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The comparison of calcium hydroxide, curcumin, and Aloe vera
antibacterial effects on 6-week-old Enterococcus faecalis biofilm as
an intracanal medicament: An in vitro study
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INTRODUCTION
Bacteria and their by-products are the main reason for

dental pulp necrosis and the formation of periapical
lesions.!. The main goal of root canal treatment is
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ABSTRACT

Background: This study aimed to compare the antibacterial effects of calcium hydroxide, curcumin,
and Aloe vera as an intracanal medicament on 6-week-old Enterococcus faecalis biofilm.

Materials and Methods: In this in vitro study, the solution containing E. faecalis ATCC® 29212™
was inserted into the canals of 72 single-rooted teeth to produce biofilm.The samples were divided
into four groups, and the antibacterial agent as an intracanal drug was used for | week. Calcium
hydroxide, curcumin, and A. vera were used as intracanal medicaments in three groups, respectively,
and the fourth group was irrigated with normal saline.The collected debris was cultured by spread
plate method for the bacterial count by colony count machine, and the number of bacteria in each
sample per ml was reported in colony-forming unit per ml (CFU/ml).The data were analyzed using
SPSS software. KruskalWallis and MannWhitney U-tests were used for comparison of CFU/ml
between the study groups. P <0.05 was considered significant.

Results: The mean CFU/ml in the groups of calcium hydroxide, curcumin,and A. vera were 749.44,
630.55,and 1529.16, respectively. Compared with the control group, curcumin, calcium hydroxide,
and A. vera showed 99.5%, 99.41%, and 98.79% antimicrobial effects, respectively. All three groups
were significantly effective than the control group (P =0.023, P = 0.023,and P = 0.024, respectively)
but were not significantly different from each other (P = 0.057).

Conclusion: All three groups showed significant antibacterial activity compared to the control
group, curcumin had the most significant effect, followed by calcium hydroxide and A.vera.Therefore,
herbal materials can be considered safe alternatives to synthetic medicaments for intracanal usage.
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to eliminate these microorganisms and their products
from the root canal system.?! Due to the complexity of
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root canal systems, some microorganisms may not be
eliminated completely even after thorough mechanical
debridement.  Therefore, chemical antibacterial
agents are needed for enhancing the microorganism’s
elimination.?!

Enterococcus  faecalis is the most reported
microorganism in teeth with failed endodontic
treatment.! One of the most prominent features of
E. faecalis is the ability to form a biofilm. As time
passes, the biofilm structure matures by mineralization
and calcifications and becomes more resistant to
antibacterial agents.’) In E. faecalis biofilm, this
maturation occurs in the 6" week of formation.!®’ Most
previous studies were conducted on young biofilms,
but the biofilms in root canals are completely matured
in most clinical cases.!”!

One of the most common medications used as an
intracanal antibacterial agent is calcium hydroxide.®
Despite having many merits, calcium hydroxide can make
the tooth structure susceptible to fractures® and also it is
not effective against E. faecalis due to the proton pump
of this bacterium.'” Some herbal medications have
been tested recently for their antimicrobial activities to
overcome the disadvantage of calcium hydroxide and
prevent antimicrobial resistance.?

Curcumin is a natural polyphenol derived from
Curcuma longa.'l In several studies, its antibacterial
effects have been demonstrated.'>!3] A recent study
has reported that photoactivated curcumin as an
intracanal irrigator has more antibacterial activity than
sodium hypochlorite.!'¥

Aloe vera is a plant rich in vitamins, enzymes,
minerals, and amino acids.'¥ A. vera extract has
been shown to have a valuable antibacterial effect.
It also has been known to be effective against
E. faecalis'® Among the ingredients of A. vera,
Alloins and Barbodons are the ingredients responsible
for its antibacterial effects.[> Previous studies showed
its effectiveness against E. faecalis,'7'81 but they
studied the planktonic form which is more susceptible
than the biofilm state.!'” Therefore, the purpose of this
study is to evaluate the antibacterial effect of calcium
hydroxide, curcumin, and A. vera on 6"-week-old
E. faecalis biofilm as an intracanal medicament.

MATERIALS AND METHODS

In this in vitro study, 82 teeth were used (18 teeth
in each group, five teeth for study under scanning

electron microscopy [SEM], and five teeth as negative
control). The teeth with single root and single root
canals, fully closed apexes were included in the
study. The teeth with cracked or fractured roots,
curved roots, calcified canals, and the teeth which
were previously received root canal treatment were
excluded from the study.

Preparation of teeth

To prevent dehydration, the teeth were stored in 0.9%
normal saline from the time they were extracted. The
crowns were cut from the cementoenamel junction.
After working, length determination, preparation,
and shaping of the root canals were done with
ProTaper Rotary Files (Denco, Shenzhen, China)
and through the step-back technique to the apical
size of 35 with 6% taper. To remove the smear layer
from root canal walls, 5.25% sodium hypochlorite
(NaOCl, Yekta, Paknam Co., Tehran, Iran) and 17%
ethylenediaminetetraacetic acid (EDTA, Morvabon,
Tehran, Iran) were, respectively, used for 3 min.
Normal saline was also used as the final rinse. The
teeth were autoclaved at 121°C for 20 min in 15 psi
to eliminate all microorganisms from the teeth.

Formation of the biofilm

For biofilm formation, a pure culture of E. faecalis
ATCC® 29212™ was prepared in brain heart
infusion (BHI) Broth in 37°C with the pressure of
10% CO, for 24 h and bacterial suspension equal
to 0.5 McFarland Standard. Sterilized teeth were
separately placed in 1.5 ml sterile vials and 1 ml
of the suspension was added to each vial. The vials
were incubated for 6™ week at 37°C, and the bacterial
suspension was replaced daily. Then, five random
samples and five negative control samples were
examined to confirm biofilm formation under scanning
electron microscopy (TESCAN VEGA, Kohoutovice,
Czech Republic) [Figures 1 and 2].

Insertion of intracanal medicaments

The samples were divided into four groups (each
containing 18 teeth), and the antibacterial agent as
an intracanal drug was used for 1 week. In the first
group, the intracanal drug was 1 ml of 2.24 g/cm’
calcium hydroxide (Morvabon, Tehran, Iran). In the
second group, 1 ml of 6 g/ml curcumin paste (30 g
natural curcumin was mixed with 15 ml sterile saline
to obtain a paste with similar texture to calcium
hydroxide) was used. In the third group, 1 ml natural
A. vera gel extract (100% Aloe vera Gel, Sillaneh Co.,
Iran) was used, and in the fourth group, the control
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group, the teeth were only washed with normal saline.
In all three groups, the medicament was injected
with a 20 ml 18-gauge syringe, so to cover the entire
length of the canals.

Preparation of specimens for microbiological
analysis

After 1-week, antibacterial agents were irrigated from
root canals using 10 ml sterile distilled water and after
drying with sterile paper cones, number 4 and 5 Gates
Glidden Drills (Mani, Tochigi, Japan) were used
to collect debris from the entire root canal length.
Then, the collected debris was transferred into sterile
microtubes. To determine the number of E. faecalis
colonies, the serial dilution method with a three-fold
dilution was used. Finally, 100 ul of each diluted
sample was inoculated into a BHI Agar plate by spread
plate method and was incubated at 37°C for 24 h.
Finally, the colony count machine (Funke-Gerber,
Berlin, Germany) determined the number of bacteria
in each sample and then CFU/ml was calculated by
the following equation:

CFU/ml = (number of colonies x dilution factor)/
volume of culture plate.

Statistical analyses

The data were analyzed using SPSS version 17
software  (SPSS  Inc., Chicago, IL, USA).
The normality of data was evaluated by the
KolmogorovSmirnov test. Then, the KruskalWallis
analysis was used to compare colony-forming unit
per ml (CFU/ml) between the study groups. The
MannWhitney U-test was used to compare the mean
CFU/ml of the study groups with the control group.
P < 0.05 was considered significant. The regional
ethics committee approved this study by the code of
IR.TBZMED.REC.1398.1289.

RESULTS

The SEM study showed the formation of biofilm
in study samples [Figure 1] and the lack of biofilm
formation in the negative control group [Figure 2].

The mean CFU/ml in the groups of -calcium
hydroxide, curcumin, A. vera, and negative control
is shown in Table 1. The CFU/ml levels in calcium
hydroxide, curcumin, and A4. vera groups were
significantly higher than the control group [Table 2].
Compared with the control group, curcumin, calcium
hydroxide, and A. vera showed 99.5%, 99.41%, and
98.79% antimicrobial activities, respectively. The
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Figure 1: Scanning electron microscopy picture for the
conformation of biofilm formation in study samples (a) with
x14 magnitude, (b) with x1000 magnitude, (c) with x3000
magnitude, (d) with x5000 magnitude.

Table 1: Mean colony-forming unit per ml
(colony-forming unit/ml) in study groups

Groups Number Mean+SD* Minimum* Maximum®
Control 18 1.2x10°%£8.1x10? 8.6x10* 1.7x10°
Ca (OH) , 18 7.4x10%+5.2x102 10 1.4x103
Curcumin 18 6.3x10%2+4.6x102 12 1.2x10°
Aleo vera 18 1.5x10%+1.1x10° 37 4.8x10°%

*CFU/ml, SD: Standard deviation, CFU: Colony-forming unit, Ca (OH),: Calcium
hydroxide

Table 2: Comparison of mean colony-forming
unit/ml of study groups with control group

Study groups Mean rank Sum of ranks P
Ca (OH), 9.50 171.00 0.23
Control 19.50 39.00

Curcumin 9.50 171.00 0.23
Control 19.50 39.00

Aloe vera 9.00 153.00 0.24
Control 18.50 37.00

P value based on Mann-Whitney U-test. Ca (OH),: Calcium hydroxide

KolmogorovSmirnov test evaluated the normality
of data, and due to the normal distribution of
data (P < 0.001), the mean CFU/ml of study
groups was compared with the KruskalWallis test.
Therefore, curcumin showed the highest antibacterial
activity, and 4. vera showed the least. All three

-Dental Research Journal / 2022




Eskandarinezhad, et al.: Antibacterial effect of intracanal drugs on E. faecalis

groups were significantly effective than the control
group but were not significantly different from each
other (P = 0.057) [Table 3].

DISCUSSION

For successful root canal treatment, the elimination of
all microorganisms from the root canal is necessary.
Microorganisms are found in planktonic and biofilm
states in the root canal and the elimination of biofilm
state is much more challenging.! E. faecalis has a
high resistance to endodontic treatments,*” which is
due to its ability to penetrate to dentinal tubules,?"
tolerate high alkalinity,” and form biofilm.!**!

Most previous studies have used planktonic state of
bacteria, but in the present study, the biofilm was used
which is 1000 times more resistant to antibacterial
agents and is more common in persistent infections.®”
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Figure 2: Scanning electron microscopy picture for the
conformation of lack of biofilm formation in control group (a)
with x14 magnitude, (b) with x1000 magnitude, (c) with x3000
magnitude, (d) with x5000 magnitude.

Table 3: Comparison of mean colony-forming
unit/ml between study groups

Study groups Mean rank P
Ca (OH), 26.14 0.57
Curcumin 22.03

Aloe vera 34.33

P value based on Kruskal-Wallis analysis. Ca (OH),: Calcium hydroxide

Furthermore, in this study, to evaluate the antibacterial
effect of medications, CFU/ml was calculated.
However, most previous studies have used Agar disk
diffusion which gives less reliable results.

Calcium hydroxide is the gold standard for intracanal
medicaments and its inhibitory effects on bacteria have
been reported to be about 90%.% In the present study,
calcium hydroxide showed 99.5% antimicrobial activity
compared to the control group. Calcium hydroxide
damages the bacterial cell wall and creates a high
alkaline environment leading to protein denaturation
and cell death but buffering features of dentin inhibits
its effects to some degree.*® Furthermore, E. faecalis
can survive in the presence of calcium hydroxide due
to its proton pump which balances the PH.?” Due to
some side effects and increased microbial resistance to
calcium hydroxide, research on herbal drugs with less
toxicity and fewer expenses is flourishing.*®

As an anti-inflammatory and antibacterial agent,
curcumin does not show any toxic effects on the
human body, even in high doses.? The mechanism
by which curcumin acts as an antibacterial agent has
not been identified entirely, but it seems that curcumin
inhibits the aggregation of protofilaments, inhibiting
bacterial cell proliferation.>”

Results of the present study indicate that curcumin,
A. vera, and calcium hydroxide are all effective
against E. faecalis, and the curcumin has the
maximum antibacterial effect. Similar to the present
study, a research conducted by Tyagi et al. showed
that curcumin has a strong antibacterial effect
against Pseudomonas aeruginosa, Escherichia coli,
E. faecalis, and Staphylococcus aureus, and this effect
escalates by an increase in time and dose, reaching
100% bacterial elimination.?!

Curcumin’s antibacterial effect as an intracanal
medicament on planktonic bacteria has been shown
to be significantly lower than chlorhexidine!**3?! but
superior to 4. vera and calcium hydroxide,? while
in the present study conducted on biofilm state,
the antibacterial activity of curcumin was equal to
calcium hydroxide and superior to 4. vera.

In a study by Swapnil et al. curcumin showed a lower
antibacterial effect compared to Triphala and calcium
hydroxide on planktonic state of E. faecalis. This
difference in results from the present study may be
due to the fact that in the Swapnil ef al. study the Agar
disk diffusion test was used and the bacteria were not
in the biofilm state unlike the present study.?!
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A. vera is rich in anthraquinone, tannin, and myristic
acid and has anti-inflammatory, antifungal, antiviral,
antibacterial, and antioxidant characteristics. This
substance is used in different medical settings such
as treatment for recurrent aphthous stomatitis and
lichen planus.?¥ In a study conducted by Kurian et al.
A. vera as an intracanal medicament on 3-week-old
E. faecalis biofilm showed weaker results than
calcium hydroxide in 3 days. However, the results
were reversed on the 7% day, and 4. vera had stronger
antimicrobial activity. This finding is contrary to the
results of the current study and the difference could
be explained by different methods used to prepare
pastes and different culturing techniques.**

In a study by Goud ef al. A. vera as an intracanal
irrigator against planktonic E. faecalis, measured
in CFU showed to be less effective than
0.2% chlorhexidine but similar to 3% sodium
hypochlorite.?™ In a confocal microscopic evaluation,
A. vera had less antibacterial effects on 3-week-old
E. faecalis biofilm compared to calcium hydroxide
but the difference was not significant,! which is in
accordance with the results of the present study.

It seems that variabilities in the findings of different
studies is probably due to differences in the form of
materials such as gel and paste or due to differences
in the bacterial culture age, bacterial state, and
evaluation methods.

CONCLUSION

Although none of the studied groups achieved 100%
inhibitory effect, all three groups showed significant
antibacterial activity compared to the control group.
Curcumin had the most significant effect, followed by
calcium hydroxide and 4. vera. Therefore, considering the
obtained results and easier access and biocompatibility,
these herbal materials can be considered good alternatives
to synthetic medicaments for intracanal usage.
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