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Introduction

Transient receptor potential melastatin 8 (TRPMS) is a member of the transient receptor potential (TRP) channel
family. This channel is expressed in sensory neurons, including those in the somatic and visceral sensory nervous
systems. Non-steroidal anti-inflammatory drugs (NSAIDs) are prescribed for their antipyretic, analgesic, and
anti-inflammatory properties; however, they seriously damage the stomach and small intestine. More than 50% of
patients using NSAIDs have been reported to experience intestinal mucosal damage. Additionally, in terms of
pathophysiological similarity, indomethacin-induced small intestinal injury in rodents may serve as a useful animal
model for assessing NSAID-induced enteropathy as well as intestinal inflammation in Crohn’s disease. In the
gastrointestinal tract, TRP channels expressed in extrinsic sensory neurons are thought to modulate inflammatory
responses. This modulation involves the release of neuropeptides, such as calcitonin gene-related peptide (CGRP)
and substance P (SP), from the sensory neurons after the activation of TRP channels. In the current study, the role
of TRPMS in the pathogenesis of indomethacin-induced intestinal injury was investigated. Furthermore, the
expression of TRPMS in the small intestine and the role of neuropeptides, such as CGRP and SP, in the

pathogenesis of indomethacin-induced intestinal injury were characterized using immunohistochemical analyses.

Chapter I: Role of TRPMS in the pathogenesis of indomethacin-induced small intestinal injury

In this chapter, the role of TRPM8 in indomethacin-induced small intestinal injury was investigated using
TRPMS-deficient (TRPM8KO) mice and a specific TRPMS8 agonist WS-12. The animals were fasted for 18 h,
subsequently provided with free access to food for 1 h, and then subcutaneously injected with a single dose of
indomethacin (8 mg/kg). Indomethacin administration caused severe hemorrhagic injury in the small intestine of
C57BL/6 wild-type (WT) mice after 48 h. The total area of macroscopic injury and severity of histological injury



were significantly higher in TRPM8KO mice than in WT mice. Indomethacin administration increased intestinal
myeloperoxidase (MPO) activity, an index of neutrophil infiltration, and the expression of interleukin-1p and
tumor necrosis factor-a at the mRNA level in WT mice. The increase in MPO activity was further enhanced in
TRPM8KO mice, while further enhancement of inflammatory cytokine expression was not detected in
TRPMS8KO mice. In a subsequent experiment, the effect of WS-12 on indomethacin-induced intestinal injury was
examined. Repeated intraperitoneal administration of WS-12 (3 and 10 mg/kg) reduced the severity of
indomethacin-induced intestinal injury, and this reduction was significant at a dose of 10 mgkg. Moreover,
indomethacin-induced histological intestinal injury and intestinal MPO activity upregulation in WT mice were
significantly attenuated following WS-12 treatment. In contrast, the protective effects of WS-12 against
indomethacin-induced intestinal injury and MPO activity upregulation were completely abrogated in TRPMSKO
mice, and no significant difference was observed with respect to the severity of intestinal lesions and MPO activity
in TRPM8KO mice between the control and WS-12-treated groups. These findings strongly suggest that TRPM8

exerts protective effects against indomethacin-induced small intestinal injury.

Chapter II: Characterization of TRPMS8 immunoreactivity in the small intestine based on the role of
CGRP and SP in the pathogenesis of indomethacin-induced intestinal injury

In this chapter, TRPMS8-enhanced green fluorescent protein (EGFP) transgenic mice, which express EGFP under
the control of the TRPMS promoter, were used because a specific anti-mouse TRPMS antibody was not available
for performing the immunohistochemical analyses. TRPM8-EGFP signaling in the small intestine was
significantly upregulated following indomethacin administration. TRPM8 was highly co-localized with
CGRP-immunopositive neurons and partially with SP-immunopositive neurons in the small intestine.
Co-localization of TRPMS with CGRP and SP in the dorsal root ganglia (DRG) was also observed. TRPMS8 was
expressed in CGRP- and SP-positive primary afferent neurons originating from the DRG Indomethacin
administration significantly increased the immunoreactivity and expression of CGRP in WT mice, but these
responses were completely abrogated in TRPMEKO mice. In contrast, the immunoreactivity of SP in the intestinal
mucosa was significantly upregulated following indomethacin administration in both the WT and TRPM8KO
mice, with the expression of SP in WT and TRPM8KO mice being almost comparable. These findings suggest
that TRPMS contributes to the production of CGRP in injured intestinal mucosa and exert a protective effect
against indomethacin-induced small intestinal injury. In contrast, SP expressed in sensory neurons, independent of

TRPMS expression, may play a role in the progression of small intestinal injury.

Conclusion

The current study demonstrated the protective and anti-inflammatory effects exerted by TRPMS expressed in
sensory afferent neurons against indomethacin-induced intestinal injury by using TRPMSKO mice, a specific
TRPMS agonist, and immunohistochemical analyses. It was hypothesized that the protective effect of TRPMS
may be mediated by the upregulation of CGRP expression rather than that of SP. In contrast, SP expressed in
sensory neurons, independent of TRPMS, may play a role in the progression of small intestinal injury. Therefore,

TRPMS is a potential target for the treatment of NSAID-induced enteropathy and inflammatory bowel diseases.
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