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ABSTRACT
Diabetes mellitus (DM), a recently recognized important disease, has fast increased
and coexists with secondary complications such as hypertension. The purposes of this
study were to investigate the effects of electroacupuncture (EA) stimulation at Zusanli
(ST36) on kidney weights, blood glucose levels, blood pressure, plasma creatinine
levels, and expression of tyrosine hydroxylase (TH) of the locus coeruleus (LC) in
streptozotocin (STZ)-induced diabetic rats. Based on basal body weight and blood
glucose levels, SD rats were maintained for three weeks and classified into three
groups, which were the NOR group, without-treated group; the DM-CON group, the
STZ-induced-diabetes and non-treated EA; the DM-ST36 group, the STZ-induceddiabetes with EA stimulation at ST36 group. Within 3 weeks STZ treatment, the
diabetic groups (the DM-CON and the DM-ST36) demonstrated significantly less body
weightsand hyperglycemia than the NOR group. Also, the significant increases in
kidney weight, plasma creatinine levels, and blood pressure were observed in diabetic
groups but there was no difference in heart rates. EA stimulation at ST36 significantly
reduced blood pressure and plasma creatinine levels. However, weight of kidney and
plasma glucose levels had not affected. In addition, EA stimulation at ST36 significantly
reduced the increase of TH-immunoreactivities of the LC induced by STZ treatment.
These findings suggest that EA stimulation at ST36 is effective in the treatment of the
diabetic hypertension, even though it cannot control the plasma glucose levels.
Key words: diabetic hypertension, zusanli acupoint (ST36), body weight, kidney weight,
blood pressure

INTRODUCTION
The occurrence of diabetes mellitus (DM) has rapidly increased, due to obesity, stress, and unhealthy dietary habits which is a metabolic disorder
with serious sequela in the human. In addition to
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the diabetic condition itself, diabetes is associated
with the illness (Surwit et al., 1992; Moberg et al.,
1994). Without proper management, it can induce
numerous secondary complications such as heart
disease, stroke, hypertension, kidney damage, eye
disease, and nervous system disease (American
Diabetes Asoociation, 1998; Sower et al., 2001).
There is an increased prevalence of hypertension
among diabetes patients. Diabetes is associated
with an increased frequency of macro and micro-
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vascular disease and characterized by chronically
elevated systolic blood. This secondary hypertension as a complication of DM needs the clinical
management, which has become a serious medical,
social and economic problem.
Streptozotocin (STZ) impairs the function of beta
cells in pancreas and causes control failure of the
blood glucose levels. The STZ-induced diabetic rat
is well known as an animal model of type-1 diabetes; increased plasma glucose levels and cardiac
turnover of noradrenaline were found in early diabetes (Akiyama et al., 1989; Kuncova et al., 2005),
while, responses to sympathetic stimulation and
noradrenaline have been reported as decreased
(Takiguchi et al., 1988; Ralevic et al., 1995). It was
reported that the STZ-induced rats have increased
blood pressure as a complication of DM (Fiordaliso
et al., 2000).
Hypertension is a disorder characterized by chronically elevated high blood pressure; systolic blood
pressure consistently higher than 140 mmHg or
greater, and/or diastolic blood pressure consistently
90 mmHg or greater (http://www.nlm.nih.gov/cgi/
mesh/2007/MB_cgi?mode=&index=6693). Blood pressure is determined by the amount of blood pumped
by the heart, and the size and condition of the
arteries and many other factors can affect blood
pressure, including volume of water, salt intake, and
condition of the kidneys, nervous system, or blood
vessels. Essential hypertension has no identifiable
cause and over 90% of all hypertension has consisted of secondary complications. About 10% of
cases are secondary hypertension caused by another disorder including adrenal gland tumors, kidney
disorders (glomerulonephritis, renal vascular obstruction or narrowing), renal failure, use of medications, drugs, or other chemicals et al. This complication has become a serious medical, social and
economic problem. Clinical management is needed
to prevent this disease.
Acupuncture has played an important role in traditional Oriental medicine. It can be defined as
insertion to needles in to specific points in the body
for therapeutic purpose and has been used for
treating stroke, hypertension and pain in East Asian
countries for many years. Acupoint Zusanli (ST36),
as one of the most frequently used acupuncture
points, is located below knee joint of the hind limb

2 mm lateral to the anterior tubercle of the tibia
(Chang et al., 2005). Many studies have shown that
acupuncture at Zusanli (ST36) improves insulin
sensitivity, gastrointestinal motility and cerebral
blood flow, with a wide range affects such as
analgesic, spasmolytic, and homeostatic actions
usually affecting the stomach, gallbladder or kidney
(Chang et al., 2006; Niu et al., 2007). Acupuncture
or EA at points of Zusanli (ST36), Neiguan,
Sanyinjiao and Yongquan significantly reduced the
blood pressure in the hypertension related the
stenosis of renal artery in the mice (Feng et al.,
1994). Several clinical studies have reported that
acupuncture or EA stimulation was capable of suppressing systolic and diastolic hypertension (Chiu et
al., 1997; Macklin et al., 2006; Flachskampf et al.,
2007).
Until now, many studies have focused on
medicinal aspects of treatment of hypertension. It
has been known that acupuncture and EA stimulation have minimal side effects in several diseases
and are more effective and safe treatment than
prescription of medicine. Accordingly, acupuncture
and EA have been advocated as safe and effective
treatment for diseases. Accordingly, in this study,
we aimed to examine whether the EA stimulation at
Zusanli (ST36) can improve retinal and vascular
functions in the STZ-induced diabetic hypertension
rats.

MATERIALS AND METHODS
Animals
Subjects were adult (8 weeks) male albino male
Sprague-Dawley rats (Orient Animal Corp, Gyeonggi-do, Korea) weighing 250±20 g each. After rats
were adjusted for one week, they were allotted to
one normal group and two diabetes groups. Each
animal was group-housed (tree per cage) at a
o
controlled temperature (22±2 C) under a reversed
12：12 h light-dark cycle (light on from 07：00 to
19：00 h), with food and water made available ad
libitium. All animals were handled daily for at least
7 days prior to the experiment.
Experimental groups
The three experimental groups were maintained
for three weeks, the NOR group (n=7): the non-dia-
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betes and non-acupunctured group and the diabetic
groups were further, classified into the DM-CON
(n=7): the STZ-induced-diabetes and non-acupunctured group, the DM-ST36 (n=8): the STZ-induceddiabetes and EA stimulation at Zusanli (ST36)
group. In the DM-ST36 group, EA was given 3 mA,
2 Hz, daily during three weeks. For EA at Zusanli
(ST36), which was located bilaterally at the anterior
tibia muscles below the knee, stainless acupuncture
needles of 0.3 mm diameter were bilaterally inserted into the locus of Zusanli (ST36) for 30 min
with at least stress condition (Song et al., 2006).
Treatment with EA group was given daily during
three weeks. Then, all animals were killed after
fasting for 12 hours at the end of experiment on
the 21st day of the experiment.
Diabetes process
Diabetes was induced by a single intramuscular
injection of STZ (60 mg/kg) (Sigma-Aldrich INC., St.
Louis, MO, USA) at the femoral region dissolved in
sodium citrate buffer (pH 4.3) (Bojunga et al., 2004).
The rats with a blood glucose level over 180 mg/dl
at 2nd day after STZ administration were used in
this study. Blood glucose levels were measured
using colorimetric instrument of blood glucose
(Accutrend GC, Boehringer Mannheim, Germany).
Measurement of the body weights, blood
pressure, and heart rate
Body weights, blood pressure and heart rate
were measured at every 3 days. Body weight was
calculated with electronic balance, systolic blood
pressure was measured using a pressure measuring apparatus with tail-cut occlusion (Powerlab,
MLT1010 pulse transducer, AD instrument, Austria)
and heart rate was measured during the measuring
blood pressure.
Measurement of glucose concentration in blood
Blood samples were taken from the tail vein at 1,
2 and 3 week during the experiment for assay of
plasma glucose levels which were determined using
a system of spectrophotometers (Accutrend GC,
Boheringer Mannheim, Germany)
Measurement of the kidney weights
After three weeks, the experimental anima's rats
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were fasted for 12 h and sacrificed. Animals were
anesthetized with sodium pentobarbital (Hanlim
Pharm. Co., Gyeonggi-do, Korea, 80 mg/kg i.p.)
and intracardially perfused with 100 ml of saline
followed by 500 ml of 4 % solution of paraformaldehyde prepared 0.2 M phosphate buffer saline (PBS,
pH 7.2). Their kidneys were excised, washed in
0.9% NaCl, and weighing.
Immunohistochemistry of tyrosine hydroxylase
(TH)
The fixed brains were sectioned coronally in 30μm
on a freezing microtome. Sections were washed in
phosphate buffer triton (PBST) before being incubated in PBST containing 0.1% sodium azide,
2% normal goat serum and TH primary antibody
diluted 1：2,000 (mouse anti-tyrosine hydroxylase,
Zymed, USA) and incubated sections for 72 hours
o
in 4 C. The sections were then washed in 0.3%
PBST and incubated for 2 hour with 1% goat
blocking serum and a biotinylated anti-mouse secondary antibody (Vector Laboratories, Burlingame,
CA) diluted 1：200. After washing in PBST and
then being incubated for 2 hour in PBS in room
temperature and incubated for 90 min in PBS containing avidin biotinylated horseradish peroxidase
complex (1：100, Vector Laboratories), the sections
were washed again in PBS and then the reaction
was visualized using a glucose oxidase-3,3-diaminobenzidine nickel method terminated by washing
in PBS. Sections were mounted on slide, dehydrated
and cover-slipped for microscopic observation.
Statistical analysis
The data were expressed as means±S.E.M. Group
differences in the significance of any changes in the
body weights were analyzed using one-way analysis
of variance (ANOVA) with repeated measures.
One-way ANOVA followed by LSD post hoc test for
multiple group comparison was used to analyze
group differences of the data on body weight kidney
weight, glucose levels, blood pressure, heart rate
results, creatinive revels and number of TH immunoreactive neurons. The criterion for statistical
significance was considered to be p values＜0.05.
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Table 1. Effects of electroacupuncture stimulation on kidney
weight in streptozotocin-induced diabetic rats
Groups
NOR
DM-CON
DM-ST36

Final body
weights (g)

Kidney weights
(g/100 g body weights)

369.70±10.53
263.80±20.73***
,†
243.43±20.54***

0.70±0.05
1.13±0.09***
1.14±0.12***

The NOR group (n=7): without-treat, the DM-CON group (n=7):
the STZ-induced-diabetes and non-acupunctured group, and the
DM-ST36 group (n=8): the STZ-induced-diabetes and EAZusanli (ST36). Each value is represented as means±S.E.M.
Separate measures of one-way ANOVA for kidney weights
among the groups were followed by LSD. ***: p＜0.001 vs. the
NOR group. †: p＜0.05 vs. the DM-CON group.

Fig. 1. Changes in body weight in streptozotocin-induced diabetic rats during 3 weeks. The NOR group (n=7): without-treat,
the DM-CON group (n=7): the STZ- induced-diabetes and nonacupunctured group, the DM-ST36 group (n=8): the STZ-induceddiabetes and EA-Zusanli (ST36). Each value is represented as
means±S.E.M. Separate measures of one-way ANOVA for body
weights among the groups were followed by LSD. *: p＜0.05, **:
p＜0.01 and ***: p＜0.001 vs. the NOR group.

RESULTS
Change of body weight
Changes in body weights of all groups during 3
weeks were shown in Fig. 1. [F(2,15)=5.742, p＜
0.05]. Body weights of the diabetic groups (the DMCON and the DM-ST36 group) were significantly
decreased after administration of STZ, compared
with the NOR group. Between the diabetic groups,
body weight was not significantly changed.
Kidney weight
As shown in Table 1, analysis of final body
weight and kidney weights of the diabetic rats were
significantly different across all groups [F(2,21)=
88.599, p＜0.001 and F(2,21)=52.140, p＜0.001,
respectively]. Body weight of the DM-ST36 group
was significantly decreased compared the DM-CON
group at the final day (p＜0.05). Kidney weight of
the diabetic groups were significantly increased
compared to those of the NOR group (p＜0.001).
However, the kidney weights of the DM-ST36 group
were not different from those of the DM-Control
group.

Table 2. Concentration of blood glucose in streptozotocin-induced diabetic rats during three weeks
Groups

1st week

2nd week

NOR
DM-CON
DM-ST36

115.4±17.02
330.3±53.37***
351.8±46.81***

117.4±25.0
339.6±49.31***
285.1±91.59***

3rd week
131.6±11.67
467.7±36.34***
460.5±49.25***

The NOR group (n=7): without-treat, the DM-CON group (n=7):
the STZ-induced-diabetes and non-acupunctured group, and the
DM-ST36 group (n=8): the STZ-induced-diabetes and EAZusanli (ST36). Each values are represented as means±S.E.M.
Separate measures of one-way ANOVA for blood glucose levels
among the groups were followed by LSD. ***: p＜0.001 as compared with the corresponding data of the normal group.

Blood glucose levels
Table 2 shows levels of blood glucose among
three groups [F(2,17)=147.620, p＜0.001]. Glucose
Levels of the diabetic groups were markedly higher
st
than those of the NOR group. At the 1 week,
concentration of glucose of the DM-ST36 group
was higher than the DM-CON group. However at
nd
rd
the 2 and 3 week, the level of blood glucose of
the DM-ST36 group tended to be decreased,
compared with the DM-CON group, but there was
no significant difference.
Change of systolic blood pressure
Fig. 2 shows level of blood pressure among three
groups [F(2,12)=10.525, p＜0.01]. Blood pressure of
the diabetic groups was continuously increased compared with that of the NOR group (p＜0.01). Blood
pressure of the DM-CON group was constantly
increased for three weeks but, that of the DM-ST36
th
group was decreased after 15 day (p＜0.05).
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Fig. 2. Effects electroacupuncture stimulation on blood pressure
in streptozotocin-induced diabetic rats. The NOR group (n=7):
without-treat, the DM-CON group (n=7): the STZ-induceddiabetes and non-acupunctured group, and the DM-ST36 group
(n=8): the STZ-induced-diabetes and EA-Zusanli (ST36). Each
values are represented as means±S.E.M. Separate measures of
one-way ANOVA for blood pressure among the groups were
followed by LSD. *: p＜0.05, **: p＜0.01 and ***: p＜0.001 vs.
the NOR group, respectly. #: p＜0.05 vs. the DM-CON group.
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Fig. 4. Effects of electroacupuncture stimulation on creatinine
level in streptozotocin-induced diabetic rats. The NOR group
(n=7): without-treat, the DM-CON group (n=7): the STZ-induceddiabetes and non-acupunctured group, and the DM-ST36 group
(n=8): the STZ-induced-diabetes and EA-Zusanli (ST36). Separate measures of one-way ANOVA for creatinine level among
the groups were followed by LSD. **: p＜0.01 vs. the NOR
group, and #: p＜0.05 vs. the DM-CON group.

3.407, p=0.054]. After STZ administration, heart rate
of the diabetic groups were decreased (p=0.240).
th
Except the 17 day, there were no differences in
changes of heart rate between two DM-ST36 and
DM-CON groups.
Analysis of biochemical index in blood
Measurements of hypertension index in blood,
such as potassium, acetylcholine receptor, angiotensin converting enzyme in experimental rats, were
not significantly different among the experimental
groups (not shown data), but levels of creatinine
were significantly different as seen in Fig. 4 [F(2,10)
=8.273, p＜0.05]. Levels of creatinine in the DMCON group was increased compared with that of
the NOR group, and the EA stimulations of ST36
acupoints decreased its level.

Fig. 3. Effects of electroacupuncture stimulation on heart rates in
streptozotocin-induced diabetic rats. The NOR group (n=7): withouttreat, the DM-CON group (n=7): the STZ-induced-diabetes and
non-acupunctured group, and the DM-ST36 group (n=8): the
STZ-induced-diabetes and EA-Zusanli (ST36). Each values are
represented as means±S.E.M. Separate measures of one-way
ANOVA for heart rate among the groups were followed by LSD.

Change of heart rate
Changes of heart rate in the NOR group and the
diabetic groups were shown in Fig. 3 [F(2,19)=

Immunohistochemistry of TH
Fig. 5 shows expression of TH in the locus coeruleus (LC). Data on TH-immunoreactive neurons
in the LC showed that TH-immunoreactivities of the
DM-CON group were higher than those of the NOR
group. In the SN, the DM-ST36 group had a
without effects (data not shown), but, in the LC,
expression of TH-immunoreactive cells were inhibited
in the DM-ST36 group, compared to the DM-CON
group.
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Fig. 5. The mean (±SEM) values of the quantities of TH-immunoreactive cells in the locus coeruleus (LC) of the NOR group (A):
without-treat, the DM-CON group (n=7): the STZ-induced-diabetes and non-acupunctured group, and the DM-ST36 group (C): the
STZ-induced-diabetes and EA-Zusanli (ST36). Separate measures of one-way ANOVA for the number of neurons among the groups were
followed by LSD. The number of cells was counted at ×200 magnification using a microscope rectangle grid that measured 100×100
microns. Scale bar=200μm. ##: p＜0.01 vs. the DM-CON group.

DISCUSSION
This study demonstrated that injection of STZ
produced marked hyperglycemia. The STZ-induced
diabetic hypertension model is similar to the hyperglycemia of type 1 diabetes which can be attributed
to a primary failure of the beta cell in the pancreas
to produce and secrete insulin or severe state of
type 2 diabetes which occur beta cell decompensation and need insulin offer.
Diabetes is associated with an increased frequency of macro and microvascular disease and
characterized by chronically elevated systolic blood
pressure and kidney size by way of compensation
for the diabetic syndrome. In the STZ induced
diabetic rats, plasma levels and cardiac turnover of
norepinephrine (NE) were increased in early diabetes (Akiyama et al., 1989, Kuncova et al., 2005),
while responses to sympathetic stimulation and NE
have been reported as decreased (Takiguchi et al.,

1988; Ralevic et al., 1995).
EA stimulation at ST36 did not affect the blood
glucose levels and the kidney weight, but significantly reduced the diabetic hypertension. Considered that there are no differences of angiotensin
converting enzyme level in the blood and net loss
of potassium among the experimental groups (data
not shown), it suggests that catecholamines are
more involved in decreasing blood pressure of the
diabetic rats by EA stimulation at ST36 (Ustundag
et al., 1999). In addition, the ST36 selected in this
study is a one of the most frequently used acupuncture points that many previous workers have
reported. Zhou et al. (1995) reported that acupuncture on bilateral Quchi (L111) or Zusanli (ST36)
dropped systolic blood pressure on spontaneously
hypertensive rats through the decreased NE and
serotonin plasma level and increased dopamine
plasma level and NE in brainstem, which are consistent with the results of the present study.

The Effects of Electroacupuncture Stimulation on Streptozotocin-induced Diabetes in Rats

These suggestions are supported by our THimmunoreactivitiy data. TH-immunoreactivity in the
LC, reflecting a change in catecolamine content and
their regulation, were increased in Diabetic hypertension rats. In the DM-ST36 group, TH-immunoreactivity was decreased, suggesting that EA stimulation at ST36 decreased epinephrine and NE
which produce sympathetic effects on heart and
vessels (Schmitt et al., 1993).
The level of blood creatinine was increased in the
diabetic rats, however, EA of ST36 acupoints reduced expected increase in creatinine levels. Creatinine, used to evaluate glomerular filtration rate
(GFR), is an indicator of kidney function. Creatinine,
as metabolite of creatinine phosphate in muscle, is
produced from creatine and transported to the
kidney. The kidney filters out most of the creatinine
and disposes of it in the urine. These data suggested that kidney performance could be improved
by EA stimulation at ST36. Decreased catecholamines by EA stimulation could be a reason of reduced serum creatinine. During glucose insufficient
state, muscle cells go into use of fatty acids and
protein as the source of energy. Increased catecholamines, growth hormone and glucocorticoids inhibit
in some manner the use of glucose and lead to
increase protein catabolism.
As a traditional therapy, acupuncture has been
reported to be effective in treating hypertension in
the animal studies, consistent results of this study.
For example, acupuncture or EA at the points of
Zusanli (ST36), Neiguan, Sanyinjiao and Yongquan
significantly reduced the blood pressure and blood
viscosity on hypertension rats (Jin et al., 1992;
Feng et al., 1994). In addition, acupuncture on bilateral Quchi (L111), Zusanli (ST36) dropped systolic
blood pressure on spontaneously hypertensive rats
(SHR) through decreasing NE and serotonin (5-HT)
in plasma and increasing dopamine (DA) in plasma
and NE in brainstem (Zhou et al., 1995). Also,
many clinical studies have reported that acupuncture
therapy improved systolic blood pressure patient
with hypertension (Tam et al., 1975). Zhang et al.
reported that treatment randomly with acupuncture
plus medicine was more effective than only treatment with medicine or the control group (without
treatment) in reducing blood pressure of human
hypertension patient.
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Mo et al. (1996) reported that the complications
of DM, such as polyphagia, polydipsia and polyuria
induced by STZ in rats were improved after EA
stimulation at bilateral Shenshu and Zusanli (ST36)
points. Also, the efficiency of EA treatment on experimental diabetes and its neuropathy was better
than transcutaneous electric nerve stimulation therapy. Therefore, these results showed that stimulations of acupoint improve kidney disorder, nephropathy, that is, those treatments may influence glomerular enlargement and accumulation of kidney
basement membrane.
Consequently, these results suggest that stimulations of acupoints by EA at Zusanli (ST36) point
may significantly improve high blood pressure. Further
study is needed such as glomerular morpology of
renal tissue by microscopy and a few urinary analysis.
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