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Introduction

Objectives. The aim of this study was to evaluate the physical proper-
ties of locally prepared Licorice varnish (LV), commercially available
Fluoride varnish (FV) and a Combination of both Varnishes (CV).
Material and Methods. LV was prepared using authenticated licorice
roots. Commercially available FV (Bifluorid 12) was used as a posi-
tive control and CV was prepared in six different concentrations of
both varnishes. Conventional antibacterial activity assessment, em-
ploying disc diffusion and broth dilution methods, was inconclusive.
Therefore a novel assessment method was used, whereby the varnish
was directly added to a mixture of Brain Heart Infusion broth with
Streptococcus mutans and incubated. Physical parameters such as pH,
rate of evaporation, viscosity, film forming ability, and cost incurred
for preparation were assessed and compared. Results. FV, LV and CV
(except the combination of LV 80% + FV 20%) showed antibacterial
activity against Streptococcus mutans. All three varnishes formed films
on the tooth surface as confirmed by Scanning Electron Microscopy.
Mean pH was in the range of 4-4.5, viscosity 48-52 centipoise (cP),
rate of evaporation was 150-160 seconds. They were comparable to
each other in the physical parameters tested, except for the shelf life
of LV. Conclusion. All three varnishes showed antibacterial activity
against Streptococcus mutans which was established using an innova-
tive method of antibacterial activity assessment. LV was most eco-
nomical of all but had a shorter shelf life. The results of this study need
to be evaluated through an in vivo study.

high treatment costs, and the loss of school
days, with the consequent diminished abil-

Dental caries is the most common chronic
infectious disease in childhood (1). Early
Childhood Caries (ECC) is a devastating
form of dental disease affecting the young-
est members of society. Children’s quality of
life can be seriously affected by severe caries
because of pain and discomfort which could
lead to disfigurement, acute and chronic
infections, and altered eating and sleeping
habits, as well as the risk of hospitalisation,

ity to learn (2). The knowledge about dental
caries has increased, but dentists worldwide
are struggling to prevent ECC. Community-
based preventive programs have to be devel-
oped and implemented urgently to achieve
the World Health Organization (WHO) goals,
and to improve oral health, health in general
and the quality of life in particular (3).

The foremost of all caries preventive
tools is Fluoride which can favourably al-
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ter demineralisation and remineralisation
processes, thus preventing caries (4). Long-
lasting pharmaceutical formulations in the
form of varnishes have been developed for
the prevention of dental caries (5).Varnishes
are easy to apply, have a high concentration
of fluoride, and can be applied in a moist
environment, and thus can be considered
as the best preventive tool against ECC (6).
The remineralising capacity and antibacte-
rial activity of Fluoride against Streptococcus
mutans have been reported and time tested,
however, the cost and manpower required
for fluoride varnish application necessitate
the search for other alternative preventive
tools. The gap in the knowledge base in this
regard remains a topic for exploration, as in
the present study.

Recently, there has been an increasing
interest in herbal dentistry to overcome
drawbacks of modern medicine such as the
development of resistance to antibiotics, and
side effects such as vomiting, diarrhoea, al-
teration of taste sensations, etc. (7). There
has been growing interest in biologically ac-
tive compounds, derived from natural prod-
ucts, which may have potential therapeutic
uses in dentistry (8). Ayurveda has a wide
range of medicinal plants which have been
used to alleviate human suffering and pro-
mote general health and well being. Among
the various medicinal plants used, Licorice
— Glycyrrhizaglabra is one such plant. Lico-
rice, known as the “Grandfather of Herbs,”
has been used by various cultures and is
time tested. It is 50 times sweeter than su-
crose, has been successfully used to relieve
sore throat and gastric problems, and en-
hance memory in children. It is easily avail-
able, inexpensive, approved by the US FDA
as GRAS (generally regarded as safe as per
21 CFR section, 21CFR 184-1408) and LD,
of Glycyrrhizin is 1.94 g /kg subcutaneously
(9) indicative of a good safety profile.

Isolated use of fluoride has proved to be
insufficient to prevent progressive mineral
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loss and consequent lesion formation in
children at high risk for caries development
(10). Hence the combination of fluoride
with licorice varnish was undertaken with
the idea that the combination may control
plaque formation with reduced acidogenic-
ity, and may also help in remineralization of
initial lesions.

Thus the objective of the study was to
compare the physical properties of all three
varnishes. We also compared the cost in-
curred for preparation of the varnish.

Materials and Methods

The present study was carried out from Jan
2016 to April 2016 at the Dr. Prabhakar Kore
Basic Science Research Centre, Belagavi.
Ethical clearance was obtained from the In-
stitutional Ethics Committee. Authenticated
Licorice roots were used to prepare Licorice
extract using the cold maceration method.
The extract was filtered using a muslin cloth
and Whatman No.1 filter paper. The filtrate
was concentrated using an IKA Rotary evap-
orator at 40°C, and the resultant residue was
kept in a refrigerator until further use. The
extract obtained was assessed for its antimi-
crobial activity against Streptococcus mutans
ATCC 25175 (procured from PGI Chandi-
garh) using the broth dilution method.

Licorice Varnish (LV)

The Faculty of Pharmacy guided the prepa-
ration of Licorice Varnish. All ingredients of
IP (Indian Pharmacopeia) grade, were used
for preparing the varnish (Table 1). A manu-
al of operations was prepared, and the Good
Laboratory Practices (GLP) guidelines were
followed for the varnish preparation. LV was
prepared by the addition of ethyl acetate to
licorice extract in a sterile glass container.
The extract was dissolved by keeping a glass
container in a bath sonicator for 30 minutes.
When the extract was completely dissolved,
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Table 1. Ingredients Used for Preparing Licorice Varnish Along with Their Functions

Ingredient Function Manufacturer

Iso amyl propionate purchased from Sigma Plasticizer Sigma Aldrich, SAPC

Ethyl acetate Solvent Sigma Aldrich, SAPC
Collodion solution, gift sample from Sigma Lacquer Omatek Laboratories,Indore.

Fumed silica-Gift sample, Aerosil 200

Licorice extract

Thickening agent

Antimicrobial activity

Pharma from Evonik Industries,Germany

Indigenously prepared

Collodion solution, along with Iso Amyl
Propionate was added. It was centrifuged
again and fumed silica was added to this
mixture. All the contents were centrifuged
for 30 seconds and the mixture was trans-
ferred to an amber colored sterile bottle and
labeled.

Fluoride Varnish (FV)

Commercially available Bifluorid12 var-
nish (VOCO Company, Germany. Lot
n0.1523310) was used as a positive control.

Combination Varnish (CV)

This was initially prepared by mixing 80% LV
with 20% FV but when it failed, other com-
binations were tested. Combination varnish
was prepared by mixing various concentra-
tions of licorice varnish and fluoride varnish
as described below: 50% LV + 50% FV; 60%
LV +40% FV; 75% LV + 25% FV; 60% FV +
40% LV; 75% FV + 25% LV. All the three var-
nishes were assessed for their antimicrobial
activity and physical parameters.

Antimicrobial activity — The antimicro-
bial susceptibility test was performed ac-
cording to the Agar diffusion method. Strep-
tococcus mutans ATCC 25175 was cultivated
in Brain Heart Infusion (BHI) broth, and it
was transferred after 18 hours to BHI agar
containing 5% sucrose.

Disc diffusion method — The direct col-
ony suspension method for the preparation
of inoculums was followed. The inocula of
Streptococcus mutans was prepared by col-

lecting 3-4 colonies grown on agar after 24
hours and the number of microorganisms
was calculated based on the standard tur-
bidity of 0.5 McFarland, corresponding to
1.0x10* colony forming units/ml. All the
three varnishes, FV, LV and CV, were di-
luted to concentrations ranging from 100%,
50%, 25%, 12.5% and 6.25% with the help
of distilled water. Twenty micro liters of the
respective varnishes were transferred onto
sterile filter papers (6.4 mm diameter) and
placed on the agar plate. The plates were
then incubated at 37°C for 48 hours an-
aerobically. The varnishes, being alcoholic
mixtures, evaporated and did not diffuse
through the agar plates (Figure 1).

Broth dilution method — The broth di-
lution method was attempted next. As a

Figure 1. Disk diffusion method showing failure
of varnishes (various dilutions: a=100%, b=50%,
¢=25%, d=12.5% and e=6.25%) to diffuse through
agar medium.




procedural step, varnish was added to BHI
broth, but as soon as the varnish was mixed
with BHI broth a precipitate formed imme-
diately annulling the chance of any further
investigation. Since varnish is made up of
resins, as soon as it was mixed with broth, a
precipitate occurred (Figure 2). Since the re-
sult was inconclusive, this method was also
discarded. The routine tests employed for
testing the MIC of varnish failed and, hence
there was a need to develop a novel method
to assess the MIC of varnish.

Novel method - In this method, 0.5 ml of
varnish was added directly to a mixture of 0.5
ml of BHI broth and Streptococcus mutans.
One loop of this mixture was then spread over
agar gel and incubated for 48 hours. A simi-
lar procedure was repeated with LV and CV
and the results obtained are shown in Figure
3. As can be seen clearly, CV in a ratio of 80%
LV and 20% FV, failed to show antimicrobial
activity. All three varnishes were tested for
physical properties by the principal investi-
gator who was trained at KLE Dr. Prabhakar
Kore Basic Science Research Centre.

Color matching — The freshly prepared
LV was compared with the shade guide and
the shade number was noted, along with the
date of preparation. This helped us to assess

Figure 2. The broth dilution method showing the
formation of precipitate upon addition of varnishes
to Brain Heart Infusion broth: a=Licorice varnish;
b=Fluoride varnish; c=Combination varnish.
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the shelf life of the varnish. When perform-
ing the color matching, the investigator was
wearing a vision aid, clear spectacles which
are normally worn every day. The test area
had the artificial natural daylight fluores-
cent illumination. The specimen was held
at a distance of 25cms and was observed at
perpendicularly. Color matching was done
between the shade guide and the specimen.
The intra observer agreement was calculated
as the mean value of the highest percentage
of identical scores for 6 specimen of the
same shade, performed twice at an interval
of one week: 1) Rate of evaporation — A ster-
ile glass slide was taken and its weight was
noted down. One hundred micro liters of
varnish was then dispensed on it and evenly
distributed, and kept on a digital weighing
scale. A stop-watch was used to assess the
time taken for the slide to return to its origi-
nal weight. Viscosity was assessed using a
CAP 2000 + Viscometer, Brookfield. Two ml
of the varnish was placed on the viscometer
plate and the test was run according to the
manufacturer’s instructions and values not-
ed. 2) Film forming ability - Human Tooth
samples of 3 mm thickness were obtained us-
ing hard tissue microtome. Fifty micro liters
of the respective varnishes were applied us-

e e

Figure 3. New method for assessing the MIC of all
three varnishes. Combination varnish (80% Licorice
varnish and 20% Fluoride varnish) failed to show an-
tibacterial activity.
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ing the applicator tip. After the samples were
completely dried, they were observed under
a Scanning Electron Microscope (SEM). The
morphology of the formed films on the tooth
surface was studied using a JOEL Scanning
Electron Microscope, Model JSM- 6360LYV,
operating in 15 kV acceleration voltage. 3)
The safety of the LV was assessed by com-
paring the lethal doses of all the ingredients
used with the actual concentration used for
preparing the varnish (11-13).

Statistical Analysis

The data was analyzed using SPSS software
version 20 (SPSS Inc Chicago, USA). The
level of significance was set at 0.05. Intra ex-
aminer reproducibility was assessed using
Cohen’s Kappa for color matching. Tripli-
cate values were used to determine the mean
value for rate of evaporation and viscosity of
the varnishes.

Results

Intra examiner Cohen’s Kappa (k) for color
matching was 0.86, confirming good repro-
ducibility. The licorice extract, along with
LV and FV, showed antimicrobial activity
(Table 2). CV showed antimicrobial activ-
ity in all the tested permutations except 80%
LV and 20% FV (Figure 4). All the combi-
nation of varnishes, that is (60% FV+40%
LV), (40%FV+60%LV), (25%FV+75%LV),
(75%FV+25%LV) and (50%FV+50%LV),
were equally effective with regard to anti-
bacterial activity. The combination varnish
in the concentration of (50%FV+50%LV)
was easier to prepare in terms of time and
cost. Hence the physical parameters were as-
sessed using this proportion and the results
obtained are shown in Table 3. All the var-
nishes were acidic in nature.

Table 2. Results of Minimal Inhibitory Concentrations of Licorice Extract and the Three Varnishes Against

Streptococcus Mutans
Test group Antibacterial activity against Streptococcus mutans
Licorice extract Positive - 2.0 mg/ml
Licorice varnish Positive
Fluoride varnish Positive
Combination varnish
80% Licorice Varnish + 20% Fluoride Varnish Negative
50% Licorice Varnish + 50% Fluoride Varnish Positive
60% Licorice Varnish + 40% Fluoride Varnish Positive
75% Licorice Varnish + 25% Fluoride Varnish Positive
60% Fluoride Varnish + 40% Licorice Varnish Positive

Table 3. Comparison of the Physical Parameters of All Three Varnishes

Parameters Fluoride varnish Licorice varnish Combination varnish

Rate of evaporation 150 156 160

(second)

pH 4 4.5 4.5

Viscosity (Pa*s) 48 52 49

Shelf life Stable for 2 years  Shelf life 35 days Shelf life 2 months

Cost Rs 4500 per bottle® Rs 700 per bottle; 6-7 times cheapert  Approximately Rs 2500 per bottle

Pa*s=Pascal seconds; Biflurid 12 Voco product; fIndigenously prepared; Rs=Indian Rupees.
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Figure 4: a) The combination varnish showed anti-
microbial activity in all the tested permutations; b)
No growth of Streptococcus mutans was seen in any
of the combination varnishes; ¢) Streptococcus mu-
tans growth was seen in the control group.

Figure 5. Morphological characterization of films
formed on the tooth surface after application of var-
nishes. SEM images of I=Licorice varnish; lI=Fluoride
varnish; lll=Combination varnish (a, c, e side view; b,
d, f expansion view).
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The safety profile of various components
used in preparing LV is presented in Table 4.

Scanning Electron Microscopy (SEM) re-
sults - SEM images are presented in Figure 5.
The images reveal the uniform film forma-
tion of all the three varnishes. The films were
in intimate contact with the tooth. However,
the compactness of the varnishes differed
from one another.

Discussion

This study describes the development of a
novel LV, as well as a new method to assess
the MIC of varnish. The dental profession
is currently faced with an enormous task of
how to manage the huge burden of the con-
sequences of the caries process amongst the
world population (14). Providing care for
preschool children can be stressful and trou-
blesome (5). Hence, the focus is currently
on minimally invasive approaches which
can arrest caries progression. Fluoride is
the most essential chemical agent used for
dental caries prevention, and various topical
fluoride interventions have been supporting
this, with over six decades of experimental
research (15). However, an increased resis-
tance to caries from fluoride has been re-
ported (16).

The present study compared locally pre-
pared LV with FV and their combination.
The antimicrobial activity was assessed us-
ing a novel method for LV. An extensive
literature review showed that there were no

Table 4. Comparison Between the Toxic Values of Varnish Ingredients and the Actual Concentrations Used per

Milliliter of the Varnish

Ingredient Toxicity profile

Concentration”

Licorice extract
toxicity. 1.94 gms/kg (29)

Iso amyl propionate  Approximately 5 ml/kg (12)

Aerosil

Ethyl acetate 11.3 g/kg body weight (12)

Collodion solution 10 mg/kg (12)

Animal studies - it does not cause genotoxicity, cytotoxicity or cellular

>3160 mg/kg body weight (Evonik MSDS datasheet)

8 mg

0.1 ml
10 mg
0.2 ml
0.2 ml

“Concentration used per milliliter of licorice varnish.
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reports on licorice varnish and our study
seems to be the first one. In the present
study, licorice extract was found to have an
effective antibacterial activity against Strep-
tococcus mutans, and this result is in concor-
dance with other studies (17, 18). Licorice
contains alkaloids, flavonoids, saponins like
glycyrrhizic acid, glycyrrhizin and stilbenes -
gancaonin G which have antimicrobial and
anti-adherent properties against Streptococ-
cus mutans and thus can help in caries con-
trol (19). The minimum inhibitory concen-
trations (MIC) of licorice varnish provide
evidence that, even when the licorice extract
was mixed with the other constituents of
varnish, the extract was able to sustain its
antimicrobial activity. The licorice varnish
can be considered as a pragmatic option to
prevent dental caries.

Though in vitro studies have made it
clear that licorice has good antimicrobial ac-
tivity against Streptococcus mutans and oth-
er organisms, it has not been used in a thera-
peutic form which is practical and feasible
in a field trial involving preschool children.
MIC is considered the ‘gold standard’ for de-
termining the susceptibility of organisms to
antimicrobials and is therefore used to judge
the performance of all other methods of
susceptibility testing (20). Varnishes, being
alcoholic mixtures, evaporated and failed
to diffuse through the agar plates. Hence,
the conventional tests employed for testing
MIC of varnish did not give any results, and
a new technique which could overcome this
problem was needed.

The inability of the varnish to diffuse
through agar medium was overcome by the
novel method, and the varnish acted di-
rectly on Streptococcus mutans, thus dem-
onstrating the antimicrobial potential of the
varnish. Antimicrobial testing of propolis
varnish has been reported (21) where the
authors diluted propolis varnish in an etha-
nol-water solution at 20% in a proportion of
1:1 (75 mg/ml) to reduce the viscosity of the

varnish. This technique though it provided
satisfactory results, actually camouflages the
inherent antimicrobial activity of the var-
nish. Thus this particular technique was not
followed in the present study.

When the cost factor was compared, LV
proved to be more economical compared to
FV. It is about 6-7 times cheaper than FV
(Bifluorid 12). A comparison of the three
varnishes revealed that licorice and CV were
comparable to FV in most of the param-
eters assessed. However, when shelf life was
assessed, LV had a shorter shelf life. When
the rate of evaporation was assessed, it was
found to be slightly longer for LV, although
the difference was not statistically signifi-
cant. This could be attributed to the lower
viscosity of LV.

Combination varnishes, such as fluoride
with chlorhexidine, fluoride with cervitec,
and chlorhexidine with xylitol, have been
used in dentistry, as the combinations have
been shown to increase the suppression pe-
riod of Streptococcus mutans (22-24). Both
Cervitec F and fluoride varnish performed
similarly when their antimicrobial activ-
ity against Streptococcus mutans was com-
pared (24). Contrary to this, MI varnish, a
newer combination varnish with CPP-ACP
and fluoride, was compared against plain
fluoride varnish and chlorhexidine varnish,
but chlorhexidine showed significantly bet-
ter results than a combination of CPP-ACP
and fluoride varnish for antibacterial activ-
ity against Streptococcus mutans (25). On
the other hand, Gedalia (26) reported that
when Glycyrrhizin (Licorice) was added to
the APF solution, fluoride uptake increased
and enamel solubility was reduced. To test
this hypothesis, a CV was tested in the pres-
ent study. In the present study, CV prepared
by mixing 80% LV with 20% FV failed to
show antimicrobial activity. This may be due
to the high concentration of licorice (80%)
varnish in the CV which probably antago-
nized the effect of fluoride varnish present




in a lower concentration (20%). Further, the
interaction between the active constituents
of licorice varnish with the sodium and cal-
cium fluoride present in fluoride varnish
may have resulted in the annulling of each
other’s antimicrobial activity. However, the
exact reason why the combination varnish
with 80% LV with 20% FV failed to show
any antimicrobial activity remains unclear.
An interaction study between licorice and
fluoride varnish is probably needed to find
the answer, however it was beyond the scope
of the present research. FV has multiple
effects such as remineralization of initial
enamel lesions and inhibition of Streptococ-
cus mutans. We can predict that when lico-
rice is mixed with FV it probably enhances
the antibacterial activity of FV. The inhibi-
tion of plaque biofilm formation is the key
to successful control and prevention of den-
tal caries (27). This may indirectly enhance
the remineralizing potential of CV and at a
cost much lower than FV. Will CV improve
the efficiency of the Gold standard “FV “in
preventing ECC? This question needs to be
answered in future studies.

As shown by SEM analysis, varnish for-
mulations formed a uniform layer on the
tooth structure. FV (Bifluorid 12) contains
5.6% F and both sodium fluoride and cal-
cium fluoride, which could penetrate the
tooth surface more effectively (28). Hence,
this was used as a positive control in the
present study. Both sodium and calcium
ions are positively charged ions, and have
a high affinity to the fluoride ion. This af-
finity makes CaF and NaF crystals more
stable, thus enabling the compact nature of
the varnish. However, it has been reported
that since Bifluorid 12 has higher viscosity,
it formed a thicker layer on the acrylic sur-
face to which Streptococcus mutans adhered
easily (29). On the other hand, LV had lower
viscosity, and we can speculate that it would
penetrate the enamel tags to a greater depth.
Whether these properties make any signifi-
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cant impact on caries progression or biofilm
formation needs to be assessed through in-
vivo studies.

Safety Issues

Licorice has been used by various cultures
for thousands of years and many previous
studies have shown that it is a safe medicinal
herb (30). Ames test using S Typhimurium
TA 1535 revealed no genotoxicity; a cyto-
toxicity study with Promega’s CellTiter-Glo
Assay, using cell lines of Jurkat HOK68
CHO and BHK, revealed no cellular toxicity.
A single dose acute toxicity test with mice
confirmed Glycyrrhiza glabra to be non-tox-
ic (30). All the ingredients used in the pres-
ent study were of IP (Indian Pharmacopeia)
Grade, and GLP (Good Laboratory Prac-
tices) guidelines were followed during the
preparation of LV, thus ensuring the safety
of LV and CV.

Dental caries is a multifactorial disease
and many organisms cause this disease.
However, in the present study, a single or-
ganism was used, that is, Streptococcus mu-
tans. It would be interesting to find out if LV
has broad spectrum antibacterial activity in
future studies, by assessing its antibacterial
activity against other oral pathogens. Nev-
ertheless, such an investigation was beyond
the scope of the present study. The shelf life
of LV was found to be shorter than FV, and
further studies with respect to optimization
of methods for preparation of the varnish
are required to improve the product.

Conclusion

LV, FV and CV (except 80% LV + 20% FV)
showed antimicrobial activity against the
standard strain of Streptococcus mutans. The
viscosity, rate of evaporation, pH, and film
forming ability of all three varnishes were
comparable to each other. LV was the most
economical of the three but had a shorter
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shelf life. Future studies with in vivo study
design are required to confirm these find-
ings.

What is already known on this topic

ECC is pandemic in prevalence and is amenable to preven-
tion. The Cochrane database recommends the use of fluoride
varnish for the prevention of dental caries in young children.
However, varnish is an expensive preventive tool, especially
for developing countries where the prevalence of the disease is
high, and resources to tackle it are limited and hence there is a
need to search for an alternative indigenous product. Licorice
has been used for various ailments for centuries and has been
used in dentistry as a mouthwash and lollipop for its anti caries
activity against Streptococcus mutans.

What this study adds

Although the anti-cariogenic properties of licorice have been
suggested for over 30 years, it has not been tested in a dosage
form that can be used in public health programs. Hence this
study presents the details of licorice varnish its preparation and
its comparison with fluoride varnish. A combination varnish
may provide more benefits by suppressing the acidogenic bac-
teria in addition to accelerating the remineralization process
of white spot lesions. The present research work also describes
a novel way of assessing the MIC of a viscous substance such is
“dental varnish’”.
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