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ABSTRACT: In this study, the chemical composition of the essential oil of Teucrium scordium
was studied using capillary GC and GC/MS instruments. In addition, the antimicrobial and
cytotoxic activities of the oil and methanol extract were evaluated by disc diffusion and MTT assays,
respectively. Forty-three volatile components were identified from the oil of aerial parts,
representing of 98.1% of total oil. The major constituents were trans-a-bergamotene (52.3%),
(Z)-o-trans-bergamotol (18.1%), linalool (3.0%) and piperitenone oxide (2.9%). The best anti-bacterial
activity was observed for the methanol extract against Staphylococcus epidermidis with
Z1 (19.0 £ 0.47) mm and also against Proteus mirabilis with MIC value of 1.25 pg/mL. Investigation
of the samples on cell viability of HeLa cells showed good activity for the essential oil with an ICs value
of 5.2 pg/mL. Our results indicated that Teucrium scordium can be considered for further analyses
as an effective and safe curing agent for cancer and pathogenic infection therapies.
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INTRODUCTION

International Agency for Research on Cancer (IARC)
reported that there are approximately 14.1 million
new cases of cancer and 8.2 million cancer deaths and
32.6 million people living with cancer (within 5 years of
diagnosis ) in 2013 worldwide [1]. These facts inspired

on increasing interest in plants as a source of novel
therapeutic agents [2]. Plant-derived phytochemicals
have been used as therapeutic agents for hundreds of years [3].
Medicinal plants are rich resources of different bioactive
constituents that can be used for the treatment of several

* To whom correspondence should be addressed.
+ E-mail: f_aboee@yahoo.com
1021-9986/2020/2/207-215 9/$/5.00

Research Article

207



Iran. J. Chem. Chem. Eng.

diseases and inhibition of various enzymes [4-6]. There
have been studies on the use of plant products as disease
control agents, with less toxicity and fewer environmental
effects. Several compounds with anti-cancer activities
have been identified which some of them (e.g. vinblastine,
vincristine taxol and colehicine), either directly or after
chemical modifications, have been used as anti-cancer
drugs [7]. Some of these agents in compared to purely
synthetic drugs have higher activity and lower toxicity [8].

The genus Teucrium L. (Lamiaceae) includes over
300 species commonly known as germanders and
widespread all over the continents [9]. The species
are mainly spread over central and southern America,
Southeast Asia and Mediterranean region [10]. There are
approximately 12 native Teucrium species in lIran [11].
The extract isolated from Teucrium species has been used
for treatment of diabetes, obesity, inflammation,
hyperlipidemia, and antioxidant, anticancer, and
antibacterial activities [12]. Several studies have been
performed on chemical compositions and antioxidant
activities of the oils isolated from Teucrium species [13].

T. scordium is a wild-growing perennial herbaceous
flowering plant with little branched stems up to 40 cm
height. Leaves are without or with very short petiole,
oval-elongated and slightly ineised. Flowers are white
to light pink, densely clustered at the top of the branch.
This study aims to report the chemical composition of
the essential oil as well as the antibacterial and cytotoxicity
activity of the oil and methanol extract of T. scordium
collected from Yazd city, Iran.

EXPERIMENTAL SECTION
Plant material

The aerial parts of T. scordium were collected during
the flowering stage in May 2014 from Herat of Yazd city,
Iran. Their identities were confirmed and Voucher
specimen (No. 3128335427131620) was deposited
at the Herbarium of Yazd Agricultural and Natural Resources
Research Center.

Essential oil isolation

The air-dried aerial parts of T. scordium (100 @)
were subjected to a steam distillation for 3 h using a clevenger
(DURAN, Germany) apparatus. The oil was dried
in anhydrous sodium sulphate and stored at 4°C in
tightly-closed dark container.
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Extraction

Dried aerial parts of the plant (100 g) were powdered
and extracted with methanol (2 x 1L) at room
temperature for 48 h. The extracts were combined,
filtrated through Whatman filter paper and then
concentrated using a rotary evaporator (IKA, Germany)
under reduced pressure at 40°C. The dried extract
was weighed to give the yield of extraction which
was expressed in terms of air dried weight of plant materials.
Finally, the extract was stored at -20°C to be used
for further analyses.

GC and GC/MS analyses

GC analysis of the oil was performed using
a Shimadzu 15, a gas chromatograph equipped with a flame
ionization detector (FID), a DB-5 fused silica column
(30 m x 0.25 mm i.d., film thickness 0.25 pum) and N
as carrier gas (1 mL/min). The column temperature
programming was 60 °C for 3 min, 60 to 220 °C
at the rate of 5 °C/min and at 220 °C for 5min. The injector
and detector temperatures were 260 °C. The sample
was injected in a split mode, using a split ratio of 1:50.

GC-MS analysis was carried out on a Hewlett-
Packard 6890/5973 using an HP-5MS column (30 m x
0.25 mm i. d., film thickness 0.25 pum). The GC conditions
were performed the same as above. Mass range
was scanned from 40 to 300 amu. Retention Indices (RI)
of compounds were determined relative to the retention times
of a series of n-alkanes (Cs to Cys) with linear interpolation.
The oil components were identified by matching of their
mass spectra with Wiley 275 GC-MS library, and also
by comparing them with those of authentic compounds
or with reported data in the literature [14, 15].

Assessment of antimicrobial activity
Biological materials

All tested microorganisms were obtained from
the American Type Culture Collection (ATCC Rockville-
MD-USA), Pasteur Institute of Iran and were as follows:
Staphylococcus epidermidis (ATCC 12228), Klebsiella
pneumoniae (ATCC 10719), Staphylococcus saprophyticus
(ATCC 15805) and Proteus mirabilis (ATCC 43071).

Culture medium and inocula

The stock cultures of microorganisms used
in this study were maintained on plate Nutrient Agar slants
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at 4 °C. Inoculum was prepared by suspending a loop full
of bacterial cultures into 10 mL of Nutrient Broth
(MERK) and incubated at 37 °C for 24 h. About 60 pl
bacterial suspensions, adjusted to 106-10’CFU/mL were
taken and poured into Petri plates containing 6 mL
sterilized Nutrient Agar medium (MERK). Bacterial
suspensions were spread to get a uniform lawn culture.

Disc diffusion assay

The agar-well diffusion method was applied to detect
anti-microbial activity [16]. The T. scordium extract
was dissolved in DMSO to a final concentration of 40 mg/mL
and filtered by 0.45 Im Millipore filters for sterilization
using 100 pL of suspension containing 108 CFU/mL
of bacteria and spread on the Nutrient Agar. The discs
(6 mm in diameter) impregnated with 50 pL of the extract
solution and essential oil. DMSO (as a negative control)
was then placed on the inoculated agar. Gentamicin
(30 pg/disc) and Ceftazidime (30 pg/disc) were used
as positive controls for bacteria. The inoculated plates
were incubated for 17 h at 37 °C for bacterial strains.
The diameter of the inhibition zone was measured in mm.
All the assays were performed in triplicate

MIC Broth dilution assay

The lowest concentration of the compounds
that prevented visible growth was considered to be
the minimal inhibitory concentration (MIC). MIC value
of the extract of T. scordium was evaluated against standard
bacterial strains based on the Broth dilution method
(MERK) [17]. Briefly, serial doubling dilutions
of the extract and Essential oil were prepared in a 96 well
microtiter plate ranged in 1000, 500, 250, 125, 62.5 and
31.25 pg/mL. To each well, 100 pL of indicator solution
and 95 pL of Mueller Hinton broth were added. Finally,
5 L of bacterial suspension (1.5x10% CFU/mL) was added
to each well. The plates were prepared in triplicates.

These bacteria were tested in separate plates.
Inoculated plates were incubated at 37°C, and the optical
density (OD) of each well was measured at 0, 18h after
initiation of incubation using an ELISA reader (BIOTEK)
device set at 630 Nanometer. The mean of the OD of
different concentrations of each bacterium and solvent
was compared and analyzed using unilateral variance
analysis (ANOVA). In our statistical analyses, o = 0.005
was considered acceptable significant variation and
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the results were analyzed using SPSS Ver. 16.

Cytotoxicity assay

HeLa cell lines were purchased from National
Cell Bank of Iran (NCBI, Pasteur institute, Tehran, Iran).
The cells were grown in Dulbecco’s Modified Eagle
Medium (DMEM, Sigma-Aldrich, Steinheim, Germany)
supplemented with 10% heat-inactivated fetal calf serum
(Biochrom,  Berlin, Germany) and  100pg/mL
streptomycin and 100u/mL penicillin in humidified 7%
CO, atmosphere at 37 °C. The cytotoxic activities
of the single agents were assessed in monolayer cultures
by using MTT assay [18]. HeLa cells were seeded into 96
well plates (Betagen, Iran) at 5000 cells/well in 180 pL
of medium and allowed to attach for overnight. The working
concentrations of extract and essential oil of T. scordium
were 40 pg/mL and 100% respectively. The final
concentration of DMSO in the highest of applied
concentration of extract was 0.2%. After 24 h, the cells
were treated with different concentrations of T. scordium
extracts and essential oil and then incubated for 48 hours
at 37°C. Three wells containing tumor cells cultured
in 180pl of complete medium were used as controls for cell
viability. After incubation, the medium of cells
was removed and 100 pL of RPMI 1640 containing 10 pg/uL
MTT  (3-[4, 5-dimethylthiazol-2-yl]-2, 5-diphenyl
tetrazolium bromide) was added to each well and the
plates were incubated for another 3h. The culture medium
was then replaced with 50ul of DMSO and
the absorbance of each well was measured by using
a microplate reader (BioTek, USA) at 570nm. Each
set of experiments was independently performed three times.
Dose response curves were generated with respect to
surviving fraction data and the relationship between dose
and effect was analyzed for the 50% inhibitory
concentrations (ICsg) by computer fitting the dose-
response curves with linear and nonlinear regressions.

RESULTS AND DISCUSSION
Chemical composition of the essential oil

The essential oil of T. scordium was obtained from
aerial parts of the plant by hydro-distillation. A yield of
0.36 % (w/w) was obtained for the essential oil. Fig. 1
shows the GC-MS chromatogram of the oil.

The essential oil composition was analyzed
by GC-FID and GC-MS. The qualitative and quantitative
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Fig. 1: Gas chromatogram of the essential oil of T. scordium
on DB-5 capillary column

essential oil constituents are presented in Table 1, where
compounds are listed in order of their elution on the
DB-5 column. 43 components were identified from this oil,
representing of 97.5 % of the total oil. The most abundant
compounds  were  trans-a-bergamotene  (52.3%),
(2)-o-trans-bergamotol (18.1%), linalool (3.0%) and
piperitenone oxide (2.9%). The oil of comprised two
monoterpene hydrocarbons (0.6%), nine oxygenated
monoterpenes (8.7%), seven sesquiterpene hydrocarbons
(57.2%), thirteen oxygenated sesquiterpenes (24.9%)
and two diterpenoid derivatives (2.2%) as well as nine alkane
derivatives (4.2%).

A summary of the previous published data on the
main compounds of essential oils in some species of
Teucrium has been presented in Table 2. The several
investigations show that Teucrium essential oils were
characterized by mono and sesquiterpenes (oxygenated
and hydrocarbon) compounds [19, 20]. Sabinene,
B-pinene, caryophyllene oxide, germacrene-D, pulegone
and pB-caryophyllene have almost been reported as
the major compounds in the Teucrium species. Of which,
two compounds pulegone and B-caryophyllene were found
as the main constituents of the essential oil of T. scordium
species.

Antimicrobial activity

In this study, the antimicrobial activity of the
methanol extract and essential oil of T. scordium
was investigated by an in vitro assay against both Gram-positive
and Gram-negative bacteria. As shown in Table 3, the oil
revealed a weak antimicrobial activity against the bacteria
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strains but the extract exhibited moderate to high
antimicrobial effect against all strains tested, with
minimum inhibitory concentration (MIC) ranging from
1.25 to 10 pg.mL? and zone of inhibition (ZI) ranging
from 20 to 30 mm. Based on the MIC value, the best
antibacterial activity of extract was obtained against P.
mirabilis with a MIC value of 1.25 pug.mL. The lowest
Z1 (20 mm) was recorded for extract when tested against
S. saprophyticus. The inhibitory effect of T. scordium
has been previously reported in the literature, indicating
the moderate antibacterial activity on different bacteria
strains [10, 42, 43].

Cytotoxicity activity

During this study, the effect of essential oil and
methanol extract of the plant on cell viability of HelLa
cells was investigated with the MTT assay. Both samples
reduced the cell viability of cell line in a dose-dependent
manner and the essential oil was more active. The ICs
values of oil and extract were 5.2 and 18 pug/mL on HelLa
cells, respectively. These samples exhibited moderate
cytotoxicity in comparison with the ICsy value of
paclitaxel (4 nM for HelLa). The cytotoxic activity of the
extracts of T. scordium has previously been evaluated.
Kundakovi et. al studied the -cytotoxicity of the
cyclohexane and dichloromethane extract of this species
on estrogen-dependent breast cancer cell lines. The 1Csq
values of 130 and 189 mg/mL were obtained for
the extracts, respectively.[’®l Our results suggest that
the essential oil as well as the methanol extract of
T. scordium could be considered for further investigations to
evaluate their cytotoxic activity.

CONCLUSIONS

This study was carried out to evaluate the biological
properties and chemical composition of Teucrium
scordium. Our findings showed that T. scordium is a rich
source of bioactive metabolites specially both type
of oxygenated and hydrocarbon sesquiterpens. Also,
T. scordium exhibited considerable antibacterial and
cytotoxic activities, which can be used as natural
antimicrobial and anticancer agents for human and
infectious diseases.
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Table 1: Chemical composition of the essential oil of aerial parts of T. scordium.

Vol. 39, No. 2, 2020

/ No Compounds RI? Concentration (%) \
1 2-Hexenal # 0.3
2 0-Xylene # 0.2
3 a-Pinene 935 0.1
4 1-Octen-3-ol 976 25
5 3-Octanol 994 0.2
6 n-Decane 1000 0.1
7 Limonene 1029 0.2
8 1,8-Cineole 1032 0.6
9 Linalool 1100 3.0
10 n-Nonanal 1103 0.4
11 Borneol 1171 0.4
12 a-Terpineol 1196 0.4
13 n-Decanal 1207 0.1
14 Pulegone 1243 0.3
15 Geraniol 1256 0.3
16 Thymol 1296 0.3
17 Piperitenone 1345 0.5
18 Piperitenone oxide 1370 29
19 trans-f-Damascenone 1387 0.2
20 p- Caryophellene 1424 1.3
21 trans-a-Bergamotene 1438 52.3
22 (E)-p-Farnesene 1455 0.9
23 Undecanoic acid 1465 0.2
24 Germacrene D 1483 0.5
25 trans-g-lonone 1486 0.4
26 f-Bisabolene 1507 11
27 Cuparene 1518 0.6
28 ¢-Cadinene 1525 0.5
29 a-Copaen-11-ol 1528 1.2
30 Nerolidol 1563 1.0
31 Spathulenol 1580 0.3
32 Caryophyllene oxide 1587 05
33 Isoaromadendrene epoxide 1612 1.2

\ 34 a-Cadinol 1647 0.2 /
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Table 1: Chemical composition of the essential oil of aerial parts of T. scordium. (Continued)

/ 35 Valerianol 1656 0.3 \
36 /- Acorenol 1661 0.2
37 p-Sinensal 1683 0.4
38 (2)-a-trans-Bergamotol 1697 18.1
39 (2)-B-Curcumen-12-ol 1715 0.9
40 Hexahydrofarnesyl acetone 1844 1.6
41 Nonadecane 1900 0.2
42 Phytol 2120 0.6
Monoterpene hydrocarbons 0.3
Oxygenated monoterpenes 8.7
Sesquiterpene hydrocarbons 57.2
Oxygenated sesquiterpenes 24.9
Diterpenes 2.2
Alkane derivatives 42

Total identified 97.5 )

Notes: 2RI, Retention indices relative to Cg —C,3 n-alkanes on DB-5 column. The components are listed in order of elution from the DB-5 column.

Table 2: Comparison of the percentage of main essential oil components from the previous reports of Teucrium species.

Species

Main Components (%)

%

Teucrium africanum

(10.6%)

Thunb. a-Cubebene (29.3%) B-Cubebene (20.5%) Calamanene (4.0%) Pathoulene (3.7%) [21]

T a'garbcizﬂf (Cout) Limonene (11.8%) B-Pinene (10.2% ) a-Pinene (8.3%) Sabinene (7.2%) [22]
T. arduini L. B-Caryophyllene (28.8%) Caryophyllene oxide (14.2%) Germacrene D (12.5%) Linalool (3.4%) [23]

T Cam"pa“g,; Vicioso ex a-Cadinol (12.32%) t-Muurolol (12.3%) B-Eudesmol (10.08%) ; [24]
T. chamaedrys L. Germacrene-D (16.5%) (2)- B-farnesene (12.2%) B-Caryophyllene (10.5%) a-Pinene (9.1%) [25]

T. flavum L. B-Caryophyllene (30.7%) Germacrene-D (21.3%) a-Humulene (8.4%) - [26]

T. flavum subsp. flavum B-Caryophyllene (13.5%) Caryophyllene oxide (8.5%) 4-Vinyl guaiacol (6.0%) a-Humulene (5.0%) [27]
T. fruticans L. B-Pinene (21.0%) Germacrene-D (18.0%) B-Myrcene (13.0%) B-Caryophyllene (12.0%) [28]

T. lepicephalum Pau Sabinene (57.4%) a-Pinene (19.2% ) Limonene (7.4%) - [24]
T. leucocladum Boiss. Patchouli alcohol (31.2%) B-Pinene (12.7% ) a-Pinene (11.0% ) t-Cadinol (5.48%) [29]
T. lusitanicum Schreb. Elemol (12.0%) B-Pinene (2.5-11.9%) Limonene (11.5%) Sabinene (9.6%) [22]
T mﬂ;miﬂss' & Isocaryophyllene (20.2%) B-Bisabolene (14.7%) B —Sesql;lirl)hgol/!)z;ndrene a-Santalene (11.0%) [30]
T orie::i{i;r?téll_l.esubsp. Caryo?gélhllseozgz oxide Linalool (17.0%) B-Caryophyllene (9.3%) - [17]
ta;'lgrriiiezg"’(‘)';; subsp. Linalool (28.6%) Caryophyllene oxide (15.6%) 3-Octanol (9.6%) B-Pinene (8.8%) 31]
T. persicum Boiss. Caryophyllene oxide a-Pinene (9.4% ) Geranyl Linalool (7.8%) y-Cadinene (7.4%) [32]

T. persicum Boiss.

a-Cadinene (9.7%)

1,4-Cadinadiene (9.2%),

a-Terpinyl acetate (7.9%)

Linalyl acetate (7.7%)

3/
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Table 2: Comparison of the percentage of main essential oil components from the previous reports of Teucrium species. (Continued)

T. polium subsp.
aurasiacum (Maire)
Greuter & Burdet

a-Cadinol (46.8%)

3B-Hydroxy-a-muurolene
(22.5%)

a-Pinene (9.5% )

B-Pinene (8.3%)

=

T. polium subsp. capitatum

a-Cadinol (46.2%)

Caryophyllene oxide (25.9%)

a-Muurolol epi (8.1%)

Cadalene (3.7%)

[34]

stocksianum

Arcang.

T polium Asffjgécap"at“m a-Pinene (28.8%) p-Cymene (17.0%) B-Pinene (7.2%) [35]
T. scordium L. B-Caryophyllene (22.8%) (E)-B-Farnesene (10.4%) Caryophyllene oxide (8.6%) 1,8-Cineole (6.1%) [36]
T. scordium L. Pulegone (39.1%) B-Cryophyllene (20.1%) B-Farnesene (5.7%) Menthofuran (4.2%) [37]
T sco;gg:gé%rl]_i;ubsp. Germacrene B (26.2%) B-Caryophyllene (25.2%) a-Cubebene (8.0%) B-Cubebene (6.5%) [38]

T. scorodonia L. subsp. (E)-B-Caryophyllene . o ! o o
scorodonia (25.2%) a-Cubebene (11.3%) Germacrene-D (10.1%) Germacrene B (8.8%) [39]
T. stocksianum Boiss. 3-Cadinene (12.9%) a-Pinene (10.3%) Myrcene (8.6%) B-Caryophyllene (8.2%) [40]
T. stocksianum subsp. Camphene (20.6%) a-Cadinol (19.7%) B-Myrcene (10.2%) Carvacrol (9.9%) [41]

K T. trifidum Retz.

B-Cubebene (31.0%)

a-Cubebene (11.4%)

B-Caryophyllene (7.7%)

8-Cadinene (5.2%)

[zy

Table 3. Antimicrobial activity of the extract of Teucrium scordium.

/ MIC (ug/mL) Zone of Inhibition (mm)° \
Microorganism
oil extract reference? extract reference
Klebsiella pneumoniae >100 10 16 30+0.70 11+0.40
Proteus mirabilis >100 1.25 16 25+0.47 12+0.23
Staphylococcus epidermidis >100 25 8 2340.47 19+0.49
K Staphylococcus saprophyticus >100 25 8 20+0.47 110.94 /

a) Ampicillin, Tetracycline and Fluconazole were used as references for Gram-positive, Gram-negative bacteria and fungus, respectively.
b) The values represent the mean of four experiments + SD. Ampicillin, gentamicin and ketoconazole (10 pg/disc) were used as references

Ashkezar Branch of Isalmic azad University, Yazd, Iran

[4] Abbas-Mohammadi M., Farimani M.M., Salehi P.,

is gratefully acknowledged.

Received : Oct. 11, 2018 ; Accepted : Jan. 7, 2019

REFERENCES

(1]

(2]

(3]

Ferlay J., Soerjomataram I., Dikshit R., Eser S,
Mathers C., Rebelo M., Parkin D.M., Forman D.,
Bray F., Cancer Incidence and Mortality Worldwide:
Sources, Methods and Major Patterns in GLOBOCAN
2012, Int. J. Cancer, 136: E359-E386 (2015).
Verpoorte R., Pharmacognosy in the New
Millennium:  Leadfinding and Biotechnology,
J. Pharm. Pharmacol., 52: 253-262 (2000).

Cragg G.M., Newman D.J., Plants as a Source of
Anti-Cancer Agents, J. Ethnopharmacol., 100: 72-
79 (2005).

Research Article

Ebrahimi S.N., Sonboli A., Kelso C., Skropeta D.,
Acetylcholinesterase-Inhibitory Activity of Iranian
Plants: Combined HPLC/Bioassay-Guided
Fractionation, Molecular Networking and Docking
Strategies for the Dereplication of Active
Compounds, J. Pharm. Biomed. Anal., 158: 471-479
(2018).

[5] Subramanian R., Asmawi M.Z., Sadikun A., In vitro

a-Glucosidase and a-Amylase Enzyme Inhibitory
Effects of Andrographis Paniculata Extract and
Andrographolide, Acta Biochim Pol, 55: 391-398
(2008).

[6] Ozcan M., Ozkan G., The Total Phenol, Flavonol

Amounts and Antiradical activity of Origanum
Onites, Zeitschrift Fur Arznei-& Gewurzpflanzen,
22:184-185 (2017).

213


https://onlinelibrary.wiley.com/doi/full/10.1002/ijc.29210
https://onlinelibrary.wiley.com/doi/full/10.1002/ijc.29210
https://onlinelibrary.wiley.com/doi/full/10.1002/ijc.29210
https://onlinelibrary.wiley.com/doi/abs/10.1211/0022357001773931
https://onlinelibrary.wiley.com/doi/abs/10.1211/0022357001773931
https://www.sciencedirect.com/science/article/pii/S0378874105003259
https://www.sciencedirect.com/science/article/pii/S0378874105003259
https://www.sciencedirect.com/science/article/abs/pii/S0731708518308318?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0731708518308318?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0731708518308318?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0731708518308318?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0731708518308318?via%3Dihub
http://www.actabp.pl/pdf/2_2008/391.pdf
http://www.actabp.pl/pdf/2_2008/391.pdf
http://www.actabp.pl/pdf/2_2008/391.pdf
http://www.actabp.pl/pdf/2_2008/391.pdf
http://www.ijcce.ac.ir/article_35091_70c2a0314d50f1939ef161000259ca37.pdf
http://www.ijcce.ac.ir/article_35091_70c2a0314d50f1939ef161000259ca37.pdf
http://www.ijcce.ac.ir/article_35091_70c2a0314d50f1939ef161000259ca37.pdf

Iran. J. Chem. Chem. Eng.

[7] Nirmala M.J., Samundeeswari A., Sankar P.D.,
Natural Plant Resources in Anti-Cancer Therapy-
A Review, Res. Plant Biol., 1: 1-14 (2011).

[8] Fabricant D.S., Farnsworth N.R., The Value of
Plants Used in Traditional Medicine for Drug
Discovery, Environ. Health Perspect., 109: 69
(2001).

[9] Amirghofran Z., Zand F., Javidnia K., Miri R,
The Cytotoxic Activity of Various Herbals Against
Different Tumor Cells: An In Vitro Study, Iranian
Red Crescent Med. J., 12: 260 (2010).

[10] Kundakovi¢ T., Milenkovi¢ M., Stanojkovi¢ T.,
Jurani¢ Z., Lakuscaron B., Cytotoxicity and
Antimicrobial Activity of Teucrium scordium
L.(Lamiaceae) Extracts, Afr. J. Microbiol. Res., 5:
2692-2696 (2011).

[11] Mozaffarian V., “A Dictionary of Iranian Plant
Manes”. 2nd ed., Farhang Moaser Publication,
Tehran, (1998).

[12] Miri A., Monsef-Esfahani H.R., Amini M.,
Amanzadeh Y., Hadjiakhoondi A., Hajiaghaee R.,
Ebrahimi A., Comparative Chemical Composition
and Antioxidant Properties of the Essential Oils
and Aromatic Water from Teucrium persicum
Boiss, lIran. J. Pharm. Res. (IJPR), 11: 573
(2012).

[13] Tafrihi M., Toosi S., Minaei T., Gohari A.R.,
Niknam V., Arab Najafi S.M., Anticancer Properties
of Teucrium persicum in PC-3 Prostate Cancer
Cells, Asian Pac. J. Cancer. Prev., 15: 785-791
(2014).

[14] Adams R., Identification of Essential Oil
Components by Gas  Chromatography/Mass
Spectroscopy, J. Am. Soc. Mass Spectrom., 6: 671-
672 (1997).

[15] Jennings W., “Qualitative Analysis of Flavor and
Fragrance Volatiles by Glass Capillary Gas
Chromatography” Elsevier, (2012).

[16] Albayrak S., Aksoy A., Sagdic O., Hamzaoglu E.,
Compositions, Antioxidant and  Antimicrobial
Activities of Helichrysum (Asteraceae) Species
Collected from Turkey, Food Chem., 119: 114-122
(2010).

[17] Javidnia K., Miri R., Composition of the Essential
Oil of Teucrium orientate L. ssp. Orientate
from Iran, J. Essent. Oil Res., 15: 118-119 (2003).

214

Ebrahimi Anaraki P. et al.

Vol. 39, No. 2, 2020

[18] Mohamed A.A., Ali S.1., EL-Baz F.K., Hegazy A.K,,
Kord M.A., Chemical Composition of Essential Oil
and In Vitro Antioxidant and Antimicrobial
Activities of Crude Extracts of Commiphora myrrha
Resin, Ind. Crops Prod., 57: 10-16 (2014).

[19] Ali N.A., Wurster M., Arnold N., Lindequist U.,
Wessjohan L., Chemical Composition of the
Essential Oil of Teucrium yemense Deflers, Rec.
Nat. Prod., 2: 25-32 (2008).

[20] Kovacevic N.N., Lakusic B.S., Ristic M.S.,
Composition of the Essential Oils of Seven
Teucrium Species from Serbia and Montenegro,
J. Essent. Oil Res., 13: 163-165 (2001).

[21] Ruiters A., Tilney P., Van Vuuren S., Viljoen A.,
Kamatou G., Van Wyk B.-E., The Anatomy,
Ethnobotany, Antimicrobial Activity and Essential
Oil Composition of Southern African Species of
Teucrium (Lamiaceae), S. Afr. J. Bot., 102: 175-185
(2015).

[22] Cavaleiro C., Salgueiro L., Miguel M., da Cunha A.P.,
Analysis by Gas Chromatography—Mass
Spectrometry of the Volatile Components of
Teucrium lusitanicum and Teucrium algarbiensis,
J. Chromatogr. A, 1033: 187-90 (2004).

[23] Kremer D., Bolari¢ S., Ballian D., Boguni¢ F.,
SteSevi¢ D., Karlovi¢ K., Kosalec 1., Vokurka A.,
Rodriguez J.V., Randi¢ M., Morphological, Genetic
and Phytochemical Variation of the Endemic
Teucrium arduini L. (Lamiaceae), Phytochemistry,
116: 111-119 (2015).

[24] Pérez 1., Blazquez M.A., Boira H., Chemotaxonomic
Value of the Essential Oil Compounds in Species of
Teucrium pumilum Aggregate, Phytochemistry, 55:
397-401 (2000).

[25] Morteza-Semnani K., Akbarzadeh M., Rostami B.,
The Essential Oil Composition of Teucrium
chamaedrys L. from lIran, Flavour Fragr. J., 20:
544-546 (2005).

[26] Baher Z., Mirza M., Volatile Constituents of
Teucrium flavum L. from Iran, J. Essent. Oil Res.,
15: 106-107 (2003).

[27] Formisano C., Rigano D., Senatore F., Bruno M.,
Maggio A., Piozzi F., Chemical Composition of the
Essential Oil of Teucrium flavum ssp. flavum from
Zakynthos, Greece, Rec. Nat. Prod., 6: 306-310
(2012).

Research Atrticle


file:///C:/Users/Hi%20Mehdi/ARHBFZA/Downloads/2584-Article%20Text-2864-1-10-20151102%20(2).pdf
file:///C:/Users/Hi%20Mehdi/ARHBFZA/Downloads/2584-Article%20Text-2864-1-10-20151102%20(2).pdf
http://images.biomedsearch.com/11250806/ehp109s-000069.pdf?AWSAccessKeyId=AKIAIBOKHYOLP4MBMRGQ&Expires=1559088000&Signature=XJPrPR6EqA2yA3VeADQZ5NdV5SM%3D
http://images.biomedsearch.com/11250806/ehp109s-000069.pdf?AWSAccessKeyId=AKIAIBOKHYOLP4MBMRGQ&Expires=1559088000&Signature=XJPrPR6EqA2yA3VeADQZ5NdV5SM%3D
http://images.biomedsearch.com/11250806/ehp109s-000069.pdf?AWSAccessKeyId=AKIAIBOKHYOLP4MBMRGQ&Expires=1559088000&Signature=XJPrPR6EqA2yA3VeADQZ5NdV5SM%3D
file:///C:/Users/Hi%20Mehdi/ARHBFZA/Downloads/70888-pdf.pdf
file:///C:/Users/Hi%20Mehdi/ARHBFZA/Downloads/70888-pdf.pdf
https://www.researchgate.net/publication/267033029_Cytotoxicity_and_antimicrobial_activity_of_Teucrium_scordium_L_Lamiaceae_extracts
https://www.researchgate.net/publication/267033029_Cytotoxicity_and_antimicrobial_activity_of_Teucrium_scordium_L_Lamiaceae_extracts
https://www.researchgate.net/publication/267033029_Cytotoxicity_and_antimicrobial_activity_of_Teucrium_scordium_L_Lamiaceae_extracts
http://ijpr.sbmu.ac.ir/article_1093.html
http://ijpr.sbmu.ac.ir/article_1093.html
http://ijpr.sbmu.ac.ir/article_1093.html
http://ijpr.sbmu.ac.ir/article_1093.html
http://journal.waocp.org/?sid=Entrez:PubMed&id=pmid:24568496&key=2014.15.2.785
http://journal.waocp.org/?sid=Entrez:PubMed&id=pmid:24568496&key=2014.15.2.785
http://journal.waocp.org/?sid=Entrez:PubMed&id=pmid:24568496&key=2014.15.2.785
https://link.springer.com/article/10.1016/j.jasms.2005.07.008
https://link.springer.com/article/10.1016/j.jasms.2005.07.008
https://link.springer.com/article/10.1016/j.jasms.2005.07.008
http://www.elsevier.com/locate/foodchem
http://www.elsevier.com/locate/foodchem
http://www.elsevier.com/locate/foodchem
https://doi.org/10.1080/10412905.2003.9712086
https://doi.org/10.1080/10412905.2003.9712086
https://doi.org/10.1080/10412905.2003.9712086
https://www.sciencedirect.com/science/article/pii/S0926669014001514
https://www.sciencedirect.com/science/article/pii/S0926669014001514
https://www.sciencedirect.com/science/article/pii/S0926669014001514
https://www.sciencedirect.com/science/article/pii/S0926669014001514
http://www.acgpubs.org/RNP/2008/Volume%202/Issue%201/RNP-0803-14.pdf
http://www.acgpubs.org/RNP/2008/Volume%202/Issue%201/RNP-0803-14.pdf
https://doi.org/10.1080/10412905.2001.9699649
https://doi.org/10.1080/10412905.2001.9699649
https://doi.org/10.1016/j.sajb.2015.06.008
https://doi.org/10.1016/j.sajb.2015.06.008
https://doi.org/10.1016/j.sajb.2015.06.008
https://doi.org/10.1016/j.sajb.2015.06.008
https://doi.org/10.1016/j.chroma.2004.01.005
https://doi.org/10.1016/j.chroma.2004.01.005
https://doi.org/10.1016/j.chroma.2004.01.005
https://www.sciencedirect.com/science/article/abs/pii/S0031942215001302
https://www.sciencedirect.com/science/article/abs/pii/S0031942215001302
https://www.sciencedirect.com/science/article/abs/pii/S0031942215001302
https://www.sciencedirect.com/science/article/abs/pii/S0031942200003459?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0031942200003459?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0031942200003459?via%3Dihub
https://eurekamag.com/research/004/352/004352990.php
https://eurekamag.com/research/004/352/004352990.php
https://doi.org/10.1080/10412905.2003.9712082
https://doi.org/10.1080/10412905.2003.9712082
http://www.acgpubs.org/RNP/2012/Volume%206/Issue%201/43-RNP-1103-550.pdf
http://www.acgpubs.org/RNP/2012/Volume%206/Issue%201/43-RNP-1103-550.pdf
http://www.acgpubs.org/RNP/2012/Volume%206/Issue%201/43-RNP-1103-550.pdf

Iran. J. Chem. Chem. Eng.

[28] Flamini G., Cioni P.L., Morelli I., Maccioni S.,
Monti G., Composition of the Essential Oil of
Teucrium fruticans L. from the Maremma Regional
Park (Tuscany, Italy), Flavour Fragr. J., 16: 367-
369 (2001).

[29] El-Shazly A.M., Hussein K.T., Chemical Analysis
and Biological Activities of the Essential Oil of
Teucrium leucocladum Boiss.(Lamiaceae), Biochem.
Syst. Ecol., 32: 665-674 (2004).

[30] Ricci D., Fraternale D., Giamperi L., Bucchini A.,
Epifano F., Burini G., Curini M., Chemical
Composition,  Antimicrobial and Antioxidant
Activity of the Essential Oil of Teucrium marum
(Lamiaceae), J. Ethnopharmacol., 98: 195-200
(2005).

[31] Amiri H., Chemical Composition of Essential Oil of
Teucrium orientale L. Subsp. Taylori (Boiss.) Rech. F,
J. Med. Plant, 7: 100-104 (2008).

[32] Javidnia K., Miri R., Khosravi A., Composition of
the Essential Oil of Teucrium persicum Boiss.
from Iran, J. Essent. Oil Res., 19: 430-432 (2007).

[33] Kabouche A., Kabouche Z., Ghannadi A., Sajjadi S.,
Analysis of the Essential Oil of Teucrium polium
ssp. Aurasiacum from Algeria, J. Essent. Oil Res.,
19: 44-46 (2007).

[34] Khani A., Heydarian M., Fumigant and Repellent
Properties of Sesquiterpene-Rich Essential Oil from
Teucrium polium Subsp. Capitatum (L.), Asian Pac.
J. Trop. Med., 7: 956-961 (2014).

[35] Cozzani S., Muselli A., Desjobert J.-M., Bernardini A.-F.,
Tomi F., Casanova J., Chemical Composition of
Essential Oil of Teucrium polium Subsp. Capitatum
(L)) from Corsica, Flavour Fragr. J., 20: 436-441
(2005).

[36] Morteza-Semnani K., Saeedi M., Akbarzadeh M.,
Essential Oil Composition of Teucrium scordium L,
Acta Pharm., 57: 499-504 (2007).

[37] Sharififar F., Mahdavi Z., Mirtajaldini M.,
Purhematy A., Volatile Constituents of Aerial Parts
of Teucrium scordium L. from Iran, J. Essent. Qil
Res., 22: 202-204 (2010).

[38] Maccioni S., Baldini R., Tebano M., Cioni P.L.,
Flamini G., Essential Oil of Teucrium scorodonia L.
ssp. scorodonia from Italy, Food Chem., 104: 1393-
1395 (2007).

Research Article

Chemical Composition and Biological Activities of Essential Oil...

Vol. 39, No. 2, 2020

[39] Djabou N., Allali H., Battesti M.-J., Tabti B., Costa J.,
Muselli A., Varesi L., Chemical and Genetic
Differentiation of Two Mediterranean Subspecies of
Teucrium scorodonia L, Phytochemistry, 74: 123-
132 (2012).

[40] Shah S.M.M., Ullah F., Shah S.M.H., Zahoor M.,
Sadiq A., Analysis of Chemical Constituents and
Antinociceptive Potential of Essential Oil of
Teucrium stocksianum Bioss Collected from the
North West of Pakistan, BMC Complement. Altern.
Med., 12: 244 (2012).

[41] Jaimand K., Rezaee M., Soltanipoor M., Mozaffarian V.,
Volatile Constituents of Teucrium stocksianum
Boiss. ssp. stocksianum from lIran, J. Essent. Oil
Res., 18: 476-477 (2006).

[42] Van Vuuren D.P., Bouwman A.F., Beusen A.H.,
Phosphorus Demand for the 1970-2100 Period:
A Scenario Analysis of Resource Depletion, Global
Environmen. Change, 20: 428-439 (2010).

[43] Mohammadpour Vashvaei R., Sepehri Z., Jahantigh M.,
Javadian F., Antimicrobial Activities of Teucrium
polium Against Salmonella typhimurium,
International Journal of Advanced Biological and
Biomedical Research, 3: 149-152 (2015).

215


https://onlinelibrary.wiley.com/doi/abs/10.1002/ffj.1014
https://onlinelibrary.wiley.com/doi/abs/10.1002/ffj.1014
https://onlinelibrary.wiley.com/doi/abs/10.1002/ffj.1014
https://doi.org/10.1016/j.bse.2003.12.009
https://doi.org/10.1016/j.bse.2003.12.009
https://doi.org/10.1016/j.bse.2003.12.009
https://www.sciencedirect.com/science/article/pii/S0378874105000668
https://www.sciencedirect.com/science/article/pii/S0378874105000668
https://www.sciencedirect.com/science/article/pii/S0378874105000668
https://www.sciencedirect.com/science/article/pii/S0378874105000668
http://jmp.ir/browse.php?a_id=417&slc_lang=en&sid=1&printcase=1&hbnr=1&hmb=1
http://jmp.ir/browse.php?a_id=417&slc_lang=en&sid=1&printcase=1&hbnr=1&hmb=1
https://doi.org/10.1080/10412905.2007.9699944
https://doi.org/10.1080/10412905.2007.9699944
https://doi.org/10.1080/10412905.2007.9699944
https://doi.org/10.1080/10412905.2007.9699227
https://doi.org/10.1080/10412905.2007.9699227
https://www.sciencedirect.com/science/article/pii/S1995764514601693
https://www.sciencedirect.com/science/article/pii/S1995764514601693
https://www.sciencedirect.com/science/article/pii/S1995764514601693
https://onlinelibrary.wiley.com/doi/abs/10.1002/ffj.1463
https://onlinelibrary.wiley.com/doi/abs/10.1002/ffj.1463
https://onlinelibrary.wiley.com/doi/abs/10.1002/ffj.1463
https://doi.org/10.2478/v10007-007-0040-6
https://doi.org/10.1080/10412905.2010.9700303
https://doi.org/10.1080/10412905.2010.9700303
https://www.sciencedirect.com/science/article/pii/S0308814607001690
https://www.sciencedirect.com/science/article/pii/S0308814607001690
https://www.sciencedirect.com/science/article/abs/pii/S0031942211004146
https://www.sciencedirect.com/science/article/abs/pii/S0031942211004146
https://www.sciencedirect.com/science/article/abs/pii/S0031942211004146
https://dx.doi.org/10.1186%2F1472-6882-12-244
https://dx.doi.org/10.1186%2F1472-6882-12-244
https://dx.doi.org/10.1186%2F1472-6882-12-244
https://dx.doi.org/10.1186%2F1472-6882-12-244
https://www.tandfonline.com/doi/abs/10.1080/10412905.2006.9699145
https://www.tandfonline.com/doi/abs/10.1080/10412905.2006.9699145
https://www.sciencedirect.com/science/article/abs/pii/S0959378010000312
https://www.sciencedirect.com/science/article/abs/pii/S0959378010000312
https://pdfs.semanticscholar.org/8c6d/cd25d565edd1fc765f85550108317ba4b3f8.pdf
https://pdfs.semanticscholar.org/8c6d/cd25d565edd1fc765f85550108317ba4b3f8.pdf

