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Intestinal transepithelial ion transport is regulated by diverse systems including the
enteric nervous system (ENS), a variety of gut hormones and cytokines, responding to
mechanical and chemical stimuli. One type of chemical stimulus at the intestinal lumen is
short-chain fatty acids (SCFAs) including propionate and butyrate, which are bacterial
metabolites especially in the large intestine. SFCAs have been reported to evoke epithelial
ion transport through mucosal stimulation and ENS activation. Although the sensing
mechanism for SCFAs at mucosa is still unclear, we recently found that the SCFA receptor,
GPR43, is expressed by enteroendocrine cells and mucosal mast cells in human and rat
intestine. Therefore, we speculate that other chemical receptors are expressed by sensory
cells in the intestine.

Recently, the same taste transduction mechanism found in the taste buds of lingual
papillae was also reported to be present in the intestine. In the present study, we
examined the effect of odorants thymol and eugenol on ion transport in human and rat
colonic epithelia to elucidate the physiological function of odorant receptors in the intestine.
Furthermore, odorant receptor expressions were also investigated in isolated large intestinal
mucosa.

To find out the odorant receptors in rat large intestinal epithelia, RT-PCR analysis was
performed by using isolated mucosa of rat without submucosa and muscle. Specific bands
of same base pair (bp) sizes as the expected amplicon size for rOR1G1 and rTRPV3 were
detected in the mucosa of rat distal colon (Fig.1A). We have also detected the receptor
signals responsible for eugenol (Fig.1B). These results suggest that thymol or eugenol in
the large intestine may be detected at epithelial odorant receptors (OR1G1, Olr604 and
Olr1161).

The addition of thymol or eugenol to mucosal bathing solution evoked an increase in I
in both human and rat large intestine with increasing G, (Fig. 2 and 3). After the addition
of eugenol (v/v 0.1%), I increased gradually for 5-15 min, with G, increases. To
investigate the effects of thymol on basal I, and G; in rat colon, various concentrations of

thymol (107¢ — 10°M) were added to mucosal bathing solution and changes in L. and G;
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were measured (Fig.3). In rat tissues, serosal addition of thymol was also tested; thymol
to serosal bathing solution evoked an increase in I, similar to that of mucosa. Figure 3A
shows concentration-dependent increases in I in rat colon (Fig.3A). In the present study,
we have shown the action of odorant receptor ligands, thymol and eugenol on epithelial ion
transport and the expressions of putative receptors for thymol and eugenol. This study
suggests that some luminal odorants in the large intestine induce a secretory response
probably through the odorant receptor mediating chemical sensing mechanism. Thymol
induced increases in I, in a concentration-dependent manner in rat distal colon. The
mRNA expression of odorant receptors, rOR1G1, rTRPV3, Olr604 and Olr1161 were
detected in colonic mucosa by RT-PCR analysis. Although, in the present study we could
not be determined which specific receptor detect thymol or eugenol, the results suggest
that thymol or eugenol may be detected at epithelial odorant receptors.

The present results indicate that the receptors for odorant can function as sensors that
are able to modify the intestinal function including epithelial ion transport in human and rat
intestine. Therefore, this system may be a new chemosensing mechanism in the large

intestine to maintain intestinal homeostasis.



