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ABSTRACT Objective: The antimicrobial activity of methylglyoxal
and thyme essential oil (TEO) against Enterococcus faecalis, a
pathogen responsible for resistant root canal infections due to its
biofilm-forming ability, has not been sufficiently documented. This
study aimed to evaluate the antibacterial and antibiofilm activities of the
methylglyoxal and TEO for removing E. faecalis biofilm on root canal
using microbiological culture and confocal laser scanning microscopy
(CLSM). Material and Methods: A total of 128 root samples were in-
cubated with E. faecalis for three weeks to form mature biofilm. The in-
fected samples were then, randomly distributed into 4 groups and
irrigated with 5.25% sodium hypochlorite, methylglyoxal (40% in
water), TEO (100% pure), and 0.9% isotonic sodium chloride (negative
control). After the irrigation procedure, samples were assessed through
microbiological culture and CLSM. The statistical significance level
was set at p<0.05. Results: Culture results indicated no statistically sig-
nificant difference between sodium hypochlorite and methylglyoxal
(p=0.250; p>0.05), sodium hypochlorite and TEO (p=0.274; p>0.05)
and methylglyoxal and TEO (p=0.500; p>0.05). In addition, CLSM im-
ages showed a higher population/prevalence of dead cells in samples
treated with methylglyoxal and sodium hypochlorite compared to iso-
tonic sodium chloride and TEO. Conclusion: Methylglyoxal and TEO
demonstrated similar efficacy as sodium hypochlorite in removing E.
faecalis biofilm, suggesting these two tested agents’ potential as alter-
nate irrigation solutions to sodium hypochlorite in root canal treatment.

Keywords: Antibiofilm activity; Enterococcus faecalis;
Manuka honey; methylglyoxal; thyme essential oil

OZET Amac: Metilglioksal ve kekik esansiyel yagmin [thyme essen-
tial oil (TEO)], biyofilm olusturma yetenegi nedeniyle direngli kok ka-
nali enfeksiyonlarindan sorumlu bir patojen olan Enterococcus
faecalis’e kars1 antimikrobiyal aktivitesini gosteren yeterli arastirma
bulunmamaktadir. Bu ¢alismada, E. faecalis biyofilmini uzaklastirmak
icin metilglioksal ve TEO nun, antibakteriyel ve antibiyofilm aktivite-
sini mikrobiyolojik kiiltiir ve lazer taramali konfokal mikroskopla de-
gerlendirilmistir. Gere¢ ve Yontemler: Bu calisma kapsaminda kok
ornekleri (n=128) E. faecalis ile 3 hafta siireyle inkiibe edilerek olgun
biyofilm olusturuldu. Daha sonra enfekte 6rnekler rastgele 4 farkl
gruba dagitildi ve %5,25 sodyum hipoklorit, %0,9 izotonik sodyum
kloriir, metilglioksal (suda %40) ve TEO (saf %100) ile irrigasyon ya-
pilds. Trrigasyon isleminin ardindan 6rnekler mikrobiyolojik kiiltiir yon-
temi ve konfokal lazer tarama mikroskobu ile degerlendirildi.
Istatistiksel anlamlilik diizeyi p<0,05 olarak kabul edildi. Bulgular:
Kiiltiir sonuglarina gére sodyum hipoklorit ile metilglioksal (p=0,250;
p=>0,05), sodyum hipoklorit ile TEO (p=0,274; p>0,05), metilglioksal
ile TEO (p=0,500; p>0,05) arasinda istatistiksel olarak anlamli fark sap-
tanmadi. Ayrica lazer taramali konfokal mikroskopla alinan gorintii-
lerde, irrigasyon sonrast metilglioksal ve sodyum hipoklorit gruplarinda
izotonik sodyum kloriir ve TEO gruplarina gore daha fazla 6lii hiicre
goriintiilendi. Sonug: Metilglioksal ve TEO, E. faecalis biyofilminin
uzaklastirilmasinda sodyum hipoklorit ile benzer etkinlik gostermistir
ki test edilen bu iki ajanin, kok kanal tedavisinde sodyum hipoklorite
alternatif irrigasyon soliisyonlar1 olarak potansiyelini ortaya koymustur.
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Manuka bali; metilglioksal; kekik esansiyel yag1
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Enterococcus faecalis, one of the most resistant
bacteria known in dentistry, is a pathogen capable of
causing significant diseases within the oral cavity.'
In addition to causing resistant infections in soft and
hard tissues surrounding the teeth, such as gingiva
and bone, E. faecalis has also been implicated as a
contributing factor in the development of endodontic
lesions.? These lesions, which result from an infec-
tious process affecting the dental pulp tissue repre-
sent a potential complication in endodontic
treatments. The most crucial objective of these treat-
ments is to effectively reduce the number of bacteria
present within the root canals. This is a prerequisite

for the success of the procedure.®*

Despite the application of various root canal
cleaning tools, irrigation solutions and antimicrobial
drugs, the removal of resistant microorganisms such
as E. faecalis from root canals poses a significant
challenge in ensuring clinical success.>® These bac-
teria are the most frequently isolated bacteria from
root canals and can play an active role even alone in
resistant or recurrent endodontic infections. E. fae-
calis is typically the primary cause of unsuccessful
root canal treatments, accounting for 22-77% of
cases.”®

Despite the considerable challenges posed by the
intricate anatomy of the root canal and the existence
of lateral canals, the complete elimination of
pathogens from root canals remains a feasible objec-
tive. The combination of instrumentation, irrigation,
and intracanal medicaments may prove effective in
eliminating the majority of pathogens.>'° The current
standard of care employs a combination of mechani-
cal and chemical cleaning methods for the disinfec-
tion of root canals. For this purpose, irrigation
solutions such as 5.25% sodium hypochlorite
(NaOCl), 3% hydrogen peroxide and 2% chlorhexi-
dine are employed, which have been demonstrated to
markedly diminish the bacterial load within root
canals. Among these solutions, NaOCl is the most
commonly preferred agent due to its cost-effective-
ness and accessibility.>!!

Essential oils are primarily composed of oxy-
genated monoterpenes and monoterpene hydrocar-
bons, with a predominant component known as

carvacrol. They are recognized for their potent an-
tioxidant properties. Thyme essential oil (TEO) is
composed of fundamental constituents, including car-
vacrol and thymol. Thymol has been demonstrated to
prevent the growth of oral pathogens, while carvacrol
has been shown to possess antibacterial activity
against a number of bacteria present in the oral mi-
crobiota and root canals of teeth.!*!® Thosar et al. pub-
lished an article examining the efficacy of essential
oils against a range of oral pathogens, including
Staphylococcus aureus, E. faecalis, Escherichia coli,
and Candida albicans."* Their findings suggest that
TEO may serve as an effective intracanal antiseptic so-
lution against these pathogens. Furthermore, methyl-
glyoxal has been demonstrated to possess a
non-peroxide antibacterial effect and is present in high
concentrations in Manuka honey. The antimicrobial
efficiency of methylglyoxal has been evidenced in the
context of numerous microorganisms, including E.
coli, E. faecalis, Aggregatibacter actinomycetem-
comitans, Porphyromonas gingivalis, Streptococcus
mutans, S. aureus, Streptococcus pyogenes, Pseu-

domonas aeruginosa, and Lactobacillus.'"'*

To the best of our knowledge, there are studies
investigating the antibacterial activity of various phy-
tochemicals such as methylglyoxal and TEO, on a va-
riety of bacterial pathogens.!>'® However, there is no
study investigating their effectiveness on E. faecalis
biofilm formed in the root canals of extracted teeth.
The aim of this study was to evaluate the antibacterial
and antibiofilm activity of methylglyoxal and TEO
as alternate irrigation solutions to NaOCI for remov-
ing E. faecalis biofilm formed in the root canals of
extracted teeth using microbiological culture and
laser scanning confocal microscopy (CLSM). The
null hypothesis of this study was that there was no
difference between methylglyoxal, TEO, NaOCl and
physiological saline regarding the antimicrobial and
antibiofilm efficacy.

I MATERIAL AND METHODS

PRIORI POWER ANALYSIS AND
ETHICAL CONSIDERATION

The power analysis indicated that a total of 64 tooth
samples were required to test the statistical signifi-



cance of the results obtained at 90% power, 5% error
level, and 0.5 effect size. This entailed including 16
samples in each of the groups. This study was ap-
proved by Baskent University Institutional Review
Board and Ethics Committee (date: July 14,2021, no:
K94603339-604.01.02.47988) and conducted in ac-
cordance with the principles of the Declaration of
Helsinki.

INCLUSION AND EXCLUSION CRITERIA OF THE
TEETH

Teeth with completed root formation, which was con-
firmed to have single canal and which did not exhibit
any anatomical structural anomalies such as internal
resorption, calcification and root dilation in radio-
graphic examination. Additionally, the teeth had not
undergone root canal treatment prior to the study.
Teeth exhibiting signs of hypoplasia or hypominer-
alisation, as well as those displaying incomplete root
formation with multiple root canals, were excluded
from the study.

PREPARATION OF THE TOOTH SAMPLES

The soft tissue residues on the teeth included in the
study were cleaned with the assistance of a scaler and
stored in saline solution to prevent dehydration until
the commencement of the experiment. To obtain
tooth samples with standard root length, the root
length was measured to be 8 mm, and the crown part
was removed under water cooling with a diamond
disc from under the enamel-cementum junction. The
working length of the root canals was determined by
employing the number 15 K-file, with preparation ex-
tending to the number 30 file. Subsequently, the api-
cal third of all root canals was expanded up to the F3
size using the rotary system (Pro-Taper Universal,
Dentsply Maillefer, Switzerland) to simulate the for-
mation of an open apex.

The preparation of root canals was performed
using sterile saline solution (10 mL) as the irrigation
solution. For the final irrigation, 2 mL of 3% NaOCl
and 17% Ethylenediaminetetraacetic acid solutions
were used for 2 minutes to remove the smear layer.
Following the preparation and irrigation of all root
canals, all roots were bisected vertically along their
midlines under water cooling with a diamond disc

(2n: 128). In addition, the external surfaces of the
tooth root, which had been bisected at the midpoint,
were flattened to guarantee that the root fragment was
fully embedded in the tissue culture plates.'*2! As the
concluding step in the sample preparation, all
preparated root samples were sterilized in an auto-
clave at 121 °C for 15 minutes.

INFECTION OF ROOT CANALS WITH E. FAECALIS

Following the preparation of root samples, they were
infected with E. faecalis ATCC 29212. The dentin
block model method was employed to form an E. fae-
calis biofilm. A pure culture of E. faecalis was culti-
vated on 5% Sheep Blood Agar medium and
incubated overnight at 37 °C. The bacterial suspen-
sion was prepared by adjusting at the optical density
to 0.5 McFarland standard in 5 mL of Tryptone Soy
Broth (TSB) medium. The bacterial suspension was
diluted 1/100 to obtain ~ 1.5 x 10° Colony Forming
Unit per millimeter (CFU/mL) with TSB for inocu-
lation of the root samples. The root samples were
placed into the wells of flat-bottomed 24-well culture
plates and covered with 1 mL of the prepared bacte-
rial suspension, and then incubated at 37 °C. The sus-
pension was replenished every two days, following a
three-week period of washing with phosphate
buffered saline. At the end of the 21-day period, the
bacterial suspension was removed, and the root sam-
ples were gently washed with phosphate-buffered
saline to remove any unadherent planktonic bacteria.

APPLICATION OF IRRIGATION SOLUTIONS

Following a three-week incubation period, the sam-
ples (2n=128) infected with E. faecalis and exhibiting
biofilm formation were randomly distributed to the
groups for the application of irrigation solutions. Fol-
lowing the distribution of the root samples into four
groups according to the irrigation solutions, each in-
fected root sample was maintained in a culture plate
containing 3 mL of each irrigation solution for 10
minutes in contact with teeth samples. Then, the sam-
ples were transferred to 3 mL of sterile physiological
saline solution in order to terminate the antibacterial
effect. The Methylglyoxal solution (40% in water,
Sigma Aldrich, U.S.A.) and TEO (100% pure,
Caliskan Agriculture, Tiirkiye) were utilized as irri-
gation solutions.



Group 1: 5.25% Sodium Hypochlorite (Positive
Control)

Group 2: 0.9% Isotonic Sodium Chloride Solu-
tion (Physiological Saline) (Negative Control)

Group 3: 40% Concentration Methylglyoxal
Solution (Test Group)

Group 4: 100% Concentration TEO (Test
Group)

EVALUATION OF SAMPLES BY QUANTITATIVE
CULTURE METHOD

Following the irrigation procedure, the samples were
rinsed with 3 mL of sterile saline solution in order to
remove the neutralization solution. The number of
viable cells in the biofilm on root samples after the
irrigation process was counted and compared be-
tween the groups. The root samples from each
group were covered with 1 mL of Tryptone Soy
Broth and sonicated (Daihan, Korea) at an ampli-
tude of 30% for a duration of 10 seconds, with the
objective of detaching the bacterial cells present in
the biofilm. Following sonication, the broth from
each well was serially diluted, with 100 pl of each
tube subsequently inoculated into the Tryptone Soy
Agar. The petri dishes were incubated at 37 °C for
24 hours. Following the incubation period, the num-
ber of viable cells on each dilution was counted and
calculated as CFU/mL.

EVALUATION OF SAMPLES BY A
CONFOCAL LASER SCANNING MICROSCOPE

In order to visualize the change in the density of the
E. faecalis biofilm before and after the irrigation pro-
cess, two randomly selected root samples from each
group were imaged with a confocal laser scanning
microscope (Zeiss LSM 510, Germany). The manu-
facturer’s instructions were followed for the use of
SYTO 9 and propidium iodide (Thermo Fisher Sci-
entific, U.S.A.), which allow the visualization of the
dead and living cells within the biofilm on the sam-
ple. Subsequently, the samples were washed with
sterile saline solution and stained with a 20 pL solu-
tion of SYTO-propidium iodide for 20 minutes in the
dark. After that, the stained samples were rinsed with
sterile distilled water for one minute, after which the
stained root halves were examined with CLSM. Ex-

citation and emission wavelengths were 500/530 nm
for SYTO 9 and 552/617 nm for propidium iodide,
respectively. Simultaneous dual-channel imaging was
employed to visualize green fluorescence (indicative
of living cells) and red fluorescence (indicative of
dead cells). The CLSM images of samples with E.
faecalis biofilm following the irrigation procedure
with methylglyoxal, TEO, sodium hypochlorite, and
isotonic sodium chloride were presented in Figure 1,
Figure 2, Figure 3, and Figure 4, respectively. The
live and dead cells observed in green and red are des-
ignated as A and B respectively, in Figure 1, Figure
2, Figure 3, and Figure 4.

STATISTICAL ANALYSIS

The data were analyzed using the SPSS V. 22 (IBM)
package program. The mean+standard deviation for
each irrigation group was provided in Table 1 for the
CFU/mL count. A pairwise evaluation of each group
according to the CFU/mL counts of E. faecalis after
the irrigation process was presented in Table 2. This
analysis was conducted using a t-test at a 95% confi-

dence interval of difference. The statistical signifi-

FIGURE 1: Images of (A) live (green) and (B) dead (red) cells in Enterococcus
faecalis biofilm taken with confocal laser scanning microscope after the irrigation
procedure with methylglyoxal.

FIGURE 2: Images of (A) live (green) and (B) dead (red) cells in Enterococcus
faecalis biofilm taken with confocal laser scanning microscope after the irrigation
procedure with thyme oil.



FIGURE 3: Images of (A) live (green) and (B) dead (red) cells in Enterococcus
faecalis biofilm taken with confocal laser scanning microscope after the irrigation
procedure with sodium hypochlorite.

FIGURE 4: Images of (A) live (green) and (B) dead (red) cells in Enterococcus
faecalis biofilm taken with confocal laser scanning microscope after the irrigation
procedure with isotonic sodium chloride.

TABLE 1: Counts of Enterococcus faecalis bacteria after
irrigation process amongst each irrigation solution and
statistical significance results of before and after the irrigation
process.

Groups/Irrigation solutions XxSD p-value
G1:5.25% sodium hypochlorite 3.19+0.27 0.074

G2: Isotonic sodium chloride solution ~ 7.20+0.28
G3: Methylglyoxal 2+0.43
G4: Thyme essential oil 1.9£0.57

SD: Standard deviation; Comparison of groups was performed with one-way analysis
of variance with a statistical significance leve! of p<0.05.

TABLE 2: Pairwise evaluation of each group according to

counts of Enterococcus faecalis after irrigation process.
Groups X+SD p-value (95% CI)
G1-G2 -4.004+0.006 0.001*
G1-G3 1.195+0.700 0.250
G1-G4 1.292+0.837 0.274
G2-G3 5.199+0.706 0.061
G2-G4 5.206+0.843 0.071
G3-G4 0.097+0.138 0.500

*Refers statistical significance; SD: Standard deviation; Statistical analysis was per-
formed with t-test as paired samples with a statistical significance level of p<0.05.

cance level was set at a=0.05, with a significance
level of p<0.05.

RESULTS

As demonstrated by the statistical analysis of the ob-
tained data, the mean and standard deviation of the
CFU counts were presented in Table 1. Prior to the ir-
rigation process, the baseline CFU of E. faecalis was
established at a level of 1.5x108 CFU/mL for each
group. Following the irrigation process, a statistically
significant reduction in the CFU counts of E. faecalis
was observed. The statistical differences amongst the
baseline CFU are presented in Table 1. The statistical
analysis revealed a statistically significant decrease
in the E. faecalis counts for each group, as illustrated
in Table 1.

The pairwise evaluation revealed a statistically
significant difference between paired groups, allow-
ing for the determination of the interchange of CFU
counts of E. faecalis following the irrigation process.
As illustrated in Table 2, the discrepancy between the
NaOCl and isotonic sodium chloride solutions was
statistically significant (p=0.001; p<0.05). However,
the statistical analysis between remaining paired
groups did not yield statistically significant results
(p>0.05), indicating that there was no statistically sig-
nificant difference between the NaOCI and experi-
mental groups as methylglyoxal (p=0.250; p>0.05)
and TEO (p=0.274; p>0.05). Additionally, no statis-
tically significant difference was observed between
the experimental groups; methylglyoxal and TEO
(p=0.500; p>0.05). Figure 1, Figure 2, Figure 3 and
Figure 4 illustrate the images of E. faecalis biofilm
taken with a confocal laser scanning microscope fol-
lowing irrigation with methylglyoxal, TEO, NaOCl,
and isotonic sodium chloride solutions, respectively.
The images featuring green color (Figure 1A, Figure
2A, Figure 3A and Figure 4A) illustrate the presence
of living cells, while the images with red color (Fig-
ure 1B, Figure 2B, Figure 3B and Figure 4B) indi-
cate the presence of dead cells within the E. faecalis
biofilm. Therefore, it can be observed that a greater
number of living cells are present in the isotonic
sodium chloride irrigation solution in comparison to
the methylglyoxal, TEO and NaOClI solutions.



I DISCUSSION

In periradicular infections, the most resistant bacteria
in infected root canals is E. faecalis, which is a gram-
positive, facultatively anaerobic bacteria.' Its resis-
tance to high pH and high salt concentration, as well
as its ability to form biofilm, are important virulence
factors of E. faecalis.?* The eradication of E. faecalis
is a significant challenge due to its capacity to with-
stand antimicrobial agents and to form a biofilm,
which serves as a protective barrier against the sur-
rounding environment.* In addition, the presence of
deep dentin tubules located in the dentin tissue pro-
vides an ideal environment for E. faecalis biofilm for-
mation.?*?¢ Therefore, eliminating E. faecalis from
the root canal system is a crucial and challenging as-
pect of successful endodontic treatments.

The ability of E. faecalis to form biofilms repre-
sents a crucial virulence factor in the context of re-
sistant or recurrent endodontic lesions. It exhibits a
high binding ability to the dentin surface and the abil-
ity to grow in biofilm due to the presence of dentin
tubules. Consequently, dentin discs were employed
as a substrate for biofilm formation in previous stud-
ies. Accordingly, in the present study, the roots of ex-
tracted teeth were prepared mechanically to create a
deeper dentin tubule structure, thereby facilitating en-
hanced penetration of E. faecalis.**

The E. faecalis biofilm is more resistant to dis-
infecting solutions after three weeks of formation and
is referred to as a mature biofilm.?*?* However,
within this period, bacteria remain active and in the
exponential growth phase, and the structural devel-
opment of the biofilm or extracellular polymeric ma-
trix production is mnot yet complete after
colonization.?*?> A homogenous and dense form of
E. faecalis biofilm was observed with a CLSM in all
samples assessed to confirm the biofilm formation on
dentin surfaces. The CLSM images confirmed the
presence of a mature biofilm.>* Therefore, in this
study, a three-week incubation of E. faecalis was ap-
plied before the irrigation procedure to ensure the
biofilm maturation. The primary objective of this
study was to assess the efficacy of two phyto-
chemichal irrigation solutions in eradicating mature

biofilms of E. faecalis.

The current cleaning and shaping techniques are
insufficient to ensure a bacteria-free root canal envi-
ronment.>»** Therefore, a chemical irrigation solution
is necessary to reduce the number of bacteria and
their toxicity near a mechanical root canal treatment.
In routine clinical applications, the most commonly
used irrigation solutions are NaOC] and chlorhexi-
dine, which are employed to eliminate residual mi-
croorganisms. Sodium hypochlorite has the ability to
dissolve organic tissues and exhibits potent an-
tibiofilm activity. It can be prepared in different con-
between 0.5-5.25%
low-cost, antiseptic lubrication.?**” However, NaOCl

centrations and provides
has high toxicity for periradicular tissue and might
also cause allergic reactions.?”*® A previous study
have demonstrated that dead cells were significantly
higher in the 5.25% NaOCI group than in the exper-
imental groups, indicating almost complete removal
and dissolution of E. faecalis biofilms.” These find-
ings are in accordance with the results of previous
studies which demonstrated the pronounced an-
tibiofilm effect of 5.25% NaOClI, attributable to its
ability to dissolve organic tissue and target the extra-

cellular matrix of the biofilm.?*?¢

It was previously assumed that the use of high
concentration NaOCl was more efficient in remov-
ing bacteria from the root canal system. However, the
use of NaOCl in high concentrations may cause com-
plications due to overflow from the root tip during
endodontic treatments.3%3! Therefore, this study was
designed to assess the efficacy of two distinct phyto-
chemical, methylglyoxal and TEO in comparison
with NaOCl, a commonly utilized irrigation solution
as positive control, and isotonic sodium chloride so-
lution.

In determining the optimal irrigation solution, it
is essential to consider the concentration and irriga-
tion time, as these factors significantly influence the
efficacy of endodontic treatment. In a study con-
ducted by Ma et al., the efficiency of five different
antimicrobial solutions was evaluated against the sur-
vival of E. faecalis.’* The solutions included 5.25%
NaOCl, 1% NaOCl, 2% chlorhexidine, 0.2%
chlorhexidine, and 0.9% NaOCI. The results of the
study indicated that 1% NaOCI was the most effec-
tive in reducing the number of dead E. faecalis cells



in the biofilm. Bukhary and Balto evaluated the effi-
ciency of 5.25% NaOCI with other irrigation solu-
tions for a 10 minute period against a 3-week-old
biofilm model of E. faecalis.** The results demon-
strated that a 10 minute irrigation with 5.25% NaOCl
resulted in a significantly higher rate of cell death
than other experimental groups. In the present study,
the optimal time and concentration were identified as
those that yielded the highest success rate for NaOCI.
Therefore, 5.25% NaOCI was selected with a 10
minute irrigation time to facilitate a comparative
analysis of the maximum effect of NaOCI with
methylglyoxal and TEO in this study.

Phytochemicals were employed to eliminate the
adverse effects associated with NaOCI. The antibac-
terial features of honey have been attributed to vari-
ous factors in recent times.*> Manuka, the common
name for Leptospermum scoparium, a tea tree native
to New Zealand, has been shown to possess antibac-
terial activity. This non-peroxide antibacterial effect
is attributed to methylglyoxal, which is present in
high concentrations in Manuka honey.**-** A number
of studies have demonstrated the antibacterial effect
of Manuka honey on a range of gram positive and
negative bacterial pathogens, including E. coli, E.
faecalis, A. actinomycetemcomitans, P. gingivalis, S.
mutans and Lactobacillus.*>° Methylglyoxal is par-
ticularly effective in inhibiting bacterial growth by
disrupting cellular divisions, arresting bacterial pro-
liferation, and inducing degradation of bacterial
DNA, even at relatively low concentration. The effi-
cacy of honey as an antibacterial agent was found to
increase in proportion to the concentration of methyl-
glyoxal present in the honey.'” Consequently, methyl-
glyoxal was investigated as an experimental group on
tooth sample surfaces with mature biofilm formation
in the present study. Because, its efficiency against
E. faecalis was demonstrated to be effective even at
low concentrations.

Thyme is a member of the Lamiaceae family
and is native to Europe, specially Mediterranian re-
gion. It is a hardy, perennial herbaceous plant or
shrub that belongs to more than 300 species. It has
been recognized as one of the Hippocrates 400 sim-
ple solutions. The essential oil of thyme (Thymus spp,
T citriodorits, T. vulgaris) is derived from the leaves,

and its primary components are 20-40% of the oil.
Thymol, the active constituent of thyme, has been
demonstrated to impede the proliferation of oral
pathogens within the oral cavity. Furthermore, its
combination with other essential oils has been shown
to diminish the incidence of dental caries. Addition-
ally, carvacrol has been demonstrated to possess an-
tibacterial activity against a range of bacterial
strains.'>'4!® Consequently, a number of studies have
indicated that TEO displays antibacterial activity and
is a valuable addition to dental practice, particularly
in the management of endodontic lesions.'*'* How-
ever, to the best of our knowledge, there were no
studies evaluating its efficiency over the mature form
of E. faecalis biofilm on root canal.'>!> These previous
studies demonstrated a high antibacterial and an-
tibiofilm effect of TEO on E. faecalis.'*"> Addition-
ally, Marinkovi¢ et al. emphasized that TEO exhibited
similar antibiofilm activity with NaOCl.!® Therefore,
the objective of this study was to evaluate its efficacy
over the mature E. faecalis biofilm and compare it
with another phytochemical, methylglyoxal.

The findings of the present study indicate that
all irrigation solutions demonstrated a statistically
significant reduction in E. faecalis counts (CFU) in
biofilm structure. However, no statistically signifi-
cant difference was observed between methylglyoxal
and NaOCl as well as TEO and NaOCl, indicating
that these irigation solutions exhibited promising an-
tibacterial and antibiofilm efficacy. In light of the in-
significant difference between the alternate agents
and NaOClI, these solutions might be recomended
during endodontic treatments to ensure clinically suc-
cessful outcomes. Additionally, Figure 1, Figure 2,
Figure 3 and Figure 4 illustrate the presence of both
dead and living cells subsequent to the irrigation pro-
cedure. The obtained counts (CFU) corroborate this
observation, as the lowest number of dead cells were
evident in the isotonic sodium chloride solution, with
comparable levels of dead cells evident in the methyl-
glyoxal, TEO, and NaOCl images. Therefore, the hy-
pothesis of this study was rejected due to the
statistical difference between the isotonic sodium
chloride solution and the other irrigation solutions
used in the study, namely methylglyoxal, TEO and
NaOCl.



A limitation of this study was the assessment of
a single sample from each root surface, rather than
from each region, such as the cervical, middle and
apical thirds of the root surface. Therefore, the results
were not distributed across the root region, which
might be different due to the features of the dentin
tubules. However, there was no statistical difference
between methylglyoxal and TEO, so further in-situ,
in-vitro and in-vivo studies should be conducted to
obtain more detailed results. The results showed that
there was a statistical difference between NaOCl and
isotonic sodium chloride solution. Thus, isotonic
sodium chloride solution showed the lowest effi-
ciency on E. faecalis biofilm of all irrigation solu-
tions. Therefore, still cannot be recommended during
the treatment of resistant or recurrent endodontic le-
sions.

I CONCLUSION

The results of this study stated that the highest re-
moval of E. faecalis biofilm was obtained in the
NaOCIl group. In addition, both methylglyoxal and
TEO showed the similar efficacy with NaOCI for
E. faecalis removal. The images of dead and live
cells in E. faecalis biofilm taken with CLSM
showed the similar efficacy of these two tested phy-
tochemicals compared to NaOCI. Therefore, it

could be concluded that methylglyoxal and TEO
could be used as an alternative to NaOCl as an irri-
gation solution. However, further microbiological
and cytotoxicity studies should be performed to
demonstrate lower toxicity levels compared to
NaOCl prior to in vivo studies.
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