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Aim: This study aimed to evaluate the pH, Ca?* release, solubility,
and antimicrobial activity of calcium hydroxide (Ca(OH),)
pastes in association with different substances. Methods:
Sixty acrylic teeth (n=10) were filled with pastes that associated
Ca(OH), with the following substances: benzalkonium chloride
5% (G1) and 50% (G2) both in propylene glycol, arnica glycolic
extract (G3), green tea glycolic extract (G4), Calen/PMCC™
(G5), and Calen™ (G6). In the group G1 to G4 were used 1g of
Ca(OH), powder with 0,8g of vehicle. pH and Ca? release was
measured after 7, 15, and 30 days. For solubility, micro-CT was
used immediately and at the periods of 7, 15, and 30 days.
For the antimicrobial analysis, a biofim of E. faecalis was
induced in vitro on bovine dentin discs. Live/dead viability dye
and confocal scanning microscopy were used. Results: The
highest pH values occurred on the first 7 days, and the G6,
G1, G3, and G5 presented the highest pH values at this period
(P <0.05). Ca* release was higher in all groups at 7 days, with
the highest values observed in G1, G5, and G6. The volume of
all pastes showed no significant difference in the intragroup
analysis at 7 and 15 days (P <0.05). G1 and G2 showed the
highest antimicrobial action (P <0.05). For the biovolume,
there was difference between the G6 and the other groups
(P >0.05) with G1 presenting the lowest values. Conclusion:
Benzalkonium chloride 5% increases the antimicrobial action
of the Ca(OH,), without impairs physicochemical properties.
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Introduction

The aim of endodontic treatment of teeth with apical periodontitis is to eliminate
microorganisms from the root canal system'. However, root canal preparation, due
to its anatomical complexity, is not totally effective in complete disinfection, requiring
the use of intracanal dressing®. Calcium hydroxide (Ca(OH),) paste has been the most
widely used intracanal medication for this purpose®. Its mechanism of action involves
the dissociation in calcium (Ca?*) and hydroxyl (OH-) ions, showing biological proper-
ties such as antimicrobial activity, tissue dissolution capacity and inhibition of osteo-
clast activity**. The association of Ca(OH), with inert vehicles has demonstrated lim-
ited antimicrobial effectiveness, especially against Enterococcus Faecalis®. Therefore,
the association with antiseptic substances to potentiate the antimicrobial activity of
the paste has been recommended®.

Different substances and vehicles have been proposed to be associated with Ca(OH),
for improvement of its antimicrobial properties’. Camphorated paramonochlorophe-
nol (CPMC) is a phenolic compound used as root canal disinfectant and is one of
these substances®. CPMC breaks the bacterial cytoplasmic membrane, denatures
proteins, and inactivates enzymes such as oxidases and dehydrogenases, having
a bactericidal effect, in addition to the release of chlorine, which is an antibacterial
agent. The literature suggests that the association of Ca(OH),/ CPMC increases the
spectrum of action and antimicrobial efficacy, in addition to greater dentinal penetra-
tion, when compared to the association of Ca(OH), with inert vehicles®®.

Phytotherapy has been gaining popularity nowadays in the prevention and treatment
of diseases because it causes few adverse effects and is inexpensive®. Green tea
(Camelia sinensis) is a widely consumed beverage in many parts of the world®. It is
rich in flavonoids, polyphenols, and catechins, which have potent antioxidant prop-
erties and eliminate free radicals®. Furthermore, it presents favorable results in the
antimicrobial action against E. faecalis in biofilm and planktonic forms, which can be
justified by the generation of hydroxyl radical®. Arnica is another vegetable substance
with active ingredients such as sesquiterpene lactones, helenalin 11-alpha, 13-dihy-
droelenanine, and esters, as well as acetic, isobutyric, methacrylic, and other car-
boxylic acids, with anti-inflammatory properties, and also containing potent immu-
nostimulants'®!". However, it has a low antimicrobial efficacy when used in isolation
on endodontic microorganisms'?. Its root extract is used externally to treat bruises,
sprains, rheumatic pain, phlebitis, and skin inflammation, and as homeopathic prepa-
rations for the stimulation of the immune system?.

Another vehicle that might be associated with Ca(OH),, because of its antimicrobial
activity, is benzalkonium chloride (BC), which is a surfactant that presents a quater-
nary ammonium compound that can change cell penetrability, altering cytoplasmic
components and leading to the death of bacteria, besides showing activity against
viruses, fungi, and protozoa'?'s. Arias-Moliz et al.’* (2015) demonstrated that the
addition of this compound to endodontic cements, promoted significant improve-
ments in antimicrobial and antibiofilm activity without affecting its properties, elim-
inating E. faecalis. Despite the existing literature on the characteristics and proper-
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ties of these substances, little is known about the impact of the association of other
substances, such as herbal compounds and benzalkonium chloride, on the physico-
chemical properties and antimicrobial activity of Ca(OH), pastes. Therefore, the aim
of this study was to evaluate the pH, calcium ion release, solubility, and antimicrobial
activity against Enterococcus faecalis biofilm, of pastes that associate benzalkonium
chloride, arnica glycolic extract, green tea glycolic extract and CPMC with Ca(OH),.
The null hypothesis tested is that these substances do not influence in the antimicro-
bial activity and physicochemical properties of Ca(OH), paste.

Materials and Methods

Experimental pastes

Six Ca(OH), pastes were evaluated and their compositions are shown in table 1.

Table 1. Composition of the Ca(OH), pastes used.

Group Composition

Ca(OH), p.a (Biodinamica, Londrina, Brazil) + benzalkonium chloride 5% - (Bauru Férmulas,

Gl Séo Paulo, Brazil) in propylene glycol (CH/CB5)

G2 Ca(OH), p.a (Biodinémica, Londrina, Brgzil) + benzalkonium chloride 50% (Bauru Férmulas,
Sé&o Paulo, Brazil) in propylene glycol (CH/CB50)

G3 Ca(OH), p.a (Biodindmica, Londrina, Brazil) + arnica glycolic extract (CH/ARN)

G4 Ca(0OH), p.a (Biodindmica, Londrina, Brazil) + green tea glycolic extract (Camellia sinensis

leaf extract) (CH/GT)

Calen paste CPMC (CH/CPMC) (SS White Artigos Dentarios Ltd, Rio de Janeiro, Brazil) -
G5 composed by calcium hydroxide (2.5 g), zinc oxide (0.5 g), hydrogenized colophony (0.05
g), polyethyleneglycol 400 (1.75 mL), and camphorated paramonochlorophenol (0.15 mL).

Calen paste (CH) (SS White Artigos Dentarios Ltd, Rio de Janeiro, Brazil) —
G6 calcium hydroxide (2.5 g), zinc oxide (0.5 g), hydrogenized colophony (0.05 g) and
polyethyleneglycol 400 (12.75 ml)

In the group G1 to G4 were used 1g of calcium hydroxide powder with 0,8g of vehicle
and the final consistency of the pastes was similar to that of toothpaste. In the groups
G5 and G6 were used 1,8g of the paste to fill the canal.

Analyses of pH, calcium ion release, and solubility

For the pH and calcium ion release analyses, 60 artificial acrylic resin maxillary central
incisors (N = 10) with an artificial foramen standardized to a diameter of 400 um were
filled, using a lentulo drills #30 (Dentsply/ Maillefer, Ballaigues, Switzerland). After
that, the roots were analyzed using a micro-CT camera to guarantee the complete
filling. Then, the crowns were sealed with a composite resin and the teeth were indi-
vidually immersed in tubes containing 10 mL of deionized water (pH 7.15). The tubes
were hermetically sealed and taken to the oven at 37 °C. After 7, 15, and 30 days, the
specimens were transferred to a new tube with the same volume of deionized water.
The pH and calcium ion released were measured in each time interval immediately
after the removal of the teeth from the tubes.
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A pH meter (model 371; Micronal, Sdo Paulo, SP, Brazil) was used for the determina-
tion of the pH. To assure the accuracy of the device, constant measurements were
performed with known buffers at pH of 4, 7, and 14. After the specimen removal, the
tube was taken to a shaker and agitated for 5 seconds. After agitation, the liquid was
poured into a beaker and then put in contact with the device's electrode.

Calcium ion release was measured using an atomic absorption spectrophotometer
(AAB800; Schimadzu, Tokyo, Japan) equipped with a calcium-specific hollow cath-
ode lamp. Calcium release and pH were performed in triplicate.

The solubility analyses were performed with the same teeth used for the determi-
nation of the pH and calcium ion release. For this experiment, immediately after the
acrylic teeth were filled with the experimental pastes and sealed with the composite
resin they were scanned with a microcomputed tomography (SkyScan 1174v2; Sky-
scan, Kontich, Belgium) to obtain the baseline values. The imaging parameters used
were: voxel size of 19.70 um and 360° at a rotation step of 0.5°. Then, the teeth were
immersed in plastic bottles and stored as previously described. At the time intervals
of 7, 15, and 30 days, the teeth were removed from the bottles and scanned again
before they were inserted in the new tubes. The images obtained were reconstructed
and the volume (mm3) was measured with the aid of a software (CTan v1.11.10.0,
Sky-Scan). Solubility values at baseline and after the tests were recorded. The per-
centage of solubility in each period was also determined.

Analyses of antimicrobial activity

To test the antimicrobial activity of the pastes, dentin discs were removed from
bovine teeth with fully developed roots. For this, trephine burs (4 x 4 mm) were used
coupled to a handpiece device and placed perpendicular to bovine roots. The trephine
was forced from the mesial to the distal portion of cervical and middle thirds, under
abundant irrigation, so that were obtained four dentin discs per tooth. Then, the discs
were polished with silicon carbide abrasive papers (Buehler Ltd, Lake Bluff, lllinois) of
600, 400, and 200 granulations, providing a mean thickness of 0.8-1.0 mm of dentin
disks. Afterwards, the specimens were submitted to an ultrasonic bath of 5 min each,
with 1% sodium hypochlorite and 17% EDTA to remove smear layer, and were subse-
quently sterilized in an autoclave.

After confirmation of the strain purity by Gram staining and colony morphology,
15 mL Enterococcus faecalis standard strain (American Type Culture Collection
[ATCC] 29212) were put into 3 mL sterile brain-heart infusion (BHI; Oxoid, Basingstoke,
UK) at 37°C in air for growth overnight. Following, bacterial density was adjusted at
108 cells/mL with a spectrophotometer (UV-VISIBLI, Shimadzu, Japan) at an optical
density of 1 at 600 nm according to the 0.5 MacFarland standard. The dentin surfaces
were then infected for biofilm grown: 1 dentin block + 100 pL E. faecalis + 900 pL BHI
were inserted into each well of a 24-well multiwell plate. The latter was kept under
agitation in an oven at 37 °C (Q816M20; Composed of Scientific Chemis LTDA, Dia-
dema, SP, Brazil) for 21 days. To avoid nutrient deficiency, the culture medium was
completely replaced every 48 hours, without addition of new microorganisms. For
the antimicrobial test, dentin samples were immersed in experimental pastes and
incubated at 37 °C for 7 days. In the control group, the biofilm received no treatment.
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After this period, the pastes were washed out inserting the disc in a recipient with dis-
tilled water until the complete removal of the paste under the disc, after that samples
were stained with 15 pm of Syto 8/propidium iodide (Live/Dead Technique-In Vitro
Gen) for 15 minutes. After staining, the samples were taken to a confocal laser scan-
ning microscope (Leica, Mannheim, Germany) to obtain images from the surface with
a 40x magnification. The biovolume and percentage of live cells were calculated with
the aid of the biolmage_L software (www.bioimagel.com).

The data obtained in the pH analysis, calcium ion release, solubility, and antimicrobial
activity were analyzed for normality by the Shapiro-Wilk test. As the values pH, cal-
cium ion release, and solubility presented a normal distribution the analysis of vari-
ance ANOVA with a post-hoc Tukey's test was applied for statistical comparison of
the data. Because of the absence of a normal distribution, the Kruskal-Wallis and
Dunn's post-hoc tests were used to compare the antimicrobial activity. The level of
significance was set at 5%.

Results

Table 2 shows the median (Med), minimum and maximum (Min - Max) values for
the calcium and hydroxyl ions release (mg/L) by the pastes in the periods ana-
lyzed. In this period the higher alkalinity values were achieved by the viscous pastes
CH/CB5 (G1), CH/CPMC (G5) and CH (G6) with exception of CH/CB50 (G2). (P < 0.05).
The CH/GT (G4) presented the lowest values for calcium ion release in all periods.
(P<0.05). For the groups CH/CB5 (G1), CH/CB50 (G2), CH/CPMC (G5), and CH (G6)
the intragroup analysis revealed a statistically significant reduction in calcium ion

Table 2. Median (Med), minimum and maximum (Min - Max) values for the calcium and hydroxyl ions
release (mg/L) from the pastes in the different periods of time.

7 days 15 days 30 days
GROUPS pH Ca pH Ca* pH Ca*
Med Med Med Med Med Med

(Min - Max)  (Min-Max) (Min — Max) (Min - Max)  (Min - Max) (Min — Max)
G1 11.45 129.3 8.48 55.07 79 29.36
(CH/CB5)  (10.93-11.78)*® (82.12-355.7y82  (7.9-9.6)°  (50.92-57.86)"" (7.74-8.06)® (15.26-57.84)"b
G2 10.67 64.03 9.37 18.72 8.06 18.33
(CH/CB50) (10.39-11.29)%° (38.76-77.99)5¢2 (8.4-10.64)*%¢ (13.06—49.65)"> (7.88-8.33)5®  (0-49.05)"8>
G3 10.93 18.77 10.54 9.93 8.52 21.53
(CH/ARN)  (10.36-11.26)%¢ (8.71-33.48)°® (9.33-10.85)* (3.59-30.84)¢ (8.32-8.65)" (9.82-29.43)82
G4 10.27 292 8.73 12 8.14 0.475
(CH/GT) (9.5-10.82)>  (0.11-168)c=  (8.3-9.33)®  (0.15-9.87)%®  (8-8.4)%¢  (0.13-4.76)C"
G5 11.63 219.6 9.57 2277 7.88 14.02
(CH/CPMC) (11.32-11.94)* (150.5-446.6)'82 (9-10.78)"  (3.28-24.16)%> (7.82-7.96)°  (6.8-20.7)8C"
G6 11.64 3403 8.98 24.93 8.32 45.42
(CH) (9.2-12.25)%  (69.93-899.3)*¢ (8.43-10.46)%® (10-33.74)%8>  (7.8-9.35)® (36.88-51.36)*

*Repeated measures ANOVA with Tukey’s multiple comparison test, P-value < 0.05; Different lowercase letters
in rows indicate statistically significant intragroup differences; ANOVA with Tukey’s multiple comparison test,
P-value < 0.05; Different uppercase letters in columns indicate statistically significant intergroup differences in
the same time period. CH/CBS - Calcium hydroxide + benzalkonium chloride 5%; CH/CB50 - Calcium hydroxide
+ benzalkonium chloride 50%; CH/ARN - Calcium hydroxide + arnica glycolic extract; CH/GT - Calcium
hydroxide + green tea glycolic extract; CH/CPMC - Calen paste + camphorated paramonochlorophenol;

CH - Calen paste
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release between 7 and 15 days (P<0.05), however, between 15 and 30 days, no differ-
ence was observed (P>0.05).

The median (Med), minimum and maximum (Min - Max) for the volume (mm?3) of
the different experimental pastes over time is presented in the Table 3. In the intra-
group analysis, in all groups, no statistical significant difference was seen between
initial volume and the volume after 7 days. CH/CB5 (G1) presented the lowest solubil-
ity, showing statistical reduction of the initial volume just in 30 days. CH/CB50 (G2),
CH/ARN (G3) and CH/GT (G4) revealed similar solubility over time, with significant
volume reduction after 15 days. CH/CPMC (G5) and CH (G6) presented no statistical
significant difference in the volume between 15 and 30 days.

Table 4 shows the median (Med), minimum and maximum (Min - Max) values for
the biovolume and the percentage of living bacteria in the biofilm after contact with

Table 3. Median (Med), minimum and maximum (Min - Max) values of the experimental pastes volumes
(mm?) in the different periods of time

GROUPS Initial volume 7 days 15 days 30 days

Med (Min — Max) Med (Min — Max) Med (Min — Max) Med (Min — Max)
G1 (CH/CBS5) 1.63 (1.22-2.24)° 1.6(0.99 -2.23)* 1.42 (0.79-2.06)* 1.36 (0.57 — 1.94)°
G2 (CH/CB50) 2.26 (3.44-2.01)* 2.13 (2.64-1.72)® 1.99 (2.46-1.35)° 1.99 (2.47-1.45)°
G3 (CH/ARN) 1.92(2.30-1.41)°  1.840(2.181.17)*  1.67 (2.18-1.04)° 1.67 (2.18-0.98)
G4 (CH/GT) 3.35(4.02-1.24)F  2.53(3.00-1.24)*  2.37(2.53-1.24) 2.37 (2.53-1.24)°
G5 (CH/CPMC) 237 (2.18-2.73)¢  2.21(2.09 -2.38)%® 0.40 (0.19 - 0.67)* 0.37 (0.07 - 0.62)°
G6 (C) 1.64 (1.15-2.59)° 1.58 (1.08 - 2.50)® 1.45 (0.93 - 2.18)* 1.39 (0.71 - 1.95)°

*repeated measures with Friedman and Dunn’s multiple comparison test, P-value < 0.05; Different lowercase
letters in rows indicate statistically significant intragroup differences; CH/CB5 - Calcium hydroxide +
benzalkonium chloride 5%; CH/CB50 - Calcium hydroxide + benzalkonium chloride 50%;CH/ARN - Calcium
hydroxide + arnica glycolic extract; CH/GT - Calcium hydroxide + green tea glycolic extract; CH/CPMC - Calen
paste + camphorated paramonochlorophenol; CH - Calen paste

Table 4. Median (Med), minimum and maximum (Min - Max) values of the percentage of live cells and
biovolume of the biofilm after the contact with the experimental pastes for 7 days.

GROUPS % of live cells Biovolume

Med (Min — Max) Med (Min — Max)
G1 (CH/CB5) 13.39 (5.75 - 21.57)° 56.673 (5.182 — 451.825)°
G2 (CH/CB50) 6.4 (2.59 - 16.64)® 67.114 (22.511-577.933)"
G3 (CH/ARN) 70.48 (54.15 - 76.16)" 65.277 (12.295 — 460.183)®
G4 (CH/GT) 81.43 (72.38 - 92.63)* 167.706 (16.582 — 1270.006)%®
G5 (CH/CPMC) 58.73 (47.34 - 77.1)" 146.641 (6.947 — 550.611)"
G6 (C) 54.81 (34.13 - 87.86)* 133.222 (5.605 — 800.540)"®
Control 79.14 (68.30 - 86.56)* 255.94 (12.882 - 1222.006)*

*Kruskal-Wallis with Dunn’s post-hoc, P-value <0.05; Different uppercase letters in columns indicate statistically
significant intergroup differences. CH/CBS5 - Calcium hydroxide + benzalkonium chloride 5%; CH/CB50 -
Calcium hydroxide + benzalkonium chloride 50%;CH/ARN - Calcium hydroxide + arnica glycolic extract; CH/GT -
Calcium hydroxide + green tea glycolic extract; CH/CPMC - Calen paste + camphorated paramonochlorophenol;
CH - Calen paste
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the experimental pastes for 7 days (Figure 1). The pastes with 5% benzalkonium
chloride CH/CB5 (G1) and CH/CB50 (G2) were similar (P >0.05) and showed the
lowest percentage of living bacteria, with statistically significant differences in
comparison with all other groups (P < 0.05). A reduction on the biovolume of the
biofilm was seen in all groups when compared to the control, with the best results
for CH/CB5 and CH/ARN (P < 0.05).

Figure 1. Confocal laser scanning microscopy of biofilms treated with benzalkonium chloride 5% (G1) and
50% (G2), arnica glycolic extract (G3), green tea glycolic extract (G4), camphorated paramonochlorophenol
(CMCP) (G5), and Calen (G6) (control). Live cells are indicated in green, and dead cells are indicated in red.
Each picture represents an area of 275 X 275 mm.

Discussion

In the present study, different substances with phytotherapeutic and antiseptic
properties were associated with the Ca(OH), paste to evaluate their effects against
E. faecalis biofilms. The results obtained with regard to pH, after 7 days, reinforce that
the association with viscous vehicles, such as propylene glycol, is related to a greater
diffusion of hydroxyl and calcium ions through dentinal tubules, and the penetration
into the bacterial cell membrane'®'®. Except for G2, where the high concentration
of the additive may have interfered with the action of Ca(OH),. Similar results were
observed in the released Ca? +.

Hydroxyl ions are able to diffuse rapidly in the first 24 hours and reach a plate after
2 weeks in the apical region®. In our results, the pH peak was in the first week, and
its decrease over the time could be explained by the absence of dentinal permeabil-
ity, once in artificial teeth the ions were able to leave the canal space only through
the foramen. However, even decreasing the ions release all the pastes maintained
an alkaline pH in the external environment, which is important for the biological and
antimicrobial activities of the medication?3'618, Estrela et al.? showed that the pH nec-
essary for activation of alkaline phosphatase ranges from 8.6 to 10.3.
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Regarding solubility, most studies use analytical methods based on ANSI/ ADA No. 57
or IS0 6876'°%. However, this type of methodology was not applicable to pastes due
to the absence of setting. Thus, in this study, the solubility was measured by inserting
the pastes in simulated canals. After, they were digitized in micro-CT to determine
the volume of the paste in different periods of time, enabling the comparison of the
volume lost over time®?'. High solubility is undesirable, as it interferes with the paste's
direct contact with microorganisms?22. On the other hand, solubility is related to the
ion release and consequently the alkalization of the environment’s, in this sense there
must be a balance. There was a decrease in the volume of pastes over time (15 and
30 days), indicating solubility that resulted from their immersion in the liquid, as it
occurs in clinical scene, where fluids gain the root canal through the foramen and
promote the solubility of the medication'"®,

E. faecalis, mainly in the form of biofilm, can survive in alkaline pH and be resistant
to Ca (OH) 2 paste with an inert vehicle?*, reaffirming the results of the present study.
Studies have shown that calcium hydroxide may need 10 days to disinfect dentinal
tubules with facultative bacteria?®%, suggesting that E. faecalis exhibits the ability to
maintain the pH homeostasis of the medium'". Therefore, the association of Ca(OH),
with antiseptic vehicles is recommended to enhance its antimicrobial effect.

Although CPMC mixed with calcium hydroxide appear to increase the antimicrobial
action*'?" in our results it was not evident. Lima et al.’® (2012) showed that CPMC /
Calen maintained for 7 days did not show an effective antimicrobial action, but after
14 days, it resulted in 100% elimination of the bacteria. The authors suggested that
the relation between the phenol and the PEG could decrease the release of the group
phenolic?, resulting in a less active paste against biofilm in the initial periods.

Studies show the inhibitory effect of green tea on the growth of S. mutans?®', sug-
gesting that its local application can reduce the acidity of saliva and bacterial plaque,
acting as a preventive measure against caries?. However, the association with
Ca(OH), did not improve the antimicrobial activity against E. faecalis, compared to
the positive control. A similar result was observed in the arnica group (G3), another
phytotherapeutic substance rich in flavonoids and derived from thymol'®.

The addition of benzalkonium chloride to Ca(OH), potentiated the release of cal-
cium and hydroxyl ions, favoring their antimicrobial activity, reaffirming the results
obtained by Jaramillo et al.32 (2012), where approximately 70% of the bacterial
biofilm was reduced with the use of benzalkonium chloride, suggesting that this
surfactant interferes with the cellular mechanism of bacterial adhesion. The asso-
ciation of this substance with irrigating solutions or sealers presented good antimi-
crobial activity'>14%2,

Thus, the association of Ca(OH), with the suggested compounds does not seem to
significantly alter its pH, volume, and solubility, based on this, benzalkonium chloride
in high concentration is not recommended, in spite of BC is recognized by the United
States Pharmacopoeia and it is used in numerous toothpastes and mouthrinses®,
Clinically, a lower concentration may be used in association with Ca(OH),, promoting
greater decontamination in a safe manner by reducing any possibility of side effects
if extruded into the periapical tissue.
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In conclusion, the results of this study showed that the type of vehicle and sub-
stances associated with Ca(OH), powder can affect the antimicrobial effects, sol-
ubility, and ion release of the pastes obtained. After a comparison of all physico-
chemical and antimicrobial properties of Ca(OH), pastes tested, it was possible to
conclude that association with 5% benzalkonium chloride seems to offer the great-
est advantages since it presented a high ion release, low solubility, and significant
antimicrobial activity.
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