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Thai Propolis Extract as a Root Canal Medication

against Enterococcus faecalis Infection
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ABSTRACT

The aim was to evaluate the efficacy of Thai propolis extract compared to calcium hydroxide against Enterococcus
faecalis after root canal medication. One hundred and seventy two mandibular premolars were infected with E. faecalis. Six roots
were filled with normal saline, and four roots were prepared for scanning electron microscopy to check for bacterial penetration.
The remaining 162 roots were categorized into six groups and filled with one of three medicaments. Thai propolis extract, Thai
propolis extract mixed with calcium hydroxide, and calcium hydroxide, for 2 or 7 days. Root dentine powder was assessed for
viable bacteria in colony forming units. Thai propolis extract significantly eliminated more E. faecalis at day 2, but less than Thai
propolis extract mixed with calcium hydroxide and calcium hydroxide at day 7 ( p<0.001 ) At days 2 and 7, Thai propolis extract

mixed with calcium hydroxide had similar efficacy to calcium hydroxide.
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Introduction

Enterococcus faecalis is the most prevalent
species, isolated from root canals of previously root-filled
teeth with apical periodontitis'. It has an ability to invade
dentinal tubules®. Several studies have shown that
E. faecalis cannot be eliminated effectively by calcium
hydroxide, which has been used as a common endodontic
medicament for many years®™®. Calcium hydroxide was
initially recommended for use as an intracanal medicament,
based on its antibacterial effect after being placed in the
root canal over 7 days®. However, long-term use of
calcium hydroxide can compromise the integrity of root
dentin structure if left in the canal longer than two months
owing to its high pH (12.5) that adversely affects the
hydroxyapatite structure’. The antibacterial effect of
calcium hydroxide is due to its alkalinity as the hydroxyl
ion possesses a destructive effect on bacteria cell
membrane and protein structure®. Different vehicles used
with calcium hydroxide also play an important role in the
antibacterial action of calcium hydroxide that can influence

ionic dissociation into calcium and hydroxyl ions”®.

Because calcium hydroxide is not effective in
killing E. faecalis as aforementioned, there have been
several studies testing new synthetic or natural chemicals
used as a sole intracanal medicament or in combination
with calcium hydroxide for their antibacterial action'®.
Propolis or bee glue is a natural hive product collected
by bees and has been used as a remedy in folk medicine
for a very long time''. Its chemical compositions and
biological properties are complex and varied among
propolis extracts from different geographical areas and
climates. In general, the propolis extract contains various
organic compounds, such as phenols, esters and flavonoids
which are shown to possess anti-inflammatory,
antibacterial, antifungal and antioxidant properties'®.

In dentistry, propolis was reported to exert an
antibacterial effect against Streptococcus mutans,

13715 Moreover,

Streptococcus gordonii and E. faecalis
a combined preparation of calcium hydroxide with
Brazilian propolis extract as a drug solvent showed

greater inhibition of E. faecalis by an agar well diffusion
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method than calcium hydroxide or the extract alone'® '®.

Therefore, the aim of this in vitro and ex vivo study was
to evaluate the antibacterial efficacy of Thai propolis
extract in comparison with that of calcium hydroxide
against E. faecalis infection for 2 and 7 days when used
alone or combined with calcium hydroxide as a root

canal medicament.

Materials and methods
® Preparation of propolis extract

The extract of propolis collected from beehives
in Nong Khai province, Thailand, was prepared as
previously described'’. Briefly, propolis was ground into
fine particles and dissolved in 95% ethanol (1 g/5 mL).
The mixture was stirred at 25°C in an orbital shaker at
200 rpm for 5 days. The propolis extract was filtered with
Whatman No. 1 filter paper. Ethanol was removed in a
rotary evaporator at 40°C and the semi-solid brownish
extract with a concentration of 908.77 mg/mL was
obtained by lyophilization in a freeze dryer (CHRIST,
ALPHA 2-4 LD plus, Martin Christ, Germany). The extract
was kept in a bottle wrapped with aluminum foil and
stored at 4°C for further uses.

® In vitro antibacterial assays

E. faecalis strain DMST 4736, purchased
from the Department of Medical Sciences, Ministry of
Public Health, Thailand, was incubated overnight at 37°C,
5% CO2 for 24 h and suspended in sterile tryptic soy
broth. The optical density (OD) of E. faecalis suspension
was adjusted spectrophotometrically to 0.1, which was
approximately equivalent to 1.5 x 10° colony forming
units (CFU)/mL. The in vitro antibacterial effect of Thai
propolis extract against E. faecalis was first determined
by an agar well diffusion method according to Bauer et
al.'®. In brief, sterile tryptic soy broth, mixed with the
suspension of E. faecalis (OD = 0.1), was poured into
the petri dish. Each agar plate was punched out using a

cork border into three wells, each of which was for

adding the propolis extract at 100 mg/mL, non-setting
calcium hydroxide paste (Odontex, Bangkok, Thailand)
or sterile normal saline. The agar plate was then incubated
at 37°C for 48 h. The zones of inhibition were measured
in mm.

In addition, the minimum bactericidal
concentration (MBC) of the extract was determined by a
broth microdilution method according to the Clinical
& Laboratory Standards Institute guidelines. The MBC
value is defined as the lowest concentration that
completely inhibits bacterial growth. The propolis extract
was dissolved in phosphate-buffered saline (PBS) and
diluted with tryptic soy broth to a concentration of 200
mg/mL. Further two-fold serial dilutions were performed
by the addition of tryptic soy broth to reach the
concentrations of 100, 50 and 25 mg/mL. Then, a
100-pL quantity of each dilution was pipetted into
96-well plates. Each test or control well was inoculated
with 100 pL of the bacterial suspension. The well plates
were incubated at 37°C for 24 h. Then, a 0.1-mL
quantity withdrawn from both test and control wells was
streaked on agar plates and incubated at 37°C for 24
h, and any visible colony of E. faecalis on agar plates was
recorded.

The combination of calcium hydroxide in mg and
Thai propolis extract in mL was prepared at three
different ratios, 300:1, 400:1 and 500:1, based on
the viscosity of mixture that could be easily carried into
root canals using a spiral root filler. The antibacterial
activity was determined by an agar well diffusion test as
aformentioned. Each agar plate was punched out using
a cork border into four wells. Calcium hydroxide alone
and calcium hydroxide mixed with Thai propolis extract at
each of the three ratios were placed in the plates and
incubated at 37°C for 48 h. The zones of inhibition were
measured in mm. All in vitro antibacterial experiments

were performed in triplicate.
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® Preparation of tooth root specimens
The research protocol (#HE 582121) of this
study was approved by the office of the Khon Kaen
University Ethics Committee in Human Research. One
hundred and seventy-two single-rooted human
mandibular premolars without carious exposure, root
canal treatment and periodontal disease that were
extracted for orthodontic purposes were collected from
100 participants (1 8-24 years old) with their informed
consent. All teeth were stored in 0.1% thymol after
being decoronated to 12-mm root length using a
diamond disk with water coolant (Isomet 1000, Buehler,
IL, USA). The root canals were instrumented 1 mm short
of the root apex up to a size of 20 K-files (Dentsply,
Maillefer, Switzerland) and then prepared using the Wave
One 40/08 rotary file (Dentsply) according to the
manufacturer’s instructions. Irrigation was performed with
2 mL of 5.25% NaOCI during root canal preparation. The
root specimens were placed in an ultrasonic bath of 17%
EDTA for five minutes followed by 5.25% NaOCI for five
minutes to remove smear layer. The roots were then
placed in brain heart infusion (BHI) broth, autoclaved
(WACS-1045 autoclave, Taipei, Taiwan) for 15 minutes
at 121°C and cultured to check the efficacy of
sterilization.
® Ex vivo antibacterial activity of Thai propolis
extract
The study procedures were performed in a
microbiological safety cabinet (Napco NapFLOW 1200
Type A/B3, Boston, MA, USA) using sterilized
instruments and materials. All 172 root specimens were
placed in test tubes, containing 2 mL of BHI broth
inoculated with 0.5 mL of the E. faecalis suspension (1.5
x10° CFU/mL), and kept at 37°C for 21 days. The broth
was replaced every three days and randomly checked to
confirm free of contamination with bile esculin agar and
6.5% sodium chloride. The infected roots were divided

into a scanning electron microscope (SEM) group

(n = 4), a positive control group (n = 6) and six
experimental groups (n =27) as shown in Figure 1.

The conditions of eight groups were as follows:

Mandibular premolars
(N=172)

Experimental groups | |Positive control group SEM group
(N =162) (N =6) (N =4)
I I ]
. . . " Calcium hydroxide mixed
Calt:l(l;']m:hsy:j)romde Thai ;zlilop;uéli)extracl with Thai propolis extract
(N =54)

Group |: two days Group IlI: two days Group V: two days
(N=27) (N=27) (N=27)

Group lI: seven days Group |V: seven days Group VI: seven days
(N =27) (N =27) (N=27)

Figure 1. A flow chart summarizing a research design for this
ex vivo study to assess the antibacterial activity of Thai

propolis extract, using 172 human single-rooted

premolars from 100 participants. See more details in

the text. SEM = scanning electron microscope.

SEM group - four roots were sectioned
longitudinally into two halves and fixed in 2.5%
glutaraldehyde for two h. Each specimen was washed in
0.1 M PBS three times for five min each. Dehydration
was performed using ascending concentrations of ethyl
alcohol (30%, 50%, 70%, 90% and 100%) for ten
min each. After dehydration, the samples were dried, gold
coated using K500X Manual Sputter Coater (Quorum
Technologies Ltd., Brighton, UK), and examined by SEM
under a magnification power of 5,000x (S—SOOON
Hitachi, Tokyo, Japan).

Positive control group - each root canal was filled
with sterile normal saline, sealed with Cavit G (3M ESPE,
Seefeld, Germany) and incubated at 37°C for 7 days.

Groups | and Il - each root canal was filled with
non-setting calcium hydroxide paste using a spiral root
filler, sealed with Cavit G and incubated at 37°C for

2 and 7 days, respectively.
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Groups Il and IV - each root canal was filled with
Thai propolis extract soaked in a sterile paper point at
100 mg/mL, the MBC against E. faecalis based on the
broth microdilution test, sealed with Cavit G and
incubated at 37°C for 2 and 7 days, respectively.

Groups V and VI - each root canal was filled with
calcium hydroxide paste mixed with Thai propolis extract
at the most effective ratio of 300:1 (mg:mL) as
determined by the agar diffusion test using a spiral root
filler, sealed with Cavit G and incubated at 37°C for 2
and 7 days, respectively.

® Microbiological sampling

After the end of the medication periods for 2

and 7 days, a size-4 Gates Glidden drill (Kerr
Corporation, Orange, CA, USA) was passed through the
root canal to a depth of 11 mm to remove dentin powder.
The powder was collected in a test tube, containing 1 mL
of PBS, and the tube was shaken for 60 sec. A 10-fold
dilution was made, and a 0.1 -mL quantity of the dentin
suspension was streaked on agar plates and incubated
at 37°C for 24 h, and the number of E. faecalis was
counted as CFU/mL.

® Statistical analysis

The inhibition zone was reported as mean,

and the significance differences between groups were
determined by the independent sample t test or the
Mann-Whitney U test. The CFU data were transformed
to Iog10 values, and the normality test showed that the
CFU data of each group were not normally distributed.
Therefore, the median differences of CFU data among
different medicaments in each medication period or each
medicament between two different periods were
compared by the Kruskal-Wallis test, followed by the
Mann-Whitney U test. The statistical significance was set
to 5%. The Statistical Package for the Social Science
software version 19.0 (Chicago, IL, USA) was used for

statistical analysis.

Results

The in vitro antibacterial effect of Thai propolis
extract was first assessed by the agar diffusion test, and
the extract exhibited a larger growth inhibition zone than
did calcium hydroxide paste or sterile normal saline, as
a negative control (Fig. 2A). Statistically, the extract
demonstrated a significant greater mean inhibition zone
than calcium hydroxide (p < 0.001; Table 1). In addition,
the MBC of Thai propolis extract against E. faecalis was
found at 100 mg/mL, and calcium hydroxide mixed with
Thai propolis extract at the ratio of 300:1 (mg:mL)
showed the largest growth inhibition zone when compared
with that of calcium hydroxide or of calcium hydroxide
mixed with Thai propolis extract at the two ratios, including
400:1 and 500:1 (Fig. 2B). Statistically, calcium
hydroxide mixed with Thai propolis extract at 300:1
exhibited a significant greater mean inhibition zone than
the other groups (p < 0.05; Table 2).

Figure 2 Assessment of antibacterial activity against Enterococcus
faecalis of Thai propolis extract by an agar diffusion
test. A) A representative image of inhibition zones on
an agar diffusion plate with normal saline, calcium
hydroxide [Ca(OH)Z], and 100 mg/mL of Thai propolis
extract. B) A representative image of inhibition zones on
an agar diffusion plate with calcium hydroxide [Ca(OH)Z]
and three different ratios of calcium hydroxide mixed
with Thai propolis extract, including 300:1, 400:1 and
500:1.
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Figure 3 Infected root dentin with Enterococcus faecalis

evaluated by scanning electron microscopy. A
representative image of dentinal tubules from sterile
dentin (A), as a negative control, and infected dentin
for 21 days (B) at a magnification power of 5,000x.
Arrowheads in B indicate entombed E. faecalis with

a spherical shape in dentinal tubules.

The presence of E. faecalis entrapped in
dentinal tubules of infected roots after inoculation for 21
days (arrowheads in Fig. 3B) was first revealed by
scanning electron microscopy as compared to its absence

in sterile root dentin (Fig. 3A). The medians of colony

forming units in CFU/mL for infected root canals,
treated with calcium hydroxide, Thai propolis extract at
100 mg/mL, and calcium hydroxide mixed with Thai
propolis extract at the ratio of 300:1, at 2 and 7 days
of medication periods are shown in Table 3. It was
revealed that Thai propolis extract had significantly
eliminated more E. faecalis than calcium hydroxide and
calcium hydroxide mixed with Thai propolis extract after
2 days of intracanal medication (p < 0.001). On the
contrary, it had significantly less antibacterial efficacy than
calcium hydroxide mixed with Thai propolis extract and
calcium hydroxide after 7 days (p < 0.001). At both 2
and 7 days of medication periods, calcium hydroxide
mixed with Thai propolis extract had similar
antibacterial efficacy to calcium hydroxide used alone
(Table 3). When comparing the antibacterial efficacy of
each medicament between 2 and 7 days of intracanal
medication, it was found that there were significant
decreases in median colony forming units by calcium
hydroxide and calcium hydroxide mixed with Thai
propolis extract at day 7, whereas there was a significant
increase by Thai propolis extract alone (p<0.001;
Table 3).

Table 1 Antibacterial activity against Enterococcus faecalis of Thai propolis extract, assessed by an agar diffusion method and shown

as a mean growth inhibition zone in mm.

Medication Inhibition zone (mm) Confidence interval (95%Cl)
Thai propolis extract (100 mg:ml) 18.51 ° 18.30,18.72
Calcium hydroxide (control) 7.66 ° 7.23,8.08

? Statistically significant difference at p<0.001 by the Independent sample t test
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Table 2 Antibacterial activity against Enterococcus faecalis of calcium hydroxide mixed with Thai propolis extract at three different

ratios, assessed by an agar diffusion method and shown as a mean growth inhibition zone in mm.

Medication Inhibition zone (mm) Confidence interval (95%Cl)

Calcium hydroxide mixed with Thai propolis extract 18.19°¢¢ 18.17,18.22

300:1 (mg:ml)

Calcium hydroxide mixed with Thai propolis extract 17.62° 17.42,17.82

400:1 (mg:ml)

Calcium hydroxide mixed with Thai propolis extract 17.48° 17.44,17.53

500:1 (mg:ml)

Calcium hydroxide (control) 7.57¢ 7.40,7.74

b,c,d

Statistically significant differences at p<0.05 by the Mann-Whitney U test

Table 3 Comparsions of the median colony forming units in CFU/mL of Enterococcus faecalis, recovered after intracanal medication by

three different medicaments for two or seven days. The quantity of E. faecalis inoculated at the beginning was 1.5 x 10° CFU/mL.

Intracanal medication

Median colony forming units

(x 10* cFu/mI)

For two days For seven days

(mg:ml)

Calcium hydroxide 46.10°1 4.44 °"
Thai propolis extract (100 mg:ml) 13.40°°% 81.10 ¥
Calcium hydroxide mixed with Thai propolis extract 300:1 72.40 vg 6.97 48

abes 8 satistically significant differences at p<0.001 by the Mann-Whitney U test

Discussion

This study used a broth microdilution method to
obtain accurate minimum bactericidal concentrations of
Thai propolis extract. Higher values of MBC of Thai
propolis extract were observed as compared to the
findings from Ferraira et al.'® and Jafarzadeh Kashi et
al.?°. This may be a result of lower flavonoids (7.33 £0.18
mg quercetin) and phenolic compounds (29.50+0.27
mg gallic acid) in the Thai propolis extract®’ than in the
propolis extract from other regions of the world?®. Any

vehicle added to calcium hydroxide gives the

chemical characteristics influencing the rate of ionic
dissociation and diffusion °. This study used Thai
propolis extract as the vehicle at the ratio of 300:1
(mg:ml) because it had the greater mean of the growth
inhibition zone than other groups (Table 2) and could be
easily handled and inserted into the root canal by a
spiral root filler. Sahamanta et al.'® showed that a mixture
between propolis and calcium hydroxide at the ratio of
1:3 had the largest zone of growth inhibition at 48 and

72 h, which is similar to the current study.
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The results of this study suggest that Thai
propolis extract may be used as a short-term root canal
medicament. Thai propolis extract after 2 days of
medication showed higher antimicrobial effect compared
to calcium hydroxide (Table 3). This may be attributed
to the qualities of the active compounds in Thai propolis
extract whilst the time of application was not sufficient
for the calcium hydroxide to act against E. faecalis.
According to Sjégren et al.°, calcium hydroxide must be
applied at least 7 days to act as an effective antimicrobial
agent. Awawdeh et al.'® and Madhubala et al. ** have
shown that propolis was significantly more effective than
calcium hydroxide against E. faecalis with short-term
application, which is in agreement with this study.

After 7 days of medication, calcium hydroxide
had similar antibacterial efficacy to calcium hydroxide
mixed with Thai propolis extract while the Thai propolis
extract had the lowest antibacterial efficacy (Table 3).
This may be a result of flavonoid and polyphenol
reduction at high temperature.®*

Calcium hydroxide mixed with Thai propolis
extract had antibacterial efficacy similar to calcium
hydroxide alone after 2 and 7 days of medication. This
is possibly because the pH of calcium hydroxide mixed
with Thai propolis extract was still high (pH 12.4).
The antibacterial effect of this mixture may be the result
of high pH of calcium hydroxide rather than the flavonoid
in the Thai propolis extract. However, some E. faecalis
still remained in all root canals after medication, which
confirms that chemo-mechanical instrumentation is
essential during root canal treatment.

The SEM finding in the infected root specimens
indicated that the microorganisms penetrated into
dentin in a similar manner to that reported by Love in

1996,%° who showed that E. faecalis penetrated into the

dentinal tubules for up to 200 um. Since the diameter
of the dentinal tubules may affect the results, this study
controlled the diameter of the dentinal tubules by
limiting the age of the patients, from which the extracted
teeth were collected, and by standardizing the root length
to 12 mm.

A single examiner, who was blinded to the
different medicaments, performed the colony counting
and that examiner was self-calibrated with a substantially
high value of intra-class correlation coefficient to
minimize the measurement bias (Kappa =0.935).
Microbiological sampling was accomplished using a Gates
Glidden drill at the same length to abrade the dentin
powder, and the bur was also submerged in the broth.
According to Awawdeh et al.,”® this method is the most
effective microbiological sampling technique. Further
laboratory and clinical investigations should be carried
out to validate the findings of some beneficial use of Thai
propolis extract as an intracanal medicament.

In conclusion, Thai propolis extract at the
concentration of 100 mg/mL was effective in eliminating
E. faecalis at 2 days of medication. However, the Thai
propolis extract had the lowest antibacterial efficacy at 7
days of medication whilst calcium hydroxide mixed with
Thai propolis extract at the ratio of 300:1 and calcium

hydroxide has similar efficacy to at both 2 and 7 days.
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