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Electroacupuncture to Shenmen Ameliorates Behavioral and Biochemical
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Acupuncture has been used for the treatment and prevention of stress-related disorders. In the present study, the

effect of electroacupuncture on the behavioral and biochemical responses to restraint stress was evaluated in rats.

Sprague-Dawley male rats underwent to immobilization stress for 21 days (6 hours/day). Electroacupuncture (2 Hz, 2

mA, and 10 minutes) was applied either to the acupuncture point HT7 (Shenmen) or the nonacupuncture point in the

tail for the last 7 days. Rats were randomly divided into four groups: the normal group (n=10, without the restraint

stress), the stress group (n=10, with restraint stress), the HT7 group (n=10, with restraint stress and

electroacupuncture to HT7), and the NA group (n=10, with restraint stress and electroacupuncture to the

nonacupuncture point). The anxiety-related behavior was tested using the elevated plus maze and the Vogel test on

day 22. The expression of tyrosine hydroxylase in the locus coeruleus was measured by immunohistochemistry. R

maze and the Vogecreased the response of the anxiety-related behavior. The number of tyrosine

hydroxylase-immunoreactive cells were also increased. The HT7 group showed a significant decrease of

anxiety-related behavioral response, compared to the stress group. The tyrosine hydroxylase-immunoreactive

expression was also decreased in the HT7 group. These findings suggestthat electroacupuncture to HT7 might play

a role in reducing the stress-related responses, which may be helpful for the treatment of stress-related disorders.
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Introduction

Stress means any physical or psychological stimulus that

disturbs homeostasis. Exposure to stress induced various

mood-related disorders, such as depression and anxiety
1)

.

Stress stimulates the norepinephrine biosynthesis in the

sympathetic ganglia and the locus coeruleus2). Especially,

restraint stress induces the release of norepinephrine in the

brain
3)

.

Acupuncture has been widely used in East Asia for the

treatment and prevention of neurological disorders
4)

. The

therapeutic effects of acupuncture on depressive disorder have

been researched in human and animal studies5-8). HT7

(Shenmen) has been known one of the major sedating points.

It can be used to treat mental disorder, to calm spirit and to

pacify the heart5). In recent, several studies have reported the

effect of HT7 in animal models. Park et al. and Lim et al.

reported that acupuncture treatment at acupoint HT7 was

effective on anxiety and neuropeptide Y expression in the

brain of maternally separated rats7,9).

In the present study, we evaluated the effects of

electroacupuncture to HT7 on the behavioral and biochemical

responses induced by restraint stress. Stress-related behavioral

changes were evaluated using the elevated plus maze and the

Vogel test, and the biochemical responses were also measured

by protein expression of tyrosine hydroxylase in the locus

coeruleus.

Materials and Methods

1. Animals

Adult male Sprague-Dawley rats weighing 230-250 g

were obtained from Samtaco Corp. (Gyeonggi-do, Korea). All

rats were kept in groups of three and freely provided with

food and water ad libitum. Rats were maintained on a 12 hour

light/dark cycle regulated at 23℃ room temperature. Rats

were acclimatized to their new environment for at least 7 days
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before the experiments started. The experimental procedures

were carried out according to the animal care guidelines of the

NIH and the Catholic University Medical College Institutional

Animal Care.

2. Repeated restraint stress and electroacupucture stimulation

Rats were randomly divided into four groups: the normal

group (n=10, without the restraint stress), the stress group

(n=10, with restraint stress), the HT7 group (n=10, with

restraint stress and electroacupuncture to HT7), and the NA

group (n=10, with restraint stress and electroacupuncture to

the nonacupuncture point). The rats underwent to repeated

restraint stress for 21 days in a prone position (6 hours/day).

Excess space around each restrained rat was minimized using

tape, allowing only slight movements within a cone
10)

.

Electroacupuncture was applied either to the acupuncture

point HT7 or the nonacupuncture point in the tail for the last

7 days. The acupuncture needle (26 gauge, stainless steel) was

inserted around 3 mm deep into left and right HT7. The HT7

is located near the inferior lateral wall of the triangular fossa.

The acupuncture needles were connected to the output

terminals of a stimulator that delivered square waves of 2 Hz

and 0.3 ms pulse width for 10 minute per day for 7 days. The

intensity of electroacupuncture stimulation was 2 mA
11)

. The

same parameter of electroacupuncture was applied to rats in

the NA group.

3. Elevated plus maze test

The plus maze apparatus was made of black wood. It

consisted of two open arms and two closed arms (each arm

extended from central space of 50 × 10 × 40 cm). The

apparatus was elevated 50 cm above the floor. The animals

were individually placed on the central platform facing the

closed arm and were allowed to explore the maze for 5

minutes. The following data were recorded: (1) the duration of

time spent in the open and the closed arm, and (2) the total

number of entries to each compartment of the maze12).

4. Vogel test

The Vogel test was conducted in polycarbonate cages (32

× 25 × 30 cm) with a grid floor and a spout of a water bottle

located 6 cm above the grid floor. Both the grid and the spout

were connected to an anxiometer (Columbus Instruments, OH,

USA) which delivered electrical shocks and recorded the

number of licks. In brief, the rats were d Irived of water for

24 hours and put briethe test cage for adaptation, to be

allowed to freely lick the water for 9 minutes. After that,

electric shocks were applied through the drinking spout every

20 licks during a 5 minute test period13).

5. Immunohistochemistry of tyrosine hydroxylase

The rats were transcardially perfused with PBS, then with

chilled 4% paraformaldehyde in phosphate buffer (pH 7.4). The

brains were sectioned coronally (30 μm) on a freezing

microtome. The sections were incubated with antibody against

tyrosine hydroxylase (1:2000, Zymed Laboratories Inc., CA,

USA), and then with biotinylated secondary antibody (Vector

Laboratories, CA, USA). After incubation with a Vector Elite

ABC Kit (Vector Laboratories), the antibody biotin–avidin–

peroxidase complex was visualized with diaminobenzidine. For

counting the cells, a microrectangular grid (200 × 200 mm) was

placed according to the atlas of Paxinos and Watson14) under

the light microscope.

6. Statistical analysis

The data were analyzed using the one-way ANOVA

followed by the Tukey’s post hoc comparison. All of the

results are represented as mean ± SEM. Significant difference

was defined as p<0.05 The analysis was performed using

SPSS statistical software (version 15.0 for Windows).

Results

1. Effect of electroacupuncture on elevated plus maze test

In Fig. 1 anxiety-like behaviors were altered significantly

within groups (spent time in open arms, F(3,19)=34.060, p<0.001;

spent time in closed arms, F(3,19)=51.509, p<0.001; the number of

entries in to arms, F(3,36)=25.584, p<0.001). The normal group

(p<0.001), the HT7 group (p<0.01) and the NA group (p<0.05)

spent more time in the open arms and less time in the closed

arms, compared to the stress group(Fig. 1A). When the normal

group and the stress group were compared, the number of

entries was significantly lower in the stress group (p<0.001).

The HT7 group showed a significantly higher number of

entries compared to the stress group(p<0.001, Fig. 1B).

However, these changes of the HT7 group were not

observed in the NA group.

2. Effect of electroacupuncture on Vogel test

The result of the Vogel test is illustrated in Fig. 2

Anxiety-like behavior was altered significantly within groups

(F(3,19)=4.457, p<0.05). When the normal group and the stress

group were compared, the number of licks was significantly

lower in the stress group (p<0.05). The HT7 group showed a

significantly higher number of licks compared to the stress

group (p<0.05). However, the NAgroup did not show an
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significantly effect on the number of licks.

Fig. 1. Behavioral response after electroacupuncture stimulation in

the elevated plus maze. (A) The time spent in the open and closed arms
of the maze (seconds). (B) the total number of entries (5 minutes). Normal (n=10),

the group without restraint stress; Stress (n=10), the group with restraint stress;

HT7 (n=10), the group with restraint stress and electroacupuncture (2 Hz, 2 mA,

and 10 minutes) to the acupuncture point HT7; NA (n=10), the group with restraint

stress and electroacupuncture to the nonacupuncture point (tail). Values are

presented as mean ± SEM. ***p<0.001, compared to the normal group;

###p<0.001, ##p<0.01 and #p<0.05, compared to the stress group

Fig. 2. Behavioral response after electroacupuncture stimulation in

the Vogel test. The total number of licks was measured during the 5 minute
test period. Normal (n=10), the group without restraint stress; Stress (n=10), the

group with restraint stress; HT7 (n=10), the group with restraint stress and

electroacupuncture (2 Hz, 2 mA, and 10 minutes) to the acupuncture point HT7;

NA (n=10), the group with restraint stress and electroacupuncture to the

nonacupuncture point (tail). Values are presented as mean ± SEM. *p<0.05,

compared to the normal group; #p<0.05, compared to the stress group

3. Effect of electroacupuncture on tyrosine hydroxylase

expression in locus coeruleus

In Fig. 3 the result of tyrosine hydroxylase expression in

the locus coeruleus is shown. The expression of tyrosine

hydroxylase was altered significantly within groups

(F(3,51)=52.506, p<0.001). When the normal group and the stress

group were compared, the number of tyrosine hydroxylase

was significantly higher in the stress group (p<0.001). The HT7

group showed a significantly lower number of tyrosine

hydroxylase compared to the stress group (p<0.001).

Fig. 3. Expression of tyrosine hydroxylase-immunoreactive cells in

the locus coeruleus. The number of tyrosine hydroxylase-immunoreactive
cells in the locus coeruleus was measured. Normal (n=10), the group without

restraint stress; Stress (n=10), the group with restraint stress; HT7 (n=10), the

group with restraint stress and electroacupuncture (2 Hz, 2 mA, and 10 minutes)

to the acupuncture point HT7; NA (n=10), the group with restraint stress and

electroacupuncture to the nonacupuncture point (tail). Values are presented as

mean ± SEM. ***p<0.001, compared to the normal group; ###p<0.001 and

##p<0.01, compared to the stress group

Discussion

In this study, the electroacupuncture to acupuncture

point HT7 had significant anxiolytic effects: the HT7 group

showed a significant decrease of anxiety-related behavioral

response both in elevated plus maze and Vogel test compared

to the stress group. In addition, the number of tyrosine

hydroxylase-immunoreactive cells were also decreased in the

HT7 group compared to the stress group. Our study revealed

that the rats in the stress group exhibited more anxiety-like

behaviors than those in normal group in the elevated plus

maze and Vogel tests after restraint stress for 21 days. The

effects of electroacupuncture had point-specificity; the

electroacupuncture to nonacupoint did not alter the

anxiety-like behaviors induced by long-term immobilization

stress. This result supports previous findings of significant

increases of anxiety-like behaviors due to the repeated restraint

stress in the rats
15)

. However electroacupuncture stimulation to

HT7 significantly reduced anxiety-like behaviors, compared to

the stress group. Chae et al. also showed that a medicinal

effect of acupuncture stimulation on nicotine withdrawal in

terms of anxiety-like behaviors16). They suggested that the

acupuncture therapy could have an anxiolytic effect in a

variety of animal models.

Norepinephrine-containing neurons in the brain are

concentrated in the locus coeruleus18). These neurons are part
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of a wide network that extend through out the neuroaxis and

accounts for about 70% of all norepinephrine in primate’s

brain
19)

. Activation of the locus coeruleus produces intense

anxiety, hypervigilance, and suppression of exploratory

behavior17,20,21). Based on these findings, it has been proposed

that clinical anxiety or depression may be the result of

alterations of the activities of noradrenergic systemin the locus

coeruleus. The locus coeruleus is considered as a crucial site of

central nervous system stress response. Numerous reports

revealed that corticotrophin-releasing factor could modulate the

discharge rate of norepinephrine and the tyrosine hydroxylase

activity in the locus coeruleus neurons
22-24)

. In this study,

repeated restraint stress caused a 350% increase in tyrosine

hydroxylase- immunoreactive cells in the locus coeruleus.

However, electroacupuncture stimulation to HT7 significantly

reduced the expected increases of tyrosine hydroxylase-ir cells

in the locus coeruleus. These results suggest that

electroacupuncture stimulation to HT7 may have an effect on

anxiety-like behavior by decreasing the number of tyrosine

hydroxylase-immunoreactive neurons in the locus coeruleus.

Taken together, our experimental results suggest that

electroacupuncture stimulation to HT7 could reduce

anxiety-like behavior induced by stress.
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