. has been
reported to be pulegone (87.1%) [7]. The essential oil of Turkish endemic Z. taurica subsp. clenioides was found to contain
pulegone (81.9%), limonene (4.5%), and piperitenone (2.3%) [8]. The antibacterial test results showed that the oil had
antibacterial activity against a number of bacteria tested. In the previous study on the essential oil and antibacterial activity of
Z. clinopodioides subsp. rigida (Boiss.) from Iran, pulegone (45.8%), piperitenone (17.4%), p-menth-3-en-8-ol (12.5%), and
thymol (8.0%) were found as the main components [9].

The composition of the oils of Z. clinopodioides Lam.  from two different locations and Z. capitata L. subcp. capitata
are listed in Tables 1 and 2, respectively, in which the percentage and retention indices of components are given. Twenty
components were identified in the oil of Z. clinopodioides, sample A, which represented about 100% of the total composition
of the oil. Thymol (53.6%), p-cymene (10.5%), carvacrol (8.7%), γ-terpinene (6.7%), and 1,8-cineole (5.4%) were the major
components of the oil of the plant. 

Twenty- six components were identified in the oil of Z. clinopodioides, sample B, making up 96.2% of total
composition. 1,8-Cineole (21.6%) and terpinen-4-ol (18.2%) were the major components in this oil followed by linalool (7.9%),
pulegon (7.7%), and α-terpineol (5.3%).

Thus the oil of Z. clinopodioides, sample A, consists of eight oxygenated monoterpenes (72.1%), nine monoterpene
hydrocarbons (24.5%), and three sesquiterpenes (3.4%), while sample B consists of 12 oxygenated monoterpenes (72.1%), 10
monoterpene hydrocarbons (14.1%), three sesquiterpenes (9.1%), and one aliphatic alcohol (0.9%).

As can be seen from the above, both samples are rich in oxygenated monoterpenes (72.1%). In the previous
investigation, oxygenated monoterpenes (93.3%) were the predominant portion of the oil of Z. clinopodioides from another
location in Iran, with pulegone (45.8%), piperitenone (17.4%), p-menth-3-en-8-ol (12.5%), and thymol (8.0%) as the main
constituents [9].

In comparison with the present study, pulegone in sample A cannot be found and, in sample B, pulegone is present in
low concentration.  Also thymol, which is the main component in sample A, does not exist in sample B and is not even found
in high amount in the previous study on the oil of Z. clinopodioides [9]. The oil obtained from Z. clinopodioides grown in Russia
was also rich in oxygenated monoterpenes: pulegone (57.0%) and isomenthone (28.6%) [4].
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TABLE 1. Percentage Composition of Two Oils of Ziziphora clinopodioides and Z. capitata

Compound RI Z. capitata
Z. clinopodioides

Compound RI Z. capitata
Z. clinopodioides

Aa Bb Aa Bb

α-Thujene
α-Pinene
Camphene
Sabinene
β-Pinene
Myrcene
3-Octanol
α-Phellendrene
α-Terpinene
p-Cymene
Limonene
1,8-Cineole
(Z)-β-Ocimene
(E)-β-Ocimene
γ-Terpinene
cis-Sabinene hydrate
Terpinolene
Linalool
p-Menth-3-en-8-ol
Menthone
Borneol
Terpinen-4-ol

929
934
949
972
978
989
991

1001
1012
1020
1026
1027
1037
1046
1056
1062
1080
1098
1140
1148
1160
1172

0.5

0.7

7.8

15.4
9.7
1.0

1.2
1.1
-
-

0.7
1.9
-

0.3
2.0
10.5

5.4
-
-

6.7
0.3
0.1
1.8
-
-

0.9
1.1

0.7
1.8
0.6
3.9
2.5
0.6
0.9
-
-
-

21.6
1.1
1.2
1.5
2.2
0.2
7.9
2.7
0.8
1.2
18.2

α-Terpineol
Pulegone
Bornyl acetate
Thymol
Menthyl acetate
Carvacrol
Geranyl formate
α-Copaene
β-Bourbonene
β-Cubebene
β-Elemene
β-Caryophyllene
α-Humulene
Germacrene D
Bicyclogermacrene
β-Bisabolene
δ-Cadinene
Spathulenol
Caryophyllene oxide
α-Cadinol
Hexadecanoic acid
Total

1179
1230
1280
1283
1288
1292
1296
1366
1375
1382
1384
1410
1447
1473
1485
1501
1518
1565
1573
1648
1969

0.6
2.0
0.5
2.3
6.1
1.1
31.1
5.2

0.5
2.5
4.2
1.7
5.9
100

0.3
-
-

53.6
-

8.7
-

2.7
-
-

0.2

0.5

100

5.3
7.7
3.3
-

0.1
-

1.1

4.5
4.0
0.6
-

-

96.2

______
aOil from Lorestan; boil from Qom.

TABLE 2. Antibacterial Activity of the Essential Oils of Z. clinopodioides and Z. capitata Oils

Microorganisms Gram +/-
Z. clinopodioidesa Z. clinopodioidesb

Gentamicin
IZ MIC IZ MIC

Staphylococcus aureus PTCC 1113
Staphylococcus epidermidis PTCC 1349
Staphylococcus saprophyticus PTCC 1379
Shigella flexneri PTCC 1234*
Salmonella typhi PTCC 1185
Escherichia coli PTCC 1330
Pseudomonas aeruginosa PTCC 1310

+
+
+
-
-
-
-

23.0
35.5
22.5
30.0
28.5
35

14.0

1.15
0.3
1.2
0.3
0.6
0.3
9.1

15
22
17
16
18
21
9

1.9
1.2
1.1
2.2
1.2
1.0
9.5

12
20
15
12
14
15
15

______
aOil from Lorestan (Sample A); bOil from Qom. (Sample B). IZ - inhibition zone (mm); MIC - minimum inhibitory concentration (mg/mL);
*Z. capitata: IZ - 14.5, MIC - 9.6.

Although we can see biochemical convergence among the Z. clinopodioides from different locations, due to the frequent
occurrence of chemotypes in the family Lamiaceae and environmental factors, different patterns in the composition of the oils
are common. 

As  is shown in Table 1, 19 components were identified in the oil of Z. capitata, which represented about 98.8% of the
total composition of the oil. 

Germacrene D (31.1%) and (Z)-β-ocimene (15.4%) were the major components in this oil, followed by (E)-β-ocimene
(9.7%), limonene (7.8%), β-caryophyllene (6.1%), hexadecanoic acid (5.9%), and bicyclogermacrene (5.2%). Thus the oil of
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Z. capitata consists of six monoterpene hydrocarbons (35.1%), nine sesquiterpene hydrocarbons (49.4%), three oxygenated
sesquiterpenes (8.4%), and one aliphatic acid (5.9%). In the oil of Z. capitata, in contrast to Z. clinopodioides oils,
sesquiterpenes (57.8%) predominated over monoterpenes (35.1%).

Antibacterial Activity. The results of the antibacterial screening of the oils (zones of growth inhibition and minimal
inhibitory  concentration)  are  shown  in  Table 2.   The  antibacterial  assays  showed  that the oils of sample A and B from
Z. clinopodioides inhibited the growth of all bacteria. Previous antibacterial study on Z.clinopodioides, with the main
compounds of pulegone (nearly half of the total oil, 45.8%), piperitenone (17.4%), p-menth-3-en-8-ol (12.5%), and thymol
(8.0%), has shown it to have it moderate activity against Staphylococcus epidermidis and Staphylococcus aureus bacteria
compared to our results from sample A, where as, sample B, in which pulegone  exists, show  the same results for both
Grampositive bacteria Staphylococcus epidermidis and Staphylococcus aureus as in previous study of Z.clinopodioides. As
thymol has considerable antibacterial activity against Gram±bacteria, [9], the remarkable results of the antibacterial activity of
Z.clinopodioides, sample A, in which thymol is the main constituent (53.6%), is explainable. 

On the other hand, Z. capatita oil was insensitive against  Gram-positive and Gram-negative bacteria except against
Shigella flexneri. Gram-negative bacteria with moderate activity with  MIC of  value 9.6 mg/mL was observed. From our results
obtained, it is clear that the activity of the above oils can be associated mainly  with significant monoterpene compounds. In
sample A, we can see that thymol is the main compound (about half of the total oil, 53.6%) while in sample B 1,8- cineole
(21.6%) and terpinen-4-ol (18.2%), linalool (7.9%), and also pulegone in an amount of just 7.7% are found as the main
compounds. It may be concluded that some compounds such as 1,8-cineole, terpinen-4-ol, and linalool in sample B contribute
to the antibacterial activity of the oil beyond pulegone. In addition, both sample A and B are rich in monoterpenes, while the
oil of Z. capitata is rich in sesquiterpenes, and we could not see any sensitivity against Gram- positive and Gram- negative
bacteria except against Shigella flexneri bacteria.

ACKNOWLEDGMENT

We are grateful to Dr. V. Mozaffarian (Research Institute of Forests and Rangelands, Tehran) for helpful assistance
in botanical identification.

REFERENCES

  1. K. H. Rechinger, Ziziphora in: Flora Iranica, Labiatae, No. 150. Edits., Rechinger K H and Hedge I. C,
Akademische Druck and Verlagsantalt, Graz, Austria, (1987), 491, 489 pp.

  2. Y. Ozturk, S. Aydin, B. Tecik, and K. H. C. Baser, Phytother. Res., 9, 225 (1995).
  3. A. D. Dembitskii, E. Sh. Bergalier, F. Yu. Kasumov, and M. I. Kyazimov ,Izv. Nats. Akad. Nauk Resp. Kaz., Ser.

Khim. 4, 84, (1994).
  4. A. D. Dembitskii, E. Sh. Bergalier, and G. I. Kalinkina, Izv. Nats. Akad. Nauk Resp. Kaz., Ser. Khim., 4, 86,

(1993).
  5. A. D. Dembitskii, E. Sh. Bergaliev, and M. I. Kyazimov, Khim. Prir. Soedin., 6, 727 (1994).
  6. S. Ozturk and S. Ercisli, J. Ethnopharmacol., 106, 372 (2006).
  7. E. Sezik, G. Tumen, and K. H. C. Baser, Flavour  Fragr. J., 6, 101 (1991).
  8. R. P. Adams, Identification of Essential Oil Components by Gas  Chromatography/Mass Spectroscopy, Allured

Publishing. Corp., Carol Stream, IL (1995).
  9. P. Salehi, A. Sonboli, F. Eftekhari, S. Nejad-Ebrahimi, and M. Yousefzadi, Biol. Pharm. Bull., 10,  1892 (2005).
10. G. E. Meral, S. Konyalioglu, and B. Ozturk, Fitoterapia, 73, 716 (2002).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


