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Abstract Development of neurones and fibres expressing
P2X3 receptors in the myenteric plexus of rat stomach and
coexistence of the P2X3 receptor with calbindin, calreti-
nin and NOS during postnatal development, were inves-
tigated with immunostaining methods. Extrinsic nerves
expressing P2X3 receptors appeared as early as E12 and
were localised in the trunk and branches of the vagus
nerve, which extended rapidly onto the whole rat stomach
from E12 to E14. Intrinsic neurone cell bodies with P2X3-
immunoreactivity in the myenteric ganglia were first
demonstrated postnatally at P1, and at P14, when the
num-ber of neurones expressing the P2X3 receptor peaked
at 45%. P2X3 receptor-immunoreactivity decreased sub-
sequently, and at P60 only about 11% were P2X3-immu-
noreactive. Intraganglionic laminar nerve endings and in-
tramuscular arrays were first demonstrated postnatally at
P1 and P7, respectively. In the early postnatal days, there
were many growth cone-like structures with strong P2X3
immunostaining associated with these endings and arrays.
Double-immunostaining showed that 9–15% of P2X3-
immunoreactive neurones in the gastric myenteric plexus
expressed calbindin D-28 k only in the early postna-
tal days, while 14–21% of neurones from P1 to P60 in-
creasingly expressed calretinin. About 20% of neurones
with P2X3 immunoreactivity coexpressed NOS through-
out perinatal development.
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Introduction

The P2X3 receptor is crucial, not only to peripheral
sensory functions such as nociception, but also to the
normal physiological regulation mediated by afferent
pathways (see Burnstock and Wood 1996; Burnstock
2000, 2001). In the digestive tract, sensory nerve end-
ings have been identified as intraganglionic laminar
nerve endings (IGLEs) and intramuscular arrays (IMAs).
IGLEs are specialised mechanosensory endings of vagal
afferent neurones in myenteric ganglia (Powley et al.
1994; Berthoud and Neuhuber 2000; Zagorodnyuk and
Brookes 2000; Zagorodnyuk et al. 2001). IGLEs are very
common in the oesophageal, gastric and duodenal my-
enteric ganglia, and occur at lesser densities in the re-
maining digestive tract (Berthoud et al. 1997; Wang and
Powley 2000). There has been a recent report of P2X2
receptor-immunoreactivity (ir) of IGLEs in the mouse
gastrointestinal tract (Castellucci et al. 2003).

Intramuscular arrays are located within the circular and
longitudinal smooth muscle layers of lower oesophagus
and stomach. These endings were initially described in
detail by Berthoud and Powley (1992). IMAs are largely
absent in the antrum, moderately dense in the corpus, and
very dense in the forestomach (Phillips et al. 2000; Wang
and Powley 2000). In a functional analogy with striat-
ed muscle proprioceptors, IGLEs have similarities with
Golgi tendon organs, whereas IMAs have similarities with
muscle spindle afferents (Phillips and Powley 2000).

In this study, we selected the stomach of rat to in-
vestigate the ontogeny and development of IGLEs, IMAs
and ganglionic neurones with P2X3-ir in rat stomach.

Materials and methods

Animals and tissue preparation

Breeding, maintenance and killing of the animals used in this study
followed principles of good laboratory animal care and experi-
mentation in compliance with Home Office (UK) regulations
covering Schedule One Procedures and in accordance with the
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Animals (Scientific Procedures) Act, 1986, governing the use of
animals. All protocols were approved by the local animal ethics
committee. Wistar rats of 15 different prenatal and postnatal age
groups [embryonic day (E)10, E11, E12, E13, E14, E15, E16, E17,
E18, E20, postnatal day (P)1, P7, P14, P30, P60] were used.
Stomachs from four or five embryos from two or three rats were
used for each developmental stage. Fetuses were killed by im-
mersion in cold phosphate-buffered saline (PBS) and then fixed in
4% paraformaldehyde in 0.1 mol/l phosphate buffer, pH 7.4, while
older rats were killed by asphyxiation with CO2 and perfused
through the aorta with 0.9% NaCl solution and 4% paraformalde-
hyde in 0.1 mol/l phosphate buffer, pH 7.4. Embryonic fetal
stomachs were dissected out under a dissection microscope while
the stomach of older rats was removed and washed with PBS.
Stomachs of all the different ages were then refixed in 4% para-
formaldehyde in 0.1 mol/l phosphate buffer, pH 7.4, overnight. The
myenteric plexuses of whole-mount preparations of the stomachs
from E17 to P60 were prepared under a dissection microscope.
Whole-mount preparations of myenteric plexuses were not made
from the stomachs of E10 to E16 fetuses; these stomachs were
processed for immunostaining directly. Some of the stomachs aged
from E10 to E18 were immersed in 25% sucrose PBS until they
sank and then sections (10 mm) were cut from these stomachs and
placed on gelatin-coated slides.

Immunocytochemistry

The development and specificity of the P2X3 polyclonal antibodies
has been reported previously (Xiang et al. 1998a; Oglesby et al.
1999). The immunocytochemical method was modified from our
previous report (Xiang et al. 1998b). Briefly, the preparations were
washed 3�5 min in 0.01 mol/l, pH 7.2, PBS and then incubated in
1.0% H2O2 for 30 min to block endogenous peroxidase. Prepara-
tions were preincubated in 10% normal horse serum (NHS), 0.2%
Triton X-100 in PBS for 30 min, followed by incubation with P2X3
antibodies, diluted 1:500 in antibody dilution solution (10% NHS,
0.2% Triton X-100 and 0.4% sodium azide in PBS) overnight at
4�C. Subsequently, preparations were incubated with biotinylated
donkey anti-rabbit IgG (Jackson) diluted 1:500 in antibody dilution
solution for 1 h at 37�C and then with streptavidin-HRP (Sigma)
diluted 1:1,000 in PBS for 1 h at 37�C. Finally, a nickel-intensified
diaminobenzidine reaction was used to visualise immunoreactivity.
All incubations and reactions were separated by 3�10 min washes
in PBS. The preparations were mounted, dehydrated, cleared and
covered.

The following protocol was used for double immunostaining
among P2X3, calbindin D-28 k, calretinin, NOS and PGP9.5
(PGP9.5 was used as a general neuronal maker). The preparations
were washed 3�5 min in PBS and preincubated in antibody dilution
solution for 30 min, followed by incubation with P2X3 antibody
diluted 1:500, NOS antibody (sheep anti-rat) diluted 1:1,000, cal-
bindin (mouse anti-rat, SWANT) diluted 1:5,000, calretinin (mouse
anti-rat, SWANT) diluted 1:2,000 and PGP9.5 antibody (rabbit
anti-rat) diluted 1:6,000 in antibody dilution solution overnight at
4�C. Subsequently the preparations were incubated with Cy3-con-
jugated donkey anti-rabbit IgG (Jackson), diluted 1:300 for P2X
antibodies and FITC-conjugated donkey anti-mouse or sheep IgG
(Jackson) diluted 1:200 in antibody dilution solution for calbindin,
calretinin and NOS, for 1 h at room temperature. All the incuba-
tions and reactions were separated by 3�10 min washes in PBS.
The preparations were evaluated with fluorescence microscopy.

Controls

Control experiments were carried out with P2X3 antibodies
preabsorbed with cognate peptide at a concentration of 25 mg/ml.
The amino acid sequence of this peptide is VEKQSTDS-
GAYSIGH(383–397) (synthesised by Roche Bioscience, Palo
Alto).

Photomicroscopy

Images of immunofluorescence labelling were taken with a Leica
DC 200 digital camera (Leica, Switzerland) attached to a Zeiss
Axioplan microscope (Zeiss, Germany). Filter sets included the
following: for Cy3, excitation, 510–550 nm, emission, 590 nm; for
FITC, 470 nm excitation, 525 nm emission. Images were imported
into a graphics package (Adobe Photoshop 5.0, USA). The two-
channel readings for green and red fluorescence were merged by
using Adobe Photoshop 5.0.

Quantitative analysis

Whole-mount preparations were also used to perform a quantitative
analysis, as described previously (Van Nassauw et al. 2002).
Briefly, the immunoreactive-positive neurone bodies in the myen-
teric ganglia were counted per visual field (0.3 mm2) in whole-
mount preparations. Ten randomly chosen fields in each whole-
mount preparation were studied, and the number of immunoreac-
tive neurones was calculated.

Results

P2X3-ir was first identified in the stomach of E12 fetuses.
At this stage, P2X3-ir was localised in the trunks of vagal
nerve to stomach with short branches at the ends (Fig. 1A).
At E13, the trunks of vagal nerve had more and longer
branches with P2X3-ir; some branches had typical P2X3

receptor-labelled growth cones in the ends (Fig. 1B).
About one third of the surface of the stomach was covered
with P2X3-immunoreactive (ir) nerve fibres at this stage.
At E14, almost all of the stomach surfaces were covered
with P2X3-ir nerve fibres and these fibres formed net-
works. Only the borders of the stomach on the greater
curved side were not covered with P2X3-ir nerve fibres
(Fig. 1D). At E15, the pattern of P2X3-ir staining was
similar to that at E14. At E16, the fibres formed myenteric
plexus-like structures together with a few large bundles of
nerve fibres with strong immunostaining (Fig. 1F). At
E17, the pattern of P2X3-ir was similar to that at E16. The
patterns of P2X3-ir at E18 and E20 were similar, but the
numbers of fibres increased (Fig. 1H). In the sections of
stomach at different stages, almost all P2X3-ir fibres were
localised in the myenteric plexus (Fig. 1C, E, G) and these
P2X3-ir structures were also immunoreactive for PGP9.5,
a nerve fibre marker (Fig. 5K). No P2X3-ir neurones or
IGLE-like structures were found in embryonic stomachs.

At P1, the neurone cell bodies and IGLE-like struc-
tures with P2X3-ir were first demonstrated in the myen-
teric plexus of the stomach, although this staining was
weak to moderate. Growth cone-like structures in the
myenteric plexus, where the IGLEs were forming, were
prominent and these structures were usually stained
strongly with P2X3 antibody (Fig. 2A, B). At P7, the
number and staining density of neurone cell bodies with
P2X3-ir increased. The number of IGLEs also increased,
but the growth cone-like structures significantly de-
creased (Fig. 2C, D). IMA-like structures with P2X3-ir
were first found at this stage (Fig. 2E). At P14, the
number and staining density of neurones with P2X3-ir
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continued to increase (Fig. 3A, B), and IMA-like struc-
tures expressing P2X3-ir were similar to those at P7. At
P30, the number of neurones in myenteric ganglia began
to decrease, but the branches of IGLEs became more
complex (Fig. 3C), and IMA-like structures with P2X3-ir

were connected to each other via networks. At P60, the
number of neurones with P2X3-ir in the myenteric ganglia
and the morphology of IGLEs and IMAs was similar to
that seen at P30 (Fig. 4A–C).

Fig. 1A–H P2X3 immunoreac-
tivity (ir) in extrinsic vagal
nerve fibres in the developing
rat stomach, fetal embryonic
day (E)12 to E20. A P2X3-im-
munoreactive (ir) vagal nerve
with short branches at the ends
at E12. B Trunks of vagal nerve
and branches with P2X3-ir like
trees at E13. C Structures with
P2X3-ir localised between the
muscular layers in rat stomach
(arrows show positive struc-
tures). D At E14, almost all the
surface of the stomach was
covered with P2X3-ir nerve fi-
bres. E P2X3-ir was localised
between the muscular layers in
rat stomach at E15. F P2X3-ir
fibres form myenteric plexus-
like structures (an arrow shows
a plexus), some nerve bundles
with strong staining were scat-
tered among the plexuses at
E16. G P2X3-ir structures were
localised between muscular
layers (arrows show positive
structures) in rat stomach at
E18. H P2X3-ir structures in
myenteric plexuses at E20.
Scale bars 250 mm in A, B;
100 mm in C–H
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Double immunostaining of P2X3-ir and PGP9.5-ir was
used to calculate the percentages of neurones with P2X3-
ir in myenteric plexus of the stomach at different post-
natal stages (Fig. 5L). The results are shown in Table 1.
The coexistence between P2X3-ir and calbindin D-28k-ir
was found at P1, P7 and P14 in the myenteric plexus of rat
stomach, but not at P30 and P60 (Fig. 5A–E; Table 2).

The P2X3-ir neurones expressing calretinin-ir or NOS-ir
were found at all stages (see Fig. 5F–J; Table 2). No
P2X3-ir neurones were found to colocalise with sub-
stance P-ir. The IGLEs and IMA-like structures with
P2X3-ir were not found to be immunoreactive for cal-
bindin D-28, calretinin, or NOS at any of the stages we
examined.

Fig. 2A–E P2X3-ir in nerve
cell bodies in myenteric plexus
of the developing rat stomach
(P1 to P7). A Myenteric
plexuses of rat stomach with
P2X3-ir at P1; thin arrows show
neurones with P2X3-ir and thick
arrows show intraganglionic
laminar nerve endings (IGLEs)
with P2X3-ir. B Higher magni-
fication of the area indicated by
a star in A. C Myenteric plexus
of rat stomach with P2X3-ir at
P7. D Higher magnification of
the area indicated by a star in
C. Thin arrows show neurones
with P2X3-ir and thick arrows
show IGLEs. E Intramuscular
arrays (IMAs) with P2X3-ir at
P7. Scale bars 80 mm in A;
50 mm in B, E; 100 mm in C;
25 mm in D
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No staining was observed in those preparations incu-
bated with the antibody solutions preabsorbed with P2X3
peptides.

Discussion

The present study showed P2X3-ir in both extrinsic and
intrinsic enteric neurones of the rat stomach. Extrinsic
nerves were seen as early as E12, localised in the vagus
trunk and its branches in the rat stomach. The branches

with P2X3-ir extended rapidly into the whole rat stomach
by E14. There were no intrinsic enteric neurone cell
bodies with P2X3-ir in myenteric ganglia of the embryo.
The afferent neurones of vagus nerve in rat nodose gan-
glion were reported to express P2X3 receptor at E12.5,
which is consistent with the expression time of P2X3-ir in

Fig. 3A–C P2X3-ir in neurons
and IGLEs in the developing
myenteric plexus of rat stomach
(P14 to P60). A P2X3-ir struc-
tures in the myenteric plexus at
P14; thin arrows show neurones
with P2X3-ir and thick arrows
show IGLEs with P2X3-ir. B
High magnification of the area
indicated by a star in A; thin
arrows show neurones with
P2X3-ir and thick arrows show
IGLEs with P2X3-ir. C Myen-
teric plexus with P2X3-ir at
P30; thin arrows show neurones
with P2X3-ir and thick arrow
shows IGLEs with P2X3-ir.
Scale bars 80 mm in A; 50 mm
in B, C

Table 1 Percentages of neurone cell bodies with P2X3-ir in my-
enteric plexuses of the rat stomach at different postnatal (P) stages

Stages P1 P7 P14 P30 P60

Percentages 15€5 34€6 45€5 13€5 11€5

Table 2 Percentage of neurones with P2X3-ir in myenteric plexus
of the rat stomach at different postnatal (P) stages coexisting with
calbindin (CB), calretinin (CR) and nitric oxide synthase (NOS)

Stages P1 P7 P14 P30 P60

CB/P2X3 11€5 9€4 15€5 0 0
P2X3/CB 14€7 17€6 12€4 0 0
CR/P2X3 14€5 13€4 18€7 16€5 21€6
P2X3/CR 10€6 16€6 15€4 17€8 16€4
NOS/P2X3 25€8 21€6 18€5 21€4 19€8
P2X3/NOS 20€5 18€5 22€5 21€6 24€6
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rat stomach (Cheung and Burnstock 2002). The neurone
cell bodies with P2X3-ir in myenteric ganglia were first
demonstrated in our study postnatally at P1, and at P14
the number of neurones in myenteric ganglia reached a
peak, with, at that stage, about 45% neurones expressing
the P2X3 receptor. After this stage, the percentage of
neurones expressing the P2X3 receptor decreased, so that
at P60 only about 11% of myenteric neurones in rat stom-
ach were found to express the P2X3 receptor. This implies
that about 34% of those neurones ceased to express the
P2X3 receptor or died during postnatal development or
that more unlabeled neurones migrated into this plexus.
The second explanation seems unlikely as earlier data
showed that there was no significant decrease in the total
number of myenteric neurones in the rat stomach up to
2 months postnatally (Timmermans et al. 1999). The tran-

sient expression of P2X receptors has been reported
during the development of other parts of the nervous
system (Jarlebark et al. 2000; Nikolic et al. 2001; Cheung
and Burnstock 2002). It would be very interesting to in-
vestigate the functional roles of P2X3 receptors on these
neurones during the periods of transient expression (from
P1 to P30).

In myenteric plexus of rat stomach, IGLEs and IMAs
positive for P2X3 were first demonstrated at P1 and P7,
respectively. We also found that in the early postnatal days
(P1 and P7) growth cone-like structures with strong P2X3-
ir staining associated with IGLEs and IMAs were promi-
nent. The growth cones are believed to direct neurite out-
growth by detection and response to guidance cues in the
extracellular milieu (Rehder et al. 1992). They are highly
dynamic and largely independent from direct control of
the cell bodies. During growth cone guidance, secreted
cell surface molecules bind to receptors on filopodia and
lamellipodia and trigger second-messenger signals in ap-
propriate regions of the growth cone (Schwab et al. 1993;
Keynes and Cook 1995; Goodman 1996; Tessier-Lavigne
and Goodman 1996). It has been suggested that ATP may
regulate the morphology of the growth cones of PC12 cells
induced by nerve growth factor (Schindelholz and Reber
2000). The following mechanism was proposed: that in-
creased [Ca2+]i levels activate tyrosine kinases located
close to the ion channels which then leads to changes in
morphology due to tyrosine phosphorylation of proteins.
In the present study, we found that the growth cone-like
structures in the early postnatal days (P1 to P7) showed
high expression of P2X3 receptors. Thus, we hypothesise
that ATP may be involved in the formation of IGLEs and
IMAs of the myenteric plexuses, similar to that proposed
for growth cones of PC12 cells.

Fig. 4A–C P2X3-ir neurones, IGLEs and IMAs in myenteric plex-
us of rat stomach at P60. A IGLEs and neurones with P2X3-ir in
myenteric plexus of rat stomach at P60. B IMAs with P2X3-ir at
P30. C Muscular layer section of rat stomach at P60, a thin arrow
indicates the myenteric plexuses with P2X3-ir and a thick arrow
indicates IMAs with P2X3-ir in longitudinal muscle layer. Scale
bars 30 mm in A, B; 60 mm in C

Fig. 5A–L Double immunostaining of P2X3 receptors and cal-
bindin, calretinin, NOS and PGP9.5 in developing myenteric plexus
of rat stomach (P1 to P60). A Immunostaining with antibodies
against P2X3 (red). B Immunostaining with antibodies against
calbindin D-28 k (green). C A merged image of A and B which
shows some P2X3-ir neurones expressing calbindin D-28 k (yellow)
in the myenteric plexuses at P1. An arrow shows a double-labelled
neurone. D Double immunolabelling of myenteric plexus at P14:
P2X3 immunostaining (red), calbindin D-28 k immunostaining
(green), P2X3-ir neurones expressing calbindin D-28 k (yellow). An
arrow shows a double-labelled neurone. E Double immunolabel-
ling of myenteric plexuses at P30: P2X3 (red) and calbindin D-28 k
(green) revealed no P2X3-ir neurones expressing calbindin D-28 k.
F Double immunostaining of myenteric plexus at P7: P2X3 (red),
calretinin (green), P2X3-ir neurones expressing calretinin (yellow).
An arrow shows a double-labelled neurone. G Double immuno-
staining of myenteric plexus at P14: P2X3 (red), calretinin (green),
P2X3-ir neurones expressing calretinin (yellow). An arrow shows a
double-labelled neurone. H Double immunostaining in the myen-
teric plexus at P30: P2X3 (red), calretinin (green), P2X3-ir neurones
expressing calretinin (yellow). An arrow shows a double-labelled
neurone. I Double immunostaining of the myenteric plexus at P7:
P2X3 (red) and NOS (green), P2X3-ir neurones expressing NOS
(yellow). An arrow shows a double-labelled neurone. J Double
immunostaining of myenteric plexus at P60: P2X3 (red), NOS
(green), P2X3-ir neurones expressing NOS (yellow). Arrows show
double-labelled neurones. K Double immunostaining with anti-
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bodies against P2X3 (red) and PGP9.5 (green) revealed all P2X3-ir
structures expressed PGP9.5 in the section of E15 rat stomach
(yellow) but some of the structures immunoreactive for PGP9.5 did

not express P2X3. L Double immunostaining (yellow) with anti-
bodies against P2X3 (red) and PGP9.5 (green). Scale bars 75 mm in
A–L
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Intraganglionic laminar nerve endings and IMAs are
believed to arise from the vagal nerve and they have been
studied using anterograde tracing techniques (Clerc and
Condamin 1987; Neuhuber 1987; Berthoud and Powley
1992). In the stomach, two specialised types of vagal
afferent endings were distinguished within the muscularis
externa using anterograde tracing techniques (Berthoud
and Powley 1992). IGLEs are specialised mechanosensi-
tive endings of vagal afferent neurones in myenteric
ganglia (Berthoud and Neuhuber 2000; Zagorodnyuk and
Brookes 2000). They consist of a large number of small
plate-like lamellae, generally about 2–5 mm across, that
interconnect with each other and form a discontinuous
covering of the parts of myenteric ganglia (Neuhuber
1987). In the rat stomach, about six myenteric nerve cells
are covered by each IGLE (Berthoud and Powley 1992).
Recently, IGLEs have been shown to be mechanorecep-
tors, directly responsive to distortion with a fine probe
(Zagorodnyuk and Brookes 2000). IGLEs are very com-
mon in the oesophageal, gastric and duodenal myenteric
ganglia, and occur at lesser densities in the remaining
digestive tract (Wang and Powley 2000). IMAs consisted
of varicose nerve fibres branching and running for several
millimetres parallel to bundles of longitudinal or circular
muscle fibres. It has been proposed that IMAs are tension
receptors. The morphology of these structures was similar
to those labelled with P2X3-ir in the present study and
also similar to those IGLEs labelled by P2X2-ir (Castel-
lucci et al. 2003). Based on these data, P2X3 purinocep-
tors appear likely to be involved in tension-sensory and
chemosensory responses of the rat stomach. Previous
data from the rat oesophagus showed colocalisation of
calbindin and calretinin on IGLEs on the rat stomach
(Dutsch et al. 1998). This contrasts with the present result
and suggests that there are significant regional differences
between the oesophagus and stomach.

In this study we showed that some of the P2X3-ir
neurones in the myenteric plexuses of the rat stomach
expressed calbindin D-28 k in the early postnatal days,
although these neurones disappeared from P30. It is be-
lieved that calbindin is a marker for intrinsic primary
afferent neurones in the guinea-pig ileum (Quinson et al.
2001). In the guinea-pig ileum, P2X3 receptors did not
to coexpress with calbindin D-28 (Poole et al. 2002;
Van Nassauw et al. 2002). In contrast, a subpopulation of
myenteric neurones showed coexistence of P2X3 recep-
tors and calbindin, suggesting that it is possible that P2X3
receptors are expressed on primary afferent neurones in
the early postnatal days. P2X3 receptors have been shown
to be expressed on AH (sensory) neurones in the mouse
intestine (Bian et al. 2003) and in the rat colorectum
(Wynn et al. 2003). This subpopulation of myenteric
neurones ceased to express P2X3 receptor or calbindin
from P30. So far there is no functional evidence to sup-
port the view that these myenteric neurones are primary
sensory neurones. From P1 to P60, 14–21% of neurones
in myenteric plexus of rat stomach coexpressed calretinin.
This compares to about 80% of the neurones coexpressing
calretinin and P2X3-ir in myenteric plexus of rat small

intestine and colon (Xiang and Burnstock 2004). Coex-
istence of P2X3 receptors and calretinin in the myenteric
plexus of the stomach was also seen but at a lower level
than in the intestine. Calretinin is believed to be a mark-
er for cholinergic secretomotor and vasomotor neurones
(Li and Furness 1998). This suggests that there are few-
er cholinergic neurones in the myenteric plexus of rat
stomach compared to small intestine and colon. The per-
centage of neurones where P2X3-ir coexists with NOS did
not change significantly during development, consistent
with that found for the myenteric plexus of the guinea-pig
(Van Nassauw et al. 2002).

In summary, P2X3-ir of nerves in the rat stomach is
composed of two types: extrinsic and intrinsic. The ex-
trinsic nerve fibres were first seen as early as E12 and
extended rapidly onto the whole rat stomach from E12 to
E14. The enteric neurone cell bodies in the myenteric
plexus with P2X3-ir were first demonstrated at P1; at P14
the number of neurone cell bodies with P2X3-ir reached a
peak with about 45% of the neurones expressing P2X3
receptors. After this stage, the percentage of neurones
expressing P2X3 receptors decreased to about 11% at P60.
P2X3 receptor-labelled IGLEs and IMAs were first dem-
onstrated at P1 and P7, respectively. In the early postnatal
days there were many growth cone-like structures with
strong P2X3-ir staining associated with IGLEs and IMAs.
Double immunostaining showed 9–15% of P2X3-ir neu-
rones in the myenteric plexuses expressed calbindin D-
28 k in the early postnatal days. From P1 to P60, 14–21%
of neurones in the stomach expressed calretinin, but in the
rat colon and small intestine the percentage was consid-
erably higher (Xiang and Burnstock 2004). The percent-
age of neurones with P2X3-ir coexisting with NOS did not
change significantly during perinatal development.
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