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Antimicrobial efficacy of endodontic irrigants from Azadirachta indica:
An in vitro study
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Abstract
Objective.This study analyzed the antimicrobial effect of five irrigants formulated from different parts of the treeAzadirachta indica
(Neem) and compared with 2.5% sodium hypochlorite and 0.2% chlorhexidine gluconate through an agar diffusion test.Materials
and methods. A clinical isolate of Candida albicans was innoculated on Sabourad Dextrose Agar and Enterococcus faecalis (ATCC
29212) on Sheep Blood Agar. Wells with 6 mm diameter were created in agar and 100 mL aliquiots of each irrigant were introduced
to five different wells. After incubation, the largest uniform diameter of the inhibition zone was recorded.Results.The leaf extract of
the tree and a mixture of the seed-bark powder dissolved in dimethyl sulfoxide were active against both organisms. The other neem-
based irrigants, a leaf powder dissolved in dimethyl sulfoxide, aqueous bark decoction and neemoil, did not possess any antimicrobial
efficacy. Sodium hypochlorite completely inhibited growth of C. albicans and the leaf extract had larger inhibition zones than
chlorhexidine (p = 0.011) or the seed-bark irrigant (p = 0.008). AgainstE. faecalis, inhibition zones with chlorhexidine were the largest
and differed significantly from sodium hypochlorite (p = 0.039), leaf extract (p = 0.008) and seed-bark irrigant (p = 0.011).
Conclusions. Two neem irrigants displayed antimicrobial properties. The efficacy of the standard endodontic irrigants varied
depending on the organisms tested. Clinical relevance: Neem-based endodontic irrigants may be formulated for clinical application.
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Introduction

The conditions prevailing within the root canal of a
tooth with periapical periodontitis provide an ecologi-
cal niche for the establishment and propagation of a
unique microbial population [1]. The survival of
fungal strains and Enterococcus faecalis in root-filled
teeth has been demonstrated [2,3]. The elimination of
this microbial flora is a pre-requisite for successful
treatment outcome. Hence, root canal irrigants must
have antimicrobial properties. Since the introduction
of sodium hypochlorite to endodontics in 1920, it has
been the agent of choice for irrigation of the root canal
system with recognized anti-microbial action [4].
Chlorhexidine gluconate has been recognized as an
efficacious endodontic irrigant in the last 30 years and
is known for its antimicrobial activity, substantivity
and relative absence of toxicity [5,6].
Elimination of E. faecalis and C. albicans has been

formidable with high recovery rates in failed cases

[2,3]. The Neem tree (Azadirachta indica A. Juss) has
been used in traditional Indian medicine with demon-
strable anti-microbial properties [7–17]. It was there-
fore proposed to investigate extracts of the neem tree
for their antimicrobial action against E. faecalis and
C. albicans and to compare these with 2.5% sodium
hypochlorite and 0.2% chlorhexidine gluconate
through this initial screening study.

Materials and methods

Ten experimental groups were studied, each group
defining either an irrigant or a solvent used for the
experimental irrigant (Table I).

Preparation of the extracts

Group A: HND. Commercially-available neem cap-
sules (Himalaya Drug Company, Bangalore, India)
which contained pure neem powder of various parts of
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the tree were utilized. Two hundred and fifty milli-
grams of powder was obtained by breaking open the
capsule while maintaining sterility and emptying it
into a sterile test tube containing 5 ml of Dimethyl
Sulfoxide (DMSO, Thomas Baker Chemicals Lim-
ited, Mumbai, India) as solvent and shaken in a vortex
machine for 1 min and the powder allowed to soak in
the solvent for 48 h at a temperature of 4�C. The
extract was centrifuged at 2000 rpm for 10 min and
the supernatants filtered through a Whatman’s No.
1 filter paper and stored at 4�C until use.

Group B: JLD. Commercially-available neem leaf
powder (Dr. Jain’s Forest Herbals Pvt Ltd., Vasai,
India) was used to prepare an irrigant using a similar
protocol.

Group C: NO. This represented the oil derived from
the seed of the neem tree. It was obtained locally from
an ayurvedic pharmacy (Jogappa Shenoy, Udupi,
India).

Group D: NBD. An aqueous Neem Bark extract was
also tested. Sun-dried bark was procured from a tree
in Udupi, India and coarse ground in a mechanized
mill. The Department of Ayurveda, Kasturba Hospi-
tal, Manipal, India produced the decoction in a con-
centration of 1:4, as per description in classical texts
[18]. One part of the bark was boiled with eight parts
of water, till the entire volume was reduced to a
fourth. A fresh preparation had a shelf life of 24 h.

Group E: ELE. An Ethanolic Leaf Extract of the tree
was prepared by the Manipal College of Pharmaceu-
tical Sciences, Manipal. Fresh leaves were procured
from the neem tree, washed and dried in the shade.
The leaves were powdered and extraction was per-
formed by maceration in rectified spirit.

Micro-organisms. One clinical isolate of Candida
albicans and a standard strain of Enterococcus
faecalis (ATCC 29212) were obtained from the
Department of Microbiology, Kasturba Medical
College, Manipal, India.

Anti-microbial susceptibility testing

The agar diffusion method was used to test the anti-
microbial activity. The micro-organisms were sus-
pended in 2 mL of sterile distilled water to achieve
a concentration of 1.5 � 108 colony forming units per
milliliter, as confirmed with a 0.5 McFarland stan-
dard. The innoculum was used to prepare lawn cul-
tures on Sabourad Dextrose Agar (SDA) for C.
albicans and Sheep Blood Agar (SBA) culture plates
for E. faecalis. Five wells with 6 mm diameters were
created in the agar media using a hollow metal borer
in each petridish; 100 ml aliquots of experimental or
control formulations were pipetted into each well. All
extracts or controls were tested on at least one pet-
ridish of SBA or SDA. The plates were transferred to
an incubator and maintained at 37�C. They were
observed after an interval of 24 h (for E. faecalis)
and 48 h (for C. albicans) and the size of each inhi-
bition zone (in millimeters) recorded along its most
uniform diameter.
Results were subjected to statistical analysis using

Mann Whitney U-test.

Results

The results of inhibition zones produced with the
drugs and the control groups are represented
in Table II. HND produced smaller zones than

Table I. Experimental and control groups.

Group Code Description

A HND Himalaya Neem Powder in Dimethyl
Sulfoxide (DMSO)

B JLD Dr Jain’s Neem Leaf Powder in DMSO

C NO Neem Oil

D NBD Neem Bark Decoction

E ELE Ethanolic Leaf Extract

F SHC 2.5% Sodium Hypochlorite

G CHX 0.2% Chlorhexidine Gluconate

H S 0.9% Saline

I EA Ethanol

J DMSO Dimethyl Sulfoxide

Groups A–E constituted the experimental irrigants, Groups F and
G the positive controls and Groups H–J, the negative controls.

Table II. Inhibition zones obtained.

Candida albicans Enterococcus faecalis

Irrigant Mean (in mm) SD Mean (in mm) SD

HND 13.0* 0.07 13.1* 0.65

JLD 0 0 0 0

NO 0 0 0 0

NBK 0 0 0 0

ELE 17.8** 0.57 14.6** 0.42

SHC C C 17.2*** 0.57

CHX 15.8*** 0.84 18.1**** 0.55

S 0 0 0 0

EA 0 0 0 0

DMSO 0 0 0 0

n = 5 for each substance; SD, Standard deviation; C, Complete
inhibition with no microbial growth, not amenable to statistical
analysis; *, **, ***, **** indicate statistical significance for each
micro-organism separately between different rows.
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ELE against C. albicans (p = 0.008) and E. faecalis
(p = 0.011). Inhibition with HND was also signifi-
cantly less than CHX and SHC with both organisms
(p = 0.008). ELE had significantly larger zones than
CHX against C. albicans (p = 0.011), but smaller than
SHC against E. faecalis (p = 0.009). Other neem-
based formulations failed to produce any inhibition
of microbial growth. No microbial growth was found
in the C. albicans culture plates inoculated with SHC.
This result was reproduced over three sets of experi-
ments (each with a sample size of five) to confirm the
anti-microbial efficacy of this irrigant. Since no mea-
surable values of inhibition zones could be obtained,
SHC could not be included for statistical analysis and
was the outstanding drug tested against C. albicans.
This irrigant also produced a mean inhibition zone of
17.2 ± 0.57 mm against E. faecalis. CHX was effica-
cious against both organisms, with significantly larger
zones against E. faecalis than SHC (p = 0.039), HND
(p = 0.008) and ELE (p = 0.008). The irrigant solvents
and control groups failed to prevent microbial growth.

Discussion

This initial study was undertaken to formulate an
extract with anti-microbial potential. Several neem
tree parts have been described with beneficial prop-
erties and, hence, five different products were chosen.
HND is a mixture of components from the seed and
bark of the tree and recommended for oral consump-
tion. JLD is a powder derived from the leaf. The
method of formulation of the extract with these two
powders was a modification of the method followed
by Almas [19]. Both powders were insoluble in water.
The ideal properties of a suitable vehicle were iden-
tified to include the solubilization of the active ingre-
dients of the drug, biocompatibility, with a known
history of being used internally in the body and low
viscosity to be used within a root canal. Dimethyl
Sulfoxide (DMSO) met these parameters and was
thus chosen as the vehicle. DMSO is a clear, colorless,
highly polar, hygroscopic organic liquid with viscosity
comparable to water (1.19 gm/mL as compared to
water at 1 gm/mL). It is used as a vehicle for topical
application of pharmaceuticals and has analgesic,
anti-inflammatory and anti-oxidant properties [20].
After a 48-h soak, both HND and JLD were par-

tially soluble in DMSO. We thus centrifuged the test
tube to affect a complete separation of the dissolved
drug and the sediment. The supernatant was dec-
anted, filtered and used. A pilot study was conducted
to confirm the presence of the active component of the
drug within the supernatant. This showed anti-
microbial action from the solubilized portion of the
drug against both the test organisms used and vali-
dated DMSO as the chosen vehicle.
NO is derived from the seed and was included in

this study because of antibacterial effects against

Pseudomonas aeruginosa, Staphylococcus pyogenes, Escher-
ichia coli, Klebsiella aerugenes and the Proteus organisms
[11]. Anti-microbial and immunomodulatory proper-
ties of the oil have been demonstrated [21–23]. NBD
was chosen for investigation because of its reported
usage and recommendation in Ayurvedic (traditional
Indian medicine) texts [24]. The bark has been
described as a very useful part of the tree that is freely
available and can be harvested at any point of the year.
ELE was derived by alcohol extraction from shade-

dried leaves of the neem tree and has previously
demonstrated antibacterial effects against Streptococ-
cus mutans and Lactobacillus species [14]. Leaf-based
extracts have also been used in other studies and
shown to have action against Streptococcus faecalis
[10], Streptococcus sanguis [12], several dermatophytes
[7,8] and Dengue virus type-2 [25].
The in vitro study was performed by using the agar

diffusion test. This method has been used by other
researchers as well to test the anti-microbial capability
of irrigants [4,5,26]. The size of the inhibition zones
obtained depends upon the diffusibility of the test
substance through the agar. This methodology
demonstrates action against the planktonic forms of
the micro-organisms which is important for an initial
screening study.
HND and ELE had antimicrobial action, but other

neem formulations lacked potency. Lack of inhibition
of micro-organisms with NO may be explained by its
viscosity and failure to diffuse through agar. Our
results with the oil differ from those obtained by
Rao et al. [11], who reported anti-bacterial activity
against four different organisms using the disc diffu-
sion method which relies on surface contact area.
Patel and Trivedi [21] used a neem oil emulsion
(with 96% alcohol) and also achieved anti-bacterial
efficacy. We attempted an emulsion preparation using
the oil with Tween 80 detergent. The two liquids were
vortexed but found immiscible in the pilot study.
Hence, we used neem oil alone and found the absence
of inhibition zones with both organisms. Additionally,
its high viscosity and oily nature precludes use within
the root canal.
Even though NBD and JLD diffused through the

agar medium (evidenced by color-change of agar),
they did not produce inhibition zones. This could
indicate resistant micro-organisms or the absence of
anti-microbial potency.
HND and ELE demonstrated positive results

against both the organisms. Inhibition zones measur-
ing 17.8 mm and 14.6 mm were obtained with ELE
against C. albicans and E. faecalis. HND showed
inhibition zones measuring 13 mm and 13.1 mm
against C. albicans and E. faecalis. In contrast, an
extract derived from the chewing sticks of Azadirachta
indica was found ineffective against Streptococcus
faecalis, Streptococcus mutans, Staphylococcus aureus
and Candida albicans [19]. This could be because
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of the tree-part used. Our study also found the
bark-derived extract (NBK) lacked anti-microbial
potential. In the present investigation, the extracts
that demonstrated inhibition zones were derived from
the seed/bark combination (HND) or the leaf (ELE)
and the differences between the formulations depends
on the source and method of manufacture.
The negative control groups, NS, EA and DMSO,

did not show any inhibition zones. This indicated that
none of the solvents used prevented microbial growth.
Thus, anti-microbial action achieved with HND or
ELE cannot be attributed to their vehicles and was
achieved exclusively by the action of the neem drug.
The positive controls (SHC and CHX) showed

inhibition zones against both organisms. SHC inhib-
ited growth of C. albicans completely on the SDA
plates and demonstrated superior action against the
fungus compared with all other drugs. Estrela et al.
[26] found inhibition zones measuring 12 mm each
against C. albicans and E. faecalis in an agar diffusion
test. Larger zones were obtained in our study with
C. albicans, possibly because of difference in microbial
strains used. Even though both studies used the same
standard strain of E. faecalis (ATCC 29212), the
results of our study differ owing to a higher concen-
tration of SHC. Siqueira Jr et al. [4] reported good
anti-bacterial action of 2.5% SHC against E. faecalis
with inhibition zones measuring 21.5 mm that are
much larger than those obtained by us, probably
because of different methodology. The anti-fungal
action of SHC could be attributable to the oxidation
of the beta (1–3)-D glucan component of the yeast
cell [27]. Against E. faecalis, SHC possesses a high pH
which interferes with the integrity of the cytoplasmic
membrane, produces irreversible enzymatic inhibition,
biosynthetic alterations in cellular metabolism and
phospholipid degradation in lipid peroxidation [28].
Our results with CHX are in close conformity to

inhibition zones obtained by Estrela et al. [26], who
reported values of 16 mm against C. albicans and
18 mm against E. faecalis, even though the concen-
tration of CHX used was 2%. CHX has been tested for
anti-fungal properties, but the mechanism of action
against the yeast is not well explained [29]. The
bacteriostatic and bactericidal action of the drug
have been well researched and relate to the adsorption
of the drugmolecule onto the cell wall, causing leakage
of the intracellular components and coagulation of the
cytoplasm [30].
This in vitro study was an initial indicator test. It

identified the neem drugs with anti-microbial
properties. Even though only two micro-organisms
were included, the in vitro study provided a platform
to screen the neem irrigants. Amongst the neem
extracts, ELE was significantly better than HND.
The anti-microbial efficacy of ELE was further tested
within the root canal against a mixed flora in an in vivo
phase of the project. The further scope of this study

includes testing the tissue-dissolution properties of
ELE, its substantivity within the root canal and
determining whether the irrigant possesses microbistatic
or cidal action.
From this study, we concluded that, against

Candida albicans, sodium hypochlorite was the best
antimicrobial irrigant among the experimental groups
and followed in descending order by the neem etha-
nolic leaf extract, chlorhexidine gluconate and neem
powder in DMSO (HND). Among the experimental
irrigants, chlorhexidine gluconate showed the best
anti-microbial property against E. faecalis, followed
in descending order by sodium hypochlorite, neem
ethanolic leaf extract and neem powder in DMSO
(HND).
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