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Abstract

Nine medicinal plants — Glycyrrhiza glabra L., Terminalia chebula Retz var. chebula,
Terminalia bellirica (Gaertn.) Roxb., Phyllanthus emblica L., Ocimum tenuiflorum L., Ocimum
africanum Lour., Mentha arvensis L. var. piperascens (Malinv. ex Holmes) Malinv. ex L.H.
Bailey, Mentha pulegium L., and Syzygium aromaticum (L.) Merr. & L.M. Perry — were selected.
To determine their effectiveness in preventing dental caries, ethanol extracts of these plants
were screened for activity against Streptococcus mutans (DMST18777) using agar disk
diffusion method. Three extracts —T. bellirica, G. glabra and S. aromaticum— showed moderate
effectiveness at a concentration of 20 mg/ml (10-15 mm inhibition zone). G. glabra was the
most effective, exhibiting minimum inhibitory concentration (MIC) of less than 12.5 mg/ml
and minimum bactericidal concentration (MBC) of 25 mg/ml. A glass tube or smooth surface
method was used to examine adherence inhibitory activity. Four extracts —T. bellirica, G. glabra,
S. aromaticum and P. emblica— demonstrated strong effectiveness, distinguished by a clear
glass surface after incubation. Phytochemical components (i.¢. tannins and flavonoids) were
found in most of the extracts. However, the active components against S. mutans should be
further studied.
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INTRODUCTION

Dental caries are a major problem
worldwide. Streptococcus mutans is a primary
cause, having the ability to adhere to tooth
surfaces while producing acid and surviving
in acid conditions'. Left untreated, dental
caries will gradually lead to tooth loss, with
ensuing chewing difficulties and ultimately,
a variety of health problems?. Dental caries
prevention is preferable to treatment, because
treatment might come too late to avoid the
loss of the tooth. Conventional preventive
methods such as the use of alcohol or anti-

vomiting, tooth staining or oral cancer*”.
Importantly, antibacterial agents can also
promote the development of resistant bacterial
strains’. For these reasons, alternative methods
such as the use of medicinal plants are of
increasing interest. Various compounds in
plants that are produced for self-protection
could support each other in inhibiting
bacterial growth, while also reducing the
chances of the development of resistant
bacterial strains. However, few studies on
these plants have been conducted. Several
plants have demonstrated antibacterial
activity, but their effects have not yet been

biotics, e.g. chlorhexidine, erythromycin,
ampicillin and penicillin, have proven effective
in preventing dental caries’. However,
excessive use of these chemicals has been
reported to change the oral and intestinal
flora, and can cause other problems such as

proven against cariogenic bacteria. Some
studies have focused on inhibition of the
growth of bacteria that cause dental caries, but
other important activities such as inhibition
of tooth surface adherence or co-aggregation
with other oral bacteria were not investigated.
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In Thailand, a variety of medicinal
plants have been used to prevent or treat oral
health problems. In this study, nine plants
were selected and evaluated for their anti-
cariogenic activity in terms of growth
inhibition and antiadherence: Glycyrrhiza
glabra L., Terminalia chebula Retz. var.
chebula, Terminalia bellirica (Gaertn.) Roxb.,
Phyllanthus emblica L., Ocimum tenuiflorum
L., Ocimum africanum Lour., Mentha arvensis
L. var. piperascens (Malinv. ex Holmes)
Malinv. ex L.H. Bailey, Mentha pulegium L.,
and Syzygium aromaticum (L.) Merr. & L.M.

Perry.

MATERIALS AND METHODS

Materials

Flower buds of Syzygium aromaticum,
leaves of Ocimum africanum and Ocimum
tenuiflorum, rhizomes of Glycyrrhiza glabra,
and fruits of Terminalia chebula, Terminalia
bellirica and Phyllanthus emblica were
obtained from a local market in Bangkok,
Thailand. Leaves of Mentha arvensis var.
piperascens and Mentha pulegium were
obtained from SiriRuckhachati Nature Park
in Mahidol University, Nakhon Pathom,
Thailand. Each sample was macerated with
95% ethanol for 7 days and concentrated
using a rotary evaporator. Streptococcus
mutans DMST18777 (ATCC 25175T) was
obtained from the Culture Collection for
Medical Microorganisms, Department of
Medical Sciences, National Institute of Health,
Ministry of Public Health, Thailand. All
plant materials were identified by Prof. Dr.
Wongsatit Chuakul.

Antibacterial test: agar disk diffusion method

Antibacterial activity of the extracts
was determined by the agar disk diffusion
method. S. mutans bacteria were grown on
tryptic soy agar (TSA) anaerobically at 37
°C for 24 h. Several colonies of overnight

cultured bacteria were transferred into
tryptic soy broth (TSB) and the density
was adjusted to McFarland standard 0.5, or
approximately equivalent to 10 CFU/ml.
The density-adjusted bacteria were swabbed
on Mueller-Hinton agar (MHA). The extracts
were dissolved by 20% dimethyl sulfoxide
(DMSO) to obtain 20 mg/ml solutions. To
test each extract, sterile filter paper disks
(6 mm in diameter) were placed on four
MHA plates. Samples of each extract (5, 10
and 20 pl) were applied to three of the disks,
and 20% DMSO was applied to the other
disk as a negative control. A disk containing
15 pg erythromycin served as a positive
control. The plates were then incubated
anaerobically for 24 h. Antibacterial activity
was evaluated by measuring the diameter
of the inhibition zones. Each concentration
was done in triplicate.

Minimum inhibitory concentration (MIC)
and minimum bactericidal concentration
(MBC) determination

The minimuminhibitory concentration
was determined using broth dilution method
in 96-well plates. The bacteria were first
grown on tryptic soy broth (TSB) anaerobically
at 37 °C for 24 h. The inocula of overnight
cultured bacteria were adjusted in TSB
to a density equivalent to 0.5 McFarland
standard (10% CFU/ml). The extracts were
dissolved in 20% DMSO to obtain 200 mg/
ml, and were then diluted by serial twofold
dilution to obtain concentrations ranging
from 200 to 0.39 mg/ml. The adjusted
cultured bacteria were then added to each
concentration of extracts. Optical density
(OD) was determined in a microplate reader
at 600 nm before incubation (T ). The 96-
well plates were incubated at 37 °C for
24 h with constant shaking. After 24 h, the
plates were again determined (T,,). The
growth inhibition for the test wells at each
dilution was determined using the formula:
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1-(ODtest well atT,, - ODtest well atT )

% inhibition =

X 100

(ODcontrol well atT,, - ODcontrol well atT )

The minimum concentration that showed
100% growth inhibition was indicated as
MIC. The inocula from each concentration
was subcultured to TSA and incubated
anaerobically at 37 °C for 24 h. The highest
concentration that showed no bacterial
colonies was taken as MBC.

Determination of antiadherence activity

Antiadherence was determined by
glass tube surface adherence assay as in
Limsong (2004)°, adapted from Murchison
(1981)”. Each tube contained 0.3 ml of
TSB, which was composed of 2% sucrose,
0.1 ml of extract, and 0.1 ml of the adjusted
culture of S. mutans. All tubes were inclined
at 30° and incubated anaerobically at 37 °C
for 18 h. Bacterial adhesion was scored
on a scale of 0 to +4 as described inthe
Murchison method’.

Phytochemical screening

The phytochemical groups of all
extracts were determined for tannins and
flavonoids. Phenolic compounds were tested
by color precipitation with ferric chloride.
Tannins were tested with gelatin and gelatin-
salt reagent. Flavonoids were determined
using hydrochloric acid and magnesium
ribbon.

Thin layer chromatography (TLC) fingerprint

The extracts were concentrated to
I mg/ml. The 5 pl of tested solutions were
streaked 4 mm in length on the precoated
silica gel aluminium plate 60F,,. The
extracts of T. chebula var. chebula, T. bellirica,
P. emblica,and gallic acid (reference standard)
were developed in a solvent system which
was toluene: ethyl acetate: formic acid:
methanol (30:30:8:2). The developed plates
were examined under short (254 nm)
wavelength ultraviolet light. The extracts of

S. aromaticum, M. arvensis var. piperascens,
M. pulegium, O. africanum, O. tenuiflorum,
and eugenol (reference standard) were
developed in a solvent system which was
toluene: ethyl acetate (93:7). The plates were
detected with vanillin-sulphuric acid spray
reagent and observed under visible light.
The extract of G. glabra was developed in
a solvent system which was chloroform:
methanol: water (64:50:10). The plate was
detected with anisaldehyde-sulphuric reagent
spray reagent and observed under visible
light.

RESULTS
Antibacterial test: agar disk diffusion method

Three extracts — 7. bellirica, G.
glabra, and S. aromaticum — inhibited the
growth of S. mutans; the inhibition zones
varied from 8—15 mm. The largest inhibition
zone at 15 mm was obtained with G. glabra
atavolume of 20 pl; whereas erythromycin,
which was used as a positive control, gave
a 40 mm inhibition zone. The negative
control (20% DMSO) produced no inhibition
zone (Table 1).

Determination of antiadherence activity

The adherence inhibition of all
extracts was determined; it was found that
four extracts exhibited this activity. Data
are shown in (Table 2.)

Minimum inhibitory concentration (MIC)
and minimum bactericidal concentration
(MBC) determination

Extracts which exhibited antibacterial
activity were further determined for MIC
and MBC values. Three extracts demonstrated
MIC values less than 12.5 mg/ml, and their
MBC values ranged from 25-50 mg/ml
(Table 3).
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Table 1. Mean bacterial growth inhibition zones (mm) in agar disk diffusion method after treatment

with 20 mg/ml of plant extracts

Volume of extract

Plant species (ul)

5 10 20
1.Ocimum tenuiflorum L. - - -
2.0cimum africanum Lour. - - -
3.Mentha arvensis L. var. piperascens (Malinv. ex Holmes) - - -
Malinv. ex L.H. Bailey
4.Mentha pulegium L. s . i,
5.Terminalia chebula Retz. var. chebula - - -
6.Terminalia bellirica (Gaertn.) Roxb. - 8 10
7.Phyllanthus emblica L. - - -
8.Glycyrrhiza glabra L. 10 12 15
9.Syzygium aromaticum (L.) Merr. & L.M. Perry 10 12 14
10. 20% DMSO (negative control) 0 0 0
11. Erythromycin (15 pg; positive control) 40
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Table 2. Antiadherence activity of crude ethanol extracts against S. mutans

Plant species Volume of extract

()

5 10 20

1. Ocimum tenuiflorum L. +2 2 +2
2.Ocimum afiricanum Lour. +4 +4 +4
3.Mentha arvensis L. var. piperascens (Malinv. ex Holmes) +4 +4 +4

Malinv. ex L.H. Bailey

4.Mentha pulegium L. +3 +3 +3
5.Terminalia chebula Retz. var. chebula +1 +1 +1
6.Terminalia bellirica (Gaertn.) Roxb. 0 0 0
7.Phyllanthus emblica L. 0 0 0
8.Glycyrrhiza glabra L. 0 0 0
9.8yzygium aromaticum (L.) Merr. & L.M. Perry 0 0 0

Table 3. Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC)
of active plant extracts

Plant species MIC (mg/ml) MBC (mg/ml)
T. bellirica <12.5 25
G. glabra <12.5 23

S. aromaticum <12.5 50
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Phytochemical screening found in T. chebula, T. bellirica, P. emblica,
G. glabra and S. aromaticum, while flavonoids

Preliminary phytochemical screening i
were found in G. glabra (Table 4).

for tannins and flavonoids was performed.
The results demonstrated that tannins were

Table 4. Phytochemical components (tannins and flavonoids) of crude ethanol extracts

Plant species Tannins  Flavonoids

1. Ocimum tenuiflorum L. - -
2.0cimum africanum Lour. - -
3.Mentha arvensis L. var. piperascens (Malinv. ¢x Holmes) - -
Malinv. ex L.H. Bailey

4.Mentha pulegium L. - -
5.Terminalia chebula Retz. var. chebula + -
6.Terminalia bellirica (Gaertn.) Roxb. + -
7.Phyllanthus emblica L. +- -
8.Glycyrrhiza glabra L. i +
9.Syzygium aromaticum (L.) Merr. & L.M. Perry + -

Thin layer chromatography (TLC) fingerprint

TLC chromatograms of the extracts
were developed in different mobile phases.
The extract of S. aromaticum showed 10
bands under visible light and also eugenol
comparing with standard at R_value of 0.6
as shown in Figure 1 (A). The extract of G.
glabra showed 5 bands under visible light
including glycyrrhizin at R, value of 0.3
which showed black-grey zone followed
by Wagner H.* as shown in Figure 1 (B).

The extracts of 7. chebula, T. bellirica, P.
emblica,and gallic acid were developed and
observed under short (254 nm) wavelength
ultraviolet light. Only the extracts of
T. chebula and T. bellirica showed gallic
acid at R, value of 0.5 as shown in Figure 1
(C). The chromatograms of the extracts of
M. arvensis var. piperascens, M. pulegium,
O. africanum, and O. fenuiflorum were
shown in Figure 1 (D).
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(A) (B)

(©)

hR;

(D)

Figure 1. 'The TLC chromatograms of each extracts; stationary phase: silica gel GF254

(A); mobile phase: toluene: ethyl acetate = 93:7; spray reagent: vanillin-sulphuric
acid; observed under visible light, A1 = Syzygium aromaticum extract, A2 = standard
eugenol

(B); mobile phase: chloroform: methanol: water = 64:50:10; spray reagent: anisaldehyde-
sulphuric acid; observed under visible light, B1 = Glycyrrhiza glabra extract

(C); mobile phase: toluene: ethyl acetate: formic acid: methanol = 30:30:8:2; observed
under short wavelength (254 nm) ultraviolet light, C1 = Terminalia chebula extract,
C2 = Terminalia bellirica extract, C3 = standard gallic acid, C4 = Phyllanthus emblica
extract

(D); mobile phase: chloroform: methanol: water = 64:50:10; spray reagent: anisaldehyde-
sulphuric acid; observed under visible light, D1 = Mentha pulegium extract, D2 =
Mentha arvensis var. piperascens extract, D3 = Ocimum africanum extract, D4 =

Ocimum tenuiflorum extract

DISCUSSION

Crude ethanol extracts of Terminalia
bellirica, Glycyrrhiza glabra and Syzygium
aromaticum moderately inhibited the growth
of S. mutans, showing inhibition zones from
8-15 mm and MIC less than 12.5 mg/ml
(Table 1). These results are in accordance
with several previous studies. The ethanol
extracts of S. aromaticum exhibited MBC
of 25 mg/ml; but a previous study reported
that clove oil (S. aromaticum) showed even
greater effectiveness, with MIC of 3.125
mg/ml°. Clove oil has been identified as a
potential antibacterial agent, as it contains
the known active compound, eugenol'%!112:13,
The ethanol extract exhibited less effectiveness
due to a lower concentration of clove oil
or eugenol. Hwang (2004)' reported that
methanol extract of G. glabra at 20 mg/ml

inhibited bacterial growth of S. mutans, with
a 20 mm inhibition zone; but no MIC value
was given. In the present study the ethanol
extract of G. glabra showed MIC of 12.5
mg/ml. T. bellirica in combination with 7.
chebula and P. emblica, known as Triphala in
Thai traditional medicine exhibited MIC
against S. mutans of 50 ug/ml'>, which was
more effective than the ethanol extract of
T belliricainthisstudy (MICof12.5mg/ml).
But the present results indicated that extracts
of T. chebula and P. emblica showed no
antimicrobial activity against S. mutans,
even though they contain tannins which
commonly exhibit this activity. In contrast,
Terminalia chebula and Phyllanthus emblica
have been reported to exhibit antimicrobial
activity againstdental caries pathogens 617181,
Because of these apparently conflicting
results, the combination Triphala extract
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should be studied further to conclusively
determine its antimicrobial activity.

S. mutans has the ability to adhere
to a smooth surface, providing suitable
conditions for itself and for other bacteria to
aggregate at the tooth surface. The present
results showed that four plants (7. bellirica,
P. emblica, G. glabra and S. aromaticum)
strongly inhibited the adherence ability of
S. mutans; tests on a smooth glass surface
indicated a score of 0 on a scale of 0 to
+4 (Figure 1). This result was similar to
previous studies of T. bellirica, P. emblica
and S. aromaticum***'. No studies have
been performed on the adherence inhibition
of S. mutans by G. glabra. The mechanism
of adherence inhibition should be studied
further.

From phytochemical screening, all
active extracts were found to contain tannins,
while G. glabra also contained flavonoids.
Several previous studies have also shown
that T. bellirica, P. emblica, G. glabra and
S. aromaticum contain tannins?»?*2%2 which
have been reported to possess antibacterial
activity against both Gram-positive and
Gram-negative bacteria®**’. Aqueous extract
of green tea contains tannins, which conform
to a previous study on growth inhibition of
cariogenic bacteria, including S. mutans®.

CONCLUSION

This study demonstrated that
Terminalia bellirica, Glycyrrhiza glabra
and Syzygium aromaticum inhibited the
growth of Streptococcus mutans as well as
the adherence ability of the bacteria. These
plants should be studied for their active
compounds and further developed into
products for prevention of dental caries.

ACKNOWLEDGEMENT

The authors would like to acknowledge
the Human Research Development in Science
Project (Science Achievement Scholarship
of Thailand, SAST) for financial support.

REFERENCES

1.

10.

Hamada S, Slade HD. Biology, immuno-
logy, and cariogenicity of Streptococcus
mutans. Microbiol Rev 1980; 44(2):
331-84.

Allen PF. Assessment of oral health
related quality of life. HOLO 2003; 1:4.

. Jarvinen H, Tenovuo J, Huovinen P. In

vitro susceptibility of Streptococcus
mutans to chlorhexidine and six other
antimicrobial agents. Antimicrob Agents
Chemother 1993; 37(5):1158-9.

. Park KM, You JS, Lee HY, Baek NI,

Hwang JK. Kuwanon G. An antibacterial
agent from the root bark of Morus alba
against oral pathogens. J Ethnopharmacol
2003; 84(2-3):181-5.

. Chung JY, Choo JH, Lee MH, Hwang JK.

Anticariogenic activity of macelignan
isolated from Myristica fragrans
(nutmeg) against Streptococcus mutans.
Phytomedicine 2006; 13(4):261-6.

. Limsong J, Benjavongkulchai E,

Kuva tanasuchati J. Inhibitory effect of
some herbal extracts on adherence of
Streptococcus mutans. J Ethnopharmacol
2004; 92:281-9.

Murchison S, Larrimore S, Curtiss R.
Isolation and characterization of
Streptococcus mutans mutants defective
in adherence and aggregation. Infect
Immun 1981; 34:1044-55.

Wagner H, Bladt S. Plant Drug Analysis,
A thin Layer Chromatography Atlas.
2nded. Springer-Verlag Berlin Heidelberg.
2009.

Aneja KR, Joshi R. Antimicrobial
activity of Syzygium aromaticum and
its bud oil against dental caries causing
microorganisms. Ethnobotanical Leaflets
2010; 14:960-75.

Leite AM, Lima EO, Souza EL, Diniz
MFFM, Trajano VN, Medeiros [A.
Inhibitory effect of B-pinene, a-pinene
and eugenol on the growth of potential
infectious endocarditis causing Gram-
positive bacteria. Braz J Pharm Sci
2007; 43(1):121-6.



I1.

12.

13.

14.

15.

16.

17.

18.

19.

17

Screening for Dental Caries: Preventive Activities of Medicinal Plants against Streptococcus mutans

Tippayatum P, Chonhenchob V. Anti-
bacterial activities of thymol, eugenol
and nisin against some food spoilage
bacteria. Kasetsart J (Nat Sci) 2007; 41:
319-23.

Ayoola GA, Lawore FM, Adelowotan T,
Aibinu IE, Adenipekun E, Coker HAB,
Odugbemi TO. Chemical analysis and
antimicrobial activity of the essential
oil of Syzigium aromaticum (clove).
Afr J Microbiol Res 2008; 2:162-6.
DeviKP, Nisha SA, Sakthivel R, Pandian
SK. Eugenol (an essential oil of clove)
acts as an antibacterial agent against
Salmonella typhi by disrupting the
cellular membrane. J Ethnopharmacol
2010; 130(1):107-15.

Hwang JK, Shim JS, Chung JY. Anti-
cariogenic activity of some tropical
medicinal plants against Streptococcus
mutans. Fitoterapia 2004; 75:596-8.
Jagadish L, Kumar VKA, Kaviyarasan
V. Effect of Triphala on dental bio-film.
Indian J Sci Technol 2009; 2(1):30-3.
Jagtap AG, Karkera SG. Potential of the
aqueous extract of Terminalia chebula
as an anticaries agent. J Ethnopharmacol
1999; 68:299-306.

Aneja KR, Joshi R. Evaluation of anti-
microbial properties of fruit extracts of
Terminalia chebula against dental caries
pathogens. Jundishapur J Microbiol
2009; 2(3):105-11.

Carounanidy U, Satyanarayanan R,
Velmurugan A. Use of an aqueous
extract of Terminalia chebula as an
anticaries agent: a clinical study. Indian
J Dent Res 2007; 18(4):152-6.

Ancja KR, Joshi R, Sharma C. In vitro
antimicrobial activity of Sapindus

20.

21.

22.

23.

24.

25.

26.

27.

mukorossi and Emblica officinalis against
dental caries pathogens. Ethnobotanical
Leafiets 2010; 14:402-12.

Rahim ZHA, Khan HB. Comparative
studies on the effect of crude aqueous
(CA) and solvent (CM) extracts of
clove on the cariogenic properties of’
Streptococcus mutans. J Oral Sci 2006;
48(3):117-23.

KhanAU, GilaniAH. Pharmacodynamic
evaluation of Terminalia bellerica for
its antihypertensive effect. J Food Drug
Anal 2008; 16(3):6-14.

Zhang YJ, Nagao T, Tanaka T, Yang CR,
Okabe H, Kouno I. Antiproliferative
activity of the main constituents from
Phyllanthus emblica. Biol Pharm Bull
2004; 27(2):251-5.

Shalaby MA, Ibrahim HS, Mahmoud
EM, Mahmoud AF. Some effects of
Glycyrrhiza glabra (liquorice) roots
extract on male rats. Egypt J Nat Tox
2004; 1:83-94.

Son KH, Kwon SY, Kim HP, Chang HW,
Kang SS. Constituents from Syzygium
aromaticum Merr. et Perry. Nat Prod
Sci 1998; 8(8):263-7.

Akiyama H, Fujii K, Yamasaki O, Oono
T, Iwatsuki K. Antibacterial action of
several tannins against Staphylococcus
aureus. J Antimicrob Chemother 2001;
48:487-91.

Doss A, Mubarack HM, Dhanabalan R.
Antibacterial activity of tannins from
the leaves of Solanum trilobatum Linn.
Indian J Sci Technol 2009; 2(2):41-3.
Hamilton-Miller JMT. Antimicrobial
properties of tea (Camellia sinensis L.).
Antimicrob Agents Chemother 1995,
39(11):2375-7.



