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Isothiocyanates (ITCs), a kind of the components in cruciferous vegetables, have been widely
investigated for their promising chemopreventive effects. On the other hand, phenethyl
isothiocyanate (PEITC) was reported to possiliby possess not only promotion activity but also
carcinogenic potential in the urinary bladder of rats. For 4-methylthio-3-butenyl isothiocyanate
(MTBITC), a novel ITC extracted from daikon (Japanese white radish), there is only limited
information about its chemopreventive effect, and there has been no report on its toxicity in vivo
such as its carcinogenetic effect on the urinary bladder. In the present study, I investigated these
opposing effects of MTBITC on carcinogenesis; (1) chemopreventive effects on esophageal
carcinogenesis model in rats, (2) early cytotoxic effects in the urinary bladder that may be an initial
event of urinary bladder carcinogenesis, and (3) in vivo genotoxicity.

In Chapter 1, to examine the effects of MTBITC on esophageal carcinogenesis, male
6-week-old F344 rats were subcutaneously injected with 0.5 mgkg BW
N-nitrosomethylbenzylamine (NMBA) three times per week for 5 weeks and fed a diet
supplemented with 80 ppm MTBITC. Although the incidence of lesions was not affected by
MTBITC treatment, the multiplicity of proliferative lesions in the esophagus was significantly
decreased in rats treated with MTBITC during the initiation and/or promotion stage as compared
with rats treated with NMBA alone. Immunohistochemical analysis showed that MTBITC induced
apoptosis, suppressed cell proliferation, and increased p21 expression when treated in the
promotion phase. On the other hand, these modifying effects detected by immunohistochemistry
were not observed in the rats treated with MTBITC alone. Results in the present study indicated
that approximately 4-6 mg/kg BW/day MTBITC may exhibit chemopreventive effects against

NMBA-induced esophageal carcinogenesis in rats.

In Chapter 2, to examine early toxicity of MTBITC, 6-week-old F344 rats were fed a diet



supplemented with 100, 300, or 1000 ppm MTBITC for 14 days. Treatment with 1000 ppm
MTBITC (equivalent to 95.2 mg/kg BW/day) was shown to cause increased organ weights and
histopathological changes in the urinary bladder, producing lesions similar to those of 1000 ppm
PEITC. In histopathological analysis, degenerative changes were observed during the experimental
period, and cell proliferative changes (i.e., increased mitosis, simple hyperplasia and increased
Ki-67-positive indices) were relatively more severe on day 3 than on day 14. Thus, MTBITC may
cause remarkable changes in the urinary bladder during the early phase. On the other hand, rats

treated with 100 or 300 ppm MTBITC showed no signs of toxicity in the urinary bladder.

Results in the present study suggested that MTBITC may have a potential promotion activity in the

rat urinary bladder at high doses, similarly to PEITC.

In Chapter 3, I performed in vivo genotoxicity studies to clarify whether MTBITC exhibits
carcinogenic potential in rats. Male 6-week-old F344 rats were treated with MTBITC for 3 days at
doses of 10, 30, or 90 mg/kg BW by gavage, and comet assays of urinary bladder samples were
performed. Micronucleus (MN) assays were also carried out using bone marrow samples.

No significant increases in the % tail DNA (the percentage of DNA in the tail) in the comet assays
and MNPCE% (micronucleated polychromatic erythrocytes/polychromatic erythrocytes ratio) in
the MN assays were detected for all doses of MTBITC, demonstrating that MTBITC may not
induce DNA damage or chromosomal aberration in vivo. Overall, results in the present study
suggested that MTBITC may exert toxic effects through the non-genotoxic mode of action in the

urinary bladder of rats at high doses.

The estimated daily dose of MTBITC suppressing NMBA-induced esophageal carcinogenesis
in rats is equal to about 60-160 g heirloom daikon for a 60-kg human. It is feasible to consume a
sufficient amount of heirloom daikon. On the other hand, the estimated daily dose of MTBITC
causing toxicity in the present study was roughly equivalent to 8-15 kg heirloom daikon in humans.
Notably, it is unlikely that the toxicity of MTBITC observed in the present study would also occur
in humans because this amount of daikon is much higher than normal dietary consumption. Further

studies of the efficacy of MTBITC at lower nontoxic doses should be warranted.



