Nazemisalman B, et al

10.30476/dentjods.2023.97602.2020

J Dent Shiraz Univ Med Sci. September 2024; 25(3): 223-228.

Original Article

Comparison of Dracocephalum Moldavica Essential Oil with Chlorhexidine on

Cariogenic Bacteria

Bahareh Nazemisalman ; MscD; Seyede Solmaz Taheri 2 php; Fatemeh Heydari 3 pmp; Alireza Yazdinezhad 4, msc;
Fakhri Haghi ®, msc; Mahsa Shabouei Jam 3, bmp; Samira Basir Shabestari ®, mscp;

! Dept. of Pediatric Dentistry, Dental School, Zanjan University of Medical Sciences, Zanjan, Iran.
2 student Research Committee, Dept. of Biostatistics, School of Allied Medical Sciences, Shahid Beheshti University of Medical

Sciences, Tehran, Iran.

® Dentist, Faculty of Dentistry, Zanjan University of Medical Sciences, Zanjan, Iran.
* Dept. of Pharmacognosy, School of Pharmacy, Zanjan University of Medical Sciences, Zanjan, Iran.
® Dept. of Bacteriology, Dept. of Microbiology and Virology, School of Medicine Zanjan University of Medical Sciences, Zanjan,

Iran.

® Dept. of ENT and Head and Neck, Firoozgar Hospital, School of Medicine, ENT and Head and Neck Research Center, Iran Univer-
sity of Medical Sciences, Tehran, Iran.

KEY WORDS
Chlorhexidine;
Dracocephalum moldavica;
Cariogenic Bacteria;
Lactobacillus acidophilus;

Received: 18 January 2023;
Revised: 15 May 2023;
Accepted: 11 November 2023;

Copyright

© Journal of Dentistry, this is an
open access article distributed under
the terms of the Creative Commons
Attribution 4.0 International License,
(http://creativecommons.org/licenses/
by/4.0/) which permits reusers to
copy and redistribute the material in
any medium or format if the original
work is properly cited, and attribution
is given to the creator. The license
also permits for commercial use.

ABSTRACT

Statement of the Problem: Dental caries and periodontal disease are the most com-
mon oral problems. Chemical antibacterial agents often have side effects; thus, re-
searchers have long been in search for organic and herbal products to prevent dental
caries and periodontal disease.

Purpose: The present study has aimed to assess the effects of Dracocephalum molda-
vica essential oil on Streptococcus mutans, Streptococcus salivarius, Streptococcus
sobrinus, and Lactobacillus acidophilus compared to Chlorhexidine (CHX).

Materials and Method: In this in vitro study, the plants were collected from Zanjan
Province, Iran. Analysis of the essential oil was carried out by gas chromatog-
raphy/mass chromatography. Micro-broth dilution and disc diffusion methods were
used for assessment of the antimicrobial activity, and minimum inhibitory concentra-
tion (MIC) and minimum bactericidal concentration (MBC) were evaluated.

Results: The mean diameter of the growth inhibition zones in the well plate method
for Dracocephalum moldavica showed that it had greater antimicrobial activity against
Lactobacillus acidophilus than others (p Value= 0.01). Furthermore, Dracocephalum
moldavica had higher antimicrobial activity than CHX. The results of MIC and MBC
showed that Dracocephalum moldavica had lower antibacterial activity than CHX.
Conclusion: Dracocephalum moldavica essential oil demonstrated antibacterial prop-
erties against cariogenic bacteria. Given that other favorable properties of these essen-
tial oils are confirmed, they may be suitable for use as antibacterial agents in the for-
mulation of oral healthcare products.
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Introduction

Dental caries and periodontal disease are common oral
conditions caused by the activity of bacteria in dental
plague [1]. The oral cavity is inhabited by a variety of
microbial species, and oral microbial flora is highly
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complex since about 500 species are present in the oral
cavity [2].

Several antibacterial agents such as fluoride compo-
unds, phenolic compounds, and antibiotics have been
extensively used for inhibition of bacterial growth and
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proliferation in the oral cavity; however, use of these
synthetic compounds often disrupts the normal microbi-
al flora of the mouth and intestines and causes numer-
ous side effects [3-6].

Chlorhexidine (CHX) is the gold standard antibacte-
rial mouthwash regarding its wide spectrum antibacteri-
al properties in different concentrations. Its continuous
use is not recommended due to the metallic taste as well
as the resultant tooth discoloration [7]. At present,
emergence of antibiotic-resistant bacteria species is a
global dilemma. Thus, researchers have been in search
of medicinal plants as alternatives to chemical agents
[7]. At present, 25% of all drugs marketed in the United
States have plant origin and can serve as suitable alter-
natives to chemical products in many conditions. Botan-
ical resources are extensive and evaluation of different
plant species in terms of their therapeutic efficacy and
antimicrobial properties may lead to discovery of effi-
cient herbs [8]. Researchers have been in search of ef-
fective medicinal plants against oral pathogens, which
could be safe for use in the clinical settings [9-16].

The Labiatae family is famous for the essential oils
found in many of its members, which have been utilized
an antioxidants and antibacterial agents. Labiatae, with
its 46 genera and 410 species and subspecies, exhibits
significant diversity and widespread distribution in Iran.
Dracocephalum moldavica L., which is locally known
as Baderashbo in Iran is an annual, herbaceous, balm-
scented plant belonging to the Lamiaceae family [17-
18]. It is an edible medicinal plant. In traditional medi-
cine, aerial parts of the plant have been used as infu-
sions as sedative, hypotensive, antiemetic, and carmina-
tive agents. In Poland, Dracocephalum moldavica have
been used as a cure for snake bites [19-20].

Considering the limited number of studies on the ef-
fects of herbal essential oils on oral and dental patho-
gens, and the need for herbal products with the same
efficacy and fewer side effects compared to chemical
agents, this study aimed to assess the effects of Draco-
cephalum moldavica essential oil on the most common
cariogenic bacteria in comparison with CHX.

Materials and Method

The University Ethics Committee approved this experi-
mental study (IR.ZUMS.REC.1399.158). The Draco-
cephalum moldavica plants were collected from Zanjan

when they were fully flowering. Plant samples were
prepared and a voucher specimen was placed in the her-
batium of the Department of Pharmacognosy, Faculty of
Pharmacy, Zanjan University of Medical Sciences.

The oil from the dried and ground aerial parts of the
plant was extracted using hydro distillation for three
hours with a Clevenger type apparatus. The oil was then
dried with anhydrous sodium sulfate and stored in the
dark at +4°C under nitrogen until analysis.

The oil was analyzed using gas chromatography-
mass spectrometry with an Agilent gas chromatograph
and an Agilent HP-7890A (Wilmington, USA) mass
selective detector in the electron impact mode. The
analysis was conducted under the same oven tempera-
ture conditions as described above for the gas chroma-
tography (GC), using a HP-5MS 5% phenylmethyl si-
loxane capillary column (30mx0.25mm, 0.25um film
thickness; Restek, Bellafonte, PA) and He as the carrier
gas with a flow rate of 1 ml/min and samples (1.0pl)
were injected with a split ratio of 1:10. The identifica-
tion of essential oil components was based on compar-
ing their retention indices to n-alkanes and using com-
puter matching with the Wiley libraries. Additionally,
the fragmentation pattern of the mass spectra was com-
pared to data published in the literature [21].

For assessment of viability, Streptococcus mutans,
Streptococcus sobrinus, Streptococcus salivarius, and
Lactobacillus acidophilus were selected as the most
common pathogens causing dental caries from Pasteur
Institute of Iran. Microorganisms selected for testing
were microbiologically identified and stored at -80°C in
brain heart infusion broth including 15% (V/V) glycer-
ol. Before testing, suspension was transferred to nutrient
broth (NB) and cultured overnight at 37°C. Next, 0.5
McFarland standard concentration of microbial suspen-
sion containing 1.5x10° colony forming units (CFUs)/
mL of bacteria was prepared. Two-fold serial dilution of
suspension in 0.1 w/v% peptone in distilled water was
inoculated onto nutrient agar (NA) for assessment of
viability.

The antimicrobial activity of essential oils was as-
sessed using a disc diffusion test. Briefly, using a sterile
cotton swab, microbial suspensions with the aforemen-
tioned concentrations were spread on Mueller Hinton
agar. Sterile paper discs (6 mm diameter) were soaked
in 10, 15 and 20uL of each essential oil and placed on
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inoculated plates. The plates were kept at 4°C for two h
and incubated at 37°C for 24h. The diameter of the
growth inhibition zones was measured in millimeters.
All tests were repeated three times.

The minimum inhibitory concentration (MIC) and
minimum bacterial concentration (MBC) of essential
oils were determined using a microplate Alamar blue
assay. Two-fold serial dilutions of essential oils were
prepared using a 96-well microplate. Dimethyl sulfox-
ide (160uL), 20uL of essential oil, and 140uL of
Mueller Hinton broth were added to wells in row A.
Wells in rows B to H received 80uL of Mueller Hinton
broth. Two-fold serial dilution of each essential oil was
prepared in the plate. Twenty puL of microbial inoculum
containing 1.5x10° CFUs/mL of each microorganism
and 20 pL of Alamar blue was added to the wells to
indicate growth and proliferation of bacteria. Overnight
culture was prepared in NB such that the final concen-
tration of each inoculum contained approximately 5x10°
CFUs/mL. The concentration of each inoculum was
confirmed by counting the viable bacteria in Trypticase
soy agar plate. A control microbial susceptibility test
was carried out using gentamycin as a standard antibac-
terial agent and dimethyl sulfoxide 0.1% as the negative
control. Plates were incubated at 37°C and tested at 24
and 48h. Color change from blue to red was considered
as an indicator of bacterial growth. MIC was considered
as the concentration of essential oil (UL/mL) in the first
well, which remained blue. To determine MIC and ob-
tain MBC, 10uL of broth from each well was removed
and inoculated onto Trypticase soy agar (TSA) plate.
After overnight aerobic incubation at 37°C, viable bac-
teria were counted. The MIC was considered as the
minimum concentration causing a significant reduction
in viability of bacteria (>90%) and MBC was consid-
ered as the concentration of essential oil killing more
than 99.9% of primary bacterial count. Each test for
each concentration of essential oils and for each micro-
organism was repeated three times.

Results

The essential oil of Dracocephalum moldavica was ob-
tained using hydro-distillation. The essential oil yield in
aerial parts of Dracocephalum moldavica was 1.12%
(v/w). The essential oil volatile compounds of Draco-
cephalum moldavica was; their retention indices (RI),
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retention time (RT) and percentages were presented in
Table 1. The HP-5MS column was used to arrange all
the constituents in order of their elution. A total of 11
components were identified in the essential oil from the
aerial part, which accounted for 96.23 percent of the
total essential oil. The antimicrobial effect observed
may be attributed to the chemical composition of Dra-
cocephalum moldavica, specifically geranyl acetate (an
ester derived from geraniol), geranial, and neral (collec-
tively known as citral) which have strong antibacterial
properties and thermal stability (Table 1).

Results of disc diffusion test

The mean diameter of the growth inhibition zone
of Streptococcus mutans in millimeter (based on the
results of disc diffusion test) for Dracocephalum mol-
davica, CHX %0.02, and Gentamycin was found to be
16, 20 and 13 mm, respectively. The mean diameter of
the growth inhibition zone of Streptococcus sobrinus for
Dracocephalum moldavica, CHX %0.02, and Gen-
tamycin was found to be 10, 22 and 8 mm, respectively.
The mean diameter of the growth inhibition zone
of Streptococcus salivarius for Dracocephalum molda-
vica, CHX %0.02, and Gentamycin was found to be 20,
30 and 14mm, respectively. The mean diameter of the
growth inhibition zone of Lactobacillus acidophilus for
Dracocephalum moldavica, CHX %0.02, and Gentamy-
cin was found to be 36,26 and 26 mm, respectively. The
well plate method revealed that Dracocephalum molda-
vica exhibited greater antimicrobial activity against Lac-
tobacillus acidophilus compared to other substances.

Table 1: Chemical composition of the essential oil from
Dracocephalum moldavica

q Retention ..
Number Compound Rlitg;‘;:;n Time Com(?;sjltlon
(min) N

1 Sabinene 970 973 1.14
2 Linalool 1102 1093 2.21
3 Nerol 1229 1231 0.93
4 Neral 1236 1239 15.41
5 Geraniol 1253 1258 24.33
6 Geranial 1271 1277 8.21
7 Carvacrol 1302 1306 112
8 NED 1361 1367 3.37

acetate
9 Car 1384 1388 37.66

acetate
10 Methyl 400 1417 0.88

eugenol

p-caryophy-

11 lone 1424 1429 0.97
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Additionally, Dracocephalum moldavica displayed
higher antimicrobial activity than CHX.

Results of micro-broth dilution: The MIC of Draco-
cephalum moldavica and CHX for Streptococcus mu-
tans were resistant 0,0.0031pg/mL, respectively. The
MIC of Dracocephalum moldavica and CHX for Strep-
tococcus sobrinus was 0.25312, 0.0003ug/mL, respec-
tively. The MIC of Dracocephalum moldavica and
CHX for Streptococcus salivarius was 4.05,0.0007ug/
mL, respectively. The MIC of Dracocephalum moldavi-
ca and CHX for Lactobacillus acidophilus was 2.025,
0.0031pg/mL, respectively. The MIC results indicated
that Dracocephalum moldavica had less effective anti-
bacterial activity compared to CHX.

Discussion
The antibacterial effects of its essential oil were evalu-
ated using micro-broth dilution and disc diffusion meth-
ods. As shown in Tables 2 and 3, Dracocephalum mol-
davica essential oil demonstrated antibacterial activity
against Lacobacillus acidophilus more effectively than
other substances. Furthermore, Dracocephalum molda-
vica exhibited higher antimicrobial activity than CHX.
Antimicrobial activity of herbal essential oils de-
pends on their chemical composition. Analysis of essen-
tial oils of different medicinal plants by chromatography
has revealed their constituents to be monoterpenes, ses-

Table 2: The diameter of growth inhibition zone in millimeters

Dracocephalum

Bacteria Gentamycin . Chlorhexidine
moldavica

Streptococcus 13 16 20

mutans

Streptococcus 8 10 29

sobrinus

Strgptopoccus 14 20 30

salivarius

La_ctoba_cnlus 2% 36 2%

acidophilus

Table 3: Minimum inhibitory concentration (MIC) and Mini-
mum bacterial concentration (MBC) P. values

MIC(pg/mL)/ Dracocephalum

Bacteria MBC(pg/mL) moldavica Chlorhexidine
Streptococcus MIC - 0.0031
mutans MBC - 0.0031
Streptococcus MIC 0.25312 0.0003
sobrinus MBC 0.5062 0.0015
Streptococcus MIC 4.05 0.0007
salivarius MBC 4.05 0.0015
Lactobacillus MIC 2.025 0.0031
acidophilus MBC 2.025 0.0031

quiterpenes, and other oxygen-containing compounds
such as alcohols, aldehydes, esters, ethers, ketones, and
phenols [12]. Researchers have shown that among these
compounds, carvones from the ketones, and thymol and
carvacrol from the group of isomeric phenols have
shown antimicrobial activity. Chemical composition of
essential oils of plants is variable and one compound
may be dominant in each essential oil [12].

Maham et al. [18] evaluated the constituents of Dra-
cocephalum moldavica essential oil and reported that
terpenoids were the main constituents with citral ac-
counting for the major part (31.14%). Numerous studies
have reported that Citral exhibits notable antimicrobial
activity against both Gram-positive and Gram-negative
bacteria [19,22-23].

El-Baky et al. [23] evaluated the antibacterial activi-
ty of Dracocephalum moldavica essential oil using bio-
autography and reported that among its constituents,
geraniol, neral, geranyl acetate, geranial, nerol, neryl
acetate and methyl nerolate possesseed antibacterial
activity. They also showed that Dracocephalum molda-
vica essential oil had similar antibacterial activity
(MIC=0.07 mg/mL) against S. aureus and Micrococcus
luteus Gram-positive and Serratia marcescens Gram-
negative bacteria, which was concentration-dependent
[23]. They concluded that Dracocephalum moldavica
essential oil had lower but significant antimicrobial ac-
tivity compared to chloramphenicol (MIC=0.02mg/mL).
In this study Dracocephalum moldavica showed the
highest effect on L. acidophilus and created a larger
growth inhibition zone compared to CHX. Lee et al.
[24] examined the antimicrobial impacts of Dracoceph-
alum moldavica and showed that it had antimicrobial
effects against Streptococcus mutans, which was in con-
trast to our findings. This difference in the results of the
two studies may be due to variability in Dracocephalum
moldavica species or Streptococcus mutans strains
evaluated. Another study demonstrated that different
species of this plant had antimicrobial effects on differ-
ent bacterial strains such as Streptococcus mutans, Ba-
cillus subtilis, and fungi, which was in line with our
results [20]. Similarity between the results of the two
studies may be attributed to using the same plant species
and bacterial strains [24-25].The Dracocephalum mol-
davica L. essential oil demonstrated better antioxidant
and antimicrobial activities compared with the Draco-
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cephalum moldavica hydrolate against Staphylococcus
aureus, Escherichia coli, Salmonella Typhimurium, and
Listeria monocytogene [26].

Conclusion

Dracocephalum moldavica essential oil demonstrated
antibacterial properties against cariogenic bacteria. If
the confirmed positive qualities of these essential oils
are taken into account, they could be used as antibacte-
rial agents in oral healthcare products like mouthwash-
es, toothpaste, or dental floss to make use of their anti-
microbial properties. The efficacy of these essential oils
must be further evaluated in future in vitro studies with
more precise techniques and clinical trials to validate
the results of this study.
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