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Inhibitory Effects of Green Tea Polyphenols on the Production
of a Virulence Factor of the Periodontal-Disease-Causing
Anaerobic Bacterium Porphyromonas gingivalis
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The effect of polyphenolic compounds isolated from green tea (Camellia sinensis) on the production
of toxic end metabolites of Porphyromonas gingivalis was investigated. Green tea polyphenols
completely inhibited the production of n-butyric acid and propionic acid at a concentration of 1.0—2.0
mg/mL in general anaerobic medium (GAM). (—)-Epigallocatechin gallate (EGCg), which is a major
component of tea polyphenols also inhibited the production of phenylacetic acid at 0.5 mg/mL in
GAM broth. In the experiment using resting cells of P. gingivalis, phenylacetic acid was produced
from L-phenylalanine and phenylpyruvic acid, but this reaction was also inhibited by EGCg, (—)-
epicatechin gallate, and (—)-gallocatechin gallate. However, (+)-catechin, (+)-gallocatechin, (—)-
epicatechin, and (—)-epigallocatechin did not inhibit those reactions. These results indicate that the
inhibitory effect on the production of toxic end metabolites of P. gingivalis can be attributed to the
presence of the galloyl moiety, which is ester-linked with the 3-OH of the catechin moiety in the
polyphenolic compounds. This study shows that continuous application of tea polyphenols on a daily
basis can be considered as a useful and practical method for the prevention of periodontal diseases.

KEYWORDS: Green tea polyphenols; ( —)-epigallocatechin gallate;  Porphyromonas gingivalis ; periodontal
disease; phenylacetic acid

INTRODUCTION at millimolar concentrations7(-10). These concentration levels

Periodontal diseases bring inflammatory and destructive were 'Fhe_same Ie_vels four_1d i gingiualisculture supernatant

.~ and gingival crevicular fluid of periodontally diseased subjects
?11). Furthermore, these compounds injure periodontal cells and
result in degradation of tissues by bacterial proteinases. For these
reasons, the inhibition of toxic end metabolite production is as
important as the inhibition of growth and cellular adherence of
P. gingivalisin preventing periodontal diseases.

Recent studies on the effects of green tea polyphenols (tea
catechins) on dental caries showed that the polyphenols de-
creased caries risk in vitrd 2, 13) and in vivo (4, 15). It was
dalso reported that green tea polyphenols inhibit the collagenase
activity (16), growth and cellular adherencebf gingivalis (17),
known as the virulence factors of periodontal disease.

Dental caries and periodontal disease are two major diseases
occurring in the mouth. There are many reports about the
influence of food constituents on dental caries causing bacteria
0(7—10, 18, 19), but very few studies reported with regard to
S|oeri0d0n'[al disease. This paper reports the effects of green tea

polyphenols on the production of toxic end metabolites of
P. gingivalis, one of the virulence factors of periodontal diseases.

for the bacteria in subgingival plaguRorphyromonas gingalis
(formerly Bacteroides gingivalis) has been frequently isolated
from the gingival pockets of patients with advanced adult
periodontitis ¢, 2). P. gingivalis adheres to oral epithelial cells.
Adherence of bacteria to their host tissue cells is the first step
of the bacterial infection. The adhered bacteria begin their
growth, colonization, and production of virulent factors that
injure the host tissue cells3). P. gingivalis has several
periodontal pathogenic factors, including membrane-associate
proteases, immunoactive cellular compounds, and cytotoxic
metabolic end products (4—6).

Cytotoxic metabolic end products (butyric acid, propionic
acid, phenylacetic acid, etc.) are producedrbygingivalisin
the periodontal pockets. These compounds easily penetrate int
periodontal tissue, due to their low molecular weight, and
subsequently disturb host cell activity and host defense system
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Figure 1. Structures of green tea polyphenols.

tococcus mutans1T8148 were used in this study. These bacteria were
grown in general anaerobic medium (GAM, Nissui Medical Co., Tokyo,

Japan) at 37C in an anaerobic atmosphere of 80% 6% CQ, and

5% Ho.

Tea Polyphenol Preparations Examined and Chemicals Em- . . ST
ployed. The sample examined in this study was a mixture of green tea Metabolic end product2g). Figure 2 shows thaP. gingivalis

polyphenols, which was prepared by extracting Japanese green tea381 produces a variety of fatty acids in GAM broth, and their

(Camellia sinensis) with hot water and then by partitioning with ethyl
acetate, as reported previously (12). It was composed mainly-pf (

catechin (G, 3.5%), (-)-epicatechin (EC, 7.0%),H)-gallocatechin
(GC, 14.8%), {-)-epigallocatechin (EGC, 15.0%);}-epigallocatechin
gallate (EGCg, 18.0%)«)-epicatechin gallate (ECg, 4.6%), anel)¢

gallocatechin gallate (GCg, 11.6%). For examination, each component
of these polyphenolic compounds was also isolated in its pure state,

by the method reported previouskigure 1) (12). All other chemicals
used were of reagent or analytical grade.
Analysis of Short-Chain Fatty Acids. Short-chain fatty acids of

cell free culture filtrates were analyzed by a modification of the method
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(HPLC). Short-chain fatty acids in the cell free culture filtrate were
converted to their respective 2-nitrohydrazides using 1-ethyl-3-(dimethyl
amino propyl) carbodiimide hydrochloride for the HPLC analysis. A
Waters 600E liquid chromatography with a Waters 490E multiwave-
length detector (operating at 400 nm) and a Waters 741 data module
were used. A YMC-Pack FA column (25@-6-mm i.d., YMC, Kyoto,
Japan) was maintained at 86 and eluted with acetonitrile/methanol/
water (18:12:70 to 42:28:30) by a linear gradient system for 40 min at
a flow rate of 1.2 mL/min.

Preparation of Resting Cells.Resting cells ofP. gingivalis 381
were prepared by the method previously repor@d).(P. gingivalis
381 was cultured for 48 h and harvested outside the anaerobic chamber
by centrifugation at 80apfor 15 min. The cells were then washed
three times in a 10 mM potassium phosphate buffer (pH 7.2) containing
10 mM MgCk and 5 mM mercaptoethanol. The centrifugation and
washing process resulted in nonsurvival of the pelleted bacteria as
indicated by a lack of growth on GAM inoculated with the concentrated
bacteria and incubated anaerobically for 5 days. The pellet of bacteria
was stored at-80 °C.

Production of Fatty Acids by Resting Cells.For each experiment,
a mixture of 0.2 mL of each substrate (37.5 mM), 1 mlPofgingivalis
resting cell suspension (18 mg/mL) and 0.3 mL of 10 mM potassium
phosphate buffer (pH 7.2) was used. After 24 h incubation &C3in
a test tube, the mixture was centrifuged at 89®r 10 min. The
amount of fatty acid in the supernatant of the mixture was analyzed by
HPLC as mentioned above.

RESULTS & DISCUSSION

Inhibition of Short-Chain Fatty Acid Production of P.
gingivalis. P. gingivalis isolated from human periodontal
pockets is known as a bacterium that produces cytotoxic

numbers and amounts are numerous in comparison with other
oral bacteriaS. mutandMT8148 andP. meraninogenicuSAl
5596. The main cytotoxic end products;butyric acid and
propionic acid were produced in the GAM broth. The production
of these fatty acids was inhibited by green tea polyphenol
mixture in dosage dependent mannkig(res 3 and4). The
production ofn-butyric acid and propionic acid was inhibited
at concentrations of tea polyphenol mixture of 0.5 mg/mL for
42 h and 1.0—2.0 mg/mL for 90 h.

Inhibitory Effect of EGCg on the Production of Phenyl-

of Miwa et al. (20), using high performance liquid chromatography acetic Acid in GAM Broth. HPLC or gas chromatography of
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Figure 2. HPLC chromatogram of free metabolic acids from oral bacteria extracted from GAM broth after 72 h of anaerobic culture. L, lactic acid; A,
acetic acid; Pr, propionic acid; B, n-butyric acid; IV, isovaleric acid; PA, phenylacetic acid. a, S. mutans MT8148; b, P. gingivalis 381; c, P. melaninogenicus



1690 J. Agric. Food Chem., Vol. 52, No. 6, 2004

12

10+

n-butyric acid (mM)

0o 10 20 30 40 50 60 70 80 90 100
Time (h)
Figure 3. Inhibitory effect of tea polyphenols (TP) on the production of
n-butyric acid in GAM broth. @, 0 mg/mL of TP; M, 0.125 mg/mL of TP;
A, 0.25 mg/mL of TP; O, 0.5 mg/mL of TP; 00, 1.0 mg/mL of TP; A, 2.0
mg/mL of TP. Data are expressed as mean * standard deviation
(n = 3).
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Figure 4. Inhibitory effect of tea polyphenols (TP) on the production of
propionic acid in GAM broth. @, 0 mg/mL of TP; B, 0.125 mg/mL of TP;
A, 0.25 mg/mL of TP; O, 0.5 mg/mL of TP; O, 1.0 mg/mL of TP; A, 2.0
mg/mL of TP. Data are expressed as mean * standard deviation
(n=23).

acidic end products in the medium is frequently used for the
classification and identification of anaerobic bacteria. Phenyl-
acetic acid is a characteristic end productPofgingivalis in
distinguishing it from other oral assacharolyBacteroides
(Porphyromonas) species (2324). As shown inFigure 2, P.
gingivalis produces phenylacetic acid in GAM broth, but other
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Figure 5. Inhibitory effect of EGCg on the production of phenylacetic
acid and the growth of P. gingivalis 381 in GAM broth for 48 h
anaerobically. Bar graph, phenylacetic acid; @, P. gingivalis growth. Data
are expressed as mean + standard deviation (n = 3).

Table 1. Effect of Various Compounds on the Production of
phenylacetic acid by resting cells of Porphyromonas gingivalis

compounds penylacetic acid?
(5 mm) (mM)
none 0.45+0.12
L-phenylalanine 2.76 £0.34
D-phenylalanine 0.50£0.16
3-phenylpropionic acid 0.32+0.19
phenylpyruvic acid 3.10+£0.44
glycyl-L-phenylalanine 217+0.29

ability but retained metabolic ability with respect to the
production of phenylacetic acid from various substraiedle
1 shows resting cells oP. gingivalis produced phenylacetic
acid fromL-phenylalanine, phenylpyruvic acid, and glyayl-
phenylalanine but not from-phenylalanine or 3-phenylpropi-
onic acid. Resting cell suspension controls, which are absent
of added substrates, always produced a certain amount of
phenylacetic acid, presumably owing to the action of proteases
on cellular material and the subsequent metabolism of released
L-phenylalanine. When resting cells were heated at°TDr
15 min, phenylacetic acid was absent even whphenylalanine
or phenylpyruvic acid were added to the reaction mixture. It
seems that no conversion iphenylalanine or phenylpyruvic
acid into phenylacetic acid could have occurred under those
conditions.

Inhibitory Effect of Tea Polyphenols on the Production
of Phenylacetic Acid by Resting Cells of. gingivalis. It is

oral bacteria that are not causing periodontal disease do notsuggested that phenylpyruvic acid may be an intermediate in
produce this acidic end product. This compound has beenthe conversion of phenylalanine to phenylacetic a@é)(

reported to exhibit cytotoxity in combination with other fatty
acids (n-butyric acid or propionic acid) (25).
Growth of P. gingivaliswas inhibited by EGCg, which is a

Phenylacetic acid was actually produced from phenylpyruvic
acid by resting cells oP. gingivalisin the experiment. This
production was completely inhibited by EGCg, ECg, and GCg,

major component of green tea polyphenols, and the CFU/mI of but it was not inhibited by &), GC, EC, and EGCTable 2).
this bacterium in the broth was decreased in the concentrationEGCg inhibited the production of phenylacetic acid not only
dependent manner. The production of phenylacetic acid in the from phenylpyruvic acid but also from-phenylalanine and

broth was also inhibited by EGCdrigure 5). However, it is

glycyl-L-phenylalanine (Table 3). Among the tea polyphenols,

noteworthy that the production of phenylacetic acid was almost EGCg, ECg, and GCg had high inhibitory activities, whilg,C

completely inhibited at 0.5 mg/mL of EGCg, but at that time,
survival cells ofP. gingivalis were 2.7 x10® CFU/mI in the

GC, EC, and EGC were not so effective. The polyphenol
effective for inhibition of phenylacetic acid production was the

same broth. This fact suggests that the amount of phenylaceticcatechin derivative which bears a galloyl moiety linked by an

acid produced byP. gingivalis is not compatible with the
survival cell number and that EGCg inhibits the pathway of
toxic end products such as phenylacetic acid.

Phenylacetic Acid Production by Resting Cells ofP.
gingivalis. The production of phenylacetic acid was examined
using resting cells dP. gingivalis. Resting cells lacked growth

ester linkage (Figure 1).

In our previous papers, tea polyphenols containing a galloyl
moiety were found to act as inhibitors to both glucosyltransferase
of Streptococcus mutarand Streptococcus sobriny@3), and
collagenase of some eukaryotic and prokaryotic cell8).(
Furthermore, the adherence Bf gingivalis on the host cells
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Table 2. Effect of polyphenolic compounds on the production of
phenylacetic acid from phenylpyruvic acid by resting cells of

Porphyromonas gingivalis® 1)

phenylacetic acid® (2
cpds (mM)
none 3.45+0.38
Co 351+0.60 ®)
GC 3.48 £0.44
EC 3.50 £ 0.39 (4)
EGC 3.75+0.51
ECg 0.11+0.06
EGCg 0.06 £0.02 (5)
GCqg 0.03+£0.01

a Concentration of compounds, 1.0 mg/ml; incubation time, 24 h. b Values are ©)
mean + sstandard deviation (n = 3).

Table 3. Inhibitory effect of EGCg on the production of phenylacetic
acid from various substrates by resting cells of Porphyromonas
gingivalis?

()

concn of EGCg phenylacetic acid®

substrate (mg/ml) (mM) ®)
L-phenylalanine 0 3.04£0.37
0.5 2.00+0.11

10 1564023 ©)
phenylpyruvic acid 0 3.67£0.41
0.5 0.73+0.05
1.0 0.08+0.01
glycyl-L-phenylalanine 0 2.69+0.29
0.5 1.77+0.15
1.0 0.90 +0.04

(10)

2 |ncubation time, 24 h. ® Values are mean + standard deviation (n = 3).

was also inhibited by EGCgl0). It is thus evident that the
inhibitory effects shown by tea polyphenols of gallate type are
attributed to the structural contribution of the galloyl moiety
linked by an ester linkage with 3-OH of catechin structural
molecules.

This paper has shown that green tea polyphenols greatly
reduce the ability ofP. gingivalis to produce toxic end
metabolites. This fact may indicate that green tea polyphenols (13)
or their components have the possibility to be applicable as a
remedy for the prevention of periodontal diseases. It is
noteworthy that a cup of green tea extract (100 mL) usually
contains 56-150 mg of tea polyphenol2{, 28). This concen-
tration of tea polyphenols is nearly equal to those used in the
experiments in this paper. A green tea extract is usually
consumed during and after each meal as a custom in Japan, (15
and a traditional saying states that green tea clean the mouth.
This is supported by present and previous studi®s-(14,18,

19), since green tea polyphenols reduces the risk of dental caries (16)
and periodontal disease.

(11

(12)

(14

=

ABBREVIATIONS USED

C+), (+) catechin; EC, £) epicatechin; GC,+) gallocat-
echin; EGC, {) epigallocatechin; ECg;«) epicatechin gallate;
EGCg, () epigallocatechin gallate; GCg;-§ gallocatechin
gallate; GAM, general anaerobic medium; HPLC, high-
performance liquid chromatography.
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