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The current study evaluates chemical constituents and estimates the antimicrobial, antioxidant, ferrous-ion

chelating, tyrosinase inhibition, cytotoxic, and radical scavenging activities of the essential oil of Artemisia

turanica Krasch. from northeastern Iran. The antibacterial activity of the oil was evaluated by determination

of inhibition zones, minimal inhibitory concentration, minimum bactericidal concentration and decimal re-

duction time. Phenolic content of the oil was determined using the Folin – Ciocalteu assay. Antioxidant prop-

erties of the oil of A. turanica were determined by three methods: the ferric reducing antioxidant power,

bleaching of DPPH or radical scavenging activity, and �-carotene-linoleic acid assay. In vitro cytotoxicity was

assessed by the MTT assay. Oxygenated monoterpenes, especially 1,8-cineole (35.2%), �-thujone (24.2%),

and cis-chrysanthenol (16.8%) were the major components in the oil of A. turanica. Bactericidal kinetics of

this oil indicated that E. coli is the most vulnerable (MIC = 2.5 mg/mL, D = 6.43 min). Total phenolic content

of the oil was found to be 237.87 � 6.66 �g GAE/mg oil. The oil exhibited a dose-dependent scavenging of

DPPH, nitric oxide, and superoxide anion radicals with IC
50
values of 7.00 mg/mL, 9.69 �g, and 14.63 �g, re-

spectively. Ferrous-ion chelating activity of the oil (IC
50
= 16.97 �g) was lower than that of EDTA. IC

50
values

for Hela and lymphocyte cells were calculated to be 17.67 and 3291.49 �g/mL, respectively. The results sug-

gest application of A. turanica oil as a natural antioxidant and anticancer agent.

Key words: Artemisia turanica, antimicrobial, antioxidant, cytotoxicity, tyrosinase inhibition, Hela cells,

lymphocytes.

INTRODUCTION

The genus Artemisia belongs to the important family

Compositae (Asteraceae) [1]. Within this family, Artemisia is

included into tribe Anthemideae that comprises over 500

species. Among these, 34 have been reported in Iran, some

of them are endemic [2]. The genus Artemisia has always

been of great botanical and pharmaceutical interest and is

useful in traditional medicine for the treatment of a variety of

diseases and complaints [3]. Among these species, Artemisia

turanica Krasch. grows naturally in wide regions of Iran.

In our previous investigation it has been shown that the

extract of A. turanica has antimalarial effects in vivo against

murine malaria model [4]. Previously, the essential oil of A.

turanica has not been characterized with respect to its bio-

logical, toxicological and pharmaceutical activities. There-

fore, the aims of this work were to study the total phenolic

content, ferrous ion chelating, tyrosinase inhibition, antimic-

robial, antioxidant, anticancer, cytotoxic, and radical

scavenging activities of A. turanica essential oil growing

wild in Iran.

EXPERIMENTALCHEMICAL PART

Plant material. The aerial parts of A. turanica were col-

lected from Baam village, after Gahreman abad in Esfarayen,

Province of Khorasan, northeastern Iran in May 2011.

Voucher specimens have been deposited at the Herbarium of

the Research Institute of Forests and Rangelands (TARI),

Tehran, Iran. Plant specimens were identified by Dr. Vali-

Aallah Mozaffarian from the same institute.

Isolation of essential oil. The leaves of A. turanica were

dried at room temperature for several days. Air-dry leaves of

A. turanica (100 g) were separately subjected to hydrodistil-

lation using a clevenger-type apparatus for 3 h. After decant-

ing and drying of the oil over anhydrous sodium sulfate, the
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oil was recovered. Results showed that essential oil yield was

0.8% (w/w).

Analysis of Essential Oil

The composition of the essential oil obtained by hydro-

distillation from the leaves of A. turanica was analyzed by

the gas chromatography (GC) and gas chromatography-mass

spectrometry (GC/MS) techniques. Identification of the oil

constituents was achieved by comparison of their mass spec-

tra and retention indices (RIs) with those reported in the liter-

ature and those of authentic samples [5].

Gas chromatography. GC analysis was performed on a

Schimadzu 15A gas chromatograph equipped with a

split/splitless injector (250°C) and a flame ionization detec-

tor (250°C). Nitrogen was used as a carrier gas at a flow rate

of 1 mL/min. The capillary column was DB-5 (50 m �

0.2 mm; film thickness, 0.32 �m). The column temperature

was kept at 60°C for 3 min, then heated to 220°C at a

5°C/min rate, and then kept constant at 220°C for 5 min. Rel-

ative percentages were calculated from peak areas by a

Schimadzu C-R4A Chromatopac Data Processor without the

use of correction factors.

Gas chromatography/mass spectroscopy. GC/MS

analysis was performed using a Hewlett-Packard 5973 in-

strument with an HP-5MS column (30 m � 0.25 mm; film

thickness, 0.25 �m). The column temperature was kept at

60°C for 3 min, programmed to 220°C at a rate of 5°C/min,

and kept constant at 220°C for 5 min. The flow rate of he-

lium as carrier gas was 1 mL/min. The mass spectra were

taken at electron-impact energy of 70 eV. The RIs for all

components were determined according to the van den Dool

method, using n-alkanes as standards. The compounds were

identified by comparison of their relative retention indices

(RRI, DB5) with those reported in the literature and by com-

parison of their mass spectra with the Wiley library or with

the published mass spectra [5].

Antioxidant Activity

Ferric-reducing antioxidant power (FRAP) assay of

the oil. The FRAP assay was carried out according to the

procedure employed by Lim, et al. [6]. Aliquot (1 mL) of the

extract dilution was added to 2.5 mL of 0.2 M potassium

phosphate buffer (pH 6.6) and 2.5 mL 1% potassium ferri-

cyanide. The mixture was incubated for 20 min at 50°C, after

which 2.5 mL of 10% trichloroacetic acid was added. The

mixture was then divided into 2.5 mL aliquots, each mixed

with 2.5 mL of deionized water. Then, 0.5 mL of 0.1% (w/v)

FeCl
3
was added to each tube and allowed to stand for

30 min. Absorbance for each tube was measured at 700 nm.

The FRAP was expressed in units of gallic acid equivalent

(mg GAE per gram sample): y = 16.263x–0.0699;

R
2
= 0.9944.

Bleaching of 2,20-diphenylpicrylhydrazyl (DPPH).

The hydrogen atom or electron donation abilities of the cor-

responding extracts and some pure compounds were mea-

sured from bleaching of the purple-colored methanol solu-

tion of 2,2-diphenylpicrylhydrazyl (DPPH). This spectro-

photometric assay uses stable DPPH radical as a reagent.

Aliquots (50 �L) of 1:5 dilution of the essential oil in metha-

nol were added to 5 mL of 0.004% methanol solution of

DPPH. Trolox (1 mM) (Sigma-Aldrich), a stable antioxidant,

was used as a synthetic reference. The essential oil from Thy-

mus x-porlock was used as a natural reference. After 30 min in-

cubation period at room temperature, the absorbance was read

against blank at 517 nm. Percentage inhibition of free radical by

DPPH (I%) was calculated in the following way [7]:

I% = ((A
blank

– A
sample

)/A
blank

) � 100,

where A
blank

is the absorbance of the control reaction (con-

taining all reagents except the test compound), and A
sample

is

the absorbance of the test compound. Tests were carried out

in triplicate (y = 3.8166x + 23.271; R
2
= 0.9704).

b-Carotene–linoleic acid assay. Antioxidant activity of

the essential oil was determined using the �-carotene bleach-

ing test [8]. Approximately 10 mg of �-carotene (type I syn-

thetic, Sigma-Aldrich) was dissolved in 10 mL chloroform.

The carotene-chloroform solution, 0.2 mL, was pipetted into

a boiling flask containing 20 mg linoleic acid (Sigma-Al-

drich) and 200 mg Tween 40 (Sigma-Aldrich). Chloroform

was removed using a rotary evaporator at 40°C for 5 min. To

the residue, 50 mL distilled water was added slowly with

vigorous agitation to form an emulsion. The emulsion

(5 mL) was added to a tube containing 0.2 mL essential oil

solution, prepared, and the absorbance was immediately

measured at 470 nm against a blank consisting of the emul-

sion without �-carotene. The tubes were placed in a water

bath at 50°C and oxidation of the emulsion was monitored

spectrophotometrically by measuring absorbance at 470 nm

over a 60 min period. Control samples contained 10 �L wa-

ter instead of essential oil. Butylated hydroxy anisole (BHA;

Sigma-Aldrich), a stable antioxidant, was used as a synthetic

reference. The antioxidant activity (AA) was expressed as in-

hibition percentage with reference to the control after 60 min

of incubation, using the following equation:

AA = 100(DR
C
– DRS

S
)/DR

C
,

where DR
C
is the degradation rate of the control [ln(a/b)/60],

DR
S
is the degradation rate in the presence of a sample

[ln(a/b)/60], a is the absorbance at time 0, and b is the

absorbance at 60 min (y = 75.461x + 36.561; R
2
= 0.9743).

Total Phenolic Content Assay

Total phenolic content (TPC) of the oil was determined

using the Folin – Ciocalteu assay [9]. Samples (300 �L)
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were introduced into test tubes, followed by 1.5 mL of the

Folin – Ciocalteu reagent (10 x dilutions) and 1.2 mL of so-

dium carbonate (7.5% w/v). The tubes were allowed to stand

for 30 min before measuring absorbance at 765 nm. TPC was

expressed as mg GAE per 100 g material:

y = 0.001x + 0.0708; R
2
= 0.996.

Radical Scavenging Activity

Nitric oxide radical scavenging. The ability of the ex-

tract to scavenge nitric oxide free radicals was determined

using a modification of the method described by Marcocci, et

al. [10]. In brief, 0.5 mL aliquot of extract (1 mg/mL) or pos-

itive control (1 mg/mL) dissolved in KH
2
PO

4
–KOH

(50 mmol/L, pH 7.4) was mixed with 0.5 mL of (10 mmol/L)

sodium nitroprusside solution. The mixture was incubated at

37°C for 2.5 h under normal light condition. After incuba-

tion, the sample was placed in dark for 20 min. Then, 1 mL

of Griess reagent (1g/lN-(1-naphtyl)ethylenediamine and

10 g/L sulphanilamide dissolved in 20 ml/L aqueous H
3
PO

4
)

was added and the absorbance at 546 nm was taken after

40 min. The percentage inhibition was calculated using the

following formula (y = 2.3467x + 27.259; R
2
= 0.993):

Inhibition (%) = ((A
control

–A
sample

)/A
control

) � 100.

Superoxide anion radical scavenging. The ability of

the oil to scavenge superoxide anion radicals was determined

by the method described by Lee, et al. [11]. In brief, to

100 �L aliquot of dissolved oil the following was added:

100 �L (30 mmol/L) Na
2
EDTA, 100 �L (3 mmol/L) hypo-

xanthine in 50 mmol/L NaOH and 200 �L (1.42 mmol/L)

nitroblue tetrazolium (NBT) in NaH
2
PO

4
–NaOH

(50 mmol/L, pH 7.4). After 3 min incubation period at room

temperature, 100 �L (0.5 U/mL) xanthine oxidase in the

NaH
2
PO

4
–NaOH buffer was added, followed by 2.4 mL

NaH
2
PO

4
–NaOH buffer. The resulting solution was incu-

bated at room temperature for 20 min and the absorbance at

560 nm was measured. The absorbance was also measured at

293 nm to detect if the oil inhibited uric acid generation.

Once it was confirmed that uric acid formation is not inhib-

ited, the percentage inhibition at 560 nm was calculated us-

ing the following equation:

Inhibition (%) = ((A
control

–A
sample

)/A
control

) � 100,

and IC
50

values were estimated using a linear regression

(y = 1.5587x + 27.194; R
2
= 0.9811).

Ferrous-Ion Chelating (FIC) Assay

FeSO
4
(2 mM) and ferrozine (5 mM) were prepared and

20 times diluted oil (250, 500 and 1000 �L diluted to 1 mL)

was mixed with 1 mL diluted FeSO
4
, followed by 1 mL of

diluted ferrozine. The tubes were mixed well and allowed to

stand for 10 min at room temperature. Absorbance of each

oil dilution was measured against blank at 562 nm [6]. The

ability of the sample to chelate ferrous ions was calculated

and expressed as (sample: y = 1.1428x + 30.606;

R
2
= 0.9803), (EDTA: y = 16.226x + 34.893; R

2
= 0.9871):

Chelating effect (%) = (1–(A
sample

/A
control

)) � 100%.

Tyrosinase Inhibition

Tyrosinase inhibitory activity was determined by a spec-

trophotometric method as described by Chan, et al. [12] us-

ing a modified dopachrome method with L-DOPA as the sub-

strate. A 5 mg aliquot of the oil was weighed and dissolved

in 2 mL 50% DMSO. Then, 40 �L of sample was added to

80 �L of 0.1 M phosphate buffer (pH 6.8), 40 �L of

0.02 mg/mL tyrosinase and 40 �L of L-DOPA (2.5 mM) in

wells of a 96-well test plate. The samples were incubated for

30 min at 37°C. Each sample was accompanied by a blank

that contained all components except L-DOPA. Absorbance

was measured at 475 nm. Results were compared with the

control containing 50% DMSO instead of the sample solu-

tion. Quercetin was used as the positive control. The percent-

age of tyrosinase inhibition was calculated as

Tyrosinase inhibition (%) = ((A
control

-A
sample

)/A
control

) � 100.

Anti-tyrosinase activity of the oil (y = 4.6504x + 17.338;

R
2
= 0.9948) was also expressed as quercetin equivalent

(QE, mg/g of oil) which was obtained from the following

standard curve: y = 11.872x + 16.506; R
2 =

0.993, where, y

represents % inhibition and x represents concentration in mg.

RESULTS OF CHEMICALTESTING

Chemical Composition of Essential Oil

The composition of the essential oil obtained by

hydrodistillation from the leaves of A. turanica growing in

Iran, as analyzed by GC and GC/MS, is listed in Table 1,

where the percentage contents and RIs of components are

given. In the leaf oil of A. turanica, 11 components, repre-

senting 94.1% of the total composition, have been identified,

including 1,8-cineole (35.2%), �-thujone (24.2%) and

cis-chrysanthenol (16.8%) as the main components in this

oil. The other major components of this essential oil were

terpinen-4-ol (4.2%) and �-terpinyl acetate (2.6%). As can

be seen from these data, the leaf oil of A. turanica is rich in

oxygenated monoterpenes (90.9%). In contrast, the aerial

parts of A. turanica Krasch, which were collected from the

Marzdaran region (northern Khorasan province, Iran), in No-

vember 2002, revealed the main identified compounds in the

volatile oil of A. turanica to be 1,8-cineole (40.9%),

cis-verbenyl acetate (19.0%), and camphor (11.0%) [13].
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Antioxidant Activity and Total Phenolic Content

Total phenolic content. The TPC of the oil of A.

turanica was found to be 237.87 � 6.66 �gg GAE/mg oil.

The phenolic assay involving an electron-transfer reaction

evaluated by using the Folin – Ciocalteu reagent. TPC mea-

sures both types of antioxidants, hydrophobic and hydro-

philic form complexes with Fe
2+
. Phenolic and flavonoid

compounds are known to inhibit lipid peroxidation by

quenching lipid peroxy radicals and reduce or chelate iron in

lipoxygenase enzyme and thus prevent initiation of lipid

peroxidation reaction.

Antioxidant activity. Antioxidant properties of the es-

sential oil of A. turanica was determined by three methods:

ferric-reducing antioxidant power (FRAP), radical-scaveng-

ing capacity of the oil (or DPPH bleaching), and �-caro-

tene–linoleic acid assay. Data on the antioxidant activity of

the essential oil are shown in Table 2. The FRAP, expressed

as GAE or known Fe(II) concentration, was found to be

0.343 � 0.02 mg GAE/g. The percentage inhibition of DPPH

activity was 60.30 � 0.88% (10 mg/mL of oil) with

IC
50 =

7.00 mg/mL. The radical scavenging activity of the es-

sential oil of A. turanica was compared to BHT, BHA and

Trolox as standards. The oil of A. turanica at 10 mg/ml con-

centration was found to be 1.57 times more potent than BHT,

1.22 times more potent than BHA, and 1.76 times more po-

tent than Trolox. In �-carotene-linoleic acid test system, oxi-

dation of linoleic acid was also effectively inhibited by A.

turanica oil (59.27 � 1.48% at 0.312 mg/mL of essential oil).

The �-carotene–linoleic acid assay of the essential oil of A.

turanica was performed in the presence of BHT and BHA as

standards.

Many different methods have been established for evalu-

ating the antioxidant capacity of certain biological samples.

These methods are classified, roughly, into two categories

based upon the nature of the reaction that the method in-

volved [14]. The methods involving an electron-transfer re-

action include the DPPH radical-scavenging, ferric-reducing

antioxidant power, and �-carotene–linoleic acid assay. The

essential oil of A. turanica exhibited dose-dependent scav-

enging of DPPH radicals, and 7.00 mg of the oil was suffi-

cient to scavenge 50% of DPPH radicals/mL. The DPPH rad-

ical scavenging is a sensitive antioxidant assay and is inde-

pendent of substrate polarity [15]. DPPH is a stable free

radical that can accept an electron or hydrogen radical to be-

come a stable diamagnetic molecule [16]. A significant cor-

relation was shown to exist between the TPC and DPPH

scavenging capacity for each sample.

In lipid peroxidation inhibition (LPI) test, the oxidation

of linoleic acid was effectively inhibited by A. turanica oil

(59.27%, at 0.312 mg/mL). Results such as the relative abun-

dance of phenolic compounds, and the significant correla-

tions that existed between phenolic content and antioxidant

capacity, as measured by �-carotene or DPPH scavenging

methods, would appear to be highly consistent with the cor-

responding results presented by other researches [17]. In

general, the antioxidant and radical scavenging properties of

plant oils and extracts are associated with the presence of

phenolic compounds possessing the ability to donate hydro-

gen to the radical. Numerous reports indicated good correla-

tion between the antioxidant activity and the concentration of

phenolic compounds measured by Folin – Ciocalteu method.

A great number of simple phenolic compounds as well as

flavonoids can act as antioxidants, however, their antioxidant

power depends on some important structural prerequisites,

particularly on the number and arrangement of hydroxyl

groups, the extent of structural conjugation, and the presence

of electron-donating and electron-accepting substituents on

the ring structure [18].

Radical Scavenging Properties, Chelating Ability

and Anti-Tyrosinase Activity

Nitric oxide radical scavenging activity. The nitric ox-

ide radical-scavenging activities of the oil of A. turanica are

presented in Table 3. The oil showed 63.86 � 2.66% NO
•

scavenging activity at 16 �g and produced 50% nitric oxide

radical scavenging (IC
50
) at 9.69 �g. According to the re-

sults, the percentage of nitric oxide radical scavenging activ-

ity was also increased with increasing concentration of the

oil. Increased levels of nitric oxide can be found in certain
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TABLE 1. Composition of the leaf Oil of A. turanica Krasch

Compound
*
RI Content (%)

1,8-Cineole 1033 35.2

cis-Sabinene hydrate 1068 1.2

�-Thujone 1102 24.2

cis-�-Terpineol 1144 1.8

iso-Pulegol 1146 1.3

(E)-Tagetone 1146 2.7

cis-Chrysanthenol 1162 16.8

Terpinen-4-ol 1177 4.2

Carvacrol 1298 0.9

�-Terpinyl acetate 1350 2.6

Eugenol 1356 3.2

-

Monoterpene hydrocarbons

Oxygenated monoterpenes 90.9

Sesquiterpene hydrocarbons -

Oxygenated sesquiterpenes -

Other 3.2

Total 94.1

* Retention indices (RI) as determined on a DB-5 column using ho-

mologous series of n-alkanes.



spasmodic conditions, for example, allergic rhinitis, adult re-

spiratory distress syndrome, and asthma immediate and late

phase [19]. In addition to reactive oxygen species, nitric ox-

ide is also implicated in inflammation, cancer, and other

pathological conditions [20]. Radical scavenging properties

of plant oils are associated with the presence of phenolic

compounds possessing the ability to donate hydrogen to the

radical.

Superoxide anion radical scavenging activity. Data on

the superoxide anion radical scavenging activity of the es-

sential oil of A. turanica are presented in Table 3. The oil ex-

hibited a dose-dependent scavenging of superoxide anion

radicals and 14.63 �g of the A. turanica oil was sufficient to

scavenge 50% of superoxide anions. Superoxide radicals are

produced in human body by various oxidative enzymes in

the form of one-electron reduction of molecular oxygen.

Xanthine oxidase is one of the major oxidative enzymes to

produce superoxide radical as a result in tissue injury [21]. In

vitro superoxide radical was generated by xanthine oxidase

during the test reaction; NBT undergoes oxidation and leads

to water-soluble blue formazan [22]. The decrease in blue

color formation after adding the solvent fractions in the reac-

tion mixture was measured as superoxide radical scavenging.

Percentage of superoxide radical scavenging activity and in-

hibition of uric acid formation increased with increasing con-

centration of the oil. The maximum percentage superoxide

radical scavenging activity of the oil was 60.85 � 3.13% at

22.24 �g.

Ferrous-ion chelating assay. As shown in Table 4, the

strongest iron chelating activity was noticed at a concentra-

tion of 31.5 �g (65.43 � 8.17%), while the concentration of

3.93 �g exhibited the lowest activity (33.30 � 8.21%). The

ferrous ion chelating activity increased with the increasing

concentration. EDTA which serves as the positive control

shows the highest percentage of the chelating effect

(60.17 � 2.04%) at the concentration of 1.6 �g. The FIC as-

say is a common test used to determine the secondary antiox-

idant activity by observing the reducing purple color of the

reaction solution. The assay mechanism is based on the de-

crease in the absorbance of iron(II)–ferrozine complex.

Meanwhile, secondary antioxidants are also known as the

peroxide decomposers, which inhibit polypropylene oxida-

tion by decomposing hydroperoxide. Secondary antioxidants

are responsible for suppressing the formation of radicals and

protecting against oxidative damage [23]. Iron-ferrozine

complex exhibits maximum absorbance at 562 nm and large

decrease in absorbance indicates strong chelating power. By

forming a stable iron(II) chelate, an extract with a high che-

lating power reduces free ferrous ion concentration, which

leads to decrease in the extent of Fenton reaction that is in-

volved in many diseases [23]. Iron is known to generate free

radicals through the Fenton and Haber – Weiss reaction.

Fenton – Weiss reaction is a reaction between ferrous ion and

hydrogen peroxide which produces highly reactive hydroxyl

radicals implicated in many diseases [24]. Metal ion-chelat-

ing capacity plays a significant role in antioxidant mecha-

nism since it reduces the concentration of catalytic transition

metal in lipid oxidation [25]. In this research, the maximum

percentage of iron chelating activity of the oil obtained

672 M. Taherkhani

TABLE 2. Antioxidant Activity of the Leaf Oil of A. turanica Krasch

Bleaching of 2,20-diphenylpicrylhydrazyl (DPPH)

A. turanica oil (mg) 4 6 8 10 IC50 (mg/mL)

DPPH radical scavenging 36.90 � 3.73 48.29 � 2.41 54.44 � 2.93 60.30 � 0.88 7.00

Standard

1 mM BHT 38.26 � 0.54

1 mM BHA 49.14 � 0.75

1 mM Trolox 34.17 � 0.53

�-Carotene–linoleic acid assay

Sample Concentration % Antioxidant activity

A. turanica oil 0.312 (mg/mL) 59.27 � 1.48

Standard

BHT 1mM 86.21 � 2.24

BHA 1mM 80.88 � 2.36

Comparison of antioxidant activity and TPC of A.turanica oil

DPPH IC50

(mg/mL)

DPPH radical scavenging (%)
FRAP

(mg GAE/g)

�-Carotene–linoleic acid assay (%)
TPC

(µg GAE/mg)

Oil (mg) Oil (mg/mL)

237.87 � 6.66

7.00
60.30 � 0.88

0.343 � 0.02

59.27 � 1.48

10 mg 0.312 (mg/mL)



65.43% at 31.5 �g of the oil. The activity of EDTA was ob-

served to be the highest (60.17%) at an amount of 1.6 �g and

the lowest (37.10%) at 0.2 �g. the IC
50

of the oil of A.

turanica was 16.97 �g, while the IC
50

of EDTA was

0.931 �g. As shown in Table 4, the ferrous-ion chelating ac-

tivity of the oil was lower than that of EDTA. EDTA showed

excellent chelating ability. There was a correlation between

ferrous-ion chelating activity and total phenolic content, im-

plying that the oil contained chelating ligands.

Tyrosinase inhibition. Anti-tyrosinase activity of A.

turanica oil was expressed in quercetin equivalent (QE)

units. The results are presented in Table 4. The maximum

percentage of anti-tyrosinase activity of A. turanica oil was

33.84 � 0.84% at 1.46 mg QE. The anti-tyrosinase activity of

A. turanica oil at 50% inhibition (IC
50
) was 7.02 mg. Deter-

mination of the tyrosinase inhibitory activity due to treat-

ment with essential oils serves a useful target in the treatment

of hyper-pigmentation skin disorder [26]. The obtained re-

sults showed that the essential oil possesses increased reduc-

ing power which forms the basis for exploring the tyrosinase

inhibitory potential of plant. Tyrosinase is a copper contain-

ing enzyme, hence any substance which reduces this metal

ion was considered as an effective tyrosinase inhibitor [27].

Essential oils are found to be rich in compounds containing a

hydrophobic part, which would act as competitive inhibitors

on the enzyme tyrosinase and thereby on melanin synthesis.

Hence, the determination of tyrosinase inhibitory potential of

the present essential oil may lead to develop skin whitening

agents [28]. In this study, the maximum percentage of

anti-tyrosinase activity of the essential oil of A. turanica was

33.84 � 0.84% at 3.58 mg oil. Quercetin was used as positive

control. The maximum percentage of tyrosinase inhibition by

quercetin was 40.05 � 4.30% at an amount of 2 mg. How-

ever, the activity of quercetin was much more pronounced

than that of the essential oil of A. turanica. The reducing

power reported might be due to phytoconstituents such as

phenolics, carbonyl compounds, and also some other constit-

uents present in crude essential oils. The possible mechanism

underlying the tyrosinase inhibitory ability might be

chelation of copper ion present in tyrosinase enzyme by

phytoconstituents and thereby suppression of tautomeriza-

tion to dopochrome by the oils, thereby the oils act as reduc-

ing agents on melanin intermediates by blocking oxidation

chain reaction at various points from tyrosinase/DOPA to

melanin and hence causing reduction of skin pigmentation

[29]. The effect of antioxidant phytochemicals in biological

systems is defense of their ability to scavenge radicals, chelate

metals, activate antioxidant enzymes, and inhibit oxidases.

EXPERIMENTALBIOLOGICAL PART

Antimicrobial Activity

Oil dilution solvent. Bacterial strains were streaked on

Mueller Hinton agar plates using sterile cotton swabs.

Aliquots (5 �L) of dimethylsulfoxide (DMSO) loaded on

sterile blank disks were placed on the agar plates and were

incubated at 37°C for 24 h. There was no antibacterial activ-

ity on the plates and hence DMSO was selected as a safe di-

luting agent for the oil. Five microliters of each oil dilution,

followed by sterilization using 0.45 �m membrane filter,

were added to sterile blank discs. The same solvent also

served as control.

Microbial strains and growth media. Escherichia coli

(ATCC25922), Staphylococcus aureus (ATCC25923), Pseu-

domonas aeruginosa (ATCC8830), Candida albicans

(ATCC 5027) and Acinetobacter baumannii (ATCC 17978)

were employed in the study. Nutrient agar was used. Bacte-

rial suspensions were made in brain heart infusion (BHI)

broth to a concentration of approximately 10
8
cfu/ml. Subse-

quent dilutions were made from these suspensions and used

in the tests.

Oil sterility test. In order to ensure sterility of the oils,

geometric dilutions ranging from 0.036 to 72.0 mg/mL of the

essential oil were prepared in a 96-well microtitre plate, in-

cluding one growth control (BHI + Tween 80) and one steril-

ity control (BHI + Tween 80 + test oil). Plates were incu-

bated under normal atmospheric conditions at 37°C for 24 h.

The contaminating bacterial growth, if at all, was indicated

by the presence of a white ‘’pellet’’ on the well bottom.

Disc diffusion method. The agar disc diffusion method

was employed for the determination of antimicrobial activi-

ties of the essential oils in question. Briefly, 0.1 mL from 10
8

cfu/mL bacterial suspension was spread on the Mueller

Hinton Agar (MHA) plates. Filter paper discs (6 mm in di-

ameter) were impregnated with 5 �L of undiluted oil and
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TABLE 3. Radical Scavenging Activity of the Leaf Oil of A. turanica Krasch

Nitric oxide radical scavenging

A. turanica oil (�g) 1 2 4 8 16 IC50 (�g)

NORC percent 28.87 � 8.60 31.49 � 5.94 36.72 � 5.54 48.07 � 5.35 63.86 � 2.66 9.69

Superoxide anion radical scavenging

A. turanica oil (�g) 2.78 5.56 11.12 22.24 IC50 (�g)

SARC percent 29.45 � 3.90 36.95 � 4.26 46.51 � 3.13 60.85 � 3.13 14.63



placed on the inoculated plates. These plates, after keeping at

4°C for 2 h, were incubated at 37°C for 24 h. The diameters

of the inhibition zones were measured in millimeters. All

tests were performed in triplicate.

Determination of minimum inhibitory (MIC) and

bactericidal (MBC) concentrations. All tests were per-

formed in BHI broth supplemented with Tween 80 detergent

(final concentration of 0.5% v/v). Test strains were sus-

pended in BHI broth to give a final density of 10
7
cfu/mL as

confirmed by viable counts. The MIC and MBC were as-

sessed according to our modified procedure [30]. The MIC

was determined by the broth dilution method in test tubes as

follows: 40 �L aliquot from each oil dilution was added to

5 mL of BHI broth in tubes containing 10
7
cfu/mL live bacte-

rial cells. The tubes were then incubated on an incubator

shaker to evenly disperse the oil throughout the broth volume

in tubes. The highest dilution (lowest concentration) showing

no visible bacterial growth was regarded as the MIC. Cell

suspensions (0.1 mL) from the tubes showing no growth

were subcultured on BHI agar plates in triplicate to deter-

mine if the inhibition was reversible or permanent. The MBC

was determined as the highest dilution (lowest concentra-

tion) at which no growth occurred on the plates.

Bactericidal kinetics of the oil. Aliquots (40 �L) of

each oil at the dilution determined by MBC was added to

each 5 mL of BHI broth in tubes containing bacterial suspen-

sion of 10
7
cfu/ml and were then incubated at 37°C in an in-

cubator shaker. Samples (0.1 mL) were taken after 5, 10, 15,

20, 25, 30, 45, 90, 120, 150, 180, 210 and 240 min. The sam-

ples were immediately washed with sterile phosphate buffer,

pH 7.0, centrifuged at 10000 rpm, resuspended in the buffer,

and spread-cultured on BHI agar for 24 h at 37°C. Phosphate

buffer was used as diluent when needed. Bactericidal experi-

ments were repeated three times. Microbial colonies were

counted from triplicates after the incubation period and the

mean total number of viable cells per mL was calculated.

The mean total number of viable bacteria from bactericidal

kinetics experiments at each time interval was converted to

log
10

viable cells using routine mathematical formulas. The

trend of bacterial death was plotted graphically.

Cytotoxicity Assay

The human cervical carcinoma Hela cell lines NCBI

code No. 115 (ATCC number CCL-2) were obtained from

Pasteur Institute, Tehran, Iran. The cells were grown in

RPMI 1640 supplemented with 10% fetal calf serum, 1%

(w/v) glutamine, 100 U/mL penicillin, and 100 �g/mL strep-

tomycin. Cells were cultured in a humidified 5% CO
2
atmo-

sphere at 37°C. Cytotoxicity was measured using a modified

MTT assay [31]. This assay detects the reduction of MTT

[3-(4,5-dimethylthiazolyl)-2,5-diphenyltetrazolium bromide]

by mitochondrial dehydrogenase to blue formazan product,

which reflects the normal functioning of mitochondrial and

cell viability [32]. Briefly, the cells (5 � 10
4
) were seeded in

each well containing 100 �L of RPMI medium supplemented
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TABLE 4. Chelating Ability and Enzyme Inhibition of the Leaf Oil of A. turanica Krasch

Ferrous-ion chelating (FIC) assay

A. turanica oil

Oil (�g) 3.93 7.875 15.75 31.5 IC50 (�g)

Chelating percent 33.30 � 8.21 39.93 � 4.90 51.25 � 5.18 65.43 � 8.17 16.97

EDTA

EDTA (�g) 0.2 0.4 0.8 1.6 IC50 (�g)

Chelating percent 37.10 � 6.01 41.56 � 7.43 49.41 � 3.40 60.17 � 2.04 0.931

Tyrosinase inhibition

A. turanica oil (mg) 0.714 1.78 2.85 3.58 IC50 (mg)

Antityrosinase activity (%) 20.30 � 1.57 26.22 � 4.41 30.47 � 3.56 33.84 � 0.84 7.02

Quercetin equivalent (mg) 0.31 0.81 1.01 1.46

Standard

Quercetin (mg) 0.025 0.05 0.1 0.5 1 2

Antityrosinase

activity (%)
15.51 � 0.51 17.01 � 0.88 18.56 � 0.21 23.15 � 0.17 28.36 � 0.42 40.05 � 4.30

Fig 1. Comparison of the inhibition zone of A. turanica oil against

test microbes.



with 10% FBS in a 96-well plate. After 24 h adhesion, serial

double dilutions of the essential oil were added to triplicate

wells over the range of 1.0 – 0.005 �L/mL. The final concen-

tration of ethanol in the culture medium was maintained at

0.5% (v/v) to avoid toxicity of the solvent [33]. After 2 days,

10 �L of MTT (5 mg/mL stock solution) was added and the

plates were additionally incubated for 4 h. The medium was

discarded and the formazan blue, which formed in the cells,

was dissolved in 100 �L DMSO. The optical density was

measured at 490 nm using a microplate ELISA reader. The

cell survival curves were calculated from cells incubated in

the presence of 0.5% ethanol. Cytotoxicity was expressed as

the concentration of drug inhibiting cell growth by 50%

(IC
50
). All tests and analyses were run in triplicate and mean

values were recorded (Hela cells: y = 1.2827 x + 27.327,

R
2
= 0.9815; lymphocyte cells: y = 0.006 x + 27.976;

R
2
= 0.9787).

Statistical Analysis

All analyses and tests were run in triplicate and mean

values recorded. All the experimental data are presented as

mean � SEM of three individual samples. Data are presented

as percentage of inhibition or radical scavenging on different

concentration of A. turanica oil. IC
50

(the concentration re-

quired to scavenge/inhibit 50% of free radicals/tyrosinase or

lipid peroxidation) value was calculated from the dose-re-

sponse curves. Antibacterial effect was measured in terms of

zone of inhibition to an accuracy of 0.1 mm and the effect

was calculated as a mean of triplicate tests. All of the statisti-

cal analyses were performed by means of Microsoft Office

Excel 2007 software.

RESULTS OF BIOLOGICALACTIVITY

EVALUATION

Antimicrobial Assays

Antibacterial and antifungal activities of the oil of A.

turanica were tested by three methods: (i) agar diffusion

method; (ii) determination of minimum inhibitory concentra-

tion (MIC) and minimum bactericidal concentrations

(MBC), and (iii) bactericidal kinetics of the oil, using serial

dilutions, viz., 2.5, 5, and 10 mg/mL. The data on antibacte-

rial activity of the essential oil of A. turanica are presented in

Table 5. Maximum inhibition was observed against Staphylo-

coccus aureus (20.50 mm) followed by Escherichia coli

(20.17 mm), Candida albicans (19.67 mm), Pseudomonas

aeruginosa (14.33 mm) and Acinetobacter baumannii

(13.17 mm) at a concentration of 10 mg/mL of the oil. The

oil of A. turanica exhibited moderate inhibitory activity

against all tested microorganisms. In the present study, deter-

mination of MBC and MIC from the oil of A. turanica indi-

cated that all the test organisms were approximately sensitive

to the oil, but E. coli was the most vulnerable. Determination

of the inhibition zone showed the oil of A. turanica was bac-

tericidal in the following order: S. aureus > E. coli >
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TABLE 5. Antimicrobial Activity of the Leaf Oil of A. turanica Krasch

Microorganisms
Escherichia coli

ATCC25922

Staphylococcus

aureus

ATCC25923

Pseudomonas

aeruginosa

ATCC8830

Candida albicans

ATCC 5027

Acinetobacter

baumannii

ATCC 17978

* IZ (mm) Oil (mg/ml)

10 20.17 � 1.43 20.50 � 0.50 14.33 � 1.53 19.67 � 1.04 13.17 � 0.29

5 13.83 � 0.76 14.17 � 0.29 8.83 � 0.29 11.83 � 0.29 9.50 � 0.87

2.5 11.17 � 0.76 8.17 � 0.76 4.83 � 1.26 5.33 � 1.26 4.33 � 0.76

* MIC-MBC (mg/mL) 2.5 – 5 5 – 10 5 – 10 2.5 – 5 5 – 10

* D value (min) 6.43 8.57 17.14 12.86 17.14

* IZ = inhibition zone (mm); MIC = minimum inhibitory concentration (mg/mL); MBC = minimum bactericidal concentration (mg/mL);

D-value = decimal reduction time (min).

TABLE 6. Cytotoxicity Assay of the Leaf Oil of A. turanica

Krasch. on Hela and Lymphocyte Cells

Oil dilutions (�g/mL) % Viable Hela cells % Hela cell death

Control 100 0

7 65.11 � 6.67 34.88

14 52.58 � 3.37 47.42

28 37.46 � 3.42 62.53

IC50 (�g/mL) 17.67

Oil dilutions (�g/mL)
% Viable lymphocyte

cells

% Lymphocyte cell

death

Control 100 0

700 68.94 � 2.80 31.05

1400 64.15 � 7.35 35.84

2800 52.25 � 7.23 47.74

5600 39.37 � 7.23 60.62

IC50 (�g/mL) 3291.49



C. albicans > P. aeruginosa > A. baumannii (Fig. 1). The re-

sults showed that E. coli and C. albicans have the minimum

MIC and MBC values of A. turanica oil (2.5 and 5 mg/mL,

respectively). Complete death time on exposure to A. tura-

nica oil was 6.43 min for E. coli. Bactericidal kinetics of the

oil of A. turanica indicated that E. coli is the most vulnerable

strain.

Cytotoxicity Assay

Cytotoxicity was measured using a modified MTT assay

[31]. The cytotoxic effects of the essential oil of A. turanica

were tested on lymphocyte and Hela cells. As shown in Ta-

ble 6, at a concentration of 28 �g/ml, oil destructed Hela

cells by 62.53%. At lower doses, the oil was tolerated by the

cells and its 50% cytotoxic concentration was 17.67 �g/ml.

The oil displayed an excellent cytotoxic action towards the

human tumor cell line. On the other hand at a concentration

of 5600 �g/ml, oil destructed lymphocyte cells by 60.62%.

At a concentration of 28 �g/mL, oil destructed Hela cells by

62.53%. This makes the tested oil certainly deserve some

further investigation. Although all in vitro experiments hold

limitations with regards to possible in vivo efficacy, the re-

sults of this study are very promising with regards to possible

antineoplastic chemotherapy and form a very sound basis for

future research.

The IC
50
values for Hela and lymphocyte cells were cal-

culated to be 17.67 �g/mL and 3291.49 �g/mL, respectively.

The IC
50
shows that cytotoxicity of the oil toward human tu-

mor cell line is much higher than that required for healthy

human cells. These results indicate low adverse side effects

of the oil. Cancer chemoprevention is defined as the use of

chemicals or dietary components to block, inhibit, or reverse

the development of cancer in normal or pre-neoplastic tissue.

A large number of potential chemopreventive agents

have been identified, and they function by mechanisms di-

rected at all major stages of carcinogenesis [34]. Essential oil

constituents have very different modes of action in bacterial

and eukaryotic cells. For bacterial cells, they exhibit having

strong bactericidal properties, while in eukaryotes they mod-

ify apoptosis and differentiation, interfere with the post-tran-

slational modification of cellular proteins, and induce or in-

hibit some hepatic detoxifying enzymes. So, essential oils

may induce very different effects in prokaryotes and

eukaryotes [35]. In another investigation, the cytotoxic activ-

ity of A. turanica essential oil was investigated using a potato

disc tumor inhibition method. The essential oil of A. turanica

exhibited tumor growth inhibition (100 %) at concentrations

equal to 0.02% (w/v) and higher [36].

Even though essential oil might be not ideal for the treat-

ment of human cancers, the oil tested certainly deserves

some further investigation. The results of this study deserve

attention with regard to possible anti-neoplastic chemother-

apy that provides a basis for future research. From the ob-

tained results, it can be concluded that the oil of A. turanica

exhibited antimicrobial activity against tested microorgan-

isms and it could be a natural radical scavenger and antioxi-

dant agent. The cytotoxicity of the oil of A. turanica toward

human tumor cell line is much higher than that required for

human healthy cells. These results indicate low adverse side

effects of the oil. So, the essential oil of A. turanica may be

exploited as a natural source of bioactive phytochemicals

bearing antimicrobial, antioxidant and anticancer potentials

that could be supplemented for medicinal applications.
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