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Background and Objective: Green tea extract exerts a variety of biological

effects, including anti-inflammatory activities. However, there has been no report

on the effect of green tea extract on loss of attachment, which is an important

characteristic of periodontitis. Here, we examined the inhibitory effects of green

tea extract on the onset of periodontitis in a rat model.

Material and Methods: Rats were immunized intraperitoneally with Escherichia

coli lipopolysaccharide (LPS). The LPS group (n = 12) received a topical appli-

cation of LPS onto the palatal gingival sulcus every 24 h. The green tea extract

group (n = 12) received a topical application of LPS mixed with green tea

extract, sunphenon BG, every 24 h. The phosphate-buffered saline (PBS) group

(n = 6) received a topical application of PBS every 24 h. The levels of anti-LPS

immunoglobulin G (IgG) in serum were determined using ELISA. Rats in the

LPS and green tea extract groups were killed after the 10th and 20th applica-

tions. Rats in the PBS group were killed after the 20th application. Loss of

attachment, level of alveolar bone and inflammatory cell infiltration were inves-

tigated histopathologically and histometrically. RANKL-positive cells and the

formation of immune complexes were evaluated immunohistologically.

Results: There was no significant difference in the serum levels of anti-LPS IgG

between the LPS group and the green tea extract group. In contrast, loss of

attachment, level of alveolar bone, inflammatory cell infiltration and RANKL

expression in the green tea extract group were significantly decreased compared

with those in the LPS group.

Conclusion: These findings demonstrate that green tea extract suppresses the

onset of loss of attachment and alveolar bone resorption in a rat model of

experimental periodontitis.
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Many studies have shown the benefi-

cial effects of green tea and its extract

against cancer, diabetes mellitus and

obesity in vivo and in vitro (1–6). Cate-
chins, present in high contents in green

tea, are thought to be the major com-

ponents responsible for the biological

functions of green tea (7). Epigallocate-

chin-3-gallate (EGCG), a major ingre-

dient of green tea catechins, has been

reported to cause a variety of biologi-

cal responses, including antioxidant,

antibacterial and anti-inflammatory

effects (8–11). The anti-inflammatory

activity of green tea catechins may
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also be beneficial for periodontitis. In

fact, Rogers et al. (12) reported that

EGCG inhibits lipopolysaccharide

(LPS)-induced production of inflam-

matory cytokines and chemokines

in vitro. It was also reported that

green tea extract inhibited LPS-

induced bone resorption in mice, and

that supplementation of dentifrices

with green tea extract suppressed peri-

odontal inflammation and apical

migration of the junctional epithelium

in rats in vivo (13,14). However, the

effect of green tea extract on loss of

attachment – an important character-

istic of periodontitis – is unclear. We

recently reported an experimental

periodontitis model in which the topi-

cal application of LPS, as an antigen,

induces periodontal destruction in rats

immunized with LPS (15). In this

model, the antibody produced by pre-

immunization induces an antigen–
antibody reaction and therefore loss

of attachment occurs, as well as apical

migration of the junctional epithelium

and bone resorption. It seems that

this model is similar to human peri-

odontitis because it induces loss of

attachment through an immune reac-

tion and an inflammatory response.

In our previous studies the exis-

tence of immune complexes was con-

firmed by immunohistological staining

for complement component 1, q sub-

component, B chain (C1qB). It is

known that C1qB is a component of

complement factor C1 and that it

binds to the Fc region of immuno-

globulin involved in the formation of

immune complexes (16,17). Therefore,

we also screened for C1qB in the

present study to confirm the existence

of immune complexes and as a

marker of LPS binding with specific

antibodies in the periodontal tissue.

Furthermore, as RANKL, a member

of the tumor necrosis factor ligand

family, is an important factor in

bone resorption (18), expression of

RANKL was detected by immuno-

staining.

In the present study, we used the

LPS-induced rat experimental peri-

odontitis model to examine whether

green tea extract, sunphenon BG, has

an inhibitory effect on the onset of

loss of attachment and alveolar bone

resorption. The periodontal destruc-

tion was investigated histopathologi-

cally and immunohistologically.

Material and methods

Experimental design

Thirty, 9-wk-old male Lewis rats were

divided into three groups: the LPS

group (n = 12); the green tea extract

group (n = 12); and the phosphate-

buffered saline (PBS) group (n = 6).

All rats received intraperitoneal injec-

tions of 0.3 mL of 150 lg of Escheri-

chia coli LPS (O111: B4; Sigma, St

Louis, MO, USA) suspended in PBS

and emulsified in complete Freund’s

adjuvant (Difco, Detroit, MI, USA),

followed, 28 d later, by a booster

injection of LPS emulsified in incom-

plete Freund’s adjuvant (Difco) (19).

At baseline, 1 d after the booster

injection, the LPS group was chal-

lenged daily with a topical application

of E. coli LPS onto the gingival sul-

cus, and the green tea extract group

was challenged with LPS mixed with

green tea extract, sunphenon BG

(containing 91.3% polyphenols, 76.6%

of which were catechins and present

in the following proportions: 45.9%

EGCG, 9.6% epigallocatechin, 8.6%

epicatechin gallate, 5.3% epicatechin

and 7.2% others; Taiyo Kagaku, Mie,

Japan). The PBS group was treated

with topical application of PBS only.

In the present study, the topical

applications of LPS (50 lg/lL) only,

LPS (50 lg/lL) + 1% sunphenon BG,

or PBS only were performed as in a

previously described model (15). In

the present study, 1% sunphenon BG

was used because this concentration

of sunphenon BG was found to

suppress bone resorption in vivo in a

previous study (13). In brief, first of

all, the rats were anesthetized with

isoflurane. Next, the rats in the LPS

group, the green tea extract group and

the PBS group received topical appli-

cations of E. coli LPS resuspended in

PBS, LPS + sunphenon BG resus-

pended in PBS and PBS only, respec-

tively, using a micropipette, onto the

palatal gingival sulcus of the left

maxillary first molar. In total, 21 lL
(seven applications of 3 lL with a

5-min interval between each applica-

tion) of LPS, LPS + sunphenon BG or

PBS was administered within a 30-min

time period, daily, for 20 d. Each six

rats were killed 24 h after the 10th and

20th applications in LPS and green tea

extract groups. Six rats in the PBS

group were killed 24 h after the 20th

application.

All rats were purchased from

Charles River Japan (Tokyo) and

were maintained under specific patho-

gen-free conditions in the Biomedical

Research Center, Center for Frontier

Life Sciences (Nagasaki University,

Nagasaki, Japan). Animal care and

experimental procedures were carried

out in accordance with the Guidelines

for Animal Experimentation of Naga-

saki University and with approval

from the Institutional Animal Care

and Use Committee.

Indirect ELISA for detection of

anti-LPS immunoglobulin G

Blood samples were collected from

the retro-orbital venous plexus of rats

in the LPS and green tea extract

groups at baseline and 24 h after the

5th, 10th and 20th applications. The

serum levels of anti-LPS immunoglob-

ulin G (IgG) were determined in indi-

vidual serum samples using an

ELISA. Each well of 96-well microtit-

er plates was coated with 100 lL of a

2.5 lg/mL solution of E. coli LPS in

0.02 M carbonate buffer and then

incubated overnight at 4°C. After

being washed with 0.05% Tween in

PBS, the wells were blocked with PBS

containing 0.1% bovine serum albu-

min. After being washed with 0.05%

Tween in PBS, 100 lL of the sera

(diluted 1:1000) to be tested was

added and the plates were incubated

for 1 h at room temperature and then

washed with 0.05% Tween in PBS.

Antibody reactivity was determined

by adding peroxidase-conjugated goat

anti-rat IgG (diluted 1:5000 in PBS;

Zymed Laboratories, San Francisco,

CA, USA) to each well followed by

incubation for 1 h at room tempera-

ture. Then, the plates were washed

with 0.05% Tween in PBS and 75 lL
of 3,3′,5,5′-tetramethylbenzidine (R&D

Systems, Minneapolis, MN, USA) was
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added and incubation was continued

for 1 min at room temperature. The

enzyme reaction was stopped by the

addition of 25 lL of 1 M H2SO4 to

each well. The plates were read at

450 nm.

Preparation of tissues

The left maxilla of each rat was

removed immediately after the rats

were killed, then fixed at 4°C for 10 h

in PBS containing 4% paraformalde-

hyde, decalcified with 10% EDTA for

3 wk and then embedded in paraffin

using the AMeX method (20). Briefly,

the specimens were dehydrated in ace-

tone, successively, cleared in methyl

benzoate for 30 min and in xylene for

30 min, and then penetrated with par-

affin at 60°C for 2 h. Buccolingually

oriented serial sections (4-lm thick),

at the level of the central roots of the

upper left first molar, were obtained.

Histopathological and histometrical

studies

Five groups of serial sections, each

containing 10 subsections, were

obtained from each specimen. The

first subsections from each group of

serial sections were stained with

hematoxylin and eosin for histopatho-

logical observation. We performed

histological analysis of the tissue sec-

tions stained with hematoxylin and

eosin using the image-analysis soft-

ware, IMAGE J (US National Insti-

tutes of Health, Bethesda, MD,

USA). The distance between the

cemento–enamel junction (CEJ) and

the coronal position of the junctional

epithelium attached to the root sur-

face was measured as loss of attach-

ment (X in Fig. 1). The distance

between the CEJ and the alveolar

bone crest was measured as the level

of alveolar bone (Y in Fig. 1). The

number of inflammatory cells in four

50-lm 9 50-lm squares of connective

tissue adjacent to the junctional epi-

thelium was counted at a magnifica-

tion of 9400 (Fig. 1). The cell

number per area of connective tissue

(mm2) was calculated. The junctional

epithelium area was measured using

IMAGE J software, and the number

of inflammatory cells in the junctional

epithelium was counted at a magnifi-

cation of 9400. Distinction between

the junctional epithelium and the oral

epithelium was decided by the differ-

ence in intercellular space. The num-

ber of cells per junctional epithelium

area (mm2) was calculated.

Immunohistological staining of

RANKL and complement C1qB

To detect the production of RANKL,

the second subsections were used for

the immunohistological staining of

RANKL-positive cells. First of all,

sections were deparaffinized and trea-

ted with 0.1% trypsin for 15 min at

37°C. Endogenous peroxidase activity

was blocked by treating the sections

with 0.3% H2O2/methanol for 30 min,

followed by incubation in normal rab-

bit serum for 30 min at room temper-

ature. These sections were then

immersed in goat polyclonal antibody

against RANKL (N-19; Santa Cruz

Biotechnology, Santa Cruz, CA,

USA), overnight at 4°C. Then, the

sections were incubated for 30 min

with biotinylated rabbit anti-goat

polyclonal immunoglobulin (Dako,

Glostrup, Denmark). Finally, these

sections were incubated for 30 min

with peroxidase-conjugated streptavi-

din (Dako), then incubated with diam-

inobenzidine tetraoxide solution and

counterstained with hematoxylin. The

number of RANKL-positive cells in

two unit areas (125 lm 9 125 lm)

around the surface of the alveolar bone

crest was counted (Fig. 1).

To detect immune complexes, we

used immunohistological staining for

C1qB. Another 12 rats were treated

identically to those in the LPS group

(n = 6) and in the green tea extract

group (n = 6) after the 10th applica-

tion. They were killed 1 h after the

topical application and their maxillae

were immunohistologically stained for

C1qB. After deparaffinization of the

sections, endogenous peroxidase activ-

ity was blocked with 0.3% H2O2/

methanol for 30 min, followed by

incubation in normal goat serum for

30 min at room temperature. These

sections were then immersed over-

night in rabbit polyclonal anti-C1qB

(AVIVA Systems Biology, San Diego,

CA, USA). The sections were then

successively incubated with biotinylat-

ed goat anti-rabbit polyclonal immu-

noglobulin (Dako) for 30 min, with

peroxidase-conjugated streptavidin

(Dako) for another 30 min and then

placed in diaminobenzidine tetraoxide

Fig. 1. Schematic diagram of rat periodontal tissue for histometrical analysis. ABC, alveo-

lar bone crest; CEJ, cemento–enamel junction; JE, junctional epithelium; X, distance

between the CEJ and the coronal portion of junctional epithelium attachment; Y, distance

between the CEJ and the ABC. Area used to count the number of inflammatory cells in

connective tissue adjacent to the junctional epithelium: the observed area is indicated by

four squares (50 lm 9 50 lm) of connective tissue adjacent to the junctional epithelium. .

Area used to count the number of RANKL-positive cells: the observed area is indicated

by two squares (125 lm 9 125 lm) around the surface of the ABC.
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solution and counterstained with

hematoxylin.

Statistical analysis

The data were statistically analyzed

using KaleidaGraph software (Syn-

ergy Software, Reading, PA, USA).

Differences between the LPS group

and the green tea extract group were

evaluated using the Mann–Whitney

U-test. A value of p < 0.05 was con-

sidered as significant. Statistical differ-

ences among the groups were

analyzed using one-factor ANOVA

and the Fisher’s protected least signif-

icant difference test for post-hoc

analysis. A probability level of < 0.05

was considered significant. The values

are expressed as mean � standard

error.

Results

Anti-LPS IgG level in serum

The serum levels of anti-LPS IgG

were elevated in both the LPS and

green tea extract groups after the fifth

application, and these elevated levels

were maintained in both groups until

after the 20th application. No signifi-

cant difference in the serum level of

anti-LPS IgG was found between the

LPS group and the green tea extract

group (Fig. 2).

Histopathological findings

In the PBS group, an apical portion

of the junctional epithelium was

located at the CEJ with few inflam-

matory cells infiltrating the junctional

epithelium and the surrounding

connective tissue (Fig. 3A).

After the 10th application in the

LPS group, loss of attachment was

obvious in the palatal side of the

gingiva where LPS was applied, and

coronal junctional epithelium cells

were located at the apical site away

from the CEJ. Many inflammatory

cells, predominantly neutrophils, infil-

trated the junctional epithelium

and the surrounding connective tissue

(Fig. 3B). The alveolar bone surface

became irregular, and osteoclasts were

seen at the edge of the reduced alveo-

lar bone (Fig. 3F). In contrast, in the

green tea extract group, there was no

loss of attachment, and the infiltration

of only a few inflammatory cells and

only slight apical migration of the

junctional epithelium were observed

Fig. 2. Serum levels of anti-lipopolysaccharide immunoglobulin G (anti-LPS IgG) in the

LPS and green tea (GT) extract groups, determined by measuring the absorbance at

450 nm (A450). The levels of anti-LPS IgG in serum were increased in both groups after

the fifth application. The levels in both groups were maintained until after the 20th appli-

cation. No significant difference was found between the LPS group and the green tea

extract group. Each bar = mean � standard error. Mann–Whitney U-test.

A B C

D E F

G

Fig. 3. Histopathological findings on the palatal side of the first molar stained with hema-

toxylin and eosin. Phosphate-buffered saline (PBS) (A), lipopolysaccharide (LPS) (B) and

green tea extract (C) groups after the 10th application. LPS (D) and green tea extract (E)

groups after the 20th application. Amplified sections of LPS (F) and green tea extract (G)

groups inside the outlined areas in panels B and C, respectively. Note no loss of attach-

ment and a few infiltrating inflammatory cells in the green tea extract group after the 10th

application. CEJ, cemento–enamel junction; T, teeth. Black arrow: coronal portion of the

junctional epithelium attachment. Arrowheads: osteoclasts. Scale bar = 200 lm.
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(Fig. 3C). The alveolar bone surface

was smooth and without osteoclasts

(Fig. 3G). After the 20th application,

the loss of attachment in the LPS

group was increased compared with

the 10th application (Fig. 3D). In the

green tea extract group, slight loss of

attachment was observed in five of six

rats and no loss of attachment was

observed in the sixth rat (Fig. 3E).

Histometrical and

immunohistological results

After the 10th and 20th applications,

significantly more inflammatory cells

were found in the junctional epithe-

lium and in the connective tissue adja-

cent to the junctional epithelium in

the LPS group compared with the

PBS group. Moreover, in the green

tea extract group after the 10th and

20th applications, the number of

inflammatory cells in the junctional

epithelium and in the connective tis-

sue adjacent to the junctional epithe-

lium was similar to that of the PBS

group and significantly lower than in

the LPS group (Fig. 4A,B).

The distance from the CEJ to the

root apex was not significantly differ-

ent in all the groups (data not

shown). The distances from the CEJ

to the coronal portion of the junc-

tional epithelium (i.e. measuring loss

of attachment) and to the alveolar

bone crest (i.e. measuring the level of

alveolar bone) in the LPS group after

the 10th and 20th applications were

significantly increased compared with

the distances in the PBS group. After

the 20th application, the loss of attach-

ment was significantly greater in the

green tea extract group than in the

PBS group. However, the loss of

attachment after the 10th application

and the level of alveolar bone after the

10th and 20th applications were similar

in the green tea extract and PBS

groups. After the 10th and 20th appli-

cations, the loss of attachment and

level of alveolar bone were significantly

smaller in the green tea extract group

than in the LPS group (Fig. 5A,B).

After the 10th and 20th applica-

tions there was a significant increase

in the number of RANKL-positive

cells in the LPS group compared with

the PBS group. After the 10th and

20th applications, the number of

RANKL-positive cells in the green

tea extract group was significantly

higher than in the PBS group, but sig-

nificantly smaller than in the LPS

group (Fig. 6A).

Although we could not detect

C1qB in any of the sections from the

rats 24 h after topical application,

C1qB was observed in sections from

rats 1 h after topical application.

C1qB was detected in the junctional

epithelium and in the connective

A B

Fig. 4. Number of inflammatory cells in the gingiva after the 10th and 20th applications,

presented as the cell number/unit square (mm2). (A) The number of inflammatory cells in

the junctional epithelium. (B) The number of inflammatory cells in the connective tissue

adjacent to the junctional epithelium. The number of inflammatory cells in the green tea

(GT) extract group was similar to that in the phosphate-buffered saline (PBS) group and

significantly lower than in the lipopolysaccharide (LPS) group. Each bar = mean � stan-

dard error. Fisher’s protected least significant difference test for post-hoc analysis.

#p < 0.05, ##p < 0.01 with respect to the PBS group. *p < 0.05, **p < 0.01 with respect to

the LPS group.

A B

Fig. 5. Histometrical analysis of loss of attachment and level of alveolar bone. (A) The

distance from the cemento–enamel junction (CEJ) to the coronal portion of the epithelial

attachment was analyzed histometrically as loss of attachment. (B) The distance from the

CEJ to the alveolar bone crest was analyzed as the level of alveolar bone. The loss of

attachment and level of alveolar bone in the green tea (GT) extract group were signifi-

cantly smaller than those in the lipopolysaccharide (LPS) group after the 10th and 20th

applications. Each bar = mean � standard error. Fisher’s protected least significant differ-

ence test for post-hoc analysis. #p < 0.05, ##p < 0.01 with respect to the PBS group.

**p < 0.01 with respect to the LPS group.
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tissue near the junctional epithelium,

except in the PBS group (Fig. 6B).

Discussion

A highly purified extract from the leaf

of green tea, sunphenon BG, includes

polyphenols and natural catechins

(21). In several studies, sunphenon

BG was reported to have similar

activities to those of EGCG (22–25).
We found that green tea extract

inhibited LPS-induced bone resorp-

tion in vivo (13). However, the effect

of green tea extract on loss of attach-

ment in vivo has never been demon-

strated. In the present study, there

was no difference in the serum levels

of anti-LPS IgG and the distribution

of C1qB in periodontal tissue between

LPS and green tea extract groups.

These findings suggest that green tea

extract does not influence the produc-

tion of anti-LPS IgG and the forma-

tion of immune complexes. In the

green tea extract group loss of attach-

ment was completely inhibited after

the 10th, but not after the 20th,

application. Therefore, it is suggested

that green tea extract delayed the

onset of loss of attachment.

In the present study, inflammatory

cells, predominantly neutrophils, infil-

trated the junctional epithelium and

the surrounding connective tissue in

the LPS group, but inflammatory cell

infiltration in these locations was

completely inhibited in the green tea

extract group. Loss of attachment in

the green tea extract group was

decreased compared with the LPS

group and it was completely sup-

pressed after the 10th application.

Neutrophils are the first line of cellu-

lar host response against invading

bacteria but they have also been

implicated in tissue degradation (26–
29). EGCG, the major ingredient of

green tea catechins, suppressed neu-

trophil infiltration in vivo and in vitro

(30). EGCG also inhibited the degra-

dation of the extracellular matrix

by neutrophils. It is likely that the

decreased loss of attachment in the

green tea extract group resulted from

the suppressed infiltration of inflam-

matory cells by green tea extract.

The green tea extract group had a

decreased number of inflammatory

cells in the junctional epithelium and

in the connective tissue. LPS and green

tea extract were mixed together before

topical application as there are no

reports on any interaction between

those compounds. However, we should

investigate whether or not LPS mixed

with green tea extract is able to perme-

ate the junctional epithelium to gingi-

val connective tissue as, if LPS bound

with green tea extract made a large

molecule that found it difficult to per-

meate the junctional epithelium in the

green tea extract group, it is likely that

the decreased number of inflammatory

cells resulted from the lower degree of

permeation of LPS. In our previous

study (31) we suspected that LPS

formed an immune complex with spe-

cific antibodies in the area where C1qB

is observed, as C1qB binds to the

immune complex. Therefore in the

present study, we performed immuno-

histological staining for C1qB and

found that C1qB was present in the

junctional epithelium and in the

connective tissue near the junctional

A

B

Fig. 6. Number of RANKL-positive cells near the alveolar bone crest (A) and localization

of complement component 1, q subcomponent, B chain (C1qB) on the palatal side of the

first molar (B). (A) After the 10th and 20th applications the number of RANKL-positive

cells in the green tea (GT) extract group was significantly smaller than in the lipopolysac-

charide (LPS) group, although larger than in the phosphate-buffered saline (PBS) group.

Bars = mean � standard error. Fisher’s protected least significant difference test for post-

hoc analysis. ##p < 0.01 with respect to the PBS group. *p < 0.05 with respect to the LPS

group. (B) PBS group (left panel), LPS group (center panel) and green tea extract group

(right panel) after the 10th application. C1qB was stained dark red and was detected in

the junctional epithelium and in the connective tissue near the junctional epithelium,

except in the PBS group. Scale bar = 100 lm.
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epithelium in the LPS and green tea

extract groups, but not in the PBS

group. Based on these results, LPS in

both the LPS and green tea extract

groups seems to permeate the gingival

tissue en route from the gingival sulcus

and then forms immune complexes

with its specific antigen. The discrep-

ancy in the inflammatory cell infiltra-

tion between the LPS group and the

green tea extract group might be due

to the difference in the destruction of

periodontal tissue.

We also found that the level of alve-

olar bone and the number of RANKL-

positive cells in the connective tissue

near the alveolar bone crest and bone

surface were significantly reduced in

the green tea extract group compared

with the LPS group and that the level

of alveolar bone in the green tea

extract group was similar to that in the

PBS group. Ishida et al. (32) reported

that EGCG had an inhibitory effect on

the production of RANKL in osteo-

blast-like cells. Furthermore, EGCG

inhibits the expression of tumor necro-

sis factor-alpha and interleukin-1beta

(33) that induce RANKL expression

(34–37). We also reported that green

tea extract decreased the expression of

interleukin-1beta and bone resorption

in gingival tissue in response to LPS

injection (13). Therefore, in the present

study, green tea extract may have sup-

pressed the expression of RANKL.

We used E. coli LPS as an antigen

in the present study. Although E. coli

is not a usual oral microorganism,

there is evidence that LPS from

E. coli has a similar biological activity

to that from Aggregatibacter actino-

mycetemcomitans and a strong biolog-

ical activity (38,39). Hence, it was for

this reason that we chose to use this

source as our inflammatory stimulus.

However, further investigations using

LPS from periodontopathic bacteria

are necessary.

In conclusion, we demonstrated

that the topical application of green

tea extract delayed the onset and pro-

gression of loss of attachment in a

rat experimental periodontitis model,

perhaps by inhibiting inflammatory

cell infiltration. Our findings also

suggest that green tea extract inhib-

ited alveolar bone resorption by

suppressing the expression of

RANKL. Thus, green tea extract is a

clinically promising drug for the pro-

phylaxis of periodontitis.
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