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ABSTRACT

Capsaicin is one of the most important capsaicinoids and forms the main pungent ingredient of chili peppers. It
is known to release biologically active substances which affect motility of gut in different species. In human,
capsaicin has been shown to alter gastric emptying time and capsaicin receptors have been implicated in
irritable bowel syndrome (IBS). Capsaicin, acts through capsaicin receptor, Transient receptor potential subtype
1 (TRPV1). Capsaicin receptor immunoreactivity has been also reported in different parts of the gut in different
mammalian species. Studies indicated that capsaicin mediate its effect by releasing endogenous substances like
tachykinins, calcitonin gene related peptide (CGRP) and other substances in gut. The present review

concentrates on effect of capsaicin on gut motility.
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INTRODUCTION

A chili pepper fruit produces compounds that
produces spicy flavor of food and these compounds
are known as capsaicinoids. Capsaicin is the primary
capsaicinoid in chili pepper which is followed by
dihydrocapsaicin, nordihydrocapsaicin,
homodihydrocapsaicin and homocapsaicin
(Escogido-Reyes Maria de Lourdes et al, 2011). It is
known to cause pain and hyperalgesia when applied
topically in different part of the body and viscera
(Drewes AM et al., 2003; LaMotte RH et al., 1992;
Laird JMA et al., 2001; Gonzalez R et al., 1998;
Rodriguez-Stanley S et al., 2000). Capsaicin is also
known to affect gastric emptying time (Gonzalez R
et al, 1998; Debreceni A et al., 1999) and it is
implicated in IBS (Chan CLH et al., 2003; Akbar A
et al., 2008; Akbar A et al., 2010). It mediates its
affects through TRPV1 which was first identified
and cloned in rat by Caterina MJ et al., 1997. Thus,
capsaicin through TRPVI is likely to mediate gut
motility. Gut motility is altered by many types of
stimuli through various pathways. Afferent fibers of
various origin located in the different muscle layer
of intestine are responsible for sensing any change in
their inner environment. The afferents fibers thought
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to act in response to change in tension, chemical and
local substances (Ward SM et al, 2003) and
capsaicin is likely to activate subpopulations of
these afferent fibers (Walpole CS et al., 1996).
There are several types of receptors identified
appears to be involved in regulations of chemically
induced contractions and relaxations. TRPV1 is a
non selective cation channel that get activated by
capsaicin, change in pH and temperature (Caterina
MJ et al., 1997; Bartho L et al., 2004; Clapham, DE
et al., 2003) and also causes contractions or
relaxation of gut smooth muscle (Bartho” L et al.,
2000; DE Man JG et al., 2008; Maggi CA et
al.,1996; Maggi CA et al., 1986a; Maggi CA et al.,
1986 b; Maggi CA et al., 1990a; Maggi CA et al.,
1990b). Further, it is proposed that a member of
extrinsic primary afferents represent the population
of capsaicin-sensitive neurons (Holzer P, 2004).

Capsaicin: Structure and Receptor

Approximately 90% of capsaicinoids are capsaicin
and dihydrocapsaicin in chili pepper fruit and these
are the two most effective capsaicinoids and they
differ only in the saturation of the acyl group in their
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molecular structures (Walpole CS et al., 1996;
Bernal MA et al., 1993; Kobata K et al., 1998).
Capsaicin was first crystallized in 1876 by Tresh
who also named it. In 1919, Nelson and Dawson
first resolved the molecular structure of capsaicin
(Nelson EK and Dawson LE, 1923) (figure 1).
Capsaicin is a crystalline, lipophilic, colorless and
odorless alkaloid. Its molecular weight is 305.40
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g/mol and molecular formula CI18H27NO3 with
nomenclature- Trans-8-methyl-N-vanillyl-6-
nonenamide. It 1is alcohol and lipid soluble.
Capsaicin shows cis/trans isomerism because the
double bond of the capsaicin prevents internal
rotation. Capsaicin is always occurring in the form
of trans isomer because cis isomer form is less stable
(Escogido-Reyes Maria de Lourdes et al, 2011).

C

Capsaicin

Figure

1

Structure of Capsaicin

According to structure-activity relationships,
capsaicin molecule has been divided into three
regions which contain- A (aromatic ring), B (amide
bond) and C (hydrophobic side chain). Positions 3
and 4 of the A-ring are vital for effective agonist
activity in capsaicin as well as in capsaicin
analogue. The phenolic 4-OH group is of particular
importance  because = H-bond  donor/acceptor
properties of the phenol group are important key for
agonist activity. Further, C region required for high
potency (Walpole CS et al., 1996; Katritzky AR et
al., 2003). According to Barbero et al., 2010 the
lateral chain length determines the bioactivity of
capsaicinoids and highest activity was reported with
8 and 9 carbons atoms chain (Barbero GF et al.,
2010). Capsaicin, elicits a burning sensation by
activating specific (vanilloid) receptors on sensory
nerve endings termed nociceptors. Capsaicin
sensitive nerves are primary sensory neurons in
dorsal root ganglia, nociceptive trigeminal ganglion
neurons and vagal nerves originating in the nodose
ganglia (Kress M and Zeilhofer HU, 1999). The
capsaicin receptor was cloned and termed as
vanilloid receptor subtype 1 or transient receptor
potential vanilloid subtype 1 (VR1 or TRPV1).
TRPVI1 is structurally related to a member of the
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TRP channel family and it is a non selective cation
channel with six transmembrane domains and a
short, pore-forming hydrophobic stretch between the
fifth and sixth TM domains (Caterina MJ et al.,
1997; Gunthorpe MJ et al., 2002). TRPV1 has a
long amino terminus containing three ankyrin-repeat
domains and a carboxyl terminus containing a TRP
domain close to the sixth TM (Tominaga M and
Tominaga T, 2005). The ankyrin repeats consist of a
~33-residue motif named after the cytoskeletal
protein ankyrin, which contains 24 copies of these
repeats and these ankyrin repeats are known to bind
to many cytosolic proteins (Sedgwick SG and
Smerdon SJ, 1999). According to various studies
expressions of capsaicin receptor, TRPVI1s are
found in both sensory neurons and non-neuronal
tissues (Anavi-Goffer S and Coutts AA, 2003;
Matsumoto KE et al., 2009; Poli-Neto OB et al.,
2009; Sim JH et al.,, 2001; Kullmann FA et al.,
2009; Yamada T et al., 2009; Spencer NJ et al.,
2008) but TRPV1 expression is mostly reported in
extrinsic sensory neurons in both dorsal root ganglia
and nodose ganglia. In addition, their expression
was also reported in enteric neurons and extra-
neuronal structures (Ichikawa H and Sugimoto T,
2003).
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Capsaicin and its expression in gut

In gut, the capsaicin receptor expressions are studied
and according to studies by Patterson et al., 2003;
Ward et al., 2003, TRPV1 receptors in the gut are
shown to be located predominantly on extrinsic
afferents neurons of gut. Expressions of these
TRPV1 receptors were observed in mucosa, enteric
nerve plexus and musculature (Ward SM et al.,
2003; Patterson LM et al., 2003). In the immuno-
histochemical study in mouse jejunum, colon and
rectum, TRPV1 immunoreactivity was found in the
mucosa, submucosal, and muscle layers and
myenteric plexus. The density of TRPVI-
immunoreactive axons in the rectum and distal colon
was found to be much higher than those in the
transverse and proximal colon (Matsumoto KE et
al., 2009; Tan LL et al., 2008). It was reported that
TRPV1-immunoreactivity increases in the gut of
patients suffering from rectal hypersensitivity or
inflammatory bowel disease (Chan CLH et al., 2003;
Akbar A et al., 2008; Akbar A et al., 2010; Yiangou
Y et al., 2001).Vagal and spinal afferents supplying
to the gastrointestinal tract can be activated by
capsaicin and this can be used as a tool to probe the
role of extrinsic afferents in the control of reflex gut
function (Su X et al., 1999; Blackshaw LA et al.,
2000). Further, capsaicin was found to induce both
contractions and relaxation of gut smooth muscle in
different conditions. The contractile action of
capsaicin on gut motility could be either through
activation of intrinsic enteric nerves or through
tachykinin released from sensory nerve endings
(Bartho” L et al., 2000; DE Man JG et al., 2008). On
the other hand, capsaicin induced relaxation of gut
smooth muscle cells may involve calcitonin gene
related peptide, vasoactive intestinal polypeptide or
non-adrenergic non- cholinergic neurons (Maggi CA
et al.,1996; Maggi CA et al., 1986a; Maggi CA et
al., 1986 b; Maggi CA et al., 1990a; Maggi CA et
al., 1990b).

Effect of capsaicin on gut motility

The action of capsaicin on gut smooth muscle is not
consistent. There may be biphasic response showing
both contraction and relaxation after treatment with
capsaicin, in different species. Some of the studies
indicated relaxation after initial contraction with a
tachyphylactic effect as described in further review.
In earlier study it has been reported that capsaicin
induces the contractions in guinea pig isolated ileum
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(Toh CC et al., 1955). Later on it was observed that
contraction induced by capsaicin in guinea pig
isolated ileum was followed by irreversible
tachyphylaxis and capsaicin action was inhibited by
hyoscine and morphine. The study also suggested
that, contractile action of capsaicin may be
cholinergically mediated involving extrinsic nerves
(Bartho” L and Szolcsa'nyi J, 1978). In rabbit ileum
capsaicin caused a concentration dependent motor
response (correspond to percentage of maximum
contraction produced by acetylcholine) and effect of
capsaicin  was reduced by hyoscine and
tetrodotoxins. Such tachyphylactic response was
obtained at high concentration of capsaicin (Bartho’
L and Szolcsa'nyi J, 1980). A similar result was also
obtained in guinea-pig taenia caeci in which
capsaicin produced contraction in taenia caeci which
was followed by long Ilasting tachyphylaxis
suggesting that capsaicin-sensitive nerves excite
cholinergic neurons of the myenteric plexus
(Szolcsa'nyi J and Bartho” L, 1979). Further, in
guinea-pig ileum, capsaicin produced a large
contractile response which displayed marked
tachyphylaxis. The response was reduced by
atropine and substance P-autodesensitization. It was
also observed that the response was completely
abolished after combination of these treatments.
Therefore, it was concluded that capsaicin released
substance P from neurons in the ileum and in turn
substance P stimulated cholinergic neurons to
release acetylcholine, which induced contractions in
guinea-pig ileum (Chahl LA, 1982). In another study
with the guinea ileum it was suggested that
contractile action of capsaicin involved interaction
of neuronal NK; and NK; receptors by exciting the
myenteric neurons through tachykinins released
from primary afferents. The possibility of a non-
tachykininergic component of the capsaicin-induced
contraction could not be rulled out, because
capsaicin evoked contraction was not blocked by
individual component but could be blocked by
combined action of NK; and NKj3 receptors
antagonists (Bartho” L et al, 1999). In another study
by Bartho et al., 2000, it was observed that P,
purinoceptor antagonist in presence of NK; and NK;
receptors antagonists reduced contractile response of
capsaicin in guinea-pig ileum. Therefore, it was
concluded that P2 purinoceptor (may be ATP)
caused non tachykininergic activation of cholinergic
neurons in the course of the capsaicin-induced
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contraction (Bartho” L et al., 2000). Further, in
mouse, capsaicin was observed to produce dose
dependent contractions in jejunal muscle strips
which showed rapid tachyphylaxis (DE Man JG et
al., 2008). Contractions induced by capsaicin were
unaffected by tetrodotoxin, hexamethonium,
atropine or L-NOARG but blocked by TRPVI1
antagonists. However, capsaicin did not affect
contractions elicited by electrical stimulation of
enteric motor nerves and carbachol. Further,
combination of tachykinin receptor antagonists NK;
(RP67580), NK, (nepadutant) and NK3 (SR-142801)
respectively significantly reduced contractions to
capsaicin. This suggested that, in the mouse
intestine, capsaicin induced contractions are
mediated through activation of TRPV1 by
tachykinins unlike observed in guinea-pig ileum
(Bartho” L et al., 2000; DE Man JG et al., 2008).
Similarly, capsaicin induced transient contraction
from the proximal colon to the rectum was seen to
be moderately inhibited by an NK1 or NK2 receptor
antagonist. The capsaicin-induced long-lasting
contraction in the rectum and distal colon was also
found to be markedly inhibited by an NK2
antagonist, but not by an NK1 antagonist. It was also
proposed that TRPV1 channels located on the
rectum and distal colon play an important role in the
motor function in the large intestine (Matsumoto KE
et al., 2009). Matsumoto et al., 2011 also reported
that rectum of mouse was more responsive to
capsaicin than other parts of the colon and effect of
capsaicin was blocked by BCTC N-(4-tertiary
butylphenyl)-4-(3-chloropyridin-2-yl)
tetrahydropyrazine-1(2H)-carbox-amide

(Matsumoto K et al., 2011).

Capsaicin is also known to relax gut smooth
muscle when a selective concentration of capsaicin
is used. For example a study, in guinea pig colon,
transient relaxation in mucosa free circular muscle
of proximal colon was seen after capsaicin
application and this effect of capsaicin was partially
inhibited by human alpha calcitonin gene related
peptide receptor antagonist, (CGRP 8-37). It was
suggested that relaxant response of capsaicin is
mediated by endogenous CGRP through activation
of capsaicin-sensitive primary afferent nerves
(Maggi CA et al, 1996). In case of rats, it was
reported that capsaicin causes relaxation of
longitudinal muscle of rat duodenum and this
relaxation = was  significantly  inhibited by
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tetrodotoxins suggesting the role of non-adrenergic
non- cholinergic neurons (NANC). Capsaicin
induced relaxation was also reduced in the presence
of ATP and CGRP. It was proposed that capsaicin
caused release of CGRP and released CGRP might
produce NANC relaxation both by directly and by
releasing the endogenous NANC neurotransmitters
(Maggi CA et al., 1986a; Maggi CA et al., 1986 b).
In the rat colon, capsaicin and hCGRP8-37 have
been reported to inhibit the peristaltic response due
to muscle stretch or mucosal stimulation (Grider JR,
1994). Similar response was also seen in rat ileum
(Allescher HD, 1992; Wali FA, 1985). In
longitudinal and circular muscle of human jejunum
and ileum capsaicin induced complex motor
response has been reported. In circular muscle of
human small intestine; capsaicin produced
relaxation and decreased spontaneous activity.
Capsaicin was shown to evoke a tetrodotoxin-
resistant release of VIP (vasoactive intestinal
polypeptide) in these experiments. It was speculated
that after capsaicin treatment VIP is released from
sensory nerves of the human gut and produce the
motor response (Maggi CA et al., 1990a). In a study
with human taenia coli, it was observed that
capsaicin produced relaxation and the effect could
be blocked by anti-vasoactive intestinal polypeptide
serum (Maggi CA et al.,, 1990b). Capsaicin also
found to induce relaxation of mucosa-free circular
strips of the human sigmoid colon in vitro and could
be reduced by the nitric oxide synthase inhibitor
NG-nitro-L-arginine  (L-NOARG) or by the
guanylate cyclase inhibitor 1H-
[1,2,4]oxadiazolo[4,3- a]quinoxalin-1-one (Bartho’
L et al., 2002). The relaxant effect of capsaicin in
other species was also reported. For example,
capsaicin, 1 pM in mouse colon, 2 uM in guinea-pig
and 0.3 puM in human ileum and appendix were seen
to produce relaxation of gut muscle. Response of
capsaicin was inhibited by the L-NOARG in most of
the studies except in circular muscle of the guinea-
pig colon. However, tetrodotoxin reduced inhibitory
effect of capsaicin in the mouse colon but failed to
significantly reduce the inhibitory effect of capsaicin
in guinea-pig colon, human ileum and appendix
(Benko Rita et al., 2005).

Capsaicin was also seen to produce biphasic
effect i.e. inhibitory as well as excitatory effect on
gut of different species. Studies in guinea-pig ileum
by Maggi et al., 1988, Bartho et al., 1987 and Bartho
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et al., 1991, it was reported that capsaicin produced
both excitatory as well as inhibitory action on the
longitudinal muscle of the ileum. This effect was
insensitive to tetrodotoxins and there is a good
evidence for the involvement of CGRP in the
relaxation effect (Maggi CA et al., 1988; Bartho” L
et al., 1987; Bartho” L et al., 1991). In guinea pig
distal colon, capsaicin inhibited spontaneous
contractions and this response was reduced by
tetrodotoxins. Thus, it suggested the involvement of
non adrenergic, non cholinergic (NANC)
mechanisms (Maggi CA et al., 1987). In other study
on guinea-pig isolated ileum capsaicin produced
variable responses. For example, it produced an
initial short-lasting stimulation of peristalsis
followed by a prolonged inhibition of peristaltic
activity and a high concentration of capsaicin (33
uM) completely abolished peristalsis which was
fully reversible on removal. These
excitatory/Inhibitory effects of capsaicin were
inhibited by the combination of both NK1 and NK2
receptor antagonists and nitric oxide synthase
inhibitor and CGRP antagonist (Bartho” L and
Holzer P, 1995). In the experiment on rabbit colon
capsaicin was observed to produce a concentration-
dependent transient response of longitudinal muscle
contractions, followed by prolonged inhibition of
spontaneous contraction (Mayer EA et al., 1990).
The initial response was blocked by the substance P
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CONCLUSION
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