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Abstract Rectal distension (RD) is known to induce in-
testinal dysmotility. Few studies were performed to com-
pare effects of RD, colon distension (CD) and duodenal
distension (DD) on small bowel motility. This study aimed
to investigate effects and underlying mechanisms of dis-
tensions in these regions on intestinal motility and slow
waves. Eight dogs chronically implanted with a duodenal
fistula, a proximal colon fistula, and intestinal serosal
electrodes were studied in six sessions: control, RD, CD,
DD, RD + guanethidine, and CD -+ guanethidine. Post-
prandial intestinal contractions and slow waves were
recorded for the assessment of intestinal motility. The
electrocardiogram was recorded for the assessment of au-
tonomic functions. (1) Isobaric RD and CD suppressed
intestinal contractions (contractile index: 6.0 £ 0.4 with
RD vs. 9.9 £ 0.9 at baseline, P = 0.001, 5.3 £ 0.2 with
CD vs. 7.7 & 0.8 at baseline, P = 0.008). Guanethidine at
3 mg/kg iv was able to partially block the effects. (2) RD
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and CD reduced the percentage of normal intestinal slow
waves from 92.1 4+ 2.8 to 64.2 + 3.4 % (P < 0.001) and
from 90 + 2.7 to 69.2 £ 3.7 % (P = 0.01), respectively.
Guanethidine could eliminate these inhibitory effects. (3)
DD did not induce any changes in small intestinal con-
tractions and slow waves (P > 0.05). (4) The spectral
analysis of the heart rate variability showed that both RD
and CD increased sympathetic activity (LF) and reduced
vagal activity (HF) (P < 0.05). Isobaric RD and CD could
inhibit postprandial intestinal motility and impair intestinal
slow waves, which were mediated via the sympathetic
pathway. However, DD at a site proximal to the mea-
surement site did not seem to impair small intestinal con-
tractions or slow waves.

Keywords Rectal distension - Colon distension -
Intestinal motility - Intestinal slow waves - Heart rate
variability

Introduction

Clinically, patients with chronic idiopathic constipation
often complain about the upper abdominal symptoms such
as bloating, abdominal distension, pain, cramps, nausea,
and vomiting [1]. These symptoms are related to the im-
paired gastrointestinal myoelectrical activity, delayed gas-
tric emptying, and slow small bowel transit [1-7]. It is
reported that abnormalities of upper gut motility occur
frequently in 70 % of the patients with slow-transit con-
stipation [1].

In chronic slow-transit constipation, stasis of the rectal
and colonic contents may result in rectal and/or colonic
distension. The intestinal tumor may result in small in-
testinal, colonic, or rectal distension. The current study was
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designed to investigate the effect of rectal, colonic, and
duodenal distension on small intestinal motility, aiming at
elucidating the possible existence of recto-enteric reflexes
and colon-enteric reflexes and its mechanisms involving
the extrinsic nerves.

Rectal distension (RD) with balloon may mimic fecal
stasis in rectum in patients with constipation. RD was re-
ported to reduce jejunal and ileal pressures in humans by an
inhibitory reflex called “recto-enteric reflex” [8]. It was
shown that RD inhibited intestinal transit and contraction
in canine and human [6, 9]. It was proposed that RD and
distal colon distension with fecal stasis directly caused
reflexive inhibition of proximal gastrointestinal motility
[10-12], possibly mediated via the neural reflex involving
either the nociceptive or non-nociceptive afferent pathway
[13]. However, it is not clear whether sympathetic and
vagal activities are involved or not.

Like RD, distension of the distal colon has been fre-
quently reported. However, few studies are found in the
literature on proximal colonic distension due to difficulties
in accessing the proximal colon. Clinically, proximal colon
distension (CD) is commonly seen in patients with colon
tumor, fecal stasis, intestinal tuberculosis, and inflamma-
tory bowel disease, such as Crohn’s disease and ulcerative
colitis. In a previous study, we found that proximal colon
distension significantly decreased the compliance and tone
of the rectum, and guanethidine could abolish the effect
[14]. However, no literature is available on the effect of
proximal colonic distension (CD) on small intestinal motor
and myoelectrical activities.

Duodenal distension (DD) mainly occurs in patients
with duodenal stasis diseases such as Crohn’s disease, and
local intestinal tumors such as lymphoma. However, little
is known on possible effects of DD on small intestinal
motor and myoelectrical activities. In one previous study,
DD was found to induce intestinal myoelectrical dys-
rhythmia that could be normalized with intestinal pacing
[15].

Accordingly, the aim of this study was to systematically
explore the effects of RD, proximal CD, and DD on small
intestinal motor and myoelectrical activities and the possible
mechanisms involving the sympathetic/vagal pathway.

Materials and Methods

Animals

Eight healthy female hound dogs (2-3 years old,
23-33 kg) were recruited in the study. They were fasted
overnight before surgery. Anesthesia was performed using

a previously established method [16-18]. 5 mg/kg
thiopental sodium (Abbott Laboratories, North Chicago,
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Ill, USA) was intravenously infused and maintained on
1.5 % isoflurane inhalation in 1:1 oxygen-nitrous oxide
carrier gases delivered from a ventilator following endo-
tracheal intubation. Tongue color, pulse rate, and breath
rate of the dog were closely monitored. One pair of
28-gage cardiac pacing wires (A&E Medical, Farmingdale,
NJ, USA) was implanted on the serosal surface of small
bowel 50 cm beyond the pylorus. The two electrodes were
1 cm apart. They penetrated the subserosa and affixed to
the serosa by non-absorbable sutures. The electrode wires
were subcutaneously tunneled through the anterior ab-
dominal wall along the right trunk and exited through the
skin at the right hypochondria for the measurement of
intestinal myoelectrical activity. Two cannulas were placed
in each dog, one in the duodenum about 20 cm distal to the
gastric pylorus, and the other one in the ascending colon
about 5 cm distal to the cecum using a previously estab-
lished method [19]. The duodenal cannula was used for
placing a manometric catheter to the lumen of the small
bowel to record the intestinal manometry. It was also used
for the insertion of a duodenal distension (DD) balloon and
for injecting the phenol red down toward the small bowel
for evaluation of intestinal transit. The colon cannula was
used for observing the outflow of phenol red and also for
the insertion of a colon distension (CD) balloon. The study
was initiated after the dogs completely recovered from the
surgery (at least 2 weeks or later). All experiments were
performed in the conscious state with the dog standing on
an experimental table and slightly restrained. All the dogs
were free from any drugs within 1 week and fasted over-
night prior to the experiments. On the day of experiment,
one bottle of enema liquid (Fleet enema; C.B. Fleet Co.
Inc., Lynchburg, VA, USA) was used for clearing the
rectum before performing the experiment in the rectal
distension (RD) session. The washout time between two
sessions for each dog was at least 1 week apart. The pro-
tocol was approved by the Animal Use and Care Com-
mittee of the University of Texas Medical Branch at
Galveston, Texas.

Experimental Protocol

All experiments were composed of a 30 min baseline
recording, a 30 min recording during rectal, colon or
duodenal balloon distension (30 psi), and a 30 min
recording of recovery.

The study consisted of six experimental sessions: control,
RD, CD, DD, RD + guanethidine, and CD + guanethidine.
All experiments were performed in the postprandial state
with a meal containing 375 g chopped chicken (Pedigree;
Mars Inc, Vernon California, USA). Heart rate variability,
intestinal myoelectrical activity, and small bowel mano-
metry were recorded simultaneously throughout each
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experiment. In the session with guanethidine, guanethidine
3 mg/kg was intravenously administrated immediately after
the meal and before the experiment.

Rectal, Colonic, and Duodenal Distension

One balloon was tightly fixed to the tip of a catheter with
a thread. Polyester film was twined above the thread to
strengthen the sealing. The sealing of balloon was further
confirmed by inflating with air and immersing in water.
Then the balloon was completely deflated. Before the
experiment, the balloon was inserted. For RD, the balloon
was inserted into the rectum and positioned so that the
caudal pole of the balloon laid 8 cm from the anal verge.
For CD, the balloon was inserted into the colon through
the colon cannula and the caudal pole of the balloon was
positioned 18 cm from the outside verge of the colon
cannula. For DD, the balloon was inserted into the duo-
denum via the duodenum cannula and the balloon caudal
pole was positioned 18 cm from the outside verge of the
cannula. In each experiment, after the 30 min baseline
recording, the balloon was inflated and maintained at a
pressure of 30 psi by a computed barostat device (Dis-
tender Series IIR; G & J Electronics Inc., Willowdale,
Ontario, Canada) connected with the catheter with bal-
loon. All dogs tolerated the rectal distension at a pressure
of 30 psi without adverse behaviors indicative of pain,
gasping for breath, or writhing.

Small Bowel Manometry

Small bowel manometry was recorded as previously de-
scribed [9]. The catheter connected to the pressure
transducer was passed through the duodenal cannula. In
RD and CD, the catheter was inserted to the depth of
35 cm. In DD, the catheter was inserted to the depth of
50 cm so that there was enough space for duodenal dis-
tension balloon at its proximal site in the intestine. The
catheter has four side holes spaced at 5-cm intervals
(MedKinetic Inc., Ningbo, China). The catheter was in-
fused by a low compliance perfusion system (MedKinetic
Inc., Ningbo, China). The pressure transducer converted
the pressure signal into the electrical signal. The recorded
manometric signal was amplified by a multichannel
manometric system (MedKinetic Inc., Ningbo, China).
The recording tracing was displayed on a monitor and
saved on the computer for further analysis. The contrac-
tion activity was evaluated by using the mean area under
the curve (AUC) per second, a parameter called con-
tractile index (CI) that was computed with the software
provided by the manufacturer (MedKinetic Inc., Ningbo,
China).

Recording and Analysis of Small Bowel Slow Waves

Small bowel slow waves were recorded by connecting the
serosal electrode wires implanted in small bowel with a
Biopac system (EOG 100A; Biopac Systems, Inc., Santa
Barbara, Calif., USA) as described previously. Dominant
frequency (DF), Dominant power (DP), the percentage of
normal intestinal slow waves (N %), the percentage of
bradyintestria (B %), tachyintestria (T %), and arrhythmia
(A %) were analyzed by the adaptive spectral analysis
software [20]. DF refers to the mean frequency of intestinal
slow waves (17-22 cpm in dogs) [21]. DP refers to the
power of intestinal slow waves at the dominant frequency.
N % is the percentage of time during which regular normal
intestinal slow waves (17-22 cpm in dogs) are present over
certain period. The normal slow wave frequency range of
regular 17-22 cpm in dogs was established based on our
previous studies [21, 22]. In the meantime, intestinal slow
wave with a frequency less than 17 cpm and more than
22 cpm were, respectively, regarded as bradyintestria and
tachyintestria. It was categorized as arrhythmia if the slow
wave did not show a regular rthythm [21, 22].

Recording of ECG and Analysis of Heart Rate
Variability

The electrocardiogram (ECG) signal was recorded and
analyzed using a previous described method [23]. A special
amplifier (model 2283 Fti Universal Fetrode Amplifier,
UFI, Morro Bay, CA) with a cutoff frequency of 50 Hz was
used to record the ECG signal. The heart rate variability
(HRV) signal was derived from the original ECG recording
by using a special validated program developed in our
laboratory [24]. The recorded ECG signal was sampled at a
frequency of 6000 Hz and down-sampled to 500 Hz. The
program can identify R waves, calculate and interpolate R—
R interval data at 100 Hz, and finally down-sample the
interpolated data to a frequency of 1 Hz. The sympatho-
vagal parameters, low frequency (LF) and high frequency
(HF), can be extracted from overall power spectral analy-
sis. LF is defined as AUC in the frequency range of
0.04-0.15 Hz, and reflects mainly sympathetic or adren-
ergic activity. HF is defined as AUC in the frequency range
of 0.15-0.50 Hz and reflects purely parasympathetic or
vagal activity. The ratio of LF/HF represents the balance
between sympathetic activity and vagal activity.

Statistical Analysis
Data are reported as mean =+ standard error. Student’s ¢ test
was used to analyze the difference between two sessions.

The ANOVA was used to analyze the differences among
three or more sessions. If the result of ANOVA revealed a

@ Springer



668

Cell Biochem Biophys (2015) 73:665-672

significant difference, further Tukey’s test was used to re-
veal the differences between any two sessions among the
three or more sessions.

Results

Effect of RD, CD, and DD on Small Intestinal
Contraction in Fed State

RD and CD suppressed intestinal motility (Fig. 1). When RD
was used, the intestinal contractions were decreased imme-
diately. The CI was significantly reduced from 9.9 £ 0.9 at
baseline to 6.0 £+ 0.4 with RD (P = 0.001), and the CI re-
covered to 7.3 £ 0.5 (vs. 9.9 + 0.9 at baseline, P = 0.009)
after the distension was terminated. When CD was used, the
intestinal CI was reduced from 7.7 4+ 0.8 at baseline to
5.3 £+ 0.2 with CD (P = 0.008), and the CI was recovered to
6.0 £ 0.1 (vs. 7.7 £ 0.8 at baseline, P = 0.08).

The inhibitory effects of both RD and CD on intestinal
motility were blocked by guanethidine. In RD + gua-
nethidine session, the CI was 11.9 & 0.5 at the baseline, and
remained at the similar level of 11.7 4 0.2 during RD, and
11.8 £ 0.8 with that in the recovery period (ANOVA,
P = 1.9). Similarly, in CD + guanethidine session, the CI
was 10.1 £ 0.5 at the baseline, remained at the similar level
of 9.8 &£ 0.3 during CD, and 10.0 & 0.7 in the recovery
period (ANOVA, P = 1.4). These data demonstrated that
RD or CD was no longer ineffective in inhibiting intestinal
motility at the presence of guanethidine.
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Cl

L oY
&
&
X
&
00

)

)

Fig. 1 Effects of RD, CD, and DD on the proximal small intestinal
motility. Isobaric RD and CD suppressed intestinal contractions (CI:
P < 0.01 vs. baseline). Guanethidine 3 mg/kg iv was able to partly
block the suppressed contractions. DD did not induce any changes
(P > 0.05)
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Interestingly, DD showed no effects on intestinal motility.
The CI was 8.6 £ 1.4 at baseline, 7.8 & 1.3 during DD, and
7.9 + 1.3 at recovery (ANOVA P = 0.89) (Fig. 1).

Effect of RD, CD, and DD on Small Intestinal Slow
Waves

RD impaired small intestinal slow waves (Figs. 2, 3). In
RD session, the percentage of normal slow waves was
92.1 & 2.8 % at baseline and significantly reduced to
64.2 £ 3.4 % during RD (P < 0.001). This was attributed
to an increase in bradyintestria from 1.7 &+ 1.0 % to
28.2 £ 4.5 % (P < 0.001). The percentage of normal slow
waves was rapidly recovered to 82.6 £ 3.4 % (vs.
92.1 + 2.8 % at basement, P = 0.14) after RD was ter-
minated. RD also affected the dominant frequency (DF) of
the slow waves. The DF was 18.9 + 0.3 cycles/min (CPM)
at baseline, reduced to 17.6 &= 0.3 CPM during RD
(P = 0.009), and recovered to 18.5 £ 0.2 CPM (vs.
18.9 £ 0.3 CPM at basement, P = 0.1) after RD was ter-
minated (Fig. 3). RD did not alter the dominant power of
the intestinal slow waves (P = 0.98, among baseline, dis-
tension, and recovery, ANOVA).

CD also impaired small intestinal slow waves (Fig. 2,
3). In CD session, the percentage of normal slow waves
was 90 = 2.7 % at baseline and significantly reduced to
69.2 + 3.7 % during CD (P = 0.01, Fig. 2). This was also
attributed to the increase of bradyintestria from 5 £ 2.2 to
25.8 £ 2.8 % (P = 0.004). Similar to RD, CD also re-
duced the dominant frequency (DF) of the slow waves. The
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Fig. 2 Effects of RD, CD, and DD on the percentage of normal
intestinal slow waves. RD and CD reduced the percentage of normal
intestinal slow waves (P = 0.01 vs. baseline). Guanethidine eliminat-
ed the differences. DD did not induce any changes (P > 0.05)
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Fig. 3 Effects of RD, CD, and DD on the dominant frequency (DF)
of intestinal slow waves. RD and CD reduced the DF (P < 0.05 vs.
baseline). Guanethidine eliminated the differences. DD did not affect
it (P > 0.05)

DF was 18.4 £ 0.2 at baseline, reduced to 17.4 + 0.2
during RD (P = 0.02), and recovered to 18.2 £ 0.2 % (vs.
18.4 + 0.2 % at basement, P = 0.1) after RD was termi-
nated (Fig. 3). CD did not alter the dominant power
(P =0.18 among baseline, distension, and recovery,
ANOVA).

Similarly, guanethidine abolished the inhibitory effects
of RD and CD on intestinal slow waves. In guanethidi-
ne + RD session and guanethidine + CD session, the
percentage of normal intestinal slow waves and the domi-
nant frequency remained unchanged among the three pe-
riods (baseline, RD or CD, and recovery) (ANOVA
P = 0.15) (Fig. 2, 3).

Similar to its effect on intestinal contractions, DD did
not alter intestinal slow waves. In DD session, the per-
centage of normal intestinal slow waves and dominant
frequency remained unaltered among the three periods
(ANOVA P = 0.28).

Effects of RD, CD, and DD on Vagal Activity

RD increased sympathetic activity (LF) (0.47 £ 0.08 during
RD vs. 0.31 &+ 0.08 at baseline, P = 0.02), reduced vagal
activity (HF) (0.23 & 0.09 vs. 0.53 £ 0.06 at baseline,
P = 0.04), and increased the ratio of LF/HF (0.69 £ 0.11
vs. 0.29 + 0.1, P = 0.009). When RD was terminated, the
LF, HF, and LF/HF were recovered to their baseline values
(P > 0.05 vs. each baseline) (Fig. 4).

CD also increased sympathetic activity (LF) (0.56 £ 0.14
vs. 0.45 £ 0.14 at baseline, P = 0.01), reduced vagal ac-
tivity (HF) (0.52 £ 0.07 vs. 0.82 £ 0.09 at baseline,
P = 0.03), and increased the ratio of LF/HF (0.92 & 0.13
vs.0.39 £ 0.11 atbaseline, P = 0.002). Similarly, when RD

was terminated, the LF, HF, and LF/HF recovered to their
baseline values (P > 0.05 vs. each baseline) (Fig. 4).

Guanethidine eliminated the effects of RD and CD on
sympathetic and vagal activities. In guanethidine + RD
session and guanethidine + CD session, the LF, HF, and
LF/HF had no difference among the three periods (base-
line, RD or CD, and recovery) (ANOVA P > 0.05)
(Fig. 4).

DD did not alter the sympathetic or vagal activity. In
DD session, the sympathetic activity (LF), the vagal ac-
tivity (HF), and sympathovagal balance (LF/HF) assessed
by the spectral analysis of the HRV remained unchanged
among baseline, during DD and recovery period (ANOVA,
P =0.11).

Discussion

In this study, we investigated the effects and mechanisms of
RD, CD, and DD on small intestinal slow waves, contrac-
tions, and sympathetic-vagal activity. We found that RD and
CD inhibited intestinal contractions, impaired small intesti-
nal dysrhythmia, and enhanced sympathetic activity in dogs.
The effects were blocked by guanethidine, suggesting a
sympathetic pathway. Duodenal distension at the proximal
site, however, did not affect small bowel contractions, in-
testinal slow waves or sympathetic-vagal activity.

Effects and Mechanisms of RD, CD, and DD
on Intestinal Motility

Clinically, patients with chronic idiopathic constipation and
constipation-dominant irritable bowel syndrome (IBS-C)
often have upper gastrointestinal symptoms such as bloating,
upper abdominal pain, and/or discomfort. These symptoms
have been reported to be associated with impaired gastric
motility, gastric dysrhythmia, delayed gastric emptying, and/
or slow small bowel transit [3, 4, 25, 26]. The impaired
gastrointestinal motility may be caused by fecal or gas dis-
tension. Rectal distension has been frequently used in
studying visceral sensation [27], colorectal reflex [28], recto-
anal inhibitory reflex (RAIR) [29, 30], anal sphincter func-
tion [31], and gastrointestinal motility [9, 32]. Our previous
studies in animals showed inhibitory effects of RD on gastric
tone, accommodation, and antral contractions, involving the
adrenergic pathway and the nociceptive afferent pathway
[32, 33]. In the small intestine, it was found that RD inhibited
postprandial small intestinal motor activity in a distension
volume-dependent manner in dogs, partially mediated via
the alpha and beta adrenergic pathways [9]. A few clinical
studies showed intestinal dysmotility in patients with con-
stipation [6, 8, 34, 35]. The RD-induced suppression in je-
junal and ileal contractions has been reported to be attributed
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to “recto-enteric reflux” in human healthy volunteers [8].
RD in the present study was shown to suppress small bowel
contractions and guanethidine could block such inhibitory
effect. The spectral analysis of HRV revealed the activation
of sympathetic activity with RD. These findings demonstrate
that RD inhibits small intestinal motility mediated via the
sympathetic mechanism. These findings also provide an
explanation of upper abdominal discomfort and other
symptoms in patients with constipation or rectal tumors.

In previous studies with CD, the distension was usually
performed at the distal colon or rectum-colon junction with
few exceptions due to the difficulty in accessing the region.
In one previous canine study, CD in the proximal colon
decreased the tone and compliance of the rectum and
guanethidine abolished the effects [18]. Shafik et al. found
that the distension in the right colon decreased ileal pres-
sure, providing an evidence of coloileal reflexes [36]. In the
current study, we found the distension in the proximal
colon suppressed the proximal small intestinal contractions
and the effects were similar to RD [9]. To the best of our
knowledge, this was the first study investigating the effect
of proximal colonic distension on proximal intestinal
motility and providing an evidence of colonic-jejunal in-
hibitory reflexes. These findings possibly explain why pa-
tients with Crohn’s disease often complain about upper
abdominal bloating and vomiting.

Also, duodenal distension was reported to increase py-
loric sphincter pressure and decreased antral pressure in
mongrel dogs [9]. Ileal or Jejunal distension, respectively,
decreased Jejunal or ileal pressure by “ileal-jejunal and
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jejuno-ileal inhibitory reflexes.” These reflexes appear to
regulate chyme flow in the small intestine by creating a
balance of chyme delivery between the jejunum and ileum
[37]. In the current study, we found that the DD at a site
proximal to the measurement site did not seem to impair
small intestinal motility at a distal site.

Effects and Mechanisms of RD, CD, and DD on Small
Bowel Slow Waves

In addition to its inhibitory effect on intestinal contrac-
tions, RD in the present study also impaired small in-
testinal slow waves: decreased the frequency of intestinal
slow waves and reduced the percentage of normal in-
testinal slow waves. The effects were eliminated by
guanethidine, suggesting a sympathetic mechanism. Pre-
vious studies have reported the effect of rectal distension
on gastric slow waves but rarely on intestinal slow waves.
In one study, a minor effect was noted with rectal dis-
tension at a constant volume of 120 mL on intestinal slow
waves in dogs: increase in the variation of slow wave
frequency but not the percentage of normal slow waves
[4].

The effects of proximal colon distension to intestinal slow
waves were similar to that with rectal distension, i.e., re-
duction in the percentage of normal intestinal slow waves
and increase in variation of slow wave frequency. To the best
of our knowledge, the literature is silent on the effects of CD
in the proximal colon on small intestinal slow waves.
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Interestingly, distension of the proximal site of the small
intestine did not alter intestinal slow waves nor intestinal
contractions in the distal site of the small intestine. These
findings seem to suggest the inhibitory reflexes may be
more in the backward direction rather than forward direc-
tion. Further studies are needed to provide explanations
such a difference. In one previous study, however, duo-
denal distension was reported to impaired intestinal
myoelectrical activity in the proximal jejunum: reduced
percentage of normal slow wave and increased minute-by-
minute variation of slow wave frequencies [15]. The dif-
ference might be attributed to the distance between the
distension site and the recording set: it was 30 cm in the
previous study but 15 cm in the current study. The reason
possibly is that the location of distension and the position
of measurement were too close in the current study.

Autonomic Mechanisms

The inhibitory effects of RD and CD on intestinal contractions
and slow waves were accompanied with increased sympa-
thetic activity (LF) and decreased vagal activity (HF). More-
over, these inhibitory effects were blocked by guanethidine.
These findings suggest the autonomic mechanisms involved
in the inhibitory effects of RD and CD on intestinal motility.
Similar autonomic mechanisms were reported in previous
studies [32, 38, 39]. In dogs, RD was reported to inhibit
contractions and slow waves of the stomach and concurrently
increase sympathetic activity; the effects were also blocked by
guanethidine, demonstrating the adrenergic pathways similar
to the present study [32].

Although there have been isolated studies investigating
effects and mechanisms of gastrointestinal distension on
gastrointestinal motility, the present study is systematic and
comprehensive: on the same animals, the comprehensive
measurements of intestinal motility, including both me-
chanical and myoelectrical activities, were conducted and
distension of different organs, duodenum, colon, and rec-
tum was performed.

Conclusion and Prospects

In the current study, we systematically and comprehen-
sively explored the effects and autonomic mechanisms of
distension at duodenum, colon, and rectum on proximal
small intestinal contractions and slow waves in dogs. The
findings of the study indicate that distension at a location in
the gut distal but not proximal to the measurement site
suppresses small intestinal contractions and impair in-
testinal slow waves, mediated via the autonomic mechan-
isms. These findings may also be used to explain why

patients with constipation or Crohn’s disease often com-
plain of upper abdominal discomforts.
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