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EVALUATION OF ANTIMICROBIAL EFFECT OF LICORICE EXTRCAT
AGIASNT ORAL MICROORGANISMS

ROSHANAK RASTEGAR
DENTISTRY
ABSTRACT

Introduction: The causative factors of dental caries have been studied for many
years, however, preventing the formation of dental caries remains an elusive task.
Microorganisms have been the focal point of numerous studies as a prime cariogenic factor.
Streptococcus mutans and Candida albicans have been frequently co-isolated from dental
biofilm in patients with early childhood caries (ECC) and studies have demonstrated the
synergistic effects of these two microorganisms in promoting tooth demineralization. Acid
and glucan production, which are two virulence factors produced by S. mutans that mediate
biofilm formation and tooth decay, have been shown to be promoted during co-colonization
with C. albicans. Interestingly, published reports have demonstrated that licorice extract
exhibits both antibacterial and antifungal properties, particularly against S. mutans
biofilms. However, no studies have tested the effect of licorice extract on S. mutans and
C. albicans synergism.

Purpose: The goal of this study was to evaluate the antimicrobial effect of Chinese
licorice (Glycyrrhiza uralensis) extract against oral microorganisms and to investigate
whether licorice extract inhibits biofilm synergy between S. mutans and C. albcians, as
well as test its effect on acid and glucan production by these oral microorganisms.

Materials and Methods: Minimal inhibitory and bactericidal concentration was
determined utilizing disk diffusion assays on Todd-Hewitt broth (THB) agar plates.

Biofilm assays were performed to assess the effect of licorice extract on S. mutans and

il



C. albicans, single and dual species biofilms formation in THB containing 1% sucrose in
order to simulate ECC patients that consume high concentrations of dietary sugars. Biofilm
biomass was quantified using crystal violet. Fluorescence microscopy was utilized to
measure acid and glucan production with pHRodo red and Cascade blue stains,
respectively. Furthermore, a Drosophila melanogaster sucrose-dependent model was
utilized to evaluate the effect of licorice extract on the colonization of S. mutans and
C. albicans in single and dual infection.

Results: G. uralensis extract significantly inhibited biofilm formation by S. mutans
and C. albicans in a dose dependent manner. Microscopic analysis showed the reduction
of acid and glucan production in the presence of 2.5% licorice extract. Less inhibition was
observed in S. mutans and C. albicans co-cultures compared to S. mutans single cultures.
Lastly, licorice extract reduced the colonization of S. mutans and C. albicans in single and
dual infections.

Conclusion: Glycyrrhiza uralensis extract displayed significant antimicrobial and
antibiofilm activity against S. mutans and C. albicans in both single and co-species
cultures. Taken together, this study provides evidence that licorice extract may be an

effective and natural therapeutic for the prevention of dental caries.

Keywords: Dental Caries, Streptococcus mutans, Candida albicans, Licorice extract,

Glycyrrhiza uralensis
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CHAPTER 1

INTRODUCTION

Dental Caries

Dental caries is one of the most prevalent yet preventable chronic diseases, which
continues to be a major oral health problem affecting more than 600 million children under
six years of age worldwide.! This complex, multifactorial, disease can cause discomfort,
pain, poor nutrition and altered sleeping habits, and as a result, it can have negative impact
on a child’s overall health and well-being. Additionally, the early childhood caries (ECC,
caries in children under age 6 years)? epidemic has placed significant health and economic
burdens on patients and health care systems. According to the World Health Organization
(WHO), the cost for treatment and prevention of oral disease, predominated by dental
caries is estimated to be more than $120 billion per year in the US, as the fourth most
expensive condition to treat (2014).!-3

Tooth decay is characterized by an ecological imbalance in physiological
equilibrium between 2 factors; the “pathological factors” (i.e. cariogenic bacteria and high
frequency of fermentable carbohydrates consumption) which result in acid production and
demineralization, and “protective factors” (i.e. saliva and fluoride) that inhibits cariogenic
activities and enhance remineralization. Therefore, caries prevention can be achieved either

by reducing pathological factor or enhancing protective factors.*



Cariogenic Factors

A better understanding of dental caries activity has led to an accepted proposed
etiology that is based on a four-factor theory including oral cariogenic microorganisms,
diet, susceptible tooth and host factors, and time. Cariogenic microorganisms are the main
causal factor and excessive exposure to sugars in diet leads to the accumulation of acid-
producing and acid-resistant microorganisms in the oral cavity which over time can result

in dental caries.>® (Fig 1)
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Figure 1. Risk Factors of Dental Caries.
Reproduced by permission from John Wiley & Sons for Fejerskov and Kidd, 2008.7°

However, dental caries is a biofilm-dependent disease which consists of a

polymicrobial environment, encapsulated in a self-produced extra cellular polymeric



matrix that adheres to the tooth surface.” In general, within the biofilm environment,
microbial species are highly incorporate social interaction and multicellular behavior via
quorum-sensing and coaggregation systems.® These unique survival strategies of biofilm
help single and multi-species to access the optimal nutrients and niches to survive and
protect them with a collective defense against other competitor organisms and host defense
system.”:8

The oral cavity harbors diverse biofilms, supporting up to 1000 different species of
microorganisms which in normal condition, live in symbiosis and plays an essential role in
maintaining oral homeostasis and preventing oral diseases.! However, a change in
environmental or stress signal, can tip the equilibrium toward pathogenic bacteria leading
to oral diseases, such as dental caries.!'!'?

The major contributors to the initiation of dental caries are the mutans streptococci
(i.e. Streptococcus mutans and Streptococcus sobrinus).!'® S. mutans which is a facultative
anaerobic gram-positive bacterium is the most common caries-associated bacteria and is
one of the most acidogenic species identified in oral biofilms that metabolizes dietary
sucrose and produce lactic acid as byproduct'>. This acid production can lead to a change
in the biofilm ecology by giving the bacteria one of its most important cariogenic properties
by enhancing the presence of other acid-producing and acid-tolerant species such as the
lactobacilli and increases the proportion of S. mutans in the dental biofilm.!® This
acidogenic flora may result in a drop in dental plaque pH below the “critical decalcifying
pH level” 7 and a prolonged recovery to the neutral pH that favor enamel demineralization

and dental caries.'® (Fig 2)



The Stephan Curve

Plaque pH
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Figure 2. Stephan Curve.
Adapted from data provided in: Stephan, R. Intro-oral hydrogen-ion concentrations associated
with dental activity '

Interestingly, the critical pH varies over a wide range from individual to individual
and from tooth to tooth, depending on multiple factors such as presence or absence of caries
and the level of calcium, phosphate and fluoride in dental plaque and saliva and it can be
as high as 6.5 and as low as 5.1.1%1°

Additionally, S. mutans has the unique ability of adhering within dental plaque
which is mediated via sucrose- independent and sucrose- dependent pathways.!> The
antigen I/I surface protein influence the sucrose-independent adhesin by initiation of
attachment process of S. mutans to salivary coated hydroxyapatite as well as inter-bacterial
adhesion and secondary colonization.?!> On the other hand, sucrose- dependent adhesion
is thought to be responsible for colonies establishment on the tooth surface and initiating
changes in dental plaque ecology that can result in dental caries.!> One of the key

contributor factors in sucrose- dependent attachment is converting sucrose to extracellular



polysaccharide (EPS) matrix such as glucan which is synthetized by streptococcal
glycosyltransferases (Gtfs)?!. Studies showed that up to 40% of the dry weight of dental
plaque is constituted of polysaccharides, mostly glucans.?!

S. mutans produces at least three Gtfs encoded by gtfB, gtfC, and gtfD which
synthetize both water-soluble and water-insoluble glucans.!> Although both types of
glucans are thought to play roles in S. mutans colonization, the water-insoluble polymer
may have the major contribution in smooth surface caries.!> The Gtfs secreted by this
bacterium, which is enzymatically active, can adhere to the pellicle and produce glucan
within minutes when exposed to a source of sucrose.??

The biofilm extracellular matrix rich in insoluble EPS alter the diffusion properties
of biofilm matrix by acting as a barrier to the buffering effects of saliva on surfaces while
conferring protection to microorganisms from antimicrobial agents by limiting their
diffusion. It can also increase the porosity in the biofilm, resulting in sugar penetration into
deepest part of biofilm structure to promote the acidic microenvironments and thereby the
formation of acidic niches that exhibit an increased demineralization potential 23

Other than S. mutans, Candida albicans, a common opportunistic pathogenic
fungus in humans,?* is also found to be a colonizer in oral biofilms and has been associated
with carious lesions mainly in children with severe ECC.!%2>26 Although, C. albicans wan
initially known to have minimal to no physical adhesion with cocci in the absence of
sucrose resources’’, it was determined that, when sucrose is available, there are some
evidence of coadherence between these 2 microorganisms via the glucans forming between
the cocci and yeast cells.?® This cross-kingdom biofilm contains an extensive extracellular

matrix that is secreted by S. mutans.?® In vitro studies showed S. mutans gtfB, gtfC, and



gtfD exoenzymes adsorbed onto C. albicans cells produced large quantity of extracellular
matrix which enhance the S. mutans binding as well as more fungal adhesion to the tooth
surfaces. 3 In fact, this symbiotic relationship, allows them to create an enhanced biofilm
in oral cavity and increase cariogenic potential compared to single-species biofilms.?>27-3!
Therefore, the survival of C. albicans is largely depends on this multi-species
communication and coaggregation between C. albicans and S.mutans.’

Furthermore, the biofilm growth and virulence of C. albicans are linked to its
morphology transition between yeast and hyphae form, which signifies a fundamental step
towards its pathogenicity.>? It can also ferment some dietary sugars, produce organic acids
and secrete dentine-degrading enzymes, which contribute to the pathogenicity of
C.albicans of dental caries 33

Some in vivo studies also confirmed that animals infected by both C. albicans and
S. mutans showed higher levels of infection and microbial carriage in biofilms, compared

to animals infected with either species alone, therefore, co-infection was found to augment

the virulence of the biofilm.?7-3



Licorice Extract

There are different approaches to manage dental caries disease, including surgical
intervention, arresting the carious lesions and chemical preventive treatment. However, the
surgical treatment and arresting the lesions is not always feasible mainly in young patients
and individuals with special health care needs, hence, dental treatment, in these groups of
patients, frequently requires some kinds of advanced behavior management such as
sedation or general anesthesia. Further, these approaches are after the disease has occurred,
therefore, emphasis on prevention is a more optimal approach aimed to develop and use
various materials to control and inhibit the formation of cariogenic biofilm.¢

In search for effective, efficient, safe and economical alternatives substance, use of
natural phytochemicals derived from plant extracts is gaining more popularity in modern
medicine. Clinical trials and various in vitro and in vivo studies have proved the
effectiveness of several natural compounds in the treatment of dental caries with fewer side
effects and more cost efficiency in comparison with synthetic antimicrobials.>’

Liquorice (British English) or Licorice (American English)*® is one such herbal
remedy which have been used for decades for its potentials to treat various types of health
conditions such as inflammatory diseases, gastrointestinal disorder, bacterial
infection, atherosclerosis, and skin conditions.**-*’ The name licorice given to the roots of
Glycyrrhiza spp. from Fabaceae family which is native to Mediterranean, Asian and
European countries. The genus name Glycyrrhiza derived from a Greek word , meaning
sweet root, mainly due to the sweet product that is extracted from unpeeled, dried root of
this perennial plant.*!*> This plant has an extensive root system including a taproot and

numerous stolons. The soft, fibrous taproot is mainly harvested for medicinal uses, while



the stolons, which can reach up to 8 meters in length, together with the taproot are the

source of commercial licorice.**(Fig 3).

Figure 3. Dried Licorice Root.

Although, the genus Glycyrrhiza consists of about 30 species, the roots of
Glycyrrhiza glabra L. and Glycyrrhiza uralensis Fisch. are the most common sources of
licorice root for traditional medicine, as well as cosmetics and tobacco industries and most
importantly as additive and sweetener agent in food industry.** The chemical properties of
licorice species vary due to different plant species, geographic area, growth environment,

harvesting and extracting process that may affect its quality and therapeutic activities.**



The active constituents of licorice are saponins, flavonoids, chalcones, isoflavones
and coumarins, as well as miscellaneous compounds such as fatty acids and phenols.*
More than 20 triterpenoids and nearly 300 flavonoids have been isolated from licorice
which are responsible for most of its pharmacological effects such as anti-inflammatory
and antimicrobial activities.*

The main sweetener of the licorice extract is glycyrrhizin, which is its major
triterpenoid saponin and used as a tool to recognize the herb.** Glycyrrhizin constitutes
about 2-25% of licorice root extract and is considered the primary active ingredient.*6:*
Interestingly, the sweetness of this component is known to be 50 times sweeter than
sucrose, with different characteristics, being less instant, tart, and lasting longer.4%:4247

Although the details of exact mechanism of antimicrobial activities of licorice
extract are still in the initial stage, there are several compounds isolated from licorice, such
as glycyrrhetinic acid, glabridin and licochalcones which are found to have antimicrobial
effects by inhibiting the formation of bacteria and biofilm, the production of exotoxins,
preventing yeast-hyphal transition and activating the immune response.*®

Licorice and its derivatives are listed as “Generally Recognized as Safe (GRAS)”
by the Food and Drug Administration (FDA)* It’s available in various forms such as liquid
extract, powder, capsules, etc. and it’s assumed to be a safe over-the-counter remedy that
do not pose any health hazard when used appropriately and by individuals who are not
sensitive to glycyrrhizin (i.e. old age, female sex and hypertension ).4>4
However, excessive use of licorice, more particularly glycyrrhizin, may cause some side
effects such as severe hypertension, hypokalemia, hypermineralocorticoid-like effect

headache, premature birth, muscle weakness, and paralysis. 42464750



Although there is no clear recommendation on acceptable daily intake (ADI) for
licorice, Joint FAO/WHO Expert Committee on Food Additives (JECFA) and the
European Community’s Scientific Committee on Food (SCF) considered 100mg/day use
of glycyrrhizinic acid (approximately the amount found in 60-70 g licorice) to be a
reasonable upper limit for the majority of the population, However, an individual’s baseline
health status may influence the susceptibility to glycyrrhizin. 32 The content of
glycyrrhizin varies in different forms of licorice. For instance, licorice fluid extracts
contain approximately 10%—-20% glycyrrhizin and typical doses of 2— 4 mL deliver 200 —
800 mg , whereas powdered licorice root is 4%—-9% glycyrrhizin and daily doses of 1-4 g
contain 40-360 mg.>?

Due to the possible adverse effect of glycyrrhizin, de-glycyrrhizinated licorice
(DGL) has also been manufactured by removing the active compound glycyrrhizin in
licorice and made available in different forms (Liquid, lozenges, wafers, etc.)?.
Considering the possible complication related to excess consumption of the licorice-
containing compounds, public awareness is mandatory to avoid the inadvertent use of such

product.

Literature Review

Multiple studies have evaluated and documented that licorice extract and licorice
bioactive ingredients such as glycyrrhizin, glycyrrhizol-A, glabridin, licoricidin,
licorisoflavan A and licochalcone have beneficial effects in inhibiting cariogenic

microorganisms and preventing oral diseases such as dental caries.*6-%4
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By contract, there are some studies, such as Soderling’s experiment, that showed
no differences in the oral microbial counts after using licorice product. In this study, sixteen
healthy volunteers were instructed to use a gel containing 2.5% licorice three times a day
for 2 weeks and no difference was found between the experiment and control groups.>

In separate studies, He, Villinski, Gafner and Sedighinia et al. investigated the
effect of Glycyrrhiza spp. and the extracted metabolites from the roots, using a set of
different approaches, and concluded that those metabolites show activity against S. mutans.
43657 Liu et al. have also conducted an in vitro study to evaluate the effect of glycyrrhizic
acid on S. mutans growth and acid production via minimal inhibitory concentration (MIC),
the minimal bactericidal concentration (MBC) and pH value and reported the glycyrrhizic
acid can inhibit bacterial growth and acid production.®

Recently, Vaillancourt ef al. studies the effect of Isoflavans Licoricidin and
Glabridin, two major isoflavans of licorice, on growth, acid and dextran production and
adhesion of S. mutans, as well as the biocompatibility of those components. The author
reported that licoricidin and glabridin exhibited antibacterial activity against S. mutans
cells and decreased the acid production and bacterial adherence to hydroxylapatite with
low cytotoxicity for oral keratinocytes. In this study, only the glabridin showed some
decrease in dextran production. ¥

The efficacy of licorice extract as a cleaning agent against S. mutans in the cavities
in deciduous molars was also investigated by Godbole ef al. and the results indicated the

significant antibacterial activity against this species.®

11



Although the number of human experiments is limited, a few clinical studies
evaluated the potential of licorice lollipops consumption for caries control in pre-school
children and other populations which showed a decline in the number of S. murans. 61:62-63

Some studies have also investigated the antimicrobial effects of licorice on
C. albicans demonstrating the antifungal effect of Glycyrrhiza spp.®*%° In their studies,
Roque, Fatima, Seleem, and Grenier investigated the Glycyrrhiza glabra and its bioactive
constituents, such as glabridin, lichochalcone-A and glycyrrhizic acid and concluded
antifungal activities against C. albicans. 6+

In another study, Sharma et al. evaluated the antifungal activities of three medicinal
plants including Glycyrrhiza glabra and confirmed the antifungal properties of G. glabra
against infectious fungal diseases caused by C. albicans and this antifungal activity is
largely dependent on the extract used, due to the possible loss of some of the volatile
components of G. glabra during drying and evaporating process.®’

In an in vivo study, Utsunomiya et al. reported that, compared to normal mice,
MAIDS mice (mice infected with LPBMS5 murine leukemia virus) are 100 times more
susceptible to be infected with C. albicans and administration of glycyrrhizin improved the
resistance of MAIDS mice to C. albicans infection.®

There are limited studies evaluating the antimicrobial activities of Glycyrrhiza spp
against both S. mutans and C. albicans. In Brazil, de Oliveira ef al. studied cytotoxicity of
four Brazilian plant extracts (Equisetum arvense L., Glycyrrhiza glabra L., Punica
granatum L. and Stryphnodendron barbatimam Mart.) against oral microorganisms

including S. mutans and C. albicans and concluded all 4 extracts were effective against

those microorganisms with G. glabra exhibiting the least cytotoxicity.*

12



In a more recent study, Yang et al. looked at the antimicrobial effect of G. uralensis
extract on S. mutans and C. albicans and its biocompatibility for dental applications. In this
study, different concentrations of licorice extract were used on single cultures of
microorganisms and tested for inhibition and cytotoxicity and the results showed a
significant antimicrobial activities in G. uralensis groups compared to the control group

regardless of the concentration.”

13



CHAPTER 2

PURPOSE OF THE STUDY

The aim of this study was to evaluate the antimicrobial effect of licorice extract

on Streptococcus mutans and Candida albicans as well as its inhibitory effect on these

microorganisms’ synergism.

Hypothesis

Glycyrrhiza uralensis extract has inhibitory activity against biofilm formation in

Streptococcus mutans and Candida albicans dual culture.

14



CHAPTER 3

MATERIALS AND METHODS

Bacterial Strains and Growth Conditions
Wild-type Streptococcus mutans UA159 and Candida albicans SC5314 strains
used in this study (Table 1) were cultured in Todd- Hewitt Broth (THB) (Becton, Dickinson

and Company, Franklin Lakes, NJ, USA) agar plate and incubated in an atmosphere of 5%

CO, at 37°C.

Table 1. Strains used in this study

Strain Description Source
. 71
UA159 Wild-type Streptococcus mutans
71,72
S. mutans-Gfp Gfp-labeled S. mutans, Kan®
SC5314 Wild-type Candida albicans 3

Chinese licorice extract (Glycyrrhiza uralensis) was purchased from an FDA
registered pharmaceutical laboratory (Hawaii Pharm, Honolulu, HI, USA). This product is
distributed as an herbal dietary supplement containing organic Chinese licorice dried root

powder in a base of glycerin and water, 60% and 40% respectively. According to the

15



supplement facts issued by manufacturer, the concentration of the licorice extract was 330
mg/mL of the suspension. The product was stored in an airtight, amber glass container in
refrigerator at 4°C and was shaken well prior to the daily fresh preparation for each
experiment. Tryptone Yeast Extract Broth (TYE) (Thermo Fisher Scientific, Waltham,
MA, USA) and 1% sucrose was utilized to dilute the original extract to the required
concertation.

In all the assays described below, the corresponding concentrations of TYE
medium and 1% sucrose and 1.5% glycerin were used as control groups. One percent
sucrose was used to simulate ECC patients challenged with high dietary sugars and the

glycerin concentration was equal to the glycerin content in 2.5% of licorice extract.

Disk Diffusion Test
The growth inhibitory potential of the extract was determined using the agar disk
diffusion method. Twenty microliters of licorice extract at concentrations of 12, 25,50 and
100% were dispensed on a 6mm sterile filter disk. One hundred microliters of diluted
microbial suspension (OD g0 of 0.1) were spread on a THB agar plate and filter disks were

transferred to the media. Subsequently, the plates were incubated under 5% CO. at

37°C overnight. A disk soaked in TYE, sucrose and glycerin were used as negative control
group in each plate. The zone of inhibition around each sample was measured and recorded.
Subsequent to the dose dependent biofilm formation result, disk diffusion experiment was

also performed on 2, 2.25, 2.5, 2.75 and 3% of licorice extract using the previously
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described protocol. The assays were performed in triplicate in three independent

experiments, and a representative set of data is presented.

Biofilm Formation Assay

The biofilm formation assay was conducted based on the disk diffusion results, to
investigate the ability of licorice extract to eradicate S. mutans and C. albicans single and
dual-culture biofilms formation. Streptococcus mutans and Candida albicans were grown
in TYE broth overnight and the microbial culture was subsequently diluted 1:100 into fresh
medium for the biofilm assays. Single and two-species groups were prepared by adding
1uL of diluted bacteria to ImL of either control or experiment solutions. Two-hundred
microliters of each sample was aliquoted into a 96-well microtiter plate (Thermo Fisher
Scientific, Waltham, MA, USA) and incubated for 16 h at 5% CO- at 37°C under static
conditions. Dose dependent biofilm assays were performed using 2, 2.25,2.5,2.75 and 3%
licorice extract.

After 16 h, the plate reader (Synergy HTX, Multi-Mode Reader, BioTek, Winooski,
VT, USA) was used to quantify the microbial growth at ODsoo. Each experiment was
repeated three times on the same sample for technical replicate and in triplicate in three
independent experiments for biological replicate.

Biofilm biomass was quantified as previously described.”* Following incubation,
the biofilms were rinsed three times with distilled water and stained with 0.1% crystal
violet and incubating at room temperature for 15 minutes. Following crystal violet staining,

microtiter wells were then rinsed three times, shaken out and blotted on paper towels to
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remove the excess cells, unbound dye and water. The biofilms were dissolved with 30%
acetic acid. Biofilm biomass was measured at an absorbance of 562 nm using the plate

reader.

Fluorescence Microscopy and Acid and Glucan Production

S. mutans-Green fluorescent protein (Gfp-labelled) (Table 1) and C. albicans were
prepared and single and dual microorganism were grown with 1uM dextran-conjugated
pHRodo red or dextran-conjugated Cascade Blue (Molecular Probes, Invitrogen, Thermo
Fisher Scientific, Waltham, MA, USA) in two separate 8 well microscope slides (ibidi,
Martinsried, Planegg, Germany) and incubated under 5% CO; at 37°C for 16 h. The wells
were gently washed with Phosphate-buffered saline (PBS) (Sigma-Aldrich, St Louis, MO,
USA) three times to remove any unbound cells and stained with calcofluor white (Sigma-
Aldrich, St Louis, MO, USA) to label C. albicans. Subsequently, the stained biofilms were
examined using fluorescence microscopy. Images were used to quantify fluorescence of
acid production in pHRodo red and glucan production in cascade blue groups. Three

independent experiments were performed.

Colonization of Drosophila melanogaster and Quantification of Colony Forming
Units (CFU)
Mid-log phase S. mutans and C. albicans cells were harvested and re-suspended in
5% sucrose as control group and 5% sucrose in addition to 2.5 % licorice extract as
experiment group and adjusted to an ODgoo of 2.5. One hundred microliters of the re-

suspended cells were dispensed on large filter disks and transferred to Drosophila culture
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vials to infect the flies. The samples were incubated in room temperature overnight. Flies
were then transferred to an Eppendorf tube and ground in with 250uL of PBS with pipette
tips and serial dilutions of the homogenates were carried out before plating the samples

onto blood agar plates and incubating them at 37°C for CFU.

Statistical Analysis
All assays were performed in triplicate and repeated 3 times independently.
Statistical analysis was performed using the #-test (GraphPad Software Inc, CA, USA). All
data are expressed as mean + standard deviation (SD). Differences were considered

significant if p-value < 0.05.
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CHAPTER 4

RESULTS

In this study, the antimicrobial activity of the Chinese licorice extract was
investigated by determining their inhibitory effects against S. mutans UA159 and
C. albicans SC5314 single and co-culture growth, biofilm formation, acid and glucan
production and colonization in a Drosophila melanogaster model.

Disk Diffusion Test

In vitro antimicrobial activity of G. uralensis was quantitatively and qualitatively
assessed by determining the zone of inhibition for cells. Following 16-hour exposure with
licorice-soaked filter disks, the zone of inhibition around each microbial species was
carefully measured.

Inhibitory zones were observed and measured at licorice extract concentrations of
50 and 100% in S. mutans, C. albicans single and dual cultures. The 50 and 100 % licorice
extract contained 150 mg/mL and 330 mg/mL of licorice respectively. The inhibitory zone
increased in a dose dependent manner. However, there was no significant difference noted
between 50 and 100% concentrations (p > 0.05). In contrast, there was no inhibition zone

in lower concentrations of licorice extract as well as control groups (Fig 4, Table 2)
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Figure 4. Licorice Extract Disk Diffusion Assay in Single and Dual Culture.

Inhibition zones of different concentrations (12,25,50,100 %) of G. uralensis extract and control group
on THB agar plates containing (a) S. mutans, (b) C. albicans and (c) S. mutans/C. albicans dual culture.
A significant growth inhibition was observed in 50 and 100% licorice extract. SM= S. mutans, CA= C.

albicans, LE =licorice extract.

Table 2. Zone of Inhibition Measurements. *

Species Control LE P-value LE P-value LE P-value LE P-value
(12%) *x (25%) (50%) (100%)
S. mutans 0 0 - 0.5+2.5 P>0.05 0.3+0.33 P<0.001 0.33+0.33 P<0.001
C. albicans 0 0.3+2.5 P>0.05 [ 0.3+0.33 P<0.001 0.33+0.88 P<0.001
S. mutans/ 0 [ 0o | - 7+0 P<0.001 0.33+0.33 P<0.001
C.albicans

* Mean of inhibition zone measurement and standard deviation of S. mutans and C. albicans in
control and experimental groups in millimeters. Significant inhibition noted in 50 and 100 %

licorice extract in all 3 groups of microorganisms.
** P-value was obtained based on #-test. P <0.001= significant difference, P > 0.05 = no significant

difference, LE =licorice extract.
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Biofilm Formation Assay

The formation of dental caries is initiated by the adhesion of cariogenic
microorganisms to the tooth surface to form biofilm in a carbohydrate-rich environment.!°
To investigate the effect of licorice extract on biofilm formation, a sucrose-dependent
biofilm model in microtiter plates was utilized to mimic the cariogenic conditions
associated with the oral cavity of children with ECC. Dose dependent biofilm assays were
performed using 2, 2.25, 2.5, 2.75 and 3% licorice extract and the assays were performed
in triplicate in three independent experiments.

The minimum concentration of licorice extract with statistically significant

reduction effect on biofilm formation was 2.5% (8.35 mg/mL of licorice extract) for all

three groups (p <0.01). (Fig 5)
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Figure 5. Dose Dependent Effect of Licorice Extract on Biofilm Formation.
Dose dependent biofilm assay on 2, 2.25, 2.5, 2.75 and 3% licorice extract, demonstrating licorice
extract with concentration > 2.5%. inhibits biofilm formation in S. mutans, C. albicans and

S. mutans/C. albicans co-culture groups significantly.
*(P <0.05), ** (P <0.01), *** (P <0.001), ns= not significant (P>0.05).
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Licorice extract (2.5%) significantly inhibited single species biofilms of S. mutans
and C. albicans, and the dual S. mutans and C. albicans biofilm. Licorice extract inhibited

the single species S. mutans biofilm to a higher degree than the dual species biofilm (Fig

6).
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Figure 6. Effect of 2.5% Licorice Extract on Biofilm Formation.
Effects of 2.5% licorice extract on biofilm formation. The extract was most efficient to eradicate

biofilm in S. mutans group, followed by S. mutans/ C. albicans co-culture and C. albicans group.
P- value was obtained based on #-test. *(P <0.05), ** (P <0.01), *** (P <0.001)

To determine whether the decrease in biofilm formation was caused by a reduction
in cell viability, planktonic cell growth was measured. As shown in Fig 7, licorice extract
did not significantly inhibit single or dual species cell growth of S. mutans and C. albicans.
Taken together, these data demonstrate that licorice extract solely acts on the ability of

microbes to adhere but does not inhibit cell growth at 2.5%.
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Figure 7. Microbial Growth in Control and Licorice Extract Groups.

Effects of 2.5% licorice extract on microbial growth in 96-well microtiter plate. No significant
difference (P > 0.05 by ¢-test) between control and experimental groups was noted in S. mutans,
C. albicans single and co-culture growth. ns= not significant (P>0.05).

Fluorescence Microscopy and Acid and Glucan Production
Acid and glucan productions are two important virulence factors used by cariogenic
microorganisms, which are critical in caries pathogenesis.!*>?! To determine if the presence
of licorice extract influences acid and glucan production, dextran-conjugated pHRodo red
and dextran-conjugated Cascade Blue were added to preformed S. mutans and C. albicans
single and two-species biofilm to monitor pH and glucan changes respectively. S. mutans
was labeled with green fluorescent protein (GFP) and C. albicans was stained with

calcofluor white. In agreement with the crystal violet findings, fluorescence microscopy
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showed a decrease in attachment for single and dual S. mutans and C. albicans cells that

were treated with 2.5 % Licorice extract (Fig 8).

A Single Species B Dual Species

S. mutans C. albicans S. mutans C. albicans

Figure 8. Fluorescence Microscopic Images of Cell Reduction.
Gfp labeled S. mutans and Calcofluor white C. albicans in control and 2.5% licorice extract

groups. Figures 8A and 8B demonstrate the cell reduction in 2.5% LE groups in single species
and dual species, respectively. LE =licorice extract

Similarly, licorice extract inhibited glucan (Fig 9) and acid production in the

S. mutans and C. albicans single and two species biofilms. (Fig 10).
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Figure 9. Fluorescence Microscopic Images of Glucan Production
The analysis demonstrating a significant reduction in glucan production in 2.5 % LE in single (Fig
9A) and co-species (Fig 9B) biofilms at 60X magnification. LE =licorice extract.

Control

2.5% LE

A B
Single Species Dual Species

Figure 10. Fluorescence Microscopic Images for Acid Production.
The analysis demonstrating a significant reduction in the acidity in 2.5 % LE in single (Fig 10A)
and co-species (Fig 10B) biofilms at 60X magnification. LE =licorice extract.

Control

2.5% LE
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Colonization of Drosophila melanogaster
To determine if licorice extract influences the colonization of S. mutans and
C. albicans single and co-species in vivo, a widely used Drosophila sucrose-dependent
colonization model was employed. Flies were infected with mid-log phase of S. mutans,
C. albicans, and C. albicans with S. mutans. Licorice extract decreased S. mutans
colonization in single species infection, although this reduction was not statistically
significant. There was no difference in C. albicans colonization with or without licorice
supplementation, however the dual C. albicans and S. mutans biofilm was inhibited. While
not significantly different, licorice extract inhibited colonization of both S. mutans and

C. albicans in single and dual infections in Drosophila (Fig 11)
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Figure 11. CFU of Single and Dual Infection in Drosophila Model.

Licorice extract (2.5%) reduces microbial colonization in S. mutans, C. albicans and
S. mutans/C. albicans groups in Drosophila melanogaster, however the difference was not
statistically significant (P > 0.05 by #-test).
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CHAPTER 5

DISCUSSION

It is increasingly becoming more evident that dental caries is a polymicrobial
phenomenon and that coadherence between S. mutans and C. albicans present in oral
biofilms may play a role in caries progression. This symbiotic relationship that occurs
through the extracellular signaling molecules or physical interactions allows these
microorganisms to create an enhanced biofilm in the oral cavity and increase cariogenic
potential compared to single-species biofilms.?>-27-3!

Despite attempts to control dental caries caused by these microorganisms, this
chronic disease continues to be the major health issues worldwide! and efforts to develop
efficient, safe and economical alternatives to prevent dental caries, remains a major
challenge. Although licorice extract has been studied in the past in regard to its

antimicrobial properties,*>48:7°

very little is known about its exact effect on S. mutans and
C. albicans virulence properties and there are no studies on its effect on the synergism
between these two microorganisms. Contrarily, few studies have reported that licorice
extract has no significant effect on the oral microbiome. >> The present study is among the
first to assess the antimicrobial activity of Glycyrrhiza uralensis (Chinese licorice) against

S. mutans and C. albicans synergism. In an attempt to understand this activity, the effect

of licorice extract on the growth, virulence, and colonization of S. mutans and C. albicans
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using in vitro biofilm assays and a Drosophila melanogaster oral infection model, were
assessed.

In this study, licorice extract was effective in inhibiting both single and dual species
S. mutans and C. albicans growth and biofilms formation and displayed the highest degree
of inhibition against the single species S. mutans biofilm. These results are in agreement
with another study performed by Yang et al. who investigated S. mutans and C. albicans
in single groups.”’ Unlike planktonic cell growth, biofilm formation contributes to
antimicrobial resistance, therefore it is considered a critical virulence property of oral
microorganisms.”® Prior studies have also reported that licorice bioactive components
59:65.66.76 and also deglycyrrhizinated licorice 77 inhibit biofilm formation by S. mutans and
C. albicans. Taken together, these findings demonstrate that bioactive components in low
concentration of licorice extract directly inhibit biofilm formation or adherence, but do not
kill microbes, which could be beneficial for the development of new anti-biofilm
therapeutics that do not disturb the oral microbiota.

S. mutans is among the most acidogenic species identified in oral biofilms > and
C. albicans has the ability to ferment some dietary sugars and produce organic acids 3334,
The acidogenicity property of these microorganisms can drop the pH below the critical
value and promote tooth demineralization.!'®!® Hence, reducing acidic conditions in the oral
cavity may prevent tooth decalcification. In our study, a pH probe used in combination
with fluorescence microscopy revealed a significant reduction in acid production in the
presence of licorice extract in both single and dual species cultures. This result is in

agreement with previous studies that reported a less acidic environment in the presence of

licorice components. In their study, Vaillancourt et al. evaluated the effect of licoricidin
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and glabridin (two major licorice isoflavans) on S. mutans glycolysis leading to a pH drop
and concluded that those compounds decreased acid production from glucose.*” In another
study, Yamashita et al. reported disodium succinoyl glycyrrhetinate (a derivative of
glycyrrhetinic acid) inhibited the drop in pH in a dose dependent manner.”® However, in
contrast to the co-cultures studies reported herein, all of those studies were performed on
single species S. mutans cultures. However, S. mutans and C. albicans produce more acid
in dual species biofilms as previously reported 3! Overall, our data demonstrate that
licorice extract has the ability to restrict acid production in two species biofilms, which is
an important factor that contributes to tooth decay in caries development.

S. mutans ability to convert dietary sucrose to extracellular polysaccharide matrix
such as glucan, is essential for the establishment of biofilms on the tooth surface.
Additionally, glucan acts as a barrier to protect the microorganisms from environmental
stress and enhances the acidic microenvironments.?>> Moreover, there is some evidence
that shows the symbiotic interaction between S. mutans and C. albicans is largely
dependent on the glucans formation, which enhances the strong binding of the
microorganisms to tooth surface. 2%° In this study, less glucan was produced in single and
dual species biofilms that were treated with licorice extract. Vaillancourt ef al. has also
reported a reduction in dextran produced by S. mutans in the presence of glabridin.>

In order to validate the findings in an in vivo model, a sucrose-feeding co-infection
model of Drosophila melanogaster was employed. In agreement with the in- vitro results,

licorice extract decreased the colonization of both C. albicans and S. mutans.
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Overall, this study demonstrates that licorice extract directly interferes with biofilm
synergy displayed by S. mutans and C. albicans and has the ability to reduce colonization
of these cariogenic pathogens in an in vivo model.

The findings suggest that Chinese licorice extract can be considered as an
anticariogenic component as food additive or in dental products such as mouthwashes,
toothpastes and wipes, mainly for young children and individuals with special healthcare
needs with challenging oral hygiene routines. It can also be beneficial to contemplate
licorice extract as a new non-cariogenic natural sweetener in pediatric oral medications to
substitute the sweeteners with cariogenic potential.

The present study was conducted on two species of oral pathogens that does not
mimic the diverse oral microbial community and limited to the verification of the
antimicrobial activity of a pre-made G. uralensis extract in water and glycerin solution. To
overcome the limitations, further in vivo investigation on scientifically identified licorice
product and various oral pathogens species is required in future. Moreover, the
antimicrobial potency, safety and biocompatibility of licorice extract when it’s
incorporated with other product such as toothpaste and mouthwashes should be assessed.
Although, the accessible product, such as the licorice extract used in this study, or licorice
candies, are usually well accepted by patients, it’s not recommended to consume these

products without a professional advice.
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CHAPTER 6

CONCLUSION

In this study G. uralensis extract showed significant antimicrobial effects on
S. mutans and C. albicans single and dual-species cultures compared to the control group.
Low concentrations of licorice extract exhibited an excellent inhibitory effect on these
microorganisms’ biofilm formation, acidity and glucan production which are among their
crucial cariogenic properties. Taken together, the results support the proposed hypothesis,
and this naturally derived extract may have the potential for clinical use against cariogenic
pathogens by facilitating the development of oral hygiene products that contain natural,

anti-biofilm compounds
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