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Abstract

Electroacupuncture, the integration of traditional Chinese acupuncture and modern
electrotherapy, has been used for clinical treatment of cerebral ischemic disease in both
eastern and western countries; however, the mechanism underlying its effects is still
unknown. It is well known that excessive glutamate results in neuronal excitotoxicity
after ischemic stroke. Previous studies have indicated that electro-acupuncture may
downregulate the overactivation of glutamate after ischemia, and a recent study im-
plied that electro-acupuncture prior to ischemia could induce brain ischemic tolerance.
Based on the present information, we hypothesize that electro-acupuncture could be an
effective pretreatment for cerebral ischemia by regulating the glutamatergic system.
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Introduction

Brain ischemic tolerance is a phenomenon whe-
reby harmful stimuli that are near to but below the
threshold of cell damage can promote the tolerance
of the brain to subsequent ischemic injury(1).
Several stimuli that can induce tolerance to cerebral
ischemia have been studied, including hypoxia (2),
ischemia (1), anoxia (3), oxidative stress (4), and
inhibitors of oxidative phosphorylation (5); howev-
er, these stimuli lack the potential for clinical
application. Consequently, safe, clinically applicable
pretreatments have been sought. Recently, analog-

ous protection has been found to be induced by
normobaric hyperoxia (6), electroacupuncture (EA)
(7), and pre-ischemic treadmill training (8).
Generally speaking, the glutamatergic system
includes the most abundant neurotransmitter in the
mammalian central nervous system, glutamate, and
both ionotropic and metabotropic glutamate recep-
tors, and it is essential for normal brain functions
(9). As a previous study illustrated, after a 10-min
period of transient, complete cerebral ischemia,
glutamate increases eightfold during the ischemic
period (10). Subsequently, a series of studies also
confirmed this phenomenon of excessive glutamate
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release in the infarct area after cerebral ischemia,
which results in neuronal excitotoxicity (11-13).
Meanwhile, NMDA-receptor antagonists and
calcium-channel blockers alleviate ischemic brain
damage and cytotoxic brain edema, reduce cerebral
infarct volume, and promote nerve function recov-
ery (14).

Acupuncture, an integral part of traditional
Oriental medicine, has been used for treating clinical
disorders, including cerebral ischemia, for thousands
of years. EA is the integration of traditional Oriental
acupuncture and modern electric techniques. Clini-
cally, EA has been used for treatment of cerebral
ischemic diseases (15,16), and in animal studies,
there is strong evidence suggesting that EA alle-
viates cerebral ischemia damage (17,18). These
studies indicate that EA can be an effective treat-
ment for stroke; however, the mechanism by which
EA induces neuroprotection in the brain is unknown.

Hypothesis

We hypothesize that EA could be an effective
pretreatment for cerebral ischemia by regulating the
glutamatergic system. In detail, we plan to compare
the difference in glutamate concentration between
the group with EA and the group without EA prior
to ischemic stroke.

Evaluation of the Hypothesis

The whole experimental plan is demonstrated in
Figure 1.

First, Sprague—Dawley rats will be anesthetized
with 12% (v/v) chloral hydrate (0.345 mg/kg,
intraperitoneally). We will keep the animals under
anesthesia for at least 8 h by gradually supplement-
ing chloral hydrate. Then, the rats in the group with
EA will be stimulated using an EA instrument (1
mA intensity, 15 Hz frequency) for 30 min in the
acupoint “Baihui (GV20)”. The “Baihui” acupoint is
targeted because this point is commonly used for
stroke patients in clinics. In addition, the rats in the
group without EA will also be anesthetized but
without stimulation by EA.

Second, two hours after the end of EA, cerebral
ischemia will be induced by middle cerebral artery
occlusion for 120 min, followed by reperfusion. The
left middle cerebral artery of every rat will be
occluded by the intraluminal suture technique in the
sham group, and the external and internal carotid
arteries will be isolated but without ligation.

Finally, the rats will be placed in the prone posi-
tion in a stereotaxic apparatus. Dialytic samples will
be taken while the rats are unconscious. Microdialy-
sis will be used to collect dialysates from the
striatum immediately before ischemia and at 40, 80,
and 120 min after ischemia, as well as at 40, 80,
120, 160, 200, and 240 min after reperfusion. A high
performance liquid chromatography (HPLC) sys-
tem, consisting of an Agilent 1100 LC system (Palo
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Alto, CA, USA) equipped with a column incubator
(G1316A), online degasser device (G1322A), four
pumps (G1311A), a fluorescence detector (FD,
G1321A), hand sampling system, and an HPLC
workstation (Hewlett Packard, Palo Alto, CA,
USA), will be used for the separation of amino acid
neurotransmitters.

Discussion and conclusion

Recent studies have found that cannabinoids and
the CB1 receptor underlie the endogenous neuropro-
tective effects of cerebral ischemic preconditioning
(19,20); however, whether the glutamatergic system
is involved in EA pretreatment in the brain is still
unknown.

A series of studies indicate that EA pretreat-
ment could induce tolerance to focal cerebral
ischemia. First, it has been reported that the induc-
tion of brain ischemic tolerance by EA could be
regulated by the adenosine Al receptor (21).
Second, pretreatment with EA increases the produc-
tion of endocannabinoid 2-arachidonylglycerol and
N-arachidonoylethanolamine (anandamide), which
elicits protective effects against transient cerebral
ischemia through CB1 receptors (7). Moreover, pre-
ischemia EA can partly regulate lipid peroxidation
in cerebral ischemia (22). Taken together, we
suggest that EA, as a cerebral ischemic pretreat-
ment, could induce brain ischemic tolerance.

Additionally, our previous study implies that
electric treadmill training prior to ischemia can
downregulate the excessive release of glutamate,
reducing brain damage after ischemia (23). Fur-
thermore, voluntary exercise for one month
increased glutamatergic-related proteins, including
GIuR1 (129%), SAP-97 (179%), GRIP-1 (129%),
and GIluR2/3 (118%) (24). In summary, cerebral
ischemic pretreatment could influence the glutama-
tergic system after ischemic stroke; thus, EA, as an
ischemic pretreatment, may ameliorate the abnormal
activation of the glutamatergic system after ische-
mia.

A recent study found that, after global cerebral
ischemia, acupuncture attenuates extracellular
glutamate levels in rats (25). Similarly, after focal
ischemic stroke, EA downregulates the abnormal
increase of glutamate, thus preventing serious
excitotoxicity (26). Therefore, after cerebral ische-
mia, EA could alleviate the excitotoxicity caused by
excessive release of glutamate. However, whether
EA pretreatment is able to regulate the glutamater-
gic system after ischemic stroke is still unknown.

On the whole, whether the glutamatergic system
is involved in EA preconditioning of cerebral
ischemia is still unknown. Therefore, based on the
above evidence, we hypothesized that EA pretreat-
ment may affect the glutamatergic system after
ischemic stroke, preventing subsequent excitotoxici-

ty.
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Overview Box

First Question: What do we already know about the subject?

Electroacupuncture (EA) is the integration of traditional Chinese acupuncture and modern electric tech-
niques. Clinically, EA has been used for treatment of cerebral ischemic diseases, and in animal studies,
there is strong evidence suggesting that EA alleviates cerebral ischemia damage. These studies indicate
that EA can be an effective treatment for stroke.

Second Question: What does your proposed theory add to the current knowledge available, and what
benefits does it have?

Previous studies indicated that application of acupuncture after stroke could influence the glutamatergic
system and thus alleviate the damage caused by cerebral ischemia. Furthermore, we hypothesize that
pretreatment with EA could reduce the injury after ischemic stroke by regulating glutamatergic system.
Provided we can clarify the mechanism underlying the effects of EA, more patients with high-risk factors
may be willing to accept EA as a preventive intervention.

Third question: Among numerous available studies, what special further study is proposed for testing
the idea?

In a further study, we plan to explore whether glutamate transporters, especially GLT-1, are involved in
the reduction of glutamate excitotoxicity.

Electro- Induction of

+ cerebral ischemia i
acupuncture High Performance

noC———— — |Liquid Chromatography|

(HPLC)

Figure 1. We plan to test the difference in glutamate levels between the group of rats with electro-acupuncture and the
group of rats without electro-acupuncture prior to cerebral ischemia.

First, we divide the rats into two groups: one is treated with electroacupuncture; the other is not. Second, the middle
cerebral artery of every rat will be occluded so as to induce cerebral ischemia. Finally, we will compare the difference in
glutamate level between the two groups.
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