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Article: Capsaicin inhibits the spontaneous pacemaker activity in interstitial cells of Cajal from the small intestine of mouse
(J Neurogastroenterol Motil 2010;16:265-273) 

Interstitial cells of Cajal (ICCs) are the pacemaking cells in 
the gastrointestinal (GI) tracts that generate the rhythmic oscil-
lations in the membrane potential which were known as slow 
waves recorded in native smooth muscle tissue preparations in the 
past. Auto-rhythmicity in GI tracts is an exclusive property of 
ICCs and the spread of slow waves through GI tracts occurs elec-
trically, and not by the active regeneration properties of ICCs and 
smooth muscles. Pacemaking ICCs are organized into electri-
cally coupled networks within discrete areas of the stomach, small 
intestine, and colon.1,2 

ICCs were originally identified by Santiago Ramon y Cajal 
and were characterized by morphological criteria until the discov-
ery that these cells express the receptor tyrosine kinase Kit.3 
Subsequent studies determined that Kit immunoreactivity in the 
muscularis propria of the GI tract is restricted to 2 cell types: 
mast cells4 and ICCs. Kit-positive ICCs are distributed through-
out the GI tract as well as in other smooth muscle tissues.5 All re-
gions of the GI tract contain ICCs but the location within the 
muscularis propria varies according to region or species.6 In the 
myenteric plexus region, ICCs form a network between the mus-
cle layers forming a mesh around the ganglia and are considered 

as major pacemaker cells. A network of deep muscular plexus 
ICCs is present in the small intestine between the inner and outer 
circular muscle layers.6 In the colon and parts of the gastric an-
trum, submuscular ICCs are located outside the circular muscle 
layer.7 Intramuscular ICCs are distributed through the longi-
tudinal and circular muscle layers and are considered to be in-
volved in neurotransmission from nerve terminals. Septal ICCs 
are found between the fascicles of muscle in humans and other 
large species. These can be considered as one type of intra-
muscular ICCs.8 Stellate, subserosal ICCs are observed on the 
boundary between the longitudinal muscle and the serosa in the 
colon of mice.9

Capsaicin (8-methyl-N-vanillyl-6-ninenamide) activates af-
ferent fiber endings and capsaicin sensitive primary afferent neu-
rons participate in the regulation of GI motility.10 Furthermore, 
capsaicin induces contraction in the guinea-pig ileum11 and relax-
ation in human small and large intestines.10 Namely, it is known 
that capsaicin may have excitatory action on animal GI motility 
but inhibitory on human. However, information about the effect 
of capsaicin on human GI motility is somewhat controversial. 
Some reports showed the oral administration of capsaicin to fail in 
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showing a significant effect on GI motility in human12-14 but there 
are reports that capsaicin could contribute to protection of the 
esophagus and could promote retention of the irritant in the 
stomach and faster transit through the small bowel.15

However, there are no reports on the direct effect of the cap-
saicin on ICCs that have important roles for regulation of GI mo-
tility as pacemaker cells. In this issue of the Journal of 
Neurogastroenterology and Motility, Choi et al examined the role of 
capsaicin on ICC in mouse small intestine. They showed that 
capsaicin inhibited the pacemaker activity of ICC dose-de-
pendently. The effect of capsaicin, however, is not through the 
transient receptor potential of the vanilloid type 1 (TRPV1) 
channel because capsazepine did not block the effect of capsaicin. 
Consistently with this result, they also showed in their previous 
study that TRPV1-immunopositive cells were not co-localized 
with c-Kit positive tissue layer.16 The effect of capsaicin was not 
through nitric oxide release from ICCs, because there was no in-
fluence on capsaicin-induced action by L-NAME, an inhibitor 
of nitric oxide synthase in their study. Choi et al. proposed that 
further studies are needed to investigate the direct effect of cap-
saicin on pacemaker ion channels like TRPC4 or TRPM7 re-
sponsible for pacemaking activity in ICCs.17 Interestingly, when 
the action of capsaicin was examined in the intracellular calcium 
oscillation, capsaicin completely abolished the calcium oscillation 
in ICCs. Recently, 3 research groups showed simultaneously the 
calcium activated Cl channels to be required for pacemaking ac-
tivity using TMEM16A knockout mice.18-20 Capsaicin might in-
hibit pacemaking activity of ICCs through the decreased activity 
of calcium activated Cl channels due to completely abolished cal-
cium oscillations by application of capsaicin to ICCs. 

The effect of capsaicin seems more complicated because cap-
saicin acts on ICCs as well as afferent nerve endings of GI tract. 
In the future, more sophisticated studies are needed to clarify the 
role of capsaicin in GI tract considering ICCs and species 
differences.
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