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Abstract: The components of green tea extracts
such as catechins and polyphenols gain increasing
significance in tumor research and immunology.

The clinical double blind study presented here
was aimed at the investigation on how green tea
catechins and polyphenols in the form of green
tea dragées may influence the inflammatory beha-
viour of the gingiva. A total of 47 test persons
with a mean age of 25.76 years (23 males, 24 fe-
males) were randomly divided into two groups:
one group (n = 22: 11 males, 11 females) received
chew candies containing green tea extracts, the
other group (n = 25: 12 males, 13 females) re-
ceived placebos with the same flavour but without
active substances. At the beginning of the four
week investigation period, a professional dental
cleaning was carried out on all test persons. Then
the persons were instructed to do their usual den-
tal cleaning and chew eight candies distributed
over the day. The API (approximal plaque index)
and the SBI (sulcus bleeding indexf were deter-
mined after seven days (API-1, SBI-1) and after an-
other 21 days (API-2, SBI-2). Within the verum
group, a mean value of 33.2% + 18.3% was deter-
mined for API-1, and 29.6% + 17.5% for API-2.
The mean SBI-1 was 5.9% + 7.6%, and 3.6% +
5.8% for SBI-2. The clinical data within the place-
bo group were different: The plaque index values
changed from API-1 30.3% + 16.3% after one
week to API-2 31.8% + 17.2% after another three
weeks. The values for the inflammatory degree of
the gingiva had also changed to the negative: from
SBI-13.4% + 4.1% after seven days to SBI-2 4.7%
+ 6.4% after another 21 days. Whereas in the
verum group a distinct improvement in both API
and SBI values could be stated, slight worsening of
the values were determined for the placebo group.
The results indicate that the oral application of
green tea catechins and polyphenols might have a
positive influence on the inflammatory reaction
of periodontal structures.
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INTRODUCTION

In the last two decades, the consumption of green
tea products and their popularity in the Western
part of the hemisphere rapidly increased while
these products are an important part of the basic
diet in the whole Asian-Pacific area for more than
four thousand years.

Several thousand years ago, the tea plant
Camellia sinensis was origina%ly discovered and
cultivated in South-East Asia, and said to arrive at
China about 2700 BC at the time of the emperor
Shen Nung (Harbowy et al. 1997). Since these
days, green tea worldwide enjoys an enormously
high per capita consumption which is almost com-
parable with that of water. In the Federal
Republic of Germany, the total consumption of
green tea increased - in 1998 alone - from 1685 t to
4870 t compared to the previous year (Deutscher
Teeverband e.V.).

Today almost thirty countries cultivate tea and
apply value adding methods (Ahmad et al. 1998,
Katiyar et al. 1996).

Green and black tea as well as the semi-ferment-
ed Oolong tea are different kinds of tea which
originate from the same plant of Camelliz sinensis
but are essentially different in their processing.
For green tea the tea leaves are picked, rolled. The
intra-cellular enzymes are inactivated immediately
after harvesting by gentle heat treatment.

This is different for the fully-fermented black
tea and the semi-fermented Oolong tea where the
enzymes are allowed to act in full during the wilt-
ing process. Depending on the wilting time, the
fermentation may take up between 5% and 100%
of the whole processing time. The fermentation
process was developed in the 18 and 19th century
to preserve the tea especially for the long trans-
port from Asia to Europe. Before this time, only
the processing of green tea was known in Asia as
well as in Europe. In the medical field the increas-
ing number of scientific studies on green tea
underlines the importance of the effects associated
with green tea components in plant pharmacolo-
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gy. In numerous fields of general medicine as well
as in dentistry, the effect of green tea and its com-
ponents on healthy and sick organisms has been
investigated in vivo and in vitro, as described in
the following.

First of all, the studies in the field of tumor pre-
vention and therapy regarding the effect of green
tea polyphenols on tumor growth, e.g. with lung
(Sazuka et al. 1997), prostate (Gupta et al. 2000)
and squamous cell carcinomas (Li et al. 1999,
Yang et al. 1999) and on precancerous stages in the
oral cavity (Khafif et al? 1998) have to be men-
tioned here. In addition, a protective influence of
green tea polyphenols against cardiovascular dis-
eases is discussed (Tijburg et al. 1997).

In dentistry, especially the influence of green
tea components on plaque development and the
possible reduction ofpcaries formation as well as a
curative effect on the inflammatory gingiva and
the affected periodontium is of interest for the
field of prevention.

Besides the proven effect of the high fluoride
content in green tea on the enamel hardening and
the support of remineralisation res ectively, re-
cent findings on the influence of polljyphenols on
the metabolic process, the possible adhesion of the
bacteria as Weﬁ as on the influence on the metab-
olism of some bacteria present in the oral flora are
gaining importance (Yu et al. 1992, Rasheed et al.
1998, Horiba et al. 1991, Tagashira et al. 1997,
Sakanaka et al. 1996).

In the field of periodontology, the influence of
the radicals released by leucocytes with deficient
respectively lacking antioxidative response on
the organism in the case of chronic ad%lt perio-
dontal disease is discussed (Guarnieri et al. 1991,
Chapple et al. 1997). These studies can open a
new field for green tea research activities as the
antioxidative effect of the polyphenols has al-
ready been investigated to a large extent (Benzie
et al. 1999).

For the occurrence of destructive periodontal
diseases, it is also known that the decomposition
of collagenous fibres caused by bacterial collage-
nase is a decisive pathogenic process (Larivee et
al. 1986, Golub et al. 1979, Golub et al. 1976).
Numerous studies prove that above all the
treatment of some forms of periodontal diseases
with antibiotics from the tetracycline group,
which inhibit the production of certain bacterial
collagenases, was successful (Genco 1981,
Korman et al. 1982, Makimura et al. 1993). In
this context, it was found that green tea poly-
phenols inhibit not only the collagenase activity
in the lung carcinoma cells (Sazul%a et al. 1997)
but also the activity of Porphyromonas gingivalis
(Golub et al. 1983), a pathogenic periodontal bac-
terium.

In the present clinical study, the possible influ-
ence of cﬁew candies containing green tea extract
on the metabolic behaviour of the oral plaque and
the inflammatory process of periodontal struc-
tures were examined on a group of young patients
showing a good general condition.
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MATERIAL AND METHODS

The stimulating effect of caffeine is one of the
qualities of green tea for which it is known and
valued for a long time. Although tea does not
have any physiological nutritional value it con-
tains, however, components which are important
from the medical point of view. The green tea
polyphenols, and here in particular the catechins
andy their effect on the whole organism, have
gained more and more importance in the last
years as will be explained in the following.

The catechins can be divided into six groups:
(+)-Catechin (C), (-)-Epicatechin (EC), (+)-Gallo-
catechin (GC), (-)-Epigallocatechin (EGC), ()-Epi-
catechingallate (ECg) und ()- Epigallocatechin-
gallate (EGCg) (Sakanaka et al.1989).

Table 1. Components of green tea in percent of the dry
substanceaccording to Balentine et al.1997; Herrmann
1983.

Parts of the components

Components of the green
in the green tea infusion

tea leaf extract

(in%)
Catechin 30-42
Theaflavins 0
Flavonols 2
Other Polyphenols 6
Caffeine 3-6
Theanin/Amino acids Je3
Peptides/Proteins 6
Carbohydrates 11
Potassium 5
Other mineral substances 5-8

Table 2. Division of the components of green tea gums in
weight-percent.

Components Placebo  Verum
Sorbit-dry substance 25.2 24.9
Maltitol syrup-dry substance 25.6 25.3
Gum arabicum 35.2 34.7
Water 13.01 13.1
Dye-dry substance 0.21 —
Plant extract, green 0.13 0.13
Tea-Aroma 0.39 0.32
Bitter-Aroma 0.26 —
Tea-extract — 1.55
PATIENTS

For the clinical double blind study 47 volunteers
(students of the Johannes Gutenberg University
of Mainz) were selected, 23 males and 24 females
with a mean age of 25.76 years. Persons with
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systemic, metabolic or irofound periodontal dis-
eases, with pregnancy, rheumatic complaints, per-
manent medication, less than 20 teeth and chain
smokers (more than 15 cigarettes per day) were
excluded. The participants were divided into two
groups, one group (n = 22: 11 males, 11 females)
received chew candies with green tea extract, the
other group (n = 25: 12 males, 13 females) re-
ceived placebos with the same flavour but without
active substance. The mean age of the verum
group was 26.05 + 4.19 years, that of the placebo
group 25.48 + 2.77 years.
The average weight of a chew candy was 1.1 g.

METHOD OF DENTAL EXAMINATION

At the beginning of the study, which lasted four
weeks, a thorough dental examination including
the evaluation of the periodontal situation and a
professional dental cleaning was carried out with
each person. All persons were instructed to con-
tinue their regular dental care with the dental
brush and tooth paste they normally used. In ad-
dition, they were instructed to chew eight can-
dies distributed over the day (chewing time per
candy about five minutes, total daily chewing
time about 40 minutes, interval without chewing
1 hour each). After seven days and again after an-
other 21 days the bacterial plaque accumulation
was determined using the Approximal Plaque
Index (API-1 after one week, API-2 after another
three weeks). The inflammatory degree of the
gingiva was determined using the Sulcus Bleeding
Index (SBI-1 after seven days, SBI-2 after another
21 days). Furthermore, an examination of the
oral mucosa was done in further examinations. In
addition, the test persons were asked about their
subjective estimation regarding the possible posi-
tive influence of the chew candy on the oral mu-
cosa. They could give details about the taste of
the candies and their texture or solubility respec-
tively.

RESULTS
VERUM GROUP

After the first week of the study, the test persons
from the verum group (n = 22: 11 males, 11 fe-
males) showed a mean value of the approximal
plaque index (API) of 33.2% + 18.3%. After three
more weeks the participants showed a slight re-
duction to 29.6% + 17.5%. The mean values of
the sulcus bleeding index (SBI) were at 5.9% +
7.6% or 3.6% + 5.8% respectively.

PLACEBO GROUP

After four weeks, the mean value of the approxi-
mal plaque index (API) of the placebo group
slightly increased from 30.3% + 16.3% to 31.8%
+ 17.2%). After four weeks, the mean value of the
sulcus bleeding index (SBI) also increased from
3.4% + 4.1% to 4.7% + 6.4%.
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EVALUATION OF THE MEDICAL DATA

For the verum group the data generally improved
even if the results were not significant. These
slight differences may result from the fact that all
test persons exhibited a good oral hygiene as they
were dental students.

The interviews on subjective data showed that
all test persons liked the taste of the candies and
that the texture was experienced as being of a
pleasant hardness and a tolerable adhesiveness.
The examination of the oral mucosa did not show
any pathological results.

Table 3. Results of the probands’ indices.

Verum-group Placebo-group

(n = 22) (n = 25)
Age 26.0 + 4.2 255 + 2.8
API1 33.2% + 18.3% 30.3% + 16.3%

API?2 29.6% + 17.5% 31.8% + 17.2%

SBI 1 5.9% + 7.6% 3.4% + 4.1%

SBI 2 3.6% + 5.8% 4.7% + 6.4%
DIsCUsSION

The present study had the objective to determine
to what extent green tea catechins in chew candies
would influence the clinical process of gingival in-
flammation. For the verum group the results
showed a slight decrease in gingival inflammation
after four weeks based on the approximal plaque
index (API) as well as on the sulcus bleeding index
(SBI), while for the placebo group a slight increase
in API and SBI vaﬁles were stated (Fig. 1). The
positive results of the verum group may be attrib-
uted to the proven inhibitory action of green tea
polyphenols on the cellular adhesiveness of
Streptococcus mutans and also Porphyromonas
gingivalis. Tagashira et al. (1997) and Sakanak et
al. (1996) found earlier that the presence of green
tea polyphenols inhibits the cellular adherence to
the buccal mucous membrane and the growth of
Porphyromonas gingivalis, especially due to (-)-
Epigallocatechingallate (Sakanaka et al.). The so-
called Hop-bract polyphenols from green tea and
Ooolong tea extract with high molecular weight
display an inhibitory influence on the cellular ad-
herence and the glucane synthesis of Strepto-
coccus mutans (Tagashira et al). It could not be
verified in the present study that gum arabic used
as candy base had an inhibitory effect on the for-
mation and accumulation of plaque (Gazi 1991),
as the placebo group showed a slight increase of
the SBI value, although the placebo contained
gum arabic as well. It could also not been proven
- as the presented results showed - that the chew-
ing of sorbitol containing candies may result in.a
reduced plaque accumulation (Hoermann et al.
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Fig. 1. Structural formula of the green tea catechins.
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1990) as sorbitol was part of the candies given to
the verum as well as to the placebo group, because
only the values of the placebo group, showed an
increase in the approximate plaque index (API).

The Hawthorne effect (Jeffcoat 1992), describ-
ing a push in motivation mainly at the beginning
of the study at all participants, could have a posi-
tive impact on the stated result. This is, however,
contradicted by the bad API and SBI values of the
placebo group, because the pretreatment was the
same for both groups and none of the participants
nor the investigators of this double lglind study
knew whether they were taking or handing out
the green tea containing chew candy or the place-
bo type.

In the present clinical study on the influence of
chew candies containing green tea extract on the
clinical process of gingival inflammations, it could
be demonstrated that there is a possible positive
influence of the polyphenols on the reduction of
the inflammatory inclination of the gingiva as
well as on the inhibition of plaque accumulation.
The API and SBI values of the verum group
showed the tendency of improvement whereas
the values of the placebo group aggravated slight-
ly. This study also confirms the results of other
studies on the effect of green tea polyphenols re-

(-)-epigallocatechin
gallate (EGCg)

6

OH
Fig.1. Mean index values of the Verum-
and Placebo-group in percent.

garding the plaque formation behaviour and the
influence on pathogenic bacteria in the oral flora.

REFERENCES

Ahmad N, Katiyar SK, Mukhtar (1998) Cancer chemo-
prevention by tea polyphenols. Nutrition and chemi-
cal toxicity John Wiley & Sons, West Sussex,
England, pp 301-343

Balentine DA, Wiseman SA, Bouwens LCM (1997) The
chemistry of tea flavonoids. Crit Rev Food Sci Nutr
37(8): 693-704

Benzie IF, Szeto YT, Strain JJ, Tomlinson B (1999)
Consumption of green tea causes rapid increase in
plasma antioxidant power in humans. Nutr Cancer
34(1): 83-87

Chapple ILC (1997) Reactive oxygen species and antioxi-
dant in inflammatory disease. ] Clin Periodontol 24:
287-296

Gazi MI (1991) The finding of antiplaque features in
Acacia Arabica type of chewing gum. ] Clin
Periodontol 18: 73-77

Genco R] (1981) Antibiotics in the treatment of human
periodontal disease. ] Periodontol 52: 545-558

Golub LM, Kaplan R, Mulvihill JE, Ramaurthy NS
(1979) Collagenolytic activity of crevicular fluid and
of adjacent gingival tissue. ] Dent Res 58: 2132-2136



November 30, 2000

Golub LM, Siegel K, Ramamurthy NS, Mandel ID
(1976) Some characteristics of collagenase activitiy in
gingival crevicular fluid and its relationship to gingi-
val disease in humans. ] Dent Res 55: 1049-1057

Golub LM, Lee HM, Lehrer G (1983) Minocycline re-
duces gingival collagenolytic activity during diabetes.
Preliminary observations and a proposed new mecha-
nism of action. ] Periodont Res 18: 516-526

Guarnieri C, Zucchelli G, Bernardi F, Scheda M,
Valentini AF, Calandriello M (1991) Enhanced super-
oxide production with no change of the antioxidant
activity in gingival fluid of patients with chronic
adult periodontitis. Free Radic Res Commun 15(1):
11-16

Gupta S, Ahmad N, Nieminen AL, Mukhtar H (2000)
Growth inhibition, cell-cycle dysregulation, and in-
duction of apoptosis by green tea consistuent (-)-epi-
gallocatechin-3-gallate in androgen-sensitive and an-
drogen-insensitive human prostate carcinoma cells.
Toxicol Appl Pharmacol 164(1): 82-90

Harbowy ME, Balentine D (1997) Tea chemistry. Crit
Rev Plant Sci 16: 415-80

Herrmann K (1983) Wertgebende Bestandteile des Tees -
eine Ubersicht. Lebensmittelchem Gerichtl Chem
37:30-35

Hoerman KC, Gasior EJ, Zibell SE, Record D,
Flowerdew G (1990) Effect of gum chewing on
plaque accumulation. J Clin Dent 2(1): 17-21

Horiba N, Maekawa Y, Ito M, Matsumoto T, Nakamura
H (1991) A pilot study of japanese green tea as a me-
dicament: antibacterial and bactericidal effects. J
Endodon 17(3): 122-124

Jeffcoat MK (1992) Principles and pitfalls of clinical
trials design. | Periodontol 63: 1045-1051

Katiyar SK, Mukhtar H (1996) Tea in chemoprevention
of cancer: Epidemiologic and experimental studies
(Review). Int J Oncol 8:221-238

Khafif A, Schantz SP, al-Rawi M, Edelstein D, Sacks PG
(1998) Green tea regulates cell cycle progression in
oral leukoplakia. Head Neck Sep; 20(6): 528-534

Kornman KS, Karl EH (1982) The effect of long-term
low dose tetracycline therapy on the subgingival mi-
croflora in refractory adult periodontitis 53: 604-610

Larivee ], Sodek J, Ferrier JM (1986) Collagenase and
collagenase inhibitor activities in crevicular fluidof
patients receiving treatment for localized juvenile pe-
riodontitis, ] Periodont Res 21:702-715

Li N, Han C, Chen J (1999) Tea preparations protect
against DMBA-induced oral carcinogenesis in ham-
sters. Nutr Cancer 35(1): 73-79

EUROPEAN JOURNAL OF MEDICAL RESEARCH 467

Makimura M, Hirasawa M, Kobayashi K, Indo ],
Sakanaka S, Tagushi T, Otake S (1993) Inhibitory
Effect of Tea Catechins on Collagenase Activity. ]
Periodontol 64: 630-636

Rasheed A, Haider M (1998) Antibacterial activity of
Camellia sinensis extracts against dental caries. Arch
Pharm Res Jun; 21(3): 348-352

Sakanaka S, Kim M, Taniguchi M, Yamamoto T (1989)
Antibacerial substances in Japanese green tea extract
against Streptococcus mutans, a cariogenic bacteri-
um. Agric Biol Chem 53(9): 2307-2311

Sakanaka S, Aizawa M, Kim M, Yamamoto T (1996)
Inhibitory effects of green tea polyphenols on
growth and cellular adherence of an oral bacterium,
Porphyromonas  gingivalis.  Biosci  Biotechnol
Biochem 60(5): 745-749

Sazuka M, Imazawa H, Shoji Y, Mita Y, Isemura M
(1997) Inhibition of collagenase from mouse lung car-
cinoma cells by green tea catechins and black tea
theaflavins. Biosci Biotechnol Biochem Sep; 61(9):
1504-1506

Tagashira M, Uchiyama K, Yoshimura T, Shirota M,
Uemitsu N (1997) Inhibition by hop bract polyphen-
ols of cellular adherence and water-insoluble glucan
synthesis of mutans streptococci. Biosci Biotechnol
Biochem 61(2): 332-335

Tijburg LBM, Mattern T, Folts JD Weisgerber UM,
Katan MB (1997) Tea flavonoids and cardiovascular
diseases — A review. Crit Rev Food Sci Nutr 37(8):
693-704

Yang CS, Lee M], Chen L (1999) Human salivary tea cat-
echin levels and catechin esterase activities: implica-
tion in human cancer prevetion studies. Cancer
Epidemiol Biomarkers Prev 8(1): 83-89

Yu H, Oho T, Tagomori S, Morioka T (1992} Anti-
cariogenic effects of green tea. Fukuoka Igaku Zasshi
Apr; 83(4): 174-180

Received: September 25, 2000 / Accepted: November 22,
2000

Advress for correspondence:

Dr. T. Krahwinkel

Policlinic for Restorative Dentistry
Johannes Gutenberg-University Mainz
Augustusplatz 2, 55131 Mainz, Germany
Tel.  +49(0)6131-173058

Fax +49(0)6131-173406

e-mail krahwink@mail.uni-mainz.de




