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Abstract

Irrigants play a crucial role in the eradication of microorgan-
isms in the complex root canal system. Eliminating intracanal
Enterococcus faecalis is challenging because of its ability to
penetrate deep into dentinal tubules and its high resistance to
many chemicals. The aim of this study was to evaluate the
sensitivity of E. faecalis obtained from dental infections to an-
timicrobial irrigants used in endodontics to help prevent treat-
ment failures. Four irrigants were tested against six clinical
E. faecalis isolates and E. faecalis CCM 4224 in a disk diffusion
test, and in three modifications of bactericidal assays.
Inactivation of all tested enterococcal strains was detected by
chlorhexidine digluconate at all tested concentrations (1 %,
2.5 %, and 5 %), by octenidine dihydrochloride, and by 10 %
sodium hypochlorite. Na,EDTA, and NaClO at 1 %, 2.5 %, and
5.25 % concentrations were effective only in some of the used
assays, or were not effective against all the tested strains.
Octenidine and chlorhexidine seems to be the most effective
root canal irrigants for eradication and prevention of entero-
coccal infections in endodontics (Tab. 6, Ref. 29). Text in PDF
www.lekarsky.herba.sk.
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Abstrakt

Vyplachové roztoky zohravaju klucovd ulohu pri eradikdcii
mikroorganizmov v zloZitom systéme koreriovych kanalov.
Odstranenie vnutrokanalového Enterococcus faecalis je naroc-
né kvoli jeho schopnosti preniknit hlboko do dentinovych
tubulov a jeho vysokej odolnosti vo¢i mnohym chemikaliam.
Cielom tejto stadie bolo vyhodnotit citlivost E. faecalis ziska-
ného z dentalnych infekcii na antimikrobidlne irigancid pouzi-
vané v endodoncii, v snahe predchadzat zlyhaniam liecby.
Testovali sa Styri irigancid proti Siestim klinickym izoldtom
E. faecalis a E. faecalis CCM 4224 v diskovom difiznom teste
a v troch modifikaciach baktericidnych testov. Inaktivacia vset-
kych testovanych enterokokovych kmeriov sa zistila pri chlor-
hexidin diglukonate vo vsetkych testovanych koncentraciach
(1 %, 2,5 % a 5 %), oktenidin dihydrochloride a 10 % hypo-
chlorite sodnom. Na,EDTA a NaClO v koncentraciach 1 %,
2,5 % a 5,25 % boli G¢inné len v niektorych z pouZitych testov,
alebo neboli Gc¢inné proti vSetkym testovanym kmenom.
Oktenidin a chlérhexidin sa ukdzali byt najicinnejsimi vypla-
chovymi roztokmi korerovych kanalov na eradikdciu a pre-
venciu enterokokovych infekcii' v endodoncii (Tab. 6, Ref. 29).
Text v PDF www.lekarsky.herba.sk.

KELUCOVE SLOVA: chlorhexidin diglukonat, Enterococcus faec-
alis, hypochlorit sodny, Na,EDTA, oktenidin dihydrochloride.
Lek Obz 2025, 74 (6): 229-235

Introduction

Enterococci belong to natural inhabitants of the in-
testinal and genital mucosa of humans. On the other
hand, they have been recognized as potentially patho-
genic for humans since the beginning of the last cen-
tury - they have ability to cause various extraintestinal
infections in a predisposed host, and they are also im-
plicated in infections of the dental root canal system (1,

2, 3). The source of enterococcal dental infection is
probably exogenous, as they are only transient coloniz-
ers of the oral cavity, but with ability to adhere to- and
survive in the dental plaque. From there they can in-
vade damaged dental root spaces (4, 5, 6). Enterococci
make up only a small proportion of the initial dental
root canal flora, which is dominated by anaerobic Gram-
negative bacteria. However, they are frequently isolated
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from obturated root canals of teeth with chronic peri-
apical pathological process (7, 8). The most frequent
Enterococcus species, isolated from infected root canals
and periradicular abscesses is Enterococcus faecalis (9).

Several E. faecalis virulence factors have already
been recognized, which facilitate the colonisation of
dentin and the necrotic, or improperly filled dental root
canal. These factors stimulate the inflammatory response
with potential damage to periapical tissue (10, 11).
Enterococcal biocides with suppressing activity towards
the other root canal colonizers, together with the abil-
ity of enterococci to survive long-lasting starvation, and
the natural resistance of enterococci to several antimi-
crobial drugs, including lincosamides, may result in their
selection in this specific environment, with a conse-
quent infection (10, 12).

The primary goal of endodontic therapy is the re-
duction or elimination of microorganisms and their by-
products from the root canal system. Proper canal
cleaning, shaping, and irrigation significantly reduce and
sometimes eliminate bacteria from dental root canals
(13, 14). E. faecalis is considered to be one of the most
resistant species in the oral cavity, capable to survive
extreme conditions, and is one of the possible causes
of root canal treatment failure (11). From this point of
view, it is very important to have information about the
susceptibility of this bacterium to antimicrobial irrigant
solutions used in dental practice. Sodium hypochlorite,
ethylene-diamine-tetraacetic acid disodium salt
(Na,EDTA), and chlorhexidine digluconate are classical
endodontic irrigant solutions with various degree of an-
timicrobial activity (15, 16, 17). Octenidine hydrochlo-
ride, with a broad-spectrum antimicrobial effects cover-
ing both Gram-positive and Gram-negative bacteria,
fungi and several viral species, is the main component
of Octenisept®, an antiseptic used for skin burns,
wound disinfection and as a mouth rinse (18).

The aim of the present study was to evaluate the
antimicrobial potential of the above mentioned irrigant
solutions against one of the most resilient microbes in
the oral cavity - Enterococcus faecalis.

Material and methods

Biological samples

Samples for microbiological examination were col-
lected from patients with deep dental caries, infected
dental root canals, or periapical infections (Tab. 1). The
affected hard dental tissue was collected by manual ex-
cavator, and the infected content of the root canals was
sampled by a pulpextractor and root canal instrument
Hedstroem Files (VDW GmbH, Germany). In cases
where the clinical condition and X-ray findings necessi-
tated the tooth extraction, the whole tooth was sent for
examination. All samples were immediately transported
in the nutrient broth (Imuna Pharm, Slovak Republic) to
the microbiological laboratory.

Table 1. Aerobic culture results of patients with dental infections.
# Tooth extraction, when the clinical condition made the conservative
preservation impossible

Patients | Age | Diagnosis Aerobic culture results
1 38 | Pulpitis Viridans streptococci
2 7 | Dentoalveolar abscess* | Viridans streptococci
3 31 | Periodontitis apicalis Viridans streptococci
4 32 | Dentoalveolar abscess* | Viridans streptococci
5 40 | Dentoalveolar abscess* | Viridans streptococci
6 37 | Periodontitis apicalis Negative
Viridans streptococci,
7 9 | Periodontitis apicalis Candida albicans
8 32 | Caries dentis profunda | Candida albicans
E. faecalis,
9 43 | Periodontitis apicalis viridans streptococci
10 16 | Dentoalveolar abscess* | Viridans streptococci
E. faecalis,
Gram-negative rods,
11 49 | Periodontitis apicalis Neisseria sp.
Staphylococcus sp.
12 72 | Periodontitis apicalis cogulase-negative
Staphylococcus sp.
13 72 | Periodontitis apicalis cogulase-negative
Staphylococcus sp.
14 57 | Dentoalveolar abscess* | cogulase-negative
15 66 | Dentoalveolar abscess* | Viridans streptococci
16 57 | Periodontitis apicalis Viridans streptococci
17 63 | Periodontitis apicalis Viridans streptococci
18 39 | Dentoalveolar abscess* | Viridans streptococci
19 77 | Dentoalveolar abscess* | Viridans streptococci
20 51 | Periodontitis apicalis Viridans streptococci
21 28 | Periodontitis apicalis Negative
22 33 | Periodontitis apicalis Candida albicans
Staphylococcus sp.
23 36 | Dentoalveolar abscess* | cogulase-negative
24 40 | Periodontitis apicalis Viridans streptococci
25 28 | Periodontitis apicalis Negative
26 10 | Periodontitis apicalis Negative
27 17 | Periodontitis apicalis Viridans streptococci
28 62 | Periodontitis apicalis Viridans streptococci
E. faecalis,
29 23 | Periodontitis apicalis viridans streptococci
E. faecalis,
30 24 | Periodontitis apicalis viridans streptococci
31 27 | Periodontitis apicalis Viridans streptococci
E. faecalis,
32 45 | Periodontitis apicalis viridans streptococci

Cultivation and identification of E. faecalis strains

Cultivation of the samples was performed in the
broth for 24 hours at 35 sC in ambient atmosphere and
subcultured on blood agar under at the same condi-
tions. Suspected enterococcal strains were preliminary
identified according to the standard diagnostical
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methods (19), and their species-level identification was
performed using the commercial biochemical identifica-
tion ENCOCCUS test (Erba Lachema, Czech Republic)

The tested E. faecalis strains

Four “fresh” clinical E. faecalis isolates were selected
for the further testing. Additionally, two lab-collected
E. faecalis strains isolated from deep dental infections
and the CCM 4224 E. faecalis strain were included in
the study, as well.

Antimicrobial susceptibility testing

Susceptibilty of the enterococcal strains to ampicil-
lin, amoxicillin-clavulanic acid, erythromycin, azithromy-
cin, ciprofloxacin, moxifloxacin, tetracycline, gentamicin,
chloramphenicol, and vancomycin was determined by
performing by the disk-diffusion method according to
the CLSI guidelines (20, 21).

The tested antimicrobial irrigant agents

Four antimicrobial irrigants were selected for their
antimicrobial effect evaluation: sodium hypochlorite
(NaClO; pH = 12) in 1 %, 2,5 %, 5,25 %, and 10 %
concentration; chlorhexidine digluconate (CHX; pH =
6,5) in 1 %, 2,5 %, and 5 % concentration; 17 % ethy-
lene-diamine-tetraacetic acid disodium salt (Na,EDTA;
pH = 9).

The solutions were prepared in the pharmacy of the
St. Elisabeth’s Hospital in Bratislava. The fourth anti-
microbial agent was octenidine hydrochloride (pH = 7),
in the commercial preparation Octenisept® (Schulke-
Meyer, Germany). Sterile physiological solution was
used as a negative control.

In vitro antimicrobial activity testing of irrigant
solutions

The inhibitory antibacterial activity testing of the se-
lected agents was accomplished by a disk diffusion
technique according to the CLSI guidelines (20, 21)
with modifications described by Sharma et al (15).
Briefly, 24-hours” cultures of the tested bacterial strains
were adjusted to suspensions responding to Mc Farland
0.5 (approximately 10® CFU.ml") and spread on the
Mueller-Hinton blood agar (OXOID, United Kingdom).
The tested solutions were applied in the volumes of 15
ul on the sterile cellulose disks with 6 mm diameter
(OXOID, United Kingdom) placed on the surface of the
inoculated plates, and left at room temperature for 20
minutes. The plates were then cultivated for 24 hours
at 35 °C in an ambient atmosphere, and the inhibition
zones were measured at the end of the cultivation.

The bactericidal activity was detected by three va-
rious methods. The first of them proceeded after the
inhibitory activity reading in the disk-diffusion test. The
paper disks soaked with tested agents were removed
from the agar plate by sterile forceps, and the side in
contact with bacterial inoculum was blotted to the sur-
face of blood agar medium free of any antimicrobial
agents. After overnight cultivation at 35 °C in ambient

atmosphere, the blotted areas were observed for any
signs of bacterial growth.

The second method used 24-hours” cultures of the
tested bacterial strains grown on blood agar, adjusted
to the working concentration of 10° CFU.ml" in sterile
physiological solution. Ten pl volumes were then inocu-
lated into 1 ml volumes of the particular tested solu-
tions (in order to obtain a final inoculum concentration
of 10* CFU.ml"), and immediately vortexed. After vorte-
xing, 10 pl volumes were inoculated onto blood agar
plates at time intervals of 0.5, 5, 10, and 20 minutes.
The inoculated plates were cultivated overnight at
35 °C in ambient atmosphere, and the bactericidal ef-
fect was evaluated at the end of the cultivation.

The third method detected the bactericidal activity
with a higher bacterial inoculum (1.107 CFU.ml") in
500 pl volumes of the tested agents. After 24-hours”
cultivation at 35 °C in ambient atmosphere, 1500 pl of
Brain-heart Infusion (OXIOD, United Kingdom) was
added to the test vial. The viability of bacteria was de-
tected after additional 24-hours” cultivation of the vials,
inoculation of 10 pl volumes onto blood agar and sub-
sequent 24-hours” cultivation at 35 °C in ambient at-
mosphere. Sterile physiological solution (pH 7.2) was
used as a negative control in every one of the test mo-
difications. The tests were performed in triplicate.

Results

Aerobic cultivation of 32 dental samples (11 from
male and 21 from female patients) yielded only four
Enterococcus faecalis strains (12.5 %), two from middle-
-aged males, and two from young females, suffering
from periodontitis apicalis (Table 1). All four currently
isolated clinical E. faecalis strains, two deep dental ca-
ries E. faecalis strains from the laboratory collection of
bacteria, and one reference strain (E. faecalis ATCC
29212) were subjected to the further analysis. Although
anaerobic bacteria, naturally inhabiting the oral cavity,
play important role in the dental infections, no anaero-
bic cultivation was performed, as the aim of cultivation
was focused on the isolation of enterococcal strains.

All E. faecalis clinical isolates were susceptible to
ampicillin, which is the drug of choice for patients with
non-life-threatening enterococcal infections. Two clinical
isolates were resistant to tetracycline, two to erythromy-
cin and azithromycin (additional 4 had intermediate
susceptibility), and one strain had intermediate suscep-
tibility to ciprofloxacine and moxifloxacine. There was
detected neither vancomycine, nor high level-gentami-
cin resistant strain was detected (Tab. 2).

Antibacterial inhibitory effect of the investigated
agents was measured by a disk-diffusion method; the
results are shown in the Table 3.
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Table 2. Antimicrobial susceptibility of E. faecalis strains, tested by
disk-diffusion test.

(S - susceptible; R - resistant, | - intermediately susceptible, HL - high
level).

The tested drug E. faecalis strains
1T[2|3|4|5|6|CCM4224

Ampicillin S{S|S|S|S|S S
Co-amoxicillin S|{S|[S|S|S]|S S
Tetracycline S|S|S|R|S|R R
Chloramphenicol S|{S|[S|S|S]|S S
Erythromycin I'{T|T|[R|I]|R R
Azithromycin {1 |T|[R|I]|R R
Ciprofloxacin S{S|[S|S|S]! I
Moxifloxacin S{S|[S|S|S]! I
Gentamicin (HL) SIS|[S|S]|S S
Vancomycin S|S|S|S|S

Table 3. Effect of the irrigants on E. faecalis strains, tested by the
disk-diffusion method.

All tested agents produced concentration-dependent inhibitory zones.
The antimicrobially not active physiological solution had no inhibitory
effect (6 mms respond to the diameter of the cellulose disks used in
the test).

Irrigant | E. faecalis strains / average inhibitory zones [mm] = SD
1 2 3 4 5 6 CCM
4224
NaOCl 8.4 9.1 9.4 9.1 8.9 8.8 8.6
1% +049[£0.53| £053[+056|+0.46 | £0.67 | £0.42
NaOCl 9.2 9.9 10 9.7 9.5 9.3 9.4
2.5 % +044 |+£0.70| +£0.50 | £0.75| £0.43 | +0.79 | £0.55

NaOCl 10.6 10.4 10.7 11.1 10.5 10.5 10.7
5.25 % +0.39 [+£0.42| £0.71 | £0.55| £0.71 | £0.50 | +0.43

NaOCl 16.7 13.9 13.6 16.1 14.4 14.7 15.4

10 % +227 |1 +074 | £1.39 |£3.27 | £1.14 | £1.39 | £2.04
CHX 16.3 14.7 14.9 14.4 15.3 15.3 15.7
1% +112 | +£1.23 | £0.17 |£0.55| £0.66 | £0.70 | £ 0.44
CHX 18.0 16.8 16.9 16.4 17.1 17.3 17.4
2.5 % +139 |£1.20| £0.17 |+£0.30| £0.63 | £1.25 | £0.78
CHX 18.8 18.3 18.1 17.9 17.2 18.5 19
5% +0.86 |£1.27|+042 |£030| +0.57 | +1.80 | £0.97
Na,EDTA | 19.9 20.6 21.5 201 20.4 18.9 19.8
+0.85|+096 | £+137 |£0.74 | £0.53 | £2.32 | £0.90
OCT 12,4 12.6 12.4 12.6 121 12.9 12.8
+095|+082|+046 | £1.19 |+ 0.74 |+ 0.72| £ 0.25
PS 6.0 6.0 6.0 6.0 6.0 6.0 6.0
+0.00 | £0.00 | £0.00 | £0.00 | £0.00 | £0.00 | +0.00

The bactericidal activity of the antimicrobial irrigant
solutions was tested by three methods. The first method
detected the viability of bacteria growing on blood agar
medium after overnight exposition to the tested anti-
microbial irrigants applied on the cellulose disks during
the disk-diffusion test. After the reading of the disk-dif-
fusion test results, the paper disks were blotted on the
antimicrobials-free blood agar.

Chlorhexidine in all concentrations, octenidine, and
NaClO in 10% concentration inactivated all tested en-
terococcal strains, when tested by this “disk-blotting”
assay. No evident bactericidal effect was observed in

the case of 1 % and 2.5 % NaClO and 17% Na2EDTA.
Two strains survived exposition to 5.25 % NaClO, as
well. Results are shown in the Table 4.

Table 4. Viability of E. faecalis strains detected by the “blotting”
assay after an overnight exposition to the tested agents during the
disk diffusion test.

(NaClO - sodium hypochlorite; CHX - chlorhexidine digluconate;
Na,EDTA - ethylene-diamine-tetraacetic acid disodium salt; OCT - octe-
nidine hydrochloride; PS - physiological solution; + detectable bacterial
growth; - inactivation of the tested bacteria).

Irrigant Enterococcus faecalis strains
11234 ([5] 6 |CCM4224
NaClO 1% +l+ |+ |+ |+ + +
NaClO 2.5 % + |+ + |+ |+ + +
NaClO 5.25 % |+ - -- - _
NaClO 10 % - - - -] - - -
CHX 1 % - -] -] - - -
CHX 2.5 % - - -] - - -
CHX 5 % I I e - -
Na,EDTA 17% + |+ + |+ |+ + +
OCT S I T - -
PS o I I e e +

The second method detected the bactericidal acti-
vity of antimicrobial irrigants with a lighter bacterial ino-
culum (104 CFU.mI") in a time-dependent assay after
0.5, 5, 10, and 20 minutes™ exposure. Except to 17 %
Na,EDTA, all the other tested irrigants inactivated the
bacteria in 30 seconds. The time interval necessary for
inactivation of bacteria in the case of Na,EDTA was 5
minutes, and one strain was inactivated just after 10
minutes exposure (Tab. 5).

Table 5. Time to inactivation of E. faecalis strains in the inoculum
size of 10* CFU.ml" tested directly in the antimicrobial irrigants
solution.

Irrigant E. faecalis strains / time to bacterial inactivation
[minutes]

1 2 3 4 5 6 | CCM 4224
NaClO 1 % 05 1] 05| 05| 05|05 |05 0.5
NaClO 2.5 % 05| 05| 05|05 |05] 05 0.5
NaClO 5.25% | 0.5 | 0.5 | 0.5 | 0.5 | 0.5 | 0.5 0.5
CHX 1% 05 1] 05| 05| 05|05 |05 0.5
CHX 2.5 % 05 1] 05| 05| 05|05 | 0.5 0.5
CHX 5 % 05 1] 05| 05| 05| 05| 0.5 0.5
Na,EDTA 17% 5 5 5 10 5 5 5
OCT 05| 05| 05|05 05|05 0.5
PS - - - - - - -

The third method evaluated the bactericidal activity
of 1%, 2.5 %, and 5.25 % NaClO, 1 %, 2.5 %, and 5 %
CHX, 17 % Na2EDTA, and octenidine hydrochloride
with heavy bacterial inoculum (107 CFU.ml-1) after
24-hours” exposition. All tested agents with exception
of Na2EDTA inactivated all of the tested enterococcal
strains. Na2EDTA inactivated 5 strains, and in 2 strains
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only suppressed their multiplication (Tab. 6). No bacte-
ricidal activity was observed with the physiological so-
lution, independently on the test procedure.

Table 6. E. faecalis strains survival after 24 hours exposition of the
107 CFU.ml" inoculum size to the tested antimicrobial irrigants
solutions.

(NaClO - sodium hypochlorite; CHX - chlorhexidine digluconate;
Na,EDTA - ethylene-diamine-tetraacetic acid disodium salt; OCT - octe-
nidine hydrochloride; PS - physiological solution; - no bacterial survival).

Irrigant E. faecalis strains / Number of surviving bacteria

(CFU.ml")

1 2 3 4 5 6 |CCM 4224

NaClO 1 % - - - - - - -

NaClO 2.5 % - - - - - - -

NaClO 5.25 % - - - - - - -

CHX 1% - - - - - - -

CHX 2.5 % - - - - - - -

CHX 5% - - - - - - -

Na,EDTA 17 % - - 10° - 10° - -

oCT - - |- - - - -

PS > 107 |> 107 [> 107 [ > 107 | > 107 | > 107 > 107

Discussion

Several microorganisms from the oral cavity may
contribute to endodontic infections (1). However, only
few of them have a remarkable potential to survive ad-
verse conditions during root canal treatment, with even-
tual treatment failure. Since Enterococcus faecalis has
such potential, it guided us to select clinical E. faecalis
strains obtained from endodontic infections for detec-
tion of their susceptibility to several antimicrobial irri-
gants used in dentistry. To date, various in vitro meth-
ods of antimicrobial agents’ activity detection has been
published worldwide. They differ in the media used in
the test, in the exposition time, inoculum size of the
tested microbes, and whether an organic challenge
(sach as blood, mucus, or albumin) is included. Some
authors implemented even highly sophisticated dental
root models (15, 16, 18, 22, 23, 24, 25, 26). However,
they still cannot simulate all the conditions in the living
organism in their complexity. Despite the limitations of
the in vitro tests, they can provide useful information
about the antimicrobial effect of the tested agents, and
can compare their activity in various test modifications.

Four assays measuring in vitro antimicrobial activity
of the tested irrigant solutions have been employed in
this study. The first one, a disk-diffusion test, is able to
detect only the bacteriostatic activity of the tested
agents, without respect to their bactericidal effect.
Moreover, the inhibitory zones are related to the ability
of the tested agents to diffuse into the agar medium.
Consequently, it is not possible to make comparative
conclusions on antimicrobial activity of the particular
agents, and the results can give only general informa-
tion about the presence or absence of antimicrobial
activity. As the best example supporting this argument
may serve results from our study, obtained with

Na,EDTA. It produced the largest inhibitory zones in
the disk-diffusion test, but revealed insufficient bacteri-
cidal effect.

Considering the fact, that the goal of the dental
root irrigation during dental treatment is to kill all mi-
crobes present in the dental root space, assays assess-
ing microbicidal activity are superior in the testing.
Three microbicidal assays were employed in this study.
The first method detected the survival of bacteria grow-
ing on the inoculated Mueller-Hinton agar under the
cellulose disk, onto which the tested agent was poured
during the disk-diffusion test. The two other assays test-
ed the bactericidal activity directly in the irrigants solu-
tions. They differed in the inoculum size (10* CFU.ml",
versus 107 CFU.ml"), the exposition time (0.5, 5, 10,
and 20 minutes versus 24 hrs), and the mode of viable
count detection (direct inoculation onto antimicrobials-
free blood agar medium versus a previous 24-hrs culti-
vation in a broth medium). The cellulose disk blotting
assay seemed to be the most susceptible one. To some
extent, it simulated the organic environment due to the
content of blood and other organic molecules in the
blood agar.

Four antimicrobial irrigants used in endodontics
were selected for the study to reveal their activity
against clinical isolates of E. faecalis: sodium hypochlo-
rite, chlorhexidine digluconate, ethylene-diamine-
tetraacetic acid disodium salt, and octenidine hydro-
chloride.

Sodium hypochlorite (NaClO) in concentrations
ranging from 0.5 % to 5.25 %, is one of the most com-
monly used antibacterial irrigant solutions, with a broad
spectrum of antimicrobial activity (15, 17). NaClO was
tested in our study at 1 %, 2.5 %, 5.25 % and 10 %
concentrations. The highest activity against enterococci
was reached with 5.25 % and 10 % NaClO concentra-
tion, in accordance with some other research results
(15, 25). However, NaClO at 5.25 % concentration was
not able to inactivate two E. faecalis clinical isolates in
the “disk-blotting” assay. Considering the potential tis-
sue toxicity of NaClO, the highest concentration recom-
mended in the endodontic therapy is 5.25 % (14). As
this agent is usually used in combination with 17 %
Na,EDTA (14), their synergistic killing effect on bacteria
may be assumed (14, 27).

To the frequently used irrigants in endodontic treat-
ment belongs also chlorhexidine digluconate (CHX),
a synthetic cationic bis-guanide. It is known to exert
excellent antimicrobial activities, mediated by several
mechanisms. The positively charged molecules of chlo-
rhexidine can adsorb into dentine and prevent micro-
bial colonization for a longer period due to its substan-
tive antimicrobial property (22, 13), which may last for
up to 12 weeks (28). Gomez et al. (25) detected a su-
perior antimicrobial activity of CHX to that of NaClO
against the reference E. faecalis strain, even in the pres-
ence of blood, mucus or albumine (22). Chlorhexidine
was one of the most efficient antimicrobial agents also
in our study. It exerted a bactericidal activity against all
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tested E. faecalis strains in all used assays even at the
lowest tested concentration (1%).

Ethylene-diamine-tetraacetic acid disodium salt
(Na,EDTA) is used in root canal treatment as a dentine
softener. It is highly effective in smear layer removal,
important for effective root canal disinfection. However,
Na,EDTA itself is not a powerful bactericide, but may
potentiate the activity of chemically unrelated antibacte-
rial compounds against Gram-negative bacteria (16).
Despite the inferior activity of Na,EDTA against Gram-
positive bacteria, this antimicrobial irrigant produced
the largest inhibitory zone in the disk-diffusion test in
this study. Nevertheless, the bactericidal effect was
much less prominent - it inactivated the tested strains
only in a lower inoculum size (10*ml") after 5 to 10
minutes of exposure. As the antibiofilm activity of
Na,EDTA has already been demonstrated by in vitro
studies (27, 29), it may be useful in combination with
some other, antimicrobially more effective agents, espe-
cially in chronic dental root infections, where E. faecalis
biofilm production is highly suspected.

The fourth antimicrobial solution tested was 0.1 %
octenidine hydrochloride, contained together with 2%
phenoxyethanol in the Octenisept® preparation, used
as antiseptic for skin burns, wound disinfection and
mouth rinses. Octenidine hydrochloride [N,N’-(1,10 de-
canediyldi-1[4H]-pyridinyl-4-ylidene)bis(1-octanamine)
dihydrochloride] belongs to the bipyridines carrying
two cationic active centres per molecule and demon-
strates broad spectrum antimicrobial effects covering
both Gram-positive and Gram-negative bacteria, fungi
and several viral species. The mode of action is micro-
bicidal by interfering with cell walls and membranes
(18). Although several in vitro studies demonstrated an
excellent antimicrobial activity of octenidine, this study
is the first to demonstrates its powerful activity against
clinical E. faecalis strains, isolated from endodontic in-
fections. Octenidine killed all the tested strains regard-
less of the employed method, and did so in the shortest
detection time intervals.

Conclusions

Numerous factors may have impact on the final an-
timicrobial effect of irrigant solutions during endodontic
treatment, such as pH, the content of organic molecu-
les in the environment, exposition time, the bacterial
inoculum size, the metabolic activity of bacteria, or
their capacity to form biofilms (15, 22, 29). However,
without respect to these factors, the in vitro tests may
help to select agents with the highest antimicrobial ac-
tivity and the presumable most beneficial effect on the
treated or disinfected areas of human body. Based on
the results obtained in the present study, chlorhexidine
digluconate and octenidine hydrochloride showed the
most effective antibacterial activity against the tested
enterococcal clinical isolates - they had bacteriostatic,
as well as bactericidal activity in every assay employed.
Some enterococcal isolates included in the study
showed individual susceptibility to 5.25 % NaClO, and

17% Na,EDTA. Considering all results obtained in this
study, the most appropriate irrigants for inactivation of
enterococci during root canal treatment are the tradi-
tionally used chlorhexidine digluconate and the newer
antiseptic agent octenidine hydrochloride. The anti-
microbial activity of Octenidine was proved also again-
st clinical E. faecalis strains from endodontic infections.*

Compliance with Ethics Requirements: The authors declare, that all
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