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Abstract
Background: Use of different intracanal medicaments and irrigating solutions is an essential step in root canal treatment to decrease microbial count. Some medicinal plants have antimicrobial properties. This study sought to assess and compare the antimicrobial effects of aqueous extract of Teucrium polium (TP) with and without calcium hydroxide (CH) on Pseudomonas aeruginosa,
Enterococcus faecalis, Staphylococcus epidermidis and Staphylococcus saprophyticus in comparison with Chlorhexidine (CHX).
Methods: In this in vitro experimental study, the antimicrobial efficacy of TP alone and in combination with CH was evaluated by
disc diffusion and whole plate diffusion methods. The diameter of inhibition zones was measured by a ruler. Data was analyzed
with one-way analysis of variance (ANOVA) and non-parametric Mann Whitney and Kruskal Wallis tests (SPSS version: 16).
Results: The TP extract alone had no antibacterial effects after 24 hours of incubation and the mean diameter of the growth inhibition zones was zero. Significant differences were observed in calcium hydroxide plus CHX group in comparison with the other
groups in four bacteria (P < 0.001).
Conclusions: Calcium hydroxide plus CHX had the highest antibacterial effects compared with other medicaments and the TP
extract had no antibacterial effects.
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1. Background
Microbial stimulations are mainly responsible for pulpal and periapical diseases, and endodontic treatment is
performed to completely eliminate or minimize microbial stimulation (1). Because of the complex anatomy of
the root canal system, debridement and cleaning cannot
be done efficiently via instrumentation alone, and inadequate mechanical and chemical debridement of the root
canal system often leads to endodontic failure and inflammation (2, 3). Evidence shows that successful elimination of microbial pathogens from the root canal system is
achieved in 50% of cases of root canal cleaning (1). Thus,
effective irrigating solutions and intracanal medicaments
must be used to eliminate microorganisms from the root
canal system.
Calcium hydroxide is commonly used as an intracanal
medicament. However, it has some limitations. It cannot

efficiently eliminate all the microorganisms from the root
canal system (4) and requires a long time (seven days) to exert its antimicrobial effects (5). Moreover, due to high pH,
it is potentially toxic and can cause soft tissue damage and
subsequent chronic inflammation and necrosis in clinical
settings (6). Chlorhexidine gel (2%) is extensively used as a
root canal medicament due to suitable antibacterial property, relatively long substantivity, and no toxicity (7). Common side effects of Chlorhexidine are color change and
precipitation. When NaOCl and CHX are mixed together
an acid-base reaction occurs that forms a precipitate (8, 9).
The CHX at different concentrations and in combination
with Ca(OH)2 has satisfactory physicochemical properties
(pH, radio-opacity and working time) that would allow it
to be used as an intracanal medicament (10, 11).
The major aim of root canal medicaments is to disinfect the entire root canal system. Use of antimicrobial
medicaments is effective in reducing the bacterial load to
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some extent, yet some bacteria do remain and cause reinfection. With regards to the ineffectiveness, disadvantages
and side effects of synthetic drugs, herbal alternatives for
endodontic usage might prove to be advantageous. Teucrium polium is among the most widely recognized and
consumed medicinal plants worldwide. It is among the
most important genera of the Lamiaceae family, which has
over 340 genera around the world. It grows in the north,
west, south, and center of Iran, Alborz province, around
Tehran, and especially in moors and semi-dry mountains.
In terms of distribution, Teucrium polium L is most commonly found in the hillsides of Alborz and South Khorasan
province (12).
Many studies have shown the antioxidant, antidiabetic, anti-hypertension, anti-inflammatory, cholesterollowering, and cardiovascular protective effects of TP. Also,
the antimicrobial activity of this plant has been previously
confirmed (12). In 2000, Essawi and Srour evaluated the antibacterial activity of the aqueous and organic extract of TP
against eight bacterial species, using whole-plate diffusion
and disc diffusion methods. Their results revealed that
both extracts were effective on Gram-negative and Grampositive bacteria (13). Another study evaluated the antimicrobial activity of the ethanolic extract of TP against different antibiotic-resistant microorganisms and showed that
the ethanolic extract of TP had significant antibacterial effects on Gram-positive bacteria, especially staphylococci
(12). It appears that the main constituents of TP, such as essential oils, particularly thymol, flavonoids, tri-terpenoids,
and free hydroxyl radicals, have significant antimicrobial
and antibacterial properties and are mainly responsible
for the antimicrobial activity of TP (13).
Since the antibacterial activity of TP against gramnegative and gram-positive bacteria, especially E. faecalis,
S. epidermidis, S. saprophyticus and P. aeruginosa, has not
been specifically evaluated, this study sought to assess the
antimicrobial efficacy of aqueous extract TP, calcium hydroxide mixed with aqueous extract of TP and common intracanal medicaments against E. faecalis, S. epidermidis, S.
saprophyticus and P. aeruginosa. This efficacy is evaluated by
the disc diffusion and the whole plate diffusion methods.

the extract. The mixture was then filtered using Whatman
filter papers and the wastes were discarded. The initial extracts were obtained as such and centrifuged at 3000rpm
for 10 minutes. The overlaying solution was then collected
and transferred to a vacuum distillation apparatus for solvent evaporation. After one hour at 80°C, the solvent was
evaporated and the concentrated extract was collected. After drying, the dried extract was UV-sterilized. To ensure
sterilization, the extracts were cultured on nutrient agar
(Merck, Darmstadt, Germany). The extracts were stored in
sterile dark containers at 4°C until the experiment.
To determine the weight of aqueous TP extract, a test
tube was weighed and 1 mL of the aqueous extract was
transferred to this test tube. The content of the tube
was then dried at room temperature and after drying, it
was weighed again. The difference in weight of the tube
equaled 1 mL of the extract. Measurements were made in
triplicates and the mean of the three values was calculated
as the weight of dry extract.
2.2. Microorganisms
Standard strains of P. aeruginosa (ATCC 27853) Gramnegative and E. faecalis (ATCC 29212), S. epidermidis (ATCC
12228) and S. saprophyticus (ATCC 15305) Gram-positive bacteria were obtained. The culture media (Merck, Darmstadt,
Germany) were used for culture and storage of bacteria.
2.3. Microbial Suspension
Mueller Hinton agar and Mueller Hinton broth (Merck,
Darmstadt, Germany) were used for this study. To prepare microbial suspension, Mueller Hinton agar culture
medium was inoculated with the bacteria using a sterile
swab 24 hours prior to the experiment. Microbial suspension was prepared using Ringer’s solution after culturing the bacteria on the agar plate. The turbidity of the
suspension was determined using a spectrophotometer
(SP80016C, Taiwan (at 530 nm wavelength and diluted to
reach a 0.5-McFarland concentration of 1.5 × 108 colony
forming units/mL, using Ringer’s solution.
2.4. Susceptibility Testing of Microbial Strains

2. Methods
2.1. Extract Preparation
The Teucrium polium La leaves were collected from
Khash in Sistan and Balouchestan province and their extract was obtained by the maceration technique in Sistan
and Balouchestan University. Distilled water was used as
the solvent. For this purpose, 100 g of TP powder was precisely weighed by a digital scale. To prepare the aqueous extract, 500 mL of distilled water was added and the mixture
was vortexed for 72 hours at room temperature to obtain
2

To determine the susceptibility of the bacterial strains,
the Kirby-Bauer disc diffusion test and the whole plate diffusion technique were used. Paper discs were used for assessment of the antibacterial activity of the extract. In
the disc diffusion method, the agar plate was inoculated
with 1.5 × 108 colony forming units/mL (equal to 0.5McFarland standard) concentration of the standard culture.
Discs dipped in 10, 20, 30, and 40 mg/mL concentrations
of the extract were placed and slightly compressed on the
culture medium using a sterile hemostat. The plates were
then incubated at 37°C for 24 hours.
Dent Clin Exp J. 2017; 3(1):e9383.
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3. Results
The antimicrobial effects of TP and other materials are
presented in Figure 1. The results showed that TP had no
antibacterial effect at 24 hours after incubation and the
mean diameter of the growth inhibition zones was zero.
According to the Kruskal Wallis test, the mean diameter
of the growth inhibition zone was significantly different
among the study groups (P < 0.001). Pairwise comparisons
by the Mann Whitney test with Bonferroni adjustment revealed significant differences between the groups. Significant differences were observed in calcium hydroxide plus
CHX group in comparison with the other groups in four
bacteria (P < 0.001).

4. Discussion
Assessment of the antimicrobial activity of the aqueous extract of TP showed that it had no inhibitory effect
on P. aeruginosa, E. faecalis, S. epidermidis and saprophyticus. However, combination of aqueous extract of TP and
CH inhibited the bacterial growth almost favorably, which
may be due to the presence of CH. This finding is in contrast with the results of most previous studies. Tabatabaie
Yazdi in 2013 reported that aqueous and ethanolic extract
Dent Clin Exp J. 2017; 3(1):e9383.
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To assess the antimicrobial activity of CH powder plus
TP extract and CH powder plus CHX (2%), the CH powder
was mixed with the extract, saline or CHX to obtain creamy
pastes with a weight/volume ratio of 1:1.5. Pastes were
placed in wells created in agar culture medium by a sterile Pasteur’s pipette. The plates were then incubated at
37°C for 24 hours. Antimicrobial activity was assessed by
measuring the diameter of the growth inhibition zone in
millimeters (ruler). To increase accuracy, all tests were repeated in triplicates. Also, a disc containing microorganisms without any medicament/irrigating solution was considered as the positive control and a plate without bacteria
was considered as the negative control.
In the entire plate diffusion test, 0.2 g of the aqueous
extract was added to 5 mL of sterile distilled water and vortexed; 1 mL of the solution was added to a sterile Petri dish.
Sterile Mueller Hinton agar (Merck, Darmstadt, Germany)
culture medium was also added to the Petri dishes. One
loop of standard culture of each microorganism was cultured on the media and incubated at 37°C for 24 hours.
Each test was repeated in triplicates and the mean
values were analyzed with one-way analysis of variance
(ANOVA) and non-parametric Mann Whitney and Kruskal
Wallis tests. The SPSS software was used for data analyses
(SPSS version: 16). For multiple comparisons of the mean
values, Duncan’s new multiple range test was applied at P
≤ 0.05 level of significance.
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Figure 1. Comparison of the mean diameter of the growth inhibition zones among
the four bacteria exposed to five different combinations of medicaments/irrigating
solutions/extract. *** P < 0.001 comparison with other groups in four bacteria.

of TP inhibited S. epidermidis yet had no significant effect
on P. aeruginosa (14). Bakkali et al. in their study in 2008 on
essential oils extracted from TP showed that δ -cadinene, DLimonene, and β -caryophyllene in the composition of extract had antimicrobial effects (15). Also, Chedia et al., in
2013 showed that phenolic compounds and flavonoids in
the composition of TP significantly inhibited the growth
and proliferation of Gram-positive and Gram-negative bacteria (16). However, the current findings did not confirm
the antimicrobial activity of TP. Some other studies have reported poor antimicrobial activity of TP as well. Mosadegh
et al. showed that ethanolic extract of TP had poor antibacterial effects on staphylococci, Micrococcus luteus and Escherichia coli (17). Moreover, Oganesyan reported that TP
had weak antibacterial effects on staphylococci (18). Controversy in the results of studies is probably attributed to
the different types of extract and differences in the composition of the soil, in which the plant grows. Further studies
are required on different types of extracts to find the constituents with the highest effect on bacteria.
Different materials are used for cleaning the root canal
system. A suitable material for this purpose must have adequately high antimicrobial activity and minimal destructive/toxic effects. Several materials have been tested for
this purpose. Calcium hydroxide and CHX are effectively
used for root canal cleaning. The current study showed
that CH had almost similar effects on all four types of bacteria yet had lower effects on E. faecalis, which shows its
resistance to CH. Awawdeh et al., in 2009 confirmed this
finding (19). Sjorgren et al., in 1991 reported that CH must
be applied to the canal for seven days in order to exert antimicrobial effects (5). Saberi et al. showed that the antimicrobial activity of CH increased over time and reached
statistical significance from day three onwards (20). On
the other hand, inefficacy of CH has been shown in vitro
yet the situation might not be the same in clinical settings
3
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(20). Chlorhexidine had significantly different effects on
the four types of bacteria in the current study and showed
the highest effect on S. epidermidis and the lowest on P.
aeruginosa. These results are different from those of previous reports. do Amorim et al. in 2004 reported the lowest
minimum inhibitory concentration of CHX for E. coli, Prevotella denticola and E. faecalis, respectively (21). Also, the
antimicrobial efficacy of CHX against different bacteria has
been previously confirmed (8, 22). However, the concentration of CHX may affect its efficacy against different bacteria
(8). The effects of CH plus CHX were the same on P. aeruginosa, S. epidermidis and S. saprophyticus, yet it had maximum effects on E. faecalis. Moreover, the current results
showed that CHX had a more favorable antibacterial efficacy compared to CH and their combination. It has been
suggested that inhibitory and synergetic effects of dentin
on this combination should be evaluated in future studies.
4.1. Conclusion
Regarding the limitations of this study, the results
showed that the aqueous extract of TP did not inhibit bacterial growth and its combination with other agents did
not boost their antimicrobial efficacy. However, considering the controversy in this respect, future studies are warranted.
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