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Abstract
The goal of this study is to evaluate the chemical compounds, the anti-bacterial/fungal activity, and the cytotoxicity of the 
essential oil of three species of lamiaceae in Iran. After the extraction of the essential oil implementing the hydrodistilla-
tion method, the analysis and identification of the compounds were carried out with a chromatograph coupled with a mass 
spectrometer. For the evaluation of the anti-bacterial/fungal activity of the essential oils, the measurement of the diameter of 
inhibition halo, the minimum inhibitory concentration (MIC), bactericidal and fungicidal concentrations (MBC/MFC) were 
utilized; and for the evaluation of the cytotoxic activity of the essential oils, the 3-(4,5-dimethylthiazolyl)-2,5-diphenyltetra-
zolium bromide (MTT) method was used. The results show that the dominant compounds in the Perovskia abrotanoides Kar 
essential oil were camphor (21.68%), 1,8-cineole (14.26%), and α-pinene (7.23%); moreover, the dominant compounds in 
the Salvia reuteriana Boiss. Essential oil were benzyl benzoate (27.10%), linalool (13.27%), and sclareol (7.75%); in addi-
tion, the dominant compounds in the Ziziphora clinopodioides subsp. rigida (Boiss.) Rech.f. were cyclofenchene (25.29%), 
pulegone (14.14%), and menthol (7.70%). The largest halo diameter of inhibition halo (~ 22 mm) was against Streptococcus 
pyogenes and the strongest inhibiting and killing activity was against Candida albicans (MIC and MFC = 125 μg/mL) shown 
by the S. reuteriana essential oil which, respectively, matched the control antibiotics rifampin and nystatin. The analysis of 
the MTT test results showed that the Z. clinopodioides subsp. rigida essential oil (with IC50 value of ~ 144.2500) had the 
strongest cytotoxic activity against human ovarian cancer cells (OVCAR-3). On the whole, the results show that the essential 
oil of the Lamiaceae family plants is a source for various compounds with potential biological activities which can serve as 
a possible alternative to produce herbal medicine which are effective on some microorganisms and cancer cell lines.

Keywords  Aromatic plants · Essential oil · Monoterpene · Antimicrobial · Cytotoxic

Introduction

Infectious diseases caused by various microorganisms are 
very common all over the world (Razavi et al. 2016). Despite 
all the efforts that have been made to control infectious dis-
eases, their impact remains a major concern. In fact, the use 
of antimicrobials is inadequate and widespread, leading to 
the emergence of several drug-resistant strains that severely 
impair the anti-microbial effect (World Health Organiza-
tion WHO 2002). Pathogenic microorganisms are resistant 
to antibiotics by gene mutations, creating strains that cannot 

be fought. One of the most important of these factors is the 
arbitrary or excessive use of antibiotics (Nazer and Darvi-
shi 2017). In the face of this worrying situation, alterna-
tives must be created for the natural, safe and more anti-
microbial development of natural products such as essential 
oils. Essential oils have historically proven their value as 
molecular sources with anti-microbial potential and may 
have the potential for topical or future systemic administra-
tion in bacterial and fungal infections (Brahim et al. 2015; 
Elhidar et al. 2019). The nature of essential oils as a com-
plex chemical mixture, with varying amounts of biologically 
active components, makes them resistant to any microbial 
resistant mechanism (Napoli and Vito 2021).

Aromatic plants have many benefits for human nutrition 
and health due to their rich contents of bioactive compounds 
(Costa et al. 2015). The Lamiaceae family include many 
popular spicy or aromatic plants and are one of the largest 
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sources of cooking and medicinal plants in the world whose 
aroma, taste, and medical properties have advantages for 
humans (Hazrati et al. 2020; Mohammadhosseini 2017). The 
plants of this family are mostly known for having essential 
oils rich in monoterpenoids (Grayer et al. 2003).

From this family, the Perovskia genus consists of seven 
species of aromatic shrubs, found in the dry habitats of Cen-
tral Asia. Three of these are native to Iran, among which Per-
ovskia abrotanoides Kar, called “Barazambal” in Farsi, has 
the most dispersal (Ghahraman 1994; Mozaffarian 1996). 
The anti-oxidant (Iraji et al. 2021), anti-bacterial (Hasan 
et al. 1978), and anti-fungal (Inouye et al. 2001) proper-
ties of the essential oil are reported accordingly. In previous 
studies, various compounds such as α-pinene, 1,8-cineole, 
camphor, and δ-3-carene have been recorded as the principal 
compounds of the essential oil of this species (Ghaffari et al. 
2019; Pourhosseini et al. 2018; Salimpour et al. 2014).

The Salvia genus of the Lamiaceae family consists of 
about 700–900 species all over the world, growing mostly in 
tropical and mild climates (Villalta et al. 2021). This genus 
is known in Iran with Farsi names of “Maryami”, “Maryam 
Goli” and “Salvi” and consists of 58 species of herbaceous 
perennials, and annuals, 17 of which are native and exclu-
sive to Iran (Chalchat et al. 1998). One of these exclusive 
aromatic species is Salvia reuteriana Boiss. with the Farsi 
name “Esfahan Maryam Goli” which grows in the mountains 
of Central and Western Iran (Akhani 2006). Above-ground 
parts of this plant are used as tranquilizers and anti-stress 
in Iranian traditional medicine (Bahmani et al. 2014). Anti-
oxidant (Aminzadeh et al. 2015; Panahi et al. 2020) and anti-
fungal (Esmaeili et al. 2008; Karamian et al. 2013) effects 
are reported for the essential oil of this species. In the pre-
vious studies on this essential oil, compounds such as ger-
macrene D, β-caryophyllene, bicyclogermacrene, linalool, 
α-gurjunene, β-elemene, and sclareol have been approved as 
the main compounds (Aminzadeh et al. 2015; Fattahi et al. 
2016; Norouzi and Norouzi 2018).

The Ziziphora genus from the mint family, called Moun-
tain Ziziphora (“Kakouty”) or narrow-leaf thyme, has 
four native species in the flora of Iran, distributed all over 
the country (Mohammadhosseini 2017; Shahbazi 2015). 
Ziziphora clinopodioides Lam. is a native species of Iran, 
called “Moshk-E-Taramoshk” and “Sa’tar” in Farsi tradi-
tional medicine texts. In Iranian popular culture, the dried 
above-ground parts of the plant are usually used to treat 
common cold, cough, wounds and as antiseptic (Zargari 
1995). Moreover, it is used as a spice and additive in cook-
ing soups, meat products, and dairy products such as milk, 
cheese, yogurt, or doogh, which is the Iranian yogurt drink 
(Mohammadhosseini 2017). The studies on the essential oil 
of this species have proven the existence of various anti-
oxidant (Hazrati et al. 2020; Aliakbarlu and Shameli 2013; 
Salehi et al. 2005; Sharifzadeh et al. 2016), anti-bacterial 

(Hazrati et al. 2020; Shahbazi 2015, 2020; Shahbazi and 
Shavisi 2016), and anti-fungal (Sharifzadeh et al. 2016; 
Mahboubi et al. 2018; Shokri et al. 2012) bioactivities. This 
species consists of nine sub-species in Iran among which Z. 
clinopodioides subsp. rigida (Boiss.) Rech.f. as a wild native 
sub-species grows in Iran, Afghanistan, Iraq, and Talish. 
The most important compounds of the essential oil of this 
sub-species are reported to be pulegone, 1,8-cineole, piperi-
tenone, and p-menth-3-en-8-ol (Salehi et al. 2005; Dehghan 
et al. 2014, 2010).

Research on the medicinal properties and biological 
effects of the essential oils is continuously carried out and 
their use in the manufacturing of various drugs, food, agri-
culture, and cosmetics industries is studied. The medicinal 
and aromatic plants of the Lamiaceae family are considered 
to be among the most important plant genetic resources, 
because of their high ecologic flexibility in various climates, 
and possessing diverse aromatic compounds. They have 
many applications in drug, cosmetics and health industries 
which makes them appropriate choices for these types of 
studies. Considering the traditional applications and phar-
macologic effects of P. abrotanoides, S. reuteriana, and Z. 
clinopodioides subsp. rigida, this research was designed and 
carried out to study and compare the type and percentage 
of the constituent compounds and some biologic activities 
(anti-bacterial, anti-fungal, cytotoxicity) of the essential oil 
of these three species (collected from a natural habitat) for 
the first time.

Materials and methods

Plant

Collection

The flowering twigs of P. abrotanoides, S. reuteriana, and Z. 
clinopodioides subsp. rigida were collected from three ran-
dom spots from 50 different bushes in May 2019 when the 
flowers emerge, in Sheikh Bahaei Dam area in Kashan, Iran 
(E 51° 27′ 20ʺ and N 33° 42′ 25ʺ and an altitude of 1995 
from sea level). The twigs were put in different envelops in 
fresh form and brought to the laboratory.

Drying and identification

The flowering twigs of the plants were washed with distilled 
water and spread on clean flat paper sheets in the laboratory 
environment and dried after being one week at 20 °C. P. 
abrotanoides, S. reuteriana, and Z. clinopodioides subsp. 
rigida were identified and approved by a botanist, with the 
help of the Flora of Iran (Jamzad 2012). They are regis-
tered and kept under the codes 1014, 1013, and 1015 in the 
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herbarium of the Faculty of Natural Resources and Earth 
Sciences in the University of Kashan, Iran.

Essential oil

Extraction

For each species, essential oil extraction was carried out using 
100 g of dried and powdered plant parts, implementing the 
hydrodistillation method by the Clevenger apparatus (the Brit-
ish Pharmacopoeia model) for 120 min in three repetitions. This 
was the maximum time for essential oil extraction since there 
was no increase in the volume or weight of the essential oil after 
investing more time. The extracted essential oils, after dehydra-
tion by sodium sulfate, were kept in small, dark, sealed contain-
ers in a refrigerator (4 °C) until further tests (Ghavam 2021).

Yield determination

By calculating the moisture percentage, the essential oil 
yield of each species was determined as per the dried weight 
w/w and reported as the mean ± standard deviation (Azar-
nivand et al. 2010).

Determining the compounds

The chromatograph in the University of Kashan was a model 
6890, coupled with a mass spectrometer model N5973 made 
in Agilent Company of the USA. The capillary column of HP-
5MS with the stationary phase of 5% methyl phenyl siloxane 
with 30 m length, the internal diameter of 0.25 mm, and sta-
tionary layer thickness of 0.25 μm was utilized. The column 
temperature was increased from 60 to 246 °C with a speed of 
3 °C per minute. The temperature of the injection room was 
250 °C. The carrier gas was Helium with the flow velocity of 
1.5 mL/min and the mass spectrometer was operated with the 
ionization energy of 70 eV. To calculate the retention index of 
the compounds, normal alkanes C8–C28 were injected. The 
identification of the compounds was carried out by the study 
of mass spectrums and comparison with the mass spectrums 
of standard compounds, using the information available in the 
library and with the help of the retention indexes of the com-
pounds of their comparison to the standard retention indexes 
published in various sources (Adams 2007).

Biologic activity

Anti‑bacterial and anti‑fungal activity

Bacteria and  fungi strains  Four Gram-positive bacteria 
namely Bacillus subtilis (ATCC 6633), Staphylococcus 
aureus (ATCC 29737), Staphylococcus epidermidis (CIP 
81.55), and Streptococcus pyogenes (ATCC 19615); in addi-

tion to five Gram-negative bacteria, namely Escherichia coli 
(ATCC 25922), Klebsiella pneumonia (ATCC 10031), Pseu-
domonas aeruginosa (ATCC 27853), Salmonella paratyphi-
A serotype (ATCC 5702), and Shigella dysenteriae (PTCC 
1188) were inoculated overnight at 37 °C in nutrient culture 
medium and three fungus strains of Aspergillus brasiliensis 
(ATCC 16404), Aspergillus niger (ATCC 9029), and Candida 
albicans (ATCC 16404) were inoculated overnight at 30 °C 
in the Sabouraud Dextrose Agar culture medium (Ghavam 
2021). The microorganisms were obtained from the Iranian 
Research Organization for Science and Technology (IROST).

Determining the  inhibition halo diameter  Determining 
microbial sensitivity was carried out using the Agar well dif-
fusion method as per standard instructions (Clinical Institute 
LS 2012). For this purpose, first, wells with a diameter of 
6 mm were created in equal distances in the culture medium 
by a sterile Pasteur pipette, specific for creating wells. 100 μL 
of microbial suspensions (1.5 × 108 CFU/mL of bacteria, 104 
spore/mL of fungi, or 106 CFU/mL of yeast) with 0.5 McFar-
land turbidity were separately cultured, respectively, in Muel-
ler–Hinton Agar medium (Merck, Germany) and Dextrose 
Agar medium (Merck, Germany) using the Bacterial Lawn 
method. The essential oil of each plant sample was produced 
with a concentration of 300 μg/mL and 10 μL were inoculated 
into each well. After that, the plates were placed in an incuba-
tor for 24 h at 37 °C for the bacteria and 48 h for the C. albi-
cans, and 72 h for the A. brasiliensis and A. niger in 30 °C. 
Dimethyl sulfoxide was used as negative control, and for 
positive control, the antibiotics gentamicin (10 μg/disc) and 
rifampin (5 μg/disc) were used for the bacteria and nystatin 
(100,000 units/mL) for the fungi to compare their inhibiting 
power with the essential oils. For each essential oil sample, 
the test was repeated three times and the anti-microbial activ-
ity was determined by a precise measurement of the inhibi-
tion halo diameter (in mL) as mean ± standard deviation.

Determining the  minimum inhibitory concentration 
and  the  minimum bactericidal/fungicidal concentra‑
tion  Minimum inhibitory concentration (MIC) for various 
microorganisms was carried out by implementing the dilu-
tion method in broth media (Clinical Institute LS 2012). 
Various dilutions of the essential oil were prepared first. 
A certain volume of the essential oil was weighed, dis-
solved in the culture medium and DMSO at a suitable ratio 
to prepare the initial stock at a concentration of 4 mg/mL. 
This stock was used to prepare the 2, 1, 0.25, 0.125, and 
0.0625 mg/mL dilutions. Sterile 96-well microplates were 
procured; 95 μL of Brain Heart infusion (BHI; Merck, Ger-
many) liquid medium, 5 μL of bacterial/fungal suspension 
(1.5 × 108 CFU/mL of bacteria, 104 spore/mL of fungi, or 
106  CFU/mL of yeast), with 0.5 McFarland turbidity and 
100 μL of one of the various essential oil dilutions (4, 2, 



858	 M. Ghavam 

1 3

1, 0.5, 0.25, 0.125, and 0.0625 mg/mL) were all added to 
each well of the microplate. The negative control wells con-
tained 195 μL of Brain Heart infusion liquid medium and 5 
μL of microbial suspension with 0.5 McFarland turbidity. 
To create the positive control, gentamicin (10 μg/disc) and 
rifampin (5  μg/disc) antibiotic powders were used for the 
bacteria and nystatin (100,000 units/mL) for the fungi. The 
positive control wells contained 195 μL of Brain Heart infu-
sion liquid medium and 5 μL of microbial suspension with 
0.5 McFarland turbidity and 100 μL of one of the antibiotic 
concentrations (0.0625–4  mg/mL). After that, the micro-
plates which were injected with bacteria and fungi strains 
were incubated, respectively, at 37 °C for 24 h and 30 °C 
for 48 and 72 h in an incubator. After being taken out of the 
incubator, the first concentration without a red hue formed 
inside was designated as the MIC. The MIC was the low-
est concentration of an anti-microbial substance that inhib-
ited visible growth (absence of turbidity). To determine 
the minimum bactericidal/fungicidal concentration (MBC/
MFC), 5 μL of the well contents that the bacteria had not 
cultured in and did not manifest red hue was injected into 
the nutrient Agar medium and was incubated for 24  h at 
37 °C temperature in the incubator. The first concentration 
of each essential oil that did not show any culture in its plate 
was designated as the MBC/MFC. MBC/MFC refers to the 
minimal concentration of the essential oil that kills 99.9% of 
the inoculated bacteria (Clinical Institute LS 2012). These 
tests were repeated for the essential oil of each plant species 
three times.

Cytotoxicity

Cell preparation and  culture  The ovarian cancer cell line 
(OVCAR-3) was purchased from the National Cell Bank 
of Iran in Pasteur Institute of Iran. To culture the cells, the 
culture medium RPMI-1640 (Gibco, Invitrogen, USA), 
10% fetal bovine serum (FBS) (Biochrom AG, Berlin, Ger-
many), 2 mM l-glutamine (Sigma Aldrich, USA), 100 U/
mL Penicillin, and 100  μg/mL of Streptomycin were uti-
lized. The cells were cultured in a 25 cm3 flask at 37 °C with 
5% CO2 pressure and 95% humidity (Sylvester 2011). After 
cell propagation and reaching 80% abundance, the culture 
medium was evacuated and the cells were separated from 
the bottom of the flask using Trypsin–EDTA (Gibco, USA) 
solution and were centrifuged at 1000 rpm for 5 min by a 
centrifuge device (Hermle, Germany). The resulting cel-
lular deposit was washed into suspension in a 1 cc culture 
medium and the living cells were counted.

Treatment of cells  To determine the cytotoxicity of essential 
oils, the 3-(4,5-dimethylthiazolyl)-2,5-diphenyltetrazolium 
bromide (MTT; Sigma–Aldrich, USA) method was imple-
mented (Mosmann 1983). MTT is a water-soluble yellow 

tetrazolium salt that reduces into purple color water-insoluble 
formazan by the action of mitochondrial succinate hydro-
genase enzyme in living cells. This phenomenon occurs 
because of tetrazolium ring being broken which shows the 
natural performance of the mitochondria and the cell being 
alive (Lau et al. 2004). To perform this test, the cells with the 
density of 104 cells/mL were seeded into the 96-well plate 
and after 24 h, the cells filled the bottom of the wells. The cell 
culture medium was removed under a laminar hood. Then, 
a stock with a concentration of 400  μg/mL essential oil in 
culture medium was prepared and added to the wells in serial 
dilutions (400, 200.100, 50, 25, 12.5 and 6.25 μg/mL) with at 
least 5 repetitions.

After 24 h, first, the DMEM culture medium (Gibco, 
USA) containing the essential oils were evacuated and 20 
μL of MTT solution (with 0.5 mg/mL concentration in PBS) 
was added. After 3 h of incubation with 5% CO2 at 37 °C in 
the incubator (Memmert, Germany), the culture medium was 
evacuated. To solve more of the purple-colored turbidity, 
200 μL of dimethyl-sulfoxide (DMSO) solvent was added to 
each well. After complete dissolution, the solution absorb-
ance intensity of each well was read in 570 nm wavelength 
by a microplate reader (BMG Labtech, Germany). After that, 
by a comparison between the average optical absorbance in 
wells of various concentrations and the optical absorbance 
of the control cells (no essential oil was added to the culture 
medium cells), the cell viability percentage was calculated 
as per the following equation (Oueslati et al. 2020):

The nonlinear regression curve on the inhibition percent-
age calculated for the concentration of each essential oil was 
drawn using GraphPad Prism 6. The concentration yielding 
up to 50% of cell growth inhibition was designated as per 
IC50. The test was repeated three times for each essential oil.

Statistical analysis

The evaluation of the statistical significance of differences 
(essential oil chemical compounds and bioactivities) was car-
ried out implementing the univariate analysis of variance and 
ANOVA one-way variance analysis in SPSS. Duncan’s multiple 
range test (P < 0.01) was implemented to compare the means.

Results and discussion

Essential oil yield

The results of the variance showed that the effect of the spe-
cies on the essential oil yield were significant at the error 

(1)cell viability(%) = OD treated∕OD control × 100.
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probability level of 1% (P ≤ 0.01). The effect of the species 
on the essential oil yield has been confirmed by Salimpour 
et al. (2011) for various salvia species, Zarezadeh et al. 
(2017) for various species of Satureja, Giatropoulos et al. 
(2018) for 14 different species of the Lamiaceae, and by 
Ghavam (2021) for 3 species of the Asteraceae family. The 
highest yield (2.0001% ± 0.0002) with a significant dif-
ference from other species belonged to the white-colored 
essential oil extracted from P. abrotanoides. Similarly, the 
yield of this essential oil has been reported to be 2% by Saj-
jadi et al. (2005) in Khorasan province, 1.55% by Rustaiyan 
et al. (2006) in Kerman province, 2.3% by Pourhosseini et al. 
(2018) and Salimpour et al. (2014) in Northern Khorasan 
province, and 2.66% by Ghaffari et al. (2019) in Khorasan 
Razavi province which are in accordance with the present 
results. The Z. clinopodioides subsp. rigida essential oil had 
a white color and a yield of (1.6001% ± 0.0001). This agrees 
with the results reported by Mirjalili et al. (2020) in Yazd 
province which indicated a percentage of 1.7, yet contradicts 
with the results reached by Salehi et al. (2005) in Tabriz 
province (1.0%), and Dehghan et al. (2014) in Hamedan 
province (0.1–37). The least yield (0.2286% ± 0.00006) 
belonged to the yellow-colored essential oil of S. reuteri-
ana which was in accordance with the findings of Norouzi 
and Norouzi (2018) in Ahar city (2%). The highest recorded 
yield for S. reuteriana has been about 0.8% in Lorestan prov-
ince and Tehran (Salimpour et al. 2011; Amiri et al. 2006). 
Differences in habitat characteristics such as height, slope, 
slope direction, coverage percentage, and other climate con-
ditions have a substantial impact on the essential oil yield 
(Omara et al. 2021; Mirjalili et al. 2020).

Chemical composition of the essential oils

Eighty-nine different compounds (98.54–100%) were identi-
fied in the essential oils under study (Table 1 and Figs. 1, 2, 
3). Regarding the type and number of compounds, P. abro-
tanoides, and Z. clinopodioides subsp. rigida essential oils, 
with 39 compounds and oxygenated monoterpene dominance 
had a significant difference with the S. reuteriana essential 
oil (26 compounds and nonterpenoid dominance). By a com-
parison between the present data about P. abrotanoides and 
Z. clinopodioides subsp. rigida essential oils, it can be seen 
that oxygenated monoterpenes have always been the dominant 
group of compounds in these essential oils (Salehi et al. 2005; 
Rustaiyan et al. 2006). Various studies on S. reuteriana have 
shown hydrocarbon and oxygenated sesquiterpenes (Esmaeili 
et al. 2008; Fattahi et al. 2016; Amiri et al. 2006; Rajabi et al. 
2014). Moreover, in other studies, monoterpenes (Karamian 
et al. 2013) were the dominant part of the essential oil which 
contradict our results. The changes in the essential oil com-
pounds might be a result of environmental (climate, seasons, 

geography) and genetic differences (Ghavam et al. 2021a; 
Russo et al. 2016).

Regarding the P. abrotanoides essential oil, the main 
compound was camphor (21.68%) along with 1,8-cineole 
(14.26%), α-pinene (7.23%), β-myrcene (4.90%), bornyl 
ester, acetic acid (4.34%), ledol (4.34%), β-caryophyllene 
(4.16%), and δ-cadinene (4.05%). Similarly, Ghaffari et al. 
(2019) found camphor (4.8–29.52%) as the main compound 
of this species which agrees with our results. There have 
been several studies about P. abrotanoides which report 
1,8-cineole (27.1–28.0%) as the main compound of its 
essential oil (Sajjadi et al. 2005). There has been no report 
of bornyl ester, acetic acid, and ledol in previous studies; 
thus, our study is the first to report the presence of these 
compounds in this essential oil. Moreover, in previous stud-
ies, δ-cadinene was either not reported or reported in very 
low amounts (0.4–1.1%) which is in contradiction with the 
results of the current study (Sajjadi et al. 2005; Rustaiyan 
et al. 2006). Despite numerous reports which have recorded 
δ-3-carene as the main compound of the P. abrotanoides 
essential oil (Inouye et  al. 2001; Ghaffari et  al. 2019; 
Pourhosseini et al. 2018; Sajjadi et al. 2005; Salimpour 
et al. 2014), our study found (+)-3-carene as a stereoisomer 
of this compound present at the amount of 3.24% in this 
essential oil. The ecologic conditions of various habitats 
have affected the biosynthesis routes of the essential oil of 
this species; therefore, different compounds are synthesized 
in different environments (Azarnivand et al. 2010; Ghavam 
et al. 2021b).

The analysis of the chemical compounds of the S. reu-
teriana essential oil showed benzyl benzoate (27.10%), 
linalool (13.27%), sclareol (7.75%), hexyl ester, benzoic 
acid (6.29%), 3-methyl, benzoate, 1-butanol (4.92%), and 
γ-selinene (4.32%) to be the dominant and main compounds, 
respectively. Benzyl benzoate, hexyl ester, benzoic acid, 
benzoate, 3-methyl, and 1-butanol were detected in the 
essential oil of S. reuteriana for the first time in the present 
study; therefore, this can be considered as a special feature. 
However, in contrast to the present results, other studies have 
reported linalool to have an insignificant amount of 0.1% 
(Aminzadeh et al. 2015) and 0.17% (Fattahi et al. 2016) in 
this essential oil. Despite the present results, in previous 
studies, γ-selinene was only found in the area of Anjileh in 
the small amount of 1.28% (Fattahi et al. 2016). The com-
pound germacrene D has been reported to be the first domi-
nant compound for the S. reuteriana essential oil in various 
amounts (11.17–32.50%) by many studies (Esmaeili et al. 
2008; Salimpour et al. 2011; Amiri et al. 2006; Mazooji 
et al. 2010); whereas, the present findings indicated that 
this compound existed at 1.12% and was not dominant. The 
results indicate that these compounds vary in accordance 
with the ecologic features of a species population. There-
fore, various geographical regions are an important factor in 
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Table 1   Chemical composition of the essential oils

No Compounds RI P. abrotanoid S. reuteriana Z. clinopodioides 
subsp. rigida

1 Ethyl 3-methylbut-3-enyl carbonate 834.975 0.09 ± 0.00a – – C8H14O3

2 α-Thujene 863.546 – – 0.88 ± 0.00a C10H16

3 1R-α-Pinene 822.758 – – 1.89 ± 0.01a C10H16

4 α-Pinene 877.192 7.23 ± 0.03a – – C10H16

5 Camphene 902.317 3.50 ± 0.02a – 1.35 ± 0.02b C10H16

6 Sabinene 920.529 – – 2.19 ± 0.00a C10H16

7 β-Pinene 923.187 2.51 ± 0.00a – 2.51 ± 0.02a C10H16

8 β-Myrcene 933.443 4.90 ± 0.01a – 1.22 ± 0.02b C10H16

9 3-Octanol 949.006 – – 0.19 ± 0.00a C8H18O
10 α-Terpinene 954.635 – – 0.39 ± 0.00a C10H16

11 Cyclofenchene 923.903 – – 25.29 ± 0.00a C10H16

12 ( +)-3-Carene 950.000 3.24 ± 0.01a – – C10H16

13 ( +)-4-Carene 956.418 0.65 ± 0.00a – – C10H16

14 1,8-Cineole 973.187 14.26 ± 0.02a 1.72 ± 0.00a – C10H18O
15 β-Ocimene 987.154 – 1.17 ± 0.03a 3.01 ± 0.00a C10H16

16 Butanoic acid, 3-methyl-, 3-methylbutyl ester 1019.047 – 0.58 ± 0.01a C10H20O2

17 γ-Terpinene 990.726 1.10 ± 0.00b – 1.38 ± 0.00a C10H16

18 p-Mentha-3,8-diene 1001.058 – – 1.04 ± 0.04a C10H16

19 trans-β-Terpineol 1005.555 0.13 ± 0.00a – – C10H18O
20 α-Terpinolene 1012.433 0.73 ± 0.00a – 0.40 ± 0.00b C10H16

21 cis-β-Terpineol 1030.423 0.35 ± 0.01a – – C10H18O
22 Camphor 1068.253 21.68 ± 0.02a – – C10H16O
23 Borneol 1084.391 3.86 ± 0.00b – 5.34 ± 0.01a C10H18O
24 Linalool 1025.925 – 13.75 ± 0.00a 0.58 ± 0.00b C10H18O
25 Neo-allo-ocimene 1041.269 – – 0.13 ± 0.00a C10H16

26 p-Menth-3-en-8-ol 1069.576 – – 7.20 ± 0.00a C10H18O
27 trans-Menthan-3-one 1073.280 – – 1.81 ± 0.02a C10H18O
28 Menthol 1103.125 – – 7.70 ± 0.01a C10H20O
29 (−)-Bornyl acetate 1114.432 – – 3.05 ± 0.05a C12H20O2

30 Pulegone 1131.971 – – 14.14 ± 0.03a C10H16O
31 Piperitone 1138.942 – – 1.47 ± 0.00a C10H16O
32 Formic acid, neryl ester 1158.653 – – 0.08 ± 0.00a C11H18O2

33 1,5,5-Trimethyl-6-methylene-cyclohexene 1178.846 – – 0.11 ± 0.01a C10H16

34 Thymol 1183.653 – – 0.31 ± 0.00a C10H16O
35 2-Methoxy-4-vinylphenol 1189.432 – – 0.71 ± 0.02a C9H10O2

36 Piperitenone 1197.836 – – 4.51 ± 0.00a C10H14O
37 β-Bourbonene 1211.611 0.68 ± 0.00a C15H24

38 Propanoic acid, 2-methyl-, 4-methylpentyl ester 1048.677 – 0.67 ± 0.00a – C10H20O2

39 (-)-α-Terpineol 1099.735 0.42 ± 0.00a 1.12 ± 0.02a – C10H18O
40 Butanoic acid, 2-methyl-, hexyl ester 1111.057 – 3.59 ± 0.00a – C11H22O2

41 β-Elemene 1214.928 – 3.08 ± 0.01a 0.19 ± 0.00a C15H24

42 Butanoic acid, 3-methyl-, phenylmethyl ester 1221.090 – 1.00 ± 0.00a – C12H16O2

43 1H-Indene, 2,3,3a,4-tetrahydro-3,3a,6-trimethyl-
1-(1-methylethyl)-

1230.094 – 2.76 ± 0.00a – C15H24

44 1-Butanol, 3-methyl-, benzoate 1247.630 – 4.92 ± 0.00a – C12H16O2

45 Linalyl acetate 1125.721 0.15 ± 0.00a – – C10H18O
46 Acetic acid, bornyl ester 1154.240 4.34 ± 0.00a – – C12H20O2

47 δ-Terpineol, acetate 1168.028 0.21 ± 0.00a – – C12H20O2

48 α-Terpinyl acetate 1119.105 3.14 ± 0.04a – – C12H20O2
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Table 1   (continued)

No Compounds RI P. abrotanoid S. reuteriana Z. clinopodioides 
subsp. rigida

49 α-Cubebene 1205.450 0.67 ± 0.00a – – C15H24

50 α-Gurjunene 1225.355 1.28 ± 0.00b 4.00 ± 0.00a – C15H24

51 β-Caryophyllene 1236.018 4.16 ± 0.03a – – C15H24

52 Cadina-3,5-diene 1251.184 0.08 ± 0.00a – – C15H24

53 α-Humulene 1257.345 3.70 ± 0.04 – 1.50 ± 0.00b C15H24

54 γ-Muurolene 1263.981 0.53 ± 0.03a – – C15H24

55 Bicyclosesquiphellandrene 1266.587 0.35 ± 0.00a – – C15H24

56 α-Muurolene 1227.725 0.84 ± 0.00a – – C15H24

57 γ-Cadinene 1290.758 0.92 ± 0.00a – – C15H24

58 δ-Cadinene 1295.260 4.05 ± 0.00a – 0.09 ± 0.00b C15H24

59 Germacrene D 1269.905 – 1.12 ± 0.00b 3.56 ± 0.04a C15H24

60 cis-β-Farnesene 1249.763 – – 0.83 ± 0.00a C15H24

61 γ-Elemene 1279.858 – 1.88 ± 0.00a C15H24

62 β-Cadinene 1272.985 – 2.10 ± 0.00a – C15H24

63 (−)-Spathulenol 1333.656 – – 0.42 ± 0.00a C15H24O
64 Benzoic acid, hexyl ester 1328.813 – 6.29 ± 0.00a – C13H18O2

65 Isospathulenol 1363.953 – 1.17 ± 0.00a – C15H24O
66 Aristolone 1384.745 – 0.35 ± 0.01a – C15H22O
67 Benzyl Benzoate = scabagen = venzonate 1441.309 – 27.10 ± 0.01a – C14H12O2

68 Sclareoloxide 1494.962 – 1.94 ± 0.00a – C18H30O
69 Epimanoyl oxide 1550.789 – 2.03 ± 0.00a – C20H34O
70 Manool oxide 1561.842 – 0.98 ± 0.00a – C20H34O
71 γ-Selinene 1588.684 – 4.32 ± 0.00a – C15H24

72 Benzene, 1,2,4,5-tetramethyl-3-(1-methylethyl)- 1603.047 – 1.46 ± 0.00a – C13H20

73 α-Monoolein 1632.132 – 2.28 ± 0.00a – C21H40O4

74 Sesquirosefuran 1658.446 – 2.37 ± 0.01a – C15H22O
75 Sclareol 1675.623 – 7.75 ± 0.03a - C20H36O2

76 Caryophyllene oxide 1332.687 0.67 ± 0.00a – – C15H24O
77 Epizonarene 1341.888 0.10 ± 0.01a – – C15H24

78 Ledol 1346.004 4.34 ± 0.00a – – C15H26O
79 α-Humulene epoxide II 1348.425 0.36 ± 0.00a – – C15H24O
80 Cadine-1,4-diene 1358.595 0.24 ± 0.00a – – C15H24

81 α-Cadinol 377.723 0.98 ± 0.00a – – C15H26O
82 Benzene, (2-methyloctyl)- 1386.682 1.32 ± 0.00a – – C15H24

83 Shyobunol 1399.273 1.35 ± 0.00a – – C15H26O
84 γ-Elemene 1417.632 0.10 ± 0.00a – – C15H24

85 Thiazole, 5-methyl- 1548.947 0.13 ± 0.00a – – C4H5NS
86 Hexadecanoic acid = palmitic acid 1515.263 – – 0.74 ± 0.00a C16H32O2

87 9-Octadecenoic acid (Z)- = oleic acid 1600.277 – – 1.95 ± 0.00a C18H34O2

88 Octadecanoic acid = stearic acid 1626.869 – – 0.50 ± 0.00a C18H36O2

Total 99.66 98.54 100
Monoterpenes hydrocarbons 23.86 0 41.79
Oxygenated monoterpenes 40.85 16.59 43.28
Sesquiterpenes hydrocarbons 19.34 17.38 8.73
Oxygenated sesquiterpenes 7.7 1.52 0.42
Others 7.91 63.05 7.22
essential oil yield (%) 2.0001 ± 0.0002 0.2286 ± 0.00006 1.6001 ± 0.0001

Values with different letters are statistically different (Duncan, P ≤ 0.01)
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the variety of chemical compounds in the essential oil of a 
species population; in addition, some chemical compounds 
are specific to a particular species and thus designated as a 
taxonomic factor (Mazooji et al. 2010).

Cyclofenchene (25.29%), pulegone (14.14%), menthol 
(7.70%), p-menth-3-en-8-ol (7.20%), borneol (5.30%), and 
piperitenone (4.51%) were, respectively, the main com-
ponents of the Z. clinopodioides subsp. rigida essential 

oil. cyclofenchene has never been reported for this sub-
species in the area even in small amounts. Pulegone has 
been reported as the first main component of the sub-spe-
cies (5.2–60.4%) in previous studies carried out in vari-
ous areas and the variations in its amount were deemed 
to be associated with the effects of habitat conditions 
(Dehghan et al. 2014, 2010; Salehi et al. 2005; Mirjalili 
et al. 2020). One significant point about the essential oil 

Fig. 1   GC–MS chromatogram of P. abrotanoides essential oil
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of this sub-species in the present study was the absence 
of 1,8-cineole and the dominance of menthol instead. A 
review of the literature revealed that menthol has never 
been detected in this sub-species (Dehghan et al. 2014, 
2010; Mirjalili et al. 2020) or was recorded in very small 
amounts (0.1%) (Salehi et al. 2005). Similarly, borneol 
(3.9%) was reported by Mirjalili et al. (2020) as the fifth 
dominant compound which is an exact match with our 

findings. The presence or absence of some compounds 
indicates the unique characteristics of this sub-species 
in the area chosen by this study. These variations result 
from the different environmental conditions of the chosen 
habitat compared to the previous studies and can imply 
a Chemotype of this sub-species (Ghavam et al. 2021c).

Fig. 2   GC–MS chromatogram of S. reuteriana essential oil
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Bactericidal/fungicidal activity

The results of determining the inhibition halo diameter, 
implementing the Agar well diffusion, showed that only 
the S. reuteriana essential oil formed an inhibition halo 
(~ 22 mm) against the Gram-positive bacteria Streptococ-
cus pyogenes which was significant (P ≤ 0.01) compared 
to the inhibition halos of the positive controls rifampin 

(~ 21 mm) and gentamicin (~ 32 mm) (Table2). This indi-
cates the strong bactericidal activity of this essential oil 
and might be a potential natural alternative agent against S. 
pyogenes. Moreover, the findings on the minimum inhibi-
tory concentration and inhibition by dilution indicated that 
the value of MIC and MBC of the S. reuteran essential oil 
against S. pyogenes was 62.50 μg/mL which compared to the 
positive controls rifampin and gentamicin (MIC = 0.975 μg/

Fig. 3   GC–MS chromatogram of Z. clinopodioides subsp. rigida essential oil
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mL) had a relatively good effect. The Gram-positive bac-
teria show more susceptibility to essential oils. There is 
mucopeptide in their cell wall and the major part of the 
wall structure contains lipoprotein and lipopolysaccharide 
(Tabatabaei et al. 2014). A review of the literature shows 
no previous reports of the effect of the S. reuteran essential 
oil and extract against S. pyogenes. On the other hand, there 
are reports about the strong effects (MIC = 125 μg/mL and 
MBC = 250 μg/mL) of some Salvia species such as Salvia 
officinalis L. against this bacterium (Wijesundara and Rupas-
inghe 2019, 2018). Streptococcal pharyngitis is one of the 
most common upper respiratory infections in children and 
young adults from 5 to 15 years old (Shaikh et al. 2010). 
The major bacterial causes of streptococcal pharyngitis are 
Streptococcus pyogenes (Abachi et al. 2016). Studies show 
that S. pyogenes has become resistant to antibiotics in many 
countries and resistant variants are rapidly spreading around 
the world (Wijesundara and Rupasinghe 2019; Richter et al. 
2005). Therefore, the present study is of great significance 
being the first to report the inhibitory strength of S. reute-
riana essential oil against this bacterium. It seems that the 
dominance of non-terpene compounds such as venzonate, 
sclareol, hexyl ester, benzoic acid, benzoate, 3-methyl-, and 
1-butanol and also the oxygenated monoterpene linalool 
and the sesquiterpene γ-selinene are the major factors con-
tributing to this strong bactericidal activity. Linalool is a 
key ingredient in the production of many home products, 

cosmetics, and chemical aromatic goods; moreover, it is 
an organic compound in the synthesis of vitamins A and 
E (Herman et al. 2016; Kamatou and Viljoen 2008). There 
have been reports of the bactericidal effect of the essential 
oils against S. pyogenes with linalool as their main com-
pound (Sfeir et al. 2013). The oxygenated monoterpenes 
are lipophile compounds that act in the cell membrane 
and cause many morphologic damages eventually leading 
to changes in the membrane permeability and diffusion of 
cell contents; thus, they manifest significant anti-microbial 
qualities (Moosavy et al. 2008). The anti-microbial effect 
of the essential oils is not only due to their main com-
pounds. Regarding this essential oil, the compounds that 
exist in smaller amounts such as monoterpenes 1,8-cineole, 
β-ocimene, and sesquiterpenes β-elemene, germacrene D, 
α-gurjunene, and β-cadinene can also have a part in the 
anti-microbial activity. In fact, there is the possibility of a 
synergistic effect between the compounds of a lower per-
centage and the effective and active compounds (Bassolé and 
Juliani 2012; Younessi et al. 2019). On the other hand, this 
essential oil did not form any inhibition halo against other 
Gram-positive bacteria. Esmaeili et al. (2008) reported inhi-
bition halos against Staphylococcus aureus (about 35 mm) 
and Staphylococcus epidermidis (about 20 mm). Karamian 
et al. (2013) reported an inhibition halo diameter against 
Bacillus subtilis (about 11 mm) which is not in accordance 
with the present study. Moreover, this essential oil acted two, 

Table 2   The inhibition halo diameter of the essential oils

Results are expressed as means ± SD of triplicate values
Values with different letters are statistically different (Duncan, P ≤ 0.01)
ND indicates no halo diameter, 0 no activity

Microbial strains IHDs (mm)

Essential oils Antibiotics

P. abrotanoides S. reuteriana Z. clinopodioides 
subsp. rigida

Rifampin Gentamicin Nystatin

Gram-positive bacteria
 B. subtilis ND 19 30 0
 S. aureus ND ND ND 21 27 0
 S. epidermidis ND ND ND 27 45 0
 S. pyogenes ND 22 ± 0.50b ND 21 ± 0.50b 32 ± 0.50a 0

Gram-negative bacteria ND ND ND 0
 E. coli 11 20
 K. pneumoniae ND ND ND 8 17 0
 P. aeruginosa ND ND ND ND 20 0
 S. paratyphi-A ND ND ND 8 18 0
 Sh. dysenteriae ND ND ND 9 17 0

Fungal strains ND ND ND 30
 A. brasiliensis 0 0
 A. sniger ND ND ND 0 0 27
 C. albicans 0 0 33
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three, and six times weaker than rifampin against S. aureus, 
B. subtilis, and S. epidermidis, respectively. It seems that the 
higher inhibition against S. aureus is due to the dominance 
of linalool. The inhibition effect of linalool against S. aureus 
(about 9–63 mm) has been reported (Herman et al. 2016; Yi 
et al. 2019).

The minimum inhibitory and bactericidal/fungicidal con-
centration value of P. abrotanoides and Z. clinopodioides 
subsp. rigida varied from 2000 to 4000 μg/mL against vari-
ous microorganisms. This shows a significant difference 
from the minimum inhibitory and bactericidal/fungicidal 
concentration value of S. reuteriana and positive controls 
(P ≤ 0.01) (Table 3). In fact, the effect of the P. abrotanoides 
and Z. clinopodioides subsp. rigida essential oils against 
various variations under study were similar and very weak. It 
seems that the similarity in the chemical profile of the essen-
tial oil of these two plants regarding oxygenated monoterpe-
nes could be a possible cause for this similar anti-microbial 
activity.

Although the S. reuteriana essential oil did not form 
an inhibitory halo against the variations of Gram-negative 
bacteria and fungi, it was effective in their inhibition at dif-
ferent concentrations. The minimum inhibitory and bacteri-
cidal/fungicidal concentration against some variations was 

significant compared to antibiotic controls. The strongest 
inhibition activity of this essential oil was against Can-
dida albicans (MIC and MFC 125 μg/mL). The inhibitory 
strength was equal to nystatin (125 μg/mL). There has been 
no study recorded about the effect of the essential oil and 
extract of S. reuteriana against C. albicans which makes 
this study the first report to introduce a potent and promis-
ing possible natural alternative against this yeast. Candida 
albicans is an opportunistic fungus which is the cause of 
epithelial and systemic infections in individuals suffering 
from immune system deficiency and diabetes (Dehghani 
et al. 2015). In similar studies, there have been reports of 
strong anti-yeast activity against C. albicans by Sookto 
et al. (2013) for Salvia officinalis L., (Potente et al. 2020) 
for Salvia mirzayanii Rech.f. & Esfand., and Ghavam et al. 
(Ghavam et al. 2020) for Salvia hydrangea DC. ex Benth. 
It seems that the dominance of linalool in the S. reuteriana 
essential oil is a contributing factor for this activity. The 
strong inhibitory effects of linalool against C. albicans have 
been proven (Kunduhoglu 2017). Regarding its effects on 
other fungi variants, the S. reuteriana essential oil had very 
little effect on the inhibition of A. brasiliensis and A. sniger 
(> 2000 μg/mL).

Table 3   The minimum inhibitory concentration and the minimum bactericidal/fungicidal concentration of the essential oils

Microbial 
strains

Essential oils Antibiotics

MIC (μg/mL) MBC/MFC (μg/mL) MIC (μg/mL)

P. abrota-
noides

S. reuteriana Z. clinopodi-
oides subsp. 
rigida

P. abrota-
noides

S. reuteriana Z. clinopodi-
oides subsp. 
rigida

Rifampin Gentamicin Nystatin

Gram-positive bacteria
 B. subtilis 2000 250 2000 2000 1000 2000 31.25 3.90 NA
 S. aureus 2000 125 2000 4000 1000 2000 31.25 1.95 NA
 S. epider-

midis
2000 125 2000 2000 250 2000 1.95 1.95 NA

 S. pyogenes 2000 62.50 2000 2000 62.50 2000 0.975 0.975 NA
Gram-negative bacteria
 E. coli 2000 62.50 2000 2000 125 2000 3.90 3.90 NA
 K. pneumo-

niae
2000 125 2000 2000 500 2000 15.36 3.90 NA

 P. aerugi-
nosa

2000 62.50 2000 2000 500 2000 31.25 7.81 NA

 S. paratyphi-
A

2000 250 2000 2000 250 2000 15.36 3.90 NA

 Sh. dysente-
riae

2000 250 2000 2000 250 2000 15.36 3.90 NA

Fungal strains
 A. brasilien-

sis
2000 2000 2000 2000 2000 2000 NA NA 31.2

 A. sniger 2000 2000 2000 2000 2000 2000 NA NA 31.2
 C. albicans 2000 125 2000 2000 125 2000 NA NA 125
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Another of S. reuteran essential oil’s strong activities 
was against the Gram-negative bacterium Pseudomonas 
aeruginosa (MIC = 62.50 μg/mL and MBC = 500 μg/mL). 
Similarly, the bactericidal activity of S. reuteran essential 
oil against P. aeruginosa has been reported with the forma-
tion of an inhibition halo diameter (13–16 mm) (Esmaeili 
et al. 2008). Pseudomonas aeruginosa is an opportunistic 
and important pathogen resistant to most antibiotics (Harris 
et al. 2002). Therefore, the treatment of infections caused by 
this bacterium has always been challenging (Akhani 2006). 
This bacterium is one of the main causes of death among 
people suffering from immune deficiency, patients affected 
by severe burns, and people suffering from Cystic Fibrosis 
(Roshani et al. 2016; Ryall et al. 2008). Ghavam et al. (2020) 
have attributed the strong anti-bacterial activity of the S. 
hydrangea essential oil against P. aeruginosa bacterium to 
the existence of oxygenated monoterpenes such as 1,8-cin-
eole. In the present study the oxygenated monoterpenes as 
dominant components and 1,8-cineole in a slight way are the 
factors contributing to the strong activity against P. aerugi-
nosa as well. Herman et al. (2016) have reported that adding 
linalool to the Syzygium aromaticum (L.) Merr. & L.M.Perry 
essential oil synergistically increased the anti-microbial 
activity against P. aeruginosa. Regarding the mechanism 
of action for this compound against this bacterium, it has 
been mentioned that linalool first affects the cell membrane 
and causes damage to the structure and performance of the 
membrane and the diffusion of macromolecules inside the 
cell. Moreover, it seems that linalool affects some enzymes 
inside the cell by the inhibition of enzyme activity related 
to the TCA cycle and glycolysis pathway (Guo et al. 2021).

The results showed that the S. reuteriana essential oil 
had an acceptable effect against the Gram-negative bac-
teria Klebsiella pneumonia (MIC = 62.50  μg/mL and 
MBC = 500 μg/mL) compared to rifampin (MIC = 31.25 μg/
mL). Klebsiella pneumonia is an opportunistic pathogen and 
a cause of infection in humans and animals. Antibiotic resist-
ance is increasing in the isolates of Klebsiella pneumonia 
(Estabraghi et al. 2018). Although there is no report about 
the effect of S. reuteran against this bacterium, some reports 
exist about the effect of some Salvia species. For instance, 
strong activity against K. pneumonia has been recorded by 
Fournomiti et al. (2015) for the S. officinalis essential oil, 
and by Ghavam et al. (2020) for the S. hydrangea essential 
oil.

The inhibitory effects of S. reuteriana essential oil on the 
Gram-negative bacteria Escherichia coli (MIC = 62.50 μg/
mL and MBC = 125 μg/mL) were not significant with four 
times weaker activity compared to the positive controls 
(MIC = 3.90 μg/mL). Escherichia coli (E. coli), the sapro-
trophic micro-organism in the human intestine, can cause 
serious infections resistant to anti-microbial treatments 
(Mendoza-Palomar et al. 2017). Esmaeili et al. (2008) have 

recorded the inhibitory strength of the S. reuteriana essen-
tial oil against this bacterium with the identification of the 
inhibition halo diameter (13–16 mm). The effect of linalool 
against the E. coli has been proven (Herman et al. 2016). 
Moreover, in other studies link, the strong activity of the 
essential oils against this bacterium to germacrene D domi-
nance (Liolios et al. 2007) or β-elemene dominance (Ade-
bayo et al. 2014). It seems that for the present species, the 
slight presence of germacrene D and β-elemene are among 
the other contributing factors for this anti-bacterial activ-
ity. On the other hand, the S. reuteriana essential oil had 
the same effect against the Gram-negative bacteria Salmo-
nella paratyphi-A serotype and Shigella dysenteriae (MIC 
and MBC = 125 μg/mL) which was extremely weak com-
pared to rifampin (MIC = 3.90 μg/mL) and relatively weak 
compared to gentamicin (MIC = 15.36 μg/mL). Contrary to 
our findings, Ghavam et al. (2020) reported strong activity 
against Sh. dysenteriae for S. hydrangea essential oil. The 
type and amount of the essential oil components determine 
the anti-microbial activity. The difference in anti-microbial 
activity of various essential oils of the same species could 
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Fig. 4   The dose-dependent cytotoxic effect on OVCAR-3 cell line of 
P. abrotanoides essential oil
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be attributed to differences in chemical profiles (Popović-
Djordjević et al. 2019).

Cytotoxicity

The cytotoxic activity results of various essential oils using 
the MTT method after 24 h of treatment with the ovarian 
cancer cell line (OVCAR-3) are illustrated in Figs. 4, 5, and 
6. The results indicated that the ovarian cancer cell survival 
depended on the concentration; the more concentrated the 
essential oil, the less the survival of the cancer cells. This 
shows a significant difference from the control (P ≤ 0.01). 
The 6.25, 12.50, and 25 μg/mL concentrations of P. abro-
tanoides and S. reuteriana essential oils had no effect on 
the survival of the cells; whereas, the 125 and 250 μg/mL 
concentrations of these two essential oils lead to the death of 
the OVCAR-3 cells in 24 h. The 6.25 μg/mL concentration 
of the Z. clinopodioides subsp. rigida essential oil had the 
least impact and the 100, 200 and 400 μg/mL concentrations 
had significant increasing effects on the death of OVCAR-3 
cells in 24 h. The studies that have been carried out on the 
subject of inhibition and cytotoxic activities of the essential 
oils of the Lamiaceae family against different cancers show 
that the lethality of these plants depend on the cell type and 
vary for different cell lines (Hajebi et al. 2017; Shakhseniaie 
et al. 2020; Wang et al. 2012). The MTT analysis showed 
that the Ziziphora clinopodioides subsp. rigida essential oil 
with the IC50 value of 144.2500 ± 2.8723 μg/mL had the 
strongest activity against human ovarian cancer cells, hav-
ing a significant difference from the two other essential oils 
(P ≤ 0.01). There has been no report of the cytotoxicity of 
the essential oil and extract of this sub-species; nevertheless, 
in other studies of this nature exist about the Ziziphora cli-
nopodioides Lam species. Similarly, Ghazanfari et al. (2013) 
reported the effect of Z. clinopodioides essential oil against 
Adenocarcinoma (AGS) gastric cancer cell line with IC50 
value of 2.356 mg/mL. Yousefbeyk et al. (2016) recorded 
the IC50 values of Z. clinopodioides essential oil on intestine 

cancer (HT-29), leukemia (K562), and breast cancer (T-47D) 
cell lines at > 1000, 319.48 ± 11.2, and 633.29 ± 3.1 μg/mL, 
respectively. They attributed this activity to the dominance 
of pulegone, menthol, and menthone compounds. Ahmadi 
et al. (2021) reported a noticeable decrease in the survival 
of human lymphocytes for the methanolic extract of Z. cli-
nopodioides from 52 to 100 implementing the MTT method. 
Various cell lines could have diverse sensitivities to vari-
ous essential oils; therefore, this difference is most probably 
due to the diversity in the essential oil compounds and the 
various mutual reactions for essential oil components with 
various cell lines (Bardaweel et al. 2014; Silva et al. 2020). 
The anticancer activity of each of the compounds present in 
the essential oils in the cancer cell lines under study has not 
been evaluated individually; therefore, it cannot be claimed 
with certainty that which compounds are responsible for the 
observed effects. Nevertheless, it seems that in the Ziziphora 
clinopodioides subsp. rigida essential oil, the dominance 
of monoterpenes such as cyclofenchene, pulegone, men-
thol, p-menth-3-en-8-ol, borneol, and piperitenone are the 
contributing factors to this cytotoxic activity. The cyto-
toxic activity of pulegone, piperitenone, menthofuran, and 
menthone against the urothelial cells of mice (MYP-3) and 
humans (1T1) has been confirmed (Rocha et al. 2012). 
Previous research has shown that dependent on concentra-
tion, menthol causes cytotoxicity against blood cancer cells 
WEHI-3 in vitro; furthermore, due to the mobilization of 
Ca2+ from the endoplasmic reticulum, it causes apoptosis 
in human leukemia cells HL-60 (Lu et al. 2007). Moreover, 
it has been proven that menthol inhibits the DNA topoi-
somerase I, II alpha, and beta and has increased the expres-
sion of NF-kappa B in human stomach cancer cells SNU-5 
(Yousefbeyk et al. 2014). In addition, the minor compounds 
of the essential oil can also synergize with the major com-
pounds and impact this activity (Cardile et al. 2009). There-
fore, compounds such as γ-terpinene, Linalool, Piperitone, 
Thymol, β-elemene, α-Humulene, and germacrene D have 
also been effective on the cytotoxic activity of this essential 
oil. For instance, Russo et al. (2016) have reported that the 
thymol present in Salvia judaica Boiss. and Salvia viscosa 
Jacq essential oils inhibits growth in cancer cells such as 
HL-60, MCF-7, PC-3, A-549, and MDAMB-231 and can 
cause apoptosis in HL-60 cells.

The results indicated that the IC50 value of the S. reuteri-
ana essential oil against human ovarian cancer cells (OVCAR-
3) was 183.5000 ± 0.5774 μg/mL which shows a significantly 
weaker performance compared to Ziziphora clinopodioides 
subsp. rigida essential oil (P ≤ 0.01). The concentration-
dependent cytotoxic activity of S. reuteriana essential oil 
against HeLa (human cervical cancer), Raji (Burkitt’s lym-
phoma), Fen (bladder cancer), K562 (myelogenous leukemia), 
and Jurkat (T cell leukemia) has been reported to have IC50 
values of 156 ± 5, 21 ± 0.8, > 200, > 200, and 158 ± 6 μg/mL, 
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respectively (Lu et al. 2007). Similarly, Don et al. (2006) 
reported the cytotoxic activity of Salvia miltiorrhiza Bunge 
against OVCAR-3. The anticancer activity of plant essen-
tial oils is mainly attributed to terpenoids (Langhasova et al. 
2014). By the influx of terpenes to the lipid compositions of 
the cell membrane, the cell walls are damaged, which leads 
to cytoplasm decay, and the denaturation of peptide com-
pounds leads to apoptosis (D'Ambro et al. 2017). Although 
the non-terpene compounds constitute the major portion of 
S. reuteriana essential oil compounds, it seems that linalool 
dominance as an oxygenated monoterpene is the main cause 
for this activity. The antimicrotubule effects of pulegone 
and linalool have been proven. These molecular compounds 
accelerate the formation of microtubules from tubulin dimers 
which leads to the inhibition of microtubule depolymerization 
(Nasiri Tarzejani and Nasri 2020). This inhibits microtubule 
stability in cells, eventually leading to the demolition of flex-
ible cell skeleton inside the cell which is crucial to vital cycles 
such as mitosis. Such cells which encounter growth and divi-
sion suspension face deficiency and apoptosis (Triantaphyllou 
and Boskou 2001). Nevertheless, as previously mentioned, 
there is the possibility of the minor molecules regulating the 
activity of the essential oil compounds and acting synergi-
cally as active compounds (Bakkali et al. 2008). Therefore, 
monoterpenes 1,8-cineole, and β-ocimene, and sesquiterpe-
nes β-elemene, germacrene D, α-gurjunene, and β-cadinene 
can also be effective in this activity. The cytotoxic activity of 
the 1,8-cineole against the cell line SF-9 by the increase of 
p53 acetylation expression has been confirmed (Mobarakian 
et al. 2021). Numerous studies have shown that β-elemene 
inhibits the growth of human lung and ovarian cancer cells 
(Li et al. 2009, 2005; Wang et al. 2005; Zhao et al. 2007). 
Salvador et al. (2011) attributed the cytotoxic activity of the 
Casearia lasiophylla Eichler essential oil against the human 
ovarian cancer cell line (OVCAR-3) to germacrene D domi-
nance. The inhibition strength of Jatropha ribifolia (Pohl) 
Baill (GI50 = 8.0 μg/mL) essential oil against human ovarian 
cancer (OVCAR-3) was attributed by Silva et al. (2015) to the 
oxygenated sesquiterpenes. In other studies, the anticancer 
activity of various Salvia species is attributed to the presence 
of diterpenoids with diverse skeletons such as abietanes, lab-
danes, clerodanes, pimaranes, and icetexanes (Akaberi et al. 
2015).

Based on the results, P. abrotanoides essential oil with 
IC50 value of 277.0000 ± 0.8665  μg/mL was effective 
against human ovarian cancer cells (OVCAR-3). Similarly, 
Iraji et al. (2021) have reported that the hydroalcoholic essen-
tial oil of P. abrotanoides has significant cytotoxic activity 
against human stomach adenocarcinoma cancer cells MKN-
45 (IC50 = 10 μg/mL), where the cell division decrease was 
dependent on concentration. Geryani et al. (2016) have con-
firmed that the cytotoxic activity of P. abrotanoides essential 
oil against the MCF-7 (500–1000 μg/mL) and Hela (1000 μg/

mL) cell lines is dependent on concentration. Zaker et al. 
(2017) have reported the IC50 value of the P. abrotanoides 
root extract against MCF-7 and Hela cell lines to be 87.69 μg/
mL and 24.83 μg/mL respectively. Based on the literature 
review, there is a hypothesis that the cytotoxic effects shown 
by P. abrotanoides essential oil can be related to monoter-
penes present in this essential oil in significant amounts 
compared to other compounds. It seems that the dominant 
monoterpenes camphor, 1,8-cineole, α-pinene, and β-myrcene 
along with the other minor monoterpenes such as camphene, 
β-pinene, and γ-terpinene are the main reasons for the cyto-
toxic activity of this essential oil. The cytotoxic activity of 
α-pinene and γ-terpinene against Jurkat (T cell leukemia) cell 
lines, J774A.1 (mice macrophage tumor), and HeLa (cervi-
cal cancer) has been confirmed (Döll-Boscardin et al. 2012). 
Studies have shown that α-pinene is capable of inducing apop-
tosis and is effective in treating malignant melanoma and cur-
ing metastatic melanoma (Matsuo et al. 2011). Based on the 
literature review, β-pinene possesses strong antiproliferative 
effects against A-549 (IC50 = 85.0 μM) (Bourgou et al. 2010), 
and has average inhibitory activity against human Erythro-
leukemia K562 cells (Lampronti et al. 2006). As another 
example, the cytotoxic activity of Salvia officinalis essential 
oil with dominant compounds thujone, β-pinene, and 1,8-cin-
eole has been reported against the oral cavity (UMSCC1) cell 
line (Sertel et al. 2011). Moreover, dominant sesquiterpenes 
ledol, β-caryophyllene, and δ-cadinene, as well as minor ones 
such as caryophyllene oxide and α-cadinol, are thought to 
be among the possible contributing factors for this activity. 
Studies have shown that β-caryophyllene and cadinol exhibit 
cytotoxic activity against mouth, liver, lung, large intestine, 
melanoma, and blood cancer cells (Russo et al. 2013). It has 
been reported in experimental studies that caryophyllene 
oxide is capable of inhibiting life in a wide variety of tumor 
cells by apoptosis (Gautam et al. 2014; Kim et al. 2014; Sain 
et al. 2014). Previous studies have confirmed cytotoxic effects 
of various species of Salvia containing caryophyllene oxide 
against melanoma cells (Russo et al. 2013, 2015; Cardile et al. 
2009). The effects of α-humulene on the inhibition of liver 
cancer CaCo-2 cells have been reported (Ambrož et al. 2015).

Numerous studies have confirmed that cyclooxygenase 
enzyme and oxidative stress cause disruption in various 
cellular cycles such as growth and division which result in 
disorder and cancer (Kim et al. 2008). For instance, cycloox-
ygenase enzyme inhibits apoptosis in cancer cells by overac-
tivity (Hajebi et al. 2017; Nasiri Tarzejani and Nasri 2020). 
It is clear that the plants having the capability of inhibit-
ing these factors can play a vital role in the prevention and 
spread of cancer. Various studies have proven the presence 
of factors in the Lamiaceae family that enhance oxidative 
capacity (Triantaphyllou and Boskou 2001). Impacting 
the morphology of cancer cells is one of the mechanisms 
that the Lamiaceae family affect these cells. The cells are 
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dependent on the surface, but the essential oil of the plants 
of this family affect the permeability of the cell membrane, 
causing circularization and release from media which causes 
death and inhibits growth (Surmaghi et al. 1992).

Conclusion

The P. abrotanoides and Ziziphora clinopodioides subsp. 
rigida essential oils dominated by oxygenated monoterpe-
nes differed in the phytochemical to S. reuteriana essential 
oil which contain nonterpenoids as the major constituent. The 
dominant compounds in these three essential oils were cam-
phor, cyclofenchene, benzyl benzoate in order, which suggest 
that this may be a new chemotype for these species with differ-
ent dominant chemical compounds. In this study, the difference 
in essential oil compounds leads to the exhibition of diverse 
and significant bioactivities. On the whole, the S. reuteriana 
essential oil showed strong bactericidal/fungicidal effects 
against S. pyogenes and C. albicans, and Ziziphora clinopodi-
oides subsp. rigida had strong cytotoxicity against the human 
ovarian cancer cell line. Therefore, it can be deduced that these 
essential oils as natural medicine can be strong potential alter-
natives to anti-microbial and anticancer chemical drugs. The 
anticancer effects have not been shown outside cell culture 
work. The matter which calls for clinical research in the future.
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