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Abstract We examined descending reflex pathways in

the rat colon using intracellular recording techniques.

Inhibitory junction potentials (IJPs) were recorded

from circular smooth muscle when descending path-

ways were excited by combined mucosal compression

and distension. IJPs were reduced to 71% of control



The power of this approach can be illustrated by

observing at the effects of hexamethonium on the

ascending excitatory pathway in the guinea-pig ileum.

When applied to the whole preparation this nicotinic

receptor antagonist abolishes ascending excitation.23

When selectively applied to different chambers of a

divided organ bath, however, hexamethonium abol-

ishes22 or reduces19 transmission between ascending

interneurones; hexamethonium only depresses trans-

mission from sensory neurones to interneurones by

about 60%.22 The residual effect is abolished by a

combination of NK3 tachykinin receptor antagonist

and a muscarinic receptor antagonist.16 In the rat

colon, hexamethonium also abolishes ascending

reflexes; however, the functional synapses at which

this blockade occurs were not investigated.3,4

Differences between the guinea-pig ileum and the

rat colon are also seen in immunohistochemical stud-

ies24–28 and pharmacological studies.29,30 For example,

while hexamethonium blocks descending relaxation

in rat and guinea-pig colon,4 it has little effect on

descending reflexes in guinea-pig ileum.22 Further-

more, knowledge of the intrinsic nerve circuit within

the colon is limited, although it is known to receive

extrinsic innervation from the pelvic ganglia.31–33

The work described in this study was aimed at

pharmacologically characterizing the nerve circuitry

mediating descending reflex of rat distal colon. Build-

ing on previous work by Grider,4 it investigated the

site(s) where nicotinic transmission is critical and

examined whether there is a role for P2X or 5-HT

receptors.

MATERIAL AND METHODS

Rats of either sex (100–250 g) were killed by a blow to

the head and severing the carotid arteries in accordance

with the guidelines of the University of Melbourne

Animal Experimentation Ethics Committee. An intact

segment of colon (5–10 cm long, taken 5–10 cm from

the rectum) was taken and placed in a physiological

saline (composition in mmol L)1: NaCl 118; KCl 4.8;

NaH2PO4 1.0; NaCO3 25; MgSO4 1.2; D-Glucose 11.1

and CaCl2 2.5) containing the L-type calcium channel

blocker nicardipine (3 � 10)6mol L)1) to relax the

smooth muscle and bubbled with 95% O2 and 5%

CO2 at room temperature. After the lumen was flushed

with physiological saline, the segment was cut open

along the mesenteric border, opened, and pinned out

flat in a two- or three-chambered organ bath at room

temperature (for schematic see21). A rubber balloon

(5 mm diameter) was embedded in the base of an oral

chamber to allow the intestinal wall to be distended.

In the two-chambered organ bath, the centre of the

balloon was approximately 15 mm from the recording

site while in the three-chambered organ bath two

balloons were used – one balloon in the central

chamber 15 mm away from the recording site, and

the other balloon in the stimulation chamber 30 mm

away (Fig. 1A). A pair of silver wires (0.5 mm diameter,

2 cm length) was placed in the recording chamber

above and below the preparation and parallel to the

circular muscle, approximately 4 mm oral to the

recording site so that transmural electric field stimu-

lation (EFS) could be applied to the descending pathway

and to inhibitory motor neurones directly;34 in some

studies, a second pair of silver wires was mounted in

the stimulation chamber approximately 13 mm oral to

the recording site (e.g. Fig. 5B; inset).

A set of three control inhibitory junction potentials

(IJPs) was evoked by distension or EFS34 and the

amplitudes averaged. Blockers or receptor antagonists

were then added to the superfusing solution and

allowed to equilibrate for 5–10 min in the recording,

central or stimulation chamber. During the next

30 min, a second set of IJPs was evoked in the presence

of this changed solution. Finally, 30–60 min were

allowed for these solutions to wash out and a third

set of IJPs was evoked.

Preliminary experiments indicated that IJPs could be

readily evoked when the mucosa was facing down so

that the distending balloon stretched the wall of the

intestine and also compressed the mucosa. In contrast,

IJPs proved difficult to evoke with the mucosa moun-

ted uppermost so that the distending balloon generated

only a stretch stimulus. Thus, in the experiments

reported here, the rat colon was mounted mucosa

down and circular muscle cells were impaled by

advancing the recording electrode through the serosa.

In other preliminary experiments, circular muscle was

impaled between an oral EFS electrode pair (10–30 mm

away) and an anal EFS electrode pair (5–10 mm away).

EFS (0.2 ms; 30–100 V) oral to the recording site

reliably evoked IJPs (see Fig. 1A) in the circular muscle

cells; however, EFS of the same strength from the anal

side did not evoke any perceptible changes in mem-

brane potential.

Statistics

Unless noted otherwise, statistical analyses were per-

formed using Student’s paired t-tests to compare mean

IJP amplitudes (three replicates) before and during drug

superfusion. Analysis of variance (ANOVA) was used to

determine the significance of changes in IJP amplitudes

when more than one drug was applied in sequence.
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When ANOVA revealed a significant difference, the

significance of individual differences was determined

with a Tukey–Kramer multiple comparisons test.

Statistical comparisons of relative changes in responses

with different stimulation regimes were made using

the Wilcoxon signed-rank test. In all statistical com-

parisons performed, differences were considered signi-

ficant if P < 0.05. All data are expressed as

mean ± standard error of the mean (SEM).

Drugs

The drugs used in this study were hexamethonium,

hyoscine (scopolamine), nicardipine, pyridoxal-

phosphate-6-azophenyl-2�4�-disulphonic acid (PPADS)

(all from Sigma Chemical Co., St Louis MO, USA).

The composition of the low Ca++/high Mg++ saline

(in mmol L)1) was: NaCl 118; KCl 4.8; NaH2PO4

1.0; NaCO3 25; MgSO4 12; D-glucose 11.1 and CaCl2

0.25.

RESULTS

The time courses of IJPs recorded in the rat distal colon

were mainly monophasic, with a single fast component

(e.g. Fig. 2A); this differed from the time courses

reported for IJPs in the guinea-pig ileum where they

are mainly biphasic, with a fast and slow compo-

nent.16,21,22 In six animals, the average resting mem-

brane potential of circular muscle cells was 44 ± 9 mV

(mean ± SD) and the latencies for IJPs evoked by

mechanical stimulation (15 mm oral) were

310 ± 30 ms and for IJPs evoked by EFS (4 mm oral)

were 140 ± 20 ms. In general, it was observed that the

amplitudes of IJPs were increased with increasing

voltage applied during EFS and with increasing volume

of balloon distension. The amplitudes of IJPs were

decreased with an increasing distance of the balloon

from the recording site and with more frequent stim-

uli; intervals of 2–3 min were required to prevent such

rundown.

Synaptic blockade reveals two descending
pathways

Experiments were undertaken to determine if there are

two pathways in the rat colon – one that relies on

synaptic transmission from sensory neurones to des-

cending interneurones and between interneurones, and

one that makes no synapses until reaching the record-

ing chamber and is likely to be via long descending

sensory neurones. To do this, synaptic transmission

in the Stimulation Chamber and Central Chamber

of a three-chambered organ bath was blocked by a

low Ca++/high Mg++ solution (Fig. 1A). Under these

conditions, the peak amplitudes of IJPs evoked by

Figure 1 Blockade of synaptic transmission from sensory
neurones. Synaptic transmission from sensory neurones to
descending interneurones was blocked with a low Ca++ /high
Mg++ solution. (A) Cartoon depicting a three-chambered,
divided organ bath and neural pathways; oral is to the left. On
the right is the Recording Chamber where a microelectrode
was used to make recordings from circular smooth muscle (far
right). The muscle is innervated by inhibitory motor neurones
(short open neurones) which are themselves innervated by
interneurones (filled neurones) and sensory neurones (multi-
polar, open neurones). The reflex pathways were stimulated
by the inflation of a balloon (mechanical stimulation) in the
Central or the Stimulation Chamber (square pulse). Blockade
of synaptic transmission in these chambers is depicted by a
large X in this and the following Figures. (B) Pooled data
(n ¼ 6) showing the relative amplitudes (expressed as a per-
centage of the control) of IJPs evoked by mechanical stimuli.
Error bars show the SEM in this and the following figures. IJPs
evoked by mechanical stimuli from either chamber were
reduced by blockade of synaptic transmission (*compared
with control, P < 0.05, one-way ANOVA; n ¼ 6). IJPs evoked by
mechanical stimuli in the Stimulation Chamber were signi-
ficantly more depressed than IJPs evoked by mechanical
stimuli from the Central Chamber (/, P < 0.01 Wilcoxon
signed rank test).
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mechanical stimulation in the Central Chamber

(15 mm oral) were reduced from 14 to 10 mV (71% of

control, P < 0.01, paired t-test; n ¼ 6) and those evoked

by far chamber stimulation (30 mm oral) were reduced

from 13 to 4 mV (31% of control, P < 0.01, paired

t-test; n ¼ 6; Fig. 1B).

Figure 2 Blockade of nicotinic transmission to motor neurones. The effect of hexamethonium (Hex - 200 lmol L)1) in the
Recording Chamber of a two-chambered organ bath was tested. Inset: A depiction of a two-chambered, divided organ bath, similar
to Fig. 1A; the reflex pathways were stimulated by inflation of a balloon (square pulse on the left) in the Stimulation Chamber
or electrically (arrow on the right) in the Recording Chamber. (A) The square pulse represents the approximate time during which
the balloon was inflated, on average there was a latency of about 300 ms from the onset of the inflation to the onset of the
inhibitory junction potential (IJP) (see Results). The strength of each stimulus was adjusted so that the control responses were
about 12 mV. (B) Pooled data (n ¼ 6) showing the relative amplitudes (expressed as a percentage of the control) of IJPs evoked by
electric field stimulation (EFS) and mechanical stimuli. IJPs evoked by EFS and mechanical stimuli were both reduced by
hexamethonium [*compared with control, P < 0.05; ANOVA; n ¼ 6]. IJPs evoked by mechanical stimuli were significantly more
depressed than IJPs evoked by EFS (/, P < 0.01 Wilcoxon signed rank test). (C, D) All experiments were carried out with low
Ca++/high Mg++ solution in the stimulation chamber to block transmission from sensory neurones to descending interneurones and
the effects of hexamethonium (200 lmol L)1) in the recording chamber on reflexly evoked IJPs were again tested. Original voltage
traces (C) and pooled data (D; n ¼ 6) showing the relative amplitudes of IJPs evoked by EFS and mechanical stimuli.
Hexamethonium concentration dependently reduced the IJPs evoked by mechanical stimulation (*, P < 0.05; one-way ANOVA;
n ¼ 6).
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Nicotinic transmission to motor neurones

The role of nicotinic transmission to inhibitory circu-

lar muscle motor neurones in the rat colon was

investigated. Hexamethonium (200 lmol L)1) in the

recording chamber (Fig. 2B, inset) abolished the IJPs

evoked by mechanical stimulation from 12 to 0 mV

(P < 0.01, n ¼ 6; Fig. 2A, B) suggesting that all input to

the motor neurones is via nicotinic receptors.

To distinguish between the two descending reflex

pathways, synaptic transmission was blocked in the

Stimulation Chamber leaving only transmission from

long descending sensory neurones to inhibitory circu-

lar muscle motor neurones (Fig. 2D; inset). Increasing

concentrations of hexamethonium were added cumu-

latively to the superfusing solution in the recording

chamber where it significantly reduced the peak

amplitude of IJPs evoked by mechanical stimulation

(n ¼ 6, Fig. 2C, D). Hexamethonium (30 lmol L)1)

reduced the IJP amplitude from 11 to 7 mV (64% of

control, n ¼ 6) while hexamethonium (100 lmol L)1)

reduced IJPs to 4 mV (36% of control, n ¼ 6) and

hexamethonium (200 lmol L)1) reduced IJPs to 1 mV

(9% of control, n ¼ 6; P < 0.05 for each concentration;

one-way ANOVA).

Nicotinic transmission from sensory neurones

The role of nicotinic transmission from sensory neu-

rones to descending interneurones was investigated.

Hexamethonium (200 lmol )1) was added to the super-

fusing solution in the Stimulation Chamber of a two-

chambered organ bath (Fig. 3B; inset) and was found to

significantly reduce the peak amplitude of reflexly

evoked IJPs from 15 to 8 mV (56% of control; P < 0.05,

one-way ANOVA; n ¼ 6; Fig. 3A, B). The residual

response was investigated by blocking synaptic trans-

mission in the Stimulation Chamber (Fig. 3B, inset);

the effect of hexamethonium (200 lmol L)1) alone

was then compared with hexamethonium and the

low Ca++/high Mg++ solution. This solution caused a

non-significant increase in the peak amplitude of

reflexly evoked IJPs vs hexamethonium alone; from 8

to 10 mV (125% of hexamethonium alone, 69% of

control, P > 0.05, n ¼ 6, one-way ANOVA; Fig. 3B).

The possibility that the solution used to block

synaptic transmission was increasing the amplitude

of reflexly evoked IJPs was studied using a different

protocol; with hexamethonium in the Stimulation

Chamber, the volume of the distension was adjusted

to produce a 10 mV IJP; thus reducing variability.

When a low Ca++/high Mg++ solution was added, it

caused a significant increase in the peak amplitude of

the reflexly evoked IJPs, from 10 to 12 mV (115% of

control in hexamethonium, P < 0.05, n ¼ 6, paired

t-test, not illustrated).

Nicotinic transmission to descending
interneurones

A three-chambered organ bath was used in which

neurotransmission to descending interneurones in

the Central Chamber was studied; input to these

neurones is from sensory neurones or from other

descending interneurones (Fig. 3D; inset). Addition

of hexamethonium (200 lmol L)1) to the Central

Chamber significantly reduced the peak amplitude of

IJPs evoked by mechanical stimulation in the far

stimulation chamber to 29% of control (from 14 to

4 mV; P < 0.01, n ¼ 6, one-way ANOVA). Further

addition of a low Ca++ /high Mg++ solution to the

central chamber did not significantly alter the peak

amplitude of IJPs (P > 0.05, one-way ANOVA; n ¼ 6;

Fig. 3C, D).

Blockade of purinergic transmission

In a previous study, purinergic P2X receptors were

found to mediate synaptic transmission from the

descending interneurones to inhibitory motor neu-

rones in the guinea-pig ileum.21 To investigate whe-

ther, or not, purinergic transmission plays a role at this

synapse in rat colon, a two-chambered organ bath was

used and the effect of PPADS in the Recording

Chamber on IJPs evoked by local EFS (in the recording

chamber) and far EFS (in the oral chamber; Fig. 4B;

inset) was tested. After adjusting the two stimulators

so that they each generate IJPs of similar amplitude,

PPADS (10 lmol L)1) added to the Recording Chamber

was found to reduce the peak amplitude of IJPs evoked

by local EFS from 14 to 10 mV (71% of control) and by

far EFS from 14 to 8 mV (57% of control, n ¼ 6,

Fig. 4A). The blockade of PPADS on IJPs evoked by far

vs local EFS was not significantly different (P ¼ 0.31,

paired Wilcoxon signed-rank test; Fig. 4B).

A role for purinergic transmission between, or to,

interneurones was studied by using a low concentra-

tion of hexamethonium in an effort to reduce the safety

factor at these synapses; thus, making any blockade by

PPADS of the reflex more pronounced. The effect of

hexamethonium (30 lmol L)1) was compared with

that of hexamethonium (30 lmol L)1) and PPADS

(10 lmol L)1) in the Central Chamber (Fig. 4D; inset).

As shown in Fig. 4C, the effect of the two treatments

on the reflexly evoked IJPs was not different (P > 0.99,

paired t-test; n ¼ 6; Fig. 4D).
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Blockade of 5-HT receptors

Previous studies have suggested that, in the rat colon,

mucosal stimulation could release 5-HT that would

then initiate a peristaltic reflex by activating 5-HT4

receptors on sensory nerve terminals.35,36 Other stud-

ies have also suggested that 5-HT accelerates transit in

rat colon by the combined activation of both 5HT3 and

5-HT4 receptors.37,38

We studied the effect of SB204070, a 5-HT4

receptor antagonist, and granisetron, a 5-HT3 receptor

antagonist, in the stimulation chamber of a two-

chambered organ bath. Superfusion of granisetron

(1 lmol L)1) into the Stimulation Chamber reduced

the peak amplitude of IJPs evoked by mechanical

stimulation from 11 to 8 mV (73% of control).

Similarly, superfusion of SB204070 (1 lmol L)1) into

the Stimulation Chamber reduced the IJPs evoked by

mechanical stimulation from 11 to 8 mV (73% of

control, P < 0.01, n ¼ 6, one-way ANOVA; Fig. 5A, B).

A combination of granisetron and SB204070, how-

ever, only reduced the peak IJP evoked by mechan-

ical stimulation from 11 to 7 mV (64% of control,

n ¼ 6). The IJPs evoked by granisetron, SB204070 and

in control were all significantly different (P < 0.01,

n ¼ 6, one-way ANOVA). The reduction of the peak

IJPs by a combination of SB204070 and granisetron

was not significantly different from the reduction

Figure 3 Blockade of nicotinic transmis-
sion from sensory neurones and interneu-
rones. Comparison between the effect of
hexamethonium and synaptic blockade in
the Stimulation Chamber of a two-
chambered organ bath on reflexly evoked
IJPs (see inset). Synaptic transmission was
blocked with a low Ca++/high Mg++ solu-
tion. Original voltage traces (A) and pooled
data (B; n ¼ 6) showing the relative
amplitudes (expressed as a percentage of
control) of inhibitory junction potentials
(IJPs) evoked by mechanical stimuli.
Hexamethonium (200 lmol L)1) in the
stimulation chamber reduced IJPs evoked
by mechanical stimuli to 70% of control
while in the same cells, synaptic blockade
reduced IJPs to 86% of control [*compared
with control, P < 0.05; one-way ANOVA;
n ¼ 6] but was significantly less effective
than hexamethonium (/ P < 0.05; one-
way ANOVA; n ¼ 6). (C, D). The effect of
hexamethonium on reflexly evoked IJPs
was compared with that of synaptic
blockade in the Central Chamber of a
three-chambered organ bath (see inset).
Original voltage traces (C) and pooled data
(D; n ¼ 6) showing the relative amplitudes
of reflexly evoked IJPs. Hexamethonium
(200 lmol L)1) in the Central Chamber

reduced IJPs evoked by mechanical stim-
uli to 27% of control [*compared with
control, P < 0.05, one-way ANOVA, n ¼ 6].
When synaptic transmission was also
blocked in the Central Chamber, the IJP
amplitude did not change compared with
hexamethonium alone, although it was
still different from control (*compared
with control, P < 0.05; one-way ANOVA;
n ¼ 6).
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caused by SB204070 alone (P ¼ 0.52, n ¼ 6, one-way

ANOVA; Fig. 5A, B).

DISCUSSION

One main finding of this study is that the circuitry

underlying the descending inhibitory reflex in the rat

colon includes a population of intrinsic sensory neu-

rones that have long descending projections. A second

finding is that nicotinic receptors mediate synaptic

transmission at all functional synapses identified in

this reflex pathway. These findings are in contrast to

the large body of knowledge on the guinea-pig ileum

that has been assumed to be representative of other

regions and species.

Sensory neurones with long descending
projections

It has been reported that sensory neurones in the rat

colon that are activated by mucosal stimulation are

intrinsic with cell bodies in the enteric ganglia, but that

the sensory neurones activated by stretch of the intesti-

nal wall are extrinsic with cell bodies in the dorsal root

ganglia.3 Thesedata, combinedwith the observation that

a pure distension did not evoke any IJPs in the pre-

sent study but did when it was combined with mucosal

distortion, suggest that the sensory neurones activated

in this study may be intrinsic rather than extrinsic.

When synaptic transmission was blocked within the

Stimulation Chamber, reflexly evoked IJPs persisted

Figure 4 Blockade of purinergic transmis-
sion from sensory neurones and interneu-
rones. Original voltage traces (left) and
pooled data (right) showing the relative
amplitudes of IJPs evoked by electric field
stimulation (EFS) (A, B) and mechanical
stimuli (C, D). (A, B) PPADS was added to
the Recording Chamber of a two-cham-
bered organ bath and IJPs were evoked by
local EFS and oral EFS. PPADS signifi-
cantly reduced each to about 60% of con-
trol [*compared with control, P < 0.05;
one-way ANOVA; n ¼ 6]; these were not
significantly different from each other
(P ¼ 0.31, paired Wilcoxon signed rank
test). (C, D) With hexamethonium
(30 lmol L)1) in the Central Chamber of a
three-chambered organ bath, IJPs were
readily evoked by oral mechanical stimuli.
Addition of PPADS (10 lmol L)1) to the
central chamber did not further reduce the
IJP as compared with hexamethonium
alone (P > 0.05, paired t-test; n ¼ 6),
although it was still different from control
(*compared with control, P < 0.05; one-
way ANOVA; n ¼ 6).

� 2003 Blackwell Publishing Ltd 167

Volume 15, Number 2, April 2003 Descending reflexes in rat colon



suggesting that some mechanosensitive neurones have

projections running anally into the recording chamber –

a distance of 15–30 mm. Similar projections from

distension-sensitive, but not mucosal distortion-

sensitive, myenteric neurones have been found in the

guinea-pig ileum.16,22,39 Immunohistochemical evi-

dence in rat colon suggests, however, that the calcito-

nin gene-related peptide (CGRP) containing sensory

neurones project shorter distances anally – from 5 to 10

mm.28,40 It may be that some of the sensory neurones

that mediate the descending reflex do not contain

CGRP. Taken together, these observations suggest that

conclusions from previous divided organ bath studies,

where it was assumed that sensory neurones had only

local projections, may need to be re-examined.2,3

During synaptic blockade in the Stimulation Cham-

ber, we observed that the amplitude of reflexly evoked

IJPs was enhanced compared with simple blockade of

nicotinic receptors. This suggests that the excitability

of the sensory elements was enhanced by low Ca++/

high Mg++ solution used to block synaptic transmis-

sion. It is known that this solution will cause the

Ca++-activated K+ conductance on the intrinsic sensory

neurone cell body to close, resulting in a depolarization

and a reduction in the spike after hyperpolarization.41

If this is the case, blocking synaptic transmission in

this way can only be used to establish a qualitative,

rather than a quantitative, contribution of the des-

cending pathways formed from sensory neurones and

from interneurones.

Nicotinic transmission plays a major role
in the descending pathway

This study confirmed previous reports of a significant

role for nicotinic transmission in the descending inhib-

itory reflex pathway of rat colon.4 We have extended

these findings and have identified three functionally

distinct locations at which there are cholinergic synap-

ses. First, when nicotinic transmission was blocked

from the sensory neurones to the second order neurones

in the descending reflex pathway, the peak amplitude of

IJPs evoked reflexly was reduced to the same degree as

was synaptic blockade (see above), suggesting that

neurotransmission from sensory neurones to descend-

ing interneurones or inhibitory motor neurones is via

nicotinic receptors exclusively. This observation is

supported by evidence from Browning et al.42 showing

that almost all myenteric neurones in rat colon receive

nicotinic fast EPSPs.42

Secondly, reflexly evoked IJPs were abolished

when nicotinic transmission was blocked to the inhib-

itory motor neurones in the Stimulation Chamber

suggesting that all descending input, be it from sensory

neurones or descending interneurones, is via nicotinic

receptors. Interestingly, local EFS, which should have

activated motor neurones directly, was also reduced

significantly by nicotinic blockade (22% of control).

This suggests EFS 4 mm oral of the recording site

activated reflex pathways rather than motor neurones

directly; thus, it is likely that axons of the motor

Figure 5 5-HT3 and 5-HT4 receptor
blockade in rat colon. Selective blockade
of 5-HT3 receptors by granisetron (Gran –
1 lmol L)1) and of 5-HT4 receptors by
SB204070 (1lmol L)1) was compared in
the oral chamber of a two-chambered
organ bath (denoted as Drug in the inset).
Original voltage traces (A) and pooled data
(B; n ¼ 6) showing the relative amplitudes
(expressed as a percentage of the control)
of IJPs evoked by mechanical stimuli.
Granisetron and SB204070 each reduced
the size of the IJPs by about 20%; the
combination of granisetron + SB204070
was not more effect than SB204070 alone.
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neurones run relatively short distances (>4 mm) anally

before innervating the muscle.

Finally, when nicotinic transmission between des-

cending interneurones was blocked in the Central

Chamber of the three-chambered organ bath, the peak

amplitude of reflexly evoked IJPs were reduced, but not

abolished. When compared with synaptic blockade in

this same region, however, the effect was identical to

that of hexamethonium alone, suggesting that trans-

mission between the descending interneurones is via

nicotinic receptors (see Purinergic transmission

below). The residual reflex could be the result of the

long anal projections from either the sensory neurones

or interneurones. Taken together, these results suggest

that cholinergic neurotransmission via nicotinic

receptors may account for all fast synaptic transmis-

sion between neurones in the descending reflex path-

way of the rat colon.

Purinergic transmission plays no role
in the descending reßex pathway

Purinergic transmission to descending interneurones

was not revealed in the present study. Even when

nicotinic transmission was reduced by a low concen-

tration of hexamethonium (30 lmol L)1), addition of

PPADS did not cause any further reduction of the

reflexly evoked IJP. Further, PPADS (10 lmol L)1) in

the recording chamber failed to discriminate between a

reduction in reflexly evoked IJPs vs those evoked by

local EFS. This may have been, in part, the result of the

activation of reflex pathways by local EFS (see above),

but also suggests that there is little or no purinergic

input to the inhibitory motor neurones – a finding

which differs from that in the guinea-pig ileum.21 It is

most likely that the reduction seen was due to

inhibition by PPADS of the circular smooth muscle

P2Y receptor.43,44

Role of 5-HT 3 and 5-HT 4 receptors

Mucosal stimulation, but not muscle stretch, has

been shown to cause the release of 5-HT which could

then initiate a peristaltic reflex by activating 5-HT4

receptors on intrinsic sensory neurones.35,36 This is

consistent with results from the present study showing

that a 5-HT4 receptor antagonist in the stimulation

chamber reduced the IJPs evoked by a distension

coupled with mucosal distortion. Granisetron, a

5-HT3 receptor antagonist, also reduced the IJPs evoked

by mechanical stimulation; however, this was not seen

in a previous study using a different 5-HT3 receptor

antagonist, LY 278584.36

Blocking 5-HT4 receptors in the stimulation cham-

ber significantly reduced the reflexly evoked IJPs to

73% of control. Blocking 5-HT3 receptors in the same

region also significantly reduced the reflexly evoked

IJPs, but to a lesser extent (81% of control). The

combined blockade of both receptors had a similar

effect (69% of control) to blocking 5-HT4 receptors

alone. Why a combination of these antagonists does

not yield an additive blockade of the reflex is not clear.

One possibility is that the 5-HT3 and 5-HT4 receptors

are arranged in series in the same pathway, with the

remainder of the descending reflex being mediated by

another, parallel, pathway.

CONCLUSION

Sensory neurones of rat colon have long anally pro-

jecting axons as do some interneurones within this

same region. Nicotinic transmission plays a role from

sensory neurones to the second order neurones, to

inhibitory motor neurones and between interneurones

with no role for any purinergic component. Finally,

endogenous 5-HT, via 5-HT3 and 5-HT4 receptors, also

has a role in the initiation of the descending reflex due

to mucosal distortion.
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