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Abstract

Electroacupuncture at the head acupoints Baihui (GV20) and Shuigou (GV26) improves recovery of neurological function following isch-
emic cerebrovascular events, but its mechanism remains incompletely understood. We hypothesized that the action of electroacupuncture
at these acupoints is associated with elevated serum levels of transforming growth factor beta 1 (TGF-B1). To test this, we established a rat
model of cerebral ischemia by middle cerebral artery occlusion. Electroacupuncture was performed at Baihui and Shuigou with a “disperse-
dense” wave at an alternating frequency of 2 and 150 Hz, and at a constant intensity of 3 mA. Each electroacupuncture session lasted 30
minutes and was performed every 12 hours for 3 days. Neurological severity scores were lower in injured rats after acupuncture than in
those not subjected to treatment. Furthermore, serum level of TGF-P1 was greater after electroacupuncture than after no treatment. Our
results indicate that electroacupuncture at Baithui and Shuigou increases the serum level of TGF-B1 in rats with acute cerebral ischemia/
reperfusion injury, and exerts neuroprotective effects.
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tissues and cells. In the central nervous system, TGF-p1 pro-
tects the brain against ischemic injury via its antioxidant and
anti-apoptotic actions, and its regulation of microglia and
astrocyte responses (Ferrari et al., 2006; Wang et al., 2010;
Han et al.,, 2011). TGF-B1 also alleviates cerebral edema, re-

Introduction

Acupuncture is an important part of traditional Chinese
medicine. Clinical practice and animal experiments show
that acupuncture markedly improves functional recovery
after ischemic cerebrovascular disease, but research into its

mechanism is lacking.

Transforming growth factor beta 1 (TGF-p1) has many
biological effects, contributing to physiological and patho-
logical processes such as cell growth, differentiation, in-
flammation, tissue repair, angiogenesis, tumorigenesis and
metastasis (Ferrari et al., 2006; Wang et al., 2010; Han et
al., 2011). Accordingly, TGF-P1 is expressed in a variety of

duces infarct area, and promotes angiogenesis by inhibiting
inflammation in the central nervous system in the early stag-
es of cerebral ischemia.

The mechanism of action of electroacupuncture for in-
flammatory injury after cerebral infarction is attracting
increasing attention. Xu et al. (1998) reported that the Bai-
hui (GV20) acupoint was most frequently used in the acute
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phase of cerebral apoplexy, followed by Shuigou (GV26).
Electroacupuncture at Baihui and Shuigou can affect the
brain and choroid plexus.

The aim of the present study was to explore the mecha-
nism underlying the effects of electroacupuncture at head
acupoints on cerebral ischemia/reperfusion injury, and to
provide new insight into acupuncture treatment of isch-
emic cerebrovascular disease by measuring TGF-B1 content
in blood after middle cerebral artery occlusion (MCAO) in
rats.

Materials and Methods

Animals

Seventy-two healthy, clean, adult male Sprague-Dawley rats,
weighing 220-270 g, were provided by the Experimental
Animal Center of Henan University of Traditional Chinese
Medicine, China (license No. SCXK (Yu) 2011-0013). The
rats were housed in individual cages, in a well-ventilated
room with a 12/12-hour light/dark cycle, at 18-26°C and
relative humidity of 40-70%. Rats were allowed free access
to food and water, except for 12 hours before surgery, when
they were fasted but allowed to drink water freely. The inves-
tigation conformed to the Guide for the Care and Use of Lab-
oratory Animals (NIH publication No. 85-23, revised 1996),
and the protocol was approved by the Institutional Animal
Care Committee of the First Affiliated Hospital of Xinxiang
Medical College, China.

Establishment of MCAO model

All 72 rats were randomly divided into three groups: sh-
am-operated (n = 8), model (n = 32) and electroacupunc-
ture (n = 32). The model and electroacupuncture groups
were each divided into four subgroups according to reperfu-
sion time (12, 24, 48 and 72 hours; n = 8 rats per subgroup).
A rat infarction model was induced by MCAO as previ-
ously described (Longa et al., 1989). Rats in the model and
electroacupuncture groups were anesthetized with 10%
chloral hydrate intraperitoneally and fixed in the supine
position. A median incision was made in the neck to expose
the common carotid artery, and the internal and external
carotid arteries were isolated. Common carotid artery flow
was blocked using an artery clamp. A small incision (0.2-0.3
mm long) was made in the external carotid artery, and a
suture thread (approximately 0.22 mm in diameter, 60 mm
in length) was used to plug the artery. The thread was pulled
gently, and when resistance was felt, the end of the thread
was deemed to have left the internal carotid artery and
reached the external carotid artery stump. The suture was
removed 2 hours later to initiate reperfusion. The incision
was sutured, the rats were placed in warm, clean cages, and
recovery was monitored. The model was considered success-
ful when (1) contralateral limb paralysis and contralateral
turning were observed; (2) the hanging tail test was positive;
(3) the ipsilateral eye was fully or partially closed. Rats not
meeting all three criteria would have been excluded from the
experiment, but the model was successfully established in all
animals. Sham-injured rats underwent identical procedures
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except the carotid artery was not occluded.

Acupuncture treatment

According to the meridian circulation and nerve segment
distribution, the Baihui and Shuigou acupoints were selected
using the animal acupoint atlas for experimental acupunc-
ture (Mergenthaler et al., 2004) and the rat acupoint atlas
(Hua et al., 1991). In rats, Baihui is at the middle of the
vertex, on the line joining the two ear apexes, and Shuigou is
located at the tip of the nose. A Hanyi disposable sterile acu-
puncture needle (0.35 mm X 25.00 mm; Tianjin Huahong
Medical Material Co., Ltd., Tianjin, China) was inserted
transversely into the Baihui acupoint, keeping the angle be-
tween the needle and the skin surface at 15°. At the Shuigou
acupoint, the needle was tilted 30°. The depth of insertion
was 10-12 mm. G6805-1 electroacupuncture apparatus
(Qingdao Xin Sheng Industrial Co., Ltd., Qingdao, Shan-
dong Province, China) was connected to the handle of the
needles after they were inserted into the two acupoints. The
following parameters were selected: “disperse-dense” wave,
alternating frequency of 2 and 150 Hz, constant intensity of
3 mA. Reperfusion started 2 hours after ischemia, and elec-
troacupuncture treatment was initiated immediately. Each
session lasted 30 minutes and was performed once every 12
hours, for 3 consecutive days. The model and sham-injured
groups received no treatment. Neurological function and
TGEF-P1 levels were measured after 12, 24, 48 and 72 hours
of reperfusion.

Neurological evaluation

Neurological function was evaluated according to the follow-
ing five-point scale (Longa et al., 1989): 0, no neurological
impairment; 1, contralateral forepaw cannot be completely
extended; 2, contralateral turning when walking; 3, limping
on the hemiplegic side; 4, loss of consciousness and walking
ability.

TGF-p1 measurement

Animals were anesthetized with chloral hydrate. Fasting ve-
nous blood (2 mL) was collected from all rats in the morn-
ing, and centrifuged for 5 minutes at 3,000 r/min. Serum
was obtained and stored at —20°C until use. Serum TGF-f1
level was measured using an enzyme-linked immunosorbent
assay kit (Bender MedSystems, Vienna, Austria), according
to the manufacturer’s instructions.

Statistical analysis

Data are expressed as the mean + SD, and were analyzed
using SPSS 11.0 software (SPSS, Chicago, IL, USA). Groups
were compared by two-way repeated-measures analysis of
variance. P < 0.05 was considered statistically significant.

Results

Electroacupuncture improved recovery of neurological
function in rats with acute cerebral ischemia/reperfusion
injury

Neurological severity scores were higher in the model and
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Table 1 Neurological function and serum TGF-f1 level at various
times after reperfusion in rat models of MCAO

Group NSS TGF-f1 (ng/L)
Sham-operated
12 hours 0 4.53+1.39
24 hours 0 4.33+1.52
48 hours 0 4.49+1.35
72 hours 0 4.51+1.50
Model
12 hours 2.5340.69" 15.75+2.13"
24 hours 2.3340.55 16.59+2.45
48 hours 2.1940.49" 17.4842.73"
72 hours 2.11+0.50" 16.88+2.19"
Electroacupuncture
12 hours 2.02+0.55" 21.02+2.55™
24 hours 1.8340.51" 26.83+2.51"
48 hours 1.6740.47" 31.77+2.47"
72 hours 1.33+0.357 27.63+2.75™

*P < 0.05, vs. sham-operated group at the corresponding time point;
#P < 0.05, vs. model group at the corresponding time point. Data are
expressed as the mean + SD (n = 8 rats per group; two-way repeated-
measures analysis of variance). MCAO: Middle cerebral artery
occlusion; NSS: neurological severity score; TGF-p1: transforming
growth factor-B1.

electroacupuncture groups than in the sham-injured group
12, 24, 48 and 72 hours after cerebral ischemia/reperfusion
(P < 0.05). A slight decrease in neurological severity scores
was observed over time in the model and electroacupunc-
ture groups, but this did not reach statistical significance (P
> 0.05). Neurological severity scores in the electroacupunc-
ture group were lower than those in the model group at each
time point (P < 0.05; Table 1).

Electroacupuncture increased serum TGF-B1 level in rats
with acute cerebral ischemia/reperfusion injury

Serum level of TGF-B1 in the model and electroacupuncture
groups was greater than in the sham-operated group 12, 24,
48 and 72 hours after cerebral ischemia/reperfusion (P <
0.05). TGF-B1 level in the model group was significantly el-
evated after cerebral ischemia/reperfusion at all time points
examined, increasing between 12 and 48 hours, and decreas-
ing at 72 hours. In the electroacupuncture group, TGF-p1
level was higher than in the model group at all time points (P
< 0.05; Table 1).

Discussion
The present study shows that electroacupuncture at head
acupoints can improve recovery of neurological function,
promote endogenous TGF-B1 generation, and attenuate
cerebral ischemia/reperfusion injury. TGF-PB1 expression in
neurons is a marker for neuronal survival. The study indi-
cates that electroacupuncture at head acupoints promotes
the protection and repair of rat neurons after cerebral isch-
emia/reperfusion injury, and suggests that electroacupunc-
ture is an effective drug-free treatment for this type of injury.
Studies of acupuncture treatment for ischemic brain in-

jury have made progress in recent years (Zhou et al., 2014).
The main functions of acupuncture treatment are improve-
ment of blood circulation, increasing of cerebral blood flow,
improvement of hemorheological properties, regulation of
metabolism and neurotransmitter balance after ischemia,
reduction of oxidative free radical damage, reduction of
lipid peroxidation, excitatory amino acid release and toxic-
ity, maintenance of membrane equilibrium, prevention of
calcium overload in cells, regulation of gene expression, and
inhibition of neuronal apoptosis (Liu et al., 2004; Dong et
al., 2009).

These are all important effects in neuroprotection, nerve
regeneration, synaptic remodeling and angiogenesis after
ischemic cerebrovascular disease. The mechanisms underly-
ing electroacupuncture at head acupoints for the treatment
of ischemic cerebrovascular disease are complex, and war-
rant further research.
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