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Cyclooxygenase-2 contributes to dysmotility and
enhanced excitability of myenteric AH neurones in the
inflamed guinea pig distal colon
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We have previously demonstrated that trinitrobenzene sulphonic acid (TNBS)-induced colitis
in guinea pig is associated with hyperexcitability of myenteric AH neurones, enhanced synaptic
activity in the myenteric plexus, increased serotonin (5-HT) availability in the mucosa, and
decreased propulsive motor activity. The current study tested the hypothesis that the activation
of cyclooxygenase (COX) contributes to these alterations in bowel functions. DFU inhibition of
COX-2, but not SC-560 inhibition of COX-1, restored to normal levels the electrical properties
of myenteric AH neurones, the proportion of S neurones exhibiting slow EPSPs, and the rate of
propulsive motor activity. Neither inhibitor was effective in altering the level of inflammation,
the increased availability of mucosal 5-HT, or the enhanced fast EPSPs in myenteric AH and S
neurones. COX-2 expression is enhanced in the myenteric plexus and cells within the smooth
muscle layers during colitis, possibly reflecting the site at which COX-2 inhibition acts to allow
recovery of motor function. In support of this concept, COX-1, but not COX-2, inhibition
was effective in restoring normal mucosal prostaglandin levels. These results indicate that
the various changes that occur in the motor neural pathways of the distal colon in TNBS-
induced colitis do not involve a single neuroimmune mechanism. COX-2 activation is a critical
step in the enhanced excitability of AH neurones as well as diminished propulsive motility in
TNBS colitis, whereas other yet to be resolved pathways, that do not involve COX-1 or COX-2
activation, lead to altered 5-HT content in the mucosa and an augmentation of fast EPSPs.
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Propulsive motor activity in the gut involves the activation
of peristaltic reflex circuitry that is present along the length
of the small and large intestines. At a given site, stretch
and/or release of 5-HT from enterochromaffin (EC) cells
activates intrinsic primary afferent neurones (IPANs)
which, in turn, spread the signal by activating other
IPANs as well as ascending and descending interneurones.
Interneurones projecting orally activate excitatory motor
neurones, and those projecting aborally activate inhibitory
motor neurones, resulting in a pressure gradient and
propulsive motor activity. Recent progress in enteric
neurobiology has greatly improved our understanding of
the key elements of enteric neural networks such that it
is now possible to identify the various types of neurones
that comprise the peristaltic reflex circuitry. For example,
neurones that are classified as AH neurones on the basis
of their electrical properties serve as IPANs (Furness et al.

1998), whereas neurones with the electrical properties of
S neurones can be identified as interneurones or motor
neurones depending on their projections and the neuro-
nal markers that they express (Brookes, 2001). These
advances have paved the way for investigations of what
changes occur in precise components of gut reflex circuits
under pathological conditions such as inflammation. This
is clinically quite relevant because motor and secretory
activities are altered in the inflamed gut.

We have recently reported that in a guinea pig model
of immune-mediated colitis, precise alterations can be
detected at various sites along the peristaltic reflex circuit.
In the mucosal layer, there is an increase in 5-HT
availability due to EC cell hyperplasia and a decrease in
the 5-HT selective reuptake transporter (Linden et al.
2003a). In the myenteric plexus, there is an increase in the
excitability of AH neurones, and there is an augmentation
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of synaptic activity in AH neurones and S neurones
(Linden et al. 2003b). Furthermore, the rate of propulsive
motor activity is reduced in the inflamed region of the
colon suggesting that inflammation-induced alterations in
5-HT availability and/or neuronal electrical and synaptic
properties could contribute to altered motility in colitis.
We are therefore interested in exploring what aspect of the
inflammatory response results in the changes that we have
observed.

Inflammation involves a complex assortment of inter-
dependent responses, including infiltration of leucocytes
and macrophages, release of proinflammatory mediators,
and changes in the synthetic machinery of resident
cells. In order to begin to elucidate the mechanisms by
which enteric motor reflex circuitry is altered in colitis,
we have tested the hypothesis that the inflammation-
mediated changes in these cells involve the activation
of cyclooxygenase-2 (COX-2). There are a number of
lines of evidence that support this theory: (1) COX-
2 expression is induced by proinflammatory cytokines,
including interleukin (IL) 1β and tumour necrosis factor
(TNF)-α (Maier et al. 1990); (2) COX-2 expression is
up-regulated in tissues of the inflamed colon, including
epithelial cells (Reuter et al. 1996; Sakamoto, 1998; Singer
et al. 1998); (3) COX-2 is believed to be responsible for the
increased production of prostaglandins (PGs) associated
with inflammation (Eberhart & Dubois, 1995; Sakamoto,
1998); (4) PG levels are markedly elevated in the mucosa
of the inflamed colon (Sharon & Stenson, 1984; Schumert
et al. 1988; Sakamoto, 1998); and (5) prostaglandins
have an excitatory effect on intestinal enteric neurones
where they have been tested (Frieling et al. 1994b, 1995;
Dekkers et al. 1997a,b; Manning et al. 2002). Furthermore,
prolonged exposure of AH neurones to a stable analogue
of PGE2 leads to changes in the accommodation and after-
hyperpolarization properties that are comparable to those
of AH neurones in inflamed tissue (Manning et al. 2002).

Prostaglandins are products of arachidonic acid
metabolism via the COX enzymes (Seeds & Bass, 1999;
Iversen & Kragballe, 2000). The COX enzymes exist as two
distinct genes, COX-1 which is constitutively expressed in
many cell types, and COX-2, which is expressed following
induction by proinflammatory cytokines (Williams &
DuBois, 1996; Dubois et al. 1998; Sakamoto, 1998), as
well as constitutively in some tissues (Jackson et al. 2000;
Porcher et al. 2002). Recent advances in the development
of selective inhibitors of COX-1 and COX-2 have provided
tools for the pharmacological analysis of the contribution
of either or both of the COX enzymes to pathophysiological
conditions. The goal of this study was to determine
whether selective blockade of either COX-1 or COX-

2 leads to an attenuation of colitis-induced myenteric
neurone excitability, altered mucosal 5-HT signalling,
and/or decreased propulsive motor activity.

Methods

Animal preparations

All methods used in this study were approved by the
University of Vermont and University of Calgary Animal
Care and Use Committees. Adult albino guinea pigs
(Charles River, Montreal, Canada) of either sex, weighing
250–350 g, were housed in metal cages with soft bedding.
The animals had access to food and water ad libitum and
were maintained at 23–24◦C on a 12 h : 12 h light–dark
cycle.

In order to generate inflammation in the distal colon,
guinea pigs were anaesthetized with isoflurane (induced
at 4%, maintained on 1.5% in oxygen) and 0.3 ml of
trinitrobenzene sulphonic acid (TNBS; 25 mg ml−1) in
30% ethanol was delivered into the lumen of the colon
through a polyethylene catheter inserted rectally 7 cm
proximal to the anus. Control animals received 0.3 ml
of intracolonic saline (0.9% NaCl) under anaesthesia.
Animals were maintained in a controlled environment for
6 days after TNBS or saline administration.

The focus of this study was to determine the effect
of cyclooxygenase (COX) inhibition on previously
observed changes that accompany colitis. For this
reason, animals injected with TNBS were separated
randomly into one of three groups, those treated with 5,5-
dimethyl-3-(3-fluorophenyl)-4(4-methyl-sulphonyl)-
phenyl-2-(5H)-furanone (DFU; Merck Frosst, Quebec,
Canada) to selectively inhibit COX-2, those treated
with [5-(4-chlorophenyl)-1-(4-methoxyphenyl)-3-
trifluoromethyl-pyrazole] (SC-560; Cayman Chemical,
Ann Arbor, MI, USA) to selectively inhibit COX-1, and
those to serve as a vehicle control. These animals are
referred to as TNBS/DFU, TNBS/SC-560 and TNBS
animals, respectively. The COX inhibitors were dissolved
in ethanol and injected daily (s.c.) at a dose of 5 mg kg−1,
on days 2–6 post-TNBS. At this dose, DFU reverses the
increase in PG production that is caused by intestinal
manipulation (Schwarz et al. 2001). The IC50 values
for DFU and SC-560 are comparable for COX-2 and
COX-1, respectively, and each is at least 1000-fold more
selective for their respective target enzymes (Riendeau
et al. 1997; Smith et al. 1998). The TNBS animals received
the same schedule of daily injections (s.c.) of ethanol.
In experiments where COX inhibition was responsible
for significant functional differences in TNBS-treated
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animals, the measures were repeated in two additional
control groups. These animals received an intracolonic
administration of saline followed by daily injections (s.c.)
of DFU or SC-560 as described above, and are referred to
as saline/DFU and saline/SC-560 animals, respectively.

At the time of tissue collection, animals from which
the tissue was used for electrophysiological, colonic
propulsion or release experiments were anaesthetized with
isoflurane and exsanguinated. Animals from which the
tissue was used for immunohistochemistry and to measure
serotonin and eicosanoid content were anaesthetized
with isoflurane and perfused transcardially with ice-
cold phosphate-buffered saline (PBS; 0.1 m, pH 7.4).
The distal colon, identified as the part of the colon
between the hypogastric flexure and the pelvic brim,
was removed and used for experimental studies. The
severity of colitis was assessed in three ways: changes
in the weight of the animals, scoring of macroscopic
damage, and histological evaluation (Linden et al. 2003a).
Macroscopic scoring was based on wall thickness and
the presence and extent of adhesions, ulceration, hyper-
aemia and diarrhoea. Histological scoring was based
on the following features: extent of destruction of
normal mucosal architecture, cellular infiltration, muscle
thickening, crypt abscesses, and goblet cell depletion. All
animals treated with TNBS lost weight and exhibited
macroscopic and histopathological damage scores that
were consistent with previous reports (Linden et al.
2003a,b). Selective inhibition of COX-1 or COX-2 did not

Figure 1. Inflammatory damage and weight loss are not altered by cyclooxygenase (COX) inhibition
A, TNBS-treated Inflammation is induced by a single intracolonic administration of trinitrobenzene sulphonic acid
(TNBS). Animals ( ❡) lost weight initially but began gaining weight at a normal rate 2 days after TNBS, whereas
control animals (�) did not lose weight. Inhibition of COX-2 with DFU (�, 5 mg kg−1), or COX-1 with SC-560
(�, 5 mg kg−1), did not alter the weight profiles of TNBS-treated animals. The gross damage score (B) and
histopathology score (C) were significantly increased in colons of TNBS, TNBS/DFU and TNBS/SC-560 animals
as compared to controls. ∗P < 0.001 compared to controls; ANOVA, Newman-Keuls multiple comparisons test (for
A and B: n = 14–22 animals; for C: n = 4–6 animals).

alter any of these measures of the extent of inflammation
(Fig. 1).

Electrophysiological recordings

The distal colon was removed and placed in iced Krebs
solution (mm: NaCl, 121; KCl, 5.9; CaCl2, 2.5; MgCl2,
1.2; NaHCO3, 25; NaH2PO4, 1.2; and glucose, 8; aerated
with a 95%O2–5%CO2; all from Sigma, St Louis, MO,
USA). Nifedipine (5 µm) and atropine (200 nm) (Sigma)
were added to eliminate smooth muscle contraction. The
mucosa, submucosa and circular muscle of the colon were
removed with forceps exposing the myenteric plexus on
the longitudinal smooth muscle. The preparation was
then moved to a 2.5 ml recording chamber. Preparations
were continuously perfused at 7 ml min−1 with Krebs
solution containing nifedipine and atropine maintained
at 37◦C. Glass microelectrodes used for recording were
filled to the shoulder with 1% (w/v) Neurobiotin (Vector
Laboratories, Burlingame, CA, USA) in 1.0 m KCl, and the
remainder filled with 2.0 m KCl, and had resistances in the
range of 50–150 M�. Myenteric ganglia were visualized at
×200 with Hoffman modulation contrast optics through
an inverted microscope (Nikon Diaphot, Melville, NY,
USA) and individual myenteric neurones were randomly
impaled. Transmembrane potential was measured with an
Axoclamp-2A amplifier (Axon Instruments, Foster City,
CA, USA) and electrical signals were acquired and analysed
using MacLab Chart or Scope software (AD Instruments,
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Castle Hills, Australia). Synaptic activation of neurones
was elicited by direct stimuli (a single pulse of 0.5 ms
or a train of 0.5 ms pulses at 20 Hz for 2–4 s) applied
to fibre tracts in interganglionic connectives with mono-
polar extracellular electrodes made from Teflon-insulated
platinum wire. Unhealthy cells were excluded from the
study if the input resistance was below 50 M� or had an
action potential that peaked at a level less than 0 mV.

Using criteria previously described for classifying
neurones in the guinea pig small intestine (Bornstein
et al. 1994; Wood, 1994), neurones evaluated in this
study were classified as AH or S. The most important
criterion for classifying an individual neurone as
AH or S was the presence or absence, respectively,
of a shoulder on the repolarizing phase of the
action potential (Schutte et al. 1995). Morphological
characterization, achieved by incubation of the fixed tissue
with AMCA-conjugated strepavidin (1 : 500; Jackson
ImmunoResearch) and visualized on an Olympus AX70
fluorescence photomicroscope, supported the electro-
physiological classification. AH neurones always had a
Dogiel type II morphology (multiaxonal) and S neuro-
nes always had a Dogiel type I or filamentous morphology
(monoaxonal).

All electrophysiological properties were analysed offline
on MacLab Chart or Scope software and were characterized
with minor changes as previously described (Linden
et al. 2003b). In S neurones, the maximum amplitude
of the fast excitatory postsynaptic potential (fEPSP) in
response to a supramaximal stimulus was determined by
averaging the difference between the resting membrane
potential (saline: −66 ± 4 mV, n = 21; TNBS + vehicle:
−63 ± 3 mV, n = 35; TNBS + DFU: −63 ± 3 mV, n = 38;
TNBS + vehicle: −63 ± 4 mV, n = 20) and the peak of the
fEPSP of at least three evoked potentials elicited by focal
stimulation of fibre tracts with single pulses (0.5 ms, 1–
10 V). After-hyperpolarization (AHP) magnitude in AH
neurones was determined by integrating the voltage more
negative than resting membrane potential (RMP) over
time until the membrane potential returned to resting
levels (data points at 1 ms intervals; Prism version 3.0a for
Macintosh, GraphPad Software, La Jolla, CA, USA). The
measured AHP was generated following a single action
potential that peaked only after the offset of a single
depolarizing current pulse (0.4–0.7 nA; 0.2–5 ms).

Measurement of 5-HT or eicosanoid content of the
colon

For experiments to measure serotonin content, a segment
of colon was removed from the animal and homogenized

in 0.5 ml of iced 0.2 m perchloric acid, and centrifuged at
10 000 g for 10 min. The supernatant was neutralized with
0.5 ml 1.0 m borate buffer (pH 9.25), and centrifuged at
10 000 g for 10 min. The 5-HT content of an aliquot of
the sample was analysed by enzyme immunoassay with
a kit used according to the manufacturer’s instructions
(Beckman Coulter, Fullerton, CA, USA).

For experiments to measure eicosanoid content, a
segment of distal colon was isolated and homogenized
in 50 µl PBS (0.1 m, pH 7.4) containing 1 mm EDTA
and 100 µm ibuprofen. Samples were diluted 1 : 100
in immunoassay buffer and eicosanoid levels were
determined by enzyme immunoassay according to the
manufacturer’s instructions (Cayman Chemical, Ann
Arbor, MI, USA).

Serotonin or eicosanoid content of the tissue was
expressed as a function of the length (in cm) of the
colon to compensate for the increased protein and mass
due to oedema and infiltration of inflammatory cells that
occurs as a result of inflammation. This method has been
determined to be a more accurate measure of neuroactive
chemical content in the inflamed colon (Linden et al.
2003a).

Immunohistochemistry

Changes in the EC cell population of the colonic
epithelium were quantified by immunohistochemically
demonstrating 5-HT in transverse sections of the colon.
Tissue sections were prepared as previously described
(Linden et al. 2003a). Colonic segments from different
groups of animals were embedded in OCT compound
(Miles, Elkhardt, IN, USA) in the same blocks, so that
further processing occurred under identical conditions.
5-HT-containing epithelial cells were counted and
normalized as functions of the circumferential length
of the muscularis mucosa, which does not change with
colitis (Linden et al. 2003a). These determinations were
made at a magnification of ×400 from three random
locations in each transverse section, taking care to
ensure that the area contained intact glands. Three tissue
sections, at least 500 µm apart, were assessed from each
animal.

The distal colon from some naive (n = 3) and TNBS-
treated animals (n = 3) were prepared for whole-mount
and transverse section immunohistochemistry for COX-
1 and COX-2. For whole mounts, the colons of these
animals were opened along the mesenteric border, pinned
flat and fixed with Zamboni’s fixative overnight. The
mucosa, submucosa and circular muscle of the colon
were removed with forceps exposing the myenteric plexus
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Table 1. Effects of COX inhibition on electrical properties of S neurones from inflamed distal colon

Controls Inflamed

Saline Saline/DFU Saline/SC-560 TNBS/vehicle TNBS/DFU TNBS/SC-560

Resting membrane
potential (mV) −53 ± 3 (27) −53 ± 2 (21) −55 ± 2 (27) −52 ± 2 (37) −51 ± 2 (48) −52 ± 3 (23)

Input resistance (M�) 153 ± 17 (27) 154 ± 27 (21) 136 ± 13 (27) 129 ± 12 (37) 150 ± 15 (48) 175 ± 26 (23)

Maximum number of action potentials
during a 500 ms current pulse 4 ± 1 (27) 9 ± 3 (21) 5 ± 2 (27) 4 ± 1 (37) 8 ± 2 (48) 7 ± 2 (23)

Neurones exhibiting

spontaneous activity 9/27 (33%) 5/21 (24%) 8/27 (30%) 11/37 (30%) 24/48 (50%) 7/23 (30%)

Neurones exhibiting anodal
break action potentials 11/26 (42%) 7/21 (33%) 7/27 (26%) 18/37 (49%) 29/48 (60%) 8/23 (35%)

Data are the mean ± S.E.M. for (N) cells, or the proportion of cells exhibiting the given property. Continuous data were statistically
analysed using ANOVA and proportional data were statistically analysed by χ2.

Table 2. Effects of COX inhibition on synaptic properties of S neurones from inflamed distal colon

Controls Inflamed

Saline Saline/DFU Saline/SC-560 TNBS/vehicle TNBS/DFU TNBS/SC-560

Neurones exhibiting fEPSPs 24/27 (89%) 20/21 (95%) 27/27 (100%) 35/35 (100%) 48/48 (100%) 21/23 (91%)
fEPSP amplitude (mV) 13 ± 1 (21) 11 ± 1 (20) 11 ± 1 (27) 20 ± 1 (35) a 19 ± 1 (38) a,c 19 ± 1(20) a,c

Neurones exhibiting sEPSPs 13/25 (52%) 9/19 (47%) 14/26 (54%) 23/30 (77%) a 26/45 (58%) b 17/20 (85%) a,c

Neurones exhibiting sIPSPs 2/25 (8%) 4/19 (21%) 3/26 (12%) 5/30 (17%) 6/45 (13%) 0/20 (0%)

Data are the mean ± S.E.M. for (N) cells, or the proportion of cells exhibiting the given property. Continuous data were
statistically analysed using ANOVA with Newman-Keuls multiple comparisons test and proportional data were statistically
analysed by χ2 (aP < 0.05 compared to neurones from saline-treated animals; bP < 0.05 compared to neurones from TNBS
+ vehicle-treated animals; cP < 0.05 compared to neurones from corresponding saline/COX inhibitor-treated animals).

on the longitudinal smooth muscle. For tissue sections,
fixed colons were sectioned on a cryostat (14 µm) and
thaw-mounted onto glass slides. Whole mounts and
tissue sections were washed with PBS and incubated for
3 × 15 min at room temperature with PBS containing
0.1% Triton X-100. This solution was removed, and the
sections were incubated for 48 h at 4◦C with a 1 : 500
dilution of rabbit anti-COX-1 or COX-2 antiserum (Merck
Frosst, Dorval, QC, USA; Reuter et al. 1996) in PBS
containing 0.1% Triton X-100. Following 3 × 15 min
washes with PBS, tissue sections were incubated with a
1 : 50 dilution of donkey antirabbit antiserum conjugated
to CY3 (Jackson ImmunoResearch, West Grove, PA, USA)
for 2 h. Following 3 × 15 min washes with PBS, the tissue
was mounted on glass slides and viewed on a Zeiss Axioplan
Fluorescence microscope and Olympus FV300 confocal
microscope. 1024 × 1024 pixel images were obtained using
Fluoview software (Olympus) under identical exposure
conditions (pinhole aperture, laser strength, scan speed,
Kalman averaging ×2) and were processed identically
using Adobe Photoshop 7, where only changes to contrast
and brightness were made. Each optical section was
1 µm thick. Images consist of 6–23 optical sections in
a Z stack.

Measurement of the release of 5-HT or eicosanoids
from the mucosa of the colon

Two segments of colon (0.5 cm in length) were opened
along the mesenteric border and placed in a 1.5 ml tube
containing 0.5 ml of a 37◦C Hepes-based buffer (mm:
NaCl, 110; KCl, 5.4; CaCl2, 1.8; MgCl2, 1.0; Hepes, 20;
glucose, 5; sucrose, 60; pH 7.4). One segment remained
undisturbed in the bathing solution for a total of 5 min.
The tissue in the second tube was sheer force stimulated
on a Vortex Genie2 (Scientific Industries Inc., Bohemia,
NY, USA) set at the lowest level that achieved a vortex
during minutes 2 and 4 of a 5 min period. A volume of
0.3 ml of the bathing solution was removed from the tube
and stored at −20◦C until further analysis. The levels of
5-HT or eicosanoids released into the bathing solutions
of both tubes were measured by enzyme immunoassay as
described above.

In vitro pellet propulsion

The methods used to measure the rate of propulsion of
fecal pellets in the isolated distal colon of the guinea
pig have been previously described (Linden et al. 2003a).
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Table 3. Effects of COX inhibition on electrical properties of AH neurones from inflamed distal colon

Controls Inflamed

Saline Saline/DFU Saline/SC-560 TNBS/vehicle TNBS/DFU TNBS/SC-560

Resting membrane
potential (mV) −68 ± 2 (14) −76 ± 3 (6) −68 ± 5 (5) −67 ± 3 (14) −70 ± 3 (10) −69 ± 3 (9)

Input resistance (M�) 130 ± 17 (14) 90 ± 16 (6) 83 ± 11 (5) 101 ± 12 (14) 115 ± 19 (10) 141 ± 19 (9)
AHP magnitude (mV s) 20 ± 3 (14) 18 ± 3 (6) 25 ± 5 (5) 10 ± 2 (14) a 18 ± 3 (10) b 6 ± 2 (9) a,c

Maximum number of action potentials
during a 500 ms current pulse 1.6 ± 0.4 (14) 1.2 ± 0.2 (6) 1.6 ± 0.6 (5) 10 ± 2 (14) a 2.3 ± 0.6 (10) b 10 ± 2 (9) a,c

Neurones exhibiting

spontaneous activity 0/14 (0%) 0/6 (0%) 0/5 (0%) 5/14 (36%) a 0/10 (0%) b 4/9 (44%) a,c

Neurones exhibiting anodal
break action potentials 2/14 (14%) 0/6 (0%) 0/5 (0%) 7/14 (50%) a 3/10 (30%) 8/9 (89%) a,c

Data are the mean ± S.E.M. for (N) cells, or the proportion of cells exhibiting the given property. Continuous data were statistically
analysed using ANOVA with Newman-Keuls multiple comparisons test and proportional data were statistically analysed by χ2

(aP < 0.05 compared to neurones from saline-treated animals; bP < 0.05 compared to neurones from TNBS + vehicle-treated
animals; cP < 0.05 compared to neurones from corresponding saline/COX inhibitor-treated animals). AHP, after-hyperpolarization.

Table 4. Effects of COX inhibition on synaptic properties of AH neurones from inflamed distal colon

Controls Inflamed

Saline Saline/DFU Saline/SC-560 TNBS/vehicle TNBS/DFU TNBS/SC-560

Neurones exhibiting fEPSPs 2/14 (14%) 1/6 (17%) 0/5 (0%) 9/14 (64%) a 6/10 (60%) a,b 5/9 (56%) a,b

Neurones exhibiting sEPSPs 14/14 (100%) 6/6 (100%) 5/5 (100%) 14/14 (100%) 10/10 (100%) 9/9 (100%)
Neurones exhibiting sIPSPs 0/14 (0%) 0/6 (0%) 0/5 (0%) 0/14 (0%) 1/10 (10%) 0/9 (0%)

Data are the mean ± S.E.M. for (N) cells, or the proportion of cells exhibiting the given property and were statistically
analysed by χ2 (aP < 0.05 compared to neurones from saline-treated animals; bP < 0.05 compared to neurones from
corresponding saline/COX inhibitor-treated animals).

Briefly, a segment of distal colon with attached mesentery
was removed from the animal, placed in a Sylgard-coated
chamber, and straightened by placing pins every 2 cm
along the mesentery. The isolated colon was maintained
in circulating (10 ml min−1) 37◦C Krebs solution (mm:
NaCl, 121; KCl, 5.9; CaCl2, 2.5; MgCl2, 1.2; NaHCO3, 25;
NaH2PO4, 1.2; and glucose, 8; aerated with a 95%O2–
5%CO2). After an equilibration period of 15 min, during
which natural pellets were expelled from the colon, silicon-
coated fecal pellets were placed into the lumen at the oral
end of the colonic segment and moved about 1 cm along
the segment with a glass rod. The rate of motility for each
trial was calculated by recording the time taken by the
isolated colon to propel the pellet a distance of 3 cm in
the centre of each segment. The mean rate of propulsion
was calculated from at least five trials for each condition
conducted with 5 min rest periods between trials.

Data analyses

Statistical analyses were performed using Prism software.
For electrophysiological experiments, differences between
treatment groups were determined using a one-way

ANOVA for continuous data and χ 2 for proportional data
with a significance level of P < 0.05. N values represent
the number of cells tested under each condition. For 5-
HT or eicosanoid release experiments, differences between
animal treatment groups as well as differences between
basal and stimulated conditions were determined using
a two-way ANOVA for repeated measures. Statistical
analyses for all other experiments were conducted using
one-way ANOVA. Non-linear sigmoidal concentration–
response regression curves were plotted and IC50 values
were determined by using Prism. The data presented are
means ± s.e.m. for n animals.

Results

COX-2 inhibition restores electrical and synaptic
excitability of myenteric neurones in inflamed distal
colon

Intracellular recordings were obtained from 39 neurones
in 13 saline-treated colons, 25 neurones in 6 saline/DFU
colons, 32 neurones in 5 saline/SC-560 colons, 51 neuro-
nes in 11 TNBS colons, 58 neurones in 11 TNBS/DFU
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Figure 2. Inflammation-induced changes in the electrical properties of AH neurones are restored to
normal by COX-2, but not by COX-1, inhibition
Representative examples of repetitive action potentials during 500 ms depolarizing current pulses (top traces),
and long-lasting after-hyperpolarization (lower traces) following single action potentials (truncated) elicited by
brief depolarizing current pulses in AH neurones. These examples illustrate that the ability of AH neurones to
accommodate to sustained depolarization is impaired in TNBS animals, and restored to normal in TNBS/DFU but not
TNBS/SC-560 animals. The accommodation properties are probably related to the after-hyperpolarization, which
was smaller in neurones from TNBS and TNBS/SC-560 animals as compared to those of control and TNBS/DFU
animals. Compiled data are presented in Table 3.

Figure 3. Enhanced 5-HT availability in inflamed colon is not reduced by COX inhibition
A, examined as a function of length, the amount of 5-HT was significantly increased in TNBS compared to control
animals. This increase in 5-HT content was sustained in animals treated with the COX-2 blocker DFU (5 mg kg−1)
or the COX-1 blocker SC-560 (5 mg kg−1). B, the number of 5-HT-immunoreactive enterochromaffin (EC) cells
per length of muscularis mucosa was increased in TNBS compared to control animals. This EC cell hyperplasia
persisted despite inhibition of COX-2 or COX-1. C, mechanical agitation of isolated segments of colon caused a
significant increase in 5-HT released into the bathing media regardless of animal treatment (significant difference
not shown graphically). TNBS animals released significantly more 5-HT under basal and stimulated conditions
when compared to controls. Stimulus-induced 5-HT release from colons of TNBS/DFU animals was not different
from TNBS animals, but remained significantly greater than control animals. Interestingly, treatment of animals
with TNBS/SC-560 significantly increased basal and stimulated 5-HT release compared to both control animals
and TNBS animals. ∗P < 0.05 compared to controls; ANOVA, Newman-Keuls multiple comparisons test. †P < 0.05
compared to controls; ‡P < 0.05 compared to TNBS/vehicle; two-way ANOVA for repeated measures, Bonferroni’s
multiple comparisons test (n = 4–6 animals).
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colons, and 32 neurones in 9 TNBS/SC-560 colons. Neuro-
nes were classified as AH or S neurones as described in
Methods. The electrophysiological properties of neuro-
nes from saline-treated animals were similar to previously
reported myenteric neurones from control guinea pig
distal colon (Wade & Wood, 1988a,b; Lomax et al. 1999;
Wada-Takahashi & Tamura, 2000; Tamura et al. 2001;
Linden et al. 2003b). Likewise, the properties of neurones
from TNBS/vehicle animals were similar to properties that
we have previously reported for neurones from animals
treated with TNBS alone (Linden et al. 2003b).

S neurones. The electrical properties of S neurones were
not altered by TNBS-induced colitis when compared to
saline-treated controls (Table 1). In addition, treatment
of animals with saline/DFU, saline/SC-560, TNBS/DFU
or TNBS/SC-560 did not alter any of these measures
(Table 1). The synaptic properties of S neurones were
altered by TNBS-induced colitis when compared to saline-
treated control animals (Table 2). These changes included a
higher proportion of S neurones exhibiting slow excitatory
synaptic potentials (sEPSPs), and an increase in fast EPSP
amplitude. No changes were detected in the proportions
of S neurones that exhibited stimulus-induced fast EPSPs
or slow inhibitory postsynaptic potentials (sIPSPs).

Treatment of animals with the COX-1 inhibitor, SC-560,
or the COX-2 inhibitor, DFU, did not affect the synaptic

Figure 4. Colonic propulsive motor activity, reduced during
inflammation, is restored by COX-2 inhibition
Colons of TNBS animals had significantly slower fecal pellet propulsion
rates compared to control animals. Inhibition of COX-2 in TNBS/DFU
animals restored the pellet propulsion to a rate comparable to the
control level and a rate that was significantly faster than TNBS animals.
By contrast, inhibition of COX-1 in TNBS/SC-560 animals resulted in
pellet propulsion rates that were similar to TNBS animals, and slower
than controls. ∗P < 0.05 compared to control; †P < 0.05 compared to
TNBS/vehicle; ANOVA, Newman-Keuls multiple comparisons test
(n = 6 animals).

properties of these cells (Table 2). However, treatment of
animals with TNBS/DFU was effective in reversing the
increased incidence of S neurones that exhibited sEPSPs
observed in the TNBS group. On the other hand, COX-
2 blockade with DFU did not alter the effect of TNBS-
induced inflammation on the amplitude of fEPSPs. The
synaptic properties of S neurones in TNBS/SC-560 animals
were comparable to those in TNBS animals.

AH neurones. Consistent with previous findings (Linden
et al. 2003b), AH neurones from TNBS-treated animals
exhibited altered electrical properties consistent with
enhanced excitability when compared to saline-treated
controls (Table 3). These properties include the following:
increased maximum number of action potentials
during a depolarizing current pulse; a smaller after-
hyperpolarization (Fig. 2); and an increased incidence of
AH neurones that exhibit spontaneous activity and an
increased proportion of neurones with anodal break action
potentials. Treatment of animals with TNBS/DFU but not
TNBS/SC-560 attenuated these enhanced properties to
levels that were not different from saline-treated controls.
Furthermore, AH neurones of TNBS/DFU animals were
significantly less excitable than those of TNBS animals with
regard to the number of action potentials, magnitude of the
after-hyperpolarization, and occurrence of spontaneous
activity. The electrical properties of AH neurones in
saline/DFU and saline/SC-560 animals were identical to
those of saline controls (Table 3).

While the TNBS colitis-induced changes in electrical
properties were attenuated by DFU, the TNBS-induced
changes in synaptic activity of AH neurones were not
affected by either of the COX inhibitors. The increased
proportion of AH neurones from TNBS animals exhibiting
fEPSPs in response to fibre tract stimulation compared
to saline-treated controls were not attenuated in either
TNBS/DFU or TNBS/SC-560 animals (Table 4). The
synaptic properties of AH neurones in saline/DFU and
saline/SC-560 animals were identical to those of saline
controls (Table 4).

Colitis-induced enhanced serotonin availability is not
altered by COX inhibition

We have previously determined that TNBS-induced colitis
is associated with an increased availability of serotonin (5-
HT) in the epithelium (Linden et al. 2003a). We tested
the hypothesis that 5-HT availability could be decreased
to normal levels by inhibiting COX-1 or COX-2. The
amount of 5-HT in the colon was measured by enzyme
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immunoassay (Fig. 3A). As previously described, TNBS
animals in this study had elevated levels of 5-HT in the
colon when compared to saline-treated controls. This
elevated level of 5-HT was not altered in TNBS/DFU
or TNBS/SC-560 animals when compared to the TNBS
group.

Consistent with the inability of COX inhibition to
alter the effect of TNBS colitis on 5-HT content, COX
inhibition did not modify the colitis-induced EC cell
hyperplasia in animals treated with TNBS (Fig. 3B).
TNBS, TNBS/DFU and TNBS/SC-560 animals all had
more 5-HT-immunoreactive EC cells per circumferential
length of muscularis mucosa than controls. Furthermore,
the change in mucosal architecture that is associated with
chronic TNBS-induced inflammation was not altered
by COX inhibition. Neither the increased colonic gland
depth, nor the increased number of epithelial cells per
colonic gland was altered by COX-1 or COX-2 inhibition
(saline: 155 ± 6 µm, 49 ± 2 cells gland−1; TNBS + vehicle:
273 ± 30 µm, 74 ± 7 cells gland−1; TNBS/DFU:
306 ± 32 µm, 73 ± 7 cells gland−1; TNBS/SC-560:
353 ± 63 µm, 88 ± 16 cells gland−1; P < 0.05 ANOVA,
Newman-Keuls multiple comparisons test for each
measure and each treatment group compared to the
appropriate saline-treated control group).

There is an increase in 5-HT release from TNBS-
inflamed tissue as compared to control tissue under
basal and stimulated conditions (Linden et al. 2003a). In
the current study, 5-HT release from segments of distal
colon was higher in all three TNBS treatment groups, as
compared to controls (Fig. 3C). Interestingly, inhibition
of COX-1 by treatment of animals with SC-560, after

Figure 5. Colonic levels of eicosanoids are altered during inflammation and following COX inhibition
Colonic content of representative members of three of the major classes of eicosanoids were measured in each of
the animal groups. Levels of all three eicosanoids were significantly elevated in colons of TNBS animals. In animals
treated with the COX-2 inhibitor, DFU (5 mg kg−1), PGE2 levels were reduced compared to TNBS animals, but TXB2

and LTB4 levels were not altered. In animals treated with the COX-1 inhibitor, SC-560, PGE2 and TXB2 levels were
reduced compared to those of TNBS animals, but LTB4 content remained the same. ∗P < 0.05 compared to control;
†P < 0.05 compared to TNBS/vehicle; ANOVA, Newman-Keuls multiple comparisons test (n = 4–6 animals).

administration of TNBS, significantly increased the levels
of 5-HT in the bathing media of both basal and stimulated
tissue compared to tissue from TNBS animals.

COX-2 inhibition restores normal rates of colonic
propulsive motility

Colitis induced by TNBS is associated with a significant
reduction in the rate of fecal pellet propulsion in
isolated segments of guinea pig distal colon (Linden
et al. 2003a). In the current study, the effects of
COX inhibition on colonic propulsion in the TNBS-
inflamed distal colon were evaluated. The propulsion
rate of fecal pellets was measured in segments of colon
isolated from animals in each of the four treatment
groups (Fig. 4). The colons of TNBS animals exhibited
a significant decrease in the rate of pellet propulsion
compared to saline-treated controls. The inhibition of
COX-2 in TNBS/DFU animals restored near normal rates
of propulsion compared to TNBS animals. In contrast,
inhibition of COX-1 in TNBS/SC-560 animals did not
alter colonic propulsion compared to TNBS animals.
The rate of pellet propulsion was not altered, relative to
control values, in colons from saline/DFU or saline/SC-
560 animals (saline control, 1.7 ± 0.1 mm s−1; saline/DFU,
1.68 ± 0.04 mm s−1; saline/SC-560, 1.9 ± 0.1 mm s−1).

Eicosanoid levels in the inflamed colon with and
without COX inhibition

The reduction of myenteric AH neurone excitability and
restored colonic pellet propulsion by COX-2, but not
COX-1 inhibition in TNBS-treated animals lead us to
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investigate the action of DFU and SC-560 treatment on
colonic eicosanoid levels. COX-1 and COX-2 are rate-
limiting enzymes in the synthesis of prostaglandins (PGs)
and thromboxanes (TXs) from arachidonic acid (Seeds
& Bass, 1999; Iversen & Kragballe, 2000). Another class
of eicosanoids generated from arachidonic acid by the
enzyme lipoxygenase are the leukotrienes (LTs). In TNBS
animals, there was a significant increase in total colonic
levels of PGE2, TXB2 and LTB4 compared to saline-
treated controls (Fig. 5). When compared to levels in TNBS
animals, PGE2 and thormboxane B2 (TXB2) were reduced
in TNBS/SC-560 animals, but the leukotriene B4 (LTB4)
level was not affected by COX-1 inhibition (Fig. 5). COX-
2 inhibition in the TNBS/DFU animals reduced PGE2 but
not TXB2 nor LTB4 relative the levels of these eicosanoids
in TNBS animals (Fig. 5).

Mechanical stimulation of the intestinal mucosal
epithelium causes the release of PGs (Bennett et al.
1967). We tested whether this release of PGs is altered

Figure 6. Prostaglandin release from isolated colon is enhanced during inflammation and reduced by
COX-1 but not COX-2 inhibition
Mechanical agitation of isolated segments of colon caused a significant increase in the prostaglandins (PGs) released
into the bathing media regardless of animal treatment (significant difference not shown graphically). Under basal
conditions, PGE2 release was increased in the TNBS and TNBS/DFU groups relative to control. Under stimulated
conditions, release of all forms of PGs tested (PGE2, PGD2-MOX, PGF2α and 6-keto-PGF1α ) was increased in TNBS
and TNBS/DFU groups when compared to controls. PG release from tissues in the TNBS/SC-560 group was not
different from control levels for all PGs tested. In the case of PGE2, the release levels for the TNBS/SC-560 group,
under both basal and stimulated conditions, was significantly reduced compared to the TNBS group. ∗P < 0.05
compared to controls; †P < 0.05 compared to TNBS/vehicle; two-way ANOVA for repeated measures, Bonferroni’s
multiple comparisons test (n = 6 animals).

in the inflamed colon, and further whether this release
could be inhibited by the inhibition of either COX-1 or
COX-2. Agitation of isolated segments of colon caused a
significant increase in the levels of PGE2, PGD2 (measured
as PGD2-MOX), PGF2α and PGI2 (measured as 6-keto-
PGF1α) regardless of animal treatment (Fig. 6). There was
enhanced basal and stimulated release of all PGs in TNBS
animals compared to saline-treated controls. These TNBS-
induced elevated levels of PG release were inhibited in
TNBS/SC-560 animals but not in TNBS/DFU animals.

Expression of COX-2 in the mucosa, myenteric plexus
and circular muscle layers in TNBS-treated animals

It was somewhat surprising that COX-2 inhibition could
restore normal myenteric neurone electrical properties in
TNBS-treated animals yet have little effect on mucosal
PG levels. We therefore tested the hypothesis that COX-
2 is expressed in the deeper layers of the colonic wall
during TNBS-induced inflammation. Immunoreactivity
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for COX-2 was detected in both neuronal and non-
neuronal cells in the myenteric plexus and as well as
cells within the circular and longitudinal muscle layers in
animals treated with TNBS (Fig. 7), but was not observed
in untreated animals. Only faint neuronal immuno-
reactivity for COX-2 was observed in the naive animals.
Immunoreactivity for COX-2 was also observed in some
infiltrating cells in the mucosa of TNBS-treated animals
(Fig. 8). Faint COX-1 immunoreactivity was observed in
the mucosa only and was comparable in both groups of
guinea pigs (data not shown).

Discussion

The data presented here provide the first direct evidence
that COX-2 contributes to the hyperexcitability of
myenteric neurones in colitis. Most of the profound
changes in myenteric neurone function that accompany
TNBS-induced colitis can be reduced or reversed by
sustained inhibition of COX-2. There was no effect of
COX inhibition on the extent of intestinal inflammation,

Figure 7. COX-2 immunoreactivity is enhanced in the muscularis externa during inflammation
Confocal micrographs of colonic myenteric plexus (A and B) and attached circular muscle (C and D). Optical sections
of 1 µm thickness were stacked together for each image. A, COX-2 immunoreactivity was barely detectable in the
distal colon myenteric plexus of a control animal (12 optical sections). B, in inflamed animals there was an increased
intensity and distribution of COX-2 immunoreactivity in neurones and also in some non-neuronal cells (12 optical
sections). C, COX-2 immunoreactivity was not observed in circular muscle of the normal colon (13 optical sections).
D, COX-2 immunoreactivity was observed in many infiltrating cells in the thickened circular muscle of the inflamed
colon (23 optical sections). Scale bars: 100 µm.

changes in mucosal architecture or increased availability
of 5-HT associated with TNBS-induced colitis. However,
inhibition of COX-2, but not COX-1, markedly improved
the propulsion of fecal pellets in the inflamed colon. Taken
together, these studies indicate that COX-2 activation plays
a prominent role in AH neuronal hyperexcitability and in
decreased propulsive motor activity in the TNBS model of
immune-mediated colitis.

In TNBS-induced colitis, which is a model of chronic,
immune-mediated inflammation, distinct changes have
been detected in the electrical properties of myenteric
AH neurones (Linden et al. 2003b). While the resting
membrane potential and input resistance of AH neuro-
nes are unchanged, these cells exhibit several alterations
that are consistent with enhanced excitability, including a
decrease in accommodation, an increase in spontaneous
activity and an attenuated after-hyperpolarization. In
models that reflect acute, infectious or allergenic
inflammation, AH neurones exhibit similar changes in
excitability, but the membrane potential is depolarized
and input resistance is decreased (Frieling et al. 1994a;
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Palmer et al. 1998; Liu et al. 2003). These differences in
altered electrical properties most likely reflect different
mechanisms of neuroimmune interaction. In the case of
the acute models, histamine released from mast cells is
probably the major mediator of the changes in AH neuro-
nal properties, and a decrease in a Ca2+-activated K+

conductance is largely responsible for the electrical changes
that are observed. In TNBS colitis, an augmentation of a
hyperpolarization-activated cation conductance is a major
contributor to the enhanced excitability (Linden et al.
2003b), and results from the current study indicate that
COX-2 activation and possibly the release of PGs leads to
these changes.

In acute models of inflammation, neurotransmitter
release and synaptic potentials are suppressed, probably
through the actions of histamine on presynaptic receptors
(Collins et al. 1992; Frieling et al. 1993; Liu et al. 2000).
In TNBS colitis, synaptic activity is enhanced in both
AH and S neurones of the myenteric plexus. The only
measured change in AH neurone synaptic activity during
inflammation, an increased proportion of neurones that
exhibit fEPSPs, was not altered by COX inhibition. In S
neurones, inflammation is associated with enhanced fast
and slow synaptic activity. Inhibition of COX-2, but not
COX-1, restored the proportion of S neurones receiving
slow excitatory synaptic input back to the control level. In
contrast, the enhanced amplitude of fEPSPs in S neurones
during inflammation, is not altered by inhibition of either
COX isoform. It is therefore likely that enhancement of
sEPSPs in S neurones occurs via a COX-2 mechanism.
Furthermore, these findings indicate that, in chronic
colitis, augmentation of fEPSPs in both AH and S neurones
may occur via a common mechanism that is independent
of COX activity.

Figure 8. COX-2-immunoreactive cells are
observed in the mucosa during
inflammation
Confocal micrographs of colonic mucosa (A
and B). Optical sections of 1 µm thickness
were stacked together for each image. A,
COX-2 immunoreactivity was observed in the
colonic mucosa of control animals in a few
scattered cells immediately deep to the
epithelium (6 optical sections). The identity of
these cells was not examined, but it is likely
that they are subepithelial fibroblasts, which
express COX-2 under physiological conditions
(Mahida et al. 1997). B, in the inflamed
muocsa, COX-2 expression was observed in a
large number of cells scattered throughout
the mucosa. mm, muscularis mucosa. Scale
bars: 50 µm.

We originally proposed that mucosal inflammatory
mediators were likely to cause the changes we observed
in myenteric AH neurones (Linden et al. 2003b). This was
because AH, but not S, neurones project to the mucosa and
have endings in the lamina propria (Neunlist et al. 1999),
and the excitability of AH neurones is more dramatically
affected by inflammation than that of S neurones (Linden
et al. 2003b). We reasoned that mucosal PGs, a result of
infiltrating immune cells in the lamina propria, where
the inflammatory response is centred, could selectively
affect AH neurones. While this possibility has not been
excluded by the current studies, the lack of effect of COX-
2 inhibition on mucosal prostaglandin levels sheds doubt
on this theory and indicates that COX-2 acting at another
site may lead to the changes that are observed in myenteric
neurones. The increased COX-2 immunoreactivity within
neurones of the myenteric plexus, and the expression
of COX-2 in cells within the muscle layers, suggest that
the COX-2 affecting myenteric neuronal excitability may
reside in the muscularis externa of the colon. If this is the
case, it is interesting to note that eicosanoids produced
by COX-2 in these deep layers may exert their effects
selectively on the electrical properties of AH neurones, as
local PGs would be just as likely to contact S neurones as
AH neurones. Consistent with this notion, we have recently
reported that long-term exposure to PGE2 enhances the
excitability of colonic AH neurones whereas the firing
properties of S neurones are largely unaffected (Manning
et al. 2002).

Results of the current study indicate that administration
of a COX-2 blocker to animals with TNBS colitis restored
propulsive motor activity to a normal level, whereas
administration of a COX-1 inhibitor had no detectable
effect on peristalsis in the inflamed colon. Inhibition
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of COX-2 has been shown to reduce the dysmotility
that accompanies mechanical manipulation of the bowel
(Schwarz et al. 2001). Intestinal manipulation causes
increased PGE2 production that can be completely reduced
by COX-2 inhibition with DFU (Kreiss et al. 2003).
However, the results of the current study indicate that
increased production of prostaglandins and thromboxanes
in the mucosa of the inflamed colon is mediated primarily
by COX-1. Although it appears counterintuitive that
increased COX-2 expression in the mucosa during colitis
(Reuter et al. 1996) would not be responsible for increased
eicosanoid levels, this effect has been observed in other
gastrointestinal distress conditions. Acid challenge of the
rat stomach causes an increase in COX-2 expression, but
the increased thromboxane and prostaglandin production
is reduced by COX-1 inhibition, not COX-2 inhibition
(Gretzer et al. 2001). Likewise, Helicobacter pylori infection
in humans causes a marked increase in COX-2 expression,
but increased eicosanoid levels appear to be due to COX-
1 rather than COX-2 (Jackson et al. 2000; Scheiman
et al. 2003). Another effect of COX-1 inhibition was an
increase in basal and stimulated 5-HT release. It is possible
that reducing mucosal eicosanoid levels towards the
normal range in colitis may reduce eicosanoid-mediated
inhibition of 5-HT release. Although COX-2 inhibition
was more effective at restoring normal intestinal propulsive
activity, there are clearly distinct roles for COX-1 during
inflammation and a more thorough examination of this
issue is warranted.

As has been previously reported (Morteau et al. 1993;
Martinolle et al. 1995; Reuter et al. 1996; Lesch et al.
1999), inhibition of either COX-1 or COX-2 in the
current investigation did not alter the magnitude or extent
of TNBS-induced colitis. These and other studies have
suggested that leukotrienes are the class of eicosanoids
that is responsible for tissue damage in the inflammatory
response (Wallace et al. 1989; Wallace & Keenan, 1990a,b;
Morteau et al. 1993; Martinolle et al. 1995). Neither
SC-560 nor DFU treatment reduced the enhanced levels
of colonic LTB4 in the current study. The current
study provides no evidence to contradict the hypothesis
that leukotrienes contribute to mucosal inflammation,
but our findings do suggest that long-lasting PG and
thromboxane production, which was attenuated by the
COX-1 inhibition, is not involved. We chose to initiate
COX inhibition 2 days following TNBS injection to allow
the well-documented protective effects of both COX iso-
forms to occur while inhibiting the subsequent damaging
effects of COX (Wallace et al. 1992; Morteau et al. 1993;
Reuter et al. 1996; Sakamoto, 1998; Newberry et al. 1999).
It was therefore beyond the scope of this study to address

the role of either COX isoforms, or the eicosanoids that
they produce, in the early stages of the inflammatory
response.

In summary, some of the inflammation-induced
changes in the neural circuitry, namely increased mucosal
5-HT content, EC cell hyperplasia and increased fast
EPSP amplitude, were not altered by COX-2 inhibition.
Therefore, it is clear that a single type of neuroimmune
interaction does not account for all of the neuroplasticity
that occurs in this model of immune-mediated colitis, and
future investigations will be necessary to determine the
mechanisms responsible for these changes. The findings
reported here demonstrate that COX-2 activation is a
critical step in the hyperexcitability of AH neurones and
reduced propulsive motor activity during chronic colitis
in the guinea pig. Although a direct link between these
two observations was not established in this study, it is
possible that the restored excitability of AH neurones by
COX-2 inhibition contributes to the restoration of normal
colonic propulsion.
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