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ORIGINAL RESEARCH

effects like staining of teeth, altered taste sensation, toxic effects 
on connective tissues, dryness and soreness of oral cavity, there 
is always a quest for nontoxic herbal resources. Moreover, the 
antibiotic resistance which is emerging during the last decade 
paves a way with alternative antimicrobial therapies. Especially, 
bacterial resistances toward triclosan or quaternary ammonium 
compounds and CHX have to be focused with great attention on 
oral health care. The mechanisms conferring resistance toward 
CHX include multidrug efflux pumps and cell membrane changes.5

With a growing tendency to “go natural,” various herbal 
extracts are being widely explored as an alternative to synthetic 
mouthwashes. There are abundant evidences available on the use 

In t r o d u c t I o n
Dental plaque is a biofilm that covers most of the oral cavity 
surface. The succession of dental plaque development can lead to 
dental caries, gingivitis, and periodontitis. Dental caries is the most 
multifactorial oral disease among mankind. It occurs mainly due to 
the microbiological shifts within the complex biofilm present on the 
tooth surface.1 Even though the etiology remains highly complex 
with salivary factors and dietary sugars, microorganisms and their 
preventive therapy, play a major role in the progress of dental caries.2

S. mutans are considered as the most cariogenic microorganisms 
in dental biofilm due to their capacity to synthesize extracellular 
polysaccharides (EPS) in addition to its acid-tolerant and 
acidogenic characteristics. They initiate plaque formation by 
synthesis of water-insoluble glucan from sucrose by action of 
glucosyltransferase.3 EPS promote bacterial adherence to the tooth 
surface and contribute to the structural integrity of dental biofilms 
leading to enamel demineralization.

Effective prevention of dental caries can be achieved by 
mechanical removal of dental plaque through proper brushing and 
flossing. However, the majority of the population may not perform 
mechanical plaque removal efficiently; the use of antibacterial 
mouthrinses may help to maintain oral hygiene by inhibiting the 
regrowth and reattachment of bacteria onto the enamel.4

Chlorhexidine, 1,1’-hexamethylene-bis-[5-(4-chlorophenyl)-
biguanide], (CHX) is a cationic antiseptic used in different 
medical fields due to its broad spectrum of antibacterial action. 
The compound is a strong base and is available in the form of 
digluconate. CHX has also been the effective mouthwash of 
choice owing to its dramatic therapeutic effect on oral biofilms 
and oral substantivity. However, owing to its undesirable side 
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Ab s t r Ac t
Aim: The aim of this study was to comparatively evaluate the antibiofilm efficacy of Mimosa pudica L. and chlorhexidine (CHX) against Streptococcus 
mutans (S. mutans) as a mouthrinse.
Methods: S. mutans were cultured from saliva collected from high caries risk patients and inoculated in Mueller–Hinton agar plates. The 
mouthrinses were grouped as follows: group I—10% aqueous extract of M. pudica L. mouthrinse, group II—0.2% CHX mouthrinse, and group 
III—saline. The resazurin-based dye microbroth assay was used to check the effect of test rinses on the redox activity of salivary bacteria and 
optical density (OD) values were recorded. Biofilm was grown on the surface of enamel slabs for 7 days in an anaerobic work station using  
S. mutans and treated with respective mouthrinses for 2 minutes at room temperature. The slabs were stained using fluorescent dye propidium 
iodide and SYTO9 and visualized under confocal scanning laser microscopy (CLSM) and qualitatively analyzed for live/dead bacteria. The 
percentage of viability was determined and statistically analyzed using the one-way analysis of variance (ANOVA) test at the p-value of  <0.05.
Results: Based on OD values of resazurin-based dye assay and CLSM analysis, group II showed higher antibacterial efficacy with significant 
differences than groups I and III.
Conclusion: The percentage of biofilm inhibition was found to be less for aqueous extract of M. pudica L. than CHX. However, it is evident that 
M. pudica L. can resist the oral cariogenic bacteria, thereby preventing the formation of dental caries.
Keywords: Biofilm, Chlorhexidine, Mimosa pudica L., Mouthrinse.
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All the patients were instructed to brush both morning and night 
with nonfluoridated toothpaste prior to saliva collection for 7 days. 
Patients were asked to expectorate unstimulated saliva after which 
it was stored in dry plastic vials. The collected saliva was used 
within 1 hour of collection. The collected salivary sample was used 
as inoculum to cultivate mixed bacteria and S. mutans selectively. 
The salivary bacteria were grown in tryptone soy broth at 37°C and 
OD600 adjusted to 0.8 × 108 CFU mL−1.

Grouping of the Samples
The mouthrinses were grouped as follows: group I—10% aqueous 
extract of M. pudica L. mouthrinse, group II—0.2% CHX mouthrinse, 
and group III—saline.

Immediate Effect on Salivary Bacterial Metabolism
The effect of test rinses on the redox activity of bacteria was 
assessed using resazurin-based dye, microbroth assay utilizing 
the methodology followed by Shiloh et al.10 Following incubation 
at room temperature for 10 minutes, cultures of salivary bacteria 
were examined for viability. Then the samples were exposed to 
the test organisms for 10 seconds and immediately added with 6% 
resazurin dye [alamarBlue™ viability indicator (Life Technologies, 
Paisley, UK)]. In metabolically active cells, this blue, nonfluorescent 
dye can be reduced to pink allowing for a quantitative measurement 
of cell viability. After 10 minutes of incubation at room temperature, 
the culture was examined under spectrophotometer at 570 nm to 
assess the bacterial viability.

Antibiofilm Efficacy
Preparation of Enamel Slabs
Fifteen enamel slabs were prepared from sound enamel of human 
third molar teeth, extracted for surgical purposes. Dimensions of 
approximately 5 × 4 × 4 mm enamel slabs were prepared from 
facial and lingual surfaces using a low-speed diamond disk (IsoMet, 
Buehler, USA) under running tap water as a coolant. The convex 
enamel surfaces were flattened about 0.5 mm using 800-grit silicon 
carbide paper under water coolant, and this flat enamel surface 
was then polished with water-based diamond paste (0.25-μm 
diamond particles). Finally, the enamel slabs were ultrasonically 
cleaned with Milli-Q water for 15 minutes followed by sterilization 
by autoclaving.

Antibiofilm Evaluation on Enamel Surface Using CLSM
Enamel slabs were positioned vertically into 24-well tissue culture 
plates for bacterial attachment. Wilkins–Chalgren broth was 
dispensed into it slowly. The broth was then inoculated with sterile 
artificial saliva (0.5 mL) and 10 μL of S. mutans (cultured from human 
saliva) previously grown and incubated anaerobically for 24 hours 
at 37°C for biofilm formation. After an initial 24 hours of incubation, 
the medium was refreshed with sterile medium twice a day. After 
7 days, the enamel slabs were removed from the anaerobic work 
station and treated by transferring them to a new culture plate 
containing the respective mouthrinses (n = 5) for 2 minutes at room 
temperature. Then the enamel slabs were gently dipped in 1 mL 
of phosphate-buffered solution to remove excess treatment and 
planktonic bacteria. The slabs were then placed on glass slides, with 
biofilm facing upwards. For viable staining, combination of fluorescent 
dyes, that is, propidium iodide and SYTO9 was applied directly to the 
biofilm and covered with a glass coverslip. Slides were left to stand 
in the dark at room temperature for 15 minutes to allow the stains to 
develop. Biofilms were visualized and evaluated by CLSM (Carl Zeiss, 

of plants and plant products in preventing caries.6 M. pudica L.  
is a creeping perennial flowering also called as “touch me not or 
sensitive plant, sleepy plant.” It belongs to pea/legume family, 
Fabaceae and Magnoliopsida taxon which has recently received 
attention of researchers worldwide for its pharmacological 
activities. It has antimicrobial, antidiabetic, anti-inflammatory, 
antioxidant, and wound healing activities.7 It has been reported 
to contain mimosine (an alkaloid), free amino acids, sitosterol, 
linoleic acid, and oleic acid and is also proved to be active against 
oral pathogens.8 Joshi and Joshi, in an earlier study showed that 
the leaf powder of M. pudica L. when mixed with water and orally 
rinsed relieved pain in tooth and gum.9

As there are no literature reports on the antibacterial efficacy 
of M. pudica L. against S. mutans biofilms, the aim of this study was 
to comparatively evaluate the antibacterial and antibiofilm efficacy 
of M. pudica L. and CHX as mouthrinses against S. mutans.

Me t h o d s

Preparation of the Aqueous Extract of M. pudica L.
Leaves of M. pudica L. were obtained from a local plant nursery 
in Chennai, India. It was sundried in shade and then powdered 
with the help of mortar and pestle. The powder was suspended in 
sterile distilled water 10 times of its quantity in a round-bottomed 
flask. It was kept at 4°C for 72 hours. Then, the aqueous extract 
was decanted, clarified by filtration through a muslin cloth, and 
evaporated in a flat-bottomed porcelain dish at 40°C. The 100 gm 
of dried extract was again suspended in polyethylene glycol and 
200 mL of distilled water which was evaporated to get the final 
concentrate. It was then diluted with sterile distilled water to get a 
mouthrinse of 10% (w/v) concentration.

Determination of Minimum Inhibitory 
Concentration (MIC)
The MIC of the crude leaf extract against S. mutans was determined 
by the broth tube dilution method. A series of two-fold dilution 
of each extract ranging from 500 to 0.9 mg/mL was made in 
the Mueller–Hinton broth. Total 100 μL of standard inoculum 
of the bacterial strain matched to 0.5 McFarland’s standard  
(1.5 × 108 CFU/mL) was seeded into each dilution. The extract 
and growth media alone represented the positive control, and 
the extract with bacteria and growth media only represented 
the negative control. All test tubes were incubated at 37°C in the 
presence of 5% CO2 for 24 hours. The tubes were checked for 
turbidity after incubation for a day, which denotes bacterial growth. 
Minimum inhibitory concentration was determined as the highest 
dilution of the extract that showed no turbidity.

Determination of Minimum Bactericidal 
Concentration (MBC)
The MBC was determined by selecting the tubes that showed no 
bacterial growth during the MIC determination. Total 10 μL from 
each tube was subcultured on Mueller–Hinton agar plates and 
further incubated at 37°C for 24 hours. After incubation, MBC was 
defined as the lowest concentration at which no bacterial growth 
(no colonies) was observed on the agar plate.

Collection of Salivary Sample
The high caries risk patients were selected among the patients 
who reported to the Department of Conservative Dentistry and 
Endodontics, SRM Dental College, Chennai, Tamil Nadu, India.  
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dI s c u s s I o n
Antimicrobial mouthrinses play a major role in reduction of oral 
microbial load by effectively inhibiting the bacterial growth 
and multiplication based on their concentration.11 They were 
found to be safe and effective on topical delivery to arrest the 
progress of dental caries. Prepared herbal mouthwashes may 
provide an alternative to synthetic chemical mouthrinses with 
enhanced antimicrobial properties and better patient acceptance.9  
In addition, the antimicrobial activity of various herbal mouthwashes 
was found to be effective against cariogenic pathogens. S. 
mutans mainly metabolizes carbohydrates and synthesizes EPS 
which adheres tenaciously to glucan-coated surfaces with high 
acidogenicity and acid tolerance capacity.12 Therefore, S. mutans 
was selected in this study for antibacterial evaluation of aqueous 
extract of M. pudica L. as a mouthrinse.

The resazurin dye had been used as an indicator of cell growth 
for various bacterial species.13,14 In light of the simplicity and high-
through output of the resazurin-based assay, this method was 
used to assess the metabolic effects of lower concentrations of 
test formulations on pure cultures within 10 minutes of exposure. 
Moreover, CLSM was used to enable the visualization of cellular 
viability and spatial distribution of viable biomass within intact 
biofilm following a single exposure. The highlights of CLSM 
were notable as larger biofilm clusters with bacterial inactivation 
depicting dead bacteria in it.15

The result of the study showed that CHX possesses higher 
antibacterial activity than M. pudica L. as evidenced by decreased 
cell viability. The antibacterial mechanism of CHX is attributed 
to the high affinity of positively charged CHX bisbiguanide 
toward negatively charged ions present in the cell membrane. 
The CHX molecule due to its dicationic nature, binds to the tooth 
surface and interacts with the bacterial membrane which leads 
to disorganization of the cell membrane of bacteria through the 
displacement of calcium ions by CHX molecules. This causes leakage 
of cell material and impairment of transportation of metabolites and 
ions through the membrane.16 S. mutans biofilm was susceptible 
to 0.12% CHX, with a biomass reduction of over 80% observed after 
treatment with 0.12% CHX for 1 hour.17 However, there is a lack of 
literature data to support long-term clinical evidence for caries 
prevention with CHX.

An exposure time of 10 seconds for typical mouthwash may 
reduce the microorganism count. This can be attributed to the 

Germany) at 40× magnification and qualitatively analyzed for the 
presence of fluorescence either viable (green) or dead (red) bacteria. 
The percentage of viability was determined using Image J software.

The Statistical Package for Social Science (SPSS) version 10.5 
software was used for statistical analysis. Mean values were 
estimated and analyzed using one-way ANOVA test and p-value 
of  <0.05 was considered as statistically significant.

re s u lts

MIC and MBC
Zero turbidity was seen in dilutions 1:16, 1:8, 1:4, and 1:2. Thus, 1:16 
dilution was confirmed to be as MIC of M. pudica L. leaf extract. 
Minimum growth of 1–5 colonies was seen in dilutions 1:4 and 
1:2. Thus, 1:4 dilutions were confirmed to be MBC of M. pudica L.  
leaf extract.

Immediate Effect on Bacterial Metabolism
Table  1 shows the OD values of each group obtained by mean 
viability indicated by redox indicator dye by bacterial metabolism. 
All the groups showed a significant difference between them after 
10 seconds exposure. Based on OD values, CHX (group II) showed 
higher antibacterial efficacy with significant difference with groups 
I and III as shown in Table 1.

Antibiofilm Evaluation
The treatment with CHX and M. pudica L . resulted in large 
differences in biofilm density as compared to the control as 
seen in Figures 1A to C. The live/dead assay revealed that there 
was statistically significant difference among all the groups. The 
density of dead bacteria was higher in CHX group as compared to 
the other test groups. Chlorhexidine treated sample showed 96% 
dead bacteria followed by M. pudica L. which showed 38.42% dead 
bacteria while saline group showed 100% viable organisms.

Table 1: Immediate effect on bacterial metabolism—OD values were 
shown (p < 0.05)

Groups OD at 570 nm

M. pudica L. (group I) 1.947 ± 0.069a

CHX (group II) 1.348 ± 0.037b

Saline (group III) 2.848 ± 0.053c

a,b,cRepresents statistical significant difference

Figs 1A to C:  Confocal scanning laser microscopy of oral biofilms following exposure to test rinses. The 3D projections show representative 
images of biofilm and the depth profiles plotted through the deepest section of the biofilm. Red—nonviable mass, green—viable mass.  
(A) M. pudica L.; (B) CHX; (C) saline
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cl I n I c A l sI g n I f I c A n c e
M. pudica L. may be considered as a viable, natural antimicrobial 
mouthrinse for preventive strategies in medical management of 
dental caries. It can be formulated as an oral herbal mouthrinse or 
can be incorporated as antibacterial component in dentifrices to 
reduce oral biofilm formation in high caries risk patients.

co n c lu s I o n
Within the limitations of this study, it can be concluded that 10% 
aqueous extract of M. pudica L. was effective against S. mutans as 
a mouthrinse, but it showed less antimicrobial action than CHX. 
With future research on increasing its efficacy, M. pudica L. may be 
considered as a viable, natural alternative antimicrobial mouthrinse 
for preventive strategies in medical management of dental caries.
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