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Abstract

Thymus kotschyanus is an essential oil with high antimicrobial effects. The present research was aimed to assess the antimicrobial
effects of T. kotschyanus essential oil, chlorhexidine 0.2% mouthwash and antibiotic agents against some mouth and teeth bacteria
in vitro condition. Aerial parts of the T. kotschyanus were prepared and used for essential oil extraction. Chemical components of
T. kotschyanus essential oil were identified using the GC-MS. Antimicrobial effects were examined using the disk diffusion and
MIC and MBC determination. Totally, 25 chemical compounents were identified in the T. kotschyanus essential oil. Carvacrol
(52.01%), Sabinene hydrate (11.58%), 1-8 cineol (7.50%), Para saimene (6.89%) were the most commonly identified chemical
compounents in the T. kotschyanus essential oil. In the disk diffusion, the diameter of the growth inhibition zones had ranges
between 5.15+0.16 to 14.80+£1.09 mm. The highest diameter of the growth inhibition zone was recorded for L. casei treated with
T. kotschyanus (10 mg/ml), while the lowest was found for S. salvarius treated with T. kotschyanus (0.16 mg/ml). Statistically
significant differences were obatined between some concentration of the T. kotschyanus and chlorhexidine, ampicillin, and
metronidazol antibiotic agents (P <0.05). The MIC values had ranges between 2.5 to 5 mg/ml. The MBC values hgd ranges between
5 to 10 mg/ml. The lowest MIC was identified for S. sanguis, S. salvarius, L. reutrei, L. acidophilus and L. casei treated by T.
kotschyanus essentialk oil (2.5 mg/ml). The lowest MBC was identified for S. sanguis, S. salvarius, L. reutrei, L. acidophilus and
L. casei treated by T. kotschyanus essentialk oil (5 mg/ml). According to the edible route of T. kotschyanus essential oil and its
higher antimicrobial effects compatred to antibiotic agents and chlorhexidine mouthwash, formulation of mouthwash based on the
T. kotschyanus essential oil is recommended to decrease the risk of oral infections, dental caries, and their subsequent
complications.
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Introduction

In recent years, several innovation and development have established in dental sciences (1-5). In keeping with this,
microbial community found in the oral cavity remain challenging in the cases of dental health (6, 7). There are about
500 types of microbes in the mouth, some of which are the cause of infectious oral disease, many are the cause of
tooth decay. Tooth colonization by carious bacteria is one of the important risk factors in the development of dental
diseases (8). A wide group of microorganisms have been identified in tooth decay, the most important of which are
Streptococcus mutans, Lactobacillus acidophilus, proteolytic bacteria, anaerobic organisms such as Provetella species,
Peptostreptococcus, Valionella, Fusobacterium, and Actinomyces viscosus, which play a role in the initiation and
spread of tooth decay (9-12). Facultative anaerobes, especially S. mutans, is an important organism that is commonly
found in human caries and participates in the progression of the lesion (13). Additionally, S. salvarius, and S. sanguis
are other important genus of this family responsible for dental decay (14).

One of the ways to reduce the amount of oral microbes is to use disinfectant solutions called mouthwash. The use of
mouthwashes effectively reduces the microbial population of the mouth and thus prevents gum diseases, tooth decay
and accelerates the healing of oral wounds (15). Chlorhexidine is the most commonly used broad-spectrum antiseptic
agent in oral hygiene. It is widely prescribed in different dental fields, especially in patients that cannot perform
correctly mechanical biofilm control, due to physical/mental impairment, lack of motivation or xerostomia (16).
Additionally, chlorhexidine has multiple applications in dentistry because of its substantivity. Chlorhexidine is
adsorbed by the oral mucosa, oral proteins, and onto hydroxyapatite of the dental surface (17). It is mainly used in
0.2% concentration as mouthwash to decrease the microbial population of the oral cavity and mainly decreases the
risk of dental decay (18). However, it has a chemical base and may have some bad effects on the human health (19,
20).

In recent years, using medicinal plants have developed in medical sciences (21). Herbal mouthwashes have better
conditions than chlorhexidine, which is a common and available mouthwash, due to having natural ingredients in
terms of compatibility with the body's physiology and less possibility of poisoning (22, 23). Therefore, it is
recommended for people who cannot use chemical mouthwashes.

Iran is rich in ecological diversity and has a rich herbal flora which has not yet been well studied in terms of
phytochemistry and bioactivity. Lamiaceae (formerly Labiatae) is one of the most important plant families in which
Thymus with about 215 species is a significant genus (24). Thymus species are commonly used as a tonic, carminative,
digestive, antitussive, and expectorant for the treatment of cold in Iranian traditional medicine. Recent studies have
implied that these species have strong antibacterial activities (25). Thymus has several species including Thymus
vulgaris, Thymus daenensis, Thymus schimperi, Thymus zygis and Thymus kotschyanus etc. (25). T. kotschyanus is
a dicot herbal plant belonging to Lamiaaceae's family. The name of T. kotschyanus is gained from Greek “Thymos”
meaning power and courage (26). In traditional medicine thymus species are used as antibacterial, antifungal, antiviral,
anti-helminthic, antioxidative, antispasmodic, sedative and diaphoretic drugs (27). Carvacrol and Thymol are known
as the major phenolic monoterpenes of thyme oil especially in T. kotschyanus oil showing anticancer and anti-
depressant effects (28).

The present study was done to assess the biologic effects of T. kotschyanus with chlorhexidine 0.2% mouthmouthwash
solution on some mouth and theet bacteria in vitro condition.

Materials and methods

Plant materials

Fully dried T. kotschyanus plant aerial parts were obtained from research farm in city of Shahrekord, Iran. The
scientific name was confirmed by the Herbarium Center of the Islamic Azad University, Shahrekord Brnch,
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Shahrekord, Iran. In order to prepare the essential oil, the plant was crushed and grinded. Then, the essential oil was
extracted by ethanol distillation using a Clevenger apparatus. Essential oil extraction was done for 3 hours from the
time the liquid inside the balloon was boiled. After drying using sodium sulfate, the essential oil was passed through
0.45 pm microfilter, and stored in a dark glass container at 4 °C away from sunlight. The treatments that were prepared
included 0.2% chlorhexidine and T. kotschyanus essential oil with specific concentrations.

GC-MS analysis

Analysis of essential oil composition using Gas chromatography mass spectrometry(GC-MS) ldentification of
essential oil components was done using retention indices by evaluating mass spectra of compounds and comparing
them with standard mass spectra and valid references. For this purpose, the prepared essential oil was injected into the
GC system, and the optimum column temperature was calculated for the complete separation of the essential oil’s
components. The essential oil was then injected into the mass chromatograph to study the mass spectra of the
compounds. The GC-MS device Agilent 6890 with a HP-5MS capillary column (0.25 mm internal diameter, 30m
length, film thickness0.25 pum) was used in this study. The column temperature program started with 70 °C heating
for 2 min. Then, the temperature was increased to 220 °C at rate of 15 °C per minute, and continued to 300 °C for 2
min.

Antimicrobial evaluation

Pathogens include three types of S. salvarius, S. sanguis, and S. mutans, and the probiotics used include L. reutrei, L.
acidophillus, and L. casei, which were obtained from the Collection Center of Industrial Microorganisms (Scientific
and Industrial Research Organization, Tehran, Iran) along with the strain code. Each bacterium was cultured in the
specific culture medium. In order to prepare a bacterial suspension from a fresh and young bacterial culture, several
colonies were transferred to Mueller Hinton Broth culture medium (Merck, Germany) and to equalize the turbidity of
the prepared microbial suspension according to 0.5 McFarland's standard, light absorption was set at a wavelength of
630 nm (29, 30). Eight different concentrations of essential oils (20, 10, 5, 2.5, 1.25, 0.63, 0.31, 0.16 pl/disk) were
used, and the method of preparation of essential oil concentrations includes the final volume of each concentration of
20 ul, which from each concentration, the specified amount was taken with a sampler and dimethyl sulfoxide was
added to reach the final volume, and the final volume of essential oil and solvent was 20 pl/disk. Dimethyl sulfoxide
solvent was considered as a negative control in measuring the diameter of growth halo and evaluating Minimum
Inhibitory Concentration (MIC) and Minimum Bacterial Concentration (MBC), and its possible effects were removed
(31).

Disc diffusion method was used to determine the diameter of the halo of non-growth for the MIC and MBC and MBC
of bacteria, in which a specific culture medium was prepared for each pathogen or probiotic and a thin layer of
microbial suspension was cultured on the culture medium, then sterile 6 mm thick blank discs containing the required
concentrations of essential oil were used on the culture media, then the media were kept in an incubator for 16-24 h
at a temperature of 37 °C, and then the diameter of the halos of non-growth was measured with a caliper. To be sure,
this experiment was repeated 3 times for each bacterial strain (32). A 0.2% chlorhexidine mouthwash was used to
compare with the effects of essential oils by disking method. The MIC of essential oils was determined by the
microbroth dilution method. For each treatment in the 96-well microplate, house number 1 to 8 corresponding to
dilutions of 20 to 0.16 microliters of essential oils were considered. Then, it was placed in an incubator at a temperature
of 37 °C for 16-24 h. Immediately after removing from the incubator, the absorbance of the microplate wells was read
in the ELISA reader at a wavelength of 630 nm, and also, by visual inspection of the turbidity created in it, the lowest
dilution of the test substance in which turbidity was observed in the well corresponding to that concentration It could
not be considered as the minimum inhibitory concentration and the next well was considered as the minimum lethal
concentration (29, 33).
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Data analysis

This research was done factorially and based on completely random designs in 3 replications. The main factor includes
T. kotschyanus essential oil, and the secondary factor includes different concentrations of the aforementioned T.
kotschyanus essential oils, which have 8 levels including 20, 10, 5, 2.5, 1.25, 0.63, 0.31, 0.16 pl/disk. and also the
concentration of chlorhexidine is 0.2% and antibiotics related to each bacteria, and the secondary factor includes the
standard strains of selected microorganisms. Statistical analysis is done using Minitab version 16 statistical software
and comparison of averages is done by Duncan's test at the statistical level of 1%. The data obtained from the
experiment are entered into the Excel program for the above statistical analysis. P value < 0.05 was considered as
significant level (34, 35).

Results

GC-MS analysis

Table 1 shows the GC-MS analysis of the chemical compounents of the T. kotschyanus essential oil. Totally, 25
chemical compounents were identified in the T. kotschyanus essential oil. Carvacrol (52.01%), Sabinene hydrate
(11.58%), 1-8 cineol (7.50%), Para saimene (6.89%) were the most commonly identified chemical compounents in
the T. kotschyanus essential oil.

Table 1. GC-MS analysis of the chemical compounents of the T. kotschyanus essential oil.

No Chemical compounent Inhibition idex Frequency (%)
1 Sabinen 10.50 0.98
2 Alpha-pinene 10.75 1.69
3 Comphene 11.38 1.20
4 2 (10) pinene 12.69 0.50
5 Beta-mircene 13.59 1.01
6 Flandrene 14.08 0.99
7 3-Carene 14.32 0.009
8 2-carene 14.69 1.51
9 Para saimene 15.16 6.89
10 1-8 cineol 15.37 7.50
11 Sabinene hydrate 16.82 11.58
12 4 cerene 18.17 0.15
13 Beta terpineol 18.81 0.17
14 Comphore 20.81 1.49
15 Borneol 22.02 3.01
16 Paramentha 1-N, 4-L 23.56 0.91
17 Alpha terpineol 22.56 0.49
18 Iso thymol methyl ether 25.66 1.23
19 Carvacrol 28.80 52.01
20 Beta caryiophilen 33.22 1.86
21 Aromadandrene 34.02 0.24
22 Morolene 35.63 0.29
23 Cadinene 37.16 0.01
24 Cadina3,9di N 37.54 0.49
25 Caryiophilen oxide 39.91 0.18
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Essential oil and

Diameter oif the growth inhibition zone

Table 2 shows the diameter of the growth inhibition zone of bacterial strains against essential oils, antibiotics and
Chlorhexidine 0.2%. the diameter of the growth inhibition zones had ranges between 5.15+0.16 to 14.80+1.09 mm.
The highest diameter of the growth inhibition zone was recorded for L. casei treated with T. kotschyanus (10 mg/ml),
while the lowest was found for S. salvarius treated with T. kotschyanus (0.16 mg/ml). Statistically significant
differences were obatined between some concentration of the T. kotschyanus and chlorhexidine, ampicillin, and
metronidazol antibiotic agents (P <0.05).

Table 2. Diameter of the growth inhibition zone of bacterial strains against essential oils, antibiotics and Chlorhexidine
0.2%.

Diameter of the growth inhibition zone (mm)

antibiotics/concentrations S. mutans S. sanguis S. salvarius L. reutrei L. acidophilus L. casei
20 10.03+0.12 b 11.20+0.18 ¢ 12.00+0.41 ¢ 11.93+0.55 ¢ 11.05+0.32 ¢ 11.14+0.24 ¢
10 12.84+1.112 14.43+1.00 a 14.71+1.06 a 14.56+1.12 » 13.76+1.03 a 14.80+1.09 o
5 11.79+0.81 2 13.38+0.36 P 13.17+0.39 P 13.90+0.18 " 12.98+0.16 2 13.89+0.52 2
Thymus 25 9.93+0.23 ¢ 10.99+0.38 © 11.87+0.68 ¢ 11.90+0.24 cq 10.95+0.42°¢ 11.01+0.33 ¢
kotschyanus 1.25 7.75+0.51 ¢ 8.86+0.63 ¢ 9.81+0.37 ¢ 9.96+0.41 ¢ 9.02+0.20 ¢ 8.93+0.53 ¢
0.63 7.01£0.24 ¢ 6.86+0.41 ¢ 7.9840.19 ¢ 7.80+0.26 ¢ 7.00£0.41 ¢ 6.92+0.34 ¢
0.31 6.12+0.20 f 6.030.17 ¢ 6.27+0.31 ¢ 6.92+0.28 ¢ 6.11+0.46 f 6.00£0.32 f
0.16 5.52+0.35 9 5.49+0.28 9 5.15+0.16 ¢ 6.50+0.30 n 5.49+0.25 9 5.58+0.34 9
Chlorhexidine 0.2% 11.18+0.48 12.01+0.39 » 12.55+0.23 e 13.03£0.44 ® 12.07+0.26 @ 13.08+0.29 ®
Ampicillin 12.93+1.142 13.45+0.22 » 1451+1.16 a 13.15+0.61 ° 12.19+0.33 @ 13.21+0.74 ®
Metronidazole 11.25+0.51 12.77+0.20 @ 12.98+0.69 b 14.30£1.27 o 13.58+0.42 4 14.70+1.08 a
*Dissimilar letters in each column show significant differences about P <0.05.
MIC and MBC determination
Table 3 shows the MIC and MBC concentrations of essential oil and chlorhexidine against tested bacteria. The MIC
values had ranges between 2.5 to 5 mg/ml. The MBC values hgd ranges between 5 to 10 mg/ml. The lowest MIC was
identified for S. sanguis, S. salvarius, L. reutrei, L. acidophilus and L. casei treated by T. kotschyanus essentialk oil
(2.5 mg/ml). The lowest MBC was identified for S. sanguis, S. salvarius, L. reutrei, L. acidophilus and L. casei treated
by T. kotschyanus essentialk oil (5 mg/ml).
Table 3. MIC and MBC concentrations of essential oil and chlorhexidine against tested bacteria.
MIC and MBC (mg/mL)
Essential oil S. mutans S. sanguis S. salvarius L. reutrei L. acidophilus L. casei
MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC
Thymus kotschyanus 5 10 25 5 25 5 25 5 2.5 5 25 5
Chlorhexidine 0.2% 5 10 5 10 25 5 25 5 5 10 25 5
Discussion

In recent years, antibiotic-resistant bacteria have considered as important health threating factors globally (36-40). As
aresult, a big health threating issue will be occurred in future. The present survey was aimed to assess the antimicrobial
effects of T. kotschyanus essential oil and chlorhexidine 0.2% on some probiootic and pathogenic bacteria of the oral
cavity. Our findings showed that T. kotschyanus essential oil (10 mg/ml) harbored the highest antimicrobial effects
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against tested organisms, including S. mutans, S. sanguis, S. salvarius, L. reutrei, L. acidophilus, and L. casei.
Additionally, T. kotschyanus essential oil harbored the lowest MIC and MBC values which showed its high potential
antimicrobial effects even on low concentrations.

As it shows, carvacrol (52.01%), sabinene hydrate (11.58%), 1-8 cineol (7.50%), para saimene (6.89%) were the most
commonly identified chemical compounents in the T. kotschyanus essential oil. All of these chemical compounents
had high antimicrobial effects against diverse kinds of bacterial agents, including Staphylococcus aureus, Escherichia
coli, and Candida albicans (41), Streptococcus species (42), and Bacillus subtilis, Enterobacter cloacae, E. coli
0157:H7, Micrococcus flavus, Proteus mirabilis, Pseudomonas aeruginosa, Salmonella enteritidis, S. epidermidis, S.
typhimurium, and S. aureus (43). Additionally, high antimicrobial effects of T. kotschyanus essential oil was reported
against Aspergillus niger and C. albicans (44), E. coli, S. aureus, Bacillus subtilis, Klebsiella pneumonia, and P.
aeruginosa (45), multidrug resistance (MDR) Acinetobacter baumannii, P. aeruginosa, and S. aureus (46), and S.
aureus and P. aeruginosa (47).

The most appropriate method for determining the bactericidal effect as well as a strong tool for obtaining information
about the dynamic interaction between the anti-microbial agent and the microbial strain is the time-kill test. Also a
time-dependent or a concentration-dependent antimicrobial effect is revealed by the time-kill test. Factors determining
the activity of essential oils are composition, functional groups present in active components, and their synergistic
interactions. The antimicrobial mechanism of action varies with the type of essential oil or the strain of the
microorganism used. It is well known that in comparison to Gram-negative bacteria, Gram-positive bacteria are more
susceptible to essential oils (48). This can be attributed to the fact that Gram-negative bacteria have an outer membrane
which is rigid, rich in lipopolysaccharide (LPS) and more complex, thereby limiting the diffusion of hydrophobic
compounds through it, while this extra complex membrane is absent in Gram-positive bacteria which instead are
surrounded by a thick peptidoglycan wall not dense enough to resist small antimicrobial molecules, facilitating the
access to the cell membrane (49). Moreover, Gram-positive bacteria may ease the infiltration of hydrophobic
compounds of essential oils due to the lipophilic ends of lipoteichoic acid present in cell membrane (50).

An increase in bacterial resistance to antibiotics and the lack of new antibiotics introduced into the market resulted in
a need to find alternative strategies so as to cope with infections resulting from drug-resistant bacteria (51, 52).
Development of alternatives for antibiotics and the discovery or development of adjuvants are amongst the potential
strategies proposed. In order to increase or restore antimicrobial efficacy against multi-drug-resistant bacteria, some
efforts have been made. Addition of essential oils to antibiotics can induce a reduction in the antimicrobial MIC and
the maximum effect has been observed with ampicillin and metronidazole as they are choices of oral infections.

Conclusions

In conclusion, we found that the T. kotschyanus essential oil, especially at 10 mg/ml concentration harbored the high
antimicrobial effects against several types of bacteria in the oral cavity. Additionally, the antimicrobial effects of the
T. kotschyanus essential oil was significantly highet than chlorhexidine 0.2% mouthwash and ampicillin, and
metronidazole antibiotic agents. According to the edible route of T. kotschyanus essential oil, formulation of
mouthwash based on the T. kotschyanus essential oil is recommended to decrease the risk of oral infections, dental
caries, and their subsequent complications.
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