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Abstract

Introduction and objective: Dental caries is a common oral bacterial pathology that has
been associated with Streptococcus spp., mainly Streptococcus mutans and Lactobacillus
spp. Antibacterial activities of Terminalia chebula extracts against several bacterial strains
have been reported. The aim of this study was to evaluate the possible antimicrobial
potential of T. chebula fruit extracts (acetone, ethanol, methanol, cold and hot aqueous)
against five dental caries causing microorganisms.

Materials and methods: For this purpose, three bacteria S. mutans, Staphylococcus aureus,
Lactobacillus acidophilus and two yeasts Candida albicans and Saccharomyces cerevisiae
were tested. Antimicrobial activity was tested using agar well diffusion method. All the
tested extracts showed antibacterial activity against two bacteria S. mutans and S. aureus but
no antimicrobial activity was observed against L. acidophilus, C. albicans and S. cerevisiae.
Results: The highest activity was shown by the acetonic extract with a mean diameter of
inhibition zone being 25.32mm and a minimum inhibitory concentration (MIC) of 25mg/ml
against S. mutans and a mean diameter of 32.97mm and a MIC of 12.5mg/ml against S.
aureus followed by ethanolic, hot aqueous, cold aqueous and methanolic extracts.
Conclusion: These promising findings suggest the presence of antibacterial activity in the
tested plant material, exhibited by its bioactive compounds, and serving them as an
alternative antimicrobial agent against dental caries causing microorganisms.

Keywords: Dental caries, Terminalia chebula, antimicrobial activity, agar well diffusion,
inhibition zone

Introduction

Dental caries is a common oral bacterial
pathology caused by a biofilm consisting of
microorganisms present on the tooth surface
[1,2]. It is a disease that has been associated
with Streptococcus spp., mainly
Streptococcus mutans and Lactobacillus
spp. [3,4]. Herbal remedies have long
history of use for gum and tooth problems.
In many traditional cultures, there are no

plastic-bristle brushes, rather, the use of
herbal chewing sticks for relieving dental
problems is common [5].

Terminalia chebula Retz, (family
Combretaceae) is a flowering evergreen
tree attaining a height up to 30m, with
widely spreading branches and a brown
roundish crown. The leaves are elliptical,
oblong, with an acute tip, cordate at the
base, margins entire, glabrous above with a
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yellowish pubescence below. The flowers
are monoecious, dull white to yellow, with
a strong unpleasant odour, borne in terminal
spikes or short panicles. The fruits are
glabrous, ellipsoid to ovoid drupes, and
yellow to orange brown in colour. It is
native to India, Pakistan, Nepal, South West
of China and Srilanka. T. chebula is called
the ‘King of Medicine’ in Tibet and is
always listed at the top of the list in
Ayurvedic Materia Medica due to its
extraordinary power of healing [6].

The dried ripe fruits have traditionally
been used in the treatment of asthma, sore
throat, vomiting, hiccup, bleeding npiles,
gout, heart and bladder diseases [7]. Its
paste with water is found to be anti-
inflammatory, analgesic and having
purifying and healing capacity for wounds
[8]. Its powder is used as an astringent in
loose, bleeding gums and oral ulcers. It is
used to increase the appetite, liver
stimulant, as stomachic, as gastrointestinal
prokinetic agent, in chronic diarrhea and
mild laxative [9,10]. Being a mild laxative,
it is mild herbal colons cleanse [10]. It is
used in various weaknesses, nervous
irritability. It promotes the receiving power
of five senses [11]. It is good for chronic
cough, coryza, sore throat and asthma. It is
helpful in renal calculi, dysurea and
retention of urine [11,12]. It is useful in skin
disorders with discharges like allergies,
urticaria and other erythematous disorders
[13]. It is given as adjuvant herb in chronic
fever [9,14]. It reduces the ill effects of the
fat rich, creamy and oily food [9].

Antibacterial activities of T. chebula
extracts against several bacterial strains
have been reported [6,15-17]. It is effective
in inhibiting Helicobactor pylori [17],
Xanthomonas campestris pv. citri [18] and
Salmonella typhi [19,20]. In view of these
reported medicinal values, the present work
was carried out to examine the
antimicrobial potential of five different

extracts of T. chebula fruits against dental
caries causing microorganisms.

Materials and methods

The fresh matured fruits of T. chebula were
collected from the local market of Delhi,
India. Dr. Vashishta (Botany Department)
Kurukshetra ~ University, = Kurukshetra
confirmed the identification of the
specimen.

Extraction

The samples were carefully washed under
running tap water followed by sterile
distilled water. These were air dried at room
temperature (30°C) for two days and
pulverized to a fine powder using a
sterilized mixer grinder and stored in air-
tight bottles. Four different solvents namely
ethanol, methanol, acetone and aqueous
(hot and cold) were used for extraction.

A 10g amount of pulverized fruit was
separately soaked in 100ml of acetone,
ethanol, methanol, and cold sterile distilled
water for 24h. In addition, the same amount
(i.e. 10g) of pulverized fruit was immersed
in 100ml of hot sterile distilled water
(100°C) and allowed to stand for 30min on
a water bath with occasional shaking, and
kept undisturbed for 24h. Each preparation
was filtered through a sterilized Whatman
No.1 filter paper and the filtered extract was
concentrated under vacuum below 40°C
using Heidolph, VE-11 rotaevaporator [6,
21]. The dried extract thus obtained was
exposed to UV rays for 24h and checked for
sterility on nutrient agar plates and stored in
labelled sterile bottles in a freezer at 4°C
until further use [22].

Tested microorganisms

Three dental caries causing bacteria
Streptococcus  mutans  (MTCC*497),
Staphylococcus aureus (MTCC  740),

Lactobacillus acidophilus (MTCC *447)
and two yeasts Candida albicans (MTCC
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227) and Saccharomyces cerevisiae (MTCC
170) were procured from Microbial Type
Culture Collection, IMTECH, Chandigarh.
The microorganisms were subcultured on
the specific media recommended for
different microorganisms such as Brain
heart infusion agar (S. mutans), Nutrient
agar (S. aureus), Lactobacillus MRS agar
(L. acidophilus), Malt yeast agar (C.
albicans and S. cerevisiae) and incubated
aerobically at 37°C. The media were
procured from Himedia Laboratory Pvt.
Ltd., Bombay, India. Identification of all the
strains was confirmed by standard
biochemical and staining methods [23-25].

Screening for antimicrobial activity
The acetone, methanol, ethanol, cold and
hot water T. chebula fruit extracts were
used for the screening. Antimicrobial
activity of various extracts was determined
by the agar well diffusion method [26]. In
this method, pure isolate of each microbe
was subcultured on the recommended
specific media for each microorganism at
37°C  for 24h. A plate of each
microorganism was taken and a minimum
of four colonies were touched with a sterile
loop and transferred into normal saline
(0.85%) under aseptic conditions. Density
of each microbial suspension was adjusted
equal to that of 10° cells/ml (standardized
by 0.5McFarland standard) and used as the
inoculum for performing agar well diffusion
assay.

100pul of inoculum of each test
organism was spread onto the specific
media plates so as to achieve a confluent
growth. The agar plates were allowed to dry
and wells or cups of 8mm were made with a
sterile borer in the inoculated agar plates
and the lower portion of each well was
sealed with a little specific molten agar
medium. The extracts were reconstituted in
20% dimethylsulphoxide (DMSO) for the
bioassay analysis [27]. A 100ul volume of
each extract was propelled directly into the

wells (in triplicates) of the inoculated
specific media agar plates for each test
organism. The plates were allowed to stand
for 10 minutes for diffusion of the extract to
take place and incubated at 37°C for 24h
[28,29]. Sterile DMSO served as the
negative control and ciprofloxacin (for
bacteria) and amphotericin B (for fungi)
served as the positive control. The
antimicrobial activity, indicated by an
inhibition zone surrounding the well
containing the extract, was recorded if the
zone of inhibition was greater than 8mm
[30]. The experiments were performed in
triplicates and the mean values of the
diameter of inhibition zones with + standard
deviation were calculated.

Determination of minimum
concentration (MIC)

MIC is defined as the lowest concentration
of a compound/extract/drug that completely
inhibits the growth of the microorganism in
24h [31]. The MIC for the extracts was
determined by following the modified agar
well diffusion method [26]. A twofold serial
dilution of each extract was prepared by
first reconstituting the powder in 20%
DMSO followed by dilution in sterile
distilled water to achieve a decreasing
concentration range of S50mg/ml to
0.39mg/ml.

A 100ul volume of each dilution was
introduced into wells (triplicate) in the
specific media agar plates already seeded
with 100p] of standardized inoculum (10°
cells/ml) of the test microbial strain. All test
plates were incubated aerobically at 37°C
for 24 hrs and observed for the inhibition
zones. The lowest concentration of each
extract showing a clear zone of inhibition,
considered as the MIC, was recorded for
each test organism [22].

inhibitory

Results
The results of antimicrobial activity of
acetone, ethanol, methanol and aqueous
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(hot and cold) extracts of T. chebula by agar
well diffusion method revealed that all the
five extracts of T. chebula showed
antimicrobial activity against two dental
caries causing bacteria only i.e. S. mutans
and S. aureus. Highest mean diameter of
inhibition zone was produced by the
acetonic extracts {25.32mm and a MIC of
25mg/ml (Tablel) against S. mutans and
32.97mm and a MIC of 12.5mg/ml against
S. aureus} followed by ethanolic {22.65mm
against S. mutans and 31.32mm against S.
aureus}, hot aqueous {21.96mm against S.
mutans and 27.97mm against S. aureus},
cold aqueous {21.65mm against S. mutans

and 23.65mm against S. aureus} extracts.
No antimicrobial inhibitory activity was
shown by any of the five tested extracts of
T. chebula against L. acidophilus, C.
albicans and S. cerevisiae. The positive
bacterial control ciprofloxacin showed an
antimicrobial inhibitory zone of 27.32mm
against S. mutans, 34.66mm against S.
aureus and 25.65mm against L. acidophilus
and the antifungal positive control
amphotericin-B produced a mean diameter
of inhibition zone of 13mm against C.
albicans and 11.94mm against S. cerevisiae
while the negative control i.e. DMSO
produced no observable zone against any of

and 25.32 against S. aureus} and  the tested microorganism.
methanolic {20.96mm against S. mutans
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Fig. 1: Comparative antibacterial activity of five extracts of T. chebula against dental caries

causing S. mutans and S. aureus along with the positive control (ciprofloxacin)
Met, Methanol; Eth, Ethanol; Ace, acetone; Hot, hot aqueous; Cold, cold aqueous; Cip, Ciprofloxacin

Table 1: Minimum Inhibitory Concentration
(MIC) of T. chebula

T. chebula extracts MIC (mg/ml)

S. mutans S. aureus
Acetone 25 12.5
Methanol 25 12.5
Ethanol 25 12.5
Cold aqueous 25 12.5
Hot aqueous 25 12.5

Discussion

We chose S. mutans, L. acidophilus and C.
albicans as test microorganisms for our
study because they have been implicated in
dental caries [32,33]. Candida albicans is
also the most common yeast isolated from
the oral cavity, and is associated with fungal
oral infections, endocarditis and septicemia
[34]. S. aureus, a major human pathogen, is
responsible for a number of hospital-
acquired infections and propagates mainly
in mouth and hands acquired in the hospital
environment  [35-37].  Saccharomyces

Jundishapur Journal of Microbiology, School of Medicine, Ahvaz Jundishapur University of Medical Sciences, Ahvaz,
Iran, Phone: +98611 3330074; Fax: +98611 3332036; URL: http://jjm.ajums.ac.ir; E-mail: editorial office: jjm@ajums.ac.ir



&%

JJA E
Jundishapur Journal of Microbiology (2009); 2(3): 105-111 %* 109
cerevisiae considered to be an opportunistic ~ finding new clinically effective
pathogen in the oral cavity, may induce  antimicrobial compounds. Thus, results

significant oral risks by acting as a tertiary
colonizer in dental caries and causing both
superficial and invasive infections [38].

Results of our foregoing findings reveal
that all the tested extracts of T. chebula
exhibited growth inhibitory activity against
two dental caries causing bacterial strains
evaluated. The susceptibility of the positive
control for bacteria i.e. ciprofloxacin
towards the acetonic extract of S. aureus
was more or less the same. It is also
observed that the acetonic extract of T.
chebula was more potent against both S.
mutans and S. aureus compared to other
tested extracts. The acetone and ethanol
extracts of fruits of T. chebula showed
greater antimicrobial activity than the
corresponding water and methanolic
extracts. This finding is interesting, because
in the traditional method of treating a
microbial infection, decoction of the plant
parts or boiling the plant in water was
employed. Whereas, according to the
present study, preparing an extract with an
organic solvent (acetone and ethanol) shows
a better antimicrobial activity [39,40].

The result further revealed that
antibacterial potency of the bioactive
compounds was not affected when extracted
in boiling water indicating that the plant
material contains thermo stable bioactive
compounds. It is also important to note that
susceptibility of the pathogens varied with
solvent extract and aqueous extract. This
indicates the involvement of more than one
active principle of biological significance.
Moreover, the potential for developing
antimicrobial drugs from plants appears
rewarding, as it will lead to the
development of a phytomedicine that will
act more effectively against
microorganisms. Therefore, such screening
experiments form a primary platform for
further phytochemical and pharmacological
studies that may open the possibilities of

from the previous and present studies have
established that T. chebula is a potential
candidate  plant, which could be
incorporated into orodentrifice.

Conclusion

Since all the tested extracts of T. chebula
were highly effective against two of the
tested dental caries causing bacteria,
purification and toxicological studies of the
plant and in vivo trials should be carried out
so that it can be used as a potential source
for the development of a phytomedicine to
act against dental caries causing bacteria.
The antimicrobial activities can be
enhanced if the phytoactive components are
purified and adequate dosage determined
for proper administration. As the global
scenario is now changing towards the use of
nontoxic plant products having traditional
medicinal use, development of modern
drugs from T. chebula should be
emphasized for the control of dental caries.
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