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Abstract
In recent, we found an insulin-dependent
hypoglycemic effect in rats receiving

electroacupuncture(EA) at zhongwan acupoint. An
increase of plasma [ -endorphin to stimulate insulin
release was introduced as the mechanism. Aim of the
present study is to explore the role of adrenal gland in
the action, and applying opioid receptor antagoinists to
examine what opioid receptor is activated by EA with
specific frequency (2Hz).

After electro-stimulating the zhongwan acupoint
of sham-operated group for 30 min in wistar rats, a
marked hypoglycemic effect was found at 2Hz. This
effect was abolished by naloxone at the dose sufficient
(Img/kg, i.v.) to block opioid receptors. In ( -opioid
receptor  knockout mice (MOR-KOM), the
hypoglycemic effect of EA with the same frequency
also disappeared. Even this effect in rats also were
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blocked by « i-opioid receptor antagonist
(naloxonazine 1mg/kg, i.v.). Thus, the response to 2Hz
EA at zhongwan can be considered to mediate through
( 1-opioid receptor. Moreover, we choose this
frequency to explore the role of adrenal gland in the
hypoglycemic effect. Our results showed that the
hypoglycemic  effect was  disappeared in
adrenalectomized group whether rats (ADXR) or mice
(ADXM). At the same time, we use adrenalectomy
method to discover the source of S -endorphin via
stimulating insulin secretion to decrease plasma
glucose. Plasma /3 -endorphin and insulin measured
by ELISA method were increased in sham-operated
rats receiving 2Hz EA at zhongwan acupoint. These
phenomenon disappeared by adrenalectomy in rats.
Plasma insulin elevation also vanished when naloxone
and naloxonazine were pretreated in rat before EA.

The obtained results suggest that EA at low
frequency (2Hz) induced the release of 3 -endorphin
from adrenal gland to result in the lowering of plasma
glucose via insulin released by activation of
1-opioid receptor.

Keywords: Electroacupucture(EA), Zhongwan
acupoint, Plasma Glucose, 5 -endorphin, Insulin
ELISA, Naloxone.

Introduction

Acupuncture had been applied in the treatment
of diabetes syndrome for more than thousands of years
in Traditional Chinese Medicing(TCM). Follow this
experience, we found an insulin-dependent
hypoglycemic effect in rats receiving
electroacupuncture (EA) at zhongwan point [6]. As we
know that involvement of endogenous opioid peptides
(EOP) in the analgesic effect of acupuncture has
widely been reported [4,5,9,14]. EOP participate in
the physiological adaptation to exercise stress in
maintaining post-exercise insulin response to glucose
[1]. Also, b -endorphin is released into the circulation
during exercise, which may have a hormonal action to
increase the uptake of glucose during muscular activity
[7]. Actually, b-endorphin and/or b -endorphinl-27
induced insulin secretion via an activation of opioid



receptor in pancreatic beta cell and b-endorphin may
exert a paracrine control of insulin secretion [3].
Moreover, this peptide or its metabolites may be partly
responsible for the insulin-independent uptake of
glucose during exercise [7]. Electroacupuncture can
cause muscle contraction resembling in a passive
exercise, which should has the same mechanism as
above reports. In addition, activation of  -opioid
receptor by the agonist, such as loperamide, can
decrease plasma glucose in diabetic rats induced by
streptozotocin (STZ) [10]. Intravenous injection of
synthetic human b-endorphin (12.8 ng/kg) into
STZ-induced diabetic rats produced a marked
decrease of plasma glucose [11].

In our previous study, we applied
electro-stimulation through acupuncture at zhongwan
acupoint. A hypoglycemic action related to insulin
secretion through endogenous b-endorphin has been
mentioned. This hypoglycemic effect was blocked by
naloxone in sufficient dose [6]. In fact, it has been
documented that analgesia by EA is induced through
the combined activation of i, & and éreceptor [5].
different frequencies of EA stimulate different types of
opioid receptor [4]. Therefore, we selected a u
1-opioid receptor antagonist (naloxonazine) to discover
the further mechanism of 2Hz EA to lower down
plasma glucose in rats, and applying MOR-KOM to
make sure the relationship between i -opioid receptor
and low frequency (2Hz) EA in hypoglycemic
action[12]. In addition, it has been documented that
pituitary in brain and the medulla of adrenal gland in
periphery are the sources of EOP [8,9,13,16]. In the
present study, adrenalectomized animals were
performed to realize the &-endorphin and role of
adrenal gland[15].

Results and Discussions

As our data showed, we found a significant
hypoglycemic action in sham-operated rats by EA, and
this effect disappeared in ADXR. In the naloxone
influence, this action was blocked totally by sufficient
dose (Img/Kg, i.v.), even the i-opioid antagonist
(naloxonazine) can block this action totally (Table A).
Moreover, this hypoglycemic effect was also observed
in mice which totally blocked by naloxone (3mg/kg,
i.p.), this effect also vanished in MOR-KOM. (Table
B). Taken together, the adrenal gland plays major role
and follows endogenous opioid pathway in the

hypoglycemic action of 2Hz EA at zhongwan acupoint.

In MOR-KOM, the loss of hypoglycemic response
indicated the mediation of nropioid receptor, therefore
we considered the activation of i ;-opioid receptor to
lower down the plasma glucose because of
naloxonazine pretreated to block the hypoglycemic
action totally.

In Fig A the plasma peptides (b-endorphin and
insulin) were detected by ELISA method in rats. The
plasma peptides of sham-operated group increased
remarkably by comparing before with after 2 Hz EA at
zhongwan acupoint. In ADXR group, this effect

disappeared as data showed in Fig B. Moreover, a
sufficient dose of naloxone and naloxonazine can
block the secretion of plasma insulin showed in Fig B.
It indicates that the adrenal gland is the mgjor role of
2Hz EA at zhongwan acupoint and large amount of
b-endorphin came from adrenal gland via stimulating
insulin secretion by activation of i ;-opioid receptor to
lower down plasma glucose.

According our results, we found the fasting
plasma glucose of ADX group was lower than that of
sham-operated group in Table A, B. Removal of
endogenous substances which can increase plasma
glucose, such as glucocorticoide and adrenaline by
adrenalectomy can be considered [2]. On the other
hand, adrenalectomy may increase EOP in front lobe
of pituitary gland [13]. It may influence hypoglycemic
activity by EA at zhongwan acupoint. As we know,
adrenal gland is one of the EOP sources that may
contribute to hypoglycemic action in peripheral [16].
ADXR and ADXM whose adrenal gland has been
removed then the hypoglycemic effect disappeared,
and the hypoglycemic action was abolished by
naloxone in rats and mice. Furthermore, this action
was blocked by naloxonazine in rats. This result hinted
that the activation of i ;-opioid receptor from adrenal
gland lower down the plama glucose.

About the different sufficient dose of naloxone
in rats and mice that may due to different route of
administration[6,17]. As we know that naloxone can
block all kinds of opioid receptors in rats. It is
illustrate that the hypoglycemic effect comes from
EOP pathway. This hypoglycemic action was blocked
in MOR-KOM (Table B) that provided a strong
witness, the relationship between i -opioid receptor
and this hypoglycemic effect, because the antagonist
administration easy to cause system error from drug
loss during injection. All the same mechanism of
hypoglycemic action in rats and mice hinted that has
animal diversity of EA to regulate plasma glucose.

Moreover, there were no significant changes for
the plasma /3 -endorphin and insulin in ADXR when
stimulated by 2Hz EA, we considered that a significant
quantity of A -endorphin came from adrenal gland
effecting via insulin. Therefore, we suggest that
activation of ( -opioid receptor from adrenal gland
for lowering down the plasma glucose by 2Hz EA at
zhongwan acupoint.

Achievements of Self-evaluation

Although we cannot follow the primary protocol
completely in one year, but we got a strong witness of
the relationship between opioid receptor and the
regulation of plasma glucose in specific frequency of
EA stimulation. EA for plasma glucose regulation is a
very interesting field. Different frequencies and
different acupoints have different mechanisms. Not
only diabetes control, but also the basic theory of
TCM and Acupuncture will be proved. Using EA as a
tool, we can study the physiology of the regulation of
plasma glucose furthermore.
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Table A. Plasma glucose and hypoglycemic activity in
rats that received 2Hz EA stimulation at zhongwan
acupoint

Plasma Glucose  Hypoglycemic

Group (mg/dl) activity (%)
After

Before EA EA MeanstSEM
Snamoperated o194 g174gre -15+4
rats (n=8)
ADXR(n=9) 116+11 11249 -A+GHH
Naloxone
1mg/kg, i.v. 97+8 9619 -249
(n=7)
Nal oxonazine
1mg/kg, i.v. 101+21  101+19 -1£8
(n=7)

** p<0.01 vs. data from before EA, by self-paired t-test,
##p<0.01vs. data from hypoglycemic activity of sham-operated
group, by student’ s t-test.
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Fig A. Plasma peptides in Sham and ADXR groups
that received 2Hz EA stimulation at zhongwan
acupoint, ** p<0.01 by self-paired t-test.
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Fig B. The influence of opioid receptor antagonistsin

plasmainsulin, which was changed by EA

Table B. Plasma glucose and hypoglycemic activity in
different type of mice that received by 2Hz EA at
zhongwan acupoint

PlasmaGlucose  Hypoglycemic
Group (mg/dl) activity (%)

Before EA After EA MeanstSEM
Sham (n=7) 147+42 104+46** -31+£14
ADXM (n=8) 133+22  128+35 -S13##

Naloxone

3mg/kg, i.p. 129+33  131+35 3+16
(n=13)

MOR-KOM

(n=8)

* p<0.05 and ** p<0.01 vs. data from before EA , by self-paired
t-test. ## p<0.01 vs. data from hypoglycemic activity of
sham-operated group, by student’ st-test.
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