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ARTICLE INFO ABSTRACT

Background: Disinfection of the root canal system is primarily achieved by endodontic
irrigants. Although most products contain surfactants which claim to enhance the
antimicrobial properties of the irrigants no current data exists. objective: Thus the purpose
of this study was to evaluate the antimicrobial efficacy of endodontic irrigants and
surfactant irrigation regimens with MTAD on E.faecalis. Methods: Primary irrigants such
as NaOCl, CHX, IKI were prepared at concentrations of 5%, 2.5%, 2% &1%; while MTAD
served as the control group. Surfactants such as Cetrimide (CTR) and Sodium Dodecyl
Sulfate (SDS) were prepared at concentrations of 0.25%, 0.5%, 1% & 2%. The modified
Kirby — Bauer method was used to evaluate the antimicrobial efficacy. The data obtained
was analyzed by Anova and Bonferroni multiple comparison test. Results: Only IKI (5%)
was non significant (p>0.5) with MTAD. MTAD was statistically significant (p<0.5) with
CTR & SDS. MTAD was statistically significant (p<0.5) over combination irrigant
regimens (2%CHX +0.5%CTR & 2%CHX + 1%SDS). Conclusion: Surfactants CTR &
SDS in combination with CHX showed significant antimicrobial activity; however MTAD
proved to be superior.
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It mainly acts as a potent antimicrobial agent and an effective
organic solvent for vital, necrotic and fixed tissue’. Despite its
fulfillment of certain desirable properties including
availability and low cost; it has unpleasant taste, tendency to
bleach clothes and it is potentially corrosive. Concern

INTRODUCTION

Microorganisms are the primary cause for both pulpal and
periapical diseases. Endodontic practice involves a
systematic procedure primarily aimed to achieve the highest

possible success rate by eliminating the potential causes'.
Cleaning and disinfection procedure plays one of the essential
steps that involves mechanical instrumentation and use of
endodontic irrigants’. Although with the paradigm shift from
multivisit to single visit endodontic procedure; mechanical
instrumentation focuses on the primary root canal system,
leaving the ramifications (lateral, accessory canals)
untouched; which harbor microorganisms’. Thus the irrigants
play a vital role to disinfect the complex root canal system®.

An ideal irrigant should have potent antimicrobial activity,
dissolving of remaining pulp tissues with no systemic
hazards, reducing instrument friction during mechanical
preparation and availability °. Sodium hypochlorite (NaOCI)
has widely been accepted as a root canal irrigant since its first
reported use by Walker in 1936°.

*Corresponding author: Manikandan R
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regarding its noxious effects arises if concentrated solutions
were inadvertently forced into the periapical tissues during
irrigation or leaked through the rubber dam®. Besides, some
controversies do exist with regard to its antimicrobial activity
at lower concentrations; an attempt to reduce its toxicity” .

Chlorhexidine gluconate (CHX) is routinely used in dentistry
as a mouth rinse in the prevention and treatment of
periodontal disease and caries'?. It has potent and substantive
antimicrobial activity (SAA) against some resistant bacteria
such as Enterococcus faecalis'™; and lesser cytotoxic than
NaOCI1". CHX in endodontics serves as a potent root canal
irrigant and medicament "°. However, the use of CHX has
been restricted serving as an adjunct irrigant or as a final rinse
rather than a substitute for NaOCI'®. CHX cannot dissolve
organic/necrotic tissue remnants and its lesser antibacterial
activity against Gram-negative rather than Gram-positive
bacteria'’. Although CHX has been commonly held as less
toxic than NaOCI, it has been reported to cause irritation to
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the skin'®. In addition, its cytotoxic effects on human
osteoblasts might indicate its ability to impair the regenerative
potential of the periapical tissues'’. Although infected root
canals are polymicrobial; Gram-negative bacteria are
predominantly found in primary endodontic infections™.
Enterococcus faecalis (E. faecalis) is a Gram positive
facultative anaerobic bacterium found in the human normal
flora®'. In endodontics, E. faecalis is rarely present in primary
apical periodontitis, and is dominant in the microbial
ecosystem of persistent periradicular lesions after root canal
treatment™. It is ecologically tolerant and has the ability to
survive harsh conditions as it exhibits considerable genetic
polymorphisms and can bind to dentin and resist the action of
calcium hydroxide, especially when a high pH is not
maintained™.

The scope of irrigants has widened in current research and far
outplays the basic functions that were once a requisite.
Sodium hypochlorite (NaOCI), chlorhexidine (CHX), Iodine
Potassium lodide (IKI) and ethylene diamine tetra acetic acid
(EDTA) are the commonly used endodontic irrigants along
with normal saline (NS)**. With newer endodontic irrigants
such as MTAD (mixture of tetracycline isomer, acid &
detergent), cetrexidin (0.2% chlorhexidine gluconate + 0.2%
cetrimide), chlor-xtra (6% NaOCI + surface modifiers) etc
currently available in the market; one can only assume that
none of the irrigants have all the ideal requirements and the
search for a combination regimen is an emerging trend”.
Disinfection gains major importance in infected canals which
are polymicrobial. Enterococcus faecalis is resistant to most
irrigants even at higher concentrations™.

The term surfactant was coined by Antara products in 1950.
Surfactants are usually organic compounds that are
amphiphilic, meaning they contain both hydrophobic groups
(their tails) and hydrophilic groups (their heads). Therefore,
they are soluble in both organic solvents and water®’.

Surfactants are surface active agents that enhance the wetting
ability of the irrigants by reducing the surface tension; thereby
promoting their close contact with the microorganisms to
exert their antimicrobial effect®. Thus the purpose of this
study was to evaluate the antimicrobial efficacy of endodontic
irrigants and their surfactant regimens on E.faecalis

MATERIALS AND METHODS

Place of study and bacterial strain used

The present study was performed in the Central Research
laboratory, A.B Shetty Memorial Institute of Dental Sciences.
E. faecalis ATCC 29212 (Himedia) was used in the study.
Bacteria were sub-cultured from the stock culture. The
suspension culture of the test microorganism was prepared in
Brain Heart Infusion broth.

Standardization of microorganisms

Brain Heart Infusion broth was inoculated with the test
microorganism and incubated for 6 to 7 hours to get the
density of microorganism equal to 0.5 McFarland constant
which is equivalent to 1.5X10® CFU/ml. Then 1ml of each
suspension culture was transferred to the required number of
sterile screw cap tubes (HIMEDIA). All procedures were
performed using sterilized instruments and materials.

Irrigants and surfactants used

In this study NaOCl (PrevestDenpro Limited, 5%), CHX
(Sigma, 20% aqueous solution), 5% IKI was prepared by
dissolving 5g of iodine (Merck) and 10g of potassium iodide
(Himedia) in 94mL of physiological saline. Concentrations
1%, 2%, 2.5% and 5% of the irrigants were prepared for the
study.  Surfactants  cetrimide @ (CTR) -  Himedia,
sodium dodecyl sulfate (SDS)-Merck were prepared in
concentrations ranging from 0.25%-2%. Biopure MTAD
(Tulsa, Densply) was used as per manufacturer’s instructions.
All prepared irrigants were stored in sterile bottles.

Antimicrobial susceptibility (disc diffusion) test

The modified Kirby-Bauer method was followed to check the
antimicrobial efficacy. Using a Sterile swab (Himedia); E.
faecalis (ATCC 29212) cultures were evenly spread on the
solidified 20ml of Mueller Hinton Agar plates. This was
followed by placing Sterile disc (Himedia) with known
volume of solutions (control, primary irrigants, surfactants &
combination regimens). In this method 20ul of the solution
was added on each disc. Six replicates for each solution were
kept. Then petriplates were placed in an incubator at 37°C.
After the overnight incubation the zone of inhibition was
measured.

Statistical analysis was done by means of a one way ANOVA
and Bonfferroni multiple comparison test

RESULTS

In the primary irrigant group only IKI (5%) was statistically
non significant (p>0.5) with MTAD (control 100%). MTAD
was found to be statistically significant (p<0.5) and showed
greater zones of inhibition than other irrigants and
concentrations tested (Table I-I1I).

In the surfactant group CTR and SDS showed zones of
inhibition varying from 0.25%-2%; however 0.25% SDS
showed no antimicrobial activity. MTAD was statistically
significant (p<0.5) and showed greater zones of inhibition
than CTR and SDS at any test dose. 0.5% CTR was
statistically not significant (p>0.5) with 1% CTR. 1% SDS
was statistically not significant (p>0.5) with 2% SDS. 0.5%
CTR and 1% SDS showed the same antimicrobial activity
(Table IV-V).

No synergistic antimicrobial activity was found with NaOCI
& IKI with CTR & SDS at any test concentrations and thus
were excluded. Combination irrigant regimens with CHX
(2%CHX +0.5%CTR & 2%CHX + 1%SDS) were found to
experimentally significant; however MTAD was statistically
significant (p<0.5) than the above. MTAD proved to be
superior and showed greater antimicrobial activity (Table VI).

Table I A Mean zones of inhibition of NaOCI obtained
with E. faecalis ATCC 29212

ATCC 29212
Group: NaOCl
Std. 95% Confidence
N~ Mean Deviation Interval for Mean ANOVA F p
Lower Upper
Bound Bound
5.00% 6 13.92 204 13.70 14.13 476.975 .000
2.500% 6 12.67 516 12.12 13.21 HS
2.00% 6 11.33 516 10.79 11.88
1.00% 6 10.67 516 10.12 11.21
Control
100% 6 2550 1.225 24.21 26.79

Total 30 14.82 5.587 12.73 16.90
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Table I B Intragroup comparison of NaOCl obtained with E. faecalis
ATCC 29212

Multiple Comparisons

Dependent Variable: ATCC 29212

Bonferroni
Group: NaOCI
Mean
Difference

(I) Concentration (J) Concentration (-J) Std. Error p

5.00% 2.500% 1.250* .395 .041
2.00% 2.583* .395 .000
1.00% 3.250* .395 .000
Control 100% -11.583* .395 .000

2.500% 5.00% -1.250* .395 041
2.00% 1.333* .395 024
1.00% 2.000* .395 .000
Control 100% -12.833* .395 .000

2.00% 5.00% -2.583* 395 .000
2.500% -1.333* 395 .024
1.00% 667 .395 1.000
Control 100% -14.167* .395 .000

1.00% 5.00% -3.250* .395 .000
2.500% -2.000* .395 .000
2.00% -.667 .395 1.000
Control 100% -14.833* .395 .000

Control 100% 5.00% 11.583* 395 .000
2.500% 12.833* .395 .000
2.00% 14.167* .395 .000
1.00% 14.833* .395 .000

*. The mean difference is significant at the .05 level.

Table II A Mean zones of inhibition of CHX obtained
with E. faecalis ATCC 29212

ATCC 29212
Group: CHX
0,
N Mean De\sfit:t.ion I?lie/:vglo ;loi;l'dl\e/[l;en ANOVA F p
Lower  Upper
Bound Bound
5.00% 6 15.92 204 15.70 16.13 380.541 .000
2.500% 6 14.33 516 13.79 14.88 HS
2.00% 6 13.92 204 13.70 14.13
1.00% 6 12.67 516 12.12 13.21
Control
100% 6  25.50 1.225 2421 26.79
Total 30 1647 4752  14.69 18.24

Table II B Intragroup comparison of CHX obtained with
E. faecalis ATCC 29212

Multiple Comparisons

Dependent Variable: ATCC 29212

Bonferroni
Group: CHX
Mean
Difference

(1) Concentration (J) Concentration (I-J) Std. Error p

5.00% 2.500% 1.583* .376 .003
2.00% 2.000* .376 .000
1.00% 3.250* .376 .000
Control 100% -9.583* .376 .000

2.500% 5.00% -1.583* .376 .003
2.00% A17 .376 1.000
1.00% 1.667* .376 .002
Control 100% -11.167* .376 .000

2.00% 5.00% -2.000* .376 .000
2.500% -417 .376 1.000
1.00% 1.250* .376 .027
Control 100% -11.583* .376 .000

1.00% 5.00% -3.250* .376 .000
2.500% -1.667* .376 .002
2.00% -1.250* .376 .027
Control 100% -12.833* .376 .000

Control 100% 5.00% 9.583* .376 .000
2.500% 11.167* .376 .000
2.00% 11.583* .376 .000
1.00% 12.833* .376 .000

*. The mean difference is significant at the .05 level.

Table IIT A Mean zones of inhibition of IKI obtained
with E. faecalis ATCC 29212

ATCC 29212
Group: IKI
Std. 95% Confidence ANOVA
N Mean . Interval for
Deviation F
Mean
Lower Upper
Bound Bound
5.00% 6 25.67 S16 25.12  26.21 343310 .000
2.500% 6 19.33 S16 18.79 19.88 HS
2.00% 6 15.67 516 15.12  16.21
1.00% 6 14.92 204 1470 15.13
Control 100% 6 25.50 1.225 2421  26.79
Total 30 20.22  4.752 18.44 21.99

Table III B Intragroup comparison of IKI obtained with
E. faecalis ATCC 29212
Multiple Comparisons

Dependent Variable: ATCC 29212

Bonferroni
Group: IKI
Mean
Difference

(1) Concentration (J) Concentration (-J) Std. Error P

5.00% 2.500% 6.333* .395 .000
2.00% 10.000* .395 .000
1.00% 10.750* .395 .000
Control 100% 167 .395 1.000

2.500% 5.00% 6.333* .395 .000
2.00% 3.667% .395 .000
1.00% 4.417* .395 .000
Control 100% 6.167* .395 .000

2.00% 5.00% 10.000* .395 .000
2.500% 3.667* .395 .000
1.00% .750 .395 693
Control 100% 9.833* .395 .000

1.00% 5.00% 10.750* .395 .000
2.500% 4.417* .395 .000
2.00% -.750 .395 693
Control 100% 10.583* .395 .000

Control 100% 5.00% -.167 .395 1.000
2.500% 6.167* .395 .000
2.00% 9.833* 395 .000
1.00% 10.583* .395 .000

*. The mean difference is significant at the .05 level.

Table IV A Mean zones of inhibition of CTR obtained
with E. faecalis ATCC 29212

ATCC 29212
Secondary: CTR
N Mean Std. 95% Confidence @~ ANOV
Deviation Interval for Mean AF
Lower Upper
Bound Bound
25% 6 7.67 S16 7.12 8.21 613.750 .000
.50% 6 9.67 516 9.12 10.21 HS
1.0% 6 10.67 516 10.12 11.21
2.0% 6 12.17 408 11.74 12.60
control 100.0% 6 25.50 1.225 24.21 26.79
Total 30 13.13  6.495 10.71 15.56
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Table IV B Intragroup comparison of CTR obtained
with E. faecalis ATCC 29212

Multiple Comparisons
Dependent Variable: ATCC 29212
Bonferroni
Secondary: CTR

Mean
Difference

(J) Concentration ()

50%

1.0%

2.0%

control 100.0%

25%

1.0%

2.0%

control 100.0%

25%

50%

2.0%

control 100.0%

25%

50%

1.0%

control 100.0%

25%

50%

1.0%

2.0%

*. The mean difference is significant at the .05 level.

Std. Error P
406
406
406
.406
406
406
406
.406
406
406
406
.406
406
406
406
.406
406
406
406
406

1) Concentration
25%

-2.000*
-3.000*
-4.500*
-17.833"*
2.000*
-1.000
-2.500*
-15.833"
3.000*
1.000
-1.500*
-14.833"
4.500*
2.500*
1.500*
-13.333*
17.833*
15.833*
14.833*
13.333*

.000
.000
.000
.000
.000
209
.000
.000
.000
.209
011
.000
.000
.000
011
.000
.000
.000
.000
.000

50%

1.0%

2.0%

control 100.0%
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Table V A Mean zones of inhibition of SDS obtained
with E. faecalis ATCC 29212

ATCC 29212
Secondary: SDS

Std. 95% Confidence
N Mean Deviation Interval for Mean ANOVAF p
Lower
Bound Upper Bound
25% 6 .00 .000 .00 .00 1155.568 .000
.50% 6 8.67 516 8.12 9.21 HS
1.0% 6 9.67 516 9.12 10.21
2.0% 6 10.17 408 9.74 10.60
control
100.0% 6 2550 1.225 24.21 26.79
Total 30 10.80 8.397 7.66 13.94

Table V B Intragroup comparison of SDS obtained with
E. faecalis ATCC 29212

Multiple Comparisons

Dependent Variable: ATCC 29212
Bonferroni
Secondary: SDS

Mean
Difference
(-J)
-8.667*
-9.667*
-10.167*
-25.500%
8.667*
-1.000
-1.500*
-16.833*
9.667*
1.000
-.500
-15.833*
10.167*
1.500%
.500
-15.333%
25.500*
16.833*

Std. Error
.383
.383
.383
.383
.383
.383
.383
.383
.383
.383
.383
.383
.383
.383
.383
.383
.383
.383

(1) Concentration
.25%

(J) Concentration
.50%

1.0%

2.0%

control 100.0%
.25%

1.0%

2.0%

control 100.0%
.25%

.50%

2.0%

control 100.0%
.25%

.50%

1.0%

control 100.0%
.25%

.50%

.000
.000
.000
000
.000
150
.006
000
.000
150
.000
000
.000
.006
1.000

000

.000

.000

.50%

1.0%

2.0%

control 100.0%

DISCUSSION

Agar diffusion test is one of the most commonly used in vitro
test to study the antimicrobial activity of endodontic irrigants.
The agar diffusion method has been followed to evaluate the
antibacterial activity of NaOCl and CHX at varying
concentrations”.  Siqueira e al found that higher
concentrations of NaOCl (4%-5.25%) were more effective
than 1-2% CHX in eradicating E. faecalis®. Vianna and
Gomes observed the larger inhibition zones of 2% CHX either
in the liquid or the gel form compared to that of 5.25%
NaOClI’".

Interestingly, Sassone et al., compared the effectiveness of
agar diffusion method by adding bovine serum albumin
(BSA) as an organic load. This is to simulate the organic
content within the root canal that could influence the
antimicrobial capability of such substances. Irrigants (NaOCl
1%, 5%; CHX 0.12%, 0.5%, 1%) demonstrated a potent
antimicrobial activity against E. faecalis when BSA was
absent. When BSA was present, neither concentration of
NaOCI created an inhibition zone while all CHX solutions
exhibited some zone of growth inhibition. This could be due
to the possible formation of a high molecular weight
substance, as a result of a reaction between NaOCI and BSA,
which prevent the diffusion of the irrigating solution through
the media. CHX demonstrated good diffusing ability through
the agar gel. NaOCl at the concentrations of 2.5% and below
had lower antibacterial activity than 2% CHX against E.
faecalis®. However, Vianna et al reported that the efficacy of
2.5% NaOCl was equivalent to that of 0.2% CHX’.

The results of our study were in accordance with our previous
reports published where MTAD proved to be superior to

0% 15.833" 83 000 primary, secondary irrigants and combination irrigants
2.0% 15.333* 383 .000 tested34_
*. The mean difference is significant at the .05 level.
Table VI A Intergroup comparison of mean zones of inhibition of combination regimens with MTAD
Combination Regimen
95% Confidence Interval
Mean
N Mean Std. Deviation|Std. Error| Low er Bounq Upper Bounq ANOVA F P
29272.00 2% CHX+0.5%CTR 4 | 14.7500 28868 | 14434 14.2907 15.2093] 285558 g0
2%CHX+1%SDS 4 | 14.2500 28868 | .14434 13.7907 14.7093 hs
MTAD 6 | 25.5000 1.22474 | 50000 24.2147 26.7853
Total 14 | 19.2143 5.70666 | 1.52517 15.9194 22.5092
Table VI B Intergroup comparison of combination regimens obtained with E. faecalis ATCC 29212
Multiple Comparisons
Dependent Variable: value
Bonferroni
Mean
Difference
V24 (1) parameter (J) parameter (1-J) Std. Error P
29212.00 2%CHX+0.5%CTR 2%CHX+1%SDS .50000 .60302 1.000
MTAD -10.75000* .55048 .000
2%CHX+1%SDS 2%CHX+0.5%CTR -.50000 .60302 1.000
MTAD -11.25000* .55048 .000
MTAD 2%CHX+0.5%CTR 10.75000* .55048 .000
2%CHX+1%SDS 11.25000* .55048 .000

*The mean difference is significant at the .05 level.
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Torabinejad et al stated MTAD possessed antimicrobial effect
even after dilution; while 5.25% NaOCI demonstrated lesser
zones of inhibition when diluted™.

Davis et al also confirmed that there was no difference
between 5.25% NaOCI and 2% CHX’®. The results of our
study was not in accordance with Portenier et al/, who
compared the antimicrobial activity of MTAD to that of
chlorhexidine digluconate with or without detergent in the
presence or absence of dentine or bovine serum albumin.
MTAD and chlorhexidine were equally effective in killing E.
faecalis. The presence of dentine or bovine serum albumin
delayed killing by both medicaments®”.

The combination of NaOCI with surfactants did not yield any
synergestic antimicrobial activity and was accordance with
Jungbluth who stated chlor-xtra (6% NaOCl + surface
modifiers) has no unique features other than its price; and
reduced surface tension with surfactants did not result in
greater soft tissue dissolution by NaOCI*®. Giardino et al
stated that cetrexedin (0.2% CTR +0.2% CHX) has the lowest
surface tension value; thus increasing the intimate contact of
irrigant solution with the dentinal walls, thus permitting
deeper penetration of the irrigant™. Baca et al stated that 2%
CHX +0.2% CTR would be an effective alternative as final
irrigation regimen given its antimicrobial action over time*’.
IKI with surfactant combinations yielded a lesser
antimicrobial activity as compared with IKI alone. This could
be due to interaction of IKI with the organic surfactants and
resulting in precipitate formation®'.

Cetrimide (CTR) is a cationic quaternary ammonium
compound with antimicrobial ability, stability and solubility
in water. The cationic environment of the molecule
encourages linking with anionic compound at the bacterial
surface and is capable of altering the cytoplasmic membrane
integrity. Once the cytoplasmic membrane is damaged,
alteration of the functions involving cytoplasmic membrane
permeability may be observed. Inactivation of the enzymes of
cytoplasmic membrane results in protein denaturation and cell
death®.

CTR is non cytotoxic and has been used as endodontic
irrigant®. 0.5% CTR alone showed the same antimicrobial
effect as primary irrigants (2.5% NaOCl, 2% CHX & 2%
IKI)*; and hence was taken as effective concentration for the
combination regimen.

SDS represent a potentially effective topical microbicide,
which can also inhibit and possibly prevent infection by
various enveloped and non-enveloped viruses such as
the Herpes simplex viruses, HIV, and the Semliki Forest
Virus*. SDS is not carcinogenic when either applied directly
to skin or consumed. SDS is an anionic alkyl sulfate; has the
properties of low surface tension, can solubilise proteins,
increase lipopolysaccharides (LPS) disaggregation and inhibit
bacterial coaggreagation; which could account for its
antimicrobial activity”. 1% SDS had the same antimicrobial
activity as that of 0.5% CTR and was chosen for the
combination regimen.

MTAD contains 3% doxycycline (tetracycline isomer)
150mg/5ml that potentiates its antibacterial activity. In
addition it has 4.25% Citricacid, 0.5% polysorbate80
(surfactant), which could enhance its antibacterial activity.
Gram positive microorganisms are more susceptible to lower

concentrations of tetracycline (doxycycline in MTAD) than
are Gram negative ones*®. The poylysorbate80 (surfactant)
used in the irrigant could enhance the wetting ability; thereby
exerting greater antibacterial activity for disinfection®’.

Despite the common application of the agar diffusion method,
many factors, other than the actual antibacterial activity of the
tested material, might affect the reliability and reproducibility
of the agar diffusion method. These factors include the
chemical agent's formulation (liquid or gel), its molecular
size, solubility and diffusion ability of the material through
the agar medium, contact between the test material and the
gel, inoculum density, agar viscosity, storage conditions of
the agar plates and incubation time. Furthermore, the soaking
and application procedures might also affect the diffusion of
the material into the agar™.

To conclude the combination regimens 2% CHX with 0.5%
CTR and 1% SDS showed experimentally significant results
and further clinical trials are required to justify the role of
surfactants from the data obtained from the current study.
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