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ABSTRACT
Introduction: Candida Albicans as the most common opportunistic microorganism is responsible for sever oral cavity
infection in human beings. To control this infection, usually mouthwashes and medications such as Chlorhexidine and
Nystatin have been used. Recently with regard to the side effects of chemical mouthwashes, herbal products in form of
mouth rinses have been increasingly used and studied. Glycyrrhiza Glabra is an effective herbal mouth rinse to
decrease and control tooth caries. The aim of this study was to compare the antifungal effect of aqua-alcoholic root
extract of Glycyrrhiza Glabra(G.G) and Chlorhexidine on Candida Albicans (C.A).
Materials and methods: In this experimental study antifungal effect of glycyrrhiza glabra aqua-alcoholic root extract
was evaluated using disk diffusion test (DIT) by measuring growth inhibition hallow diameter in both case and control
groups. Minimal Inhibitory Concentration (MIC) was assessed by Broth Dilution Test (BDT) and then Minimum
Fungicidal Concentration (MFC) was evaluated by Agar Dilution Method (ADM) in specific fungal culture
media.Each test was performed three times in both groups and results were statistically analyzed by ANOVA test
primarily and complementary Scheffe test if needed (p<0.01).
Findings: Chlorhexidine, showed significant antifungal effects on C.A but Glycyrrhiza Glabra root extract had no
significant effect on C.A. The antifungal effects of chlorhexidine 0.2% as compared to chlorhexidine 0.12% and also
to aqua-alcoholic extract of Glycyrrhiza Glabra was significantly higher (p <0.01).
Conclusion: It seems that aqua-alcoholic root extract of Glycyrrhiza Glabra has no significant antifungal effect on
candida albicans, and in comparison with chlorhexidine is obviously less effective.
Keywords: candida albicans; Glycyrrhiza Glabra; chlorhexidine; Disk Diffusion Test, drug sensitivity tests

[I] INTRODUCTION:
Candida Albicans (C.A)
is a
fungal
microorganism that causes localized or diffuse
infections in skin and mucosa specially in patients
with systemic disease and immune system
deficiency (1). In healthy people using dentures
C.A can lead to diseases such as denture-induced
stomatitis. C.A related oral infection and its
treatment is one of the most challenging issues in
dentistry. Diffuse C.A oral infection specially in

immunocompromised
patients
have
been
traditionally treated by using systemic antifungal
drugs such as nystatin. The most common
disadvantages of these products are drug
resistance and drug toxicity and bad taste (2).
For localized infection of oral cavity CHX and
Nystatin mouthwashes have been used widely in
recent years. Although chemical side effects of
these synthetic products are concerning and
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recently great attention have been paid to
introduce herbal products with minimal side
effects. Glycirrhiza Glabra root extract (licorice)
is one of the most known herbal drugs in
traditional medicine. There are more than 100
phenolic component in this product and some of
these metabolites such as flavonoids have
inhibitory effects on bacterial growth and
colonization (3). Many investigations
have
assessed the effect of this herbal extract on oral
microorganisms both in vitro (4,5,6,7) and in
vivo(8). Almost all of these studies have focused
on bacterial species and specially streptococcus
mutans (6), and unfortunately there are a few
studies about this herbal product antifungal
potency (4,5,7). Loe et al (1960) showed that
CHX can prevent plaque accumulation on teeth
and mucosa of oral cavity (9). There are many
studies and investigation on CHX effectiveness on
decreasing bacterial load in oral cavity
(10,11,12,13). Martins et al (2015) evaluated the
antifungal effects of GGRE on C.A(7). Candida
Tropicalis was the most sensitive to GGRE
followed buy Candida Glabrata. C.A was reported
to be the least sensitive to GGRE. C.A had an
inhibitory growth hallow about 10-12 mm and
MFC, MIC was lesser than 1.5 mg/ml. GGRE has
some inhibitory effect on C.A but increase of
GGRE concentration does not promote this effect
necessarily. In this experimental in vitro study the
authors assessed the GGRE inhibitory effects on
C.A growth and colonization.
[II] METHODS AND MATERIALS:
G. Glabra previously dried and reduced in smaller
fragments three years after its harvesting from
Neyshabour farms in Iran. To obtain phenolic
extract , a hydro methanolic extraction was carried
out. The sample (1g) was extracted with 50 cc of



distilled water at 25 c and 200 rpm, during 24
hour and then filtered through Whatman Paper.
The obtained residue was then extracted again
three times in three days. Then the extracts were
evaporated and then lyophilized. Finally about 29
gram of purified extract was dissolved in water to
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evaluate anti C.A activity in different
concentrations.
Disk Diffusion Assay:
Condida Albicans PTCC5027 strain was obtained
from Iranian Research Organization for Science
and Technology and yeast specific culture
medium (Sabouraud Dextrose Agar - SDA) and
general yeast culture medium (Blood Agar) were
obtained also from Yeast Information Bank. All
samples were grown in Sabouraud Dextrose Agar



(SDA) at 37 c for 24 hour. After this period ,
one loop impregnated with C.A was transferred to
sabouraud Dextrose Broth and incubated for 24
hour. An aliquot containing approximately

8

1.5  10 yeast (cells/ml) was spread in SDA
petri dishes. Then an aliquot of GGRE with a
known Concentration (100mg/ml) was placed on a
sterile blank disk, previously placed on the
inoculated petri dishes. The same disk diffusion
assay was performed with CHX in %0/2 and
%0/12 Concentrations. All three plates were



incubated at 37 c , for 24 hour in anaerobic
environment. After 24 hour , the evaluation of
inhibitory properties was performed measuring the
corresponding zones of inhibition (mm). This
assay was repeated three times in similar situation
and average inhibitory hallow diameter was
recorded for each plate.
Minimal inhibitory (MIC) and minimal
fungicidal (MFC) concentrations:
To determine extract MIC we used both
microdilution Broth and macrodilution Broth
techniques in Brain Heart Infusion (BHI) media.
To achieve this goal, we transferred yeast from
SDA media to tubes containing physiologic serum
to reach the value of 0.5 in Mc Farland Scale. The
turbidity and haziness of physiologic serum in this
scale confirmed that The number of yeast Strains
in physiologic serum is about 1/5  10

8 CFu

Ml
1
Then to evaluate MIC and MFC we prepared
20

.

concentration of our extract in 0.5 Mc Farland
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Scale. To evaluate MIC with microdilution broth
technique we used 10 microtiter plates. 100cc of
BHI Solution was injected into each microtiter
plate using multichannel sampler. Then 100cc of
GGRE aqua-alcoholic solution was injected into
first microtiter plate and this solution was mixed
with BHI Solution in a shaker machine. Then
100cc of first microtiter plate solution was
transferred to second plate and this sequence was
done for each tube to reach the minimal
concentration of GGRE in 10th microtiter plate.
Finally 100cc of the solution in 10th microtiter
plate was discharged from this plate and
therefore we had ten microtiter plates containing
100 cc of GGRE aqua-alcoholic solution which
their concentration were continuously decreasing
.First to 10th microtiter plate solution
concentration were 50,25,12.5, 6.25, 3.12, 1.56,
0.78, 0.39 , 0.19 and 0.09% respectively. Then
100cc of physiologic serum containing C.A yeast
in concentration of

1
20

of 0.5 Mc Farland scale

was transferred to each microtiter plate. Then each
microtiter plates containing same concentration of
C.A and different GGRE concentration were
incubated for 24 hour and this process was
repeated three times for each GGRE
concentration. To measure MIC all of these
sequences were repeated for CHX solution in both
0/2 % and 0/12 % concentration as control group
in same fashion we described for GGRE aquaalcoholic solution. Simultaneously we assessed
MIC by macrodilution Broth method. This
technique is performed in same manner we
described for microdilution Broth technique but in
higher volume (1cc of solutions in minitubes). For
each experiment we defined positive and negative
control groups in both macrodilution and
microdilution broth methods:
Positive control: the tube contents were turbid
(hazy) because of C.A growth.
Negative control: The tube contents were
transparent of C.A growth inhibition.
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After incubating each tube in 37 c for 24 hour
the tube contents were assessed visually to
determine MIC. If the tube contents were
transparent we concluded that the GGRE or CHX
solution have inhibited C.A growth and if the tube
contents were turbid (hazy) we concluded that the
GGRE or CHX solutions had no inhibitory effect
on C.A growth. The concentration of first tube
which was obviously transparent was considered
as MIC. To determine exact MIC of GGRE
solution it was necessary to define MFC first. To
achieve this goal all microtube contents (including
hazy and transparent macro tubes) were cultured
on SDA media. The incubation time was 24 hour
in 37c temperature. The first petri dish with no
C.A growth was considered as minimal fungicidal
concentration (MFC) and one degree thinner
concentration than MFC was considered as
minimal inhibitory concentration (MIC).
Each test was repeated three times for each group
in three different days by the same technician.
Finally all data was collected and analyzed
statistically by ANOVA test and the p-value ≤0.01
was considered significant statistically.
[III] RESULT:
Table 1 shows the anti-candida potential of GGRE
solution evaluated by disk diffusion assay.
Inhibitory hallow diameter of all three groups are
presented in table1 and shows that the most
inhibitory hallow diameter was observed in CHX
0.2% group ( 21  1.73 ) followed by CHX 0.12%
(18.66  1.52 ).
The least diameter was related to GGRE aqua
alcoholic solution ( 7.66  2.58 ).
The disk diameter was 6mm and inhibitory hallow
diameter of GGRE ( 7.66  2.58 ) shows that its
inhibitory effect on C.A growth is visually and
significantly much less in comparison with CHX
inhibitory hallows in both concentrations.
ANOVA test showed that the difference between
GGRE aqua- alcoholic solution inhibitory hallow
and CHX is statistically significant (p-value ≤
0.01)
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Table1: Disk Diffusion Assay (Disk diameter=6mm)
Coefficient
Variation

Diameter
(in mm)

8

18.66 ± 1.52

8

21 ± 1.73

34

7.66 ± 2.58

Then the MIC and MFC of all three study groups
were evaluated and the results are presented in
table2. These results shows that the most MIC and
MFC are related to GGRE aqua- alcoholic
Table 2. MIC and MFC index in all three groups
MFC

Inhibitory hallow diameter
groups
Chlorhexidine 0.12%
Chlorhexidine 0.2%
GGRE
Aqua-alcoholic extract

solution followed by CHX 0.12%. the lowest
minimal inhibitory concentration and minimal
fungicidal concentration are related to 0.02%
CHX.
Results

MIC

0.125
0.0625

0.0625
0.0312

Groups
CHX 0.12%
CHX 0.2%

100 > MFC > 50

100 > MIC > 50

GGRE aqua-alcoholic solution

[IV] DISCUSSION:
Table 1 shows the anti Candida Albicans potential
effect of GGRE in comparison with CHX in both
0.2 and 0.12 percent concentration by disk
diffusion assay. Considering the inhibition hallow,
among all the tested groups, 0.2% CHX had the
most powerful antifungal effect and GGRE
solution had the least antifungal potential. Karomi
et al.(2012) evaluated the antifungal effect of
GGRE against C.A and obtained similar inhibition
zones when compared with the present experiment
(15). They also concluded that this effect was dose
dependent to the licorice concentration. Irani et
al.(2012) evaluated the antibacterial effect of
licorice aqueous and ethanolic extracts and also
achieved similar results(16). All of these results
were in part confirmed in the present study and by
the subsequent determination of MFC and MIC.
Kalati
et al. (2013) evaluated the antifungal
potential of GGRE solution in comparison with an
antifungal drug; nystatin (1). In their in vitro study
they used disk diffusion assay for GGRE and
nystatin as study groups and methanol and blank
disk as control groups. No growth inhibitory
Nahid Askarizadeh, et al.

hallow was seen around blank and methanol disk.
The largest inhibitory hallow was seen around
nystatin disk with an average of 32 mm. there was
also no inhibitory hallow around GGRE disk.
Finally they concluded that GGRE has almost no
in vitro antifungal potential which is similar to our
conclusion. Fatima et al (2009) evaluated the
antifungal potential of Glabridin and Glycyrrhiza
Glabra(4). Their goal was to assess which of this
two extracts have more antifungal potential on
clotrimazole, nystatin and amphotericin B
resistant Candida Albicans species. They
concluded that Glabridin has fungicidal potential
on all species resistant to these drugs but it was
significantly most effective on amphotericin B
resistant Candida Albicans. This study support the
antifungal effect of GG which is not similar to our
results.This study used drug sensitivity tests and
measured MIC and MFC like our study but disk
diffusion assay has not been used in this study.
Martins et al.(2015) evaluated Glycyrrhiza Glabra
extract antifungal potential on Candida Albicans
species(7). They used disk diffusion assay and
concluded that GGRE is most effective on
231
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Candida Tropicalis and least effective on Candida
Albicans. Finally they concluded that GGRE has
anti C.A potential although this potential is not
dose dependent.
[V] CONCLUSION:
In this present in vitro study we concluded that
based on disk diffusion assay and MIC and MFC
measuring Glycyrrhiza Glabra aqua-alcoholic
root extract solution as a herbal mouthwash does
not have significant anti-Candida Albicans
potential in comparison with chlorohexidine.
GGRE growth inhibition hallow was significantly
smaller than CHX in both 0.2 and 0.12 percent
concentrations. MIC and MFC measuring showed
that GGRE concentrations in this study have no
significant fungicidal effects.
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