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Inhibitory Effect of Tea Catechins on
Collagenase Activity

Masahkary Makimure, ¥ Masatomo Hirasawa, Kihef Kobayaski,* Jiro Indo, §
Senji Sokancka,’ Takashi Taguchi, * and Shigeo (take™

A MAJOR PURPOSE OF THIS STUDY was o examine inhibitory effect of the catechin
derivatives from Japanese green tea Camellia sinensis on collagenase activity. The crude
tea catechins, which contain ( + j-catechin (C), { - -epicatechin (EC), { -+ }-galiocatechin
(GC), {—)-epigallocatechin (EGC), (-~ )-epicatechin gallate {ECg), and {- }-epigallo-
catechin galate (EGCg), were tested for their ability to inhibit the prokaryotic and
eukaryotic cell derived collagenase activities. Among the tea catechins tested, ECg and
EGCg showed the most potent inhibitory effect on collagenase activity when an optimal
concentration of tea catechins (100 pg/ml) was added to reaction mixture containing
collagenase and collagen. Preincubation of collagenase with tea catechins reduced the
collagenase activity as well. In contrast to ECg and EGCg, the other four tea catechins
{C, EC, EGC, and GC) did not show ary ¢ollagenase inhibitory effect. Our results
suggest that the steric structure of 3-galloyl radical is important for the inhibition of
collagenase activity. The collagenase activity in the gingival crevicular fluid from highly
progressive adult periodomtitis was completely inhibited by the addition of tea catechins.
These results demonstrated that tea catechins containing galloyl radical possess the ability
to inhibit both eukaryotic and prokaryotic cell derived coliagenase. J Periodontol 1993;

64:630-636.
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The destruction of collagen fiber by a specific enzyme,
collagenase, is one of the umique characteristics of peri-
adontal disease (PDY. Thus, collagenase has been shown to
be an imporiant pathogenic factor for the development of
PD).** Numerous reports demonstrated a positive correla-
tion hetween the occurrence of high collagenase activity in
the exudate from the gingival crevice and the severity of
PD.%87 It has been reported thal collagenase is mainly
produced by inflammatory infiltrative cells and nssue cells
such as nestrophil,’ macropbage,¥ fibroblast, and epithelial
cell @ Purther, PD related bacieria including Prevorella and
Forphyromonas't'? species, Actinobacillus aciinomyce-
somromitens, 2 and Clostridium histolyticum'? were alse
capuble of producing collagenase.

A nomber of investigators have reporied that antibiotics
such as teracyelines possess beneficial effects in the treats
ment of PI3, 117 The effectiveness of this family of ant-
biotics is thought 1o reflect its ability to suppress the growth
of subgingival microorganisms. F Aliernatively, it was shown
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that PD can be prevented by the inhibition of collagenase
which was produced by both bacterial and mammalian cells.
‘Thus, tetracyclines were shown to inhibit gingival colia-
genolytic enzyme activity and skin collagen TeSOrphion in
both conventional and germiree rats.” Further, this anti-
biotic also inhibited collagenase activity in vitro.” Based
on these findings, part of the mechanism of the therapeutic
effect exhibited by tetracyclines is explained by the inhi-
bition of collagerase activity ©

In this report, we have studied the effect of mdividual
tea calechins extracted from Japanese green fea on GCF
collagenolytic enzyme sctivity in ordes to provide nassible
alternative tools for the meatment of PO, Cur results pro-
vided new evidence that specific forms of tea cateching
{e.g., ECg and EGCg) can inhibit the activity of o
from both sukarvotic and prokarvotic cells.

MATERIALS AND METHODS

Tea Catechins

The 122 catechins used in this study were originally isolated
frowm the teal of Comellia sinensis, known as Japanese grean
tex and found to contain six major cateching {4 catechin
(), {— epicatcchin (ECY, {+ j-galiocatechin {GOL - F
epigallocatechin (EGC), (- j-epicatechin gallate {ECg), and
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Collagenase acivity was determined using 8 commer-

Manipulative method. A mixiure solusion containing 100
ul of 0.1M acetic acid with 0.19% fluorescent cotlagen and
100 ! of 0.1M-Tris-HCl buffer (containing 0.4M NaCl
and 10mM CaCl,} was mixed with 200 i of test salution
(collagenase or GCF sample} and incubated at 35°C for the
appropriate period. To {erminate the reaction, 10 pl of 80mM
o-phenanthroline was added to the mixture. After additional
incubation for 60 minutes at 35°C to denature the broken
collagen, the mixtore was vigorously stirred by adding 400
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Figure 1. Structures of tea catechins.

Tabte 1. Clinical Observations

Pocket Depth Hone Loss™

Patieat Age Sex Region {mm} (%)
A 39 F i1y 8 50
B 38 M & & 44
C 42 F 7 8 60
D 45 F e 6 50
E 36 M 10 7 30
F 41 ¥ 10 7 50
G 34 M 6 6 40

~ Valge of bone loss from the CEJ 1o the zpex of the root was determined
from radiographs.

{ — l-epigallocatechin gailate (EGCg).** Details of the pu-
rification and chemical characterization of individual cate-
chins have been described by Sakanaka et al.?® Briefly, wa
catechin was extracted from tea leaves using ethyl acetate.
Individual catechins were further fractionated by silica gel
column wsing methanochioroform (10115 as elution solvenl.
Fach fraction was then purified by recycled high-perform-
ance liquid chromatography using & PVA HP-GPC column
JAIGEL GS-320°.% The structural formulas of the individ-
ual tea cateching are shown in Figure 1.

Test Collagenase

The commercially available coliagenase of Clostridium his-
tolviicum® origin which originaed from leech™ and cola-
penoiyiic proteinase from Kamechatka crab’™ was used in
this study, Further, 5 supernatant of Porphyromonas gin-

e 337 culture was used as collagenolyiic profeinase of

pathogenic bacteria related o FD.

Test Gingival Crevicolar Floids
Test gingival crevicuiar fuids (GCF) were collecied using

sibed intracrevicular method® from the
( of 7 patients with highly DIOEIEssive
% maje; 4 female,

wl of 0,17M-Tris-HCI buffer (pH 9.5, comiaining {570
Na(l), with 70% ethanol to precipitate non-denatured col-
tagen. After centrifugation for 10 minutes at 3,000 rpm,
the supematant was measured using a spectrophotofluori-
meters® at 495 am of excitation wavelength and 520 nm of
fluorescent wavelength. Substrate collagen solution was
heated to 80°C for 10 minutes and cooled to room temper-
ature 10 meastre the tolal amount of collagen.

Detecting the activity of test collagenase in this assqy
system. To investigate the influence of collagenase concen-
tration and incubation time on the inhibitory effect of ca-
techins, various concentrations of collagenase and incuba-
tion time (10, 25, and 50ng/mi and 30, 60, and 120 minules,
respectively) were used. The ratio of decomposed collagen
io the total collagen was calculated from the absorbance
and indicated by percent digestion. A GCF sample diluted
200 times was used as the test solution and & test was made
by setting the reaction time at 120 minutes. The enzyme
activity which decomposes coilagen in 1 pg per minute Was
indicated as 1 unit from the absotbance ratio of the decom-
posed collagen o the total collagen.

Elucidation of the Inhibition of Collagenase Activity
by Tea Catechin

Addition of tea catechin to reaction mixture. The same
method described above was used to investigate the effect
of tea catechins on coflagenase activity, except that 100 i
of 1ea catechin solution (0-100 ng/ml} was added © 106
2] of collagen-coliagenase solution (100 ng/mi) and inco-
bation dme was 120 minstes.

Pretreatment of collagen with tea catechin, To inves-
sigate whether or not the inhibition of collagenase activity
by tes catechin @ doe 10 the infimence on collagen, I ui of
1o catechin sofoton (S mg/ml) was zdded w© 200w of eol-
lagen solution. After 30 to £0 minutes incubation at 4°C,
ethano! was added to the mbaure, cince cthanol treatment
solubilized denatured collagen while native coliagen is insol-
sble. After stirring, the mixture was centrifuged for 10 min-
ates at 3,000 rpm. The sediment was then dissalved in 0.01M
scetic acid prior 10 use as collagen solution, using the mamp-
dlative method, As control, 2 pl of PBS was added 1o
collagenase solution instead of tea catechin.

I
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Pretreatment of collagenase with tea catechin. To di-
rectly demonstrate the inhibition of collagenase activity by
s catechin, collagenase solution was preincubated with
tea catechin (50 wg/mb) for 60 minutes at 4°C prior to the
manipulative method. The enzyme activity was compared
with contrel sample which was pretreated with an equal
volume of buffer without tea catechin.

Inhibition of Collagenase Activity by Refined
Polyphenol Compounds

An experiment was performed by a similar manipulative
method described above; 50 pg/m! of the refined individual
tea catechins were subjected to collagen-collagenase mixture.

Inhibitory Effect of Collagenase Activity in GCF by
Tea Catechin

A mixture containing 00 sl of rea catechin solution (300
wlhmiy and 100 pi of the GCF sample diluted 100x ob-
tained from 7 patients was used 2s sample solution for ma-
nipulative method. The samiple solution not containing tea
catechin was used as a control.

RESULTS

Petermination of Test Collagenase Activity

Te determine an optimal condition for the collagenase ac-
tivity in this manipulative assay system, different concen-
trations of C, Aistolyticum derived collagenase (10 to 50
ng/ml} were added to reaction mixture containing a kaown
smount of collagen (500 pg/mi). These reaction mixiures
were then incubated for different time periods (30 to 120
minutes). The activity of collagenase was clevated accord-
ing o the increased amount of collagenase (Fig. 2). Further,
it was shown that the collagenase activity increased with
she extension of incubation time. Thus, the reaction mixture
containing 50 ng/m! of collagenase demonstrated approxi-
mately 85 to 90% of collagen digestion after 2 hours of
incubation. Based on this finding, collagenase concentra-
ton at 50 ng/ml and incubation time of 120 minutes were
used in the manipulative method to determing the inhibitory
effect of tex catechin and the mdbidual tea catechins on
bacierial collagenase sctivity.

Inhibition of Collapenase Activity by Tea Catechin

Addition of tea catechin i reection mixture. To invest-
gate the effect of iea catechins on collagenase activity, var-
ings concentrations of tea catechin (0, 23, 30, and 100 ug/
mi} were added (o the O histolvticum collagenase assay
solution and o the 100 ul of double concentrated collagen-
collagenase solution in the manipulaiive assay. As shown
in Figure 3, addition of increased concentration of ies ca-
iechin resulted in decreased collagenase activity. Approx-
imately 50% of collagenase sctivity was reduced af con-
centratioa of 50 pg/mi of 1ea catechin. Fanher, (ol inhibiion
af the collagenase sctivity was achieved by 100 pg/ml of
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Figure 2. Digestion of collagen by varying concentration of collagenase
in different incubation time: % = 30 minutes; O = 60 minutes, and @
= 20 minutes.
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Figure 3. Effect of different conceniration of tea cafechins on collagenase
acriviry. Vartmus concersrations of teg cateching (5 1o J00 pgiml} were
addad fo the reaction mixiure confaining 590 pgiml of collagen and 3
wmies #f 350

ngimi of collagerase and incubated for 120 :

tes catechin. The values are indicated in the perceniage of
the sample activity against controd {Figure 33

Effect of pretreatment of coliagen with tea catechin.
Since optimal concentration of tes catechin (30 10 180 pg/
mi) inhibited the collagenase activity in the reaction mixture
contzining collagenase and collagen, ¥ was important o
clarify the mechanism for ihe inhibitory activity of tes ca-
echin, Thercfore, .In the next seriss of experiments, ool
tagen was pretreated with toa catechin prior to the assay ©
determine whether tea caiechin affected collagen or
collagenase. Figure 4 shows the value of collagenase activ-
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0 80 100
Digestion of collagen (%o}

Preincubation time {min)

Figure 4. Effect for the preincubation of collagen with teg cateching i
different incubation periods (6 10 60 minutes). Coflugen (500 pgimi} was
preincubated with 104 wimt of tea cateching for 0 o 6 mimaes prior 1o
the reaction with 50 ngimi of collagenase.

Control

0 50 100

Digestion of coHagen {7}
Figure 3. Influence for the preincubation of collagenase with tea care-
chins. As pasitive control, 500 wgimd of collagen was mixed with 50 ng/
mi of collagenase. In experiment ¢ 500 poml of collagen was mixed with
50 pgimd of tea catechins and 50 ngimé of collagenase without any prein-
cubation. In experiment b, 30 ngind of coflagenase was preincubated with
50 pgimi of 1ea catechins prior o the redaciion with 300 pgimt of cotieger.

iy when collagen was pretreated with 100 pg/ml tea ca-
techin for 30, 45, or 60 minutes, Values are presented as
a percemage of the activity at the time when collagen was
pretreated with the contrel solution for 6 minutes (100%).
& decrzase of colfagenase goivity was observed with ex-
sersion of the pretreatmant tme with 22 catechin and was
inhibited compleiely by treatment of more than 6 mmates,
Collugenase sciivity wes decreased 3 10 10% by pre-tical-
ment with ethanch.

Influence of protreatimeni uf collagenase with iea ca
sechin, To test the possibility that tea catechin directly in
hibits coliagenase activity, collagenase was sretreated with
teu catechin prior to the assay. Since 1t was shown that 100
pg/mt of tea catechis wtally inhibited the collagenase ac-
tivity in this assay system {Figure 33, even if the pretreat-
mien did have some effect on enzyme actvity, it would not

i Thus in this experiment, we used 5¢ pg/ml of

. as the comcentration which would
oo S Contred™ in Fig-

' nesined by

n -

values when 50 pe/ml of tea catechin was added to the test
collagenase sclution concurrently. The value in “*b” rep-
resents the coliagenase activity of pretreated collagenase
with 50 pg/m! fea catechin for 60 minuies before the assay,
Values are indicated in percentage 1o the control. Inhibition
of coliagenase activity was observed in about 40% by con-
current agdition of tea catechin, while further increase of
the inhibitory effect was observed with pretreatment of
collagenase with tea catechin.

Inhibition of Collagenase Activity by individaa]
Refined Tea Catechins

Since it was shown that tea catechin contained six individ-
ua} polyphenols (Fig. 1}, we investigated involvement of
these refined tea catechins for the inhibitory effect on
collagenase activity. When individual components of tea
catechins were added to the reaction mixture containing
collagenase and collagen, ECg and EGCg (50 pg/ml) com-
pletely inhibited collagenase activity (Fig. 6). In addition,
pretreatment of collagenase with FCg and EGCg resulted
in the reduction of enzyme activity (daia not shown}. On
the other hand, other tea catechins including C, EC, GC,
and EGC did not suppress collagenase activity (Fig. 6).
Further, usage of excess amounts af C, EC, GC, or EGC
did not show any inhibitory effect (data not shown). These
findings suggested that EC and EGC with galloy! radical
are essential components for the inhibitory effect of tea
catechin on collagenase.

Inhibitory Effect of Tea Catechin on Other
Cellagenase or Collagenolytic Proteinase

According to the results of our study, tea calechin seems
10 have an inhibitory effect on C. histolyticum collagenase.
We then determined whether tea catechin can act on other
collagenase or collagenolytic proteinase, In this regard,
collagenase {rom leech and collagenolytic proteinase from
Paralithodes camishatica (Kamchatka crab) were used as
examples of cukaryotic-cell derived coliagenase, Further,
supernatan: of Porphyromonas gingivalls 381 was em-
ploved s an example of collagenolytic proteinase from pro-
karvotic cells. As expected, all these enzyme activities were
reduced in the presence of (e catechin, and 100 pg/mi of
(ea catechin completely inhibited these enzyme activines

Inhibitien of Collagenase Activity in GCF by Tea
Catechin

Since nus results showed that tea catechin can irzhibit pur-
ified collagenase, we next examined whether this tea ca-
rechin can affect collagenase activity in GCF. When GCF
was oblained from 7 patients end examined for cotlagenase
sctivity, an average of 8.3 = 240 units of collagenass
activity was noted {Table 2). Addition of tea catechin (100
wgimi) resulted in the complete inhibition of collagenase
setivity in these samples. These Dindings suggest that teu
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Fignere 6. Elucidation of tea catechins whick provide inhibition of collagenase
activity, 50 pgiml of cach polyphenol compound such as € = {+j-ca-
techin; GC = (+ j-gallocatechin; EC = { - j-epicatechin; EGC = (—}
epigatlocateching ECg = [ — j-epicatechin gallate; and EGCg = {~}
epigatiocatechin gaflate was added to the reaction mixture containing 500
wgriml of collagen and 50 ngéml of collagenase.

Tea catechins {ug/mi)
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Figure 7. Tew catechin inhibits various collagenalytic proveingse. Differ-
ent coliagenase or coflagenciytic proteinase from lecch (M, Faralithodes
camtshatica (Kamchatha crab), { £ | and Porphyromoenas gingivalis 387
1) were wested. An optimel concentration af tea cateching {100 pgiml}
way added 1o the recotion mixture containing 50 ngind of purified collagenase
and 30 peimt of collagen. I the case of P. gingivahs-dertved coflagenase,
culture superatanis was used ay ¢ source of prokaryotic cell derived
collagenase.

catechin cen down regulate collapenase sciivity in GCF
isedated from petients with adult periodontitis.

BISCUSSION

It has been shown that collagenase plays an important role
in the disruption of the collagen component in the gingival
tissues of patients with periodontal disease ' Collagenase
is produced by both prokaryotic and eukaryotic cells; how-
ever, bacterium and mammalisn cell-derived collagenases
possess binchermically distinet cheractensacs. The collagenase
of bacter i degrades coilagen melecules nto smal

izl o
peptides, whereas the collagenase of mammalian origin ca-
taivzes collzpen molecule w0 34 and IA4 fragments by
cleaving B at @ certain point.’ It has been demonstrated that

Table Z. Effect of Tea Catechin on Collagenase Activity is Gingival
Crevicular Fluid

Patient Non-Treated Treaed™
A §2.34 e}
B 48.6 —

C 60.2 -

D 96.5 —

E 103.2 -—

F LS -

G 114.8 —

“Concentration of 100 wg/imi.
TUinit/ml.
*Nat detecied.

the most collagenase activity seen in GCF is of the latter
origin,}>6-836252 However, it is also presumed that the
collagenase generated by the major periodontal pathogenic
bacteria such as Porphyromonas gingivalis, Prevorella spe-
cies, or Actinobacillus actinomycetemcomitans may be in-
volved in the destruction of gingival connective tissues. ™’

Severaf reports have suggested that the improvement in
periodontal conditions treated by tetracychines or doxycyc-
lines results from their ability to inhibit collagenase activity
i addition to the antibacterial function.’®* These studies
have provided a possibility that prevention of pericdonta]
disease can be achieved by inhibition of collagenase activ-
ity. In this regard, we have made an attempt to test the
possible influence of tea catechin on the eukaryolic and
prokaryotic cell-generated collagenase activities. Our ex-
perimental results demonstrated that tea catechin possesses
inhibitory effects on C. histolyticum collagenase activity
(Fig. 3}.

Among various refined tea catechins, remarkable inhib-
itory activity was observed by ECg and EGCg, but not with
other polyphenols such as C, EC, EGC, or GC (Fig. 6). A
commen characteristic of ECg and EGCg is the presence
of a galloyl radical (Fig. 1). These findings suggest that
presence of 3-galloyl in the tea catechin structure can be
important in this inhibitory effect for collagenase activity
{Fig. 6}. In a previous report,” tea catechins containing
gallovl radical possessed inhibitory effect on glucosylrans-
ferase isolated from Streptococcus mutans. Further, other
studies?* reported that gallotanning also inhibited gluco-
syltransferase activity. The results we oblained support this
concept, since only iea cateching containing gailoy} radical
(ECg and FGCg) exhibited collagenase inhibitory activity.

In the present siudy, preveatment of collagenase with an
optimal concentration of tea catechin resulted in the reduc
tion of its activity (Fig. 4. Our separate study results in-
dicaied that tea catechins did not densture collagenase mol-
ecule, since SDS-PAGE sanalysis and precipitation fests of
1ea catechin containing ECg and EGCg with collagenase
were weaker when compared with tanmic aond, However 2
distingt sedimen was observed with the tea catechin treat
ment. This finding suggests that ter catechin may aggre-
gate, rather than denature collagenase molecules, which
resuite in the inhibition of enzyme activity {unpublished



Volume 04
Number 7

MAKIMURA, BIRASAWA,

KOBAYASH], INDO, SAKANAKA, TAGUCH], QTAKE 635

data), 1t was also indicated that the inhibition occurs by the
pretreatment of collagen with tea catechin (Fig. 5h. Teken
wgether, it is possible tc postulzie that the inhibitory mech-
anisms of tea catechin on collagenase activity could be 4
result of binding of ECg and EGCg to collagenase, which
may lead 1o the aggregation of the enzyme and the blockage
of eazymatic activity. This pessibility is alse supported by
the previous studies which described the inhibitory effect
of tea catechin and refined tea catechins on the adsorption
of Strepiococcus mutans 1o sativa-coated hydroxyapatite
disk‘zsn%

Finally, lea catechin inhibited the collagenolytic activity
in GCF obtained from patients with adult periodontitis. It
has been shown that most of the collagenase activity in GCF
originaies from the prokaryolic cells, 1568182526 However,
it is also suggested that the collagenase generated by the
major periodontal pathogenic bacteria may be mvolved in
the destroction of gingival connective tissues.” In this re-
gard, collagensse and collagenolytic proteinase from ¢u-
karyotic cell origin and culture supernatants from Porphy-
romonas gingivelis were employed in this study in order (o
examine the inhibitory effect of tea catechin. A remarkable
inhibitory effect of both cukaryotic and prokaryotic ceil
derived coliagenase activity was observed by ica catechin
yreatment (Figs. 6 and 7). These results suggest a possibility
{hat tea catechins containing ECg and EGCg can prevent
the digestion of collagen by coilagenase in periodontal dis-
ease. }t should be noted that the concentration of lea cate-
chin and its refined catechins, which possess inhibitory ef-
fect on collagenase activity, might be phvsiologically relevant,
since 100 ml of green tea contains approximately S0 o 100
mg of lea catechin and the daily consumption of green tea per
person in Japan is 300 o 400 mi. Although 2 high amount
of 1ea cateching are comsumed on a daily basis, it 1s Dot krown
whether cffective concentration of lea catechins is present @
GOF or circulating blood. However, a5 nresented in 1his study,
15 catechin has the ability 1o directly reduce collagenase ac-
tivity, Continuous application of tea catechins on ¢ daily basis
can be considered 2s a useful and pracrical method for the
srevention of periodonial diseases.
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