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ABSTRACT: Aim: To evaluate the antibacterial efficacy of green tea extract against two primary colonizers in vitro and to
evaluate and compare the antiplaque efficacy in vivo with 0.2% chlorhexidine.

Materials and methods: The minimum inhibitory concentration (MIC) of 0.2% chlorhexidine and green tea were determined
in vitro using agar dilution method. A double-blinded, parallel, randomized, 4 day plaque regrowth clinical trial was designed
and conducted to determine and compare the antiplaque efficacy of 0.2% chlorhexidine (groupl) and green tea (group 2).
Thirty subjects (15 males, mean age 31.9 years), participated in the clinical trial, and the plaque index (Silness and Loe 1964)
were compared at the 5t day. Statistical analyses for evaluation of plagque growth and comparison between groups were
performed by independent t test.

Results: Green tea mouthrinse shows effective antibacterial action against two selected primary colonizers. When compared
between groups chlorhexidine hows least MIC. Both groups showed an effective reduction in plaque re-growth. When
compared between groups, chlorhexidine showed more plaque control efficacy than green tea, but the results were not
statistically significant (p= 0.778).

Conclusion: The findings of this study suggest that green tea shows effective antibacterial against two primary colonizers with
an antiplagque action which is comparable with 0.2% chlorhexidine.
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1 INTRODUCTION

Epidemiological (Ash et al.) and clinical research (Loe et al.) suggest a direct association between dental plaque and
chronic gingivitis. [1,2] The initial microbial challenge and the host susceptibility are the main contributing factors to the
development of inflammatory periodontal disease. Hence, inhibition of bacterial colonization has a pivotal role in the
prevention of periodontal disease. Supragingival plaque (which is essential for subgingival plaque development) control is the
mainstay of primary and secondary prevention of periodontal disease. [3]

Mechanical plagque control by tooth brushing is the most ideal way of preventing gingivitis and periodontitis.
Unfortunately, most of the subjects fail in following a quality self performed mechanical plaque control.[4] These limitations
can be overcome by the adjunctive use of antimicrobial agents which are also effective in preventing growth of biofilm in soft
tissue surfaces.[5] Evidence from a meta-analysis strongly support the adjunctive use of antimicrobial agents compared to
mechanical plaque control.[6]

Antimicrobial resistance, adverse effects of chlorhexidine (like staining, taste alterations, etc.) redirect the attention of
researchers to more traditional ways of treating disease. Recently complementary and alternative medicine (CAM) has
become more popular due to the natural way of curing various diseases. [7]

Green tea (Camellia sinensis) is one of the most popular natural products in the world. Recently, intake of green tea
catechins has been shown to have great potential in prevention of various diseases (cardiovascular and cancer development).
[8, 9] The benefits of green tea are attributable to the presence of various polyphenols such as (-) -epigallocatechin-3-gallate
(EGCG), (-) - epigallocatechin (EGC), (-) - epicatechin -3-gallate (ECG) and (-) - epicatechin. Green tea catechins also showed
bactericidal property against Porphyromonas gingivalis (Pg) Prevotella spp[10] and Tannerella forsythus (Tf) and beneficial in
preventing periodontal disease.[11] The aim of the present study was to evaluate the antibacterial efficacy of green tea
extract against two primary colonizers in vitro and to evaluate and compare the antiplaque efficacy in vivo.

2 MATERIALS AND METHODS

The study was designed in two parts: First part evaluated the minimum inhibitory concentration (MIC) of test (green tea)
and control (chlorhexidine) agents by in vitro agar dilution method. Second part was a clinical trial to test the antiplaque
efficacy of mouthrinse in a 4 day plaque regrowth model in vivo.

2.1 IN VITRO TESTING

The blood agar plates were prepared using TSA (Trypticase Soy broth-30g, Agar 15g) and 5% defibrinated sheep blood (Fig
1). Bacterial strains were inoculated on blood agar plate and incubated at 37°C at 24-48 hours. The growth of bacteria was
then confirmed by observing under a light microscope (Fig 2).

The minimum inhibitory concentration (MIC) was determined against reference strains of two predominant early
colonizers on supragingival plaque: Streptococcus sanguinis (ATCC 10556) and Streptococcus oralis (ATCC 9811). The MIC of
green tea and 0.2% chlorhexidine against each test bacterial strain was measured by an agar dilution method. One hundred
microlitres of strain suspension were added to the agar plate containing two fold serial dilutions of each agent. This offered
the final concentrations of test and control. The plates were then incubated for 18 hours at 35°C.[12]

2.2 IN VIVO TESTING

Green tea mouth rinse was extracted from the leaves using soxhlet extractor with heating of solvent (water). The
apparatus are fitted properly and extraction is started with the appropriate heating of solvent. The solvent boiled and
converted to vapour and condensed. The hot liquid falls in the drug in extractor and extractor filled with the solvent due to
which the level of siphon tube also rises gradually then falls into the solvent flask. The same process is repeated for 2-3 times
to obtain the complete extract. Finally extracted green tea was diluted with distilled water to a concentration of 1:1
(5mg/mL) and transferred to a container.

This double-blinded, parallel, randomized, 4 day plaque regrowth clinical trial was conducted in the Department of
periodontics, Sri Hasanamba dental college & hospital, Hassan, Karnataka, India. A total of 32 patients (16 males, 16 females,
Mean age 31.9 Years) were screened from the out-patient department of periodontics in November 2013. A total of 32
patients were enrolled based on the following inclusion criteria: 1) a minimum of 22 natural teeth, 2) no fixed or removable
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appliances, 3) no more than full coverage restorations, and 4) participants who are systemically healthy without any medical
or pharmacological history. The protocol for the study was approved by the institutional ethics committee and written
informed consent was obtained from the participants before the commencement of the study. The selected subjects were
divided randomly into two groups (group 1 and 2) using the lottery method and the participants were masked to the
mouthrinse received. Mouthrinses were filled in coded, sealed, matching bottles with printed instructions for usage (Fig 3)
and dispensed by a masked dispenser. Clinical assessments were performed by a single examiner who blinded to the study
groups.

Group 1: 0.2% chlorhexidine mouthrinse (Hexidine®).
Group 2: Green tea mouthrinse.

On dayl, all participants received a careful oral examination and then proceeded with scaling and polishing to make the
tooth surface free of visible plaque, calculus and extrinsic stain. All patients were instructed to abstain from all forms of oral
hygiene measures except the allocated mouth rinse for a period of 4 days. Subjects were asked to rinse 10 ml of prescribed
mouth rinse for 60 seconds twice daily (morning and evening after food). On day 5, all patients were evaluated for plaque
regrowth by means of Plaque index (PI) (Silness and Loe 1964). Consort flow diagram and study design are shown in Fig 4 and
5 respectively.

3 STATISTICAL ANALYSIS

Statistical analyses for evaluation of plaque growth and comparison between groups were performed by independent t
test.

4  RESULTS
4.1 INVITRO

The MIC of the two agents is given in Table 1. The lowest concentration of the green tea that inhibited the visible growth
of the microorganisms was considered as MIC. The prevention of growth of microorganisms was confirmed using a light
microscope. Green tea has shown effective inhibition of microbial growth in pure culture. The MICs of green tea for S.
sanguinis and S. oralis were 512 and 128ug/ml respectively.

4.2 IN VIVO

A total of 32 patients (16 male and 16 female) with an age range of 31.9 years, were enrolled in this study. They were
randomly assigned into test and control groups. Thirty patients followed the study protocol and completed the trial period.
One patient from each group failed to report on 5t day due to personal reasons. No adverse effects were reported in any of
the subjects.

Table 2 depicts descriptive statistics of Plaque Index after 4 days. Comparison of plaque index after 4 days is shown in
Table 3. Both chlorhexidine and green tea showed an effective reduction in plaque re-growth. When compared between
groups, chlorhexidine showed more plaque control efficacy than green tea, but the results were not statistically significant p=
0.778 (Fig 6). The mean plaque scores were 0.55+0.37, 0.59+0.36 for group 1 and 2 respectively (Table 2).

5 DISCUSSION

The landmark studies by Loe et al. and Theilade et al. demonstrates a direct association between microbial plaque
accumulation and initiation of gingivitis. [2, 13,14] Later, the role of microorganism (Socransky et al) and individual host
susceptibility to the development of inflammatory periodontal disease (Hart et al.) was established. [15,16] However, the
main strategy of periodontal treatment still focuses on elimination of microbial plaque followed by meticulous oral hygiene
measures.

Green tea catechins are well known for its anti oxidative, antimicrobial, anticariogenic and anti carcinogenic activity.
Epigallaocatechin in green tea has been found to be beneficial in deodorizing methyl mercaptan (CH;SH), a volatile sulfur
compound (VSC) which causes halitosis.[17] Various polyphenols in green tea are also effective against periodontal
pathogens, especially P gingivalisloand also inhibits bone resorption.[18] The level of catechins in tea varies according to the
collection and processing of the leaves. The maximum level of catechins is detected in green tea (non fermented) than
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oolong tea (semi fermented) and black tea (fermented).[19] The tea leaves which are fresh and produced by drying and
steaming, preserve the catechins by preventing oxidation. The present study was designed to evaluate the efficacy of green
tea against two primary colonizers. The MIC of green tea and chlorhexidine was determined for chosen bacteria. Then the
antiplaque efficacy of green tea was evaluated and compared with chlorhexidine.

Both microorganisms show susceptibility to chlorhexidine and green tea. Compared to green tea, chlorhexidine
demonstrated lesser MIC. The inhibitory effects of green tea on streptococcus species in vitro suggest its action in controlling
plague growth. When considering the clinical efficacy of two agents for antiplaque action, chlorhexidine showed better
reduction in plaque regrowth than green tea. But there was no statistical significant difference between the groups
(p=0.778). As the vitro and in vivo results were supported by each other, it would be reasonable to say that green tea is as
efficacious as chlorhexidine in inhibiting plaque regrowth.

Studies conducted by Sakanaka et al. and Rasheed and Haider clearly showed the inhibitory effects of green tea catechins
(MIC in the range of 50-1000ug/ml) on dental caries causing microorganisms like S. mutans and S. sobrinus. [20,21]The
proposed mechanisms of action of catechins were by inhibiting the proliferations of streptococcus species, by inhibiting
bacterial glucosyl transferase and preventing adherence to enamel. You SQ investigated the use of 0.2% green tea solution as
a rinse and found a significant reduction in plaque index which is similar to the present study. [22]He also showed that there
were no developments of resistance in repeated cultures. Thus, green tea can be used as an effective antiplaque agent
especially in patients who are susceptible to gingivitis.

The varied benefits of green tea, such as easy availability, reduced cost; less staining, antibacterial property and less
resistance make this natural product an effective therapeutic agent against periodontal disease. Further long-term trials with
large samples and antibacterial action of green tea against other primary colonizers are needed to provide more promising
evidence.

6 FIGURES

Fig. 1. Streptococcus species grown on agar plate
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Fig. 2. Growth of bacteria shown under microscope (100x)
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Assessed for eligibility n=32
Enrollment (16 males, 16 females, mean age 31.9 Years)

4{ Excluded n=0

| Randomized n=32 ‘

Allocation

Allocated to Control (0.2%chlorhexidine)
intervention
Received allocated intervention (n=14)

Allocated to Test (Green tea) intervention
Received allocated intervention (n=16)

Lost to follow-up (3= 1)
Reason — Failed to report in time

Analvzed (n= 15)
Excluded from analwvsis (n=0)

Fig. 4.

Follow up
Lost to follow-up (n= 1)
Reason — Not willing to continue.
Analysis
Analvzed (n= 13)
Excluded from analwvsis (n=0)
Study flow diagram
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Oral examination.

On day 1 Scaling and polishing.
Instructions for usage of mouthrinse for 4
davs.
Advised to refrain from all other oral
hvgiene aids
5th dav Oral examination.
B N Plaque index (Silness P and Loe H. 1964).
Anv adverse effects are noted.
Fig. 5. Study design
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Fig. 6.

7 TABLES

Comparison of Plaque Index after 4 days between groups

Table 1. MIC of test agents against oral microorganisms

Microorganisms tested ATCC Reference No. 0.2% Chlorhexidine Green tea
Streptococcus sanguinis 10556 62 512
Streptococcus oralis 9811 62 128

Table 2. Descriptive statistics of Plaque Index after 4 days based on roup

Group Mean SD Median
Chlorhexidine 0.55 0.37 0.49
Green Tea 0.59 0.36 0.50
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8

Table 3. Comparison of Plaque Index after 4 days between group

Group Mean SD N t p
Chlorhexidine 0.55 0.37 15
Green Tea 0.59 0.36 15 0.29 0.778

CONCLUSION

Within the limitations of the study, it was demonstrated that green tea is safe and effective in inhibiting oral bacteria and
also in reducing plaque regrowth.

REFERENCES

(1]
(2]
(3]
(4]
(5]
(6]
(7]
(8]

[0l
(10]

(11]

(12]

(13]
(14]
(15]

(16]
(17]

(18]

(19]
(20]
(21]

[22]

Ash M, Gitlin BN, Smith NA. Correlation between plaque and gingivitis. J Periodontol 1964;35:425-9.

Loe H, Theilade E, Jensen SB. Experimental gingivitis in man. J Periodontol 1965;36:177-87.

Hancock EB. Prevention. World workshop in periodontics. Ann Periodontol 1996;1:223-49.

Van der Weijden GA, Hioe KP. A systematic review of the effectiveness of self-performed mechanical plaque removal in
adults with gingivitis using a manual toothbrush. J Clin Periodontol 2005;32(S):6214-28.

Sekino S, Ramberg P, Uzel NG, Socransky S, Lindhe J. The effect of a chlorhexidine regimen on de novo plaque
formation. J Clin Periodontol 2004;31(8):609-14.

Gunsolley JC. A meta-analysis of six-month studies of antiplague and antigingivitis agents. J Am Dent Assoc.
2006;137(12):1649-57.

McCoy LC, Wehler CJ, Rich SE, Garcia RI, Miller DR, Jones JA. Adverse events associated with chlorhexidine use: Results
from the department of veterans affairs dental diabetes study. ] Am Dent Assoc 2008;139:178-183.

Taniguchi S, Fujiki H, Kobayashi H, et al. Effect of (-)-epigallocatechin gallate, the main constituent of green tea, on lung
metastasis with mouse B16 melanoma cell line. Cancer Lett 1992;65:51-4.

Wolfram S. Effects of green tea and EGCG on cardiovascular and metabolic health. J Am Coll Nutr 2007;26:373S-88S.
Hirasawa M, Takada K, Makimura M, Otake S. Improvement of periodontal status by green tea catechin using a local
delivery system: A clinical pilot study. J Periodontal Res 2002;37;433-8.

Hattarki SA, Pushpa SP, Bhat K. Evaluation of the efficacy of green tea catechins as an adjunct to scaling and root planing
in the management of chronic periodontitis using PCR analysis: A clinical and microbiological study. J Indian Soc
Periodontol 2013;17(2):204-9.

National Committee for Clinical Laboratory Standards. Methods for dilution antimicrobial susceptibility tests for bacteria
that grow aerobically. 4th ed. Approved standard M7-A4. Wayne, Pa: National Committee for Clinical Laboratory
Standards; 1997.

Loe H, Theilade E, Jensen SB, Schiott CR. Experimental gingivitis in man.lll.The influence of antibiotics on gingival plaque
development. J Periodontal Res 1967;2:282-9.

Theilade E, Wright WH, Jensen SB, Loe H. Experimental gingivitis in man.IlLA longitudinal clinical and bacteriological
investigation. J Periodontal Res 1966;1:1-13.

Socransky SS, Haffajee AD. The bacterial etiology of destructive periodontal disease: current concepts. J Periodontol
1992;63:322-31.

Hart TC, Kornman KS. Genetic factors in the pathogenesis of periodontitis. Periodontol 2000 1997;14:202-15.

Yasuda H, Arakawa T. Deodorzing mechanism of (-)-epigallaocatechin against methyl mercaptan. Biosci Biotechnol
Biochem 1995;59:1232-6.

Yun JH, Pang EK, Kim CS, Yoo YJ, Cho KS, Chai JK, et al. Inhibitory effects of green tea polyphenol (-)-epigallocatechin
gallate on the expression of matrix metalloproteinase-9 and on the formation of osteoclasts. J Periodontal Res
2004;39:300-7.

Lin YS, Tsai YJ, Tsai JS, Lin JK. Factors affecting the levels of tea polyphenols and caffeine in tea leaves. J Agric Food Chem
2003;51:1864-73.

Sakanaka S, Kim M, Taniguchi M, Yamamoto T. Antibacterial substances in Japanese green tea extract against
Streptococcus mutans, a cariogenic bacterium. Agric Biol Chem 1989; 53:2307-11.

Rasheed A, Haider M. Antibacterial activity of Camellia sinensis extracts against dental caries. Arch Pharm Res
1998;21:348-52.

You SQ. Study on feasibility of Chinese green tea polyphenols for preventing dental caries. Chin J Stom. 1993;28:197-9.

ISSN : 2351-8014 Vol. 16 No. 1, Jun. 2015 178



