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Abstract

Ethnopharmacological relevance: Dracocephalum kotschyi is a medicinal plant widely used in

traditional medicine to treat pain, fever, inflammation, and seizures.

Aim of the study: Due to the importance of this plant and the well-known antibacterial activity of
essential oils, the aim of the present study was to investigate the composition of essential oil and

evaluate the antimicrobial activity of its main active compounds.

Materials and methods: In order to test its possible application at industrial level the oil was extract
from the cultivated and wild plants. The epigean parts were collected in June 2018 from the same
region of Daran (Isfahan, Iran). The extraction of essential oil was carried out using a Clevenger
apparatus. The composition of the essential oil was assayed by using a gas chromatography/mass

spectroscopy apparatus (GC/MS).

Results: Results showed that the predominant compounds of essential oil of cultivated plants were a-
pinene (13.66%), (E)-citral (12.89%), neral (11.25%), methyl geranate (8.66%), limonene (8.33%),
campholenal (6.22%) and geraniol (5.69%), while those found in naturally grown plants were two
main compounds: cyclohexylallene (52.63%) and limonene (35.88%). The antimicrobial properties of

the plant were determined against 12 strains of microorganism by evaluating inhibition halo, minimum
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inhibitory concentration (MIC) and minimum bactericidal concentration (MBC). The highest
inhibition halo for both oils from cultivated and wild plants was obtained against Aspergillus
brasiliensis. The MIC value against Gram-positive Bacillus subtilis was 31.25 pg/ml, it was the lowest
value provided by the essential oil obtained from the cultivated sample, the MIC was significantly
lower than that obtained by treating the same strain with Rifampin. On the other hand, Candida
albicans had the highest sensitivity (MIC value of 31.25 ug/ml) for the essential oil obtained from wild

plants as the inhibitory concentration was lower than that obtained treating the yeast with Nystatin.

Conclusions: Therefore, according to the results of the present study, the use of the essential oil

obtained from D. kotschyi can be used to protect food and to treat microbial infections.

Key words: Essential oil, GC/MS analysis, Antimicrobial activity, Limonene, Dracocephalum, Irano-

Turanian vascular flora

1. Introduction

For many years plant-derived remedies have been widely used for the treatment of different diseases
and in some cases they were considered the sole remedy capable of counteracting particular infections.
More recently, formulations derived from them have been tested and used in the pharmaceutical
industry (Bakkali et al., 2008). The use of medicinal and aromatic herbs in the treatment of infectious
diseases dates back thousands of years. Many of the secondary metabolites of these plants have been
shown to have important biological activities that are desperately needed even now (Brooks and
Brooks, 2014). Indeed, the uncontrolled use of antibiotics has been the main cause of the multidrug-
resistance of a wide variety of Gram-negative bacilli and Gram-positive cocci such as Pseudomonas,
Klebsiella, Enterobacter, Staphylococcus, and Enterococcus. The failure of antibiotics causes
problems in the treatment of common infections, and encouraged the scientific community to identify
and test new and safe antimicrobial molecules of natural origin, especially plant metabolites (e.g.
Oussalah et al., 2007; Miti¢ et al., 2018). Plant derived antimicrobial compounds capable of killing
bacteria with a different mechanism than antibiotics, may represent a valid approach especially for the

treatment of infections caused by resistant microbe strains (Eloff, 1999).
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In this regard, essential oils (hereafter EOs) have attracted special attention due to their complex
content of volatile organic compounds, which are synthesized in the aromatic vascular plants as
defence mechanism to exert antifungal, anti-parasitic, antiviral and antibacterial activities (Raut and
Karuppayil, 2014). Likewise, they can address similar activities in human body (Andrade et al., 2013;
Nafis et al., 2019) and they are considered an available source of chemical diversity to be used for a
wide range of infectious diseases even against chemical-resistant strains (Andrade-Ochoa et al., 2015)
and with low side effects (Al-Sayed and Abdel Daim, 2018). Differently to a single antibiotic, the EOs
are a complex mixture of phytochemicals containing different antibacterial compounds, which may
affect different parts of the bacteria, thus addressing a large protection and reducing the resistance of
bacteria. Many compounds have been shown to be effective in inhibiting the growth and proliferation
of bacteria (Hemaiswarya et al., 2008). In addition, some EOs, especially that containing limonene,
can counteract or control the formation of free radicals and inflammation, suggesting their potential
use as adjuvant in inflammation (Xiang et al., 2017). Considering their chemical and biological
diversity, they have been tested to be used in food, pharmaceutical, agricultural and cosmetic
industries (Sarikurkcu et al., 2018).

The Lamiaceae Martinov is one of the largest plant families in the world (252 genera and 6700 taxa)
and has the main differentiation center in the Mediterranean and Irano-Turanian biogeographic regions
(Cantino et al. 1992, 1997; Kadereit 2004; Bendiksby et al. 2011). The genus Dracocephalum, known
in the Persian language as “franjmoshk” or “baderekhashboo”, is one of the most important of
Lamiaceae, comprising 71 species of which 11 are autochthonous of Iran and five (D. ghahremanii
Jamzad, D. kotschyi Boiss., D. oligadenium Bornm. & Gauba, D. polychaetum Bornm. and D.
surmandinum Rech. f.) are endemic (Jamzad, 2012). Dracocephalum kotschyi is a half-shrub, 10-20
cm tall (Rechinger, 1982), considered as one of the most endangered endemic species in Iran (Jalili
and Jamzad, 1999). In traditional Iranian medicine D. kotschyi has been used to treat pain, fever,
inflammation, and seizures, the boiled plant was used to relieve rheumatic pain and heal wounds,
moreover it seems to play a positive effect in strengthening the immune system (Sajjadi et al., 1998).
The whole plant (both vegetative and reproductive organs) contains a very aromatic, penetrating, and

fragrant essential oil (Batuli, 2001). Two monoterpene glycosides are considered the most important

3
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bioactives compounds of this plant, seven terpenoids and phytosterols were isolated as well and tested
as analgesic in mice (Golshani et al., 2004).

Previous studies have shown that some species of Dracocephalum have antibacterial, antitussive, anti-
diarrhea, antioxidant, anticancerous, anti-inflammatory, antidiabetic and soothing properties (Amin,
1992; Heydari et al., 2019; and Moradi et al., 2020). The health-promoting properties of EO of D.
kotschyi collected from natural populations, are due to its main compounds such as limonene,
carvacrol, methyl geranate, germinal, a-pinene, v-terpinene, perilla aldehyde, eucalyptol,
caryophyllene oxide, 1,8-cineole, verbenone, perillyl alcohol, neral and geranyl acetate (Golparvar et
al., 2017; Najafpour Navai and Mirza, 2007; Ghanbari Hemasi et al., 2011; Sani et al., 2017; Golshani
et al., 2004; Morteza-Semnani And Saeedi, 2005, Javidnia et al., 2005, Sonboli et al., 2018; Samadi et
al., 2018; and Fallah et al., 2020). In the cultivated plants, limonene germanium (14.3%) has been
reported as the main constituent of its EO (Najafpour Navai and Mirza, 2007). In another study o-
pinene, neral, geranial, methyl geranate and limonene were identified as the major constituents (Fallah
et al., 2020). The antimicrobial properties of this plant have been reported in various studies (e.g.
Ashrafi, 2017; Shakib et al., 2018).

Considering the importance of D. kotschyi in traditional medicine of Iran, in the present study, two
different EO were obtained from the cultivated and wild plants and their composition was assayed

along with the antimicrobial activities.

2. Materials and methods

2.1. Plant material

To sample plant, in June 2018, coinciding with the flowering, three points in each site (Meydanak and
Dezdak) from Daran region of Iran were randomly selected. In each point aerial parts of D. kotschyi
from different plants (about 50 plants in each site) were collected (Table 1). The specimens were
transferred to the laboratory after being harvested. Two samples of the whole plant were identified and

after exsiccation recorded in the University of Kashan Herbarium.

Tablel. Geographic coordinates of sites from where the plants were collected.
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Site Longitude E Latitude N Mean

elevation (m

(WGS 84) (WGS 84)
a.s.l)
Cultivated (Meydanak) 50° 33" 11.1" 33°02'40.3" 2383
Wild (Dezdak) 50° 16’ 40.9" 32°56'27.4" 2895

2.2. Essential oil extraction

After complete drying, the samples were grinded to have small particles and facilitate the extraction
process. 70 g of each sample have been subjected to extraction by means of water distillation using a
Clevenger apparatus for three hours as recommended by the European Pharmacopoeia (Anonymous,
1996). The weight of EO collected after sodium sulphate dehydration was calculated accurately and
the obtained EO was stored in the dark at 4°C until further use (). EO yield was calculated based on
weight percent (w/w). This process was repeated three times for each plant. Then, the yield of three

repetitions of EO from each site was reported as mean + standard deviation.

2.3. Essential oils analysis by GC/MS method

The main active compounds of the EO have been determined using a GC-MS apparatus. A
chromatograph (model 6890) coupled with an Agilent Mass Spectrometer (model N-5973), an HP-
SMS Capillary Column with 5% Methylphenylsiloxane Static Phase (Length 30 m, Internal Diameter
0.25 mm, Layer Static Thickness 0.25 um) and a ionization energy of 70 eV has been used for the
qualitative identification of compounds. Temperature was regulated as follows: 60°C at the beginning
and then improved, at a rate of 3°C, up to 246°C. The injector and detector temperature were
maintained at 250°C, the injection volume was 1 pl with 1.50 split and the helium carrier gas at a flow
rate of 1.5 ml/min. The chemical compounds of the EOs were identified based on the analysis of the
chromatograms of each EO by means of comparison between the retention indices and mass spectral
data of each peak of the samples and those of standards of n-alkane mixtures (C8-C20) or reported in a

computer library (Wiley-14 and NIST-14 Mass Spectral Library) or in literature (Adams, 2007).
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2.4. Tested microorganisms

Twelve microorganisms were used to evaluate the antimicrobial and antifungal activity of the EOs,
which were provided by the Iranian Research Organization for Science and Technology (IROST).
Three Gram-positive bacteria, i.e. Staphylococcus epidermidis (ATCC 12228), Staphylococcus aureus
(ATCC 29737) and Bacillus subtilis (ATCC 6633), six Gram-negative bacteria, i.e. Klebsiella
pneumonia (ATCC 10031), Shigella dysenteriae (PTCC 1188), Pseudomonas aeruginosa (ATCC
27853), Salmonella paratyphi-A serotype (ATCC 5702), Proteus vulgaris (PTCC 1182) and
Escherichia coli (ATCC 10536), and three fungal strains, i.e. Aspergillus niger (ATCC 16404),
Aspergillus brasiliensis (PTCC 5011) and Candida albicans (ATCC 10231), have been used. Bacterial
strains were cultured overnight at 37 °C in nutrient agar and fungi were cultured overnight at 30 °C in

Sabouraud dextrose agar.

2.5. Agar well-diffusion method

This procedure was performed according to CLSI (Clinical and Laboratory Standard Institute)
standards (CLSI, 2012). Plates containing containing Miiller Hinton agar medium for bacteria and
sabouraud dextrose agar for fungi were prepared, then 100 pl of bacterial suspensions with a half-
McFarland turbidity were cultured. Wells with a diameter of 6 mm and a thickness of 4 mm were
created in culture media. The EOs were dissolved in dimethyl sulfoxide at a concentration of 30
mg/ml. 10 ul (equivalent to 300 pg) of each EO was poured into the wells. The plates were incubated
at 37°C for 24 h for bacterial strains and 48 h and 72 h at 30°C for yeast and fungi and the
antimicrobial activity of samples was measured for each microorganism measuring the diameter of the
inhibition zone with the antibiogram ruler (in millimetres). Results were calculated as mean values +
standard deviations of three replicates for each strain. Dimethyl sulfoxide was used as negative control
while gentamicin and rifampin for bacteria and nystatin for fungi were used to compare the inhibitory

effect of EOs.

2.6. Minimum inhibitory concentration (MIC)
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The minimum concentration capable of inhibiting the growth of the tested microorganisms was
calculated by using the broth microdilution method (CLSI, 2012) and agar dilution assay (Gul et al.,
2002). The EOs (2000 pg/mL) were dissolved in a mixture of dimethyl sulfoxide and broth medium to
reach the final concentrations (1000, 500, 250, 125, 62.5, 31.25 and 15.63 pg/mL) used in the tests.

For this purpose, sterile 96-well plates were used. Each well was filled with 95 pl of brain heart
infusion (BHI) broth medium for bacteria and sabouraud dextrose (SD) broth medium for yeast, 5 pl
of bacterial suspension (0.5 McFarland dilution), and 100 pl of the EOs at different concentrations,
and then incubated at 37°C for 24 h for bacterial strains and 48 h and at 30°C for yeast. To determine
the MIC of fungal strains, first, appropriate amounts of EO with different concentrations were added to
sterile liquid agar dextrose agar medium containing Tween 20 (50% by v/v). The culture medium was

inoculated with 5 pg (spore/mL10 ) of fungal isolates.

Culture medium was used instead of EO for negative control and gentamicin and rifampin antibiotic
powder for bacteria and nystatin antibiotic powder for yeast and fungi were used for positive control
instead of EO. The inoculation plates were heated at 30° C for 72 h. The experiment was repeated
three times for each EO sample and the MIC was the lowest concentration of an antimicrobial capable

of inhibiting the visible growth (absence of turbidity).

2.7. Minimum bactericidal concentration (MBC)

The minimum concentration capable of killing the tested microorganisms was evaluated by treating the
selected strains with different concentration of EOs, as described above. After 24 hours of incubation 5
pl of the content of each well were inoculated with neutrin agar medium and incubated at 37°C for
another 24 h. Finally, the colony-forming units (CFUs) were enumerated. The MBC was the lowest

concentration able to effectively kill the microorganisms.

2.8. Statistical analysis

The statistical analysis was performed using SPSS software. First, the normality of the statistical

variables was investigated using a Kolmogorov-Smirnov test, and after ensuring the normality of the



179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

data, the variance of the data was analysed using One-Way Analysis of Variance with a probability

level was 1 % error was performed

3. Results and discussion

3.1. Chemical composition of the essential oils

The EOs obtained by using cultivated or wild plants of D. kotschyi were yellow. The extraction yield
was 0.2% (w/w) from the cultivated plant, and 0.97% (w/w) from the naturally grown one. The results
are encouraging as the yields were higher than those found by Najafpour Navaii and Mirza (2007) for
the cultivated plants and by Ashrafi et al. (2017), Ghanbari Hemasi (2011) and Najafpour Navaei and
Mirza (2007) for the wild samples. Previous studies have shown that wild ecotypes are usually more
resistant to adverse environmental conditions, pests and diseases and their extractive products are
richest in secondary metabolites (Omidbeigy, 1995). The chemical composition of the EOs evaluated
by GC/MC system, revealed the presence of 28 active compounds in the oil obtained from the
cultivated plants corresponding to 100% of the total mass and only 21 active compounds
(corresponding 99.8% of the total mass) in the EO obtained from the wild samples (Table 2, fig 1 and
2). Differently, the number of active compounds found in the EO of D. kotschyi by Najafpour Navaei
et al. (2007), was 23 from cultivated and 27 from natural ones. These differences can be related to the
habitat and plant cultivation conditions. Accordingly, results showed that only six compounds were
common in both samples and a large difference regarding the type of compounds was detected
between the EOs obtained from the cultivated and naturally grown plants. The influence of the habitat
conditions on the secondary metabolites produced by different plants has been studied, and all results
obtained agreed that the role of habitat significantly affects the type and amount of secondary
metabolites (Sirostava and Shim, 2002; Zubayde et al., 2005; Walker et al., 2001; Donor et al., 2009
and Zargoosh et al., 2019), supporting the results of the present study. Further, the soil composition
and the geographical position are other key factors capable of affecting the EO composition Alcaraz-

Melendez et al., 2007).
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Fig. 2. GC/MS chromatogram of essential oil obtained from naturally grown D. kotschyi.

The ANOVA results showed that there was a significant difference between the mean of the
components obtained for essential oils of cultivated and wild plants (P < 0.05).

Oxygenated monoterpenes (51.68%) were the main compounds of the EO from cultivated plants,
followed by monoterpenes hydrocarbons (28.56%), according to Ashraf (2017) results. Among all o-
pinene (13.66%), (E)-citral (12.89%), neral (11.25%), methyl geranate (8.66%), limonene (8.33%), a
campholenal (6.22%) and geraniol (5.69%) were the most abundant. Different results, in terms of type
and amount of active compounds, were obtained by Najafpour Navaei and Mirza (2007) and by Falah
et al. (2020). The first found myrthenol (30.1%), limonene (23.6%), geranial (14.3%), neral (9.3%),
and methyl geranate (8.7%) as the main component contained in the EO from cultivated plants, while
the main components of the EO cultivated in Fereidoon Shahr (described in the second study) were
neral (21.03 to 28.37%), geranial (17.32 to 23.43%), geranyl acetate (7.93 to 20.82%), a-pinene (11 to

12.07%), limonene (3.90 to 10.49%) and methyl geranate (4.57 to 6.20%). By comparing previous

10
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results with those obtained in this study, it can be stated that methyl geranat is present in both samples
in a similar amount and the main compounds found in the present study in the EO from cultivated
plants of D. kotschyi are the same than that described in the study of Falah et al. (2020), probably
because of the similarity of the habitat.

Cyclohexylallene (52.63%) and limonene (35.88%), were the main compounds of the EO obtained
from the wild plants, and the other compounds were less than 2%, which did not correspond to those
detected by Gholshani et al. (2004). Differently to previous studies on secondary metabolites of D.
kotschyi, for the first time in this study, cyclohexylallene has been identified as main component of the
EO obtained from wild plants. Further, the amount of limonene detected in the EO prepared in
previous studies was always lower: 14.04% (Golshani et al., 2004); 9.2% (Morteza-Semnaniand
Saeedi, 2005); 15.8% (Saeidnia et al., 2007); 29.1% (Najafpour Navai and Mirza 2007); 8.75% (
Ghanbari Hemsi et al., 2011); 7.2 % (Mansif Esfahani, 2007); 23.56% (Gulparvar et al., 2016); 0.41%
(Nejad-Sadeghietal et al., 2015); 6.95% (Shakib et al., 2018); 6.95% (Ashrafi et al., 2017); 8.0%
(Sonboli et al., 2018); 15.23% (Sodeifian et al., 2016) and 23.6% (Falah et al., 2020). The high yields
and the unique EO composition of the present sample underline the peculiar characteristics and
properties of D. kotschyi from the Daran region of Iran probably connected with its growth conditions.
Indeed, many external sources (geographical location, time of collection, age of the plant, soil
composition, etc.) and/or internal factors (genetic characteristics) can affect the production of
secondary metabolites and the consequent composition of resulted EOs (Elhidar et al., 2019; Hajdari et
al., 2016)). The high amount of limonene can ensure optimal biological properties and industrial
applications of this oil. Indeed, limonene is used in beverages, cosmetics, flavours and has been
evaluated in alternative medicine, since their antimicrobial, anti-cancer and anti-parasitic properties

(Erasto and Viljoen, 2008).

Table 2. Chemical compositions of the EO obtained from cultivated and wild plants of D. kotschyi.

No Compound (%) RI# Relative percentage Molecular

formula

Cultivated Natural

11
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19
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21

22

o-Pinene

Camphene

Verbenene

Sabinene

B-Pinene

B -Myrcene

Limonene

y-Terpinene

Fencholenic aldehyde

Linalool

Santene

trans-p-2,8-Menthadien-1-ol

a-Campholenal

trans-Limonene oxide

Camphor

1,5-Dimethylbicyclo(3.2.1)octan-8-ol

cis-Limonene oxide

(-)-Terpinen-4-ol

1-Adamantanecarbonitrile

(+)-trans-Isolimonene

Cyclohexene, 1,5,5-trimethyl-3-
methylene-

Verbenone

873.399

877.684

893.596

908.609

912.251

919.867

953.311

976.490

1004.232

1013.492

1015.873

1031.746

1032.010

1037.830

1044.444

1048.677

1055.820

1069.841

1075.132

1082.010

1082.804

1093.915

12

13.66+0.00?

0.36+0.00%

0.37+0.00%

0.35+0.00%

1.11+0.00"

0.68+0.014

8.33+0.024

0.57+0.00"

1.68+0.00%

2.67+0.02!

6.22+0.01¢

2.36+0.03!

2.51+0.02

1.13+0.01"

4.08+0.01¢

3.13+0.01"

1.08+0.02»

0.35+0.00!

0.68+0.018

35.88+0.01°

0.20+0.00™

1.44+0.01¢

0.31£0.02!

0.22+0.00™

0.68+0.002

0.36£0.01!

CioHi6

CioHi6

CioH14

CioHis6

CioHis6

CioHis

CioHis

CioHis

C1oH160

C1oH180

CoHus

Ci1oH160

Ci1oH160

Ci1oH160

Ci1oH160

Ci1oH1s0

Ci1oH160

Ci1oH1s0

CiiHisN

CioHis6

CioHis6

C10H140



23 Cyclohexylallene 1102.884 - 52.63+0.03* CoHi4
24 Carveol 1106.009 1.93+0.011 CioH160
26 cis-Carveol 1112.980 - 0.50+0.00' CioHi60
27 Z-Citral=Neral 1114.423 11.25+0.00° - CioHi160
28 (-)-Carvone 1118.75 - 1.70+0.00¢ CioH140
29 Geraniol 1126.201 5.69+0.02f - CioHi1s0
30 (E)-Citral 1134.615 12.89+0.02° - CioHi160
31 Cyclooctene, 3-(1-methylethenyl)- 1137.019 - 0.50+0.00' CiuHis
32 a-Fenchyl acetate 1137.5 1.21£0.00" C12H2002
33 Limonen-10-ol 1149.519 - 1.11+0.00¢ CioH160
34 P-Menth-1-en-9-ol 1153.365 - 0.41+0.00% CioHi1s0
35 Methyl geranate 1162.259 8.66+0.02¢ - C11H1502
36 Perilla alcohol 1167.548 - 0.4620.011 CioHi60
37 a-Copaene 1192.067 0.38+0.02 0.59+0.02" CisHo4
38 Geranyl acetate 1195913 4.36+0.032 C12H2002
39 Limonen-10-yl acetate 1214.454 - 0.77+0.04f C12H1502
40 trans-Caryophyllene 1219.194 0.89+0.02r - CisHo4
41 Germacrene D 1254.739 - 0.25+0.03™ CisHo4
42 5-Cadinene 1277.251 - 0.22+0.01™ CisHo4
43 (-)-Caryophyllene oxide 1315.012 1.29+0.00! - Ci5H240
44 trans-Oleic acid 1600.554 1.16+0.01™ 0.54+0.00" CisH3402
Total 100 99.8

13
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Monoterpenes hydrocarbons 28.56 37.47

Oxygenated monoterpenes 51.68 4.3
Sesquiterpenes hydrocarbons 1.27 1.06
Oxygenated sesquiterpenes 1.29 -
Others 17.07 36.97

Retention indices (Rls) relative to n-alkanes (C6-C40) on the same methyl silicone capillary column. Values with different letters are
statistically different (Duncan, p<0.05).

3.2. Antimicrobial activity

The antibacterial and antifungal activities of the EOs obtained from cultivated and wild plants have
been evaluated (Table 3). The ANOVA results showed that there was a significant difference between
the mean inhibition halos obtained by treating different microorganisms with the essential oil of
cultivated and wild plants and antibiotics (P < 0.05). The highest inhibition halo belonged to
Aspergillus brasiliensis, which was more susceptible to the EO obtained from naturally grown plants
(26.00 = 0.50 mm) than that obtained from cultivated samples (25.00 = 0.50 mm). Any significant
difference was detected by treating the same bacteria with nystatin used as control, as the inhibition
halo was similar (30 + 0.00 mm). On the contrary the lowest inhibition of growth (inhibition halo 9.00
+ 0.00 mm) was observed for the Gram-positive bacteria Bacillus subtilis and Staphylococcus
epidermidis, irrespective of the type of EO tested. Differently, Ashraf et al. (2017), observed the
highest and the lowest inhibition halos for Salmonella typhi (31 mm) and the lowest for Pseudomonas
aeruginosa (10 mm).

Moreover, the naturally grown samples had an inhibitory effect on the yeast Candida albicans
(inhibition halo 16.33+0.58 mm), while the essential oil obtained from cultivated samples, was slightly
active against Aspergillus niger (inhibition halo 15.00 £ 0.50 mm). Both essential oils were active
against Gram-negative Klebsiella pneumonia as the inhibition halo (10.00 + 0.00 mm) was higher than
that measured by treating the same bacteria with rifampin and gentamicin (inhibition halo 8+0.00 and
7.8+0.00 mm respectively). These results are in agreement with those previously found by Shakib et

al. (2018). The same behaviour was observed for the Gram-negative Shigella dysenteriae, as the
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inhibition halos were slightly higher than those obtained using Rifampin and Gentamicin (9.00 + 0.00
Mm and 7.80 = 0.00 mm): 10.00 = 0.00 mm using the EO from cultivated plants and 9.50 + 0.50 mm,
using the EO from the natural samples. The EO obtained from cultivated plants was more effective
against the Gram-negative Proteus vulgaris (inhibition halos 9.17 £ 0.29 mm) than rifampin
(inhibition halos 8.00 = 0.00 mm).

Using the EO obtained from wild plants, the most resistant microorganisms were Staphylococcus
aureus among Gram-positive, pseudomonas aeruginosa, Escherichia coli and Salmonella paratyphi
among Gram-negative and Aspergillus niger among yeasts. Using the EO obtained from cultivated
plants, the most resistant microorganisms were Pseudomonas aeruginosa, Escherichia coli,
Salmonella paratyphi and Proteus vulgaris among Gram-negative bacteria, Staphylococcus aureus and
Bacillus subtilis among Gram-positive bacteria and Candida albicans among yeasts.

More detailed data on the antimicrobial properties of EOs were obtained by measuring the Minimum
Inhibitory Concentration (MIC) and the Minimum Bactericidal Concentration (MBC), Table 3. The
total values of MIC of the EO obtained from both cultivated and wild samples varied from ~31.25
pg/ml to ~2000 pg/ml as a function of the microorganism used. The Gram-positive Bacillus subtilis
showed the lowest resistance against the EO from cultivated plants (MIC ¢31.25 pg/ml), even if the
MIC value was significantly higher than that of rifampin. The MIC values provided by the EO
obtained from the cultivated sample against Pseudomonas aeruginosa, Escherichia coli, Aspergillus
brasiliensis and Aspergillus niger were very high (~2000 pg/ml) disclosing the highest resistance of
these strains to this essential sample. On the other hand, Candida albicans had the highest sensitivity
(MIC ~31.25 pg/ml) to the EO obtained from natural sample, which was more effective than the
synthetic drug nystatin (MIC ~33.00 pg/ml) used as control. Escherichia coli (MIC value of ~1000
ug/ml) had the highest resistance to the EO obtained from the natural sample. Similar results were
reported by Ashraf et al. (2017), that using the EO of D. kotschyi found against Escherichia coli a MIC
~640 png/ml, confirming the highest resistance of this strain against.

A similar trend was detected by measuring the MBC of essential oils that ranged from ~250 pg/ml to
~2000 pg/ml for that from crops and from ~62.50 pg/ml to ~1000 pg/ml using the oil from naturally

grown sample. MBC values detected for both EOs and all microorganisms tested was always higher
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294 than MIC value, in agreement with Ashraf et al. (2017). Bacillus subtilis, Klebsiella pneumonia (MBC
295  ~125 pg/ml) and Candida albicans yeast (MBC ~62.5 pg/ml) were the most sensitive to the EO
296  obtained from cultivated plants. Differently, Ashraf et al. (2017) detected the lowest resistance against
297  the EO for Streptococcus mutans (MBC ~80 ug/ml).
298  Table 3. Mean diameters of inhibition halo, Minimal Inhibitory Concentrations (MIC) and Minimum
299  Bactericidal Concentration (MBC) of D. kotschyi EOs obtained from cultivated and wild plants.
Test microorganisms EO from cultivated plants EO from wild plants Antibiotics
Rifampin Gentamicin Nystatin
1z MIC MB 1z MIC MB 1Z MIC 1z MIC 1z MIC
C C
Shigella dysenteriae ND 125 250  9.50+0.50° 500 500  9+0. 15.63 17 3.90 NA NA
00P 0.00
Pseudomonas aeruginosa ND 1000 1000 ND 500 500 ND 3125 20 7.81 NA NA
Bacillus subtilis 9.00+£0.00 31.25 125 ND 125 125 19«  31.25 30 3.90 NA NA
¢ 0.00 0.00
b a

Staphylococcus epidermidis ~ 9.67+0.58 250 1000 9.00+0.00> 125 250 44+ 195 39+ 195 NA NA

b 0.00 0.00

Escherichia coli ND 1000 1000 ND 1000 100 10 15.63 23 3125 NA NA

0

Staphylococcus aureus ND 500 500 ND 125 250 21 3125 27 1.95 NA NA

Klebsiella pneumoniae 10.00 125 125 10.00 125 250  8+0. 15.63 17 3.90 NA NA
+0.00° +0.00° 00° 0.00

Proteus vulgaris 9.17£0.29 250 250 ND 500 500 8+0. 1563 24+ 1563 NA NA
b 00° 0.00

Salmonella paratyphi-A ND 250 250 ND 125 125 8 15.63 18 3.90 NA NA

Candida albicans ND 62.5 250 16.33+0.5 312 625 NA NA NA NA 33+ 125

16



8b 5 0.00

Aspergillus niger 15.00+0.5 2000 2000 ND 500 500 NA NA NA NA 27+ 312
o> 0.00
Aspergillus brasiliensis 25.00+£0.5 2000 2000 26.00+0.5 250 250 NA NA NA NA 30+ 31.2
o> 0P 0.00
300 1Z: The diameters of the inhibition halos includes the diameters of disks (6 mm). Results are expressed as mean
301 values + standard deviations of three values. Activity is rated as follows: 6-9 mm: no activity; 10-14 mm: low
302 activity; 15-18 mm: good activity; above 18 mm: significant activity. NA: no activity, ND: not determined.
303 MIC: Minimal inhibitory concentration, MBC: Minimal bactericidal concentration. Values with different letters
304 are statistically different (Duncan, p<0.05).
305  Overall results indicated that the EO obtained from cultivated plants had a significant inhibitory and
306  lethal effect on the Gram-positive Bacillus subtilis, which is the main cause of food poisoning. While
307  that obtained from wild plants was most effective against Candida albicans, wich is the single most
308  important cause of fungal infections worldwide.
309  Studies on the mechanism of action of EOs have shown that the different compounds contained in the
310  extractive solution increase the permeability of bacterial membrane, thus facilitating their entrance
311  inside the bacteria reducing their activity and leading to cell death. The efficacy of EOs on Gram-
312 positive bacteria was slightly higher confirming that they are more sensitive to the antibacterial effect
313 of the bioactives. The cause of the lower sensitivity of Gram-negative bacteria may be due to the
314  presence of an external membrane capable of limiting the entrance of hydrophobic compounds of the
315  EO at the lipopolysaccharide layer level (Burt, 2004 and Zarali et al. 2016; Calo et al., 2015).
316  The higher antimicrobial effect of the essential oils on Gram-positive bacteria in comparison with
317  Gram-negative microorganisms has also been underlined by others in previous studies based on other
318  plants (Orlanda and Nascimento, 2015; Ashraf et al., 2015; and Ghavam et al., 2020). It has been
319  previously reported that a-pinene, terpinen-4-ol, and limonene provide good antibacterial activity
320  (Dorman and Deans, 2000; Silva et al., 2012 and Inouye et al., 2001) thanks to their ability to disrupt
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the integrity of bacterial membranes. Also, other compounds such as neral and geraniol may be
responsible of the antimicrobial activity of essential oils (Maksimovi¢ et al. 2008; Sartoratto et al.,
2004; Duarte et al., 2007 and Singh et al., 2012). Inactivation of cellular enzymes and proteins by
volatile oils has also been reported as a mechanism involved in the antibacterial activity (Raut and
Karuppayil, 2014). In general, the synergistic effects of the various constituents of the EO on their
biological and antimicrobial activity should be considered.

The effect of EOs as antimicrobials includes their ability to destabilize the membrane. The terpene
compounds are lipophilic and can easily penetrate through the membrane of the bacterial cell, resulting
in the loss of membrane integrity. Also, the interactions of terpene compounds with polysaccharides,
fatty acids, and phospholipids make bacterial membranes more permeable, and causes the loss of ions
and cellular content as well as cell death. Other mechanisms include the inactivation of cellular
enzymes and the denaturation of proteins by EOs (Raut and Karuppayil, 2014).

On the other hand, natural EO had a significant inhibitory and lethal effect on Candida albicans, one
of the most common pathogenic fungi that may cause a series of infectious diseases and has become a
serious threat to human health. Meanwhile, misuse of antifungal drugs exacerbates C. albicans, more
and more C. albicans infections are becoming common (Delcour, 2009). In the EO obtained from wild
samples, 42.83% are terpenes, which passing through the damaged cell wall exhibit significant
inhibitory capacity against C. albicans, as confirmed by scanning electron microscopy and
transmission electron microscopy analyses (Martinez et al., 2014). Therefore, this EO can be

considered a promising alternative for the production of a plant-derived antifungal agent.

4. Conclusions

The D. kotschyi is an endemic plant from the Daran region of Iran, used in the traditional medicine due
to its beneficial properties probably linked to its special growth conditions. In this study, for the first
time, its peculiar composition in secondary metabolites, was confirmed by analysing the EOs. Indeed,
cyclohexylallene (52.63%) and limonene (35.88%), were the main compounds of the EO obtained

from the naturally grown plants. This peculiar composition should be related to geographical location,
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hard climatic conditions of the collection area which can affect the production of secondary
metabolites and the consequent composition of resulted EOs. The high amount of limonene can ensure
optimal biological properties and industrial applications of this oil. Chemical analysis revealed
important difference between this essential oil and that obtained from the cultivated plants in the same
area. The difference in composition reflected the different biological efficacy. Indeed, oil from wild
plants was more effective against Candida albicans yeast, while oil from crops had significant
inhibitory and lethal effects on the Gram-positive bacteria Bacillus subtilis. Therefore, according to the
results of the present study, the EO from cultivated plants of D. kotschyi can be used to protect foods
avoiding their spoilage and against pathogenic microorganisms, as an effective alternative to synthetic

preservatives and that from wild plants can be test as natural drug against Candida infections.
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