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Antibacterial Activity of Chlorhexidine After Final Irrigation
With Ethanol: CLSM and Culture-Based Method Analysis
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ABSTRACT  This study investigated the effect of 95% ethanol on the antibacterial properties
of 2% chlorexidine (CHX) over monospecies biofilm (Enterococcus faecalis) through a culture-
based method, and over multispecies biofilm using confocal laser scanning microscopy (CLSM).
For monospecies model, E. faecalis biofilm was induced in 40 root canals. The irrigation proce-
dures were: S—saline solution; S/CHX—saline solution + CHX; E—ethanol; and E/CHX—etha-
nol + CHX. Microbial sampling was performed at three periods: before (S1), immediately after
(S2), and 72 h after the final flush (S3). For multispecies biofilm model, 28 sterilized bovine den-
tin blocks were fixed on a removable orthodontic device to allow intraoral biofilm development.
Seven samples were used in each group. Statistical analysis was carried out by using the Krus-
kal-Wallis test and Dunn’s test for multiple comparisons. There was a significant reduction in
CFUs count immediately after the final flush (S2) in all experimental groups (P < 0.05). However,
only S/CHX, E and E/CHX groups had CFU counts close to zero, without differences among them
(P >0.05). After 72h (S3), the S/CHX and E/CHX groups had CFU counts near zero (P > 0.05).
The CFU count increased in S3 for S and E groups (P < 0.05). CLSM showed that the percentages
of remaining live cells were similar in S/CHX, E, and E/CHX groups (P > 0.05). The S group had
the highest percentage of live cells (P < 0.05). The 95% ethanol did not interfere in the antibacte-
rial properties of 2% CHX over mono- and multispecies biofilms. Microsc. Res. Tech. 78:682-687,

2015. ©2015 Wiley Periodicals, Inc.

INTRODUCTION

In recent years, several substances have been inves-
tigated in endodontics for their use as final irrigants.
Final irrigation attempts to optimize the irrigation
provided by the main irrigant, and it is performed
based on the associated use of two or more substances,
after completing the root canal preparation (Alves
et al., 2011; Baca et al., 2011; Paiva et al., 2012;
Zehnder, 2006). These final irrigating substances aim,
for example, to remove the smear layer (Zehnder,
2006), to dissolve remaining organic or inorganic tis-
sue (Haapasalo et al., 2014), to reduce surface tension
(Zehnder et al., 2005), and to enhance the antibacterial
efficacy of the root canal treatment (Zehnder 2006).
Alves et al. (2011) suggest that there may be a benefit
of using passive ultrasonic irrigation (PUI) for the acti-
vation of sodium hypochlorite (NaOCl) followed by a
final rinse with chlorhexidine (CHX) as supplementary
steps in the treatment of infected oval-shaped root
canals. Therefore, the combination of CHX, used as a
final irrigant, with NaOCI, the main irrigating sub-
stance, provides benefits from both solutions.

On the other hand, authors have reported that when
NaOCl and CHX come into contact, by-products might
form (Prado et al., 2013; Rasimick et al., 2008). These
by-products can be solid precipitates, in the form of a

02015 WILEY PERIODICALS, INC.

brownish-reddish mass (Zehnder, 2006), that are diffi-
cult to remove, and may occlude the dentinal tubules;
they can also be toxic to the periapical tissues (Akisue
et al., 2010; Prado et al., 2013; Vivacqua-Gomes et al.,
2002).

To cope with this problem, some substances have
been suggested as intermediate irrigants to wash out
the canal between the main and final irrigants (Prado
et al., 2013). Although some studies have investigated
the ability of intermediate irrigants to avoid precipi-
tate formation, there is a lack of consistent evidence
regarding the properties that might result from the
combination of intermediate and final irrigating sub-
stances. One substance that may be used as intermedi-
ate irrigant is 95% ethanol (Krishnamurthy and
Sudhakaran, 2010, Magro et al., 2015). Alcohol should
be used as a flush between NaOCl and CHX, and it is
indicated to remove residual NaOCI, preventing the
formation of precipitates (Krishnamurthy and
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Sudhakaran, 2010). Nevertheless, many factors
regarding the intracanal use of 95% ethanol are
unknown, such as its influence on the antibacterial
properties of CHX.

Therefore, the aim of this study was to investigate
the effects of 95% ethanol on the antibacterial proper-
ties of CHX over monospecies biofilm (Enterococcus
faecalis) using a culture-based method and over multi-
species biofilm using confocal laser scanning micros-
copy (CLSM). The null hypothesis tested was that all
irrigating procedures will promote similar antibacte-
rial effect over mono- and multispecies biofilm models.

MATERIALS AND METHODS

First, a monospecies biofilm model was used and
extracted teeth were inoculated with Enterococcus fae-
calis (ATCC 29212). The second method inducted
intraorally a multispecies biofilm. The data obtained
over mono- and multispecies biofilms were assessed by
using colony forming units (CFUs) count and CLSM,
respectively. The sample size was based on previous
report from the literature [Magro et al. (2015) for the
monospecies biofilm model; Del Carpio-Perochena
et al. (2011), for the multispecies biofilm method], with
a 95% level of confidence and power of the study equal
to 80%. The study protocol was approved by the Ethics
Committees in Research of the Federal University of
Rio Grande do Sul (protocol no. 317.826).

Monospecies Biofilm Model and CFU Count

Forty human mandibular premolars were selected,
cleaned, sterilized, and stored in 0.9% saline solution
at 4°C. All teeth were radiographed to confirm the
presence of one canal, the absence of calcification,
resorptions, immature foramen, and root canal filling.
The crowns were removed and the working length was
standardized at 12 mm, 1 mm shorter than the apical
foramen as visually determined.

In order to standardize the width of the canals, they
were instrumented under constant irrigation/aspira-
tion with 2.5% NaOCI using the ProTaper Universal®
system until F2 instrument. After preparation, the
canals were irrigated with 17% EDTA (Biodinamica,
Ibipora, PR, Brazil) and then irrigated with 5 mL of
saline to wash out the EDTA. The apices were then
sealed with composite resin (Magicfill Vigodent-
Coltene, Sao Paulo, SP, Brazil) and the roots were
sterilized using ethylene oxide. The efficacy of the ster-
ilization was verified by inserting paper points into the
canals, putting them into polypropylene tubes (Eppen-
dorf do Brasil Ltda, Sao Paulo, SP, Brazil), and subse-
quently maintaining the tubes in an incubator at 37°C
for 7 days. The solution turbidity was evaluated every
24 h.

The microbiological procedures were performed
under aseptic conditions, in a laminar flow chamber.
E. faecalis strain was used to infect the canals. A sus-
pension was prepared by adding 1 mL of a pure culture
of E. faecalis grown in brain—heart infusion broth
(BHI; Difco, Detroit, MI) for 24 h at 37°C in a bacterio-
logical incubator. The concentration of the obtained
microbial suspension was adjusted to 0.5 on the
McFarland scale. Fifty microliters of the microbial
broth was inoculated inside the canal and the roots
were maintained for 7 days at 37°C in the incubator.
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Every two days, 25 pL of the microbial broth was
removed from the root canals and replaced for fresh
BHI broth q.s.p. to ensure cell nutrition and viability.

Microbial collection and counting were performed at
three time points: before (S1), immediately after (S2),
and 72 h after the final flush (S3). The initial sample
(S1) was performed using three size 25 sterile paper
points (Tanariman, Manacapuru, AM, Brazil) placed
inside the root canal for 1 min and then transferred to
a polypropylene tube (Eppendorf) containing 1 mL of
sterile saline solution. The tubes were vortexed for 1
min (Vortex Ap 56; Phoenix, Araraquara, SP, Brazil).
After decimal serial dilutions, aliquots were seeded
into Petri dishes containing BHI agar (Difco) and incu-
bated at 37°C for 24 h to allow the counting of CFU.
The culture purity was confirmed by the colony mor-
phology, Gram staining, and the catalase test. No sam-
ple was discarded due to absence of culture purity.

After that, the irrigation procedures were performed
as follows: each irrigant (5 mL) was inserted into the
root canal using a plastic syringe equipped with a
NaviTip® needle (Ultradent Products, Inc., South Jor-
dan, UT). Once the irrigation was complete, the sub-
stance was then aspirated with an endodontic
cannula. The four treatments used were: S—saline; S/
CHX—saline (5 min)+ CHX (5 min); E—ethanol (5
min); and E/CHX—ethanol (5 min)+ CHX (5 min).
After the irrigation procedures, S2 and decimal serial
dilutions were performed identically to S1.

All canals were filled with 50 pL of BHI broth after
S2 and the roots were stored at 37°C. After 72 h, S3
was performed as described before. One evaluator
blinded to the experimental groups performed the
microbial counting always 24 h after the sample
collections.

The intergroup analysis was assessed using Krus-
kal-Wallis and Dunn’s tests to compare the CFUS’
count after each microbial collection. Intragroup
assessment was performed using Friedman’s test to
compare each protocol at different time points. The sig-
nificance level was set at 5% for all statistical tests.

Multispecies Biofilm Method and CLSM Analysis

Twenty eight sterile bovine dentin blocks (3 mm X
3 mm X 2 mm) were used. The samples were treated
with 17% EDTA for 3 min to eliminate the smear layer
produced during the sectioning process.

All dentin blocks were fixed on a removable ortho-
dontic device to allow intraoral biofilm development
(Del Carpio-Perochena et al., 2011). After signing an
informed consent form, two healthy volunteers (aged
26 and 29) who had similar eating habits used the
intraoral device continuously for 72 h. Both volunteers
only removed the intraoral device when consuming
food and drink and when practicing oral hygiene. At
the end of the infection period, the dentin blocks were
removed from the orthodontic device and inserted into
a polypropylene tube with 1 mL of BHI (Difco). The
tubes were then stored in an incubator at 37°C (Ordi-
nola-Zapata et al., 2013).

After 24 h, the dentin blocks were removed from the
tubes and then rinsed with 1 mL of distilled water to
remove the BHI medium and any non-adherent cells.
Next, they were randomly divided in four groups
(n=17): S—saline (5 min); S/CHX—saline (5
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min) + CHX (5 min); E—ethanol (5 min); and E/CHX—
ethanol (5 min)+ CHX (5 minutes). Each specimen
was immersed in 5 mL of the irrigant.

The analysis of biofilm viability was performed by
using the SYTO 9/propidium iodide technique (Live/
Dead, Bacligth, Invitrogen, Eugene, OR). SYTO 9 is a
green fluorescent stain that labels both live and dead
microorganisms. Propidium iodide is a red fluorescent
nucleic acid stain that only penetrates cells with dam-
aged membranes (dead cells). First, the samples were
cleaned with 2 mL of saline solution and then 0.25 pL
of dye was placed over the biofilm. A CLSM (Olympus
Fluoview 1000, Olympus Corporation, Tokyo, Japan)
was used to visualize the samples (Ordinola-Zapata
et al., 2012). The respective absorption and emission
wavelengths were 494/518 nm for SYTO 9 and 536/
617 nm for propidium iodide. The biofilm was ran-
domly assessed at X60 magnification. Next, three con-
focal stacks from different random areas were
obtained from each sample using a X40 oil lens, a 1-
um step size, and a format of 386 X 386 pixels. A total
number of 21 stacks (3 operative fields X 7 specimens
per group) were obtained for each group. The evaluator
was blinded to the experimental groups. All images

TABLE 1. Total percentage of remaining live cells after the microbial
collection from the root canals in each group according to the experi-
mental period: before final flush (S1), immediately after final flush
(S2), and after 72 h (S3)

Experimental periods

Irrigants S1 S2 S3
Saline 100%P 9.5%"2 33.9%°°
Saline + CHX 100%" 0%48 0%4%
Ethanol 100%" 0%42 34.3%°°
Ethanol + CHX 100%" 0.1%"° 0%42

CHZX, chlorhexidine.

Different superscript capital letters in each column represent statistical signifi-
cance (P < 0.05), Kruskall-Wallis test and Dunn test (o = 5%).

Different superscript lower case letters in each row represent statistical signifi-
cance (P < 0.05), Friedman’s test (o« = 5%).

TABLE 2. Comparison of CFUs between groups in each experimental
period: before final flush (S1), immediately after final flush (S2), and

after 72 h (S3)
Irrigants S1 S2 S3
Saline 1608 16.44° 21.2ABb
Saline + CHX 3065 0.012542 0.010442
Ethanol 408 0.000942 298P
Ethanol + CHX 1288 0.8%8 0.0142

CHX, chlorhexidine.

Different superscript capital letters in each row represent statistical significance
(P <0.05), Friedman’s test (o = 5%).

Different superscript lowercase letters in each column represent differences
(P < 0.05) after Kruskal-Wallis and Dunn post hoc tests (o = 5%).
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were analyzed using Biolmage_L software (http:/bio-
image.com) for the total biovolume (um?®), the total
number of live cells (green), and the percentage of live
cells (Chavez de Paz, 2009). The percentage of live cells
(green) was assessed by using the Kruskal-Wallis test
and Dunn’s test for multiple comparisons (o = 5%).

RESULTS

In the monospecies biofilm model, there was a signif-
icant reduction in CFUs count immediately after the
final flush (S2) for all experimental groups (P < 0.05)
(Table 1). However, only the S/CHX, E and E/CHX
groups presented counts near zero with no differences
between them (P >0.05). After 72 h (S3), the S/CHX
and E/CHX groups maintained CFUS’ count near zero
(P> 0.05) (Table 2). The CFUS’ count increased signifi-
cantly in S3 for S and E groups (P < 0.05).

CLSM showed that the percentages of remaining
live cells were similar in the S/CHX, E, and E/CHX
groups (P >0.05). The S group presented the highest
percentage of live cells (P < 0.05) (Table 3). Table 3 also
presents the total biovolume (um?® X 10°), the biovo-
lume of live cells, and the percentage of live cells (mul-
tispecies  biofilm). Figure 1 presents CLSM
representative images of multispecies biofilms after
the four irrigation procedures.

DISCUSSION

Alcohol has been indicated for use as an intermedi-
ate flush between NaOCl (main irrigant) and CHX
(final irrigant) because it can prevent the formation of
precipitates that occur as a consequence of mixing the
two substances (Krishnamurthy and Sudhakaran,
2010). As reported previously, isopropyl alcohol pre-
vented the formation of the insoluble neutral salt that
results from the interaction of NaOCl and CHX (Krish-
namurthy and Sudhakaran, 2010). Short et al. (2003)
showed that 96% ethyl alcohol and 70% isopropyl alco-
hol were efficient in removing NaOCI crystals on the
gutta-percha cones after immersion in 5.25% and 2.5%
NaOCIl for 1 min (Short et al., 2003). Thus, despite a
recent study showed opposite results (Magro et al.,
2015), 95% alcohol still seems adequate to remove
residual NaOCI to prevent the formation of the precipi-
tate (Krishnamurthy and Sudhakaran, 2010; Short
et al., 2003). It is probable that the dilution of absolute
alcohol with distilled water may compromise their
ability to remove the precipitates formed from the
interaction between the NaOCIl and CHX, despite the
known antimicrobial activity of 70% alcohol (Magro
et al., 2015).

Therefore, this study evaluated the influence of 95%
ethanol on the antibacterial properties of CHX. The
present results showed that the use of 95% ethanol as

TABLE 3. Median and percentiles P(25) and P(75) of cell biovolume and percentage of live cells on bovine dentine samples in each group

Saline (n =7)

Saline + CHX (n = 7) Ethanol (n =7) Ethanol + CHX (n =7)

Median, P(25), P(75) Total biovolume (um?® x 10°)
Biovolume of live
cells (um® x 10°)

Live cells® (%)

16 (8.4/17.2)
15(7.3/16.7)

93.4(92.7/96.5)

21.2(16.9/28.2)
13.7 (12.5/15.8)

21.4 (15.4/29.8)
13.8 (8.6/20.3)

15.9 (15.1/21.6)
13.8 (12.7/15.7)
76.3 (68.9/83.5)°

79.6 (65.9/81.0)° 64.6 (53.3/75.7)°

CHZX, chlorhexidine.
4(Biovolume of live cells/Total biovolume) X 100.

bStatistical significant difference in relation to saline group, Kruskall-Wallis test and Dunn test (o = 5%).

Microscopy Research and Technique


http://bioimage.com
http://bioimage.com

CHX AGAINST MONO- AND MULTISPECIES BIOFILM

Fig. 1. CLSM representative images of multispecies biofilm model
after the four irrigation procedures: (A) saline; (B) saline/chlorhexi-
dine; (C) ethanol; and (D) ethanol/chlorhexidine. [Color figure can be
viewed in the online issue, which is available at wileyonlinelibrary.
com.]

an intermediate irrigating substance did not affect the
antibacterial properties of CHX over mono- and multi-
species biofilms (Tables (1-3)). The groups S and E
received half the total volume of irrigation when com-
pared to the groups S/CHX and E/CHX. There was a
significant decrease in the microbial load for all the
groups from S1 to S2, which can be associated with the
mechanical effect of the irrigation. The increase of the
CFU values at S3 was observed for groups S and E.
The presence of residual microorganisms inside the
root canal system and the limited antimicrobial actions
of S and E may explain this behavior.

In the current study, results of viability for multispe-
cies biofilm can be compared with those obtained at S2
in monospecies biofilm model because both assessed
the antibacterial effect of the experimental protocols
immediately after the contact of the microorganisms
with the irrigants. In this scenario, both methods
showed similar results. UFCs’ count and CLSM assess-
ments indicated that E, CHX, and E/CHX groups pre-
sented similar antibacterial properties (P >.05). The
antibacterial effect of CHX has been well established
in the literature (Du et al., 2014; Stojicic et al., 2013).
Figure 1 shows a number of viable cells incompatible
with Table 2, especially in the Saline + CHX and
E + CHX groups. It is important to understand that
when working with CSLM some images are captured
in a deeper region of the biofilm where the chemical
was not effective (Fig. 2). It should be recognized that
no in vitro method can accurately reflect the conditions
under which the microorganisms grow and develop
within the root canal system. The multispecies biofilm
model take into account that the endodontic pathogens
are less susceptible to the action of antimicrobial
agents when organized in communities adhered to the
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Fig. 2. Images from CLSM indicating predominance of live cells in
deeper layers of biofilms (A, C, and E). In contrast, in biofilm superfi-
cial layers the irrigants were more effective in killing microorganisms
(B, D, and F). A, B—Saline/CHX; C, D—ethanol; and E/F—ethanol/
CHX. [Color figure can be viewed in the online issue, which is avail-
able at wileyonlinelibrary.com.]

walls of the root canal. It can be one of the main rea-
sons for the persistence of the microorganisms after
disinfection protocols.

Another relevant finding from the present study was
that 95% ethanol, when used alone, had antibacterial
effects against mono- and multispecies biofilms. It is
well-known that alcohol promotes disinfection of
gutta-percha cones (Short et al., 2003). One explana-
tion for this finding is that alcohol (both ethyl alcohol
and isopropyl alcohol) is a tensioactive agent; it is
highly electronegative (Krishnamurthy and Sudha-
karan, 2010). Due to the low surface tension and the
physical action of the irrigation procedure (irrigation/
aspiration), 95% ethanol significantly reduced the
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microbial count in the root canal at S2 (monospecies
biofilm) and reduced the percentage of live cells (multi-
species biofilm). On the other hand, Prado et al. (2013)
observed that the association E/CHX produced a salt
precipitation after 5 s. The authors attributed the pre-
cipitate formation to the reduced solubility of the CHX
salt in ethanol.

Microorganisms organized in biofilms may become
established on any organic or inorganic surface sub-
strate, and planktonic microorganisms prevail in a
water-based solution (Mohammadi and Abbott, 2009).
The literature has proven that when microorganisms
are organized in biofilms, they are more resistant than
the corresponding planktonic form of the same micro-
organism (Mohammadi and Abbott, 2009; Svensater
and Bergenholtz, 2004). In this regard, the present
study used both forms of microorganism organization.
Therefore, mono- and multispecies biofilms were
induced and assessed using two different methodolo-
gies. Culture-based methods are useful due to their
relative practicality and reduced cost. In addition to
these advantages, they permit the ability to visually
count the microorganisms; i.e., under ideal conditions
of plating and incubation, the cells (or small cell clus-
ters) grow singly, resulting in colonies known as CFUs
(Fonseca et al., 2008). The use of CLSM is valuable for
studying the structure of biofilms because it allows
investigation of the intact biofilm without the interfer-
ence of sample processing (Hohscheidt et al., 2013;
Shen et al., 2009; Zapata et al., 2008). The immersion
protocol employed to remove the multispecies biofilm
formed over the dentin blocks did not allow to repro-
duce the dynamics of the irrigants that occur inside
the root canal system. However, the aim of the study
was to evaluate the antimicrobial properties of the irri-
gants alone or in association, and its potential residual
effect.

The multispecies biofilm formation was inducted in
a manner that was very similar to real clinical condi-
tions. On the other hand, although the use of a mono-
species biofilm (E. faecalis inoculated in the root
canals) was wuseful for investigating the current
hypothesis, the use of a planktonic polymicrobial infec-
tion is suggested for further studies. Regarding the
microbial counting performed at S3, this study showed
that there was inhibition of microbial growth in the
two groups with CHX (S/CHX and E/CHX). This inhi-
bition probably occurred due to the residual effective-
ness of the CHX, which is in line with the work by
Baca et al. (2011). These authors incubated E. faecalis
in extracted teeth to evaluate the antimicrobial effects
of different final irrigation procedures. They concluded
that an effective final irrigation regimen would be a
combination of 2% CHX + 0.2% Cetrimide (a cationic
surfactant agent), which exerts antimicrobial action
over time.

Despite this advantage, the biocompatibility of etha-
nol when used as an endodontic irrigant is not yet well
established (Krishnamurthy and Sudhakaran, 2010)
and its effects on the periapical tissues remain a con-
cern. Therefore, the results of the present study may
not be directly applied as a clinical protocol. According
to the results of the present study, 95% ethanol did not
interfere in the antibacterial properties of 2% CHX
solution over mono- and multispecies biofilms.
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