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ABSTRACT

Objectives: Capsaicin, the most pungent constituent of chilli pepper (Capsicum annuum L.), is known to alter
the physiological activity of the gut. Capsaicin mediates its action through a transient receptor potential vanilloid
type 1 (TRPV1) channel. The action of capsaicin on gut smooth muscle varies from segment to segment in
different species. The earlier studies were carried out in adult animals only, and its status in the neonate gut, which
is in a development stage, is not known. Objective: Therefore, the present study was done to assess the effect of
capsaicin on the large gut of neonates.

Materials and Methods: In an organ bath preparation, isometric contractions were recorded from segments of
dissected rat colon and rectum. The gut segments were exposed to cumulative concentrations of capsaicin (0.01
nM-3 uM) and a capsaicin-induced contractile response was observed. TRPV1 receptor antagonist capsazepine
(1 uM) and a nitric oxide synthase inhibitor, L-NAME (100 uM), were used to assess their blocking effect on
capsaicin-induced contractile response.

Results: Capsaicin raised contractile tension in the colon and rectum of adult rats but not in neonate rats. In
adult rats, capsazepine pre-treatment (1 uM) failed to block the capsaicin-induced response in the colon, but in
the lower concentrations, it increased contractile tension in the rectum. Pre-application of L-NAME (100 uM)
potentiated capsaicin-induced response in the adult rectum and neonate’s colon but had no effect in the neonate
rectum and adult colon. Capsaicin with a low concentration (0.01 nM-0.01 uM) increased contractile frequency
in both the colon and rectum of adult rats. However, the effect of capsaicin on frequency was abolished at
higher concentrations (0.01 uM-3 uM). A capsaicin-evoked change in contractile frequency in adult rats was
blocked by capsazepine and L-NAME. At lower concentrations (0.01 nM-0.01 uM), capsaicin did not show
any change in frequency in the neonatal colon, while a decrease in contractile frequency was observed with the
higher concentrations (0.1 uM-3 uM) of capsaicin. In neonates, capsazepine pre-treatment produced changes
in frequency for both the colon and rectum. However, pre-application of L-NAME decreased frequency in the
neonate rectum but not in the colon.

Conclusion: Capsaicin-induced changes in contractile activity may or may not involve TRPV1 or the Nitric
Oxide (NO) pathway, depending on the part of the large gut and developmental maturity.
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INTRODUCTION

Out of different forms of capsaicinoids, capsaicin is the primary capsaicinoid and most pungent
constituent of chilli peppers (Capsicum annuum L.). Capsaicin is the main ingredient responsible
for the spiciness of any type of food.!! Capsaicin is known to alter the physiological activity of
the gut. For example, it may change the movement, secretary and circulatory functions of the
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gut as well as be involved in visceral nociception in different
species.”¥  Capsaicin may also alter gastric emptying
time in humans and it is also implicated in irritable bowel
syndrome.** Thus, the capsaicin receptor has turned out to
be a striking target for the management of colonic and rectal
disorders. Capsaicin mediates its action through the capsaicin
receptor and transient receptor potential vanilloid type 1
(TRPV1) channel, which was first identified and cloned in
rats by Caterina et al.""! Apart from capsaicin, TRPV1 is also
notably activated by changes in pH (<5.9), high temperature
(>43°C) and inflammatory pain.['*

Capsaicin was reported to affect the motility of the
gastrointestinal tract as capsaicin receptor TRPV1 expression
was observed in the mucosa, submucosal layer and muscular
layer of the gastrointestinal tract in the guinea pig, mouse
and rat gastrointestinal tracts.'>'® Capsaicin has different
effects on the smooth muscle of the gut in different parts of
different species.!'*!”) Capsaicin has been shown to cause
biphasic responses (contractions followed by relaxation)
in the ileum of guinea pigs as well as the small and large
intestines of mice, possibly through substance P, tachykinin
and TRPV1.216:182024 Tpy addition, relaxation in the rat ileum,
mouse colon, human ileum, human appendix and human
sigmoid colon in response to capsaicin involved the NO
pathway.l'81%2] Thus, capsaicin is likely to mediate its action
through the TRPV1 pathway or a TRPV1 independent
pathway among different species.

These studies were carried out in adult animals only and its
status in the neonate gut, which is in a development stage,
is not known. Therefore, the present study was carried out
to assess the effect of capsaicin on the large gut of neonates.
This should contribute to a better understanding of the
mechanism of neonate gut motility and address the issues
associated with neonatal large gut motility disorders.

MATERIALS AND METHODS

Adult albino rats of the Charles Foster strain of 4-6 months
and neonates of 10-16 days of the same strain were used. The
animals were housed in a temperature, humidity and light-
controlled room (12 h light and 12 h dark) with an ad libitum
supply of food and water. The animal experiments were
performed as per the guidelines of the Institutional Ethical
Clearance Committee for animal experiments (No. Dean/12-
13/CAEC/32). The date of ethics approval for this study is
30.06.2012.

Mounting and recording of contractile response

The detailed procedure of mounting and recording
was as described earlier.?*?” In brief, adult rats were
killed by cervical dislocation and exsanguination, while

neonates were by decapitation. The abdomen was opened
immediately by vertical incision and part of the gut (colon
and rectum) was dissected out and cleaned by flushing
out the gut contents and placed in a Petri dish containing
chilled Krebs-Ringer solution bubbled with 100% O,. After
cleaning, longitudinal segments (12-15 mm) of colon and
rectum were dissected out and placed in an organ bath
(12 mL) containing Krebs-Ringer solution maintained at
37 + 1°C and continuously bubbled with 100% O,. The gut
segments were mounted vertically. One end of the tissue
was fastened to a glass tube support and the other end was
fixed to a force transducer (MLT 0210, AD Instruments,
Sydney, Australia) with an initial tension of 0.25-0.5 g. In
an organ bath preparation, isometric contractions were
recorded from segments of dissected rat colon and rectum.
The preparations were allowed to equilibrate (stabilisation)
for 30 min before taking the control recordings. Isometric
contractions were amplified by a bridge amplifier and
digitised through an analogue/digital interface (Power Lab
4/ST system) to be acquired onto a personal computer. The
contraction recording was displayed and analysed with the
help of software Chart-5 for Windows (AD Instruments,
Sydney, Australia). Before as well as after recording of the
contractile responses, calibration for the tension (0-10 g)
was performed. After stabilisation, the initial recordings of
spontaneous contractions were made for 30 min at 37°C.
Subsequently, the gut segments were exposed to different
concentrations of capsaicin (0.01 nM-3 uM) cumulatively.
Antagonists such as capsazepine (1 uM) and L-NAME
(100 uM) were used to assess their blocking effect on
capsaicin (0.01 nM-3 M)-induced contractile response.

Following the recording of contractions, the segment of tissue
was removed from the organ bath and placed on blotting
paper to lightly soak up any excess water. The two ends of
the tissue were cut to remove the injured parts. The wet tissue
was then weighed in a fine balance. The contractile response
was expressed per unit weight of tissue (g/g wet tissue).

Drugs and solutions

The Krebs-Ringer solution was prepared with the following
compositions (in mM/L): Sodium chloride (NaCl), 119;
Potassium chloride (KCI), 4.7; Calcium chloride dihydrate
(CaCl,.2H,0), 2.5; Potassium dihydrogen phosphate (KH,PO,),
1.2; Magnesium sulphate heptahydrate (MgSO..7H,O), 1.2;
Sodium bicarbonate Sodium bicarbonate (NaHCO;), 5 and
glucose, 11 and the pH of the solution was 7.4.

A stock solution (1 mM) of capsaicin and capsazepine was
prepared in absolute alcohol. In distilled water, a 10 mM
stock solution of N-nitro-L-arginine methyl ester (L-NAME)
hydrochloride was prepared. Further, dilution was made in
Krebs-Ringer solution before experiments.
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Experimental protocol

The experiments were carried out in three groups for each adult
and neonate rat. In the first group of experiments, after obtaining
an initial recording of spontaneous contractions from the colon
and rectum of adult (n = 6) and neonate (n = 6) rats, the tissue
was subjected to treatment with each concentration of capsaicin
(0.01 nM, 0.1 nM, 1 nM, 0.01 uM, 0.1 uM, 1 uM and 3 M)
for 10 min in a cumulative manner to obtain the dose-response
curve. In the second group (n = 4-6), after obtaining initial
recordings of spontaneous contractions from the colonic and
rectal tissue of adult and neonate rats, the tissue was exposed to
various volumes of ethanol (0.001-100% v/v) that is present in
the corresponding concentration of capsaicin solution.

In the third group, after obtaining initial recordings of
spontaneous contractions from the colonic and rectal
tissue of adult and neonate rats, they were pre-treated with
capsazepine (1 uM, n =4-6) and L-NAME (100 uM, n = 4-6),
then, the recordings were obtained in their presence for
10 min. Subsequently, the cumulative concentration response
of capsaicin (0.01 nM-3 puM) was performed in the presence
of capsazepine and L-NAME.

RESULTS
Effect of capsaicin (0.01 nM-3 uM) on colon and rectum
Adult rats

In the adult rat colon, capsaicin (0.01 nM-3 uM) produced
significantly higher contractions as compared to the
vehicle control group (P < 0.05, two-way ANOVA, n = 4-6
[Figure la]). Each concentration of capsaicin produced a
greater contractile response as compared to control (P < 0.05,
Student’s t-test, paired) except at the highest concentration that
is, 3 uM. There is a sharp decline in contractile response at this
concentration. Further, the increased contractile responses
induced by capsaicin (0.01 nM-1 uM) were not dose
dependent, and changes in contractile response at different
concentrations from 0.01 nM to 1 UM were minimal and not
significantly different. On application of 0.01 nM capsaicin,
a sharp 31% increase in the contractile response was found,
which was stable throughout the doses of 0.01 nM-1 uM.

A similar response was also observed in the adult rat rectum.
However, at 3 uM concentration, the response of capsaicin
abruptly declined (relaxation) and ended with significantly
lower contractile tension as compared to vehicle control
(P<0.05, two-way ANOVA, n = 4-6 [Figure 1b]).

Neonate rats

In contrast to the results of adult rats, the neonate rat colon,
as well as rectum, failed to show any increase in contractile

response to the application of capsaicin (0.01 nM-3 uM) as
compared to vehicle control (P > 0.05, two-way ANOVA,
n = 6 [Figures 2a and b]).

Effect of capsazepine (1 pM), a TRPV1 receptor blocker
on colon and rectum of adult and neonate rats

The TRPV1 receptor blocker capsazepine (1 uM) failed to
block the capsaicin-induced activity in the colon of an adult
(P> 0.05, two-way ANOVA, n = 6 [Figure 3a]), but in a lower
concentration, pre-treatment with capsazepine increased
contractile tension in the adult rat rectum (P < 0.05, two-way
ANOVA, n = 6 [Figure 3b]).

In the case of neonate rats, capsazepine (1 uM) had no
effect on capsaicin-induced contractile activity in the colon
as well as the rectum (P > 0.05, two-way ANOVA, n = 6
[Figure 4]).

Effect of L-NAME on colon and rectum of adult and
neonate rats

Pre-treatment of the adult colon with L-NAME (100 uM)
had no effect on the contractile activity of capsaicin in the
adult colon (P > 0.05, two-way ANOVA, n = 6). In the case
of the rectum, after pre-treatment with L-NAME, application
of capsaicin increased contractile tension (P < 0.05, two-way
ANOVA, n = 6 [Figure 5]).

In the case of neonate rats, L-NAME (100 uM) pre-treatment
caused an increase in contractile tension in the colon of neonate
rats (P < 0.05, two-way ANOVA, n = 6 [Figure 6a]). However,
L-NAME (100 uM) had no effect on capsaicin activity in the
rectum (P > 0.05, two-way ANOVA, n = 6 [Figure 6b]).

Effect of capsaicin (0.01 nM-3 uM) on contractile
frequency (contractions/min) before and after pre-
treatment with capsazepine (1 pM) and L-NAME

(100 uM) in colon and rectum of adult and neonate rats

Capsaicin (0.01 nM-3 uM) increased contractile frequency
significantly in both the colon and rectum of adult rats
as compared to vehicle control. In the case of neonates, a
significant decrease in contractile frequency was observed in
the colon but no such response was observed in the neonate
rectum.

When the colon and rectum of adult rats were pre-treated
with capsazepine (1 uM) and L-NAME (100 uM), there was a
further decrease in the contractile frequency as compared to
the capsaicin-only treated group.

In the case of neonates, capsazepine pre-treatment also
produced a similar change in frequency in both the colon
and rectum as seen in adults. However, pre-application of
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Figure 1: Dose-response curve showing the effect of capsaicin (0.01 nM-3 uM)-induced contractile
tension (% of initial) in colon (a) and rectum (b) of adult rats as compared to vehicle control (ethanol
v/v ratio). Capsaicin produces increase in contraction tension in colon and rectum of adults (P < 0.05,

two-way ANOVA). Data points indicate mean + standard error of the mean values (n = 4-6).
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Figure 2: Dose-response curve showing the effect of capsaicin (0.01 nM-3 uM) on contractile tension
(% of initial) in colon (a) and rectum (b) of neonate rats as compared to vehicle control (ethanol v/v
ratio). Capsaicin failed to produce any change in contraction tension in colon and rectum of neonate
rats (P > 0.05, two-way ANOVA). Data points indicate mean + standard error of the mean values (n = 6).

L-NAME decreased frequency significantly in the neonate’s
colon but not in the rectum.

DISCUSSION

The present study was designed to determine the effect of
capsaicin on the colon and rectum in neonatal rats and
also to assess if the action of capsaicin is different in the
neonate colon and rectum. In this study, it was observed that
capsaicin raised contractile tension in the colon and rectum
of adult rats, but no such response was observed in neonate

rats [Figures 1 and 2]. However, capsaicin did affect the
frequency of spontaneous contractions in the neonate’s colon.
Capsaicin-induced contractile responses have previously
been observed in the adult guinea pig ileum, mouse jejunum,
colon and rectum.!'>7'%22 Similar responses are now being
reported in the adult rat colon and rectum. A significant
finding in this study is the failure of contractile response
evoked by capsaicin in the neonate colon and rectum is a
significant finding in this study. The non-responsiveness of
the neonate colon or rectum may be due to the appearance of
capsaicin receptors during a later stage of gut development.
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Figure 3: Dose-response curve showing the effect of capsaicin (0.01 nM-3 uM) on contractile tension
(% of initial) in colon (a) and rectum (b) of adult rats after pre-treatment with capsazepine (1 uM).
Capsaicin failed to produce any change in contraction tension in colon (P > 0.05, two-way ANOVA) but
an increase in contractile tension in rectum (P < 0.05, two-way ANOVA). Data points indicate mean *
standard error of the mean values (1 = 6).

__wf Neonate rat colon —MF Neonate rat rectum
2 mF 2mb
= - @
@ @
o 10F 210
= | o
< f Sl
-— B = K
= - (= L
S sk Ok -
o % ~8— Capsaicin only =80F 8- Capsaicin only
- I —0O— Capsazepine+Capsaicin = | =O— Capsazepine+Capsaicin
© -—
= 4r =40
= 9r =9
£ C % [
S 0F S aF

C = [
= [ .

0 L L Illlujl 1 IllIIIII L IllIIIII L IIIIIIII 1 IIIIIIlI L IIIllIII L Illlml 0 .Mmmmmmlw
16 1e5 fed 163 1e2  fel  tetd et fe6 15 fed  1e3  fe2  fed  Metd et
Capsaicin (M) Capsaicin (uM
B a3 pain (1)

Figure 4: Dose-response curve showing the effect of capsaicin (0.01 nM-3 uM) on contractile tension (% of
initial) in colon (a) and rectum (b) of neonate rats after pre-treatment with capsazepine (1 uM). Capsaicin
failed to produce any change in contractile tension in colon and rectum after pre-treatment with capsazepine
(P> 0.05, two-way ANOVA). Data points indicate mean =+ standard error of the mean values (1 = 6).

Capsaicin has been observed to mediate its action through
TRPVI1 and NO in intestinal smooth muscle in various
species.'>22 In rats, in the present study, TRPV1 receptor
antagonist capsazepine (1 uM) not only failed to block the
capsaicin-induced response, but it enhanced the capsaicin-
evoked contractile response in the adult rat rectum [Figure 3].
At present, it is difficult to explain how capsazepine could

potentiate the tone in the rectum while sparing the colon.
Nevertheless, it indicated a difference between the rectum and
the colon in terms of the mechanism of action of capsaicin.
This response of capsazepine in the rat is different from those
reported in the mouse small intestine, in which capsazepine
blocked the capsaicin-induced contractions.?” In another
study on the mouse large intestine, it was reported that
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Figure 5: Dose-response curve showing the effect of capsaicin (0.01 nM-3 uM) on contractile tension
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Capsaicin failed to produce any change in contraction tension in colon (P > 0.05, two-way ANOVA)
but causes an increase in contractile tension in rectum (P < 0.05, two-way ANOVA). Data points
indicate mean * standard error of the mean values (n = 6).
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Figure 6: Dose-response curve showing the effect of capsaicin (0.01 nM-3 uM) on contractile tension
(% of initial) in colon (a) and rectum (b) of neonate rats after pretreatment with L-NAME (100 uM).
Capsaicin causes an increase in contractile tension in colon (P < 0.05, two-way ANOVA) but not in
rectum after pre-treatment with L-NAME (P > 0.05, two-way ANOVA). Data points indicate mean +
standard error of the mean values (1 = 6).

lower concentrations of TRPV1 antagonists such as BCTC
and iodoresiniferatoxin are ineffective in the prevention of
contractions induced by capsaicin.”! It may be interesting to
note that, in the case of the neonate rat, capsazepine failed
to affect the capsaicin-induced contractile tension in both

colon and rectum [Figure 4], suggesting non-involvement of
TRPV1 receptors in the neonate.

Further, pre-application of L-NAME (100 uM), a nitric
oxide synthase inhibitor, potentiated capsaicin-induced
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response in the adult rectum and neonate’s colon but had
no effect in the neonate rectum and adult colon [Figures 5
and 6]. Increased contractile tension that appeared in the
neonate rat colon and adult rectum after pre-treatment with
L-NAME may be due to inhibition of natural NO present and
may have acted independent of capsaicin. This type of NO
activity is not observed when the colon matures to an adult
level. Natural NO activity, on the other hand, is likely to be at
its lowest in the neonate rectum before reaching adulthood.
An earlier study in the mouse large intestine also showed
that L-NAME was ineffective in mediating capsaicin-induced
contractile response as observed in the present study in the
adult colon.!®

In the present investigation, the analysis of contractile
frequency records showed that capsaicin with a low
concentration (0.01 nM-0.01 uM) increased contractile
frequency in both the colon and rectum of adult rats as
compared to vehicle control. However, the dose-response
curve showed that the effect of capsaicin on frequency was
abolished at higher concentrations (0.01 uM-3 uM). In
earlier studies, it was reported that capsaicin with a high
concentration caused a decrease in contractile frequency
in the cat colon and mouse small intestine.?®*! The
difference in the response may be attributed to the very
high concentration (50-100 uM) of capsaicin used by these
workers. Thus, it may be assumed that capsaicin increases the
frequency at low concentrations and depresses the frequency
at high concentrations. This might be attributed to the
desensitisation of the receptors at high concentrations.

In the present experiment, capsaicin-evoked changes
in contractile frequency in adult rats were blocked by
capsazepine and L-NAME. These indicated that the action of
capsaicin was mediated through the TRPV1 receptor and NO
in adult rats. A study on the pacemaker activity of interstitial
cells of Cajal from the mouse small intestine could not detect
the involvement of TRPV1 or NO.™! Hence, it is possible that
frequency may be controlled by a path that does not involve
TRPV1 or NO.

In contrast to adults, capsaicin at the lower concentration
(0.01 nM-0.01 uM) did not show any change in frequency
in the neonatal colon, while a decrease in contractile
frequency was observed with a higher concentration (0.1
UM-3 uM) of capsaicin. In the case of neonates, capsazepine
pre-treatment also produced changes in frequency for
both colon and rectum, similar to what was seen in adults.
However, pre-application of L-NAME decreased frequency
in the neonate rectum but not in the colon. Therefore,
it appeared that the signalling pathway for frequency
regulation in the neonate rectum was different from that
in the colon because the frequency of colonic contractions
could be regulated independent of NO production in
neonates.

Antagonism between capsaicin and capsazepine occurs on
interaction not only with TRPV1 channels but also with
neuromimetic membranes, as was recently discovered in a
study that concluded that capsaicin and capsazepine interact
with lipid bilayers made up of phospholipids and cholesterol
to change the membrane fluidity of those lipid bilayers in
different ways.""

CONCLUSION

It may be concluded that the absence of capsaicin-induced
contractile tension in the neonate colon and rectum could
be due to the late appearance of capsaicin receptors during
the postnatal gut development process. Capsaicin-induced
changes in contractile activity may or may not involve
TRPV1 or the NO pathway, depending on the part of the
large gut (colon or rectum) and developmental maturity
(neonate or adult).
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