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Abstract
AIM: To investigate the effects of gastric pacing on gastric
emptying and plasma motilin level in a canine model of gastric
motility disorders and the correlation between gastric
emptying and plasma motilin level.

METHODS: Ten healthy Mongrel dogs were divided into:
experimental group of six dogs and control group of four
dogs. A model of gastric motility disorders was established
in the experimental group undergone truncal vagotomy
combined with injection of glucagon. Gastric half-emptying
time (GEt1/2) was monitored with single photon emission
computerized tomography (SPECT), and the half-solid test
meal was labeled with an isotope-99mTc sulfur colloid. Plasma
motilin concentration was measured with radioimmunoassay
(RIA) kit. Surface gastric pacing at 1.1-1.2 times the intrinsic
slow-wave frequency and a superimposed series of high
frequency pulses (10-30 Hz) was performed for 45 min daily
for a month in conscious dogs.

RESULTS: After surgery, GEt1/2 in dogs undergone truncal
vagotomy was increased significantly from 56.35±2.99 min
to 79.42±1.91 min (P<0.001), but surface gastric pacing
markedly accelerated gastric emptying and significantly
decreased GEt1/2 to 64.94±1.75 min (P<0.001) in animals
undergone vagotomy. There was a significant increase of
plasma level of motilin at the phase of IMCIII (interdigestive
myoelectrical complex, IMCIII) in the dogs undergone bilateral
truncal vagotomy (baseline vs vagotomy, 184.29±9.81 pg/ml
vs 242.09±17.22 pg/ml; P<0.01). But plasma motilin
concentration (212.55±11.20 pg/ml; P<0.02) was decreased
significantly after a long-term treatment with gastric pacing.
Before gastric pacing, GEt1/2 and plasma motilin concentration
of the dogs undergone vagotomy showed a positive
correlation (r=0.867, P<0.01), but after a long-term gastric
pacing, GEt1/2 and motilin level showed a negative correlation
(r=-0.733, P<0.04).

CONCLUSION: Surface gastric pacing with optimal pacing
parameters can improve gastric emptying parameters and
significantly accelerate gastric emptying and can resume
or alter motor function in a canine model of motility
disorders. Gastric emptying is correlated well with plasma
motilin level before and after pacing, which suggests that

motilin can modulate the mechanism of gastric pacing by
altering gastric motility.
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INTRODUCTION
The incidence of gastric motility disorder has been increasing,
but the mechanisms of the development of this disease remain
obscure, and specific and effective therapy are lacking. The
current treatment mainly relies on conventional prokinetic
agents. However, some patients with motility disorder can not
undergo a chronic treatment with prokinetic drugs because of
their side effects[1-3]. In addition, tachyphylaxis may occur
sooner or later and refractoriness to prokinetic agents is
observed in a large number of patients. The limited efficacy of
drugs in gastric motility disorder has led investigators to
examine the effect of gastric pacing on gastric emptying. In
the wake of cardiac pacing ,some investigators hope that gastric
pacing would be a new way to treat refractory gastric motility
disorder. The role of gastric pacing with application of
implanted gastric serosa electrodes, suction intraluminal
electrodes or gastric mucosal electrodes in gastrointestinal (GI)
tract has been greatly discussed in western countries[4-23]. Most
studies were restricted to animal experiments because of the
invasiveness, substantial risk, and complications associated
with the surgical procedure. Howerer, the study of surface
gastric pacing was rarely reported in medical literature. To
determine the therapeutic efficacy of surface gastric pacing,
we combined bilateral truncal vagotomy with administration
of glucagon to establish a canine model of gastric motility disorder.
Then, we observed the effects of surface gastric pacing on gastric
emptying and plasma motilin level before and after pacing,
and also explored the possible mechanism of gastric pacing.

MATERIALS AND METHODS
Animals and surgical preparation
Ten healthy Mongrel dogs were divided into: experimental
group of six dogs (four males and two females) 12.5-17.5
(average 14.5) kg and control group of four dogs (two males
and two females) 13.0-17.0 (average 15.5) kg. Bilateral truncal
vagotomy was performed in the experimental group under
aseptic conditions with intravenous anaesthesia of pentobarbital
sodium after an overnight fasting. The initial dosage of the
anesthetics was 30 mg/kg,which was supplemented with 3 mg/kg
if necessary on the basis of corneal reflex. Artificial ventilation
was given during surgery. After surgery, the animal was first
transferred to an intensive care cage for a few hours and then
to the regular cage after a complete recovery from anesthesia.
The protocal was approved by the Institution of Animal Care
of the Third Military Medical University.

Experimental procedure
The dogs were allowed to recover completely from surgery
for 2 to 3 wk before any study. The study was conducted in



420                  ISSN 1007-9327      CN 14-1219/ R        World J Gastroenterol    February 1, 2004   Volume 10   Number 3

three sessions for each dog and experiments were performed
on all the dogs in awake state. The dogs stood quietly on a table
in a canvas support sling when gastric pacing was administered
and gastric emptying was assessed. In the first session, we
established the basic characteristics for gastric emptying in
both control dogs and experimental dogs. In the second
session, an intravenous injection of glucagon (500 µg/kg)[4,24]

was administered. Gastric emptying of semi-solid food was
monitored in all 10 dogs in the first 5 min after glucagon
injection. Three days later, a second experiment with glucagon
was performed, and we utilized gastic pacing to observe if the
effects on drug could be altered, and gastric emptying was
monitored for 2 h with gastric pacing. In the third session,
gastric pacing was performed for 45 min after meal daily for a
month in dogs of the experimental group to observe the chronic
efficacy of a long-term treatment with gastric pacing, and gastric
emptying was assessed for 2 h after cessation of gastric pacing.

Gastric pacing
In order to simulate the basic electrical rhythm (BER) and
induce release of acetylcholine from intramural cholinergic
fibers, gastric pacing stimulus consisted of two signals: a
continuous similar-sine basic wave with a low-frequency
(1.1-1.2 times the intrinsic slow-wave frequency) and a
superimposed series of high frequency pulses (10-30 Hz), the
number of a series of pluse was 15-40/cycle. The pacing signals
from a pacemaker were delivered with a pair of bipolar skin
electrodes. Stimulating electrodes were placed on commonly
used positions of the abdominal region (localization through
X ray). A long-term surface gastric pacing was performed for
45 min after meal daily for a month.

Measurement of gastric emptying
Gastric emptying was monitored with single photon emission
computerized tomography (SPECT) (GE Inc.,USA). The semi-
solid test meal consisted of 90 mg of commercial black sesame
powder labeled with 74 MBq of 99mTc-sulfur colloid and
120 ml water. The study of gastric emptying consisted of two
procedures, with or without gastric pacing, in a randomized
order. On the day of gastric emptying test, the animal was
fasted over 16 h. Immediately after the intake of isotope-labeled
semi-solid meal, the maximum count rates were determined.
Afer a first image was taken, the other sets were taken at an
interval of 15 min for 2 h. The gastric region of interest was
outlined by hand on the initial image by a nuclear medicine
technologist who had no interest in the outcome of the study.
To reduce the error resulted from the physical radioactive decay
of isotope 99mTc, we corrected and normalized the percentage
of semi-solid food retained in the stomach over time and chose
the linear-fitting decay program to extrapolate GEt1/2.

Measurement of plasma concentration of motilin
Plasma level of motilin was determined with commercially
available RIA (radioimmunoassay) kits. Blood was collected
before and after vagotomy and after a long-term treatment of
gastric pacing at the start of phase III of interdigestive myoelectric
complex (IMCIII) respectively. Samples of peripheral venous
blood were collected in lyophilized tubes containing 40 µl of
0.3 mol/L Na2-EDTA and 2 000 u trasylol. Immediately, plasma
was separated with centrifugation at 4 000 r/min at 4 . The
plasma should be frozen within 2 hours and then stored at -70 
for batch assay with a well-established motilin immunoassay[20]

(The motilin kit was supplied by the Radioimmunologic Center
of PLA General Hospital, China).

Statistical analysis
Analysis of variance and paired Student’s t test and linear

correlation analysis (SPSS 10.0 software) were performed to
investigate the effects of gastric pacing on gastric emptying
and plasma motilin level in dogs of the two groups. Statistical
significance was assigned for P<0.05. All data were presented
as means±SD.

RESULTS

Basic condition
All dogs generally tolerated well the surgical procedure and
surface gastric pacing. Large doses of glucagon injected
intravenously triggered hyperglycemia in the diabetic setting
and plasma glucose levels were increased sharply from 81-
114 mg/dl to 200-233 mg/dl. Only two of the ten dogs were
sensitively induced by glucagon to show nausea and vomiting,
but the adverse symptoms rapidly disappeared and did not lead
to any complication. Long-term gastric pacing resulted in a
significant weight gain. The average weight (11.3±2.4 kg)
after surgery was significantly lower than that before surgery
(15.5±3.2 kg, P<0.01), but after a long-term treatment with
gastric pacing weight gain was found to be 14.7±2.7 kg (P<0.05)
in dogs of the experimental group.

Effects of vagotomy and glucagon on gastric emptying
Gastric emptying data were collected from each dog in all
conditions.Results are summarized in Table 1 and Figure 1.
The data before and after vagotomy were compared, and GEt1/2

of the dogs undergone truncal vagotomy was significantly
increased from 56.35±2.99 min to 79.42±1.91 min (P<0.001).
To observe the effects of glucagon alone on gastric emptying,
we compared the GEt1/2 of control dogs and the dogs undergone
vagotomy before and after glucagon was administered (no
gastric pacing was applied). In comparison with that before
injection of glucagon, the GEt1/2 of the dogs undergone
vagotomy was significantly longer after glucagon was
administered (108.24±10.75 min, P<0.01). However, the
delay of gastric emptying in control dogs after injection of
glucagon was not statistically significant (57.73±1.65 min vs
56.15±2.34 min, P>0.05).

Table 1  Effects of gastric pacing on gastric emptying parameters

            GEt1/2 (min)
Groups n

        No     Acute Long-term
     pacing    pacing     pacing

Control 4   56.15±2.34 58.52±4.77
Control + 4   57.73±1.65 56.90±2.53
glucagon
Vagotomy 6   79.42±1.91a 74.41±6.10 64.94±1.75d

Vagotomy+ 6 108.24±10.75b 76.93±8.55c

glucagon

All the data were expressed as means ± SD. aP<0.001 vs control,
bP<0.01 vs before injection of glucagon, cP<0.05 vs before acute
pacing, dP<0.001 vs before a long-term pacing.

Effects of acute gastric pacing on gastric emptying
To investigate the acute effects of gastric pacing on gastric
emptying in dogs undergone truncal vagotomy in combination
with injection of glucagon and in control dogs with injection
of glucagon, we observed gastric emptying for 2 h during
gastric pacing. The GEt1/2 of the dogs undergone vagotomy
and injection of glucagon was significantly shorter with pacing
than that without pacing (108.24±10.75 min vs 76.93±8.55 min,
P<0.01). However, such an acute pacing had no significant
effect on the GEt1/2 of control dogs with injection of glucagon
(57.73±1.65 min vs 56.90±2.53 min, P=0.4) or when only



vagotomy was performed (79.42±1.91 min vs 74.41±6.10 min,
P=0.3).

Effects of chronic gastric pacing on gastric emptying
To investigate the effects of chronic gastric pacing on gastric
emptying, we compared the GEt1/2 before pacing with that after
a long-term gastric pacing of 30 d in the dogs undergone
vagotomy. Gastric pacing significantly accelerated gastric
emptying in animals undergone vagotomy (79.42±1.91 min
vs 64.94±1.75 min, P<0.001) and significantly decreased
retention of gastric isotope (Figure 1).

Figure 1  Effects of vagotomy and gastric pacing on gastric
isotope retention during monitoring for 120 min. Data were
expressed as means ± SD, n=6. aP<0.005 vs before vagotomy,
bP<0.005 vs before pacing (by analysis of variance at 120 min).

Effects of gastric pacing on plasma gastric motilin
There was a significant increase of plasma motilin concentration
in the phase of IMCIII after bilateral truncal vagotomy (baseline
vs vagotomy, 242.09±17.22 pg/ml vs 184.29±9.81 pg/ml;
P<0.01). But plasma motilin concentration was significantly
lower after a long-term surface gastric pacing than that before
gastric pacing (212.55±11.20 pg/ml; P<0.02).

Correlation of plasma gastric motilin and gastric emptying
Statistic analysis indicated that GEt1/2 (79.42±1.91 min) and
plasma motilin concentration (242.09±17.22 pg/ml) in the
phase of IMCIII of the dogs undergone vagotomy had a positive
correlation (r= 0.867, P<0.01) before surface gastric pacing,
that is, vagotomy evoked the increase of plasma motilin level
which clearly disrupted gastric emptying. But after a long-
term gastric pacing, GEt1/2 (64.94±1.75 min) and plasma
motilin level (212.55±11.20 pg/ml) had a negative correlation
(r=-0.733, P<0.04), that is, plasma motilin release was inclined
to restore its normal level, which might be helpful to improve
gastric emptying.

DISCUSSION
We used bilateral truncal vagotomy in combination administration
of glucagon to establish a canine model of gastric motility
disorders, which can simulate some aspects of diabetic
gastroparesis. Our study demonstrated that suface gastric
pacing at 1.1-1.2 times the intrinsic slow-wave frequency
superimposed series of high frequency pulses (10-30 Hz) was
able to entrain propagated slow waves to replace the spontaneous
ones and to improve gastric emptying in dogs after vagotomy
and injection of glucagon. It is considered that gastric pacing
could be proven to be an effective therapeutic approach for
the treatment of gastric motility disorders[13,20-22,25-27].
      Complete abdominal vagotomy has been shown to induce
gastric stasis and delay emptying of solid food in both humans
and animals[4,11]. It could change the contractile pattern during
interdigestive migrating motor complex III (IMMCIII)[28].

Extrinsic denervation of the antrum could diminish the
frequency of antral action potentials and retard gastric emptying
of solids. Our study indicated that gastric emptying of semi-
solid food was obviously impaired after vagotomy in six dogs
and confirmed the finding of previous researchers[4,11] despite
difference in their techniques of measuring gastric emptying.
Previous studies have demonstrated that glucagon could delay
gastric emptying of intact dogs[29], but our study did not find
that glucagon was able to delay gastric emptying in the healthy
dogs, suggesting that the dogs undergone vagotomy were more
susceptible to gastric motility disorder. The mechanisms by
which glucagon delayed gastric emptying in both humans
and dogs have not been fully understood. This delay might
associate with acute hyperglycemia-evoked gastric slow wave
dysrhythmias by endogenous prostaglandins[24,30], such as
tachygastria, tachyarrhythmia, bradyarrhythmia, asystolia
(electrical silence), and gastric fibrillation which is a complete
disorganization of gastric electrical activity due to impairment
of coupling and propagation of gastric slow waves causing
unpropagated antral contractions and exacerbating the
hyperglycemia-evoked antral hypomotility[31-33]. In addition,
hyperglycemia might have inhibitory effects on the spike
potentials that could induce antral contractions or possible
indirect effects of glucagon on gastric emptying through the
release of hormones or neurotransmitters[4].
     At present, controversial findings were reported about
the effects of gastric pacing on gastric emptying. McCallum
et al.[13,20,22] showed that there was an increase in gastric
emptying. On the other hand, Eagon et al.[6] observed that
neither the motility index nor gastric emptying rate was
consistently changed by stimulation at any frequency. In our
study, we employed a 1.1-1.2 times the intrinsic physiologic
slow-wave frequency superimposed series of high frequency
pulses (10-30 Hz) in surface gastric pacing which resulted in a
significant acceleration of gastric emptying of semi-solid food
in dogs undergone vagotomy but not in intact dogs. Our findings
were consistent with those of Bellahsene et al.[4] who employed
a frequency similar to or slightly higher than the intrinsic slow-
wave frequency.
     Our study also evaluated the effects of total abdominal
vagotomy and surface gastric pacing on plasma concentration
of motilin in the phase of IMCIII. Motilin is a straight chain
peptide containing 22 amino acids and has a molecular weight
of approximately 2700. It has been found that plasma motilin
levels varied in a cyclic fashion during the fasting state in
accordance with the interdigestive migrating motor complex
(IMMC), and IMMC III was concurrent with the peak of
plasma motilin level[34]. Motilin has been known to induce
IMMC III contractions through cholinergic neural pathways,
5-hydroxytryptamine (HT) receptors, and alpha receptors[35,36].
IMMC can clean large indigestible food residues, enhance
antroduodenal and gallbladder coordination, stimulate
pancreatic and bile secretion, and keep the small intestine free
from stasis[37]. Our results showed that there was a significant
difference in plasma motilin concentration in the phase of
IMCIII before and after the operation and after gastric pacing.
The significant increase of plasma motilin level in the dogs
after truncal vagotomy might be explained that total abdominal
vagotomy or a complete extrinsic vagal gastric denervation
could markedly delay gastric empty and induce gastric stasis,
and reduce the sensitivity of motilin receptors, which might
feedbackly lead to the release of plasma motilin. After a long-
term surface gastric pacing, the delay of gastric emptying was
improved and plasma motilin level gradually restored normal.
At prsent, its mechanism is not clearly determined. In addition,
our study showed gastric emptying was correlated well with
plasma motilin level in the phase of IMCIII before and after
gastric pacing, which implies that there is a possibility for

Yang M et al. Gastric pacing on gastric emptying and plasma motilin 421

Pe
rc

en
t 

is
ot

op
e 

re
ta

in
ed

0    15    30    45    60    75    90   105    120

100
90
80
70
60
50
40
30
20
10
0

Time (min)

Before vagotomy

After vagotomy or
before pacing

After chronic pacing

a

b



motilin to mediate the process of gastric pacing by altering
gastric motility.
       It has been found that gastrointestinal motility is regulated
by a spatio-temporally-coordinated electrical pattern called
gastrointestinal myoelectrical activity (GMA) that is paced by
the GI pacemaker[38]. Recently, it has been recognized that
interstitial cells of Cajal known as pacemaker cells could
generate rhythmically electrical pacemaker activities (or
electrical slow waves) which regulate the frequency of
contractions of the tunica muscularis for GI motility[39-44]. The
normal patterns of GMA present temporal evolution from
endogenous rhythmic oscillation to bursting of spikes associated
with contractions, and also order spatial propagation of the
oscillating waves. Spatio-temporal modeling of the GMA has
been established, thanks to the advances in electronic
technology. Therefore, we employed a continuous similar-sine
basic wave with a low- frequency (10%-20% high than intrinsic
gastric frequency) superimposed a series of high frequency
pulses (10-30 Hz) as signals of surface gastric electrical pacing.
In contrast to gastric pacing through implanted serosal electrodes
and the suction intraluminal electrodes in gastrointestinal
tract, surface gastric pacing is more simple and noninvasive.
In addition, surface gastric pacing does not require any surgical
procedures such as laparotomy or laparoscopy. So this technique
is a very attractive, reliable and acceptable candidate method
to treat gastric motility disorders.
      Although gastric pacing could restore a normal pattern of
slow wave and an efficient gastric motor function and improve
gastric emptying, its mechanism remains unclear[45]. Recently,
Qian et al.[15] reported gastric pacing at a frequency similar to
or just above that of the native slow wave to induce gastric
slow wave was not via the cholinergic nerves, because although
atropine was used to block the vagal activity, gastric pacing
could still entrain and normalize the irregular rhythm of gastric
slow wave. Moreover, spectral analysis of heart rate indicated
that gastric pacing had no effect on the extrinsic autonomic
functions. Accordingly, we presume that the mechanism of
gastric pacing at a frequency slightly higher than the intrinsic
frequency to induce gastric slow wave may be via some other
neurohumoral pathways or directly leads to local activation of
interstitial cells of Cajal and/or smooth muscle cells. Gastric
electrical stimulation with a frequency much higher (about 10-
1 200 cycles/min) than that of the intrinsic slow wave probably
could act on sensory fibers directed to the central nervous
system[46]. Gastric electrical stimulation with a frequency 10-
100 Hz might be possibly associated with autonomic and
enteric nervous system changes, likely induce the release of
acetylcholine from the intramural cholinergic fibers, which in
turn stimulated the muscular cell contraction, because its effect
was prevented by a previous administration of atropine[47-49].
In addition, gastrointestinal hormones such as motilin or NANC
neurotransmitter VIP might also mediate the process of gastric
pacing[47,50].
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