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Abstract Surgical manipulations of the gastrointestinal (GI)
tract usually lead to loss of interstitial cells of Cajal (ICCs).
The present study prepared to investigate whether ICCs can
regenerate and restore their normal distribution up to
5 months after semitransection and end-to-end anastomosis
of small intestines of adult guinea pigs. The segments of
anastomosis were studied by immunohistochemistry with
anti-KIT, 5-bromo-2′-deoxyuridine (BrdU), stem cell factor
(SCF), and neurofilament 200 antibodies and also by
transmission electron microscopy (TEM). At early stage,
intestinal surgery led to intestinal wall impairment and ICCs
loss, and ICCs near the site of anastomosis gradually
increased in numbers. About 150 days postoperation, the
distribution of ICCs and the microstructure of intestinal wall
appeared to be similar with those of the control. By double
immunostaining with BrdU and KIT antibodies, a number of
proliferated ICCs were seen near the site of transection/
anastomosis. Furthermore, KIT ligand, SCF, was mainly
observed in the smooth muscle cells (SMCs), which are
located close to ICCs. TEM observation revealed a number
of immature and mature ICCs in this region. Our results
indicated that ICCs could regenerate and restore their normal
distribution after intestinal surgery and SMCs might be
involved in the regenerated events of ICCs in the adult
guinea pig GI tract.
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Abbreviations
DMP Deep muscular plexus
GI Gastrointestinal
ICCs Interstitial cells of Cajal
IM Intramuscular
MY Myenteric plexus
SCF Stem cell factor
SMCs Smooth muscle cells

Introduction

Interstitial cells of Cajal (ICCs) are the pacemaker cells that
generate and propagate the slow waves in alimentary tract,
act as mediators of inputs from the enteric nervous system
to gastrointestinal (GI) smooth muscles, and play an
important role in the regulation of GI motility [8, 12, 16,
26]. Clinical studies indicate that ICCs are involved in
some of GI motility disorders characterized by ICCs
reduction and network impairment [4, 15]. Therefore, it
was inferred that the deficiency of ICCs might contribute to
the disappearance of slow waves and subsequent physical
contraction of the smooth muscle in the GI tract [7, 23].

Surgical manipulations of the GI tract usually lead to
postoperative GI dysmotilities (e.g., postoperative paralysis
of intestine) in the clinic, and it often takes days or even
months to recover depending on invasive degree [3].
Recent studies indicate that intestinal surgery results in
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functional and morphological alterations of ICCs at the
vicinity of the site of transection/anastomosis in the mouse
small intestine, such as disappearance of both slow wave
and c-kit receptor tyrosine kinase (KIT)-positive cells at 5 h
after operation and the expression of KIT partial recovery at
24 h. These alterations of ICCs caused by operation are
believed to be involved in short-term disruption of GI
motor after surgery [30]. However, long-term alterations of
ICCs at the site of transection/anastomosis after GI surgery
and whether regeneration or degeneration of ICCs is
involved in the recovery of the intestinal microstructure
are still unknown. It was suggested that proliferation of
ICCs could be detected only in embryonic and neonatal
period, but whether ICCs could regenerate and restore their
normal distribution after impairment in adult mammals
remains essentially unsolved [9, 14, 20]. Therefore, the goal
of our present study is to investigate the alterations of ICCs
after they are disrupted by semitransection and anastomosis
in small intestine of the adult guinea pigs up to 5 months.
Immunohistochemical analyses and electron microscopy
observation were performed on the specimens through the
site of transection/anastomosis, including both oral and
aboral ends. Our results indicated that ICCs could regen-
erate and restore their normal distribution after GI surgery
and SMCs, which, expressing stem cell factor (SCF), might
be involved in the regenerated events of ICCs.

Materials and methods

Animal treatment

Fifty guinea pigs (male or female, aged 6–8 weeks),
purchased from Animal Center of Third Military Medical
University (Chongqing, China), were used for intestinal
surgeries in our experiments. The guinea pigs were
anesthetized with pentobarbital sodium (Nembutal 50 μg/g);
then approximately 30 mm of segment of ileum (100–
150 mm from the ileocecal sphincter) was exposed; then the
semitransection of the full thickness of intestinal the wall
(both the longitudinal and circular muscle layer and mucosa)
were cut down; and subsequent end-to-end seromuscular
anastomosis were performed by using suture thread with 7-0
Ethilon. After absence of obstruction and leakage were
confirmed, the abdomen was closed with 5-0 silk suture
thread. Three sham-operated guinea pigs, which only
underwent the laparotomy, were also prepared. Experimental
animals were killed at 5, 10, 30, 50, 70 days and 3 and
5 months after operation by overdose anesthesia with
pentobarbital. The experimental animals were performed in
accordance with our University of Health Guide for the Care
and Use of Laboratory Animals.

Immunohistochemistry

Small intestines that appeared normal in color and size from
four animals for each group were used in present studies.
Segments of small intestine, 10 mm in length from
anastomosis to either end, were removed and opened along
the mesenteric border. After enteric contents were washed
away with phosphate-buffered saline (PBS), the specimens
were quickly frozen with liquid nitrogen in optimal cutting
temperature compound and the longitudinal sections
through the site of anastomosis (6- to 8-μm-thick) were
cut with a cryostat (Leica 1850) and were then fixed with
100% acetone for 15 min (4°C). Immunostaining proce-
dures were done as previously described [10]. ICCs were
identified by using a rat monoclonal antibody raised against
KIT (ACK2, 5 μg/ml; eBioscience) and immunoreactivity
was detected by using a fluorescein isothiocyanate-conju-
gated secondary antibody (anti-rat IgG, 1:150; Jackson
ImmunoResearch Lab) or peroxidase-conjugated secondary
antibody (anti-rat IgG, 1:100; DAKO), and horseradish
peroxidase reaction was developed in a solution containing
0.05% of 3,3′-diaminobenzidine tetrahydrochloride (DAB;
Sigma) in 0.05 M Tris–HCl buffer (pH 7.6) with 0.3%
H2O2 and the sections were counterstained with hematox-
ylin after immunohistochemical staining. Detection of SCF
or nerve with a mouse monoclonal antibody raised against
SCF (5 μg/ml; Santa Cruz, USA) or neurofilament 200
(NF200, 1:100; Boster), respectively, was carried out with
the same procedures as described above. The SCF or
NF200 positive cells were examined by Cy3-conjugated
secondary antibody (anti-mouse IgG, 1:200; Sigma).
Control specimens were prepared in a similar manner, but
each primary antibody in the incubation solution was
omitted. The stained results were examined with a BX51
fluorescence microscope (OLYMPUS, Japan) with an
excitation wavelength appropriate for fluorescein isothio-
cyanate (488 nm) or Cy3 (552 nm).

Detection of regenerated interstitial cells of Cajal

To identify cell proliferation, 5-bromo-2′-deoxyuridine
(BrdU, 13 μg/g every 2 days; Sigma) was injected
intraperitoneally for three animals of each operated group,
i.e., 5-, 10-, 30-, and 50-day groups and nonoperated group
until the day before they were killed. For detection of
regenerated ICCs, KIT immunocytochemical staining with
ACK2 was first carried out as described above and then the
stained sections were further fixed in 4% paraformaldehyde
in 0.1 M PB at pH 7.2 for 30 min, Baker’s solution for
10 min, and 1% glutaraldehyde in the same buffer for
15 min in turn. After rinsing in PBS, the specimens were
pretreated with pepsin (0.006%; Sigma) for 30 min at 37°C,
followed by partial denaturation of double-stranded DNA
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with 4 N HCl for 30 min at 37°C. To reveal BrdU, the
sections were incubated with a mouse monoclonal antibody
raised against BrdU (3 μg/ml; DAKO) overnight at 4°C and
then with Cy3-conjugated secondary antibody (anti-mouse
IgG, 1:200; Sigma) for 1 h at 25°C.

Measurement and statistical analysis

Twenty sections were sampled from 100 series of sections
of each animal in a systematic random manner. In practice,
every fifth section was systematically sampled, the first one
being randomly sampled from the first five sections. BrdU/
KIT-positive cells within both oral and aboral anastomotic
ends were counted. Data were expressed as means±SEM.
Differences in the data were evaluated by single factor
analysis of variance. P<0.05 was taken as a statistically
significant difference. The N values reported in the text
referred to the number of animals in which BrdU injection
was performed on. The numbers of KIT/BrdU double
positive cells within anastomotic region at different time
and different locations, including myenteric plexus (MY),
deep muscular plexus (DMP) and intramuscular (IM), were
measured and analyzed.

Transmission electron microscopy

According to immunostaining results, the samples from
three animals of 70 days postoperative group were
performed for the ultrastructural observation. In brief, the
pieces of anastomotic region were placed in a fixative made
of 2.5% glutaraldehyde and 4% paraformaldehyde in 0.1 M
PB at pH 7.2 for 2 h at 4°C. The specimens were washed in
the same buffer and subsequently postfixed with 1%
osmium tetroxide (OsO4) in the same buffer for 1 h at 4°
C. After osmication, the specimens were rinsed in distilled
water and then block-stained with a saturated aqueous
uranyl acetate solution for 2 h, dehydrated through a graded
series of alcohols, and embedded in Epon 812 resin
(TAAB, England). Ultrathin sections were cut using a
Reichert ultramicrotome and double-stained with uranyl
acetate and lead citrate and observed with Philips Tecnai 10
transmission electron microscope.

Results

On the longitudinal sections through the site of the surgical
incision with hematoxylin and eosin staining, the full
thickness of the intestinal wall were broken down and each
anastomotic end was divided into three areas. The cut ends
of intestinal smooth muscle layers were taken as area I,
which appeared to be thicker than the normal state for
smooth-muscle contraction. Adjacent to this area, where

suturation was performed, the muscle layers seemed to be
thinner because of sutural tension (area II), while area III,
between the oral and aboral ends of serosal surfaces in the
anastomosis, showed a triangle-like area (Fig. 1a).

The alterations of distribution of interstitial cells of Cajal
in postoperation intestines

In normal and sham-operated animals, many ICCs and their
cytoplastic processes forming the networks were usually
seen at the MY level, associated with DMP and IM. Five
and 10 days postoperation, the longitudinal sections
showed that smooth muscle layers and ICCs cellular
networks in area I were disrupted by surgery, and IC-MY
and IC-DMP were mostly lost in area II, while area III and
the site of surgical incision were mainly filled with a large
amount of connective tissue where no ICCs-like cells were
seen (Fig. 1b). From 10 to 30 days after operation, some
ICCs-like cells showed up in areas I, II, and III. Those cells
were characterized by oval-shaped nuclei with poor
cytoplasm and 1–2 short and thin processes, but they were
still irregularly distributed in above areas (Fig. 1c,d).
Around 50 days postoperation, the distribution of ICCs-
like cells and microstructure of intestinal wall in areas I and
II were of partial recovery. On the longitudinal sections, IC-
MY and IC-DMP could be distinguishable and their
processes were prolonging toward another cut end
(Fig. 1e). In 70 days postoperation, the intestinal wall of
areas I and II tended to restore normal microstructure,
besides the density of IC-MY and IC-DMP was still
increased (Fig. 1f), and ICCs-like cells with 2–3 thin
processes began to appear in area III (Fig. 1g). In 90 days,
the distribution of ICCs in areas I and II tended to restore to
normal, but not interconnected yet. About 5 months after
operation, along with the recovery of smooth muscle layers,
oral and aboral anastomotic ends were interconnected and
ICCs-like cells were also redistributed to continue with IC-
MY and IC-DMP, respectively (Fig. 1h).

Identification of regenerated interstitial cells of Cajal

Although we observed that ICCs could restore their normal
distribution after surgery, it was not clear if regeneration or
proliferation of ICCs were involved in this process.
Therefore BrdU incorporation was used and double
immunostaining with anti-BrdU monoclonal antibody and
anti-KIT monoclonal antibody was employed. Only KIT/
BrdU double labeling cells with processes were considered
as proliferated ICCs. No KIT/BrdU double labeling cells
were observed in the intestinal wall of the control and
5 days postoperation of animals, while a large amount of
intestinal epithelial cells (Fig. 2a) and some fibroblasts and
smooth muscle cells (SMCs) were often incorporated by
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BrdU at these animals. Ten-day postoperation, 0∼3 (n=3,
average 1.48±1.19) KIT/BrdU double staining cells were
observed in each oral or aboral anastomotic end, and these
cells were mainly seen in the DMP (74%) region or MY
(23%) and seldom within smooth muscle layers (3%). It
should be noticed that no KIT/BrdU double staining cells
were observed in the area that was beyond 2.1 mm from the
site of anastomosis. The number of KIT/BrdU double

staining cells was gradually increased to 6–10 (n=3,
averaged 7.9±2.4) around 30 days after operation. Among
them, about 62% were located at the DMP region with
enriched cytoplasm and oval-shaped nuclei, and some
located around MY (26%) and within smooth muscle
layers (12%). Most of them (95%) were distributed within
4.0 mm from anastomotic site to the oral or aboral end
(Fig. 2b). Fifty days after operation the number of KIT/

Fig. 1 Longitudinal sections
showing alterations of ICCs
from 10 to 150 days postopera-
tion with KIT immunohisto-
chemical staining. a The rough
sketch displaying the three areas
of anastomosis: area I is the cut
ends of intestinal smooth muscle
layers; area II is the place where
suturation was performed; and
area III is between oral and
aboral serosal surface of anasto-
motic ends that showed a trian-
gle-like area. b KIT-positive
cells in areas I and II were
disrupted and partly lost
(arrows) 10 days postoperation
(frames showing suture thread).
c Some ICCs-like cells irregu-
larly showed up in the three
areas at 30 days postoperation.
d Higher magnification of ICCs-
like cells (arrows) in area III
(frame in subpanel c). e ICCs-
like cells increased in areas I, II,
and III and showed a tendency
to form IC-MY (arrows) and IC-
DMP (arrowheads) at 50 days
postoperation. f IC-DMP and
IC-MY in areas I and II were
still increased in density at
70 days (arrows) postoperation.
g Higher magnification showing
ICCs-like cells in area III with
2–3 slender processes and
branches (arrows) (frame in
subpanel f). h One hundred and
fifty days postoperation, oral
and aboral anastomotic ends
including IC-MY (arrows) and
IC-DMP (arrow heads) that are
interconnected. Scale bar b, c, f,
and h=0.4 mm; d, g=40 μm;
and e=0.2 mm
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BrdU double staining cells were increased to 14∼18 (n=3,
average 16.47±1.98). Those cells were nearly located
within 6.5 mm from anastomotic site to the oral or aboral
end. Among them, 58% were distributed in the places of
DMP, 25% in the MY with 2∼3 thin and long processes and
17% in the smooth muscle layers (Fig. 2c,d). The statistical
analysis showed that the number of regenerated/proliferated
ICCs at various times and locations were significantly
different (P<0.05), whereas they have no significant
difference between the oral and aboral ends of the
anastomosis (P>0.05) (Fig. 3a,b).

Stem cell factor, smooth muscle, and nerves
in the anastomotic intestinal wall

Previous studies have demonstrated that the KIT-SCF
signal pathway is essential to the development and survival
of ICCs [13, 24]. To explore the possible roles of the signal
pathway during ICCs regeneration, double immunostaining

with anti-SCF and anti-KIT antibodies were performed.
Strong SCF immunoreactions were mainly observed in
SMCs, including the circular and longitudinal SMCs, and
weak in neurons of MY, while no SCF immunoreaction was
visible in the connective tissue cells (Fig. 4a). By the SCF
immunostaining, we found that the longitudinal SMCs
began to grow from area II to area III and then toward the
opposite side around 30 days postoperation and completely
interconnected in about 70 days (Fig. 4b,c). In contrast, the
circular smooth muscle layer at the site of the anastomosis
did not completely interconnect until 5 months (Fig. 4d). It
was noticed that increased ICCs were in higher density and
only distributed among SCF-positive SMCs in the region of
anastomosis and in area III (Fig. 4e); ICCs were also
observed around or within out-growing SMC bundles from
area II (Fig. 4f). Meanwhile, immunostaining with anti-
NF200 showed that the MY and DMP were also
disrupted and they began to regrow out within SMCs
30 days postoperation (data not shown). They were

Fig. 2 KIT (green)/BrdU (red) double staining showing regenerated
ICCs. a No KIT/BrdU double-staining cells were observed on the
longitudinal sections of the control group, while a large number of
epithelial cells in the intestine were BrdU-positive (arrowheads).
b KIT/BrdU double-staining cells, as proliferated ICCs, were seen in

normal intestinal wall adjacent to anastomosis at 30 days post-
operation (arrow). c Proliferated ICCs were often detected in the site
of anastomosis at 50 days postoperation. d Higher magnification
showing KIT/BrdU double-labeling cells with slender processes
(frame in subpanel c). Scale bar a–c=50 μm; d=20 μm
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redistributed to continue with MY and DMP at the
anastomotic region at 5 months postoperation (Fig. 4g).

Ultrastructural features of the region of anastomosis

As mentioned above, 70 days postoperation animals
appeared to be in the middle of the process, so the
ultrastructural features of these samples were selectively
studied by transmission electron microscopy (TEM). The
region of anastomosis was filled with abundant collagen
fibers, fibroblasts (Fig. 5a), and some SMCs (Fig. 5b) and a
number of mature and immature ICC-like cells were also
often seen in this region. The whole ICCs shape including
cell bodies and long processes can hardly be viewed in a
single profile because ICCs have slender processes. In an
ultrathin section, the mature ICCs seemed to be character-
ized by the presence of many mitochondria, well-developed
smooth endoplasmic reticulum, and microtubules (Fig. 5c).
However, in the atypical ICCs, immature ones, were
characterized by the presence of abundant cytoplasm with
numerous free ribosomes, which were essential to the
synthesis of structural protein for the cells (Fig. 5d).

Discussion

Clinical and experimental studies have suggested that loss
of ICCs are associated with intestinal motor dysfunction
and that GI surgeries inevitably lead to loss of ICCs and
network impairment [16]. The present study established an
animal model and demonstrated that IC-MY and IC-DMP
were disrupted, and ICCs were partly lost in anastomotic
region 5 days postoperation. These alterations might result
from surgical manipulation (e.g., transection or anastomo-
sis), sutural tension, local inflammatory reactions [6], and
KIT phenotype loss in parts of ICCs [5]. We found that
ICCs-like cells and processes in areas I and II were
gradually increased with the increase of time and recovered
to normal distribution around 70 days after GI surgery, but
were not yet rejoined in area III. It appeared that at
150 days postoperation, the microstructure of the intestinal
wall nearly restored to the same as those of the control
group, such as ICCs, SMCs, and nerve fibers growing
through the site of anastomosis. It was surprising that the
distribution of ICCs and the microstructure of the intestinal
wall took nearly 5 months to recover. However, we did not

Fig. 3 Account of the number
of KIT/BrdU double-staining
cells at different time and loca-
tions. Each histogram represents
the means±SEM. a The number
of regenerated ICCs was gradu-
ally increased from 10-,
30- and 50-day groups of
postoperation (*P<0.05). The
number of regenerated ICCs
was similar between oral
and aboral (P>0.05) in each
group. b The amounts of
KIT/BrdU double-staining cells
in MY, IM, and DMP regions
were significantly different
(*P<0.05)
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observe any symptoms of GI motility dysfunctions (e.g.,
vomiting or diarrhea) on our experimental animals, and
dysfunction of GI motility after abdominal surgical manip-
ulation usually would not last for such a long time in clinic
[1, 21, 22]. The possible interpretations might be the
following: (1) ICCs and the enteric nervous system adjacent
to anastomosis (>2.4 mm) still kept normal distribution that

might compensate the disabled segment of the intestine or
operated site; and (2) The anastomotic region is covered by
a connective tissue, which might prevent from overdisten-
sion, infection, and leakage, and support the transportation
of the GI movement. Our results would help clinical
surgeons understand prolonged inhibition of bowel motility
functions, which often occurred in some patients with GI

Fig. 4 a–f KIT(green)/SCF(red) double staining of the operated
intestine. a SCF was mainly expressed in SMCs and weakly in
neurons (arrows). b, c Longitudinal smooth muscle layer began to
grow at 30 days postoperation (arrows) (subpanel b) and
interconnected at 70 days (arrows; subpanel c). d Circular smooth
muscle layer interconnected 150 days postoperation (arrows). e The
density of ICC-like cells was higher among the SCF-positive SMCs in

the site of anastomosis (arrows). f In area III, ICCs-like cells showed
a tendency of outgrowth with SMCs bundles at anastomosis (arrows).
g ACK2 (green)/NF200 (red) double staining showing that ICCs and
nerves reconnected 150 days after surgery and also showing smooth
muscle layers (arrows). Scale bar a, e, and f=50 μm; b–d, and
g=0.2 mm
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operations. Those might be related to the fact that ICCs
were lost in a large amount and took a long time to restore
to their normal distribution. Moreover, it was reported that
distention and inflammatory factors after GI surgeries might
produce a regional pseudoobstruction that might lead to
further loss of ICCs and contribute to a longer motility
disorders in clinic [1].

Previous studies have demonstrated that ICCs originated
from mesenchymal cells [9, 11], and the proliferation of
ICCs and extension of the processes are only observed in
embryonic and neonatal periods in mammals, and even
ICCs, which derive from 6-day neonatal mice, could not
increase in number in culture [14, 27], indicating that the
proliferation of ICCs depend on the age in vitro. However,
after sequential injection of BrdU for 2 weeks, no KIT/
BrdU double labeling cells were observed in adult guinea
pigs, which hinted that ICCs might have a low renewal rate
in the normal condition. Therefore, this animal model was
also used to investigate the regenerated events and our
results revealed that KIT/BrdU double labeling cells, the
proliferated ICCs, were observed 10 days postoperation.
The amount of these cells at 50 days postoperation rose
about nine times as many as it was at 10 days. They were

mainly found in the site of anastomosis and within the
intact networks adjacent to this region, while no KIT/BrdU
double labeling cells were seen in the control and sham-
operated groups. TEM observation also revealed a number
of immature ICC-like cells in the regions of anastomosis.
All together, our results indicated that ICCs in the adult GI
tract still possessed the ability to regenerate in the condition
of lost ICCs. However, according to our data, it was not
clear that the regenerated ICCs originated from residual
ICCs or precursor/stem cells. Basing on morphological
features and locations of KIT/BrdU double labeling cells, it
was suggested that proliferation of the residual ICCs near
the site of anastomosis might be one of the resources,
meanwhile mesenchymal stem cells, the precursor of both
ICCs and SMCs, could not be excluded [28].

With regard to the factors that might be involved in the
proliferation of ICCs, SCF, the ligand of KIT receptor, is
considered because KIT–SCF signal pathway plays an
important role in the development and survival of ICCs [2,
13]. It has been demonstrated that mutation of c-kit or steel
or blockage of KIT–SCF signal pathway with antibody
against KIT would lead to the disappearance of ICCs and
slow waves and result in distention and paralysis of

Fig. 5 Electron micrographs showing the region of anastomosis at
70 days postoperation. a Low-magnification micrograph of abundant
collagen fibers (f) and partial processes of the fibroblasts (×4,200).
b SMC with a number of mitochondria and abundant sarcoplasm was
also observed at vicinity of anastomosis (×5,200). c A mature ICC-

like cell with abundant cytoplasm, smooth endoplasmic reticulum, and
a large number of microtubules were seen in the site of anastomosis
(×9,000). d One of the immature ICC-like cell characterized by the
presence of a large amount of free ribosomes (×11,000)
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intestine [18, 23, 24]. In the present study, the expression of
SCF and KIT were measured by double immunostaining,
SCF immunoreactions were mainly found in SMCs, and
ICCs were nearly in the vicinity of SCF-positive SMCs and
among the SMCs bundles, which grew out from area II to
area III. These results suggested that SMCs, which are
expressing SCF, might be involved in the regenerated
events of ICCs after GI surgery. This is coincident with
other reports that SMCs alone could provide a suitable
microenvironment for the survival of ICCs via expressing
SCF [11, 29, 31]. Moreover, besides SMCs, nerves are
closely related with ICCs morphologically and physiolog-
ically, although it was demonstrated that neither neurons
nor glial cells are necessary for the development or survival
of ICCs [19, 32] and the expression of SCF in SMCs
appears to be sufficient to stimulate growth of ICCs and
formation of the cellular network [17, 25]. Furthermore, it
appeared that nerve fibers and neurons were not likely to
locate to ICCs as tightly as SMCs and expressed SCF
weakly in our experiments, but their contributions during
the restoration should be carefully studied in the further
researches.

In conclusion, our results indicated that ICCs could
regenerate and their processes could extend gradually
toward the site of anastomosis after being disrupted by
intestinal semitransection and anastomosis and finally
restore their normal distribution in the adult guinea pigs.
SMCs, which are expressing SCF, might be one of the
factors that were involved in the regenerated events of
ICCs. These results might provide a clue to the understand-
ing and clinical treatment of GI motility disorders.
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