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يراجلافموناجروأنانسلأاملاهةغايصىلإةساردلاهذهفدهت:ثحبلافادهأ
.تابوركيملاتاداضميفةيلاعةيلعافعمسوستللداضملاديدجلا

ريطقتلامادختسابيراجلافموناجروأيرطعلاتيزلاجارختسامت:ثحبلاقرط
قرطو،يلتكلافيطلاسايق/زاغللينوللاو،لوناثيلإاجارختساو؛يئاملا
تابوركيمللداضملاطاشنلاديدحتمتو.ءادلأاةيلاعةلئاسلاايفارغوتاموركلا
متو.يصرقلاراشتنلااةقيرطبصلختسملاووناجيرولأاتيزبجتنملاملاهلل
ملفلالجأنمربتخملايفيراجلافموناجروأيرطعلاتيزلاةيلاعفرابتخا
.ينوللاليلحتلامادختسابةرفاطلاةيدقعلليويحلا

ةيدقعلليويحلاملفلاومننميرطعلايراجلافموناجروأتيزعنم:جئاتنلا
سمخةغايصتمتو.ةفوشكملاريغمكحتلاايريتكببةنراقم٪٩٨ةبسنبةرفاطلا
يساسلأاوناجيرولأاتيزمادختسابسوستللداضملالجلانمتانيع
ملاهلاتانيعترهظأ،ةيجولويبوركيملاةساردلاجئاتنىلعءانب.صلختسملاو
ةبجومةيريتكبلاتلالاسلادضتابوركيملاتاداضملايلاعاطاشنةثلاثلاوىلولأا
ةضيبملاتايرطفوةقيقرلاةيوصعلاوةيبهذلاةيدوقنعلاتاروكملانممارجلا
نممارجلاةبلاستلالاسلادضتابوركيمللاداضملادتعماطاشنوءاضيبلا
.ةفئازلاةفئازلاوةينولوقلاةيكيرشلإا

ةباثمبةثلاثلاملاهلاةنيعرابتعانكمي،ةساردلاهذهجئاتنىلعءانب:تاجاتنتسلاا
زيمتت.تابوركيمللداضملااهطاشنعافترلاارظنسوستللةداضمةيملاهةدام
اداضماطاشنلمحتو،ىرخلأاتانيعلابةنراقمةديجةيسحصئاصخبةنيعلاهذه
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Abstract

Objectives: This study aims to formulate a new Origanum

vulgare anti-caries dental gel with high antimicrobial

activity.

Methods: O. vulgare essential oil was extracted using

hydro-distillation, ethanol extraction, gas chromatog-

raphy/mass spectrometry, and high-performance liquid

chromatography methods. Antimicrobial activity of the

produced gels with oregano oil and extract was deter-

mined through the disco-diffusion method. The effec-

tiveness of O. vulgare essential oil was tested in vitro for

Streptococcus mutans biofilm using colorimetric analysis.

Results: O. vulgare essential oil inhibited the growth of S.

mutans biofilm by 98% compared with unexposed control

bacteria (p <0.05). Five samples of anti-caries gel

(ACDG1, ACDG2, ACDG3, ACDG4, ACDG5) were

formulated using the obtained oregano essential oil and

extract. Based on the microbiological study results, the

ACDG1 and ACDG3 gel samples exhibited high anti-

microbial activity against the gram-positive bacterial

strains of Staphylococcus aureus and Bacillus subtilis and

the yeast fungus Candida albicans and moderate antimi-

crobial activity against the gram-negative strains of

Escherichia coli and Pseudomonas aeruginosa.
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Conclusion: Based on the results of this study, the

ACDG3 sample may be considered an anti-caries gel

owing to its high antimicrobial activity. This sample has

good organoleptic properties compared to other samples,

produces relatively high antimicrobial activity, and

guards against cariogenic biofilms of S. mutans.

Keywords: Anti-bacterial agent; Biofilm; Gel; Origanum;

Plant extract; Staphylococcus aureus

� 2021 The Authors.

Production and hosting by Elsevier Ltd on behalf of Taibah
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Introduction

Despite great advances in the prevention and treatment of
dental caries, this disease is a serious public health problem in
most countries, which is complicated by the higher cost of

restorative treatment and new evidence of the relationship
between caries and a number of systemic diseases.1

Tooth decay (dental caries) is a disease that is most often

induced by a high rate of the cariogenic bacteria Strepto-
coccus mutans, which form a biofilm resulting in dental pla-
que.2 The increasing antibiotic resistance of pathogenic

bacteria has led researchers to a focus on
ethnopharmacology as an alternative therapeutic
approach.3 These data confirm that essential plants have
powerful antiseptic and antiviral properties which inhibit

the formation of mature biofilms.4

In the search for a new effective anti-caries agent from
plant essential oils, this study determined the effectiveness of

the eugenol and thymol monoterpenoids against poly-
microbial biofilms (Streptococcus sanguinis, Lactobacillus
acidophilus, Actinomyces viscosus, S. mutans).5 Research

findings have shown that eugenol is effective against
biofilms of two oral pathogens (Candida albicans and
S. mutans) in vitro, and can also be used in synergy with

azithromycin and fluconazole in the control of oral
infections.6

Citrus aurantium L. essential oil has also reduced the
growth of S. mutans and can be used to prevent/control oral

infections.7 Essential oils extracted from oregano, carnation,
thyme, and cinnamon plants feature the greatest
antibacterial activity against S. mutans. Toothpastes

containing essential oils of these plants have also been
found to be capable of completely destroying S. mutans
biofilms.8

Plant extracts are often used in dentistry because of their
high anti-inflammatory and antimicrobial properties and as
antioxidants, antiseptics, analgesics, fungicides, bactericides,
and antivirals.9 Extracts and essential oils of some plant

species can control skin-related microorganisms, dental
caries, and bacteria. Recent studies have revealed natural
remedies to be effective in preventing and treating oral dis-

eases, namely plaque and caries.10 Globally, the use of
medicinal herbs for therapy is growing in intensity everyday.11
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In modern pharmaceutical and dental practice, gels and
ointments with antibacterial and anti-inflammatory effects

are often used. They have prolonged effects, employ simple
techniques, and are easy to use.12

The Kazakhstan drug register includes only 38 dental

preparations, eight of which are gels.13 Moreover, only one
of these eight gels, Kamesan, is produced in Kazakhstan.
Therefore, the development of a new effective

antimicrobial and anti-caries agent based on homegrown
plant products is very important. This study aimed to solve
one of the most urgent priorities of the Republic of
Kazakhstan e import substitution, or the creation of new

domestic products for the treatment and prevention of oral
bacterial infections and caries.

The grounds for the development of this drug product

based on essential oil and ethanol extract of O. vulgare were
a wide range of biologically active substances with multi-
functional pharmacological effects, particularly, pro-

nounced bactericidal and anti-caries ones. Plant essential
oils and extracts show a relatively high antimicrobial effect
against known bacterial and fungal pathogens, which sug-
gests their use for oral hygiene. For researchers, this sug-

gests the study of the component formulation of oregano
essential oil growing in Kazakhstan, its antimicrobial and
anti-caries effect as well as the formulation of a new dental

gel based on it.
This study aimed to test the effectiveness of O. vulgare

essential oil against S. mutans biofilm, to produce an anti-

caries gel with oregano extract and essential oil and then to
determine its antimicrobial activity in vitro.
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Materials and Methods

Study design

This preclinical study lasted 105 days. During this period,
we tested the effectiveness of O. vulgare essential oil against
S. mutans biofilm and formulated an anti-caries gel with
oregano extract and essential oil. The antimicrobial activity

of the gel on microbial strains was determined in vitro.

Plant material

Plant products, namely, the aerial portion of O. vulgare,
were collected in the vicinity of Shchuchinsk, Akmola region,
in the flowering period.

Extraction of O. vulgare essential oil

An antimicrobial dental gel involves for its formulation

an oregano essential oil which is extracted by hydro-
distillation from an air-dry mass of plant product using a
Clevenger device (‘Khimlaborpribor,’ Russia). To collect the

essential oil, hydro-distillation was performed over 3 h using
hexane as a solvent.14 The formula and components of the
oregano essential oil were determined by gas

chromatography/mass spectrometry15 (Agilent GC System
7890A, Agilent Technologies Inc., USA). The EM yield
was 0.5%. The carvacrol in the oil reached 86%.
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The ethanolic extraction of oregano was performed. Fifty
gramsofdrycutoreganowereplacedin1Lof96%ethylalcohol

(1:20) and infused for 24 hours. Once filtered, the extract was
concentrated in the rotary evaporator (UlabUL-1100, China),
and the ethanolewatermixturewas distilled. The concentrated

extractwasevaporated inaporcelain evaporatingpanplaced in
awaterbathat80 �Cuntil a thick extract resulted. Itproduceda
thick dark green extract with a pleasant odour and a yield of

6.21%. The main component, according to high-performance
liquid chromatography,16 (Agilent 1260 Infinity, Agilent
Technologies Inc., USA) was rosmarinic acid.
U

Biofilm formation, treatment, and analysis by colorimetric

assay

S. mutans strain UA159 (ATCC 700610) was used to
produce the biofilm on a polystyrene surface of the flat-
bottom wells of 24-well cell culture plates (Sarstedt, Ger-

many). The stock concentration of O. vulgare essential oil
(100 mg/ml) was made in the pure dimethyl sulfoxide
(DMSO) (SigmaeAldrich, USA). For S. mutans biofilm

development and treatment, Bacto� Todd Hewitt broth
(BD Bio Sciences, USA) supplemented with 1% sucrose was
dispensed into the plate wells followed by the addition of the
solution of O. vulgare essential oil at final concentrations of

2 mg/ml, 4 mg/ml, 6 mg/ml, 8 mg/ml, and 10 mg/ml. Then,
S. mutans (1.6 � 108 cells/ml) were inoculated into the plate
wells at a final dilution of 1:100, and the plates were incu-

bated under anaerobic conditions (95% N2 and 5% CO2) at
37 �C for 24 h. In this study, the plate wells without S. mutans
served as blank controls, while S. mutans cells without any

treatment and treated only with DMSO (2%, 4%, 6%, 8%,
10% (v/v)) were used as experimental controls.

After 24 h of incubation, the biomass of S. mutans biofilm
was quantified using a colorimetric method. The broth was

briefly removed from the plates, the wells were washed with
distilled water, and the adherent biofilm at the bottom of the
wells was fixed by applying 95% ethanol. The dried biofilm

was stained using 0.01% crystal violet solution (Merck,
USA), followed by extraction of the bound dye with 33%
acetic acid solution (Merck, USA). Microplate reader-

spectrophotometer (Dynex Technologies, USA) set to the
wavelength of 595 nm was used to measure optical density of
the extracted dye solution from the samples.

Gel preparation

For 100.0 g of gel, the measured sodium carboxymethyl

cellulose (Na CMC) volume was placed in a 500-ml beaker
and mixed with cold purified water, stirred, and infused. It
was then left to thicken over 15e20 min. The solution was
then stirred with the stirrer at 50e100 rpm until completely

dissolved. The oregano extract was then dissolved in a
separate container with a measured amount of glycerine, and
the measured amount of oregano essential oil and other

substances were added drop-wise. The prepared solution was
added to the gel base with the stirrer turned on at 100 rpm
and stirred until a homogeneous mass was produced.

Several samples (five models) of the anti-caries gel were
prepared in vitro, using sodium CMC as a gelling agent. Ac-
cording to numerous studies, the best option for a gel base is an
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aqueous solution of sodiumCMCwith the addition of glycerin
as a plasticizer, which has good structural and mechanical

properties, releasing ability and good compatibility with both
chemical and plant medicine.17 As an active plant-derived
ingredient, it contains ethanol extract andoregano essential oil.

In our formulation, ethanol extract and oregano essen-
tial oil were used as active ingredients and preservatives.
The main components of essential oils are terpenoid com-

pounds: terpenes C10H16 and their oxygen-containing de-
rivatives.18 According to the data, carvacrol, as the main
component of oregano essential oil, is a preservative.19

The O. vulgare extract has also been noted to have

similar properties.20 In other words, oregano extract and
essential oil can be used as natural food preservatives.
The formulation of the five samples of dental anti-caries

gel (ACDG1, ACDG2, ACDG3, ACDG4, ACDG5) is
shown in Table 1.

Assay for the determination of antimicrobial activity in vitro

The formulated gel samples were screened for antimicro-
bial activity by the disk diffusion method.21 The antimicrobial
activity of the above samples was studied for strains of the

gram-positive bacteria Staphylococcus aureus (ATCC 6538),
Bacillus subtilis (ATCC 6633), for the gram-negative strains
Escherichia coli (ATCC 25922), Pseudomonas aeruginosa
(ATCC 9027), and for the yeast fungus Candida albicans

(ATCC 10231). Comparators are benzylpenicillin for bacteria
and nystatin for the yeast fungus C. albicans.

For the study, it was necessary to prepare a suspension

with a standard number of viable bacterial cells. This was
inoculated with a lawn on the medium surface in Petri dishes,
and 0.01 ml anti-caries gel was applied to sterile discs made

of filter paper. Discs with preparations were applied to the
inoculation at 2.5 cm from the centre of the dish circleewise
(6 disks per dish). The inoculations were incubated over 24 h

at 36 �C. Once incubated, a uniform bacterial lawn around
the disks facilitated the formation of zones of complete and
partial inhibition of bacterial growth. The findings were
counted by measuring the diameter of the growth inhibition

zones.
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Statistical analysis

Data obtained from the colorimetric assay were evaluated
with SPSS software version 23.0 (IBM Corporation, USA).

The differences between the control (untreated) and treatment
groups were assessed by applying a one-way analysis of
variance (ANOVA), followed by a post hoc least-significant

difference test for multiple comparisons. The figures indicate
the mean and standard errors. The values were considered
statistically significant when the p value was less than 0.05.

Results

Inhibitory effect of O. vulgare essential oil on S. mutans

biofilm formation

The assessment of the effectiveness of the O. vulgare
essential oil for inhibition of S. mutans biofilm formation
using colorimetric assay revealed its capacity to considerably



Figure 2: Quantities of Streptococcus mutans biofilm biomass

following 24 h of incubation within Todd Hewitt broth in the

presence of 1% sucrose and various concentrations of Origanum

vulgare essential oil and dimethyl sulfoxide (DMSO). Values are

shown as the mean � standard error obtained from a single

experiment (n ¼ 2e26). *p < 0.05 versus the control; **p < 0.05

versus the DMSO.
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suppress biofilm development on the polystyrene surface in
the 24-well cell culture plates (Figure 1). Treatment with the

O. vulgare essential oil at a concentration of 2 mg/ml resulted
in only a slight reduction in biofilm production at the bottom
of the wells in the 24-well cell culture plates. However, con-

centrations of 4 mg/ml, 6 mg/ml, 8 mg/ml, and 10 mg/ml of
the O. vulgare essential oil almost completely inhibited
S. mutans biofilm accumulation at the bottom of the wells in

the 24-well cell culture plates.
As shown in Figure 2, the O. vulgare essential oil at a

concentration of 2 mg/ml caused an insignificant reduction
of 9% in S. mutans biofilm biomass versus the untreated

control bacteria (p > 0.05, as determined quantitatively
using a one-way ANOVA, followed by a post hoc least-
significant difference test). However, the O. vulgare essen-

tial oil at concentrations of 4 mg/ml, 6 mg/ml, 8 mg/ml, and
10 mg/ml significantly decreased S. mutans biofilm biomass
by 98% compared to the untreated control bacteria

(p < 0.05, as determined quantitatively using a one-way
ANOVA, followed by a post hoc least-significant difference
test).

The inhibitory activity of O. vulgare essential oil did not

occur in a dose-dependent manner. Of note, the DMSO
concentration of 2% did not significantly decrease the bio-
film biomass in comparison with the untreated bacteria

(p > 0.05, as determined quantitatively using a one-way
ANOVA, followed by a post hoc least-significant difference
test). On the other hand, treatment of bacterial cells with

DMSO alone caused a significant reduction in S. mutans
Table 1: Composition of anti-caries gel samples (100.0 g).

Ingredient name Purpose Samples

ACDG1 ACDG2 ACDG3 ACDG4 ACDG5

Origanum vulgare extract (g) Active substance 6.0 6.0 6.0 e 6.0

Origanum vulgare essential oil (ml) Active substance 12.0 12.0 12.0 12.0 e

Sodium CMC (g) Gel base 22.0 22.0 22.0 22.0 22.0

Glycerine (ml) Plasticizing agent 20.0 20.0 20.0 20.0 20.0

Twin 80 (ml) Stabiliser e 12.0 e e e

NaOH 10% Acidity regulator 2

Sweetener (g) Corrigent e 3 1 3

Distilled water (ml) Solvent 100 100 100 100 100

Figure 1: Suppressive activity of Origanum vulgare essential oil against Streptococcus mutans biofilm formation on a polystyrene surface.

The figure represents the segment of the 24-well cell culture plate showing S. mutans biofilm stained with 0.01% crystal violet solution

following 24 h of incubation within Todd Hewitt broth in the presence of 1% sucrose and various concentrations of O. vulgare essential

oil. In the A and B rows: untreated S. mutans biofilm (control); S. mutans biofilm treated with 2 mg/ml, 4 mg/ml, 6 mg/ml, 8 mg/ml, and

10 mg/ml of O. vulgare essential oil.
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Table 2: Antimicrobial activity of the 5 investigated samples of anti-caries gel (inhibition zone measured in mm).

Microbes ACDG1 ACDG2 ACDG3 ACDG4 ACDG5 Benzyl penicillin Nystatin

Staphylococcus aureus 27 � 1 10 � 1 25 � 1 _ 9 � 1 20 � 1

Bacillus subtilis 30 � 1 _ 25 � 1 _ 9 � 1 25 � 1

Escherichia coli 20 � 1 _ 16 � 1 _ _ 20 � 1

Pseudomonas aeruginosa 16 � 1 e 16 � 1 _ _ 12 � 1 _

Candida albicans 35 � 1 15 � 1 25 � 1 10 � 1 10 � 1 22 � 1

Origanum vulgare antibiofilm activity716
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biofilm biomass, versus the untreated bacteria, at DMSO
concentrations of 4%, 6%, 8%, and 10% (p < 0.05, as

determined quantitatively using a one-way ANOVA, fol-
lowed by a post hoc least-significant difference test). This
DMSO activity was induced in a dose-dependent manner.

Importantly, the suppressive effect of O. vulgare essential oil
at concentrations of 4 mg/ml, 6 mg/ml, 8 mg/ml, and 10 mg/
ml was significant compared to the corresponding concen-

trations of DMSO (p < 0.05, as determined quantitatively
using a one-way ANOVA, followed by a post hoc least-
significant difference test). This indicates that O. vulgare
essential oil exhibited inhibitory activity against S. mutans

biofilm formation independently from DMSO, causing a
considerably greater effect than DMSO alone.

Antimicrobial activity of the anti-caries gel

The antimicrobial activity of the samples was assessed
based on the diameter of the growth inhibition zones of the

test strains (mm). The diameter of the growth inhibition
zones of less than 10 mm and confluent growth in the dish
were assessed as the deficiency of antimicrobial activity, 10e
15 mm¼low activity, 16e20 mmemoderate activity, and
more than 20 mmehigh activity.

Table 2 shows that the samples of the ACDG1 and
ACDG3 gel manifest pronounced activity against S.

aureus, B. subtilis, and C. albicans and moderate activity
against E. coli, P. aeruginosa. A weak antimicrobial
activity of the ACDG2 sample against S. aureus and C.

albicans was revealed. The results are two and one and a
half times less compared to the control. The ACDG4 and
ACDG5 samples show a weak antimicrobial activity

against C. albicans, the results are two times less than in
the control.

Optimal formulation of the dental gel

The study of the properties of the various dental gel for-
mulations made from Samples 1e5 showed the ACDG3
sample to be optimal in terms of consistency, ease of use, and

treatment efficacy. The ACDG4 and ACDG5 samples were
noted to have insufficient adhesive, coating abilities, and
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Table 3: ACDG3 sample composition (100.0 g).

S.no. Ingredients Mass

1. Origanum vulgare extract (g) 6.0

2. Origanum vulgare essential oil (ml) 12.0

3. Sodium CMC (g) 22.0

4. Glycerine (ml) 20.0

5. Sweetener (g) 3.0

6. Distilled water (ml) 100

B

organoleptic properties. The ACDG1 and ACDG2 samples
were too thin, which made it difficult to apply the gel evenly.

Therefore, the ACDG3 sample was accepted as the optimal
formulation of the dental gel. The composition of the
ACDG3 sample is shown in Table 3.

Discussion

The findings confirmed the experimental data that

oregano essential oil has an anti-caries effect; that is, it can
significantly inhibit S. mutans biofilm, which is the main
cariogenic microorganism. A previous study revealed thymol

and carvacrol monoterpenes extracted from the O. vulgare
essential oil to exhibit relatively high bactericidal and anti-
biotic filter activity against S. mutans that can serve as a

green alternative to control dental caries.22

Compared with O. vulgare essential oil collected in Iran,
whose main components are limonene and myrcene, the

main component of the essential oil of oregano growing in
Kazakhstan is carvacrol. Oregano essential oil and its main
components have been shown to have high antibiotic film
and antibacterial properties and can be used to produce new

plant-based preparations.23

Depending on the place of growth, different chemical
formulas have been discovered in the above-mentioned

essential oils of the same species of O. vulgare, but
screening for the destruction of S. mutans biofilms has
revealed that these monoterpenoids of essential oils (thymol,

carvacrol, limonene, myrcene, etc.) can be qualified as broad-
spectrum antimicrobial substances that affect microorgan-
isms of oral diseases.

O. vulgare was found to manifest antimicrobial activity

against a wide range of bacteria, including antibiotic-resis-
tant species. Moreover, it is able to affect gram-positive and
gram-negative bacteria, and yeast fungus.24 The findings of

this study delivered on our expectations and confirmed the
validity of previous studies conducted in other countries. The
study findings are essential, as they prove that the oregano

that grows in the Republic of Kazakhstan has a high anti-
caries and antimicrobial effect, which can form the base of
new effective medicines for the treatment of dental diseases.

The data obtained from the tested gel samples facilitate a
clearer understanding of the effects of changes when only one
of the active substances is added, or the formulation is
changed by adding a stabiliser, which weakens antimicrobial

activity. This suggests the inhibitory properties of these
compounds and the need to test the sample, even if only one
ingredient is changed.

The above experimental findings allow for the acceptance
of the resulting optimal composition of oregano-based
ACDG3 gel as an effective import-substituting agent for

the treatment and prevention of common oral bacterial
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infections and caries and the expansion of the range of
effective and safe domestic dental drugs.

The resulting data are very important, as they prove the
effectiveness of the formulated gel against caries and indicate
the high antimicrobial properties of this dental gel, which, in

turn, confirms the feasibility of using oregano as the main
active component. Moreover, such studies are essential to the
further formulation of new medicines based on domestic

herbal plants.
The rheological and toxicological properties of this anti-

caries dental gel will be further investigated in future studies.

Study limitations

It is necessary to emphasise that the colorimetric assay

used for quantification of the biofilm biomass has some
limitations, which include sample destruction and a lack of
dimensional information about the biofilm. Therefore, the

inhibitory effect of O. vulgare essential oil on S. mutans
biofilm formation should be demonstrated and confirmed
using other methods. In this regard, scanning electron mi-
croscopy and/or optical profilometry techniques should be

implemented in our further studies, enabling the three-
dimensional visualisation of the biofilm on different sur-
faces (e.g., glass, tooth surfaces) and the evaluation of the

biofilm thickness and its surface roughness parameters. In
addition, the application of real-time reverse transcription-
PCR would allow to assess quantitatively expression of

biofilm-associated genes (e.g. genes encoding glucosyl-
transferases B, C, and D) in S. mutans bacteria, providing
more insights into the biofilm-inhibiting mechanism of
O. vulgare essential oil.

Conclusions

This study showed that ACDG3 among the resulting gel
samples was optimal for an anti-caries dental gel with
oregano extract and essential oil. It may also be concluded

that the above-mentioned gel sample has high antimicrobial
and antifungal activity; that is, the gel may completely clean
the surface of the teeth and prevent caries and the growth of
microorganisms, thereby facilitating good oral hygiene.

Moreover, the main active component of the dental gel, the
essential oil O. vulgare, could inhibit the formation of bio-
films caused by S. mutans.

Recommendation

The authors recommend undertaking resource studies of
O. vulgare in Kazakhstan, which will determine the distri-
bution and stocks of herbal substances, conducting resource
mapping, and drawing up scientifically based recommenda-

tions for the regional planning of procurements.
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