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ABSTRACT

Background/Aims: Acupuncture has been used to
treat gastrointestinal symptoms in oriental countries
for many years. The underlying mechanism is still
not fully understood.

Methodology: Fifteen healthy male volunteers
were enrolled into this study. A cutaneous electro-
gastrography recording was obtained. Two frequen-
cies (2Hz and 100Hz) of electrical stimulation were
applied to Zusnali or Shousanli point in different ses-
sions. Another non-acu-point (2cm lateral to Zusan-
1i) without electrical stimulation was used for a con-
trol study.

Results: There was a significant increase in the-per-
centage of normal frequency during 2Hz of electrical
stimulation on Zusnali (baseline vs. acupuncture,
82.49+12.87% vs. 93.18x8.40%, p<0.01). The per-
centage of normal frequency did not change signifi-

cantly, during or after acupuncture, with 100Hz of
electrical stimulation on Zusnali, or 2Hz and 100Hz
of electrical stimulation on Shousanli. In addition,
the percentage of tachygastric frequency and power
ratio also changed significantly during 2Hz of elec-
trical stimulation on Zusnali. However, the change in
the percentage of bradygastria and dominant fre-
quency was not statistically significant among all five
study sessions during each stage.

Conclusions: The results of this study demonstrat-
ed that electrical stimulation, with a frequency of
2Hz, on Zusanli might enhance the regularity of gas-
tric myoelectrical activity. The effect of acupuncture
on gastric myoelectrical activity was acu-point-spe-
cific, and that effect was observed with 2Hz but not
100Hz electrical stimulation.

INTRODUCTION

The phasic contraction of the distal stomach is reg-
ulated by a rhythmic electrical depolarization, known
as the pacesetter potential or gastric slow wave, which
is generated in the proximal gastric body (1). Myoelec-
trical changes play an important role in the control of
gastric motor activity. Under normal conditions, the
slow wave oscillates at approximately 3cpm. Certain
rhythm disturbances have been described in clinical
disease, such as an overly fast rhythm (tachygastria),
an overly slow rhythm (bradygastria), and an irregu-
lar rhythm (arrhythmia) (2). Tachygastria and brady-
gastria are found in many patients with diabetes gas-
troparesis (3-6). Electrogastrographic abnormalities
have also been described in nausea and vomiting dur-
ing pregnancy (7), motion sickness (8-10), anorexia
nervosa (11}, and chronic intestinal pseudo-obstruc-
tion (12,13).

Acupuncture has been used to treat gastrointesti-
nal symptoms in oriental countries for many years.
Studies published in the Chinese literature have
reported the improvement of gastrointestinal motility
and symptoms with acupuncture (14). However, the
underlying mechanism is still not fully understood.
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Furthermore, there is no report in the literature con-
cerning the effect of different frequencies of electrical
acu-stimulation on gastric myoelectrical activity in
healthy subjects. In this study, we applied two differ-
ent frequencies (2Hz and 100Hz) of electrical stimula-
tion on two different acu-points, one in the leg (Zusan-
li) and one in the forearm (Shousanli) in healthy vol-
unteers. We expected that the effect of acupuncture on
gastric myoelectrical activity might be acu-point-spe-
cific, and that each different frequency of electrical
stimulation might convey a distinct effect.

METHODOLOGY
Subjects

Fifteen healthy male volunteers (aged 23-34 years,
mean: 25.632.7 years) were enrolled for this study.
None had previously participated in similar experi-
ments. No subjects reported cardiovascular, pul-
monary, or gastrointestinal disorders, and none had
taken any medications for at least 2 weeks before the
study. Screening for Helicobacter pylori infection was
performed using a serologic test for IgG antibodies to
H. pylori (Pylori ELISA II, Bio Whittaker, Walk-
ersville, Maryland, USA), and all subjects tested nega-
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tive for H. pylori. The subjects fasted for at least 8
hours before the experiment. Informed consent was
obtained from each subject, and the study protocol
was approved by the ethics review committee of
Taichung Veterans General Hogpital in accordance
with the Helsinki Declaration.

Electrical Stimulation of Acupuncture Points

Electrical stimulation of acupuncture points was
performed on the subjects using acupuncture needles.
Studies were conducted with a low (2Hz) or a high
(100Hz) frequency of electrical stimulation. For com-
parison, two acu-points, Zusanli and Shousanli, and a
placebo non-acu-point were tested. Sessions were com-
pleted in a randomized order 3 days apart. Two
acupuncture needles (0.3mm in diameter, 30mm long,
Chian-Huei Acupuncture Appliance Co., Taipei, Tai-
wan) were inserted into the subject’s legs at the
Zusanli {St 36) point, or into his arms at the Sousanli
(LI 10) point, and manipulated until a ‘chi’-sensation
was reported (a deep cramp-like sensation). The
Zusanli points are located about 10cm below the patel-
la and 2cm lateral to the anterior rest of the tibia,
whereas the Shousanli points are located 6cm distal to
the end of the lateral transverse elbow crease, when
the forearm is flexed at a right angle to the upper arm.
The acupuncture needles were connected to a 9-V bat-
tery-powered electrical acupuncture instrument
(Model-04S, Gwo-Jih Medical Instrument Faetory,
Taipei, Taiwan). Biphasic, square electrical stimula-
tion of 2Hz or 100Hz pulses and with a wave width for
0.16 ms duration at the maximal tolerated strength
without discomfort was delivered for 30 min. The
placebo stimulation on a non-acu-point was conducted
as follows: Acupuncture needles were inserted subcu-
taneously 2cm lateral to the Zusnali point. No manip-
ulation was performed. The leads to the needles were
connected to an inactive channel of the acupuncture
stimulator. The stimulator was turned on, but electri-
cal pulses were delivered to an unconnected channel.
Hence, the subject experienced the same audiovisual
stimuli.

Electrogastrography (EGG)

Cutaneous EGG was performed in the morning
after an overnight fast, for 30 min in the baseline
state, 30 min during acupuncture, and for an addi-
tional 30 min after acupuncture. The subjects were
positioned comfortably in a chair, and were requested
to remain as still as possible to reduce motion arti-
facts. After gentle skin abrasion to enhance electrical
condition, 3 Ag-AgCl electrodes (Accutac Diaphoretic
ECG Electrodes; NDM, Dayton, Ohio, USA) were
affixed to the abdomen. The first electrode, for one of
the active EGG leads, was placed on the patient’s left
side about 1/3 of the distance from the ventral to the
left axial midline and lcm below the bottom rib. The
second electrode, for the other active EGG lead, was
placed on the patient’s ventral midline about half way
between the umbilicus and the xyphoid process. The
third electrode, for the reference lead, was placed on
the patient’s abdomen, forming a triangle with three

equal sides.

EGG was performed with a portable EGG recorder
{Synetics Medical Inc., Irving, Texas, USA). All record-
ings in the study were made at sampling frequencies
of 4Hz. After the measurement, the EGG data were

digitized, fed into a personal computer and analyzed .
by means of a commercially available software pro--
gram (ElectroGastroGram Version 6.30, Gastrosoft

Inc., Synetics Medical). Motion artifacts (large ampli-
tude deflections) on the original EGG recording were
identified visually and deleted before analysis. To
avoid any artifact during acupuncture needle inser-
tion and the initiation of electrical stimulation, EGG
analysis was conducted for 20 min during each period
{to exclude the first and last 5 min from each 30 min
period). The data were obtained by running spectrum
analysis. Using a fast Fourier transform (FFT) algo-
rithm of a 256-sec "window" of the raw data, power
spectra of overlapping stretches of the electric signal
were computed and displayed as a function of time,
yielding frequency and amplitude information over
the course of the study (15). Several variables, includ-
ing the dominant frequency (DF), the percentages of
DF in the defined normal frequency range (2-4 cycles
cpm), the bradygastric range (0.5-2cpm) and the
tachygastric range (4-9cpm) were analyzed. Any DF
higher than 10cpm was separated from tachygastria,
because it was assumed to arise from outside the
stomach. The DF was calculated as the highest peak of
the mean FFT line during the recording time. The DP
during the acupuncture and pest-acupuncture period
was compared to the dominant power during the base-
line period to yield the power ratio (PR) for the
acupuncture and post-acupuncture period.

Statistical Analysis

Data were expressed as the mean =+ SD. Statistical
analyses were performed to investigate the effects of
acupuncture on the EGG parameters defined above,
using repeated measurement analysis of variance
(ANOVA) and the Wilcoxon matched-pairs signed
ranks test. A p value <0.05 was considered statistical-

ly significant.

RESULTS

The percentage of normal frequency of EGG dur-
ing the baseline period among all five sessions was
similar, When applying 2Hz of electrical stimulation
on the Zusnali point, there was a significant increase
in the percentage of normal frequency during
acupuncture (baseline vs. acupuncture, 82.49+12.87%
vs. 93.18+8.40%, p<0.01). The percentage of normal
frequency after 2Hz of electrical stimulation on the
Zusnali point was also increased, but it was not statis-
tically significant when compared to the baseline
(baseline vs. post-acupuncture, 82.49+12.87% us.
88.72+10.85%, p=0.11, no significance) (Table 1).
The percentage of normal {requency did not change
significantly, during or after acupuncture, with 100Hz
of electrical stimulation on the Zusnali point, or with
9Hz and 100Hz of electrical stimulation on the Shou-
sanli point.
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~ TABLE 1 Percentage of Normal EGG Frequency (2-4cpm) in’Each

Baseline, during Acupuncture and Post-acupuncture

Gl

Baseline Acupuncture Post-acupuncture P
Session  (mean £SD) % (mean +SD)% (mean =SD) % value
A 82.49+12.87 93.18+8.40 88.72+10.85 0.002*
B 85.67+12.26 85.63+13.09 82.55+14.92 NS
C 84.71+12.73 82.75+11.86 84.21+14.58 NS
D 89.41+13.00 81.96+17.67 80.95+13.98 NS
E 86.85+10.82 83.63+12.96 80.78+14.83 NS

A; 2Hz on Zusanli, B: 2Hz on Shousanli, C: 100Hz on Zusanli, D: 100Hz
on Shousanli, E: non-acu-peint, *: acupuncture vs. baseline;
NS: no significance.

TABLE 2 Percentage of Tachygastric EGG Frequency (4-9cpm) in Each Group
at Baseline, during Acupuncture and Post-acupuncture. -

Baseline Acupuncture Post-acapuncture P
Session (mean *S8SD) % {(mean =SD)% (mean x8SD) % value
A 6.57+7.85 1.94+4.48 5.78+9.48 0.028*
B 7.40+9.62 5.09+8.56 5.49+9.81 NS
C 3.92+6.90 5.09+10.87 4.32+5.66 NS
D 2.36+5.3b 6.27+9.01 9.41+12.92 NS
B 2.63::4.60 8.60+12.97 5.10+8.64 NS

A: 2Hz on Zusanli, B: 2Hz on Shousanli, C: 100Hz on Zusanli, D: 100Hz
on Shousanli, E: non-acu-point, *: acupuncture vs. baseline,
NS: no significance.

TABLE 3 Percentage of Bradygastric EGG Frequency (0.5-2cpm) in Each Group
at Baseline, duting Acupuncture and Post-acupuncture -~ -

Baseline Acupuncture Post-acupuncture P
Session (mean +SD) % (mean +SD)% (mean *x8D) % value
A 10.28+11.64 3.54+6.23 5.50+8.16 NS
B 7.60+11.89 9.27+12.64 11.89+10.80 NS
C 11.37+13.05 12.49+11.28 11.80+13.77 NS
D 8.23+11.07 11.38+17.44 10.03+11,563 NS
E 10.63+10.98 7.37+9.61 14.12+15.37 NS

A: 2Hz on Zusanli, B: 2Hz on Shousanli, C: 100Hz on Zusanli, D: 100Hz
on Shousanli, E: non-acu-point, NS: no significance.

The percentage of tachygastric and bradygastric
frequency of EGG during the baseline period among
all five sessions was also similar. During acupuncture
phase, there was a significant decrease in the percent-

~age of tachygastria (baseline vs. acupuncture,
6.57+7.85 % vs. 1.94+4.48%, p<0.05) (Table 2).
There was a decrease in the percentage of bradygas-
tria during and after 2Hz of electrical stimulation on
the Zusnali point, but it was not statistically signifi-
cant (Table 3). In addition, the change in the per-
centage of tachygastria or bradygastria was not statis-
tically significant with 100Hz of electrical stimulation
on the Zusnali point or 2Hz and 100Hz of electrical
stimulation on the Shousanli point.

The DP during the acupuncture and post-
acupuncture period was compared to the dominant
power during the baseline period to yield the PR for
the acupuncture and post-acupuncture period. When
applying 2Hz of electrical stimulation on the Zusnali
point, there was a significant increase in the PR dur-
ing acupuncture (baseline uvs. acupuncture,
1.00+0.00% vs. 1.77+1.08%, p<0.01). The PR during
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the post-acupuncture period was increased as well, but
it was not statistically significant when compared to
the baseline (baseline vs. post-acupuncture, 1.00=0.00
% vs. 1.28+0.90%, no significance) (Figure 1). The
PR did not change significantly, during or after
acupuncture, with 100Hz of electrical stimulation on
the Zusnali point, or 2Hz and 100Hz of electrical stim-
ulation on the Shousanli point.

The dominant frequency of EGG during the base-
line period among all 5-study sessions was also similar.
There was no difference in the dominant frequency
among all 5-study sessions during each period (base-
line, acupuncture, or post-acupuncture) (Figure 2).

DISCUSSION

In this study we found that (a) electrical stimula-
tion on Zusanli could enhance the regularity of gastric
myoelectrical activity (including an increase in the
percentage of normal frequency as well as PR), and (b)
the effect of acupuncture on gastric myoelectrical
activity was acu-point-specific, and the effect was
observed with 2Hz but not 100Hz of electrical stimu-
lation.

Acupuncture has been used to treat gastrointesti-
nal symptoms in oriental countries for many years.
The most commonly used acupuncture points for
treating gastrointestinal symptoms are the Neiguan
and Zusanli points (16). Acupuncture at the Neiguan
point in patients who underwent gynecological
surgery had a significant antiemetic effect on postop-
erative nausea and vomiting (17), and it could also
decrease cisplatin-associated nausea and vomiting in
cancer patients (18). Electrical acu-stimulation of the
Neiguan point has reduced the severity of symptoms
of motion sickness and decreased gastric tach-
yarrhythmia (19). The underlying mechanism is still
not fully understood. In this study, we applied eleciri-
cal stimulation on Zusanli to evaluate the effect of
acupuncture on gastric myoelectrical activity. For
comparison, another acu-point in the arm, Shousanli,
from a different meridian was also tested to investi-

(] baseline
during acupuncture
post-acupuncture

power ratia

A

Zusanli
2H2

Y

/A

Shousanli
2Hz

7

Shousanli  control

100Hz

Zusanli
100Hz

FIGURE 1 EGG power ratio in each group at baseline, during
acupuncture and past-acupuncture. The power ratio in the Zusanli
2Hz group Increased significantly during acupuncture.

No significant change was noted in the other 4 groups.
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FIGURE 2 EGG dominant frequency (CPM) in each group at baseline,
during acupuncture and post-acupuncture, No significant changes were
noted in each group.

gate whether the effect of acupuncture on gastric myo-
electrical activity is acu-point specific. The results
revealed that the beneficial effects of acupuncture on
gastric myoelectrical activity was observed with elec-
trical stimulation on the Zusanli point, but not on the
Shousanli point or on a non-acu-point. This phe-
nomenon indicates that the effect of acupuncture on
gastric myoelectrical activity is acu-point-specific.

The impact of acupuncture on gastrointestinal
function is complex, and results depend upon the
species studied, the acu-points employed, the methods
of manipulation, and the underlying functional activi-
ty of the gut. Electrical stimulation of acupuncture
points has been shown to enhance the regularity of
gastric myoelectrical activity in healthy subjects (20).
In our study, we applied 2 different electrical frequen-
cies (2Hz and 100Hz) to further investigate the under-
lying mechanism for the effect of electrical stimulation
of acupuncture points on gastric myoelectrical activi-
ty. Acupuncture analgesia studies suggest that the
effect of acupuncture is due to release of the endoge-
nous opioid peptides endorphin and enkephalin
(21,22). High frequency electrical stimulation of
acupuncture points predominantly produces local
effects of short duration on pain perception/tolerance.
Low frequency stimulation of 1-4Hz often produces
effects that are less localized and of longer duration.
Recent work has also demonstrated that opicid pep-
tides have a wide range of actions on the alimentary
tract (23). Several studies have shown that acupunc-
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