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Anti-hypertensive Effects of Electroacupuncture at ST36 in
Spontaneously Hypertensive Rat
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The present study investigated whether electroacupuncture (EA) can alleviate hypertension and concomitant
disorders such as decreased kidney weight and elevation of serum creatinine in spontaneous hypertensive rats. EA
(2 Hz, 3 mA, 10 min) was applied to Joksamni (ST36) once daily for 7 days. Body weight, blood pressure and heart
rate were measured on Day 0, 2, 6, 8, 10 and 12, and kidney weight and serum creatinine levels were examined after
sacrifice (on Day 12 after last examination). In the ST36 group, the blood pressure were significantly decreased from
6thdays and its effects lasted up to Day12 (up to 5days after cessation of acupuncture), compared to control. And,
significant decreases of the heart rates after EA at ST36 were also observed on Day 2, 8, and 8. However, there were
no significant differences in daily body weight, kidney weight and serum creatinine between acupuncture and control
group. These results showed that EA at ST36 caused anti-hypertension by decreasing blood pressure and heart rates
in spontaneous hypertenstive rats, although it failed to alleviate concomitant disorders such as the decreased kidney
weight and elevation of serum creatinine shown in hypertensive rats.
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Introduction

Systemic arterial hypertension is a common disorder

. 1,39,15
worldwide )

. Without proper management, it can cause
numerous complications such as heart disease, stroke,
hypertension, kidney failure, eye disease, and nervous system

. 4,13,18
disorders ).

Spontaneously hypertensive rats (SHR) have
been used as an animal model of arterial hypertension; these
animals reflect the characteristics of hypertension and its side
effects similar to the manifestations observed in humans***.

The hypertension in these rats is associated with
increases in sympathetic activity. The sympathetic nervous
system plays an important role in regulating blood pressure; it
controls blood pressure by modulating peripheral vascular
resistance and cardiac output”. Similar to animal models of
hypertension, primary human hypertension is also associated

with increases in sympathetic activity and blunted arterial
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baroreflexes™™. An effective cure for hypertension has not yet
been found.

Acupuncture is an ancient therapeutic technique that has
been used for the treatment and prevention of a variety of
diseases®”. ST36 is one of the most commonly used points in
clinic. Oriental medicine describes that ST36 strengthens the S
spleen and stomach, regulates the intestines and stabilizes the
mind and emotions, which can treat the deficiency of heart
and spleen. Few studies have reported that EA at ST36 has
antihypertensive effects in hypertension animal models.

The aim of the present study was to explore whether EA
at ST36 can decrease hypertension and alleviate the
concomitant kidney disorders including decreased kidney

weight and elevation of serum creatinine.

Materials and Methods

1. Experimental animals

Eight-week-old spontaneously hypertensive rats (SHR;
Orient Inc. Korea) weighing approximately 250 g were used
for the study. Each animal was housed at a controlled

temperature (22+2C) and was maintained under light-dark
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cycles, each cycle consisting of 12 hrs of light and 12 hrs of
darkness (lights on from 07:00 to 19:00 h), with food and water
made available ad libitum. All rats were housed for at least 7
days under these conditions prior to any experimental
manipulations. The experimental procedures were performed
in accordance with the animal care guidelines of the NIH and
the Catholic University of Korea Institutional Animal Care and
Use Committee. SHR rats (n=20) were divided randomly into
two groups of control (n=10) and acupuncture (n=10), For the
EA stimulation, each rat was placed in a plastic holder with
tail and hip protruding. One pair of acupuncture needle (10
mm long, 0.15mm diameter) was inserted about 3 mm deep
into the left side ST36 and the other needle into the right side
ST36. The needles were connected with the output terminals of
the stimulator (LH800, Han’s acupoint nerve stimulator, China)
that delivered square waves at 2 Hz, a 0.3 ms pulse width, and
3 mA intensity for 10 min. After the EA stimulation, the rats
returned to their cages. Acupuncture group received total 7
treatments, once day for 7 days. Control group received the same
manipulation as acupuncture group without EA. ST36 is located
about 10 mm below the knee joint and about Smm lateral to the

midline on the anterior surface of the hind leg in a rat.

2. Measurements

Body weights, blood pressure and heart rate were
measured on Day 0, 2, 6, 8, 10 and 12. All rats were sacrificed
after the last treatment (Day 12) to examine kidney weight and
serum creatinine. On Day 0, 2, 6, 8, 10 and 12, blood pressure
(BP) and heart rate (HR)} were measured 3 times (2 min
intervals) for one average data in each animal after EA at ST36
using physiography and a tail cuff sensor'”. To measure blood
pressure, the rats were prewarmed at 32°C for 5-10 min in a
warming box. Briefly, the rat placed in a plastic holder with
tail and hip protruding and received EA for 10 min. The rats
were stabilized for 5-10 min after EA and the tail was
occluded with an appropriate sized tail cuff sensor connected
to the physiography (Grass79, Grass, USA) and the pulse was
detected as the cuff pressure was lowered. The only rats with
blood pressure over 180 mmHg were used in this study. In
each animal, blood pressure and heart rate were expressed as
percentage of baseline (pretreatment value on Day 0). To
measure serum creatinine level, 1 ml blood was withdrawn via
cardiac puncture. The proteins were isolated from the blood
sample using the Folin-Wu method' and then creatinine levels

were ascertained by spectrophotometer measurements.

3. Statistical analysis

All data are presented as mean + SEM (standard error of

the mean). The data were analyzed by one- or two-way
repeated-measurement analysis of variance (ANOVA), followed
by post hoc testing using the Holm-Sidak method. P values

£0.05 were considered statistically significant.

Results

The changes in body weights are shown in Fig. 1. The
body weights tend to increase in acupuncture group, but, there
were no significant difference between control and
acupuncture groups. In acupuncture group, the significant
changes in blood pressure(Fig. 2). Its effects lasted up to Day
12 (5 days after cessation of EA). This finding indicates that
EA at ST36 had a long-term suppression effect on the high
blood pressure in the SHRs. The heart rate after EA at ST36
was significantly decreased on Day 2, 6, and 8, compared to
control, but its values returned to those of control on Day 10
and 12 after cessation of EA(Fig. 3).
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Fig. 1. Change in mean blood pressure during the experimental

procedure. Each value reoresents the mean+SEM. The resulis of blood pressure
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Fig. 2. Change of body weights in rats. Fach value represents the
mean=S EM

This result suggests that EA at SI36 can attenuate the
increase of heart rate during acupuncture treatment. On the

other hands, there were no significant differences in the kidney
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weight and serum creatinine levels between control and
acupuncture groups. It may indicate that EA at ST36 does not

have any effects on concomitant kidney disorders from

hypertension.
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Fig. 3. Change in mean heart rate during the experimental
procedure. Each value represents the meantSEM. The results of heart rate
were analyzed by performing separate The results of blood pressure were analyzed
by performing two-way repeated-measurement analysis of variance (ANOVA),
followed by post hoc testing using the Holm-Sidak method. *p<0.05 vs. control
group.
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Fig. 4. A) The effect of electroacupuncture at ST36 on Kidney
weights. Each value represents the mean+S.E.M. B) The effect of
electroacupuncture at ST36 on creatinine concentration in blood.
Each value represents the mean+S.E.M.

Discussion

The results of the current study showed that EA at ST36
effectively decreased the blood pressure and the heart rate in
the SHRs, especially, it had long-term suppression effects on
blood pressure in SHRs. Hypertensive animal models such as
SHRs, renal hypertensive rats, DOCA salt hypertensive rats,
and NaCl-fed-hypertensive rats have been used extensively as
human hypertension-mimetic models. Among them, SHRs are
widely accepted as an animal model for the study of essential
hypertension in humans. In acupuncture researches using SHR
model, it was reported that manual acupuncture at LI", LIV3,
LI4 and ST36 decreases the blood pressure, and improves the
bulbar conjunctiva microcirculation in SHRs'™®. Zhou Y et al
(1995) reported that acupuncture at bilateral ST36 plus LI

remarkably droped the biood pressure in the SHRs ) Huang
YL et al demonstrated that the curative mechanism of
acupuncture on stress-induced hypertension was related to the
changes of systolic blood pressure8. They suggested that the
acupuncture at ST36 had a similar suppression effect in
stress-induced hypertensive rats. Consistent with the previous
reports, the present study confirmed that the repeated EA
treatment at ST36 significantly decreased the blood pressure
and heart rate in the SHRs.

Generally, hypertension is related to the kidney function.
Many reports have shown that patients with hypertension
have decreased kidney weight and increased creatinine’™™”.
Creatinine is a protein metabolite excreted by the kidney. Once
the kidneys are functioning normally, the serum creatinine
level should remain constant and normal. Serious renal
disorders, such as glomerulonephritis, pyelonephritis and
urinary obstruction, will cause abnormal elevations in the
creatinine. In our preliminary study, compared to normal
Sprague-Dawley rats, decreased kidney weight and increased
serum creatinine were observed in SHRs (data not shown). In
the present study, EA at ST36 failed to alleviate the decreased
kidney weight and elevation of serum creatinine in SHRs,
compared to control. It may suggest that EA exerts
anti-hypertension effect via other mechanisms (i.g., sympathetic
activity), not due to modulation of kidney functions or EA did
not have any effects on the concomitant kidney disorders by
hypertension. It is not clear how EA at ST36 caused long-term
suppression on blood pressure in SHRs and it is important
subject for future study.

In conclusion, this study showed that EA at ST36 had a
potent antihypertensive effect and induced prolonged

suppression effects on high blood pressure in SHRs.
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