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Background: Myenteric interneurones are involved in the reflexes that control the motility of the human
colon.
Aims: The distribution of choline acetyltransferase (ChAT) and nitric oxide synthase (NOS) immunoreactivity in myenteric interneurones was investigated in this study.
Methods: DiI (1,1′- didodecyl 3,3,3′,3′-indocarbocyanine perchlorate) was applied to the myenteric
plexus of the human colon followed by organotypic culture. Retrogradely labelled neurones, with projections longer than motor neurones (>10 mm), were studied to exclude motor neurone populations.
ChAT and NOS immunoreactivity was then determined in the interneurones.
Results: We found that 90% of interneurones projecting orally contained ChAT and none contained
NOS. Ninety five per cent of descending interneurones were labelled with ChAT and/or NOS antisera; 46% contained NOS immunoreactivity alone, 20% contained ChAT immunoreactivity alone, and
29% contained both ChAT and NOS. Anally directed interneurones had significantly longer
projections than orally projecting interneurones.
Conclusions: Nearly all interneurones contain either NOS or ChAT immunoreactivity. Orally projecting interneurones are of two types: 90% contain ChAT alone and the remainder contain immunoreactivity for neither ChAT nor NOS. There are three main types of anally projecting interneurones: the
largest, which contains NOS but not ChAT, and the two smaller classes which contain ChAT and NOS,
and CHAT alone.

he enteric nervous system controls the function of the
gastrointestinal tract.1 Functional classes of neurones in the
enteric plexuses include ascending and descending interneurones, motor neurones to the circular and longitudinal
muscle, sensory neurones, and secretomotor neurones. It has
recently become possible to identify these classes of neurones by
retrograde labelling from the targets of their projections.2
In a previous study using retrograde tracing in the human
colon, myenteric interneurones were shown to have projections up to 68 mm long while myenteric neurones innervating
the circular and longitudinal muscle layers and the submucosa had shorter projections (almost all less than 10 mm).3 In
a later study, we showed that there are myenteric interneurones that project anally which contain vasoactive intestinal
peptide (VIP) or calretinin and others that project orally which
contain tachykinins (TK).4 However, only a small proportion of
myenteric interneurones were immunoreactive for any of
these neurochemicals. Thus the neurochemistry of the majority of anally and orally projecting interneurones has not been
identified in the human colon.
Neurones and nerve fibres containing choline acetyltransferase (ChAT), the enzyme which synthesises acetylcholine,
are abundant in the myenteric ganglia in the human colon.5
There are also many myenteric neurones and nerve fibres containing nitric oxide synthase (NOS), the enzyme which
synthesises nitric oxide, in the human intestine.6 7 Nerve cell
bodies which contain ChAT and NOS have been described in
the myenteric plexus of the human colon and these neurones
did not project to the circular muscle.8 The abundance of nerve
cell bodies and nerve fibres in the myenteric ganglia which
contain ChAT and/or NOS suggests that there are significant
populations of interneurones containing these enzymes.
Cholinergic transmission has been demonstrated in human
colonic tissue9 and is involved in both ascending and descending pathways.10 While the role of nitric oxide in inhibitory
transmission to the smooth muscle of the human intestine is
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well established,11 its role in synaptic transmission is unclear
although it may act as a neuromodulator at synapses in
descending interneurones in the guinea pig small intestine.12
The purpose of this study is to classify myenteric interneurones in the human colon using retrograde tracing combined
with immunohistochemistry for ChAT and NOS to form the
basis for the neurochemical classification of human myenteric
interneurones.

METHODS
Tissue collection
Eight specimens of ascending colon were obtained with prior
informed consent from patients (three men, five women)
undergoing surgery for cancer of the colon (age range 46–78
years; median 72). The segment of intestine was taken from
bowel not involving the tumour and had not been subject to
obstruction. Patients with functional disorders such as slow
transit constipation and irritable bowel syndrome were excluded from the study. Immediately after removal from the
patient, a segment of colon, measuring 80×30 mm, was excised
from the intertaenial region of the margin of the resected specimen, placed in oxygenated Kreb’s solution, and transported to
the laboratory. Frozen section histology was performed to confirm that the tumour did not involve the specimens. The use of
human intestine for these experiments was approved by the
Flinders Clinical Research Ethics Committee.
Retrograde labelling
The full thickness piece of colon was pinned out on a Sylgard
lined petri dish (Dow Corning, Michigan, USA) and the
.............................................................
Abbreviations: ChAT, choline acetyltransferase; DiI, 1,1′- didodecyl
3,3,3′,3′-indocarbocyanine perchlorate; NOS, nitric oxide synthase; VIP,
vasoactive intestinal peptide; TK, tachykinins.
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Figure 1 Scatterplot showing the location of 1,1′- didodecyl 3,3,3′,3′-indocarbocyanine perchlorate (DiI) containing neurones with choline
acetyltransferase (ChAT) or nitric oxide synthase (NOS) immunoreactivity in a single preparation. The shaded strip indicates the DiI application
site. Almost all neurones with ascending projections contain ChAT whereas there are several subgroups with descending projections.
Calibration bar, 10 mm.

mucosa and submucosa were removed by microdissection. A 5
mm wide strip of circular muscle was removed across the centre of the preparation and a transverse incision was made
through the myenteric plexus. A line of glass beads (Sigma
Chemicals, St Louis, Missouri, USA), 200 µm in diameter,
coated with the lipid soluble dye 1,1′- didodecyl 3,3,3′,3′indocarbocyanine perchlorate (DiI ; Molecular Probes, Eugene, Oregon, USA) were then placed along the incision, thus
contacting nerve fibres running in the internodal strands (fig
1).3 4 Using this methodology, longitudinal but not circumferential projections could be determined.
After 10 minutes, DiI coated beads had adhered to the
underlying tissue and remained in place for the duration of
the organ culture. The preparations were covered with culture
medium (DME/F12; Sigma Chemicals) supplemented with
10% heat inactivated fetal bovine serum, penicillin 100 IU/ml,
streptomycin 100 µg/ml, amphotericin B 2.5 µg/ml, and
gentamicin 20 µg/ml (Cytosystems, NSW, Australia) and
adjusted to pH 7.4. They were placed on a rocking tray in a
humidified incubator containing 5% CO2 in air at 37°C and the
medium was changed daily during the culture period. After
five days in organotypic culture, the preparations were fixed
for 16–24 hours in modified Zamboni’s fixative (0.2%
saturated picric acid and 2% paraformaldehyde in phosphate
buffer 0.1 M; pH 7.2) at 4°C. They were then washed
repeatedly in phosphate buffered saline (0.15 M NaCl in 0.01
M sodium phosphate, pH 7.2) and the remaining circular
muscle was dissected away to make a whole mount of the
myenteric plexus attached to the thin longitudinal muscle
layer of the intertaenial intestine. Preparations were then
cleared in 100% bicarbonate buffered glycerol (pH 8.6) for
three days.

Immunohistochemistry
DiI labelled preparations were incubated with a primary antiserum to ChAT and/or NOS. Two preparations were single
labelled with antisera to ChAT (code PO3; rabbit polyclonal
1:1000; Yeboah, Germany13) and three were single labelled
with antisera to NOS (code K205; sheep polyclonal 1:1000;
donated by PC Emson14). Three other preparations were
double labelled with both antisera for four days at room temperature. All primary antisera were diluted in 10% normal
donkey serum. After 3×15 minute washes in phosphate buffered saline, secondary antisera were then added to the specimen for two days. For rabbit antisera, fluorescein conjugated
donkey antirabbit IgG (Amersham, Little Chalfont, UK; code
N 1034) was used at 1:50; for sheep antisera, Cy5 conjugated
donkey antisheep IgG (Jackson Immunoresearch, West Grove,
Pennsylvania, USA; code 25324) was used at 1:20.
The preparation was mounted in buffered glycerol (pH 8.6)
and viewed under an AX70 epifluorescence microscope
(Olympus Optical, Tokyo, Japan) fitted with appropriate filter
blocks to discriminate DiI, fluorescein, and Cy5. The positions
of labelled cell bodies relative to the centre of the DiI application site were recorded using a computerised stage mapping
system2 and reconstructed using graph plotting software (Sigmaplot; Jandel, Corte Madera, California, USA). Images were
recorded using an image capturing program (NIH Image 1.59;
NIH, Maryland, USA).
Control experiments were performed by omitting primary
and secondary antisera to ensure that there was no
non-specific labelling. Control experiments showed that there
was no cross reactivity between the antisera. Neurone counts
are expressed as means and comparisons of projection length

Table 1 Number of DiI containing neurones immunoreactive for each antiserum (number of neurones with projections
longer than 10 mm in parentheses)
No of
patients

ChAT+

NOS+

ChAT+/ NOS+

Non-immunoreactive

2
3
3

143 (42)
371 (147)
n/a

n/a
191 (97)
268 (133)

n/a
114 (66)
n/a

140 (48)
77 (37)
398 (171)

Total No of DiI filled neurones
283 (90)
753 (347)
666 (304)

ChAT, choline acetyltransferase; DiI, 1,1′- didodecyl 3,3,3′,3′-indocarbocyanine perchlorate; NOS, nitric oxide synthase; n/a, not applied.
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were made using factorial ANOVA and expressed as a Scheffe
F test with a significance level of 5%.

RESULTS
General
Myenteric neurones which had been retrogradely labelled
from internodal strands were located up to 33 mm orally from
the application site and up to 29 mm anally—that is, to the
end of the preparation. In the eight preparations, a mean of
213 neurones were labelled with DiI (range 75–471; SEM 55).
Significantly more neurones had descending projections
(mean (SEM) 69 (3)%; range 59–84%) than ascending projections (31 (3)%; range 16–41%), as previously described.4
Immunohistochemistry
Eight preparations of myenteric plexus, which had been retrogradely labelled with DiI applied to the myenteric plexus, were
successfully labelled with ChAT and/or NOS antisera (table 1,
fig 1).
To be included in this study, immunohistochemical labelling
had to be of a consistently high standard throughout the
whole preparation to avoid false negative results. From a total
of 16 preparations, eight were judged to reach this standard
and the rest were discarded.
Orally projecting neurones
In preparations labelled with ChAT antiserum, 90% (SEM
4.9%; n=5) of neurones projecting orally for more than 10 mm
contained ChAT immunoreactivity (fig 2).
In contrast, only 0.3% (SEM 0.3%; n=6) of neurones
projecting more than 10 mm orally contained NOS immunoreactivity (table 2). These NOS immunoreactive orally projecting neurones were all located within 5 mm of the DiI application site, suggesting that they had short projections. In the
three preparations labelled with both ChAT and NOS, 11 (7)%
of orally projecting neurones with projections longer than 10
mm remained unlabelled by either antiserum and 0.7%
contained both ChAT and NOS (fig 3).

Table 2

Anally projecting neurones
There were more neurochemical types of myenteric neurones
with descending projections than ascending projections (fig
3). The most abundant type contained NOS but not ChAT
(table 3, fig 4).
In the preparations labelled with ChAT antiserum, 49%
(SEM 8%; n=5) of neurones projecting more than 10 mm
anally contained ChAT. In preparations labelled with NOS
antiserum, 67% (SEM 6%; n=6) of neurones projecting more
than 10 mm anally contained NOS. In the three preparations
labelled with both ChAT and NOS, 29 (6)% of neurones with
long aboral projections contained both ChAT and NOS (fig 5)
and 4% were not labelled with either antiserum.
Length of projection
Neurones with anally directed axons had mean projections of
11.5 mm (SEM 0.4) whereas projections of those with orally
directed axons were significantly shorter (mean 9.6 mm, SEM
0.4; p=0.003). There were no significant differences detected
between the mean lengths of the projections of the different
neurochemical types of neurones with descending or ascending projections. As the preparations had retrogradely labelled
neurones extending to the limits of the tissue, not all
myenteric interneurones were demonstrated in this study so
these results do not give a definitive description of the lengths
of all myenteric interneurones.
Morphology
Most of the neurones (99%) labelled from the myenteric
plexus, which could be classified, had lamellar dendrites and a
single process (that is, Dogiel type I morphology). Only 1% (14
of 1702 neurones) had a smooth cell body and several tapering
processes (that is, Dogiel type II morphology). Of these Dogiel
type II cells, none was NOS immunoreactive and 50% (7/14)
were ChAT immunoreactive. The distributions of Dogiel type I
and II neurones were not compared because of the small
number of Dogiel type II neurones.

Proportions of neurones with short and long oral projections labelled with ChAT and/or NOS antisera
Short (<10 mm)

Long (>10 mm)

Antibody applied

ChAT+

NOS+

ChAT
NOS
ChAT and NOS

73%
n/a
82%

n/a
11%
4%

ChAT+/ NOS+
n/a
n/a
0%

ChAT, choline acetyltransferase; NOS, nitric oxide synthase; n/a, not applied.
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ChAT+

NOS+

93%
n/a
89%

n/a
0%
0%

ChAT+/ NOS+
n/a
n/a
1%
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Figure 2 Myenteric neurone labelled 16 mm anal to the 1,1′- didodecyl 3,3,3′,3′-indocarbocyanine perchlorate (DiI) application site on the
myenteric plexus. The nerve cell body was immunoreactive for choline acetyltransferase (ChAT) but not nitric oxide synthase (NOS) (filled
arrows). A neurone not labelled with DiI (open arrow) was immunoreactive for both ChAT and NOS. Calibration bar, 20 µm.
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Figure 3 Histograms showing the distribution of (A) choline
acetyltransferase (ChAT) +/nitric oxide synthase (NOS)−, (B)
ChAT−/NOS+, (C) ChAT+/NOS+, and (D) ChAT−/NOS− neurones
as a proportion of the total number of 1,1′- didodecyl
3,3,3′,3′-indocarbocyanine perchlorate (DiI) labelled neurone. Data
were pooled from the three preparations labelled with both ChAT
and NOS antisera. Dotted lines at −10/+10 indicate the projection
limit of non-interneurones; hence neurones outside these limits are
interneurones.

DISCUSSION
In this study, myenteric neurones projecting within the
myenteric plexus were shown to fall into distinct neurochemical types. All functional classes of myenteric neurones are
likely to project for some distance within the myenteric plexus
and thus be labelled by DiI applied directly to the plexus, as
Table 3
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was carried out in the present study. However, it is possible to
identify groups of labelled cells which are likely to be
interneurones, based on data from previous studies. The main
functional classes of myenteric neurones are ascending and
descending interneurones, circular and longitudinal muscle
motor neurones, and sensory neurones.15 Secretomotor,
vasomotor, and intestinofugal neurones comprise fewer than
3% of myenteric neurones in the guinea pig ileum.15 In the
human intestine, very few myenteric neurones project to the
mucosa3 suggesting that secretomotor and vasomotor neurones are likely to be extremely few in number. Almost all circular and longitudinal muscle motor neurones in the human
colon project for distances of less than 10 mm.3 Neurones with
Dogiel type II morphology have been shown to be AH
neurones in the guinea pig small intestine. They make a major
contribution to circumferential pathways, although 10% also
have long aboral projections in this small animal model.16–18 In
the guinea pig colon, Dogiel type II cells project predominantly
in the longitudinal axis of the gut for mean distances of 3–4
mm in the oral and aboral directions.19 In contrast, in the
present study, Dogiel type II neurones were seldom identifiable more than 1–2 mm oral or anal to the DiI application site
in the human colon, as reported previously.3 Thus it can safely
be concluded that nearly all myenteric neurones with longitudinal projections of longer than 10 mm in the human colon are
likely to be interneurones and will be considered as such for
the purposes of this discussion. Neurones with short
projections (that is, less than 10 mm) could belong to any
functional class and are not discussed further.
Ascending interneurones
Ascending interneurones formed two neurochemical types:
the largest (90%), which contained ChAT without NOS, and a
smaller population (10%) which contained neither ChAT nor
NOS. A previous study found that 22% of myenteric neurones
in the human colon with ascending projections were TK
immunoreactive but did not contain VIP or calretinin.4 It follows that there is a type of ascending interneurone which
contains both ChAT and TK, and another containing ChAT
without TK. There may also be one other small population
which does not contain ChAT. In contrast, ascending
interneurones in the guinea pig ileum form a single class, all
having a chemical coding of ChAT/TK/enkephalin/calretinin/
neurofilament protein triplet.15 This suggests that ascending
pathways in the human colon may be rather more complex
than those described in the guinea pig ileum. However, the
predominance of ChAT immunoreactivity in ascending pathways correlates well with pharmacological evidence that
ascending excitation, evoked by stretching human intestine, is
abolished by hexamethonium, a nicotinic antagonist.10 The
same is true for guinea pig and rat colon.20
Descending interneurones
Ninety five per cent of descending interneurones were labelled
with ChAT and/or NOS antisera. Three types of descending
interneurones were described in this study. The largest (46%)
was NOS immunoreactive but not ChAT immunoreactive.
There were two less numerous types: one containing both

Proportions of neurones with short and long anal projections labelled with ChAT and/or NOS antisera
Short (<10 mm)

Long (>10 mm)

Antibody applied

ChAT+

NOS+

ChAT+/ NOS+

ChAT+

NOS+

ChAT+/ NOS+

ChAT
NOS
ChAT and NOS

44%
n/a
22%

n/a
59%
47%

n/a
n/a
28%

36%
n/a
20%

n/a
57%
46%

n/a
n/a
29%

ChAT, choline acetyltransferase; NOS, nitric oxide synthase; n/a, not applied.
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Figure 5 Descending interneurone containing both choline acetyltransferase (ChAT) and nitric oxide synthase (NOS) (arrows). It was located
20 mm oral to the 1,1′- didodecyl 3,3,3′,3′-indocarbocyanine perchlorate (DiI) application site. Calibration bar, 20 µm.

ChAT and NOS (29%) and another group containing ChAT but
not NOS (20%). VIP and calretinin have been shown to be
present in 51% and 23%, respectively, of descending interneurones in the human colon.4 VIP immunoreactivity has been
demonstrated in a subset of NOS immunoreactive myenteric
neurones in the human intestine21 22 but does not colocalise
with calretinin immunoreactivity in myenteric neurones.23 The
precise combinations of NOS, ChAT, VIP, and calretinin present
in each type of descending interneurone remain to be
established.
The complexity of different classes of descending interneurones in the human colon relative to ascending interneurones
has also been found in the guinea pig ileum where there are at
least four functional classes of descending interneurones,
three containing ChAT with other combinations of markers
and one containing NOS with other markers.15 ChAT and NOS
immunoreactivity coexist in some human myenteric
neurones8 but as yet have not been directly demonstrated to
coexist in guinea pig ileum, although the vesicular acetylcholine transporter is present in some VIP immunoreactive
varicosities in myenteric ganglia24 which are likely to be
immunoreactive for NOS.25 Their presence in the guinea pig
gall bladder can be deduced from the observation that all
myenteric neurones in that organ contain ChAT and there is a
small population which contains NOS.26
The description in this study that ChAT is present in many
descending interneurones is supported by the finding that the
descending inhibitory component of the peristaltic reflex in
the human intestine is abolished by hexamethonium,10
indicating that cholinergic interneurones are involved in this
pathway. The functional significance of NOS immunoreactive
descending interneurones is not known as there is currently
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no evidence that nitric oxide is involved in synaptic transmission in the human gastrointestinal tract. In guinea pig ileum,
it has been suggested that nitric oxide, released from the cell
bodies of descending interneurones, suppresses transmission
from synaptic connections made with them by enteric sensory
neurones.12 27 Our study raises the possibility that a group of
descending interneurones release acetylcholine and nitric
oxide simultaneously to effect their actions.
Correlation between neuroanatomy and motility
patterns
The relative paucity and short projection length of ascending
interneurones, observations which have been previously
described in both guinea pig and human intestine,3 4 15 is likely
to reflect the fact that there is only one ascending neural
response, the ascending excitatory reflex, and there are several
descending responses, including the descending excitatory
reflex, the descending inhibitory reflex, and the migratory
motor complex. The reason why there are more types of
descending interneurones than ascending interneurones in
both human and guinea pig intestine is not known although
it is possible that different subclasses of descending interneurones are involved in different reflexes.
This study has demonstrated that ChAT and NOS are markers for almost all of the interneuroneal populations and these
need to be subdivided with other markers to have a
description of all of the functional classes of interneurones. It
is likely that there are more neurochemicals present in the
myenteric interneurones than have been described in this and
our previous study.4 Other markers which have been found to
be present in cell bodies and nerve fibres in the myenteric
ganglia of human intestine include calcitonin gene related
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Figure 4 Anally projecting interneurone labelled 11 mm from the 1,1′- didodecyl 3,3,3′,3′-indocarbocyanine perchlorate (DiI) application
site. The nerve cell body was immunoreactive for nitric oxide synthase (NOS) but not choline acetyltransferase (ChAT) (filled arrows). A
neurone not labelled with DiI (open arrow) was immunoreactive for both ChAT and NOS. Calibration bar, 20 µm.

Cholinergic and nitrergic interneurones in the myenteric plexus of the colon

ACKNOWLEDGEMENTS
Anthony Porter is the recipient of a National Health and Medical
Research Council Medical Postgraduate Research Scholarship. This
work was supported by a FMC 2000 Research Foundation Grant. We
would like to acknowledge the help of our colleagues in the
Departments of Surgery and Pathology in obtaining specimens, and
Janine Edwards and Wendy Bonner for expert technical assistance.
.....................

Authors’ affiliations
A J Porter, D A Wattchow, Department of Surgery and Centre for
Neuroscience, Flinders University, Adelaide, Australia
S J H Brookes, M Costa, Department of Human Physiology and Centre
for Neuroscience, Flinders University, Adelaide, Australia

REFERENCES
1 Furness JB, Costa M. The enteric nervous system. Edinburgh: Churchill
Livingstone, 1987.
2 Brookes S, Costa M. Identification of enteric motor neurons which
innervate the circular muscle of the guinea-pig small intestine. Neurosci
Lett 1990;118:227–30.
3 Wattchow DA, Brookes SJ, Costa M. The morphology and projections of
retrogradely labeled myenteric neurons in the human intestine.
Gastroenterology 1995;109:866–75.
4 Wattchow DA, Porter AJ, Brookes SJH, et al. The polarity of
neurochemically defined myenteric neurons in the human colon.
Gastroenterology 1997;113:497–506.
5 Porter AJ, Wattchow DA, Brookes SJ, et al. Choline acetyltransferase
immunoreactivity in the human small and large intestine.
Gastroenterology 1996;111:401–8.
6 Timmermans JP, Barbiers M, Scheuermann DW, et al. Nitric oxide
synthase immunoreactivity in the enteric nervous system of the developing
human digestive tract. Cell Tissue Res 1994;275:235–45.
7 Ekblad E, Alm P, Sundler F. Distribution, origins and projections of nitric
oxide synthase-containing neurons in gut and pancreas. Neuroscience
1994;63:233–48.
8 Porter AJ, Wattchow DA, Brookes SJH, et al. The neurochemical coding
and projections of circular muscle motor neurons in the human colon.
Gastroenterology 1997;113:1916–23.

9 Brookes SJH, Ewart WR, Wingate DL. Intracellular recordings from
myenteric neurones in the human colon. J Physiol Lond
1987;390:305–18.
10 Grider J. Identification of neurotransmitters regulating intestinal peristaltic
reflex in humans. Gastroenterology 1989;97:1414–9.
11 Boeckxstaens GE, Pelckmans PA, Herman AG, et al. Involvement of
nitric oxide in the inhibitory innervation of the human isolated colon.
Gastroenterology 1993;104:690–7.
12 Yuan SY, Bornstein JC, Furness JB. Pharmacological evidence that nitric
oxide may be a retrograde messenger in the enteric nervous system. Br J
Pharmacol 1995;114:428–32.
13 Schemann M, Sann H, Schaaf C, et al. Identification of cholinergic
neurons in enteric nervous system by antibodies antibodies against
choline acetyltransferase. Am J Physiol 1993;265:G1005–9.
14 Williamson S, Pompolo S, Furness J. GABA and nitric oxide synthase
immunoreactivities are colocalized in a subset of inhibitory motor neurons
of the guinea-pig small intestine. Cell Tissue Res 1996;284:29–37.
15 Costa M, Brookes SJH, Steele PA, et al. Neurochemical classification of
myenteric neurons in the guinea-pig ileum. Neuroscience
1996;75:949–67.
16 Brookes SJ, Song ZM, Ramsay GA, et al. Long aboral projections of
Dogiel type II, AH neurons within the myenteric plexus of the guinea pig
small intestine. J Neurosci 1995;15:4013–22.
17 Song Z, Brookes SJH, Costa M. Projections of specific morphological
types of neurons within the myenteric plexus of the small intestine of the
guinea-pig. Cell Tissue Res 1996;285:149–56.
18 Kunze WA, Bornstein JC, Furness JB. Identification of sensory nerve cells
in a peripheral organ (the intestine) of a mammal. Neuroscience
1995;66:1–4.
19 Neunlist M, Schemann M. Projections and neurochemical coding of
myenteric neurons innervating the mucosa of the guinea pig proximal
colon. Cell Tissue Res 1997;287:119–25.
20 Grider JR, Makhlouf GM. Colonic peristaltic reflex: identification of
vasoactive intestinal peptide as mediator of descending relaxation. Am J
Physiol 1986;251:G40–5.
21 Dhatt N, Buchan AMJ. Colocalization of neuropeptides with calbindin
D-28k and NADPH diaphorase in the enteric nerve plexuses of normal
human ileum. Gastroenterology 1994;107:680–90.
22 Keranen U, Vanhatalo S, Kiviluoto T, et al. Co-localization of NADPH
diaphorase reactivity and vasoactive intestinal polypeptide in human
colon. J Autonom Nerv Syst 1995;54:177–83.
23 Walters JR, Bishop AE, Facer P, et al. Calretinin and calbindin-D28k
immunoreactivity in the human gastrointestinal tract. Gastroenterology
1993;104:1381–9.
24 Lomax AE, Zhang JY, Furness JB. Origins of cholinergic inputs to the cell
bodies of intestinofugal neurons in the guinea pig distal colon. J Comp
Neurol 2000;416:451–60.
25 Costa M, Furness JB, Pompolo S, et al. Projections and chemical coding
of neurons with immunoreactivity for nitric oxide synthase in the
guinea-pig small intestine. Neurosci Lett 1992;148:121–5.
26 Mawe GM, Talmage EK, Cornbrooks EB, et al. Innervation of the
gallbladder - structure, neurochemical coding, and physiological
properties of guinea pig gallbladder ganglia. Microsc Res Tech
1997;39:1–13.
27 Tamura K, Schemann M, Wood JD. Actions of nitric oxide-generating
sodium nitroprusside in myenteric plexus of guinea pig small intestine.
Am J Physiol Gastrointest Liver Physiol 1993;265:G887–93.
28 Timmermans JP, Scheuermann DW, Barbiers M, et al. Calcitonin
gene-related peptide-like immunoreactivity in the human small intestine.
Acta Anat Basel 1992;143:48–53.
29 Nichols K, Staines W, Krantis A. Neural sites of the human colon
colocalize nitric oxide synthase-related NADPH diaphorase activity and
neuropeptide Y. Gastroenterology 1994;107:968–75.
30 Burleigh DE, Furness JB. Distribution and actions of galanin and
vasoactive intestinal peptide in the human colon. Neuropeptides
1990;16:77–82.

www.gutjnl.com

Gut: first published as 10.1136/gut.51.1.70 on 1 July 2002. Downloaded from http://gut.bmj.com/ on June 22, 2021 by guest. Protected by copyright.

peptide, neuropeptide Y, galanin, somatostatin, and metenkephalin.21 28–30 All of these neurochemicals are likely to be
present in subpopulations of interneurones and further studies combining retrograde labelling with immunohistochemistry for these markers may establish the chemical coding of
human myenteric interneurones. Determination of the transmitters contained in each class of interneurone would provide
valuable information regarding the nature of reflex pathways
involved in motility patterns in the human gastrointestinal
tract. The finding that ChAT and/or NOS antibodies label the
majority of ascending and descending interneurones is a significant first step in this direction as most other markers
reveal only small populations of interneurones. This will provide the basis for more accurate characterisation of the neurochemical classes involved in both physiological and pathological processes.
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