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ABSTRACT: The essential oils from the aerial parts of Stachys inflata (Lamiaceae), collected at different 
altitudes in Fars province, in flowering stage, were obtained by hydro-distillation. The chemical 
components of the essential oils were analyzed by GC and GC/MS. In low altitudes, Ghalat (    m) 
germacrene-d (     ), bicyclogermacrene (     ), spathulenol (     ), δ-cadinene (    ) and –
αcopaene (    ) were major components. In Ab-Mordi (    m), germacrene-d (     ), spathulenol 
(     ) and bicyclogermacrene  (  .   ) represented as main compositions. In highaltitudes In 
Cheshme-Anjir (    ), germacrene-d (     ), bicyclogermacrene (     ), phytol (  ) and spathulenol 
(     ) were the main constituents. In highaltitudes, Derak (    m) n-hexadecanoic acid (     ), 
germacrene-d (     ), spathulenol (    ), eudesma- (  ) -dine- -β-ol (    ) and -α cadinol (     ) 
were the main constituents. It was found that the chemical composition of S. inflata essential oil depends 
on the altitude of the growing plants. 
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INTRODUCTION 
 

 Stachys is a genus of perennial plants which belongs to the family Lamiaceae (Labiatae) and is represented by 
more than     species widespread all around the world and has about    species in Iran (Mozaffarian,     ; 
Rechinger,     ). S. inflata flowered aerial parts harvested in spring or summer. The Stachys species belong to 
one of the oldest medicinal plants that are used both for pharmaceutical purposes and in folk medicine. S. inflata is 
used as antispasmodic activity and showed emetic, emmenagogue, expectorant, haemostatic nervine, sedative, 
tonic, vulnerary agents (Jelena, et al.,     ), and used as  anti-inflammatory, anti-rheumatic and anti-bacterial 
drugs (Radnai et al.,     ).  The genus Stachys  is one of the richest sources of monoterpenes, with a 
neoclerodane skeleton: more than     monoterpenes have been described up to now, and many of these are 
particularly interesting because of their ecological role as antifeedants against different species of insects and for 
their role in the medicinal properties of the plants (Piozzi et al.,     ). Monoterpenes, sesquiterpenes,diterpenes, 
sterols, saponins, iridoids, flavonoids ,polyphenolic compounds, fatty acids, alkaloids and essential oils have been 
isolated from the plants of this genus (Glasby,     ; Perez-Alonso et al.,     ; Kamel and Sandra,     ; Piozzi et 
al.,     ; Eikani et al.,     ; Bagci et al.,     ). The main components were hydrocarbon monoterpenes such as 
limonene, α and β-pinene; hydrocarbon sesquiterpenes such as β-caryophyllene, and germacrene-D, and 
oxygenated sesquiterpenes such as α- and δ-cadinol, patchouli alcohol, caryophyllene oxide and  -cedren-  -ol. 
The composition of volatile compounds is known for a number of species (Kim SH et al.,     : Barrachina MD et 
al.,     : Yazdanparast R, Ardestani A,     ) On the other hand, chemistry of volatile compounds has been 
proved particularly helpful in assessing taxonomic relationships of several genera in Lamiaceae (Walker and 
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Sytsma,     ). The essential oil of S. inflata has widely been studied in other countries. In the present study, the oil 
obtained from S. inflata plants growing at different altitudes in Fars province were analyzed by GC-GC/MS. 
 

MATERIALS AND METHODS 
 

plant material 
    The aerial parts of Stachys inflata were collected in May (flowering stage)     , from Ghalat     m, Derak 
    m, Ab-mourdi     m, Chaeshme-anjir     m, in Fars province of Iran. The plant specimen was confirmed by 
the herbarium of Fars Research Center for Agriculture and Natural Resources, Shiraz, Iran. A voucher specimen of 
the plant was deposited in the herbarium of the Research Center for Agriculture and Natural Resources, Shiraz, 
Iran. 
 
Isolation of the essential oil  
 The aerial parts were air-dried at ambient temperature in the shade and hydro-distilledusing a Clevenger-type 
apparatusfor   h. It was dissolve in hexane (Merck), dried over ahydrous sodium sulphate and stored at  – ºC. 
 
Identification of the oil components 
 GC analysis was carried out using an Agilent-technology chromatograph with HP-  column (  m ×     mm 
i.d.×      μm). Oven temperature was performed as follows:     C to      C at   /min;      C to      C at    
°/min and hold for     min, injector temperature      C; detector temperature,      C; carrier gas, N  (  ml/min); 
split ratio of     . GC-MS analysis was carried out using awith Agilent      operating at    eV ionization energy, 
equipped with a HP-  MS capillary column (phenyl methyl siloxane,   m ×      mm i.d×   µm.) with He as the 
carrier gas and split ratio     . Retention indices were determined using retention times of n-alkanes that were 
injected after the essential oil under the same chromatographic conditions. The retention indices for all components 
were determined according to the method using n-alkanes as standard. The compounds were identified by 
comparison of retention indices (RRI, HP- ) with those reported in the literature and by comparison of their mass 
spectra with the Wiley GC/MS Library, Adams Library, MassFinder     Library data published mass spectra data( 
Adams     ; Joulain et al.,     ) 
 

RESULTS AND DISCUSSION 
 

 The composition of the oils of the Stachys inflata population in different altitudesare listed in Table  . Among 

the    constituents the oil of Ghalat (    m) characterized, comprising      of the total components detected, 

germacrene-D (     ), bicyclogermacrene (     ), spathulenol (     ), δ-cadinene (    ) and –α copaene 

(    ) were the main constituents. thirty constituents representing       of the total components in the oil of Ab-

Mordi (    m), characterized by germacrene-D (      ), spathulenol (      ) and bicyclogermacrene (      ). 

In Cheshme-Anjir (    ),    constituents, characterized from       total components detected. Germacrene-D 

(     ), bicyclogermacrene (     ),  phytol (    ) and spathulenol (    ) were the main constituents and Derak 

(    m),    constituents representing      of the total components in the oil was characterized by n-

hexadecanoic acid (     ), germacrene-D (     ),  spathulenol (    ),  eudesma- (  ) -dine- -β-ol  (    ) and  

- α cadinol (    ) (Table  ). 

 Similar to our study germacrene-D was found as major components, in another study on the oil of Stachys 

grown in Iran,  hexadecanoic acid (     ), α-pinene (     ), germacrene-D (    ), β-pinene (    ), myrcene 

(    ), β-phellandrene (    ), z-ocimene (    ), spathulenol (    ), δ-cadinene (    ) and α-cadinol (    ) 

were the major constituents in flowering stage (Mahzooni     ). Ebrahimabadi et al. (    ) showed that the 

compounds such as germacrene-D, spathulenol and linalool the major compounds of our oil, was the major 

constituents of S. inflata. 

 It is interesting to note that some of the compounds, such as bicyclogermacrene, decreased in quantity with an 

increase of altitude, while constituents like δ–cadinene and α-copaene increase in quantity with a decrease in 

altitude. Interestingly, several constituents like n-hexadecanoic acid, dibutyl phthalate, –α cadinol and phytol, which 

were observed in the high altitude, were not observed in the low altitude.  
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 However, at the higher altitudes of Derak      meter eudesma- (  ), -dine- -β-ol ,dibutyl phthalate, n-

hexadecanoic acid, neryl phenylacetate, (E,E,E)-hexadeca- , ,  ,  -tetraen- -ol, , ,  ,  -tetramethyl observed. 

 

Table  .Chemical composition (%) of the essential oils of stachys inflata at different altitudes 

No Compound RI     m     m     m     m 

  α-Thujene              ------ ----- 

       

  α-Pinene                 ----- 

    
 

  

  Camphene          ------ ------ ----- 

    
 

  

  Sabinene                 ----- 

    
 

  

  β-Pinene                 ----- 

    
 

  

  Myrcene                 ----- 

    
 

  

  α-Phellandrene           ------     ----- 

    
 

  

  δ- -Carene           ------     ----- 

    
 

  

  α-Terpinene           ------      ----- 

    
 

  

   p-Cymene                  ------ 

    
 

  

   Limonene                  ----- 

       

    , -Cineole                  ------ 

       

   (Z)β-Ocimene                ----- 

       

   (E)-β-Ocimene                  ----- 

       

   γ-Terpinene                  ------ 

       

   cis-Sabinene hydrate      ----- ------      ----- 

       

   Terpinolene          ------     ----- 

       

   Linalool                  ----- 

       

   n-Nonanal                  ----- 

       

    -Octen- -yl acetate      ----- -----     ----- 

       

   Cisp-Menth- -en- -ol           ----- ----- ------ 

       

   α-Campholenal      ----- -----     ----- 

       

   allo-Ocimene      ----- ------     ----- 

       

   trans-Pinocarveol          -----     ----- 

       

   Camphor          ------ ------ ----- 

       

   Borneol          ----- ------ ----- 

       

   Terpinene- -ol                  ------ 
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   α-Terpineol      ------         ----- 

       

   Carvone          -----     ------ 

       

   Linalyl acetate      ------ ----- ------     

       

   Bornyl acetate                  ----- 

       

   Thymol          ------     ------ 

       

   n-Tridecane      ------     ------ ------ 

       

   Carvacrol          -----     ------ 

       

   δ-Elemene                  ----- 

       

   -Terpinyl acetateα              ----- ----- 

       

   α-Copaene                ----- 

    
 

  

   β-Bourbonene                      

    
 

  

   β-Elemene                      

    
 

  

   (E)-Caryophyllene          -----         

    
 

  

   β-Copaene      ------ ------     ------ 

    
 

  

   α-Humulene          -----     ----- 

       

   allo-Aromadendrene          ------     ------ 

       

   Germacrene D                        

       

   Bicyclogermacrene                         

       

   -Cadinene          ------ ------ ------ 

       

   δ-Cadinene                      

       

   (e)-γ-Bisabolene      ----- ------     ------ 

       

   Germacrene B        ------ ----- ------ 

       

   Spathulenol                        

       

   Caryophyllene oxide            ----- ----- 

       

   Viridiflorol      ----- ------   ------ 

       

   Salvial- (  )-en- -one          ----- ----- ------ 

       

   β-Atlantol      ----- ------ ------     

       

   -Eudesmolγ      -----     ------ ------ 

       

   epi-α-Cadinol          ------ ------     
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   Epoxy-allo-Aromadendrene      ----- ----- ------     

       

   β-Eudesmol          ------ ------ ------ 

       

   α-Cadinol      -----             

       

   Khusinol              ------ ------ 

       

   
Eudesma- (  ), -dine- -β-

ol 
     ------ ------ -----     

       

   
 ,  ,  -trimethyl- -

Pentadecanone 
         ------         

       

   Di-isobutyl phthalat      ------ ------         

       

   Dibutyl phthalate      ----- ------         

       

   n-Hexadecanioc acid        ------ -----      

       

   Neryl phenyacetate      ------ ------ ------     

       

   epi-  -Manool      ------ ------     ------ 

       

   n-Heneicosane      ------ ------ ------     

       

       

   Phytol        ------       

       

   

(E,E,E)-Hexadeca-

 , ,  ,  -tetraen- -

ol, , ,  ,  -tetramethyl 

     ------ ----- ------     

       

   n-Docosane      ----- ------ -----     

       

   n-Tricosane          ------         

       

   n-Pentacosane      ----- ------ -----     
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