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ABSTRACT

Preventive and curative effects of curcumin, a yellow pigment isolated from the
rhizome of Curcuma longa, on experimentally gastrointestinal inflammatory diseases in
animal models were investigated to validate its clinical application as a remedy for reflux
esophagitis, gastritis, chronic gastric ulcer and ulcerative colitis. Using rat model,
intraduodenal administration of curcumin (20 mg/kg) inhibited the formation of acute acid
reflux esophagitis, but is less potent than lansoprazole (a proton pump inhibitor and
hydroxyl radical scavenger). Alternatively, curcumin is superior to lansoprazole in
inhibiting acute mixed reflux esophagitis. Oral administration of curcumin was not
effective in preventing chronic acid reflux esophagitis. However, intraperitoneal
co-administration of curcumin and dimethyl sulfoxide (a specific hydroxyl radical
scavenger) reduced the mortality rate and the severity of the esophagitis ulcer index to the
same extent as that of orally administered lansoprazole. Aminoguanidine, a specific
inhibitor of inducible nitric oxide synthase (iNOS), had no preventive effect against both
types of acute reflux esophagitis models. In addition, it increased the mortality rate of the
rats in the chronic acid reflux esophagitis model. Intraduodenal administration of curcumin
(5-20 mg/kg) inhibited gastric acid secretion in pylorus-ligated rats but did not affect
pepsin activity. Oral administration of curcumin (5-20 mg/kg) also prevented ethanol-
induced acute gastric mucosal lesions in rats. In addition, oral administration of curcumin
(20-80 mg/kg) dose-dependently prevented both serotonin-induced gastric mucosal lesions
and compound 48/80-induced gastric mucosal lesions in rats. Furthermore, oral
administration of curcumin, 10-80 mg/kg, twice daily for 10 days accelerated the healing of

acetic acid-induced chronic gastric ulcer and promoted the mucosal regeneration in the
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ulcerated portion in rats with the maximum potency at a dose of 80 mg/kg/day. Cimetidine
(H,receptor antagonist) prevented the formation of ethanol-induced gastric mucosal
lesions, but not those of serotonin-induced or compound 48/80-induced gastric mucosal
lesions. The potency of the ulcer healing for cimetidine in acetic acid-induced chronic
gastric ulcer was almost the same as that of curcumin. Aminoguanidine showed
anti-ulcerogenic effects similar to those observed for curcumin in acute gastritis models,
but exerted weaker ulcer healing efficacy than curcumin on chronic gastric ulcer induced
by acetic acid. On the other hand, oral administration of curcumin (20-80 mg/kg), had not
been found to exert any preventive efficacy against the development of colon inflammation
in 4% dextran sulfate sodium (DSS)-induced ulcerative colitis in mice. Neither
improvement of mortality rate nor body weight loss nor morphological changes was
observed in curcumin therapy after the DSS-induced colitis.

The investigation using Western blotting and real-time reverse transcribed
polymerase chain reaction (RT-PCR) analysis including immunohistochemistry on the
healing effect of curcumin against acetic acid-induced chronic gastric ulcer in rat,
demonstrated that curcumin accelerated gastric ulcer healing by mechanisms involving the
inhibition of iNOS and tumor necrosis factor (TNF)-a production at the ulcer area which
leading to the up-regulation of endogenous cyclooxygenase (COX)-2 and interleukin
(IL)-1P, thereby contributing to gastric ulcer healing in rats. On the other hand,
aminoguanidine decreased the level of INOS protein expression but did not affect the levels
of COX-2 or TNF-o. production. In addition, aminoguanidine decreased only the level of
iNOS protein expression, while curcumin decreased the level of iNOS protein and mRNA
expression.

The investigation using Western blotting, RT-PCR and real-time RT-PCR analysis
on the induction of iINOS, COX-2 and TNF-¢. in mouse macrophage cell line RAW 264.7
activated with lipopolysaccharide (LPS) for 16 h, demonstrated that curcumin dose
dependently inhibited the induction of INOS, COX-2 and TNF-o0 in LPS-activated
macrophage cell line, with the greatest degree of inhibition at 10 pM. The result indicated
that curcumin inhibited the induction of iNOS and COX-2 at the transcriptional level since

it inhibited both mRNA and protein expression of iNOS and COX-2. On the contrary,
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curcumin may inhibit the induction of TNF-«t at post-transcriptional level since it inhibited
only the protein expression of TNF-ct. Its active metabolite (tetrahydrocurcumin, a potent
antioxidative agent) exerted no significant inhibitory effect on the induction of iNOS,
COX-2, and TNF-¢, while its degradation product (vanillin, a powerful scavenger of
oxygen radicals) exerted weaker inhibition on the level of iNOS protein expression but not
the level of INOS mRNA expression.

Therefore, curcumin directly exerted its efficacy in attenuating the development of
upper gastrointestinal inflammatory diseases even though it had low bioavailability, It
seems likely that curcumin may be clinically beneficial as a potential therapeutic agent for
preventing and treating upper gastrointestinal inflammatory diseases. The prevention of
acute esophagitis or gastritis is effective at doses lower than 40 mg/kg probably by
involvement of its antioxidant property, its inhibition of iINOS production and/or its
increase mucin secretion. The acceleration of healing of chronic gastric ulcer is effective at
higher doses than 40 mg/kg/day by mechanisms involving the inhibition of TNF-¢t and
INOS production including the regulation of healing-related factors. However, the
therapeutic dosage level of curcumin for gastrointestinal inflammatory diseases should not
be more than 160 mg/kg/day since curcumin can exert opposite effects in delay of ulcer

healing or exacerbation of ulcer inflammation.
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