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Abstract The acupuncture point of the wrists (PC6) and
the lower legs (ST36) are common points for the treat-
ment of gastric symptoms. However, it remains unclear
whether these two acupoints have different effects on
gastric myoelectrical activity. We compared the effect
of electroacupuncture (EAP) between PC6 and ST36 on
gastric myoelectrical activity using surface electrogas-
trography (EGG). EAP (1 Hz, for 30 min) was applied at
either ST36, or PC6, or both acupoints in eight healthy
volunteers. EAP at both PC6 and ST36 did not change
the percentage of normal slow waves and tachygastria.
While EAP at either PC6 or ST36 did not change period
dominant frequency (PDF), EAP at both PCé and ST36
significantly decreased PDFto 78.1 = 8.4% of baselines.
EAP at PC6 reduced period dominant power (PDP) to
47.2 + 5.3% of baselines, while EAP at ST36 increased
PDP to 153.6 + 28.3% of baselines. EAP at shoulders
(sham acupuncture) did not affect the gastric myo-
electrical activity. EAP at either PC6 or ST36 shows an
opposite effect on PDP, whereas EAP at both PC6 and
ST36 has a synergistic effect on PDF. Understanding
site-specific effects of acupuncture may contribute to
the selection of appropriate acupoints for treating
functional GI disorders.

Keywords electrogastrography, PC6, period dominant
frequency, period dominant power, ST36.

INTRODUCTION

Acupuncture has been used empirically in clinical
practice in China for several millennia.' Acupunc-
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ture has been used to treat different gastrointestinal
(GI) disorders and evidence of its effects by scientific
studies are now being accumulated.*”” The point of the
wrists (Neiguan; PC6) and the lower legs (Zusanli;
ST36) are the common points for the treatment of
gastric symptoms such as nausea and vomiting. It has
been shown that stimulation of PC6 can prevent
vomiting caused by early pregnancy, surgical proce-
dures and chemotherapy.®!° Acupuncture at ST36
enhances the regularity of gastric myoelectrical activ-
ity in diabetic patients.!!

Electrogastrography (EGG) provides an accurate
measurement of the gastric slow waves and is a non-
invasive method for assessing gastric myoelectrical
activity which modulates gastric motor activity.'? It
has been shown that abnormal gastric myoelectrical
activity is associated with gastric motility disorders
and GI symptoms such as nausea and vomiting.'>’

Combined acupuncture at points ST36 and PC6
increases the percentage of regular slow waves, result-
ing in the normalization of arrhythmia in healthy
human subjects.> However, it remains unclear whether
these two acupoints have different effects on gastric
myoelectrical activity. The impact of acupuncture on
upper GI activity is variable and depends on various
factors such as species, acupoints used, acupuncture
procedure, and underlying GI motor activity.'8!?

The aim of this study was to compare the effect of
electroacupuncture (EAP) between PC6 and ST36 on
gastric myoelectrical activity in healthy humans. We
also studied whether EAP at both points has a syner-
gistic effect on the gastric myoelectrical activity.

METHODS

Study subjects

The study performed on eight healthy Helicobacter
pylori-negative Japanese subjects (seven men and one
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woman, age 22-52 years: mean age of 35 years). All
subjects fasted for 12 h or more before the study and
had no medications during the 30 days before the
study. The study protocol was approved by the local
ethics review committee and informed consent was
obtained from each subject. None of the subjects has
previously received acupuncture on PC6 or ST36. All
subjects were blind to the purpose of the study.

Electrical stimulation of acupuncture

Two acupuncture points (ST36 and PC6) and one sham
point were used in this study. The location of ST36 is
at the proximal one-fifth of craniolateral surface of the
leg distal to the head of the tibia in a depression
between the muscles of the cranial tibia and the long
digital extensor (Fig. 1A). PC6 is located in the groove
caudal to the flexor carpi radialis and cranial to the
superficial digital flexor muscles, 3 cm proximal to the
corpus (Fig. 1B). The junction between the shoulder
and neck where no known acupuncture points existed
was used as a sham point. The acupuncture needles
were made of stainless steel 0.2 mm in diameter and
they were inserted into the skin 5 mm in depth. After
the acupuncture needles were inserted into the acu-
points or the sham point, the points were stimulated
via the needles by the repeated electrical current (1 Hz,
10-20 mA) for 30 min.
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Figure 1 The location of acupoints of ST36 (A) and PC6 (B) in
humans. ST36 is located at the proximal one-fifth of cranio-
lateral surface of the leg distal to the head of the tibia in a
depression between the muscles of the cranial tibia and the
long digital extensor (A). PC6 is located in the groove caudal to
the flexor carpi radialis and cranial to the superficial digital
flexor muscles, 3 cm proximal to the corpus (B).
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Electrogastrogram

Surface EGG was used to record gastric myoelectrical
activity. Three silver-chloride ECG electrodes were
placed on the abdominal surface over the stomach, one
each on the epigastric area bilaterally, just below the
lower rib, and a reference electrode was positioned at
the midpoint above the umbilicus. The two epigastric
electrodes were connected to yield a bipolar EGG
signal, which was amplified using a portable EGG
recorder (Digitrapper EGG, Synetics Medical Inc,
Irving, TX, USA) with low and high cut-off frequencies
of 0.5 and 10 cpm, respectively. On-line digitization
with a sampling frequency of 1 Hz was performed
using an analogue-to-digital converter installed on the
recorder, with digitized samples stored in the recorder.
At the end of each study, the stored data were
downloaded to a personal computer and were analysed
using a software polygram (Synetics Medical, Inc.).

Study protocol

On separate days, four sessions of EAP (1 Hz, 30 min)
were randomly performed to each subject after 12 h
fasting. EAP was applied at bilateral ST36, PC6 or
both. As a control, EAP was also applied at bilateral
shoulders (sham acupuncture). EGG was recorded for
30 min at baseline, for 30 min during EAP, and for
180 min after EAP. Blood pressure was measured
before, during and after EAP at 10 min interval. All
recordings were made in a quiet environment. The
subjects were in a sitting position and were asked to
remain as still as possible during the recording to avoid
motion artefacts.

Data analysis

The percentage of normal 2-4 cpm gastric waves was
defined as the percentage of time during which regular
2-4 cpm slow waves were present over the entire
observation period. This ratio reflects the regularity of
gastric myoelectrical activity and was computed using
adaptive running spectral analysis methods. If the peak
power of 1-min EGG was within the range of 0.5-
2 cpm, the corresponding EGG was considered to show
bradygastria. If the peak power was within the range of
4-10 cpm, that portion was called tachygastria. The
percentage of tachygastria was defined as the percent of
time during which tachygastria was present over the
entire observation period. The frequency at which EGG
power spectrum had a peak power in this range of
0.5-10 cpm was defined as the period dominant
frequency (PDF) which was computed using the
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smoothed power spectral analysis method.>® The
dominant frequency of EGG has been shown to be
equal to the frequency of the gastric slow wave
measured from implanted serosal electrodes.?! The
power at the dominant frequency in the power spec-
trum of EGG was defined as the period dominant
power (PDP). The relative change of EGG dominant
power has been shown to be associated with gastric
contractility.’>?%2> The percentage of normal slow
waves (2-4 cpm), tachygastria, PDF and PDP were
assessed by spectral analysis.

Helicobacter pylori diagnosis

It has been shown that the percentage of tachygastria is
significantly higher in H. pylori-positive patients than
that of H. pylori-negative patients.”® Therefore, healthy
volunteers were first tested whether they were infected
by H. pylori.

Helicobacter pylori infection was diagnosed using a
rapid detection kit (Rapirun H. pylori antibody, Otsuka
Pharmaceutical Co., Tokyo, Japan). The kit used an
immuno-chromatography method in which dried anti-
human IgG antibody-binding gold colloidal particles
were placed between the site of sample addition and a
nitrocellulose membrane.>*

Statistical analysis

aNova and paired t-test were used to compare the EGG
data and blood pressure and pulse rate obtained by EAP
at three different points. Statistical significance was
assigned for P <0.05. If significant difference was
found by anova, the groups were identified using
Bonferroni’s correction. All data were presented as
mean values = SE.
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Acupuncture and gastric myoelectrical activity

Table 1 Effects of EAP at different acupoints on systolic and
diastolic blood pressure (mmHg)

Systolic Diastolic

Before At the Before At the

EAP end of EAP  EAP end of EAP
Shoulder 103 = 4 101 = 4 651 64 +£3
ST36 111 +7 108 + 2 73 £ 6 68 +3
PC6 104 = 4 96 + 4** 66 =2 63 = 2*
ST36+PC6 107 + 4 108 + 3 69 + 3 74 £ 3

**P <0.01, * P <0.05 by paired t-test.

RESULTS

All subjects were negative for H. pylori infection. The
systolic and diastolic blood pressures were signifi-
cantly decreased by EAP at PC6. Systolic blood pres-
sure was decreased from 104 +4 to 96 + 4 mmHg
(P < 0.01 by paired t-test) and diastolic blood pressure
was decreased from 66 = 2 to 63 + 2 mmHg (P < 0.05
by paired t-test) at the end of EAP at PC6 (Table 1). The
inhibitory effect of EAP at PC6 on the blood pressure
disappeared within 10 min after the cessation of EAP.
In contrast, combined EAP at ST36 and PC6 had no
more inhibitory effects on the systolic and diastolic
blood pressure. EAP at ST36 or shoulders had also no
significant effects on the blood pressure (Table 1). EAP
had no effects on the pulse rates at any time.

EAP at either PC6 or ST36 and simultaneous
stimulation at both acupoints did not change the
percentage of tachygastria and regular slow waves
(Fig. 2A and B).

EAP at either PC6 or ST36 did not change PDF as
well. In contrast, PDF was significantly decreased to
78.1 + 8.4% of baselines (P < 0.05 by Bonferroni) during
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Figure 2 Effects of EAP at different acupoints on the percentage of tachygastria (A) and regular slow waves (B). EAP at either PC6 or
ST36, and both PC6 and ST36 did not change the percentage of tachygastria and regular slow waves.
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Figure 3 Changes of period dominant frequency (PDF) by EAP
at different acupoints. EAP at either PC6 or ST36 did not
change PDF. In contrast, EAP at both acupoints significantly
decreased PDF to 78.1 + 8.4% of baselines (*P < 0.05, by
Bonferroni).
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Figure 4 Pseudo-three-dimensional representations of an
analysed EGG of a subject who received EAP at PC6 and ST36.
During EAP (B), period dominant frequency (PDF) was signi-
ficantly reduced (from 3.7 + 0.4 to 2.7 + 0.2 cpm, P < 0.05, by
paired t-test).

the simultaneous stimulation at both acupoints of
ST36 and PC6 (Fig. 3). The inhibitory effect of EAP was
no longer observed 1 h after the cessation of EAP at PC6
and ST36 (Fig. 3). Pseudo-three-dimensional represen-
tations showed that PDF was significantly reduced
from 3.7 + 0.4 to 2.7 + 0.2 cpm during EAP at PC6 and
ST36 (P < 0.05, by paired t-test) (Fig. 4).

EAP at PC6 significantly reduced PDP to
472+ 5.3% (P < 0.05 by paired t-test) of baselines,
while EAP at ST36 significantly increased PDP to
153.6 + 28.3% (P < 0.05 by paired t-test) of baselines
(Fig. 5). The EGG recording of a subject performed EAP
at ST36 and PC6 was shown in Fig. 6. The amplitude of
PDP was increased during EAP at ST36, while it was
decreased during EAP at PC6 (Fig. 6). The stimulatory
effect of EAP at ST36 on PDP was no longer observed
1 h after the cessation of EAP, while the inhibitory
effect of EAP at PC6 on PDP was still present 1 h after
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Figure 5 Changes of period dominant power (PDP) by EAP at
different acupoints. EAP at PC6 significantly reduced PDP to
47.2 + 5.3% of baselines, while EAP at ST36 significantly
increased PDP to 153.6 + 28.3% of baselines. EAP at both
acupoints, however, had no more significant effects on PDP.
EAP at shoulders did not change PDP (*P < 0.05 by paired

t test).
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Figure 6 The EGG recording of a subject performed EAP at
ST36 (A) and PC6 (B). The amplitude was increased during
EAP at ST36, while it was inhibited during EAP at PCé6.

the cessation of EAP (Fig. 5). Simultaneous stimulation
of both acupoints, however, had no significant effects
on PDP (Fig. 5).

EAP at shoulders did not change the percentage of
normal slow wave and tachygastria (Fig. 2), PDP
(Fig. 3) and PDF (Fig. 5).

DISCUSSION

It has been shown that manual acupuncture at PC6
resulted in a significant reduction in postoperative
nausea and vomiting, compared with the patients who
received no acupuncture.?’ In the patients with motion

© 2004 Blackwell Publishing Ltd
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sickness, EAP at PC6 reduced the severity of symp-
toms and decreased gastric tachyarrhythmia.'® In dia-
betic patients with gastric motor dysfunction, EAP at
ST36 increased the percentages of regular slow waves
and decreased the percentage of tachygastria.'' The
acupuncture at ST36 normalized atropine-induced
gastric dysrhythmia.2®

Combined EAP at ST36 and PC6 has been shown to
enhance the gastric migrating motor complex by redu-
cing the length of phase I and increasing the length of
phases II and III in conscious dogs.” Combined EAP at
ST36 and PC6 also accelerated liquid gastric emptying,
improved gastric slow-wave rhythmicity and increased
peripheral vagal activity in conscious dogs.?”

However, it remains unclear whether the stimula-
tion of PC6 is different from that of ST36 and whether
the two acupoints have synergistic effects on gastric
motility and myoelectrical activity.

It has been shown that PDF, especially tachygastria,
is related to the symptoms of gastric retention, nausea
and vomiting associated with gastric motor dysfunc-
tion.!*8-30 In our present study, EAP at either PC6 or
ST36 did not change PDF. In contrast, combined EAP
at both PC6 and ST36 significantly decreased PDF to
78.1% of baselines. These findings suggest that EAP at
both PC6 and ST36 have a synergistic effect on PDF.

EAP at neither ST36 nor PC6 affected percentages of
regular slow waves and tachygastria in healthy Japan-
ese subjects who were H. pylori-negative. In contrast, it
has been shown that combined EAP at ST36 and PC6
significantly increase the percentage of regular slow
waves from 64.8 to 74.3% and that the percentage of
tachygastria is decreased from 26.9 to 10.8% by EAP in
healthy Chinese subjects.” The different results of
the present study from the Chinese study may be
explained by the presence or absence of H. pylori
infection, as it is known that Chinese have a higher
infection rate of H. pylori than Caucasians.

The effects of H. pylori infection on EGG recording
seem to be controversial.®!*> It has been shown that
H. pylori related gastritis does not influence any EGG
parameters in Chinese patients with functional dys-
pepsia.3? In contrast, we have previously shown that
the percentage of tachygastria in the fasting state is
significantly higher in H. pylori-positive patients
(27.2%) than in H. pylori-negative patients (10.4%).>
Further study is necessary to clarify whether EAP on
PC6 and ST36 improves tachygastria in H. pylori-
positive patients.

Our present study demonstrated that EAP at ST36
significantly increased PDP to 153.6% of baselines. In
general, increase of PDP does not necessarily indicate
the increase of gastric contractility. It has been

© 2004 Blackwell Publishing Ltd
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demonstrated that atropine decreases, whereas
bethanechol increases, the antral manometric motility
index and PDP.!2 This suggests that PDP is, at least in
part, associated with the gastric contractility.!>33

Plasma concentration of pancreatic polypeptide (PP)
was shown to increase when acupuncture at ST36 is
performed in humans.!! It has been well demonstrated
that PP release is dependent on the vagal cholinergic
pathway.®* This suggests that acupuncture at ST36
could stimulate the vagal efferent activity in humans.
It has been demonstrated that the stimulatory effects
of acupuncture at ST36 on gastric motility is mediated
via vagal efferent in rats.3>3° It is conceivable that the
stimulatory effects of EAP and PDP may be mediated
via vagal pathway in humans.

In the present study, systolic and diastolic blood
pressure was significantly decreased by EAP at PC6.
Acupuncture at PC6 has been used to treat coronary
heart disease and hypertension as well in traditional
Chinese medicine.®” Although the mechanism of
effects of acupuncture on cardiovascular system is not
well understood, it has been suggested that acupunc-
ture alters the activity of the sympathetic nervous
system.>®3° It is conceivable that the altered sympa-
thetic nerve activity is involved in the inhibitory effect
of EAP at PC6 on the PDP and blood pressure. We have
recently shown that acupuncture-induced gastric relax-
ations are mediated via somato-sympathetic reflex in
anaesthetized rats. Its afferent limb is composed of
abdominal cutaneous and muscle afferent nerves and
its efferent limb is the gastric sympathetic nerve.*®

Further measurements of autonomic tone, such as
capillary pulse, blood flow, R to R interval of ECG,
plasma catecholamine levels, skin conductance, etc.
are needed to clarify the mechanism of acupuncture on
gastric myoelectrical activity.

In conclusion, EAP at either PC6 or ST36 shows an
opposite effect on PDP, whereas that EAP at both PC6
and ST36 has a synergistic effect on PDF of gastric
myoelectrical activity. Understanding site-specific ef-
fects of acupuncture on gastric motility contributes to
the selection of appropriate acupoints for treating
functional GI disorders.
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