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This study aimed to compare the chemical variability in aerial parts of wild populations of Stachys 
inflata collected from two protected and un-protected area at Touyserkan, Hamedan Province, in west 
Iran. The essential oils of S. inflata from six populations in both areas were obtained by hydro-
distillation and analysed by GCMS. The results revealed that distinct differences in the content of 
compounds depending on region of sample collection. The rate of essential oil changed in the 
populations, with an average of 4.18 in protected area and 4.15 in un-protected area. Caryophyllene 
oxide, Dibutylphthalate, Spathulenol, Transcaryophyllene, Germacrene D, Isobutyl phthalate were 
characterized as main components of the essential oil in protected and un-protected area, while their 
rates were changed according to the populations. Average and total essential oil in two areas was 
different. Result shows that the volatile oil composition of S. inflata in protected area is higher than un-
protected area. 
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INTRODUCTION 
 
The socioeconomic and the touristic industry 
development of the reserved areas are based on 
evaluation of its natural resources (EL-gazzar et al., 
1995).  The remarkable number of the world’s ecological 
regions, including variety of habitats in Iran, supports a 
large number of unique species of fauna and flora. Iran 
with about 1.65 million square kilometer surface area is a 
large country and with highly diverse climate and 
topography, which lead to diversity in natural and 
biological recourse. The rich flora and fauna and unique 
landscapes of this land and its old civilization attracted 
many biologists and orientalists (Jafari et al., 2008). 
Protected area system plays an important role in the 
preservation of biodiversity through the protection of 
endangered species and ecosystems, also serve as 
reservoirs of plants and animals that can repopulate 
lands, where species have been extirpated (Yavari et al., 
2011). Stachys Vahl is a genus about 300 species of  
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annual and perennial herbaceous plants and shrubs in 
the family Lamiaceae. The distribution of the genus 
covers Europe, Asia, Africa, and Australia.  Stachys 
inflata Benth is a native plant widely distributed in Iran, 
being popularly named "Poulk" or "Ghol-e-Argavan". 
Aerial parts from sterile stems of S. inflata have been 
used as a folk medicine and the people in the north of 
Iran believed it to cure infective, asthmatic, rheumatic and 
other inflammatory diseases (Yavari et al, 2013). This 
study includes the essential oil for two different levels 
protection, protected area namely Khan-Gormaz protec-
torare, which is protected since 2001 and non-protected 
area in Touyserkan, Hamedan province, Iran. The main 
objective of this study is to report: analysis and 
comparative of the major essential oil in protected and 
un-protected area in study area.  
 
 
MATERIALS AND METHODS 
 
The study was carried out at Touyserkan, Hamedan 
Province, Iran. The aerial parts of of S. inflata species 
was collected  in  flowering  stage  from  two  sections   at  
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Table 1. Essential oil composition (%) of six populations of S. inflates in protected and un-protected area. 
 

Components RI 

Protected Area Un-protected Area 

P1 % P2 % P3 % P4 % P5 % P6 % 

6,10,14-trimethyl-2-pentadecanone 1848 1.34 5.21 0.51 0.26 0.92 1.32 

ar-Curcumine 1492 0.08 0 0.14 6.51 0.11 0.49 

bicyclogermacrene  1517 0.05 4.98 2.83 0 17.73 6.86 

Caryophyllene oxide 1608 5.84 18.27 22.49 13.43 2.62 4.26 

Dibutylphthalate 1969 34.66 4.51 0.47 2.53 5.94 2.64 

E-Citral( Geranial) 1272 0 0 0 26.48 0 0 

E-ß-Ionone 1496 0.08 2.19 0.24 0 1.02 2.08 

Germacrene D 1501 0.27 12.61 1.09 0.2 22.54 6.52 

Intermedeol 1684 0.91 4.37 0 0 0 0 

isobutyl phthalate 1874 24.68 0.6 0.15 0.3 0.8 1.13 

isospathulenol 1658 0.82 1.83 0.12 0 1.74 5.95 

Limonene 1035 0.24 0 5.09 5.15 2.43 0 

Pristine 1709 1.91 1.2 0.45 0 0.65 1.34 

Spathulenol 1600 20.15 21.15 24.9 10.65 18.76 46.67 

trans-caryophyllene 1441 2.15 6.73 24.81 3.96 3.59 0.93 

Viridiflorol 1617 1.03 2.98 0.13 0 1.38 4.44 

Z-citral (Neral) 1244 0 0 0 19.84 0 0 

α-Cadinol 1674 0.69 0 0.14 1.67 0.95 4.45 

α-copaene 1392 0.07 1.61 1.74 1.43 1.35 0.95 

α-pinene 940 0.01 0.04 0.12 0.16 2.99 0 

α-phellandrene 1010 0 0.15 2.38 0 1.36 0 

δ-Cadinene 1538 0.4 2.08 1.86 0.46 1.98 1.95 

Total Essential oil  ---- 95.38 90.51 89.66 93.03 88.86 91.98 

 
 
 
study area. Three population of S. inflate collected of 
protected section on Khan-Gormaz (It is located in 
Touyserkan city) and Three populations on non-protected 
section in Touyserkan, Hamedan Province, Iran. Khan-
Gormaz protected area with 9000 hectares surface area 
is situated between 34º35′ and 34º40′ northern latitudes 
and 48º10′ and 48º15′ eastern longitudes, with an altitude 
ranging from 1580 to 2853 m of Touyserkan Hamadan 
Province, Iran (Yavari et al., 2010). Voucher specimens 
have been deposited at the Herbarium in Biology 
Department, Payame Noor University, Touyserkan, 
Hamedan, Iran. The volatile oil of the aerial parts of S. 
inflata was obtained by hydrodistillation using a 
Clevenger-type apparatus for 3 h. The oil was decanted 
and dried over anhydrous sodium sulfate. GC/MS 
analyses was performed with a TRACE MS apparatus 
equipped with a HP-5MS capillary column (60 m ´ 0.25 
mm; coating thickness 0.25 µm) and a TRACE MS mass 
selective detector. The oven temperature was 
programmed from 60–250°C at 5°C/min. Carrier gas, 
helium, was adjusted to a flow of 1.1 mL/min. The MS 
operating parameters were: ionization voltage, 70 eV; ion 
source temperature, 200°C. The populations were 
compared for rate and components of essential oil by PC-
ORD software. Cluster analysis (with ward method)) was 

applied for classifications of the populations for the main 
components of essential oil. 
 
 
RESULTS 
 
Essential oil composition (%) of six populations of S. 
inflates in protected and un-protected area is given in 
Table 1. The major components of the oil in protected 
and un-protected area that observed in each 6 
populations were Caryophyllene oxide, Dibutylphthalate, 
Spathulenol, Transcaryophyllene, Germacrene D, 
Isobutyl phthalate (Figure 1). Total essential oil 
compositions of S. inflata for the populations in protected 
and un-protected area were identified in Figure 2. The 
average yield of essential oil in two areas was 4.18 in 
protected area and 4.14 in un-protected area (Figures 3 
and 4). Based on identified compounds, were recognized 
88.68 to 95.38% of total oil of S. inflate in 6 populations. 
Total essential oil in protected area (96%) and un-
protected area (95.5) are shown in Figures 5 and 6. 
Comparative average and total essential oil in protected 
and un-protected area are shown Figures 7 and 8. The 
dendrograms represents graphically the relationships 
among the populations and  the  groups,  based  on  their  
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Figure 1. The major components of the oil from S. inflata for the populations in Protected and 
un-protected area. 

 

 
 

 
 
Figure 2. Total essential oil composition (%). of S. inflata for the populations in protected and un-protected 
area. 

 
 
essential oil composition (Figure 9). 
 
 
DISCUSSION 
 
Chemical polymorphisms have been reported for many  

medicinal plants. According to previous studies, various 
components of essential oil on S. inflata have been repor-
ted (Sajjadi et al., 2004; Morteza-Semnani et al., 2006; 
Omidbaigi et al., 2006; Yavari et al., 2013). This shows 
that the volatile oil composition of S. inflata, in Iran is 
extremely variable. Present results  shows  that  S. inflata 
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Figure 3. Average essential oil composition of S. inflata for the populations in protected area. 

 
 
 

 
 

Figure 4. Average essential oil composition of S. inflata for the populations in un-protected area. 

 
 
from chemical points of view, have high variation in the 
study area. These differences emphasized the large 
variations among and within study area.  Seven 
compounds were common in all of populations in 
protected and un-protected area. Obtained results base 

on essential oil analysis of 22 components was separated 
protected and un-protected areas by using ward method 
(Figure 9). The findings showed that both areas had a 
considerable variation in the essential oil composition. 
Results show that the volatile oil composition of  S. inflata  
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Figure 5. Total essential oil composition of S. inflata for the populations in protected area. 

 
 
 

 
 

Figure 6. Total essential oil composition of S. inflata for the populations in un-protected area. 

 
 
in protected area is higher than un-protected area. 
Comparison of major compounds showed that these 
compounds are in higher amount than other components. 
Caryophyllene oxide, Dibutylphthalate, 
Transcaryophyllene, Isobutyl phthalate of the major 
essential oil have higher amount in protected area and 
Spathulenol and Germacrene D in un-protected area 

(Figure 1). The high average and total essential oil yield 
was attained in protected area (Figures 7 and 8). From 
22 components in the study area, 20 components in un-
protected area and 21 components in protected area was 
observed. We observed this trend in two groups. Two 
potential causes can be invoked to explain this variation. 
First, environmental differences among sites  may  cause  
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Figure 7. Comparative average essential oil composition of S. inflata for the populations 
in protected and un-protected. Area. 

 
 
 

 
 
Figure 8. Comparative total essential oil composition of S. inflata for the populations 
in protected and un-protected area. 

 
 
differences in essential oil production. The second 
potential   cause   of  variation  in  dominant  essential  oil  

composition is that genetically based differences among 
plants of a given groups may  occur  among  sites.  Many  
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Figure 9. A dendrogram of six populations of S. inflate in protected and un-protected area using cluster analysis. 

 
 
 
species show genetically based differences in secondary 
metabolite formation (Hanover, 1966; Mihaliak et al., 
1995; Shonle et al., 2000). Probably, essential oil 
changes were induced by grazing frequently in the un-
protected area. In conclusion, our results showed that the 
variation in the S. inflata oil may be linked, with 
parameters such as edaphic, genetic, ecological or 
individual variability and climatic factors. 
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