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ABSTRACT

Objectives: To determine the effect of root canal irrigants on the hydrophobicity and
adherence of Staphylococcus epidermidis (S. epidermidis) to root canal dentin in vitro.

Materials and Methods: Root dentin blocks (7 = 60) were randomly divided into 4 groups
based on the irrigation regimen: group 1, saline; group 2, 5.25% sodium hypochlorite
(NaOCl); group 3, 5.25% NaOCl followed by 17% ethylenediaminetetraacetic acid (EDTA);
group 4, same as group 3 followed by 2% chlorhexidine (CHX). The hydrophobicity of S.
epidermidis to root dentin was calculated by cell surface hydrophobicity while the adherence
was observed by fluorescence microscopy, and bacteria were quantified using Image]J
software (National Institutes of Health). Statistical analysis of the data was done using
Kruskal-Wallis test and Mann-Whitney U test (p = 0.05).

Results: The hydrophobicity and adherence of S. epidermidis to dentin were significantly
increased after irrigating with group 3 (NaOCI-EDTA) (p < 0.05), whereas in group 4 (NaOCl-
EDTA-CHX) both hydrophobicity and adherence were significantly reduced (p < 0.05).
Conclusions: The adherence of S. epidermidis to dentin was influenced differently by root canal
irrigants. Final irrigation with CHX reduces the bacterial adherence and may impact biofilm
formation.

Keywords: Adherence; Chlorhexidine; Ethylenediaminetetraacetic acid; Hydrophobicity;
Sodium hypochlorite; Staphylococcus epidermidis

INTRODUCTION

Microbial adhesion to a substrate is the first step in biofilm formation [1]. Infections of the
root canal system and periradicular tissues are biofilm-mediated, and microbial persistence
appears to play an important role in outcome of endodontic treatment [2,3]. Teeth with
periradicular periodontitis have been shown to demonstrate the presence of biofilms within
the root canal system [4]. For microbial biofilms to persist within the radicular space, its
adhesion mechanisms are important and this is influenced by physico-chemical properties
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of the bacteria as well as the dentin substrate [5]. Interactions between bacteria and the
substrate can be specific or non-specific. Non-specific interactions are reversible and include
the first stage of bacterial adhesion. Specific interactions result in synthesis of a variety of
structural components that help in binding the bacterial cells to the substrate [6,7]. Measures
of non-specific interaction which helps in determining the adhesiveness of bacteria to the
substrate are cell surface hydrophobicity and cell surface charge of the bacteria [8].

The objective of root canal irrigation is to disrupt the architecture of root canal biofilms, and
convert biofilm bacteria to planktonic suspensions so that they can be killed by the antibacterial
agents used. The most common irrigation regimen involves the use of a proteolytic agent

such as sodium hypochlorite (NaOCl) which is a broad-spectrum antiseptic and also helps

in dissolving vital as well as necrotic tissue [9], followed by a decalcifying agent such as
ethylenediaminetetraacetic acid (EDTA) which removes the accumulated hard tissue debris
[10]. NaOCl results in collagen breakdown, and the subsequent use of a chelating agent such

as EDTA removes the encapsulating mineral content to expose naked collagen [9]. Another
antiseptic that is used either during instrumentation [11] or as a final rinse [12] is chlorhexidine
(CHX). CHX is a bisbiguanide that shows substantivity [13].

Undoubtedly, physico-chemical properties of the dentin substrate are altered during root canal
instrumentation and irrigation. This has been demonstrated from the perspective of adhesion
of root filling materials [14] as well as bacteria [15]. Using Enterococcus faecalis (E. faecalis) as a
test microbe, Kishen et al. [15] demonstrated the influence of irrigant treatment on adhesion of
E. faecalis to dentin. Murad et al. [16] showed that Staphylococcus epidermidis (S. epidermidis) was the
common prevalent species among persistent endodontic infections [16]. The aim of this study
was to evaluate the effect of 2 root canal irrigating regimens (NaOCI-EDTA, NaOCI-EDTA-
CHX) on the hydrophobicity and adherence of S. epidermidis to root canal dentin. Saline and
NaOCl served as controls. The null hypotheses were 1) there will be no significant difference
between the experimental groups in the hydrophobicity and adherence of S. epidermidis,

and 2) the irrigation regimens do not differ significantly from the controls in altering the
hydrophobicity and adherence of the bacteria.

MATERIALS AND METHODS

Dentin blocks (7= 60) measuring 3 x 3 mm were obtained from freshly extracted human
mandibular premolars based on a protocol approved by the International Medical University
Joint Committee on Research and Ethics (IMU 321/2015). The dentin blocks were flattened
using a polishing machine, washed with deionized water and autoclaved. The dentin blocks
were immersed in centrifuge tubes containing irrigating solution. The specimens were
randomly divided into 4 groups based on the irrigation regimen (n =15): group 1, saline;
group 2, 5.25% NaOCl for 30 minutes; group 3, 5.25% NaOCl (30 minutes) followed by

17% EDTA (1 minute); group 4, same as group 3 followed by 2% CHX for 30 minutes. The
saline was used between different irrigating solutions. The volume of all the irrigants was
standardized to 10 mL.

S. epidermidis culture and inoculum preparations

S. epidermidis was grown in Trypticase Soy Agar (TSA) medium. A single colony ofisolated
bacteria from 24—48 hours culture was selected and inoculated in Trypticase Soy Broth (TSB).
This was allowed to grow overnight (14 hours) at 37°C. Bacterial cells were then harvested
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from this and dispersed in phosphate buffered saline (PBS) at concentrations of up to 10®
cells/mL (0.5 McFarland standards).

All the dentin blocks were inoculated with 1 mL of bacterial suspension in a 24 well plate
(Eppendorf, Hamburg, Germany) and incubated at 37°C for 30 minutes in an orbital rotary
incubator. The bacterial suspension was discarded and sterile PBS was used to remove the
loosely bound bacteria on the dentin blocks. Following this, the blocks were sonicated (Labsonic
P, Braun Biotech International, Goettingen, Germany) in PBS at 37 kHz for 5 minutes, to dislodge
the biofilm. This process effectively dislodged loosely bound bacteria and the biofilm.

Analysis of cell surface hydrophobicity

The collected bacterial suspension was used to evaluate the hydrophobicity of the bacteria
based on a previously published method [17]. Briefly, the adhesion of bacteria to the
hydrocarbon, i.e., xylene, was used to determine the relative cellular surface hydrophobicity
(n=40). Optical density (OD) of the bacterial cell suspension was adjusted to 1 OD (initial)
at 520 nm by using PBS as a matched control blank in a spectrophotometer. Xylene was then
added to the bacterial suspension in the tubes, and equilibration was done by maintaining
the suspension at 37°C for 10 minutes. The contents in the tubes were mixed by vortexing
for 30 seconds and then incubated at 37°C for 30 minutes. After incubation, 2 layers were
observed and the absorbance intensity of the lower aqueous layer was determined at 520 nm
OD (final) [18]. The percentage of hydrophobicity was calculated by the following formula:

Cell surface hydrophobicity = (1 - OD final/OD initial) x 100

Analysis of bacterial adherence

Following sonication of the dentin blocks (1 = 20) as mentioned earlier, the blocks were
stained with acridine orange (AO) and observed under a fluorescent microscope (Eclipse Ti-
U, Nikon, Tokyo, Japan) [17]. AO (50 mg) was dissolved in 10 mL of distilled water to obtain a
0.5% staining solution (AO stock) and stored in a refrigerator. One mL of AO stock solution
was then added with 0.5 mL of glacial acetic acid, and made up to 50 mL using distilled water
to obtain the working solution. The pH of the working solution was maintained at 3.0, and
AO concentration was 0.01%. The dentin blocks were stained with the AO solution for 15
minutes and counterstained with 0.1% crystal violet (Sigma, St. Louis, MO, USA) solution
for 3-5 minutes and viewed under high power lens in a fluorescent microscope. Crystal violet
counterstain helps avoid background fluorescence. Three random areas were chosen from the
5 different dentin blocks by an independent observer who was blinded to the experimental
groups. The bacterial count was measured by using the image captured by the Image]
software (National Institutes of Health, Bethesda, MD, USA).

The collected data were analyzed (IBM SPSS statistics software, version 23.0, IBM Corp.,
Armonk, NY, USA) using Kruskal-Wallis test followed by Mann-Whitney U test with the alpha
error set at p=0.05.

RESULTS

Group 4 (NaOCI-EDTA-CHX) showed the least hydrophobicity (11.4% + 1.77%), while group

3 (NaOCI-EDTA) showed the highest hydrophobicity percentage values (89.8% * 7.1%)
(Table 1). Analysis of the hydrophobicity (percentage) of S. epidermidis to root dentin after
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Table 1. Mean value of percentage hydrophobicity of S. epidermidis to dentin treated with various irrigating regimens

Group Irrigating regimen Percentage hydrophobicity

1 Saline 83.8+6.9°

2 NaOCl 70.7 £ 5.5°

3 NaOCl-EDTA 89.8 +7.2*

4 NaOCI-EDTA-CHX 1.4 £1.8°

The values are shown as mean + standard deviation. Groups with same superscript alphabets had no significant
difference between them.
NaOCl, sodium hypochlorite; EDTA, ethylenediaminetetraacetic acid; CHX, chlorhexidine.
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40
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20+

Mean bacterial count

10
0 T T T .

Saline NaOC1 NaOC1-EDTA  NaOC1-EDTA-CHX

Figure 1. Mean value of adherence of S. epidermidis to dentin treated with various irrigating regimens.
NaOCl, sodium hypochlorite; EDTA, ethylenediaminetetraacetic acid; CHX, chlorhexidine.

irrigation with different protocols revealed that there was a significant difference between
the experimental groups (groups 3 and 4) in hydrophobicity values (p < 0.01). There was no
statistically significant difference between saline (group 1) and NaOCI-EDTA (group 3).

The mean adherence values after irrigating regimens is represented in Figure 1. The
fluorescence microscopic images showing adherence of S. epidermidis to root dentin blocks
treated with different irrigating regimens have been presented in Figure 2. The irrigating
regimens differed significantly in the adherence of S. epidermidis to dentin (p < 0.01). Group 4
(NaOCI-EDTA-CHX) showed significantly lesser adherence values compared to groups 1, 2,
and 3. Group 3 (NaOCI-EDTA) showed the highest values for adherence of bacteria (p < 0.05).

DISCUSSION

While several bacteria remain to be cultivated and identified from the root canal system [19],
it has been widely reported that E. faecalis is important bacteria in root canal treatment failure
[20]. Interestingly, E. faecalis is not a frequently isolated organism in primary endodontic
infections. This may result in a speculation that the E. faecalis cells that persist after root
canal treatment may demonstrate increased adhesion to the dentin that undergoes physico-
chemical alterations after chemomechanical preparation. However, it has been shown that
the forces of adhesion of E. faecalis to NaOCI treated or untreated root canal dentin are not
significantly different [15]. Root canal biofilms are composed of more than one species of
microorganism. While it is speculated that the dynamics of interaction between different
microbial species plays an important role in the pathogenesis of pulpal and periradicular
diseases, it may also play a vital role in failure of root canal treatment [21]. Hence, the
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Figure 2. Fluorescence microscopic images showing adherence of S. epidermidis to dentin treated with (A)
Saline, (B) NaOCl, (C) NaOCI-EDTA, and (D) NaOCI-EDTA-CHX.
NaOCl, sodium hypochlorite; EDTA, ethylenediaminetetraacetic acid; CHX, chlorhexidine.

adhesion of other common persisting bacteria needs to be evaluated. This study evaluated
the adherence of S. epidermidis which has been shown to be commonly isolated bacteria in
persistent infections [16].

The endodontic literature is consistent in reporting that NaOCl is able to disrupt microbial
biofilms [12,22]. The results of our study showed that while NaOCI was able to reduce the
bacterial adherence to dentin, it was less efficient than the NaOCI-EDTA-CHX protocol in
reducing the adherence of bacteria. These results are interesting as Rosen et al. [23] recently
reported that NaOCl may contribute to persistence of E. faecalis by inducing a viable but
non-culturable state of biofilm cells. Consequently, it may be speculated that using NaOCl
alone may be insufficient to disrupt complex multispecies biofilms. The irrigation protocol
(NaOCl followed by EDTA) showed the highest percentage hydrophobicity and adherence
values compared to saline group. This could be due to the demineralization of dentin by
EDTA resulting in exposure of collagen and reduction in the surface free energy of root
dentin [24]. EDTA brings about a demineralization gradient, and removes Ca" and Mg*

and to a moderate extent PO,” and PO;™ from the dentin [25]. A demineralization zone of
20 to 30 pm has been observed after exposing dentin to 15% EDTA for 5 minutes [15,26].

It has been reported that 3.8% of the originally applied EDTA volume remains within the
root canal system after instrumentation and irrigation [27]. Such remaining traces of EDTA
may continue to demineralize dentin and expose further dentinal collagen [15]. The results
of this study are in agreement with those of Kishen et al. [15] in that a final rinse of EDTA
increased the adherence of E. faecalis. However, the aforementioned study reported that there
was a significantly reduced bacterial adherence between the NaOCI-EDTA treated group
and untreated group. In contrast, our study did not have an untreated control, rather saline
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treatment was one of the controls. The present study showed that there was no significant
difference in the bacterial adherence of the saline treated and NaOCI-EDTA treated groups.
This may be due to the influence of the inorganic ions in saline, on the electrostatic attraction
between bacteria and the dentin substrate during the initial stages of biofilm adhesion [28].

This difference could also be attributed to the bacterium that was studied. This is also
interesting from the perspective of how the adherence of S. epidermidis may influence the
recalcitrance of E. faecalis within root canal systems. Adhesion of S. epidermidis cells in biofilms
is mediated by polysaccharide intercellular adhesin, a homoglycan composed of -1,6-linked
2-deoxy-2-amino-D-glucopyranosyl residues [29]. It has been reported that this could be
influenced by enhanced expression of atle, aap, agr, ica [30], and SdrF genes [31]. It may be
speculated that the irrigating protocols have an impact on the gene expression influencing
adhesion. It was beyond the scope of this work to determine if such an influence existed or
ifadherence of S. epidermidis influenced the persistence of other bacteria such as E. faecalis.
These aspects need further analysis.

The use of collagen cross-linking agents may be useful in this regard to reduce the adherence
of bacteria. Studies have shown that photodynamic therapy with collagen cross linkers such
as chitosan with rose-bengal and curcumin demonstrate antibiofilm activity [32,33]. Dentin
treated with cationic nanoparticulates has shown reduced adhesion of E. faecalis [34]. This
maybe an advisable clinical strategy based on the different influence of irrigating protocols
on the adherence of different bacteria. CHX as a final irrigant reduced the hydrophobicity
and adherence of S. epidermidis to dentin. The cationic nature of CHX allows its bonding

to the exposed collagen, and this in addition to the substantivity may have contributed to

the decreased adherence of bacteria. Such a finding is in accordance with that of Kishen et

al. [15]. The positively charged molecules released from CHX bind to the bacteria causing
membrane damage leading to cell lysis [35]. Yang et al. [36] showed that when CHX was used
as intracanal medicament, it reduces the adherence capability of bacteria. The present study
did not use a rinse of distilled water after the use of final irrigating agents. It is not known if
using such a water rinse may help remove traces of chemical agents and negatively influence
bacterial adhesion, which further needs to be investigated. Future studies should evaluate
how adhesion of some bacteria may influence the persistence of other microbes in the biofilm
communities.

CONCLUSIONS

The use of CHX as a final irrigant reduces the adherence of S. epidermidis to root canal dentin,
while the use of EDTA as a final rinse increased the adherence.
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