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ABSTRACT

Objective: The aim of the study was focused on determining the phytochemicals, antibacterial, antiadherence, antifungal and antioxidant activities
of Glycyrrhiza glabra, Matricaria chamomilla and Eclipta alba and also their mechanism of action towards human oral pathogens.

Methods: Qualitative analysis and quantitative estimation of phenols and flavonoids were performed in methanolic extracts. Antibacterial, anti
adherence, antifungal assays were performed by plate assays. Antioxidant assays were done by ABTS and DPPH methods. SEM, TEM and flow
cytometry analysis were executed to find out the mechanism of action of plant extract.

Results: The total phenol contents were 0.85, 1.24, 0.64 GAE /g and the total flavonoid contents were 356, 231.34 and 88 pg QE/mg for G. glabra, M.
chamomilla and E. alba respectively.

Matricaria chamomilla possesses highest antioxidant activity (DPPH and ABTS assays) among the all extracts tested. E. alba showed a highest zone
of inhibition against S. aureus (21.6 mm) whereas G. glabra and M. chamomilla revealed the better result of 21 mm and 19.8 mm respectively against
S. mutans.

Glycyrrhiza glabra showed antifungal activity against Candida parapsilosis whereas Pseudomonas aeruginosa, Candida krusei, Candida tropicalis and
Candida albicans showed resistance towards all the extracts tested. The MIC, MBC and antiadherence tests were also performed. Sorbitol assay
confirmed that G. glabra has no impact on the fungal cell wall. To confirm the mode of action SEM, TEM and flow cytometric analysis were
performed which showed the cell elongation and damage in cytoplasmic membrane resulting in oozing of cellular constituents.

Conclusion: This work concluded that all the plant extracts showed potent activities among the various tests. Oral care product can be developed if

the active constituents responsible for the activities were analysed.
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INTRODUCTION

Oral infections are mostly caused by the bacteria and fungi which
colonize in the tooth surfaces [1, 2]. The bacteria colonize along with
food debris and saliva, form a sticky substance that strongly adheres
to the teeth called plaque [3]. It leads to tooth decay if it is not
removed on a routine basis. The microbes present in the oral cavity
produces an enzyme called glycosyltransferases and forms a water-
insoluble glucan complex from sucrose which leads to the biofilm
formation [4]. The overall human health is affected due to oral
health problems which lead to causes systemic infections.
Meanwhile, there is a close association between chronic dental
infection and general health, which indicates that dental treatment,
has to be taken in earlier stages of infection. One of the important
examples is edentulousness (loss of teeth) which causes
malnutrition in elder people; prolonged dental infection also leads to
stomach ulcers, infective endocarditis and infective arthritis. A
systemic infection like leukemia causes oral ulcers [5]. On the other
hand, dental treatment is very painful and more expensive.
Moreover the synthetic antimicrobial drug provides a temporary
solution furthermore leads to various side effects to the host like
vomiting, diarrhea and tooth staining. Continuous administration of
synthetic antimicrobial drugs leads to drug-resistant microbes as
well as alters the oral and intestinal microflora of the host [6]. The
pharmacological industries produce the potential antibiotics
recently with the help of researchers even though drug resistance of
the bacteria also increased in recent years [7]. It is necessary to find
out alternative remedies for the oral diseases. Medicinal plants are
more suitable alternate drug as well as low cost with no side effects
when compared to synthetic medicine. The herbal based oral care

products are needed to prevent the toxicity and tooth staining
caused by triclosan, cetyl pyridinum chloride, chlorhexidine and
amine fluorides [8, 9].

Matricaria chamomilla (chamomile), Eclipta alba (false daisy) and
Glycyrrhiza glabra (licorice) are the well-known traditional
medicinal plants used in the treatment of various oral infections. The
flowers of chamomile, leaves of false daisy and roots of licorice were
selected for our study due to its various medicinal properties and
based on its use in ancient traditional medicines. Chamomile is
native of Europe and Western Asia which is widely used for the
treatment of intestinal cramps [10]. Similarly, licorice is seen in
Southern Europe and a part of Asia and used for treating various
digestive problems [11]. Eclipta alba commonly known as a false
daisy, coming under the family asteraceae. It has cylindrical and
grayish roots. The solitary flower heads are 6-8 mm in diameter
with white florets. The achenes are compressed and narrowly
winged. It grows commonly in moist places as a weed in warm
temperate to tropical areas throughout the world. It is widely
distributed throughout India, China, Thailand and Brazil.

The scientific investigation and knowledge about the plant varieties
and their biological application is necessary to make use of
medicinal plants effectively and commercially. Hence we are focused
to determine the antioral pathogenic effect of three Matricaria
chamomilla (Asteraceae) and Eclipta alba (Asteraceae) against oral
bacterial pathogens such as Staphylococcus aureus, Streptococcus
mutans, Streptococcus mitis, Streptococcus oralis, Lactobacillus
acidophilus and Pseudomonas aeruginosa and fungal pathogens such
as Candida albicans, C. parapsilosis, C. krusei and C. tropicalis. The
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oral cavity of humans is highly affected due to the adherence of
microbes. Hence it is essential to prevent the initial attachment of
bacteria to the oral cavity. The anti-adherence of pathogenic bacteria
can be evaluated by radioactive labeling of bacteria [12-15],
bacterial adhesion to microtitre plate [16] and glass surfaces [17].

Free radicals are capable of oxidizing biological macromolecules like
nucleic acids, proteins, lipids [18, 19] which can initiate many
metabolic disorders like aging, coronary heart disease and cancer,
etc., [20]. Consequently, our study also focused on the determination
of antioxidant (DPPH and ABTS) and phytochemical (total phenol
and flavonoids) effect of three traditional medicinal plants. Although
there are numerous herbs available to prevent and cure dental
infections, the exact mechanism of action of these herbs are yet to be
identified. Hence this is a preliminary study to check the mechanism
of crude extract responsible for the biological activity.

MATERIALS AND METHODS
Collection of plant materials

The E. alba was collected from Palaniyapuri and Thalavipatti in
Salem district, Tamilnadu, India. Various parts M. chamomilla and G.
glabra were procured from GTEE Botanical Pvt. Ltd, Kottivakkam,
Tamilnadu, India. The plant identification was authenticated by
plant taxonomist Dr. M. Kumar from Madras Christian College,
Chennai, Tamilnadu, India.

Chemicals and reagents

All chemicals and reagents used during the experimentation were of
analytical grade, purchased from Southern India Scientific
Corporation, Chennai, India.

Preparation of plant extract

The collected plant materials were shade dried and ground to a
coarse powder. The twenty grams of powdered material was
weighed and extracted with methanol in a soxhlet apparatus.
Extracts were concentrated by using rotary evaporator (IKA, RV 10
digital V) and used for further studies.

Qualitative analysis of phytochemical studies

The quality analysis of various phytochemicals such as steroids,
saponins, terpenoids, glycosides, tannins and flavonoids was
preliminary screened by previously described methods for all the
plant samples [21-23].

Quantitative analysis of phenols and flavonoids
Total phenolic determination

The plant extracts were used for the determination of total phenolic by
spectrophotometrically according to the Folin-Ciocalteu colorimetric
method [24]. The 200 pl plant extract was taken in the screw cap test
tubes, and 1 ml of Folin-Ciocalteu reagent (1:1 with water) and 1 ml of
sodium carbonate (7.5%) was added. The tubes were vortexed and after
2 h incubation, the absorbance was read at 726 nm using a
spectrophotometer (Beckman, USA). The total phenolic content was
expressed as gallic acid equivalents (GAE) in mg/g of plant extract.

Total flavonoid determination

The total flavonoid content was determined by aluminium chloride
colorimetric method [25]. The 0.1 mg of plant extract was dissolved
in 1 ml of methanol and mixed with 0.1 ml of 10% aluminium
chloride hexahydrate, 0.1 ml of 1 M potassium acetate and 2.8 ml of
deionized water. The absorbance was taken at 415 nm in
spectrophotometer after 40 min of incubation. Quercetin was used
as a standard (the concentration range: 0.005 to 0.1 mg/ml) and the
total flavonoid content was expressed as mg quercetin equivalents
per gram of dry extracts.

Antioxidant activity
DPPH radical scavenging activity

Free radical scavenging was determined by DPPH radical scavenging
activity [26]. The sample solutions with a series of concentrations
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(100-500 pg/ml) were prepared for various extracts. With a 96-well
microplate, 50 pl of all samples were added in different wells (in
triplicates). The 100 pl of 0.1 mM DPPH in methanol was then added
in each well and incubated for 30 min. The absorbance was
measured at 515 nm. The 50 pl of methanol in 100 ul of DPPH
solution was kept as the control and 100 pl of 95% methanol was
kept as the blank. Ascorbic acid at various concentrations (100 to
500 pg/ml) was used as a standard. Lower the absorbance of the
reaction mixture indicates higher free radical scavenging activity.
The capability to scavenge the DPPH radical was calculated using the
following equation.

DPPH Scavenged (%) = [OD control — OD sample / OD control] X100
ABTS free radical scavenging activity

The free radical scavenging capacity of plant extract was determined
by using ABTS radical cation decolorization assay [27]. The 7 mM
ABTS was used for the analysis. ABTS radical cation (ABTS**) was
produced by reacting ABTS stock solution with 2.45 mM potassium
persulphate (final concentration) and allowing the mixture to stand
in the dark room temperature for 12-16 h before use. The free
radical was stable for more than two days when stored in the dark
room temperature. For the analysis of the test samples, the
ABTS**solution was diluted with absolute ethanol to an absorbance
of 0.700 (+0.02) at 734 nm and equilibrated at 30 °C. Reagent blank
reading was taken (Ao). After addition of 2.0 ml of diluted
ABTS**solution [A732 nm = 0.700£0.02] to 20 pl of the test sample,
the absorbance reading was taken at 30 °C exactly 6 min after initial
mixing (A:). Appropriate solvent blanks were run in each assay. All
determinations were carried out at least three times. The percentage
inhibition (PI) of absorbance at 734 nm was calculated using the
below formula and decrease of the absorbance between Ao and At.

P = [(Ac(0) - Ax (1))/Ac (0)]X 100

Where Ac (o) is the absorbance of the control at t = 0 min; and Aa (g is
the absorbance of the antioxidant at t = 6 min.

Antimicrobial activity
Microbial strains

Oral pathogenic bacteria such as Staphylococcus aureus (MTCC
7443), Streptococcus mutans (MTCC 497), Streptococcus mitis (MTCC
2695), Streptococcus oralis (MTCC 2696), Lactobacillus acidophilus
(MTCC 10307) and Pseudomonas aeruginosa (MTCC 7453) fungal
species such as Candida albicans (MTCC 227), Candida parapsilosis
(MTCC 6510), Candida krusei (MTCC 9215) and Candida tropicalis
(MTCC 184) were obtained from Microbial Type Culture Collection
(MTCC), Chandigarh, India.

Disc diffusion method

The antibacterial and antifungal activity of plant extracts were
determined by disc diffusion method [28]. The dried extracts were
dissolved in dimethyl sulfoxide (DMSO). The strains were first
grown to logarithmic phase in Mueller-Hinton broth, and the
inoculums were prepared by adjusting the turbidity of bacterial
suspension to 0.5 McFarland’s tube with Mueller-Hinton broth [29].
The sterile discs (6 mm in diameter) were impregnated with the
concentration of 100 pg/ml and 250 mg/ml for antibacterial and
antifungal activity respectively. The extract discs were placed on
Mueller-Hinton agar plates, which were previously spreaded with
test strains and incubated at 37 °C for 24-48 h. The 30 pg/ml of
chloramphenicol, 0.5 mg/ml of fluconazole and 100% DMSO was
served as positive and negative control respectively. All tests were
performed in triplicate and zones of inhibition were measured after
the incubation period.

Determination of minimum inhibitory concentration (MIC) and
minimum bactericidal and fungicidal concentration (MBC/MFC)

The minimum inhibitory concentration (MIC) of extracts was
determined by serial dilution method [30]. The extracts were diluted
in a two-fold manner to make different concentrations. The serial
dilutions of each extract were individually placed in tubes labeled 1-
10. Tube one was filled with 2 ml of Muller-Hinton broth including

72



Selvam et al.

the extract stock solution. Only one ml of the stock solution in tube
one was transferred to tube 2 and diluted with 1 ml of Muller-Hinton
broth. This procedure was repeated for solutions in tubes 2-10. Each
tube was then filled with 1 ml Muller-Hinton broth including
microbial suspension. The resulting mixtures were incubated at
37+0.1 °C for 24-48 h. The solvent served as negative control.
Turbidity was taken as an indication of growth and the lowest
concentration which remained clear was recorded as the relative
minimum inhibitory concentration. This test was done in triplicates.
In order to determine minimum bactericidal and fungicidal
concentration (MBC/MFC), 100 pl of the content of the tube without
turbidity were cultured on the Muller-Hinton agar medium and
incubated at 37 °C for 24-48 h. This test was done in triplicates.

Antiadherence activity of plant extracts

Glass surface adherence assay was performed according to the
method of Barira Islam et al. (2008). [31] with slight modification.
The bacteria was grown for 24 h at 37 °C atan angle of 30° in a
glass tube with 10 ml of Mueller-Hinton broth (MHB) with or
without 5% sucrose and various concentrations of inhibitory
compound. The solvent control included MHB (with or without
sucrose) and equivalent amounts of DMSO, ethanol and tween-80.
After incubation, planktonic cells were decanted and the attached
cells were removed by 0.5 M NaOH. Adherence was quantified by
reading at 600 nm.

Percentage reduction in adherence = [(A contro)~(A sample)]/A control X 100
Sorbitol assay

The impact of plant extracts on fungal cell wall can be demonstrated
by sorbitol assay [32]. Initially, MIC was determined using standard
broth microdilution procedure describes above. Briefly, 96 well
plates containing test compounds in one row and test compounds
and 0.1 M sorbitol in the next row were prepared. All the wells are
then inoculated with 100 pl of fungal suspension (0.5 McFarland)
and incubated. The readings were taken at 2" and 6t day, and the
MIC was calculated.

Scanning electron microscopy

Samples for SEM observations were prepared according to the method
of Figueras and Guarro method [33] with slight modifications. Cell
pellets were obtained by inoculating 100 pl of cells with 10 ml
Sabouraud’s dextrose broth at the MIC concentration of plant extracts.
It was then incubated at 37 °C for 48 h at 120 rpm. The harvested cell
pellets and untreated control were fixed with 3% glutaraldehyde in
0.05 M phosphate buffer (pH 6.8) at 4 °C for 48 h and dehydrated with
series of ethanol concentration (30%, 50%, 70%, 95%) each for 20
min and finally with absolute alcohol for 45 min. The sample was then
dried at a critical point in liquid CO2 and mounted on standard %2 inch
Cambridge SEM stubs and coated with Gold-Palladium electroplating
(60s, 1.8 mA, 2.4 kV) in a Polaron SEM coating system sputter coater.
The samples were examined in an LEO435 VP SEM at 15kV to assess
changes in cell morphology.

Transmission electron microscopy

Structural changes produced by test compounds towards fungal cell
were evaluated using transmission electron microscopy. Briefly, 10
ml of Sabouraud’s dextrose broth treated with sub-inhibitory
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concentration of plant extracts (62.5 mg/ml) was inoculated
with 100 pl of cell suspension (0.5 McFarland) and incubated at
37 °C for 48 h at 120 rpm. Control sample did not receive
treatment. The obtained cell pellets were fixed with 2.5%
glutaraldehyde in 0.1 M cacodylate buffer (pH 7.2) for 24 h at
room temperature. Post-fixation was carried out in 1% osmium
tetroxide in cacodylate buffer. Samples were dehydrated in
acetone and embedded in epon. Ultrathin sections were stained
with 12.5% alcoholic uranyl acetate and viewed under Morgagni
268D transmission electron microscope at 80kv. Ultrastructure
of treated and untreated cultures was compared to assess the
effects of compounds.

Propidium iodide influx analysis

Propidium iodide influx analysis was performed according to the
method of Jaeyong et al. (2013) [34]. Candida parapsilosis cells (2 x
106 Cells/ml) in log phase growth were resuspended in yeast extract
peptone dextrose medium. It was then incubated with plant extracts
(62.5 mg/ml) for 2 h at 28 °C with 140 rpm. Then the cells were
harvested and resuspended in PBS and then treated with propidium
iodide (9 uM, final concentration) for 5 min. Flow cytometry was
performed via FACS Caliber flow cytometry.

Flow cytometric analysis

Morphological change of Candida was determined by flow
cytometry. The above mentioned prepared cells were illuminated by
480 nm light from an argon ionic laser and forward light scatter
(FSC) and side scatters (SSC) were determined.

Synergism

Microtitre plates with two-fold dilutions of G. glabra were prepared
in a horizontal orientation and the second one was used to make
antifungal dilutions of fluconazole in a vertical orientation. Both
dilutions were made in SDB (Sabouraud’s Dextrose Broth) [50 pl per
well]. Using a pipette, 50 pl of fluconazole was transferred to the
first plate and 100 pl of the fungal suspension was added to each
well and then incubated for 48 h at 37 °C. The used concentrations of
fluconazole and plant extracts were calculated and expressed in
terms of fractional inhibitory concentration index (FICI); equal to
the sum of FIC of plant extract and FIC of fluconazole. The FIC was
defined as MIC of plant extract and fluconazole in combination
divided by MIC of plant extract and fluconazole used alone. The
results were considered as a synergistic effect when FICI was less
than or equal to 0.5.

Statistical analysis

Results were expressed as mean*SD for triplicates. All the data were
statistically evaluated with SPSS/19.0 software.

RESULTS AND DISCUSSION
Qualitative phytochemical analysis

Preliminary phytochemical analysis of methanol extracts of G.
glabra, M. chamomilla and E. alba was carried out, and it showed the
presence of steroids, saponins, terpenoids, glycosides, tannins and
flavonoids in all extracts (table 1). The extract of E. alba showed a
negative result in glycosides test.

Table 1: Qualitative phytochemical screening of G. glabra, M. chamomilla and E. alba

Phytochemicals G. glabra M. chamomilla E. alba
Steroids + + +
Terpenoids + + +
Saponins + + +
Glycosides + + -
Tannins + + +
Flavonoids + + +
Phenols + + +

+— Present; -— Absent
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Quantitative analysis of phenols and flavonoids

The total phenol content was tested using Folin-phenol reagent
method and showed a significant amount of phenols in all the tested
plant. The total phenol and flavonoid contents of methanolic extracts
of plants were expressed in Gallic acid (GAE) equivalent/g and
Quercetin (QE) equivalent/mg respectively.

Among the tested sample M. chamomilla showed higher phenolic
content followed by G. glabra and E. alba. The G. glabra showed high
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flavonoid content followed by M. chamomilla and E. alba. The
phenolic compounds absorb the free radicals by decomposing
peroxide [35, 36] and hence the phenolic content of the plant is
directly proportional to the strong antioxidant activity [37].
Many researchers reported that the presence of flavonoids
enhances the antimicrobial, antioxidant, anti-inflammatory and
vascular activities [38]. Few researchers [39-41] also reported
that radical scavenging activities of the plants were linked to the
antibacterial properties.

Table 2: Total phenol and flavonoid estimation of G. glabra, M. chamomilla and E. alba

Methanolic extract

Total phenolic content (mg GAE/g)

Flavonoid content (ug QE/mg)

M. chamomilla 1.24+0.03
E. alba 0.64+0.01
G. glabra 0.85%0.07

231.34+2.08
88.00+1.00
356+3.00

Values are means of three independent values+standard deviations

Antioxidant activity of G. glabra, M. chamomilla and E. alba by
DPPH method

DPPH is a rapid and sensitive method to evaluate the antioxidant
capacity of plant extracts. It is based on the decolorization of DPPH
in the presence of antioxidants in the tested sample. The color
change from purple to yellow shows the strong antioxidant capacity
of the sample. According to Shahidi et al. (1992) [42] the antioxidant
power is mainly due to the redox nature of phenolic compounds.
Also, Fe3+-Fe?* transformations would occur in the presence of
phenolic compounds. Our results also confirm the above-said
statement. As per the results obtained from total phenol, estimation M.
chamomilla has more phenol content and high radical scavenging
activity (85%) followed by G. glabra (70%) and E. alba (50%) [fig. 1].
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E 4 @M. chamomilla
o

E mAscorbic acid

200 300 400 50O

Concentrations of plant extract (pg/ml)

Fig. 1: Antioxidant activity of G. glabra, M. chamomilla and E.
alba by DPPH assay

ABTS cation free radical scavenging activity

The free radical scavenging capacity of all the samples was
tested using ABTS radical cation decolorization assays [43]. All
the extract showed significant scavenging activity with the
greatest extent. Among the solvent extract, M. chamomilla
(79.58%) followed by G. glabra (65.03%) and E. alba (45.67%)
showed ABTS**scavenging activity. The standard vitamin E
showed 99.6% scavenging activity against ABTS*+.

Antibacterial and antifungal activity of G. glabra, M. chamomilla
and E. alba

The extracts of G. glabra, M. chamomilla, E. alba (100 pg/ml) and
chloramphenicol (positive control 30 pg/ml) showed antibacterial
activity against five oral bacterial pathogens except Pseudomonas
aeruginosa.

Pseudomonas aeruginosa showed resistant activity against all the
extracts tested except positive control which showed 20.4 mm zone
of inhibition. Asan-Ozusaglam and Karakoca (2014) [44] reported
that the antibacterial activity of hexane extract of G. glabra root
showed 9.25 mm zone of inhibition only at the concentration of 45
mg/ml against P. aeruginosa. The lethal or inhibitory effect of the
extract is confirmed by determining MIC and MBC values.

The MIC for antibacterial activity ranges from 0.19 to 3.12 pg/ml
and MBC ranges from 6.25 to 50 pg/ml. The minimum MIC (0.19
ug/ml) was observed with E. alba for S. aureus and L. acidophilus.
Sultana et al. (2010) [45] concluded that the methanolic root extract
of G. glabra showed positive antibacterial activity against all the 11
strains of bacteria except Pseudomonas aeruginosa. This finding is
correlating with our results.

Karama et al. (2012) [46] reported that crude herbal mixtures of 10%
Qurecus aegilops, 20% Salvodora persica, 20% Cinnamomum zeilanicum,
30% glycerin oil, 45% Matricaria chamomilla showed positive zone of
inhibition against S. mutans (33.8 mm), S. aureus (28.7 mm) and L.
acidophilus (40.5 mm) whereas in our study methanolic flower extract of
M. chamomilla produced 19.8 mm of zone of inhibition against S. mutans,
16.2 mm for S. aureus and 9.8 mm for L. acidophilus.

The extracts of M. chamomilla and E. alba did not inhibit the growth
of Pseudomonas aeruginosa. The similar result was correlated with
the previous report of Jehan Bakht et al. (2011) [47]. Marina Sokovic
et al. (2010) [48] stated that petroleum ether, dichloromethane,
methanol and water extracts of E. alba leaves did not inhibit the
growth of P. aeruginosa even at higher concentrations. The essential
oils from M. chamomilla did not showed any antibacterial effect
against P. aeruginosa and Proteus mirabilis.

According to Natalia Martins et al. (2016) [49], C. tropicalis were more
susceptible to the phenolic extracts of licorice followed by C. glabrata, C.
parapsilosis and C. albicans. Our results were different from this may be
due to the different solvent used for the extraction process.

Table 3: Antibacterial activities of G. glabra, M. chamomilla and E. alba

Plants G. glabra M. chamomilla E. alba Chloramphenicol
Microorganism

S. aureus 15.03£0.25 16.2+0.3 21.6+0.5 24.9+0.15

S. mitis 14.2+0.2 16.7+0.7 18.8+0.7 15.83+0.2

S. oralis 12.66£2.5 16.03+0.1 14.66£0.5 19.86+0.8

S. mutans 21£0.05 19.8+0.5 16.9+0.1 22.3%0.5

L. acidophilus 11.66+0.5 9.8+0.2 10.7+0.68 9.8+0.1

P. aeruginosa - - - 20.4+0.8

Values are mean inhibition zone (mm)+SD of triplicates, Plant extracts-100 pg/ml, Chloramphenicol-30 pg/ml, [-= no inhibition]
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Table 4: Antifungal activity of G. glabra, M. chamomilla and E. alba

Fungi C. parapsilosis C. krusei C. tropicalis C. albicans
Plant extracts

G. glabra 10.66+1.15 - - -

M. chamomilla - - - -

E. alba - - - -
Fluconazole 19.66+3.21 24+107 13.66+3.5 18.33£6.65

Values are mean inhibition zone (mm)+SD of three replicates, Plant extracts-250 pg/ml, Fluconazole-20 mg/ml, [-= no inhibition]

Table 5: MIC values of G. glabra, M. chamomilla and E. alba against oral bacteria

Plant (in pg/ml) G. glabra M. chamomilla E. alba Chloramphenicol
Bacteria

S. aureus 3.12 3.12 0.19 -

S. mitis 0.78 3.12 3.12 0.09

S. oralis 3.12 3.12 0.78 -

S. mutans 0.78 0.39 0.39 -

L. acidophilus 3.12 0.39 0.19 -

P. aeruginosa - -

Values are mean of triplicates

Table 6: MIC values of G. glabra, M. chamomilla and E. alba against oral fungi

Fungi C. parapsilosis C. krusei C. tropicalis C. albicans
Plant extracts (in pg/ml)

G. glabra 62.5 mg/ml - - -

M. chamomilla - - - -

E. alba - - - -
Fluconazole 24 pg/ml 0.25 pg/ml 0.5 pg/ml 3 pg/ml

Values are mean of triplicates

Antiadherence activity

The antiadherence activity of methanol extracts of G. glabra, M.
chamomilla and E. alba was carried out. All the methanolic plant extracts
showed reduced percentage of adherence whereas positive control
(Chloramphenicol) showed a higher percentage of adherence. This
clearly indicates that the plant extracts can prevent bacterial colony
formation in the oral cavity which leads prevent the oral infections.

Many medicinal plant extracts were investigated to prevent the oral
biofilm formation. The initial stage of biofilm formation was also
inhibited by cranberry juice thereby also inhibiting the dental

plaque formation [50]. Ooshima et al. (2000) [51] also reported that
the growth rate of S. mutans was reduced by cacao bean husk by 69-
72 percentages.

Sorbitol assay

Sorbitol is an osmoprotectant which is used to stabilize fungal cell
wall. The test was performed with plant extracts and fungi in
presence and absence of sorbitol (0.8 M). The MIC in presence and
absence of sorbitol (62.5 mg/ml) would remain same which
indicates that the extract of G. glabra would not target the cell wall
synthesis or cell wall assembly to inhibit the fungi.
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Fig. 2: Antiadherence activity of G. glabra, M. chamomilla and E. alba
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Mechanism of antifungal activity
Scanning electron microscopy

Scanning electron microscopy was performed to find out the
morphological changes in C. parapsilosis after exposure to G. glabra
methanolic extract at the MIC concentration (62.5 mg/ml) for 48 h.
Untreated and treated samples were taken for comparison.
Untreated cells shows spherical cells with smooth surface whereas
treated cells shows complete morphological changes with the
elongated surface with rough appearance and most of the cells were
completely deteriorated by the release of cellular constituents which
indicate the cytoplasmic damage of fungi and has to further
confirmed by transmission electron microscopy.

Fig. 3: SEM Micrographs of untreated (A) and treated (B)
samples
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Transmission electron microscopy

Based on the results obtained from SEM analysis, the fungi C.
parapsilosis were exposed to the methanolic extract of G. glabra at
the MIC concentration (62.5 mg/ml).

The untreated samples has a smooth and spherical surfaces whereas
treated samples shows slight morphological changes (A and B) in
the beginning followed by cell elongation (C) and oozing of cellular
constituents (D) followed by cytoplasmic membrane and cell wall
damage (E) and finally complete damage of the cell (F).

Fig. 4: TEM analysis of Candida parapsilosis with untreated and treated sample

Flow cytometry

Propidium iodide (PI) is a nucleic acid binding fluorescent probe
commonly employed to evaluate the effect of drugs on cell
membranes. Cells with severe membrane lesion leading to inherent
loss of viability will internalize propidium iodide, resulting in an
increase in fluorescence. The PI penetration in C. parapsilosis cells
treated with various concentrations of test compounds and positive
control (Fluconazole) is shown in the following graph. Our results
showed G. glabra being most effective in damaging the cell
membrane of Candida cells in the treatment of one hour. Substantial
morphological changes were observed on scattergram of cells upon
treatment with test agents. The production of membrane lesion by
test agents was increasing with increase in concentration. Further
confirmation on membrane damages produced by these compounds
was done by performing the flow cytometry of treated fungal cells
using propidium iodide as a fluorescent marker.

The above result clearly mentioned that the cell counts decreased in
a dose-dependent manner and shows maximum cell count damage
at the MIC concentration (M1) whereas cell count damage is high in
the untreated sample (M2).

Synergism

The combination between the plant extract and antimicrobial drugs
has been referred as a strategy for combating various microbial
developments due to the production of the synergistic effect.

The synergistic effect of plant extract G. glabra with fluconazole was
studied against Candida parapsilosis. A synergistic effect was given
by FICI which is given by MIC of fluconazole and plant extract in
combination divided by MIC of fluconazole and plant extract used
alone. MIC of plant extract and fluconazole is equal to FIC of plant
extract and fluconazole respectively.
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Fig. 5: Flow cytometric analysis of G. glabra

Synergism is defined as FIC index of 0.5 or less, if FICI is more than
0.5 and between 4 then addictively and FICI more than 4 then
antagonistic effect. Thus the FICI of 0.5 of our plant extract with C.
parapsilosis showed that our plant extract has potential synergistic
effect with fluconazole. Thus Glycyrrhiza glabra has potential as a
therapeutic option against C. parapsilosis cells due to its fungicidal
ability and synergistic effect with fluconazole.

CONCLUSION

The results indicated that the methanol extracts of G. glabra, M.
chamomilla and E. alba showed a significant antibacterial, antifungal
and antioxidant activities. Therefore further studies are required to
identify the active compounds of these plants and to develop oral
care products for the herbal remedy for the oral infections.
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