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Role of intrinsic nitrergic neurones on vagally mediated
striated muscle contractions in the hamster oesophagus

Noriaki Izumi, Hayato Matsuyama, Mifa Ko, Yasutake Shimizu and Tadashi Takewaki
Department of Pathogenetic Veterinary Science, United Graduate School, Gifu University, Yanagido 1-1, 501-1193, Gifu, Japan

Oesophageal peristalsis is controlled by vagal motor neurones, and intrinsic neurones have been
identified in the striated muscle oesophagus. However, the effect(s) of intrinsic neurones on vagally
mediated contractions of oesophageal striated muscles has not been defined. The present study was
designed to investigate the role of intrinsic neurones on vagally evoked contractions of oesophageal
striated muscles, using hamster oesophageal strips maintained in an organ bath. Stimulation (30 s,
20 V) of the vagus nerve trunk produced twitch contractions. Piperine inhibited vagally evoked
contractions, while capsaicin and N®-nitro-L-arginine methyl ester (.-NAME) abolished the
inhibitory effect of piperine. The effect of L-NAME was reversed by subsequent addition of
L-arginine, but not by D-arginine. L-NAME did not have any effect on the vagally mediated
contractions and presumed *H-ACh release. NONOate, a nitric oxide donor, and dibutyryl cyclic
GMP inhibited twitch contractions. Inhibition of vagally evoked contractions by piperine and
NONOate was fully reversed by ODQ, an inhibitor of guanylate cyclase. Immunohistochemical
staining showed immunoreactivity for nitric oxide synthase (NOS) in nerve cell bodies and fibres in
the myenteric plexus and the presence of choline acetyltransferase and NOS in the motor endplates.
Only a few NOS-immunoreactive portions in the myenteric plexus showed vanilloid receptor 1
(VR1) immunoreactivity. Our results suggest that there is a local neural reflex that involves
capsaicin-sensitive neurones, nitrergic myenteric neurones and vagal motor neurones.
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Disturbances of the enteric nervous system are implicated
in disorders of oesophageal peristalsis, such as mega-
oesophagus in dog striated muscle oesophagus. However,
to date, our understanding of the enteric nervous system
that controls oesophageal peristalsis is incomplete. In the
striated muscle segment of the oesophagus, chemical and
mechanical stimulation of the mucosa can initiate a
peristaltic reflex in vivo (Broussard et al. 1998; Jean, 2001).
It has been demonstrated that oesophageal peristalsis is
controlled by vagal motor neurones (Andrew, 1956;
Mukhopadhyay & Weisbrodt, 1975; Park & Conklin,
1999), and intrinsic neurones have been identified in the
striated muscle segment of the dog (Hudson & Cummings,
1985) and rat (Neuhuber et al. 1994; Worl et al. 1998;
Kuramoto et al. 1999) oesophagus. However, the possible
effect(s) of intrinsic neurones on vagally mediated
contractions of oesophageal striated muscles has not been
defined.

Inhibitory non-adrenergic, non-cholinergic innervation,
including nitrergic neurones, has been observed within the
intrinsic nervous system of the rat oesophagus (Neuhuber
etal. 1994; Worl et al. 1994). However, the role of nitrergic
neurones in vagally evoked oesophageal striated muscle
contraction is not fully characterized. The distribution of

sensory neurones has been mapped using capsaicin and
piperine, a polypeptide component of black and long
peppers (Izzo et al. 2001). Capsaicin- and piperine-
sensitive sensory neurones can modulate intestinal
motility as they convey signals and may simultaneously
release transmitters that can influence the activity of
intrinsic neurones (Holzer et al. 1987).

The purpose of the present study was to investigate the role
of intrinsic nitrergic neurones on vagally evoked
contractions of the striated muscle segment of the hamster
oesophagus.

METHODS

Animals

Male Syrian hamsters (110-130g) were maintained in
temperature-controlled rooms and the experiments were
performed in accordance with the Gifu University Animal Care
and Use Committee and Japanese Department of Agriculture
guidelines.

Tissue preparation

Animals were anaesthetized with sodium pentobarbital
(60 mg kg™, 1.p.). Following exsanguination through the axillary
arteries, the whole oesophagus of the hamster was dissected out
and excised from the larynx to the level of the diaphragm, together
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with the two attached vagi. The 4-5 cm segment of the oesophagus
was immediately immersed in physiological salt solution (PSS; see
below) at room temperature and the contents of the excised
segment were flushed by a small cannula containing PSS.

Recording of mechanical activity

The whole segment was transferred to a 2 ml thermostatically
controlled (35°C) organ bath containing PSS bubbled with
95%0,-5%CO, gas mixture, maintained at pH 7.0. The tissue
was mounted between two L-shaped hooks by means of silk
ligatures. One was connected to an isometric force transducer for
the measurement of isometric tension; the other was fixed to the
hook to allow adjustment of tension. The mechanical responses
were recorded isometrically on a pen recorder chart through an
AC amplifier (AS1202, NEC, Tokyo, Japan). During the 90 min
equilibration period, the resting tension was adjusted to about 1 g.

Electrical stimulation

In experiments using vagal stimulation, the end of the nerve trunk
was drawn into a bipolar suction electrode and the electrode was
immersed together with the oesophagus preparation in the bath.
Transmural stimulation could also be applied through a pair of
platinum electrodes placed one on either side of the tissue. The
vagus nerve and tissue were stimulated using an electronic
stimulator (model SEN-3301, Nihon Kohden, Tokyo, Japan)
connected to the electrodes. Trains of square-wave pulses of 30 us
duration for stimulation of vagus nerves and of 10 ms duration for
stimulation of muscle were applied at 1 min intervals and
supramaximal intensity. The vagus nerve was stimulated before
and after incubation with the test drug.

Tissue preparation and collection of superfusate for
acetylcholine release

Tissues were excised and suspended in the organ bath as described
above. They were incubated in *H-choline (see below for optimal
conditions) and then rinsed in choline-free PSS before suspension
in the stimulus apparatus as follows. Using a peristaltic pump,
tissues were superfused at an initial rate of 3 ml min™" for the first
20 min. This removed any extracellular *H-choline or tritiated
derivatives of *H-choline released. The superfusate flow rate was
then reduced to 1 ml min™" for the remainder of the experiment.

Superfusion samples were collected in tubes in a fraction collector
(Iwaki, Tokyo, Japan) at 4 min intervals. Samples were vortexed
and 0.5 ml aliquots were placed in scintillation vials containing
4.5ml of Ready Safe liquid scintillation cocktail (Beckman
Coulter, CA, USA). *H levels were determined by counting
samples for 10 min in a scintillation counter at 53 % efficiency.

Experimental conditions for acetylcholine release

Optimal incubation conditions were determined by evaluating
’H release during vagal stimulation at 50 Hz, 30 us, supra-
maximal voltage after incubation in *H-choline (1.98, 7.94 or
18.86 uCiml™) for 30 min. The optimal *H-choline concen-
tration was 7.94 #Ci ml™" because vagal stimulation produced
maximal release of *H at that concentration. The baseline level of
released *H-acetylcholine (ACh) and *H-choline derivatives
became stable within 40 min of superfusing the tissue segment.
More than 20 min were required between consecutive vagus nerve
stimulations to re-establish the basal release of *H. This
concentration of *H-choline (7.94 4Ciml™") was also used to
incubate tissues for 30, 60 and 90 min at 35°C while they were
continually bubbled with 95% O,-5% CO, gas mixture. The
length of the incubation period did not alter the establishment of a
steady baseline by between 30 and 60 min and did not affect the
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tissue responses. Thus, 45 min was selected as the experimental
incubation time.

Immunohistochemistry

For immunohistochemical studies, hamsters were intracardially
perfused through the ascending aorta with 10 mm phosphate-
buffered saline (PBS; pH 7.3). After removal of the oesophagus,
one end of the oesophagus was ligated with a silk thread, and the
lumen was distended with a fixative solution of 4%
paraformaldehyde in 0.1 M phosphate buffer (PB) injected
through a needle inserted into the other end of the oesophagus.
The tissue was immersed for 2 h in the same fixative at room
temperature and then opened longitudinally. It was washed out in
three changes of PBS (pH 7.3), then the mucosa and the outer and
inner muscle layers were removed with fine forceps under a
dissection microscope for whole-mount preparation. Whole-
mount specimens were immunostained for choline acetyl-
transferase (ChAT) and nitric oxide synthase (NOS). In brief, they
were first soaked overnight in PBS containing 0.5 % Triton X-100.
After washing with PBS, the specimens were treated with 0.3 %
H,0, in PBS for 30 min and exposed for 1 h to 1% normal goat
(for NOS) or 1% normal donkey (for ChAT) serum and
incubated with rabbit anti-NOS (1:10000, 24287, Diasorin) or
goat anti-ChAT (1:500, AB1449, Chemicon) for 6 days at 4°C.
The specimens were then washed in three changes of PBS and
incubated with biotin-conjugated goat anti-rabbit IgG solution
(1:400, BA1000, Vector) (for NOS) or donkey anti-goat IgG solution
(1:400, 705-065—147, Jackson ImmunoResearch Laboratories)
(for ChAT) for 1 h, followed by incubation with avidin-biotin
peroxidase complex (Elite ABCKkit; Vector) for 1 h at room
temperature. Immunoreaction sites were visualized by treatment
with 0.05M Tris-HCl buffer (pH 7.4) containing 0.01 %
3,3’-diaminobenzidine and H,0,. The reaction was stopped by the
addition of an excess amount of PBS and the whole-mounts were
stretched on glass slides. The specimens were dehydrated through
agraded series of ethanols and cleared with xylene. They were then
sealed with coverslips.

For double immunostaining of NOS and vanilloid receptor 1
(VR1), whole-mount specimens, after 1 h exposure to 1% normal
donkey serum, were incubated with a mixture of the rabbit anti-
NOS serum (1:1000, 24287, Diasorin) and goat anti-VR1 serum
(1:200, SC-8670, Santa Cruz) for 6 days at 4°C. The specimens
were then applied for 3 h with mixed antisera of fluorescein
isothiocyanate (FITC)-labelled anti-rabbit IgG solution (1:100,
711-095-152, Jackson ImmunoResearch Laboratories) and
tetramethylrhodamine isothiocyanate (TRITC)-labelled anti-
goat IgG solution (1:100, 705-025-147, Jackson Immunoresearch
Laboratories), both of which were raised in donkey. The
specimens were examined using a Nikon fluorescence microscope
equipped with G and B filter sets for FITC and TRITC,
respectively.

Solutions and drugs

During functional experiments, tissues were maintained in PSS
solution containing (mm): NaCl 137, KCl 4.0, CaCl, 2.0, MgCl,
1.0, glucose 5.6 and Hepes 10. N ®-nitro-L-arginine methyl ester
(.-NAME), r-arginine hydrochloride, dibutyryl ¢cGMP, 1H-
[1,2,4]oxadiazolo[4,3-a]quinoxalin-1-one (ODQ), D-tubocurarine,
hexamethonium, tetrodotoxin, capsaicin, piperine, atropine and
H-choline were obtained from Sigma Chemical Co. (St Louis,
MO, USA). [Z]-1-[2-aminoethyl]-N-[2-aminoethyl]diazen-1-
ium-1,2-diolate (NONOate) was obtained from RBI (Natick, MA,
USA).
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Capsaicin was dissolved in ethanol. ODQ and piperine were
dissolved in DMSO. Other drugs were dissolved in distilled water.
Stock solutions were at 100 or more times higher concentrations
than those used for experiments, and further dilutions were made
in PSS. Final concentrations of ethanol and DMSO in the bathing
solution were less than 0.01 % and had no effect on the tone of the
tissues. The drug concentrations given in the text are final
concentrations in the bathing solution.

Data processing and statistical analysis

All results are presented as means + s.E.M. The significance of
differences between mean values was determined by one-way
analysis of variance followed by a Dunnett test for multiple group
comparisons or Student’s ¢ test for comparison of two groups. A P
value less than 0.05 denotes the presence of a statistically
significant difference.

RESULTS

Characteristics of twitch contraction induced by
vagal stimulation

No spontaneous mechanical activity was recorded at rest
from the in vitro oesophageal segment. Stimulation (30 us,
20 V) of the vagus nerve trunk with single pulses, delivered
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Figure 1. Effects of piperine (10~ m) on twitch
contractions elicited by electrical stimulation (30 us,
20 V) of the vagus nerve

A, representative traces showing twitch contractions evoked by
vagal stimulation delivered every minute, and the effect of piperine
(10~* M for 3 min) on twitch contractions elicited by vagal
stimulation. After the removal of piperine, the twitch contractions
recovered to the control level. B, summary plot of the inhibitory
effect of piperine on twitch contractions elicited by either electrical
field stimulation or vagus nerve stimulation. Each data point
represents the mean + s.E.M. of five experiments.
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automatically at 1 min intervals, produced twitch-like
contractile responses (Fig. 1) that were stable in magnitude
for over 3 h. The contractile responses were abolished by
D-tubocurarine (107> M) and tetrodotoxin (107° M) but
were unaffected by atropine (10~° Mm). Exogenously applied
ACh- (10™* M) induced contraction was antagonized by
D-tubocurarine (3 X 107° M). Thus, these responses were
confirmed as being mediated by ACh, which was released
from motor neurones and bound to nicotinic receptors.
However, tetrodotoxin did not significantly affect
electrical field stimulation- (EFS; 10 ms, 20 V) evoked
contractions, indicating that EFS directly produces the
contraction of oesophageal striated muscle.

Hexamethonium (107* M), a blocker of nicotinic receptors
on postganglionic neurones, did not affect the vagus
nerve-mediated twitch contractions, indicating that the
hamster oesophageal striated muscle may receive vagal
preganglionic input.
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Figure 2. Effects of capsaicin on twitch contractions
elicited by electrical stimulation (30 us, 20 V) of the
vagus nerve

A, representative traces showing twitch contractions mediated by
vagal stimulation applied every minute, and the effect of capsaicin
(3 x 107> M for 10 min) on the twitch contractions. The tissue was
then washed with PSS for 3 min. After the removal of capsaicin, the
twitch contractions recovered to the control level. B, summary plot
of the inhibitory effect of capsaicin (3 X 107 to 3 x 107 M) on
twitch contractions. Each data point represents the mean + S.E.M.
of four experiments.
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Effects of capsaicin on piperine-induced inhibition
of twitch contractions elicited by vagal nerve
stimulation

To investigate the role of intrinsic neurones in the
oesophageal motility, we examined the effect of piperine
on the twitch contractions elicited by vagal nerve
stimulation. Addition of piperine (10™* M for 3 min), a
VR1 agonist, did not significantly modify the basal
tone. Piperine inhibited the vagally mediated twitch
contractions. After the removal of piperine, the twitch
contractions recovered to the control level (Fig. 1A). The
inhibitory effect of piperine on the twitch contractions was
reproducible within three applications. However, piperine
did not inhibit EFS-evoked contractions (n = 5).
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Figure 3. Effect of capsaicin on piperine-induced
inhibition of twitch contractions

A, twitch contractions in response to vagal stimulations (30 us,

20 V), before and after the addition of piperine (10™* m). After the
application of piperine, the tissue was washed with PSS for 3 min.
Vagus nerve stimulation was applied every 1 min. B, capsaicin
(107* M) was added 25 min before the addition of piperine. C,
summary plot of the effect of capsaicin pretreatment on piperine-
induced inhibition of twitch contractions. Each column represents
the mean + s.E.M. of 5~ 7 preparations. t P < 0.01,* P < 0.05,
compared to the response before addition of piperine and
capsaicin.
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In another series of experiments, we used capsaicin, a VR1
agonist, to investigate whether the inhibitory effect of
piperine was mediated by activation of capsaicin-sensitive
neurones. Twitch contractions induced by vagal nerve
stimulation were inhibited by capsaicin (3 x 1077 to
3 x 10* M for 10 min) and returned to the control level
after washing out of capsaicin by PSS (Fig. 2). After
pretreatment with capsaicin, piperine (10™* M) did not
induce inhibition of twitch contractions (n = 5) (Fig. 3B
and C). EFS-induced contractions were unaffected by
capsaicin (10™* M). Neither capsaicin nor piperine altered
the contractions of the striated muscle to exogenously
applied ACh (10~* M) (data not shown).

These results suggest that piperine-induced inhibition of
twitch contractions may be mediated by capsaicin-
sensitive neurones.

Effects of .L-NAME and ODQ on piperine-induced
inhibition of twitch contractions

To investigate whether the inhibitory effect of piperine was
mediated by activation of nitrergic nerves or guanylate
cyclase, we examined the effects of L-NAME and ODQ on
piperine-induced inhibition of twitch contractions.
Neither L-NAME (2 x 10™* M) nor ODQ (107° M) had an
effect on the basal tone and vagally mediated twitch
contractions. However, in the presence of L-NAME or
ODQ, piperine did not cause inhibition of twitch
contractions. The inhibitory action of L-NAME was
reversed by L-arginine (5 x 107> M), but not by p-arginine
(5% 107 M) (n = 6-8) (Fig. 4).

Effects of NONOate and dibutyryl cGMP on twitch
contractions

In order to ascertain that the effects of .L-NAME and
L-arginine were due to production of NO, we checked the
influences of exogenously applied NO on the twitch
contractions.
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Figure 4. Effects of -NAME (2 x 10~* m), L-arginine
(5 x 103 m) and ODQ (107° m) on the inhibitory effects of
piperine (10~* m) on twitch contractions

Each bar represents the mean * s.E.M. of 6— 8 preparations.

1 P < 0.01, compared with the response before addition of
piperine, L-NAME, L-arginine and ODQ.



5
S
S
(7%
i
A
s
=
=
~
3
~

] Physiol 551.1

Exogenous application of an NO-donor, NONOate
(10*-107 M), and a membrane permeant analogue of
c¢GMP, dibutyryl cGMP (107 to 3 X 107° M), caused a
concentration-dependent increase in inhibition of twitch
contractions (n =4; Fig. 5). This inhibition of twitch
contractions induced by NONOate occurred within
2—4 min, and reached a maximum within 10-30 min.
After removal of NONOate, 1-2 min were required for full
restoration of twitch contractions (1 = 4). The inhibitory
effect of dibutyryl cGMP was observed within 2 min and
reached a peak within 10-15 min. Restoration of twitch
contractions after removal of dibutyryl cGMP was
observed before 10—15 min (n = 4).

Effects of piperine, .L-NAME, ODQ and NONOate on
AChrelease

Because piperine inhibited the contractions elicited by
vagal nerve stimulation, we tested the effect of piperine,
L-NAME, ODQ and NONOate on presumed *H-ACh
releases.

The level of *H-labelled derivatives released from tissue
strips was initially elevated during superfusion, but it
reached a steady level within 30 to 40 min. The basal level
decreased at a constant rate throughout the experiment.

i, .
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NONOate (5 x 107 M)
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Twitch response (% control)
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Figure 5. Effects of NONOate and dibutyryl cGMP on
twitch contractions elicited by electrical stimulation
(30 ps, 20 V) of the vagus nerve

A and B, representative traces showing twitch contractions
mediated by vagal stimulation applied every 1 min before and in
the presence of NONOate (left trace) or dibutyryl cGMP (right
trace). Scale bars indicate 3 min. C, summary plot of the inhibitory
effects of NONOate and dibutyryl cGMP on twitch contractions.
Each data point represents the mean + s.E.M. of four experiments.
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Vagal stimulation increased the release of *H from tissue
strips above basal levels (n = 8; Fig. 6A). Application of
piperine (107*M) for 5min significantly reduced
presumed *H-ACh release induced by vagal stimulation,
compared with the control (n = 8; Fig. 6B). Addition of
L-NAME (2x10*M) or ODQ (107 M) significantly
reversed the effects of piperine, keeping presumed *"H-ACh
release at the level induced by vagal stimulation. The
blocking effect of L-NAME on piperine-induced inhibition
of presumed *H-ACh release was selectively reversed by
subsequent addition of L-arginine (5 x 10~° M), but not by
D-arginine (5 X 107 M) (n = 5).L.-NAME (2 x 10~* M) had
no effect on presumed *H-ACh release (Fig. 6C).
Exogenously applied NONOate (107 M) diminished
presumed *H-ACh release induced by vagal stimulation
(n = 6;Fig. 6C).

Distribution of ChAT, VR1 AND NOS
immunoreactivity

ChAT immunoreactivity was found in nerve fibres that
terminated on oesophageal striated muscles. NOS-
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s 0.3 ° .-
o L S
o 1 S1 oL S2 ]
C 22 100
S®
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Figure 6. Effects of .-NAME (2 x 10~* m), ODQ (10~° m) and
NONOate (103 m) on 3H-ACh release in response to vagal
stimulation (20 Hz, 30 us for 2 min)

Typical profile of presumed *H-ACh release in the absence (A) or
presence (B) of piperine (10~* M). Presumed *H-ACh release was
elicited by two periods of vagal stimulation at the indicated times
(S1and S2). Tritium outflow was measured in samples collected
every 2 min. DPM, disintegrations min . C, summary plot of the
effects of L-NAME, ODQ and NONOate on the inhibitory effect of
piperine (107 M) on vagal stimulation-evoked presumed *H-ACh
release. The S2/S1 ratio was calculated after subtraction of the basal
release. L-NAME, ODQ and NONOate were applied 25 min before
S2 and remained in the bath until the end of the experiments. Each
bar represents the mean * s.E.M. of 6— 8 preparations. T P < 0.01,
compared with the response before addition of piperine, L-NAME,
ODQ and NONOate.
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immunoreactive (IR) nerve cell bodies and nerve fibres
were detected in the myenteric plexus. In addition, the
presence of some NOS immunoreactivity was confirmed
at motor endplates (Fig. 7). Only a few NOS-IR portions in
the myenteric plexus showed VR1 immunoreactivity
(Fig. 8).

DISCUSSION

The major finding of the present study is the existence of a
local neural reflex that involves capsaicin-sensitive
neurones, nitrergic myenteric neurones and vagal motor
neurones in the hamster oesophagus. Evidence supporting
this conclusion includes: (1) piperine inhibited the vagally
mediated twitch contractions; (2) capsaicin and L-NAME
abolished the inhibitory effect of piperine. L-NAME had
no effect on vagally evoked twitch contractions and
presumed *H-ACh release. The inhibitory effect of
L-NAME was reversed by subsequent application of

Figure 7. Whole-mount preparations of the hamster
oesophagus showing the myenteric plexus stained for
ChAT and NOS

A1, ChAT immunoreactivity is found in nerve fibres (arrows) and
motor endplates (arrowheads). A2, high magnification view of
motor endplates immunostained with ChAT. Motor nerve fibres
that have no varicosities (arrow) are divided into short and thin
branches (double arrowhead) whose terminals have a patch-like
feature like a grape (arrowhead). B, NOS-like immunoreactivity is
present in nerve cell bodies (arrow) and fibres (arrowhead).

C, NOS immunoreactivity is present in motor endplates (arrows).

] Physiol 551.1

L-arginine, but not by D-arginine; (3) NONOate and
dibutyryl <¢GMP inhibited vagally evoked twitch
contractions. Inhibition of twitch contractions by piperine
was fully reversed by ODQ; (4) NOS-IR nerve cell bodies
and fibres were observed in the myenteric plexus. Both
ChAT- and NOS-IR motor endplates were observed in the
striated muscles. Furthermore, a few NOS-IR portions
showed VR1 immunoreactivity in the myenteric plexus.

Vagal stimulation resulted in a rapid phasic contractile
response of the hamster oesophageal striated muscle.
These responses were selectively blocked by tetrodotoxin
and D-tubocurarine, but not by hexamethonium, which
blocks nicotinic receptors on postganglionic neurones
with relative selectivity, indicating that the twitch response
was mediated by vagal pre-fibres projecting into striated
muscle in the oesophagus. Exogenously applied ACh
evoked oesophageal striated muscle contraction.
However, there is a possibility that myenteric neurones,
which project into other tissues than striated muscle, may
receive vagal preganglionic input in the hamster
oesophagus. In addition, it has been found that vagal

Figure 8. Whole-mount preparations of the hamster
oesophagus showing the myenteric plexus stained with
NOS and VR1

A, NOS immunoreactivity is found in myenteric nerve cells
(arrows). B, VR1 immunoreactivity is not in accordance with NOS
immunoreactivity. Arrows indicate NOS-IR sites in A. Scale

bars = 50 ym.
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stimulation increased “H-choline release from the
oesophagus, and ChAT, the synthesizing enzyme for
acetylcholine, is present in the myenteric plexus along with
ChAT-IR motor endplates and nerve fibres. These results
further support the notion that the peristaltic contraction
in oesophageal striated muscles is controlled by vagal
excitation (Park & Conklin, 1999; Jean, 2001).

To our knowledge, this is the first report to shed light on
the role of intrinsic neurones in the inhibition of vagus
nerve-mediated twitch contractions by piperine in the
oesophageal striated muscle of the hamster. Capsaicin,
which activates and desensitizes C-type sensory neurones
(Marsh, 1987; Yeats et al. 1991), prevented inhibition of
twitch contractions via activation of nitrergic neurones by
piperine. This suggests that the inhibitory effect exerted
upon the twitch response may be mediated predominantly
by capsaicin-sensitive sensory C-fibres. NOS-IR nerve cell
bodies and fibres are observed in the myenteric plexus of
the hamster oesophagus and only a few NOS-IR portions
in the myenteric plexus have shown VR1 immuno-
reactivity. This result suggests that the source of NO,
which is released by piperine, may be the neurones of the
myenteric plexus in the hamster oesophagus. This is
further supported by immunoreactivity of motor
endplates in the myenteric plexus of the hamster
oesophagus to NOS. It has been suggested that afferent and
efferent limbs of an intrinsic reflex pathway in the
oesophageal wall could be formed by interstitial cells of
Cajal (ICC) (Thuneberg, 1999; Rumessen et al. 2001)
and inhibitory nerve fibres (Kuramoto et al. 1999).
Considering all the evidence, we conclude that nitrergic
neurones may be involved in the piperine-induced
inhibition of the vagally stimulated contractions of
oesophageal striated muscle. Storr et al. (2001) proposed
that NO may not inhibit oesophageal striated muscle
contraction in response to vagal nerve stimulation, based
on the evidence that addition of an NO donor, DEA-NO,
had no substantial effect on vagally mediated contractions.
A possible explanation for this discrepancy may be the use
of the different NO donors.

Our results indicate that piperine does not act directly on
the motor nerves in the hamster oesophagus but that it acts
on nitrergic neurones that mediate capsaicin-sensitive
neurones. This conclusion has been reached from our
findings that L-NAME completely abolished the inhibitory
effects of piperine on twitch contractions and ACh release.
Further support was derived from inhibition by capsaicin
of piperine-induced inhibitory response as well as the
identification of neuronal NOS in the myenteric plexus
and motor endplates of the hamster oesophagus, and
incompatibility NOS-IR with VRI1-IR. Additional
confirmation may be given by previously reported
observations that the effects of piperine involve capsaicin-
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sensitive neurones and that these neurones are subsets of
either B- or C-type sensory neurones in mammals (Marsh,
1987; Maggi & Meli, 1988; Wood et al. 1988; Holzer, 1991;
Akerman & Gronblad, 1992). However, further studies are
necessary to clarify the mechanism(s) of piperine-induced
activation of nitrergic neurones.

Previous studies proposed that peristaltic contractions of
oesophageal striated muscles are controlled by vagal
motor neurones arising in the brain stem (Andrew, 1956;
Park & Conklin, 1999; Jean, 2001). Because this
innervation is purely excitatory, the lack of contractile
activity in the striated muscle oesophagus at rest reflects
inactivity of these neurones at rest (Roman, 1966). In the
present study, L-NAME did not have any significant effect
on vagally evoked twitch contractions and presumed
’H-ACh release. Thus, the entire oesophageal peristalsis
was believed to be controlled by the central nervous
system. However, applications of capsaicin and piperine
resulted in the inhibition of vagally evoked twitch
contractions in the hamster oesophagus, suggesting that
sensory afferent or other cells (ICC and inhibitory
myenteric neurones) in the oesophagus can modulate the
central vagal output that controls peristaltic contraction of
the striated muscle. The inhibitory nerve fibres, which
modulate the activity of the motor endplates (Woérl et al.
1994; Kuramoto et al. 1999) could form the efferent limb
of such reflex pathway. Further studies are necessary to
investigate whether this inhibitory circuit might be
mediated by nitrergic nerves with a regulatory role in
peristalsis of the striated muscle oesophagus.

Morphological and functional evidence has demonstrated
the presence of extrinsic neural elements in the guinea-pig
ileum and colon (Holzer & Holzer-Petsche, 1997), bile
duct (Patacchini et al. 1999), dog heart (Foreman et al.
2000), cat and human urinary tract (Blok, 2002) and
mouse respiratory tract (Gaytan et al. 2002). On the other
hand, capsaicin inhibited the human bronchospasm
(Calignano et al. 2000), caused bradycardia in the guinea-
pig (Chang et al. 2000) and enhanced the spontaneous
ureteric action potentials (Exintaris & Lang, 1999) via
activation of intrinsic neurones. In the present study,
L-NAME did not have any significant effect on vagally
evoked twitch contractions and presumed *H-ACh release.
This might suggest that piperine acts on capsaicin-
sensitive neurones or other cells (ICC and inhibitory
myenteric neurones), which regulate vagus nerve
activities.

In conclusion, the present study indicates that there is a
local neural reflex which involves capsaicin-sensitive
neurones, nitrergic myenteric neurones and vagal motor
neurones. Our results also suggest that nitrergic neurones
are involved in regulating vagally stimulated contractions
of oesophageal striated muscles.
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