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fungal activities of aqueous extract and essential oil from Zataria multiflora was

examined. Carvacrol (29.489%}, thymol (25.701%), p-cymene (11.247%}, linalool

(9.363%) and y-terpinene (8.054%) were detected as the main components of the

doi 10,1111/ 1745-4565 2012 00384 x oil. The inhibitory concentrations for total radical scavenging activities were
between 1.92-3.15 and 2.46-4.58 |LlgfmLof aqueous extract and essential oil,respec-
tively. The minimum inhibitory concentration for Salmenella typhi, Escherichia coli,
Klebsiella pneumoniae, Staphylococcus aureus, Staphylococcus epidermi, Bacillus sub-
tilis, Aspergilius niger and Candida albicans were 2.65 £ 0.7,2.72 = 0.8,2.85 = 0.5,
3.02+ 08,353 £ 1, 3.65 £ 0.9, 2.2 + 0.5 and 2.8 = 0.8 |lg/mL of essential oil.
However, aqueocus extract cannot inhibit all of the bacteria and fungi tested. Thus,
Z. muidtiflora essential oil has antioxidant and antimicrobial activity and can be used
in the therapy of oxidative damage and in the therapy of infective diseases and can
be used as a tea or additive in foods and traditional remedies for the treatment of
infectious diseases.
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PRACTICAL APPLICATIONS

Oxidative stress-related and infective diseases are one of the most common health
problems in the worldwide population. A large portion of the world’s population
currently uses traditional medicines and herbal therapy, which involves the use of
the aqueous extract of a plant in the form of an herbal tea. Essential oil derived from
herbal medicines that have been known for their biclogical activities for many
decades and should not be toxic to man and could replace chemical antioxidant,
antibacterial and antifungal agents. This study clearly demonstrates the potential of
essential oil from Zataria multiflora as antioxidant against reactive oxygen species,
reactive nitrogen species, hydrogen peroxide (H,O.) and thiobarbituric acid reactive
substances and the potential of essential oil from Z. multiflora as antimicrobial
against Pseudomonas aeruginosa, Salmonella typhi, Escherichia coli, Klebsiella pnet-
moniae, Staphylococcus aureus, Staphylococcus epidermi, Bacillus subtilis, Aspergillus
nigerand Candida albicans. The chemical composition of essential oil was identified.
Thus, identification of such compounds also helps to discover of new antioxidant,
antibacterial and antifungal agents.

of the aqueous extract of a plant in the form of an herbal tea.
INTRODUCTION Although herbal medicines are regarded to have therapeutic
A large portion of the world’s population currently uses tra- potential against several diseases, neither their active compo-
ditional medicines and herbal therapy, which involves the use nents nor their mechanisms of action are fully understood.
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In the recent decade, herbal therapy is widely employed for
treatment of several human and animal diseases, e.g., essen-
tial oils or natural product derived from traditional herbs
have been experienced for antioxidant (Sze et al. 2010), anti-
bacterial (Solorzano-Santos and Miranda-Novales 2011),
antiparasitic (Anthony et @l 2005) and antifungal, antiviral
and cytotoxic (Reichling et @l 2009) activities, and for food
preservation and food safety (Tajkarimi et al. 2010).

Zataria multiflora Boiss, with the Persian name Avishan
Shirazi, grows only in warm parts of Iran, Afghanistan and
Pakistan. This aromatic plant belongs to the Lamiaceae
family. In traditional medicine in the Middle East, Zataria is
used in flavoring and preserving food and drinks for its anti-
septic, analgesic and carminative properties (Amirghofran
et al. 20113 Zomorodian et al. 2011). BEven though the compo-
sition, antiviral, antifungal and antibacterial activities of the
essential oil of many other medicinal and aromatic species
have been previously studied, there is very little information
about the biological activity of this plant. Thus, in the present
study, the composition and reactive oxygen species (ROS),
reactive nitrogen species (RNS), hydrogen peroxide (H,0,)
and thiobarbituric acid reactive substances (TBARS) scav-
enging activities of Z. multiflora essential oil and aqueous
extract were determined. In addition, the effect of Z. muiti-
flora essential oil and aqueous extract on the inhibition of
Pseudomonas aeruginosa, Salmonella typhi, Escherichia coli,
Klebsiella pneumoniae, Staphylococcus aureus, Staphylococcus
epidermi, Bacillus subtilis, Aspergillus niger and Candida
albicans were investigated.

MATERIALS AND METHODS

Plant Materials and Aqueous Extract and
Essential Oil Preparation

The aerial parts of Z multiflora were obtained from wild
plants in mountains of Arsenjan (Fars Province, Iran). The
taxonomic identification of the plant was confirmed by a
senior plant taxonomist, Prof. A. R. Khosravi at the Depart-
ment of Biology, Shiraz University, Shiraz, Fars Province,
Iran. A voucher specimen (24,985) has been deposited at the
Herbarium of the Department of Biology, Shiraz University.
The leaves of plant materials were separated from the stem
and dried in the shadefor 72 h.

For the aqueous extract, the air-dried leaves (100 g) were
successively extracted with 300 mL of pure water for 72 h at
room temperature. The aqueous extracts were filtered using
Whatman filter paper and then concentrated in vacuum using
a rotary evaporator. The resulting powdered material was
stored at —20C until use.

For the essential oil, the air-dried leaves (100 g) were
hydro-distilled for 3h using an all-glass Clevenger-type
apparatus (Alphalab, Tehran, Iran) according to the method
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outlined by the British Pharmacopeia (British Pharmacopeia
1998). The essential oil thus obtained was dried over anhy-
drous sodium sulphate (Sigma-Aldrich, St. Louis, MO) and
stored at 4C before gas chromatography-mass spectrometry
{GC-MS) analysis and further experiments.

Identification of the Oil Components

GC analysis was carried out using an Agilent-technology
chromatograph with HP-5 column (30 mx 0.32 mm
i.d.x 0.25 lm). Oven temperature was performed as
follows: 60-210C at 3C/min; 210C to 240C at 20C/min and
hold for 8.5 min, injector temperature 280C; detector tem-
perature, 290C; carrier gas, N, (1 mI/min}; split ratio of
1:50. GC-MS analysis was carried out using an Agilent
7,890 operating at 70 eV ionization energy, equipped with
a HP-5 MS capillary column (phenyl methyl siloxane,
30 m x 0.25 mm i.d x 25 |Lm) with He as the carrier gas and
split ratio 1:50. 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 (HP-5) with those reported in the literature and by
comparison of their mass spectra with the Wiley GC-MS
Library, Adams Library, MassFinder 2.1 Library data pub-
lished mass spectra data (Joulain et ¢l 2001; Adams 2007;
Mc Lafferty 2009).

ROS Scavenging Assay

ROS scavenging activity of the essential oil was determined
as previously described (Re et al. 1999). Briefly, 10 UL of
theaqueousextract(0,2,4,6,8,10 [lg/fmLinwater)oressential
oil (0, 2, 4, 6, 8, 10 [ilg/fmL in dimethyl sulfoxide [DMSQ] )
was added to 1.0mL of dilated 2,2-azino-di (3-
ethylbenzthiazoline sulphate) (ABTS) radical solution (7 mM
ABTS and 2.54 mM potassium persulfate). After mixing, the
absorbance was read at 734 nm using spectrophotometer
{Pharmacia, Uppsala, Sweden). The percentage of ROS scav-
enging was obtained by the equation: (A734y.m — A7340mp.) /
A73 4.0 % 100. The concentration providing 50% inhibition
(ICs,) was calculated from a graph plottinginhibition percent-
ageagainst different essential oil concentrations.

RNS Scavenging Assay

NO scavenging activity of the essential oil was determined as
previously described (Marcocci et al. 1994). Briefly, 10 |IL of
the aqueous extract (0,2, 4,6,8, 10 [lg/mL in water) or essen-
tial 0il (0,2,4,6,8,10 [lg/mL in DMSQO) was incubated with
0.5mL of sodium nitrite (10 lg/fmL in 100 mM sodium
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citrate pH 5) at 37C for 2 h. After incubation, 0.5 mL of
Griess reagent was added and the absorbance was read at
540 nm using a spectrophotometer (Pharmacia). The per-
centage of RNS scavenging was obtained by the equation:
[(A540uans: — A540mmpie ) / A5 4001me] X 100. ICs0 was calculated
from the graph plotting inhibition percentage against differ-
ent essential oil concentrations.

H:0; Scavenging Assay

H.0Q; scavenging activity of the essential oil was determined
as previously described (Buyukbalci and Ei 2008). Briefly,
10|LL of the aqueous extract (0, 2, 4, 6, 8, 10 lg/mL in
water) or essential oil (0, 2, 4, 6,8, 10 [lgfmL in DMSO) was
incubated with 1.0 mL of H,O, (50 mM in 100 mM phos-
phate buffer pH 7.4) at 37C for 60 min. After incubation,
the absorbance was read at 230 nm against a blank solution
containing phosphate buffer without H;Q; using a spectro-
photometer (Pharmacia). The percentage of H,O, scaveng-
ing was obtained by the equation: (A230w.m — A230u4)/
A230u.m % 100. ICs, was calculated from the graph plotting
percentage inhibition against different concentrations of
tested compound.

TBARS Scavenging Assay

TBARS scavengingactivity of the essential oil was determined
as previously described (Hodges et al. 1999). Briefly, 10 UL of
the aqueous extract (0,2,4,6,8,10 lg/mL in water) or essen-
tial 0il (0,2,4,6,8,10 [lgfmLin DMSQ) were incubated with
malondialdehyde (50 UM in acetic acid pH 4) at 37C for
12 h. After incubation, one volume of thiobarbithoric acid
(200 UM in acetic acid; pH 4) was added. The mixture was
incubated at 95C for 1 h. After cooling at room temperature,
the absorbance was read at 532 nm using a spectropho-
tometer (Pharmacia). The percentage of TBARS scavenging
was obtained by the equation: (A532sm— A53 20w} /
A5324m % 100. 1Cs was calculated from a graph that plotted
inhibition percentage against different concentrations of the
tested compound.

Antibacterial and Antifungal Assay Using
Disk Diffusion Method

All microorganisms were obtained from the Persian Type
Culture Collection (PTCC), Tehran, Iran. The essential oil
and aqueous extract were individually tested against four
gram-negative bacteria (Psetdomonas aeruginosa PTCC 1074
[American Type Culture Collection JATCC} 9027], Sakmio-
nella typhi PTCC 1609 [Iran isolate], Klebsiella pneumoniae
PTCC 1053 [ATCC 10031] and Escherichia coli PTCC 1330
[ATCC 8739]), three gram-positive bacteria {Staphylococcus
aureus PTCC 1112 [ATCC 6538], Staphylococcus epidermi
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PTCC 1114 [ATCC 12228] and Bacillus subtilis PTCC 1023
[ATCC 6633] ), and two fungi (Aspergillus niger PTCC 5010
[ATCC 9142] and Candida albicans PTCC 5027 [ATCC
10231] ). Microorganisms were cultured at 37C for 16-24 h
and the densities were adjusted to 0.5 McFarland standards at
530 nm (10? cfu/mL). Antimicrobial tests were carried out by
the disk diffusion method (Bauer et 4. 1996). The microbial
suspension (100 |LL of 10° ctu/mL) was spread on nutrient
agar plates (Farazbin Kimia Co., Teharan, Iran). Disks
{(Whatman no. 1, 6 mm diameter, Padtan Teb, Iran) were
impregnated with 20 [\L of different concentrations of essen-
tial oil and aqueous extract (0, 25, 50 and 100 [lg/mL} and
placed on the inoculated agar. The inoculated plates were
incubated at 37C for 24 h. DMSO was used as the negative
control. Positive control disks included gentamicin, ampicil-
lin and ketoconazole (all Padtan Teb, Iran, 10 mg/disk) for
gram-negative bacteria, gram-positive bacteria and fungi,
respectively. All tests were performed in triplicate. Antibacte-
rial activity was evaluated by measuring the zone of bacterial
growth inhibition.

Antibacterial and Antifungal Assay Using
Minimum Inhibitory Concentration
Determination

Minimum inhibitory concentration (MIC) was determined
against serial dilutions of the essential oil and aquecus extract
(0-100 [lg/mL}) using microdilution method recommended
by Clinical and Laboratory Standards Institute (Wayne
2006ab). Bacteria and fungi strains were suspended in Luria—
Bertani media and the densities were adjusted to 0.5 McFar-
land standards at 570 nm (10° cfu/mL). Bacteria and fungi
suspensions (100 [LIL) and the essential oil and aqueous
extract (100 |LIL) were added to microtiter plates and incu-
bated at 37C for 24 h. Medium without bacteriaand fungi was
used as sterility control. Medium with bacteria but without
essential oil and aqueous extract was used as growth control.
The growth in each well was compared with that of the
growth in the control well. MIC were visually determined and
defined as the lowest concentration of the compounds pro-
duced >95% growth reduction compared with the growth in
the control well.

Statistical Analysis

All data are expressed as the means plus standard deviations
of at least three independent experiments. The significant dif-
ferences between treatments were analyzed by one-way analy-
sis of variance test at P < 0.01 using the Statistical Package
for the Social Sciences (SPS8) version 16 (Abaus Concepts,
Berkeley, CA) and Prism 5 (Graph Phad, San Diega, CA)
software.
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TABLE 1. CHEMICAL COMPOSITION OF ESSENTIAL OIL FROM
2 MULTIFLORA

Components Rl Rel. %
a-Thujene 924 0.499
o-Pinene 931 1.234
Camphene S45 0.269
B-Finene 574 0575
3-Octanone 983 0.267
Myrcene o83 0.729
A-Terpinene 1,015 0.562
p-Cymene 1,025 11.247
Limonene 1,027 0.448
1,8-Cineal 1,029 0.447
y-Terpinene 1,059 3.054
ds-Sabinene hydrate 1,064 0.451
frans-Linalool oxide 1,070 0.56
ds-Linalool oxide 1,086 0.602
Linalool 1,104 9.363
Borneol 1,163 0.846
Terpinene-4-ol 1,175 0486
A-Terpineol 1,195 0.326
Thymol methyl ether 1,232 0.533
Canvacrol methyl ether 1,242 24
Linalyl acetate 1,264 0.188
Thymol 1,257 25701
Canvacrol 1,310 29439
Thymol acetate 1,353 0.219
Carvacrol acetate 1,371 0735
(E}-caryophyllene 1,417 1.331
Aromadendrene 1,436 0.25%
Viridiflorene 1,491 0223
Spathulencl 1,574 0.585
Caryophyllene oxide 1,580 1.368

RI, retention index.

RESULTS

Plant Materials

The essential oil was prepared by water-distillation, and its
chemical composition was analyzed by GC-MS. As shown
in Table 1, GC-MS analysis of the essential oil indicated
the main components were carvacrol (29.489%), thymol
(25.701%), p-cymene (11.247%), linalool (9.363%) and
Y-terpinene (8.054%). The yield of essential oil from leaf
material was 2.2% (w/w). The yield of the aqueous extract
from leaf material was 0.6% (w/w). At this time the chemical
compoasition of the aqueous extract was not assessed.

ZATARIA MULTIFLORA ESSENTIAL OIL

Radical Scavenging

The IC;, for ROS, RNS, H,O, and TBARS scavenging activi-
ties were estimated to be 2.46 * 0.7, 2.48 = (0.8, 3.84 = 1.3
and 4.58 * 1.4 lg/mL of essential oil, respectively (Table 2).
The ICs, for ROS, RNS, H,O, and TBARS scavenging activi-
ties were estimated to be 1.92 * 0.6, 2.17 = (.8, 2.86 = 0.5
and 3.15 £ 1.2|lg/mL of aqueous extract, respectively
(Table 2). At concentration > 10 [lgfmLboth essential oil and
aqueous extract significantly (P < 0.01) scavenge ROS, RNS,
H.Q; and TBARS by 100%. Thus, the radical scavenging
capacity of the aqueous extract was similar to the radical scav-
enging of essential oil and there is no significant difference
between radical scavenging of essential oil and aqueous
extract (P > 0.01).

Antibacterial Activity

Antibacterial activity was assessed by measuring the zone of
bacterial growth inhibition and MIC determination. The
results of disk diffusion assay were summarized in Table 3.
The results indicated that essential oil at all tested concentra-
tions significantly (P < 0.01} inhibited the growth S. typhi,
E. coli, K. pneumonia, S. aureus, S. epidermi and B. subtilis.
However, P. aeroginosa was resistant to the essential oil
(P> 0.01). MIC for 8. typhi, E. ol K. pneumonia, S. atireus,
S.epidermi and B. subtilis were 2.65 = 0.7, 2.72 £ 0.8,
2.85+ 05, 3.02 £ 0.8, 3.53 £ 1 and 3.65 = 0.9 |lg/mL of
essential oil, respectively. At concentration > 5 [lg/mL, essen-
tial oil significantly (P < 0.01) reduced the growth of all bac-
teria by 100%. However, the aqueous extract did not show any
such activity at any concentration used.

Antifungal Activity

Antifungal activity was assessed by measuring the zone of
fungal growth inhibition and MIC determination. The results
of disk diffusion assay were summarized in Table 3. The
results indicated that essential oil at all tested concentrations
significantly (P < 0.01) inhibited the growth of A. niger and
C. albicans. MIC for A. niger and C. albicans were 2.2 = 0.5
and 2.8 £ 0.8 lg/mL of essential oil, respectively. At
concentration > 5 |lgfmL, essential oil significantly (P <
0.01) reduced the growth of both fungi by 100%. However,
the aqueous extract did not show any such activity at any
concentration used.

TABLE 2. RADICAL SCAVENGING ACTMITY
OF Z MULTIFLORA AQUEOUS EXTRACT AND

ESSENTIAL OIL

Compounds {Lg/mb; |Ceo for ROS |Cap for RNS IC50for Ha Oz |Csp for MDA
Aqueous extract 192 +06 217 2038 286+05 315 *x12
Essential oil 246 07 248 038 384 +13 45814

IC, inhibitory concentration; |Cap, effective concentration of the test compound which scavenge the
radical by 50%; MDA, malondialdehyde.
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TABLE 3. ANTIBACTERIAL ACTITY OF ESSENTIAL OIL AGAINST SELECTED BACTERIAL STRAINS

Essential ail {pg/mL) Sh/ARKN Al C
Microbia 8] 25 50 100 10 pg/mL pasmL
Pseydomonas aeriginesa 59x08 62*x05 6507 665 =1 146+ 056 -
Safmonella typhf 59 x038 21£36 30x27 363513 1460596 26507
Escherichia colf 59 x038 22%33 307 £41 42 £3 1460596 27208
Klebsiefla pneumoniae 59 x038 223%22 306217 392524 1460596 285 05
Staphylococcus aureus 59x08 308541 3842 =4 4357 £ 2.8 146+ 056 3.02 08
5. epidermis 59 x038 258525 325%295 4335 %22 1460596 3531
Baciffus subtilis 59 x038 366539 421232 485+ 4 1460596 365005
Aszpergifius niger 59 x038 13609 228x138 33217 106=*x06 22x05
Candida albicans 59 x038 1420384 238 x05 301 10606 2B x03

The antibacterial activity was assessed by measuring the zone of microbial growth inhibition. Data are expressed asmeans = standard deviation of inhi-
bition zone diameter (mm) for different concentration of essential oil against selected microbial strains.
MIC was defined as the lowest concentration of the compounds produced »95% growth reduction compared with the growth in the control well.

Gm, gentamidn; Ah, ampicilin; MIC, minimum inhibitory concentration.

DISCUSSION

Z. mudtiflora is a thyme-like plant that grows broadly in the
central and southern parts of Iran. Despite its remarkable
array of medical applications, to our knowledge, little
research has been carried out on the biological activity of the
essential oil constituents of this plant. GC-MS analysis of the
essential oil indicated the main components to be carvacrol,
thymol, p-cymene, linalool and vy-terpinene. The composi-
tion of the essential oil from Z. mudtiflora, which was previ-
ously analyzed by other research groups, was shown to
depend on the species, climate, altitude, time of collection
and growth stage. In those studies, the main components of
the essential oil were only thymol (5-56%) and carvacrol
{(5-78%),both at a high percentage and with few other com-
pounds (Karimian etal 2011; Zomorodian etel 2011).
However, in our study, the main components were carvacrol,
thymol, p-cymene, linalool and vy-terpinene. Thus, the
plant analyzed in this research was a new chemotype of
Z. multiflora.

The Z multiflora essential oil analyzed in this research
showed potent radical scavenging activity. The radical scav-
enging activity of compounds is mainly due to their
oxidation-reduction potential, which can play an important
role in neutralizing free radicals. This activity is related to
phenolichydroxyl groups (Katalinic et al. 2006). Accordingto
GC-MS analysis; Z. multiflora contains high levels of phe-
nolic compounds (thymol and carvacrol). The antioxidant
activity of Z. multiflora essential oil is thus likely thus related
to thymol and carvacrol (Zheng and Wang 2001 ). Our results
indicated that the radical scavenging capacity of the aqueous
extract was similar to the essential oil. This ability to scavenge
radicals might be related to water-soluble phenolic monoter-
penes. Thymol and carvacrol intrinsically have a hyrdropho-
bic character and are thus soluble in hydrophobic solvents
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{Baser and Demirci 2007 ). However, thymol and carvacrol are
relatively hydrophilic and can be solubilized in water to some
extent. Thus the radical scavenging of the aqueous extract
might be related to water-soluble thymol and carvacrol and
other water-soluble phenolic monoterpenes (Baser 2008).
Qur results indicated that essential oil significantly inhib-
ited the growth S. typhi, E. coli, K. pneumonia, S. aureus,
S. epidermi and B. subtilis. However, P. aeroginosa was resis-
tant to the essential oil. In addition, the aqueous extract did
not show any such activity at any concentration used. It was
thus concluded that Z. multiflora essential oil can effectively
inhibit pathogenic bacteria and fungi. Essential oils probably
exhibit their antibacterial activity through damage to the
cytoplasmic membrane. Essential oil passes through cyto-
plasmic membranes, disrupts the structure of the lipid bilayer
and alters membrane permeability (Nostro et al 2009
Sokovic et al. 2010; Garcia-Garcia et ¢, 2011). Permeabiliza-
tion of the membrane enhances the leakage of protons from
cells, disrupts membrane electric potential and reduces
proton motive force and finally adenosine triphosphate
(ATP) synthesis. In addition, reduced membrane potential
enhances the leakage of ions, ATP, amino acids and proteins
from cells. The leakage of ions out of a cell is a clear indication
of membrane damage and cell death (Paparella et al. 2008; Xu
et al. 2008; Rua et al. 2011). The extent of membrane damage
induced by an essential oil is related to the intrinsic hydro-
phobicity of its main components. Thymol, carvacrol,
p-cymene, Y-terpinene and linalool are intrinsically hydro-
phobic (Baser and Demirci 2007). However, thymol and car-
vacrol could successfully diffuse through the cell membrane
and disrupt cells. Thus, the hydroxyl group is also required for
antibacterial activity (Griffin et al. 199% Dorman and Deans
2000). Differences in the activity of the essential oil on the dif-
ferent bacteria tested are probably related to the lipopolysa-
charide layer on the bacterial cell wall. In bacteria with a thick
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lipopolysacharide layer, essential oil components cannot
diffuse through the cell membrane at low concentrations.
However, at higher concentrations this polysaccharide layer
can be disrupted by essential oils. The difference in activity
between the essential oil and aqueous extract is probably due
to differences in the hydrophobic nature of these isolates. The
aqueous extract has a lower hydrophobicity and cannot
diffuse through the cell membrane and thus cannot disrupt
the membrane, hence its weaker or less effective antibacterial
activity.

Essential oil from Z. mudtiflora could inhibit both fungi,
but was more effective against A. niger and C. albicans.
However, the aqueous extract could not inhibit the growth of
bath fungi at any concentration used. This differencein activ-
ity between the essential oil and aqueous extract is probably
due to differences in the hydrophobic nature of the isolates.
The aqueous extract has lower hydrophobicity and cannot
diffuse through the cell membrane and thus cannot disrupt
the membrane. Essential oil-bearing phenolic monaoterpenes
generally displayed potent fungicidal activity while antifungal
potency varied and appeared to be intensified by increasing
carvacrol and thymol content and flow cytometry confirmed
the occurrence of damage to the plasma membrane and cell
death (Vardar-Unlu et qi. 2010; Vale-Silva et gl 2012). In
addition, fungicidal activity of thymol and carvacrol appar-
ently originates from the inhibition of ergosterol biosynthesis
and the disruption of membrane integrity (Ahmad et al
2011). Furthermore, fungicidal activity might be due to the
induction of calcium stress and upregulation of genes
involved in metabolic and energy pathways, stress response,
autophagy and drug efflux (Rao et al. 2010).

Accordingly, Z. multiflora essential oil has antioxidant
activity and can be used in the therapy of oxidative damage
that tends to accompany some inflammatory conditions. In
addition, Z. multiflora essential oil has antimicrobial activity
and can inhibit pathogenic bacteria and fungi. The present
study provides additional data for supporting the use of
Z. multiflora as a tea or additive in foods and traditional
remedies for the treatment of infectious diseases.
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