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Introduction

Gallstone formation is a well-known long-term com-
plication after gastric operations.1–4 Several factors have
been suggested to contribute to gallstone formation.
Truncal vagotomy reduces gallbladder tone and impairs
its contractile activity,5,6 possibly resulting in bile stasis
and retrograde infection through the sphincter of Oddi
(SO).7 On the other hand, the presence of the stomach
per se is also likely to affect biliary and duodenal motil-
ity. Mechanical or electrical stimulation of the stomach
influenced the SO tone, and gastrectomy changed bile
flow dynamics.8,9 Ura et al.10 showed that antrectomy
without vagotomy changed the cyclic motility of the
gallbladder. Thus, gastric motility and/or gastroduode-
nal continuity may be a significant factor in the control
of biliary motility.

In most mammalian species during fasting, the lower
esophageal sphincter, stomach, and small intestine ex-
hibit a characteristic cyclic pattern of motor and myo-
electric activity, called the migrating motor complex
(MMC), which consists of four distinct phases, from
phase I to phase IV.11,12 The SO plays an important role
in bile delivery to the duodenum and in the prevention
of duodenobiliary reflux.13 It is well known that the
SO exhibits phasic contractions superimposed on basal
pressure.14,15 During fasting, the SO phasic contractions
and basal pressure exhibit a cyclic change, in coordina-
tion with the gastrointestinal MMC.16,17 A marked dif-
ference between the MMC and SO cyclic motility is that
the SO continues to contract even during the quiescence
of phase I of the MMC. On the other hand, the SO and
duodenum show concurrent strong contractile activity
during phase III of the MMC.

Purpose. We previously reported significant changes in
sphincter of Oddi cyclic motility after proximal duode-
nal transection and anastomosis. However, the role of
intrinsic myoneural continuity between the antrum and
duodenum in this respect is not understood. The aim of
this study was to elucidate the effects of prepyloric gas-
tric transection on sphincter of Oddi motility in animals
in the conscious state. Methods. Pressures in the bile
duct, duodenum, stomach, and sphincter of Oddi and
their response to an injection of cholecystokinin-
octapeptide were measured in four conscious dogs, with
a duodenal cannula, before and after gastric transection
and anastomosis 1.5cm proximal to the pylorus.
Results. Gastric transection did not affect the initiation
and propagation of the gastroduodenal migration
motor complex. Biliary pressure (5.7 � 0.15 to 5.5 �
0.2mmHg; P � 0.91), sphincter of Oddi basal pressure
(10.6 � 0.3 to 10.7 � 0.2mmHg; P � 0.97), and ampli-
tude (26.0 � 1.2 to 32.9 � 1.7 mmHg; P � 0.304) did
not change after gastric transection. Biliary pressure
decreased from phase II to phase III of the duodenal
migrating motor complex. Cholecystokinin-octapeptide
inhibited sphincter of Oddi phasic waves before and
after gastric transection. Conclusions. Intrinsic myo-
neural transection at the prepyloric region does not
influence sphincter of Oddi cyclic motility. Preservation
of pyloroduodenal myoneural continuity in pylorus-
preserving gastrectomy would be beneficial to maintain
normal sphincter of Oddi motility.
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Extrinsic nerves and gastrointestinal hormones have
been reported to affect SO motility. Truncal vagotomy
increased the amplitude and frequency of SO phasic
activity in anesthetized prairie dogs.18 Cholecystokinin
(CCK) has varying effects on the SO, depending on
species.14,19–22 In dogs and humans, CCK normally inhib-
its SO activity.21,22 However, the effect of CCK on the
SO becomes excitatory after distal gastrectomy in hu-
mans.23,24 Moreover, it was also reported that transloca-
tion of the papilla to the jejunum25 changed SO motility.
Our recent study also showed that duodenal transection
and anastomosis 1cm distal to the pylorus reduced the
SO basal pressure and reversed the SO response to
CCK, from inhibition to stimulation and from reduction
of the basal pressure to elevation.26 These observations
suggest that intrinsic myoneural continuity between the
SO and duodenum and/or stomach may play a role in
controlling SO motility. However, it has not been clari-
fied whether gastric myoneural continuity plays a prin-
cipal role in this fine control of SO basal pressure and
the SO response to CCK. Accordingly, we carried out
this study, aiming to further elucidate the effects of
prepyloric gastric transection (GTX) on: (1) interdiges-
tive cyclic motility of the SO, duodenum, and stomach
in conscious dogs, and (2) the SO response to CCK-
octapeptide (CCK-OP). We chose a canine model be-
cause the relevant anatomy and physiological functions
are similar to those in humans.27,28

Methods

Preparation of animals

This experimental protocol was reviewed by the Com-
mittee of Ethics on Animal Experiments at Kyushu
University Faculty of Medicine, and the study was car-
ried out according to the Guidelines for Animal Experi-
ments at Kyushu University Faculty of Medicine.

A chronic model for obtaining long-term recording
of SO motility was prepared in four male mongrel dogs
(weight, 13–20 kg). They underwent celiotomy under
intravenous anesthesia with 25 mg/kg of pentobarbital
sodium. A modified Thomas cannula was implanted
into the duodenum opposite the major papilla, as de-
scribed previously.16 The cannula was closed with a rub-
ber plug to allow the dog to take normal food between
the experiments. The dogs were allowed to recover for
at least 14 days before recordings were done.

After several baseline recordings with and without
the administration of CCK-OP, as described later, each
dog was reoperated through the previous incision,
avoiding any injury to the lesser and greater curvatures.
Vagal innervation to the stomach was carefully pre-
served. Gastric transection and anastomosis were per-

formed 1.5 cm proximal to the pylorus, with two-layer
4-0 polyglycolic acid sutures. The dog was given total
parental nutrition for 4 days after GTX. SO manometry
was performed at least 14 days after GTX. All the ex-
periments ended within 4 weeks after GTX, because
regeneration of intrinsic nerves is known to take place
after 1 month.29

Manometric system

A double-lumen catheter with a short end-to-side
guidewire channel at its tip (Star Medical, Tokyo,
Japan) was used for retrograde SO manometry. The
outer diameter of the catheter was 1.7 mm and the inner
diameter of each lumen was 0.5mm. Two recording
orifices, each 0.5 mm in diameter, were located 20 and
50 mm, respectively, from the tip of the catheter, and
were used for manometry of the common bile duct
(CBD) and SO, respectively. Two single-lumen side-
hole polyethylene catheters were inserted for manom-
etry of the stomach and duodenum. Each lumen of the
catheter was infused with distilled water, at a rate of
0.2 ml/min, using a low-compliance pneumohydraulic
capillary infusion system connected to a pressure trans-
ducer (DX-360; Ohmeda Medical Devices Division,
Singapore). The pressures were recorded in a personal
computer system (Macintosh Power Book 145B; Apple
Computer, Cupertino, CA, USA). Pressure required to
overcome catheter resistance and hydrostatic pressure
generated by placing the recording orifices at the level
of the SO was set at zero reference. Abrupt occlusion of
the recording orifices gave a pressure rise rate of more
than 300 mmHg per s, and this system was able to trace
more than 40 contractions per min. The pressure
monitoring system is shown in Fig. 1.

Preparation of drug

CCK-OP sulfate (C2175; Sigma Chemical, St. Louis,
MO, USA) was prepared in saline, at a concentration of
1000ng/ml, and frozen at �70°C until use.

Conduct of experiment

Interdigestive recording
Each dog was fasted for at least 18 h, with free access to
water, and placed in a Pavlov sling in a fully conscious
state without any sedation. After the rubber plug of
the Thomas cannula was removed, the catheters were
inserted through the cannula into the CBD, stomach,
and duodenum. First, an 0.018-inch guidewire (Cook,
Bloomington, IN, USA) was gently inserted into the
CBD to facilitate subsequent passage of the manometric
catheter into the CBD over the guidewire. A single-
lumen polyethylene catheter was placed in the duode-
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num at the level of the papilla, and another such catheter
was placed into the gastric antrum. The cannula was
closed with a rubber plug that had three holes for the
manometric catheters. With the use of a stationary pull-
through technique, the proper position of the recording
orifice was confirmed by the characteristic tracings of
the SO. In each dog, four cycles of the MMC were
obtained before and after GTX.
Intravenous injection of CCK-OP
After the recording of the interdigestive MMC,
20 ng/kg of CCK-OP was injected as an intravenous
bolus 20min after the end of phase III; the recording
was continued for at least 10min after the injection of
CCK-OP.

Analysis of data

Analysis of spontaneous motility of SO and duodenum
Manometric recordings from the CBD, SO, duodenum,
and stomach were analyzed by visual inspection. The
duodenal MMC was divided into four phases, according
to the criteria defined by Carlson et al.30 The cycle
period of the MMC was defined as the time elapsed
from the end of duodenal phase III until the end of the
next phase III at the same recording site. The parameter
of SO and CBD motility was defined as follows. The
basal pressure of the SO was defined as the trough
pressure between the phasic contractions. The ampli-
tude was measured as the value from the basal pressure
to the peak of SO contractions. Each period of the
MMC was divided into 5% intervals, and the means of
the SO basal pressure, amplitude of the SO phasic
waves, and CBD pressures were calculated for each of

the 5% intervals. The mean CBD pressure value was
also calculated. These three values were calculated
with the use of a Macintosh computer application
(MacLab; AD Instruments, Castle Hill, NSW, Austra-
lia) and expressed as the standardized MMC cycle.
For comparisons of the effects of GTX, the average SO
basal pressure, average amplitude, and average CBD
pressure throughout the MMC cycle were also
calculated.
Effect of CCK-OP on SO motility
The effect of CCK-OP on SO motility was determined
in terms of relaxation or contraction, and in terms of
changes in the basal pressure and amplitude of the SO
phasic waves.
Statistical analysis
The period of the MMC cycle and frequency of the SO
phasic contractions, the basal pressure and amplitude of
the SO phasic contractions, and the CBD pressure were
analyzed using analysis of variance (ANOVA). These
analyses were conducted using Statview J4.5 software
(Abacus Concepts, Berkeley, CA, USA) for the
Macintosh computer. All data values were expressed as
means � SEM. A difference in mean values was re-
garded as significant when the two-tailed P value was
less than 0.05.

Results

General aspects

All control and GTX dogs had normal appetites and
bowel movements. All experimental data utilized in
this study were obtained when the dogs appeared
healthy.

SO cyclic motility and gastroduodenal MMC
before GTX

We recorded 19 cycles of the MMC from the four dogs
before GTX. Phase III started in the stomach and then
appeared sequentially in the duodenum in 16 of the
19 cycles. In the other 3 cycles, phase III began in the
duodenum. During duodenal phase I, the SO continued
to exhibit low-amplitude phasic contractions, while gas-
tric and duodenal contractions were scarcely observed.
The contractions gradually increased at all sites of
recording during phase II. During phase III, the SO,
stomach, and duodenum showed vigorous contractions
of maximal amplitude and frequency (Fig. 2A). The
configuration of phase III was characterized by re-
peated brief periods of inhibition of the SO and duo-
denal contractions at the time of gastric contractions
(Fig. 3A). Fluctuations of CBD pressure were caused by
the dog’s movement and/or respiration.

Fig. 1. Arrangement of the pressure monitoring system.
A double-lumen catheter was inserted for manometry of the
common bile duct and the sphincter of Oddi (SO). Two
single-lumen catheters were inserted for manometry of the
stomach and the duodenum. The pressures were recorded by
computer



T. Nabae et al.: SO motility after gastric transection 533

SO cyclic motility and gastroduodenal MMC
after GTX

We recorded 16 cycles of the MMC from the four
dogs after GTX. Phase III started in the stomach
and then appeared sequentially in the duodenum in
11 of the 16 cycles. In the other five cycles, phase III
began in the duodenum. Figure 2B shows typical
recordings of an MMC cycle after GTX. The gastric
and duodenal phase III occurred simultaneously. The
SO continued to show low-amplitude contractions
during phases I and II, as had occurred before GTX.
During phase III, the SO showed maximal contrac-

tions, as did the stomach and duodenum. The con-
figuration of phase III showed repeated inhibitions of
the SO and duodenal contractions in concert with
the gastric contractions, as had occurred before GTX
(Fig. 3B).

Effect of GTX on SO motility

Cycle length of SO motility and duodenal MMC
The cycle length of SO cyclic motility and the duo-
denal MMC was 101 � 18min (n � 16) before GTX
and 108 � 5min (n � 16) after GTX. The difference in

Fig. 2A,B. Manometric recordings
from the stomach (ST), duodenum
(DU), sphincter of Oddi (SO), and
common bile duct (CBD) A before
and B after gastric transection. The
cyclic change in SO motor activity,
coordinated with the gastric and
duodenal activities, is clearly seen.
The SO continued to show low-
amplitude contractions during phase
I and phase II before and after
gastric transection. During phase III,
the SO showed vigorous contrac-
tions of maximal amplitude before
and after gastric transection
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cycle length was not significant (P � 0.715). The dura-
tion of phase III before GTX (15.3 � 0.9min) was not
different from that after GTX (16.0 � 0.9 min; P �
0.465).
Frequency of SO phasic contractions during duodenal
phase III
The frequency of the SO phasic contractions was 18.0 �
0.5/min before GTX. The frequency of the SO phasic
waves remained unchanged after GTX, being 17.9 �
0.7/min (P � 0.999).
Common bile duct (CBD) pressure
The change in CBD pressure during a standardized
MMC cycle is shown in Fig. 4A. CBD pressures gradu-
ally decreased from 0% MMC to 50% MMC before
GTX. After GTX, this variation did not change. The

mean CBD pressures throughout the whole MMC
cycle, before and after GTX, were 5.5 � 0.2 and 5.7 �
0.2mmHg, respectively (P � 0.909).
SO basal pressure
The change in the SO basal pressure during a
standardized MMC cycle before and after GTX is
shown in Fig. 4B. Before GTX, the basal pressure
varied cyclically, being stable during phase I and
phase II, but becoming low from the end of phase II
to phase III (50% MMC to 80% MMC). After
GTX, this feature of the SO cyclic change remained
unchanged. The mean SO basal pressure throughout
the MMC cycle before and after GTX was 10.6
� 0.2 and 10.7 � 0.3mmHg, respectively (P �
0.975).

Fig. 3A,B. Expanded tracings ob-
tained during phase III A before and
B after gastric transection. The sph-
incter of Oddi (SO) and duodenum
(DU) exhibited intermittent inhibi-
tions concurrent with the contrac-
tions of the stomach (ST) before and
after gastrectomy. CBD, Common
bile duct

Fig. 4A–C. Comparisons of A mean CBD pressure, B mean SO basal pressure, and C mean SO amplitude before (open squares)
and after (filled circles) a standardized migrating motor complex (MMC) cycle. The CBD pressure gradually decreased from
phase I to phase III before and after gastric transection (GTX). The SO basal pressure also decreased from phase II to phase III.
The SO amplitude gradually increased from phase I to phase III. This type of cyclic motility did not change after GTX



T. Nabae et al.: SO motility after gastric transection 535

Amplitude of SO phasic contraction
The cyclic change in the amplitude of SO phasic waves
is shown in Fig. 4C. Before GTX, the SO amplitude
gradually increased from phase I to phase II, and
reached the maximum during phase III. After GTX, this
variation remained unchanged. The mean SO ampli-
tude throughout the whole cycle tended to increase, but
the difference was not significant, being 26.0 �
1.2 mmHg before GTX and 32.9 � 1.7 mmHg after GTX
(P � 0.304).
Responses to CCK-OP
Before GTX, CCK-OP abolished SO phasic contrac-
tions for less than 30 min (n � 16). After the inhibition,
the SO showed increased contractile activity (Fig. 5A).
The stomach and duodenum exhibited a very slight in-
crease in contractile activity after the CCK-OP injec-
tion. After GTX, CCK-OP, similarly, inhibited the SO
phasic contractions (n � 16) (Fig. 5B). The effect of
CCK-OP on the gastric and duodenal motility showed
no remarkable change.

Discussion

The present study showed that: (1) the temporal coordi-
nation of the MMC between the stomach, duodenum,
and SO did not change after GTX, (2) the CBD pres-
sure, SO basal pressure and amplitude during the
duodenal MMC showed a cyclic change before GTX,
and this change did not disappear after GTX, (3) the
mean CBD pressure, mean SO basal pressure and am-
plitude did not change significantly before and after
GTX, and (4) CCK-OP exerted an inhibitory effect on
SO motility before and after GTX.

In the neurally intact gut, the gastric MMC was
followed by the duodenal MMC. The mechanism of
this coordination is not completely understood. Possible
mechanisms include extrinsic innervation,31–33 hor-
mones,34 and/or intrinsic myoneural continuity. Simulta-
neous recording of the intraluminal pressures in the
stomach, duodenum, CBD, and SO has enabled us to
realize the precise coordination of gastroduodenal
and biliary motility. In our study, only gastropyloric
myoneural continuity was severed, and the temporal
coordination of the initiation of phase III between the
stomach and duodenum remained unchanged. Tanaka
et al.35 also showed that proximal duodenal transection,
0.5 cm distal to the pylorus, did not alter the period of
the MMC and the temporal coordination of phase III
between the stomach and duodenum. These data show
that gastroduodenal intrinsic myoneural continuity is
not essential for the temporal coordination of the gas-
troduodenal MMC.

Baseline recordings in this study showed repeated
inhibitions of SO and duodenal motility during phase
III activity of the MMC. Our data clearly showed that
this intermittent quiescence occurred at the time of
gastric contraction. This observation has also been
reported by other investigators. Wyatt9 was the first to
demonstrate that contractions of the gastric antrum
often resulted in relaxation of the sphincter of Oddi
and increased bile flow. The simultaneous coordination
between each contraction of the antrum and quiescence
of the duodenum and SO suggests that these two phe-
nomena may be related to a neural reflex mechanism,
rather than to hormonal mechanisms, which would
take longer to reach the target organ and be unable to
control the fine temporal coordination. Our study

Fig. 5A,B. Responses of pressures in
the common bile duct (CBD), sphinc-
ter of Oddi (SO), stomach (ST), and
duodenum (DU) to a bolus injection
of cholecystokinin octapeptide
(CCK-OP) A before and B after
GTX. After GTX, CCK-OP abol-
ished SO phasic contractions, as had
occurred before GTX
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showed that this coordination did not disappear after
GTX, indicating that extrinsic neural pathways and/or
duodenal intrinsic nerves, rather than gastric intrinsic
nerves, play a principal role in controlling this phenom-
enon. Previous studies demonstrated that these inter-
mittent inhibitions of the duodenal activity during
phase III of the MMC disappeared after cervical vagal
cooling31 and after proximal duodenal transection and
anastomosis.26

We showed the presence of a cyclic change in CBD
pressure, as well as in SO motility, in association with
the MMC cycle in conscious dogs. The CBD pressure
and SO basal pressure exhibited a parallel change dur-
ing the MMC, being stable during 0%–50% of the
MMC and gradually decreasing from 50%–80% of the
MMC. The SO amplitude gradually increased and
reached the maximum during 80%–95% of the MMC.
These cyclic changes in SO motility may play a role in
delivering bile into the duodenum. Matsumoto et al.36

and Ura et al.10 showed a cyclic change in gallbladder
motor activity as well. The gallbladder contracts from
the end of phase II to phase III. At the time of the
gallbladder contractions, gallbladder bile flows into the
CBD and is delivered into the duodenum through
the SO. Both gallbladder contractions and SO relax-
ation are important in bile delivery into the duodenum.
The decrease in SO basal pressure observed in this ex-
periment seems natural for delivering bile into the
duodenum. Because the CBD has no contractile activ-
ity,15 the decrease in CBD pressure from phase II to
phase III is thought to reflect the decrease in SO basal
pressure.

SO motility is regulated, at least in part, by some
kinds of intrinsic neural pathways. Shimura et al.37

showed that excitatory intramural pathways between
the SO and duodenum were primarily cholinergic, but
contained an adrenergic component. Helm et al.38

showed that the opossum SO was innervated by intra-
mural cholinergic excitatory nerves and nonadrenergic
noncholinergic inhibitory nerves. More recently, non-
adrenergic, noncholinergic inhibitory nerves, mediated
by nitric oxide, were proved to regulate interdigestive
SO motility.39,40 Moreover, the existence of long neural
projections between the SO and duodenum has also
been reported.41 We found that mean CBD pressure,
SO basal pressure and amplitude did not change
significantly after GTX. This result indicates that the
intrinsic neural pathways at the prepyloric region may
not have an influence on SO motility.

A variety of gut hormones and peptides are known to
affect SO motility and the gastrointestinal MMC.14,19–20

In our study, the effect of CCK-OP on the SO was
tested before and after GTX. CCK and CCK-OP are
well known relaxants of the SO in dogs.21 The inhibitory
effect of cerulein, an analogue of CCK, on the canine

SO reverses to excitation after gastrectomy.24 Although
CCK has a direct excitatory effect on gut smooth
muscle, there is another inhibitory pathway, only in
the SO.38–40 Our recent experiment showed that CCK
exhibited a “paradoxical” response, contraction instead
of relaxation, after proximal duodenal transection and
anastomosis in conscious dogs.26 In the present study,
GTX did not change the effect of CCK on the SO.
These two observations suggest that the proximal
duodenal region may include inhibitory neural path-
ways mediated by CCK, but the prepyloric area of the
stomach does not contain neural pathways affecting SO
motility.

In this experiment, we showed that prepyloric gastric
transection did not change the cyclic variation of SO
motility in conscious dogs. Prepyloric gastric transec-
tion and preservation in pyloroduodenal continuity are
the chief procedures in pylorus-preserving gastrectomy
(PPG), first employed by Maki et al.42 and accepted for
the treatment of peptic ulcer and early gastric cancer.42,43

Although the preservation of pyloric function is claimed
to help prevent the occurrence of cholelithiasis after
gastrectomy,42 whether or not the rate of cholelithiasis
after PPG decreases is still controversial. With regard
to motor functions of the biliary tract, Enjoji et al.44

showed that gallbladder motility did not change after
PPG. The present data, showing that prepyloric gastric
transection did not affect SO motility in a chronic ani-
mal model, would seem to provide further support for
the idea that PPG prevents postgastrectomy cholelithi-
asis. However, the role of the antrum in the SO function
was not evaluated in our study. Further experiments
are necessary to elucidate the real effect of PPG on SO
cyclic motor function.
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