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Effect of Acupuncture Stimulation on Gastric Mucosal Microcirculation
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Summary: The present study investigated the effect of acupuncture stimulation on
gastric mucosal hemodynamics. The subjects were 10 males with no abnormalities of
the stomach. Laser-Doppler flowmetiry was applied for measurement of mucosal blood
flow, and the fiberoptic probe of the flowmeter was placed on the gastric antral mucosa
of the subjects through a gastroendoscope. The total time of measurement was 10
minutes, and acupuncture stimulalion at the point Zusanli (ST36) was performed for 5
minutes during the measurement period. The blood flow of the subjects increased
during acupuncture stimulation, and tended to recover to baseline level after removal of
the acupuncture needles. The increased blood flow during and aller stimulation showed
was significantly higher than the baseline blood flow measured with no stimulation. We
conclude that acupuncture stimulation at Zusanli (ST36) may be useful for the treatment
of gastrointestinal disease on the grounds that it increases the mucosal blood flow.
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INTRODUCTION

Although there is no single etiologic factor
responsible for gastric ulcers, experimental
evidence has accumulated to indicate that
mucosal blood flow plays an important role
in the pathogenesis and healing of this lesion
1=8) For the measurement of blood flow of
the gastrointestinal mucosa, several tech-
niques such as laser-Doppler flowmetry® =12,
hydrogen gas clearance’®'¥, and iodoanti-
pyrine clearance’® have been introduced and
widely used in recent years. Among these
techniques, laser-Doppler flowmetry is useful

for measurement of gastric mucosal blood
flow in humans because it is noninvasive,
accurate, and reproducible!®. On the other
hand, the effects of acupuncture stimulation
on gastrointestinal functions have been
demonstrated by several workers, and the
value of acupuncture therapy for gastrointes-
tinal diseases such as gastric ulcer has been
emphasized!” 29 In  the present study,
changes in human gastric mucosal blood flow
by acupuncture stimulation were investigated
using a laser-Doppler flowmeter.
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SUBJECTS & METHODS
Subjects
Ten male volunteers with no gastric
disease, symptoms related to gastrointestinal
function, hypertension, or other abnormalities
were studied. The mean age of subjects at
the time of study was 22.1 years (range, 20
to 26). All the subjects were gave informed
consent prior to commercing.
Instruments
Figure 1 shows a diagram of the laser-
Doppler flowmeter used (ALF-2100; AD-
VANCE, Tokyo, Japan). The instrument
consists of a He-Ne laser (2 mW, 632.8 nm)
which i1s used to illuminate a small spot of
gastric mucosa, a fiberoptic probe (fiber
separation of 0.5 mm at the tip), and signal
processing units. The light from the laser
unit is carried to the tissue through the glass
fibers, and the backscattered light reflected
from stationary tissue and moving red blood
cells is carried through the fibers to a

photodetector (a photodiode). The probe (1.8
mm in diameter) is flexible and made for
endoscopic use. The electronic system
processes Doppler-shifted signals to yield a
blood flow value which is expressed as
absolute units of ml/ min100 g tissue.

Experimental design

Subjects were fasted for 12 hours before
experiments but were allowed to take water.
They were pretreated with 200 mg of
dimethylpolysiloxane for defoaming the
stomach mucosa, intramusculas injection of
20 mg of N-butylscopolammonium bromide to
inhibit
lidocaine hydrochloride to anesthetize the
throat. The gastroendoscope (GIF TYPE V10
;.  OLYMPUS®,
through a mouthpiece placed between the
teeth of the subject to the stomach, with the
subject had lying then on the bed throughout

The flexible optical probe

peristole of the stomach, and

Japan) was inserted

the experiment.
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Fig. 1. Diagram of laser-Doppler flowmeter

The instrument (ALF-2100; ADVANCE, Tokyo, Japan) consists of a He-Ne laser (2 mW, 632.8

nm), fiberoptic probe, and signal processing units.

The light is carried to and from the tissue

through glass fibers which maintain constant fiber separation (0.5 mm) at the tip. The
backscattered light which consisls of Doppler-shifted light reflected from stationary tissue and
moving red blood cells is carried through the fibers to a photodetector (a photo diode). The
electronic system yields the blood flow volume from Doppler-shifted signals.
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Fig. 2. Measurement of gastric mucosal blood flow

The flexible optical probe was inserted into the stomach and gently placed on the
gastric antral mucosa via a gastroendoscope (GIF Type V10; OLYMPUS ®, Japan).
Blood flow values from the laser-Doppler flowmeter were recorded with a chart
recorder (U228; Nippon Denshi Kagaku, Japan) and digital printer (ALF P1;
ADVANCE, Tokye, Japan) as absolute units of ml/min/100 g tissue.

the gastroendoscope and gently placed on the
gastric antral mucosa for measurement of
blood flow.

laser-Doppler flowmeter were recorded with a

Blood flow wvalues from the

chart recorder (U228; Nippon Denshi Kagaku,
Japan) and a digital printer (ALF PI;
ADVANCE) in absolute units of ml/min
A100 g tissue (Figs. 2 and 3).
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Fig. 3. Contact of fiberoptic probe with gastric
mucosa

The fiberoptic probe was placed on the lesser
curvature of the antrum, and constant contact
pressure and contact angle were maintained.
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was performed for a period of 5 minutes
(from 2 minutes after the start of measure-
ment to 3 minutes before the end of the
experiment). The points stimulated with
acupuncture needles (0.20 mm 1in diameter;
®SEIRIN KASEI Co., Japan) were bilateral
Zusanli (ST 36), and the needles penetrated
10 mm. In some of the subjects, we continu-
ously monitored blood pressure simultane-
ously with measurement of gastric blood
flow wusing a blood pressure monitor
(Finapres; Ohmeda BOC Group Inc., USA).

Statistical Analysis

Results were expressed as mean £5D in
absolute units of bloed flow (ml~min 100 g
tissue). The blood flow vol-
ume in each subject was calcu-

values in the two groups. In the stimulated
group, the value of gastric mucosal blood
flow increased steadily from the start of
stimulation, and showed a peak level of 21.7
+79 ml/min/100 g tissue at 8 minutes
(one minute after removal of acupuncture
needles), and then decreased steadily thereaf-
ter, but did not return {o the baseline level
of before stimulation until the end of the
measurement. In the control group, blood
flow levels did not change throughout the
experiments. There were significant differ-
ences in the values of blood flow between
controls and the stimulated group at 3
minutes (13.4 3.1 vs. 16.6+£2.4, p<{0.02), 6

lated every one minutes from 30 -
24 data.pomts prmt‘?d at 2.5 a5 L n=10 P
second intervals. Differences 55 |
between controls and the oy | miean =50
stimulated group were ana- @ L
lyzed by Student’s t-test, and § 20' |
considered significant if p g -
value was less than 0.05. ‘:E el
RESULTS 5 :: |
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a.t rest dun_ng the study pe- il *p<0.02
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minutes, and mean flow vol- 0 4 6 8 10 12

ume values at every one
minute are shown in Fig. 4.
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100 g tissue with similar
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Fig. 4. Mean blood flow values at one minute intervals.

The values of gastric mucosal blood flow increased steadily
during acupuncture stimulation, and tended to recover to the
basal level thereafter. Significant differences were observed
between the two groups at 3, 6, 7, 8, 9, and 10 minutes.
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Fig.5. Total blood flow volume during 2
minutes hefore stimulation in both
groups.

Total blood flow velume before stimulation
showed similar level compared with that in the
control group.
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Fig.6. Total blood flow volume during 5
minutes of acupuncture stimulation.

Total blood flow volume during acupuncture
stimulation showed a significantly higher level
compared with control values.

minutes (14.1 3.1 vs. 20.1£5.8, p<<0.01), 7
minutes (13.8 £2.8 vs. 20.4+5.2, p<<0.01), 8
minutes (14.0 £1.8 vs. 21.7%79, p<0.02), 9
minutes (14,5 £33 vs. 19.8%4.8, p<0.01),
and 10 minutes (14.2+3.1 vs. 19.1 = 3.5,
p<{0.01). Figure 5 shows the total blood flow
(mL-100 g tissue) during 2 minutes before
stimulation in both groups, showing similar
values in the two groups. The total blood
flow volume during 5§ minutes of acupuncture
stimulation are shown in Fig. 6. Total blood
flow volume during acupuncture stimulation
showed a significantly higher value compared
with the control period (69.8 £13.8 in control
group vs. 90.7£16.6 in stimulated group, p<_
0.01), and a similar difference was also ob-
served in the levels of total blood flow vol-
ume during 3 minutes after removal of acu-
puncture needles (42.8=7.7 in controls vs. 60.7
+12.9 in stimulated group, p<<0.01) (Fig. 7).
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Fig. 7. Total blood flow volume after acupunc-
ture stimulation.

Total blood flow volume after removal of
acupuncture needles also showed a significantly
higher level compared with control values.
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Fig 8. Representative recording during acupuncture stimulation.

The traces of blood flow, blood pressure, and pulse rate in a subject during
acupuncture stimulation (right panel) show increase in blood flow by acupuncture
stimulation with no effect on systemic blood pressure and pulse rate. On the other
hand, the traces in the control period show no changes throughout the 10 minutes of

the experiment (left panel).

Figure 8 shows a tracing of gastric mucosal
blood flow from the chart recorder, blood
pressure, and pulse rate in one subject during
10 minutes of the experiment. The blood
flow increased steadily during acupuncture
stimulation, and decreased thereafter (right
panel), while the blood pressure and pulse
rate were similar to the baseline levels as

shown in the left panel.

DISCUSSION
The present study showed that gastric
antral mucosal blood flow volume were
increased during acupuncture stimulation and
tended to decrease after removal of the

acupuncture needles, while the stimulation
had no effect on systemic blood pressure and
pulse rate. These results suggest that this
finding was not the result of hypertension or
other responses due to the pain of the
stimulations but the result of a specific
effect of acupuncture stimulation. The role
of gastric mucosal blood flow in the patho-
genesis of gastrointestinal diseases has been
indicated by many experiments, and it is
clearly demonstrated that the gastric mucosal
microcircuration is important for gastric
nrucosal protection and healing of gastric
mucosal lesions! —®, Thus, increased blood
flow by acupuncture stimulation may be
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effective for the treatmeni of gastrointesti-
nal diseases such as gastric ulcer. However,
the enhanced blood flow in this study may
have been the result of increased acid
secretion caused by acupuncture stimulation
because the supply of energy metabolites for
acid secretion of parietal cells which are
stimulated by acetylcholine, gastrin or his-
tamine requires adequate mucosal blood flow
21.22)  Therefore, it is necessary to investigate
the change of acid secretion simultaneously
with the measurement of mucosal blood flow
in the fundic gland area of the stomach
during acupuncture stimulation. If increased
blood flow with no increase of acid secretion
1s observed, acupuncture stimulation can be
expected to play an important protective role
against gastric diseases such as ulcers or
erosions, Furthermore, the long-term effect
of acupuncture stimulation and the specilicity
of the stimulating point should be investi-
gated.

One possible mechanism for the increase in
blood flow by acupuncture stimulation is
that the stimulation caused excitation of the
nervous system controling vasomotion of the
gastric mucosa®®. Much evidence has indi-
cated that the autonomic nervous system is
primarily responsible for direct control of
blood flow to the stomach. Vagus nerve
stimulation produces an increase in gastric
blood flow by a direct vasodilatory effect on
the gastric vasculature? %), while stimulation
of the sympathetic fibers to the stomach
results in decreased blood flow?®.27. Further-
more, it is clear that a increase in gastric
blood flow is also produced by stimulation of
the hypothalamus®, Thus, it should be
considered that acupuncture stimulation of
the lower leg may have an influence on the

hypothalamus or vagus nerve through the

dorsal column-lemniscal system or the

anterolateral system of the spinal cord?. 3
causing an increase in blood flow of the

gastric mucosa. Another possibility is that

the enhanced blood flow in the present study
was evoked by a vasodilator such as biogenic
amines (histamine)3?, gastrointestinal hor-
mones (pentagastrin, octapeptide of chole-
cystokinin, natural secretin)®®, or prosta-

glandins3.3¢). Howeveer, the mechanism of

release of these agents by acupuncture

stimulation at Zusanli (ST36) on the lower
leg is unknown. It will be necessary to
investigate the release of these agents and
the response of the nervous system during
acupuncture stimulation,
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