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AbstractAbstractAbstractAbstractAbstract

AIM: To investigate the effects of entero-hepatic bile acid
circulation on the inter-digestive migrating myoelectrical

complex (MMC) in rats.

METHODS: Thirty-two rats were divided into four groups.

Three pairs of bipolar silver electrodes were chronically

implanted in the antrum, duodenum and jejunum. Three
groups of them were ligated around the upper part of common

bile duct (CBD). The experiments were performed in

conscious and fasting state. The gastrointestinal myoelectrical
activity was recorded. Ursodeoxycholic acid (UDCA) and

saline were then perfused into stomachs of two groups

with CBD obstruction and the effects of them on the MMC
were observed.

RESULTS: A typical pattern of MMC was observed in
normal fasting rats. MMC of antral and duodenal origin

disappeared temporarily in earlier stage of CBD

obstruction. While MMC of jejunum origin appeared.
increased MMC cycle duration was seen after 4 d in rats

with CBD obstruction. The MMC after CBD obstruction was

characterized by an increased duration of phase II-like
activity and decreased duration of phase I & III activity.

Perfusion into stomachs with UDCA resulted in a shorter

MMC cycle duration and a longer duration of phase III of
duodenal origin compared to the normal group.

CONCLUSION: Entero-hepatic bile acid circulation initiates
inter-digestive MMC of duodenal origin.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION

Inter-digestive motility has been physically studied intensively[1-3],
but mechanism is still unclear. Inter-digestive motility of
gastrointestinal tract is characterized by a typical cycling
complex of myoelectric activity. The migrating myoelectrical
complex (MMC) is a distinct pattern of electromechanical
activity observed in gastrointestinal tract during fasting. It
serves as a housekeeping role and sweeps residual undigested
materials through the digestive tract. Phase III  MMC originates
at variable sites in the gut from the esophagus to the proximal
ileum, especially from antrum and duodenum[2,3].

Previous studies showed that entero-hepatic bile acid
circulation and inter-digestive motility should be associated with
each other[4]. Bile flow increases during phase II activity and
reaches peak just before start of the MMC in the duodenum.
It has been thought to exert an important regulatory function
on the MMC[5]. Furthermore, phase III MMC plays an
important role in the transport of bile acids from the
proximal duodenum to the distal small intestine, where bile
acids are absorbed for transport back to the liver. But use
of different animal species and different methods has led
to conflicting results[4-6].

In this article, we describes a new model which was
used to further elucidate the role of bile acids in regulating
MMC in unrestrained rats without the bias of anesthesia
and post-operative influence on gastrointestinal motility.
Therefore, the present study aimed to investigate the effects
of common bile duct obstruction and UDCA perfusion
into stomachs on the inter-digestive myoelectrical activity.

MAMAMAMAMATERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODS

Animals
Thirty-two healthy Sprague-Dawley rats (20 males and 12
females) weighing 200-250 g were fed with a dry food, with
free access to tap water. After fasting for one night, the rats
were intraperitoneally anesthetized with sodium pentobarbital
(30 mg/kg). The hair on the skull and abdomen was shaved.
The surgery was done under strict aseptic conditions. The
abdominal musculature and peritoneum were opened through
the linea alba. Three bipolar insulated silver electrodes made
of  Teflon-coated wire (outer diameter 0.5 mm, length 20 cm)
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were implanted into the muscular layer of the bowel with a
needle as a trocar. One milliliter of the wire was exposed
near the implanted end, and the distance between pairs of
electrodes should be 2.0-3.0 mm. The electrodes were placed
on the gastric antrum 5 mm proximal to the pylorus, the
duodenum and jejunum respectively 1 cm and 15 cm distal
to the pylorus. The bundled electrode wires were grasped
by the clamp through a silastic tube (diameter 2.4 mm),
which was then passed through the subcutaneous tunnel
from the abdominal incision to the back of the shoulder
exit. Furthermore, 24 of  them were ligated around the upper
part of common bile duct (CBD). During operation, the
intestine was kept moist with 9 g/L sterile NaCl solution,
and 4 mL of this solution was used intraperitoneally to
compensate for intraoperative fluid loss before closure of
the abdomen. The abdominal wall was closed in three layers
with running Vicryl 4-0 sutures. The rats were kept in a
humidified room at 37  for 2 to 4 h after operation. Then,
they were individually housed with free access to water and
food. Housing conditions were at 22 , 60% humidity and
a 12 h light/dark cycle for 1 wk before experiment.

Gastrointestinal motility recordings
The rats were fasted for 12 h with free access to water.
The gastrointestinal myoelectrical activity in conscious rats
was recorded by a computerized, multichannel recorder
(RM-6280C, Chengdu, China). Myoelectrical activity was
sampled at a frequency of 1 kHz. The signals were amplified
and bandpass was filtered (above 0.3 Hz and below 100 Hz were
cut off). The amplitudes of contractions were recorded as µV.

Experimental procedures
The rats were coded and randomly divided into four groups
(groups A, B, C and D), 8 in each. Group A had implanted
electrode; group B had implanted electrodes +CBD
obstruction; group C had implanted electrodes +CBD
obstruction+UDCA perfusion; group D had implanted
electrodes +CBD obstruction+saline perfusion. Three days after
operation,  we started to measure the gastrointestinal motility
every day for 3 d. During experiment, the gastrointestinal
myoelectrical activity in each rat was recorded for 2 h at
least. On the 4th d after operation, before the MMC of
duodenal origin recovered, UDCA (Pharmaceutical Factory
of Changzhou City) was dissolved immediately before use
in 3 mL normal saline at a dose of  20 mg/kg and then perfused
into stomachs of one group with implanted electrodes and
CBD obstruction. After UDCA was used, the gastrointestinal
myoelectrical activity in the rats was continuously recorded
for more than 2 h. As a control, normal saline was given in
another group with implanted electrodes and CBD obstruction.
After the conversion from analog to digital, the signals were
stored on optical disk for later analysis.

Statistical analysis
Data are shown for duodenum. All parameters such as MMC
cycle duration, duration of phase III, mean amplitude and
frequency of phase III were expressed as mean±SD unless
otherwise stated. P<0.05 was considered statistically
significant. One way analysis of  variance was performed to
compare the means of all variables among groups using
software package SPSS 10.0. A comparison was made

between two groups using LSD method. Variables could be
transformed when they were not coincident with each other.

RESULRESULRESULRESULRESULTSTSTSTSTS

Inter-digestive and digestive gastrointestinal myoelectrical
activity  in rats with implanted electrodes
The gastrointestinal motility pattern in rats could mainly
be divided into inter-digestive and digestive stage. The
inter-digestive stage was characterized by cyclical phase III
contractions of the migrating motor complex which occurred
in the stomach and duodenum and migrated to the small
intestine. The digestive state was characterized by sustained
contractions in the gastric antrum and small intestine. In our
experiments, a typical pattern of myoelectrical activity in the
fasting state appeared gradually in all rats with implanted
electrodes about 3 d after operation. The phases of the
MMC were as follows: phase I, motor quiescence; phase
II, a period of irregular contractile activity; and phase III, a
period of rhythmic contractions. The migrating motor complex
pattern was disrupted by feeding, and irregular contractions
were sustained in the antrum, duodenum and jejunum for 30
min after feeding (Figures 1 and 2).

Figure 1  Inter-digestive gastrointestinal motility in antrum (A), duodenum (B),
and jejunum (C) of rats with implanted electrodes.

Figure 2  Digestive gastrointestinal motility shows sustained irregular contractions
with relatively low amplitude in antrum (A), duodenum (B), and jejunum (C) of
rats with implanted electrodes.

Interdigestive gastrointestinal myoelectrical activity in rats with
CBD obstruction rats
Early after CBD obstruction regular MMC of duodenal
origin disappeared, myoelectric activity was characterized
by a continuous, irregular, low amplitude phase II-like activity
without migrating activity fronts (Figure 3), while MMC of
jejunum origin appeared. On the fourth day after CBD
obstruction, MMC of duodenal origin started to recover
gradually with a lower frequency. Five days after CBD
obstruction, 74% of the MMC originated in the jejunum
and 26% of the MMC originated in the duodenum. The
MMC cycle duration of  duodenal origin in CBD obstruction
group was obviously longer than that in the group with
implanted electrodes. The increased MMC duration was
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mainly caused by increase of phase II-like activity. But the
duration of phase III in CBD obstruction group was not
significantly different from that of the group with implanted
electrodes. There was no statistical difference between the
MMC characteristics of jejunal origin in CBD obstruction
group and the group with implanted electrodes.

Figure 3  Inter-digestive gastrointestinal myoelectrical activity in antrum (A),
duodenum (B), and jejunum (C) of rats with CBD obstruction.

Effects of UDCA on inter-digestive gastrointestinal myoelectrical
activity in rats with CBD obstruction
Four days after control recordings were obtained in rats
with CBD obstruction and no MMC of duodenal origin
was observed. UDCA (20 mg/kg) was dissolved in 3 mL
saline and perfused into stomachs of rats. The recording
was continued for additional 2 h. The effects of UDCA on
the inter-digestive gastrointestinal myoelectrical activity were
established after the stomach was perfused with UDCA.
Administration of UDCA led to a restart of duodenal MMC.
The shorter MMC cycle duration and the longer duration
of  phase III of  duodenal origin were observed. There was
no significant difference in the other parameters of MMC
of  duodenum between the two groups (Figure 4, Table 1).
Furthermore, there was no change in the interdigestive
gastrointestinal myoelectrical activity of rats with CBD
obstruction after normal saline treatment.

Figure 4  Effects of UDCA on inter-digestive gastrointestinal myoelectrical
activity in antrum (A), duodenum (B), and jejunum (C) of rats with CBD
obstruction.

Table 1  Effects of CBD obstruction and UDCA perfusion on
interdigestive gastrointestinal myoelectrical activity in fasting rats.
(n = 32, mean±SD)

Group         MMC     Duration   Amplitude           Frequency of
         cycle     of phase      of phase phase III/
   duration/s         III/s       III/µV              (bursts/min)

A   730.5±44.71 163.5±19.1 288.4±21.9 11.2±1.6

B              1 680.9±89.5a 175.5±23.3 270.5±31.2 10.8±1.5

C    658.5±42.7a,c 228.8±36.5a,c 279.6±19.8 11.6±1.4

D              1 529.5±75.8a,e 172.5±20.5e 272.6±28.9 10.9±1.8

aP<0.05 vs A; cP<0.05 vs B;  eP<0.05 vs C. Values are shown for duodenum.

DISCUSSIONDISCUSSIONDISCUSSIONDISCUSSIONDISCUSSION

The gastrointestinal motility pattern in rats can be divided
into the inter-digestive and digestive states. The inter-digestive
state is characterized by cyclical phase III contractions which
occurs in antrum and duodenum and migrates to the small
intestine. The digestive stage is characterized by sustained,
irregular contractions in antrum and small intestine. These
two phenomena were observed in our experiments. The
migrating motor complex pattern could be disrupted by
feeding.

The regulating mechanism of MMC is not completely
understood[7-9]. Previous study showed that entero-hepatic
bile acid circulation influences MMC and exerts an important
regulatory function on MMC[10-12]. Our experiment showed
that when entero-hepatic bile acid circulation was interrupted,
spontaneous MMC in duodenum disappeared in early CBD
obstruction. MMC originated mostly in the jejunum and
migrated to the terminal ileum as a compensating mechanism.
The duodenum showed continuous phase II-like activity.
During the next 4 d after CBD obstruction, MMC of duodenal
origin recovered gradually with a longer MMC cycle duration.
The increased duration of MMC was mainly the result of
an increase of phase II-like activity. UDCA perfusion into
stomach resulted in a shorter MMC cycle duration and a
longer duration of  phase III of  duodenal origin. But normal
saline did not influence the MMC in rats with CBD obstruction.
The underlying mechanisms for the absence of duodenal
MMC during the interruption of entero-hepatic circulation
are unknown. The possible explanation is that the development
of MMC of duodenal origin is not autonomous but dependent
on the stimulation of bile acids to the duodenum or the increased
pressure in biliary tract[13]. Nieuwenhuijs et al.[14], thought
that increased pressure in the biliary tract disrupts MMC
early after CBD obstruction and the absence of bile in the
duodenum and small intestine lengthens the MMC cycle.
Ozeki et al.[15], thought that duodenum is not a spontaneous
MMC oscillator which keeps resting below its oscillation
threshold till a stimulus causes oscillation. However, the
resting level of the duodenal MMC oscillator is close enough
to its exciting threshold and sometimes may exhibit spontaneous
oscillation. Artificial drainage of  duodenal bile acids could
also lead to increase of MMC cycle and phase II-like activity
in healthy volunteers[16]. Thus, stimulation of higher bile
acid concentration to the mucosa of duodenum in a short
time is the prerequisite for the initiation of duodenal origin
MMC[17].

Whether entero-hepatic bile acid circulation and
intragastric bile salt infusion influence the MMC is still
controversial. Some researchers supported the idea that there
are no special effects of bile acids on inter-digestive MMC[18].
Luiking et al.[19], did not find any change of gallbladder
emptying and small intestinal MMC when they perfused
artificial bile into duodenum of healthy volunteers during
inter-digestive stage. Van Felius et al.[20] , found that prolongation
of the MMC causes pancreatitis, and ligation of the
proximal CBD near the bifurcation does not prolong the
MMC, suggesting that pancreatitis influences the MMC
cycle and hepatic biliary secretion alone does not play a
primary role in the regulation of MMC. Some studies showed
that initiation of MMC is closely related to the increasing

A

C

B

A

C

B

1 mV

1 min

1 mV

1 min



speed of bile acids in plasma. This may explain the conflicting
results in the above researches[21,22].

Our model is suitable for studying the possible relationship
between entero-hepatic bile acid circulation and inter-digestive
gastrointestinal motility. At first, we ligated the CBD near
the entrance to the duodenum. Almost all the rats died of
pancreatitis. Ligation of the proximal CBD did not influence
the function of  pancreas. Post-operative gastrointestinal
myoelectrical motility was measured in conscious state after
the rats recovered from operation and could move freely.
The advantages of this model are as follows. The surgical
procedures are well tolerated by the animals. Experiments
can be performed in unrestrained rats without the bias of
sedative drugs, anesthesia and stress of operation. Ligation
of the proximal CBD does not influence the function of
the pancreas.

In conclusion, our model has made it easier and more
precise to study the effects of CBD obstruction and UDCA
on MMC in unrestrained rats without the bias of anesthetic
agents or post-operative effects. Our findings indicate that
that the entero-hepatic bile acid circulation initiates the
inter-digestive MMC of duodenal origin, which provides a
new therapy for patients with gut motility disorders.
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