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Abstract

AIM: To investigate gastrointestinal migrating myoelectric
complex (MMC) and the effects of porcine motilin and
ursodeoxycholic acid (UDCA) on MMC of gastrointestinal
tract of different origins in fasted rats.

METHODS: Three bipolar silver electrodes were chronically
implanted on the antrum, duodenum and jejunum. Seven
days later 24 experimental rats were divided into 2 groups.
One group was injected with porcine motilin via sublingual
vein at a dose of 20 pg/kg, the other group was perfused
into stomach with UDCA. The gastrointestinal myoelectric
activity was recorded 1 h before and 2 h after the test
substance infusions into the rats.

RESULTS: In all fasted rats a typical pattern of MMC was
observed. Among the totally 68 activity fronts recorded in
fasted rats under control, 67% started in duodenum, and
33% in antrum. MMC cycle duration and duration of phase
III of antral origin were longer than those of duodenal
origin. Administration of 20 pg/kg porcine motilin induced
a premature antral phase III of antral origin. But perfusion
into stomach with UDCA resulted in shorter MMC cycle
duration, longer duration of phase III of duodenal origin,
which were followed with shorter cycle duration and
duration of antral phase III.

CONCLUSION: In fasted rats, MMC could originate from
antrum and duodenum respectively. The characteristics of
MMC of different origins may contribute to the large
variations within subjects. The mechanisms of different
origins of phase III may be different. Porcine motilin and UDCA
could affect MMC of different origins of the gastrointestinal
tract in fasted state, respectively.
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INTRODUCTION
The migrating myodlectric complex (MMC) isadistinct pattern

of electromechanical activity observed in gastrointestinal tract
during fasting. It is thought to serve a housekeeping role and
sweep undigested residual through the digestive tract. Phase
11 of MMC originates at variable sites in the gut from the
esophagus (especially from antrum and duodenum) to proximal
ileum. Large variationsin MM C characteristics were described
both within subjects and between subjects. The reason for the
large variation in MMC characteristics is unknown. However,
regarding the supposed differencesin mechanismsthat regulate
the phase |11 of MMC of antral or duodena origins, different
origin of phase Ill within subject could be a basis for the
differencesin MMC characteristicd*2.

Moatilin, a22 amino acid peptide secreted by endocrinocytes
in the mucosa of the proximal small intestine, participatesin
controlling the pattern of smooth muscle contractions in the
upper gastrointestinal tract. These bursts of motilin secretion
aretemporarily related to the onset of housekeeping contractions,
which sweep the undigested material of stomach and small
intestine®. Previous studies showed that the enterohepatic
circulation of bile acids and interdigestive motility must
somehow be associated with each other. Phase I11 of MMC
played an important role in the transport of bile acids from the
proximal duodenum to the distal small intestine, wherebile acids
were absorbed for transport back to the liver.

The purpose of the present study was to investigate the
gastrointestinal MM C characteristics with respect to the different
origin of phase Il in fasted rats. Furthermore, the effects of
exogenous porcine motilin and UDCA on the interdigestive
myoelectric activity were investigated and the relationship
between the above two drugs and the MM Cs of different origin
in conscious rats were studied.

MATERIALS AND METHODS

Animal preparation

Twenty-four healthy Sprague-Dawley rats (15 maeand 9female)
weighing 200-250 g were fed with adry rat food, and tap water
for drinking ad libitum. After fasted for one night, the rats
were intraperitoneal ly anesthetized with sodium pentobarbital
30 mg/kg. The hair on the skull and abdomen was shaved. The
surgery was done with sterile instruments, and under strict
aseptic conditions. The abdominal muscul ature and peritoneum
were opened through the linea alba. Three bipolar insulated
silver electrodes made by Teflon-coated wire (0.5 mm in outer
diameter, 20 cm in length) were implanted into the muscul ar
layer of the bowel with aneedle asatrocar. One millimeter of
the wire was exposed near the implanted end, and the interval
between pairs of electrodes should be 2.0-3.0 mm. The
electrodes were placed on the gastric antrum at 5 mm proximal
to the pylorus, on the duodenum and jgjunum respectively at 1 cm
and 15 cm distal to the pylorus. The bundled electrode wires
were grasped by the clamp through a silastic tube (2.4 mm in
diameter), which then passed through the subcutaneous tunnel
from the abdominal incision to the back of the shoulder exit.
During operation theintestinewaskept moigt with terile 9 g/L. NaCl
solution, and 4 mL of this solution was applied intraperitonea ly
before closure of the abdomen to compensate for intraoperative
fluid loss. The abdominal wall was closed in three layers with
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running Vicryl 4-0 sutures. Therats were kept in ahumidified
incubator at 37 °C for 2 to 4 h after operation. Following this,
they were individually housed with free access to water and
food. Housing conditions were kept constant with temperature
at 22 °C, humidity of 60% and a 12-h light/dark cycle. Therats
were allowed to adjust to these conditions for 1 wk before
experiment.

Motility recordings

Ratswerefasted for 16 hwith free accesstowater. Theexperiments
were performed in conscious rats. The gastrointestinal
myoelectric activity recordings were monitored by using an
electrical swivel mechanism to a computerized, multichannel
recorde (RM-6280C, Chengdu, China). Myoel ectric activity was
sampled at arate of 1 kHz. The signals were amplified and
bandpassfiltered (frequencies above 0.3 Hz and below 100 Hz
were cut off). Theamplitudes of contractionswererecorded inpLV.

Experimental procedures

A randomized, placebo-controlled experiment was performed.
The rats were coded and divided into 2 groups, 12 in each
group. On each experimental day, at the beginning of the
experiments, the gastrointestinal myoelectric activity was
recorded for 1 hfor each rat, and during this period at least 2 or
3 MMCsappeared. The substanceswere dissolved immediately
before usein normal saline. In each group, 4 ratswere placed as
control that received placebo (vehicle), 0.2 mL salinecontaining
250 pg bovine serum albumin (BSA, Sigma). One group was
injected with porcine motilin (Sigma) via sublingual vein at a
dose of 20 pg/kg, and the other group was perfused into stomach
with UDCA (Pharmaceutical Factory of Changzhou City)
respectively. After the substances were used, the gastrointestinal
myoelectric activity of the rats was continuously recorded at
least for 2 h. After the conversion from analog to digital, the
signals were stored on optical disk for later analysis.

Statistical analysis

All variablesfollowed anormal distribution and are expressed
as mean+SD unless otherwise stated. The presented meansare
unweighted means, i.e., means of all subjects after first
cal culating the mean within each subject separately. The MMC
characteristics such as MMC cycle duration, duration of phase
[11, mean amplitude and frequency of phase 11 were examined
by usingthe ANOVA model, both beforeand after discrimination
for antral or duodend phase 1l origin effects. The homogeneity
of variancefor each variable, after being divided into antral and
duodenal phase 11 origin effects, was tested and appeared
equal. Within-subject and between-subject effectswereanadyzed
by the ANOVA model. For the MMC cycle duration, the
corresponding variance components between and within
individua swere used to cal cul ate the variance between individuals
as apercentage of thetotal variance. To explain theimportance
of the factor preceding phase Il originin thetotal variance, the
sum of squares of the factor preceding phase 111 origin was
calculated as a percentage of the total sum of squaresin the
ANOVA modd . Theeffectsof unfamiliarity with gastrointestinal
catheter studies on MMC cycle duration was examined using
the ANOVA model. Student’s t test was used to compare the
different paired values before and after the test substances
administration in the above 2 groups. Statistical significance
was defined as two-tailed P<0.05.

RESULTS

MMC characteristics of different origin

In all fasted ratstypical pattern of MM Cs were observed. The
total number of MM C cyclesrecorded was 68. The mean MMC
cycle duration was 746+140 s. In total, phase |11 cycles were

observed with 23 (33%) of antral originand 45 (67%) of duodenal
origin. Fifty-nine percent of the total variancein MMC cycle
duration was explained by the within-subject variance. The
duration and the amplitude of phase I11 were significantly
different between subjects (P<0.05; Table 1). Thelarge variation
inMMC cycledurationisvisiblein Figure 1. The MMC cycle
duration following aphase |11 of antral origin was significantly
longer than those of duodenal origin (P<0.05; Table 2). When
thefactor preceding phase 111 origin wasincluded in our model,
this factor contributed significantly to the total variation in
MMC cycle duration; 31% of the total sum of squares was
explained by thefactor preceding phase 11 in comparison to 36%
explained by the between-subject variance. The duration of
phase 1 for duodenum was significantly longer when it started
in the antrum than in the duodenum (P<0.05). The other
characteristics of MMC for duodenum were not significantly
different between the phase 111 of the above two origins.

Table 1 MMC characteristics in 24 normal rats

MMC characteristics mean=SD
MMC cycle duration/s 7461402
Duration of phase I11/s 214+53¢2
Amplitude of phase IHI/pV 287+23¢2
Frequency of phase I11/(bursts/min) 11.4+0.3

Values are shown for duodenum.?P<0.05 vs between subjects.

Table 2 MMC characteristics of different origin of ongoing
phase Il (n = 24, mean%SD)

MMC characteristics After phase Il

of antral origin

After phase Il
of duodenal origin

MMC cycle duration/s 90174 667+912
Duration of phase I11/s 271+30 186+352
Amplitude of phase I11/pV 292+17 284+25
Frequency of phase I11/ 11.2+0.5 11.6+0.2

(bursts/min)

Values are shown for duodenum. ?P<0.05 vs antral.
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Figure 1 MMC cycle duration of all subjects following phase
111.Q) antral origin; 4 | duodenal origin; Solid line: antral mean
MMC cycle duration (746.3); Dotted line: duodenal mean MMC
cycle duration (667.0).

Effects of porcine motilin and UDCA

Theeffectsof porcine motilin on theinterdigestive gagtrointesting
myoelectric activity were established within 1 to 2 min after the
injection via sublingual vein at adose of 20 ug/kg. A premature
antral phase 11 which did not migrate caudad to the duodenum
and jejunum was observed. And one injection only induced
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one premature antral phasel11. The characteristics of premature
antral phaselll weredifferent significantly from those of normal
antral phase I11. The shorter duration and higher amplitude of
premature antral phase |11 appeared (Figure 2). The effects of
UDCA ontheinterdigestive gastrointestinal myoelectric activity
were established within 3to 4 min after the stomach was perfused
of UDCA. The shorter MMC cycle duration, and the longer
duration of phaselll of duodenal origin, followed by the shorter
cycle duration and duration of antral phase 111 were observed.
There was no significant difference in the other parameters of
MMC of antrum and duodenum before and after the treatment
(Figure 3, Table 3). Furthermore, there was no significant
differencein the MM C characteristics before and after placebo
treatment in the above 2 experiments.

Table 3 Effects of UDCA on the interdigestive gastrointesti-
nal myoelectric activity (n = 8, mean+SD)

Antrum Duodenum

MMC characteristics

Before After Before After

The number of MMC 7 11 11 21
MMC cycle duration/s 885+106 800+48*  780+45 602+782
Duration of phase 111/s 161+13 113+19* 1569  241+20*

284120
3.2+0.6

288+22 285%19
11.2+1.6 11.5+1.8

Amplitude of phase I11/pV 29711
Frequency of phase I11/ 3.1+0.5
(bursts/min)

3P<0.05 vs before treatment.

20 pg/kg porcine motilin injection via sublingual vein
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Figure 2 Effects of porcine motilin on the interdigestive gas-
trointestinal myoelectric activity in one case.

UDCA perfusion

! i

A: Antrum

B: Duodenum

C: Jejunum

1mVv

1 min

Figure 3 Effects of UDCA on the interdigestive gastrointesti-
nal myoelectrical activity in one case.

DISCUSSION

Gastrointestinal motility pattern could mainly be divided into
the interdigestive and digestive states. The interdigestive state

ischaracterized by thecyclica occurrence of activity front, phase
[11 contractions, which could occur in the antrum, duodenum and
migrate to the small intestine. The digestive sate is characterized
by sustained contractionswith different amplitudein the gastric
antrum and small intestine. In our experiments, atypica pattern
of MMC in interdigestive state was observed in al rats. The
phases of the MMC can be distinguished: phase |11, motor
quiescence, phase I11, aperiod of irregular contractile activity
and phase I11, a period of rhythmic contractions. The MMC
pattern was disrupted by feeding, and irregular contractions
with different amplitude were sustained in the antrum,
duodenum and jegjunum for at least 30 min after feeding. MMC
was firstly described in the small intestine of fasting dogs and
observed in the overall gastrointestinal tract of several species,
including rats*®. In our study they have also been found in
gastric antrum and small intestine. A method that could record
the gastrointestinal myoelectrical activitiesin physiological
conditionswas established in our experiment. Themodel we have
developed seemed to be suitable for studying the gastrointestinal
myoelectric activities. The effects we obtained could be
attributed to neither sedatives nor operative stress because of
the method unableto record the gastrointestina motility without
the use of anesthesia. Furthermore, the surgical operations
werewell tolerated by the animals, especialy by small animals.
At present the method of stationary manometry was used in
most of the experiments of thisfield"®. But it is not suitable for
small animal experiments. Our method was simple, easy and
successful. Few tissue wasinjured. Severa pairs of electrodes
could be implanted and work stably and repeatedly. The
experimental techniques would be helpful for further studying
the mechanisms of gastrointestinal motility.

A typical pattern of MM C was observed in all fasted rats.
Among the totally 68 activity fronts recorded in them under
control, 67% started in the duodenum, and 33% in the antrum.
The MMC cycle duration and duration of phase Il of antral
origin were longer than those of duodenal origin. The MMCs
were subject to large variations in its characteristics, both
between subjects and within subjects. The reason for thiswide
variation is unknown. Our results contributed to a better
understanding of this variation. Our study showed that MMC
characteristics had close relationship with the origin of phase
[11. But Gregersen et al. described apositive correlation between
the duration of phase Il in the duodenum and the duration of
the next MMC cycl€e®. They could not attribute this to a
differencein origin of phaseIll, most likely due to the limited
number of observations within each subject. The percentages
of antral and duodenal originated phase |11 observed within a
subject would strongly affect the mean MMC cycle duration of
this subject aswell asthe overall mean of agroup of subjectg'®,
An explanation for the differencesin MM C cycle duration and
duration of phase 111 wasthat it might imply differencesin the
mechanism controlling interdigestive motility in antrum and
small intestine. Thismay reflect functional differencesexisting
inthe hormona mechanismsinvolved in theregulation of antral
and duodenal phase 1. It was thought that a difference might
exist in the refractory period between the gastric antrum and
small intestine, with ashorter refractory period in the duodenum
compared with the antrum. Another possible reason may be
the anatomic structure of rats. Because there is no gallbladder
in rats, bile acids secreted to duodenum directly. In addition,
our study could not explain why the density and the sensitivity
of receptor in gastrointestinal tract changed!*>31,

The mechanisms regulating MMC is not understood
completely. Previous study showed that the area postrema of
medulla oblongata, vagal innervation, enteric nervous system
and gastrointestinal hormone could regulate the MM C. Among
them motilinin plasmaplaysavery critical roleintheinitiation
of MMC. Matilin is one of the gastrointestinal hormones. It
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belongs to gut-brain peptide and distributes in the brain and
gastrointestinal tract!*+?2. Plasmalevels of the matilin fluctuate
in synchrony with the different phase of MMC. Matilin could
stimulate the gastrointestinal motility of many animals, and
therewerespeciesdifferencesinitseffectd®. After duodenectomy,
no obvious phaselll contractionswere seen in the gastric antrum,
but the contractile response of the stomach to exogenous
motilin was similar to that of intact dogg?!. This experiment
showed that endogenous motilin was released from duodenum.
One research showed that the motilin could activate calcium
current in human and canine jejunal circular smooth muscle.
Furthermore, the density and sensitivity of motilin receptor of
different parts of gastrointestinal tract were different. But
recently the close relationship between motilin and MMC of
antral but not duodenal origin was found®!. Porcine motilin
could influence the MMC of antral origin in our experiment.
Administration of 20 pg/kg porcine motilin could induce a
premature antral phase Il in rats. The characteristics of it were
different significantly from those of normal antral phaselll. But
the results of our experiments were coincident with previous
studies. Maybe the density and sensitivity of matilin receptor of
antrum were higher than those of other parts of gastrointestinal
tract!®2™¥, Some studies showed that duodenal pH governed
interdigestive motility in humans. But neither duodenal
acidification nor increasesin motilin concentration were necessary
to initiate MM C in mani®, Administration of alow dose of
erythromycin induced an MMC that started from the gastric
antrum, unaccompanied by a motilin peak. These findings
showed that the activation of motilin receptor triggered the
MMC.

Another important factor influencing MM C is enterohepatic
cycle of bile acids. The enterohepatic cycle of bile acids had
close relationship with MMC. The possible explanation was
that the development of MMC of duodenal origin was not
autonomous but dependent on the stimulation of bile acidsto
the local mucous of duodenum. Furthermore, duodenum,
possibly by releasing endogenous motilin, might recruit and
further augment the gastric response to initiation of the MMC
of antral origin?”??, So there are maybe two mechanisms for
initiation of MMC in the stomach and duodenum. In our
experiment perfusion into stomach of rats with UDCA could
shorten the MMC cycle duration and elongate the duration of
phase |11 of duodenal origin, which was followed by the
contractions of antrum within a short time. We suggest that
UDCA may drain into the duodenum influencing the MM C of
duodenal origin and stimul ate the rel ease of endogenous motilin
from the mucous of duodenum, because crushing the
gdl Ibladder of patient during operation could g ect the bile acids
and induce a higher level of plasma moatilin. On the contrary,
some researchers thought that bile aids in duodenum could
not induce the release of motilin and affect the MM C!®., In the
study of patients with gallstone, the motilin in plasma did not
decrease obviously vs control group. But according to the
above supposition, we could infer that the motilin in plasma
should decrease obviously compared with control group
because the motility of gallbladder decreased in most of the
patients. The results obtained from this experiment did not
coincident with those of previousexperiments. Another research
showed that the kinetics of duodenum did not change significantly
after cholecystectomy. So these studies did not support the
local stimulatory theory3%3, But one study showed that the
occurrence of MMC had close relationship with the increase of
the plasma concentration of motilin and bile acids. Maybe it
could explain the contradiction in this respect to some extent!™.
But our study could not draw this conclusion.

Gastrointestinal motility disorder is common in clinical
practice, and studying the mechanisms of it is very important
to its diagnosis and therapy. Our study showed that the

mechanisms of different origin of phase I1l may be different and
porcine motilin and UDCA could affect the MMC of different
origin of the gastrointestinal tract in fasting state respectively.
This may provide novel treatments for patients with disturbed
gut motility.

REFERENCES

1  Gielkens HA, Nieuwenhuizen A, Biemond I, Lamers CB,
Masclee AA. Interdigestive antroduodenal motility and gas-
tric acid secretion. Aliment Pharmacol Ther 1998; 12: 27-33

2 Bush TG, Spencer NJ, Watters N, Sanders KM, Smith TK.
Spontaneous migrating motor complexes occur in both the
terminal ileum and colon of the C57BL/6 mouse in vitro. Auton
Neurosci 2000; 84: 162-168

3 Suzuki H, Mochiki E, Haga N, Satoh M, Mizumoto A, Itoh Z.
Motilin controls cyclic release of insulin through vagal cholin-
ergic muscarinic pathways in fasted dogs. Am J Physiol 1998;
274(1 Pt 1): G87-95

4 Powell AK, Fida R, Bywater RA. Moatility in the isolated mouse
colon: migrating motor complexes, myoelectric complexes and
pressure waves. Neurogastroenterol Motil 2003; 15: 257-266

5 Kaji T, Takamatsu H, Kajiya H. Motility of the gastrointesti-
nal tract and gallbladder during long-term total parenteral
nutrition in dogs. J Parenter Enteral Nutr 2002; 26: 198-204

6  Romanski KW, Rudnicki J, Slawuta P. The myoelectric activ-
ity of ileum in fasted and fed young pigs. J Physiol Pharmacol
2001; 52(4 Pt 2): 851-861

7  Matsunaga H, Tanaka M, Takahata S, Ogawa Y, Naritomi G,
Yokohata K, Yamaguchi K, Chijiiwa K. Manometric evidence
of improved early gastric stasis by erythromycin after pylorus-
preserving pancreatoduodenectomy. World J Surg 2000; 24:
1236-1241

8  Andrews JM, O’donovan DG, Hebbard GS, Malbert CH, Doran
SM, Dent J. Human duodenal phase Il migrating motor com-
plex activity is predominantly antegrade, as revealed by high-
resolution manometry and colour pressure plots. Neurogastroenterol
Motil 2002; 14: 331-338

9  Gregersen H, Rittig S, Vinter-Jensen L, Kraglund K. The rela-
tion between antral contractile activity and the duodenal com-
ponent of the migrating motility complex. Scand J Gastroenterol
Suppl 1988; 152: 36-41

10 Qian LW, Pasricha PJ, Chen JD. Origins and patterns of spon-
taneous and drug-induced canine gastric myoelectrical
dysrhythmia. Dig Dis Sci 2003; 48: 508-515

11 Luiking YC, Akkermans LM, van der Reijden AC, Peeters TL,
van Berge-Henegouwen GP. Differential effects of motilin on
interdigestive motility of the human gastric antrum, pylorus,
small intestine and gallbladder. Neurogastroenterol Motil 2003;
15: 103-111

12 Koenig JB, Cote N, LaMarre J, Harris WH, Trout DR, Kenney
DG, Monteith G. Binding of radiolabeled porcine motilin and
erythromycin lactobionate to smooth muscle membranes in
various segments of the equine gastrointestinal tract. Am J Vet
Res 2002; 63: 1545-1550

13 Depoortere I. Motilin and motilin receptors: characterization
and functional significance. Verh K Acad Geneeskd Belg 2001; 63:
511-529

14 Wang L, Zhou L, Tian R. Role of the area postrema of medulla
oblongata in the regulation of canine interdigestive migrating
motor complex. Chin Med J 2002; 115: 384-388

15 Wang L, Zhou L, Tian R. Effect of electrical lesion of the area
postrema on gastrointestinal interdigestive migrating motor
complex in conscious dogs. Zhonghua Yixue Zazhi 2000; 80:
764-768

16 Hashmonai M, Szurszewski JH. Effect of cerebroventricular
perfusion of bombesin on gastrointestinal myoelectric activity.
Am J Physiol 1998; 274(4 Pt 1): G677-686

17 GuanY, Tang M, Jiang Z, Peeters TL. Excitatory effects of
motilin in the hippocampus on gastric motility in rats. Brain
Res 2003; 984: 33-41

18 Tang M, Zhang HY, Jiang ZY, Xu L, Peeters TL. Effect of
central administration of motilin on the activity of gastric-
related neurons in brain stem and gastric motility of rats. Shengli



Fang P et al. Effects of MTL and UDCA on MMC of rats

2513

19

20

21

22

23

24

25

26

Xuebao 2000; 52: 416-420

Romanski KW. Influence of various feeding conditions, the
migrating myoelectric complex and cholinergic drugs on antral
slow waves in sheep. Arch Tierernahr 2002; 56: 393-408
Tanaka T, Kendrick ML, Zyromski NJ, Meile T, Sarr MG. Vagal
innervation modulates motor pattern but not initiation of ca-
nine gastric migrating motor complex. Am J Physiol Gastrointest
Liver Physiol 2001; 281: G283-G292

Tanaka T, VanKlompenberg LH, Sarr MG. Selective role of
vagal and nonvagal innervation in initiation and coordination
of gastric and small bowel patterns of interdigestive and post-
prandial motility. J Gastrointest Surg 2001; 5: 418-433
Tanaka T, Zyromski NJ, Libsch KD, Kendrick ML, Sarr MG.
Canine ileal motor activity after a model of jejunoileal
autotransplantation. Ann Surg 2003; 237: 192-200

Sasaki N, Yoshihara T. The effect of motilin on the regulation
mechanism of intestinal motility in conscious horses. J Vet Med
Sci 1999; 61: 167-170

Suzuki H, Mochiki E, Haga N, Shimura T, Itoh Z, Kuwano H.
Effect of duodenectomy on gastric motility and gastric hor-
mones in dogs. Ann Surg 2001; 233: 353-359

Luiking YC, Peeters TL, Stolk MF, Nieuwenhuijs VB, Portincasa
P, Depoortere I, van Berge Henegouwen GP, Akkermans LM.
Motilin induces gall bladder emptying and antral contractions
in the fasted state in humans. Gut 1998; 42: 830-835

Tomita R, Fujisaki S, Tanjoh K, Fukuzawa M. Studies on gas-
trointestinal hormone and jejunal interdigestive migrating mo-
tor complex in patients with or without early dumping syn-
drome after total gastrectomy with Roux-en-Y reconstruction
for early gastric cancer. Am J Surg 2003; 185: 354-359

27

28

29

30

31

32

33

Kajiyama Y, Irie M, Enjoji A, Ozeki K, Ura K, Kanematsu T.
Role of bile acids in duodenal migrating motor complexes in
dogs. Dig Dis Sci 1998; 43: 2278-2283

Van Ooteghem NA, Van Erpecum KJ, Van Berge-
Henegouwen GP. Effects of ileal bile salts on fasting small
intestinal and gallbladder motility. Neurogastroenterol Motil
2002; 14: 527-533

Einarsson C, Ellis E, Abrahamsson A, Ericzon BG, Bjorkhem |,
Axelson M. Bile acid formation in primary human hepatocytes.
World J Gastroenterol 2000; 6: 522-525

van Ooteghem NA, Moschetta A, Rehfeld JF, Samsom M, van
Erpecum KJ, van Berge-Henegouwen GP. Intraduodenal con-
jugated bile salts exert negative feedback control on gallblad-
der emptying in the fasting state without affecting cholecysto-
kinin release or antroduodenal motility. Gut 2002; 50: 669-674
Stolk MF, Van Erpecum KJ, Peeters TL, Samsom M, Smout
A, Akkermans LM, Vanberge-Henegouwen GP. Interdigestive
gallbladder emptying, antroduodenal motility, and motilin re-
lease patterns are altered in cholesterol gallstone patients. Dig
Dis Sci 2001; 46: 1328-1334

Andersen PV, Mortensen J, Oster-Jorgensen E, Rasmussen L,
Pedersen SA, Qvist N. Cholecystectomy in patients with nor-
mal gallbladder function did not alter characteristics in duode-
nal motility which was not correlated to size of bile acid pool.
Dig Dis Sci 1999; 44: 2443-2448

Portincasa P, Peeters TL, van Berge-Henegouwen GP, van
Solinge WW, Palasciano G, van Erpecum KJ. Acute intraduodenal
bile salt depletion leads to strong gallbladder contraction, al-
tered antroduodenal motility and high plasma motilin levels in
humans. Neurogastroenterol Motil 2000; 12: 421-430

Edited by Zhu LH and Chen WW Proofread by Xu FM



