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Abstract
AIM: To investigate the disruptions of interstitial cells 
of Cajal (ICC) in the remaining bowel in rats after mas-
sive small bowel resection (mSBR).

METHODS: Thirty male Sprague-Dawley rats fitting 
entry criteria were divided randomly into three experi-
mental groups (n  = 10 each): Group A rats underwent 
bowel transection and re-anastomosis (sham) and tis-
sue samples were harvested at day 7 post-surgery. 
Group B and C rats underwent 80% small bowel resec-
tion with tissue harvested from Group B rats at day 7 
post-surgery, and from Group C rats at day 14 post-
surgery. The distribution of ICC at the site of the resid-

ual small bowel was evaluated by immunohistochemical 
analysis of small intestine samples. The ultrastructural 
changes of ICC in the remnant ileum of model rats 7 
and 14 d after mSBR were analyzed by transmission 
electron microscopy. Intracellular recordings of slow 
wave oscillations were used to evaluate electrical pace-
making. The protein expression of c-kit, ICC phenotypic 
markers, and membrane-bound stem cell factor (mSCF) 
in intestinal smooth muscle of each group were detect-
ed by Western blotting.

RESULTS: After mSBR, immunohistochemical analysis 
indicated that the number of c-kit-positive cells was 
dramatically decreased in Group B rats compared with 
sham tissues. Significant ultrastructural changes in ICC 
with associated smooth muscle hypertrophy were also 
observed. Disordered spontaneous rhythmic contrac-
tions with reduced amplitude (8.5 ± 1.4 mV vs  24.8 ± 
1.3 mV, P  = 0.037) and increased slow wave frequency 
(39.5 ± 2.1 cycles/min vs  33.0 ± 1.3 cycles/min, P  = 
0.044) were found in the residual intestinal smooth 
muscle 7 d post mSBR. The contractile function and 
electrical activity of intestinal circular smooth muscle 
returned to normal levels at 14 d post mSBR (ampli-
tude, 14.9 ± 1.6 mV vs  24.8 ± 1.3 mV; frequency, 
30.7 ± 1.7 cycles/min vs  33.0 ± 1.3 cycles/min). The 
expression of Mscf and c-kit protein was decreased 
at 7 d (P  = 0.026), but gradually returned to normal 
levels at 14 d. The ICC and associated neural networks 
were disrupted, which was associated with the pheno-
type alterations of ICC.

CONCLUSION: Massive small bowel resection in rats 
triggered damage to ICC networks and decreased the 
number of ICC leading to disordered intestinal rhyth-
micity. The mSCF/c-kit signaling pathway plays a role in 
the regulation and maintenance of ICC phenotypes.
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Core tip: Several gastrointestinal motility diseases are 
associated with altered numbers of interstitial cells of 
Cajal (ICC). Short bowel syndrome is also characterized 
by disordered intestinal motility immediately after sur-
gery. We have investigated the alterations in numbers 
and functional changes of ICC that occur as a result of 
short bowel syndrome. In summary, our study showed 
modifications of the ultrastructure morphology of ICC, 
altered numbers of ICC and subsequent altered elec-
trophysiological functional activity in the ileum after 
massive small bowel resection. However, the associa-
tion between motility disorders and the changes of ICC 
should be further evaluated.
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INTRODUCTION
Short bowel syndrome (SBS) is characterized by disor­
dered intestinal motility immediately after surgery[1]. After 
massive small bowel resection (mSBR), the remaining 
bowel undergoes a compensatory process termed ad­
aptation. During the process of  adaptation, the small 
intestine smooth muscle cells undergo dramatic changes 
in gross morphology and ultrastructure. Adaptation is as­
sociated with the hypertrophy of  smooth muscle, which 
is a physiological response to the increased functional 
requirement placed on the residual small bowel[2]. In ad­
dition, hypertrophy of  smooth muscle tissue produces 
distinct motility disorders in the intestinal remnant, re­
sulting in malabsorption and loss of  nutrients because 
of  diarrhea. Therefore, there is a critical need for further 
investigation of  the mechanisms regulating resection-
induced adaptation and potential targets that could be 
developed as therapeutic strategies. In a previous study, 
we found that resection-induced intestinal adaptation in a 
rat SBR model involved both the mucosal and intestinal 
smooth muscle layers. However, the mechanisms regulat­
ing adaptation remain unclear[3]. 

Interstitial cells of  Cajal (ICC) reside in the tunica 
muscularis of  the gastrointestinal tract[4]. ICC play a cru­
cial role in gastrointestinal motility in concert with the 
enteric nervous system, which is composed of  both the 
myenteric (inter-muscular) plexus and the submucosal 
plexus[5]. ICC are present in organs containing smooth 
muscle tissue and are pacemaker cells that provide the 
basal electrical rhythm, which controls peristalsis in the 
gastrointestinal tract[6]. After receiving inputs from motor 
neurons, ICC generate and propagate electrical activ­
ity[7,8]. ICC are specialized cells in the gastrointestinal tract 
smooth muscle organs that express the c-kit receptor 
tyrosine kinase[9]. ICC can be identified by the expression 

of  CD117 (c-kit), which is a membrane receptor with ty­
rosine kinase activity[5,10,11]. 

Intracellular signaling via c-kit plays a key role in the 
development and maintenance of  the ICC phenotype and 
functional activity of  ICC in the gastrointestinal tract[7,12]. 

Maintenance of  the ICC phenotype requires membrane-
bound stem cell factor (mSCF) produced locally within 
the tunica muscularis[13-16]. To date, remarkably few stud­
ies have investigated the functional changes of  ICC that 
occur as a result of  SBS. We hypothesize that the disrup­
tion to ICC activity involves the downregulation of  the 
mSCF/c-kit signaling pathway following massive mSBR. 
In the current study, alterations in ICC phenotype and 
pacemaker activity were evaluated in a model of  mSBR. 

MATERIALS AND METHODS
Experimental design and animal model
Thirty male Sprague-Dawley rats weighing 250-300 g 
were obtained from the Experimental Animal Center of  
Shanghai Jiaotong University School of  Medicine. All 
animals were housed in metabolic cages with free access 
to food and water and acclimated to their environment 
for 5 d before experimentation. Animals were main­
tained under standardized temperature, humidity and 12 
h light-dark cycles. The rats were divided randomly into 
three experimental groups (n = 10 each): Group A rats 
underwent bowel transection and re-anastomosis (sham); 
Groups B and C rats underwent 80% small bowel resec­
tion; Group A and Group B (SBS1W) bowel tissues were 
harvested at day 7 post-surgery; Group C (SBS2W) bowel 
tissues were harvested at day 14 post-surgery.

 Animals were fasted for 16 h prior to laparotomy, 
and intestinal surgery was performed the following morn­
ing, as previously described[17]. All operative procedures 
were performed under anesthesia by intraperitoneal (ip) 
injection of  pentobarbital sodium (30 mg/mL), which 
was administered at doses of  33-40 mg/kg body weight. 
Briefly, during surgery, the abdomen was opened by a 
midline incision and the ligament of  Treitz and the ileal-
cecal junction was identified and marked. For SBR rats, 
enterectomy was performed by removing approximately 
80% of  the small intestine, leaving approximately 10 cm 
of  the terminal ileum and 5 cm of  the proximal jejunum, 
which were anastomosed. For sham-operated control 
rats, the laparotomy and all surgical manipulations were 
the same as above, but the resection procedure was not 
carried out. All animals received fluid resuscitation by 
ip injection of  saline (10 mL 0.9% NaCl) before the ab­
dominal wall was closed and surgery concluded. After re­
covery, rats were transferred back to individual cages and 
given water ad libitum overnight, after which their regular 
diet was reinstated. 

All experimental protocols were approved by the local 
Animal Care Committee and conformed to the Guide for 
the Care and Use of  Laboratory Animals published by the 
Science and Technology Commission of  the People’s Re­
public of  China (STCC Publication No. 2, revised 1988). 
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Immunohistochemistry
Immunohistochemical analysis was performed on tissue 
samples of  smooth muscle at the same site of  the ileum 
from both control and mSBR rats. The bowel was opened 
along the mesenteric border and the lumen contents were 
washed away with Krebs Ringer buffer. Segments of  the 
bowel were pinned to the base of  a Sylgard silicone elas­
tomer dish and the mucosa was removed by sharp dissec­
tion. After dissection, the tunica muscularis were embed­
ded in Tissue-Tek® OCT compound medium (Sakura 
Finetek United States, Inc., Torrance, CA, United States). 
The embedded tunica muscularis was cut at a thickness 
of  30 μm with a freezing microtome (Leica Microsystems 
GmbH, Wetzlar, Germany) and stored at -20 ℃ until use. 
The sections were fixed with iced acetone for 10 min. 
After endogenous peroxidase activity was quenched with 
3% hydrogen peroxide, the sections were preincubated 
in 10% goat serum/0.2% Triton X-100/0.1 mol/L phos­
phate buffered saline (PBS) for 1 h at room temperature. 
The sections were incubated with antibodies against c-kit 
protein (1:50 dilution, rabbit polyclonal c-kit antibody, 
Santa Cruz Technologies, Santa Cruz, CA, United States) 
in 0.1 mol/L PBS containing 1% goat serum for 2 h. The 
sections were then incubated for 1 h at room temperature 
with biotinylated anti-rabbit immunoglobulin G (1:200; 
Vector Labs, Burlingame, CA, United States). Positive 
staining was visualized using an avidin-biotin-peroxidase 
complex system (Vectastain ABC Elite Kit, Vector Labs). 
The degree of  expression of  c-kit antibody was analyzed 
using image analysis software (Zeiss).

Transmission electron microscopy 
Tissue samples from intestinal smooth muscle at the 
same site of  the ileum from both control and mSBR rats 
were fixed with 3% glutaraldehyde at room temperature. 
After fixation, the tissues were washed overnight in 0.1 
mol/L sodium cacodylate buffer [6% sucrose and 1.25 
mmol/L CaCl2 (pH 7.4)] at 4 ℃ and postfixed with 1% 
osmium tetroxide in 0.05 mol/L sodium cacodylate buf­
fer (pH 7.4) at 4 ℃ for 2 h. The tissues were stained with 
saturated uranyl acetate for 3.5 h at room temperature, 
dehydrated in graded alcohol and embedded in Eponate 
12 resin (Ted Pella, Inc., United States). The tissue was 
sectioned parallel and transverse to the long axis of  the 
circular muscle layer. At suitable sites, 3 μm sections were 
cut and stained with 2% toluidine blue. After examination 
of  the toluidine blue stained sections, ultrathin sections 
of  selected areas were obtained with the ultramicrotome 
using a diamond knife, mounted on 200-mesh grids, and 
stained with uranyl acetate and lead citrate. The grids 
were observed with a JEM1200EX electron microscope.

Electrophysiological experiments
Following euthanasia, a 50 mm mid-segment of  the re­
maining small bowel was removed and placed in Krebs 
solution (mmol/L; NaCl 117, KCl 4.7, NaHCO3 25, 
KH2PO4 1.2, MgSO4 1.2, D-glucose 11, CaCl2 2.6). The 
bowel was opened along the mesenteric border, and the 
luminal contents were washed away with Krebs solution. 

Segments of  the bowel were pinned to the base of  a Syl­
gard silicone elastomeric dish (Dow Corning, Midland, 
MI, United States), and the mucosa was removed by 
sharp dissection[18]. Strips of  smooth muscle tissue (8 mm 
× 4 mm) were cut parallel to the longitudinal muscle oral 
to the site of  the occlusion clips. The muscle was placed 
in a recording chamber with the submucosal aspect of  
the muscle facing upwards at 37 ℃ in an atmosphere 
of  95% O2 and 5% CO2. Cells were impaled with KCl-
filled glass microelectrodes with resistances of  50-90 
MΩ. Electrical responses were recorded and amplified 
through a high input impedance amplifier (SYS-773 Duo 
773 Electrometer, WPI, United States). Experiments 
were performed in the presence of  nifedipine (1 μmol/L; 
Sigma, St Louis, MO, United States) in order to reduce 
contractions and facilitate the extended period of  cell 
impalement. Slow waves in mouse intestine have been 
previously shown to be unaffected by nifedipine[19].

Western blotting
Smooth muscle tissues were lysed in radioimmunopre­
cipitation assay buffer [25 mmol/L Tris-HCl pH 7.6, 150 
mmol/L NaCl, 1% NP-40, 1% sodium deoxycholate, 
0.1% sodium dodecyl sulfate (SDS)] for the detection of  
protein expression levels. The Bradford method (Pierce, 
Rockford, IL, United States) was used to determine pro­
tein concentrations. Tissue lysates (20 μg of  total protein 
per lane) were subjected to electrophoretic separation 
by 10% SDS-polyacrylamide gel electrophoresis and 
transferred to nitrocellulose membranes (Hybond, GE 
Healthcare Biosciences, Pittsburgh, PA, United States). 
Nonspecific binding was reduced by incubation of  the 
membrane in 5% milk. Western blots were performed us­
ing antibodies directed against c-kit (1:200 dilution, rabbit 
polyclonal c-kit antibody, Santa Cruz Technologies, Santa 
Cruz, CA, United States), murine stem cell factor (mSCF) 
(1:200 dilution, mouse monoclonal SCF antibody, Santa 
Cruz Technologies), and glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) (1:600 dilution, rabbit mono­
clonal antibody, CWbiotech company, Beijing, China). 
Alkaline phosphatase conjugated secondary antibodies 
(CWbiotech Company Beijing, China) were used to de­
tect protein bands. TIFF images were captured by Adobe 
Photoshop and analyzed by Quantity one image software 
(NIH, MA, United States).

Statistical analysis
The results are presented as mean ± SE. Statistical dif­
ferences between the groups were determined using a 
one-way analysis of  variance with the SigmaStat program 
(SPSS, United States). P < 0.05 was considered statisti­
cally significant.

RESULTS
Distribution of c-kit(+) cells
Representative pictures of  c-kit immunopositivity at the 
myenteric plexus are shown in Figure 1. In sham-oper­
ated rats, c-kit-positive cells were predominantly present 
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and a reduced number of  contacts between nerves and 
ICC (Figure 2B). The ultrastructural abnormalities of  
ICC in the small intestine of  SBS2W rats exhibited some 
improvement compared to SBS1W rats, but the ultra­
structural morphology had not returned to normal as 
observed in the sham-operated rats (Figure 2C).

Electrophysiological studies
Electrophysiological studies were performed on circular 
muscles of  the ileum in the remaining small bowel at day 
7 or 14 following mSBR. The second component of  slow 
waves was absent in SBS1W rats (Figure 3A). Circular 
muscle cells from the ileum of  sham-operated rats (n = 
7) exhibited resting membrane potentials (RMP) averag­
ing -63.7 ± 1.8 mV and slow waves of  24.8 ± 1.3 mV in 
amplitude and a frequency of  33 ± 1.3 cycles/min. The 
electrical activities of  ileum circular muscle cells were 
markedly different in animals 7 d after mSBR. The slow 
waves had considerably reduced RMP and amplitude and 
increased in frequency (RMP, -53.5 ± 2.1 mV; amplitude, 
8.5 ± 1.4 mV; frequency, 39.5 ± 2.1 cycles/min; Figure 
3B-D, respectively; P < 0.05) compared with sham-op­
erated tissues. However, 14 d after mSBR, the electrical 
activity of  the circular layer showed no significant chang­

at the myenteric plexus level. However, the number and 
density of  c-kit immunopositive cells were significantly 
decreased in SBS1W rats (P < 0.05) compared with sham 
tissues. However, after 2 wk, the number and density of  
ICC were clearly increased and approached sham levels, 
as indicated by c-kit positive cells (Figure 1).

Ultrastructural morphological changes 
In sham rats, ultrastructural features of  ICC in the small 
intestine were characterized by a less electron-dense cy­
toplasm and abundant mitochondria in sham rats (Figure 
2A). However, the basal lamina or caveolae were not 
present. Intermediate filaments and thin filaments were 
apparent as thin processes. Along the length of  overlap­
ping processes, ICC predominantly formed large gap 
junctions between adjoining cells (Figure 2A). In certain 
areas, slender cytoplasmic processes of  ICC were in close 
contact with a varicosity of  the myenteric ganglion. An­
other part of  the same cellular process was connected to 
a muscle cell via a gap junction, suggesting a functional 
relationship between these cell types.

Altered ICC ultrastructure was observed in the small 
intestine of  SBS1W rats including clear cytoplasm, sparse 
mitochondria, scarce smooth endoplasmic reticulum, 

CBA

Figure 1  c-kit immunopositivity at the level of the myenteric plexus in ileal whole-mount preparations. A: In the sham-operated group, c-kit-positive cells were 
predominantly present at the myenteric plexus level; B: Compared with sham-operated tissues, the number and density of c-kit immunopositive cells were significantly 
decreased in the short bowel syndrome (SBS) 1W group; C: In the SBS2W group, the number of interstitial cells of Cajal had returned to normal levels. The arrows 
showed c-kit immunoexpression is positive (original magnification × 400). LM: Longitudinal muscle; CM: Circular muscle. 
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Figure 2  Ultrastructural morphological changes in interstitial cells of Cajal. A: At the ultrastructural morphological level, interstitial cells of Cajal (ICC) showed 
typical myofilaments and organelles of ICC, such as mitochondria and smooth sarcoplasmic reticulum in the sham-operated group; B: Ultrastructural changes of ICC 
were observed in the short bowel syndrome (SBS) 1W group, such as clear cytoplasm, sparse mitochondria, scarce smooth endoplasmic reticulum and a reduced 
number of contacts between nerves and ICC; C: In the SBS2W group, ultrastructural changes of ICC were ameliorated (original magnification × 3750, 2.5 K). SMC: 
Smooth muscle cell; GJ: Gap junction; M: Mitochondria; MG: Myenteric ganglion. 
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es (P > 0.05) in RMP, amplitude and frequency (RMP, 
-59.8 ± 2.3 mV; slow wave amplitude, 14.87 ± 1.6 mV; 
frequency, 30.7 ± 1.7 cycles/min) compared with sham-
operated tissues.

Expression levels of mSCF and c-kit are involved in the 
maintenance of the ICC phenotype and function after mSBR
In order to investigate the roles of  mSCF and c-kit in 
the recovery process of  the electrophysiological func­
tion of  smooth muscle, we determined the expression 
of  these two proteins in mSBR and sham rat intestinal 
smooth muscle tissues by Western blot (Figure 4A and C). 
The protein expression levels of  mSCF and c-kit were 
normalized to the internal control GAPDH (Figure 4B 
and D). The protein expression levels of  mSCF and c-kit 
were significantly decreased with mSBR in the SBS1W 
group (n = 4; P < 0.05). The protein expression levels 
returned to levels found in sham-operated rats by day 14 
after mSBR, which coincided with the recovery of  the 
electrical activities of  ileal circular muscle cells.

DISCUSSION
After mSBR, adaptive alterations in the function of  the 
remaining bowel are often accompanied by disorders of  
intestinal motility. However, the mechanisms regulating 

the adaptation and motility disorders are not clear. A 
number of  factors have been implicated in the patho­
genesis of  intestinal dysfunction, including changes in 
the number, density and ultrastructural morphology of  
ICC[11,20-22]. Alterations in the normal function of  ICC 
have been reported in many intestinal disorders. In our 
previous studies, the unexpected finding of  contractile 
dysfunction after mSBR prompted the investigation of  
whether intestinal dysfunction after mSBR was also me­
diated by ICC depletion[3].

ICC are found between and within smooth muscle 
layers of  the gastrointestinal tract from the esophagus to 
the internal anal sphincter[23,24]. ICC specifically express 
the proto-oncogene c-kit that encodes a receptor tyrosine 
kinase. c-kit expression can be clearly detected with the 
immunohistochemistry method and is a valuable tool for 
determining ICC structure, localization and distribution 
of  cell networks. 

Two separate functional groups of  ICC exist in the 
lumen of  the gastrointestinal tract: myenteric ICC (ICC-
MY) and intramuscular ICC (ICC-IM). Networks of  
ICC-MY are located within the intermuscular space at 
the level of  the myenteric plexus between the circular 
and longitudinal muscle layers. The plexus of  ICC-MY, 
like the sino-atrial node, is the dominant pacemaker cen­
ter that triggers the generation of  slow waves, which are 
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Figure 3  Electrical activity recorded from the small intestines (ileum) from sham-operated and short bowel syndrome rats. A: Slow waves in sham-operated 
group were biphasic, consisting of an upstroke and plateau component. Slow waves short bowel syndrome (SBS) 1W rats lacked an obvious secondary component; 
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essential for orderly segmenting and peristaltic contrac­
tions in the tunica muscularis[25,26]. A second population 
of  cells, ICC-IM, is localized within the muscle layers of  
the gastrointestinal tract and is innervated preferentially 
by enteric motor nerves. ICC-IM are closely associated 
with not only enteric motor nerves but also vagal affer­
ent nerves. Elongated ICC-IM mediate efferent inputs to 
smooth muscle cells and the pacemaker apparatus, as well 
as relay afferent mechanical signals[27,28].

We hypothesize that ICC depletion is central to the 
pathogenesis of  many intestinal disorders. ICC are re­
duced or otherwise dysfunctional in several gastroin­
testinal tract dysmotilities, including achalasia, diabetic 
and idiopathic gastroparesis, mechanical ileus, intestinal 
pseudo-obstructions, slow-transit constipation, inflam­
mations and malformations[29-31]. Rolle et al[30] reported 
that intestinal neuronal dysplasia was associated with loss 
or deficiency of  ICC networks in the neonatal period. In 
addition, Chang et al[32] reported that electrical slow waves 
were significantly disrupted and accompanied by disrup­
tion of  ICC function and network in the obstructed il­
eum of  mice.

In the current study, an absence or reduction in the 
number of  ICCs was observed in the remaining bowel of  
an animal model of  SBS. Utilizing intracellular recording 
of  smooth muscle cells in isolated segments of  the rem­
nant ileal tissues, a reduction of  rhythmic contractions 
and disruption of  electrical slow waves were associated 
with the disruption of  ICC and their network in the rem­
nant ileum at 7 d in SBS rats. Slow waves are composed 
of  two components: one produced by electrogenic prop­
agation of  driving potentials from the ICC-MY and the 
other formed by slow potentials from the ICC-IM[32,33]. In 
the current study, the frequency of  slow waves changed 
in response to RMP changes as depolarization increased 
the frequency. Slow waves detected in SBS1W rats were 
lacking the secondary wave component compared with 
those in sham-operated and SBS2W rats. These differ­
ences suggested that alterations in the function of  ICC 
account for the disruption of  slow waves. This finding 
supports the concept that when ICC and their network 
were disrupted from the SBS ileum, the amplitude of  
slow waves decreased and the shape of  slow waves and 
neural responses were lost due to the loss of  ICC[12,32]. 

Furthermore, c-kit signaling is essential for normal 
development of  ICC and is required for long-term ICC 
survival and function[7,8]. This was first demonstrated by 
the blockade of  c-kit signaling postnatally with an antag­
onistic anti-kit antibody. Inhibition of  c-kit signaling re­
sulted in a severe anomaly of  gut motility with depletion 
of  c-kit-positive ICC-MY cells in the myenteric regions 
of  the small intestine[33]. Albertí et al[34] also reported a 
deficient population of  ICC in Ws/Ws rats harboring 
mutations in c-kit. In the gastrointestinal tract, c-kit ex­
pression on the cell surface of  ICC is activated by mSCF 
produced by surrounding smooth muscle cells. Mainte­
nance of  ICC requires mSCF produced locally within the 
tunica muscularis. Another study reported a reduction in 
the content of  mSCF in the stomach of  non-obese dia­
betic mice[35]. These mice also exhibited marked depletion 
of  ICC and a reduction in expression level of  mSCF to 
one-third of  that in normal mice. These studies support 
the hypothesis that reduced mSCF/c-kit signaling may 
underlie the decrease in ICC numbers and its network in 
obstructed mice[36].

In our study, there was a reduction in mSCF/c-kit 
in the remnant ileum of  SBS1W rats. The correlation 
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Figure 4  Changes in the expression profile of c-kit and membrane-bound 
stem cell factor in response to massive small bowel resection. A, C: The 
protein expression levels of c-kit and membrane-bound stem cell factor (mSCF) 
were downregulated in the first week after massive small bowel resection in the 
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between the decrease in ICC numbers and reduction in 
mSCF/c-kit protein expression levels suggest that re­
duced mSCF/c-kit in the gastrointestinal tract may be 
involved in the disruption of  ICC function in the rem­
nant ileum of  rats with SBS. Although previous work has 
shown that inflammatory diseases can induce the disrup­
tion of  ICC and their network, the underlying mecha­
nism by which the expression of  mSCF in intestinal 
smooth muscle is decreased during SBS remains unclear. 
Additional studies are warranted to determine the role of  
mSCF and c-kit in the disruption of  ICC.

 In conclusion, the current study showed modifica­
tions of  the ultrastructure morphology of  ICC, phe­
notypic changes in ICC and subsequent altered electro­
physiological functional activity in the ileum after mSBR, 
which may be associated with the mechanical alterations. 
In addition, the association between motility disorders 
after mSBR and the changes in ICC should be further 
evaluated.
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