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Impact of an Antibacterial Toothpaste as an Adjunct to
Scaling and Root Planing on Gingivitis and the Relative
Abundance of Periodontal Pathogens: A Three-Month
Randomized Controlled Trial
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Objective: To evaluate the efficacy of toothpaste containing glycyrrhiza and curcuma longa extracts as an adjunct to scaling
and root planing (SRP), versus a negative control, in reducing gingivitis and the relative abundance (RA) of periodontal
pathogens.
Methods: This was a randomized, double-blinded, placebo-controlled, single-center, three-month clinical trial. Each subject
aged 20 to 69 years had ≤2 teeth with a probing depth ＞4 mm at each quadrant. At baseline, a placebo or anti-bacterial
toothpaste was given to each subject. The first clinical examination and gingival crevicular fluid (GCF) sampling were performed just before SRP. After 2, 6, and 10 weeks of SRP, clinical examination and GCF sampling were performed again. The
clinical index included the percentage of bleeding on probing (%BOP) and Loe and Silness’s gingival index (GI). The RA of
seven species of periodontal pathogens was measured in GCF samples using real-time polymerase chain reaction.
Results: Forty-three subjects (21 and 22 subjects in the control and experimental groups, respectively) were analyzed. In the
experimental group, the reduction of gingivitis at 10 weeks was significantly greater than that in the placebo group in terms
of GI (p=0.128) and %BOP (p=0.004) scores. The RA of Porphyromonas gingivalis decreased a little more over all follow-up periods in the experimental group than in the placebo group. There was a significantly greater reduction in the RA of
Tannerella forsythia at 2 weeks in the experimental group versus placebo (p=0.023).
Conclusion: A toothpaste containing glycyrrhiza and curcuma longa extracts may reduce gingivitis and RA of periodontal
pathogens.
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There are currently three theories regarding the etiology of
periodontal disease. The nonspecific plaque hypothesis, which
was proposed as a result of experimental gingivitis and periodontitis studies being conducted [1-3], supports professional
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mechanical tooth cleaning, subgingival debridement, and selforal hygiene management for the prevention and treatment of
periodontitis. However, in contrast to the nonspecific plaque
hypothesis, the specific plaque hypothesis was suggested because only relatively a few bacteria are thought to be involved
in the development of periodontal disease. In 1996, at American Academy of Periodontology Workshop, it was proposed
that Porphyromonas gingivalis, Actinobacilus actinomycetemcomitans, Bacterioides forsythus [4], Prevotella intermedia, and Treponema denticola should be considered as periodontal pathogens. This specific plaque hypothesis is supported by the finding that antibiotic therapy is effective in people who were unsuccessful in treating their periodontitis with
mechanical debridement alone.
However, the specific plaque hypothesis also failed to explain how people who have putative periodontal pathogens
can also have good periodontal health [5]. Therefore, the ecological hypothesis was suggested and emphasized that a change
in key environmental factors, such as the amount of periodontal pathogens, and the immune response of the host in terms
of homeostasis [6]. Recently, a hypothesis proposed that oral
microbial symbiosis and microbial dysbiosis (or imbalance)
leading to an overabundance of P. gingivalis and T. denticola
were important factors in the prevention of periodontitis [7].
In the ecological hypothesis, the relative abundance (RA) of
periodontal pathogens is an important predictor of periodontitis. Meuric et al. [8] reported that the RA of periodontal
pathogens showed a strong correlation with the periodontal
pocket depth, and suggested that the RA of periodontal pathogens can be used to measure dysbiosis. Ramseier et al. [9] also
used the RA of periodontal pathogens, alongside additional biomarkers, such as matrix metalloproteinase (MMP)-8 and
MMP-9, for detecting periodontitis. However, although clinical indices and microbiological variables are used when evaluating the efficacy of oral care products, such as toothpastes
and mouthwash, no study, to our knowledge, has also evaluated the RA of periodontal pathogens as an efficacy endpoint.
Meanwhile, studies investigating the anti-inflammatory effects of toothpastes containing herbal extracts, such as glycyrrhiza and curcuma, have been conducted [10,11]. Glycyrrhiza
has been used for the treatment of indigestion and stomach inflammation [12], and curcuma longa extract was reported to
exert a strong antioxidant effect [13]. There are currently no
studies, to our knowledge, reporting the effects of toothpastes
containing glycyrrhiza and curcuma longa extracts.
Therefore, the aim of this randomized controlled trial was
to evaluate the efficacy of toothpastes containing glycyrrhiza
and curcuma longa extracts as an adjunct to scaling and root
planing (SRP) compared to a placebo toothpaste in the reduc-
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tion of gingivitis and the RA of periodontal pathogens.

Materials and Methods
This study was a randomized, double-blinded, placebocontrolled, single center, three-month clinical trial. Research
was conducted according to the principles outlined in the
Declaration of Helsinki on experimentation involving human
subjects. The study protocol was approved by the Institutional
Review Board of Apple tree Dental Hospital (#0841-201605002-01). All patients were individually informed about the
study protocol, its risks and benefits, and provided signed informed consent forms.

1. Subject population
Participants were recruited between November 2016 and
October 2017. Random allocation was used, and a block size
was two. Men and women aged between 20 to 69 years were
eligible for inclusion if they had at least two teeth with a probing depth (PD) greater than four millimeters at each quadrant.
Exclusion criteria included pregnant women; the use of antibiotics and anti-inflammatory drugs within the past three
months; uncontrolled diabetic mellitus; subjects with less than
20 natural teeth; and subjects with orthodontic appliances.

2. Sample size estimation
Based on the hypothesis that the effective size of percentage
of bleeding on probing (%BOP) is 3.7 and standard deviation
is 4.0, a total of 20 individuals was estimated for each group
with a type I error of 5% and a power of 80%. To compensate
for a possible 10% drop-out rate during the course of the study,
a total of 44 subjects were to be selected.

3. Experimental design
At baseline, a placebo or anti-bacterial toothpaste containing 0.6% curcuma longa extract and 0.1% glycyrrhiza extract
(Doctrust 2X; Docsmedi, Goyang, Korea) was given to each
subject using randomized allocation. A trained interviewer
asked all of the enrolled subjects about health behaviors, such
as smoking and drinking, and oral health behaviors, such as
the daily frequency of toothbrushing, regular dental visits, and
the regular use of floss or inter-dental brushing. The data for
gender, age, oral health status, and medical history were collected by two oral hygienists using hospital medical records.
The oral examination and gingival crevicular fluid (GCF)
sampling were performed by a single experienced dentist who
used PD, clinical attachment loss (CAL), the %BOP, and Loe
& Silness’s gingival index (GI) from six locations around each
tooth, except distal sites of second molars. PD and CAL were
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measured to the nearest millimeter using a periodontal probe
(UNC-15; Hu-Friedy, Chicago, IL, USA). SRP was performed by a single experienced dentist just after conducting the
questionnaire interview, clinical examination, and GCF sampling. Clinical exams and GCF samplings were performed
again at 2, 6, and 10 weeks after SRP.

4. Microbiological assessment
Microbial analyses were performed at baseline, 2, 6, and 10
weeks after SRP by calculating the RA of periodontal pathogens in the GCF samples. At the end of each clinical periodontal examination, GCF samples were collected together
from the mesio-buccal or mesio-lingual site of two teeth with
the worst periodontal condition. After supragingival plaque
removal and isolation of the sample sites using cotton gauze,
four sterilized paper points (#20) were inserted into the gingival sulcus for 20 seconds. Paper points were placed in cryotubes and stored at −80℃ until they were processed. Bacterial genomic DNA from paper points was extracted using an
ExiPrepDx Bacteria Genomic DNA Kit (Bioneer, Daejeon,
Korea) following the manufacturer’s manual. Detection of A.
actinomycetemcomitans, P. intermedia, P. gingivalis, Fusobacterium nucleatum, Tannerella forsythia, T. denticola, and
Campylobacter rectus was evaluated using real-time quantitative polymerase chain reaction (qPCR) (ExicyclerTM 96; Bioneer)
Ⓡ
with TaqMan probes (AccuPower Holobio P Kit; Bioneer).
To determine the total bacterial colonization in plaques, 16s ribosomal ribonucleic acid genes were used. To obtain the RA,
the percentage of each species in the whole bacterial population was calculated by dividing the number of target species
by the total number of bacteria. Primers for qPCR analysis of
oral bacteria colonization in GCF sample are presented in
Table 1.

5. Statistical analysis
All analyses were performed using the Statistical Package

for the Social Sciences (IBM SPSS) ver. 19.0 software (IBM
Corp., Armonk, NY, USA). Statistical significance was determined as p<0.05. The outcome variables were the changes
of RA, GI, and %BOP between the examinations. The formula
is as follows: N weeks change of an outcome variable= the
value of an outcome variable at baseline–the value of an outcome variable at N weeks after SRP. The difference in the
change of RA, GI, and %BOP between the two groups was analyzed using univariate analysis of variance adjusted for gender, age, smoking, drinking, daily frequency of toothbrushing,
use of dental floss, and regular dental visits in the general linear model.

Results
The flow chart of the experimental design is presented in
Figure 1. In total, 245 individuals were assessed for eligibility.
Among these, eight individuals did not meet inclusion criteria
and 189 individuals declined to participate. Forty-eight subjects were randomly allocated into the two groups (placebo
and anti-bacterial toothpaste groups). Of the 24 subjects randomized into the anti-bacterial group, one subject did not receive any allocated treatment intervention. In the placebo group,
all subjects received an allocated intervention. One subject in
the anti-bacterial group and three subjects in the placebo group
were lost to follow-up because of their refusal to participate.
Overall, 22 subjects in the anti-bacterial group and 21 subjects
in the placebo group completed the study.
Table 2 compares demographic characteristics and the overall health and oral health behaviors between the two groups.
There were no differences among any of the variables, except
for regular dental visits, between the two groups. There was a
marginal, non-significant difference between the groups in
terms of regular dental visits (p=0.055).
Table 3 shows the differences in the change in %BOP and
GI at 2, 6, and 10 weeks between the two groups. The change

Table 1. Primers for qPCR analysis of oral bacteria colonization in gingival crevicular fluid samples
Bacterial species

Forward primer (5’-3’)

Reverse primer (5’-3’)

Aggregatibacter actinomycetemcomitans
Prevotella intermedia
Porphyromonasgingivalis
Fusobacterium nucleatum
Tannerella forsythia
Treponema denticola
Campylobacter rectus
Universal

AGAAGAAGCACCGGCTAACT
AATACCCGATGTTGTCCACA
TAGCTTGCTAAGGTCGATGG
GGGAATATTGGACAATGGAC
AATACCTGTCGGCGACC
CCGAATGTGCTCATTTACATAAAGGT
GAGGCAGTAATGCACCTAAC
TGTCGTCAGCTCGTGTCGTG

GATTTCACACCTCACTTAAAGGTCC
CCTTCCTCTCAGAACCCCTA
CAAGTGTATGCGGTTTTAGT
CCGTCACTTCTTCTGTTGGT
ACTACCTAATGGTACGCATG
GATACCCATCGTTGCCTTGGT
CCATCTCTGGATGATTTGTT
TGATTTGACGTCGTCCCCAC

qPCR: quantitative polymerase chain reaction.
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Figure 1. Flow chart of study design.

Table 2. Univariate comparisons of characteristics of subjects between
groups (n=43)
Characteristic
Age (yr)
Gender
Men
Women
Present smoking
Non-smoker
Past smoker
Current smoker
Present drinking
Non-drinker
Past drinker
Current drinker
Daily frequency of toothbrushing
Once or less
Twice
Three times or more
Usage of floss or interdental brush
No
Occasionally
Everyday
Regular dental visit
No
Yes

Anti-bacterial

Placebo

52.68±5.20

49.19±9.09

12 (54.5)
10 (45.5)

12 (57.1)
9 (42.9)

9 (40.9)
6 (27.3)
7 (31.8)

10 (47.6)
8 (38.1)
3 (14.3)

8 (36.4)
6 (27.3)
8 (36.4)

8 (38.1)
3 (14.3)
10 (47.6)

1 (4.5)
10 (45.5)
11 (50.0)

2 (9.5)
5 (23.8)
14 (66.7)

3 (13.6)
11 (50.0)
8 (36.4)

3 (14.3)
11 (52.4)
7 (33.3)

4 (18.2)
18 (81.8)

10 (47.6)
11 (52.4)

Values are presented as mean±standard deviation or number (%).
Determined by chi-square test for categorical variables and by t-test for
continuous variables.
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Table 3. Comparison of the change in %BOP and GI at 2, 6, and 10
weeks between groups
Outcome
%BOP
GI

Group

2 weeks

6 weeks

10 weeks

Anti-bacterial
Placebo
Anti-bacterial
Placebo

0.10±0.13
0.06±0.17
0.22±0.20
0.19±0.15

0.09±0.15
0.07±0.13
0.25±0.24
0.20±0.16

0.14±0.12**
0.02±0.17
0.25±0.21
0.18±0.20

Values are presented as mean±standard deviation. N weeks change=
value at baseline–value at N weeks after scaling and root planing.
p-value determined by univariate analysis of variance adjusting for
gender, age, smoking, drinking, daily frequency of toothbrushing, use
of dental floss, and regular dental visit in the general linear model (**p＜
0.01). %BOP: percentage of bleeding on probing, GI: gingival index.

in the %BOP at 10 weeks in the anti-bacterial group was significantly higher versus the placebo group (p=0.004). The
change in GI at 10 weeks in the anti-bacterial group also
slightly higher than that in the placebo group, but this difference was not statistically significant (p=0.128).
Table 4 compares the change in the RA of periodontal
pathogens at 2, 6, and 10 weeks between the two groups. The
change in the RA of P. gingivalis in the anti-bacterial group
was slightly larger at 2 (p=0.130), 6 (p=0.149), and 10 weeks
(p=0.087) versus the placebo group. There was a significantly
greater reduction in the RA of T. forsythia in the anti-bacterial
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Table 4. Comparison of the change in the relative abundance of periodontal pathogens at 2, 6, and 10 weeks between groups
Species
Porphyromonas gingivalis
Prevotella intermedia
Tannerella forsythia
Treponema denticola
Actinobacilus actinomycetemcomitans
Fusobacterium nucleatum
Campylobacter rectus

Group
Anti-bacterial
Placebo
Anti-bacterial
Placebo
Anti-bacterial
Placebo
Anti-bacterial
Placebo
Anti-bacterial
Placebo
Anti-bacterial
Placebo
Anti-bacterial
Placebo

2 weeks
0.98±1.28
0.63±1.27
−0.11±0.47
0.36±0.81
1.20±1.28*
0.37±0.51
0.25±0.42
0.47±0.95
−0.04±0.20
−0.04±0.11
0.01±0.71
0.18±0.87
0.76±1.02
0.44±0.83

6 weeks
0.83±1.28
0.52±1.30
0.02±0.48
0.18±0.79
0.54±1.81
0.15±0.58
0.22±0.80
0.15±0.55
−0.06±0.18
0.01±0.36
−0.08±0.74
0.03±0.72
0.06±1.50
0.28±0.64

10 weeks
0.71±1.38
0.23±1.55
0.09±0.12
−0.10±0.65
0.50±1.99
−0.15±0.92
0.08±0.72
0.02±1.06
0.04±0.31
0.02±0.08
0.07±0.85
0.03±0.91
0.30±1.33
0.10±0.90

Values are presented as mean±standard deviation. N weeks change=value at baseline–value at N weeks after scaling and root planing. p-value
determined by univariate analysis of variance adjusting for gender, age, smoking, drinking, daily frequency of toothbrushing, use of dental floss, and
regular dental visit in the general linear model (*p＜0.05).

group versus the placebo group at 2 weeks after SRP (p=0.023).

Discussion
The present study findings suggest that toothpaste containing glycyrrhiza and curcuma longa extracts may reduce the
occurrence of gingivitis and decrease the RA of periodontal
pathogens. To our knowledge, no previous study has measured the effect of toothpaste on the RA of periodontal pathogen, so the results of this study could not be directly compared
to other literature findings. Seymour et al. [3] reported the effect of triclosan/copolymer-containing toothpaste on the total
numbers of bacterial cells in terms of triclosan group-to-placebo group ratios, rather than the relative proportion of periodontal pathogens. Although significant differences in the geometric means for P. gingivalis and F. nucleatum were demonstrated in this study, no statistically significant effect was observed following a Bonferroni correction for multiple comparisons.
The present study has demonstrated that, compared with
placebo, toothpaste containing glycyrrhiza and curcuma longa
extracts significantly reduced the change in the %BOP by
14% (on average) at 10 weeks. The RA of T. forsythia was also
significantly decreased by 1.2% (on average) in the subjects
receiving the antibacterial toothpaste compared to the placebo
group. However, the change in the RA of P. gingivalis was not
significantly different between the experimental and placebo
groups. In the experimental group, however, the reduction in
the RA of P. gingivalis from baseline was maintained, where-

as, in the placebo group, the RA of P. gingivalis steadily decreased over time but there was little change at week 10.
Moreover, in the experimental group, there was a trend indicating that GI increased, but this was not observed in the placebo group.
Recently, it has been recognized that the symbiotic status of
bacteria in the oral cavity is important because bacterial diversity is maintained, rather than antibacterial concept which reduces microorganisms themselves [14]. For example, if the
percentage of the bacteria such as P. gingivalis or T. denticola
increases, this will lead to dysbiosis, in which the bacterial
flora is unified as a bad germ, and is suggested to contribute to
the progression of the periodontal disease. In this regard, the
results of this study suggest that toothpaste containing glycyrrhiza and curcuma longa extracts reduce the ratio of P. gingivalis and T. denticola, which might contribute to the conversion of oral microorganisms from dysbiosis to symbiosis.
It is currently unknown how glycyrrhiza and curcuma longa
can help to maintain symbiosis of oral microorganisms. Bartold
and Van Dyke [15] suggested that the host inflammatory response can allow the pathogenic subgingival flora to flourish,
and determines whether or not the host converts from a state of
symbiosis to dysbiosis. Considering that glycyrrhiza exerts
anti-inflammatory effects [12] and curcuma longa is an antioxidant [13]; toothpaste containing glycyrrhiza and curcuma
longa extracts would be hypothesized to protect the host from
changing to a state of dysbiosis by raising and maintaining
immunity. Considering that both the experimental and the
control groups were treated with SRP, the reason for the de-
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crease in the RA variation of the control group over time is the
effect of daily toothpaste application.
This study has some limitations that should be considered.
First, the present study did not quantify expressional levels of
protein biomarkers, such as MMP-8, MMP-9, or interleukin6. Although these biomarkers were not quantified, we measured clinical indices including the %BOP and the GI. Moreover, patients were observed for a 10-week period. Second, reactive oxygen metabolites were not measured in the present
study. Both glycyrrhiza and curcuma longa are known to be
helpful in promoting host immunity. Therefore, to determine
the mechanism underlying the protective effects of glycyrrhiza and curcuma longa on the periodontal tissue, future studies should quantify protein biomarkers and reactive oxygen
metabolites.
However, there are several strengths to this study. To overcome the aforementioned shortcomings, the follow-up period
of this study was 10 weeks. This 10-week period was enough
to determine if the maintenance effect of toothpaste continues
after SRP treatment. Furthermore, we followed up with the
number of subjects who fit the estimated number of samples,
despite the high rejection rate. Also, in this study, we calculated the outcome variables by adjusting the patient’s health
behavior and demographic variables. This is a better study design than the existing clinical trial study which only compares
the outcome variables without correction. In actual clinical
practice, it is difficult to conduct 10-week continuous experiments by collecting the sociodemographic correction variables with high rejection rates.
As far as we know, this is the first study to examine the relative proportions of periodontal pathogens using toothpaste
containing herbal extracts. Although the effects of herbal extracts on intestinal microorganisms have been extensively
studied, there remains little information on the effects of these
extracts on the oral microbiome.
Therefore, this study could be considered as a starting point
for determining and discussing the relationship between herbal extracts and the oral microbiome, specifically the effects on
the symbiosis or dysbiosis status.

Conclusion
Toothpaste containing glycyrrhiza and curcuma longa extracts exhibited potent antibacterial effects on T. forsythia and
reduced BOP. It can be concluded that the glycyrrhiza and curcuma longa extracts displayed a significant antibacterial and
anti-inflammatory action.
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