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ABSTRACT:

AIM & OBJECTIVE- Microorganisms are the actual cause of all the pathologies of the pulpal and
periapical tissues. Enterococcus faecalis is the most commonly found bacteria in failed root canal
treatments. Chemical irrigation of canals along with biomechanical preparation helps in the
elimination of microorganisms. The present study was aimed to evaluate the antimicrobial effect of
herbal root canal irrigant Azadirachta indica with sodium hypochlorite (NaOCl) using passive and
ultrasonic irrigation technique.

MATERIAL & METHODS - The antimicrobial efficacy of irrigant was assessed by counting the
colony forming units of E. faecalis which was taken from root surface by the sterile paper point and
inoculated on blood agar and incubated for 24 hours at 370C. It was done by incubating irrigated
teeth samples with paper point for 30 minutes. Then, those paper points were used for inoculating the
E. faecalis colonies on the blood agar. Blood agar plates were incubated for 24 hour at 370C. Then,
Colony forming unit and percent reduction can be calculated.

RESULTS - Azadirachta indica has antimicrobial effect against E faecalis but it can not be
ultrasonically activated.

CONCLUSION - Due to various toxic effects of sodium hypochlorite, Azadirachta indica can be
used as an intracanal irrigant as it has antimicrobial effects against E faecalis.

KEY WORDS - Enterococcus faecalis, Biomechanical Preparation, Antimicrobial Efficacy,
Azadirachta indica, Sodium hypochlorite.

INTRODUCTION:

Microorganisms are the actual cause of all the pathologies of the pulpal and periapical tissues. Dental
caries is the most common pathway for microbes to enter the root canal system. There are persistent
infections where microbes are resistant to antimicrobial procedures, generally comprised of gram-
positive bacteria, especially E. faecalis.[1] E. faecalis is a normal inhabitant of the oral cavity, mostly
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associated with acute periradicular periodontitis or acute periradicular abscesses. It is present in 4—
40% of primary endodontic infections and 24—77% of failed root canal treatment cases.[2] It can grow
at 10-45°C at pH 9.6 and overcomes the challenges of survival within the root canal system in several
ways.[3]

Mechanical preparation of the root canal along with chemical irrigation is essential for the success of
root canal treatment. The irrigant must possess antibacterial properties, tissue-dissolving ability, low
surface tension, substantivity, lubrication, and should be biocompatible.[4] The gold standard among
various irrigants is sodium hypochlorite (NaOCl) because of its antimicrobial efficacy with tissue-
dissolving properties. Effective irrigant delivery and agitation are important. Therefore, recently, new
techniques have been advocated in dentistry in which irrigant solutions are activated ultrasonically.
Active irrigation initiates dynamics and flow within the fluid, thus improving root canal disinfection.

However, chemical irrigants have certain shortcomings, the major disadvantages being high toxicity,
reduction in elastic and flexural strength of dentin, corrosiveness to instruments, and unpleasant taste.
This has led to the search for herbal alternatives such as Azadirachta indica, carvacrol, Morinda
citrifolia, etc.[5] The advantages of using herbal irrigants include low toxicity, lack of microbial
resistance, and easy availability. Some products have gained attention due to these advantages,
supported by research and the current worldwide “back to nature” trend.[6]

The herbal irrigant used in this study is Carvacrol, one of the active components of oregano oil. It has
broad-spectrum antibacterial activity, which works by ATP inhibition and increased non-selective
permeability of the bacterial cell membrane. This, in turn, helps inhibit bacterial colonization and
makes bacteria more sensitive to antibacterial agents.[7] Its anti-inflammatory activity can be
explained by its significant inhibition of human neutrophil elastase activity with a very low ICso
value.[8] Therefore, this new material seems to show promising results as an irrigant.

In this study, we are comparing Carvacrol as a herbal irrigant against E. faecalis with sodium
hypochlorite, which is considered the ideal root canal irrigant, using both passive irrigation and
ultrasonic active irrigation techniques.

MATERIAL & METHODS:

Sixty freshly extracted teeth were randomly divided into three groups (n = 18) and two subgroups (n
= 9) and stored in normal saline to prevent dehydration. All samples were decoronated at the
cementoenamel junction (CEJ) level using a high-speed diamond fissure bur, and access cavities were
prepared.

The working length was determined, and apical preparation was performed using the crown-down
technique with an apical size of #25. Neo-Endo rotary files of sizes 20-0.06 and 25-0.06 were used
to reach the working length. Irrigation was carried out with normal saline between each instrument.
The roots were then autoclaved for sterilization, and three roots were randomly selected as the
negative control group and transferred to an incubator. E. faecalis (ATCC 29212) was cultured under
aerobic conditions on 5% defibrinated sheep blood agar medium for 24 hours. After this, three roots
were selected as the positive control group, and the remaining roots were divided into three
experimental groups.

GROUP A - 100 pl of 5.25% NaOCl was used for irrigation.

SUBGROUP-1- Sodium hypochlorite was maintained within canal for 5 min. Subsequently, canals
were irrigated and washed by 1 ml normal saline for 3 min to eliminate NaOCl and the sample was
collected with paper point no. 20. Canals were not dried before sampling.

SUBGROUP-2 — Sodium hypochlorite was maintained in canal and ultrasonically irrigated for 5 min.
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Subsequently, canals were irrigated and washed by 1 ml normal saline for 3 min to eliminate NaOCl

and the sample was collected with paper point no. 20. Canals were not dried before sampling. The

same was repeated with Group B (100 pl of 0.6% Carvacrol emulsion) and Group C (100 pl of

Azadirachta indica solution).

The antimicrobial efficacy of irrigant was assessed by counting the colony forming units of E. faecalis

which was taken from root surface by the sterile paper point and inoculated on blood agar and

incubated for 24 hours at 37°C. It was done by incubating irrigated teeth samples with paper point

for 30 minutes. Then, those paper points were used for inoculating the E. faecalis colonies on the

blood agar. Blood agar plates were incubated for 24 hours at 37°C.

e Percentage reduction in colony =
(Initial colony — final colony count x 100) / Initial colony count

e Inoculation factor =1 / Inoculum

¢ Dilution factor = 1 / Dilution

e Colony forming units/ml = No. of colonies x 1/dilution x 1/inoculum

RESULTS:

Descriptive statistical analysis was performed to calculate the means with corresponding standard
deviation. Also, One Way Analysis of Variance (ANOVA) followed by post hoc Tukey’s Test was
performed with the help of Critical Difference (CD) at 5% and 1% level of significance to compare
the mean values of more than two groups. p < 0.05 was taken to be statistically significant. (Table 1)

Table 1: Comparison of reduction in microbial count using sodium hypochlorite using active
versus passive irrigation system

Reduction in microbial count
Sodium Mean Std. Mean 95% Confidence ft-test |p-
Hypochlorite Deviation  |Difference [Interval value |value
Passive Irrigation 57.56% [3.61% -26.67%  -31.92% 21.42% | 0.001*
10.765

Active Ultrasonic|84.22% 6.50%
[rrigation

Unpaired t-test *Significant difference

As shown in Table 2, the mean Reduction in microbial count was compared between Passive
Irrigation and Active Ultrasonic Irrigation groups using the unpaired t-test. The mean Reduction in
microbial count was significantly more among Active Ultrasonic Irrigation group compared to
Passive Irrigation.

Table 2: Comparison of reduction in microbial count using Carvacrol using active versus
passive irrigation system

Reduction in microbial count
Mean  [Std. Mean 05% Confidence  t-test  [p-value

Deviatio |Differenc [Interval value
n e

Carvacrol Mean  [Std. Lower  |[Upper
IDeviatio
n

Passive Irrigation 84.00% 4.00% [0.00%  }4.00% 4.00% [0.001* |1.000
Active Ultrasonic|84.00% 4.00%
[rrigation
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Unpaired t-test *Non-significant difference

Table 3 depicts comparison of the mean reduction in microbial count between Passive Irrigation and
Active Ultrasonic Irrigation groups using the unpaired t-test. There was no significant difference in
mean Reduction in microbial count between Passive Irrigation and Active Ultrasonic Irrigation
groups.

Table 3: Inter-group comparison of mean reduction in microbial count was done using the
post-hoc Bonferroni test

Mean Std. Error p-value
Difference
Sodium Hypochlorite Carvacrol -26.44% 1.64% 0.001*
Post-hoc bonferroni test *Significant difference

The inter-group comparison of mean reduction in microbial count was done using the post-hoc
Bonferroni test. (Table 4) The mean reduction in microbial count was significantly more among
Carvacrol group compared to Sodium Hypochlorite which was significantly more than Azadirachta
Indica.

Table 4: Mean reduction in microbial count was compared between Sodium Hypochlorite and
Carvacrol groups.

Reduction in microbial count
Active Ultrasonic [Mean Std. 05% CI F-value |p-value
[rrigation Deviation
Sodium Hypochlorite  [84.22%  6.50% 79.23%  89.22% 203.679 |0.001*
Carvacrol 84.00%  14.00% 80.93%  87.07%
One-way ANOVA test *Significant difference

The mean Reduction in microbial count was compared between Sodium Hypochlorite and Carvacrol
groups using the one-way ANOVA test. There was a significant difference in mean Reduction in
microbial count between Sodium Hypochlorite and Carvacrol groups.

DISCUSSION:

The eradication of bacteria by endodontic treatment from the root canal is difficult because of biofilm
formation on the dentin walls of the main root canal. [7] So, one of the major goals in root canal
treatment is removal of biofilms and to create a microbe-free environment inside the root canal.
Mostly, Gram-positive bacteria are present in root canal that resist the root canal disinfection and are
present in failed root canal cases that are mostly Enterococcus faecalis. Its prevalence in such
infections ranges from 24%—77%. [9] It is a facultative anaerobic gram-positive cocci and is a normal
inhabitant of the oral cavity. It is associated with asymptomatic chronic periradicular lesions
significantly more often with acute periradicular periodontitis or acute periradicular abscesses. It can
grow at 10—45°C at pH 9.6 and overcomes the challenges of survival within root canal system in
several ways such as gene-coded resistance, biofilm penetration into dentinal tubules, survival in low
pH, high salinity, and high temperature. [10] It can alter host response by maintaining pH
homeostasis. [11]

Cleaning and shaping of root canal comprises the most important step of endodontic treatment. The
objective of this step is to debride and disinfect/sterilize the root canal system and to shape/contour
the root canal walls for the purpose of sealing the root canal completely with a condensed, inert filling
material. [12] Mechanical preparation of root canal along with chemical irrigation is essential for the
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success of root canal treatment. The irrigant must possess antibacterial property, tissue dissolving
properties, low surface tension, substantivity, lubrication and should be biocompatible. [13]

The gold standard among various irrigants is sodium hypochlorite (NaOCl) because of its
antimicrobial efficacy with tissue-dissolving properties. On ionization, it produces hypochlorous acid
which releases chlorine, which forms chloramines on reaction with amino groups of proteins. It acts
as a lubricant, solvent for pulp tissues, and potent antimicrobial. [14] Various other therapeutic and
chemical solutions are used in disinfection of root canal like 2% Chlorhexidine, EDTA, Hydrogen
peroxide, Sodium hypochlorite. 2% Chlorhexidine, which is a cationic bisbiguanide, has shown to
have greater substantivity as it binds to hydroxyapatite and has sustained antibacterial effects up to
12 weeks in root canal. [15] But, on the other hand, it doesn’t show smear layer removal and it doesn’t
dissolve pulpal tissue. Another irrigant is EDTA that has shown smear layer removal as it causes
chelation of calcium ions but it can interfere with tissue-dissolving properties of sodium hypochlorite.
[16] Even Hydrogen peroxide has good tissue-dissolving properties but is not biocompatible. [7]

Effective irrigant delivery and agitation are important. Therefore, recently new technique has been
advocated in dentistry in which irrigant solutions are activated ultrasonically. This would help to
improve effectiveness of irrigant as well as enable the irrigant to reach into the complex isthmuses of
the root canal. [17] Active irrigation initiates dynamics and flow within the fluid, thus improving root
canal disinfection. Ultrasonic devices can be used in irrigation by two ways: concurrent combination
of ultrasonic irrigation/instrumentation and passive ultrasonic irrigation devices. [18] This method
reduces the rate of potential mishaps in the root canal system and also improves the exchange of
substances in the canal, permits heating of irrigant substance, and eliminates dentinal debris, thereby
achieving greater cleaning effect. [19]

However, chemical irrigants have some shortcomings, of which the major disadvantages are high
toxicity, reduction in elastic and flexural strength of dentin, corrosive to instruments, unpleasant taste,
decreases the mechanical properties and cutting efficiency of nickel-titanium instruments, allergic
reactions, and inability to remove the smear layer. [20] Even with constant increase in antibiotic-
resistant strains of bacteria as well as the side effects experienced due to synthetic drugs led to the
search of herbal alternatives like Azadirachta indica, Carvacrol, Morinda citrofolia, etc. [21] The
advantageous reasons for using herbal irrigants are low toxicity, lack of microbial resistance, and
easy availability.

Azadirachta indica (Neem) is the most common and traditional plant of India of great importance. It
consists of medicinal properties and that is why it is highly commercially available. Neem leaf is
believed to have immunomodulatory, anti-inflammatory, antifungal, antibacterial, antiviral,
antioxidant, antimutagenic, and anticarcinogenic properties. [19] It has the ability to prevent the
production of prostaglandins. Its immunomodulatory function enables antigen presentation to
immunocompetent cells. [22]

This present study is done to evaluate the antimicrobial ability of herbal root irrigant Azadirachta
indica vs sodium hypochlorite using passive and ultrasonic irrigation technique in an in vitro method
against E. faecalis to explain their antimicrobial efficacy. In the present study, experimental teeth
were sterilized in an autoclave for 15 minutes at 121°C and 15 1b pressure. Culture technique was
used to detect E. faecalis inside the root canal because it is one of the most reliable methods to detect
viable bacteria, particularly when samples are taken immediately after antibacterial treatment in
which viability might not be ascertained by most culture-independent methods. [23]

The results, while using different irrigating solutions inside the tooth model, revealed significant
bacterial reduction with a particular irrigation time period using colony-forming unit counting. As
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can be seen in our study, when we compare the antimicrobial efficacy of sodium hypochlorite with
that of Azadirachta indica, Azadirachta indica has shown much less reduction when compared to
sodium hypochlorite. Another aspect of this study was to understand the effect of ultrasonic activation
of these various irrigating solutions on the reduction of E. faecalis colonies. As we know from
literature, sodium hypochlorite has shown a tremendous increase in its bactericidal properties when
activated ultrasonically. Not much difference in the bactericidal action of Azadirachta indica using
active ultrasonic technique can be seen against E. faecalis.

Within the limitations of our study, the results presented can be useful for deciding which irrigant
will be better to disinfect canal while using herbal irrigants. It has been suggested that, knowing the
adverse effects of chemical irrigants, one should now go for herbal irrigants as they do not have such
adverse effects. In herbal irrigants, we would suggest Azadirachta indica as the better irrigant as it
works by inhibiting ATPase activity and increasing the non-selective permeability of bacterial cell
membranes.

This in vitro study had several advantages and limitations. The strength points being canal
instrumentation by single operator and utilization of colony-forming counting system. In most of the
published literature, antimicrobial efficacy against E. faecalis has been assessed only in the zone of
inhibition system. However, the main goal of our study was to evaluate the antimicrobial efficacy
using colony-forming unit counting.

Despite all attempts to standardize the groups using the inclusion and exclusion criteria, it was seen
that complete standardization of extracted teeth is not possible in terms of canal shape, canal size,
and hardness. [24] We focused mainly on herbal irrigants only as it is already established that toxic
effects of herbal irrigants are less as compared to chemical irrigants. [25] Further studies are necessary
for three-dimensional evaluation of adequate debridement, properties of the irrigants, and techniques
utilized to assess the antimicrobial effect of herbal root irrigants inside the root canals and to
substantiate the results of the present study.

CONCLUSION:

Within the limitations of this study, it was concluded that herbal irrigants are not only known for their
flavor and fragrances but also can be used for their antimicrobial efficacy in root canal treatment.
Neem has shown to have antimicrobial efficacy but it is less potent than sodium hypochlorite.
Therefore, Neem can be used as an irrigating solution in root canal treatment as it has no cytotoxic
effects as compared to that of sodium hypochlorite. On ultrasonic activation, sodium hypochlorite
proved to be more potent as an irrigating solution as compared to the herbal irrigant since they could
not be activated ultrasonically. Proper understanding of the action of different irrigating solutions is
necessary for appropriate irrigant selection in different case scenarios in order to prevent undesirable
toxic effects in root canals. Research should continue to further understand the role of different herbal
irrigants and to assess their working inside the root canal, so as to overcome the toxic or undesirable
effects of the pre-existing chemical irrigants and at the same time achieve at least equal, if not
superior, disinfection in the root canal system.
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