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Abstract

Context: The purpose of this arficle is to evaluate the minimal inhibitory concentration (MIC) and minimal bactericidal
concentration (MBC) of Herbal Irrigants.

Aim: The aim of the study was to evaluate MIC and MBC of herbal extracts of Azadirachta indica, Curcuma longa, and Green
Tea Against Enterococcus faecalis.

Methodology: The MIC and MBC of extracts of A. indica (neem), C. longa (turmeric), and Green Tea were evaluated to
establish them as standard root canal irrigants against E. faecalis using agar well diffusion method.

Statistical Analysis Used: The collected data were statistically analyzed using the Statistical Package for the Social Sciences (SPSS)
software.

Results: The present study found that green tea exhibited the most substantial antimicrobial activity among the tested herbal
extracts, which was comparable to chlorhexidine. Although A. indica and C. longa required higher concentrations for
effectiveness, their antimicrobial properties were also apparent.

Conclusions: Within the constraints of this study, it can be concluded that green tea could be considered a promising alternative
to chlorhexidine in treating endodontic infections due to its substantial antimicrobial activity against E. faecalis at lower
concentrations.
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INTRODUCTION

Enterococcus faecalis, a Gram-positive coccus, which is
predominantly involved in nonhealing periapical lesions,
is known for its resilient nature, making its eradication
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from the root canal system particularly challenging.
This difficulty emphasizes the importance of effective
endodontic treatment, which hinges on the successful
elimination of this bacterium.

Conventionally, 2% chlorhexidine is a commonly
recommended irrigant used as the final irrigating solution
in endodontic treatment due to its substantivity and proven
antimicrobial action against E. faecalis.** However, in the
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light of escalating concerns over the cytotoxicity and side
effects of chemical medicaments, the focus is gradually
shifting toward exploring natural alternatives, which are
capable of offering a comparable antimicrobial efficacy
with fewer side effects.F®!

The study aims to provide detailed insights into the
potential use of a few herbal agents used as root canal
irrigants, which could serve as promising alternatives to the
conventional chemical-based treatments in endodontics.

In the present study, three herbal derivatives, namely
neem (Azadirachta indica), turmeric (Curcuma longa), and
Green Tea were selected due to ascertain their efficacy as
root canal irrigants.

Neem, known for its extensive antiviral, antifungal, and
antibacterial properties, which has been effectively used in
treating dental plaque and gingivitis is considered a potent
agent for root canal irrigation.”!

Curcumin, the bioactive component of turmeric is
revered for its wide range of biological actions, including
antimicrobial, anti-inflammatory, and antioxidant activities,
thus making it a promising endodontic irrigant.!'%!"

Green Tea, renowned for its antioxidant properties,
has applications in numerous diseases associated with
reactive oxygen species (ROS). Moreover, the antimicrobial
properties of green tea and its constituent catechins make
it a compelling choice for this study."*'3

The antimicrobial efficacy of the herbal irrigants
is routinely assessed by evaluating the minimal
inhibitory concentration (MIC) and minimal bactericidal
concentration (MBC).

MIC is the lowest concentration of an antibacterial agent
expressed in mg/ml which, under strictly controlled in vitro

Figure 1: Zone of Inhibition of various irrigants

conditions, completely prevents visible growth of the test
strain of an organism.!"®!

MBC is defined as the lowest concentration of antimicrobial
agent needed to kill 99.9% of the final inoculum after
incubation for 24 hunder a standardized set of conditions.!"”

Since there are limited data available on the standard
concentration at which herbal irrigants are effective, this
study was taken up to evaluate and compare MIC and MBC
of herbal irrigants against E. faecalis.

The study aims to provide detailed insights into the
potential use of these herbal agents as root canal irrigants,
which could offer promising alternatives to the conventional
chemical-based treatments in endodontics.

METHODOLOGY

The methodology of this study was carried out in a
systematic manner to investigate the antimicrobial efficacy
of the herbal extracts against E. faecalis. The complete
procedure was segmented into the following stages:

Procurement and preparation of herbal
extracts

The study utilized herbal extracts from A. indica (neem),
C. longa (turmeric), and Green Tea, all procured from Allpure
Organics Pvt. Ltd., Delhi, India. Each of these extracts was
prepared at a concentration of 500 mg/ml by dissolving
500 mg in 1 ml of 5% dimethyl sulfoxide (S.D. Fine chem
Pvt. Ltd., India).'8

Preparation of bacterial culture

A standard strain of E. faecalis (ATCC 29212) was used in
the study. The strain was first inoculated into brain heart
infusion (BHI) broth and incubated at 37°C for 24 h to achieve

Figure 2: Determination of minimalbactericidal concentration
on Mueller-Hinton Agar
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Table 1: Susceptibility of Enterococcus faecalis against the test solutions

n Mean zone of inhibition (mm) MIC (mg/mL) MBC (mg/mL) F P
Green tea 12 19.6667 7.81-15.62 15.62 277.667 0.001*
C. longa 12 12.6667 15.62-31.25 31.25
A. indica 12 12.6667 15.62-31.25 31.25
Chlorhexidine 12 22.0000 15.6-31.25 (ug/mL) 31.25 (ug/mL)

*P<0.05 was considered statistically significant, 20ne-way ANOVA. ANOVA: Analysis of variance, MIC: Minimal inhibitory concentration, MBC: Minimal bactericidal

concentration, C. longa: Curcuma longa, A. indica: Azadirachta indica

Table 2: Post hoc analysis

Pair-wise Difference in mean P

Green tea versus C. longa 7.0 0.001*
Green tea versus A. indica 7.0 0.001*
Green tea versus chlorhexidine —-2.3 0.002*
C. longa versus A. indica 0.0 1.000
C. longa versus chlorhexidine —-9.3 0.001*
A. indica versus chlorhexidine —9.3 0.001*

*P<0.05 was considered statistically significant. C. longa: Curcuma longa,
A. indica: Azadirachta indica

growth. The turbidity of the bacterial suspension was
adjusted to match that of a 0.5 McFarland standard, ensuring
a concentration of approximately 1.5 X 10" 8 CFU/ml.

Agar well diffusion method

The prepared bacterial suspension was spread evenly over the
surface of Mueller—Hinton Agar (MHA) plates using a sterile
cotton swab. Using a sterile borer, four wells of 6 mm diameter
each were created in the agar. Each of the four wells was filled
with 200 ul (measured using a micropipette) of three different
herbal extracts and 2% chlorhexidine, which served as the
positive control. The plates were then incubated at 37°C for
24 h. After incubation, the zone of inhibition around each well
was measured in millimeters using a calibrated ruler [Figure 1].

Determination of minimal inhibitory
concentration and minimal bactericidal
concentration

The MIC and MBC were determined using the broth
dilution technique. For each herbal extract, serial dilutions
were prepared in BHI broth to achieve concentrations
ranging from 250 mg/ml to 7.81 mg/ml. To each dilution,
100 pl of the standardized bacterial suspension was added
[Table 1].1"9!

After thorough mixing, the tubes were incubated at 37°C for
24 h. The MIC was identified as the lowest concentration
that prevented visible bacterial growth.

To determine the MBC, a loopful from each tube showing
no visible growth was subcultured onto sterile MHA plates
and further incubated at 37°C for 24 h. The MBC was
defined as the lowest concentration that resulted in no
visible growth on the agar plates [Figure 2].

Statistical analysis
The collected data were statistically analyzed using the
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SPSS (IBM, Chicago, lllinois, United States). A one-way
analysis of variance (ANOVA) was conducted to compare
the efficacy of the three herbal extracts and chlorhexidine.
Post hoc analysis was used to determine which groups
significantly differed from each other [Table 2].

RESULTS

In the present study, the antibacterial efficacy of
green tea, C. longa (Turmeric), A. Indica (Neem), and 2%
chlorhexidine against E. faecalis was investigated, with
results revealing distinct variations in their inhibitory and
bactericidal activities. Green Tea demonstrated a mean
zone of inhibition of 19.6667 mm (standard deviation [SD]
= 0.57735), with MIC and MBC values ranging between
7.81 and 15.62 mg/ml and 15.62 mg/ml, respectively. This
highlights its potent antibacterial properties. C. longa
and A. indica both exhibited a mean zone of inhibition of
12.6667 mm (SD = 0.57735), with identical MIC values
ranging from 15.62 to 31.25 mg/ml and MBC values at
31.25 mg/ml, indicating their comparable antibacterial
efficacy. Notably, 2% chlorhexidine showcased superior
antibacterial activity with a mean zone of inhibition of
22 mm and consistent inhibitory zones, underscoring its
prominent role as an effective antibacterial agent. The
statistical analysis, including a significant F = 277.667
and a P = 0.001 from the One-way ANOVA test, further
validated the observed differences in the antibacterial
activities of the tested substances.

The antimicrobial activity of the tested solutions was
assessed using the following criteria given by Davis and
Stout:1?°!

* Diameter of clear zone: Inhibiting response

e 20 mm < Very strong

* 10-20 mm: Strong

*  5-10 mm: Medium

e <5 mm: No response.

DISCUSSION

The facultative anaerobic Gram-positive coccus, E. faecalis,
poses a significant challenge in endodontics due to its high
resistance. This bacterium has the capacity to penetrate
dentinal tubules, adhere to dentin, and survive starvation
due to its inherent genetic polymorphisms. This ability
to survive under harsh conditions renders it difficult to
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eradicate from root canal systems.!" Thus, E. faecalis has
been observed in failed endodontic cases ranging from 24%
to 77%. Consequently, the effectiveness of the endodontic
treatment is largely dependent on the complete elimination
of E. faecalis.

Amonyg irrigants, 2% chlorhexidine has been recommended
due to its substantivity and proven antim icrobial action
against E. faecalis.”' However, the potential cytotoxicity and
side effects associated with chemical medicaments such as
chlorhexidine underscore the need for safer alternatives.

In the face of these challenges, attention has been turned
to natural remedies, specifically, plant-derived herbal agents.
These alternatives possess several advantages over their
synthetic counterparts. They have minimal cytotoxicity, are
readily available, and are associated with fewer side effects.®

In this study, three plant-derived extracts were chosen for
evaluation: A. indica (neem), C. longa (turmeric), and Green
Tea. The selected plants are known for their antimicrobial
properties. Neem, in particular, is noted for its antiviral,
antifungal, and antibacterial properties, making it a
potential candidate for root canal irrigation.”! Curcumin
which is the bioactive component of turmeric, possesses
broad-spectrum antimicrobial, anti-inflammatory, and
antioxidant activities.”! Meanwhile, green tea, rich in
catechins, exhibits potent antioxidant properties, including
applications in various diseases associated with ROS, and
shows significant antimicrobial properties.”!

The present study found that green tea exhibited the most
substantial antimicrobial activity among the tested herbal
extracts. This was in accordance with the study conducted
by Jose et al., in which he compared green tea extract,
garlic extract, and neem extract with NaOCl against
E. faecalis, and the result concluded that green tea showed
comparable antimicrobial efficacy against E. faecalis.” This
activity of green tea is due to its constituent, catechin,
known to disrupt bacterial cell membranes by generating
hydrogen peroxide, thus exhibiting bactericidal action.
The minimal effective concentration (7.81-15.62 mg/ml) of
green tea in inhibiting E. faecalis growth compared to neem
and turmeric (15.62-31.25 mg/ml) also holds promise for
its use as a root canal irrigant. The results were in contrast
with the study conducted by Sinha D et al., in which
neem showed better results at lower concentrations.”!
However, in the same study, turmeric showed very limited
activity which was in agreement with the present study.
This contrasting results observed in the present study
may be attributed to the variation in the herbal irrigant
preparations and the testing methodology. In another
similar study conducted by Suvarna et al.,** turmeric
showed very minimal antimicrobial efficacy comparable to
chlorhexidine which is in accordance with the present study.
Neelkantan et al. conducted an in vitro study to evaluate

the antimicrobial efficacy of curcumin against E. faecalis
considering sodium hypochlorite (3%) as a reference for
comparison.' The results of his study revealed that
curcumin had significant antibacterial activity against
E. faecalis which is again in contrast to the results obtained
in the present study. Therefore, further studies need to be
carried out to establish the antimicrobial efficacy of neem
and turmeric to be used as a routine endodontic irrigant.

In the present study, although A. indica and C. longa required
substantially higher concentrations to be effective, their
antimicrobial properties were apparent in this study.
Curcumin, the active ingredient in Turmeric, exhibits a
photodynamic action, generating cytotoxic ROS effective
against both planktonic and biofilm forms of bacteria. The
active component of neem, Azadirachtin, disrupts bacterial
cell walls, thus altering its morphological structure and
rendering it ineffective.

While the results are promising, they are not without
limitations. For instance, this study does not explore the
shelf-life of these herbal extracts, their interactions with
intracanal medicaments, and their substantivity. Therefore,
further research is necessary to establish the specific
effective concentrations of these extracts in real-world,
clinical scenarios. Therefore, it may be suggested that
further in vivo studies, clinical trials, and exploration
into the formulation and stability of these herbal agents
be undertaken to fully establish their potential role as
alternatives to chemical medicaments in endodontics.

CONCLUSIONS

Within the constraints of this study, it can be concluded
that green tea could be considered a promising alternative
to chlorhexidine in treating endodontic infections due to its
substantial antimicrobial activity against E. faecalis at lower
concentrations. A. indica (neem) and C. longa (Turmeric)
also presented satisfactory antimicrobial efficacy, albeit
at higher concentrations, indicating that they too could
be considered potential endodontic irrigants. However,
further in vivo studies and clinical trials are necessary to
validate these findings and to further investigate their
potential application in endodontics.

Acknowledgment

It is our genuine pleasure to express our deep sense of
gratitude to our mentor and guide Dr. Suparna Ganguly
Saha, Professor and Head, Department of Conservative
Dentistry and Endodontics, Index Institute of Dental
Sciences, Indore. Her dedication and keen interest to
help her students were solely and mainly responsible
for completing our study. Her timely advice, meticulous
scrutiny, and scientific approach have helped us to a very
great extent to accomplish this study.

Journal of Conservative Dentistry and Endodontics | Volume 27 | Issue 7 | July 2024 783



Surana, et al.: Evaluation of MIC and MBC of herbal extracts against E. faecalis

We owe a deep sense of gratitude to Dr. Rolly S. Agarwal,
Professor, Department of Conservative Dentistry and
Endodontics, Index Institute of Dental Sciences, Indore. Her
prompt inspiration, timely suggestions, and enthusiasm
have helped us to successfully complete our study.

I thank profusely all the staff of the Department of
Conservative Dentistry and Endodontics, Index Institute of
Dental Sciences, Indore, for their kind help and cooperation
throughout our study.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Mohammadi Z, Abbott PV. Antimicrobial substantivity of root canal
irrigants and medicaments: A review. Aust Endod J 2009;35:131-9.

2. Metzger Z, Solomonov M, Kfir A. The role of mechanical instrumentation
in the cleaning of root canals. Endod Top 2013;29:87-109.

3. Haapasalo M, Qian W, Portenier I, Waltimo T. Effects of dentin on
the antimicrobial properties of endodontic medicaments. J Endod
2007;33:917-25.

4.  Vaghela DJ, Kandaswamy D, Venkateshbabu N, Jamini N, Ganesh A.
Disinfection of dentinal tubules with two different formulations of calcium
hydroxide as compared to 2% chlorhexidine: As intracanal medicaments
against Enterococcus faecalis and Candida albicans: An in vitro study.
J Conserv Dent 2011;14:182-6.

5.  Kale PP, Raut AW. A proposed classification system for herbal endodontic
irrigants. J Conserv Dent 2021;24:293-5.

6. Bhardwaj A, Ballal S, Velmurugan N. Comparative evaluation of the
antimicrobial activity of natural extracts of Morinda citrifolia, papain
and aloe vera (all in gel formulation), 2% chlorhexidine gel and calcium
hydroxide, against Enterococcus faecalis: An in vitro study. J Conserv
Dent 2012;15:293-7.

7.  Babaji B Jagtap K, Lau H, Bansal N, Thajuraj S, Sondhi P. Comparative
evaluation of antimicrobial effect of herbal root canal irrigants (Morinda
citrifolia, Azadirachta indica, Aloe vera) with sodium hypochlorite: An
in vitro study. J Int Soc Prev Community Dent 2016;6:196-9.

8. Murray PE, Farber RM, Namerow KN, Kuttler S, Garcia-Godoy F.
Evaluation of Morinda citrifolia as an endodontic irrigant. J Endod
2008;34:66-70.

9. HaapasaloM, Endal U, ZandiH, Coil J. Eradication of endodontic infection
by instrumentation and irrigation solutions. J Endod 2005;10:71-102.

784

10.

20.

21.

22.

23.

24,

Nayak A, Naya R, Bhat K. Evaluation of antibacterial and anticandidial
efficacy of aqueous and alcoholic extract of neem (Azadlirachta indica).
An in vitro study. Int J Res Ayurveda Pharm 2011;2:230-5.

Panchal V, Gurunathan D, Muralidharan NP. Comparison of antibacterial
efficacy of cinnamon extract, neem extract as irrigant and sodium
hypochlorite against Enterococcus fecalis: An in vitro study. Indian J
Dent Res 2020;31:124-8.

Neelakantan P, Subbarao C, Sharma S, Subbarao CV, Garcia-Godoy F,
Gutmann JL. Effectiveness of curcumin against Enterococcus faecalis
biofilm. Acta Odontol Scand 2013;71:1453-7.

Prabhakar J, Senthilkumar M, Priya MS, Mahalakshmi K, Sehgal PK,
Sukumaran VG. Evaluation of antimicrobial efficacy of herbal
alternatives (Triphala and green tea polyphenols), MTAD, and 5%
sodium hypochlorite against Enterococcus faecalis biofilm formed on
tooth substrate: An in vitro study. J Endod 2010;36:83-6.

Pujar M, Patil C, Kadam A. Comparison of antimicrobial efficacy of
Triphala, (GTP) green tea polyphenols and 3% of sodium hypochlorite
on Enterococcus faecalis biofilms formed on tooth substrate: In-vitro.
J Endod 2011;3:7.

Choudhary E, Indushekar KR, Saraf BG, Sheoran N, Sardana D,
Shekhar A. Exploring the role of Morinda citrifolia and Triphala juice in
root canal irrigation: An ex vivo study. J Conserv Dent 2018;21:443-9.
Vinothkumar TS, Rubin MI, Balaji L, Kandaswamy D. In vitro evaluation
of five different herbal extracts as an antimicrobial endodontic irrigant
using real time quantitative polymerase chain reaction. J Conserv Dent
2013;16:167-70.

Prasad S, Goda P, Reddy K, Kumar C, Hemadri M, Reddy D. Evaluation of
antimicrobial efficacy of neem and Aloe vera leaf extracts in comparison
with 3% sodium hypochlorite and 2% chlorhexidine against E. Faecalis
And C. Albicans. J Dr NTR Univ Health Sci 2016;5:104-10.
Gupta-Wadhwa A, Wadhwa J, Duhan J. Comparative evaluation
of antimicrobial efficacy of three herbal irrigants in reducing
intracanal E. faecalis populations: An in vitro study. J Clin Exp Dent
2016;8:e230-5.

Kirkwood ZI, Millar BC, Downey DG, Moore JE. Antimicrobial effect of
dimethyl sulfoxide and N, N-Dimethylformamide on Mycobacterium
abscessus: Implications for antimicrobial susceptibility testing. Int J
Mycobacteriol 2018;7:134-6.

Davis WW, Stout TR. Disc plate method of microbiological antibiotic
assay. |. Factors influencing variability and error. Appl Microbiol
1971;22:659-65.

Thakur DV, Kaur DM, Jamwal P, Thakur B. 2% chlorhexidine in root canal
treatment: A review. J Curr Med Res Opin 2020;3:770-4.

Jose J, Shoba K, Aman S, Tomy N, Christie S. Comparative evaluation
of antimicrobial activity of green tea extract, garlic extract, neem
leaf extract and sodium hypochlorite as root canal irrigants against
E. Faecalis and C. albicans. An in vitro study. Int J Curr Microbiol Appl
Sci 2015;4:384-91.

Joy Sinha D, D S Nandha K, Jaiswal N, Vasudeva A, Prabha Tyagi S,
Pratap Singh U. Antibacterial effect of Azadirachta indica (Neem) or
Curcuma longa (Turmeric) against Enterococcus faecalis compared with
that of 5% sodium hypochlorite or 2% chlorhexidine in vitro. Bull Tokyo
Dent Coll 2017;58:103-9.

Suvarna R, Bhat SS, Hegde KS. Antibacterial activity of turmeric against
Enterococcus faecalis an in vitro study. JCMAS 2014;3:498-504.

Journal of Conservative Dentistry and Endodontics | Volume 27 | Issue 7 | July 2024



