Volatile Oil Composition of the Aerial Parts of Ajuga orientalis L. from Iran*
Seyed Ebrahim Sajjadi and Alireza Ghannadi*

Department of Pharmacognosy, School of Pharmacy and Pharmaceutical Sciences,
Isfahan University of Medical Sciences, Isfahan 81746-73461, Iran.
Fax: 0098311-6680011. E-mail: ghannadi@ pharm.mui.ac.ir

* Author for correspondence and reprint requests

Z. Naturforsh. 59¢, 166—168 (2004); received August 21/October 9, 2003

The volatile oil content and composition of the aerial parts of Ajuga orientalis L. (Lamiaceae)
grown in northern parts of Iran have been analyzed by GC/MS. Thirty compounds were iden-
tified, representing 97.9% of the total oil. The main compounds were germacrene-D (24.2%),
pB-cubebene (18.3%), f-caryophyllene (16.9%) and a-cubebene (5.3%).
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Introduction

One of the most important families in Iran is
Lamiaceae that includes several medicinal, orna-
mental, aromatic and perfume plants (Amin, 1991;
Jalili and Jamzad, 1999). Ajuga, commonly known
as bugle or bugleweed, is one of the best-known
genera within the Ajugoideae tribe of this family
which is found in many parts of Iran and the world
(Pedersen, 2000; Rechinger, 1982). There are
about 40 known species belonging to this genus
(Evans, 1989). The Iranian flora comprises 5 spe-
cies of Ajuga and one of them is Ajuga orientalis
L. (Rechinger, 1982).

Ajuga species are used in folk medicine of dif-
ferent parts of the world for the treatment of rheu-
matism, gout, asthma, diabetes, malaria, ulcers and
diarrhea and have antibacterial, antitumor, anti-
feedant, and vulnerary properties (Chen et al.,
1996; Ben Jannet et al., 2000; Zargari, 1990). There
are some reports on the phytochemical analysis of
species belonging to Ajuga found in the literature
but only a very small number of these species have
so far been studied chemically for their essential
oils. Some scientific studies on Ajuga species
showed the presence of many compounds belong-
ing mainly to the groups of alkaloids, anthocya-
nins, tannins, withanolides, clerodane and neo-
clerodane diterpenoids, sterols, ionone, iridoid,
phenethyl alcohol and phenylpropanoid glycosides
(Akbay et al., 2003; Baser et al., 1999, 2001; Ben

8 This paper was presented at the 23rd ITUPAC Interna-
tional Symposium on the Chemistry of Natural Prod-
ucts, Florence, Italy, July 28— August 2, 2002.

Jannet et al., 2000; Chen et al., 1996; Nawaz et al.,
2000; Shimomura et al., 1987; Takasaki et al., 1998;
Terahara et al., 2001). Nothing is known about the
volatile oil content and composition of the title
plant.

Methods and Materials
Plant material

Aerial parts of A. orientalis were collected dur-
ing the flowering period from wild-growing plants
around Mahmood Abad slopes in the north of
Iran at an altitude of ca. 1900 m in June 2001. The
plant identity was confirmed in Research Institute
of Forests and Rangelands, Tehran, Iran.

Essential oil isolation

The aerial parts (100 g) of the plant were dried
at room temperature, powdered and hydrodistilled
for 3 h using a Clevenger-type apparatus (British
Pharmacopoeia, 1998). The oil was dried over an-
hydrous sodium sulfate and stored at refrigerator.

Essential oil analysis

The oil was analyzed by GC/MS using a Hewlett
Packard 6890 mass selective detector coupled with
a Hewlett Packard 6890 gas chromatograph, equ-
ipped with a cross-linked 5% PH ME siloxane HP-
SMS capillary column (30 m x 0.25 mm, film thick-
ness 0.25 um). Operating conditions were as fol-
lows: carrier gas, helium with a flow rate of 2 ml/
min; column temperature, 60-275 °C at a rate of
4 °C/min; injector temperature, 280 °C; injected
volume, 0.1 ul of the oil; split ratio, 1:50.
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The MS operating parameters were as follows:
ionization potential, 70 eV; ion source temper-
ature, 200 °C; resolution, 1000.

Identification of components in the oil was
based on retention indices relative to n-alkanes
and computer matching with the WILEY275.L li-
brary, as well as by comparison of the fragmenta-
tion patterns of the mass spectra with those re-
ported in the literature (Adams, 1995; Ghannadi
and Mehregan, 2003; Mclafferty and Stauffer,
1991; Sandra and Bicchi, 1987).

Results and Discussion

This is the first report on the content and com-
position of the volatile oil of Ajuga orientalis L.
Aerial parts of A. orientalis yielded 0.1% (v/w) of
a yellowish oil with an aromatic turpentiny aroma
and taste. Thirty components were characterized,
representing 97.9% of the total oil components de-
tected. These are listed in Table I with their per-
centage share. The major constituents of the oil
were germacrene-D (24.2%), 3-cubebene (18.3%),
fp-caryophyllene (16.9%), a-cubebene (5.3%),
p-selinene (4.5%), bicyclogermacrene (4.4%) and
a-humulene (4.2%). Other components were pre-
sent in amounts less than 4.0%. The oil was rich
in hydrocarbon sesquiterpenes. Contrary to the
earlier reports that pinenes were present as major
compounds in the oil of A. chamaepitys subsp. chia
var. chia and A. bombycina (Baser et al., 1999,
2001), in the present study these compounds could
not be found. The monoterpene portion of our
volatile oil was only less than 1%. In accord with
the results of these studies, germacrene-D, the
most prominent component of our oil, has been
found in high amounts in A. bombycina and
A. chamaepitys subsp. chia var. chia and var. ciliate
volatile oils. Germacrene-D has also been pre-
viously detected as one of the main oil compo-
nents in other taxa of Lamiaceae family such as
Hyssopus, Teucrium, Acinus, Micromeria and Scu-
tellaria (Ghannadi and Mehregan, 2003; Kerrola
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Table I. Composition of the volatile oil of Ajuga orien-
talis from Iran.

Compound Percentage  Retention index
1-Octen-3-ol 0.1 976
Limonene 0.1 1026
cis-f3-Ocimene 0.1 1034
trans-f-Ocimene 0.1 1044
Linalool 0.2 1100
Methyl salicylate 0.1 1192
Bicycloelemene 0.4 1336
a-Cubebene 5.3 1349
a-Copaene 3.7 1374
[-Burbunene 1.4 1383
-Cubebene 18.3 1393
a-Gurjunene 0.5 1407
p-Caryophyllene 16.9 1418
S-Gurjunene 0.7 1428
cis-f3-Farnesene 0.3 1441
a-Humulene 4.2 1452
trans-f3-Farnesene 0.7 1457
Germacrene-D 24.2 1480
[-Selinene 4.5 1489
a-Amorphene 0.3 1491
Bicyclogermacrene 4.4 1496
cis-a-Bisabolene 0.6 1504
y-Cadinene 3.9 1516
0-Cadinene 1.7 1521
Cadina-1,4-diene 0.2 1528
Germacrene-D-4-ol 1.6 1572
Caryophyllene oxide 1.1 1578
epi-a-Cadinol 1.1 1634
Cubenol 0.4 1638
a-Muurolol 0.8 1646

etal., 1994). Several applications of Ajuga species
in folk medicine and recent activities of their com-
pounds offer that A. orientalis volatile oil may
have a potential to be of great use in next pharma-
cological and biological screening tests.

Acknowledgements

We are grateful to Mrs Mahboobeh Khatamsaz
for her helps in gathering and identification of
plant material and Mrs Armita Jamshidi for her
technical help.



168 S. E. Sajjadi and A. Ghannadi - Volatile Oil of Ajuga orientalis from Iran

Adams R. P. (1995), Identification of Essential Oil Com-
ponents by Gas Chromatography/Mass Spectroscopy.
Allured Publishing Co., Carol Stream, pp. 94—353.

Akbay P, Calis I., Heilmann J., and Sticher O. (2003),
Ionone, iridoid and phenylethanoid glycosides from
Ajuga salicifolia. Z. Naturforsch. 58¢, 177-180.

Amin Gh. (1991), Popular Medicinal Plants of Iran,
Vol. 1. Iranian Ministry of Health Publications, Teh-
ran, pp. 7—18.

Baser K. H. C., Erdemgil Z., Ozek T., and Demirci B.
(1999), Compositions of essential oils from two vari-
eties of Ajuga chamaepitys subsp. chia from Turkey. J.
Essent. Oil Res. 11, 203-205.

Baser K. H. C., Kurkcuoglu M., and Erdemgil F. Z.
(2001), The essential oil of Ajuga bombycina from
Turkey. Chem. Nat. Comp. 37, 242-244.

Ben Jannet H., Harzallah-Skhiri F., Mighri Z., Simmonds
M. S. J., and Blaney W. M. (2000), Responses of Spo-
doptera littoralis larvae to Tunisian plant extracts and
to neo-clerodane diterpenoids isolated from Ajuga
pseudoiva leaves. Fitoterapia 71, 105-112.

British Pharmacopoeia (1998), Vol. 2. HMSO, London,
pp. A137-A138.

Chen H., Tan R. X., Liu Z. L., Zhang Y., and Yang L.
(1996), Antibacterial neoclerodane diterpenoids from
Ajuga lupulina. J. Nat. Prod. 59, 668-670.

Evans W. C. (1989), Trease and Evans’ Pharmacognosy,
13 ed. Bailliere Tindall, London, pp. 217-218.

Ghannadi A., and Mehregan 1. (2003), Essential oil of
one of the Iranian skullcaps. Z. Naturforsch. 58c,
316-318.

Jalili A. and Jamzad Z. (1999), Red Data Book of Iran —
A Preliminary Survey of Endemic, Rare and Endan-
gered Plant Species in Iran. Research Institute of For-
ests and Rangelands Publications, Tehran, pp. 1-2.

Kerrola K., Galambosi B., and Kallio, H. (1994), Volatile
components and odor intensity of four phenotypes of
hyssop (Hyssopus officinalis L.). J. Agric. Food Chem.
42, 776-781.

Mclafferty F. W. and Stauffer D. B. (1991), The Impor-
tant Peak Index of the Registry of Mass Spectral
Data, Vol. 1. John Wiley & Sons, New York, pp. 63—
540.

Nawaz H. R., Malik A., Muhammad P.,, Ahmed S., and
Riaz M. (2000), Chemical constituents of Ajuga par-
viflora. Z. Naturforsch. 55b, 100-103.

Pedersen J. A. (2000), Distribution and taxonomic impli-
cations of some phenolics in the family Lamiaceae de-
termined by ESR spectroscopy. Biochem. Syst. Ecol.
28, 229-253.

Rechinger K. H. (1982), Flora Iranica, No. 150. Akade-
mische Druck- u. Verlagsanstalt, Graz, pp. 10-21.
Sandra P. and Bicchi C. (1987), Capillary Gas Chroma-
tography in Essential Oil Analysis. Dr. A. Huethig,

Heidelberg, pp. 259-274, 287-328.

Shimomura H., Sashida Y., and Ogawa K. (1987), Iridoid
glucosides and phenylpropanoid glycosides in Ajuga
species of Japan. Phytochemistry 26, 1981-1983.

Takasaki M., Yamauchi I., Haruna M., and Konoshima
T. (1998), New glycosides from Ajuga decumbens. J.
Nat. Prod. 61, 1105-1109.

Terahara N., Callebaut A., Ohba R., Nagata T., Ohnishi-
Kameyama M., and Suzuki M. (2001), Acylated an-
thocyanidins 3-sophoroside-5-glucosides from Ajuga
reptans flowers and the corresponding cell cultures.
Phytochemistry 58, 493 -500.

Zargari A. (1990), Medicinal Plants, Vol. 4. Tehran Uni-
versity Publications, Tehran, pp. 141-144.



