
A laboratory evaluation of the antibacterial and
cytotoxic effect of Liquorice when used as root
canal medicament

A. E. Badr1, N. Omar2 & F. A. Badria3

1Department of Conservative Dentistry and Endodontics, Faculty of Dentistry; 2Department of Medical Microbiology and

Immunology, Faculty of Medicine; and 3Department of Pharmacognosy, Faculty of Pharmacy, Mansoura University, Mansoura,

Egypt

Abstract

Badr AE, Omar N, Badria F. A laboratory evaluation of the

antibacterial and cytotoxic effect of Liquorice when used as root

canal medicament. International Endodontic Journal, 44, 51–58,

2011.

Aim To evaluate the antibacterial and cytotoxic

effects of Liquorice as a root canal medicament and to

compare its action to the commonly used root canal

medicament calcium hydroxide Ca(OH)2.

Methodology The antibacterial effect of Liquorice

and Ca(OH)2 either separately or in combination was

investigated against Enterococcus faecalis. Agar-well

diffusion methods, broth microdilution tests and biofilm

susceptibility assays were used to determine the anti-

bacterial activity. Human periodontal ligament fibro-

blast tissue culture was used to assess the cytotoxicity

of the preparations under investigation.

Results Liquorice extract either by itself or in com-

bination with Ca(OH)2 had a significant inhibitory

effect against Enterococcus faecalis compared with that

of Ca(OH)2 alone. The use of Liquorice extract followed

by Liquorice/Ca(OH)2 mixture retained significantly

more viable periodontal ligament cells than Ca(OH)2,

which had a strong lethal effect on the cells.

Conclusion Liquorice extract either separately or as

Liquorice/Ca(OH)2 mixture had a potent bactericidal

effect against Enterococcus faecalis and retained

compatibility with fibroblasts in tissue culture com-

pared to the commonly used root canal medicament

Ca(OH)2.
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Introduction

Microorganisms play a key role in pulpitis, infection-

mediated necrosis and their extension to the periapical

tissue (Kakehashi et al. 1965). A fundamental aim of

root canal treatment is to eliminate bacterial infection

from the root canal system (Sjögren et al. 1997). This

cannot be accomplished solely by chemomechanical

preparation of the root canal system because microor-

ganisms remain in the root canal and the dentinal

tubules after root canal instrumentation (Barnett et al.

1985). Thus, the use of antimicrobial dressings after

canal preparation is generally recommended (Sjögren

et al. 1991). Such medicaments must have the greatest

possible antimicrobial efficacy against the various

bacterial species in the infected root canal, without

causing irritation to the periapical tissue. Calcium

hydroxide suspensions in paste form have been shown

to meet these demands to a high degree (Siqueira &

Lopes 1999). Therefore, Ca(OH)2 is presently consid-

ered the intracanal medication of choice. However,

specific microorganisms such as Enterococcus faecalis

(E. faecalis) have shown resistance against Ca(OH)2

(Evans et al. 2002). The species E. faecalis has been

recovered in a high proportion of cases with post-

treatment disease; approximately one-third of the

canals of root filled teeth with persistent periapical

lesions (Molander et al. 1998, Sundqvist et al. 1998). It
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is possible that E. faecalis is related to the failure but

definitive evidence is currently lacking (Nair et al.

1990).

There is limited research to explain the dominant

presence of E. faecalis in such failed cases. The organ-

ism is easily destroyed when grown in the laboratory,

but becomes resistant when present in the root canal

system (Shih et al. 1970). The supposition is that

E. faecalis undergoes changes whilst in the root canal

environment, possibly through activation of virulence

factors that make it more resistant (Distel et al. 2002,

Williamson et al. 2009). Hems et al.(2005) and Abdul-

lah et al. (2005) indicated that it is harder to eliminate

E. faecalis in biofilm than in planktonic suspension ex

vivo. Kayaoglu et al. (2009) have shown that collagen,

the main component of dentine, associated with

E. faecalis was found to increase the tolerance of the

bacterium to Ca(OH)2. Recognizing the association of

E. faecalis with failed root canal treatment may even-

tually lead to evidence of its role and thence to

development of strategies to control such infections

(Molander et al. 1998, Sundqvist et al. 1998).

Because root canal medicaments can come in con-

tact with periapical tissue, in addition to having good

antibacterial ability, they must also be biocompatible.

In selecting root canal medicaments, it is necessary to

consider their therapeutic benefits against their poten-

tial cytotoxic effects. Ideal root canal medicaments

should have strong antibacterial properties and mini-

mal cytotoxic effect on the host tissues. Herbs have

been used in clinical medicine for thousands of years.

However, it is only in recent times that researchers

have been able to employ scientific methods to prove

the efficacy of many of these herbs and to provide a

better understanding of their mechanisms of action

(Graf 2000). Liquorice is the most commonly used

crude drug and flavouring agent in kampo medicines

(traditional Chinese medicines modified in Japan)

(Fukai et al. 2002). Liquorice is ‘generally recognized

as safe’ in the USA (van Gelderen et al. 2000). A

number of pharmaceutical effects of Liquorice are

known, e.g. anti-inflammatory (Shibata 2000, Bodet

et al. 2008), antiviral (Bean 2002) and anticarcino-

genic (Lee et al. 2007, 2008).

In dental studies, Segal et al. (1985) studied the effect

of Liquorice on the growth and adherence to the

cariogenic Streptococcus mutans (S. mutans). They found

that bacterial growth and adherence (plaque forma-

tion) was markedly inhibited. However, other research-

ers have found no difference in plaque accumulation

(Söderling et al. 2006). In a previous anti-inflamma-

tory study, Shoreibah et al. (2000) compared the

efficacy of Liquorice extract to corticosteroid triamcin-

olone acetonide in the treatment of oral Lichen planus

(OLP). They reported that Liquorice extract was as

effective as triamcinolone acetonide but safer and may

be used as an alternative treatment for OLP. Badria &

Zidan (2004) studied the antibacterial activity of

Liquorice and glycyrrhizin on different strains of

S. mutans and also studied their effects on the adher-

ence of S. mutans to glass. Liquorice extract exhibited a

more profound activity in both adherence and anti-

bacterial assays than that of glycyrrhizin. Burgess et al.

(2008) studied the treatment of aphthous ulceration

using Liquorice extract and suggested its efficacy in

reducing pain and enhancing healing.

The aim of this study was to evaluate the efficacy of

Liquorice extract and Ca(OH)2 either separately or in a

mixture against E. faecalis grown as different pheno-

types (planktonic and biofilm) as well as to assess their

biocompatibility using fibroblasts of dental origin.

Materials and methods

Liquorice extract [standardized extract as 7.5% glycyr-

rhizin (>95% purity), high-performance liquid chro-

matography] was obtained from the Department of

Pharmacognosy, Faculty of Pharmacy, Mansoura Uni-

versity. The 60% Ca(OH)2 (pH 12.3) (El-Naser Co. for

chemicals, Cairo, Egypt) was made up by mixing 60 mg

Ca(OH)2 powder with 100 lL distilled water. A com-

bination of 60% Ca(OH)2 and Liquorice extract (1 : 1

v/v) was also used in this study.

Antibacterial test

The antibacterial activity of three preparations was

evaluated against a clinical isolate of a Gram-positive

facultative anaerobic microorganism E. faecalis using

agar diffusion, broth microdilution and biofilm suscep-

tibility tests. The selected E. faecalis strain (stored in-

house culture collection bank of the Microbiology

Department and coded EF-MD-5-08)was isolated from

an infected root canal associated with periapical disease

by plating on 5% Sheep Blood agar, Mac-conkey agar

and Bile aesculin azide agar (Biomérieux, Marcy

l’Etoile, France). Extensive phenotypic and physiologi-

cal characterization was performed to validate identity

as suggested by Facklam et al. (1989). The tests for

phenotypic identification of strains to genus level

included: glucose fermentation test, reaction to strep-

tococcal group D antiserum, Bile-aesculin reaction,
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growth in 6.5% NaCl broth and Vancomycin resistance

using a non-standardized heavy inoculum spread over

one-half of a Trypticase soy agar-5% sheep blood plate

(BBL Microbiology Systems, Cockeysville, MD, USA).

Agar-well diffusion method

Bacterial suspensions in phosphate-buffered solution

were made at concentrations of 0.5 MacFarland. Petri

plates with 20 mL of Muller-Hinton agar (Oxoid,

Unipath Ltd, Basingstoke, UK) were inoculated with

0.1 mL of the microbial suspensions, and sterile swabs

used to spread the medium evenly. Wells (5 mm deep,

4 mm in diameter) were punched in each agar plate

using a sterile stainless steel borer (three wells/plates).

Each well was filled with 30 lL of the test material

separately. The plates were maintained for 2 h at room

temperature and then incubated at 37 �C for 48 h in

an atmosphere of nitrogen (80%), hydrogen (10%) and

carbon dioxide (10%). Zones of microbial inhibition

around the wells containing the test materials were

measured and recorded after the incubation. The

inhibitory zone was considered to be the shortest

distance (mm) from the outer margin of the well to the

initial point of microbial growth. All assays were

performed under aseptic conditions and in six repli-

cates. The data were analysed for differences using

anova and Tukey’s test.

Microdilution test

The E. faecalis inoculum was prepared at the concen-

tration of 10)2 CFU mL)1, starting from a 0.5 McFar-

land (or 108 CFU mL)1) prepared from fresh colonies of

bacteria. The microdilution test was performed in a

sterile microplate. Initially, each microplate well

received 200 lL of brain heart broth, followed by a

100 lL of the test material to the first well and serial

three-fold dilution. The sample concentrations used for

the test were 1000, 333, 111, 37, 12.3, 4.1 lg mL)1.

Each well received 100 lL of the standardized inocu-

lum. The tests were carried out in duplicate. Micro-

plates were incubated at 37 �C for 48 h. Because of the

difficulty in visually reading growth in the wells and

determination of minimal inhibitory concentrations,

the outcome measure of minimum bactericidal con-

centration (MBC) was used instead. This was achieved

by dispensing 25 lL from each well onto blood agar

plates. The plates were incubated at 37 �C for 48 h in

an atmosphere of nitrogen (80%), hydrogen (10%) and

carbon dioxide (10%) (Schoenknecht et al. 1991).

Biofilm susceptibility assay

Phosphate-buffered saline (PBS) was used as a control

agent to compare the three test preparations against

E. faecalis biofilms that were grown on cellulose nitrate

membrane filters. Overnight cultures of E. faecalis were

diluted 1 : 100 in fresh brain heart infusion broth

(Oxoid, Unipath Ltd, Basingstoke, UK) and grown with

shaking for 2 h at 37 �C to a final density of

1.0 · 106 CFU mL)1 and an aliquot of 20 lL was

seeded onto cellulose nitrate membrane filters (0.2 lm

pore size, 13 mm diameter; Whatman International

Ltd, Maidstone, UK) which were on the surface of agar

plates. The method used here was modified from that

described by Spratt et al. (2001). Plates containing

membranes were then incubated for 48 h at 37 �C in

an aerobic atmosphere.

Each biofilm-containing membrane was completely

covered with 1 mL of the test medications and

incubated for 48 h at 37 �C. PBS-covered biofilm

membranes served as a control. The membrane filters

were then carefully transferred to neutralizing broth

and vortexed for 1 min to resuspend the organisms.

Suspensions were 10-fold diluted, seeded onto 5%

sheep blood agar medium plates and the colony-

forming units (CFU) counted after 48 h of aerobic

incubation at 37 �C. Four replicates were performed for

each antimicrobial agent and control group, the mean

and standard deviations were calculated.

Cytotoxicity assay

Cell culture

Periodontal ligament cells (PDL) cells were obtained

from teeth extracted for orthodontic purposes as

approved by the Ethics Committee of Mansoura Uni-

versity; written informed consent was obtained from

the patient. Fibroblasts were grown in Dulbecco’s

modified Eagles medium (DMEM) supplemented with

10% foetal bovine serum and antibiotics (10 000 units

of penicillin-G per mL, 10 mg of streptomycin per mL

and 20 mmol L)1 of l-glutamine) (Sigma-Aldrich

GmbH, Steinheim, Germany).

Growth measurement

Periodontal ligament cells were plated at a density of 3–

4 · 104 cells mL)1 and dispensed into 96-well culture

plate with 100 lL of DMEM medium per well and

incubated at 37 �C supplemented with 5% CO2 for 48 h

to allow attachment of the fibroblasts to the bottom of

the wells. After 48 h, the test medications [Liquorice
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extract, 60% Ca(OH)2 and mix of both in equal volume]

were added separately to each well in 100 lL volume

and incubated at 37 �C with 5% CO2 for 48 h. At the

end of the incubation period, the culture medium was

aspirated and 100 lL of formaldehyde phosphate-

buffered saline (FPBS) was added to each culture well

for 2 h. Then, FPBS was removed and each well was

rinsed thoroughly with distilled water and 100 lL of

0.23% of trypan blue (w/v) was added to each well to

stain the non-viable cells. After 3 h, the trypan blue

was removed and the cells were rinsed thoroughly with

distilled water. Viable cells were counted under an

inverted microscope (Olympus, 1 · 71, Japan) and

expressed as a percentage. The number of cells was

expressed by averaging of triplicate readings in each

well. The results were statistically analysed with an

anova and LSD test.

Results

Agar diffusion test

Liquorice extract had the largest mean inhibition zone

3.97 ± 0.24 mm and thus showed the most significant

microbial inhibition of the all materials tested, and it

was followed by the Liquorice/Ca(OH)2 mixture with a

mean 2.56 ± 0.015 mm; Ca(OH)2 had the least bacte-

rial growth inhibition with a mean 0.97 ± 0.017 mm.

The difference between the three experimental

groups was statistically significant (P < 0.05) (Table 1,

Fig. 1).

Microdilution test

The minimal bactericidal concentration of Liquorice

extract against E. faecalis was 12.3 lg mL)1. All dilu-

tions used for Ca(OH)2 had only some degree of growth

inhibition.

Biofilm susceptibility assay

Comparison of the susceptibility of the E. faecalis

biofilms to the various antimicrobial agents is shown

in Fig. 2. Liquorice extract and Liquorice mixed with

Ca(OH)2 were equally effective against E. faecalis

achieving 100% kill. Although there was some killing

with Ca(OH)2, it left in excess of 106 ± 0.0816 · 106

CFUs (marginal antimicrobial effects).

Cytotoxicity assay

Treatment of PDL fibroblasts with Liquorice extract

resulted in 87% ± 1.91 cell viability, whilst 60%

Ca(OH)2 resulted in 100% killing of the PDL fibroblasts.

The viability of PDL cells was 58% ± 1.73 when

treated with the mixture of Ca(OH)2 and Liquorice

extract (Figs 3 and 4). The difference between the three

experimental groups was statistically significant

(P < 0.05).

Discussion

The use of a biocompatible intracanal medicament

possessing antimicrobial properties between appoint-

ments may reduce or eliminate bacteria in the root

canal system and increase the success of root canal

treatment (Byström et al. 1985). Glycyrrhizin, a trit-

erpenoid compound, accounts for the sweet taste of

Table 1 Mean area of the zones of microbial growth inhibition

(in mm) (n = 6) provided by licorice, Ca(OH)2 and licorice/

Ca(OH)2 mixture against E. faecalis

Group Mean SD Significance

Licorice 3.97a 0.24 P = 0.00

Ca(OH)2 0.96b 0.017

Licorice/Ca(OH)2 (1 : 1v/v) 2.56c 0.015

Values of means within a column followed by the different

letters are significantly different (P < 0.05), SD = Standard

Deviation.

Figure 1 Inhibition zones of Liquorice extract, Ca(OH)2 and

Liquorice/Ca(OH)2 mixture.
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Liquorice root. This compound represents a mixture of

potassium-calcium magnesium salts of glycyrrhizic acid

that varies within a 2–25% range. Amongst the

natural saponins, glycyrrhizic acid is a molecule

composed of a hydrophilic part, two molecules of

glucuronic acid and a hydrophobic fragment, glycyrrh-

etic acid (Olukoga & Donaldson 1998). Laboratory tests

of any kind are only the first step in a study of the

effectiveness and biocompatibility of intracanal medi-

caments. E. faecalis was chosen as the test organism

because it is associated with persistent apical inflam-

mation in clinical situations (Fabricius et al. 1982). It

has been used extensively in endodontic research

because it has been found in infected canals and has

been associated with failed root canal treatment

(Sundqvist et al. 1998). Sixty per cent concentration

of Ca(OH)2 was selected because it was recommended

by Blanscet et al. (2008) for use as an endodontic inter-

appointment medicament. They studied whether vary-

ing the per cent (by weight) of aqueous Ca(OH)2 had an

effect on its antibacterial efficacy against common

endodontic pathogens. They indicated that formulation

50% to 60% aqueous Ca(OH)2 resulted in the greatest

overall bacterial inhibition of endodontic pathogens

studied including E. faecalis. In the present study, the

trials of mixing varying percentages of Ca(OH)2

resulted in the most manageable mixture at 60%

aqueous Ca(OH)2.

Based on the average of the zones of bacterial growth

inhibition in the agar diffusion test, Liquorice had the

strongest antibacterial activity against E. faecalis fol-

lowed by the Liquorice/Ca(OH)2 mixture. Ca(OH)2

showed direct contact inhibition only.

It has been proposed that in the process of evaluating

antibacterial properties of dental materials, more than

one assay method should be used (Shalhav et al. 1997).

For this reason, the microdilution test was performed to

determine the extent of antimicrobial activity and to

measure the MBC. The diffusion test gave a qualitative

value of bacterial sensitivity, and the dilution test gave

Figure 2 Susceptibility of Enterococcus

faecalis biofilms to the PBS

phosphate-buffered saline (control),

Liquorice extract, Ca(OH)2 and

Liquorice/Ca(OH)2 mixtures (n = 4).

Figure 3 The survival of the periodontal

ligament fibroblasts (PDL) after

treatment with the tested preparations

(n = 6).
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quantitative results. Comparison of the agents showed

that Liquorice was effective against E. faecalis at a

relatively moderate concentration (12.3 lg mL)1),

whilst MBC for Ca(OH)2 could not be determined as

none of the dilutions used in the test were effective

against E. faecalis.

A number of approaches have been used to test the

effectiveness of antimicrobial agents in the laboratory.

Shih et al. (1970) used two resistant strains, Enterococ-

cus faecalis and Staphylococcus aureus, and found the

bacteria were easily killed when incubated in broth

culture with a concentration of sodium hypochlorite as

low as 1 : 1000. However, in the same study, when the

infected tooth model was used, even full strength

sodium hypochlorite failed to eradicate the bacteria

completely in all canals. The difference was attributed

to the opportunity for contact between microorganisms

and the irrigant. As a result, the conditions used for

determining MBC for bacteria in fluid suspension may

not reflect the in vivo conditions where bacteria grow as

biofilms on tooth surfaces. A biofilm is defined as an

aggregation of bacteria associated with a surface,

embedded in an extracellular matrix of polysaccharide.

The biofilm phenotype differs from their planktonic

counterparts in their lower susceptibility to antimicro-

bial killing.

The biofilm results of this study revealed that

Liquorice extract and Liquorice/Ca(OH)2 mixture

were completely (100% kills) effective against E. fae-

calis, whilst Ca(OH)2 alone had only a marginal

antimicrobial effect. The weak antibacterial effect of

Ca(OH)2 against E. faecalis in this study is in agree-

ment with some studies (Safavi et al. 1990, Peters

et al. 2002). The antimicrobial effect of Liquorice

extract against E. faecalis, may be related to the

Glycyrrhizin (Badria et al. 2003). The mode of action

of antibacterial effects of saponins seems to involve

membranolytic properties, rather than simply altering

the surface tension of the extracellular medium, thus

being influenced by microbial population density

(Killeen et al. 1998). The flavonoid content of Liquo-

rice extract is also a strong inhibitor of oxygen

consumption in bacterial cells; the site of inhibition is

thought to be between Co Q and cytochrome C in the

bacterial respiratory electron transport chain (Harag-

uchi et al. 1998).

In the present study, the biological compatibility of

Liquorice extract and Ca(OH)2 was examined sepa-

(a)

(d)

(b)

(c)

Figure 4 Representative phase micro-

graph of periodontal ligament fibroblasts

(PDL) of the control group and of those

treated with the three studied prepara-

tions. (a) Control cells, untreated PDL

cells, (100% viability); (b) PDL cells

treated with Liquorice (87% viability);

(c) PDL cells treated with Ca(OH)2 (0%

viability); (d) PDL cells treated

with Liquorice/Ca(OH)2 mixture (58%

viability).
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rately and in combination with each other by labora-

tory methods. Various cell lines (normal diploid and

transformed or anaploid cell lines) are commonly used

in cytotoxicity evaluation (Azar et al. 2000). How-

ever, the normal diploid cells (e.g. fibroblasts), because

of the relative similarity to in vivo conditions, are

preferred to the transformed cells. In this study, the

cytotoxicity was evaluated by measuring the cell

growth via cell counting. The cells used in this study

were of dental origin, putatively making the assay more

relevant.

Liquorice showed greater biocompatibility with

fibroblasts cells compared to Ca(OH)2, which was

severely toxic to the cells. A mixture of Liquorice and

Ca(OH)2 showed moderate cytotoxicity. The test

implied a relative tolerability of Liquorice to fibroblasts

at a relatively high concentration. This may be

explained on the basis of the pentacyclic triterpenoid

structure, which may resemble the phospholipid bilayer

of the cell in containing polar (hydrophilic moiety) and

non-polar (hydrophobic moiety) components (Shibata

2000). The Liquorice extract retains a slight acidic pH

6, whilst Ca(OH)2 is a very polar and strong alkali (pH

12). The high toxicity of Ca(OH)2 is in accordance with

published data (Gordon et al. 1985, Tronstad et al.

1988).

Based on the single-species model used, this study

found the Liquorice to have good potential as a root

canal medicament and may well represent progress in

the development of more biocompatible endodontic

materials. Although calcium hydroxide is suitable as

intracanal medicament, it may not be a universal

intracanal medication, because it is not equally effec-

tive against all bacteria found in the root canal (Gomes

et al. 2002). Further studies are required for clinical

application of the results of this in vitro study.
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