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We studied the ameliorative effect of (–)-epigallo-
catechin gallate (EGCG) on inflammatory bowel dis-
ease (IBD) induced by ethanolic 2,4,6-trinitrobenzene
sulfonic acid (TNBS) in male 7-week-old rats. Intesti-
nal lesions were associated with macroscopic damage
score and measured as increase in myeloperoxidase
(MPO) activity in mucosa. Pretreatment with EGCG
(30 mg/kg daily i.g. for 10 days) significantly reduced
macroscopic damage score, inhibited MPO activity and
enhanced superoxide dismutase activity. These obser-
vations confirmed that EGCG can ameliorate acute
experimental colitis by suppression of superoxide gen-
eration from colonic tissue.
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INTRODUCTION

Inflammatory bowel disease (IBD) is an im-
mune-mediated disorder of the gastrointestinal tract
characterized by inflammation lesions and ulcer-
ation. At present, treatments are far from perfect and
natural and relatively nontoxic products are needed
for improved therapies. IBD is associated with pro-
duction of nitric oxide, O2

– and neutrophil infiltra-
tion.1–3) A large number of dietary components have
been evaluated as potential chemopreventive agents,
and curcumin,2) taurine4) and catechin mixture and
alpha-tocopherol5) have been shown to exhibit
marked antioxidant effects and ameliorate acute ex-
perimental colitis induced by intracolonic instilla-

tion of 2,4,6-trinitrobenzene sulfonic acid (TNBS).
We reported previously that powdered green tea

increased activity of superoxide dismutase.6) In this
report, we examine the protective effect of (–)-
epigallocatechin gallate (EGCG) on TNBS-induced
colitis in the rat.

MATERIALS AND METHODS

Animals and Chemicals —–—  Male Sprague-
Dawley (SD) rats weighing 200 ± 10 g were obtained
from Japan SLC Inc. (Shizuoka, Japan). The rats
were housed in standard cages and fed with stan-
dard laboratory chow and tap water ad libitum.
EGCG was purchased from Sigma Chemical Co. (St.
Louis, MO, U.S.A.). TNBS was from Wako Pure
Chemicals (Tokyo, Japan).
Experimental Coltis —–—  Colitis was induced by
intrarectal administration of TNBS, 24 mg/rat, dis-
solved in 1 ml of 50% (v/v) ethanol3) through a 2 mm
silicone rubber tube approximately 5 cm proximal
to the anus. Saline was instilled as a control (un-
treated healthy group). In the TNBS treated group,
EGCG was administered daily (30 mg/kg) for
10 days by gavage before TNBS-induced colitis. At
12 hr after TNBS, rats were sacrificed and the de-
scending colon was cut at the pubic symphysis.
Macroscopic Assessment —–—  Macroscopic dam-
age was assessed by a scoring system taking into
account the area of inflammation and the presence
or absence of ulcers.7) The following grading crite-
ria were used to assess macroscopic damage: 0, no
ulcer, no inflammation; 1, no ulcer, local hyperaemia;
2, ulceration without hyperaemia; 3, ulceration and
inflammation at one site only; 4, two or more sites
of ulceration and inflammation; 5, ulceration extend-
ing more than 2 cm.
Myeloperoxidase (MPO) Activity Measurement
—–—  Samples were collected according to a method
previously described.3) Mucosa was scraped from
5-cm long samples and homogenized in hexadecyl-
trimethylammonium bromide buffer (pH 6.0). The
homogenate was sonicated and subjected to three
cycles of freezing and centrifuged for 30 min at
20000 × g at 4°C. The aliquot of the supernatant was
assayed for myeloperoxidase (MPO) activity accord-
ing to a method previously described.8) The rate of
change in absorbance was measured at 460 nm in
the mixture of supernatant and guaiacol-H2O2 buffer.
One MPO activity unit corresponds to 1 µmol of
H2O2 degraded in 1 min. Protein was quantified us-
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ing a protein assay kit (Pierce, IL, U.S.A.).
Superoxide Dismutase (SOD) Activity —–—
Aliquots of the colon mucosa samples were assayed
for superoxide dismutase (SOD) activity using a
commercial kit (Wako Pure Chemicals).
Statistics —–—  Results are expressed as the mean
± S.E. Student’s t-test was used for statistical com-
parison.

RESULTS AND DISCUSSION

TNBS induced an ulcerative inflammation of the
distal colon characterized by reddish edematous
mucosa. Treatment with EGCG resulted in a decrease
in the extent and severity of the injury. The histo-
logical scores for the EGCG pretreated group (1.6 ±
0.4, n = 6) were tended to be lower than those of the
TNBS control group (2.3 ± 0.4, n = 6). The dietary
supplement of catechins significantly decreased co-
lonic damage.5) These results suggest that catechins
have an anti-inflammatory effect against mucosal
injury.

Colonic MPO activity, which is a marker of neu-
trophil infiltration into the mucosa, was significantly
increased in the TNBS control group compared with
the untreated group (Fig. 1). Treatment with EGCG
significantly inhibited MPO activity by 46%
(p < 0.05). These protective effects were due to re-
duced neutrophil activation as described in other
food flavonoids such as curcumin2) or morin.9)

Treatment with EGCG increased SOD activity
significantly (Fig. 2). These results suggest that su-
peroxide was generated in TNBS-induced colitis and

EGCG was effective by decreasing superoxide gen-
eration due to its radical scavenging activity.

The results of this study suggest that adminis-
tration of EGCG may be therapeutically beneficial
for the treatment of IBD in humans.

REFERENCES

1) Nakase, H., Okazaki, K., Tabata, Y., Uose, S., Ohara,
M., Uchida, K., Nishi, T., Debreceni, A., Itho, T.,
Kawanami, C., Iwano, M. and Ikada, Y. (2001) An
oral drug delivery system targeting immune-regu-
lating cells ameliorates mucosal injury in
trinitrobenzene sulfonic acid-induced colitis. J.
Phrmacol. Exp. Ther., 297, 1122–1128.

2) Ukil, A., Maity, S., Karmaker, S., Datta, N.,
Vedasiromoni, J. R. and Das, P. K. (2003) Curcumin,
the major component of food flavour turmeric, re-
duces mucosal injury in trinitrobenzene sulphonic
acid-induced colitis. Br. J. Phrmacol., 139, 209–218.

3) Kankri, E., Vaali, K., Knowles, R. G., Lahde, M.,
Korppela, R., Vapaatalo, H. and Moilanen, E. (2001)
Suppression of acute experimental colitis by a
highly selective inducible nitric-oxide synthase in-
hibitor, N-[3-(aminomethyl)benzyl]acetamidine. J.
Pharmacol. Exp. Ther., 298, 1128–1132.

4) Son, M. W., Ko, J. I., Doh, H. M., Kim, W. B., Park,
T. S., Shim, M. J. and Kim, B. K. (1998) Protective
effect of taurine on TNBS-induced inflammatory
bowel disease in rats. Arch. Pharm. Res., 21, 531–
536.

5) Sato, K., Kanazawa, A., Ota, N., Nakamura, T. and
Fujimoto, K. (1998) Dietary supplementation of
catechins and α-tocopherol accelerates the healing
of trinitrobenzene sulfonic acid-induced ulcerative

Fig. 1. Effect of EGCG Treatment on Neutrophil Granulocyte
Infiltration into Distal Colon Mucosa

Thirty mg/kg of EGCG was given for 10 days prior to the
administration of TNBS. Results are presented as the mean ± S.E. of six
experiments: *p < 0.05; **p < 0.01.

Fig. 2. Effect of EGCG on SOD Activity in Distal Colon
Mucosa

Experimental procedure is as described in Fig. 1. Results are
presented as the mean ± S.E. of six experiments: **p < 0.01.
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