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Background: The aim of this study was to investigate
the effect of implantable gastric stimulation (IGS) on
gastric antral contractions and the involvement of the
sympathetic pathway.

Methods: The study was performed in 5 postpran-
dial sessions in 8 dogs chronically implanted with
stimulation electrodes and a gastric cannula: a) IGS
via lesser curvature; b) IGS via antrum; c) and d) same
as a) and b) but IGS initiated 1 hr before the meal; e)
same as a) but with guanethidine.

Results: It was found that: 1) IGS significantly inhib-
ited postprandial antral contractions assessed by
manometry, and no significant difference was noted
in the effect between the two stimulation sites; 2) IGS
initiated 1 hr before the meal was more potent than
that initiated 30 minutes after the meal; 3) the
inhibitory effect of IGS on postprandial antral motility
was completely blocked by guanethidine.

Conclusion: Acute IGS inhibits postprandial antral
contractions, and this inhibitory effect is mediated via
the sympathetic pathway.

Key words: Gastric electrical stimulation, implantable gas-
tric stimulator, obesity, gastric motility, gastric pacing

Introduction

The prevalence of obesity is reaching an alarming
rate worldwide. In the United States alone, there are
approximately 300,000 deaths a year caused by obe-
sity and more than $100 billion is spent each year
for the treatment of obesity and its primary co-mor-
bidities.1-4 Various treatment options are available

for obesity, such as diet, exercise, drugs, surgery,
etc. However, none of the available therapies,
including surgery, is completely satisfactory, and
there is an urgent need to develop safe and effective
methods to treat patients with morbid obesity.5

Gastric electrical stimulation (GES) has received
increasing attention among researchers and clini-
cians in recent years, and a number of studies have
been performed to investigate the effect of GES on
obesity. Cigaina et al6 was the first to investigate the
potential of GES to induce weight loss in a porcine
model in 1992, and the study results showed that
GES was safe and effective in inhibiting weight gain
and food intake in growing swine. Recently, a num-
ber of preliminary clinical studies have shown
promising results in treating obesity using the
implantable gastric stimulator (IGS).7-9

Accordingly, it is of considerable interest to explore
underlying mechanisms involved with the IGS ther-
apy for obesity. 

It is known that gastric motility is one of the most
critical physiological functions of the human gut.
Without coordinated motility, digestion and absorp-
tion of dietary nutrients could not take place.  To
accomplish its functions effectively, the gut needs to
generate not just simple contractions but contrac-
tions that are coordinated to produce transit of lumi-
nal contents (peristalsis).  Thus, coordinated gastric
contractions are necessary for the emptying of the
stomach. Although the contribution of changes in
gastric emptying to the pathogenesis of obesity is
unclear, there is some evidence suggesting that
enhanced gastric emptying may be related to over-
eating and obesity.10 Rapid emptying would
decrease the negative feedback satiety signal pro-
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duced by the presence of nutrients inside the stom-
ach and may precipitate hunger and shorten the
meal interval. Persistently delayed gastric emptying
prolongs the presence of food within the stomach,
and has been associated with the origin of debilitat-
ing upper gastrointestinal symptoms (early satiety,
nausea and vomiting, etc.) and less food intake, as
frequently seen in patients with functional dyspep-
sia and gastroparesis.11,12 An herbal preparation,
which significantly delayed gastric emptying, was
reported to be able to reduce the time to perceived
gastric fullness and induce significant weight loss
over 45 days in overweight patients.13 The effect of
IGS on gastric antral motility, which is crucial for
gastric emptying, has never been reported. 

The principal objective of this study was therefore
to investigate the effect of gastric electrical stimula-
tion with parameters similar to those used in previ-
ous clinical studies on gastric antral contractions.
The secondary objective was to investigate whether
the sympathetic pathway was involved in this
inhibitory effect.

Methods

Animal Preparation

Eight healthy female hound dogs (15-22 kg) were
involved in this study. After an overnight fast, anes-
thesia was induced in each dog with Pentothal
(sodium thiopental 11 mg/kg intravenous; Abbott
Laboratories, North Chicago, IL, USA) and main-
tained on 2% to 4% IsoFlo (Abbott Laboratories,
North Chicago, IL, USA) in Oxygen (1L/min) car-
rier gases delivered from a ventilator after endotra-
cheal intubation. A cannula was placed on the ante-
rior side of the stomach, 6 cm above the pylorus.
The gastric cannula was exteriorized through the
abdominal wall and provided direct access to the
gastric lumen for the assessment of gastric contrac-
tions. One pair of 28-gauge stainless steel cardiac
pacing wires (A&E Medical, Farmingdale, NJ,
USA) was implanted on the serosal surface along
the greater curvature 10 cm above the pylorus.
Another pair was implanted at the lesser curvature 3
cm below the gastroesophageal junction. The two
electrodes in the pair were 1 cm apart. The electrode
wires were tunneled through the anterior abdominal

wall subcutaneously along the right side of the
trunk, and placed outside the skin around the right
hypochondrium for attachment to the recording
equipment. After surgery, the dog was transferred to
a recovery cage. All studies were initiated when the
dogs had completely recovered, usually 2 weeks
after surgery. The protocol was approved by the ani-
mal committee of the Veterans Affairs Hospital,
Oklahoma City, OK.

Experimental Protocol

The study consisted of five randomized sessions on
separate days with an interval of at least 2 days.
Session 1 was composed of three 30-min postpran-
dial periods (baseline, stimulation and recovery).
Dogs were fed with a can of solid meal (413 calo-
ries) immediately before the session. Stimulus was
composed of trains of short pulses and the parame-
ters were similar to those used in the previous clini-
cal studies:7,9 train on time of 2s and off time of 3s,
pulse frequency of 40 Hz, width of 0.6ms and
amplitude of 10 mA. The stimulation was delivered
via the electrodes in the antrum. Session 2 was the
same as session 1, except that stimulation location
was at the lesser curvature. Session 3 was the same
as session 1, except that the stimulation was initi-
ated 1 hour before the meal. Session 4 was identical
to session 2, except that the stimulation was initiated
1 hour before the meal.  Session 5 was same as ses-
sion 1, except that guanethidine (3 mg/kg) was
injected intravenously 20 minutes before the initial-
ization of stimulation. Gastric contractions were
measured during the entire period using a manomet-
ric system.

Measurement and Analysis of Antral
Motility

Antral contractile activity was recorded from four
pressure sensors of 1 cm apart attached to the mano-
metric catheter by using a PC polygraf HR system
(Synectics Medical, Stockholm, Sweden) and a
microcapillary infusion system (Synectics,
Stockholm, Sweden). All recordings were displayed
on a computer monitor. A parameter, called the Area
Under the Curve (AUC), was used to represent the
contractile strength of the distal stomach. It was
defined as the area under each of the contractions
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and was calculated by Polygram Function Testing
Software (Medtronic, version 2.03, Synectics
Medical, Stockholm, Sweden). The data presented
in this study were obtained from channel 3, which
was of the highest quality of the recording. 

Statistical Analysis

Data were expressed as mean ± SE. One way analy-
sis of variance (ANOVA) and the student’s t-test
were used to compare the differences among three
or more parameters and between two parameters,
respectively. P values <0.05 were considered statis-
tically significant. 

Results

Inhibitory Effects of IGS on Antral Motility

IGS inhibited gastric antral contractions (Figure 1).
In session 1: the motility index was 20.4 ± 3.0 at
baseline and decreased to 11.7 ± 1.5 (P=0.01 vs
baseline) during stimulation at the antrum. In ses-
sion 2: the motility index was 10.6 ± 0.6 at baseline
and decreased to 8.2 ± 0.7 (P<0.01 vs baseline) dur-
ing stimulation at the lesser curvature. The motility
index was 3.5 ± 0.4 (P<0.01 vs baseline) during
stimulation at the antrum initiated 1 hour before the
meal and 5.0 ± 0.5 (P<0.01 vs baseline) during
stimulation at the lesser curvature initiated 1 hour
before meal. 

There was no significant difference in the
inhibitory effect on antral motility between IGS at
the antrum and IGS at the lesser curvature
(P=0.065). However, IGS initiated 1 hour before the
meal was significantly more potent than that initi-
ated 30 min after the meal. In comparison with the
reduction in motility index of 8.7 ± 2.7 and 2.5 ± 0.4
with IGS at the antrum and the lesser curvature,
respectively, the corresponding reductions with IGS
initiated 1 hour before the meal were 16.9 ± 3.1
(P<0.01) and 5.6 ± 0.6 (P=0.006), respectively.

Involvement of Sympathetic Pathway

Injection of guanethidine completely abolished the
inhibitory effect of IGS (Figure 2). In the session
with guanethidine, the motility index was 17.5 ± 2.5
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Figure 1A and B. Effect of IGS (implantable gastric stim-
ulator) on antral motility expressed as area under the con-
tractile curve (AUC). IGS significantly decreased the AUC
at different locations when stimulation started after the
meal. GES = gastric electrical stimulation.
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Figure 2. Effects of guanethidine on IGS-induced inhibi-
tion on antral motility in the guanethidine session.
Guanethidine infusion with IGS did not alter the antral
motility, compared with the value in guanethidine infusion
without IGS and the baseline before guanethidine infu-
sion (P=0.9, ANOVA ).
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at baseline, 15.4 ± 2.5 after injection of guanethi-
dine, 16.9 ± 2.4 during IGS and 17.9 ± 2.8 during
recovery period (P=0.9, ANOVA) (Figure 3).

Discussion

In this study, we found that IGS inhibited postpran-
dial antral contractions and this inhibitory effect
was completely blocked by guanethidine.

The conventional treatments of obesity can be
classified into three categories: basic treatment,
pharmacotherapy, and surgical treatment. Typically,
basic treatment is tried first in an obese patient.
Acceptable weight loss is usually achieved with
basic treatment. However, maintaining weight loss
seems more difficult than losing weight, particularly
for patients who were treated with calorie restric-
tion.14 Basic treatment seems effective only in the
short term. A number of FDA-approved drugs are
currently available for the medical treatment of obe-
sity. These include sibutramine, diethylpropion,
mazindol, phentermine, phenylpropanolamine, and

orlistat.15,16 Similar to the basic treatment, pharma-
cotherapy is also effective only for short-term use.
In addition, adverse effects of these drugs limit their
use in patients with various co-morbidities. While
surgical treatment induces satisfactory long-term
weight loss, morbidity and mortality limit its wide
applications.5,17

Gastric electrical stimulation has been under
intensive investigation for its therapeutic potential
for gastrointestinal motility disorders.18-27 Over the
past years, different methods of electrical stimula-
tion have been derived from the variation of stimu-
lation parameters, including long-pulse stimulation,
short-pulse stimulation, and stimulation with train
of pulses.  Most previous studies explored therapeu-
tic potentials of electrical stimulation for treating
patients with motility disorders, as electrical stimu-
lation of the gut seems capable of altering motor
functions of the stomach or small intestine. In these
studies, gastric electrical stimulation was designed
and tuned to improve gastric slow-waves,18-20

enhance gastric emptying21,22 and relieve symptoms
of nausea and vomiting.23

Recently, the therapeutic potential of gastric elec-
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Figure 3A and B. Manometric tracings showing the effects of IGS on antral motility with or without administration of
guanethidine.
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trical stimulation for obesity has also been under
investigation. Promising preliminary clinical data
has been obtained on its efficacy and safety in
reducing weight in morbidly obese patients.7-9,28,29

Different from the methods of GES used for treating
gastric motility disorder, the stimulus in the GES
used for treating obesity is composed of trains of
short pulses instead of repetitive single long pulses
or single short pulses. That is, the stimulus is com-
posed of trains of short pulses, repeated at a certain
frequency. The effects of GES with this kind of
stimulus on gastric motility have rarely been inves-
tigated. One previous study using the same method
showed that IGS had no acute effect on gastric myo-
electrical activity but exerted a chronic inhibitory
effect: the gastric slow wave was impaired in both
rhythmicity and amplitude in the fed state after 1
month of continuous IGS.30

In this study, we found that GES resulted in an
inhibition of antral contractions. This finding sug-
gests one of the possible mechanisms involved with
IGS for obesity. Gastric motility in patients with
obesity has been extensively studied. Although con-
troversial, most of the reported studies seem to con-
clude that patients with obesity have an abnormally
rapid rate of solid gastric emptying. Antral motility
plays an important role in the regulation of gastric
emptying. Malbert et al31 reported that the rate of
abomasal outflow depended primarily upon the
strength of antral contractions. Motility is one of the
most critical physiological functions of the human
gut. Without coordinated motility, digestion and
absorption of dietary nutrients cannot take place.
Coordinated gastric contractions are necessary for
the emptying of the stomach. The inhibition in
antral contractions observed in this study with IGS
is believed to slow down the digestive process and
lead to increased satiety, as frequently reported in
obesity patients treated with IGS.  

We further found that the inhibitory effect of IGS
on antral motility was mediated via the sympathetic
pathway. Sympathetic activity is a major inhibitory
factor on gastrointestinal motility. Guanethidine is
an adrenergic blocker for preventing release of nor-
epinephrine, and norepinephrine is an agonist at α-
and β-adrenergic receptors. Our results showed that
the administration of guanethidine did not affect
antral motility, but prevented the inhibitory effect of
IGS on antral motility, indicating that the inhibitory

effect of IGS on antral motility was mediated via the
adrenergic nerve activation. 

In addition to the finding of this current study,
several previous studies have explored other possi-
ble mechanisms involved with the IGS therapy for
obesity.32 IGS has been reported to induce gastric
distention, reduce gastric accommodation, chroni-
cally impair gastric slow-waves in both humans and
dogs, activate neurons in the nucleus tractus solitarri
and alter plasma levels of gastrointestinal pep-
tides.30,33-36

In conclusion, acute IGS inhibits postprandial
antral contractions and this inhibitory effect is medi-
ated via the sympathetic pathway.

This study was partially supported by a grant from the Oklahoma
Center for Advancement of Science and Technology.
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