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Introduction 

The genus Phlomis L. from Lamiaceae family includes 

about 113 perennial herbs or shrubs distributed in Asia, 

Europe and Africa.
1,2

 Some of the Phlomis species have 

been reported for their traditional uses as analgesic, 

diuretic, tonic, anti-diarrheic agents and to treat various 

conditions such as gastric ulcer, diabetes, 

inflammation, hemorrhoids and wounds.
3
 In Flora of 

Iran, this genus is represented by 19 species, including 

Phlomis olivieri Benth. and Phlomis persica Boiss.
4
  

Previous in vivo and in vitro studies demonstrated 

antioxidant, antimicrobial and antinociceptive activity 

of P. olivieri, as well as antioxidant, cytoprotective, 

antinociceptive and antidiabetic effects of P. persica.
5-

10
 A review on the literature revealed that these two 

species have also subjected to the various 

phytochemical investigations.
11-18

 In 2006, Sarkhail et 

al. reported the isolation and structure elucidation of 

one flavone glycoside; chrysoeriol-7-O-β-D-glucoside 

and one phenylethanoid glycoside; verbascoside from 

P. olivieri aerial parts, together with chrysoeriol-7-O-β-

D-glucoside, chrysoeriol-7-O-β-D-(3''-E-p-coumaroyl) 

glucoside and one iridoid glycoside; lamiide, from P. 

persica aerial parts (11). One dimethoxy flavonoid, 

namely 6,7-dimethoxy-5-hdroxy flavanone has been 

also reported from the leaves of P. olivieri.
12

 

Furthermore, there are a number of reports related to 

essential oils composition of these two species from 

different regions of Iran.
13-18

 In the present study we 

investigate chemical composition and general toxicity 

potentials of the essential oils of P. olivieri and P. 

persica aerial parts, collected from the Borujen 

(Chaharmahalo-Bakhtiari province) and Nahavand 

(Hamedan province) regions, respectively. To our 

knowledge this is the first report on chemical 

constituents and general toxicity activity of the 

essential oil of these two species from the mentioned 

regions in west of Iran. 

 

Material and Methods 

Plant material 

The flowered aerial parts of P. olivieri and P. persica 

were collected in July 2014 from the Gandoman region 

(Borujen County, Chaharmahalo-Bakhtiari province, 

west of Iran) and Sarabe-Gian region (Nahavand 

County, Hamedan province, west of Iran), respectively. 
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The plant specimens were verified by botanist M. 

Aghaahmadi (Isfahan University, Isfahan, Iran). 

 

Essential oil extraction 

The air-dried and grounded plants (300 g each) were 

individually subjected to essential oil extraction for 3.5 

h using hydrodistillation method by a Clevenger-type 

apparatus. The obtained essential oils were then 

dehydrated over anhydrous sodium sulfate and stored at 

4 °C until analysis. 

  

GC and GC-MS analysis 

Essential oils of P. olivieri and P. persica were 

analyzed using a HP-6890 gas chromatograph (HP-

5MS column with 60m × 0.25mm i.d. and 0.25μm film 

thickness) coupled with a mass detector (HP-6973). 

The flow rate of carrier gas (Helium) was 1 ml/min. 

The oven temperature was initiated at 60 °C for 30 min 

and was then gradually raised at a rate of 5 °C per 

minute to 250 °C. The injection temperature was 250 

°C and the essential oil sample (1 μl) was injected with 

a split ratio of 1:90. The MS spectra were acquired by 

electron ionization at 70 eV. The Kovats retention 

indices (KI) were calculated for all identified 

compounds using a homologous series of n-alkanes 

injected in equal conditions to the essential oil samples. 

Identification of the constituents was based on soft 

ware matching with the Wiley 7n.L online library and 

also by direct comparison of the retention indices and 

MS fragmentation patterns with those reported for 

standard compounds.
19 

The essential oils were also 

analyzed using an HP-6890 gas chromatograph 

equipped with a FID detector to get relative 

percentages of the identified compounds. The FID 

detector temperature was 290 °C and the operation was 

conducted under the same conditions as described for 

GC-MS analysis. 

 

Brine shrimp lethality test 

General toxicity potentials of the essential oils were 

evaluated in the brine shrimp lethality test (BSLT) as 

described by Mojarrab et al. with slight 

modifications.
20

 Brine shrimps cysts (Artemia salina 

L.) were hatched in sterile artificial seawater (prepared 

using sea salt 38 g/l and adjusted to pH 9 using 

Na2CO3) under constant aeration for 48 hours at 30 °C. 

Essential oils (50 mg) were dissolved in DMSO (250 

μl) and tween 80 (one drop) and diluted with freshly 

prepared artificial sea water to obtain solutions with 

1000, 700, 500, 300, 100, 10 and 2 μg/ml 

concentrations in a series of tubes containing about 20 

active nauplii in each. The tubes were placed in a water 

bath at 30 °C for 24 hours under light, and the 

surviving nauplii were then counted to obtain the 

concentration causing 50% lethality (LC50 value). 

Podophyllotoxin, a known cytotoxic aryltetralin lignan, 

was also applied as positive control. The assay was 

performed tree times and LC50 value was reported as 

Mean ± SD. 

 

Results and Discussion 

Essential oils composition 

The hydrodistillation of the aerial parts of P. olivieri 

and P. persica yielded 0.2 and 0.1% (V/W) pale 

yellowish oils, respectively. 

Thirty compounds, representing 97.5% of the total oil, 

were identified as a result of GC and GC-MS analyses 

of P. olivieri essential oil, among them β-caryophyllene 

(25.7%) germacrene D (19.5), (E)-β-farnesene (9.4) 

and α-pinene (9.0) were the main compounds (Table 1). 

The results also indicated that sesquiterpene 

hydrocarbones (65.3%) were the main group of 

constituents in P. olivieri oil. A review of previous 

studies on chemical compositions of this species from 

different regions of Iran revealed that germacrene D 

with relative percentages of 28.1, 26.4, 66.1 and 48.0-

58.0%, in the plants collected from Damavand, 

Taleghan, Chalus and Kojour regions, respectively and 

hexahydrofarnesyl acetone (13.3%) in essential oil of 

the plant collected from Semirom region have been 

reported as the main compounds of P. olivieri oils 

(Table 2), whereas in the present study β-caryophyllene 

(25.7%) was characterized as the main compound of 

the essential oil of this species aerial parts collected 

from Borujen region (west of Iran).
13-17

 β-

caryophyllene were found at levels of 0-16.0% in 

previous studies on P. olivieri essential oils.
13-17

  

This bioactive sesquiterpene (β-caryophyllene) has 

been also identified as the main compound of some 

Phlomis species, P. russeliana (22.6%), P. chimerae 

(31.6%), P. leucophracta (20.2%)
 

and P. linearis 

(24.2%), and has been considered for its wide 

biological activities such as anti-inflammatory, gastric 

cytoprotection, antispasmodic, local anaesthetic and 

hepatoprotective effects.
21-28

 

GC and GC-MS analyses of P. persica essential oil 

resulted in identification of twenty-eight compounds, 

accounting for 94.1% of the total essential oil. The 

results demonstrated that the essential oil was rich in 

sesquiterpene hydrocarbons (36.3%) with germacrene 

D (17.2%) and γ-elemene (15.4%) as the main 

compounds followed by bicyclogermacrene (10.8%) 

and spathulenol (8.8%). As shown in Table 2, there are 

differences between the main components of the 

analyzed P. persica essential oil and two respective 

reports on essential oil of this species.
15-18

 Sarkhail et 

al. (2004) reported (E)-β-farnesene (21.7%), 

germacrene D (32.5%), germacrene B (6.1 %) and β-

caryophyllene (5.1%) as the main compounds of the 

essential oil of P. persia aerial part collected from 

Bojnourd region (northeast of Iran).
18

 In another study 

on P. persia from Taleghan region (north of Iran), 

germacrene D (38.2%), bicyclogermacrene (16.3%) 

and α-pinene (13.3%) were characterized as the main 

constituents of its aerial part essential oil.
15

 

Regarding to the wide distribution of P. olivieri and P. 

persica in Iran, climatic and geographic factors could 

be considered as the main responsible of observed 

differences in essential oil constituents of various 

populations of these species.
29
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 Table 1. Chemical composition of essential oils obtained from the aerial parts of P. olivieri and P. persica. 

Real area (%)    

P. Persica P. Olivieri KI
b
 Compounds

a
 No. 

- 1.2 847 2-Hexenal 1 

- 0.3 926 α-Thujene 2 

2.1 9.0 394 α-Pinene 3 

- 0.9 976 1-Octen-3-ol 4 

- 0.7 1022 1,2,4-Trimethyl benzene 5 

- 0.2 1024 (Z)-β-Ocymene 6 

9.3 1.3 1926 Limonene 7 

- 0.6 1037 Benzene acetaldehyde 8 

9.7 0.2 1901 α-Terpinolene 9 

- 2.0 1097 Linaool 10 

- 0.7 1103 Nonanal 11 

- 0.4 1137 cis-Verbenol 12 

- 2.6 1174 Terpinen-4-ol 13 

- 0.8 1186 α-Terpineol 14 

9.5 - 1997 Undecanal 15 

9.0 - 1921 (3Z)-Hexenyl tiglate 16 

7.3 - 1993 1,5,5-Trimethyl-6-methylene-cyclohexene 17 

9.5 - 1908 α-Cubebene 10 

- 0.4 1375 α-Copaene 19 

1.0 0. 9 1905 β-Bourbonene 20 

1.2 - 1906 (E)-β-Damascenone 21 

2.3 0.9 1903 β-Elemene 22 

- 25.7 1419 β-Caryophyllene 23 

15.4 0.5 1092 γ-Elemene 24 

1.5 - 1096 Calarene 25 

- 9.4 1455 (E)-β-Farnesene 26 

17.2 19.5 1005 Germacrene D 27 

1.4 - 1007 (E)-β-Ionone 28 

- 1.4 1491 β-Selinene 29 

19.8 2.8 1599 Bicyclogermacrene 30 

9.9 - 1593 α-Muurolene 31 

9.7 - 1515 γ-Cadinene 92 

1.5 0.9 1525 δ-Cadinene 99 

1.9 - 1534 β-Bisabolene 90 

1.4 3.5 1553 Germacrene B 95 

9.0 - 1563 Virdiflorene 91 

0.0 1.5 1577 Spatulenol 97 

0.9 - 1580 Alloaromadendrene 90 

- 4.2 1582 Caryophyllene oxide 39 

1.5 - 1607 3,19-dehydro-isolongifolene 09 

1.6 - 1621 Valencene 01 

9.3 - 1105 α-Muurolol 02 

- 2.9 1649 β-Eudesmol 43 

- 1.4 1655 α-Cadinol 44 

2.7 1.3 1059 Hexahydrofarnesyl acetone 04 

1.6 - 1365 n-Hexadecanoic acid 46 

     

11.6 12.2  Monoterpene hydrocarbons  

- 5.8  Oxygenated monoterpenes  

67.0 65.3  Sesquiterpene hydrocarbons  

11.5 11.3  Oxygenated sesquiterpenes  

4.1 2. 9  Nonterpenes  

94.1 97.5  Total identified  
 

 

a
 Identified compounds listed in order of elution from HP-5MS column; 

b 
Relative Kovats retention indices to C8-C24  n-alkanes on HP-

5MS column. 
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 Table 2. The results of essential oil analysis of P. olivieri and P. persica from the previous and present studies. 

Plant Location Date Method Part Main compounds (%) Reference 

P. olivieri Semirom 

(Isfahan) 

 

May 

1988 

HD
a
 Aerial part Hexahydrofarnesyl acetone 

(13.3%) 

Spathulenol (11.4%) 

Germacrene D (9.7%) 

β-Caryophyllene (6.9%) 

 

(13) 

 

 Damavand 

(Tehran) 

July 

2001 

 

SD
b
 Aerial part Germacrene D (28.1%) 

β-Caryophyllene (16.1%) 

α-Pinene (11.7%)  

β-Selinene (10.2%) 

 

(14) 

 

 Taleghan 

(Tehran) 

 

June 

2002 

HD Aerial part Germacrene D (26.4%)  

Bicyclogermacrene (12.7%)  

α-Pinene (7.7%) 

 

(15) 

 

 Chalous 

(Mazandaran) 

May 

2003 

HD Aerial part Germacrene D (66.1%) 

β-Selinene (5.1%) 

α-Pinene (4.2%) 

β-Caryophyllene (4.2%) 

 

(16) 

 Kojour 

(Mazandaran) 

 

May 

2005 

 

HD Leaf Germacrene D (58%) 

α-Pinene (10.4%) 

Bicyclogermacrene (4.4%) 

(17) 

 

    Flower Germacrene D (48%) 

α-Pinene (19.7%) 

β-Selinene (10.1%) 

 

    Stem Germacrene D (57%) 

α-Pinene (8.6%)  

2-Pentadecanone (6.5%) 

 

    Root Germacrene D (35%) 

α-Pinene (12.6%) 

Spathulenol (6.6%) 

 

 

 Borujen 

(Bakhtiari) 

July 

2014 

HD Aerial part β-Caryophyllene (25.7%) 

Germacrene D (19.5%) 

(E)-β-Farnesene (9.4%) 

α-Pinene (9.0%) 

 

Present study 

P. persica Bojnourd 

(Khorasan) 

 

June 

2002 

 

HD Aerial part (E)-β-Farnesene  (21.7%) 

Germacrene D (32.5%) 

Germacrene B (6.1 %) 

β-Caryophyllene (5.1%) 

 

(18) 

 

 Taleghan 

(Alburz) 

 

June 

2002 

HD Aerial part Germacrene D (38.2%) 

Bicyclogermacrene (16.3%)  

α-Pinene (13.3%) 

 

(15) 

 Nahavand 

(Hamedan) 

July 

2014 

HD Aerial part Germacrene D (17.2%) 

γ-Elemene (15.4%) 

Bicyclogermacrene (10.8%)  

Spathulenol (8.8%) 

 

Present study 

 

a
 Hydrodistillation, 

b
 Steam distillation. 

Brine shrimp lethality activity 

The results of general toxicity assay of the plant 

essential oils in brine shrimp lethality test (BSL test) 

were summarized in Table 3. The results indicated that 

the essential oils of P. olivieri and P. persica possessed 

a moderate toxic activity on A. salina larvae with the 

LD50 values of 24.2 ± 0.5 and 41.6 ± 0.8 μg/ml, 

respectively, in comparison with podophyllotoxin 
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(LD50: 2.8 ± 0.3 μg/ml). The main sesquiterpenes of the 

essential oils such as germacrene D, γ-elemene, 

bicyclogermacrene, β-caryophyllene and (E)-β-

farnesene etc. may be involved in the toxic effects of 

the tested essential oils.  

 
 Table 3. General toxicity activity of the P. olivieri and P. persica essential oils in Brine shrimp lethality test. 

 P. olivieri essential oil P. persica essential oil Podophyllotoxin 

Brine shrimp lethality activity 

(LD50, μg/ml) 
24.2 ± 0.5 41.6 ± 0.8 2.8 ± 0.3 

 

Conclusion 

The results of this study report essential oils of P. 

olivieri and P. persica (aerial part) as two sesquiterpene 

rich essential oils (especially germacrene D and β-

caryophyllene) with the moderate toxic activity in BSL 

test. The observed differences between the chemical 

constituents of the analyzed essential oil samples and 

previous reports from other different regions of Iran 

also propose the existence of possible chemotypes 

between different populations of these two species.  
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