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Abstract. Talebi SM, Nohooji MG,Yarmohammadi M. 2017. Short Communication: Infraspecific variations in essential oil compositions
of Nepeta fissa from Iran. Nusantara Bioscience 9: 318-321. Nepeta fissa C.A. Mey. is a member of Mint family (Lamiaceae) and
distributed naturally in different regions of Iran. The aim of this investigation was to provide more information about the influence of
environmental conditions on the essential oil composition of two populations, Polor and Dizin, of this species. The dry plant samples
were submitted to hydrodistillation for 2.5 h, using a Clevenger-type apparatus. The highest amount of essential oil yields (0.2%) were
obtained for Dizin population. Forty-nine compounds, representing 85.9 to 97.80% of the total essential oils, were separated and
identified. In Dizin and Polor populations, the essential oils were characterized by the very high percentage of oxygenated monoterpenes
(79.1%), oxygenated diterpenes (20.01%) that constituted the predominant classes, respectively. From the analyzed populations, the
major compounds in Dizin population were 1, 8-Cineole, 4 a-α, 7-α, 7 a-α-Nepetalactone and 2E, 4E-nonadienal. While, phytol,
caryophyllene oxide, E-caryophyllene, and thymol were the core compounds of essential in Polor population. The obtained results
showed that environmental conditions are the important factors influencing the yield and also the chemical compositions of essential oils
in N. fissa. Knowledge of the essential oil chemical composition in relation to ecological factors is a most prominent quality criterion for
its marketing and contributes to its valorization as a functional ingredient in food industry.
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INTRODUCTION

Nepeta L. is a genus of Labiatae (Lamiaceae) family,
which grows naturally in various regions of the world. Its
name has been taken of the ancient Italian city Nephi. This
genus has about 280 taxa occurs all over the world but
extensively grown in various parts of Africa, Asia, North
America, Central and also the southern part of Europe
(Pojarkova 1954). Recently, Jamzad (2012) listed seventy-
nine species of the genus from Iran. Nepeta fissa C.A
Mey is a widespread species of the genus. This species has
various synonym names, such as N. microphylla Stapf, N.
trautvetteri Boiss. & Buhse., N. carmanica Bornm.  and N.
teucriifolia sensu Boiss. (Mozaffarian 1996).

The essential oils that found in aromatic herbs are a
mixture of various compounds such as monoterpenes,
sesquiterpenes and also phenylpropanoids. The great
diversity of terpenes in plant species is partly attributable to
the existence of terpene synthases, which can manufacture
different compounds from a single substrate (Degenhardt et
al. 2009; Dudareva et al. 2013). Former studies (e.g.
Figueiredo et al. 2008; Lakusic et al. 2012) demonstrated
populations of the same species collected from various
habitats have different essential oil composition. Therefore,
it seems that essential oils biosynthesis is under the
influence of multitude abiotic as well as biotic agents.

Zouari (2013) stated various factors, such as climatic,
geographic conditions, and ontogeny of selected plants may
severely affect the yield of essential oil, its composition,
and its biological qualities. For these reasons, examinations
of the chemical variability of essential oil in relation to
ecological factors can provide data on what determines
chemical polymorphism of essential oil. Moreover,
understanding of the essential oil chemotype in various
plant taxa is a very prominent property criterion for its
marketing and contributes to its commercialization as
functional ingredients in different industries like food and
phytopharmacy.

Yet, different infraspecific studied were carried out on
essential oil variations. For example, Marčetić et al. (2013)
examined the variability of root essential oil in seven
natural populations of Seseli rigidum Waldst. & Kit. They
observed three groups of populations based on climatic
differences and found that biosynthesis of terpenes is
influenced by different environmental factors.

As far as we could search, we could not find any
infraspecific study in the essential oil compositions of N.
fissa. Therefore, the aims of this work were: A) to study the
geographical variability of essential oil and define the
chemotypes; and B) to explore the impact of climate on
compositions and amount of essential oil.
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MATERIALS AND METHODS

Populations sampling
Two populations of N. fissa collected from different

localities and altitudes in Iran, i.e. Polor, Mazandaran
(2400 m asl.) and Dizin, Tehran (2250 m asl.) (Table 1).
Twenty individuals from each population were sampled
over the entire area of the population at their flowering
stage (May 2016). The distance among the selected
individuals exceeded 30 m, to avoid selection from close
parents. Then, the fresh plant material was dried in the
shade, until mass constancy (14 days).

Essential oil extraction
The dry aerial parts of plants were submitted to

hydrodistillation for 2.5 h, using a Clevenger-type
apparatus. The obtained essential oils were dried over with
anhydrous sodium sulfate and stored in sealed vials at
−25°C until analysis.

Volatile compounds identification
The essential oil compositions of N. fissa were

identified by comparing the data of mass spectra with
spectra available from the Wiley 275 mass spectra
libraries). Further identification confirmations were made
referring to data of retention indices (RI) created a series of
identified standards of the n-alkanes mixture (C7-C25).

Identification of the compounds of essential oil was
based on a gas chromatography (Younglin Acme 6000)
Plus instrument equipped with a GC-QP 2010 Plus
(Agilent) series mass selective detector in the electron
impact ionization mode at 70 eV. Components separation
was performed on fused silica (100% dimethyl
polysiloxane) column BP5 (30 m × 0.25 µ ID × 0.25 mm
film thickness) (Restek, USA), splitless injection; helium
was carrier gas at a flow rate of 1 ml/min, injector and FID
detector temperatures 300◦C. The temperature of GC oven
programmed as follows: initially temperature 50◦C
(isothermal for 5 min) maximized to 240ºC at the rate
3◦C/min to (isothermal for 5 min) and further maximized at
the rate 15◦C/min to 300◦C, the final temperature kept for 3
min. Total response time was 75 min.

The silica capillary column BP5 with 30 m × 0.25 µ ID
× 0.25 mm film thickness (Thermo Electron Corporation,
USA) under the same chromatographic conditions. The
percentage amounts of the investigated compounds were
recalculated according to the areas of the FID
chromatographic peaks assuming that all constituents of the
essential oil comprise 100%.

Table 1. Locality address of studied populations of N. fissa

Populations Localities

Polor Mazandaran province, Haraz road, Polor, 2400 m.
Dizin Tehran province, Albourz mountain, Protected

area, 2250 m asl.

RESULTS AND DISCUSSION

Results
GC/MS analysis of the essential oils of N. fissa

collected from Dizin and Polor populations led to the
identification of a total of 49 constituents (Table 2). In the
essential oil obtained from Dizin population, 32
compounds amounting to 97.80% of the total oil content
were identified. Monoterpenes accounted for 82.44% of the
total oil composition, 79.1% of that were attributed to
oxygenated monoterpenes. Among the oxygenated
monoterpenes detected, 1, 8-cineole was the major part
(55.98%) of the total oil. Other constituents identified in
this category were 4 a-α,7-α,7 a-α-nepetalactone (6.54%),
1,4-cineole ( 3.93%) and 4 a-α,7-α,7 a-β,-nepetalactone
(2.97%).Sesquiterpene hydrocarbons were detected in this
population (5.97% of the total oil content) with (Z) α-
bisabolene (3.17%) and E-caryophyllene (0.87%) were the
main compounds. Oxygenated sesquiterpenes accounted
only for 2.69% of the total oil content and were represented
spathulenol (1.49%) and caryophyllene oxide (1.20%).
However, in Polor population the chemical composition
varied greatly. A total of 26 constituents were identified
comprising 85.34% of the total oil compounds. Oxygenated
diterpenes had the highest contribution at this population,
accounting for 20.01% of the total oil content. The major
contributor to this category was phytol (20.01%). The
concentration of oxygenated monoterpene decreased
compared to the Dizin population (13.91%, 79.01%,
respectively).

Thymol (7.26%) was the major component between the
seven oxygenated monoterpenes detected from the Polor
population. The amount of sesquiterpene hydrocarbons
increased to 14.43% of the total oil content, with E-
caryophyllene (7.76%) and germacrene D (2.15%) being
detected as main constituents of the fraction. Dibutyl
phthalate and benzyl benzoate were the only esters detected
in the essential oil Polor population at concentrations of
4.29 and 5.31%, respectively.

Discussion
The amount of yielded essential oil varied between the

studied populations. Although, its amount in population
Dizin was equal to that was reported by Sefidkon et al.
(2002), the essential oil value in Polor population was very
low like those were recorded by Baser et al. (2000). The
Polor population growing in a higher altitude than Dizin
population. It seems that, plants grow at lower altitude
yield more essential oil compared with those grown at
higher altitude. These conditions were seen in different
species. For example, Haider et al. (2009) found that
populations of Artemisia roxburghiana grow at higher
altitudes yield the lowest amount of essential oil.
Moreover, Thymus praecox growing in higher altitudes
have lower essential oil than plants grown in lower
altitudes (Avci 2011). While, Zouari et al. (2014) in
Artemisia saharae (Asteraceae), observed that populations
of higher altitudes had the highest amount of essential oil.



N U S A N T A R A  B I O S C I E N C E 9 (4): 318-321, August 2017320

Table 2. Essential oil composition of the studied populations of
N. fissa

DizinPolorRTCompounds

55.980.616.941,8-Cineole
00.420.50Linalool
01.5326.542-Methoxy-P-Cresol
07.2630.12Thymol
0.850.7233.88β-Bourbonene
00.7934.784 a-α,7-β,7 a-α-Nepetalactone
0.877.7635.47E-Caryophyllene
0.350.8936.68(Z)-β-Farnesene
0.732.1538.09Germacrene D
00.7738.71Bicylcogermacrene
00.8739.08β-Bisabolene
00.5039.43δ-Cadinene
00.7739.79β-Sesquiphellandrene
1.497.4942.19Spathulenol
1.208.2742.37Caryophyllene oxide
00.4142.88Hexadecane
00.3344.50caryophylla-4(14),8(15)-dien-5.α-ol
02.6344.64epi-α-Cadinol
00.7946.24Heptadecane
05.3149.54Benzyl Benzoate
01.2349.81Octadecane
06.7151.426,10,14-trimethyl-2-oentadecanone
04.2955.53Dibutyl phthalate
020.0160.07Phytol
0.2308.283E-Hexanal
0.43011.68α-Pinene
0.63014.04β-Pinene
3.93016.171,4-Cineole
0.82016.66ortho-Cymene
0.33018.30δ-Terpinene
0.37022.05α-Campholenal
1.73022.76trans-Pinocarveol
1.14023.00cis-Verbenol
0.56023.90Pinocarveon
1.13024.28δ-Terpineol
0.53024.38p-Mentha-1,5-dien-8-ol
0.28024.60Menthol
1.12024.72Terpinene-4-ol
2.322.3225.52α-Terpineol
0.540.5426.19Verbenone
5.01026.592E,4E-Nonadienal
0.42029.91E-Anethole
6.54033.164 a-α,7-α,7 a-α-Nepetalactone
2.97033.484 a-α,7-α,7 a-β-Nepetalactone
0.58033.66Geranyl Acetate
3.12038.79(Z)-a-Bisabolene
0.79034.784 a-α,7-β,7 a-α-Nepetalactone
0.36051.396,10,14-Trimethyl-2-Pentadecanone
0.45056.79Manoyl oxide

Sefidkon et al. (2002) studied the essential oil
compositions of aerial parts of N. fissa collected from
Tehran Province, Iran. The major compounds of essential
oil in their study were; β-caryophyllene (17.4%),
caryophyllene oxide (12.3%), γ-muurolene (7.9%),
valencene (6.6%), β-pinene (6.0%) α-pinene (5.8%),
bicyclogermacrene (4.9%), spathulenol (4.1%).
Furthermore, Baser et al. (2000) extracted the essential oil
of aerial parts of Turkish population of this species and

analyzed it by GC/MS. They reported caryophyllene oxide
(24%) and P-caryophyllene (8.3%), spathulenol (7.4%), β-
pinene (6.8%) and α-pinene (6.7%) as the main
constituents.

The compositions of essential oil greatly differed
between our studied populations. When the obtained results
were compared with previous studies (Sefidkon et al.,
2002; Baser et al., 2000) on this species, it was observed
that the essential oil compositions of the Polor population
were more similar to the mentioned investigations than
Dizin samples. For example, caryophyllene oxide and E-
caryophyllene were among the core constituents of Polor
population essential oil. These conditions were seen in
Sefidkon et al. (2002) as well as Baser et al. (2000) works.
But, in the mentioned works, their percentages were lower
than Dizin population.

Although, a relative likeness was seen between
essential oil compositions of the Polor population with
previous works, the main constituents of essential oil of
Polor and also Dizin populations highly differed with
results of those studies. There are several reasons for these
variations, but the edaphoclimatic condition is one of the
possible reasons. The plant samples of Turkey grown at an
altitude of 1300-1400 m (Baser et al. 2000), while the
habitats of our studied populations had more than 2100 m
elevations. Kofidis et al. (2003) demonstrated altitude as
one of the abiotic stresses that are associated with changes
in a wide range of ecological factors. Furthermore, on the
basis of different examinations (e.g. Rahimmalek et al.
2009; Zouari et al. 2012) the altitude induces high
variations on essential oils to yield as well as chemical
compounds according to the plant species.

Beside, the geographical locations of our studied
populations had many differences. Angioni et al. (2006)
stated the composition of the essential oil has been varying
according to the region, soil type and environmental
conditions from where the plant species have been
collected. For example, studies showed that the essential oil
compositions of Artemisia herba-alba varied between the
populations, therefore the geographical locations and
climatic conditions have a strong effect on it (Mighri et al.
2010; Belhattab et al. 2014).

1, 8-Cineole is the main compound of essential oil of
Dizin population. Its percentage was more than 55% of
essential oil compositions. The compound was seen as a
major or minor constituent occurring in different aromatic
herbs, such as Mentha longifolia L., Origanum vulgare L.,
Rosmarinus officinalis L., Thymus vulgaris L. (Lamiaceae),
Artemisia dracunculus L. (Compositae), Coriandrum
sativum L. (Umbelliferae), and also Zingiber officinale
Rosc. (Zingiberaceae) (van Vuuren and Viljoen 2007).

Therefore, changes in essential oil compositions leading
to variations in medicinal properties of this species.
Because, previous reports showed that 1, 8-Cineole had
multiple usages in food as well as medicinal industries. For
example, the compound employed as a flavoring agent for
food products and treatment of infectious respiratory
disorders in folk medicine. Moreover, the compound is
used in the pharmaceutical industry for formulations of
drug (Santos and Rao 2001). Investigations have proved



TALEBI et al. – Infraspecific variations in Nepeta fissa 321

different properties, like anthelmintic (Shah et al. 2011),
antimicrobial (Krist et al. 2008), antimalarial (Su et al.
2008), insecticidal (Prates et al. 1998), antifungal (Pattnaik
et al. 1997), antioxidant, cytotoxic and antitumor (Asanova
et al., 2003), antispasmodic, anti-inflammatory and
analgesic (Santos and Rao, 2000), and gastroprotectant
(Santos and Rao 2001).

Three isomers of nepetalactone were observed in
essential oil of Dizin population. The constituent is one of
the main compounds of essential oils of many Nepata
species such as N. assurgens, N. cadmea, N. caesarea, N.
cephalotes, N. crassifolia, N. x faassenii, N. govaniana, N.
mirzayanni, N. persica, N. racemosa and N. teydea
(Sharma and Cannoo 2013). However, no isomer of this
compound was observed in Polor population essential oil.
This condition was observed in former examinations on
different populations of Nepeta taxa. For instance, Sharma
and Cannoo (2013) reported most of the species growing in
the Himalayas region have been contained compounds
other than nepetalactone as major constituents in their
essential oils as compare to the species growing in other
parts of the world, which have both nepetalactone along
with its derivatives and other than nepetalactone
compounds as the major ingredient of their essential oils.

In conclusion, the obtained data showed that the
essential oil compositions as well as amount widely varied
between the studied populations. Since these populations
were selected from different habitats that have various
ecological conditions, it seems that the environmental
factors have strong effects on type as well as percents of
essential oil compositions and also its amount. Therefore,
the medical properties of medicinal herbs, which related to
their essential oils compositions, are not stable between
different samples of the same species. In addition, for each
chemotaxonomic treatment, especially at infrageneric level,
some populations of each taxon must be examined.
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