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Acupuncture, an age-old healing art, has been accepted to
effectively treat various diseases, particularly chronic pain
and neurodegenerative diseases. Since its public acceptance
and good efficacy, increasing attention has been now paid
to exploring the physiological and biochemical mechanisms
underlying acupuncture, particularly the brain mechanisms.
Basic and clinical acupuncture studies on neurobiological
mechanisms of acupuncture are crucial for the development
of acupuncture. This issue compiles 32 exciting papers, most
of which are very novel and excellent investigations in this
field.

The neural mechanism underlying acupuncture anal-
gesia was addressed in four articles. J. Wang et al. estab-
lished a postincisional pain model of rats and investigated
electroacupuncture effect on the brain oscillations involv-
ing postoperative pain. B.-S. Lim et al., using interesting
bee venom acupuncture, explored whether it can relieve
oxaliplatin-induced cold allodynia and which endogenous
analgesic system is implicated. The paper by Y. Maeda et
al. aimed to evaluate this linkage between brain response
to acupuncture and subsequent analgesia in chronic pain
patients with carpal tunnel syndrome. Since many articles
aimed to assess the effect of electroacupuncture induced anal-
gesia, W. Kim et al. systemically conducted a review to assess
the efficacy and clarify its mechanism on neuropathic pain.
In addition, as a great challenge in acupuncture analgesia

and treatment evaluations, D. Zhu et al. outlined the advan-
tages and disadvantages of kinds of acupuncture controls
and highlighted how the differences among placebo devices
can be used to isolate distinct components of acupuncture
treatment.

Five papers deal with potential neural mechanism under-
lying acupuncture treatments on the stroke, hypertension,
and mild cognitive impairments. The paper by L. Liu and R.
T. F. Cheung aimed to investigate whether the combination
of melatonin and electroacupuncture therapies could be
beneficial against transient focal cerebral ischemia in a rat
model of transient middle cerebral artery occlusion. W. Qin
et al. accompanied by L. Liu and R. T. F. Cheung’s paper
explored the importance of anti-inflammatory acupuncture
treatment for the focal cerebral ischemia/reperfusion by
inhibiting the NF-𝜅B signaling pathway. Another two papers
mainly focused on the acupuncture modulation of neural
mechanism for hypertension regulation with long-term as
well as short-term treatments. The paper by G.-H. Tian et
al. addressed the long-term electroacupuncture on cerebral
microvessels and neurons in CA1 region of hippocampus
in spontaneously hypertensive rats. H. Chen et al. aimed
to explore the hypothalamus-anchored resting brain net-
work underlying primary hypertension patients after short-
term acupuncture treatments. Moreover, for mild cognitive
impairments, S. Chen et al. have pointed out that acupuncture
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at KI3 at different cognitive states and with varying needling
depths may induce distinct reorganizations of effective con-
nectivity of brain networks.

The neuroendocrine system involving acupuncture has
been addressed by the following three papers. Z. Yu et al.
has suggested that TRPV1 receptor is partially involved in the
electroacupuncture-mediated modulation of gastric motility.
The paper by C.-C. Kuo et al. explored the mechanism of
electroacupuncture (EAc) induced antinociception involved
opioid receptors and the serotonergic system. Q.-Q. Li et al.
conducted a systemic review about the central mechanism
of acupuncture in modulating various autonomic responses.
Moreover, other papers focused on the relatively acupoint
specificity from wide aspects. One of the studies by L. Li et
al. suggested that both the size and function of the acupoints
comply with the functionality of the internal organs; thus
the sensitive degree of acupoints changed according to
malfunction of internal organs. C.-Y. Chen et al. implied that
somatoparasympathetic neuronal connection (groin-spinal
dorsal horn-NTS/DMX-uterus) and a somatosympathetic
neuronal connection (groin-spinal dorsal horn-NTS-PVN-
uterus) could be the prerequisites to the neuronal basis of
the somatovisceral reflex and also the neuronal mechanism
of acupuncture. Z. Wang et al. advanced that the modulatory
effects of different needling sensations induced by relatively
different acupoints contribute to acupuncture modulations
of limbic-paralimbic-neocortical network. Although the acu-
points were spatially adjacent, there was also relatively func-
tional specificity inflected by brain networks.

By gathering these papers, we hope to enrich our readers
and researchers with respect to the underlying neurological
mechanism of acupuncture, and we look forward to an
increasing number of both clinical trials and experimental
studies to further promote the development of understanding
the neurological mechanism involving acupuncture.

Lijun Bai
Richard E. Harris

Jian Kong
Lixing Lao

Vitaly Napadow
Baixiao Zhao



Hindawi Publishing Corporation
Evidence-Based Complementary and Alternative Medicine
Volume 2013, Article ID 953162, 12 pages
http://dx.doi.org/10.1155/2013/953162

Research Article
Effects of Pretreatment with a Combination
of Melatonin and Electroacupuncture in a Rat Model of
Transient Focal Cerebral Ischemia
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Bothmelatonin and electroacupuncture (EA) have been suggested to be effective treatments against stroke. However, it is unknown
whether a combination of these two therapies could be beneficial against transient focal cerebral ischemia. The present study
investigated the effects of pretreatment of a combination of melatonin and EA in a rat model of transient middle cerebral artery
occlusion (MCAO).After pretreatment ofmelatonin plus EA (MEA), transientMCAOwas induced for 90minutes inmale Sprague-
Dawley (SD) rats. The neurological deficit score, brain infarct volume, cerebral edema ratio, neuronal inflammation, and apoptosis
were evaluated 24 hours after transientMCAO.Theexpression of related inflammatory and apoptoticmediators in the brainwas also
investigated. The results showed that MEA improved neurological outcome, reduced brain infarct volume, and inhibited neuronal
inflammation as well as apoptosis 24 hours after transient MCAO. The beneficial effects may derive from downregulation of
proinflammatory and proapoptotic mediators and upregulation of antiapoptotic mediators.Thus, these results suggest a preventive
effect of pretreatment of MEA on transient focal cerebral ischemia.

1. Introduction

Stroke is a serious cerebral vascular event with increasing
prevalence worldwide especially in the society with aging of
the population, and ischemic stroke is the most common
type. Intravenous thrombolysis using recombinant tissue
plasminogen activator (rtPA) is the only approved treatment
[1]. Many neuroprotectants have been investigated; they were
effective in animals but not in stroke patients [2–4]. Owing to
the narrow therapeutic time window [5, 6] and a substantial
risk of hemorrhagic complications, clinical use of rtPA is
limited to a small number of stroke patients [7].Thus, broader
attention to integrated therapeutics has been advocated
repeatedly for treating ischemic stroke to increase the chance
of success [4, 8, 9]. Moreover, most of the current thera-
pies are focused on posttreatment after cerebral ischemia.
However, accumulating lines of evidence have demonstrated
the efficacy of pretreatment therapies which could induce
neuroprotection against cerebral ischemic injury.

Melatonin is a potent antioxidant and free radical scav-
enger with few toxicological effects in animals and humans
[10]. An adequate amount of evidence indicates its effective
protection against stroke in different models and animal
species [11–16]. Although the beneficial effect of melatonin
as well as its related mechanisms can be further investigated,
some clinical scientists have suggested that melatonin, com-
bined with other neuroprotectants or proven therapies, may
enhance the treatment effects or extend the therapeutic time
window. Moreover, it is worthy of conducting phase II or III
clinical trials of melatonin in stroke patients [11].

Acupuncture has been widely applied to stroke patients
in East Asia for centuries. It is easy to manipulate, econom-
ical and safe. EA is a combination of traditional acupunc-
ture (manual acupuncture) and electrical stimulation. It
is believed to enhance the efficacy of acupuncture and is
currently used to treat various kinds of illnesses [17, 18].
Though the research in this field using western scientific
methods is still in the very beginning, increasing clinical and
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experimental publications have provided physiological rather
than metaphysical evidence to confirm and explain both the
phenomena andmechanisms of acupuncture [18–22]. Never-
theless, the beneficial effects of acupuncture on stroke recov-
ery remain controversial.Thismay be due to poor experimen-
tal design, inappropriate controls, and small sample size [23].

In traditional Chinese medical theory, acupuncturing at
the acupoints along the meridian of Yangming (stomach
meridian) is especially efficient for the treatment of flaccid
paralysis. Zusanli (ST 36) is the classical acupoint recorded
in the ancient Chinese medical literature for thousands of
years and has been frequently investigated in scientific study
for treating stroke. Moreover, the literature review shows
that ST 36 and xiajuxu (ST 39) are the mostly investigated
acupoints including animal and clinical studies [24, 25].Their
beneficial effects on ischemic stroke have also been elucidated
and reported. In the present study, both ST 36 and ST 39 were
chosen for EA treatment.

Evidence from animal research in acute cerebral ischemia
shows that combinations of neuroprotectants might be more
efficacious than the single agent given alone. Both melatonin
and EA have been suggested to be effective treatments
against cerebral ischemia. However, it is unknown whether a
combination of these two therapies could be beneficial against
focal cerebral ischemia.

There are increasing lines of evidence that pretreatment of
neuroprotectants effectively improves neurological outcome
and interferes with mechanisms of brain injury [26, 27]. In
the present study, pretreatment of MEA was conducted to
examine whether MEA could exert neuroprotection against
transient cerebral ischemia and which mechanisms are
behind it.

2. Materials and Methods

2.1. Animals and Surgical Procedures. Adult male SD rats,
weighing between 250 and 280 g, were obtained from the
Laboratory Animal Unit, The University of Hong Kong, and
kept under 12 hours light/12 hours dark conditions. The
experiments were performed according to the institutional
regulation and guidelines approved by the Committee on the
Use of Live Animals in Teaching and Research (CULATR),
The University of Hong Kong.

Transient focal cerebral ischemia was induced using
right-sided transient endovascular MCAO [28–30] with
reperfusion. In brief, the right common carotid artery (CCA),
right external carotid artery (ECA), and right internal carotid
artery (ICA) were exposed through a midline cervical inci-
sion.With the right ECAdissected free and its distal branches
coagulated (Bipolar Electric Coagulation, GN60, Aesculap
AG and Co., Tuttlingen, Germany), a 5-o silk suture was
loosely tied around the ECA stump, and microclips were
temporarily placed at both the right CCA and right ICA.
A piece of silicone coated 4-o (5mm coating length with
0.35–0.37mm diameter) nylon suture (Doccol Corporation,
Redlands, CA; Cat no. 4037) was inserted into the lumen
of right ECA stump, and the 5-o silk suture was gently
tightened to prevent bleeding. Next the nylon suture was

gently advanced through right ICA into the right anterior
cerebral artery (ACA) to occlude the right middle cerebral
artery (MCA) at its origin. The rats were subjected to 90
minutes of focal cerebral ischemia, and then the silicon
coated 4-o nylon suture was carefully withdrawn to permit
reperfusion.Thewoundswere closed using 4-o nylon sutures,
and the rats were allowed to fully recover from the anesthesia
before returning to their cages.

The focal cerebral ischemia was confirmed by obvi-
ous changes of regional cerebral blood flow (rCBF) on
laser Doppler flow meter (MBF3D, Moor instruments, Ltd.,
Devon, UK). A burr hole of 2mm diameter was made on
the right side of skull at 5mm lateral and 2mm posterior
to the bregma with the aid of a stereotaxic device (SR-6N;
Narishige Scientific Instrument Laboratory, Tokyo, Japan).
Next the laser probe was glued onto the burr hole. Steady-
state baseline values were documented before induction
of cerebral ischemia, and all rCBF were normalized and
expressed as percentages of baseline values.

2.2. Experimental Groups. Rats were assigned to one of two
groups: control group and MEA group.

(1) Control group: the vehicle, normal saline containing
3% dimethyl sulfoxide (DMSO, Sigma-Aldrich, St.
Louis, MO, USA), was given via an intraperitoneal
(i.p.) injection 30 minutes before transient MCAO.
Sham EA treatment was given once per day and
started 6 days before transient MCAO. During the
sham EA treatment, rats were anesthetized with an
i.p. injection of sodium pentobarbital at a dose of
40mg/kg without real EA stimulation.

(2) MEA group: a single dose of melatonin (10mg/kg)
was given via an i.p. injection 30 minutes before
transient MCAO. Whilst under anesthesia, EA treat-
ment was given once per day and started 6 days
before transient MCAO. Melatonin (Sigma-Aldrich)
was dissolved in 1mL of normal saline containing 3%
DMSO.

A schematic overview of the experimental procedures
was summarized (Figure 1). All the rats were sacrificed 24
hours after transient MCAO for determination of brain
infarct volume, cerebral edema ratio, and tissue processing.
Neurological outcome of rats was evaluated before sacrifice.

2.3. Manipulation of EA Treatment. A thirty-minute real or
sham EA treatment was applied each time at different time
points (daily administration during the 6 days before tran-
sientMCAO)with aHan’s acupoint nerve stimulator (HANS-
200, Jisheng Medical Science and Technology Co., Ltd., Nan-
jing, China). The stimulation intensity was 0.5mA, and the
stimulation frequency was 2Hz. Four stainless steel acupunc-
ture needles (0.25mm in diameter, 25mm in length; Huatuo,
Suzhou Medical Instruments Factory, Suzhou, China) were
inserted bilaterally with a 4mm depth into two acupoints, ST
36 and ST 39. A Han’s acupoint stimulator was connected to
the inserted acupuncture needles. The location of these two
acupoints was based on the transpositional acupoint system
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Figure 1: Schematic overview of the experimental procedures in a rat model of transient MCAO. Two groups are included in the experiment.
The horizontal line represents time. A single i.p. injection of the vehicle and melatonin was given 30 minutes before transient MCAO in
control and MEA groups, respectively. Whilst the rats were under anesthesia, sham and real EA were given daily 6 days before transient
MCAO in the sham EA group and EA group, respectively. All the rats were killed 24 hours after transient MCAO for determination of brain
infarct volume, cerebral edema ration and tissue processing.

ST 35

ST 36
ST 39

ST 36
ST 39

EA
0.5 mA, 2 Hz

Figure 2: Diagram of the acupoints location and acupuncture manipulation in the rat. ST 35, dubi, is located at the depression lateral to the
patella ligament; ST 36, zusanli, is located at proximal one-fifth point on the line from ST 35 to the anterior side of ankle crease; ST 39, xiajuxu,
is located at proximal 3 fifths point on the line from ST 35 to the anterior side of ankle crease.

in a ratmodel [29], whichwasmodified from a former animal
transpositional acupoint system [30]. ST 36 is located on the
line from dubi (ST 35) to the ankle crease of hind limb and is
at proximal one-fifth point of the line. ST 39 is at proximal
three-fifths point of the line between ST 35 and the ankle
crease. ST 35 is located at the depression on the lateral side
of the patella ligament of the hind leg (Figure 2).

2.4. Neurological Behavior Assessment. Neurological deficit
scoring system (NDSS) test (Table 1) was used to quantify
neurological behavior 24 hours after transient MCAO and
was done by a blinded observer. NDSS test was adapted from
a validated scoring system [31, 32]. The higher the score, the
more severe was the injury. All the rats were trained before
operation to be familiar with the testing environment.

2.5. Brain Infarct Volume and Cerebral Edema Ratio Measure-
ment. Brain infarct volume of the right cerebral hemisphere
was measured 24 hours after transient MCAO. Under deep
anesthesia after an i.p. injection of pentobarbital at 100mg/kg,
the brains were removed and cut into coronal slices of
2mm thick using a rodent brain matrix (World Precision

Instruments, Inc., Sarasota, FL). After reaction with 2% 2,3,5-
triphenyltetrazolium chloride (TTC; Sigma-Aldrich) for 20
minutes at 37∘C, the slices of brain were fixed in 10%
formalin (pH 7.4). Both sides of each slice were scanned
for measurement of both hemisphere and infarct volume
using a computer assisted image analysis system (Image J Ver.
1.36b, NIH, USA). Unstained areas represented the ischemic
lesions. A cerebral edema ratio was calculated from the ratio
of the volume of the right hemisphere to the left hemisphere.
To compensate for the effect of brain swelling, the actual
(corrected) infarct volume was calculated via dividing the
volume of infarction by the edema ratio. Brain infarct volume
was expressed as a percentage of the contralateral hemisphere
[31, 32].

2.6. Histological Examination. At 24 hours after transient
MCAO, rats were deeply anesthetized with an i.p. injection
of pentobarbital at 100mg/kg and transcardially perfused
with 0.9% normal saline first and then with ice-cold 4%
paraformaldehyde (Sigma-Aldrich) in 0.1Mphosphate buffer
(PB; pH 7.5). Coronal brain sections at a thickness of 4 𝜇m
were made from 2mm anterior and 1mm posterior to the
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Table 1: Neurological deficit scoring system (NDSS) test.

Points

Motor tests

Spontaneous activity
Approaches at least three sides of cage 0
Approaches at least one rim but not all sides of cage 1
Slight movement 2
No movement 3
Floor walking
Straight path 0
Curvilinear path 1
Walks only in circles 2
No walking 3

Sensorimotor tests

Raising rat by the tail
Flexion of forelimb 1
Flexion of hindlimb 1
Thorax twisting 1
Left limbs placing task
Forelimb

Normal performance 0
Delayed (less than 2 seconds) 1
Delayed (at least 5 seconds) and/or incomplete performance 2
No performance 3

Hindlimb
Normal performance 0
Delayed (less than 2 seconds) 1
Delayed (at least 5 seconds) and/or incomplete performance 2
No performance 3

Beam balance tests

Walks on the beam 0
Grasps side of beam 1
Hugs the beam and one limb falls down from the beam 2
Hugs the beam and two limbs fall down from the beam or spins on beam
(>60 s) 3

Attempts to balance on the beam but falls off (>40 s) 4
Attempts to balance on the beam but falls off (>20 s) 5
Falls off: with no attempt to balance or hang on the beam (<20 s) 6

Maximal number of point is 21. Points were awarded for inability of performing the tasks. The higher the score, the more severe is the injury.

bregma and stained with hematoxylin and eosin (HE). Ter-
minal deoxynucleotidyl transferase dUTP nick end labeling
(TUNEL) assay was also performed using an in situ cell death
detection kit (Roche, Indianapolis, IN). Brain sections near
bregma level 0 were chosen for quantification. The number
of TUNEL-positive cells from five selected regions within the
infarction and penumbra in the right cerebral hemisphere
was counted, respectively. The number of positive cells was
counted by a blinded investigator and expressed as number
per squaremillimeter.The section slides were analyzed under
light microscope (Axio Vision Control, Carl Zeiss, Munich,
Germany).

2.7. Western Blot Analysis. Western blot analysis was used
to determine the expression of inflammatory and apoptotic

mediators. Rats from the two groups were decapitated 24
hours after transient MCAO. The infarct region (between
2mm anterior and 1mm posterior to the bregma) of the
right cerebral hemisphere was dissected on ice. Samples were
placed in radioimmune precipitation assay (RIPA) lysis buffer
containing a protease inhibitor cocktail and a phosphatase
inhibitor cocktail (Sigma-Aldrich). After sonication for 5
seconds, the lysate was kept on ice for 30 minutes. After
20 minutes centrifugation at 12,000 g, the supernatants were
collected. The protein concentration was determined using
a Bradford protein assay kit (Bio-Rad, Hercules, CA). Forty
𝜇g of total protein was mixed with protein loading buffer
and separated using 10–15% sodiumdodecyl sulfate polyacry-
lamide gel electrophoresis (SDS-PAGE). After electrophore-
sis, the proteins were transferred to polyvinylidene difluoride
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Figure 3:Neurological deficit scoring system (NDSS) score 24 hours
after transient MCAO. Data are expressed as mean ± SEM (𝑛 = 14).
∗

𝑃 < 0.05, compared with the control group. The neurological
function was significantly improved by MEA pretreatment.

(PVDF)membrane (Bio-Rad) at 4∘C. After blocking nonspe-
cific binding sites on the membrane with 5% nonfat milk in
Tris-HCL-based buffered saline with 0.1% Tween 20 (TBST;
Sigma-Aldrich) at pH 7.4 for 1 hour at room temperature,
and the membranes were incubated at 4∘C overnight with
primary antibodies, including tumor necrosis factor-alpha
(TNF-𝛼) (1 : 200 dilution; Santa Cruz Biotechnology, Dallas,
TX), cyclooxygenase 2 (COX-2) (1 : 500 dilution; Santa Cruz
Biotechnology), B-cell lymphoma 2 (Bcl-2) (1 : 500 dilution;
Santa Cruz Biotechnology), Bcl-2-associated X protein (Bax)
(1 : 500 dilution; Santa Cruz Biotechnology), and 𝛽-actin
(1 : 2000 dilution; Santa Cruz Biotechnology). After three
washes (15minutes per time)withTBST, themembraneswere
incubated with a horseradish peroxidase-conjugated goat
secondary antibody (anti-mouse, 1 : 7000 dilution; SantaCruz
Biotechnology; or anti-rabbit, 1 : 7000 dilution; Santa Cruz
Biotechnology) at room temperature for 1 hour. After three
washes with TBST, the protein bands were visualized using
advanced chemoluminescence (GE Healthcare Life Sciences,
Hong Kong), recorded by GelDoc-2000 Imagine System
(Bio-Rad), and the relative intensity of protein expressionwas
quantified using Quantity One software (Bio-Rad).

2.8. Data Analysis. All the data were analyzed using SPSS
(Window version 13.0; SPSS Inc., Chicago, IL) and expressed
as mean ± SEM. One sample t-test was used to detect a
significant change in rCBF data from the baseline value at
different time points in each group. Data were compared
using Student’s t-test. 𝑃 < 0.05 was used to infer statistical
significance.

3. Results

3.1. Relative rCBF. During transient cerebral ischemia, the
normalized rCBF was significantly decreased; there was no
statistically significant difference at different time points
within the same group. During reperfusion, the normalized
rCBF returned towards baseline values; there was no sta-
tistically significant difference within the same group. No
significant difference was observed between the control and
MEA groups at the same time points during ischemia and
reperfusion (𝑃 > 0.05), as shown in Tables 2, 3, and 4.

3.2. Effect of MEA on Neurological Deficit Score. When
compared with the control group (14.07±0.43), neurological
function was significantly improved by MEA pretreatment
(12.37 ± 0.50) 24 hours after transient MCAO (𝑃 < 0.05),
as shown in Figure 3.

3.3. Effect of MEA on Brain Infarct Volume and Cerebral
Edema Ratio. Figure 4(a) summarizes the representative
brain slices after reaction with TTC 24 hours after transient
MCAO. The right cerebral infarct was evident as the whitish
region. Figure 4(b) summarizes the computer assisted image
analysis data revealing the relative brain infarct volumes in
the two groups 24 hours after transient cerebral ischemia.
The relative infarct volume was expressed as mean ± SEM.
When compared with the control group (36.5 ± 2.6%), MEA
pretreatment (27.1± 3.7%) significantly decreased the infarct
volume by 25.7% (𝑃 < 0.05). Figure 5 summarizes the data
revealing the cerebral edema ratio in the two groups 24 hours
after transient cerebral ischemia. There was no significant
difference between the two groups (𝑃 > 0.05).

3.4. Effect of MEA on Histological Changes of Brain Inflam-
mation 24 Hours after Transient MCAO. Brain section near
bregma level 0 stained with HE revealed the histological
changes 24 hours after transient MCAO (Figure 6). In the
control group, many necrotic neurons and infiltrated neu-
trophils were seen in the infarcted cortex after transient
MCAO. In rats pretreated with MEA, neutrophil infiltration
within the ischemic cerebral cortex was suppressed.

3.5. Effect of MEA on Histological Changes of Brain Apoptosis
24 Hours after Transient MCAO. Five regions within the
cortex and penumbra were respectively selected for cell
counting on the right cerebral hemisphere. Many TUNEL-
positive cells were seen within the infarct and penumbral
areas of the right cerebral hemisphere in the control group
24 hours after transient MCAO. In the MEA pretreatment
group, increase in the number of TUNEL-positive cell within
the ischemic cerebral cortex and penumbra was significantly
reduced (Figures 7 and 8).

3.6. Effect of MEA on Protein Expression of Inflammatory
Mediators 24 Hours after Transient MCAO. The expression
of inflammatory mediators, including TNF-𝛼 (Figure 9) and
COX-2 (Figure 10), was investigated using western blot anal-
ysis 24 hours after transient MCAO. Immunoblots of these
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Figure 4: Brain infarct volume measurement 24 hours after transient MCAO. (a) Digital photographs of the 2mm thick coronal brain slices
between the bregma levels +4mm (anterior) and −6mm (posterior) in control and MEA groups 24 hours after right-sided endovascular
transient MCAO. TTC reaction showed viable brain tissue in red and infarcted brain tissue in white. (b) Quantitative analyses of brain infarct
volume 24 hours after transient MCAO. The data are expressed as percentage of the contralateral hemispheric volume (mean ± SEM, in %,
𝑛 = 14). ∗Indicates the significant difference between the control group and MEA group (𝑃 < 0.05).

Table 2: Normalized regional cerebral blood flow (rCBF, %) at different time points in relation to the onset of transient MCAO with MEA
pretreatment in the study on neurological function and brain infarct volume in rats.

Group (number of rats) Before MCAO Onset of
MCAO

30min after
MCAO

60min after
MCAO

Onset of
reperfusion

30min after
reperfusion

Control (14) 100 23.3 ± 1.7 23.4 ± 1.6 25.2 ± 1.7 87.0 ± 3.3 99.4 ± 4.0

MEA (14) 100 24.8 ± 1.4 25.1 ± 1.8 26.8 ± 2.2 88.4 ± 4.2 94.1 ± 5.1

Data are expressed as mean ± SEM. Normalized rCBF dropped to less than 30% during transient MCAO and returned to more than 70% at the onset of
reperfusion. There was no statistically significant difference between the control and MEA groups at the same time points (𝑃 > 0.05).

Table 3: Normalized regional cerebral blood flow (rCBF, %) at different time points in relation to the onset of transient MCAO with MEA
pretreatment in the study on tissue apoptosis in the right cerebral hemisphere of the rats.

Group (number of rats) Before MCAO Onset of
MCAO

30min after
MCAO

60min after
MCAO

Onset of
reperfusion

30min after
reperfusion

Control (5) 100 24.6 ± 1.6 25.5 ± 1.5 27.2 ± 1.7 96.5 ± 6.2 98.0 ± 5.5

MEA (5) 100 23.3 ± 2.1 24.4 ± 1.9 26.2 ± 2.3 104.3 ± 6.8 102.1 ± 10.2

Data are expressed as mean ± SEM. Normalized rCBF dropped to less than 30% during transient MCAO and returned to more than 70% at the onset of
reperfusion. There was no statistically significant difference between the control and MEA groups at the same time points (𝑃 > 0.05).

Table 4: Normalized regional cerebral blood flow (rCBF, %) at different time points in relation to the onset of transient MCAO with MEA
pretreatment in the study on western blot in the right cerebral hemisphere of the rats.

Group (number of rats) Before MCAO Onset of
MCAO

30min after
MCAO

60min after
MCAO

Onset of
reperfusion

30min after
reperfusion

Control (3) 100 23.2 ± 2.2 24.8 ± 2.6 26.2 ± 2.0 105.7 ± 6.6 106.4 ± 8.8

MEA (3) 100 25.2 ± 2.6 25.7 ± 2.5 27.6 ± 2.8 107.5 ± 9.1 114.9 ± 11.1

Data are expressed as mean ± SEM. Normalized rCBF dropped to less than 30% during transient MCAO and returned to more than 70% at the onset of
reperfusion. There was no statistically significant difference between the control and MEA groups at the same time points (𝑃 > 0.05).
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Figure 5: Data of cerebral edema ratio 24 hours after transient
MCAO. Data are expressed as mean ± SEM (𝑛 = 14). Student’s
t-test reveals no significant difference in cerebral edema ratio 24
hours after transient MCAO between the control and MEA group
(𝑃 > 0.05).

Control MEA

Figure 6: Photomicrographs of HE-stained brain sections near
bregma level 0 24 hours after right-sided transient MCAO (mag-
nification: 400x). In the control group, neutrophil infiltration was
mainly present in the infarcted cortex. Neutrophil infiltration in the
ischemic cerebral cortex was suppressed by the MEA pretreatment
group 24 hours after transient MCAO.

inflammatory mediators were obtained from right cerebral
hemisphere. When compared with the control group, MEA
pretreatment significantly decreased the upregulated protein
expression of TNF-𝛼 and COX-2 (𝑃 < 0.01).

3.7. Effect of MEA on Protein Expression of Bcl-2 Family
Proteins 24 Hours after Transient MCAO. The expression of
Bax and Bcl-2 was investigated using western blot anal-
ysis (Figures 11 and 12) 24 hours after transient MCAO.
Immunoblots of these proteinswere obtained from right cere-
bral hemisphere.When compared with the control group, the
relative protein expression of Bax was significantly decreased
by MEA pretreatment (𝑃 < 0.05). The protein expression

of Bcl-2 was significantly increased by MEA when compared
with the control group (𝑃 < 0.01).

4. Discussion

Increasing evidence shows that pretreatment with various
kinds of neuroprotectants induces beneficial effects against
stroke in animal models; however, many of them have
limitations and adverse effects that may prevent the clinical
application in patients [33, 34]. Although it is suggested that
therapeutics for prevention of first and recurrent stroke, such
as blood pressure control and anti-thrombosis, are highly
recommended in clinical practice [35, 36], some of these
drugs, like antiplatelets and anticoagulants, have a risk of
causing hemorrhage. Therefore, it is desirable to develop not
only efficient but also safe strategies aiming at preventing
cerebral ischemia as well as reducing ischemic injury. A
previous study in our lab (unpublished data) has shown that
posttreatment of MEA may induce neuroprotective effect in
transientMCAO.Thepresent studywas performed to explore
whether pretreatment of the combined therapy may prevent
the brain from cerebral ischemic injury.

Firstly, the effect of MEA pretreatment on NDSS score,
brain infarct volume, and cerebral edema ratio was investi-
gated.The data showed that when compared with the control
group, pretreatment of MEA significantly improved neuro-
logical functions 24 hours after transientMCAO.Meanwhile,
MEA reduced the brain infarct volume by 25.7% 24 hours
after transient MCAO. No significant changes in the cerebral
edema ratio were observed. There were no significant differ-
ences in rCBF data during cerebral ischemia and reperfusion.

Secondly, the effect of MEA pretreatment on histological
and cellular inflammation after transient ischemic stroke
was examined. HE staining of brain sections shows that
many necrotic neurons and infiltrated neutrophils were
seen in the infarcted cortex after transient MCAO. In rats
pretreated with MEA, neutrophil infiltration within the
ischemic cerebral cortex was suppressed. In addition, MEA
pretreatment reduced the upregulated protein expression of
two proinflammatory mediators, TNF-𝛼 and COX-2, in the
ischemic right cerebral hemisphere 24 hours after transient
MCAO. These results indicate the anti-inflammatory effects
of MEA pretreatment of against transient MCAO.

Thirdly, the effect of MEA pretreatment on histological
and cellular apoptosis after transient ischemic stroke was
evaluated. In the present study, TUNEL staining of brain
sections shows that there were many TUNEL-positive cells
within the ischemic infarction and penumbra of the right
cerebral hemisphere in the control group 24 hours after
transient MCAO. The number of TUNEL-positive cells was
significantly decreased in the same areas by MEA pretreat-
ment 24 hours after transient MCAO.

Moreover, MEA pretreatment decreased the level of
proapoptotic protein Bax and increased the level of anti-
apoptotic protein Bcl-2 24 hours after transient MCAOwhen
compared to the control group. The present data suggest
the antiapoptotic effect of MEA pretreatment in transient
MCAO.
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Figure 7: Apoptosis in the infarcted cortex of right ischemic cerebral hemisphere 24 hours after transient MCAO. (a) Representative images
of TUNEL staining in the infarcted cortex of right ischemic cerebral hemisphere 24 hours after transient MCAO.The brown staining within
the nuclei reveals TUNEL-positive cells. (b) Quantitative analysis of TUNEL-positive cells. Data are expressed as means ± SEM (𝑛 = 5).
∗

𝑃 < 0.05, compared with the control group. The number of TUNEL-positive cells was significantly decreased by MEA pretreatment. Scale
bar = 100𝜇m.
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Figure 8: Apoptosis in the penumbra of right ischemic cerebral hemisphere 24 hours after transient MCAO. (a) Representative images
of TUNEL staining in the penumbra of right ischemic cerebral hemisphere 24 hours after transient MCAO. The brown staining within the
nuclei reveals TUNEL-positive cells. (b) Quantitative analysis of TUNEL-positive cells. Data are expressed asmeans± SEM (𝑛 = 5). ∗𝑃 < 0.01,
compared with the control group.The number of TUNEL-positive cells was significantly decreased byMEApretreatment. Scale bar = 100 𝜇m.

Previous research indicates that inflammatory response is
induced in the cerebral infarct and its surrounding areas after
cerebral ischemia [37]. Various proinflammatory mediators,
such as TNF-𝛼 and COX-2, are upregulated after stroke.
These mediators play critical roles in the process of neu-
ronal survival following brain injury [38, 39]. Inhibition of
TNF-𝛼 reduced the brain infarct volume and suppressed
the inflammatory responses in a mouse model of transient
cerebral ischemia [40]. Overexpression of COX-2 may exac-
erbate brain damage [41]. According to the present data, the

neuroprotection with regard to neurological outcome and
brain infarct volumemay be partly due to the inhibitory effect
of MEA on TNF-𝛼 and COX-2.

The damage resulting from cerebral ischemia is con-
stituted by two principal zones: infarct core and ischemic
penumbra. After ischemic stroke, neuronal apoptosis occurs
mainly in the penumbral area [42]. In particular after tran-
sient focal ischemia, apoptosis may be a contributing factor
to the final infarct volume [43]. According to the present
data, the number of TUNEL-positive cells was significantly
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Figure 9: Protein expression of TNF-𝛼 24 hours after transient MCAO in different groups. (a) Representative immunoblots of TNF-𝛼 in the
right cerebral hemisphere of different groups 24 hours after transient MCAO. (b) Semiquantitative analysis of protein expression of TNF-𝛼.
Data are expressed as means ± SEM (𝑛 = 3). ∗𝑃 < 0.01, compared with the control group. The relative expression of TNF-𝛼 was significantly
inhibited by MEA pretreatment.
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Figure 10: Protein expression of COX-2 24 hours after transient MCAO in different groups. (a) Representative immunoblots of COX-2 in the
right cerebral hemisphere of different groups 24 hours after transient MCAO. (b) Semiquantitative analysis of protein expression of COX-2.
Data are expressed as means ± SEM (𝑛 = 3). ∗𝑃 < 0.01, compared with the control group. The relative expression of COX-2 was significantly
decreased by MEA pretreatment.

decreased in the penumbral area by MEA pretreatment
24 hours after transient MCAO. This finding may partly
explain the result of infarct volume reduction after MEA
pretreatment. In addition, Bax and Bcl-2 are suggested to
be distinct regulators of apoptosis in the early stages of

stroke [44]. Upregulation of Bax and downregulation of Bcl-
2 are repeatedly observed in the penumbral area following
cerebral ischemia [45]. Bax inhibition results in neuropro-
tection against stroke [46]. Decreased expression of Bcl-2
leads to increased oxidative stress [46, 47]. The present data
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Figure 11: Protein expression of Bax 24 hours after transient MCAO in different groups. (a) Representative immunoblots of Bax in the right
cerebral hemisphere of different groups 24 hours after transient MCAO. (b) Semiquantitative analysis of protein expression of Bax. Data are
expressed as means ± SEM (𝑛 = 3). ∗𝑃 < 0.05, compared with the control group. The relative expression of Bax was significantly decreased
by MEA pretreatment.
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Figure 12: Protein expression of Bcl-2 24 hours after transient MCAO in different groups. (a) Representative immunoblots of Bcl-2 in the
right cerebral hemisphere of different groups 24 hours after transient MCAO. (b) Semiquantitative analysis of protein expression of Bcl-2.
Data are expressed as means ± SEM (𝑛 = 3). ∗𝑃 < 0.01, compared with the control group. The relative expression of Bcl-2 was significantly
increased by MEA pretreatment.
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indicate the antiapoptotic effect of MEA pretreatment via
downregulation of Bax and upregulation of Bcl-2.

In conclusion, this study provides some preliminary data
with regard to the effect of MEA pretreatment on transient
focal cerebral ischemia. The present results indicate that
MEA pretreatment may induce a neuroprotection against
transient MCAO in terms of improved neurological function
and decreased brain infarct volume.The beneficial effects are
partly mediated by anti-inflammation and antiapoptosis.
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Gastric dysmotility is one of the major pathophysiological factors in functional gastrointestinal disorders. Acupuncture, as one of
the alternative approaches, is efficacious in the treatment of gastrointestinal motility disorders; however, themechanism underlying
its action is unclear. In the present study, we used both capsazepine, a TRPV1 antagonist, and TRPV1 knockout mice. Animals
were divided into wild-type group (WT), capsazepine injection group (CZP, 0.5mg/kg, i.p.), and TRPV1 knockout mice group
(TRPV1−/−). Each of these three groups was divided into three subgroups, which were subjected to EA stimulation at acupoint
Zhongwan (CV12) at a different intensity (1, 2, or 4mA).We demonstrated that electroacupuncture at Zhongwan (CV12) markedly
inhibited gastricmotility at 2 and 4mA in an intensity-dependentmanner inwild-typemice.The inhibitory effect was also observed
in capsazepine-injected and TRPV1−/− mice but was no longer intensity dependent, indicating that TRPV1 is partially involved in
the electroacupuncture-mediated modulation of gastric motility.

1. Introduction

Gastric motility is one of the most critical physiological func-
tions of the human body. Coordinated gastric motility is nec-
essary for the digestion and absorption of dietary nutrients.
Impairment of gastric motility results in delayed gastric emp-
tying and symptoms such as nausea, vomiting, and abdom-
inal pain and discomfort [1]. Recent studies have shown that
gastric dysmotility is one of the major pathophysiological
factors in functional gastrointestinal disorders, which has a
public health cost of over 30 billion dollars annually [2, 3],
including functional dyspepsia [4] and gastroesophageal
reflux disease [5].

Acupuncture has been practiced for thousands of years in
Eastern countries and has become very popular worldwide as
a complementary and alternative approach. Numerous stud-
ies on both humans and animals support the efficacy of
acupuncture for treating gastrointestinal symptoms and/or
diseases of gastrointestinal secretion [6, 7], sensation [8],

and myoelectrical activity [9]. Acupuncture of the abdomen
has been used for treating abdominal pain, suggesting
that acupuncture of this site may inhibit gastric motility
and/or reduce gastrospasm [10]. Recently, many studies have
explored the efficacy of electroacupuncture (EA) for the
treatment of gastrointestinal motility disorders and con-
cluded that EA can alter gastrointestinalmotility and improve
gastrointestinalmotility disorders [11].While this therapeutic
effect of EA has been proved, little is known about the
underlying mechanism(s).

The transient receptor potential vanilloid-1 (TRPV1; tran-
sient receptor potential (TRP) cation channel, subfamily V,
member 1) is a member of the superfamily of TRP cation
channels [12]. TRPV1 plays an important role in the modu-
lation of EA efficacy, owing to its function in heat and
mechanical sensations [13–15]. However, research on TRPV1
and EA has mainly been confined to the treatment of pain,
such as cancer-related pain or hyperalgesia. Few studies
have reported the relationship between EA and TRPV1 in
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Figure 1: Experimental procedure. (a) Time scale of stimulation in the wild-type and TRPV1−/− groups. (b) Time scale of stimulations in the
capsazepine (CZP) injection group.

the regulation of gastrointestinal motility. We previously
reported themodulatory effects of EA on gastricmotility [16].
Given the emerging role of TRPV1 receptors in mediating
sensory and visceral functions, the aim of the present study
was to further elucidate the mechanism of EA-mediated
gastric motility modulation and to confirm whether TRPV1
was involved in this mechanism.

2. Materials and Methods

2.1. Animals. TRPV1−/− mice (𝑛 = 30, male, 22–28 g,
B6.129X1-TRPV1tm1Jul/NJU, J003770) and their wild-type
counterparts (WT, 𝑛 = 60, male, 22–28 g) were purchased
from Model Animal Research Center of Nanjing University
(Nanjing, China). Food and water were made available ad
libitum, and the animals were housed under controlled envi-
ronmental conditions (22∘C, 40%–60% relative humidity,
12-h alternate light/dark cycles). All experimental manip-
ulations were undertaken in accordance with the National
Institutes of Health Guide for the Care and Use of Laboratory
Animals and with the approval of the Scientific Investigation
Board of the Nanjing University of Traditional Chinese
Medicine, Nanjing, China.

2.2. Experimental Groups. Capsazepine injections were used
in 30 of the 60WTmice (CZP group), but not in the remain-
ing 30WTmice (WT group) or the 30 TRPV1 knockoutmice
(TRPV1−/− group). Each of these three groups was divided
into three subgroups of 10mice each, and the three subgroups
of each group were subjected to EA stimulation at a different
intensity (1, 2, or 4mA).

2.3. Experimental Procedure. The animals were fasted over-
nightwith free access towater and anesthetizedwith urethane
(1.2 g/kg i.p.; U2500, Sigma, USA). The trachea was cannu-
lated to keep the respiratory tract patent, and gastric motility
was recorded using a previously described method [17]. A
small incision was made in the duodenum about 1-2 cm
from the pylorus. A small balloon made of flexible condom
rubber was inserted into the pyloric area via incision. The
pressure in the balloon was measured with a transducer
(YP200; Chengdu Instrument Factory, Chengdu, China)
and recorded with a physiological signal-acquisition system
(RM6240; Chengdu Instrument Factory) for further analysis.
During the experiment, the temperature of the animal was
maintained at 37∘C ± 0.5∘C, using an electric heating board.

The experimental procedure in the WT and TRPV1−/−
groups is shown in Figure 1(a). The time scale of each
stimulation in the capsazepine injection group is shown in

Figure 1(b). Capsazepine (0.5mg/kg, i.p.; C191, Sigma, USA)
was dissolved in a vehicle (1% dimethyl sulfoxide; D8418,
Sigma, USA).

2.4. EA Stimulation. A pair of needle electrodes (diameter,
0.3mm) were inserted approximately 5mm deep into the
Zhongwan point (CV12), which is located at the center of the
abdomen, in the midline of the body [17]. The EA intensity
was set as 1, 2, or 4mA, with alternating frequencies of 2Hz
and 15Hz for 2min.

2.5. Statistical Analysis. Data were analyzed using SPSS 17.0
software (SPSS, Chicago, USA). Differences before and after
treatment were compared using a paired-sample 𝑡-test, and
those between two groups were compared using an inde-
pendent-sample 𝑡-test. Comparison among groups was per-
formed using analysis of variance. 𝑃 < 0.05 was considered
statistically significant. All data were expressed as mean ± SE.

3. Results

3.1. Gastric Motility. In the resting condition (prior to EA),
rhythmic gastric contractions at a frequency of 3–6/min were
observed in the TRPV1−/− and WT mice, and the contractile
amplitude of the rhythmic waves was approximately 0.05–
0.3 kPa, when balloon pressure was maintained at about 0.4–
0.6 kPa by filling the balloon with 0.1–0.2mL warm water.
Injection of 0.5mg/kg capsazepine, i.p., caused no change in
gastric movement or amplitude.

3.2. Gastric Response to Different Intensities of EA Stimulation
at CV12. InWTmice, EA stimulation at CV12 at an intensity
of 1mA (𝑛 = 10) produced no significant effect on gastric
motility (Figure 2(a)). In contrast, EA stimulation at 2mA
slightly inhibited gastric motility, while stimulation at 4mA
strongly inhibited it. Thus, the inhibition of gastric motility
by EA stimulation was intensity dependent.

3.3. TRPV1 Is Involved in Gastric Motility Modulation by
EA Stimulation. To determine the mechanism underlying
the inhibitory effect of EA stimulation at CV12, we used
capsazepine, a specific antagonist of TRPV1. In theWTmice,
significant inhibition of gastric motility was obtained after
EA stimulation at 2 and 4mA, but not at 1mA; moreover,
this inhibitory effect was intensity dependent, being greater at
4mA than at 2mA (Figure 4(e)). After capsazepine injection,
EA stimulation at 1mA (𝑛 = 10) produced no significant
inhibition, while that at 2mA produced mild inhibition
(Figure 3(a)); however, the effect of EA stimulation at 4mA



Evidence-Based Complementary and Alternative Medicine 3

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

Baseline
EA

G
as

tr
ic

 p
re

ss
ur

e (
kP

a)

1mA 2mA 4mA

∗∗ ∗∗

(a)

(k
Pa

)

0

1

EA, 1mA, 120 s

(b)

(k
Pa

)

0

1

EA, 2mA, 120 s

(c)

(k
Pa

)

0

1

EA, 4mA, 120 s

(d)

Figure 2: Gastric response to electroacupuncture (EA) stimulation at CV12 in wild-type mice. (a) Significant inhibition of gastric motility
was induced by EA stimulation at intensities 2mA (𝑛 = 10) and 4mA (𝑛 = 10). ∗∗: Versus baseline, 𝑃 < 0.001. (b)–(d) Representative
examples of EA stimulation at CV12 with different intensities.
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Figure 3: Gastric responses to electroacupuncture (EA) stimulation at CV12 after capsazepine (CZP) injection. (a) Significant inhibition of
gastric motility was induced by EA at intensities 2mA (𝑛 = 10) and 4mA (𝑛 = 10). ∗∗: Versus CZP, 𝑃 < 0.001. (b)–(d) Representative
examples of EA stimulation at CV12 with different intensities.
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Figure 4: Gastric responses to electroacupuncture (EA) stimulation at CV12 in TRPV1−/− mice. (a) Significant inhibition of gastric motility
was induced by EA at intensities 2mA (𝑛 = 10) and 4mA (𝑛 = 10). ∗∗: Versus baseline, 𝑃 < 0.001. (b)–(d) Representative examples of
EA stimulation at CV12 with different intensities. (e) Percentage inhibition of gastric motility after EA stimulation at CV12 with different
intensities in all three experimental groups. #: Versus WT, 𝑃 < 0.05; ##: Versus WT, 𝑃 < 0.01; ΔΔ: Versus 1mA, 𝑃 < 0.001; : Versus 2mA,
𝑃 < 0.05.

was partially blocked (Figure 4(e)). Thus, the intensity-
dependent characteristic of EA stimulation disappeared after
TRPV1 channel blockage. Similar results were obtained in the
TRPV1−/− mice (Figures 4(a)–4(e)), suggesting an important
role of TRPV1 in EA-mediatedmodulation of gastricmotility.

4. Discussion

The reported ameliorating effect of EA on gastric dysrhyth-
mia has been consistent and reproducible, suggesting a robust
role of EA in the treatment of gastric motility disorders [11].
The primary mechanism underlying the clinical effects of
acupuncture appears to be the activation of afferent nerve

fibers that innervate the skin and muscles [18]. In this study,
we determined whether TRPV1 was involved in the EA-
mediated regulation of gastric motility after stimulation of
CV12 with different intensities. For this purpose, we used
both capsazepine, which is a TRPV1 antagonist, and TRPV1
knockout mice. Acupuncture stimulation of various segmen-
tal areas of the body has been shown to alter gastric motility
in anesthetized animals [19, 20]; this alteration has been facil-
itative or inhibitory, depending on which acupoints are
stimulated. Consistent with these reports, our data showed
that EA at CV12 significantly inhibited gastric motility, but
only at intensities 2 and 4mA.Moreover, this inhibitory effect
was intensity dependent (Figure 4), which was in accordance
with previous reports [20]. Somatic afferent nerve fibers are
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composed ofA-𝛼, A-𝛽, A-𝛿, andC-fibers.Themean threshold
of the action potentials of A-𝛿 fibers is approximately 2mA
[20], while that of unmyelinated fibers is approximately
3mA [21]. Consistent with this [20], EA stimulation could
modulate gastric motility only at an intensity greater than the
threshold for the activation of A-𝛿 and/or C-fibers. In other
words, the inhibitory effect of EA at 2mA was mediated by
A-𝛿 fibers, while the effect of EA at 4mA was mediated by
unmyelinated fibers.

TRPV1 mediates the transductions of intra- and extra-
cellular signals and modulates organ functions by activating
a variety of endogenous and exogenous stimuli such as
mechanical stimuli, noxious heat, proteins, and capsaicin
[22]. The presence of a class of visceral and somatic afferents
of dorsal root origin and their functional significance in
pain sensation have been well documented [23]. Recently,
TRPV1 was found to be expressed at acupuncture points,
indicating that it contributed to the effects of EA stimulation
[24]. The above findings suggest the importance of TRPV1
in EA stimulation. To confirm whether TRPV1 was involved
in the regulation of gastric motility after CV12 stimulation,
we assessed the effects of EA at CV12 on gastric motility
in TRPV1-null animals. After TRPV1 blockage or knockout,
EA at CV12 continued to inhibit gastric motility, although,
interestingly, the intensity-dependent nature of EA-mediated
inhibition disappeared, especially at intensities 2 and 4mA.
Caterina et al. [25] reported that in VR1-null mice, none of
the C-fibers examined were activated by capsaicin, a specific
TRPV1 agonist; whereas 11 of 22 wild-type afferent nerves
responded vigorously to this stimulus. Among myelinated
nociceptors, only one of 13 wild-type fibers and none of the
nine fibers from VR1−/− mice responded to capsaicin. These
results indicated that TRPV1 wasmainly coexpressed with C-
fibers, rather than with myelinated nociceptors [25]. Consis-
tent with this, Koerber et al. [26] reported that TRPV1 was
specifically localized in a subpopulation of C-fiber nocicep-
tors that responded to heat (CH-fibers) but not tomechanical
or cold stimuli. The majority of C-fibers innervating the skin
are C-polymodal afferents that respond to both mechanical
and thermal stimuli.The coexpression of TRPV1 andC-fibers
combined with the identical thresholds for the elicitation
of nerve action potentials and EA responses indicate that
TRPV1 is involved in the intensity-dependent regulation of
gastric motility by EA stimulation at CV12.
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Deqi response, a psychophysical response characterized by a spectrum of different needling sensations, is essential for Chinese
acupuncture clinical efficacy. Previous neuroimaging research works have investigated the neural correlates of an overall deqi
response by summating the scores of different needling sensations. However, the roles of individual sensations in brain activity
and how they interact with each other remain to be clarified. In this study, we applied fMRI to investigate the neural correlates of
individual components of deqi during acupuncture on the right LV3 (Taichong) acupoint. We selected a subset of deqi responses,
namely, pressure, heaviness, fullness, numbness, and tingling. Using the individual components of deqi of different subjects as
covariates in the analysis of percentage change of bold signal, pressure was found to be a striking sensation, contributing to most
of negative activation of a limbic-paralimbic-neocortical network (LPNN). The similar or opposite neural activity in the heavily
overlapping regions is found to be responding to different needling sensations, including bilateral LPNN, right orbitofrontal cortex,
and bilateral posterior parietal cortex. These findings provide the neuroimaging evidence of how the individual needle sensations
interact in the brain, showing that the modulatory effects of different needling sensations contribute to acupuncture modulations
of LPNN network.

1. Introduction

The needling sensation of deqi, a psychophysical response,
is considered by traditional Chinese medicine to play a key
role in the clinical efficacy of acupuncture [1–4]. Deqi is a
composite of a series of needling sensations which include
but are not limited to aching, pressure, soreness, heaviness,
fullness, temperature change (warmth or coolness), numb-
ness, tingling, and dull pain [2, 3, 5]. It has been demonstrated
that the deqi sensations during acupuncture stimulation are
conveyed by different nerve fiber systems [6]. For example,
A𝛽 fibers convey numbness. Heaviness and fullness are
mediated by A𝛿 fibers [6]. However, the link between the
needling sensation and the acupuncture effect on the brain
remains an ongoing area of research. Moreover, the different
components of deqi may attribute to effective treatment in

some disorders. It has been demonstrated that numbness
and soreness but not stabbing, throbbing, tingling, burning,
heaviness, fullness, or aching are correlated with clinical
efficacy of analgesia [4]. In this paper we investigated how
components of the deqi sensation were individually related
to the brain responses to acupuncture.

Previous neuroimaging fMRI and PET research has been
studying the brain responses to acupuncture in multiple
disorders which included pain, stroke, Parkinson’s disease,
functional dyspepsia, and Alzheimer disease [7–13]. A few
acupuncture imaging reports accounted for the needling
sensation [8, 9, 14–18]. A number of fMRI studies on
healthy subjects including ours have consistently revealed
that acupuncture with deqi induced extensive negative
BOLD signal change (deactivation) of a limbic-paralimbic-
neocortical network (LPNN) and positive BOLD signal
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change of somatosensory regions of the brain [9, 14–16, 19,
20]. Both commonality and specificity were observed in brain
responses to acupuncture at different acupoints [16, 17, 21].
It was reported that the sensation of sharp pain and overall
deqi were associated with separate patterns of brain activity
[9, 14–16, 22]. The previous literatures has reported so far
only the relationship between brain responses and overall
deqi sensation. However, questions on the roles of individual
needling sensations of deqi in brain activity and how they
interact with each other remain to be clarified, especially the
correlation with negative or positive brain activations.

In the present study, we attempted to characterize the
brain response to a subset of needle sensations relating to
deqi during the manual acupuncture at right LV3 acupoint
(Taichong) on the dorsum of distal foot, with the primary
purpose of confirming the hypothesis that each individual
needling sensation may correspond with a distinct map of
brain responses to acupuncture. The five selected sensations
are pressure, numbness, heaviness, fullness, and tingling.The
other deqi sensations related with pain, including aching,
soreness, dull pain, warmth, or coolness were investigated in
another separate paper.The differences in the pattern of deqi,
including frequency and intensity in individual sensation,
were used to discriminate between acupuncture and simple
tactile stimulation used as control. We hypothesized that the
modulatory effects of different needling sensations contribute
to acupuncture modulations of LPNN network. To our
knowledge, we are the first team to explore the relationship
between individual components of deqi and brain activity
during acupuncture.

2. Materials and Methods

2.1. Subjects. In the present study, we extracted data from a
larger project that investigated the brain effect of acupuncture
at the Athinoula A. Martinos Center for Biomedical Imaging
at Massachusetts General Hospital. This study included 37
acupuncture-naı̈ve and right-handed healthy subjects (30
subjects for acupuncture stimulation, 19–47 years old, mean
± SD 28.6 ± 8.05, 14M/16F; 15 subjects for tactile stimulation,
21–45 years old, mean ± SD, 28 ± 7.74, 4M/11F). Eight
subjects had acupuncture stimulation and tactile stimulation
in the same session. Six subjects had twice acupuncture
stimulations and eight subjects had performed twice tactile
stimulations for different objectives, such as the comparison
of real acupuncture and sham acupuncture, different acu-
points, different acupuncture stimulations. The study was in
compliance with the Code of Ethics of the World Medical
Association (Declaration of Helsinki) and the standards
established by the Institutional Review Board of the hospital
and the National Center of Complementary and Alternative
Medicine (NCCAM) of the NIH. Subjects were screened to
exclude neurological, mental and medical disorders, drug
abuse, history of head trauma with loss of consciousness,
and contraindications for exposure to highmagnetic field. All
experimental procedures were explained to the subjects, and
signed informed consent was obtained prior to participation
in the study.

0 2 4 7 9 10

Needle in Needle out

R3

Time (minutes) 

Scan starts Scan stops

R1 M1 M2R2

Figure 1: Paradigms: in each fMRI session, two periods of 2-minute
acupuncture stimulation were interleaved with 3 periods of rest
which lasted 2-3minutes each.The paradigmswere identical in both
acupuncture and tactile stimulation.

2.2. Acupuncture and Tactile Stimulations. During a single
session, we administered acupuncture to LV3 on the right
dorsum of distal foot using sterile, single-use, stainless steel
acupuncture needles (0.20mm diameter) (KINGLI Medical
Appliance Co., Wuxi, China). Stimulation was enhanced
with manipulation of the needle to elicit deqi, the composite
of unique sensations related to efficacy according to TCM
[2]. To avoid noxious pain, we tested the subject’s tolerance
to needle manipulation after inserting the needle at the
acupoint. During the ten-minute scan, the needle was rotated
approximately 180∘ in each direction, with even motion at
the rate of 1Hz, for two minutes during the two stimulation
periods and left in place during the three rest periods
(Figure 1). A licensed acupuncturist (JL) with more than
25 years of clinical acupuncture experience administered
acupuncture for all subjects.

Tactile stimulation over LV3 on the right foot was used as
a control for expectation and superficial sensory evaluation,
as reported previously [2, 9, 15]. The skin over the acupoint
was tapped gently with a 5.88 von Frey monofilament using
the same paradigm as acupuncture.

2.3. Psychophysical Response: Needling Sensation of Deqi. The
subjects were told that acupuncture would be performed at
point using different techniques; while lying in the supine
position in the scanner subjects were not able to see where the
acupuncturist was working. At the completion of each scan,
the subject was asked to report a full set sensations of aching,
soreness, pressure, heaviness, fullness or distension, warmth
or coolness, numbness, tingling, dull pain, and sharp pain and
to rate each sensation, if it was experienced, on a scale of 1 to
10 [2]. If the subjects did not feel the sensation, it was noted
as 0. Psychophysical data from only a subset of selected five
sensations, including pressure, numbness, heaviness, fullness,
and tingling, were analyzed, and the results were reported
here.

2.4. fMRI Acquisitions. fMRI was performed on a 1.5 Tesla
scanner (Siemens Sonata, Erlangen,Germany) equippedwith
a standard quadratic head coil. The subjects lay supine with
earplugs to suppress scanner noise and cushions to immo-
bilize the head. We acquired (1) standard high-resolution



Evidence-Based Complementary and Alternative Medicine 3

Table 1: The variance inflation factors (VIF) by regressing scores of each sensation as a dependent variable on the scores of all the other
sensations as independent variables.

Independent variables
Heaviness Fullness Numbness Pressure Tingling

Dependent variable
Heaviness — 1.376 1.463 1.109 1.187
Fullness 1.867 — 1.641 1.424 1.164
Numbness 3.186 2.634 — 1.442 1.162
Pressure 2.823 2.671 1.686 — 1.193
Tingling 3.894 2.813 1.75 1.537 —

sagittal images with a T1-weighted 3D-MPRAGE sequence,
and (2) whole-brain BOLD fMRI images encompassing the
brain stem with a gradient-echo echo planar imaging (EPI)
sequence (TR = 4000ms, TE = 30ms, flip angle = 90∘, FOV =
200mm, matrix = 64× 64, thickness = 3mm, gap = 0.6mm),
while the subject was administered acupuncture at the LV3
acupoint. Each fMRI run lasted 10 minutes.

2.5. Psychophysical Data Analysis. The chi-Square tests
were performed for comparing the frequency of individual
needling sensation between acupuncture and tactile stimu-
lation using SPSS 19.0 (Chicago, IL, USA). Mann-Whitney
𝑈 tests were performed for comparing the intensity of
individual sensation between the acupuncture and tactile
stimulation using SPSS 19.0 as well.

2.6. fMRI Data Analysis. All fMRI data were analyzed using
the Analysis of Functional NeuroImage (AFNI) software
package [23].Thefirst 15 volumes acquired in the firstminutes
of each functional dataset were discarded to eliminate the
drifting of MR signals commonly seen at the beginning
of acupuncture fMRI scans. Each functional dataset was
motion-corrected, registered onto the subject’s anatomical
scan, transformed to the standardized space of Talairach and
Tournoux [24], spatially smoothed with a Gaussian filter of
full-width half-maximum 5mm, and normalized to its mean
intensity value across the time series. Multiple regression
analysis was performed to identify brain areas showing
change in the MR signal as a result of needle manipulation
during acupuncture periods (ACUP), using as reference the
needle left in place during the rest periods (REST). The
six motion parameters were included as regressors for the
removal of residual motion correlated activity.

Brain volumes with percent MR signal change to
acupuncture from different subjects were then grouped and
analyzed with Analysis of Covariance (ANCOVA), where
the scores of 5 individual needling sensations (pressure,
numbness, heaviness, fullness, and tingling) were included
as covariates. The same group analysis was applied onto
the brain volumes with percent MR signal change to tactile
stimulation. The statistical parametric maps showing the
percent MR signal change to acupuncture/tactile stimulation
with respect to individual needling sensations were obtained.

In the group analysis, multicollinearity may happen
when one or more of the independent sensation scores are

highly correlated with one or more of the other indepen-
dent sensation scores. To reliably examine the perfect or
near-perfect multicollinearity, we used the variance inflation
factors (VIF) by regressing scores of each sensation as a
dependent variable on the scores of all the other sensations
as independent variables. VIF measures the seriousness of
the multicollinearity among the regressors and a VIF of
5 or above indicates a multicollinearity problem [25]. The
VIF for the sensation scores in this study ranged from 1.16
to 3.894 (Table 1). Although some of the VIF were slightly
higher when regressing numbness, pressure, and tingling,
their values were below 5 indicating that themulticollinearity
may not cause problem.

To protect against type I error, we set an individual
voxel probability threshold of 𝑃 < 0.02 to correct the
overall significance level to 𝛼 < 0.05 using Monte Carlo
simulation [26]. Based on Monte Carlo simulation with
1000 iterations processed with ClusterSim program [27], the
overall corrected threshold of the group activation maps for
acupuncture and tactile stimulation was 𝑃 < 0.05 with
cluster volume of 108mm3, and uncorrected 𝑃 < 0.02.
The group activation maps were then overlaid on the high-
resolution anatomical map of the cohort in the standardized
Talairach space [24]. Anatomical localization and masking
of the functional data were determined by both Talairach
coordinates and direct inspection.

3. Results

3.1. Psychophysical Response. Thirty-six psychophysical
datasets during acupuncture stimulation at LV3 and twenty-
three psychophysical datasets during tactile stimulation were
acquired. During acupuncture, more subjects experienced
pressure (58.3% versus 8.7%), tingling (55.6% versus 13.0%),
and numbness (38.9% versus 0%) compared with tactile
stimulation (𝑃 < 0.05) (Table 2, Figure 2). No significant
difference in the number of subjects experiencing heaviness
(19.4% versus 4.3%) and fullness (13.9% versus 4.3%)
was found between acupuncture and tactile stimulation
(𝑃 > 0.05).

The intensities of individual sensations in subjects were
variant. The scores were not in normal distribution in each
group. The Mann-Whitney 𝑈 tests were used to compare
the difference between two groups. The intensity of pressure
(2.01±0.40 versus 0.11±0.07), numbness (1.29±0.33 versus 0),
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Table 2: The chi-Square tests were performed for comparing the frequency of individual sensation between acupuncture and tactile
stimulation.

Deqi 𝜒
2

𝑃

Pressure 14.537 <0.001
Heaviness 2.729 0.099
Fullness 1.398 0.237
Numbness 11.727 0.001
Tingling 9.475 0.002
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Figure 2: Comparison of the frequency of different sensations
between acupuncture and tactile stimulation. In acupuncture, pres-
sure was the most common sensation. The frequency of pressure,
numbness, and tingling during acupuncture was more common
than that during tactile stimulation. ∗𝑃 < 0.05.

Table 3: Mann-Whitney 𝑈 tests were performed for comparing
the intensity of individual sensation between the acupuncture and
tactile stimulation.

Deqi 𝑍 𝑃

Pressure −3.93 <0.001
Heaviness −1.698 0.09
Fullness −1.245 0.213
Numbness −3.358 0.001
Tingling −3.079 0.002

and tingling (1.61 ± 0.31 versus 0.35 ± 0.19) was found
to be greater for acupuncture relative to tactile stimulation
(𝑃 < 0.05) (Table 3, Figure 3). No significant difference in
the intensity of heaviness (0.58 ± 0.23 versus 0.07 ± 0.06) and
fullness (0.44 ± 0.2 versus 0.07 ± 0.06) was found between
acupuncture stimulation and tactile stimulation (𝑃 > 0.05).

3.2. fMRI Data: Brain Response. Thirty-six fMRI datasets
during acupuncture stimulation at LV3 and twenty-three
fMRI datasets during tactile stimulation at LV3 were
acquired. Psychophysical responses acquired immediately
after the fMRI sessions were included as covariates in this
analysis.

0

0.5

1

1.5

2

2.5

3

Sc
or

es
 o

f i
nt

en
sit

y
Pressure Heaviness Fullness Numbness Tingling

Needling sensations

Acupuncture
Tactile 

∗

∗

∗

Figure 3: Comparison of the intensity of different sensations
between acupuncture (𝑛 = 36) and tactile stimulation (𝑛 = 23). The
intensity of pressure, numbness, and tingling during acupuncture
was greater than that during tactile stimulation. The bar showed
standard error of mean of the scores. ∗𝑃 < 0.05.

3.2.1.Mean Effect of Overall BrainActivity duringAcupuncture
and Tactile Stimulation. Consistent with our previous studies
[9, 17], acupuncture stimulation at LV3 elicited extensive
deactivation in LPNN, such as anterior cingulate cortex
(ACC), medial temporal lobe (temporal pole, amygdala,
hippocampus, and parahippocampus gyrus), and precuneus
(Figure 4). Most of the deactivations showed bilateral dis-
tribution. Sparse positive activations were identified in left
splenium of corpus callosum, left thalamus, left anterior,
and bilateral superior segments of circular sulcus of the
insula, left postcentral sulcus, right superior frontal gyrus,
bilateral supramarginal gyrus, and bilateral cerebellar cortex.
The summary of the regions showing positive and negative
activations elicited by acupuncture stimulation is shown in
Table 4.

3.2.2. Brain Activity Associated with Individual Sensation
Related to Deqi during Acupuncture Stimulation. Comparing
with tactile stimulation, more needlingsensations during
acupuncture showed extensive significant association with
certain brain regions. In this paper, we focused on the brain
responses which were correlated with the five sensations
including pressure, fullness, heaviness, numbness, and tin-
gling reported by the subjects (Table 4, Figure 5). The brain
regions associated with differential individual sensation are
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Figure 4:Themean brain positive (yellow) and negative (blue) bold responses to acupuncture stimulation.The extensive deactivation showed
limbic-paralimbic-neocortical network (LPNN), such as anterior cingulated cortex (ACC), parahippocampal gyrus (PHG), lingual gyrus
(LgG), precuneus (Pcun), and cuneus. The orbital gyrus (OrG) also showed deactivation. Left thalamus (Th) and secondary somatosensory
cortex (SII) demonstrated activation.

partly overlapped, such as bilateral ACC, right lateral pre-
frontal cortex, bilateral medial temporal cortex, and bilateral
posterior parietal cortex.

The pressure elicited negative activation bilaterally in
LPNN network, such as ACC and medial temporal cortex
(hippocampus and parahippocampus). Reduced brain activ-
ity was also observed unilaterally in left superior frontal
gyrus, left straight gyrus, right orbital gyrus and sulcus, right
superior temporal gyrus and sulcus, right temporal pole,
and right anterior segments of circular sulcus of the insula
(Table 4, Figures 5(a), 6(a), 6(b)). Increased brain response
was sparsely shown in the left intraparietal sulcus (IPS),
left transverse parietal sulci, and right superior segments of
circular sulcus of the insula.

While fullness also contributes to the negative activations
at the right lateral prefrontal cortex and ACC as in pressure
sensation, heaviness demonstrates positive activity at the
same areas (Table 4, Figures 5(b), 5(c)). A number of brain
regions showing negative activations with the increased
intensity in pressure sensation were found to have posi-
tive activations with the increased intensity in heaviness
sensation (Figures 6(c), 6(d)). These regions include the
bilateral ACC, right inferior frontal cortex (orbital gyri and
sulcus), left superior frontal gyrus, right anterior segment
of circular sulcus of the insula, right superior temporal
sulcus, right middle temporal gyrus, and right hippocam-
pus.

On the contrary, the negative activity related to heaviness
at the posterior parietal cortex (bilateral IPS and transverse
parietal sulci) overlaps with the positive activity related to
numbness. Numbness decreased brain activity in the bilateral
hippocampus, left parahippocampus, and left thalamus and
increased brain activity in the right superior frontal gyrus and
bilateral posterior parietal cortex (angular gyrus, superior
parietal lobule, supramarginal gyrus, IPS, and transverse
parietal sulci) (Table 4, Figure 5(d)).

Tingling sensation was correlated with the brain response
mainly in two areas: positive correlation at posterior corpus
callosum (posterior midbody, isthmus, and splenium) but
negative correlation at posterior parietal cortex (bilateral
angular gyrus, bilateral IPS and transverse parietal sulci,

right superior parietal lobule, right postcentral gyrus, and left
supramarginal gyrus) (Table 4, Figure 5(e)).

Tactile control stimulation elicited deactivation in the
aforementioned areas far less than acupuncture stimulation.
Positive activations were also found in the left inferior
segment of circular sulcus of the insula, left postcentral
sulcus, and left supramarginal gyrus, but the extent wasmuch
smaller than that in acupuncture stimulation. The summary
of the regions showing positive and negative activations
elicited by tactile control stimulation is shown in Table 5.

3.2.3. Brain Activity Associated with Individual Sensation
Related to Deqi during Tactile Stimulation. For tactile stim-
ulation, the sensation of pressure, tingling, fullness, and
heaviness had the sparse impact on the brain activity. The
pressure and tingling mainly correlated with positive brain
activity, while fullness and heaviness mainly demonstrated
negative activity.

Pressure significantly is associated with positive activa-
tion in the sensorimotor regions, such as bilateral precentral
gyrus, bilateral postcentral gyrus and sulcus, right anterior
and superior segments of circular sulcus of the insula, and
left inferior segment of circular sulcus of the insula (Table 5,
Figure 7(a)).

Heaviness and fullness had the same impact on the brain
activity because only one subject had the two sensations with
the same intensity score. The two sensations were mainly
associated with the negative activity in the bilateral superior
temporal gyrus, right precentral gyrus, right central sulcus,
left operculum part of the inferior frontal gyrus, left temporal
pole, left parahippocampus, and left lingual gyrus (Table 5,
Figure 7(b)).

Tingling was mainly associated with sparse positive brain
activity in right anterior and superior segments of circular
sulcus of the insula, right opercular part of the inferior frontal
gyrus, and right hippocampus (Table 5, Figure 7(c)).

4. Discussion

Deqi response [1–4], a psychophysical response characterized
by a spectrum of different needling sensations, is essential
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Table 4: Summary of anatomic foci showing brain activity of acupuncture stimulation and positive and negative bold responses associated
with the intensity of individual needling sensation (𝑃 < 0.05 corrected).

Atlas structure at the center
of maximum difference

Mean fMRI response to acupuncture Pressure Heaviness
𝑥 𝑦 𝑧 𝑡

∗

𝑥 𝑦 𝑧 𝑡
∗

𝑥 𝑦 𝑧 𝑡
∗

Straight gyrus L −2 29 −10 −4.40 −2 59 −1 −3.64
R 5 11 −10 −4.65

Superior frontal gyrus L −5 50 27 −3.19 −5 −14 48 2.94
R 8 32 48 5.01
R 8 53 24 −4.19

Orbital gyri R 11 44 −13 −4.97 35 29 −7 −3.78 35 29 −7 4.52
Orbital sulci R 17 41 −10 −3.71 32 29 −7 −3.45 38 32 −4 4.33
Anterior cingulate cortex L −8 32 −4 −3.17 −5 32 3 −3.08 −5 41 3 3.70

R 8 32 −7 −5.01 8 38 3 −3.29 8 44 3 3.84
Subcallosal gyrus L −2 11 −7 −3.94 −2 14 3 −2.77

R 5 11 −10 −4.65
Middle-anterior cingulate cortex R
Postcentral gyrus R 44 −20 51 −3.40
Postcentral sulcus L −47 −32 36 3.85
Superior parietal lobule L −11 −65 51 −3.28

R 20 −74 39 −3.26
Intraparietal sulcus L −35 −59 39 2.90 −38 −56 39 −4.08

R 29 −53 42 −4.07
Angular gyrus L −53 −59 30 −3.44

R 44 −71 30 −3.25 44 −65 33 −2.72
Supramarginal gyrus L −62 −32 33 4.14

R 56 −23 24 3.10
Precuneus L −8 −62 48 −3.69 −5 −59 33 2.81

R 5 −62 42 −3.34
Ant. insula L −26 26 6 2.85

R 29 17 −10 −3.73 29 17 −10 −3.34 29 23 −7 3.57
Sup. insula L −26 20 15 4.16

R 35 26 15 2.82 29 23 12 2.95
Superior temporal gyrus R 53 8 −13 −4.92 47 17 −10 −3.23
Superior temporal sulcus R 53 −17 −10 −4.94 56 −2 −16 −3.80 50 −2 −10 3.41
Middle temporal gyrus L −62 −26 −7 −3.04 −62 −41 3 −4.16

R 56 2 −16 −5.19 59 −2 −19 −5.25 62 −17 −13 3.48
Hippocampus L −29 −23 −7 −2.72 −23 −41 −1 −3.50

R 23 −11 −16 −3.37 32 −35 −4 −4.45 32 −35 −4 2.87
Amygdala R 26 −8 −16 −3.27
Parahippocampal gyrus L −11 −38 −7 −4.09 −23 5 −19 −4.86

R 23 2 −25 −3.98 20 5 −22 −3.46
Lingual gyrus L −8 −62 −1 −4.21 −5 −80 −13 −3.95

R 14 −47 −7 −3.65 11 −50 −4 −3.32
Temporal pole R 32 17 −28 −5.17 23 5 −28 −3.74
Cuneus L −5 −83 12 −3.64

R 5 −86 12 −2.79
Thalamus proper L −17 −20 18 3.09

R
Corpus callosum L −12 −42 19 3.09
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Table 4: Continued.

R
Cerebellum cortex L −35 −68 −25 4.48 −8 −53 −31 2.72

L −11 −38 −10 −3.93 −38 −56 −25 −3.01
R 29 −44 −43 3.83
R 5 −41 −10 −3.48 41 −68 −34 −4.36

Brain stem 5 −26 −34 −3.00
Atlas structure at the center
of maximum difference

Fullness Numbness Tingling
𝑥 𝑦 𝑧 𝑡

∗

𝑥 𝑦 𝑧 𝑡
∗

𝑥 𝑦 𝑧 𝑡
∗

Straight gyrus L −2 53 −7 −3.54
R

Superior frontal gyrus L −14 56 27 −2.88 −20 8 60 −3.73
R 8 −2 57 3.69
R 17 44 39 −2.93

Orbital gyri R 29 26 −10 −3.48 38 50 −1 −3.83
Orbital sulci R 32 29 −7 −2.99
Anterior cingulate cortex L

R 11 41 −1 −4.20
Subcallosal gyrus L

R
Middle-anterior cingulate cortex R 5 8 30 3.61
Postcentral gyrus R 47 −29 54 −3.46
Postcentral sulcus L −56 −23 30 3.10
Superior parietal lobule L −23 −71 36 2.98

R 20 −68 42 2.61 20 −68 48 2.96 20 −68 45 −3.38
Intraparietal sulcus L −20 −68 39 3.19 −44 −47 39 −3.40

R 29 −50 39 3.71 32 −56 39 4.47 32 −65 39 −2.79
Angular gyrus L −29 −68 36 2.65 −44 −56 42 −3.66

R 56 −44 27 −2.95 35 −65 39 3.55 38 −65 42 −3.37
Supramarginal gyrus L −62 −29 36 3.67 −44 −47 42 −2.96

R 50 −23 18 3.31 56 −23 30 3.00
Precuneus L −14 −47 57 −2.69

R
Ant. insula L

R 29 23 −7 −2.91
Sup. insula L

R 35 26 15 3.03
Superior temporal gyrus R
Superior temporal sulcus R 47 −2 −19 −2.62 53 −14 −10 −2.85 44 −71 24 −2.59
Middle temporal gyrus L −62 −32 −4 −2.79

R 62 −17 −16 −3.16 56 2 −16 −4.02
Hippocampus L −20 −32 −7 −3.92 −17 −29 −7 4.69

R 35 −32 −7 −2.56 35 −26 −7 2.90
Amygdala R
Parahippocampal gyrus L −14 −38 −7 −3.65 −14 −32 −7 3.87

R
Lingual gyrus L −11 −86 −7 2.50

R
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Table 4: Continued.

Temporal pole R
Cuneus L −5 −86 12 2.79

R
Thalamus proper L −20 −32 −4 −3.90 −8 −32 6 5.48

R 11 −29 15 3.56
Corpus callosum L −17 −35 24 5.17

R 8 −35 18 4.70
Cerebellum cortex L −2 −44 −19 2.50 −47 −56 −28 3.55 −38 −71 −31 3.89

L −14 −38 −13 −2.75
R 2 −44 −19 3.12 44 −41 −40 4.00
R 35 −56 −40 3.14

Brain stem 8 −29 −34 4.02 −14 −23 −7 3.76
𝑡

∗ is the value taken from the voxel with maximal signal change.
“−” means negative bold responses.
Ant. insula: anterior segment of the circular sulcus of the insula.
Sup. insula: superior segment of the circular sulcus of the insula.
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R
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(a)
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−10 −5 0 40Z =

IPS

OrG
ACC
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(b)

−10 −5 0 40

IPS

OrG
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P = 10−5

ACC
Z =

(c)

−5 15 40Z =
MFG

IPS

aMCC
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Hi + PHG

P = 10−5
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−3x =

(d)

CC

IPS
CCHi + PHG

P = 10−5
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−5 15 40Z = −3x =

(e)

Figure 5: Brain positive (yellow) and negative (blue) bold responses associated with the intensity of individual needling sensation during
acupuncture stimulation. The individual sensations are pressure (a), heaviness (b), fullness (c), numbness (d), and tingling (e). The brain
regions associated with differential individual sensation are partly overlapped, such as bilateral ACC, right lateral prefrontal cortex (OrG,
orbital gyrus), bilateral medial temoral cortex (Hi, hippocampus; PHG, parahippocampal gyrus), and bilateral posterior parietal cortex (IPS,
intraparietal sulcus). (a) Pressure contributed to the negative activity in the LPNN network and showed symmetric distributions, such as
ACC and PHG. (b) Heaviness showed positive activity in the bilateral ACC, right superior temporal gyrus (STG), and right OrG and negative
activity in the bilateral IPS. Heaviness and pressure showed anticorrelated impact on the regions mentioned previously. (c) Fullness was
associated with the negative activity in the right ACC and OrG and the positive activity in the right IPS. (d) Numbness showed positive
activity in the right middle frontal gyrus (MFG), right anterior middle cingulate cortex (aMCC), and bilateral IPS and negative activity in the
left hippocampus (Hi), left PHG, and medulla oblongata (MO). (e) Tingling showed positive activity in the posterior corpus callosum (CC)
but negative activity in the posterior parietal cortex (IPS). Tingling and numbness showed anticorrelated impact on bilateral IPS, left Hi, and
left PHG.
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Figure 6: Variance in activity is accounted for by scores of intensity of pressure and heaviness during acupuncture. The negative correlation
between the score of pressure and mean MR signal percentage change was shown in the (a) right ACC (anterior cingulate cortex) and (b)
right OrG (orbital gyrus). The positive correlation between the score of heaviness and mean MR signal percentage change was shown in the
(c) right ACC and (d) right OrG.

for Chinese acupuncture clinical efficacy. A number of
fMRI studies including ours have revealed brain activity to
acupuncture stimulation [9, 14–16, 19, 20]. However, it has
not been reported the impact of these individual sensations
of deqi on the brain activity during acupuncture stimulation.
In this part of the study, we applied fMRI to investigate
the neural correlates of five individual sensations including
pressure, heaviness, numbness, fullness, and tingling, of deqi
response during acupuncture at LV3 acupoint. The major

findings in the present study included that (1) the pressure
sensation was associated with the extensive deactivation of
LPNN network during acupuncture; (2) partial overlapping
of the positive or negative activity at some of the brain regions
associated with the five individual sensations. They included
bilateral LPNN, the right lateral orbitofrontal cortex and
bilateral posterior parietal cortex. Some needling sensations
showed anticorrelated association within the same brain
regions; (3) the tingling sensation showed positive correlation
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with the brain activity in the bilateral posterior corpus
callosum.These findings provide the neuroimaging evidence
showing how the different individual needle sensations of
deqi could both interact differently with the brain and share
common interaction with the brain.

4.1. The Pressure Sensation on the Brain Activity of LPNN
and Default Mode Network. According to the psychophysical
responses, pressure stood out as the most important needling
sensation of acupuncture in this study. In addition to the
highest frequency (Figure 2) and intensity (Figure 3) among
all the related sensations of deqi response, pressure also
contributed significantly to the extensive deactivation of
LPNN, by which acupuncture may mediate its antipain,
antianxiety, and other diverse modulatory effect [16].

The salient brain regions that correlate with pressure
included bilateral ACC, right inferior frontal cortex, bilateral
hippocampus and parahippocampus, bilateral lingual gyrus,
right temporal pole, and right insula (Table 4, Figure 5(a)).
Many of these brain regions associated with pressure have
been shown to be overlapped with those in the default mode
network [9, 18, 28]; the integrity of default mode network
has been postulated to be central to the balance of global
neurological function and the maintenance of health [29].

On the contrary, the increase in the intensity of pressure
sensation during tactile stimulation increased brain activity
in the sensorimotor regions, such as precentral cortex, post-
central cortex, and insula (Table 5, Figure 7). Such an extreme
difference is likely due to the stimulation on the nerves
at the cutaneous level during tactile stimulation compared
to deep nerve stimulation during manual acupuncture. The
LV3 acupoint is located on the dorsum of the foot in the
fossa distal to the junction of the first and second metatarsal
bones 2 cuns (the proportional unit of accurate location
of the acupuncture points) above the web of the toe. In
tactile stimulation, the mechanoreceptors in the superficial
layers transmit pressure sensation to sensorimotor regions
by A𝛿 and A𝛽 fibers [30]. In acupuncture stimulation, the
needle passage includes skin, subcutaneous tissue, the lateral
side of the extensor hallucis brevis muscle, deep peroneal
nerve, first dorsal metatarsal artery and vein, and first dorsal
interosseous muscle [31]. With the deep stimulation at LV3,
gentle and repetitive manipulation producing mechanical
pressure and tissue distortions activatesmoremechanorecep-
tors and nociceptors that are innervated by thin myelinated
A𝛿 andCfibers [32]. Both frequency and intensity of pressure
in the acupuncture were therefore higher than those in the
tactile stimulation, which was also shown in our analysis of
psychophysical data (Figures 2, 3). This is also supported by
an earlier human acupuncture study at LI4 (Hegu) on hand,
which has the similar tissue composition as LV3 on foot. Chi-
ang et al. found that acupuncture analgesia was completely
abolished by blockade of deep nerve branches innervating
muscle fibers but not cutaneous nerve fibers [33]. Moreover,
the studies on pressure sensation elicited by nonacupuncture
mechanical stimulation in deep and superficial tissue had the
similar findings [34, 35]. Graven-Nielsen et al. [34] found that
the nonpainful pressure sensation can be evoked mechan-
ically from human muscle tissue with complete cutaneous

anesthesia. They concluded that the nonpainful pressure
sensation is mediated by A𝛿 and C afferents involving low-
thresholdmechanoreceptors in the deep tissues.The pressure
sensation induced by the temporal summation of mechanical
stimulation in deep tissue was shown to be more potent than
that in the pure skin stimulation, suggesting that A𝛿 and
C muscle afferent fibers mediate the deep tissue pressure
sensation [35].

In addition to the A𝛿 and A𝛽 fibers located in superficial
layers, our findings indicated that pressure sensation elicited
by acupuncture stimulation mainly involved A𝛿 and C
afferent fibers in deep tissues.The studies using EEG [36] and
MEG [37, 38] showed that selective stimulation of C-fibers
induced the ultra-late evoked brain potentials at the ACC [36,
38], posterior parietal cortex [37], insula, and somatosensory
cortex [37, 38]. An recent fMRI study showed that increased
activity in the right frontal operculum, inferior frontal cortex
and anterior insula to C-fiber alone stimulation as compared
to A𝛿-fiber alone stimulation. The simulation of A𝛿-fiber or
C-fiber were both associated with activation in ACC, SMA
and thalamus [39]. These brain regions associated with C-
fiber/A𝛿-fiber in the experimental studies are consistent with
our findings in a majority, such as ACC, inferior frontal
cortex, and insula. Moreover, a co-stimulation of C- and A-
fiber input as produced by usual large-area laser stimulations
prevents the recording of ultralate evoked brain potentials
(ULEPs), potentials that can be recorded in response to
selective stimulation of C-fibers [36]. The negative activity
associated with pressure sensation may be the results of
the costimulation of C- and A𝛿-fiber input, leading to a
repression of the central processing of the C-fiber input [39].

4.2. Interplay of the Sensations Pressure, Heaviness, Fullness,
Tingling, and Numbness to the Overlapped Brain Regions. The
richness of sensory experience is obviously conveyed not by
a single receptor or sensory axon but by populations of nerve
fibers [30]. It is well accepted that a wide spectrum of myeli-
nated and unmyelinated nerve fibers in cutaneous and/or
muscular layers are involved during acupuncture stimulation
[6, 40–43]. In a human acupuncture study by means of ana-
lyzing power spectrum of the unit discharges with FFT,Wang
and colleagues found the relationship between heaviness and
fullness and A𝛿 nerve fibers [6]. In our study, we found that
pressure, heaviness, and fullness were associated with heavily
overlapping neural activity in ACC, inferior frontal cortex,
and insula (Table 4, Figures 5(a), 5(b)). It is consistent with
brain response to the stimulation of A𝛿 and C fiber discussed
previously. Comparedwith pressure, heaviness demonstrated
anticorrelated positive activity, while fullness showed similar
negative activity in these brain regions. It is possible that
fullness also is involved in C-fiber.

All the five sensations demonstrated the associations
with brain activity in the posterior parietal cortex including
the superior parietal lobule, the inferior parietal lobule,
and IPS (Table 4, Figure 5). The posterior parietal cortex
receives somatosensory and/or visual input. IPS is crucial for
integrating these sensory information related to the body,
which through motor signals controls movement of limb
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Figure 7: Brain positive (yellow) and negative (blue) bold responses associated with the intensity of individual sensation during tactile
stimulation.The individual sensations are pressure (a), heaviness/fullness (b), and tingling (c). (a) Pressure associated with positive activation
in the sensorimotor regions, such as right anterior segment of the circular sulcus of the insula (aCirclS), left inferior segment of the circular
sulcus of the insula (iCirclS), and left postcentral gyrus (PoG). (b) Heaviness and fullness had the same impact on the negative activation in
the right precentral gyrus (PrG), left parahippocampal gyrus (PHG), and left temporal pole (TmP). (c) Tingling was associated with sparse
positive brain activity in right opercular part of the inferior frontal gyrus (IFGOp) and right hippocampus (Hi) and negative brain activity in
left Tmp.

and eye movement [44]. The study using MEG showed that
both selective stimulation of A𝛿-fiber or C-fibers induced
the ultra-late evoked brain potentials at posterior parietal
cortex [37], which supported our findings in the sensations
of pressure, heaviness, and fullness involving A𝛿-fiber and/or
C-fibers. On the other hand, the relationship between the
sensations of numbness and tingling and posterior parietal
cortex also can be supported by tingling and numbness of
limbs commonly found in patients with parietal lobe epilepsy
[45, 46].

A number of studies have shown that acupuncture elicits
clinical effects via the activation of afferent nerve fibers
innervating the skin andmuscles [41–43, 47, 48].The somatic
afferent information of nerve fibers has various effects on
body function, including analgesia, somatic, autonomic and
hormonal response [41, 42, 47, 48]. For example, in a human
study on the characteristics of afferent fiber innervation on
ST36 (zusanli), which has a significant suppressive effect
on jaw movement response (JMR) and electromyogram of
digastric muscle induced by acupuncture stimulation, Lu
found that these effects were weakened or abolished by
sectioning the peroneal nerve and blocking A𝛽 and some
A𝛿-fiber. They had a conclusion that the predominance of
large afferent fibers was thought to be one of the fundamental
characteristics of the acupoint [43].

In line with these studies, these brain regions associated
with needling sensation play a role in a wide variety of emo-
tional regulation, cognition, memory, and pain modulation
[49–54].The present results in the humans clearly show how
these nerve fibers impact on the central nervous system.

4.3. White Matter (Corpus Callosum) Activity during
Acupuncture Stimulation. We found that tingling sensation

demonstrated significant positive correlation at posterior
corpus callosum (posteriormidbody, isthmus, and splenium)
(Figure 5(e)), which is the principal whitematter fiber bundle
connecting neocortical areas of the two hemispheres. As
the white matter, the corpus callosum is seldom reported in
the acupuncture fMRI studies, though a growing number of
studies are reporting the fMRI activation in white matter,
specifically corpus callosum [55–59]. Our findings can be
supported by that the lesions of splenial corpus callosum
are responsible for numbness and tingling sensations of
unilateral limb or face in patients [60, 61], where the
corpus callosum is structurally connected to the functional
network of gray matter regions that are involved in the
interhemispheric transfer task [57]. Human and monkey
studies have shown that the posterior corpus callosum
contains connections between the parietal and occipital
cortices and plays a role in transferring sensory information
[62–66]. Consistent with these results, all the five needling
sensations in the present study were associated with posterior
parietal cortex as mentioned previously, especially tingling
and numbness, supporting that the activation in corpus
callosum is the important hemodynamic response of
acupuncture stimulation instead of artifact. We further
postulate that the corpus callosum may be an important
component of acupuncture convey pathway.

4.4. Differences in BrainActivity:MeanEffect versus Individual
Needling Sensations Effect of Acupuncture Stimulation. The
overlapped regions of the effect of individual needling sen-
sations of acupuncture stimulation provide the details in the
modulatory effect of themean effect.On the other hand, some
important brain regions, which are salient in the individual
needling sensations effect, might show small or no significant
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activity in the mean effect (Figures 4, 5). For example, the
posterior corpus callosum demonstrated bilateral extensive
activation associated with tingling, while the unilateral small
activation shown in the mean effect may be missed as a small
artifact [59]. Similarly, for the region of IPS, being crucial
for integrating the sensory information related to the body
[44], it was extensively associated with all the five individual
needling sensations. However, no significant activity was
shown in themean effect.That is why it is insufficient to study
the mean effect alone for acupuncture effects.

5. Limitations

In the present study, we extracted data from a larger project
that investigated the brain effect of acupuncture. Some of the
subjects had more than once acupuncture experiments for
different objectives, such as the comparison of real acupunc-
ture and sham acupuncture, different acupoints, and different
acupuncture stimulations. However, the data are qualified for
the purpose of this study to evaluate the correlation between
behavior response and brain response during acupuncture.
Considering of the variability of needling sensation during
acupuncture stimulation, the further investigation on larger
sample size is warranted.

6. Conclusions

The similar or opposite neural activity in the heavily over-
lapping regions of LPNN and DMN are found respond-
ing to different sensations of deqi elicited by acupuncture
stimulation. The posterior corpus callosum is involved in
acupuncture sensation convey pathway. Our data provide
the neuroimaging evidence of how the individual needle
sensations of deqi interact in the brain during acupuncture,
and the messages of individual sensation are integrated as the
signals converge on processing centers in the central nervous
system. It is confirmed that the different psychophysical
responses are correlated with the distinct hemodynamic
activities.
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Oxaliplatin, a chemotherapy drug, often leads to neuropathic cold allodynia after a single administration. Bee venom acupuncture
(BVA) has been used in Korea to relieve various pain symptoms and is shown to have a potent antiallodynic effect in nerve-
injured rats. We examined whether BVA relieves oxaliplatin-induced cold allodynia and which endogenous analgesic system is
implicated.The cold allodynia induced by an oxaliplatin injection (6mg/kg, i.p.) was evaluated by immersing the rat’s tail into cold
water (4∘C) and measuring the withdrawal latency. BVA (1.0mg/kg, s.c.) at Yaoyangguan (GV3), Quchi (LI11), or Zusanli (ST36)
acupoints significantly reduced cold allodynia with the longest effect being shown in the GV3 group. Conversely, a high dose
of BVA (2.5mg/kg) at GV3 did not show a significant antiallodynic effect. Phentolamine (𝛼-adrenergic antagonist, 2mg/kg, i.p.)
partially blocked the relieving effect of BVA on allodynia, whereas naloxone (opioid antagonist, 2mg/kg, i.p.) did not. We further
confirmed that an intrathecal administration of idazoxan (𝛼

2

-adrenergic antagonist, 50𝜇g) blocked the BVA-induced anti-allodynic
effect. These results indicate that BVA alleviates oxaliplatin-induced cold allodynia in rats, at least partly, through activation of the
noradrenergic system. Thus, BVA might be a potential therapeutic option in oxaliplatin-induced neuropathy.

1. Introduction

Colorectal cancer (CRC) was the third most common cancer
in both men and women, and it caused about 608,000 deaths
in 2008 worldwide, making it the fourth most common
cause of death from cancer [1]. Oxaliplatin is an impor-
tant chemotherapy drug for the treatment of patients with
metastatic CRC [2, 3]. Because of its platinum-based molec-
ular structure, it causes a neurotoxic side effect, characterized
by the rapid onset of spontaneous severe pain and cold
allodynia in the hands, feet, perioral area, or throat, even
from a single administration [4, 5]. It is the only major
dose-limiting toxicity associated with oxaliplatin use [6].
Since the mechanism is still unclear, an effective treatment
of established neuropathic allodynia has yet to be found
[7]. Therefore, it would be highly important to find the
potential therapeutic options to manage oxaliplatin-induced
neuropathic pain.

Bee venom acupuncture (BVA), a treatment method of
injecting bee venom (BV) into one or more acupoints, has
been used traditionally in East Asia, especially Korea, to
relieve pain and treat various diseases, such as arthritis,
rheumatism, back pain, sprain, and herniation of nucleus
pulposus [8–12]. It is well known that the analgesic effects
of acupuncture or electroacupuncture (EA) are mediated by
the endogenous opioid and/or noradrenergic system [13–
18]. In contrast, the antinociceptive actions of BVA were
reported to be mediated by the noradrenergic system, not
by the opioids [19–21]. In peripheral nerve-injured rats, Lee
and his colleagues have demonstrated that BVA attenuated
mechanical allodynia, heat hyperalgesia, and cold allodynia,
mainly through the activation of the central noradrenergic
system [22–24]. However, the effect of BVA on oxaliplatin-
induced neuropathic pain and its mechanism has not been
studied.
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In the present study, we investigated whether BVA
relieves oxaliplatin-induced cold allodynia, and if so, which
endogenous analgesic system is implicated. We report here
that BVA has a potent antiallodynic effect on oxaliplatin-
induced peripheral neuropathy in rats, which is acupoint-
and dose-related, and that it involves the noradrenergic
system partially, but not the endogenous opioid system.

2. Materials and Methods

2.1. Animals. Adult male Sprague-Dawley rats (210–250 g, 8
weeks old) (Daehan Biolink, Chungbuk, Korea) were housed
in cages (3-4 rats per cage) with water and food available ad
libitum.The roomwasmaintainedwith a 12 h-light/dark cycle
(a light cycle; 08:00–20:00, a dark cycle; 20:00–08:00) and
kept at 23 ± 2∘C. All animals were acclimated in their cages
for 1 week prior to any experiments. All procedures involving
animals were approved by the Institutional Animal Care and
Use Committee of Kyung Hee University (KHUASP(SE)-12-
044) and were conducted in accordance with the guidelines
of the International Association for the Study of Pain [25].

2.2. Oxaliplatin Injection. As described previously [5, 26],
oxaliplatin (Sigma Chemical Co., USA) was dissolved in a 5%
glucose (Sigma, USA) solution at a concentration of 2mg/mL
and was intraperitoneally administered at 6mg/kg.The same
volume of 5% glucose solution was injected in the vehicle
control group.

2.3. Behavioral Tests. To estimate whether cold allodynia was
induced, cold immersion test was carried out as described
previously [27, 28]. Briefly, each animal was lightly immobi-
lized in a plastic holder and its tail was drooped for proper
application of cold water stimuli.The rats were adapted to the
holder for 2 days before starting behavioral tests. The tail was
immersed in 4∘C water, and then the tail withdrawal latency
(TWL) was measured with a cut-off time of 15 seconds. The
cold immersion test was repeated five times at 5min intervals.
When calculating the average latency, the cut-off time was
assigned to the normal responses. The average latency was
taken as ameasure for the severity of cold allodynia; a shorter
TWL was interpreted as more severe allodynia.

Because our previous study showed that a significant
allodynic behavior is induced from 3 days after a single
oxaliplatin (6mg/kg, i.p.) injection and lasted up to 1 week
after an injection (unpublished data), we tested whether and
how BVA relieves oxaliplatin-induced cold allodynia from 3
to 7 days after an oxaliplatin administration.

2.4. BVA Treatment. To determine the optimal acupoint of
BVA, oxaliplatin-injected rats were divided randomly into
three groups: Quchi (LI11), Zusanli (ST36), and Yaoyangguan
(GV3) groups (𝑛 = 4/group). After baseline cold sensitivity
was measured, BV (1.0mg/kg) dissolved in normal saline
(N/S, 0.05 cc) was injected subcutaneously at GV3, right
LI11, or right ST36 acupoints, respectively (Figure 1). The
cold immersion test was performed again at 1 hour and 2
hours after BVA. LI11 is located at the depression medial to

LI11

ST36

GV3

Figure 1: Schematic representation of acupoints used in this study:
Quchi (LI11), Zusanli (ST36), and Yaoyangguan (GV3).

the extensor carpi radialis, at the lateral end of cubital crease
[29]. ST36 is located in the anterior tibialmuscle, 5mm lateral
and distal from the anterior tubercle of the tibia [30]. GV3
acupoint is located between the spinous processes of the
fourth and the fifth lumbar vertebrae [29].

In order to find the effective dose of BVA, the rats
with cold allodynia were divided randomly into four groups
BV2.5, BV1.0, BV0.25, and CON groups (𝑛 = 4/group).
BV (2.5mg/kg, 1.0mg/kg or 0.25mg/kg) dissolved in N/S
was injected subcutaneously at GV3 acupoint. To the control
group (CON), only 0.05 cc of N/S was injected subcuta-
neously at the same acupoint.

2.5. Drug Treatment. To investigate the mechanism of BVA,
oxaliplatin-injected rats were divided randomly into three
groups: N/S + BV, Naloxone + BV, and Phentolamine + BV
(𝑛 = 6/group). After baseline, cold sensitivity was checked;
Naloxone + BV and Phentolamine + BV groups were treated
intraperitoneally with naloxone and phentolamine (2mg/kg,
dissolved in normal saline to a concentration of 1mg/mL),
respectively. N/S + BV group was treated intraperitoneally
with normal saline. Twenty minutes later, all groups were
treated subcutaneously with 0.25mg/kg of BV at GV3 acu-
point. To further confirm the noradrenergic mechanism
of BVA-induced antiallodynia, an idazoxan (𝛼

2
-adrenergic

receptor antagonist, 50 𝜇g dissolved in 50𝜇L N/S) or N/S,
was administered intrathecally under isoflurane anesthesia
as described previously [31]. The cold immersion test was
performed again 30min after BVA. All drugs were obtained
from Sigma-Aldrich (St. Louis, MO, USA).

2.6. Statistical Analysis. All the data are presented as mean ±
SEM. Statistical analysis and graphic works were done with
Prism 5.0 (Graph Pad Software, USA). Paired t-test or
repeatedmeasures analysis of variance (ANOVA) followed by
Dunnett’s post hoc test was used for statistical analysis. In all
cases, 𝑃 < 0.05 was considered significant.
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Figure 2: Effects of BVA at different acupoints on oxaliplatin-induced cold allodynia.The behavioral tests for cold allodynia were performed
before and after BVA (1.0mg/kg) at GV3, (a), right LI11 (b), or right ST36 (c) acupoints (𝑛 = 4/group). In all groups, the tail withdrawal latency
(TWL) 1 hr after BVA increased significantly as compared with the TWL before injection. Only GV3 group showed a significant increase in
the TWL 2 hr after BVA. Data are presented as mean ± SEM. ∗𝑃 < 0.05 by repeated measures one-way ANOVA followed by Dunnett’s post
hoc test.

3. Results

3.1. Effects of BVA on Oxaliplatin-Induced Cold Allodynia:
Acupoints and Doses. The anti-allodynic effects of BVA at
different acupoints (GV3, LI11, or ST36) in oxaliplatin-
injected rats are shown in Figure 2. In all groups, BVA
treatments (1.0mg/kg, s.c.) significantly increased TWL at
1 hr after BVA as compared with the baseline TWL (𝑃 <
0.05). Such anti-allodynic effect of BVA at GV3 lasted up
to 2 hr after the treatment (𝑃 < 0.05), whereas the well-
known analgesic acupoints, LI11 and ST36 BVA treatments,
showed no significant effects at 2 hr after BVA (𝑃 > 0.05).
In control experiments, no significant difference in TWLs
before and after a light immobilization without BVA (data
not shown) or N/S injection at GV3 (𝑃 > 0.05, Figure 3(d))
was observed. These results suggest that BVA treatments has
potent analgesic actions, of which efficacy is dependent on
acupoint.

Figure 3 shows the effects of BVA with different doses
on oxaliplatin-induced cold allodynia. A high dose of BVA
(2.5mg/kg) orN/S injection atGV3 did not show a significant
anti-allodynic effect (𝑃 > 0.05), whereas low doses of

BVA (0.25mg/kg and 1.0mg/kg) at GV3 markedly increased
TWLs 1 hr after injection as compared with the TWL before
injection (𝑃 < 0.01 and 𝑃 < 0.05, resp.). BVA at ST36 or
LI11 with the highest (2.5mg/kg) or lowest (0.25mg/kg) dose
showed no significant anti-allodynic effects (TWLs before
versus after BVA: 3.13 ± 1.10 versus 7.35 ± 2.09 (2.5mg/kg
BVA at ST36); 4.65 ± 1.16 versus 8.61 ± 1.25 (2.5mg/kg BVA
at LI11); 4.90 ± 0.75 versus 9.04 ± 2.00 (0.25mg/kg BVA at
ST36); 3.87 ± 0.60 versus. 6.49 ± 2.41 (0.25mg/kg BVA at
LI11); 𝑛 = 4/group, 𝑃 > 0.05 by paired 𝑡-test).

3.2. Effects of Opioid and Adrenergic Receptor Antagonists
on BVA-Induced Antiallodynia. Since 0.25mg/kg of BVA
was slightly more effective than 1.0mg/kg BVA (Figures
3(b)-3(c)), 0.25mg/kg of BVA at GV3 was used to see
which endogenous analgesic system mediates BVA-induced
anti-allodynic action. As shown in Figure 4, phentolamine-
(𝛼-adrenergic receptor antagonist, 2mg/kg, i.p.) pretreated
group exhibited no significant difference in TWL before and
after BVA (𝑃 > 0.05), suggesting that the noradrenergic
system plays a role in mediating the suppressive effect of BVA
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Figure 3: Effects of BVA in different doses of BVon oxaliplatin-induced cold allodynia.The behavioral tests for cold allodyniawere performed
before and after 2.5mg/kg (a), 1.0mg/kg (b), or 0.25mg/kg (c) BVA treatment at GV3 acupoint (𝑛 = 4/group). In the control group (CON),
only 0.05 cc of normal saline was injected (d). In BV1.0 and BV0.25 groups, the TWL after BVA significantly increased as compared with TWL
before BVA. No significant difference between TWLs before and after injection was observed in BV2.5 and CON groups. Data are presented
as mean ± SEM. ∗𝑃 < 0.05, ∗∗𝑃 < 0.01 by paired t-test.

on oxaliplatin-induced cold allodynia. We further confirmed
that an intrathecal (i.t.) injection of idazoxan (𝛼

2
-adrenergic

receptor antagonist, 50 𝜇g), but not N/S, blocked the BVA-
induced anti-allodynic effect (Figures 4(d)-4(e). In contrast,
naloxone (opioid antagonist, 2mg/kg, i.p.) and N/S showed
significant increase in TWL after BVA treatment (𝑃 < 0.01
and 𝑃 < 0.05, resp.), indicating that the endogenous opioid
system is not involved in BVA-induced anti-allodynia.

4. Discussion

Oxaliplatin is a platinum-based third-generation chemother-
apy drug to treat patients with metastatic CRC [2, 3]. Thus,
it is structurally similar to cisplatin and carboplatin and has
a neurotoxic side effect, but no nephrotoxicity and hema-
totoxicity have been observed [2, 4]. This acute oxaliplatin-
induced neurotoxicity is developed even through a single
oxaliplatin administration [5, 26]. There were only a few
reports showing the effective treatment or prevention of
oxaliplatin-induced neuropathic pain symptoms. Although

the intravenous calcium andmagnesium therapy could atten-
uate the development of oxaliplatin-induced neuropathy [32,
33], it was not complete yet in the treatment of the established
allodynia [7, 34]. Therefore, it is now required to find the
potential therapeutic options to manage oxaliplatin-induced
neuropathic pain.

This study clearly shows that BVA has a potent anti-
allodynic effect in oxaliplatin-injected rats (Figures 2 and
3). To see acupoint-dependent effect, we examined which
acupoint has the most relieving effect on oxaliplatin-induced
cold allodynia. Although BVA at LI11, ST36, and GV3
acupoints all had significant analgesic effects, BVA at GV3
acupoint had a longer lasting effect than the other acupoints
(Figure 2). This duration of anti-allodynic action of BVA
at GV3 (lasting for ∼2 hr) is clinically important because
morphine (1, 2, and 4mg/kg, i.p.) showed no significant
analgesic effect at 2 hr after its administration [26]. It also
should be noted that GV3 acupoint is closer to the tail, where
cold immersion test was performed, than the other acupoints.
Interestingly, we found that EA stimulation at a point on
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Figure 4: Effects of opioid and adrenergic receptor antagonists on BVA-induced anti-allodynic action.The behavioral tests for cold allodynia
were performed before pretreatment of antagonists and after BVA (0.25mg/kg) treatment at GV3 acupoint. (a) N/S + BV (normal saline (i.p.)
pretreatment + BVA, 𝑛 = 6). (b) Naloxone + BV (naloxone (2mg/kg, i.p.) pretreatment + BVA, 𝑛 = 6). (c) Phentolamine + BV (phentolamine
(2mg/kg, i.p.) pretreatment + BVA, 𝑛 = 6). In N/S + BV and Naloxone + BV groups, TWLs after BVA significantly increased as compared
with baseline TWL. In contrast, Phentolamine + BV group showed no significant increase in TWL after BVA. Note that TWL of three subjects
of Phentolamine + BV group substantially increased after BVA, whereas TWL of the other three subjects did not. (d) N/S i.t. + BV (normal
saline (i.t.) pretreatment + BVA, 𝑛 = 6). (e) Idazoxan i.t. + BV (idazoxan pretreatment (50 𝜇g, i.t.) + BVA, 𝑛 = 6). Data are presented as
mean ± SEM. Dots and lines represent the TWL change of individual subject. ∗𝑃 < 0.05, ∗∗𝑃 < 0.01 by paired t-test.
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the hind limb had a greater anti-allodynic effect than EA at a
point that is close to the tested tail (unpublished data). These
results might suggest that proximal acupoint stimulation
is more effective in BVA treatment on oxaliplatin-induced
neuropathic pain, whereas distal acupoint stimulation is
more effective in EA treatment.

In regard to the effective dose of BVA, we demonstrate
that a low dose of BVA (1.0 or 0.25mg/kg) has a significant
anti-allodynic effect in oxaliplatin-injected rats while a high
dose of BVA (2.5mg/kg) has no significant effect (Figure 3).
Such result is different from the results in a previous study by
Kang et al. [23] showing that a low dose (0.25mg/kg) of BVA
did not produce significant anti-allodynic effect, while a high
dose of BVA (2.5mg/kg) significantly reduced cold allodynia
in a rat model of sciatic nerve chronic constriction injury
(CCI). This discrepancy might be due to the differences in
pain model (sciatic nerve CCI versus oxaliplatin), the region
of the cold allodynia test (hind paw versus tail), and acupoints
used (ST36 versus GV3). In the present study, however, one
of the rats treated with a high dose (2.5mg/kg) of BVA
showed a gradual decrease in TWL (before BVA = 6.40 sec;
1 hour after BVA = 4.89 sec; 2 hours after BVA = 3.85 sec),
suggesting more severe pain. BV is also called a “double-
edged sword” having nociceptive and antinociceptive effects
together [35]. Therefore, it might be of high importance
to find a proper concentration of BVA through disease-by-
disease approaches. In ongoing studies, the optimal dose of
BVA in various disease models is to be investigated.

Acupuncture has been used for thousands of years in
East Asia including Korea, China, and Japan to treat various
diseases generating few side effects. In recent years, it has
received attention as an alternative method of medicine in
Western countries [36, 37]. For decades ago, it has been
demonstrated in many clinical and animal studies that
acupuncture or EA analgesia is mediated by the endogenous
analgesic systems, especially opioid [13, 16, 18, 38] and nora-
drenergic inhibitory systems [14, 15, 17, 39, 40]. Our previous
studies using a rat model of peripheral nerve injury suggested
that both of the opioid and noradrenergic systems equally
contributed to the anti-allodynic effects of EA [41–43].On the
other hand, BVA has been reported to attenuate neuropathic
pain symptoms induced by CCI through activation of 𝛼

2
-

adrenergic receptors, but not opioid receptors, in the rat
spinal cord [22–24]. Similarly, the present results (Figure 4)
suggest that the relieving effect of BVAonoxaliplatin-induced
cold allodynia involves the noradrenergic, but not opioid,
system. Thus, BVA and EA might have different mechanisms
of anti-allodynic action in oxaliplatin-induced neuropathy.
However, the anti-allodynic effect of BVA in this study
was just partially blocked by phentolamine pretreatment
(𝑃 = 0.065). The TWL of three subjects of Phentolamine
+ BV group substantially increased after BVA as compared
with baseline TWL, whereas the TWL of the other three
subjects did not. This might be due to individual differ-
ences in response to phentolamine, as previously shown in
nerve injury models [44]. Alternatively, the other descending
inhibitory systems like serotonergic, GABA, and/or choliner-
gic systems might be involved [19, 30, 43]. Further studies on

this issuemay increase our understanding of the neurological
mechanisms of BVA analgesia.

5. Conclusions

In conclusion, our findings in the present study suggest that
BVA has a potent relieving effect on oxaliplatin-induced cold
allodynia and that GV3 acupoint and low dose of BV have an
optimal effect. Such anti-allodynic effect of BVA is partially
mediated by the noradrenergic, but not opioid, system.Thus,
we propose that BVA treatment can be a potential therapeutic
option in oxaliplatin-induced neuropathic pain.
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Evidence fromclinical reports has indicated that acupuncture has a promising effect onmild cognitive impairment (MCI).However,
it is still unknown that by what way acupuncture canmodulate brain networks involving theMCI. In the current study, multivariate
Granger causality analysis (mGCA) was adopted to compare the interregional effective connectivity of brain networks by varying
needling depths (deep acupuncture, DA; superficial acupuncture, SA) and at different cognitive states, which were the MCI and
healthy control (HC). Results from DA at KI3 in MCI showed that the dorsolateral prefrontal cortex and hippocampus emerged as
central hubs and had significant causal influenceswith each other, but significant inHC forDA.Moreover, only several brain regions
had remarkable causal interactions following SA inMCI and even few brain regions following SA in HC. Our results indicated that
acupuncture at KI3 at different cognitive states and with varying needling depths may induce distinct reorganizations of effective
connectivities of brain networks, and DA at KI3 inMCI can induce the strongest andmore extensive effective connectivities related
to the therapeutic effect of acupuncture in MCI.The study demonstrated the relatively functional specificity of acupuncture at KI3
in MCI, and needling depths play an important role in acupuncture treatments.

1. Introduction

Mild cognitive impairment (MCI) is the key and hot point
in cognitive-brain study. Incidence of dementia is widely
acknowledged to increase greatly with advancing age. Sousa
and coworkers report that dementia made the largest con-
tribution to disability in China, Cuba, Dominican Republic,
Mexico, Peru, and urban India [1]. Dementia is a leading
cause of death in the United States but is underrecognized
as a terminal illness. The median survival was 478 days, and
the probability of death within 6 months was 24.7% [2]. Mul-
tivariable analyses show that dementia and cognitive impair-
ment are by far the most strongly and independently associ-
ated chronic health disorders [3]. Increasing evidence shows
that subtle losses in cognitive functionmay be a symptomatic
transition to early AD [4]. MCI is an intermediate state
between normal aging and Alzheimer’s disease (AD) which

is the world’s most common dementia [5, 6]. MCI represents
a significant risk factor for the development of dementia
[4] and is an appropriate condition for investigation [4, 7].
Further research is needed on treatments of delaying the
conversion from MCI to AD [4]. However, there is no
sufficient evidence that drug can delay long-term progression
and conversion to dementia [1, 6]. Feasible complementary
and alternative therapies with low side effects, such as
acupuncture and exercise, have shown some benefits [8, 9].
The use of acupuncture as a complementary therapeutic way
to treat a variety of neurologic diseases, including MCI and
AD, is popular in certain parts of the world [10]. In spite of its
public acceptance andpromising effect, the underlying neural
mechanism is still elusive.

Since the late 1990s, functional magnetic resonance
imaging (fMRI) has been used to investigate the underlying
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mechanisms of acupuncture [11], especially the relative func-
tional specificity of acupoints. Neuroimaging studies have
indicated that the primary acupuncture effects are mediated
by the central nervous system [12–20], and acupuncture can
activate certain cognitive-related regions in AD and MCI
patients [9]. KI3 is one of the most frequently used acupoint
in treatment of cognitive impairment [21]. Our previous stud-
ies have also indicated that acupuncture at KI3 can activate
certain cognitive-related regions [22–25].

However, there are several problems in fMRI studies of
acupuncture. Firstly, most of these studies have been per-
formed on healthy subjects [12–20]. However, acupoint selec-
tion often has a very wide range of therapeutic actions related
to functional state of the human body based on theory of the
traditional chinese medicine (TCM). It is generally accepted
that acupuncture plays a homeostatic role and thus may have
a greater effect on patients with a pathological imbalance
compared with healthy controls (HC) [7, 26, 27]. Therefore,
exploring brain function evoked by acupuncture in patients
may further help to elucidate its mechanism. In addition,
most fMRI studies focus on comparison of brain activity
patterns induced by acute effects of acupuncture at acupoint
and nonacupoint, or different acupoints. However, few stud-
ies have evaluated the modulated effects in the poststimu-
lus resting state networks (RSN) induced by varied needl-
ing depth (DA, deep acupuncture; SA, superficial acupunc-
ture) though the depth of needling is also the key of specificity
of acupuncture according to the theory of TCM. A primary
interest in this area is therefore whether these different
depths of needling elicit similar or different responses. Deep
acupuncture may better overlap with its proximity to ascend-
ing nerve tracks than to the density of cutaneous afferents
[28]. In addition, SA has been assumed to minimize the ther-
apeutic effect while triggering most of the nonspecific effects
of needling [29]. Therefore, comparing connectivity patterns
of brain regions modulated by DA with that of the effects
modulated by SA may provide precise and specific modulat-
ory patterns related to the therapeutic effect of acupuncture.

Moreover, many studies generally adopted the block-
designed fMRI paradigm conform to the “on-off” specifica-
tions. But, function responses induced by acupuncture have
time-varying characteristics [15–18]. In recent years, some
studies started to pay attention to the sustained effect of
the acupuncture and its influence on the postacupuncture
RSN with the functional connectivity analysis, which was a
kind of undirected graph analysis of temporal correlations
between different brain regions [7, 14, 16]. However, little
was known about the direction and strength of the informa-
tion flowbetween these brain regionsmodulated by acupunc-
ture. Further investigation of the interregional causal interac-
tions may be helpful to explain the neurophysiological action
underlying acupuncture [20, 23]. Recently, a newlymultivari-
ate Granger causality analysis (mGCA) has been introduced
as an effective connectivity method to analyze direct causal
interactions among multiple brain areas from fMRI data
[20, 23, 30–33]. By exploring this approach to analyze the
causal influences of the activated regions evoked by acupunc-
ture, we can account for its modulatory effects on multiple
relevant regions simultaneously.

Based on the previous study, we employed the mGCA to
evaluate the effective connectivity patterns among multiple
brain regions following acupuncture at KI3 in MCI patients
and HC for DA and SA condition. By examining the direc-
tionality and strength of causal influence between multiple
brain regions following acupuncture at KI3 in MCI patients
and HC for DA and SA condition, we can find whether there
is relatively specific modulatory effect at different cognitive
states (MCI and HC) and with varying different depths of
needling (DA and SA). By detecting the functional specificity
of acupuncture for different cognitive states and varied depths
of needling during the postresting acupuncture period, we
can provide further evidence to explore the relative functional
specificity of acupuncture effects.

2. Materials and Methods

2.1. Subjects. A total of 24 subjects were recruited in the study.
12 MCI patients (1 males and 11 females; ages 59.3 ± 3.3
years; MMSE 26.4 ± 0.9; 7 middle school education and 5
college degree) and 12 age-matched HC subjects (4 males
and 8 females; ages 60.6 ± 5.8 years; MMSE 29.8 ± 0.4; 9
middle school education and 3 college degree) were included.
All subjects were right handed with normal or corrected-to-
normal vision and acupuncture naive according to the edin-
burgh handedness inventory [34]. MCI patients were diag-
nosed by using the criteria for amnestic MCI [35], withMini-
Mental State Examination (MMSE) scores >25 [36] and Clin-
ical Dementia Rating (CDR) scale scores of 0.5 [37]. Subjects
were excluded if they had serious medical, neurological, or
psychiatric illness, or if they were taking medication or other
substances known to influence cerebral function, or if they
have any contraindications to exposure to a high magnetic
field. After being fully explained of the study, all subjects
signed the informed consent. All protocols were approved by
a local subcommittee on human studies and were conducted
in accordance with the Declaration of Helsinki.

2.2. Experimental Procedures. For each subject, functional
runs lasting for 15min of the experiment consisted of four
phases (Figure 1(b)). In the first phase, a resting state (REST)
scan was first conducted for 6min without any stimulation
for a baseline control. In the second phase, an acupuncture
needle was then inserted in acupoint KI3 (Taixi, located in
a depression between the medial malleolus and heel tendon,
Figure 1(a)) on the right leg, and retained for 1min. In the
third phase, the needle wasmanipulated for 2min by rotating
the needle at a rate of 120 times per min in frequency and at
60∘ in angle. In the end, another REST scan was conducted
for 6minwithout any stimulation again. All participants were
asked to remain relaxedwithout engaging in anymental tasks.
To facilitate blinding, they were also instructed to keep their
eyes closed during fMRI scan to prevent them from actually
observing the procedures. According to participants’ reports
after the scanning, they were affirmed keeping awake during
the whole process. Standard acupuncture needles, which
are made of ferromagnetic steel, however, are problematic
in fMRI studies for several reasons, such as attraction by
the scanner’s magnetic field, significant image distortions,
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Figure 1: (a) Anatomical locations of the acupuncture stimulation points of KI3. (b) Experimental paradigm. Functional run lasting for
15min consisted of four phases: 6-minute REST scanning was done before and after acupuncture, inserted in and retained for 1min and
manipulated for 2min.

and signal dropouts, when positioned close to the head or
even heating due to absorption of radio frequency (RF).
Nonferromagnetic metal needles seem to be the best choice
for acupoints outside of the transmitter coil [38]. Therefore,
acupuncture stimulation was delivered by a silver needle with
0.35mm in diameter and 25mm in length (silver content
above 85%, Acupuncture Supplies Company in Suzhou,
China) in this study. The acupuncture procedure was con-
ducted by the same experienced and licensed acupuncturist
on all subjects.

We employed two functional runs (DA and SA) for each
subject, but only one single stimulation periodwas given dur-
ing each of these two runs.The needle was inserted vertically
to a depth of 1-2 cm in DA, but of 1-2mm in SA. Instead
of inserting depth, other manipulation methods were all
identical in theDAand SAgroups.Thepresentation sequence
of two runs was randomized and balanced throughout the
population, and every participant performed only one run
each week in order to eliminate potential long-lasting effect
following acupuncture administration. All participants were
not informed of the order in which these runs would be
performed.

At the end of each acupuncture scan, the subjects were
questioned about aching, pressure, soreness, heaviness, full-
ness, warmth, coolness, numbness, tingling, dull or sharp
pain, and any other sensations they felt during the stimulation
[15, 20, 39]. A 10-point visual analogue scale (VAS), which
was scaled at 0 = no sensation, 1–3 = mild, 4–6 = moderate,
7-8 = strong, 9 = severe, and 10 = unbearable sensation, was
adopted to self-rate the intensities about the deqi sensations
[15, 39, 40]. To quantitatively summarize the full multivariate
breadth and depth of the De-qi sensations for each subject,
the VAS index was calculated [15, 20, 39].

2.3. fMRI-Scanning Procedure. Magnetic resonance imaging
data were collected from a 3T MR scanner. A standard
birdcage head coil was used, alongwith restraining foampads
to minimize head motion and to diminish scanner noise.
For each subject, functional scans of acupuncture stimulation
were taken after the anatomical scans. The scan covered the
entire brain including the cerebellum and brainstem. Thirty
axial slices were obtained using a T2∗-weighted single-shot,
gradient-recalled echo planar imaging (EPI) sequence (TR =
2000ms, TE= 30ms, FOV=220 mm × 220mm,matrix = 64
× 64, thickness = 4mm, Slice Space = 1mm, flip angle = 77∘).
High-resolution structural information on each subject was
also acquired using three-dimensional (3D) MRI sequences

with a voxel size of 1mm3 for anatomical localization (TR =
2.1 s, TE = 4.6ms, FOV = 230mm × 230mm, matrix = 256
× 256, slice thickness = 1mm, flip angle = 8∘).

2.4. fMRI Data Analysis. Preprocessing was performed
using the Statistical Parametric Mapping software (SPM5,
http://www.fil.ion.ucl.ac.uk/spm/). Initially, the first five time
points were discarded in order to avoid the instability of
the initial MRI signal [40]. The image data underwent
slice-timing correction and realignment for head motions
using least-squares minimization. None of the subjects had
head movements exceeding 1mm on any axis and head
rotation greater than one degree. Amean image created from
the realigned volumes was co-registered with the subject’s
individual structural T1-weighted volume image [20]. Then,
the images were normalized to the standard EPI template and
re-sampled to a voxel size of 2mm × 2mm × 2mm [41].
Subsequently, these data were filtered by using a bandpass
filter (0.01–0.08Hz) to reduce the effect of low-frequency
drift and high-frequency noise [42, 43]. Finally, the images
were smoothed spatially by using a 6mm full-width-at-half
maximum (FWHM) isotropic Gaussian kernel.

Taking into account of the sustained effects of acupunc-
ture, the resting period before acupuncture was taken as
the baseline. For each subject, the difference in the BOLD
response was estimated at every voxel across the whole brain
by using the general linear model (GLM) in SPM5. The
obtained 𝑡-maps at individual levels were then entered into
the “random effect” group analysis framework by the one-
sample 𝑡-test summary statistic (𝑃 < 0.005, uncorrected).
The statisticalmaps indicated the brain activation in response
to acute effects of acupuncture, thereby functionally defining
ROI. Each peak voxel with its nearest 10 neighbors was
defined as a group ROI. Considering the anatomical variance
across subjects, subject-specific peak voxels and subject-
specific ROIs were defined on individual 𝑡-maps as follows.
The given group ROI was used as a mask and then, based
on individual 𝑡-maps, and the voxel with the largest 𝑡-value
within this mask served as the subject-specific peak voxel.
ROIs were selected based on the acupuncture-stimulation
results. Firstly, the time series from the poststimulus resting
period of BOLD signal intensities from these selected ROIs
were selected. Then, the time series were averaged across
voxels within each ROI and normalized across subjects
separately for each group to form a single vector per ROI [20].

In order to describe the effective connectivity during
the postacupuncture resting period [30], the mGCA was
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used to detect causal interactions between brain regions by
computing directed transfer function (DTF) from a multi-
variate autoregressive model of the time course of selected
ROIs [20, 23]. Based on the principle of Granger causality,
the DTF was rendered in a multivariate formulation [44].
Therefore, the DTF can effectively model the inherently
multivariate nature of neuronal networks.The algorithm was
coded in MATLAB7 (The MathWorks, Inc.) [20]. Effective
connectivity graphs were constructed using the thickness of
connecting lines and arrows to indicate the strength and
direction of the causal influences. Only links that showed
significant effective connectivity were presented in the net-
work (𝑃 < 0.05). Graphs were visualized using Pajek software
(http://vlado.fmf.uni-lj.si/pub/networks/pajek/).

3. Results

3.1. Psychophysical Response. The prevalence of deqi sensa-
tions was expressed as the percentage of the individuals in the
group that reported the sensations (Figure 2(a)). Differences
did exist with respect to the type of sensations. Both in
the MCI and HC group, the soreness, numbness, fullness,
warmth, and heaviness were found to be more frequent for
DA than that of SA. Whether for the DA or SA, warmth and
tingling were found to be more frequent in the MCI group
than HC group.

The intensity of sensations was expressed as the average
score ± S.E. (Figure 2(b)). Differences did also exist with
respect to the type of sensations. In both MCI and HC
groups, the sensations of soreness, numbness, fullness, and
warmth were found to be stronger for DA than SA. For
both conditions, a statistical analysis found no significant
difference between the MCI and HC groups with regard to
the intensity of these sensations.

3.2. mGCA Result of Resting Brain Networks Modulated by
Acupuncture. In this study, we explored the causal interac-
tions within and among the resting brain networks mod-
ulated by acupuncture at KI3 in MCI and HC, for DA
and SA. The effective connectivity patterns of resting brain
networks were described as directed graphs. The thickness
of connecting lines and the directions of arrows indicated
strength and directions of the causal influences (green line in
Figure 3). Only significant effective connectivity (𝑃 < 0.05)
was presented in the graphs.

Following acupuncture at KI3 in MCI-Deep, the mGCA
result showed that the dorsolateral prefrontal cortex (DLPFC)
and hippocampus (Hipp) emerged as central hubs. The
DLPFC received causal inflows frommost nodes in the brain
network, including the Thalamus, Insula, middle temporal
gyrus (MTG), and primary motor cortex (M1). The Hipp
received causal inflows from the DLPFC, anterior cingulate
cortex (ACC), orbitofrontal cortex (OFC), and Caudate. In
addition, Insula received causal inflows from Thalamus. The
precuneus (PreCN) received causal inflows from ACC and
fusiform gyrus (FG). The secondary somatosensory cortex
(SII) received causal inflows from Insula andDLPFC. Declive
received causal inflows from Caudate, DLPFC, M1, and
Uvula. There were strong causal inflows from Thalamus to

Insula and DLPFC, from Insula to SII and DLPFC, from
Caudate to Declive, from OFC to Hipp, and from ACC to
PreCN and Hipp. Of interests, we found that the DLPFC
and Hipp were not only central hubs but also had significant
causal influence on each other. The path weights of mGCA
result forMCI-Deepwere tabulated in Table 1 with significant
connections shown in blue color.

Notably, several of these brain regions (the Hipp and
DLPFC) mentioned above also have remarkably causal
interactions following acupuncture at KI3 in HC-Deep, but
they were more noncohesive than in MCI-Deep. Following
acupuncture at KI3 in HC-Deep, the mGCA result showed
that the Hipp, OFC, DLPFC, and Uvula emerged as central
hubs.Therewere strong causal inflows fromACC andOFC to
Hipp, fromDLPFC andDeclive to Uvula, fromMTG toOFC,
fromCuneus to PreCN, from Insula to DLPFC and Putamen,
from Hipp to Caudate and DLPFC, and from Thalamus to
OFC and Insula. The path weights of mGCA result for HC-
Deep were tabulated in Table 2 with significant connections
shown in blue color.

Only several of brain regions had remarkably causal
interactions following acupuncture at KI3 in MCI-Shallow.
Following acupuncture at KI3 in MCI-Shallow, the mGCA
result showed that there were causal inflows from pMCC and
Cuneus to PreCN, from MPFC to Cuneus, from Putamen
to FG, from M1 to primary somatosensory cortex (SI), and
from Insula to Thalamus. The path weights of mGCA result
for MCI-shallow were tabulated in Table 3 with significant
connections shown in blue color. It is also notable that a few
brain regions had remarkably causal interactions following
acupuncture at KI3 in HC-Shallow.

4. Discussion

KI3 is one of the most frequently used acupoints and prove
to have various efficacies in the treatment of dementia [15].
Our previous studies have indicated that acupuncture at KI3
can activate certain cognitive-related regions [22–25]. In this
study, we have further investigation on effective connectivity
of postacupuncture resting brain networks at KI3 in different
cognitive states and with varying acupuncture depths.

Previous functional connectivity analysis primarily fo-
cused on the correlation patterns, and this method was
limited to assess brain regions functionally connected to the
initially selected seed and was unable to directly character-
ize interactions between multiple brain regions [20]. Few
studies paid attention to the direction and strength of the
information flow between these brain regions modulated by
acupuncture. Effective connectivity in the poststimulus rest-
ing brainmay underlie the neural mechanism of acupuncture
for the treatment of MCI, but very few studies have yet
investigated it. By visualizing the effective connectivity, we
can obtain both the direction and strength of the information
flow between multiple brain regions in the resting state
network following acupuncture. In this study, a newlymGCA
was employed to explore the specific effective connectivity
poststimulus resting period following acupuncture at KI3.
Our results demonstrated that acupuncture at KI3 in dif-
ferent cognitive states and with varying acupuncture depths
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Figure 2: (a)The prevalence of deqi sensations. It was expressed as the percentage of the individuals in the group that reported the sensation
(at least one subject experienced the seven sensations listed). (b) The intensity of sensations. It was expressed as the average score ± S.E by
measuring on a scale from 0 denoting no sensation to 10 denoting an unbearable sensation.The intensity of numbness, fullness, and soreness
was found to be greater for the DA than the SA under Fisher’s Exact Test ( ∗𝑃 < 0.01; ∗∗𝑃 < 0.001).
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Table 3: Path weights from multivariate Granger causality analyses under the MCI-Shallow (𝑃 < 0.01).

pMCC FG MPFC Putamen STG PreCN Culmen Cuneus M1 IPL Insula aMCC SI Thalamus
pMCC — × × × × 0.98 × × × × × × × ×

FG × — × × × × × × × × × × × ×

MPFC × × — × × × × 0.63 × × × × × ×

Putamen × 0.78 × — × × × × × × × × × ×

STG × × × × — × × × × × × × × ×

PreCN × × × × × — × × × × × × × ×

Culmen × × × × × × — × × × × × ×

Cuneus × × × × × 0.56 × — × × × × × ×

M1 × × × × × × × × — × × × 1.34 ×

IPL × × × × × × × × × — × × × ×

Insula × × × × × × × × × × — × × 0.32
aMCC × × × × × × × × × × × — × ×

SI × × × × × × × × × × × × — ×

Thalamus × × × × × × × × × × × × × —
Only the significant paths are listed. Influences are from column ROI to row ROI. × indicates the weights below the significance. Abbreviations: pMCC:
posterior middle cingulate cortex; FG: fusiform gyrus; MPFC: medial prefrontal cortex; STG: superior temporal gyrus; PreCN: precuneus; M1: primary motor
cortex; IPL: inferior parietal lobule; aMCC: anterior middle cingulate cortex; SI: primary somatosensory cortex.

may exert heterogeneous modulatory effects on the causal
interactions of brain areas during the poststimulus resting
state. These different effective connectivity patterns may be
related to the special effects of acupuncture in clinical settings
[20, 23]. Our findings may be helpful to understand the basic
neurophysiological mechanisms underlying the specificity of
acupuncture.

According to the mGCA results following acupuncture
at KI3 in MCI-Deep, we identified that brain regions have
extensive causal interactions, mainly locating at the DLPFC,
Hipp, Thalamus, Insula, Declive, MTG, ACC, OFC, and
Caudate. The results from mGCA showed that the DLPFC
and Hipp emerged as central hubs and had significant
causal influence on each other. The DLPFC received causal
inflows from most nodes in the brain network, including the
Thalamus, Insula, MTG, and M1. One study showed that the
DLPFC disconnections may be the substrates of cognitive
impairments inMCI patients [45].TheDLPFC plays a role in
sustaining attention and working memory [46, 47]. Lesions
in the DLPFC can impair the short-term memory and cause
difficulties in inhibiting responses [46]. In addition, the
DLPFC has recently been found to be involved in exhibiting
self-control [47]. The inhibition of the right DLPFC could
modulate the excitability of a network of brain regions, in
the ipsilateral as well as in the contralateral hemisphere, to
enhance function in HC or restore an adaptive equilibrium
in theMCI [48]. In addition, theHipp received causal inflows
from the DLPFC, ACC, OFC, and Caudate. In addition, the
Insula received strong causal inflows from theThalamus. One
study showed abnormalities in the connectivity associated
with the hippocampus in MCI [49]. Functional results indi-
cated that the hippocampus reduced cortical activation in the
DMN for MCI patients, compared with age- and education-
matched healthy elderly controls [50]. The hippocampus
plays a key role in a distributed network supporting memory

encoding and retrieval [51]. The meta-analyses of 1,768 func-
tional neuroimaging experiments revealed four functionally
distinct regions on the human insula, which map to the
social-emotional, the sensorimotor, the olfactory-gustatory,
and the cognitive network of the brain [52]. Abnormal insula
functional network is associated with episodic memory
decline in amnestic mild cognitive impairment [53]. The
thalamus is functionally connected to the hippocampus as
part of the extended hippocampal system [54]. The literature
seems to support the hypothesis that specialization of cortical
areas in theMTL, as for their involvement in recollection and
familiarity processes, may also extend to discrete regions of
the thalamus [55]. Functional connectivity between the left
thalamus and a set of regionswas decreased inMCI, increased
functional connectivity between the left thalamus and the
right thalamus inMCI [56].TheDLPFC connectivitywith the
IPL and thalamus significantly correlated with the cognitive
performance of patientsmeasured byminimental state exam-
ination, clock drawing test, and California verbal learning
test scores [57].Therefore, the causal interactions related with
these cognitive-related regions followingDAmay relate to the
therapeutic effect of acupuncture for the treatment of MCI.

In addition, we also found that the hippocampus and
DLPFC related with cognitive-related regions mentioned
above also have remarkably causal interactions following acu-
puncture at KI3 in HC-Deep. Compared with that in MCI,
causal interactionswere significant noncohesive inHC.Many
studies showed that there were specific functional changes of
brain in theMCI patients compared with age- and education-
matched healthy elderly controls [45, 50]. Acupuncture plays
a homeostatic role and thus may have a greater effect on
patients with a pathological imbalance compared to HC [7,
26, 27]. For HC, effect of acupuncture is weak. Our results
demonstrated that there were different effective connectivi-
ties of postacupuncture at KI3 in different cognitive states,
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Figure 3: Multivariate Granger causality relationships. There were remarkably causal interactions (𝑃 < 0.05) following acupuncture at KI3
inMCI-Deep, HC-Deep, andMCI-Shallow, but no causal interactions following acupuncture at KI3 in HC-Shallow. Relative strength of path
weights (in arbitrary units) was indicated by the width of the arrows. Abbreviations: ACC, anterior cingulate cortex; FG, fusiform gyrus; OFC,
orbitofrontal cortex; HYPO, hypothalamus; DLPFC, dorsolateral prefrontal cortex; MTG, middle temporal gyrus; PreCN, precuneus; MPFC,
medial prefrontal cortex; SMA, supplementary motor area; M1, primary motor cortex; IPL, inferior parietal lobule; MCC, middle cingulate
cortex; HIPP, hippocampus; SII, secondary somatosensory cortex; SI, primary somatosensory cortex; pMCC, middle part of the posterior
cingulate cortex; STG, superior temporal gyrus; aMCC, middle part of the anterior cingulate cortex.

and effect of acupuncture was stronger in MCI compared
with that in HC.

Moreover, only several of brain regions had remarkably
causal interactions following acupuncture at MCI-Shallow.
Most interestingly, no brain regions had remarkably causal
interactions following acupuncture at HC-Shallow. The
mGCA results demonstrated that effective connectivity of
postacupuncture at KI3 in shallow of needling was very weak.
Furthermore, the effect of postacupuncture at KI3 in HC-
Shallow of needling was too weak to evoke causal interac-
tions. Deep insertion of the needle affects several structures
including the skin, muscle fascia, and muscle, and acupoints
may better overlap with their proximity to ascending nerve
tracks than to the density of cutaneous afferents [28]. The
muscular afferents affect greater number of receptors to
achieve a special clinical effect than the cutaneous afferents

from shallow insertion of the needle. Therefore, the stronger
effective connectivity associated with the cognitive-related
regions followingDAmay suggest that deepmuscle acupunc-
ture has a better therapeutic effect for the treatment of MCI.
The heterogeneous effective connectivity patterns between
DA and SAmay suggest the importance of themuscular affer-
ents in acupuncture. The results of psychophysical response
showed that there were different prevalence and intensity of
sensations for both conditions. Soreness, numbness, fullness,
and warmth were found to be more frequent and stronger
for DA than SA. Effect of acupuncture is better if sensation
is stronger based on TCM. But, one study suggested that
acupuncture needle stimulation at two different depths of
needling, superficial, and deep did not elicit significantly
different BOLD responses [58]. This result may be related to
the mistaken design of block design and acupuncture in HC.
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Moreover, the author also pointed out that the participants
in that study were healthy individuals, and it is possible
that superficial and deep acupuncture could potentially
have different effects when being used to treat people with
pathology. Our results demonstrated that there was different
effective connectivity of postacupuncture at KI3 in different
depths of needling, and effect of acupuncture was stronger
for DA compared with that for SA.

In conclusion, results indicated that acupuncture at
acupoint KI3 in different cognitive state and different
acupuncture depth may induce distinct reorganization of
the effective connectivity across different neural subsys-
tems, and acupuncture at KI3 in MCI-Deep can induce the
strongest and more extensive effective connectivity related
to the therapeutic effect of acupuncture for the treatment of
MCI.

5. Conclusions

The current study demonstrated that the significantly en-
hanced correlations in the cognitive-related brain regions
following acupuncture may be related to the therapeutic
effects of acupuncture for the treatment of MCI. Our results
also revealed that there existed more tightly effective connec-
tivity patterns during the poststimulus resting state following
acupuncture at acupoint KI3 in MCI patients compared to
HC, stronger effective connectivity patterns for DA com-
pared to SA, and acupuncture effects could last for a long
period even though the needling process was terminated.
We suggested that the distinct modulation patterns of the
resting brain networks attributed to the specific effects which
was evoked by acupuncture in different cognitive states
and different needling depths. The study demonstrated that
acupoint can play a better role in the suitable depth of needle
and disease state. This preliminary finding may provide a
new clue to decipher the relatively functional specificity of
acupuncture effects. Our findings may help to understand
the neurophysiological mechanism underlying acupuncture
specificity and to employ KI3 for the treatment of MCI in the
clinical practice.
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Neuropathic pain remains as one of the most difficult clinical pain syndromes to treat. Electroacupuncture (EA), involving
endogenous opioids and neurotransmitters in the central nervous system (CNS), is reported to be clinically efficacious in various
fields of pain. Although multiple experimental articles were conducted to assess the effect of EA-induced analgesia, no review has
been published to assess the efficacy and clarify the mechanism of EA on neuropathic pain. To this aim, this study was firstly
designed to evaluate the EA-induced analgesic effect on neuropathic pain and secondly to guide and help future efforts to advance
the neuropathic pain treatment. For this purpose, articles referring to the analgesic effect of acupuncture on neuropathic pain and
particularly the work performed in our own laboratory were analyzed. Based on the articles reviewed, the role of spinal opioidergic,
adrenergic, serotonergic, cholinergic, and GABAergic receptors in themechanism of EA-induced analgesia was studied.The results
of this research demonstrate that 𝜇 and 𝛿 opioid receptors, 𝛼

2

-adrenoreceptors, 5-HT1A and 5-HT
3

serotonergic receptors, M
1

muscarinic receptors, and GABAA and GABAB GABAergic receptors are involved in the mechanisms of EA-induced analgesia on
neuropathic pain.

1. Introduction

Acupuncture has been a widely used method in traditional
medicine in East Asia for thousands of years. Since its intro-
duction to western countries in the 1970s, the global inter-
est in acupuncture has increased, and significant evidence
supports acupuncture as a useful tool for treating a diverse
spectrum of diseases. In fact, more than 40 disorders have
been endorsed by the World Health Organization (WHO)
as conditions that can benefit from acupuncture treatment
[1]. Among these disorders, pain is known to be particularly
sensitive to acupuncture and has been a compelling field for
research. In a total of 3,975 acupuncture research articles
published from 1991 to 2009, 1647 (41%) focus on pain and
analgesia [2].

Multiple theories of pain control mechanisms such as
gate-control theory [3], spinal segmental mechanism [4],
endogenous opioid system [5], descending noradrenergic
and serotonergic systems [6], and diffuse noxious inhibitory

control [7] have been investigated over the last several
decades to clarify the mechanism of acupuncture and EA.
Acupuncture is now proven to be clinically efficacious in
various fields of pain, such as, lower back pain [8], chronic
knee pain [9], and chronic headache [10], and a recent
meta-analysis also demonstrates the effect of acupuncture
on different types of chronic pain [11]. EA is a modified
acupuncture technique that, as its name implies, utilizes
electrical stimulation, and its analgesic effect on different
types of acute pains and persistent inflammatory pains has
appeared in both rodents and humans [12–14].

According to the NeuPSIG (Special Interest Group on
Neuropathic Pain), neuropathic pain is defined as “pain
arising as a direct consequence of a lesion or disease affecting
the somatosensory system” [15]. It is often reported as
having a lancinating or continuous burning character and
is frequently associated with the appearance of abnormal
sensory signs such as allodynia (pain as a result of a stimulus
which normally does not provoke pain) or hyperalgesia
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(an increased response to a stimulus which is normally
painful) [16]. The underlying mechanisms are complex and
appear to involve both peripheral and central components of
the nervous system [17].

The spectrum of neuropathic pain covers a variety of
disease states and presents itself in the clinic through a variety
of symptoms, namely, lumbar radiculopathy (lower back pain
caused by disk compression or herniation), spinal cord injury,
phantom pain, diabetic neuropathy, postherpetic neuralgia,
and in some patients, fibromyalgia, and cancer-related pain
[18].

It is estimated that neuropathic pain affects over 26 mil-
lion patients worldwide, resulting in a worldwide healthcare
cost of over $3 billion per year, with a significant portion
of this money paid to drug therapies that originally were
developed for other medical conditions [19].

Current pharmacological treatment for neuropathic pain
typically will include some combination of agents from
several of the following drug classes: opioids, tricyclic
antidepressants, anticonvulsant agents, or nonsteroidal anti-
inflammatory drugs (NSAIDs)/analgesics. Ironically, even
with such an impressive arsenal of powerful drugs, these
approaches only provide an approximate 30–50% reduction
of pain in about 50% of patients. In addition, there are various
side effects associated with these drugs [20, 21].

These results underscore the importance of considering a
complementary and alternative neuropathic pain treatment.
Previously, several clinical studies have shown the effective-
ness of EA on various neuropathic pain diseases such as
neuropathic pain of malignancy [22], diabetic neuropathy
[23, 24], phantom limb pain [25, 26], and below-level central
neuropathic pain [27]. However, although multiple reviews
exist on the analgesic mechanisms of EA, no previous review
has been published on the effect of EA in neuropathic pain,
and still the mechanism that lies behind it remains unclear.

For many years, and since the publishing of the first
article of Hwang et al. [28] on neuropathic pain published
from our laboratory, our research has focused on clarifying
the mechanisms of EA on neuropathic pain, and different
experimental designs were used to understand the analgesic
effect of EA in neuropathic pain rats. So far, the mechanisms
of EA on spinal endogenous opioidergic [28–31] adrenergic
and serotonergic [32], cholinergic [33, 34], and GABAergic
[35] systems have been clarified as a result of these studies,
and efforts to clarify further mechanisms are on their way
[36].

To guide future efforts in the advancement of neuropathic
pain treatment, we believed that a timely review was impor-
tant. In this review, based on the articles published in our
laboratory, we will proceed to expand on clarification of the
effect of EA on neuropathic pain and quantify its mechanism.

2. Endogenous Opioids and Descending
Inhibitory System

Since 1970, the mechanism of acupuncture analgesia has
been broadly investigated, and numerous pieces of evidence
demonstrated that acupuncture analgesia is mediated via

neuronal mechanisms correlated with the central nervous
system (CNS) [6, 37, 38]. The most recognized mechanisms
are endogenous opiates mechanisms [5, 39] and descending
inhibitory mechanisms [6]. Endogenous opioids are known
to be mediated through its 𝜇, 𝛿, 𝜅 receptors and descending
inhibitory pathway through its monoaminergic neurotrans-
mitters and their receptors. In this review, to clarify the
mechanism of EA in neuropathic pain, we have focused
on the neurotransmitters receptors present in the CNS,
especially in the spinal level.

2.1. Opioidergic Receptors. Ever since the publication of the
article by Arner and Meyerson in 1988 titled “lack of an
effect of opioids on neuropathic and idiopathic forms of
pain” [40], multiple studies have been published supporting
the efficacy of opioids for neuropathic pain, and it is now
known that opioids can clearly provide effective analgesia for
neuropathic pain [41, 42]. Endogenous opioids are involved
in both ascending and descending parts of the inhibition
pathway. In the ascending portion, all three receptors (𝜇, 𝛿,
𝜅) play a part, but only 𝜇 and 𝛿 receptors are responsible in
the descending portion [43].

The involvement of opioid receptors in mediating
acupuncture analgesia is demonstrated in several articles.
Han reported that EA analgesia is mediated by enkephalin,
𝛽-endorphin, endomorphin, and dynorphin released in the
CNS and that 𝜇, 𝛿, 𝜅 opioid receptors are involved in
the mechanisms [39, 44]. David Mayer clarified the role
of endogenous opioid in the mechanisms proving that the
analgesic effect of acupuncture was prevented or reversed by
the opioid receptors blocker naloxone [45, 46].

To determine whether the EA analgesic effect is mediated
by endogenous opioid in the rat model of neuropathic pain,
Hwang et al. conducted an experiment by injecting opioid
antagonist naloxone intraperitoneally 20min before the EA
in rat specimens [28]. The EA was applied at Houxi acupoint
(SI3), and mechanical allodynia was assessed by a normally
innocuous stimulation of the tail with the Von Frey Hair. An
abrupt tail movement of more than 0.5 cm was considered to
be an abnormal response attributed to mechanical allodynia.
The results show that the antiallodynic effect of EA was
reversed by intraperitoneal injected naloxone but not through
normal saline. Further experimentation with intraperitoneal
morphine also demonstrates that mechanical allodynia was
relieved in a dose-dependent manner. The result reports
that a higher dose (1.5mg/kg) of morphine relieves more
effectively the signs of mechanical allodynia than a lower
dose (0.5mg/kg) and that EA with 1.5mg/kg of morphine
induced a slightly more antiallodynic effect. These results are
consistent with the previous results of Mayer and Omana
[46, 47].

In addition, through cDNA microarray analysis and dot-
blot analysis, Ko et al. identified the opioid signaling events
involved in neuropathic pain [31]. This data suggest that
the opioid receptor probably plays an important role in the
development of neuropathic pain and the analgesic effects of
EA.

Furthermore, Kim et al. [29] conducted an experi-
ment to clarify which opioidergic receptors are involved in
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the relieving effect of EA on mechanical allodynia in the
spinal cord. Selective 𝜇 (𝛽-FNA), 𝛿 (naltrindole), and 𝜅 (nor-
BNI) antagonists were administered intrathecally separated
by 10min in cumulative doses to examine whether the effect
of EA was blocked by these antagonists. The EA was also
applied into Zusanli (ST36). Results show that relieving
effects on mechanical allodynia are blocked by 𝜇 and 𝛿
selective opioid antagonists but not by 𝜅 selective opioid
antagonists. The fact that 𝜅 selective opioid antagonist did
not work might be due to the low frequency (2Hz) used
in the experiment. Chen and Han [48] and Wu et al. [49]
reported that 2Hz EA-induced analgesia is mediated by met-
enkephalin via 𝜇, 𝛿 receptors; however, the antinociception
effect induced by high-frequency (100Hz) EA is mediated
by dynorphin via 𝜅 receptors in the spinal cord of rats. This
report is consistent with the review of Han [39].

Kim et al. [30] also reported that the increased expression
level of CCK-A receptors, the site of action for the antiopioid
peptide cholecystokinin (CCK) in the hypothalamus, might
decrease the sensitivity of EA and result in the decrease of the
analgesic effect and antiallodynic effect on neuropathic pain
model rats. This result is supported by other studies of Lee
et al. [50, 51] reporting that the presence of CCK-A receptor
might decrease the analgesic effect of EA.

2.2. Adrenergic Receptors. Noradrenalin (NE) is known to
be one of the main transmitters involved in the descending
inhibitory system with serotonin and opioids [43]. It was
previously reported that noradrenergic inputs in the spinal
cord originate from the locus coeruleus (LC) and adjacent
noradrenergic nuclei in the brainstem [52]. Unlike the
serotonergic axons descending from nucleus raphe magnus
(NRM) and operating through enkephalinergic interneurons
in the spinal cord, noradrenergic fibers are known to bring
about direct inhibition on the many types of spinal cell
with which they make synaptic contacts [53]. Supraspinal
descending pathways are known to be the only source of NE
in the spinal dorsal horn [54].

There are two major groups of adrenoreceptors, 𝛼 and
𝛽, with several subtypes. Among these receptors, 𝛼

1
- and

𝛼
2
-adrenoreceptors are shown to be largely involved in pain

modulation [54], and results from recent studies indicate that
both the 𝛼

1
- and 𝛼

2
-adrenoreceptors are involved in neuro-

pathic pain [55]. Some articles report that NE enhances the
spinal GABAergic and cholinergic transmission by activating
𝛼
1
- [56] and 𝛼

2
- [57] adrenoreceptors. An analgesic effect

in the rat, caused by intrathecal administered NE, has been
shown to be blocked by phentolamine, a nonselective 𝛼-
adrenoreceptors antagonist [43]. Also, epidural injection of
the𝛼
2
-adrenoreceptors, clonidine, has been reported to result

in pain relief in cancer patients with neuropathic pain [58].
To examine the role of 𝛼

1
- and 𝛼

2
-adrenoreceptors in

the mechanisms of EA, Kim et al. conducted a research
administering one dose of 𝛼

1
- and 𝛼

2
-adrenoreceptors antag-

onists (prazosin or yohimbine, resp.) intrathecally with
EA. Needles were inserted into Zusanli (ST36), and 30 𝜇g
of prazosin and yohimbine were injected to neuropathic
pain rats [32]. The relieving effects of EA on cold allo-
dynia were blocked by the 𝛼

2
-adrenoreceptors antagonist

yohimbine but not by the 𝛼
1
-adrenoreceptors antagonist

prazosin. This result shows that the effect of an EA analgesic
might be mediated by the spinal 𝛼

2
-adrenoreceptors but

not by the 𝛼
1
-adrenoreceptors. This data is consistent with

Kim’s et al. [59] previous study conducted with only 𝛼
1
-

and 𝛼
2
-adrenoreceptor antagonists, prazosin, and yohimbine

intraperitoneally administrated without the EA insertion.
Jiang et al. and several other studies [60–63] also reported that
intrathecal administration of the 𝛼

2
-adrenoreceptors agonist

in a neuropathic pain model rats significantly attenuated
hyperalgesia and tactile allodynia.

Contrary to the role of 𝛼
2
-adrenoreceptors, a lot of

evidence and results from these experiments suggest that
not only are spinal 𝛼

1
-adrenoreceptors not involved in pain

inhibition [64, 65] but also they play an important role
in the prenociception of animals and humans [66, 67].
These results are in agreement with other previous studies
[54, 68, 69] which show how in the nervous system 𝛼

1
-

adrenoreceptors and 𝛼
2
-adrenoreceptors antagonist yohim-

bine work as an excitatory although 𝛼
2
-adrenoreceptors

and 𝛼
1
-adrenoreceptors antagonist prazosin works as an

inhibitory and demonstrate that spinal 𝛼
2
-adrenoreceptors

are involved in the relieving effects of EA on cold allodynia.

2.3. Serotonergic Receptors. Serotonin is known to have
antinociceptive effect spinally, depending on the receptor
type activated and dosage use [70, 71]. The role of serotonin
in the descending inhibitory pathway of the CNS was also
demonstrated [72, 73]. The involvement of serotonin in the
analgesic effect of EA was mentioned in an early study of
Cheng and Pomeranz [74]. They previously hypothesized
that two distinct pain relieving mechanisms are involved
in the effects of EA, including endogenous endorphin and
nonendorphin systems. They further reported that nonen-
dorphinergic actions may be mediated by monoaminergic
neurons such as serotonin and NE [13]. The analgesic effect
of serotonin is reported to be mediated from periaqueductal
grey (PAG), NRM, and serotonergic receptors present in the
spinal dorsal horn [75]. The spinal release of opioid may be
driven by a serotonergic descending pathway [76–78] and is
at least in part elicited by activation of 5-HT

3
receptors [79].

The electrolytic lesion of the NRM, a procedure known to
decrease the release of 5-HT in the spinal cord [80], attenuates
EA-induced analgesia [81]. Research from a number of stud-
ies has demonstrated that analgesia by peripheral stimulation
is mediated by the serotonergic pathway in the descending
inhibitory system [82–84], and the involvement of serotonin
receptors in the analgesic mechanism of acupuncture in a
neuropathic pain model rat was shown in the study of Zhao
[85]. Seven subtypes (5-HT

1−7
) of serotonin receptors have

been identified. 5-HT
1
5-HT
2
or 5-HT

3
are known to be

the most commonly implicated in the spinal analgesic effect
induced by peripheral stimulation [86–88].

However, conflicting results have been reported regarding
the involvement of these three 5-HT receptors. Horiuchi et al.
[89] reported that intrathecal administration of 5-HT

1A and
5-HT
3
but not 5-HT

2A receptor agonists inhibited thermal
hyperalgesia induced by spinal cord injury. Chang et al.
[13] are in agreement with Horiuchi et al. and showed that
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intracerebroventricular administration of 5-HT
1A and 5-HT3

but not 5-HT
2A receptor antagonists blocked the analgesic

effect induced by EA. Baek et al. [12] also demonstrated that
in the rat model of collagen-induced arthritis the analgesic
effect of EA was blocked by intraperitoneal pretreatment of
5-HT
1A receptor antagonist and 5-HT

3
receptor antagonist

but not by 5-HT
2
receptor antagonist. These results suggest

that the EA analgesic effect can be mediated by 5-HT
1A and

5-HT
3
receptors but not by a 5-HT

2A receptor.
Conversely, Radhakrishnan et al. [88] by administrating

different 5-HT subtype antagonist intrathecally showed that
spinal 5-HT

2A and 5-HT
3
but not 5-HT

1A receptors medi-
ate transcutaneous electrical nerve stimulation (TENS) and
induced antihyperalgesia in inflammatory pain model rats.
Takagi and Yonehara [90] also reported that intravenously
injected 5-HT

1
, except 5-HT

1A, 5-HT
2
, except 5-HT

2A, and
5-HT
3
receptors are involved in EA-induced analgesia.

Thus, to clarify which serotonin receptor is involved in
the spinal mechanisms of EA analgesia on neuropathic pain
in rats, Kim et al. conducted a further study [32]. Serotonin
receptor antagonists of 5-HT

1A (NAN-190, 15 𝜇g), 5-HT
2A

(ketanserin, 30 𝜇g), and 5-HT
3
(MDL-72222, 12 𝜇g) were

injected intrathecally and needles were inserted into Zusanli
(ST36). The relieving effect of EA on cold allodynia was
blocked by the 5-HT

1A antagonist (NAN-190) and by the 5-
HT
3
antagonist (MDL-72222) significantly, but not by the 5-

HT
1
antagonist (ketanserin). This result is consistent with

previous studies showing that 5-HT
1A receptors [91–93] and

5-HT
3
receptors [94–96] have antinociceptive roles.

Also, evidence suggests that 5-HT
1A receptors inhibit the

nociceptive sign in the second-order spinothalamic tract [97],
and 5-HT

3
involves GABAergic, ENKergic (enkephaliner-

gic), and other classes of spinal intrinsic neurons at the spinal
level [82, 98–101].

The discordance with the previous result of Radhakrish-
nan et al. and Takagi and Yonehara might be due to a dif-
ference in experiment design, as Radhakrishnan investigated
on the inflammation of the knee joint and used TENS but
not EA. And Yonehara investigated in the trigeminal nucleus
caudalis in rabbits.

2.4. Cholinergic Receptors. Cholinergic receptors are known
to have both excitatory and inhibitory actions. They mediate
acetylcholine (ACh) and induce an analgesic effect by the
activation of spinal nicotinic or muscarinic acetylcholine
receptors. Both the nicotinic and muscarinic receptors are
located in the superficial and deep dorsal horn of the
spinal cord where nociceptive information is transmitted
and modulated [54, 57, 102]. Cholinergic innervations of
the dorsal spinal cord are known to be primarily intrinsic
[57], but evidence for cholinergic fibers descending from the
brainstem to the spinal cord has also appeared as a result of
several studies [103, 104].

The role of nicotinic and muscarinic receptors in the
mechanisms of analgesia is known to be different. A large
majority of studies indicate that antinociceptive and antial-
lodynic effects of cholinergic drugs are mediated mainly by
the muscarinic receptors but not by the nicotinic receptors
[57, 105–107]. Also, previous studies reported that systemic

administration of atropine (nonselective muscarinic antago-
nist) prevented the analgesic effects of EA [12, 108].

To investigate whether spinal nicotinic or muscarinic
receptors are involved in the relieving effects of EA on
cold and warm allodynia, Park et al. conducted research
with intrathecally administered atropine (nonselective mus-
carinic antagonist) and mecamylamine (nonselective nico-
tinic antagonist) on neuropathic pain model rats [34]. The
relieving effects of EA on both cold allodynia and warm
allodynia were completely blocked by atropine but not by
mecamylamine. This outcome showed that the antiallodynic
effect of EA in neuropathic pain rats is mediated mainly by
the muscarinic receptor.

A further study was conducted by Park et al. [34], to
determine which muscarine receptor subtype is involved
in the antiallodynic action of EA. Currently, five classes
of muscarinic receptor have been identified (i.e., M

1–5).
However, the subtypes implicated in the spinal nociceptive
transmission and modulations are known to be consisting of
M
1
, M
2
, and M

3
[106, 107, 109]. Pirenzepine (M

1
muscarinic

receptor antagonist),methoctramine (M
2
muscarinic antago-

nist), and 4-DAMP (M
3
muscarinic antagonist) were injected

intrathecally on rats, and acupuncture needles were inserted
into “Zusanli” (ST36). Among these three antagonists, only
pirenzepine (M

1
muscarinic receptor antagonist) completely

blocked the relieving effect of EA on cold allodynia andwarm
allodynia, whereas methoctramine and 4-DAMP did not.

Kim et al. [33], with intrathecally administered cholines-
terase inhibitor neostigmine, showed that EA has an effect
that is equivalent to 0.1 𝜇g of neostigmine on neuropathic
pain rats. Neostigmine is known to induce analgesia by
mediating spinal muscarinic system and especially at the M

1

receptor subtype. On the other hand, neostigmine is also
known to produce dose-dependent side effects such tremor,
writhing action, or urination at doses of 0.3, 1 and 3𝜇g, in
some rats [110, 111]. However, the combination of intrathecal
neostigmine (0.1 𝜇g) and EA stimulation produced a syner-
getic effect lasting more than 80min., becoming maximal
at 20min., the same as a dose of 0.3 𝜇g of neostigmine, but
without side effects. In summary, these results demonstrate
that EA stimulation activates spinal M

1
muscarinic receptors

to relieve cold and warm allodynia signs in neuropathic
pain rats. This conclusion is in agreement with previous
studies showing that M

1
receptor subtype mediates spinal

antinociception and antiallodynia [105, 107, 112–114].

2.5. GABAergic Receptors. One of the major inhibitory neu-
ropeptides, GABA is known to be contained in the PAG
and plays an important role in the descending pain control
pathway of the CNS [115–118]. It is also reported to be
involved in multiple physiological and pathological func-
tions. In the spinal cord, GABA exerts tonic modulation
of nociceptive neurotransmission between primary afferents
and second-order spinothalamic tract neurons [119, 120].
Intrathecally injected baclofen (GABAB receptor agonist)
has been demonstrated to produce analgesia in animal
models of acute and neuropathic pain [121]. Three GABA
receptor subtypes have been identified: GABAA, GABAB,
and GABAC [120], but it has been known that GABAA and



Evidence-Based Complementary and Alternative Medicine 5

GABAB receptors, present in the spinal cord [122], mainly
contribute to modulation of pain [54, 123]. Also, GABAA
and GABAB receptor agonists have been demonstrated to
have antinociceptive effects in a variety of rodent models
[124].The role of GABA and its receptors, in the acupuncture
analgesia, has been demonstrated by several studies.Han et al.
[125] reported that themicroinjecting ofmuscimol, a GABAA
receptor agonist, or 3-MP, a GABA synthesis inhibitor, into
the PAG remarkably potentiated or suppressed acupuncture
analgesia, respectively. And Fusumada et al. [126] proved
that by inserting EA at “Zusanli” (ST36), EA could induce
analgesic effect alongwith the increasing expression ofGABA
in PAG. Also, Fu and Longhurst [127] and Tjen-A-Looi et al.
[128] studies reported that EA decreases the release of GABA
in ventrolateral PAG, by modulating the sympathoexcitatory
reflex responses through endocannabinoids.These results are
in line with the study of Fusumada as the decrease of GABA
release may result in the increase of GABA in PAG.

First, Park et al. conducted research to investigatewhether
spinal GABAergic receptors are involved in the relieving
effects of EA on cold allodynia in a rat tail model of neu-
ropathic pain [35]. EA stimulation was applied to “Zusanli”
(ST36) and rats were intrathecally injected with gabazine
(GABAA receptor antagonist, 0.0003, 0.001, or 0.003𝜇g) or
saclofen (GABAB receptor antagonist, 3, 10, or 30 𝜇g). The
relieving effect of EA on cold allodynia on neuropathic
pained rats was blocked by gabazine at a dose of 0.001 or
0.003𝜇g. Saclofen also blocked the effect of EA-induced
analgesic effect at a dose of 10 or 30 𝜇g. The results show
that both the GABAA and GABAB receptor antagonists dose
dependently blocked the relieving effects of EA on cold allo-
dynia. Also, these findings are consistent with the previous
studies of Zhu et al. [129, 130], in which intrathecal adminis-
tration of GABAA and GABAB receptor antagonists partially
blocked the acupuncture analgesia. In brief, this evidence
supports EA-induced antiallodynia as partially mediated by
the activation of spinal inhibitory receptors including GABA
receptors. Therefore, it is possible that EA treatment could
enhance the analgesic effects of the GABAergic drugs, such as
GABA agonists, on neuropathic pain in clinics and vice versa.

3. Summary and Discussion

Neuropathic pain is a complex phenomenon, involving sev-
eral independent pathophysiological mechanisms in both
peripheral and CNS. The accurate mechanisms of neuro-
pathic pain and the relationships between its mechanisms,
signs, and symptoms are not fully understood, and no con-
sensus on the optimal management of neuropathic pain has
been established yet. Although acupuncture’s mechanisms
of antinociception have not been fully explained, due to
the overwhelming amount of research investigated in the
last several decades, its analgesic effects are gradually being
understood.

In this review, based on published reports from several
research laboratories around the world and particularly the
work performed in our laboratory, we demonstrated that
spinal opioidergic, adrenergic, serotonergic, cholinergic, and
GABAergic systems mediate the analgesic effects of EA in

neuropathic pain rats. Data from our experiments show that
spinal 𝜇 and 𝛿 opioid receptors, 𝛼

2
-adrenoreceptors, 5-HT

1A
and 5-HT

3
serotonergic receptors, M

1
muscarinic receptors,

and GABAA and GABAB GABAergic receptors are involved
in the analgesic effect of EA on neuropathic pain, mediated
by the descending inhibitory system in the CNS (Figure 1).

The descending inhibitory pathway consisted of
hypothalamus-PAG-rostal ventromedial medulla (RVM)-
dorsal horn and mediates the release of serotonin in the
PAG and NE in LC. NE, via 𝛼

2
-adrenoreceptors in the

dorsal horn, enhances the spinal cholinergic and GABAergic
intrinsic neurons, involves a reduction in the release
of pronociceptive transmitters in the primary afferents
fibers, and inhibits the transmission of pain signals to the
supraspinal level in the secondary afferents fibers [131].
Serotonin activates enkephalin (ENK) and GABA spinal
intrinsic neurons through 5-HT

3
serotonergic receptors and

inhibits secondary afferents fiber via 5-HT
1A serotonergic

receptors [54]. Spinal cholinergic, ENKergic, GABAergic
neurons, through its M

1
muscarinic receptors, 𝜇, 𝛿 opioid

receptors, and GABAA/B receptors control nociceptive inputs
from the periphery to higher areas in the CNS [54, 57].
The EA stimulation is carried up from marginal (M) cells
tract to the brain via spinothalamic tract, where the signal is
transmitted to the cortex and becomes conscious, and also
to intrinsic dorsal neurons where it involves cholinergic,
ENKergic, and GABAergic neurons [53, 121, 132].

Also, the role of glial activation on EA-induced analgesia
should be considered alongside the mechanisms of neurons,
as microglial activation has been reported to contribute to
the initiation of pathological pain responses and astrocytic
activation to pain maintenance in a rat model of neuropathic
pain [133, 134]. The involvement of glial activation in the
analgesic effect of EA is demonstrated in the article of Wang
et al. [135], and Gim et al. [36] reported recently that repeated
EA attenuatesmechanical andwarmallodynia by suppressing
microglial and astrocyte activation inhibiting the release of
proinflammatory cytokine such as TNF-𝛼, IL-6, and IL-1𝛽.

Most of the articles included in this review used mechan-
ical allodynia and thermal allodynia (warm or cold) to
assess the effect of EA. However, they are reported to be
mediated differently. Shir and Seltzer [136] demonstrated
in his work that mechanical allodynia is mediated by A-
fibers and thermal allodynia by C-fibers. Among the works
included in this review, Hwang et al. [28] and Kim et al. [29]
used mechanical allodynia, while Kim et al. [32, 59], Park
et al. [34, 35], and Kim et al. [33] used thermal allodynia
to assess the effect of EA on neuropathic pain model rat.
On mechanical allodynia the effect of EA marked significant
increase up to 20min after 30min of EA administration [28],
while on thermal allodynia, the EA group showed statistically
significant increases in response to latency for up to 50min
after 30min of EA insertion [32]. These results suggest that
the analgesic effect of EAmay bemore efficacious on thermal
allodynia than on mechanical allodynia.

This review is based on articles with animal experience
and does not include any controlled clinical trial. Some con-
trolled clinical trials have been published previously to assess
the effectiveness of EAonneuropathic pain; however, the data
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Figure 1: Schematic diagram of EA-induced analgesia in neuropathic pain in the CNS.The peripheral injury information is first transmitted
to substantia gelatinosa (SG) cells by primary afferent fibers. EA stimulation is carried up from marginal (M) cells tract to the brain via
spinothalamic tract, where the signal is transmitted to the cortex and becomes conscious and also to intrinsic dorsal neurons where it involves
cholinergic, ENKergic, and GABAergic neurons.The PAG in themidbrain projects down to the NRM in themiddle of themedulla oblongata,
and this in turn sends 5-HT fibers to the dorsal horn. LC sends NE fibers to the dorsal horn. NE, via 𝛼

2

-adrenoreceptors, enhances the spinal
cholinergic and GABAergic neurons, involves a reduction in the release of pronociceptive transmitters in the primary afferents fibers, and
inhibits the transmission of pain signals to the supraspinal level in the secondary afferents fibers. Serotonin activates enkephalin (ENK) and
GABA intrinsic neurons through 5-HT

3

serotonergic receptors and inhibits secondary afferents fibers via 5-HT
1A serotonergic receptors.

Cholinergic, ENKergic, GABAergic neurons, through its M
1

muscarinic receptors, 𝜇, 𝛿 opioid receptors, and GABAA and GABAB receptors
control nociceptive inputs from the periphery to higher areas in the CNS. Abbreviations are as follows: SG: substantia gelatinosa; M: marginal
cells; PAG: periaqueductal grey; NRM: nucleus raphe magnus; LC: locus coeruleus; 5-HT: serotonin; NE: noradrenalin; Ach: acetylcholine;
and ENK: enkephalin.

are still controversial, and the number of controlled clinical
trials is insufficient to determine its role in the clinic [137,
138]. Although, there are still no randomized clinical trials
to support the analgesic effect of EA on neuropathic pain
in clinic, we believe that various experimental models and
results reported from the work included in our review could
guide future efforts to publish a well-designed randomized
clinical trial on neuropathic pain.

4. Conclusion

In conclusion, based on results from our study, we can con-
clude that both endogenous opioid system and descending

inhibitory system mediate the antiallodynic mechanism of
EA, and that spinal opioidergic, adrenergic, serotonergic,
cholinergic and GABAergic systems are involved in the
mechanisms. Also, these results suggest that EA can be
an efficacious complementary and alternative treatment to
relieve the neuropathic pain.

Furthermore, since a functional interrelationship exists
among the opioidergic, noradrenergic, serotonergic, cholin-
ergic and GABAergic systems in the spinal dorsal horn and
supraspinal level [54, 57], further studies should investigate
how those receptors interact and towhat degree each receptor
system contributes independently to EA induced analgesia.
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The activated nuclear factor-KappaB signaling pathway plays a critical role in inducing inflammatory injury. It has been reported
that electroacupuncture could be an effective anti-inflammatory treatment.We aimed to explore the complex mechanism by which
EA inhibits the activation of the NF-𝜅B signal pathway and ameliorate inflammatory injury in the short term; the effects of NEMO
Binding Domain peptide for this purpose were compared. Focal cerebral I/R was induced by middle cerebral artery occlusion for
2 hrs. Total 380 male Sprague-Dawley rats are in the study. The neurobehavioral scores, infarction volumes, and the levels of IL-1𝛽
and IL-13 were detected. NF-𝜅B p65, I𝜅B𝛼, IKK𝛼, and IKK𝛽were analyzed and the ability of NF-𝜅B binding DNAwas investigated.
The EA treatment and the NBD peptide treatment both reduced infarct size, improved neurological scores, and regulated the levels
of IL-1𝛽 and IL-13. The treatment reduced the expression of IKK𝛼 and IKK𝛽 and altered the expression of NF-𝜅B p65 and I𝜅B𝛼
in the cytoplasm and nucleus; the activity of NF-𝜅B was effectively reduced. We conclude that EA treatment might interfere with
the process of NF-𝜅B nuclear translocation. And it also could suppress the activity of NF-𝜅B signaling pathway to ameliorate the
inflammatory injury after focal cerebral ischemia/reperfusion.

1. Introduction

The pathological mechanism of focal cerebral ischemia/re-
perfusion is very complex and involves a myriad of dis-
tinct molecular signaling and cytokines pathways [1]. As an
important and crucial pathological process following focal
cerebral ischemia/reperfusion [2, 3], the excessive activation
of inflammation could induce the more serious damage, even
the fatal injury than ischemic injury itself [4]. Inflammation
is a pathological process that occurs via an amplification
cascade, the NF-𝜅B signaling pathway [5], and the complex
cytokine network is critical for the occurrence of inflam-
matory responses [6, 7]. Furthermore, more sophisticated
approaches are required for the treatment of focal cerebral
ischemia/reperfusion because of the narrow therapeutic time
window and complex pathological features of this disease [8].

In Asia, especially in China, electroacupuncture (EA) is a
general method for the treatment of cerebrovascular diseases.
Many reports of basic research and clinical studies have
discussed the efficacy of EA in regulating inflammatory inju-
ry [9–12]. However, the exact mechanism and functional
targets of EA treatment need to be elucidated. Significant-
ly, the mechanism by which EA suppresses the activity
of NF-𝜅B signaling pathway at an early stage of cerebral
ischemia/reperfusion needs to be discussed.

The NF-𝜅B family of transcription factors consists of five
members, p50, p52, p65 (Rel A), c-Rel, and Rel B. NF-𝜅B
prototype is a heterodimer composed of the RelA (p65) and
NF-𝜅B1 (p50) subunits. This variant is the most potent gene
transactivator among the NF-𝜅B family and is the major
NF-𝜅B protein found in the nucleus [13, 14]. The inhibitory
protein I𝜅B𝛼, which masks the nuclear localization signals
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(NLS) of NF-𝜅B p65 protein and keeps them sequestered in
an inactive state in the cytoplasm, leads to constant shuttling
of NF-𝜅B/I𝜅B𝛼 complexes between the nucleus and the
cytoplasm [15, 16]. Degradation of I𝜅Bs (especially I𝜅B𝛼) is a
rapidly induced signaling event that is initiated upon specific
phosphorylation of the molecules by activated IKK [16, 17].
The IKK complex mainly contains IKK𝛼, IKK𝛽, and a reg-
ulatory subunit NEMO (NF-𝜅B essential modulator/IKK𝛾).
IKK𝛾 is not functional in the absence of its interactions with
IKK𝛼 and IKK𝛽 [18]. Thus, NF-𝜅B p65/I𝜅B𝛼, IKK𝛼, and
IKK𝛽 are considered to be some of themost important factors
involved in activation of the NF-𝜅B signaling pathway during
the early stages of focal cerebral I/R. Consequently, we will
observe the change of those important factors in order to
explore themechanism of EA treatment for the inflammatory
injury after focal cerebral I/R.

The NF-𝜅B specific inhibitor (wild-type) NBD peptide
that disrupts the interaction of NEMO (IKK𝛾) with the IKK𝛽
has some advantages including the following: (1) does not
affect basal NF-𝜅B activity, (2) has well-defined molecular
sites of action, (3) is specific for the classical NF-𝜅B activation
pathway and does not affect the NF-𝜅B alternative pathway,
and (4) does not target the active domain of the kinase and
is therefore unlikely to affect other essential kinases [19].
The Pharmacology characteristic of NBD peptide prompts a
clear understanding about the mechanism of NBD peptide
to inhibit excessive NF-𝜅B activation [20]. On the contrary,
the mechanism by which EA inhibits the NF-𝜅B signaling
pathway activation is not clear. Therefore, we used NBD
peptide as a positive intervention method control for IKKs
function research in order to investigate the EA mechanism
for inhibition of excessive activation of NF-𝜅B after focal
cerebral ischemia/reperfusion. Furthermore, the effects of EA
and NBD peptide treatment in this process were compared
in order to further elucidate the underlying mechanism and
targets of EA treatment.

According to the traditional theory of Traditional Chi-
nese Medicine and the basic acupuncture research principle,
the “Baihui” (GV 20) and “Siguan” acupoints were chose in
this study. The “Siguan” acupoint is composed of the two
“Hegu” (LI 4) and two “Taichong” (LR 3) acupoints. Our aim
was to define the effective targets and mechanism of EA
treatment that influenced the NF-𝜅B signaling pathway and
its function in alleviating inflammatory injury after focal
cerebral ischemia/reperfusion during the early stages.

2. Materials and Methods

2.1. Animals. The experimental protocol used in our study
was approved by the Ethics Committee for Animal Exper-
imentation of the First Affiliated Hospital of Chongqing
Medical University and all procedures were conducted in
accordance with the National Institutes of Health Guidelines
for Animal Research (Guide for the Care and Use of Labo-
ratory Animals). Male SD rats (280–300 g) were provided by
the Experimental Animal Center of the Chongqing Medical
University and housed under controlled conditions with a 12-
hour light/dark cycle, a temperature at 22± 2∘C, and humidity
at 60% to 70% for at least one week before operation and

treatment. The animals were allowed free access to standard
rodent diet and tap water. Total 380 rats were randomly
divided to four groups: a sham group (𝑛 = 95), an I/R group
(MCAO for 2 h, 𝑛 = 95), an EA group (𝑛 = 95), and the NBD
group (𝑛 = 95). These groups were assessed from 6 h to 48 h
after reperfusion.

2.2. Induction of Focal Cerebral Ischemia/Reperfusion. Tran-
sient focal cerebral ischemia was induced by MCAO in
rats as previously described [21, 22]. Briefly, SD rats were
fasted for 12 h but were allowed free access to water before
surgery. Anesthetization was induced with 3.5% chloral
hydrate (1mL/100 g) by intraperitoneal injection. The right
common carotid artery and the right external carotid artery
were exposed through a ventral midline neck incision and
were ligated proximally and temporarily. A 2.0 monofilament
nylon suture (Ethicon Nylon Suture; Ethicon Inc., Osaka,
Japan) with its tip rounded by heating in a flame was inserted
through an arteriectomy in the common carotid artery just
below the carotid bifurcation and then advanced into the
internal carotid artery approximately 18mm to 20mm distal
to the carotid bifurcation until a mild resistance indicated
occlusion of the origin of the anterior cerebral artery and
the middle cerebral artery. Reperfusion was accomplished by
withdrawing the suture after 2 h of ischemia.The incisionwas
sutured and sterilized. The animals were maintained on the
37∘C thermostatic table. The sham surgery was conducted in
the ischemia/reperfusion (I/R) surgery groups by insertion
of the nylon monofilament suture to 10mm into the internal
carotid artery; do not insert into the middle cerebral artery.

Body temperature was monitored in all animals. The rec-
tal temperature was maintained at 38∘C± 0.5∘C throughout
all portions of the experiment bymeans of a rectal thermistor
probe and a thermostatically regulated heating lamp placed
above the body of the animal. Intrastriatal temperature was
monitored and was adjusted by manipulating the height of
a small high-intensity lamp placed above the head. Prior
to the ischemic insult, intrastriatal temperature was held at
36.5∘C± 0.5∘C in all groups during ischemia [23, 24].

2.3. Electroacupuncture Treatment. In the EA groups, the
total SD rats (𝑛 = 95) were anesthetized with 3.5% chloral
hydrate (1mL/100 g) by intraperitoneal injection. According
to the Experimental Animals Meridians Mapping, the “Bai-
hui” (GV 20)/“Siguan” acupoints were selected, which were
located at the intersection of the sagittal midline and the
line linking the ears, the second metacarpal midpoint of
radial side, and the second toe tibial collateral in the rear of
phalanx. These acupoints were stimulated at an intensity of
1mA and frequency of 2/20Hz for 30min using the G6805-
2 EA Instrument (Model no. 227033; Beijing Xinsheng Ltd.,
China). The SD rats were maintained on the 37∘C thermo-
static table. The EA treatment was given at once each day
(from 6 h to 48 h after reperfusion). After ischemia for 2 h,
began the first EA treatment when the nylon monofilament
was withdrawn. From 6 h to 48 h, the EA treatment is twice,
3 times, 4 times, and 5 times orderly.
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2.4. Drug Intervention Methods. NBD peptide (ENZO Life
Sciences Inc., no. BML-P607-0500, soluble in 50𝜇L DMSO,
final concentration 10𝜇g/𝜇L) was first time injected intrac-
erebroventricularly 2 h before surgery as previously described
[25]. Briefly, the total 72 rats were anesthetized and attached
to a stereotaxic instrument (Stoelting, USA). According to
stereotactic mapping combined with rat size, we determined
the right lateral ventricle position and drilled a cranial
window (cross-stitch centered, right shift 1.3mm, backward
1.5mm, downward 3.8mm) for injection of 5𝜇LNBDpeptide
once each day, until 48 h after reperfusion. The NBD peptide
injection times from 6 h to 48 h are twice, 3 times, 4 times,
and 5 times.

2.5. Neurobehavioral Evaluation. Neurobehavioral evalua-
tion was carried out in the I/R group, EA groups, and NBD
peptide group. After focal cerebral ischemia/reperfusion at
different time points, the neurologic deficit scores of model
SD rats were assessed by an investigator who was unaware
of animal grouping. A modified neurologic deficit score
described by Longa et al. was used for neurologic assessment.
0: no deficit; 1: failure to extend left forepaw fully; 2: circling
to the left; 3: falling to the left; 4: no spontaneous walking
with a depressed level of consciousness. Animals scoring 2 to
3 were included in experiments. Neurobehavioral scores were
determined according to the methods described by Garcia et
al. [26] and Bederson et al. [27].

2.6. Infarct Volume Assessment. The animals (𝑛 = 5 for each
group) were decapitated and 2mm thick coronal sections
from throughout the brain were stained with 2% 2,3,5-
triphenyltetrazolium chloride (Sigma-Aldrich) to evaluate
the infarct volume, as described by Wang et al. [28].

2.7. Immunohistochemistry Analysis. Immunohistochemistry
was performed using the avidin-biotin-peroxidase complex
method. Briefly, brains were fixed in 4% phosphate-buffered
paraformaldehyde (PFA) and immersed into 20% sucrose for
3 h.A 4mmthick coronal brain slicewas cut, beginning 8mm
away from the anterior tip of the frontal lobe. Then a longi-
tudinal cut (from top to bottom) was made approximately
2mm from the midline through the ischemic hemisphere
to remove medial parts. Paraffin-embedded tissues were sec-
tioned anddewaxed for antigens retrieval by immersing slides
in 0.01mol/L citrate buffer, pH 6.0, followed by heating in a
microwave oven (temperature 92–98∘C) for 20min. Sections
were cooled to room temperature and washed with PBS for
5min and endogenous peroxides were blocked in 3% H

2
O
2

for 15min. Sections were then incubated for 30min with 5%
normal goat blood serum to block nonspecific binding. The
primary antibody, NF-𝜅B p65 (C22B4) rabbit mAb (Cell Sig-
naling Technology, 1 : 50), was added and sections incubated
at 4∘C overnight. The immunostain SP Kit was used. For
negative sham group, the primary antibodies were replaced
with PBS. A slide image of ischemic penumbra area from each
section was scanned and acquired using anOLYMPUS PM20
automatic microscope (Olympus, Tokyo, Japan) and a TCFY-
2050 (Yuancheng Inc., Beijing, China) pathology system.The
visual fields in each section image (five sections in each brain)

were analyzed using the Motic Med 6.0 CMIAS pathology
image analysis system (Beihang Motic Inc., Beijing, China).

2.8. Double-Immunofluorescence Labeling. Brain tissue was
fixed and frozen, and the 10 𝜇m thick coronal brain slices
were cut beginning 8mm from the anterior tip of the frontal
lobe. Frozen sections were air dried at 50∘C for 30min.
Sections were treated with ten mol/L sodium citrate buffer
(pH 6.0) and heated in a microwave oven for 20min at 92–
98∘C. Tissues were permeated with 1% Triton X-100, and
sections were incubated in 5% goat serum for 1 h at 37∘C.
Incubations with primary antibodies were carried out at 4∘C
overnight. The primary antibodies were NF-𝜅B p65 (C22B4)
rabbit mAb (Cell Signaling Technology, 1 : 50), I𝜅B𝛼 (L35A5)
mouse mAb (Cell Signaling Technology, 1 : 50), IKK𝛼 (M-
110) (Santa Cruz, no. sc-7183, 1 : 25), and IKK𝛽 (P-20) (Santa
Cruz, no. sc-34673, 1 : 25). After washing, slides were incu-
bated with fluorescent isothiocyanate-conjugated anti-rabbit
(1 : 50), anti-mouse (1 : 50), and anti-goat (1 : 100) antibodies
for 2 h at 37∘C. Finally, sections of ischemic penumbra area
were examined by laser-scanning confocal microscopy on an
Olympus IX70 invertedmicroscope (Olympus, Tokyo, Japan)
equipped with Fluoview FVX confocal scan head (Leica
Microsystems Heidelberg GmbH, Wetzlar, Germany).

2.9. Fluorescent Quantitative PCR. Total cellular RNA was
isolated with Trizol (Invitrogen, Paisley, UK). cDNAwas syn-
thesized with Superscript Reverse Transcriptase (Invitrogen).
The polymerase chain reaction was performed with the iQ5
Gradient Real-Time PCR Detection System (Bio-Rad) using
primers (Takarad) for NF-𝜅B p65, I𝜅B𝛼, IKK𝛼, and IKK𝛽
(Table 1). Data were individually normalized to the mean of
the relative expression of GAPDH. Quantitative PCR (Q-
PCR) was performed using the Hot Start Fluorescent PCR
Core Reagent Kits (SYBR Green I). Each reaction mixture
consisted of first-strand cDNA template, 1.25 𝜇L of primer-
probe, and 12.5𝜇L of SYBR Green in a total volume of
25 𝜇L. The following cycling conditions were used: 95∘C for
10min, followed by 40 cycles of 95∘C for 5 s and 60∘C for
30 s. Subsequently, each sample underwent dissociation curve
analysis to examine primer-target specificity as previously
described [29].

2.10. Western Blot Analysis. Rats were anesthetized with
3.5% chloral hydrate (1mL/100 g) by intraperitoneal injec-
tion. The cortex of the ischemic area was homogenized in
RIPA lysis buffer (Beyotime, no. P0013B). Total protein and
cytoplasmic/nuclear proteins were extracted on ice using
Nuclear and Cytoplasmic Protein Extraction Kits (Beyotime,
no. P0027). Western blot analysis was performed with
45 𝜇g protein extract separated by 10% SDS-PAGE, which
were then transferred to a polyvinylidene fluoride (PVDF)
membrane (Millipore Corporation). Nonspecific epitopes
were blocked with 5% skim milk/Tween-20-Tris-buffered
saline. The following primary antibodies which were used
in double-immunofluorescence labeling analysis: appropriate
horseradish peroxidase conjugated antibodies (anti-rabbit
(1 : 4000), anti-mouse (1 : 4000), and anti-goat (1 : 1000))
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Table 1: Primer sequences and annealing temperatures employed for Q-PCR.

Primer name Sequence Annealing temperature

NF-𝜅B p65 F 5-ATCGTGGAGCACTTGGTGACT-3
R 5-GCCCTGGTAGGTTACTCTGTTGA-3 55.2∘C

I𝜅B𝛼 F 5-GTTTCCCCTCATCTTTCCCTCA-3
R 5-GGGTGCGTCTTAGTGGTATCTGT-3 56.7∘C

IKK𝛼 F 5-GTCAGGAGAAGTTCGGTTTGA-3
R 5-ATTCCAGTTTCACGCTCATGGAT-3 54.2∘C

IKK𝛽 F 5-GTCTTGTTGATGGTTCCTGACT-3
R 5-AAGACAAACGAGGGCCTCACAT-3 56.0∘C

GAPDH F 5-CTTAGCACCCCTGGCCAAG-3
R 5-GATGTTCTGGAGAGCCCCG-3 54.0∘C

secondary detection antibodies were incubated for 2 h. Bio-
Rad apparatus (Bio-Rad Laboratories, Richmond, CA) and
Quantity One software version 4.6.2 (Bio-Rad Laboratories)
were used to scan immune blots and for analysis.

2.11. Electrophoretic Mobility Shift Assay (EMSA). Nuclear
extracts were prepared as previously described. The NF-
𝜅B double-stranded oligonucleotide corresponding to the
NF-𝜅B consensus sequence (5-AGTTGAGGGGACTTT-
CCCAGGC-3) was obtained from Santa Cruz and was
end-labeled with Terminal Deoxynucleotidyl Transferase
(TdT) using Biotin-11-dUTP (Pierce). Nuclear extracts (8 𝜇g)
were incubated at room temperature for 20min with 1𝜇L
EMSA/Gel-Shift buffer. For competition studies, samples
were also incubated with either 100-fold excess of unlabeled
(cold) oligonucleotide or unlabeled mutant oligonucleotide.
DNA-protein complexes were resolved on a 5% nondena-
turing polyacrylamide gel with 20mA for 3 h in 0.5× Tris-
Borate EDTA. After UV cross linking, samples were blocked
and incubated with streptavidin-HRP conjugate (15mL).
Hybridized samples were developed and analyzed using a
Hybridization Incubator (WD-9403E, Beijing).

2.12. Enzyme-Linked Immunosorbent Assay (ELISA). The lev-
els of IL-1𝛽 and IL-13 in cytosolic brain fractions and in serum
were analyzed by enzyme-linked immunosorbent assay (Ben-
der, no. 81-BMS630/96T; Abcam, no. ab100766/96T).

3. Statistical Analysis

The software SPSS 16.0 for Windows (SPSS Inc, Chicago,
IL) was used to conduct statistical analysis. All values are
expressed as mean ± SD (standard deviation). Data were
analyzed by a one-way ANOVA, and intergroup differences
were detected by multivariate analysis, followed by LSD tests.
The neurological deficit scores were expressed as median
(range) and were analyzed with Kruskal-Wallis test, followed
by the Mann-Whitney U test with Bonferroni correction.
Values of 𝑃 < 0.05were considered as statistically significant.
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Figure 1: Neurological behavior scores from 6 h to 48 h after
reperfusion in the rats with 2 h ofMCAO.The neurological behavior
scores in I/R group were worse from 6 h to 48 h.The treatment with
EA andNBDpeptide significantly improved the neurological scores,
∗

𝑃 < 0.05, #
𝑃 < 0.05 versus I/R group. There was more significant

improvement in NBD peptide group than in EA group, †𝑃 < 0.05.

4. Results

4.1. EA and NBD Peptide Treatment Significantly Declined the
Ischemia/Reperfusion Damage after Focal Cerebral Ische-
mia/Reperfusion

4.1.1. Neurobehavioral Evaluation. After focal cerebral I/R,
the rats showed neurological deficit behavior at every time
point (Figure 1). From 6 h to 48 h after reperfusion, compared
with the I/R group, the neurobehavioral scores of EA group
and NBD group were improved (𝑃 < 0.05) (Figure 1). The
effect in NBD group was more remarkable than that in EA
group (𝑃 < 0.05) (Figure 1). These results suggested that EA
treatment and NBD treatment both ameliorated the neuro-
logic deficit symptoms caused by I/R andpromoted themove-
ment recovery degree. It showed that EA could alleviate the
ischemic lesion in the super early stage of focal cerebral I/R.
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Figure 2: Infarct sizes at 24 h after reperfusion in the rats with 2 h of MCAO (5 rats in each group, total 20 rats). (a) Representative 2,3,5-
triphenyltetrazolium chloride staining of the cerebral infarct in comparable sections of rat brain from 4 groups at 24 h after reperfusion.
(b) Quantification of infarct volume at 24 h after reperfusion. The EA and NBD peptide treatment significantly reduced the infarct volume,
∗

𝑃 < 0.05, #
𝑃 < 0.05 versus I/R group. And the effect of NBD peptide was remarkable than EA group, †𝑃 < 0.05.

4.1.2. The Infarct Volumes Value after MCAO/R. The infarct
volume in EA group showed a smaller brain infarct volume
compared with the I/R group (𝑃<0.05) (Figure 2). The brain
infarct volume of NBD group was much more significantly
reduced than that in EA group and I/R group (𝑃 < 0.05)
(Figure 2). The data suggested EA and NBD peptide treat-
ment could remarkably reduce the infarct size. Moreover, the
effect of NBD peptide is more significant than EA treatment.

4.2. After EA and NBD Peptide Treatment, the Level of IL-1𝛽
Was Decreased and the Level of IL-13 Was Increased in Focal
Cerebral Ischemia/Reperfusion Rats. After focal cerebral I/R,
the levels of IL-1𝛽 increased significantly from6h to 48 h both
in the brain (Figures 3(a) and 3(b)) and in serum (Figures
3(c) and 3(d)). However, in EA group and NBD group, IL-1𝛽
levels decreased significantly and were lower than that in I/R
group (𝑃<0.05) (Figures 3(a) and 3(b)).The IL-13 levels were
increased in the I/R group, especially at 48 h in brain and at
24 h in serum. In the EA group and NBD group in the brain
and serum, the IL-13 levels were both increased which were
significantly higher than those in I/R group at the same time
points (𝑃 < 0.05) (Figures 3(c) and 3(d)). The IL-13 levels
in the EA group peaked at 24 h in the brain and at 48 h in
serum and peaked at 12 h and 24 h in NBD group (Figures
3(c) and 3(d)).These data suggested that EAandNBDpeptide
treatment effectively reduced IL-1𝛽 levels and increased IL-
13 levels in brain and serum. Therefore, the EA and NBD
peptide treatment effectively reduce the quantity of IL-1𝛽 and
restrain the damage caused by inflammatory factor during the
early stage. But the peak time points of NBD peptide and EA
treatment are not the same.

4.3. EA and NBD Peptide Treatment Probably Inhibits NF-
𝜅B Signaling Pathway Activation through Regulating the NF-
𝜅B Nuclear Translocation. Immunohistochemical analysis of

NF-𝜅B p65 protein expression was conducted after focal
cerebral I/R. In sham group, the NF-𝜅B p65 protein was
predominantly expressed in the cytoplasm (Figures 4(a)
and 4(b)). However, after focal cerebral I/R, expression was
observed both in the cytoplasm and nucleus of the neurons
in the ischemic penumbra area, although higher expression
of NF-𝜅B p65 protein was detected in the nucleus than that in
the cytoplasm (𝑃 < 0.05) (Figures 4(a) and 4(b)). Significant
changes of NF-𝜅B p65 protein expression were observed in
the EA group and NBD group, which were predominantly
detected in the cytoplasm rather than in the nucleus (𝑃<0.05)
(Figures 4(a) and 4(b)). These observations demonstrated
that the differential localization of the NF-𝜅B p65 protein in
the cytoplasmandnucleuswas altered after EAandNBDpep-
tide treatment, thus indicating that EA andNBDpeptidemay
effectively inhibit the process of NF-𝜅B nuclear translocation.

4.4. EA and NBD Peptide Treatment Regulated the NF-𝜅B
p65/I𝜅B𝛼 Feedback Loop to Inhibit the NF-𝜅B Nuclear
Translocation. The protein expression and localization of
NF-𝜅B p65 (green) and I𝜅B𝛼 (red) in the ischemic penumbra
areawere examined by double-immunofluorescence staining.
As shown in Figure 5, in sham group, low levels of NF-𝜅B
p65 and I𝜅B𝛼 protein expression were observed throughout
the hemisphere. After focal cerebral I/R, NF-𝜅B p65 protein
expression was observed both in the nucleus and cytoplasm,
meanwhile there was a little expression of I𝜅B𝛼 protein
in the nucleus (Figure 5). In contrast, NF-𝜅B p65 protein
expression was remarkably reduced in the nucleus in EA
group and NBD group; the I𝜅B𝛼 protein expression in the
cytoplasm and nucleus was significantly increased (Figure 5).
Double-immunofluorescence analysis of NF-𝜅B p65 and
I𝜅B𝛼 protein expression demonstrated that NF-𝜅B p65
protein was mainly localized in the cytoplasm, while I𝜅B𝛼
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Figure 3: Levels of IL-1𝛽 and IL-13 in focal ischemic brain tissue and serumof rats among sham, I/R group, EA group, andNBDpeptide group
at different timepoints (5 rats in each group per time point, total 80 rats). (a) IL-1𝛽 levels in the brain of the I/R group increased significantly
from 6 h to 48 h which were higher than those in EA group and NBD group, ∗𝑃 < 0.05. IL-1𝛽 levels in the EA group and NBD peptide group
decreased gradually, #

𝑃 < 0.05, †𝑃 < 0.05. (b) In serum, IL-1𝛽 levels peaked at 48 h in the I/R group and was significantly higher than those
in the EA group and NBD group, ∗𝑃 < 0.05. †𝑃 < 0.05. IL-1𝛽 levels in the EA group decreased gradually even at 12 h, #

𝑃 < 0.05. (c) In the
brain, IL-13 peaked in the I/R group at 48 h, although these levels were lower than those in the EA group and NBD group, ∗𝑃 < 0.05. IL-13
levels peaked in the EA group at 24 h and in the NBD group at 12 h, and 24 h were significantly higher, #

𝑃 < 0.05, †𝑃 < 0.05 versus I/R group.
(d) There were no significant changes in the serum IL-13 levels in the I/R group at any of the timepoints, and these levels were significantly
lower than those in the EA group and NBD group, ∗𝑃 < 0.05. The levels in NBD group were higher, ‡𝑃 < 0.05 versus EA group‡.

was highly expressed in nucleus and cytoplasm after EA and
NBD peptide treatment.

The fluorescent quantitation-PCR analysis showed that
the expression of NF-𝜅B p65 mRNA in I/R group was sig-
nificantly increased at 24 h and 48 h which were higher than
those in EA group and NBD group (𝑃 < 0.05) (Figure 6(a)).
Expression of I𝜅B𝛼mRNA in the EA group and NBD group
was obviously increased andwas higher than that in I/R group
(𝑃 < 0.05) (Figure 6(b)).

The expression of NF-𝜅B p65 and I𝜅B𝛼 proteins were
analysed by Western blot among the sham group, I/R group,
EA group, and NBD group. In the I/R group, the expression
of NF-𝜅B p65 protein in the cytoplasm decreased gradu-
ally, meanwhile low levels of I𝜅B𝛼 protein were detected.
Compared with the I/R group, the expression of NF-𝜅B p65

and I𝜅B𝛼 protein in the EA group and NBD group was
increased (𝑃 < 0.05) (Figures 7(a), 7(c), and 7(e)). In con-
trast in the nucleus, the expression of NF-𝜅B p65 protein
was significantly increased in the I/R group and obviously
decreased in the EA group and NBD group (𝑃 < 0.05)
(Figures 7(b) and 7(d)). The expression of I𝜅B𝛼 protein
was obviously increased in the EA group and NBD group,
which were higher than that in the I/R group (𝑃 < 0.05)
(Figures 7(b) and 7(f)). These data showed that EA and
NBD peptide treatment effectively altered the expression
of NF-𝜅B p65 and I𝜅B𝛼 proteins in both cytoplasm and
nucleus after focal cerebral I/R. They decreased NF-𝜅B p65
protein expression in the nucleus and maintained it in the
cytoplasm, while I𝜅B𝛼 protein expression was increased in
the nucleus and cytoplasm. Therefore, these data indicated
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Figure 4: Immunohistochemical analysis of the nuclear translocation of NF-𝜅B p65 in the sham, I/R group, EA group, and NBD group (5
rats in each group, total 20 rats). In the temporal neocortex of sham group, the immunoreactive staining occurred less in the cytoplasm and
nucleus. In the I/R group, strong immunoreactive staining occurred in the cytoplasm and nucleus, especially in the nucleus, ∗𝑃 < 0.05. In the
EA group, immunoreactive staining was predominantly detected in the cytoplasm rather than in the nucleus, #

𝑃 < 0.05. In the NBD group,
immunoreactive staining was also maintained in the cytoplasm, †𝑃 < 0.05. Comparison of the mean OD value showed that NF-𝜅B p65 was
mainly expressed in the nucleus after focal ischemia/reperfusion, and expression of NF-𝜅B p65 protein in the nucleus in the EA group and
NBD group was significantly reduced, #

𝑃 < 0.05, †𝑃 < 0.05.

that themechanism bywhich EA andNBDpeptide treatment
regulatedNF-𝜅B nuclear translocationwas related to the high
expression of I𝜅B𝛼 in the cytoplasm and nucleus.

4.5. EA and NBD Peptide Treatment Regulated the Expression
of IKK𝛼 and IKK𝛽 mRNA and Protein after Focal Cerebral
Ischemia/Reperfusion. The expression of IKK𝛼 (green) and
IKK𝛽 (red) proteinwas examined by double-immunofluores-
cence staining in the sham group, I/R group, EA group, and
NBD peptide group. As shown in Figure 8, little expression
of IKK𝛼 and IKK𝛽 proteins was observed in the sham group
(Figure 8), and they were increased significantly after focal
cerebral I/R (Figure 8) but were obviously decreased in the
EA group and NBD group, especially decreased the IKK𝛽
expression (Figure 8).

The fluorescent quantitation-PCR (Q-PCR) analysis
showed that the expression of IKK𝛼 and IKK𝛽mRNA in the
I/R group was significantly increased (𝑃 < 0.05) (Figures
9(a) and 9(b)). The IKK𝛼mRNA expression in the EA group
was remarkably reduced, which was lower than that in I/R
group (𝑃 < 0.05) (Figure 9(a)). The peak expression in the
NBD group was higher than that in the EA group (𝑃 < 0.05)
(Figure 9(a)). Compared with the I/R group, the expression
of IKK𝛽 mRNA in the EA group was obviously decreased
(𝑃 < 0.05) (Figure 9(b)). In the NBD group, IKK𝛽 mRNA
expression was negligible from 6 h to 48 h (Figure 9(b)).

The protein expression of IKK𝛼 and IKK𝛽 was analysed
by Western blot. In the I/R group, IKK𝛼 protein expression
was persistently increased from 6 h to 48 h (Figures 10(a)
and 10(c)). The expression of IKK𝛼 protein was decreased in
the EA group, which was lower than that in the I/R group
(𝑃 < 0.05) (Figures 10(a) and 10(c)). In the NBD group,
expression was also reduced but was still much higher than

that in the EA group, especially at 12 h (𝑃 < 0.05) (Figures
10(b) and 10(d)). Expression of IKK𝛽 protein in the I/R
group was significantly increased, especially at 24 h and 48 h
(𝑃 < 0.05) (Figures 10(a) and 10(d)). Compared with the
I/R group, expression was remarkably decreased in the EA
group (𝑃 < 0.05) (Figures 10(a) and 10(d)). Furthermore,
in the NBD group, IKK𝛽 protein expression was persistently
low from 6 h to 48 h (𝑃 < 0.01) (Figures 10(b) and 10(d)).
These data demonstrated that EA andNBDpeptide treatment
could effectively reduce the high levels of IKK𝛽 expression
after focal cerebral I/R, especially at 24 h and 48 h. Compared
with the NBD peptide group, EA treatment could else reduce
IKK𝛼 protein expression.

4.6. EA and NBD Peptide Treatment Effectively Regulated the
DNA Binding Capacity of NF-𝜅B. Electrophoretic mobility
shift assays (EMSA) were used to further investigate theactiv-
ity of NF-𝜅B after focal cerebral I/R and the change in activity
mediated by EA treatment and NBD peptide intervention.
The activity of NF-𝜅B was increased after I/R, especially at
24 h and 48 h, indicating that the DNA binding capacity of
NF-𝜅B was high in the I/R group (𝑃 < 0.05) (Figures 11(a)
and 11(b)). In the EA group and NBD group, the activity of
NF-𝜅B was reduced significantly (𝑃 < 0.05), and there were
no remarkable differences between those (𝑃 > 0.05) (Figures
11(a) and 11(b)).The results suggest that EA and NBD peptide
treatment effectively reduces the activity of NF-𝜅B.

5. Discussion

In the present study, we investigated the anti-inflammation
effect and probable mechanism of EA on the NF-𝜅B signaling
pathway after focal cerebral ischemia/reperfusion. First of all,
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Figure 5: Double-immunofluorescent labeling the NF-𝜅B p65 (green) and I𝜅B𝛼 (red) in the cells in the ischemic cortex (5 rats in each group,
total 20 rats). It showed that NF-𝜅B p65 and I𝜅B𝛼 were both poorly expressed in the sham group. In the I/R group, the NF-𝜅B p65 protein
was expressed in cytoplasm and nucleus, especially highly in the nucleus; I𝜅B𝛼 protein was poorly expressed in cytoplasm and nucleus. In
the EA group and NBD group, the NF-𝜅B p65 protein was mainly expressed in the cytoplasm than in the nucleus, and the I𝜅B𝛼 protein was
expressed highly in the cytoplasm and nucleus.

we found that EA treatment effectively reduced the cerebral
infarct volume and improved the neurobehavioral scores,
it seemed able to alleviate the ischemic damage. Secondly,
the EA treatment also regulated the levels of interleukin
(IL-1𝛽 and IL-13) in brain and serum after focal cerebral
I/R. More importantly than all of that, we observed that
EA treatment reduced the expression of IKK𝛼 and IKK𝛽
protein, perhaps decline the function of IKK𝛼 and IKK𝛽, and
then regulated the NF-𝜅B p65/I𝜅B𝛼 feedback loop for the
activation of NF-𝜅B signaling pathway effectively during very
early stage of focal cerebral I/R, which demonstrated that EA
has obviously protective and anti-inflammatory effect during

the focal cerebral I/R injury, via a mechanism related to the
suppression of the activation of the NF-𝜅B signaling pathway
at a very early phase. Moreover, the effects on the IKK𝛼 and
IKK𝛽 were remarkably different between EA treatment and
NBD peptide.

The inflammatory reaction is an important pathological
step in the process of focal cerebral I/R, which causes rapid
neuronal death and aggravates the ischemic injury and body
burden [30].Therefore, effectively restraining the occurrence
and development of the inflammation is considered to be
an important target and direction of the treatment for focal
cerebral I/R. The cytokines that cause the inflammatory
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Figure 6: Fluorescent Quantitative-PCR analysis of the NF-𝜅B p65 and I𝜅B𝛼 mRNA expression of the sham group, I/R group, EA group,
and NBD group in the ischemic brain tissue (5 rats in each group per time point, total 80 rats). (a) The expression of NF-𝜅B p65 mRNA was
significantly increased in the I/R group compared with that in the EA and NBD groups, ∗𝑃 < 0.05. At 24 h and 48 h, the NF-𝜅B p65 mRNA
in the EA group was higher, #

𝑃 < 0.05, †𝑃 < 0.05 versus NBD group. (b) The I𝜅B𝛼 mRNA expression in EA group and NBD group was
higher, #

𝑃 < 0.05, †𝑃 < 0.05 versus I/R group.

response include TNF-𝛼, IL-1𝛽, cox-2, iNOS, and many
other types of factors [31]. IL-1𝛽 is a nerve toxin and a
major stimulus factor of the inflammatory reaction. Reducing
the level of IL-1𝛽 can significantly ameliorate the ischemia
infarction volume and the occurrence of inflammation [32].
On the contrary, the cytokines such as IL-10 and IL-13
exert better anti-inflammatory effect. Inflammatory reaction
induced by IL-1𝛽 stimulation is significantly inhibited by
IL-13 [33]. Focused on the inflammatory cytokines in the
ischemic brain and serum, we observed that the level and
the timing of the peak expression of IL-1𝛽 and IL-13 were
regulated by EA andNBDpeptide treatment. All of these data
demonstrated that EA treatment could exert remarkable anti-
inflammatory effect during the early stage of focal cerebral I/R
which resembles the function of NBD peptide. However, the
effect of NBD peptide is more remarkable on the regulation
of cytokines.

In order to regulate the inflammatory injury occurred
during the early stages after reperfusion, it is necessary to
inhibit the activation of NF-𝜅B signaling pathway which is
induced by focal cerebral I/R. During the activation process
of NF-𝜅B signaling pathway, the interaction of p65 and I𝜅B𝛼
on nuclear translocation is the key step [34, 35]. In the present
study, we observed that NF-𝜅B p65 expressed both in cyto-
plasm and nucleus, the NF-𝜅B p65 predominantly expressed
in nucleus after focal cerebral I/R. It showed that the ischemia
and anoxic pathological factors in the brain stimulated the
p65mainly expressed in the nucleus and promoted theNF-𝜅B
nuclear translocation process.We observed that EA andNBD
peptide treatment mainly maintained high cytosolic level

of p65 and significantly reduced it in nucleus. The discov-
ery demonstrated that EA effectively inhibited p65 nuclear
translocation and maintained it in the cytoplasm, which we
also found after NBD peptide treatment. According to the
general understanding of the NF-𝜅B signal pathway, nuclear
NF-𝜅B drives I𝜅B𝛼 expression generating a negative feedback
loop [36, 37]. In the present study,we found that EA treatment
significantly increased I𝜅B𝛼 expression in the cytoplasm and
nucleus, especially expressed in the nucleus, and altered the
NF-𝜅B p65 and I𝜅B𝛼 protein expression in nucleus. The
results showed that EA treatment could regulate NF-𝜅B/I𝜅B𝛼
feedback loop in the nucleus and cytoplasm. Above all, it
reveals that EA promotes the inactive heterotrimer generated
in nucleus through increasing I𝜅B𝛼 expression in the NF-
𝜅B/I𝜅B𝛼 feedback loop and thenmaintains the high cytosolic
level of p65. It can be speculated that inhibition of NF-𝜅B
nuclear translocation is likely to be one of themost important
mechanisms by which EA inhibits NF-𝜅B activation.

The function of I𝜅B𝛼 is regulated by the I𝜅B kinases
(IKKs) in the NF-𝜅B signal pathway, and NF-𝜅B activa-
tion depends on the IKK phosphorylation process [38].
Both IKK𝛼 and IKK𝛽 phosphorylate I𝜅B𝛼 at Ser 32 and
Ser 36, although IKK𝛼 is less efficient and consequently
cannot complement IKK𝛽 knockout cells [18, 38]. In this
study, we observed that the expression of IKK𝛼 and IKK𝛽
was significantly increased after focal cerebral I/R, which
demonstrated that the massive expression of IKK𝛼 and
IKK𝛽 could be required for NF-𝜅B activation. However, EA
treatment remarkably reduced the expression of IKK𝛼 and
IKK𝛽, especially for the IKK𝛽. The results of the EA group



10 Evidence-Based Complementary and Alternative Medicine

6 12 24 48 6 12 24 48 6 12 24 48 6 12 24 48
EA group I/R group NBD group Sham group

NF-𝜅B p65

I𝜅B𝛼

𝛽-Actin

(h) (h)

(a)

6 12 24 48 6 12 24 48 6 12 24 48 6 12 24 48
EA group I/R group NBD group Sham group

Histone

NF-𝜅B p65

I𝜅B𝛼

(h)(h)

(b)

#

#
#

#

†

†

In
te

ni
sty

 ra
tio

(c
yt

op
la

sm
 N

F-
𝜅

B 
p6

5)

0

1

2

3

4

∗

12 24 486
(h)

(c)

0.0

0.5

1.0

1.5
In

te
ni

sty
 ra

tio
(n

uc
le

us
 N

F-
𝜅

B 
p6

5)
∗

∗
∗

∗

12 24 486
(h)

(d)

# #

0

1

2

3

In
te

ni
sty

 ra
tio

(c
yt

op
la

sm
 I𝜅

B𝛼
) ∗

∗

∗

∗

12 24 486
(h)

I/R
EA NBD

Sham

(e)

#

#
#

#

0.0

0.5

1.0

2.0

1.5

2.5

In
te

ni
sty

 ra
tio

(n
uc

le
us

 I𝜅
B𝛼

)

∗
∗

∗

∗

I/R
EA NBD

Sham

12 24 486
(h)

(f)

Figure 7: Western blot analysis of the NF-𝜅B p65 and I𝜅B𝛼 protein expression in the sham group, I/R group, EA group, and NBD group
in ischemic brain tissue (5 rats in each group per time point, total 80 rats). (a)-(b) Representative Western blot images showing bands of
NF-𝜅B p65 and I𝜅B𝛼 proteins in the cytoplasm and nucleus at 6 h, 12 h, 24 h, and 48 h. (c)–(f) Comparison of the mean intensity ratio of
immunoblotting in these groups at each timepoint. (a), (c), (e) The NF-𝜅B p65 and I𝜅B𝛼 protein expression in cytoplasm. (b), (d), (f) The
NF-𝜅B p65 and I𝜅B𝛼 protein expression in the nucleus.
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group (with the same samples from Figure 5). It showed that IKK𝛼 and IKK𝛽 were strongly expressed in cytoplasm in the I/R group. The
expression of IKK𝛽 was lowly expressed in EA group and NBD group compared with the I/R group, especially in the NBD group.

were obviously different from the NBD peptide effect which
focuses solely on the decreased expression of IKK𝛽 rather
than IKK𝛼. The results of the NBD peptide group were
consistent with the characteristics of NBD peptide. Thus, we
have demonstrated the effect of EA on the IKK𝛼 and IKK𝛽
for the first time in the focal cerebral I/R rats.

Furthermore, the different effect andmechanismbetween
EA treatment andNBD peptide on IKK𝛼 and IKK𝛽were also
prompted.

Besides, the key step in this process is nuclear translo-
cation; binding of the p65/p50 dimers to the 𝜅B sequence
on DNA is another important step in the activation of
NF-𝜅B signaling pathway [39]. We found that the DNA
binding ability of NF-𝜅B was increased after focal cerebral

ischemia/reperfusion and was significantly reduced by EA
treatment and NBD peptide intervention. This demonstrates
that EA treatment and NBD peptide inhibit the NF-𝜅B
signaling pathway through inhibiting the ability of NF-𝜅B
binding DNA.

In summary, EA effectively inhibits the activation of
NF-𝜅B signaling pathway perhaps through reducing the
expression of IKK𝛼 and IKK𝛽, which is highly expressed
after focal cerebral ischemia/reperfusion. The function of
IKK𝛼 and IKK𝛽 in the NF-𝜅B pathway maybe inhibited,
which probably attenuates I𝜅B𝛼 phosphorylation, resulting in
increased I𝜅B𝛼 expression in the NF-𝜅B/I𝜅B𝛼 feedback loop
in the nucleus, which may block the nuclear translocation of
NF-𝜅B. Furthermore, EA reduced the DNA binding ability
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Figure 9: Fluorescent Quantitative-PCR analysis of the IKK𝛼 and IKK𝛽mRNA expression of the sham group, I/R group, EA group, andNBD
group in the ischemic brain tissue (with the same samples from Figure 6). (a) The expression of IKK𝛼mRNA was significantly increased in
the I/R group compared with that in the EA and NBD group, ∗𝑃 < 0.05. The IKK𝛼 mRNA expressed lowly in EA group, #

𝑃 < 0.05 versus
I/R group and NBD group. (b) The IKK𝛽 mRNA expression in I/R group was high at 24 h and 48 h, ∗𝑃 < 0.05 versus EA group and NBD
group. It was lower in NBD group from 6 h to 48 h, †𝑃 < 0.05 versus EA group.
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Figure 10: Western blot analysis of the IKK𝛼 and IKK𝛽 protein expression in the sham group, I/R group, EA group, and NBD group in
ischemic brain tissue (with the same samples from Figure 7). (a)-(b) Representative Western blot images showing bands of IKK𝛼 and IKK𝛽
proteins at 6 h, 12 h, 24 h, and 48 h. Comparison of the mean intensity ratio of immunoblotting in these groups at each timepoint. (a), (b), (c)
The IKK𝛼 protein in I/R group was highly expressed, ∗𝑃 < 0.05 versus EA and NBD group.The expression in EA group was lower, #

𝑃 < 0.05

versus NBD group. (a), (b), (d) The IKK𝛽 protein was highly expressed at 24 h and 48 h, ∗𝑃 < 0.05 versus EA and NBD group. The IKK𝛽
protein scarcely expressed in NBD group, †𝑃 < 0.05 versus EA group.
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Figure 11: Electrophoretic mobility shift assay detection of NF-𝜅B activity in the I/R, EA, and NBD groups in focal ischemia/reperfusion
cortex in rats (5 rats in each group per time point, total 80 rats). (a) lane 1: negative probe, lane 2: cold competition probe, lane 3: positive
probe. (b) The highest activity of NF-𝜅B was at 24 h in the I/R group, which was significantly higher than that in the EA group and NBD
group, ∗𝑃 < 0.05. The NF-𝜅B activity in EA group and NBD group shows no remarkable differences, #

𝑃 > 0.05.

of NF-𝜅B and thus effectively reduced activation of the NF-
𝜅B pathway. Compared with the NBD peptide, EA treatment
mediated a reduction in the expression of IKK𝛼. It can be
speculated that the differences in these observations reflect
the different mechanism of EA treatment and NBD peptide.
Unfortunately, we have concentrated only on the canonical
pathway.Moreover, because the effect of IKK𝛼 serves an anti-
inflammatory function by phosphorylating Rel A and c-Rel
at sites that accelerate their nuclear turnover [40], the effect
and mechanism of EA on IKK𝛼 in the noncanonical pathway
and the phosphorylation process of IKKs will be investigated
in future studies. And the effect of EA on other signaling
pathways during the inflammation also is considered to be
our next research targets.

In short, we infer that inhibition of the NF-𝜅B signaling
pathway activation is involved in the mechanism by which
EA treatment ameliorates the inflammatory injury occurred
during the early stages of focal cerebral ischemia/reperfusion.

6. Conclusions

In conclusion, the mechanism by which EA inhibits acti-
vation of the NF-𝜅B signaling pathway and declines the
inflammatory injury involves multiple targets and links. EA
treatment could reduce the expression of IKK𝛼 and IKK𝛽 and
may restrain the function of those to regulate the activation of
the NF-𝜅B signaling pathway and ameliorate the inflamma-
tion in the early stages of focal cerebral ischemia/reperfusion.

Abbreviations
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NF-𝜅B: Nuclear factor-𝜅appaB
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The linkage between brain response to acupuncture and subsequent analgesia remains poorly understood. Our aim was to evaluate
this linkage in chronic pain patients with carpal tunnel syndrome (CTS). Brain response to electroacupuncture (EA) was evaluated
with functional MRI. Subjects were randomized to 3 groups: (1) EA applied at local acupoints on the affected wrist (PC-7 to TW-
5), (2) EA at distal acupoints (contralateral ankle, SP-6 to LV-4), and (3) sham EA at nonacupoint locations on the affected wrist.
Symptom ratings were evaluated prior to and following the scan. Subjects in the local and distal groups reported reduced pain.
Verum EA produced greater reduction of paresthesia compared to sham. Compared to sham EA, local EA produced greater
activation in insula and S2 and greater deactivation in ipsilateral S1, while distal EA produced greater activation in S2 and
deactivation in posterior cingulate cortex. Brain response to distal EA in prefrontal cortex (PFC) and brain response to verumEA in
S1, SMA, and PFC were correlated with pain reduction following stimulation.Thus, while greater activation to verum acupuncture
in these regions may predict subsequent analgesia, PFC activation may specifically mediate reduced pain when stimulating distal
acupoints.

1. Introduction

Acupuncture, a component of traditional Chinese medicine,
has been commonly applied to alleviate symptoms of patients
with chronic pain [1]. Carpal tunnel syndrome (CTS) is
mainly driven by partial deafferentation secondary to com-
pression of the median nerve within the carpal tunnel [2].
CTS clinically manifests as slowing of median nerve conduc-
tion velocity, local pain, and paresthesia. Recent randomized

controlled trials (RCT) for CTS have shown that acupuncture
produced significant improvement in symptoms, with effects
similar to steroid treatment [3] and night splinting [4]. A
recent RCTdemonstrated that acupuncture also reducedCTS
symptoms significantly greater than placebo [5].

Noninvasive brain imaging techniques, such as functional
MRI (fMRI), have offered an unprecedented window into
how the human brain responds to acupuncture needle stim-
ulation [6, 7]. However, very few of these studies have been
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performed in chronic patient populations, and even fewer
have evaluated how brain response to acupuncture relates
to the alleviation of clinical symptoms or even evoked-pain
ratings. Zhang et al. demonstrated that fMRI response to
transcutaneous electrical acupoint stimulation in brain areas
such as secondary somatosensory cortex (S2), insula, and
primary motor cortex (M1) was associated with reduced heat
pain ratings in healthy adults [8]. More recently, Yang et
al. found that acupuncture increased metabolism in regions
including the prefrontal cortex (PFC), insula, and cingulate,
while also decreasing pain levels in acute migraine patients
in a positron emission tomography (PET) study [9]. Harris
et al. used PET with 11C-carfentanil in fibromyalgia patients
and found that long-term increases in resting mu-opioid
receptor binding in regions including insula, cingulate, and
basal ganglia following 4 weeks of acupuncture correlated
with decreased clinical pain levels over this same time
period [10]. In CTS patients, compared to healthy adults,
manual acupuncture needling has been found to produce
more robust fMRI response in several brain areas including
insula, cingulate, S1, and PFC, when controlling for the
effects of sham (noninserted cutaneous tactile) acupuncture
[11]. Enhanced processing in S1 and PFC was particularly
interesting, given the fact that these patients demonstrated
altered somatosensory-stimulation-evoked brain response
in these areas [12] and that S1 activity was specifically
modulated by five weeks of acupuncture treatment [13].
Unfortunately, changes in clinical pain were not evaluated
in this study. Thus, the association between the brain cir-
cuitry processing acupuncture stimulation and postacupunc-
ture clinical outcomes such as pain reduction is currently
unknown.

In this cross-sectional study, CTS subjects were random-
ized to 3 groups: (1) EA applied at local acupoints on the
affected wrist (PC-7 to TW-5), (2) EA at distal acupoints
(contralateral ankle, SP-6 to LV-4), and (3) sham EA at
nonacupoint locations on the affected wrist. In addition to
fMRI data acquired during EA, we also evaluated changes
in clinical symptoms following acupuncture and correlated
fMRI response to EA with changes in symptoms.We hypoth-
esized that both local and distal EA would produce greater
symptom reduction compared to sham acupuncture. Fur-
thermore, we hypothesized that the magnitude of symptom
reduction would correlate with activation in brain regions
previously associated with somatosensory, affective, and cog-
nitive processing of pain and paresthesia in CTS subjects.

2. Methods

2.1. Subjects. Subjects, aged 20 to 60, with a 3-month or
greater history of pain and/or paresthesia in median-nerve-
innervated areas were enrolled. All subjects were examined
for eligibility by a physiatrist at Spaulding RehabilitationHos-
pital, which included a physical exam for Phalen’s maneuver
[14] and Durkan’s sign [15] and testing of median and ulnar
sensory nerve conduction (NCS: Cadwell Sierra EMG/NCS
Device, Kennewick, WA). NCS inclusion criteria consisted
of median nerve sensory latency greater than 3.7ms or

median nerve sensory latency greater than 0.5ms compared
to ulnar nerve. Exclusion criteria consisted of contraindi-
cations to MRI, history of diabetes mellitus, cardiovascular,
respiratory, or neurological illnesses, rheumatoid arthritis,
wrist fracture with direct trauma to median nerve, current
usage of prescriptive opioid medication, thenar atrophy,
previous acupuncture treatment (manual, EA, and TENS)
for CTS, nerve entrapment other than median nerve, cer-
vical radiculopathy or myelopathy, generalized peripheral
neuropathy, blood dyscrasia or coagulopathy or current use
of anticoagulation therapy. History of axis I psychiatric
diagnosis (substance use disorder, psychotic disorder, or
bipolar disorder), and use of psychotropic medications were
also exclusions for this study. Chronic symptomatology for
all eligible subjects was evaluated using the Boston Carpal
Tunnel Syndrome Questionnaire (BCTSQ) [16].

A total of 59 CTS subjects (49.1 ± 9.8 years old, mean ±
SD, 49 Female) were enrolled in this study. For the subjects
who had diagnosed bilateral CTS, themore affected handwas
determined as the test hand. CTS subjects were randomized
to one of the three study arms: (1) local verum EA (𝑛 =
22, 17F, 14 right hand affected), (2) distal verum EA (𝑛 =
18, 14F, 13R), and (3) sham EA (𝑛 = 19, 18F, 11R). All
study protocols were approved by the Massachusetts General
Hospital and Partners Human Research Committee. Written
informed consent was obtained from all subjects.

2.2. Acupuncture Procedure. For local verum EA, MRI-
compatible titanium needles (0.2mm in diameter, 35–50mm
in length, DongBang Acupuncture Inc. Boryeong, Korea)
were inserted and deqi sensation elicited at acupoints PC7
(pericardium 7, 1st wrist crease) and TW5 (triple-warmer 5,
dorsal aspect of forearm), local to the more affected hand
(Figure 1(a)). PC-7 was chosen because it is close to the CTS
lesion, and this set of points was found to reduce pain and
paresthesia in our previous study [13].

For distal verum EA, MRI-compatible titanium needles
were inserted and deqi sensation elicited at acupoints SP6
(spleen 6, medial aspect of lower leg) and LV4 (liver 4,
anterior aspect of the ankle) at the ankle on the contralateral
side to the more affected hand (Figure 1(b)). Distal acupoints
LV4 and SP6 were chosen based on mirror point methods
common in acupuncture practice, where acupoints on the
leg/ankle can be used to treat symptoms on the opposite
arm/wrist [17].

For sham EA,MRI-compatible blunt-tipped acupuncture
needles were placed with a single tap but not inserted
percutaneously, over sham points, SH1 (2 cun, or roughly 2-
3 cm, distal and slightly volar to acupoint SI-7, which is 5 cun
proximal to ulnar edge of the transverse wrist crease, ulnar
forearm) and SH2 (1 cun distal and slightly volar to SI-7), on
the more affected hand (Figure 1(a)).

For all 3 groups, needles were connected to a constant
current electroacupuncture (EA) device (HANS LH202H,
Neuroscience Research Center, Peking University, Beijing,
China). A licensed acupuncturist trained to place and stim-
ulate acupuncture needles in the scanner performed these
procedures. For verum EA, current stimulation frequency



Evidence-Based Complementary and Alternative Medicine 3

SH1

SH2

TW-5

PC-7

(a) Local and sham acupoints

SP-6

LV-4

(b) Distal acupoints

ON OFF ONOFF OFF

Structural MRI Functional MRI

Needle
in

Needle
out

2 s ISI: 6–12 s

Total: 5min 6 s, 27 stimulations

(c) Study design

Figure 1: Acupoints and schematic scan session. Verum EA was performed at both (a) local (PC7 to TW5) and (b) distal (SP6 to LV4)
acupoints. Sham EA used noninsertive needles placed over sham points, SH1 and SH2. (c) Our fMRI event-related study design for
acupuncture stimulation.

was set to 2Hz, while the current intensity was set just prior
to the functional scan.The acupuncturist gradually increased
the current intensity until the subject felt a moderately strong
but not painful sensation. For sham EA, electrodes were
attached to the needles, but no electrical current was passed.
Subjects were instructed that the current intensity was set to
a predetermined level and that they may or may not feel any
sensation at the needle sites. All subjects were instructed to
close their eyes and focus on the acupuncture stimulation
while remaining as still as possible.

2.3. Data Acquisition. All imaging data were acquired on a
3.0T Siemens Trio (Siemens Medical, Erlangen, Germany)
equipped with 32-channel head coil. Structural imaging
data were acquired with a multiecho MPRAGE T1-weighted
pulse sequence (TR = 2530ms, TE1/TE2 = 1.64/30.0ms,

TI = 1200ms, flip angle = 7∘, FOV = 256 × 256, slices = 176,
sagittal acquisition, spatial resolution = 1 × 1 × 1mm3).

Functional imaging (fMRI) data were acquired using a
gradient echo BOLDT2∗-weighted pulse sequence (TR/TE =
2000/30ms, FOV = 200 × 200mm, 32 axial slices parallel
to anterior/posterior commissural plane, voxel size = 3.125
× 3.125 × 3.6mm, flip angle = 90∘). Subjects lay supine
in the scanner with earplugs to attenuate acoustic gradient
switching noise. For verum EA, stimulation was performed
using an event-related design similar to our previously
published approach for manual acupuncture [18] (2-second
stimulation events with randomized ISI, 6–12 seconds, and
total scan time 5minutes and 6 seconds, Figure 1(c)). For
sham EA, procedures were identical, but no electricity was
passed through the needles.

Symptoms were assessed using a 0–10 VAS scale for
both pain and paresthesia (tingling) at the hand/wrist. The
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scale ranged from none (0) to unbearable (10) and was
administered at the beginning and the end of theMRI session.
In addition, subjects were asked to rate the intensity of
acupuncture-evoked sensations after the scan session using
the MGH Acupuncture Sensation Scale (MASS) instrument
[19].

2.4. Data Analysis. Statistical analyses for behavioral and
clinical data were performed with SPSS (SPSS version 10.0.7,
Chicago, Il). Median sensory nerve velocities and motor
nerve latencies were compared with those of the ulnar nerve
in all CTS subjects using a Student’s 𝑡-test, significant at 𝑃 <
0.05.

Changes in VAS scores for pain and paresthesia were
compared between groups using a mixed model ANOVA
with interaction of Group (local, distal, and sham) × Time
(pre and post). Student’s 𝑡-test was used to compare change in
VAS scores between verum (combined local and distal) and
sham groups. EA current intensities were compared between
local and distal acupoint groups using a Student’s 𝑡-test
significant at 𝑃 < 0.05. A one-way ANOVA was performed
in order to compare evoked acupuncture sensations, as well
as the MASS Index (a composite metric of deqi sensation)
between groups. Post hoc testing was performed with the
Tukey test.

FMRI data were preprocessed using the FMRIB software
Library (FSL v.4.1), Freesurfer (v.5.1.), and AFNI (v.2.). FMRI
data were coregistered with each subject’s structural MRI
data using boundary-based registration (BB registration,
Freesurfer [20]). Preprocessing included slice timing correc-
tion, motion correction, high pass filtering with a cut-off
period of 50 sec, and spatial smoothing with Gaussian kernel
at FWHM = 5mm (Feat, FSL). Preprocessed fMRI data were
then analyzed using a general linear model for all subjects
(Feat, FSL), with the explanatory variable set by the event-
related design. The resultant parameter estimates and vari-
ances from all subjects were transformed to standard MNI
space (FNIRT, FSL) in order to perform nonflipped (compare
with below) group analyses. Registration was ensured by
visualization (AFNI, afni).

In order to better assess brain response for structures
known to be lateralized relative to somatosensory input (i.e.,
S1 andM1, and thalamus), parameter estimates and variances
of subjects whose more affected hand was the left hand (and
thus experienced local EA on the left hand or distal EA on the
right ankle) also had their fMRI parameter estimates flipped
across the midsagittal plane before passing them up to the
flipped group analysis. Therefore, a total of 21 fMRI datasets
(local: 8, distal: 5, sham: 8) were analyzed by flipping across
the midsagittal plane.

Group maps were calculated using a mixed effects sta-
tistical model (FLAME, Feat, FSL). Difference maps were
calculated with an ANOVA using a mixed effect model
(FLAME, Feat, FSL). As we found no differences in brain
response between local and distal groups, a combined group
map for “verum EA” was also calculated in order to increase
statistical power and for future testing. Whole brain regres-
sion analysis was performed for local, distal, and sham

groups, as well as the combined verum group in order to
identify brain regions associated with symptom reduction.
For the regression analysis with symptom reduction, changes
in VAS pain and paresthesia scores (post and pre) were
demeaned and added as explanatory variable to the model.
All statistical maps were thresholded with cluster forming
threshold at 𝑧 = 2.3 (voxel wise threshold 𝑃 < 0.01), and
cluster corrected for multiple comparisons at 𝑃 < 0.05 [21].

3. Results

3.1. Demographic and Clinical Features. Bilateral CTS was
diagnosed in 44/59 (75%) subjects, while unilateral CTS was
diagnosed in 15/59 (25%) subjects. The more affected hand
was the right hand in 38/59 (64.4%) subjects and the left hand
in 21/59 (35.6%) subjects. Pain was the more severe symptom
in 11/59 (18.3%) subjects; paresthesia wasmore severe in 37/59
(63.3%) subjects, and pain and paresthesia were observed
with equal severity in 11/59 (18.3%) subjects. BCTSQ assess-
ment of symptoms on the scale 1 to 5 demonstrated that pain
and paresthesia were moderate (2.6 ± 0.9, 2.9 ± 0.8, mean ±
S.D., resp.). Pain and paresthesia ratings were positively
correlated (𝑟 = 0.68, 𝑃 < 0.001); that is, those subjects with
greater pain also reported greater paresthesia. Self-reported
symptom duration was 9.0 ± 8.8 years (mean ± S.D.) and
was positively correlated with subjects’ age (𝑟 = 0.39, 𝑃 <
0.01). A significant correlation was found between VAS pain
and paresthesia scores before acupuncture (pre; 𝑟 = 0.68,
𝑃 < 0.001). In addition, VAS pain scores at baseline were
significantly correlated with the BCTSQ pain score (𝑟 =
0.60, 𝑃 < 0.001). However, VAS paresthesia scores were
not significantly correlated with BCTSQ paresthesia scores
(𝑟 = 0.25, 𝑃 = 0.053).

Phalen’s test was positive on the right hand in 39/59
(66.1%) subjects and on the left hand in 34/59 (57.6%)
subjects. Durkan’s test was positive on the right hand in
26/59 (44.0%) subjects and on the left hand in 24/59 (40.7%)
subjects. For the study hand, Phalen’s test was positive in
51/59 (86.4%) subjects, while Durkan’s test was positive in
38/59 (64.4%) subjects. Median nerve sensory velocities
were significantly slower compared to ulnar nerve sensory
velocities (median: 37.9 ± 6.9m/s, ulnar: 55.6 ± 6.7, mean ±
SD, 𝑃 < 0.0001). Furthermore, median nerve motor latencies
were significantly longer compared to ulnar nerve motor
latencies (median: 5.0 ± 1.3ms, ulnar: 2.9 ± 0.3, mean ± S.D.,
𝑃 < 0.0001).

The regular usage of night splints was reported in 33/59
(56.7%) subjects. Subjects’ occupational status could be
described as “full-time work” in 38/59 (64.4%) subjects and
part-time in 8/59 (13.6%) subjects. Mean body mass index
(BMI) was 29.0 ± 5.1 (mean ± SD).

3.2. Symptom Change following EA. We found a significant
main effect of Time (pre versus post) for VAS score in pain
and paresthesia (𝐹

1,56
= 19.3, 𝑃 < 0.0001, 𝐹

1,56
= 5.2,

𝑃 < 0.03, resp., Figure 2).Therewas neither a significantmain
effect of Group (𝑃 > 0.7, 𝑃 > 0.9, resp.) nor interaction
of Time × Group for either pain or paresthesia (𝑃 > 0.4,
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Figure 2: Symptom rating before and after acupuncture. A significantmain effect of Time (pre versus post) was found for pain and paresthesia
VAS score (𝐹

1,56

= 19.3, 𝑃 < 0.0001; 𝐹
1,56

= 5.2, 𝑃 < 0.03, resp.), indicating reduced pain and paresthesia after acupuncture. Post hoc testing
found that local EA reduced pain and paresthesia (∗𝑃 < 0.01) while distal EA reduced pain (+𝑃 < 0.05). Error bars indicate standard error of
the mean.

𝑃 > 0.1, resp.). Post hoc testing revealed that VAS scores for
pain showed significant reductions for local and distal groups
but not for the sham group (local: −1.2 ± 1.5, 𝑃 < 0.005;
distal: −1.2 ± 2.2, 𝑃 < 0.05; sham: −0.5 ± 1.4, 𝑃 = 0.12;
mean ± SD). VAS scores for paresthesia showed significant
reductions for the local group but not for the distal or sham
groups (local: −1.3 ± 1.6, 𝑃 < 0.001; distal: −1.1 ± 2.1,
𝑃 = 0.055; sham: 0.2 ± 3.5, 𝑃 = 0.82; mean ± SD). Also,
the combined verum (local and distal) group produced a
greater reduction in VAS scores for paresthesia compared to
the sham group (verum: −1.2 ± 1.8, sham: 0.2 ± 3.5, mean ±
S.D., 𝑃 < 0.05). A statistically significant reduction for verum
compared to sham acupuncture was not seen in VAS scores
for pain (verum: −1.2 ± 1.8, sham: −0.5 ± 1.4, mean ± SD,
𝑃 > 0.1).

We also found that change in VAS pain scores correlated
with change in VAS paresthesia scores for both the local (𝑟 =
0.44, 𝑃 < 0.04) and sham groups (𝑟 = 0.77, 𝑃 < 0.001) but
not for the distal group (𝑟 = 0.35, 𝑃 = 0.14).

3.3. Electroacupuncture Current Intensity and EA-Evoked
Sensations. EA current intensity did not differ between local
and distal groups (local: 1.6 ± 1.0mA, distal: 2.0 ± 0.9, mean
± S.D., 𝑃 > 0.3). For acupuncture-evoked sensation, an
ANOVA demonstrated a significant main effect of Group for
Mass index (MI, 𝐹

2,56
= 6.5, 𝑃 < 0.003, Figure 3). Post hoc

testing revealed that the local group produced greater MI
scores compared to the sham group (𝑃 < 0.02, local: 4.6±2.1,
distal: 3.4 ± 1.8, sham: 2.3 ± 2.0, mean ± S.D.). In regard
to individual MASS sensations, a significant main effect of
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Figure 3: Acupuncture sensations. A significant difference between
local and sham EA was found for soreness, aching, deep pressure,
tingling, sharp pain, unpleasantness, and MI (∗𝑃 < 0.05). A signifi-
cant difference between distal and sham EA was found for soreness
and sharp pain (+𝑃 < 0.05). A significant difference between local
and distal EA was found for dull pain and unpleasantness (#𝑃 <
0.05). Error bars indicate standard error of the mean.

Group was also detected for soreness (𝐹
2,56
= 8.1, 𝑃 = 0.001),

aching (𝐹
2,56
= 5.5, 𝑃 = 0.006), deep pressure (𝐹

2,56
= 8.7,

𝑃 = 0.001), tingling (𝐹
2,56
= 3.8, 𝑃 = 0.03), dull pain

(𝐹
2,56
= 6.9, 𝑃 = 0.002), sharp pain (𝐹

2,56
= 7.6, 𝑃 = 0.001),

and unpleasantness (𝐹
2,56
= 6.9, 𝑃 = 0.003) (Figure 3).

Post hoc testing revealed that the local group produced
greater sensation compared to the sham group for soreness,
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Figure 4: Group and difference maps of brain response during acupuncture. Local EA produced activation in contralateral primary
somatosensory cortex (S1) and bilateral insulae and secondary somatosensory cortex (S2) and deactivation in ipsilateral S1. Distal EA
produced activation in bilateral insula and S2. Verum EA (combined local and distal) produced activation in left S1 and bilateral insulae
and secondary somatosensory cortex (S2) and deactivation in the medial prefrontal cortex (PFC) and right S1. Compared to sham EA, local
EA produced greater activation in right insula and bilateral S2 and while greater deactivation in ipsilateral S1 and inferior temporal gyrus
(ITG). Distal EA produced greater activation in bilateral S2 and greater deactivation in PCC. Verum EA produced greater activation in right
insula and bilateral S2 and greater deactivation in right S1. Note: S1 was analyzed using a midsagittal plane flipped analysis (as S1 is known
to be lateralized in activity relative to the stimulated side), while other regions were analyzed using a more conventional nonflipped analysis.
All coordinates are in MNI space.

aching, deep pressure, tingling, sharp pain, spreading, and
unpleasantness (𝑃 < 0.05). Also, the distal group produced
greater sensation compared to shamacupuncture for soreness
and sharp pain (𝑃 < 0.05), while the local group produced
greater sensation compared to the distal group for dull pain
and unpleasantness (𝑃 < 0.05, Figure 3). EA current intensity
was correlated with numbness for the local group (𝑟 = 0.52,
𝑃 = 0.013). EA current intensity was correlated with soreness
(𝑟 = 0.47, 𝑃 = 0.048) and cold (𝑟 = 0.50, 𝑃 = 0.035) for
the distal group. In addition, Mass index was not correlated
with pain reduction (local: 𝑟 = −0.09, distal: 𝑟 = 0.18, sham:
𝑟 = 0.29) or paresthesia reduction (local: 𝑟 = 0.29, distal:
𝑟 = −0.32, sham: 𝑟 = 0.44) in any group (𝑃 > 0.05).
EA current intensity was not correlated with pain reduction
(local: 𝑟 = −0.35, distal: 𝑟 = 0.04) or paresthesia reduction
(local: 𝑟 = 0.04, distal: 𝑟 = 0.25) in either the local or distal
group (𝑃 > 0.05).

3.4. fMRI during Acupuncture. Local EA produced activation
in bilateral insulae, secondary somatosensory cortex (S2),
superior temporal gyrus (STG), and contralateral postcentral
gyrus (S1), with deactivation in cuneus and ipsilateral S1
(Table 1, Figure 4). Distal EA produced activation in bilateral
insulae, S2, and premotor cortex (PMC), while no deactiva-
tion was found (Figure 4). Sham EA showed no significant
fMRI response (Table 1).Therewere no significant differences
in brain response between local and distal groups (Table 1);
hence we also calculated a combined verum (local and
distal) EA group map, which showed activation in bilateral
S2, premotor (PMC), supramarginal (SMG), and superior
temporal (STG) gyri, as well as anterior and posterior insulae
(a.Ins, p.Ins) and thalamus. Activation was also noted in
right presupplementary motor area (pSMA) and middle and
inferior frontal gyri (MFG, IFG) (Table 1, Figure 4). Verum
EA also produced deactivation in bilateral occipital gyrus,
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Table 1: Brain response to electroacupuncture.

Region Side Cluster size 𝑃 value max 𝑧 MNI (mm)
𝑋 𝑌 𝑍

Nonflipped analysis
Local

S2 R 4813 3.48𝐸 − 15 5.2 66 −20 26
a.Ins R 3.5 36 16 4
p.Ins R 3.58 44 −16 19
IPL R 4.79 58 −28 28
STG R 4.31 56 12 4
MTG R 3.18 56 −50 3
S2 L 4750 4.83𝐸 − 15 4.64 −62 −22 20
S1 L 2.74 −54 −22 44
a.Ins L 4.02 −40 −2 −4
S1 R 1671 6.56𝐸 − 07 −3.78 36 −26 52
cuneus L 3603 2.55𝐸 − 12 −4.05 −16 −90 30

Distal
p.Ins R 2639 2.6𝐸 − 10 4.02 34 −18 16
a.Ins R 4 31 25 −1
IFG R 2.96 45 13 26
S2 R 1394 2.5𝐸 − 6 4.47 50 −26 26
STG R 3.07 57 −37 17
S2 L 3653 4.31𝐸 − 13 4.41 −58 −26 22
MFG L 3.0 −50 2 15
SMG L 3.23 −55 −37 41
IPL L 4.18 −53 −34 27
a.Ins L 3.63 −32 20 2
p.Ins L 3.69 −36 −20 12

Sham
None

Verum
S2 R 7869 2.57𝐸 − 20 6.53 62 −24 28
SMG R 4 60 −29 38
STG R 4.6 60 −38 18
a.Ins R 4.8 38 22 −2
p.Ins R 5.3 40 −6 −4
PMC R 4.8 50 8 40
ITG R 2633 3.18𝐸 − 09 −4 44 −70 −6
OCG R −3.9 18 −94 28
S1 R 2233 5.96𝐸 − 08 −4.33 42 −22 50
S1 R −3.8 22 −28 66
pSMA R 602 9.15𝐸 − 03 3.74 4 8 60
SFG R 3.1 4 24 46
MFG R 3.95 42 40 12
IFG R 5.6 56 12 4
MPFC R 945 4.07𝐸 − 04 −3.56 4 58 10
Thalamus R 563 0.0135 3.96 10 −14 8
Thalamus L 3.79 −10 −18 10
S2 L 7029 9.15𝐸 − 19 6.34 −62 −28 24
PMC L 4.4 −55 3 3
SMG L 5.3 −54 −43 28
STG L 6.3 −62 −28 24
a.Ins L 4.83 −34 14 4
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Table 1: Continued.

Region Side Cluster size 𝑃 value max 𝑧 MNI (mm)
𝑋 𝑌 𝑍

p.Ins L 5.4 −40 0 −4
OCG L 924 4.87𝐸 − 04 −3.74 −22 −86 32

Flipped analysis
Local

S1 R 1885 1.19𝐸 − 07 −3.84 38 −26 50
S1 L 5566 5.89𝐸 − 17 3.79 −54 20 43

Distal
M1 L 3798 1.49𝐸 − 13 2.51 −52 −6 39

Sham
None

Verum
S1 R 2419 1.02𝐸 − 08 −4.32 40 −22 48
S1 L 7502 8.89𝐸 − 20 7.05 −62 −20 22
Thalamus R 588 0.01 4.77 10 −16 8
Thalamus L 3.65 −14 −14 8

Note: PMC: premotor cortex, MPFC: medial prefrontal cortex, S1: primary somatosensory cortex, S2: secondary somatosensory cortex, SMG: supramarginal
gyrus, SFG: superior frontal gyrus,MFG:middle frontal gyrus, IFG: inferior frontal gyrus, pSMA: presupplementarymotor area, STG: superior temporal gyrus,
MTG: middle temporal gyrus, ITG: inferior temporal gyrus, a.Ins: anterior insula, p.Ins: posterior insula, OCG: occipital gyrus, IPL: inferior parietal lobe.
Nonflipped analysis: groupmapwith the original orientation of the data as acquired from the scanner. Flipped analysis: subjects with left-sided lesions had their
fMRI data flipped across the midsagittal plane to evaluate brain regions known to be lateralized relative to somatosensory stimulation (i.e., S1, M1, thalamus).
Cluster size represents the number of voxels in the cluster. “𝑃 value” represents the cluster probability. “max 𝑧” represents normalized probability. “𝑥, 𝑦, 𝑧”
represent the MNI coordinates of the region’s peak voxel from the cluster.

right medial prefrontal cortex (PFC), inferior temporal gyrus
(ITG), and S1 (Table 1, Figure 4).

In comparison to fMRI response for the sham group,
local EA produced greater activation in bilateral S2 and
right frontal insular cortex (FIC), while greater deactivation
was found in right inferior temporal gyrus (ITG) (Table 2,
Figure 4). Distal EA produced greater activation in bilateral
S2 and deactivation in posterior cingulate cortex (PCC).
Combined (local and distal) verum EA produced greater
activation in bilateral S2 and insula and deactivation in PCC,
precuneus, and right S1.

Whole brain regression analysis for change in VAS pain
score in the distal group revealed a significant correlation in
right prefrontal cortex (PFC).Thus, greater activation in PFC
was associated with greater pain reduction following distal
EA (Table 3, Figure 5). No significant correlations were found
for either local or sham groups. For the combined verum EA
group, a significant negative correlation was found between
changes in VAS pain scores and brain activity in right S1
and bilateral supplemental motor area (SMA) and prefrontal
cortex (PFC) (Table 3, Figure 6). Thus, greater activation in
S1, SMA, and PFC was associated with greater pain reduction
following verum EA.

4. Discussion

This study investigated how brain response to EA was
associated with symptom reduction following stimulation in
CTS subjects. Our main finding was that pain was reduced
following verum (both local and distal) EA and that greater

brain activation in PFC, SMA, and S1 in response to verum
EA was associated with more pronounced pain reduction.
Thus, greater activation in these regions may be a biomarker
for immediate analgesia following EA.

Brain response to verum EA produced activation in sev-
eral regions including dorsolateral prefrontal cortex (dlPFC),
pre-SMA (pSMA), S1, bilateral S2, and insula, with the
latter two regions also showing greater activation compared
to sham EA. Deactivation was noted in ipsilateral S1 and
default mode network areas such as the medial prefrontal
cortex and lateral temporal cortex, also with evidence of
greater deactivation compared to shamEA.These findings are
consistent with multiple previous acupuncture fMRI studies
[6, 7], which support the veracity of the event-related fMRI
data used to correlate with clinical outcomes in this study.

Similar to our findings, linking dorsolateral PFC (dlPFC)
activation with pain reduction following EA, Yang et al. used
FDG PET and found that acupuncture produced increased
brain metabolism in the middle frontal gyrus (a subregion of
the dlPFC) and concomitant pain reduction in acutemigraine
patients [9]. The prefrontal cortex is known to modulate
pain [22]. Chronic pain patients demonstrated reduced
dlPFC gray matter volume [23], while transcranial magnetic
stimulation to this region reduced placebo analgesia [24].
Moreover, recent studies have suggested that PFC dopamine
levels mediate pain sensitivity [25]. As EA has been shown to
modulate fMRI activity in dopaminergic source regions (i.e.,
substantia nigra) in a time-dependent manner [26], analgesia
related with PFC response to EA in CTS subjects may prove
to be mediated by this neuromodulatory catecholamine.
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Table 2: Difference map of brain response to electro-acupuncture.

Region Side Cluster size 𝑃 value max 𝑧 MNI (mm)
𝑋 𝑌 𝑍

Nonflipped analysis
Local-Sham

ITG R 1434 3.0𝐸 − 5 −3.55 44 −70 −2
IFG R 574 0.0207 3.63 56 14 4
S2 L 1111 2.61𝐸 − 4 4.23 −62 −22 20
p.Ins L 0.0155 2.42 −38 −16 10
S2 R 826 0.00237 4.05 66 −20 26
FIC R 0.0033 2.94 46 0 6
IPL R 0.0017 3.13 58 −28 28
STG R 0.0004 3.56 56 12 4

Distal-sham
PCC R 653 0.0102 −3.3 10 −60 18
S2 L 544 0.0273 3.77 −58 −24 18
IPL L 0.0026 3.01 −52 −34 26
S2 R 489 0.0457 3.46 58 −18 14
IPL R 0.0065 2.72 52 −34 28

Local-distal
None

Verum-sham
PCC R 516 0.0354 −3.45 12 −58 14
PCC/precuneus L 507 0.0385 −3.3 −10 −70 20
Insula R 879 0.00154 3.38 40 −4 −6
S2 L 1187 1.49𝐸 − 4 4.43 −60 −22 20
SMG L 0.0016 3.15 −54 −34 30
STG L 0.0001 3.98 −62 −28 24
p.Ins L 0.0083 2.64 −38 −20 8
S2 R 897 0.00134 4.27 62 −18 20
a.Ins R 0.0045 2.84 30 22 8

Flipped analysis
Local-sham

S1 R 763 0.00401 −3.46 40 −28 52
Distal-sham

None
Local-distal

None
Verum-sham

S1 R 698 0.00698 −3.45 42 −22 48
Note: PCC: posterior cingulate cortex, IFG: inferior frontal gyrus, S1: primary somatosensory cortex, S2: secondary somatosensory cortex, IFG: inferior frontal
gyrus, ITG: inferior temporal gyrus, FIC: frontal insula cortex, STG: superior temporal gyrus, MTG: middle temporal gyrus, a.Ins: anterior insula, p.Ins:
posterior insula, IPL: inferior parietal lobe. Nonflipped analysis: difference map with the original orientation of the data as acquired from the scanner. Flipped
analysis: subjects with left-sided lesions had their fMRI data flipped across the midsagittal plane to evaluate brain regions known to be lateralized relative
to somatosensory stimulation (i.e., S1, M1, thalamus). Cluster size represents the number of voxels in the cluster. “𝑃 value” represents the cluster probability.
“max 𝑧” represents normalized probability. “𝑥, 𝑦, 𝑧” represent the MNI coordinates of the region’s peak voxel from the cluster.

PFC response may also differentiate the underlying anal-
gesic mechanisms for local versus distal EA. Both local and
distal EA reduced pain, and we found no differences in brain
response between these groups. However, this result does
not necessarily suggest that there is no acupoint specificity
for brain-linked mediators of acupuncture analgesia in CTS.
For instance, greater PFC activation to distal, but not local

EA, was associated with greater pain reduction. The tissue at
local acupoints (i.e., PC-7) is adjacent to the carpal tunnel,
which is known to be perturbed by the increased pressure,
fibrosis, swelling, and various biochemical changes within
the carpal tunnel [27], while the tissue at distal acupoints
is not. Thus, the mechanism by which local EA reduces
pain may involve changes in local signaling from the wrist
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Table 3: Cortical region significantly correlated with change of pain.

Region Side Cluster size 𝑃 value max 𝑧 MNI (mm)
𝑋 𝑌 𝑍

Nonflipped analysis
Distal

PFC R 640 0.00313 −3.36 28 38 20
Verum (local + distal)

SMA R/L 788 0.00186 −3.79 0 −30 62
PFC R 987 0.000342 −3.44 32 48 18
PFC L 625 0.00826 −3.48 −32 26 38

Flipped analysis
Verum (local + distal)

S1 R 198 0.0012 −3.46 32 −26 60
Note: S1: primary somatosensory cortex, SMA: supplementarymotor area, PFC: prefrontal cortex. Nonflipped analysis: groupmapwith the original orientation
of the data as acquired from the scanner. Flipped analysis: subjects with left-sided lesions had their fMRI data flipped across the midsagittal plane to evaluate
brain regions known to be lateralized relative to somatosensory stimulation (i.e., S1, M1, thalamus). Cluster size represents the number of voxels in the cluster.
“𝑃 value” represents the cluster probability. “max 𝑧” represents normalized probability. “𝑥, 𝑦, 𝑧” represent the MNI coordinates of the region’s peak voxel from
the cluster.
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Figure 5: Brain response in right prefrontal cortex correlated with pain reduction in distal group. Brain response in right prefrontal cortex
(PFC) was negatively correlated with change in VAS pain score (post-pre) in distal group. Percent signal change in rPFC was extracted from
the peak voxel and plotted with change of VAS pain score (post-pre).

lesion (bottom, up), while the mechanism by which distal EA
reduces painmay instead involve changes in brain processing
(top, down), particularly in the PFC. Interestingly, multiple
previous studies have found that PFC activity supports
placebo [24, 28] and expectation-mediated analgesia [29].
Future studies should further explore howPFCactivity relates
to analgesia for different forms of acupuncture and how this
is similar to or differs from contextually-mediated analgesic
phenomena.

Brain response to verumEA in right S1was also correlated
with pain reduction. We found that greater activation in
this region was associated with reduced pain, while more
pronounced deactivation was associated with worsening
pain following verum EA. The somatotopy of this cluster is
consistent with the hand area, which would be ipsilateral for
the local group and contralateral (but well outside the leg
area) for the distal group. In general, S1 regions outside of the
contralateral somatotopic representation for somatosensory

stimulated body areas are deactivated [30], and this is clear
in the scatterplot for our data as well deactivation is noted
in this right S1 cluster for most subjects. Interhemispheric
communicationmodulates subcortical relay of sensory infor-
mation [31].Therefore, the balance of left and right S1 activity
may modulate the amount of sensory input, which might
serve to diminish the spontaneous afferent signal (e.g., pain,
paresthesia) from the affected hands in our study.

SMA activation was also correlated with pain reduction
following verum EA. SMA is a cortical region that modu-
lates communication between the somatosensory and motor
systems and has been shown to be activated by painful
stimulation in fMRI [32] and involved in pain control [33].
Greater activation following verum EA may reflect greater
transfer of EA-induced somatosensory inputs to the motor
system [34], fostering a more normalized sensorimotor com-
munication, compared to the sporadic afference coming from
diffuse paresthesia. Thus, EA (whether local or distal) may
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Figure 6: Brain response in bilateral SMA, PFC, and right S1 correlated with pain reduction in verum group. Brain response in bilateral SMA,
PFC, and right S1 were negatively correlated with changes in VAS pain score (post-pre). fMRI percent signal change in SMA, PFC, and right
S1 were extracted from the peak voxel and plotted with change of VAS pain score.

also reduce pain by supplying regulated somatosensory input
to the brain.

While verum acupuncture was found to reduce paresthe-
sia significantly more than sham acupuncture, the same was
not true for pain. Firstly, these results suggest that compared
to pain, paresthesia may be less susceptible to modulation by
sham acupuncture. In fact, paresthesia is a hallmark of CTS
and other peripheral neuropathic pain disorders stemming
from compression of the nerve trunk, and may be more
dependent on peripheral factors such as handpositioning and
temperature. Our data suggest that reduction of paresthesia
is dependent on therapies with significant somatosensory
afference, such as verum EA, regardless of whether this
afference comes from the site of the lesion. Perception of
paresthesia in CTS may be less centralized compared to pain
and may thus be less amenable to placebo effects. However,
we should also note that controversy regarding the use of
sham acupuncture as a control for verum acupuncture exists,
as sham procedures are not physiologically inert [35, 36]. In
fact, sham acupuncture has been shown to reduce aversive
symptom more readily than a placebo pill [37]. Interestingly,
while analgesic outcomes may be similar between verum and
sham EA, the brain mechanisms supporting this analgesia
may differ substantially. In our study, brain response was

more profound for verum compared to sham acupuncture,
and activity in specific regions in response to verum EA was
correlatedwith pain reductions.These results further support
the growing evidence [10] that brain response may serve
as an objective marker that differentiates verum and sham
acupuncture more readily than subjective pain report does.

Several limitations to our study should be noted.
Although brain response to verum or distal EA showed
significant correlation with short-term pain reduction, we
did not have enough statistical power to show significant
correlations between brain response to local or sham EA
alone and short-term pain reduction. In addition, our study
examined brain response to EA stimulation associated with
short-term clinical outcomes, and future studies should
extend our analysis to longer-term outcomes. Future studies
also should apply alternative fMRI approaches, such as func-
tional connectivity [38], to evaluate how brain connectivity
response to both verum and sham acupuncture mediates
analgesia in CTS.

In conclusion, EA stimulation at both local and distal
acupoints reduced pain, and greater brain activation in PFC,
SMA, and S1 was associated with more pronounced pain
reduction. Thus, greater PFC, SMA, and S1 activation may
support acupuncture analgesia. Brain response in PFC, SMA,
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and S1 could serve as predictive biomarkers to identify
patients more likely to benefit from acupuncture therapy.
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Determining an appropriate control for use in acupuncture research remains one of the largest methodological challenges
acupuncture researchers face. In general, acupuncture controls fall under one of two categories: (1) sham acupuncture, in which
the skin is punctured with real acupuncture needles either fully at nonacupoint locations or shallowly at acupoint locations or both
and (2) placebo acupuncture, which utilizes nonpenetrating acupuncture devices. In this study, we will focus on non-penetrating
placebo acupuncture devices (blunted-needle and nonneedle devices) that are currently available in acupuncture research. We
will describe each device and discuss each device’s validation and application in previous studies. In addition, we will outline the
advantages and disadvantages of these devices and highlight how the differences among placebo devices can be used to isolate
distinct components of acupuncture treatment and investigate their effects. We would like to emphasize that there is no single
placebo device that can serve as the best control for all acupuncture studies; the choice of an acupuncture control should be
determined by the specific aim of the study.

1. Introduction

Over the past decades, acupuncture treatment has gained
popularity in the Western world due to its therapeutic
effect. However, studies have achieved contradictory results
when using control treatments to test the true efficacy of
acupuncture. Studies consistently show that both real and
placebo acupuncture treatments confer significant benefits
over no-treatment control conditions [1, 2], and while some
studies have suggested that real acupuncture is significantly
more effective than placebo acupuncture [3–5], others have
failed to demonstrate the benefit of real acupuncture over
placebo acupuncture [6–9]. Although the reasons for such
contradictory results remain unclear, these results call for fur-
ther investigation of sham/placebo controls in acupuncture
research.

Placebo research has revealed several important variables
related to acupuncture treatment that can be either mod-
ulated or held constant between verum (real) and placebo
(control) conditions in order to test the effects of specific

and nonspecific components of acupuncture. In general,
acupuncture involves the insertion of needles into the body;
thus, one of the components of verum acupuncture is skin
penetration.While this particular component is not held con-
stant between verum and non-penetrating acupuncture con-
trols, there are several other variables that can be either held
constant or modulated, which include sensory stimulation,
dose (number of needles), acupoint location, practitioner-
patient interaction, and treatment setting.

In acupuncture research, double-blinded randomized
clinical trials (RCTs) serve as the gold standardwhen compar-
ing the effects of a specific treatment to the effects of a placebo
control. In acupuncture RCTs, it is ideal for the control treat-
ment to be both physiologically inert and indistinguishable
from the real treatment. Thus, an effective inert treatment
in the control condition is essential in order for a double-
blinded RCT to achieve a high level of scientific validity.
Determining the proper inert control for an RCT designed
to evaluate the efficacy of acupuncture is methodologically
challenging for three main reasons.
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(1) It is difficult to create an inert control device that
mimics both the visual appearance of the acupuncture
treatment device and the method of needle insertion
involved in acupuncture treatment.

(2) It is challenging to develop an inert acupuncture
device that can control for all nonspecific factors
involved in an acupuncture treatment. The therapeu-
tic effect of acupuncture relies on several nonspecific
factors, including the ritual procedure of acupuncture
administration, the patient-practitioner interaction,
the nature of the illness, the treatment, and the treat-
ment setting [10]. The microtrauma resulting from
piercing the skin also induces a variety of nonspecific
physiological responses involving the microcircula-
tion, local immune function, and neurally mediated
analgesic effects [11, 12].

(3) It is challenging to make the acupuncturist who
is directly administrating the acupuncture blind to
treatment condition.

As a result, over the years, investigators have used a vari-
ety of controls in their studies to account for these challenges
in terms of their own specific study aims. In acupuncture
research, placebo controls for acupuncture studies fall under
one of two categories: (1) sham acupuncture, in which the
skin is punctured with real acupuncture needles either fully
at nonacupoint locations or shallowly at acupoint locations,
or both and (2) placebo acupuncture, which utilizes non-
penetrating acupuncture devices. In this review, we will
focus only on non-penetrating placebo acupuncture devices,
including blunted needle and nonneedle devices that are
currently available for use in acupuncture research.

2. Placebo Acupuncture Devices

2.1. Blunted Needle Acupuncture Devices

2.1.1. The Streitberger Device

Description. In 1998, Streitberger andKleinhenz [13] designed
a blunted-needle placebo device, comprised of a copper
handle and a stainless steel needle with a blunt tip designed
to retract inside the handle (Figure 1). When the blunt tip is
pressed against the skin, the patient feels a slight pricking
sensation, which mimics the sensation elicited by a verum
needle but does not actually puncture the skin. As the blunt
tip is pressed onto the skin, the needle retracts into the
handle, creating the appearance of penetration. This device
is anchored in a plastic ring on the skin surface and held in
place with surgical tape or plaster.

Validation/Application. The results from the first vali-
dation study of the Streitberger device [13] indicate that
subjects in this study could not differentiate between verum
acupuncture and the Streitberger device. In this crossover
study, 60 healthy subjects, blinded to treatment condition,
were asked to evaluate subjective ratings of acupuncture
sensations using a visual analog scale (VAS) after both the
placebo and verum acupuncture treatment.

Plastic ring Plastic cover

Placebo

Skin surface

Verum

Figure 1: The Streitberger device. The Streitberger placebo device
uses a short blunt needle within a thin handle. A plastic ring covered
with a plastic sheath is used to keep the needle in place.

Subsequently, the Streitberger device has been used as
a control in acupuncture research [14–21] and clinical trials
covering a range of indications [22, 23], resulting in a
variety of findings. After the initial crossover experiment,
Streitberger and colleagues conducted several trials in other
clinical populations, the results of which indicated that
the true efficacy of acupuncture may be specific to certain
ailments [24]. For example, the investigators found verum
acupuncture to be slightly more effective (𝑃 = .07) than
placebo acupuncture in relieving postoperative nausea and
vomiting prophylaxis in patients undergoing gynecological
surgery but not for those undergoing breast surgery (𝑃 =
.86) [24]. Results from another RCT conducted by Schneider
and colleagues [25] suggest that the efficacy of acupuncture
treatment for irritable bowel syndrome is primarily a placebo
response. In one randomized trial [26], 52 males with rotator
cuff tendinitis underwent 4 weeks of treatment, either with
penetrating (verum) or non-penetrating (the Streitberger
device) acupuncture, and were asked to rate their pain using
the modified Constant-Murley shoulder outcomes scale
(including pain, function, range of motion, and strength).
The verum acupuncture group showed significantly more
improvement in subjective pain ratings compared to the
placebo acupuncture control.

2.1.2. Park Device

Description. Park and colleagues [27] invented a placebo
device intended to stabilize the needle (either penetrating or
blunted) in positionwith an additional plastic tube (Figure 2).
The Park device consists of two tubes. The guide tube holds
the needle perpendicular to the skin and is fitted within
the Park tube, a larger tube fixed to the ring base, so that
the standard guide tube slides freely within the Park tube.
A silicon base rests under the ring base and adheres to the
skin with double-sided tape. The acupuncturist positions the
needle perpendicular to the skin and taps the handle of
the needle in a precise imitation of the insertion of a real
acupuncture needle. When a verum needle is used within
the Park device, the needle is long enough to penetrate the
skin. A placebo needle, in contrast, is too short to penetrate
the skin through the Park device. After positioning the
needle it may then be manipulated by lifting, thrusting, or
rotating.

Unlike the Streitberger device, the Park device includes
a Park tube that holds the placebo needle more firmly in
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Guide tube

Park tube

Ring base

Figure 2: The Park device. The Park device is a placebo device that
employs an oversize guide tube. The device adheres to the skin
with double-sided tape. A second guide tube providesmore stability,
sliding to fit within the Park tube.

place and facilitates lifting and thrusting, a common manual
stimulation technique in acupuncture. Due to the fact that the
guide tube is fixed to the skin, the Park device cannot be used
to insert the needle at certain angles or depths.This limitation
is problematic when using acupoints requiring shallow or
horizontal insertion.

Validation/Application. The Park device was validated in
two separate studies by Park and colleagues in 2002 [28].
The first study involved 58 acute stroke patients and the
second involved 63 healthy acupuncture-naive volunteers.
The purpose of these validation studies was to test the
Park device in both a patient population and in healthy
volunteers (aged 16 years and older) in order to assesswhether
the device was indistinguishable from verum acupuncture
(study 1) and whether the device was “active” (i.e., whether
it elicited sensations (deqi) specific to the needling action)
when applied at the Hegu (LI4) point (study 2). The results
of this RCT suggested that the Park device was both “indis-
tinguishable” and “inactive” when employed. But there are
some problems when using the Park device. For example,
it may be more difficult to maintain participant blinding
when using the Park device on traditional acupoints com-
pared to nontraditional acupuncture points [29], or on the
upper limb (i.e., Triple Energizer Meridian) acupoints com-
pared to the lower limb acupoints (i.e., Bladder Meridian)
[30].

Since the original validation studies, the Park device
has been used in several acupuncture RCTs as a placebo
acupuncture control [31–34]. For instance, in one RCT
[35], the authors compared the efficacy of verum acupunc-
ture (56 stroke patients) and the Park device (60 stroke
patients) and they found that verum acupuncture was
not superior to placebo treatment in terms of improve-
ments in health-related quality of life after suffering a
stroke.

Stopper

Needle

Upper stuffing

Opaque guide tube

Lower stuffing

Pedestal

Figure 3: The Japanese device. The Japanese device is comprised of
an opaque guide tube and an upper stuffing. The stopper prevents
the needle handle from advancing further. In addition, the placebo
contains stuffing at the bottom to provide a sensation similar to that
of skin puncture and tissue penetration.

2.1.3. Japanese Device

Description. The Japanese device, which employs a non-
penetrating placebo needle (Figure 3), was designed by
Takakura and Yajima for use in double-blind trials [36]. Like
the needle of the Park and Streitberger devices, the tip of the
placebo needle in the Japanese devicemakes non-penetrating
contact with the skin. The Japanese device can be used with
both verumandplaceboneedles and blinding of both patients
and acupuncturists can bemaintained. To our knowledge, the
Japanese device is the only needle device that can maintain
both patient’s and acupuncturist’s blinding. The verum and
placebo needles used in the Japanese device differ in length.
When a placebo needle is employed, the presence of the
lower stuffing provides a substrate into which the needle
can be inserted. When the verum needle is used, the sharp
tip penetrates the skin. Inserting the needle into the lower
stuffing of the placebo device produces a sensation similar
to the sensation of skin being punctured for the patient and
the sensation of tissue penetration for the acupuncturist,
which allows both patient and acupuncturist to remain
blinded to treatment condition. Both needles have a stopper
that prevents the needle handle from advancing beyond the
specified position of the penetrating needle or the non-
penetrating needle. Due to fixed needle length and stuffing
position, the Japanese device, like the Park device, is restricted
in its ability to simulate traditional needle manipulation
methods and various angles of insertion.This device requires
custom manufacturing. Currently, it is only available for use
by the inventor-investigators and awaits validation by other
clinical trials.

Validation/Application. Investigations of the validity of the
Japanese device suggest that it is quite indistinguishable from
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Placebo

Foam
Skin surface

Verum

Figure 4: Foam device.The foam placebo (one example shown here)
device uses a blunted needle inserted through a piece of elastic foam.

a verum device. In one study, the authors found that both
experienced acupuncturists and acupuncture-experienced
subjects made statistically equal numbers of correct and
incorrect judgments of needle type (verum or Japanese
device) after administration of treatments [37]. In another
study, practitionersmademore incorrect judgments than cor-
rect judgments [38] suggesting that this device was effective
at maintaining practitioner’s blinding.

2.1.4. Foam Device

Description. There are several versions of the foam device
used for placebo acupuncture treatment (see Figure 4 for one
example).This device involves the use of a blunted needle and
a cube of elastic foam for needle positioning.The acupunctur-
ist must first fix the foam on a specified acupoint. In contrast
to the verum acupuncture device, inwhich the sharp needle is
inserted into skin through the foam, the placebo device holds
the blunted needle within the foam. Compared with other
devices, the foam device is simple and inexpensive. There
are many variations of this device, so the specific design of
the device must be taken into consideration. The Goddard
device [39], for example, has no needle stopper, so it is
the acupuncturist’s responsibility to stop pushing the needle
when s/he perceives that the placebo needle has touched the
skin. Similarly, other foam devices require the acupuncturist
to be careful during needle rotation not to advance the needle
too far, in order to avoid skin contact entirely [40]. For
all of the foam devices, the foam pad visually conceals the
needle’s point of entry, so that the subject cannot discern
which technique is being used; it also helps to hold the needle
in place so that it appears identical to real acupuncture needle
positioning.

Validation/Application. In one randomized single-blind val-
idation study, 49 healthy subjects were divided into two
treatment groups: acupuncture group and placebo group.
Goddard and colleagues [39] demonstrated that subjects
were not able to differentiate between verum and placebo
acupuncture. Placebo acupuncture was conducted by lightly
pricking the skin with a shortened, blunted acupunc-
ture needle through a foam pad, without penetrating the
skin.

In a study of 36 rheumatoid arthritis patients conducted
by Tam and colleagues [40], investigators adhered a standard
cube of foammaterial (2 cm× 2 cm× 2 cm) to the skin around
the acupoint visible to patients. The recipient could not see

the depth of the needle since the cube of foam hid the tip of
the needles.

In another validation study using a crossover design [41],
32 healthy volunteers were randomly first assigned to either a
verum acupuncture group or a placebo acupuncture group.
After 30 minutes, the subjects received another modality
of treatment. The main outcome measurement was a self-
report questionnaire of deqi sensations. In this study, an
adhesive patch made of two pieces of high-density foam,
13mm in length, 5mm in height, and 12.7mm in width
was perforated in order to hold a needle guidance tube.
The guide tube sufficiently masked the needle from view
such that subjects were not able to determine whether they
were receiving real or placebo acupuncture when the patch
was placed on the skin. In this study, a shortened needle
with a blunted tip was used in order to avoid pricking
the skin after tapping the needle. In this crossover study,
there were no significant differences in ability to differentiate
between the real and placebo needles before or after subjects
received their second acupuncture condition. These results
suggest that this method is credible for the subjects and
constitutes a simple, inexpensive technique in use as a control
in clinical research with a population of acupuncture-naive
subjects.

2.1.5. Other Nonpenetrating Needle Devices

Description. Multiple investigators have designed their own
noninvasive needle-delivering apparatuses using blunted
needles, toothpicks, or plastic guide tubes. These devices
are simple, easy to manipulate, and do not require extra
equipment. These control devices are designed to be as
effective, inert, and indistinguishable as the devices that have
preceded them; however, they do not mimic the appearance
of the verum acupuncture devices with regard to needle
insertion and therefore must be kept outside of the subject’s
visual range. They can be applied to the neck, back, and
any other body region that the subject cannot see. If visible
acupoints must be targeted, subjects’ eyes must be covered to
prevent unblinding.

Application. The blunted needle device employs a needle,
with the tip removed. The blunt tip of this specialized needle
prevents the needle from penetrating the skin. The cut
ends are manually smoothed with sandpaper under sterile
conditions. The acupuncturist mimics needle insertion by
applying the sparrow pecking technique (i.e., rapid stimu-
lation of a single acupoint with the blunt tip of the needle)
[4, 42].

Plastic guide tubes are also used as placebo devices, as
they provide the sensation of acupuncture stimulation but do
not penetrate the skin [43].The plastic guide tube can also be
combined with a blunted needle or toothpick to further pro-
vide the sensation of acupuncture stimulation [3, 7, 44–47].

Trials involving these devices are difficult to replicate
because the devices are not standardized. Since the majority
of these trials have not been precisely replicated (i.e., the
devices are slightly different), the validity of the results of
RCTs that use these devices remains to be tested.
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2.2. Nonneedle Acupuncture Devices

2.2.1. Transcutaneous Electrical Nervous Stimulation (TENS)

Description. Transcutaneous electrical nerve stimulation
(TENS) is the application of a mild electrical current to
the cutaneous nerve fibers using surface electrodes. It is
characterized by current, pulse width, and frequency. The
amplitude of the current is usually adjusted to just above or
below sensory threshold. The duration of stimulation varies
from a short period of time (e.g., 20 minutes) to continuous
stimulation (e.g., 60 minutes or even longer). The placebo
TENS device uses a nonfunctional TENS apparatus with no
electrical stimulation. While the efficacy of verum TENS
remains unknown, the placebo TENS device is an example
of a double-blind placebo device that can act as a control to
estimate the efficacy of the verum device because it is visu-
ally indistinguishable from the verum device. TENS differs
entirely from needle acupuncture and thus the placebo TENS
device may best serve as a control for verum TENS trials.

A new variation of TENS device worth noting is a special
electrode designed for ear stimulation. It consists of two
pair carbon-impregnated silicone electrodes fixed to one ear
clamp; only one pair of the electrodes is connected to the
electrical wire. Given that the electrode wiring is imbedded
in the clamp, this design allows for subject and practitioner
blinding [48].

Validation/Application. In an early double-blinded validation
study on TENS-naive chronic low back pain patients, real
TENS was compared to sham TENS.The results showed that
every patient in the real TENS group believed the unit was
functioning correctly with varying degrees of certainty. In
the sham TENS group, 84% patients believed they have a
functioning unit, with significant lower certainty level [49].

Several subsequent clinical trials have employed placebo
TENS to investigate the efficacy of verum TENS. In a study
of chronic back pain, a 2 × 2 factorial design was used to
compare TENS, placebo TENS, exercise, and no exercise. No
superior benefit was found for verum TENS over placebo
TENS using a VAS of pain ratings and other clinical outcome
measures [50].

In another study, verum TENS versus placebo TENS was
studied in patients with multiple sclerosis and chronic low
back pain. After correcting for multiple comparisons, there
were no significant differences on pain visual analog scale and
other self-evaluation scales between the verum and placebo
TENS groups [51].

In one study, investigators studied the efficacy of TENS
compared to placebo TENS and a control no-treatment
group in a population of patients with chronic low back
pain. Average pain ratings collected immediately before and
after each treatment demonstrated a significant reduction
in pain in both the verum and placebo TENS groups. Pain
intensity was reduced significantly more for those in the
TENS group compared to the placebo TENS group. Addi-
tionally, investigators studied the additive effects of 10-week
treatment (administered twice weekly) and found that TENS
but not placebo TENS demonstrated a reduction in pain

intensity over the first 16 treatments. Similarly, verum TENS
was more effective than placebo TENS in maintaining pain
reduction one week after the last treatment. The benefit in
pain reduction continued for 3 and 6months after completion
of the study regardless of whether subjects received verum
or placebo TENS treatment. The no-treatment control con-
dition, in contrast, demonstrated no natural improvement in
pain over the same course of time [52].

2.2.2. Laser Acupuncture

Description. Laser acupuncture is defined as the stimulation
of traditional acupuncture points with low-intensity, non-
thermal laser irradiation. Verum laser acupuncture produces
a wavelength of infrared laser light. Both verum and placebo
laser acupuncture are manufactured with visual red light and
acoustic signal.

Validation/Application. In 2001, Irnich and colleagues [53]
were the first investigators to adopt the placebo laser
acupuncture device. They used placebo laser acupuncture
as the inert control in a study that compared conventional
massage with acupuncture (verum needle and placebo laser
acupunctures) for the treatment of chronic neck pain. The
placebo laser acupuncture was performed with an inactive
laser pen, which produced a red light with no infrared
properties. The results from this study suggest that needle
acupuncture is significantly more effective than massage and
equally as effective as a short-term treatment for patients with
chronic neck pain, indicating that placebo laser acupuncture
might share some of the same nonspecific effects with needle
acupuncture.

The validity of the placebo laser acupuncture as a general
acupuncture control was thoroughly discussed in an article
written by Irnich et al. [54]. In another study they also inves-
tigated the validity of the placebo laser acupuncture device
as a laser acupuncture control. The results of this random-
ized, double-blind crossover study suggested that placebo
laser acupuncture produces the same nonspecific effects as
laser acupuncture. Additionally, there were no significant
differences between the efficacy ratings of acupuncture-
experienced and acupuncture-naive subjects in this study.
Neither the subject nor the treating acupuncturists were able
to distinguish between the real and placebo laser devices.
Over the years, this device has been applied in several trials
to treat diseases such as acute tonsillitis, and pharyngitis,
vasomotor rhinitis and whiplash injuries [55–58].

3. Discussion

Finding a proper control remains a primary methodological
concern in acupuncture research. Traditionally, two main
categories of acupuncture control have existed: (1) sham
acupuncture, which involves the use of real needles that
puncture the skin and (2) placebo acupuncture, which is non-
penetrating. Sham acupuncture utilizes penetrating needles
that are either applied fully to nonacupoints or shallowly
to acupoints or both [8]. But the problem is that it can
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Table 1: Considerations for use of placebo devices in acupuncture research.

Types of device

Considerations

Visually
indistinguishable

Somato-
sensation

Constraint
of needle
insertion

Commercial
availability

Self-
made

Modality
specific Price Reusable

Appropriate
for

double-blind
study design

Appropriate
for crossover
study design

Blunted needles
devices

The Steitberger
device √ √ √

$6.3 per
needle

The Park
device √ √ √ √

$2.9 per
needle

The Japanese
device √ √ √ NA √

Foam device √ √ √ NA √

Others √ √ NA √

Nonneedle
devices

Placebo TENS √ NA √ √

$59 to
$260 per
unit

√ √ √

Placebo laser
acupuncture √ √ NA √ √

$hundred
to

thousand
per unit

√ √ √

Prices according to Google Shopping. The actual prices may vary across vendors.

be difficult to find a noninfluential site on the skin that is
not near other acupoint, and shallow needling can resemble
some traditional Chinese acupuncture techniques. Several
studies, however, have indicated that sham acupuncture can
also produce a therapeutic response and elicit neurobiological
responses at various levels in the central nervous system
[59].

Thus, a placebo acupuncture device may be a more
appropriate control for verum acupuncture because it min-
imizes the physiologic response and is relatively inert. In this
paper, we have described a range of placebo acupuncture
devices currently used in acupuncture research. Table 1 lists
the relative advantages and disadvantages of the devices, as
well as the common and unique aspects of the devices as
discussed below.With this table, we seek to highlight some of
the considerations investigators should take when designing
their placebo-controlled acupuncture studies.

Placebo acupuncture is generally noninvasive. The
blunted needles used in these devices are relatively inert
and indistinguishable from real acupuncture needles. The
Streitberger, Park, and Japanese devices are three of the
most commonly used placebo needle devices in acupuncture
research. The Japanese device is the only needling device
that can be employed in double-blinded trials. All three of
these devices are used in a similar manner; a blunted needle
is inserted, touches the skin, and is retracted. These three
devices, while standardized and validated, are not widely
available for researchers worldwide since they are custom
fabricated. Aside from the Streitberger device, all other
placebo devices have physical limitations with regard to their

ability to facilitate a range of manipulation methods, such as
shallow or horizontal insertion. They are also not effective
for all acupoint types and acupuncture positions. The foam
device, simple toothpick, and blunted needle device are
not standardized and thus cannot be validated. Since these
devices have not been validated, the quality of the results
from RCTs using these devices remains unconfirmed.

All placebo needle devices involve contact with the skin.
Physical contact with the surface of the skin may provide
sensory stimulation, indicating that even blunted needle
devices are not entirely inert and may elicit a therapeutic
effect of their own. For instance, Han and Lund et al. noted
that the sensation produced by a needle tip “touch” was
substantial [60] and it may activate parts of the peripheral
nervous system [61]. Thus, using blunted needle devices on
nonacupoints in acupuncture studiesmightmake the placebo
acupuncture relatively inert.

The response to placebo acupuncture treatment is due to
a variety of factors, including the presence or absence of deqi
sensations. The deqi phenomenon is a complex set of phys-
iological sensations associated with acupuncture treatment
[14, 62]. Those who have experienced acupuncture deqi sen-
sations prior to treatment are often cognizant of the absence
of deqi when they receive placebo acupuncture treatment.
For instance, in one single-blind randomized, crossover pilot
study [63] that involved patients with chronic pain receiving
both verum and placebo acupuncture treatment, subjects
who received the placebo treatment first thought that they
were receiving verum treatment after one single treatment.
However, after the second treatment, nearly 40% of those
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same subjects were able to detect a difference between the
two needles. Thus, it is also important to measure the deqi
sensation in acupuncture clinical trials even when sham
devices are applied. In light of this finding, some investigators
[46] choose to exclude patients with previous acupuncture
experience.

Similar to other longitudinal treatment studies involving
placebo treatments, maintaining patient’s blinding through-
out a treatment study involving multiple acupuncture treat-
ments can be difficult. All blunted needle placebo acupunc-
ture devices can be useful in short-term, acute intervention
trials. However, in conditions requiring long-term treatment,
maintaining patient’s blinding may be difficult due to the
subjects’ natural curiosity and/or motivation to learn more
about the type of treatment they have been receiving, which
can lead to unblinding (e.g., patients may talk to each other,
read about acupuncture, or go to another acupuncturist). It
is important for investigators to assess whether or not the
subject blinding can be maintained through the end of the
study.

Unlike verum acupuncture, some placebo devices require
tape or foam for successful application of the placebo treat-
ment. Devices that require tape or foam may induce allergic
reactions and thus may not be tolerated by all subjects. In
addition, there is risk of infection if the needle were to be
inserted through the tape and thus it is necessary to use sterile
techniques. Additionally, these devices may not be suitable
for all acupoints, such as points on the scalp, fingers, and toes
that cannot provide a flat surface for tape or foam.

“Nonneedle” placebo acupuncture devices (TENS and
laser acupuncture) have their own set of common con-
siderations. Neither placebo TENS nor laser acupuncture
provide repeated needle stimulation of the skin and thus are
relatively physiologically inert. Nonneedle placebo devices
are also effective for both acupuncture-experienced and
acupuncture-naive subjects. The major disadvantage of non-
needle devices like TENS and laser acupuncture is that they
differ from verum needle acupuncture in design and concept,
aswell as in context and culture.Therefore, placeboTENS and
placebo laser acupuncturemay only be considered to serve as
valid placebo controls inTENS and laser acupuncture studies,
respectively.

Finally, we would like to emphasize that this paper is
developed to aid investigators in designing studies that test
and explore the efficacy and mechanism of acupuncture and
to facilitate the selection of appropriate acupuncture placebo
devices. The most appropriate placebo acupuncture devices
are those that are the most indistinguishable and inert in
consideration of the specific design on the study.
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The present study attempted to explore modulated hypothalamus-seeded resting brain network underlying the cardiovascular
system in primary hypertensive patients after short-term acupuncture treatment. Thirty right-handed patients (14 male) were
divided randomly into acupuncture and control groups. The acupuncture group received a continuous five-day acupuncture
treatment and undertook three resting-state fMRI scans and 24-hour ambulatory blood pressure monitoring (ABPM) as well as
SF-36 questionnaires before, after, and one month after acupuncture treatment. The control group undertook fMRI scans and 24-
hour ABPM. For verum acupuncture, average blood pressure (BP) and heart rate (HR) decreased after treatment but showed no
statistical differences. There were no significant differences in BP and HR between the acupuncture and control groups. Notably,
SF-36 indicated that bodily pain (P = 0.005) decreased and vitality (P = 0.036) increased after acupuncture compared to the baseline.
Thehypothalamus-related brain network showed increased functional connectivity with themedulla, brainstem, cerebellum, limbic
system, thalamus, and frontal lobes. In conclusion, short-term acupuncture did not decrease BP significantly but appeared to
improve body pain and vitality. Acupuncture may regulate the cardiovascular system through a complicated brain network from
the cortical level, the hypothalamus, and the brainstem.

1. Introduction
Hypertension is a common chronic disease affecting one-
third of all adults worldwide and causing 51% of stroke
deaths and 45% of coronary heart disease deaths in 2012
[1]. Investigating hypertension relief has therefore gained
increasing attention and interest.

Acupuncture has emerged as a common alternative or
complementary therapeutic intervention in western medi-
cine. Reports have stated that acupuncture has certain cura-
tive effects for high BP and cardiac pain, with few side effects
observed [2]. Despite its public acceptance, unequivocal
scientific explanations regarding the mechanism underlying
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Assessed for eligibility 𝑛 = 71

Not willing to participate 𝑛 = 14

Met exclusion criteria 𝑛 = 25

Randomized to acupuncture group or control group 𝑛 = 32

Control group 𝑛 = 15

Completed experiment 𝑛 = 15

Acupuncture group 𝑛 = 17

Completed experiment 𝑛 = 15

Withdrew 𝑛 = 2

Acupuncture uncomfortable 𝑛 = 1

MRI scan uncomfortable 𝑛 = 1

Figure 1: Participants flowchart diagram.

acupuncture in high BP treatment has not been attained and
awaits further investigation.

In the recent years, the therapeutic effect of acupuncture
in lowering BP has been investigated and discussed in
many case reports and small-scale clinical trials [3–7], as
well as several large-scale clinical trials on hypertension
with acupuncture treatments [8–10]. However, these studies
have only focused on the efficacy of acupuncture, and the
mechanism of acupuncture in hypertension relief remains
unknown.

In the past two decades, converging evidence from fMRI
studies has demonstrated that acupuncture stimulation can
modulate neural activities in a wide cortical-subcortical
network, particularly the limbic system [11–19]. In practice,
the well-identified physical effects of acupuncture and its
purported clinical efficacy also suggest that it helps maintain
a homeostatic balance of the internal state within and across
multiple brain systems. Evidence from animal studies has
demonstrated that acupuncture stimulation can facilitate the
release of certain neuropeptides in the central nervous system
(CNS), eliciting profound physiological effects and even acti-
vating self-healing mechanisms [20, 21]. Electroacupuncture
studies in rats revealed that both low-frequency and high-
frequency stimulation induced analgesia, but differential
effects existed in low- and high-frequency acupuncture on
the types of endorphins released [20]. Peripheral acupuncture
stimulation in deeper areas also activated various brain
structures, such as the limbic, hypothalamic, and brainstem
neural nuclei [21].

The present study attempted to investigate short-term
acupuncture treatment in hypertension relief using resting
state fMRI combined with a 24-hour ABPM. The aim
was to (i) observe if short-term acupuncture decreased
BP of hypertensive patients and improved quality of life
and (ii) determine the possible mechanism of short-term

acupuncture for treating hypertension in the hypothalamus-
related brain network.

2. Materials and Methods

2.1. Participants. We recruited hypertensive participants
from the Beijing Dongcheng District Tiantan community
health service center and Fengtai District 201 community
hospital. The eligibility criteria included (1) clinical diagnosis
in line with WHO diagnostic criteria of essential hyperten-
sion: systolic blood pressure (SBP) ≥140mmHg and diastolic
blood pressure (DBP) ≥90mmHg without antihypertensive
drugs, two or more repeated measurements, normal BP now
with the use of antihypertensive drugs but with a clear history
of hypertension, and species and dose of antihypertensive
medicine not changed or suspended or not taking antihy-
pertensive drugs during the study period [8, 9]; (2) 30–75
years old; (3) without cerebral infarction history and without
cerebral infarction byMRIpreliminary screening; (4)without
nervous system disease, mental disease, diabetes, or other
serious illness; (5) no drug addiction history; (6) no MRI
contraindication and acupuncture contraindication; (7) no
acupuncture experience over the past year; (8) right-handed
by Edinburgh handedness questionnaire [19]; (9) provision of
informed consent. The exclusion criteria included (1) could
not receive acupuncture; (2) any unsuitable situation in the
study. The drop-off criteria are as follows: (1) hypertensive
crisis or other emergency; (2) could not adhere to acupunc-
ture treatment. The present study was according to the
principles of the Declaration of Helsinki (Version Edinburgh
2000).

Of the 71 participants recruited, only 30 (14 male, 35–
74 years, mean age of 56.73 ± 9.29 years) met the eligibility
criteria and finished the experiment (Figure 1). All subjects
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were randomly divided into the acupuncture group and the
control group, with 15 participants in each.

2.2. Acupuncture Interventions. Participants underwent five
acupuncture treatments over five consecutive days, with each
session lasting about 30 minutes. During each treatment,
seven acupoints used to treat hypertension in clinical settings
were selected and needled bilaterally (except single points
like GV20 (baihui), GV23 (shangxing), and four points EX-
HN1 (sishencong)), including ST9 (renying), LI11 (quchi),
PC6 (neiguan), LI4 (hegu), ST36 (zusanli), SP6 (sanyinjiao),
and LR3 (taichong) [10, 22] (Figures 2 and 3). After local
skin disinfection, sterile acupuncture needles (0.2mm in
diameter, 40mm long,Hua tuo acupuncture needles, Suzhou,
China) were inserted into the skin to a depth of 15–50mm
according to different acupoints and were gently twisted in
a mild reinforcing-reducing method 4–6 times till a deqi
response was obtained. Control group participants did not
receive acupuncture treatment and took medicine according
to their original treatment programs. The acupuncture pro-
cedure was performed by the same experienced and licensed
acupuncturist (15 years of experience) on all subjects.

Figures 2 and 3 show needling acupoints for hypertension
treatment. GV20 (baihui) is located in the center of the
head; EX-HN1 (sishencong) includes four acupoints located
around GV20, each about 3 cm to GV20; ST9 (renying) is
located in the neck, beside the Adam’s apple, in the midpoint
of the leading edge of the sternocleidomastoid; LI11 (quchi)
is located in the outer end of the elbow stripes; LI4 (hegu)
is located in the back of the hand, between the first and
second metacarpal, radial side of the midpoint of the second
metacarpal; PC6 (neiguan) is located in the volar forearm,
about 6 cm above the wrist stripes between tendon and radial
measured wrist flexor tendon; ST36 (zusanli) is located in
the anterolateral leg, between the tibialis anterior muscle and
extensor digitorum longus, about 10 cmbelow the knee, about
1.5 cm from the tibia leading edge; SP6 (sanyinjiao) is located

EX-HN1

GV20

Figure 3

in the medial leg, about 10 cm above the medial condyle tip;
LR3 (taichong) is located in the dorsal foot and the first
metatarsal gap rear depression.

2.3. Data Acquisition. The participants were scanned in a 3.0
Tesla Siemens Trio MR whole body scanner. A foam pillow
and a band across the forehead were used to fix the head.
Resting state functional images were acquired with a single-
shot gradient recalled echo planar imaging sequence. The
sequence covered the whole brain, axial view, parallel to the
AC-PC line, TR = 2000ms, TE = 30ms, measurement =
240, resolution = 64 × 64, field of view (FOV) = 240mm ×
240mm, flip angle = 90∘, slice thickness = 5mm without
gap, 32 slices, and scan time = 8,06 minutes. A set of T1-
weighted high-resolution structural images were collected
using a 3DMPRAGE sequence for anatomical localization.
TR = 1900ms, TE = 2.39ms, field of view (FOV) = 256mm ×
256mm, flip angle = 7∘, in-plane resolution = 1mm × 1mm,
slice thickness: 1mm without gap, 32 slices, and scan time =
8,26 minutes.

2.4. Experiment Workflow. The experiment workflow is
shown in Figure 3. The first MRI scan adopted the T2WI
sequence to exclude participants with cerebral infarction.
Participants whomet the inclusion criteria underwent resting
state fMRI and 3DT1WI structure sequences. The second
and third MRI scans were only performed in the resting
state fMRI sequence. The BP and heart rate (HR) of the
participants weremeasured three times before and after every
MRI scan, with the average taken for the threemeasurements.
Participants sat quietly for 5 minutes before each mea-
surement. We used a MOBIL GRAPH sphygmomanometer
(Germany) to monitor 24-hour ambulatory blood pressure
(ABMP). The BP and HR of the participants were also tested
three times before and after every acupuncture treatment,
with the average taken for the three recordings.

The acupuncture group received 24-hour ABMP and an
MRI scan at multiple time points (before acupuncture, after
acupuncture, and one month later). The control group only
received 24-hour ABMP and oneMRI scan. During the study
period, participants maintained their original treatments,
and drug type and dosage were not modified except for
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Figure 4: Experimental workflow.

emergency situations (SBP ≥ 180mmHg, DBP ≥ 110mmHg,
or other emergency situations). In case of emergency, the
participants were moved into the drop-off group.

At the end of the first acupuncture treatment, the par-
ticipants completed a questionnaire using a 10-point visual
analog scale (VAS) to rate the experience of deqi during
intervention. The questionnaire included aching, pressure,
heaviness, coolness, soreness, fullness, numbness, warmth,
tingling, dull pain, and sharp pain. The VAS was defined as
0 = no sensation, 1–3 = mild, 4–6 = moderate, 7-8 = strong,
9 = severe, and 10 = unbeatable sensation.

Considering that BP and HR can be easily affected by
psychological factors, such as affective states and anxiety,

participants filled out questionnaires for assessments of
anxiety (State Trait Anxiety Inventory (STAI)) [23] and
affective state (BFS mood survey) [24]. To evaluate quality of
life (QoL), subjects also completed questionnaires on MOS
item short from health survey (SF-36) [25] before and after
acupuncture treatment in the acupuncture group.The control
group participants also completed the SF-36 (see Figure 4).

2.5. Statistical Analysis

2.5.1. Physiological Data. Since 24-hour ABMP is affected by
movement and other factors, the data collected from each
participate was not exactly the same. Therefore, we selected
independent sample t-tests to compare the physiological data
and paired t-tests to analyze the SF-36 survey. We used SPSS
13.0 for statistical analyses, with𝑃 < 0.05 indicating statistical
difference and 𝑃 < 0.01 indicating significant statistical
difference.

2.5.2. Image Preprocessing. All preprocessing steps were
carried out using statistical parametric mapping (SPM5,
http://www.fil.ion.ucl.ac.uk/spm/). Functional images were
preprocessed using sinc interpolation for slice scan time
correction, trilinear sinc interpolation for alignment (motion
correction) of functional volumes, and high-pass temporal
filtering to 1Hz to remove slow drifts in the data. The
image data were further processed with spatial normalization
based on the MNI space and resampled at 2mm × 2mm ×
2mm. Poststimuli resting data were also filtered using a band
pass filter (0.01∼0.08Hz) to reduce low-frequency drift and
high-frequency noise. Finally, the functional images were
spatially smoothed with a 6mm full width at half maximum
(FWHM)Gaussian kernel. All resting state functional images
were preprocessed using Statistical Parametric Mapping 5
(SPM5) and included motion correction, normalization, and
smoothing.

2.5.3. Functional Connectivity Analysis. For each subject,
the “seeding” time courses of the hypothalamus were,
respectively, cross-correlated with all low-pass filtered voxels
to generate functional connectivity maps within each of
the three conditions. This approach was termed within-
condition interregional covariance analysis (WICA). The
resulting correlation coefficient 𝑟-maps were normalized
and corrected to roughly standard normal distributions
using methods previously described. The normality of the
distribution was then tested using Kurtosis tests (𝑃 <
0.001). The three 𝑧-maps of each individual were entered
into one-sample t-tests, respectively, to determine whether
group data was significantly different from zero. For visu-
alization, all connectivity results were transformed into
the Talairach stereotactic space and overlaid on MRIcro
(http://www.mccauslandcenter.sc.edu/CRNL/) for presenta-
tion purposes. All resulting 𝑡-maps were then cluster-filtered
to remove correlations involving less than three contiguous
voxels and then superimposed on high-resolution anatomical
images using a 𝑃 < 0.001 cutoff threshold (uncorrected).
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Table 1: Physiological data of acupuncture and control groups.

SBP
(mmHg) SD DBP

(mmHg) SD HR
(bpm) SD

ACU
B 127.13 5.52 81.71 8.40 71.50 8.67
A 126.74 7.93 80.86 13.36 69.83 9.53
L 123.22 9.47 81.11 16.23 69.98 9.60

CON 133.40 18.58 80.93 11.49 72.71 6.43
ACU: acupuncture group; CON: control group; B: before acupuncture; A: after acupuncture; L: one month later.

The above image processing programs were coded in MAT-
LAB7 (MathWorks, Inc.).

3. Results

3.1. Physiological Data. Average BP at different time points
for the acupuncture and control groups are shown in Table 1.
Two independent sample t-tests were used to compare the BP
and HR between the two groups, 𝑡 = −1.529, 𝑃 = 0.127,
with no statistical differences observed in physiological data,
indicating comparable balance in the two groups.

Comparison between acupuncture treatment before and
after showed that the average SBP, DBP, and HR tended to
decrease after acupuncture, although no statistical differences
were observed (Table 2). Comparison between the acupunc-
ture and control group showed that average SBP, DBP, and
HR demonstrated no statistical differences between the two
groups (Table 3).

In the SF-36 survey for QoL, participants in the acupunc-
ture group reported increased scores of bodily pain (baseline:
mean ± SD, 79.4 ± 12.3 versus after acupuncture: mean ±
SD, 87.0 ± 10.6, 𝑃 = 0.005) and vitality (80.0 ± 15.9 versus
83.2 ± 11.9, 𝑃 = 0.036). Changes in physical functioning
(92.7 ± 11.9 versus 92.7 ± 11.9), role physical (76.7 ± 38.3
versus 78.3 ± 35.2, 𝑃 = 0.582), general health (67.0 ± 15.2
versus 68.7±13.9,𝑃 = 0.334), social functioning (96.7± 23.36
versus 98.3 ± 19.4, 𝑃 = 0.334), role emotional (91.1 ± 26.6
versus 93.3 ± 25.8, 𝑃 = 0.334), and mental health (70.4 ±
12.9 versus 71.2 ± 12.5, 𝑃 = 0.082) did not differ among
participants.

3.2. ConnectivityMapping. At the baseline, the hypothalamus
showed prominently spontaneous activations associated with
limbic, cortical, and subcortical regions (𝑃 < 0.001),
including the bilateral cerebellum, middle brain, bilateral
insula, thalamus, and most of the frontal lobes. These results
demonstrated a hypothalamus-anchored resting brain net-
work under baseline conditions. Conversely, spontaneous
deactivation was mainly located in the left cerebella vermis,
as well as the left superior and right inferior frontal gyrus.

After acupuncture treatment, these spontaneous activa-
tion and deactivation networks anchored by the hypotha-
lamus remained relatively stable (Figure 5, 𝑃 < 0.001).
In comparison with baseline conditions, however, we also
identified significant changes (both in spatial distributions
and response magnitudes) after acupuncture treatment.

There were prominently increased spontaneous activations in
the bilateral cerebellum, brainstem, limbic system (bilateral
insula, hippocampus, amygdala, and cingulate cortex), bilat-
eral thalamus, and bilateral frontal lobes. Enhanced deactiva-
tions were located in the bilateral cerebellum, bilateral frontal
lobes, and right parietal gyrus.

Results from after and before acupuncture showed a wide
range activation of brain regions (Figure 5). Notably, the
most modulated changes were exhibited in the cerebellum,
brainstem, insula, and frontal lobe. Increased positive cor-
relations were primarily located in the cerebellum, limbic
system (insula, parahippocampal gyrus, and cingulate cor-
tex), bilateral thalamus, and frontal lobes. It is also worth
noting that enhanced deactivation was only identified in the
temporal lobe, left posterior cingulum, and right parietal
lobe. Results from the acupuncture and control groups also
showed significant differences in the cerebellum, amygdala,
brain stem, and insula, and frontal lobes (see Figure 6).

4. Discussion

The present short-term acupuncture intervention study used
common acupoints to clinically treat hypertension once a day
over five consecutive days. After acupuncture, no statistical
differences were found in SBP, DBP, and HR between the
before acupuncture and control groups. However, average
SBP, DBP, and HR did decrease after acupuncture treatment.
The SF-36 survey from the acupuncture group showed statis-
tical differences in body pain and vitality after acupuncture
compared to the baseline. Our results did not indicate any
differential benefit of short-term acupuncture for controlling
BP and HR, but it may improve quality of life for patients
in relation to body pain and vitality. This is the first study
to investigate the hypothalamus-anchored brain network
involving acupuncture treatments for hypertension.

Several large scale hypertension studies have investigated
and discussed the therapeutic effects of acupuncture treat-
ment. Flachskampf et al. [8] randomized 160 hypertensive
participants in a single-blind 6-week trial using active or
sham acupuncture and found significant (𝑃 < 0.001)
differences in posttreatment BP between the two groups.
Yin et al. [9] recruited 41 hypertensive or prehypertensive
patients and designed a randomized, double-blind, placebo-
controlled trial. All subjects were randomly assigned into
real or sham acupuncture groups, and after 8 weeks of
intervention, the mean BP of the acupunctured group was
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Table 2: Physiological data comparison of acupuncture group (independent t-test).

SBP DBP HR
𝑡 value 𝑃 value 95% CI 𝑡 value 𝑃 value 95% CI 𝑡 value 𝑃 value 95% CI

B-A 0.453 0.658 −5.090 3.327 1.194 0.254 −2.967 0.855 1.647 0.124 −0.493 3.657

B-L 1.278 0.242 −3.321 11.138 0.008 0.994 −5.871 5.910 1.021 0.341 −1.996 5.029

A-L 0.935 0.361 0.609 6.992 −0.802 0.449 −16.831 8.307 −0.119 0.908 −3.227 2.917

B: before acupuncture; A: after acupuncture; L: one month later.

Table 3: Physiological data comparisons between acupuncture and control group (independent t-test).

SBP DBP HR
𝑡 value 𝑃 value 95% CI 𝑡 value 𝑃 value 95% CI 𝑡 value 𝑃 value 95% CI

B-C −1.900 0.076 −19.976 1.118 0.207 0.838 −7.031 8.602 −0.074 0.941 −6.144 5.715

A-C −1.646 0.117 −19.451 2.360 0.453 0.655 −6.521 10.205 −0.656 0.517 −7.422 3.830

L-C −1.774 0.091 −26.264 2.126 0.030 0.976 −12.157 12.511 −0.802 0.432 −9.837 4.376

B: before acupuncture; A: after acupuncture; L: one month later; C: control group.
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Figure 5: Functional connectivity anchored with the hypothalamus after and before acupuncture treatment.
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Figure 6: Functional connectivity anchored with the hypothalamus resulting from acupuncture control.
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significantly decreased (𝑃 < 0.01). The Stop Hypertension
with Acupuncture Research Program (SHARP) [10] showed
there were no significant differences in BP decrease in
the individualized traditional Chinese acupuncture group
(IND), standardized acupuncture group (STD), and invasive
sham acupuncture group (CNTL). Despite there being no
statistically significant differences, mean decreases in BP
after 10 weeks of treatment were observed between active
(IND and STD) and sham acupuncture in comparison to
the baseline in the SHARP study. The trials of Flachskampf
et al. [8] and Yin et al. [9] showed a decrease in BP after
acupuncture, but SHARP [10] only showed a downtrend
without statistical differences. In previous studies, we found
that the Flachskampf ’s and Yin’s studies were long term
with intensive frequency of acupuncture treatment, while
the SHARP study was long term with infrequent acupunc-
ture treatment. Acupuncture in our study was short term
and intensive, which resulted in no significant differences
between acupuncture and control group. Considering that
acupuncture has sustained and cumulative effects, short term
use may lead to inconsistent results. We therefore speculated
that the efficacy of frequent, long-term acupuncture would
be better than long interval use or short-term treatment in
hypertensive patients.

The cardiovascular center ismainly located in themedulla
oblongata and hypothalamus, and these areas are not in the
default brain network [26].Many electrophysiological studies
[27–31] have shown that the hypothalamus may be a key hub
in the CNS in relation to cardiovascular regulation. Thus, we
selected the hypothalamus as the seed point region to explore
modulated brain network changes underlying acupuncture
hypertension treatment. Our results suggested that increased
functional connectivity existed between the hypothalamus
and other regions after acupuncture. The functional connec-
tion with the hypothalamus was enhanced in some areas,
mainly in the bilateral frontal lobe (vmPFC, dlPFC), limbic
system (bilateral insula, amygdala, hippocampus, anterior
cingulate cortex, and posterior cingulate cortex), bilateral
cerebellum, and medulla oblongata. The central regulatory
region of the cardiovascular system is very wide from brain-
stem to cortex, and includes the medulla oblongata, pons
(locus coeruleus), midbrain (periaqueductal gray, substantia
nigra), and limbic system (hypothalamus, the amygdaloid,
subfornical organ, and insula), which together make up
a complete network [27]. The medulla oblongata is the
basic center, which includes the rostral ventrolateral medulla
(vasoconstriction), ventrolateral part of the medulla oblon-
gata (vasodilation), ambiguous nucleus and dorsal nucleus of
the vagus nerve (restrains heart function), and tractus soli-
tarius medulla oblongata (afferent nerve terminal) [28]. Past
research has indicated that the medulla oblongata regulates
the cardiovascular system through neurotransmitters such as
glutamate, P substance and 𝛾-aminobutyric acid [29–31].

Previous studies on electrophysiology have shown that
the periaqueductal gray (PAG), hypothalamus, and other
parts of the limbic system were important parts of the
cardiovascular center [32–40] through different neurotrans-
mitters, adjusting the sympathovagal balance to regulate
the cardiovascular system. Many projection fibers are found

between the ventrolateral medulla, PAG, and hypothalamus
arcuate nucleus for their closely interconnected, and adjusted
the cardiovascular system in common [32–34]. The lim-
bic system also plays an important part in BP regulation
in the CNS. Some parts are involved in step-up regula-
tion, such as the paraventricular nucleus, lateral hypotha-
lamus/perifornical area, dorsomedial nucleus, ventromedial
nucleus, posterior hypothalamic nucleus, lateral septum ven-
trolateral part/habenular body, subfornical organ, and the
central amygdala and insula, while the anteroventral third
ventricle area (AV3V area) and the arcuate nucleus partici-
pate in decompression regulator, with interactions occurring
between these regions [28, 29, 35–40]. Although the role
of the cerebellum in cardiovascular regulation is unclear,
animal experiments suggest that the neuronal excitability of
the fastigial nucleus has the effect of decreasing BP [41–43].
Electrical stimulation of the fastigial nucleus can increase
arterial BP and HR, which relieve neuron injury through
chronic cerebral ischemia, and was helpful for damaged
arterial baroreflex function recovery [41–43]. Normal adults
can also present transient changes in physiological indicators
after fastigial nucleus electrical stimulation, which suggests
a decrease in peripheral vascular flow and an increase in
peripheral resistance and a slight increase in heart rate [44].
In addition, the vermiform process of the cerebellum may
be important in cerebellum cycle control [45]. Idiaquez et al.
[46] reported on vermis and right cerebellar hemisphere
resection from cerebellar hemorrhage, where the patient
appeared transient orthostatic hypotensive, suggesting that
the cerebellum was involved in cardiovascular regulation.
We found a negative correlation to the hypothalamus in the
fastigial nucleus, which may play a part in the therapeutic
action of acupuncture.

Beissner et al. [47] combined cardiac-gated brainstem-
sensitive fMRI to investigate the mechanism of acupunc-
ture. They found that, from the cortical level, the fMRI
group showed significant increases activation in dorsolateral
prefrontal gyrus (dlPFC), anterior mid cingulated cortex
(ACC), insula, and frontal lobe cortex. Deactivations were
found in the ventromedial prefrontal and orbitofrontal cor-
tices (vmPFC/pgACC). They supposed that these areas were
involved in acupuncture-induced heart rate changes. Further,
as these areas are typical cortical and brainstem centers
of pain and autonomic processing, they hypothesized that
acupuncture may be a low-intensity deep pain stimulus that
can activate autonomic concomitants and exert nonanalgesic
effects with therapeutic potential. Our results also indicated
a positive correlation with the hypothalamus in vmPFC,
ACC, insula, and dlPFC, and these areas may participate
in cardiovascular regulation in acupuncture treatment of
hypertension and relieve patient pain.

The present study was limited by the small sample size.
During our research, patients were found to have different
reactions to acupuncture, with some being sensitive to
acupuncture and some not. A larger sample size would be
necessary to draw more definitive conclusions. Secondly,
clinical experience and comparisonwith large trials indicated
that long-term, frequent acupuncturemay have good efficacy.
The present study indicated that short-term acupuncture
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did not improve the BP of primary hypertensive patients.
Finally, nonbrainstem sensitive fMRI sequences were used
here. Because the main cardiovascular center is located in
the brainstem, amore brainstem sensitive sequence is needed
to investigate the mechanism of acupuncture for treating
hypertension.

5. Conclusions

According to our results, short-term acupuncture did not
decrease BP significantly but may have improved body pain
and vitality. Acupuncture may also regulate the cardiovas-
cular system through a complicated brain network from
the cortical level, the hypothalamus, and the brainstem.
However, the mechanism remains unclear and needs further
investigation.
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Acupuncture is a therapeutic technique and part of traditional Chinese medicine (TCM). Acupuncture has clinical efficacy
on various autonomic nerve-related disorders, such as cardiovascular diseases, epilepsy, anxiety and nervousness, circadian
rhythm disorders, polycystic ovary syndrome (PCOS) and subfertility. An increasing number of studies have demonstrated that
acupuncture can control autonomic nerve system (ANS) functions including blood pressure, pupil size, skin conductance, skin
temperature,muscle sympathetic nerve activities, heart rate and/or pulse rate, andheart rate variability. Emerging evidence indicates
that acupuncture treatment not only activates distinct brain regions in different kinds of diseases caused by imbalance between
the sympathetic and parasympathetic activities, but also modulates adaptive neurotransmitter in related brain regions to alleviate
autonomic response. This review focused on the central mechanism of acupuncture in modulating various autonomic responses,
which might provide neurobiological foundations for acupuncture effects.

1. Introduction

Acupuncture has been practiced for over 3000 years with
beneficial clinical effects on many disorders [1]. There is
sufficient evidence of the value of acupuncture to expand
its application into conventional medicine and to encour-
age further studies of its physiological and clinical values
[2]. According to traditional Chinese medicine (TCM),
“acupuncture is believed to restore the balance between
Yin and Yang.” This can be translated into the Western
medicine terminology as “acupuncture modulates the imbal-
ance between the parasympathetic and sympathetic activ-
ity [3].” Acupuncture has been effectively used in various
autonomic nerve-related disorders, such as cardiovascular
diseases, epilepsy, anxiety and nervousness, circadian rhythm
disorders, polycystic ovary syndrome (PCOS), and subfer-
tility [4–8]. It could influence some known indicators of
autonomic activities, such as blood pressure [9–11], pupil size
[12], skin conductance [13], skin temperature [14], muscle
sympathetic nerve activities [15], heart rate and/or pulse
rate [16], and heart rate variability [17, 18]. Acupuncture
has been proposed to treat autonomic nerve-related diseases
through modulating the imbalance between the sympathetic
and parasympathetic activities [19]. Previous study has shown

that changes in parasympathetic nervous activity are corre-
lated with the amount of De-Qi (i.e., arrival of Qi) sensations
during acupuncture manipulation [20]. On the other hand,
the affecting degree of acupuncture on the autonomic nerve
is still unknown because part of the acupuncture effects is
dependent on the De-Qi sensation [21].

A literature review was conducted using PubMed,
EBSCOhost, and the China National Knowledge Infrastruc-
ture (CNKI). Keywords used in the searching were “acupunc-
ture,” “brain” or “cerebrum” and “sympathetic,” “vagus,” “auto-
nomic,” or “parasympathetic.” Articles were collected from
December 2007 to present in each database.The identified 44
publications in this search were related to acupuncture basic
study and central autonomic regulation. Among these 44
articles which met the criteria, 35 articles are in English and 9
articles are in Chinese. In this review, the underlying central
mechanism of acupuncture-induced autonomic modulation
is discussed based on basic studies that have been published
in the past 5 years.We will, in particular, focus on two aspects
as follows: (1) the brain region which plays an important role
in initiating autonomic responses during acupuncture; (2)
neurohumoral autonomic modulation of acupuncture in the
central autonomic nerve system (ANS).
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Figure 1: Acupuncture autonomic regulation mechanism. Blue indicates the area involved in acupuncture parasympathetic regulation.
Orange indicates the area involved in acupuncture sympathetic regulation.

2. Acupuncture Effect and Central
Autonomic Structures

Several studies have demonstrated that the autonomic
dimension of the acupuncture stimulation was mediated by
a mesencephalic and brainstem network [22, 23] (Figure 1),
which is comprised of the hypothalamus, medulla oblongata,
ventrolateral periaqueductal gray, and the dorsomedial pre-
frontal cortex. All of these areas are involved in the autonomic
regulation [24–26].

2.1. Hypothalamus. Hypothalamus is the most important
brain center that controls the ANS [27]. As the site of
autonomic regulation, hypothalamus has been proved to be
involved in the pathway of electroacupuncture (EA) atten-
uating sympathetic activity. Impulses generated in sensory
fibres in the skin connect with interneurons to modu-
late activities of the motoneurons hypothalamus to change
autonomic functions [28]. Increased sympathetic activity
in hypertension may act as a stimulus for nitric oxide
(NO) release in the hypothalamus. EA application on ST36
could effectively modulate the activity and expression of
neuronal nitric oxide synthase (nNOS) in the hypothalamus
of spontaneously hypertensive rats (SHR). The effect may
through its connections to sympathetic and parasympathetic
nervous system and also through its control of endocrine
organs [29]. However, which part of the hypothalamus that
participates in the mechanism of action is still remained
unclear. Effects on decreased neuropeptide Y (NPY) pro-
duction due to stimulation on the paraventricular nucleus
(PVN) of hypothalamus [30] is one of the several hypothe-
ses which have been proposed in the literature regard-
ing the action mechanism. The PVN of hypothalamus is
a cell group that plays an important role in the regula-
tion of sympathetic vasomotor tone and autonomic stress
responses [31, 32]. Acupuncture could decrease NPY [33]
and corticotropin-releasing hormone [34] expressions in
the PVN and produce some specific effects on suppressing

the sympathetic outflow in response to chronic stressors
[35].

Arcuate (ARC) nucleus projects to other brain regions
that regulate the sympathetic outflow include the dorso-
medial hypothalamus, midbrain periaqueductal grey, ros-
tral ventrolateral medulla (rVLM), and the nucleus of the
solitary tract [36]. Neurons in the ARC nucleus projecting
to the rVLM potentially participate in EA inhibition of
reflex cardiovascular sympathoexcitation [37]. Ventrolateral
periaqueductal gray (vlPAG) projections from the ARC are
required for EA regulation of sympathoexcitatory presym-
pathetic rVLM activity and the cardiovascular excitatory
reflex responses, while a direct pathway between the ARC
and rVLM might serve as a source of endorphins for EA
cardiovascular modulation.

2.2. Medulla Oblongata. Specific regions of the medulla
oblongata mediate central control of autonomic function. In
the central nervous system (CNS), the rVLM is an important
part of the sympathetic efferent limb of cardiovascular reflex
activity and, as such, it is important in the maintenance of
arterial blood pressure [38]. It projects to the intermediolat-
eral columns of the thoracic spinal cord, which is the origin
of sympathetic preganglionic neurons [39]. Inhibition of
neuronal function in this nucleus results in large decreasing
of blood pressure [40]. EA could inhibit cardiovascular
autonomic responses through modulating rVLM neurons
[41, 42]. Moreover, opioids and gamma-aminobutyric acid
(GABA) participate in the long-term EA-related inhibition
of sympathoexcitatory cardiovascular responses in the rVLM
[43]. Activation of the nucleus raphe pallidus (NRP) atten-
uates sympathoexcitatory cardiovascular reflexes through
a mechanism involving serotonergic neurons and 5-HT1A
receptors in the rVLM during EA. Serotonergic projec-
tions from the NRP to the rVLM contribute to the EA-
cardiovascular responses [44].

The nucleus ambiguus (NAmb), located in the ventro-
lateral division of the hindbrain, is considered to be an
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important site of origin of preganglionic parasympathetic
vagal motor neurons that ultimately regulate autonomic
function through the releasing of acetylcholine [45]. The
recent study of that neurons colabeled with c-Fos and choline
acetyltransferase (ChAT) were activated in the EA-treated
animals instead of shamEA group indicates that someNAmb
neurons activated by EA are preganglionic vagal neurons
[18]. It is suggested that stimulation on a special acupoint
is crucial to achieve modulate effect on autonomic function
by activating NAmb neurons. It is consistent with TCM
theory that genuine acupoints treatment is more effective
than nonacupoints treatment based on specific physiological
effects related to meridians and collections of meridian Qi.

2.3. Midbrain. Ventrolateral periaqueductal gray (vlPAG) is
an essential midbrain nuclei that process information from
somatic afferents during EA [46]. Caudal vlPAG is a signifi-
cant region in the long-loop arcuate-rVLM pathway for the
EA-cardiovascular response, while the rostral vlPAG plays a
major role in the reciprocal arcuate-vlPAGpathway that helps
to prolong EA-cardiovascular modulation [47]. Excitation of
vlPAG neurons enhances the arcuate response to splanchnic
stimulation, while blockade of vlPAG neurons limits excita-
tion of arcuate neurons by EA. These observations indicate
that EA-induced excitation of arcuate neurons requires input
from the vlPAG, and the reciprocal reinforcement between
themidbrain and the ventral hypothalamus serves to prolong
the influence of EA on the baseline blood pressure [48].

2.4. Dorsomedial Prefrontal Cortex (DMPFC). Theprefrontal
cortex (PFC) is vital for mediating behavioral and somatic
responses to stress in the autonomic centers via projections
[49]. A near-infrared spectroscopy (NIRS) study found that
the right PFC activity predominantly modulated sympathetic
effects during a mental stress task [50]. Acupuncture stim-
ulation might decrease sympathetic activity and increase
parasympathetic activity through its inhibitory effects on dor-
somedial PFC activity [51]. This might be beneficial to treat
chronic pain induced by hyperactivity of the sympathetic
nervous system. However, Sakatani et al. found no significant
correlation between the PFC activity and ANS function
during acupuncture. One of the possible explanations of the
poor correlations might be that the PFC activity induced by
acupuncture is not closely linked with ANS function [52].

3. Acupuncture Effect and
Neurohumoral Modulation

Some neurotransmitters, including serotonin, opioid pep-
tides, catecholamines, and amino acids in the brain appear to
be participated in themodulationmechanismof acupuncture
for certain ANS [53, 54].

3.1. Endogenous Opioids. EAwas able to restore the impaired
gastric motility and dysrhythmic slow waves by enhancing
vagal activity, which was mediated via the opioid pathway
[55, 56]. Ameliorating effects of EA at ST-36 on gastric
motility might activate the central opioids that, in turn,

inhibit sympathetic outflow [57]. Although acupuncture
produced significant heart rate decreases in pentobarbital-
anesthetized rats, this response is related to the activation
of GABAergic neurons instead of opioid [58]. This opinion
is proved by another study, which indicates that an opi-
oid receptor-mediated transmission is not responsible for
the present bradycardiac response induced by acupuncture-
like stimulation [59]. These views suggest that acupuncture
treatment on different diseases may be mediated by different
neurotransmitters, which is in accordance with holistic view
of acupuncture treatment in TCM theory.

EA activates enkephalinergic neurons in several brain
areas that regulate sympathetic outflow, including the arcuate
nucleus, rostral ventrolateral medulla, raphé nuclei, among
others [60, 61]. Consistent with this, Li et al. [62] found
that EA at P5-P6 transiently stimulates the production of
enkephalin in a region of the brain, which regulates sympa-
thetic outflow. It is suggested that a single brief acupuncture
treatment can increase the expression of this modulatory
neuropeptide. The 𝛽-endorphin is a key mediator of changes
in autonomic functions [63]. Acupuncture may hypotheti-
cally affect the hypothalamic-pituitary-adrenal (HPA) axis
by decreasing cortisol concentrations and the hypothalamic-
pituitary-gonadal (HPG) axis by modulating central 𝛽-
endorphin production and secretion [64]. Some reports
have also shown that a negative perception of acupunc-
ture might produce enhanced sympathetic activation to the
acupuncture stimulus [65], which may be mediated through
endorphin pathway [66]. It is conceivable that a specific
neuroendocrine-immune network is crucial to the produce of
acupuncture therapeutic effect. Further studies are required
to reveal involved molecules and underlying mechanisms.

3.2. Amino Acids. Amino acid sensors could regulate the
activity of vagal afferent fibers [67]. Amino acids are directly
involved in signaling the vagus pathway in the ARC [68].
Recent studies have shown that vesicular glutamate trans-
porter 3 (VGLUT3) in the ARC neurons [69, 70] and
vlPAG [60, 71] were activated by EA at the P5-P6 acupoints.
Glutamate only partially but significantly contributes to the
activation of ARC-vlPAG reciprocal pathways during EA
stimulation of somatic afferents [47]. In addition, reduction
of GABA release disinhibits vlPAG cells, which, in turn,
modulates the activity of rVLM neurons to attenuate the
sympathoexcitatory reflex responses [46]. EA modulates the
sympathoexcitatory reflex responses by decreasing the release
of GABA in the vlPAG [43], most likely through a presynaptic
CB1 receptor mechanism [72]. Studies conducted so far on
amino acids suggest that glutamate and GABA are involved
in the mechanism of acupuncture for autonomic alteration.
This response is closely related to vlPAG.

3.3. Nerve Growth Factor (NGF). TheNGF is a neurotrophin,
which regulates the function and survival of peripheral
sensory, sympathetic, and forebrain cholinergic neurons. It
couldmodulate sensory and autonomic activity as amediator
of acupuncture effects in the CNS [73]. The therapeutic
potential of EA could modulate the activity of the ANS
by a long-lasting depression of the sympathetic branch,
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which is associated with a peripheral downregulation of
NGF in organs. Mannerås et al. [74] found that EA could
effectively improve PCOS-related metabolic disorders, alter
sympathetic markers [75], and normalize the DHT-induced
increase of mRNANGF. The data on EA/NGF interaction in
PCOS models further suggested that the decrease of NGF
expression in peripheral organs could benefit EA tomodulate
the activity of the ANS [76]. Although NGF in organs has
been proved to be associated with the acupuncture effect on
ANS, there is a lack of sufficient evidence to demonstrate the
relationship between acupuncture effect and NGF in central
autonomic nerve system.

4. Conclusion

Emerging evidence indicates that acupuncture treatment not
only activates distinct brain regions in different kinds of
diseases caused by imbalance between the sympathetic and
parasympathetic activities, but also modulates adaptive neu-
rotransmitter in related brain regions to alleviate autonomic
response. However, it is not clear whether different pathway
is activated by specific acupoint, such as local points and
distant points, or the autonomic regulation effect of acupoints
from different meridians. Further rigorous RCTs are required
for the study of this topic. It enables us to understand
the importance of acupuncture therapy in the autonomic
regulation. Then, acupuncture can be used in the treatment
of various autonomic disorders as a novel alternative therapy.
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Objectives. Acupoint specificity is the foundation of acupuncture treatment. The aim of this study is to investigate whether the
acupoint specificity exists in two adjacent acupoints. Design and Setting. Two adjacent real acupoints, LR3 (Taichong) and ST44
(Neiting), and a nearby nonacupoint were selected.Thirty-three health volunteers were divided into three groups in random order,
and each group only received acupuncture at one of the three points. While they received acupuncture, fMRI scan was performed.
Results. The common cerebral activated areas responding to LR3 and ST44 included the contralateral primary somatosensory area
(SI) and ipsilateral cerebellum. Acupuncture at LR3 specifically activated contralateral middle occipital gyrus, ipsilateral medial
frontal gyrus, superior parietal lobe, middle temporal gyrus, rostral anterior cingulate cortex (rACC), lentiform nucleus, insula,
and contralateral thalamus. Stimulation at ST44 selectively activated ipsilateral secondary somatosensory area (SII), contralateral
middle frontal gyrus, inferior frontal gyrus, lingual gyrus, lentiform nucleus, and bilateral posterior cingulate cortex (PCC).
Conclusions. Acupuncture at adjacent acupoints elicits distinct cerebral activation patterns, and those specific patterns might be
involved in the mechanism of the specific therapeutic effects of different acupoints.

1. Introduction

Acupuncture, originated in ancient China, has been used
as a treatment method in Asia for thousands of years.
Nowadays, the therapeutic effect of acupuncture is gradually
recognized in the western world. The National Institutes for
Health of the United States have recommended acupuncture
as an alternative and complementary treatment for many
health conditions [1]. According to the traditional Chinese
acupuncture theory as well as clinical practices, performance
in specific acupoints can treat specific disorders.However, the
exact physiological mechanism of acupuncture therapy is still
unclear.

In the past decades, many studies of acupuncture on
experimental animals have shown that acupuncture elicits
therapeutic effect through modulating the neuroendocrine
system [2]. Since 1990s, owing to the development of non-
invasive brain imaging techniques such as functional MRI
(fMRI) and positron emission tomography (PET), people

have begun to address acupuncture investigation in human
beings using functional imaging methods [3–6]. Siedentopf
et al. reported that acupuncture at vision-related acupoints
in the foot activated the visual association cortex with fMRI
imaging [7]. Acupuncture at acupoints with strong anal-
gesic effect, such as LI4 (Hegu), ST36 (Zusanli), and GB36
(Waiqiu), can modulate the hypothalamus and limbic system
which are pain-related neuromatrix [8–12]. These results
imply that the modulation effect of acupuncture might be
related to the central nervous system.Moreover, acupuncture
at specific acupoints could induce cerebral specific activation
patterns. Our former work also shows there are specific
cerebral patterns responding to different acupoints [13].

In the former studies on the acupoints specificity, the
selected acupoints were generally far-between each other on
the human body. In the current study, we chose two different
and adjacently located acupoints to minimize the effect of
general neural stimulation. If similar cerebral responses are
derived from two real acupoints, the acupoints specificity
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needs to be further discussed. Otherwise, if significantly dif-
ferent activated areas are found, the theory of acupoint spe-
cificity will be supported.

2. Design and Setting

2.1. Subjects. This study comprised 33 healthy right-handed
volunteers (17 males and 16 females), aged 25.3 ± 2.8 (mean ±
S.D.), without any history of psychiatric, neurological disor-
ders, and substance abuse. All subjects had no acupuncture
therapy experience. Each subject had provided informed
consent with the adequate understanding of the procedure
and purpose of this study. All subjects were free to withdraw
from the experiment at any time. The protocol was approved
by the local Ethics Committee.

2.2. Stimuli. Since manual acupoint stimulation is classical
acupuncture, we adopted this acupuncture mode in this
experiment. The silver needle is 0.30mm in diameter and
25mm in length. All acupuncture manipulations were per-
formed by the same skilled acupuncturist. Two real acupoints
and one nearby nonacupoint were selected in this experi-
ment. The acupoint LR3 (Taichong) is located in the dorsum
of the foot, in the depression anterior to the junction of the
first and second metatarsals. The acupoint ST44 (Neiting) is
located on the dorsumof the foot, proximal to thewebmargin
between the second and third toes.Their nearby nonacupoint
is located on the dorsum between the first and second
metatarsals, approximately 10mm anterolateral to LR3 and
posteromedial to ST44 (Figure 1). The skilled acupuncturist
identified that it was not located in any meridians.

All volunteers were divided into three groups in random
order, and each group only received acupuncture at one of
the three points. They were informed that they would receive
acupuncture on the foot without being told the nature of the
stimulation point. All the acupoints in this experiment were
on right foot and anatomically innervated by the L5 spinal
nerve.

2.3. Scanning Procedure. The experiments were performed
on a 1.5 Tesla whole body scanner (Sonata, Siemens, Ger-
many), with a standard head coil. The images covered whole
brain and paralleled to the AC-PC line. Initially, the T

1
-

weighted spin-echo images were obtained for anatomical
reference. For the fMRI images, we employed a blood oxy-
genation level-dependent (BOLD) T

2

∗-weighted gradient-
echo EPI sequence with TR 3000ms, TE 50ms, flip angle 90∘,
field of view 220mm × 220mm, matrix 64 × 64, 6mm slice
thickness and 1.2mm gap.

Given the fact that the therapeutic effect of acupuncture
will last several minutes to several hours, which is called post
effect, we adopted a single block design to avoid the influence
of unknown duration of post effect [6, 13]. During scanning,
subjects lay supinely on the scanner bed, keeping relaxed and
calm.Their eyes were coveredwith blinders (AearoCo., USA)
and ears were plugged with earplugs (Aearo Co., USA). The
lights in the scanning room were dimmed, and there were no
sounds except scanner noise. When 62 baseline scans were
finished, a sterile silver needle was inserted and twirled for

LR3
Sham
ST44

Figure 1: Anatomical location of the stimulation points: LR3, Tai-
chong; ST44, Neiting; and their nearby nonacupoint.

60 scans. Then the needle was withdrawn. While the scan
continued, till total 402 scans were acquired. The needle was
twirled manually clockwise and anticlockwise at about 1Hz
frequency with “even reinforcing and reducing” manipula-
tion.The depth of needle insertion was approximately 15mm
for the real acupoint as well as the nonacupoint.

2.4. Data Analysis. The fMRI data were analyzed with
statistical parametric mapping software (SPM2, Welcome
Department of Imaging Neuroscience, London, United
Kingdom, http://www.fil.ion.ucl.ac.uk/spm/). The first two
images of each scan were discarded to avoid the nonequilib-
rium effects of magnetization, so every subject had 400 vol-
umes. All volume images were automatically realigned to
the first image of the time series to correct for head move-
ment between scans. After realignment, the images were
normalized and transformed into the Montreal Neurological
Institute (MNI) space.Then spatial smoothing was done with
a 9mm × 9mm × 9mmGaussian kernel. The smoothed data
were processedwith two levels. At the first level, each subject’s
data was, respectively, analyzed using fixed effect analysis
based on the general linear model with a box-car refer-
ence waveform.The cerebral areas activated during acupunc-
ture at the real acupoint and the nonacupoint relative to base-
line were obtained. At the second level, in order to acquire the
specific active areas induced by stimulating at the real acu-
point compared to the nonacupoint, group analysis was per-
formed using random effects analysis based on the two-
sample t-test model with the results of first level (height thre-
shold, 𝑃 = 0.01 corrected, spatial extent threshold, 10 voxels).
The coordinates in Talairach space were obtained by applying
the Mattew Brett correction (mni2tal: http://imaging.mrc-
cbu.cam.ac.uk/imaging/MniTalairach) to the SPM-MNI
coordinates.

3. Results

Deqi is a unique sensation of numbness, tingling, fullness,
and dull ache that develops at the site of acupuncture and
may spread some distance from the acupuncture point during
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Table 1: Activated regions of brain induced by acupuncture at real acupoint versus nonacupoint.

Brain areas Side
LR3 versus nonacupoint ST44 versus nonacupoint

Talairach (mm) Talairach (mm)
𝑋 𝑌 𝑍 𝑍max 𝑋 𝑌 𝑍 𝑍max

Primary somatosensory area R 30 −14 60 2.54
L −38 −14 60 2.45 −30 −13 60 3.09

Secondary somatosensory area R 59 −9 21 3.03

Middle frontal gyrus R 14 65 10 3.04
L −8 63 23 2.71

Inferior frontal gyrus L −53 33 −5 2.98
superior parietal lobe R 14 −50 47 3.16
Middle temporal gyrus R 61 −16 −14 2.78

Middle occipital gyrus R 28 −59 −7 2.68
L −18 −62 24 3.09

Lingual gyrus R 4 −79 −5 3.26
ACC R 6 −15 41 2.81
PCC B 0 −48 15 3.26
Lentiform nucleus R 28 −18 −1 3.42 18 0 −2 2.70
Thalamus L −12 −25 0 2.60
Insula R 32 −19 14 2.65

Cerebellum R 42 −56 −38 2.46 42 −52 −31 2.71
L −8 −64 −5 2.88 −24 −62 −29 3.55

Abbreviations: B: bilateral; R: right; L: left; ACC: anterior cingulate cortex; PCC: posterior cingulate cortex.

needle manipulation. After scan, subjects were questioned
as to the type and intensity of their psychophysical feeling
to acupuncture. Based on their answers, all subjects who
received stimulation at real acupoint experienced distinct
sensation of Deqi. In all subjects who received stimulation at
nonacupoint, only one subjects reported sensation of Deqi.

Common areas activated by manual acupuncture on two
real acupoints relative to nearby nonacupoint were illustrated
in Figure 2, and specific areas activated by stimulation of
LR3 or ST44 were showed in Figure 3. All results were
summarized inTable 1. Acupuncture at LR3 significantly acti-
vated contralateral middle occipital gyrus (BA19), bilateral
primary somatosensory area (SI), ipsilateral medial frontal
gyrus (BA10), superior parietal lobe (BA7), middle tempo-
ral gyrus (BA21), rostral anterior cingulate cortex (rACC,
BA24), lentiform nucleus, insula, cerebellum, and contralat-
eral thalamus. Alternatively, acupuncture at ST44 selectively
activated contralateral primary somatosensory area (SI),
ipsilateral secondary somatosensory area (SII), lingual gyrus,
lentiform nucleus, contralateral middle frontal gyrus (BA10),
inferior frontal gyrus (BA47), bilateral posterior cingulate
cortex (PCC, BA29), and cerebellum.

4. Discussion

In the present study, we applied manual acupuncture at two
adjacent real acupoints and their nearby nonacupoint, which
are all innervated by the same spinal segment, to further
explore the acupoint specificity. The result showed that

acupuncture at LR3 and ST44 elicited distinct response pat-
terns, though they shared certain activation areas in common.

The obvious overlapping activated areas of LR3 and
ST44were contralateral primary somatosensory area (SI) and
ipsilateral cerebellum.The activations of these areas have also
been reported by some previous studies on the acupuncture
at other acupoints [12, 13, 15–17]. Nakagoshi et al. have
acupunctured 6 acupoints, respectively, and summarized that
SI might be partly responsible for acupuncture effect [18].
The same situation happened with cerebellum. Stimulation of
acupoints might arouse the modulation effect of cerebellum
beyond classical involvement of cerebellum in motor coordi-
nation [16].

Stimulation of LR3 selectively activated themiddle occip-
ital gyrus (BA19) which is considered as visual cortex. The
study of Siedentopf et al. found that electroacupuncture
at eye-related acupoints in the foot activated visual cortex
[7]. Besides middle occipital gyrus (BA19), stimulation of
LR3 also activated the medial frontal gyrus (BA10), superior
parietal lobe (BA7), thalamus, and the limbic system. These
areas were involved in visceral modulation [19]. It is worth
to notice that LR3 were also very effective for visceral pain
and body paralysis. The results confirmed the view that ther-
apeutic effects of acupuncture may work through the central
nervous system pathway.

Acupuncture at ST44 specifically activated superior
frontal gyrus, inferior frontal gyrus and secondary somato-
sensory area (SII). Frontal areas are known to be related
to pain [20], especially for abirritation of visceral pain.
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Figure 2: Common activated areas by acupuncture at LR3 or ST44.
(a) Activation areas of LR3 versus nonacupoint. (b) Activation areas
of ST44 versus nonacupoint. SI: primary somatosensory area; Cer:
cerebellum.

Activation of the SII cortex is thought to be related to the
sensory-discriminative aspect of pain processing [21]. These
areas have been reported in previous studies of pain treatment
by acupuncture [13, 14]. In clinical practice, it is often used
to cure toothache, sore throat, stomachache, swelling, and
pain of dorsum of foot.This finding implied that acupuncture
at ST44 may modulate activities of the frontal areas and SII
cortex to inhibit pain.

Compared with previous experiment paradigm, our
investigation chose two adjacent acupoints and their nearby
nonacupoint to explore the acupoint specificity. Since we
adopted two adjacent acupoints, the same nonacupoint could
be available. The specific activated areas of two acupoints
were acquired by contrasting the real acupoints with the
same nonacupoint.Therefore, the effect of neural stimulation
might be thoroughly eliminated from acupuncture stimula-
tion. Our results might be more credible than previous stud-
ies.

5. Conclusions

In this study, results demonstrated that acupuncture at adja-
cent acupoints could elicit different fMRI activation patterns
in the human brain. It is reasonable to suggest that acupunc-
ture at different acupoints may modulate specific cerebral
areas. Our results provide supplementary neuroimaging evi-
dence for the existence of acupoint specificity. It is helpful to
interpret the underlying mechanism of acupuncture.
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Figure 3: (a) Specific activated areas of LR3 contrasting to the
nearby nonacupoint. (b) Specific activation areas of ST44 con-
trasting to the nearby nonacupoint. MOG: middle occipital gyrus;
SPL: superior parietal lobe; ACC: anterior cingulate cortex; SII:
secondary somatosensory area; MFG: middle frontal gyrus; IFG:
inferior frontal gyrus.

Acknowledgment

This study was supported by the National Natural Science
Foundation of China (Grant no. 91232713) and the National
Basic Research Program of China (973 Program) (Grant no.
2013CB835100).

References

[1] “NIH Consensus Conference. Acupuncture,”The Journal of the
American Medical Association, vol. 280, no. 17, pp. 1518–1524,
1998.

[2] J. H. Chiu, H. C. Cheng, C. H. Tai et al., “Electroacupuncture-
induced neural activation detected by use of manganese-
enhanced functional magnetic resonance imaging in rabbits,”
American Journal of Veterinary Research, vol. 62, no. 2, pp. 178–
182, 2001.

[3] Z. H. Cho, T. D. Oleson, D. Alimi, and R. C. Niemtzow, “Acu-
puncture: the search for biologic evidence with functional
magnetic resonance imaging and positron emission tomog-
raphy techniques,” Journal of Alternative and Complementary
Medicine, vol. 8, no. 4, pp. 399–401, 2002.

[4] J. Kong, L. Ma, R. L. Gollub et al., “A pilot study of functional
magnetic resonance imaging of the brain during manual and
electroacupuncture stimulation of acupuncture point (LI-4
Hegu) in normal subjects reveals differential brain activation
between methods,” Journal of Alternative and Complementary
Medicine, vol. 8, no. 4, pp. 411–419, 2002.

[5] J. L. Fang, T. Krings, J. Weidemann, I. G. Meister, and A.Thron,
“Functional MRI in healthy subjects during acupuncture: dif-
ferent effects of needle rotation in real and false acupoints,”
Neuroradiology, vol. 46, no. 5, pp. 359–362, 2004.

[6] K. Li, B. Shan, J. Xu et al., “Changes in fMRI in the human brain
related to different durations of manual acupuncture needling,”



Evidence-Based Complementary and Alternative Medicine 5

Journal of Alternative and Complementary Medicine, vol. 12, no.
7, pp. 615–623, 2006.

[7] C. M. Siedentopf, S. M. Golaszewski, F. M. Mottaghy, C. C.
Ruff, S. Felber, andA. Schlager, “Functionalmagnetic resonance
imaging detects activation of the visual association cortex
during laser acupuncture of the foot in humans,” Neuroscience
Letters, vol. 327, no. 1, pp. 53–56, 2002.

[8] M. T. Wu, J. C. Hsieh, J. Xiong et al., “Central nervous pathway
for acupunture stimulation: localization of processing with
functional MR imaging of the brain—preliminary experience,”
Radiology, vol. 212, no. 1, pp. 133–141, 1999.

[9] K. K. Hui, J. Liu, N. Makris et al., “Acupuncture modulates the
limbic system and subcortical gray structures of the human
brain: evidence from fMRI studies in normal subjects,” Human
Brain Mapping, vol. 9, no. 1, pp. 13–25, 2000.

[10] G. Biella, M. L. Sotgiu, G. Pellegata, E. Paulesu, I. Castiglioni,
and F. Fazio, “Acupuncture produces central activations in pain
regions,” NeuroImage, vol. 14, no. 1, part 1, pp. 60–66, 2001.

[11] J. C. Hsieh, C. H. Tu, F. P. Chen et al., “Activation of the hypo-
thalamus characterizes the acupuncture stimulation at the ana-
lgesic point in human: a positron emission tomography study,”
Neuroscience Letters, vol. 307, no. 2, pp. 105–108, 2001.

[12] M. T.Wu, J. M. Sheen, K. H. Chuang et al., “Neuronal specificity
of acupuncture response: a fMRI study with electroacupunc-
ture,” NeuroImage, vol. 16, no. 4, pp. 1028–1037, 2002.

[13] B. Yan, K. Li, J. Xu et al., “Acupoint-specific fMRI patterns in
human brain,”Neuroscience Letters, vol. 383, no. 3, pp. 236–240,
2005.

[14] J. Pariente, P. White, R. S. J. Frackowiak, and G. Lewith,
“Expectancy and belief modulate the neuronal substrates of
pain treated by acupuncture,” NeuroImage, vol. 25, no. 4, pp.
1161–1167, 2005.

[15] W. T. Zhang, Z. Jin, F. Luo, L. Zhang, Y. W. Zeng, and J. S. Han,
“Evidence frombrain imagingwith fMRI supporting functional
specificity of acupoints in humans,” Neuroscience Letters, vol.
354, no. 1, pp. 50–53, 2004.

[16] S. S. Yoo, E. K. Teh, R. A. Blinder, and F. A. Jolesz, “Modulation
of cerebellar activities by acupuncture stimulation: evidence
from fMRI study,”NeuroImage, vol. 22, no. 2, pp. 932–940, 2004.

[17] R. P. Dhond, N. Kettner, and V. Napadow, “Neuroimaging acu-
puncture effects in the human brain,” Journal of Alternative and
Complementary Medicine, vol. 13, no. 6, pp. 603–616, 2007.

[18] A. Nakagoshi, M. Fukunaga, M. Umeda, Y. Mori, T. Higuchi,
and C. Tanaka, “Somatotopic representation of acupoints in
human primary somatosensory cortex: an FMRI study,” Mag-
netic Resonance in Medical Sciences, vol. 4, no. 4, pp. 187–189,
2005.

[19] A. E. Cavanna and M. R. Trimble, “The precuneus: a review of
its functional anatomy and behavioural correlates,” Brain, vol.
129, part 3, pp. 564–583, 2006.

[20] C. Creac’h, P. Henry, J. M. Caille, and M. Allard, “Functional
MR imaging analysis of pain-related brain activation after acute
mechanical stimulation,” American Journal of Neuroradiology,
vol. 21, no. 8, pp. 1402–1406, 2000.

[21] R. Peyron, B. Laurent, and L. Garćıa-Larrea, “Functional imag-
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Objective. To explore the area and sensitization variance of acupoint when internal organs are under pathological condition. To
observe quantity-effect variance of subnucleus reticularis dorsalis (SRD) to electroacupuncture under both physiological and
pathological conditions. To explain medulla oblongata mechanism of acupoint sensitization. Method. Mustard oil was imported
into colon and rectum of 20male SD rats in order to observe its influence on acupoint sensitization. SRD neuron activity was
recorded. Visceral nociceptive stimulus was generated by colorectal distension (CRD). Quantity-effect variance of neuron activity
to electroacupuncture to “Zusanli-Shangjuxu” area both before and after CRD was observed. Paired t-test is used for cross-group
comparison; 𝑃 < 0.05 is deemed as of statistical differences. Result. Visceral inflammation could facilitate SRD neuron activity to
acupoint stimulation. Visceral nociceptive afference could enhance neuron activity to acupoint acupuncture. Wide dynamic range
(WDR) neuron activity caused by electroacupuncture increased when visceral nociception increased. Conclusion. The size and
function of the acupoints comply with the functionality of the internal organs.The sensitive degree of acupoints changed according
to malfunction of internal organs.

1. Introduction

The theory ofacupoints has been matured through the devel-
opment of history. Yet the essence of the acupoint theory
remains “selection of the pain point as an acupuncture point”
(points with the sense of relief or pain upon pressing), that is,
the ashi points. Those pain points, in fact, are typical periph-
eral points that reflect the pathological changes to the corre-
lated organs. It covers the two functions of acupoint as diag-
nosis (pain uponpressing) and treatment (sense of relief upon
pressing) of diseases. Acupoints are windows that reflect
specific changes in the internal organs. Points for analgesia
contain many features resembling referred pain in western
medicine. Referred pain caused by inner organs usually ac-
companies hyperalgesia of the skin [1] ormuscle and often the
occurrence of segmental muscle contracture [2, 3]. This kind
of acupoint reaction is similar to hyperalgesia and allodynia
which appeared due to sickness of inner organs. Hyperalgesia
refers to the overreaction of algesia that occurres in our

bodies in case of stimulation, which includes pain triggered
by subthreshold stimulus that should not cause painwhen the
body is in its normal condition and severer pain triggered
by suprathreshold stimulus that in a normal case would
not cause as much pain. Allodynia refers to pain caused by
situations which in the normal case should not cause pain.
Allodynia is actually a kind of hyperalgesia [4]. For instance,
it has been observed that a slight touch on the body surface
or hair can trigger pain in the referred pain area [5]. The
reason for this kind of “pain upon pressing” actually involves
mechanism of hyperalgesia or allodynia in the referred area
correlated to certain inner organs.

Pathological changes in the inner organs can be mani-
fested on the surface of the body and cause the sensitization
of acupoints with various kinds of pathological reactions
mainly led by pain. The reason that pathological changes can
achieve the above is that they are the specific reflections of
the inner organs manifested through the acupoints. To some
degrees, acupoints are capable of reflecting the pathological
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conditions of organs and viscera. By examining changes in
the feeling, shape and color of acupoints, diagnosis of inner
organs can be made. In the meantime, acupuncturing on
the points serves the purpose of treating the inner organs
by dredging the meridians and regulating qi and blood.
Therefore, superficial reflection areas where inner organ sick-
nessesmanifest should be themost desirable spots to perform
acupuncture so as to regulate the functionality of inner organs
thus treating inner organ diseases.

Currently, the neurobiological mechanism of the sensi-
tization of acupoints remains unclear. However, when inner
organs are sick, referred pain converges. According to the
facilitation theory, the diseased organ and part of the skin
where referred pain occurs are both innervated by the afferent
fibers from the dorsal spinal nerve, both of which end in the
same area in the dorsal horn. As a result, when inner organs
are sick, more impulse is sent to the dorsal horn, creating an
excitation spot, thus leading to the decreasing of the thresh-
old. Studies on referred pain have preliminarily revealed that
body-viscera convergent neurons in the spine and the body
of central supraspinal can be sensitized by the stimulation
that comes from the inner organs, rendering that convergent
neurons react stronger to the input from the body surface [6–
8]. This also serves as reliable scientific proof for acupoint
sensitization.

Electrophysiologic research reveals that subnucleus retic-
ularis dorsalis (SRD) that locates in the caudal portion of the
medulla can be activated by nociceptivemechanical, thermal,
and chemical stimulation that comes from different parts of
the body [9]. One of the most important features of the SRD
neuron is that harmful information that comes from various
parts of the body will gather in one neuron. Secondly, what is
important is that SRDneurons have spatial summation ability
against harmful stimulation: to a certain extent, activation
reaction increases with the expansion of stimulating area;
once it reaches or exceeds a certain area, the reaction of
neurons reach saturation [10], somemay even decrease.These
data illustrate the occurrence of convergence between the
afferent signals of the body and organs.

Discovering the rules and mechanism of the acupoint
sensitization with diseased inner organs can provide guid-
ance for clinical acupoint selection and enhance the efficacy
of acupuncture in treating inner organs. When organs are
sick, superficial acupoints are in different states of “sensitiza-
tion” and “silence,” thus altering the “quality” and “quantity”
in the toning or treatment of organs. This research will study
on the dynamic variation rules of acupoints from relatively
“silence” to “active” state at SRD level. The correlation and
other relating mechanism between the sensitization of acu-
points and functionality of inner organs are also discussed.

2. Materials and Methods

2.1. Experiment Animals andMethod. Experiments were per-
formed on 20 Sprague Dawley rats (between 250 and 300 g).
Following an intraperitoneal injection of 100 𝜇g atropine
sulfate, the animals were anesthetized with an intraperitoneal
injection of urethane (1.0∼1.2 g ⋅ kg−1). A tracheal cannula
was inserted and the animals were paralyzed by intravenous

injection of gallamine triethiodide (Flaxedil) and artificially
ventilated. Heart rate was continuously monitored and core
temperature as maintained at 37 ± 0.5∘C by means of a
feedback-controlled homeothermic heating blanket system.

The animals weremounted in a stereotaxic framewith the
head fixed in a ventroflexed position by means of a metallic
bar cemented to the skull, and the caudal medulla was then
exposed by removing the overlying musculature, atlantooc-
cipital membrane, and dura mater.

Unitary extracellular recordings were made with glass
micropipettes filled with a mixture of 2% pontamine sky blue
and 0.1M of natrium aceticum (cusp: 5 𝜇m, impedance: 8–
12MΩ).

Single-unit activities were recorded extracellularly and
the isolated action potentials were fed into a window discrim-
inator and displayed on an oscilloscope screen. The output
of the window discriminator and amplifier were led into a
data collection system (PowerLab) and a personal computer
data acquisition system (Chart 5.2) to compile histograms or
wavemark files.

The micropipettes were inserted on the left side of the
medulla, 1.0–2.0mm caudal to the obex, and 0.5–1.5mm lat-
eral to the midline. Stability for the recordings was achieved
by placing over the surface of the medulla 2% Ringer-
agar gel. Nonnoxious and noxious electrical or mechanical
search stimuli were used to help isolate unitary activity, and
neurons were classified on the basis of their responses to
different stimuli applied to their peripheral receptive fields.
The neurons that could be activated by noxious stimulation
applied to every part of the body, and internal organs were
identified as SRD neurons.

For visceral-intrusive inflammatory reaction, catheteriza-
tion injection was adopted. A conduit was inserted into the
rat’s colorectum through anus with a depth of 2-3 cm. Then
20𝜇L of 2.5% mustard oil was injected (Sigma-Aldrich, St.
Louis, MO, USA) through the conduit.

Visceral-intrusive stimulation is done by colorectal dis-
tension. A condom was used to make a 4–6 cm-long air sac,
and it was tied to a 4mm-diametered rubber tube. The tube
was connected to a sphygmomanometer-pressure transducer
with a T-tube. During the experiment, the air sac was inserted
into the rat’s colorectum with a depth of 4 cm. CRD stimula-
tion is carried out by pressure supplied by a 20–80mmHg
sphygmomanometer for 20 s or longer. Previous research
[11, 12] indicated that the pressure bigger than 40mmHg is
visceral-intrusive stimulation. In order to prevent possible
sensitization triggered by over stimulation in the colorectum,
the interval between two CRD stimulations should be at least
more than 10 minutes.

2.2. Experiment Procedure. (1) First, response of SRD neu-
rons to electroacupuncture at Zusanli (ST36) and Shangjuxu
(ST37) in 20 rats before and after the introduction of mustard
oil (20𝜇L) was compared in order to observe if visceral
inflammatory reaction can facilitate the response caused by
electroacupuncture.

(2) The stimulus intensity of electroacupuncture at Zus-
anli (ST36) and Shangjuxu (ST37) is 1.5 times stronger
than the threshold of A𝛿 fiber reflection (please refer to
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Figure 1:  indicates the pontamine sky blue positioning of SRD
neurons.

our previous work for detailed operation [13]. The average
intensity of A𝛿 fiber reflection threshold is 1.77 ± 0.53mA).
The pressure of CRD was 20, 40, 60, and 80Hg. The dose-
effect relationship between visceral-intrusive stimulation and
SRD neuron sensitization in various levels; nonintrusive
(20mmHg), mild (40mmHg), moderate (60mmHg), and
strong (80mmHg), was observed.

2.3. Histological Position of the Recorded Sites. After single-
unit recording, the location of the recording site was checked
by HE coloration. By referring to the brain atlas of the rat
(Paxinos and Watson, 2007), the data will be abandoned if
the recording site is out of the SRD neurons area.

2.4. Data Collection and Analysis. Neurons discharges per
second and the activation/suppression ratio (identify as
𝑋 ± SE%) were calculated with Power-Lab, Chart 5.0, and
SPSS13.0. Descriptives were carried out for the average and
differences of the pre- and postintervention (identify as 𝑋 ±
SE). Paired 𝑡-test is used for cross group comparison.𝑃 < 0.05
is deemed as of statistical differences.

3. Results

3.1. General Features of SRD Neurons. Totally, 65 neurons
were recorded in the dorsal medulla in 20 SD male rats,
among which 58 were SRD neurons and 7 were neurons from
the spinal nucleus of trigeminal nerve. Figure 1 illustrates part
of the pontamine sky blue positioning of SRD neurons.

Any suprathreshold electric stimulation at any part of the
rat’s body is capable of activating SRD neurons. Stimulation
at the tale tip or 10 cm from the tip in the basilar area could
trigger two peaks in the activation reaction. The latency
period of the two peak reactions in the basilar area remains
14∼45ms and 185∼260ms respectively. The latency period of
the two reactions in the tale tip area is 22∼58ms and 545∼
670ms, respectively. The time difference in the early stage
of activation reaction peak between the two areas is 10.5 ±
0.7ms. Calculations suggest that the conduction velocity of
the peripheral fibers is 12.5 ± 1.3m/s, according with the
conduction velocity range of A𝛿 fibers. The time difference
in later period in activation reaction peak between the two
basilar areas is 152 ± 14.4ms. Calculations suggest that the
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Figure 2: The activation effect of 20–80mmHg CRD on SRD
neurons.

conduction velocity of the peripheral fibers is 0.78±0.13m/s,
in accordance with the conduction velocity range of C fibers.
Therefore, an inference can be made that suprathreshold
electric stimulation can activate A𝛿 and C fibers [10].

No SRD neuron reacted to any kind of nonintrusive
stimulations (such as sound, light, and proprioceptive stimu-
lus). SRD neurons had significant reactions towards general
intrusive mechanical stimulations (e.g., pinching on the skin
with toothed forceps) or 48∘Cwater stimulation, and so forth.

3.2. Activation Effect of CRD on SRD Neurons. In the exper-
iment, we examined 9 SRD neurons on their reactions to
20–80mmHg CRD stimulations. The degree of activation
increased to 4.42 ± 0.68 spikes/s (𝑃 < 0.05) from 3.55 ±
0.63 spikes/s with 20mmHg of CRD; when CRD was set
at an intrusive level of 40mmHg, the degree of activation
of SRD neurons reached 8.80 ± 1.13 spikes/s (𝑃 < 0.001);
when imposed with 60 and 80mmHg of CRD, the degree of
activation of SRD neurons reached 13.27 ± 2.82 and 15.11 ±
2.63 spikes/s, both of great statistical significance (𝑃 < 0.001).
This indicates that visceral-intrusive damage could activate
the activity of SRD neurons in a scale-differentiatingmanner,
and is of significant dose-effect relation (Figure 2).

3.3. The Effect of Acupoint Sensitization by Inserting Mustard
Oil into Colorectum on SRD Neurons. Activity of 18 con-
vergent neurons was recorded in 20 rats which could be
activated by CRD and stimulation at Zusanli-Shangjuxu area.
In normal cases, spontaneous activity was rarely seen among
these neurons. After insertion of 20𝜇L mustard oil through
the colorectal conduit, spontaneous activities of the SRD
neurons was significantly increased (from 3.42±0.64 spikes/s
before insertion and 6.04 ± 1.63 spikes/s after; 𝑃 < 0.01).

By using stimulation of 1.5 times stronger than A𝛿 fiber
reflection threshold at Zusanli (ST36) and Shangjuxu (ST37),
activity of 18 SRD neurons were observed before and after the
colorectal insertion of the mustard oil. Before the insertion,
discharge activity increased from 4.13 ± 0.77 spikes/s to
6.05±1.42 spikes/s. While after injection of mustard oil, elec-
troacupuncture at Zusanli could increase neuron discharge
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Table 1: The firing discharges of SRD neurons induced by EA before and after CRD stimulation (spikes/s).

CRD intensity (mmHg) 𝑛 BG (spikes/s) EA before CRD (spikes/s) EA after CRD (spikes/s)
20 16 3.25 ± 0.27 5.88 ± 0.72 6.65 ± 0.64

40 16 3.65 ± 0.36 6.31 ± 0.68 8.73 ± 0.47

60 15 3.95 ± 0.44 5.69 ± 0.73 11.18 ± 1.42

80 17 3.77 ± 0.62 5.66 ± 0.54 12.26 ± 1.72

0 10 40 60

(s)
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A

Figure 3: Differences in activation of SRD neurons before (A) and
after (B)mustard oil insertion in the colorectum (indicating internal
organ inflammatory reaction facilitates afferent from acupoints).

by 46.48 ± 11.45%. This indicates that electroacupuncture
could activate SRD neurons with statistical difference (𝑃 <
0.05). After the insertion of mustard oil, on the other hand,
SRD neurons were significantly activated by EA (𝑃 < 0.01).
The activity of SRDneurons increased to 10.47±2.23 spikes/s,
which is 70.86 ± 15.48% increasing compared with non-
EA. The activation effect of EA stimulation with the same
intensity on SRD neurons showed an increase of 73.05 ±
14.22% compared to before the insertion of mustard oil (𝑃 <
0.01) (Figure 3).

3.4. Effect of Acupuncture on SRD Neurons and Its Relation
with CRD. This part of the research is to explore whether
continuous nociceptive visceral afferent can trigger sensiti-
zation for relating acupoints and the medulla mechanism
of acupoint sensitization. 20–80mmHg of CRD was carried
out on the rat for 30 s to trigger activation of SRD neurons.
Then after CRD, changes of SRD neurons activity to elec-
troacupuncture at Zusanli-Shangjuxu area which is 1.5 times
stronger than A𝛿 fiber reflection threshold are observed
before and after CRD stimulation respectively.

The activity of SRDneurons increasedwith CRDpressure
increasing in the range of 20–80mmHg for 30 s. The activity
of SRD neurons increased significantly to EA stimulation
after CRD (see Figures 1 and 4). This indicated that acupoint
sensitization occurred after continuous nociceptive CRD
stimulation was performed on the rat (see Table 1).

Activity of 16 SRD neurons to EA stimulation 1.5 times
stronger than A𝛿 fiber reflection threshold was observed
both before and after 20mmHg CRD. Figure 4 indicates that
before CRD of 20mmHg, EA stimulation could significantly
activate SRD neurons. Compared to the background, the
activation percentage of neurons caused by EA was 80.92 ±
7.84% (𝑃 < 0.001). After CRD, EA activation to SRD neurons

increased 113.10 ± 10.92% compared to its effect before CRD
(𝑃 < 0.05).

Activity of 16 SRD neurons to EA stimulation 1.5 times
stronger thanA𝛿 fiber reflection threshold was observed after
40mmHg CRD. The intensity of activation caused by EA
increased by 38.35 ± 5.12% after CRD, illustrating significant
statistical differences (𝑃 < 0.001). After the intensity of
60 and 80mmHg of CRD, the degree of activation of SRD
neurons caused by EA increased by 96.49 ± 11.02% and
116.10±12.89%both ofwhich indicating significant statistical
significance (𝑃 < 0.001). From 20mmHg to 80mmHg,
the facilitation effect of CRD to EA activation effect on SRD
neurons increases with pressure increasing. There is a linear
relation between the two effects (Figure 5).

These results indicate that nociceptive internal organ dis-
tention is capable of sensitizing SRD neurons in the medulla
which renders its reaction to the EA at acupoints becoming
stronger. There is a linear relation between intensity of noci-
ceptive stimulation to internal organ and sensitization of
related acupoint. All of the results above demonstrate that
SRD participates in the dynamic change of the sensitization
of acupoints.

4. Discussion

As we have observed in the experiment, EA is capable of
activating the activity of SRD neurons. Yet after CRD was
performed, SRD neurons showed stronger reaction to the
same intensity of EA at the same acupoint. This reveals that
CRD is capable of sensitizing SRD neurons.

Previous studies on the relation of acupoint and organs
mostly focus on the acupoints’ regulation of the function in
healthy state neglecting the fact that the function and area of
the acupoints could vary under pathological circumstance.
In recent years, we put forward the concept of “dynamics
states of acupoints,” deeming that the size and function of the
points are not in a stable state but a changing and dynamic
one. The function and size of acupoints will vary along with
the state of the body, especially with the function of internal
organ [14]. This experiment reveals the relation of reaction
points and acupoints in organ-diseased rats. Amorphological
study shows that under inflammatory state, sick organs can
promote the secretion of Evans blue on the body surface, and
those seepage points are related to acupoints on the relating
meridians. For rats with ovarian inflammation, their seep-
age points mainly distribute around “Guanyuan (RN4)”—
“Uterus” area, and “Shenshu (BL23)”—“Mingmen (DU4)”
follows [15]. For rats with acute gastricmucosa inflammation,
the seepage points aligns with nerve segments and are highly
related to “Pishu (BL20),” “Shenshu (BL23),” and so forth [16].
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Figure 4:The responses of SRD neurons to EA before and after CRD ((a) 20, (b) 40, (c) 60, and (d) 80mmHg, resp.). Note: upper rows show-
ing original unit discharges and lower rows showing histograms.

During our medulla experiment, we discovered that when
WDR is activated by intrusive CRD, giving EA in the receptor
filed will trigger further activation of WDR neurons. This
indicates that peripheral and afferent nerves that derive from
the same nerve segments meet at the WDR, thus illustrating
concerted reaction. Another part of our experiments shows
that after ending long time intrusive CRD stimulation, giving
the same intensity of EA in the receptor field causes a stronger
activating reaction in WDR and SRD neurons as compared
with before the CRD, indicating that CRD has managed to
increase the sensitization of neurons.

These studies have shown that along with the changes
from healthy to pathological state of the organs, the function
of acupoints could alter from silent state into an active or
sensitized state becoming rather sensitiveand active.

It is a central mechanismfor acupoints to reflect organ
diseases that the primary afferent of the body and organs
meet in the nervous centralis. Studies such as Cervero and
Connell [17] and Cervero [18] showed that the intercostal
nerve and greater splanchnic nerve of the cat convergein the
thoracic cord.With light and electronmicroscope, Jishuo and
Binzhi [19] have discovered that visceral primary afferent of
the pelvic nerve and corporality primary afferent of the sciatic
nerve both project to the sacral dorsal commissural nucleus.
He has also found that some of the two afferents converge into
the same dendrite of the dorsal commissural nucleus. Alles
and Dom [20] injected dual-marking fluorescence indicator
into the inner side of the arm and pericardium and found
the indicator in the same side of dorsal root ganglion at
C
8
-T
2
. The sensory nerve projection of the rabbit’s riyue
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Figure 5: The response of SRD neurons to EA at different CRD
levels (Left: before; Right: after). The response of SRD neurons to
EA increases with CRD and shows a distinct dose-effect relation
(𝑃 < 0.05∼0.001).

and qimen area shares 5–7 overlapping segments with the
sensory nerve in the choledoch ampullary portion [21].These
studies not only prove the convergence of the peripheral and
organ afferent but also serve as direct morphological proof
inreferred pain in western medicine.

The abnormal hyperalgesia occurance upon pressing
acupoints while the internal organs are sick is the result
of facilitation and sensitization of the spinal cord and/or
supraspinal centrumwhile pathological changes take place in
the organs and is in accordance with the converging sensi-
tization/facilitation mechanism that explains referred pains.
Studies have shown [6, 22] that afferent impulse in the organs
or deep tissues could sensitize the body-organ convergent
neurons in the dorsal horn of the spinal cord, thus rendering
that neurons have intensified reaction to the afferents that
come from the body surface. After these convergent neurons
have experienced sensitization caused by visceral changes
(intrusive stimulation), the number of spontaneous discharg-
ing cells increases, the frequency of discharging goes up, the
threshold of stimulation decreases, and the surface receptor
field expands. For instance, for animals with referred muscle
hyperalgesia caused by ureteral calculus, the number and
frequency of background discharging spinal cord cells exceed
that of the normal animals [7]; after chemical stimulation in
the bladder, the background discharging of neurons in the
dorsal horn of the spinal cord elevates [6]; compared with
normal rats, rats with ureteral calculus have a greater number
and frequency of background discharging in neurons from
the dorsal horn of the spinal cord; the author considers this
as referred hyperalgesia [8]. Besides, inflammation in the
esophagus [23] and colon [24] may lead to the reduction in
reaction threshold. Multiple distending with air sac in the
esophagus results in the expansion of the receptor field in
dorsal horn neurons in T

2–4. By the same token, distending
gall bladder with 65–80mmHg can lead to the expansion in
receptor field for the skin in body-organ convergent neurons
in the dorsal horn of the spinal cord. Injecting glutamate in
SRD could facilitate the activation reaction of WDR on EA
sciatic neurons [25].

5. Conclusions

The convergent sensitization mechanism refers to the reduc-
tion of reaction threshold, increasing of background dis-
charging, and the expansion of receptor filed when body-
organ convergent neurons experience pathological changes
in the organs. This has shown that the size and function of
the acupoints comply with the functionality of the internal
organs. Those studies have provided scientific proof for
acupoints status transforming from silence to activation.
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Acupuncture is currently gaining popularity as an important modality of alternative and complementary medicine in the western
world. Modern neuroimaging techniques such as functional magnetic resonance imaging, positron emission tomography, and
magnetoencephalography open awindow into the neurobiological foundations of acupuncture. In this review, we have summarized
evidence derived from neuroimaging studies and tried to elucidate both neurophysiological correlates and key experimental factors
involving acupuncture. Converging evidence focusing on acute effects of acupuncture has revealed significantmodulatory activities
at widespread cerebrocerebellar brain regions. Given the delayed effect of acupuncture, block-designed analysis may produce bias,
and acupuncture shared a common feature that identified voxels that coded the temporal dimension for which multiple levels of
their dynamic activities in concert cause the processing of acupuncture. Expectation in acupuncture treatment has a physiological
effect on the brain network, whichmay be heterogeneous from acupuncturemechanism. “Deqi” response, bearing clinical relevance
and associationwith distinct nerve fibers, has the specific neurophysiology foundation reflected by neural responses to acupuncture
stimuli. The type of sham treatment chosen is dependent on the research question asked and the type of acupuncture treatment to
be tested. Due to the complexities of the therapeutic mechanisms of acupuncture, using multiple controls is an optimal choice.

1. Introduction

Acupuncture is an ancient East Asian healing modality that
has been in use for more than 2000 years. Together with
herbal medicine, it is regarded as one of the two most pivotal
medical skills in East Asian medicines. In the last decades,
acupuncture has gained great popularity as an alternative and
complementary therapeutic intervention in thewesternmed-
icine [1]. An estimation of 3 million American adults receive
acupuncture treatment each year [2]. Acupuncture is the
insertion and stimulation of needles at specific acupoints
on the body to facilitate recovery of health. For example, a
promising efficacy of acupuncture has been shown in the
treatments of postoperative and chemotherapy nausea and
vomiting [3]. It has also become a beneficial adjunct for pain
management [4, 5]. In spite of its public acceptance, increas-
ing attentions are paid to explore the scientific explanation
regarding the physiological mechanism of acupuncture.

Abundant evidence from animal studies has demon-
strated that acupuncture stimulation can facilitate the release
of certain neuropeptides in the central nervous system (CNS),
eliciting profound physiological effects and even activating
self-healingmechanisms [6, 7]. Studies of electroacupuncture
in rats revealed that both low-frequency and high-frequency
stimulation could induce analgesia, but that there are differ-
ential effects of low- and high-frequency acupuncture on the
types of endorphins released [8]. One recent study demon-
strated that peripheral acupuncture stimulation can ease pain
by triggering a natural painkilling chemical called adenosine,
which typically surges in concentration after any stress or
injury. Adenosine works by docking at a protein called the
adenosine A1 receptor, which has well-established roles in
suppressing pain and is found on neurons that transmit
pain signals [9]. Although animal research clearly supports
a role for specific neural pathways underlying the action
of acupuncture, it is difficult to interpret these studies in
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the context of more complex human experience, including
the belief states, emotion, and cognition changes. The nonin-
vasive functional magnetic resonance imaging (fMRI) tech-
nique has opened a “window” into the brain, allowing us to
investigate the central physiological functions involved in
acupuncture administration of human beings available. The
wide range of physical effects exerted by acupuncture and its
purported efficacy for a compendium of clinical pathologies
suggest that the brain may be responsible for transmitting
the needle stimulus into signals aimed atmaintaining homeo-
static balance within and across functional subsystems [10–
12]. In this review, we have systematically researched and
reviewed the literature looking at the neurophysiologicmech-
anisms of acupuncture on human brain and discussed how
these findings contribute to current hypotheses of acupunc-
ture action.

2. Neural Correlates Involving
Acupuncture in Human

Converging evidence from fMRI studies on acupuncture at
commonly used acupoints have revealed significant modula-
tory effects at widespread cerebrocerebellar brain regions.
These regions process information in circuits that can broadly
be assumed to engage endogenous antinociceptive limbic
networks as well as higher-order cognitive and affective con-
trol centers within the prefrontal cortex and medial temporal
lobe [13–20]. Researches fromWu et al. indicated that stimu-
lation at LI4 and ST36 resulted in increases in signal intensity
of the hypothalamus and nucleus accumbens, as well as
decreases in the rostral part of the anterior cingulated cortex,
amygdala, and hippocampus [18]. This evidence supported
the hypothesis that acupuncture can activate the structures of
descending antinociceptive pathway and deactivate multiple
limbic areas subserving affective dimension of pain, largely
overlapping with the “neuromatrix” for both pain transmis-
sion and perception. These regions process information in
circuits that can broadly be assumed to engage: the affective
(amygdala, hippocampus), sensory (thalamus, primary (SI)
and secondary (SII) somatosensory cortices), cognitive
(ACC, anterior insula), and inhibitory (PAG, hypothalamus)
processing during the experience of pain. Notably, Hui et al.
reported that needle stimulation at ST36 induced a wider
range of negative signal changes in the limbic-cerebellum sys-
tem [14]. This widely decreased limbic-cerebellum network
may be one of the central characteristics involved in the
action of acupuncture. Collectively, neuroimaging data
strongly suggest that acupuncture modulates many distrib-
uted cortical and subcortical (i.e., brainstem, limbic, and cere-
bellum) brain areas. These brain areas may contribute to the
therapeutic effect of acupuncture by shifting autonomic
nervous system (ANS) balance and altering the affective and
cognitive dimensions of pain processing.

Previous neuroimaging studies on acupuncture focus
mainly on the spatial distribution of brain activities induced
by acupuncture stimuli. Interest in exploringwhat happens in
the human brain when subjects do not perform cognitively
demanding tasks has increased in the past few years. Some

researchers indicated that even in the task-free state, the brain
continuously expends a considerable amount of energy, and
external tasks only modestly modulate the effects of such
ongoing activity [21–23]. Therefore, as suggested by Raichle
and colleagues, in terms of overall brain functions, the
ongoing intrinsic activity within various brain systems may
be at least as important as the activity evoked by external
stimuli [22, 23].More importantly, a recent study has reported
differences in resting-state brain functions of people with
chronic pain in contrast with controls, and the authors pro-
posed that this difference in resting-state brain activity might
reflect the cognitive and affective complications of chronic
pain [24].Therefore, analysis of resting-state connectivity can
not only help us to better understand the long-term effects of
pain on brain but also the potential benefits of acupuncture in
pain treatments. One pioneer studies using independent
component analysis have found that acupuncture, not the
sham condition, can enhance interregional functional con-
nectivity within both the default mode network and sensori-
motor network [25], including the medial temporal lobe,
PAG, and supplementary motor area (SMA). They also
reported that connectivity between the hippocampus and
DMN saliently correlated with parasympathetic output only
following the acupuncture stimulation. This indicated that
acupuncture may operate through the regulation of auto-
nomic nervous system, which was consistent with increasing
evidence for the involvement of autonomic efferent nerve
activity underlying its specific effects [26, 27]. Another study
using the spontaneous activity detection approach indicated
that acupuncture may not only enhance the dichotomy of
the anticorrelated resting networks (“default mode” network
and “central-executive” network) but also modulate a larger
spatio-temporal extent of spontaneous activities in the salient
interoceptive-autonomic network, which may contribute to
potential actions in the endogenous pain-modulation circuits
and homeostatic control mechanism [28]. This hypothesis
needs further investigations in the altered and/or dysfunc-
tional brain networks such as those in patients with chronic
pain.

3. Time-Varied Acupuncture Effect and Its
Influence on fMRI Study

Abundant clinical reports have indicated that acupuncture
can provide relief even beyond the time it is being performed.
Psychophysical analysis from Price et al. suggests that the
analgesic effects of acupuncture might actually peak long
even after the needling session is terminated [29]. Another
evidence using pain threshold to potassium iontophoresis
also showed the delayed development of acupuncture
analgesia [30]. The increase of the pain threshold induced by
acupuncture has a peak occurring 20–40min after needle
insertion, and the pain threshold persisted over 30min after
withdrawal of the acupuncture needle. Due to the sustained
effect of acupuncture, the temporal aspects of the BOLD
response to acupuncture may violate the assumptions
of the block-designed GLM estimates (Figure 1) [31].
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Figure 1: Representative brain areas induced by acupuncture at ST36 for different epochs of multiblock design paradigm (𝑃 < 0.005,
uncorrected). The kinetics of acupuncture was complex and longer acting as a function of time, rather than conforming to simple “on-off”
variations predicated by the block-based GLM analysis. Abbreviations: Amy: amygdala; Hipp: hippocampus; PH: parahippocampus; pACC:
pregenual anterior cingulate cortex; dACC: dorsal cingulate cortex; AI: anterior insula; PI: posterior insula; SII: secondary somatosensory
cortex; Hyp: hypothalamus; PAG: periaqueductal gray; SN: substantia nigra (adapted from [31]).
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In the framework of GLM, a specific stimulus sequence
(i.e., design matrix) is used to define an ideal hemodynamic
response function (HRF), which is convolved with the actual
hemodynamic response and produces predictors of the
BOLD response. Formultiblock design, the temporal changes
in the BOLD signal as predicted by the GLM conform to the
“on-off” specifications set by the experimenter. Considering
that the temporal profile of acupuncture is slow to develop
and resolve, the magnitude of BOLD signal in rest period
following the initial stimulation is unlikely to have returned
to the initial (prestimulus) baseline level. Since fMRI analysis
is an inherently contrastive methodology [32], the presence
of activity during the baseline condition can seriously
compromise the integrity of the sequential results. Due
to the slow-acting agent of acupuncture, neural activities
during rest periods may reduce, eliminate, or even reverse
the sign of activities during stimulation conditions [31].
Therefore, the depiction of dynamic on-going acupuncture
effects would be obtained in the absence of any assumption
concerning the shape of the hemodynamic response, while
the GLM’s effectiveness in modeling such state-related
activity is limited. In this line, a more flexible model, which
captures consistencies in activation magnitude but allows for
temporal variations, may be a more optimal choice instead.

Recently, our group has applied data-driven methods,
such as the change-point approach with a hierarchical expo-
nentially weighted moving average (HEWMA) analysis to
model such slowly varying processes of acupuncture, of
which the onset time and durations of underlying psycho-
logical activity were uncertain [33]. Our results demonstrated
that BOLD signal changes induced by acupuncture shared a
common feature that the identified voxels, containing a pop-
ulation of neurons, coded the temporal dimension (Figure 2).
Notably, simply needling manipulation can evoke consis-
tently increased signal changes in the wide pain-sensitive
regions but more complex and time-varied neural responses
during the poststimulus phrase. One possible explanation is
that acupuncturemanipulation, like kind of painful stimulus,
generally involves a needling stimulation in deep tissue with
both skin piercing and biochemical reactions to the tissue
damage; this predominant experience may be primarily asso-
ciated with excitatory responses in pain-related areas. As the
effect of acupuncturemay require a period of time to develop,
its complex action on disassemble neural system may occur
as time prolonged. For instance, the amygdala and perigenual
anterior cingulate cortex (pACC) exhibited increased activ-
ities during the needling phrase while decreased gradually
to reach significance below the baseline level. The periaque-
ductal gray (PAG) and hypothalamus presented saliently
intermittent activations across the whole session. Relatively
persistent activities were also identified in the anterior insula
and prefrontal cortices. It is also noteworthy that there were
remarkable overlapping brain regions involving acupuncture
on both ST36 and nearby nonacupoint, the brain networks
were more intrinsically heterogeneous and consisted of sub-
systems as time prolonged. Specifically, the sham networks
consisted of a more time-independent subsystem that mainly
included the sensorimotor and association cortices. In con-
trast, the acupuncture networks were much more extensive

and time dependent, involving multiple neural circuitries.
Previous investigations, focused on the spatial distribution
of neural response to acute effects of acupuncture within a
relatively short-term span, have argued that possible neural
differences between the verum acupuncture and sham con-
trol are too subtle for detection in fMRI. As the effects of
acupuncture may require a period of time to develop, the
differencesmay only emerge over timewhen its delayed effect
was being studied. To further test our hypothesis, we also
adopted an electrophysiological imaging modality, namely,
magnetoencephalography with a more sensitive temporal
resolution on the order of milliseconds. Our findings showed
that verum acupuncture can increase the connection degree
between the temporal cortex (amygdala and hippocampus)
and prefrontal cortex within delta (0.5–4Hz) and beta (13–
30Hz) bands, while such effect occurred only in the delta
band for sham control [34].

4. Interactions of Brain Network between
Acupuncture and Expectancy

Acupuncture is a procedure inwhich fine needles are inserted
into an individual at discrete points and then manipulated,
with the intent of relieving pain. Clinical observations have
shown that acupuncture analgesia is very effective in treating
chronic pain, helping from 50% to 85% of patients (compared
to morphine which helps only 30%). The analgesic effect
of acupuncture is not a simple reflection or linear readout
of incoming sensory information but can be substantially
influenced by variations in individual physiological states.
This inference can partially explain why the analgesic effect of
acupuncture is generally characterized by tremendous inter-
individual variability. The existence of psychological factors
in acupuncture analgesia when treating a patient’s chronic
pain is not unexpected, as with many medical treatments.
There is still high skepticism whether acupuncture anal-
gesia is predominately attributable to its physiological or
just only psychological action. In the majority of random-
ized controlled trials (RCTs), it is generally concluded that
acupuncture relevantly reduces pain but not more than a
credible placebo procedure [35–37]. One recent systematic
review using individual patient datameta-analyses to identify
randomized controlled trials (RCTs) of acupuncture for
chronic pain has promising results and indicates that acu-
puncture is effective for the treatment of chronic pain and is
therefore a reasonable referral option. However, the differ-
ence of pain relief between acupuncture and placebo only
obtainmarginal significance.The substantial effect seen in the
placebo acupuncture groups presents a significant challenge
for both evaluating the efficacy and interpreting the effective-
ness of acupuncture.

Distinct from the classical senses, pain ismultifaceted and
generally involves sensory, affective, and autonomic drive
dimensions.The subjective evaluation of one’s condition (e.g.,
“how do you feel?”) generally involves several complicated
cognitive processes, which can be easily biased by previous
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Figure 2: The baseline period was indicated by the shaded gray box, and the EWMA statistic was shown by the thick black line (corrected
over time and FDR corrected at 𝛼 = 0.05 over space), with gray shading denoting the standard error across participants. The estimated CP
for onset activity was presented in green line. The control limits were shown by dashed lines. Abbreviations: SII: secondary somatosensory
cortex (adapted from [33]).

experience and expectation [38]. In this regard, the availabil-
ity of sophisticated brain imagingmethods such as fMRI pro-
vides us objective techniques to enhance our understanding
of themodulationmechanism of acupuncture. Recent studies
have provided neuroimaging evidence to support different
mechanisms underlying acupuncture in comparison with
placebo/sham [39, 40]. Kong and colleagues examine both
the interaction anddissociation between expectancymanipu-
lation and acupuncture and demonstrate that expectancy
could significantly influence acupuncture analgesia for the
experimental pain, whereas acupuncture might specifi-
cally inhibit incoming noxious stimuli in comparison with
the expectancy more involving the emotional circuit [39].

Harris et al. also investigate both short- and long-term effects
of acupuncture versus sham treatment on in vivo 𝜇-opioid
receptor (MOR) binding availability in chronic fibromyalgia
pain patients [40]. They suggest that acupuncture therapy
could evoke both short-term and long-term increases in
MOR binding potential in multiple pain and sensory proc-
essing regions associated with reductions in clinical pain,
whereas such effect presented absent or even small reduction
in the sham group. Another study enrolled fourteen patients
with osteoarthritis of the thumb and designed two placebo
controls (nonpenetrating Streitberger needle and an overt
placebo) to explore both the specific effect of real acupuncture
and the nonspecific effect of treatment expectation.The overt
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placebo was a nonpenetrating surface skin prick, bearing
exactly the same stimulus as the Streitberger needle.However,
patients were told in advance that this manipulation had no
therapeutic effect. For the specific effect, by comparing the
real acupuncture and Streitberger needle, the insula ipsilat-
eral to the site of needling was activated to a greater extent
during real acupuncture than during the placebo interven-
tion. For the nonspecific effect, by comparing the Streitberger
needle and overt placebo, the only difference was activation
in dorsal lateral prefrontal cortex, rostral anterior cingulate
cortex, and midbrain, suggesting a possible mechanism for
the placebo effect involving acupuncture.Thefinding demon-
strated that expectation in acupuncture treatment has a
physiological effect on the brain network which mediates a
potential nonspecific clinical response to acupuncture.These
lines converge into one notion that divergent neural mech-
anisms may mediate specific dimensions of acupuncture
effects in comparison with the placebo effects.

5. Deqi Sensations and Neural
Responses by Acupuncture

In clinical settings, acupuncturists focused on “deqi” feeling
during the needling treatment. This sensation was generally
experienced by the patients and also by manipulating feeling
of the acupuncturist when reaching the level of “qi” in the
body. Deqi has recently drawn the attentions of many scien-
tific researchers, and some studies propose that no apprecia-
ble therapeutic effect is obtained under a certain stimulation
level, which is determined by the appearance of a particular
sensation known as deqi [41–44]. One recent report investi-
gated the characteristics of the “deqi” response in acupunc-
ture at different acupoints (ST36, LI4, and LV3) and its asso-
ciation with distinct nerve fibers, compared with the conven-
tional somatosensory or noxious stimuli. They indicated that
aching, soreness, and pressure weremost common sensations
for different acupoints, followed by tingling, numbness, dull
pain, heaviness, warmth, fullness, and coolness, and The
sharp pain was regarded as inadvertent noxious stimulation.
The most specific sensations of deqi were aching, soreness,
pressure, and dull pain, in comparison of tactile stimulation
control. Such complex composite of deqi sensations indicated
involvement of nerve fibers at all levels (myelinated and
unmyelinated nerve fibers). Particularly, the deeper muscle
layers with its rich supply of slow conducting fibers may play
the key role in acupuncture. It is consistent with the findings
that deqi sensations are blocked after injection of procaine
into the muscle beneath the acupoints. Following lumbar
anesthesia, both deqi sensations and electromyography were
completely abolished [45]. This phenomenon inferred that
acupuncture-induced sensationsweremainly generated from
muscle, and the activity of polymodal-type receptors in deep
tissues may play an important role [46]. This finding partly
provides a clue to demonstrate the deqi with modern con-
cepts in neurophysiology and bearing clinical relevance.

Given that deqi plays a pivot role in the therapeutic
effect of acupuncture, it is noteworthy to find the relations

between the brain activities and acupuncture-induced feel-
ings. One study showed that acupuncture-induced deqi sen-
sations without sharp pain primarily elicited widespread sig-
nal decreases in several brain areas, including the frontal pole,
VMPF cortex, cingulated cortex, hypothalamus, reticular
formation, and the cerebellar vermis, whereas sharp pain
elicited signal increases in several areas, including the frontal
pole and the anterior, middle and posterior cingulate [14].
They further inferred that acupuncture feeling without sharp
pain are related to analgesia and antistress and deactivate the
limbic-subcortical regions. By contrast, acupuncture feeling
mixed with the sharp pain is associated with needling stim-
ulation in deep tissue with skin piercing and biochemical
reaction to tissue damage, and thus, the central effects of pain
prevailed, exhibiting an integrated response with predomi-
nance of activation over deactivation in the cerebrocerebellar
and limbic systems. Another research indicated that individ-
ual differences in the deqi scores can modulate the degree
to which the right anterior insula was activated only follow-
ing the verum acupuncture at ST36, compared with sham
control [28]. The anterior insula has been widely accepted
as a relay station integrating the centrally processed sen-
sory information (visceral and autonomic) for its reciprocal
connections with multiple brain regions [47]. This region,
particularly the right anterior part, also plays a critical role
in the interoceptive awareness of both stimulus-induced and
stimulus-independent changes in the homeostatic state [48,
49], which enables us to regulate the organism’s current state
by initiating appropriate control signals toward the extraper-
sonal stimuli. This observation may suggest a key role of deqi
in characterizing the central expression of acupuncture stim-
ulation at ST36, which is relevant with its clinical efficacy in
gastrointestinal analgesia.

6. Sham Control in Acupuncture Studies

Selecting the study design for both clinical and study investi-
gations is prerequisite to answering the research question of
interest whether acupuncture really works compared with
control group. Thus, the central question is whether a par-
ticular acupoint needling manipulation performs better than
another prescription, which is generally designed to deter-
mine an intervention’s effectiveness compared to placebo in
clinical trials. However, it is not known which aspects of the
acupuncture treatment, such as the mode of stimulation or
location of the acupuncture point, are specific to produce
these physiological effects. The majority of neuroimaging
researchers have suffered from selection of appropriate con-
trol challenges in order to address both the specific effect and
relative effectiveness of acupuncture. There existed several
control modalities. One approach is to apply the retractable
nonpenetrating shamneedle [50], which gives the impression
of skin penetration without piercing the skin. As the needle
is pushed against the skin, it causes a pricking sensation;
but as increased pressure is applied, the shaft of the needle
disappears into the handle, mimicking a “stage dagger.”
The needle is held in position by a small adhesive plastic
ring, which can also be used with the real needles to aid
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consistency and credibility. It mainly served as a control for
nonspecific cognitive factors (e.g., expectation), whereas it
may also lead to the subjects’ bias toward the stimulation. To
ensure the credibility of this control procedure, the research
should enroll and pretest using acupuncture-näıve patients.
Another control modality is the sham acupuncture, which is
performed on a nearby nonacupoint with needle depth, stim-
ulation intensity, and manipulation method all identical to
those used in the real acupuncture. Although it is proved to be
far from inactive and does in fact have a physiological effect
[51–54], careful design and execution procedures can make
it useful to assess the neural specificity of acupuncture with
respect to different locations. Other control group included
no treatment (or wait-list control), standard care, or combi-
nation of treatments. As for wait-list control, the research
primarily attempts to factor out the natural history-induced
effect. For standard care or another intervention, the study
focuses more on the evaluation of the relative merits of dif-
ferent treatment interventions. Considering acupuncture is
inherently multifaceted, the decision as to which control
should be used will ultimately depend on the particular ques-
tion that the researchmodel plans to answer. It is thus impor-
tant for researchers to clearly explain the target questions
and select the appropriate control tomatch the purpose of the
study. Using multiple controls at once is an optimal choice.

7. Further Considerations for
Acupuncture Neuroimaging

Most of neuroimaging studies generally adopted the GLM
analysis to focus on the spatial distribution of acupuncture-
induced neural response to the acute effect of acupuncture. In
fact, an acupuncture procedure typically involves two admin-
istration steps: (1) needling stimulation in deep tissue with
skin piercing and biochemical reaction to tissue damage and
(2) prolonged effects after the removal of acupuncture needle
stimulation [28, 31]. In addition, evidence from both human
behavior and animal studies indicates that a striking feature
of acupuncture analgesia, in both human and animals, is
its longevity—a delayed onset, gradual peaking, and gradual
returning [29, 55, 56]. It is also substantiated that the physical
needling stimulus, as well as the delayed effect of acupunc-
ture, can similarly activate many areas of the brain [33].
Therefore, it is noteworthy to understand both acute and
delayed effects of acupuncture on human brain. In addition,
acupuncture, like many complex experiences, emerges from
the flow and integration of information between specific
brain areas. Great emphasis has been given to understand
temporal interactions of these spatially defined brain regions,
with consideration for how multiple levels of their dynamic
activities in concert cause the processing of acupuncture.

Due to the complexities of the therapeuticmechanisms of
acupuncture, research into its neural mechanism has raised
a number of difficult methodological issues. Variability in
needling technique, deqi sensations, design paradigm, differ-
ences in neuroimaging hardware and software, and data
postprocessingmethods [57], may all account formany of the

reported differences in brain response to acupuncture.There-
fore, it is urgent to define a standardized reporting system to
describe details of acupuncture manipulations [58]. Further-
more, specific selection criteria should also be used to ensure
that a truly appropriate treatment is selected for the sham
acupuncture treatment. The type of sham treatment chosen
is dependent on the research question asked and the type
of acupuncture treatment to be tested. For instance, using
irrelevant acupoints can help to address the relative func-
tional specificity of acupuncture.While acupuncture on same
acupoints but with a different technique for the control con-
dition can answer questions about the specific effects of those
techniques, it is not known which aspects of the acupuncture
treatment, such as the mode of stimulation or location of the
acupuncture point, are specific to produce these physiological
effects. In fact, a pilot study is needed to assist in determining
if indeed it is an appropriate sham treatment and plays an
important role in sample size calculations.

Previous acupuncture studies have generally adopted the
multiblock design paradigm with repeated stimuli during a
relatively short-term time span. Since acupuncture-related
neural responses can be long lasting and not return to the
baseline level immediately after the stimuli terminated, the
“on-off” specifications set by block design may be violated;
further analysis may be susceptible to errors of statistical
significance [31]. In block designs, it is also difficult to dis-
entangle the concurrent brain activity related to the needling
manipulation from the brain activity associated with its sus-
tained effect resulting from the same stimulation. Therefore,
the nonrepeated event-related design paradigmmay be more
optimal in acupuncture studies. Furthermore, the model-
based analysis (GLM) also becomes impractical when the
precise timing and duration of acupuncture cannot be speci-
fied a priori. In other words, the depiction of dynamic on-
going acupuncture effects would be obtained in the absence
of any assumption concerning the shape of the hemodynamic
response. For this purpose, the data-driven analysis, free of
any hypothesis about the temporal profile of acupuncture-
related changes, can be a more optimal choice instead.
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Objectives. To investigate the anti-aging effects of moxa smoke on SAMP8 mice. Methods. Using 2 × 3 factorial design, exposure
length (15 or 30 minutes daily), and concentration (low, 5–15mg/m3; middle, 25–35mg/m3; high, 85–95mg/m3), 70 SAMP8 mice
were randomly assigned, 𝑛 = 10/group, to a model group or one of six moxa smoke groups: L

1

, L
2

, M
1

, M
2

, H
1

, or H
2

. Ten SAMR1
mice were used as normal control. Mice in moxa smoke groups were exposed to moxa smoke at respective concentrations and
exposure lengths; the model and normal control mice were not exposed. Cerebral 5-HT, DA, and NE levels were determined using
ELISA. Results. Compared to normal control, the model group showed a significant decrease in 5-HT, DA, and NE. Compared to
model group, 5-HT andNEwere significantly higher in groups L

2

, M
1

, andM
2

andDAwas significantly so in L
2

andM
1

. 5-HT, DA,
andNE levels were the highest in groupM

1

amongmoxa smoke groups. Amarked exposure length × concentration interaction was
observed for 5-HT, DA, and NE. Conclusion. Moxa smoke increases monoamine neurotransmitter levels, which varies according
to concentration and exposure length. Our finding suggests that the middle concentration of moxa smoke for 15 minutes seems the
most beneficial.

1. Introduction

Moxibustion, the burning of moxa cones or sticks (made of
mugwort, usually Artemisia vulgaris) at acupuncture points,
is one of the oldest therapies in traditional Chinese medicine
(TCM), and it is used for both disease prevention and
treatment. During moxibustion, thermal stimulation and
moxa smoke are produced simultaneously. The treatment
effects of moxa smoke are currently unknown and it is
more commonly accepted that thermal stimulation is the
key factor for the effects of moxibustion [1]. In fact, it was
recorded in the ancient literature that moxa smoke was used
to prevent epidemics and it is now used to sterilize the air
in hospital wards [2]. Besides, in vitro studies showed that
moxa smoke displayed biological activities of tumor-specific

cytotoxicity (oral squamous cell carcinoma HSC-2 and HSC-
3 and promyelocytic leukemiaHL-60) and radical scavenging
of O
2

−, ∙OH, 1O
2
, and ON [3, 4]. All these strongly indicated

that moxa smoke probably had some treatment effects, which
contributed to the effect of moxibustion. Moxibustion had
been reported to be effective for anti-aging through several
ways, including enhancing antioxidant ability by increasing
SOD activity and suppressing MDA or NO content and NOS
activity [5, 6], enhancing immune function by regulation
of serum IL-6 level and IL-2 level [7], and improving neu-
roendocrine function. As part of the normal aging process,
neurotransmitters exhibited a marked alteration in different
regions of brain [8, 9], such as reduction of serotonin
(5-HT) level in cortex, striatum, and hypothalamus, the
dopamine (DA) level in the brain cortex and striatum, and
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Table 1: 2 × 3 factorial design.

Factor and level Concentration
Low concentration (5∼15mg/m3) Middle concentration (25∼35mg/m3) High concentration (85∼95mg/m3)

Time
15min L1 M1 H1

30min L2 M2 H2

the norepinephrine (NE) content in brain cortex [9]. Since
moxibustion showed a good regulation of 5-HT, NE, and DA
[10, 11], we hypothesized that moxa smoke may also regulate
age-related alteration of monoamine neurotransmitters. In
this study, we used an aging animal model senescence-accel-
erated prone mouse (SAMP8) to study the influence of moxa
smoke on the monoamine neurotransmitters 5-HT, DA, and
NE in the aging brain.

2. Material and Methods

2.1. Animals Preparation. The SAMP8 is the commonly used
animal model for aging study and senescence-accelerated
mouse/resistance (SAMR1) mice were usually used as a nor-
mally aging control for SAMP strains. In SAMP8mice, senes-
cence naturally occurs four to six months after birth; typical
symptoms resemble Alzheimer’s disease [12, 13], in which
cerebral monoamine neurotransmitters greatly decrease. We
obtained 70 SAMP8 and 10 SAMR1 male mice of six months
of age and weight of 30 ± 2.7 g from the animal center of
the First Hospital Affiliated to Tianjin University of TCM
(Tianjin, China). Mice were housed in individual cages with
free access to food and water. A controlled environment at
a temperature of 20∼24∘C, humidity of 50%∼60%, and 12-
hour light-dark cycle was maintained throughout the study.
All procedures for animal experiments were conducted in
accordance with the World Health Organization’s Interna-
tional Guiding Principles for Biomedical Research Involving
Animals and were approved by the local ethics committee of
Beijing University of Chinese Medicine.

After acclimation in the animal room for one week, 10
SAMR1mice were used as normal control, and the 70 SAMP8
mice were randomly assigned (𝑛 = 10/group) to a model
group or to one of the six moxa smoke groups. The six
moxa smoke groups were divided into L

1
, L
2
, M
1
, M
2
, H
1,

or H
2
using a 2 × 3 factorial design, length of exposure (15

or 30 minutes daily), and moxa smoke concentration (low,
5∼15mg/m3; middle, 25∼35mg/m3; or high, 85∼95mg/m3)
(Table 1). The six moxa smoke groups were exposed to moxa
smoke six times a week for four weeks; model and normal
control mice were not exposed to moxa smoke.

2.2. Moxa Smoke Intervention. Custom-designed mouse
cages that can accommodate a single mouse and in which
the mouse can turn around in the cage and make itself
comfortable were used during themoxa smoke interventions.
Moxa smoke was generated by burning moxa sticks (three-
year-old pure moxa, 0.5 cm × 12 cm, Nanyang Hanyi Moxa

Co., Ltd., China). The moxa smoke was contained within
a custom-designed glass box (80 cm × 80 cm × 60 cm). Its
upper cover, with a circular hole 0.6 cm in diameter, can
be shifted. A light-scattering digital dust tester (DT, Beijing
BINTA Green Technology Co., Ltd) was used to monitor
smoke concentration by detecting levels of PM

10
(particulate

matter < 10𝜇m in diameter).

2.2.1. Intervention for the Six Smoke Groups. Groups receiv-
ing the same concentration of moxa smoke were exposed
together. The main procedure was as follows. The DT was
placed in the middle of the glass box to monitor concentra-
tion. Mice were individually put into the custom-designed
cages, and groups with the same concentration, such as
group L

1
and group L

2
, were put into custom-designed cages,

and subsequently, groups with the same concentration were
placed on opposite sides of the DT. The burning end of a
moxa stickwas inserted into the glass box from the upper hole
while the other end was held in the investigator’s hand.When
the box filled with the predetermined amount of smoke,
which took about 15, 32, and 82 seconds for low, middle, and
high concentration, respectively, the stick was withdrawn and
the hole was quickly closed. After 15 minutes, the mice that
belonging to the 15-minute exposure group were removed,
while the 30-minute exposure group continued for another
15 minutes.

To ensure concentrations of moxa smoke in the specified
ranges, moxa smoke concentration was monitored dynam-
ically every three minutes by DT. When the concentration
exceeded the upper range, the upper cover of the glass box
was moved to release some of the smoke and when it fell
below the lower range, the burningmoxa stick was reinserted
to the box for a few seconds.

2.2.2. Intervention for the Two Control Groups. The model
and normal groups were not exposed to moxa smoke. Mice
in those two groups were caged and put on opposite sides of
the glass box for 30minutes with no exposure tomoxa smoke.

2.3. Cerebral Monoamine Neurotransmitter Assessment.
Twenty-four hours after the last intervention, the mice were
sacrificed, and cerebrum samples were quickly dissected
on an ice board. Using enzyme-linked immunosorbent
assay kits of 5-HT, DA, and NE (produced by Nanjing Jian-
cheng Bioengineering Institute, Nanjing, China), values of
absorbance were strictly measured by microplate reader
(Multiskan MK3, Finland) at 450 nm wavelength. The con-
centrations of 5-HT, DA, and NE were determined by
comparing the O.D. of the samples to the standard curve.
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Figure 1: Differences in 5-HT (a), DA (b), and NE (c) levels, normal group (SAMARI mice) versus model group (SAMP8 mice). Note:
∗

𝑃 < 0.05, versus model group.

2.4. Statistical Analysis. Data were analyzed by analysis of
variance (ANOVA), and post hoc analyses were conducted
using the Student-Newman-Keuls test. For that of the six
smoke groups, ANOVA for factorial data was used. All values
were reported as means ± standard error. Analyses were
performed with SPSS software version 13.0; 𝑃 < 0.05 was
considered to be statistically significant.

3. Results

3.1. Cerebral Monoamine Neurotransmitter in the Normal and
Model Groups. Compared to the normal group, the model
group showed a remarkable decrease in cerebral 5-HT, DA,
and NE levels (Figure 1).

3.2. Effect of Moxa Smoke on Cerebral Monoamine Neuro-
transmitters in SAMP8 Mice. Moxa smoke groups showed
a higher level of monoamine neurotransmitters than model
group. Compared to the model group, 5-HT and NE were
significantly increased in L

2
, M
1
, and M

2
, while DA was

significantly increased in L
2
and M

1
(Figure 2).

3.3. Effects of Concentration and Length of Moxa Smoke
Exposure on Cerebral Monoamine Neurotransmitters in
SAMP8 Mice. Using ANOVA for factorial data, there was

a significant interaction between length of exposure and con-
centration effects on cerebral monoamine neurotransmitter
levels (Figure 3). Levels of 5-HT and NE varied significantly
as a function of concentration. No main effect of exposure
length on monoamine neurotransmitters was found.

3.4. Optimum Conditions for Interventions with Moxa Smoke.
Multiple comparisons showed that moxa smoke intervention
for the M

1
group, middle concentration for 15 minutes,

manifested the highest effect in increasing cerebral 5-HT,DA,
and NE levels among the different combinations between
concentration and exposure length (Figure 2).

4. Discussion

In this study, we explored the anti-aging effects of moxa
smoke and found thatmoxa smokemay increasemonoamine
neurotransmitter levels in SAMP8 mice and the effects were
related to exposure length and concentration of moxa smoke.
This indicated that moxa smoke may be one of the effec-
tive components of moxibustion. 5-HT, DA, and NE were
important neurotransmitters in the central nervous system
and were closely related to neural functions and aging [14].
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Figure 2: Cerebral levels of 5-HT (A), DA (B), and NE (C) of SAMP8 mice exposed to different concentrations of moxa smoke for various
lengths of time. Note: any two groups without a common alphabet (a or b) are significantly different (𝑃 < 0.05).

More specifically, 5-HT excites the functions of learning and
memory [15, 16] and can trigger facilitation, and DA has
an excitatory effect on overall behavior and participates in
the reappearance of memory trace. NE regulates excitation
of the cerebral cortex and influences awakening, sensa-
tion, emotions, and advanced cognitive functions; increased
excitability of NE improves learning and memory [17]. The
SAMP8 mouse is marked by impaired learning and memory.
In other studies, six-month-old SAMP8 mice had shown
a significant decrease in monoamine and metabolite levels,
which was relevant to cognitive impairment, in the cortex
and hippocampus [18]. DA levels in the brain had also been
shown to decrease with aging, and DA turnover was lower
in aged SAMP8 mice than in young ones [19]. Impairment of
learning andmemory in SAMP8mice had also been reversed
by drugs, and increased cerebral Ach and 5-HTand activation
of the PI3 K/AKT pathway were possible mechanisms of this
effect [20]. Consistent with those findings, our study showed
decreasedmonoamines in themodel SAMP8mice compared
to the SAMR1 mice. Compared to the model mice, SAMP8
mice exposed tomoxa smoke showed higher levels of cerebral
5-HT,DA, andNE.This indicated thatmoxa smoke increased
monoamine content, thus postponing senescence.

Moxa floss is made from mugwort leaf (Artemisia argyi
Folium), and its smoke contains multiple essential oils,
suspended particulate matters, and products of chemical
oxidation [21]. The chemical ingredients of moxa floss may
lay the foundation for the effects of moxa smoke, such as
flavones isolated fromArtemisia argyi inhibiting proliferation
of a couple of tumor cell lines [22] and Arteminolides B-
D (2-4) isolated from Artemisia argyi inhibiting the farnesyl
protein transferase [23]. Clinically, moxa floss with good
quality has to be specially processed and preserved for a
relatively long time.The active ingredients of mugwort leaves
mainly lie in their volatile oil, such as caryophyllene and
caryophyllene [24], which can be distilled into moxa smoke.
Most of these volatile ingredients are nonaromatic essential
oils. Widely used in aromatherapy, they have no fragrance
in their natural state but disperse their fragrance when
burning. An essential oil can exert an effect via absorption
through the skin and through inhalation, and it also can act
directly on the central nervous system through the olfactory
pathway [25]. Considering the similarity of action between
essential oils and moxa smoke, we conjecture that moxa
smoke and aromatherapy exert their effects similarly. Further
studies concerning the active ingredients of moxa smoke
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Figure 3: Cerebral levels of 5-HT (a), DA (b), andNE (c) of SAMP8mice exposed tomoxa smoke at different concentrations and for different
lengths of time.

are warranted in order to understand the mechanisms of
moxa smoke.

In this study, we also find that the anti-aging effect is
linked to smoke concentration, and there is an interaction
between concentration and length of exposure. According
to our results, monoamine neurotransmitter levels were
highest in the M

1
group (i.e., middling concentration for

15 minutes), which suggested that these may be the opti-
mum specifications for raising monoamine neurotransmitter
levels. There is probably a nonlinear relationship between
dose (concentration and exposure length) and effect of moxa
smoke based on the present results, however; further study is
needed to determine the dose-effect curve.

There exist some limitations in this study. Oxygen con-
centration was not monitored during the intervention proce-
dure. However, the combustion of moxa stick in the glass box
was only for a very short duration from 15 to 82 seconds and
the glass box was not completely sealed. Methods to monitor
the oxygen supply should be applied in subsequent studies.
Secondly, behavioral tests of learning and memory should be
recommended for future studies.

In conclusion, our preliminary observation showed that
moxa smoke may increase monoamine neurotransmitter in
central nerve system and the middle concentration of moxa
smoke for 15 minutes seemed most beneficial. However,
further investigation to confirm our findings and to explore
possible mechanisms of action is warranted.
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Currently, antidepressants are the dominative treatment for depression, but they have limitations in efficacy and may even produce
troublesome side effects. Electroacupuncture (EA) has been reported to have therapeutic benefits in the treatment of depressive
disorders. The present study was conducted to determine whether EA could enhance the antidepressant efficacy of a low dose
of citalopram (an SSRI antidepressant) in the chronic unpredictable stress-induced depression model rats. Here, we show that a
combined treatment with 2Hz EA and 5mg/kg citalopram for three weeks induces a significant improvement in depressive-like
symptoms as detected by sucrose preference test, open field test, and forced swimming test, whereas these effects were not observed
with either of the treatments alone. Further investigations revealed that 2Hz EA plus 5mg/kg citalopram produced a remarkably
increased expression of BDNF and its receptor TrkB in the hippocampus compared with those measured in the vehicle group. Our
findings suggest that EA combined with a low dose of citalopram could produce greater therapeutic effects, thereby, predictive of a
reduction in drug side effects.

1. Introduction

Depression is a common but serious mental disorder that
affects more than 15% of the population during their lifetime
[1]. Currently, antidepressants, especially selective serotonin
reuptake inhibitors (SSRIs), are themainstay in the treatment
for depression. Unfortunately, many depressed patients do
not respond well to presently available antidepressants and
suffer from their severe side effects [2–5]. Therefore, it is
necessary to seek complementary and alternative strategies
with better efficacy of antidepressants and fewer side effects.

Acupuncture is a traditional complementary and alterna-
tive medicine approach that involves inserting fine needles
into specific points to restore proper energy flow inside
the body [6]. Electroacupuncture (EA) is a modification of
acupuncture in which the needles inserted are attached with
electrodes to deliver a pulsed electrical current. Numerous
studies have demonstrated that acupuncture or EA treatment

could alleviate depressive symptomswith very few side effects
[7–10]. However, some researchers believe that there is a lack
of sufficient evidence for supporting a beneficial effect from
them [11, 12]. Although their utility in treating depression
remains controversial, either of them may be considered as
an adjunct to standard therapy [13, 14].

Brain-derived neurotrophic factor (BDNF), a member of
the neurotrophin family, plays critical roles in cell differen-
tiation, neuronal survival, migration, and synaptic plasticity
[15–17] and has been implicated in the pathophysiology of
depression [18–21]. Postmortem studies have shown that hip-
pocampal BDNF levels are decreased in depressed patients
and increased in patients receiving antidepressant treatment
[22–24]. Animal studies have demonstrated that various
types of acute (e.g., immobilization and footshock) and
chronic (e.g., chronic unpredictable stress (CUS) and chronic
restrain) stress paradigms reduce BDNF expression in the
hippocampus, and this reduction can be reversed by chronic
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Table 1: Schedule of chronic mild stress procedures.

Day Stressors Time
1 10 h crowded cage (5-6 rats per cage) a.m. to p.m.

2 15min forced swim (22∘C)
15 h wet bedding p.m.

3 4 h restraint
24 h food deprivation a.m.

4 5min cold swim (4∘C) p.m.

5
4 h restraint

24 h water deprivation
(including 6 h empty water bottle)

a.m.

6 2 h cold stress (15∘C)
4 h restraint

a.m.
p.m.

7 4 h restraint
2min tail pinch

a.m.
p.m.

antidepressant treatment [25–28]. Furthermore, several lines
of evidence suggest that acupuncture or EA can upregulate
hippocampal BDNF expression in normal and depression
model rats [29–31].

Considering all of the aforementioned, the present study
was designed to determine whether EA intervention com-
bined with citalopram (a widely used SSRI), at a lower dose
thanwhat is required formonotherapy, could produce greater
therapeutic effects in the CUS rats compared with EA or
citalopram treatment alone. Changes in BDNF and its major
receptor tropomyosin-related kinase receptor B (TrkB) were
also evaluated.

2. Materials and Methods

2.1. Animals. Adult Sprague-Dawley (SD) rats (male, 200–
220 g) were obtained from the laboratory animal center,
Capital Medical University. Animals were maintained in a
standard 12 h light/dark cycle in cages with ad libitum access
to food and water and were allowed to acclimate to the
environment for 7 days. All experimental procedures were
approved by the Ethics Committee on Animal Care and
Usage of Capital Medical University. Every effort was made
to minimize animal suffering.

2.2. Experimental Design and Animal Groups. Rats in the
control group received no CUS during the whole experiment.
In the model group, rats were exposed to CUS for 7 weeks.
From the beginning of the 5th week, model rats were
randomly grouped and subjected to different experiments. In
the first experiment, rats were divided into five groups and
each group had 8-9 rats. Normal rats were intraperitoneally
(i.p.) injected with saline, and model rats were, respectively,
injected (i.p.) with saline and 5, 10, and 20mg/kg citalopram
once a day for 3 weeks. In the second experiment, there
are four groups and each group had 8 rats. Normal rats
received no treatment, while model rats were subjected to
EA stimulation for 3 weeks and further divided into three
groups: vehicle (received CUS only), 2Hz EA, and 100Hz EA.
In the third experiment, model rats were administered with
combined treatment with EA and citalopram for 3 weeks. In

0 1 2 3 4 5 6 7 Week

CUS

Part 1. cital. injection
Part 2. EA stimulation
Part 3. cital. + EA

Figure 1: Schematic representation of the experimental procedure.

summary, there were five groups and each group had 8-9 rats:
(1) vehicle (received CUS only); (2) 2Hz EA group; (3) Cital 5
group; (4) Cital 5 plus 2Hz EA group; (5) Cital 10 group. The
experimental procedure is shown in Figure 1.

2.3. CUS Procedure. The CUS protocol was modified from
the procedures described by Katz [32] and Willner et al.
[33]. It consisted of a variety of sequential stressors applied
randomly every day for 7 weeks (Table 1). Rats in the
nonstress group were housed in groups of three, unless when
they were subjected to sucrose preference test.Those exposed
to CUS procedure were housed alone, unless when they were
subjected to high-density housing.

2.4. Sucrose Preference Test. The sucrose preference test was
performed as previously described with minor modification
[34, 35]. This test was carried out before CUS and at the end
of each week. Rats were kept individually in separate cages
and habituated to two needleless syringes (resp., filled with
plain water and 1% sucrose solution) 8 h per day for 2 days.
Followed by 12 h period of food and water deprivation, the
rats were exposed to the two syringes for 30min. After an
interval of 1 h, the positions of the syringes were exchanged,
and the rats were tested for 30min again. The volume of
sucrose solution and water consumption during the total 1 h
test was recorded. Sucrose preference was expressed as a ratio
of the volume of sucrose solution consumption to the volume
of total fluid intake.

2.5. Open Field Test (OFT). Locomotor activity was moni-
tored automatically with infrared beams (each beam space
2.5 cm) in a black chamber before CUS and at the end
of 4th and 7th weeks during the CUS procedure (TruScan
2.0 Instruments, Columbus, OH.). Tests were conducted
between 9 a.m. and 11 a.m.. Each rat was placed in a corner
of the chamber and was allowed to explore freely for 5min.
At the end of each test, the chamber was cleaned with 70%
ethanol solution to remove any olfactory cues. Locomotor
activity was defined as horizontal (floor plane, FP) and
vertical (vertical plane, VP) movement distances and the
number of entries into the arena-center (defined as more
than 2.5-beam spaces away from the arena walls). Movement
distances provide information on general activity. Number
of center entries probably reflects anxiety-like behavior, with
more “anxious” rats entering fewer times into the arena-
center.The data were recorded and analyzed using aDigiScan
analyzer and software (TruScan 2.0, Columbus).

2.6. Forced Swimming Test (FST). FST was performed at the
end of 4th and 7th weeks during the CUS procedure. This
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test consists of a 15min pretest swim and a 5min test swim
on the following day [36]. Rats were forced to swim in a glass
cylinder (diameter 26 cm and height 60 cm) containing 35 cm
depth of water at a temperature of 25∘C. Water was changed
after each test. Behavior was video-recorded using SMART
video-tracking system (Panlab, Spain). Three types of behav-
ior were analyzed: immobility, swimming, and climbing [37].
Immobility was defined as floating with no active activity
other than those necessary to keep head above the water.
Swimming was defined as active movements throughout the
cylinder, including crossing into another quadrant. Climbing
was defined as upward-directed movements of the forepaws
against the cylinder walls.

2.7. Citalopram Treatment. Citalopram hydrobromide
(Sigma-Aldrich, MO, USA) was dissolved in 0.9% physio-
logical saline immediately before use and administered
intraperitoneally daily from the 5th week to the 7th week
during the CUS procedure. Control rats received saline as a
vehicle injection.

2.8. EA Treatment. EA stimulation was administered from
the 5thweek following theCUS procedure. Two stainless steel
needles of 0.25mm in diameter were inserted at a depth of
5mm into the acupoints of BAIHUI (GV 20, at the midpoint
between the auricular apices) and Yintang (EX-HN 3, at the
midpoint between the eyebrows). The bidirectional square-
wave (0.2ms) electrical pulse from a medical EA apparatus
(HANS LY-257, Beijing) was administered with frequency 2
or 100Hz for a total of 30min each day, 6 days per week. The
intensity of the stimulation was increased stepwise from 1 to
3mA.During EA stimulation, the rats were kept under awake
and unrestrained conditions in individual cages.

2.9. BDNF Protein Detection. Four to five rats in each
group were killed by decapitation one day after behavioral
measurements. Hippocampal tissue was dissected for protein
assays and trunk blood was collected for the determination of
serumBDNF levels. Samples were stored at−80∘Cuntil assay.
Each frozen hippocampus was homogenized and lysed with
RIPA buffer containing protease inhibitor cocktail (Sigma-
Aldrich). The total protein concentration was determined
using BCA protein assay kit (Pierce, Rockford, IL). ForWest-
ern blot analysis, equal amounts of proteins were separated
by 12% SDS-PAGE and transferred to PVDF (polyvinyld-
ifluoride) membranes (Millipore). After being blocked with
5% nonfat-dried milk for 1 h, the membranes were incubated
overnight at 4∘C with rabbit polyclonal antibody to BDNF
(1 : 300, Santa Cruz), rabbit polyclonal antibody to TrkB
(1 : 1000, Millipore), and mouse monoclonal antibody to 𝛽-
actin (1 : 5000, Sigma-Aldrich). Then the membranes were
incubated with IRDye 800 conjugated secondary antibodies
(Rockland Immunochemicals). Signals were visualized by
the Odyssey infrared double-fluorescence imaging system
(American Company LI-COR Biosciences, Lincoln, NE,
USA). For enzyme-linked immunoassay (ELISA), hippocam-
pal and serumBDNF levelswere analyzed using aChemokine
BDNF ELISA kit according to the manufacturer’s protocol

(Millipore, Billerica, MA). The optical density was measured
at 450 nm using an ELISA reader (Bio-Rad Laboratories Ltd,
CA). ELISA results were expressed as ng permL serum and
pg per mg protein. All samples were assayed in duplicate.

2.10. Statistical Analysis. Data were presented as means ±
SEM. Statistical significance was assessed with the Student’s
t-test or one-way analysis of variance (ANOVA) followed by
Newman-Keuls as post hoc multiple comparisons test using
Prism 5.0 software (GraphPad Software). P value less than
0.05 was considered to be statistically significant.

3. Results

3.1. Chronic Unpredictable Stress Model. Rats subjected to
CUS exhibited significantly lower body weight compared
with nonstressed controls from the first week after the com-
mencement of CUS procedure (Week 1: control: 272.0 ±
4.028 g, CUS: 259.0 ± 2.152 g;Week 2: control: 290.6 ± 3.461 g,
CUS: 261.4 ± 2.824 g; Week 3: control: 307.5 ± 3.090 g, CUS:
261.6 ± 1.946 g; Week 4: control: 331.3 ± 2.916 g, CUS:
266.4 ± 2.386 g.) (Figure 2(a)). Decreased sucrose preference
is considered as a symptom resembling anhedonia, which is
a core clinical feature of depression in humans [38, 39]. After
4 weeks of CUS, there was a significant decrease in sucrose
preference in the model rats as compared with the controls,
while the total fluid intake was not affected (Figures 2(b) and
2(c)). In the FST, the model rats demonstrated a significant
increase in immobility time, accompanied by remarkably
decreased swimming and climbing time (Figure 2(d)). More-
over, when exposed to the OFT, those rats showed significant
decreases in the horizontal and vertical movement distances
and fewer times into the arena-center (Figures 2(e)–2(g)).
Taken together, these results indicate that the 4 weeks of
CUS procedure is able to induce depressive-like symptoms
(i.e., anhedonia, behavioral despair, and reduced locomotor
activity) in the model rats.

3.2. Chronic Administration of Citalopram Ameliorates
Depressive-Like Behavior. Model rats were intraperitoneally
injected with different doses of citalopram from the 5th week
of CUS procedure. After 3 weeks of administration, both 10
and 20mg/kg citalopram produced significantly increased
sucrose preference, without affecting the total fluid intake
(Figures 3(a) and 3(b)). In addition, they induced dramatic
increases in horizontal and vertical movement distances
(Figures 3(d) and 3(e)) and center entries (Figure 3(f)) in the
OFT. However, these effects were not detected by treatment
with 5mg/kg citalopram. Moreover, none of these three
doses of citalopram exerted any notable effect in the FST
(Figure 3(c)). Thus, 5mg/kg citalopram was considered
ineffective and would be chosen to be combined with EA for
further investigation.

3.3. EA Treatment Alone Only Improves Locomotor Activity of
CUS Rats. To assess whether EA could improve depressive-
like behavior, model rats were administered with frequency
2 or 100Hz EA stimulation from the 5th week of CUS
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Figure 2: Rats show depressive-like symptoms after 4 weeks of CUS procedure. (a) Body weight. (b) Sucrose preference expressed as a ratio
of the volume of sucrose solution consumption to the volume of total fluid intake. (c)The volume of consumption of sucrose solution, water,
and total fluid. (d) FST. Data (expressed in seconds) are presented as time spent in immobility, climbing, and swimming. (e)–(g) OFT. Data
(expressed in centimeter) are presented as movement distances in the floor plane (FP) (e) and vertical plane (VP) (f) and the number of
entries into the arena-center (g). 𝑛 = 11–15 per group. Data represent mean ± SEM, ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, and ∗∗∗𝑃 < 0.001 versus the
control group.
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Figure 3: Effects of 3 weeks of treatment with citalopram on CUS-induced depressive-like behavior. (a) Citalopram significantly increased
sucrose preference at 10 and 20mg/kg but not 5mg/kg. (b) Citalopram remarkably increased sucrose intake without affecting the total fluid
intake. (c) Citalopram at different doses (5, 10, and 20mg/kg) had no effect on immobility, climbing, and swimming in the FST. (d)–(f) In the
OFT, citalopram significantly increased horizontal (d) and vertical (e) movement distances and center entries (f) at 10 and 20mg/kg but not
5mg/kg. 𝑛 = 8-9 per group. Data represent mean ± SEM, ∗𝑃 < 0.05, and ∗∗𝑃 < 0.01 versus the vehicle-treated group.
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procedure. After 3 weeks of treatment, neither 2 nor 100Hz
EA stimulation was able to improve anhedonia and behav-
ioral despair as detected by sucrose preference test and FST
(Figures 4(a)–4(c)). By contrast, both 2 and 100Hz EA stim-
ulation significantly increased vertical movement distance
and center entries in the OFT, but only 2Hz EA stimulation
demonstrated a significant effect on the horizontalmovement
distance (Figures 4(d)–4(f)).Thus, we next explored the joint
effects of 2Hz EA and 5mg/kg citalopram in the subsequent
experiment.

3.4. Enhanced Antidepressant Effects of Combined Treatment
with EA and Citalopram. To evaluate whether EA combined
with citalopram has an additive or synergistic antidepressant
effect, combined treatment with 2Hz EA and a low dose
of citalopram was administered from the 5th week of CUS
procedure. After 3 weeks, 2Hz EA plus 5mg/kg citalopram
led to substantial increases in sucrose preference (Figures 5(b)
and 5(c)), horizontal/vertical movement distances (Figures
5(e) and 5(f)), and center entries (Figure 5(g)), demonstrating
similar effects to 10mg/kg citalopram. Furthermore, 2Hz
EA plus 5mg/kg citalopram induced a significant reduction
in immobility time, accompanied by an increased climbing
time in the FST, whereas these effects were not detected by
treatment with 10mg/kg citalopram (Figure 5(d)). However,
there was no remarkable difference in body weight among
all the groups (Figure 5(a)). These findings suggest that 2Hz
EA plus 5mg/kg citalopram could exert better antidepressant
effects in comparison with either treatment alone.

3.5. Combined Treatment with EA and Citalopram Induces a
Higher Expression of BDNF in the Hippocampus. To explore
the possible mechanisms involved in the joint effects of
EA and citalopram, the rats were sacrificed one day after
behavioral tests. Results from ELISA demonstrated that hip-
pocampal BDNF protein levels were significantly decreased
after 4 weeks of CUS procedure (Figure 6(a)). However, 3
weeks of treatment with 2Hz EA plus 5mg/kg citalopram, as
well as 10mg/kg citalopram, led to a remarkable increase in
BDNF expression in the hippocampus (Figure 6(b)), but not
in the prefrontal cortex or serum (data not shown). Western
blot analysis also showed that protein levels of both mature
BDNF (mBDNF) and BDNF precursor (proBDNF) signifi-
cantly increased in 2Hz EA plus 5mg/kg citalopram group,
similar to the observations in 10mg/kg citalopram group.
Moreover, both of these groups revealed a dramatic increase
in the expression of TrkB compared with that measured
in the vehicle group (Figure 6(c)). These data indicate that
EA combined with citalopram could prevent CUS-induced
decrease in BDNF signaling in the hippocampus.

4. Discussion

The present study aimed at exploring the therapeutic poten-
tiality of coadministration of EA and an antidepressant by
biochemical and behavioral approaches using an animal
model predictive of antidepressant-like activity. Here, we
demonstrated that the combined treatment with 2Hz EA

and a low dose of citalopram could prevent CUS-induced
decrease in hippocampal BDNF signaling and exert better
antidepressant effects in the CUS model rats than either
treatment alone.

CUS model, which mimics socioenvironmental stressors
in everyday life, is one of the most extensively used ani-
mal models of depression [40]. Rats subjected to the CUS
paradigm for several weeks can exhibit almost all demonstra-
ble depressive symptoms. However, this model is difficult to
replicate, because different CUS schedules, including types
of stressors, animal strains, and nutritive status, can result
in inconsistent findings [39, 41]. It has been reported that
chronic restraint stress can induce significant downregulation
of BDNF in the hippocampus [27, 42]. Accordingly, restraints
were used frequently in our CUS paradigm. Consistent with
previous studies, we have demonstrated that rats subjected
to CUS for 4 weeks exhibit a significantly decreased sucrose
preference, accompanied by other behavioral changes such as
increased immobility time and decreased locomotor activity.

FST is widely used as a screening procedure for antide-
pressants [37, 43]. In this test, animals display “despair”
behavior (immobility) and active behaviors (swimming and
climbing) (14). It has been demonstrated that different SSRIs
may exert different effects on immobility time [44, 45]. In
our experiment, citalopram was demonstrated inactive after
chronic administration in the FST, consistent with several
previous researches [46, 47]. On the contrary, many other
studies have shown positive effects of acute administration
of citalopram on immobility and swimming time in acute
stress models [48–50].Themissing observation of significant
changes in our experiment might be attributed to two main
causes. One is the rat strain. It has been shown that SD rats
respond to various antidepressants not so well as Wistar-
Kyoto rats in the FST [44]. The other is the type of stressors.
Repeated swimming stress may depress the sensitivity of
model rats to FST. Also, it has been reported that food
restriction with modest weight reduction can attenuate the
behavioral effects of SSRIs [51]. Even so, we demonstrated that
high doses (10 and 20mg/kg) of citalopramwere able to result
in significantly increased sucrose preference and improved
locomotor activity in the model rats as previously reported
[52, 53].

Acupuncture has been applied to treat depressive disor-
ders with a long clinical history, but a recent Cochrane review
identified that no consistent benefit was noted with any form
of acupuncture (manual acupuncture, EA, or laser acupunc-
ture) in depressed patients [6, 14]. In the present study, we
found that sucrose preference and immobility time in the
model rats were not significantly affected by EA treatment,
even though there was a tendency of increase or reduction
after 3 weeks of stimulation. These results are in agreement
with several previous studies that were also performed on the
CUSmodel rats [54–56]. Liu andhis colleagues demonstrated
that 3weeks of EA stimulation produced a significant increase
in the number of crossing in the OFT and a nonsignificant
increase in the sucrose intake [55]. Another study reported
by Yu et al. showed that sucrose preference and immobility
time in the depressive rats were not significantly changed by
6 weeks of treatment with EA alone [56]. Because frequency
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Figure 4: Effects of 3 weeks of EA stimulation on CUS-induced depressive-like behavior. (a)-(b) 2Hz or 100Hz EA stimulation had no effect
on sucrose preference and sucrose intake. (c) Neither 2Hz nor 100Hz EA had any effect on immobility, climbing, and swimming in the FST.
(d)–(f) In the OFT, 2Hz EA induced significantly increased horizontal (d) and vertical (e) movement distances and center entries (f), while
100Hz EA demonstrated no effect on the horizontal movement distance. 𝑛 = 8 per group. Data represent mean ± SEM, ∗𝑃 < 0.05, and
∗∗

𝑃 < 0.01 versus the vehicle-treated group.
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Figure 5: Effects of 3 weeks of combined treatment with EA and citalopram on CUS-induced depressive-like behavior. (a) Body weight. (b)-
(c) 2Hz EA plus 5mg/kg citalopram as well as 10mg/kg citalopram produced a substantial increase in sucrose preference without affecting
the total fluid intake. (d) 2Hz EA plus 5mg/kg citalopram induced significantly decreased immobility time and increased climbing time in
the FST. (e)–(g) 2Hz EA plus 5mg/kg citalopram led to significantly increased horizontal (e) and vertical (f) movement distances and center
entries (g). 𝑛 = 8-9 per group. Data represent mean ± SEM, ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, and ∗∗∗𝑃 < 0.001 versus the vehicle-treated group.
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Figure 6: CUS-induced downregulation of BDNF expression was reversed by 3 weeks of combined treatment with EA and citalopram. (a)
Hippocampal BDNF protein levels were significantly decreased after 4 weeks of CUS procedure. (b) ELISA results showed that 2Hz EA plus
5mg/kg citalopram as well as 10mg/kg citalopram induced remarkably increased BDNF protein levels in the hippocampus. (c) Western blot
analysis of hippocampal mBDNF, proBDNF, and TrkB protein levels. 𝛽-actin was used as an internal control. (d)–(f) Quantitative analysis of
mBDNF, proBDNF, and TrkB protein levels in (b). 𝑛 = 4-5 per group. Data represent mean ± SEM, ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, and ∗∗∗𝑃 < 0.001
versus the vehicle-treated group.

is an important parameter involved in the efficiency of EA
[57], we explored the effects of both high- (100Hz) and low-
frequency (2Hz) EA in the present study. Although neither
of them had a definite antidepressant-like effect, 2Hz EA
exerted a remarkable increase in the horizontal movement
distance and a better tendency in sucrose preference and

immobility time. Thus, we supposed that 2Hz EA might be
more suitable for combined treatment with a lower dose of
citalopram.

As expected, we found that 2Hz EA combined with
a low dose of citalopram led to significant improvement
in the sucrose preference test and FST, showing a greater
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effect on depressive-like behavior than either treatment alone.
Similarly, several previous literatures have shown that EA
augmented antidepressant-like effects of a tricyclic antide-
pressant, clomipramine or mianserin, in depression model
rats or patients [54, 56, 58]. It has also been reported that
application of acupuncture to low-dose fluoxetine-treated
depressed patients is as effective as a recommended dose of
fluoxetine treatment. However, the mechanisms underlying
these combined effects remain unknown.

The delayed onset of SSRIs suggests that their therapeu-
tic effects are mediated beyond a simple enhancement in
serotonergic neurotransmission but may be more related to
reorganization of neuronal networks [59]. Numerous studies
have identified a key role of BDNF in the development
and treatment of depression. BDNF needs binding to high-
affinity protein kinase receptor family, TrkB, to exert its
biological effects, such as neuronal survival, differentiation,
neurotransmitter release, and synaptic plasticity. There is
a clear evidence that BDNF-TrkB signaling mediates the
actions of antidepressants [60]. For instance, chronic SSRI
treatment could increase BDNF expression and TrkB recep-
tor activation in rodent hippocampus [25, 61]. Consistent
with these findings, the present study demonstrates that
chronic administration of 10mg/kg citalopram increased
both BDNF and TrkB protein levels in rat hippocampus.
Moreover, combined treatment with 2Hz EA and 5mg/kg
citalopram, but not either treatment alone, produced similar
effects, corresponding to improved depressive-like behavior.
However, the relationship between the change of BDNF-TrkB
signaling and the antidepressant-like effect of the combined
therapy needs further investigation.

In conclusion, our study points out that the combined
treatmentwith EA and a lowdose of citalopram could prevent
CUS-induced decrease in hippocampal BDNF signaling and
lead to greater antidepressant effects than either treatment
alone. These findings could provide a new perspective on
clinical therapy for depression.
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The present study aimed to investigate how ongoing brain rhythmical oscillations changed during the postoperative pain and
whether electroacupuncture (EA) regulated these brain oscillations when it relieved pain. We established a postincisional pain
model of rats with plantar incision to mimic the clinical pathological pain state, tested the analgesic effects of EA, and recorded
electroencephalography (EEG) activities before and after the EA application. By analysis of power spectrum and bicoherence of
EEG, we found that in rats with postincisional pain, ongoing activities at the delta-frequency band decreased, while activities at
theta-, alpha-, and beta-frequency bands increased. EA treatment on these postincisional pain rats decreased the power at high-
frequency bands especially at the beta-frequency band and reversed the enhancement of the cross-frequency coupling strength
between the beta band and low-frequency bands. After searching for the PubMed, our study is the first time to describe that brain
oscillations are correlated with the processing of spontaneous pain information in postincisional pain model of rats, and EA could
regulate these brain rhythmical frequency oscillations, including the power and cross-frequency couplings.

1. Introduction

Brain rhythmical oscillations in the low (delta, theta, and
alpha) and high (beta and gamma) frequencies of elec-
troencephalography (EEG) have been demonstrated to be
linked to broad varieties of perceptual, sensorimotor, and
cognitive operations [1]. Interaction of oscillations at dif-
ferent frequencies, for example, cross-frequency phase syn-
chronization between alpha, beta, and gamma oscillations,
could be observed during working memory, perception, and
consciousness [2].

Pain, as a perception, is subserved by an extended
network of brain areas [3], or different brain networks are
involved in the perception of pain [4]. Previous studies on
acute pain disclosed that painful stimulation altered the
activities of different frequency oscillations [5, 6], including
their power and phase couplings.

It is also noticed that most EEG neurophysiological
studies on acute pain were based on phasic pain models
with experimental pain induced by short-lasting, noninvasive
painful stimuli (e.g., laser noxious heat stimulation). When
we consider clinical situations, it is obvious that tonic patho-
logical pain models could better mimic clinical pain than
phasic pain models [7].

Postoperative incisional pain is common in clinic. In
the rat model of incisional pain, persistent pain existed for
several days after the hind paw incision with peripheral and
central sensitization [8, 9]. On human subjects after the
incision, an imaging study observed increased brain activities
in the anterior cingulate cortex (ACC), the insular cortex,
the thalamus, the frontal cortex, and the somatosensory
cortex [10], and it would be useful to know how the brain
EEG oscillation changes in tonic pathological pain states like
postoperative pain (postincisional pain in the rat model).
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Acupuncture has been widely used in clinical settings.
Acupuncture or electroacupuncture (EA) has therapeutic
effects in various painful conditions, and these effects could
last for a long period of time even hours after acupuncture
application being terminated [11–13]. Neuroimaging stud-
ies revealed that acupuncture or EA application elicited
widespread changes in cerebrocerebellar brain regions [14,
15], largely overlappedwith the neural networks for both pain
transmission and perception. Acupuncture could directly
affect EEG activities on healthy volunteers as well as on
animals [16, 17]. Experimental and clinical evidence indicated
that pain could affect cognitive processes [18], default-mode
network dynamics [19] and even decreased the grey matter
volume of brain regions [20]. To examine the neural conse-
quences of acupuncture or EA treatment on pain, it would
be useful to determine how acupuncture or EA treatment
modulates cortical activities under tonic pathological pain
conditions.

We established a rat model of plantar incision to mimic
the clinic pain and observed the analgesic effects of EAon this
model. On this basis, with EEG study, we further investigated
changes of spontaneous brain oscillations in the incisional
pain and the EA modulation on EEG oscillations.

2. Materials and Methods

All experimental procedures were in accordance with the
guideline of the International Association for the Study of
Pain [21] and were approved by the Animal Care and Use
Committee of our university. The behavioral experimenters
were kept blind.

2.1. Animals and Housing. Adult Sprague-Dawley male rats
were provided by the Department of Experimental Animal
Sciences of our university (30 rats for the behavior test,
weighing 180–230 g; and 16 rats for EEG recordings, weighing
300–350 g at the beginning of the experiment). They were
housed individually in cagewith free access to food andwater.
The temperature was maintained at about 22∘C under natural
light/dark cycles. Rats were habituated to the environment
and handled daily for one week before the experiment.

2.2. The Plantar Incisional Pain Model of Rats. The rat model
of incisional pain employed a 1 cm longitudinal incision with
muscle involvement [22]. Briefly, the animal was placed in
a sealed glass container with 5% isoflurane mixed with air
to induce anesthesia and delivered 1.5–2% isoflurane via a
nose cone to maintain the anesthesia during the following
surgical operation. The left hind paw of the rat was sterilized
with 10% povidone-iodine, and a sterile no. 11 scalpel blade
was used to make a 1 cm long incision through the skin
and fascia of the plantar hind paw including the underlying
muscles, beginning 0.5 cm from the heel. The wound was
closed with two mattress sutures of 5–0 nylon, covering with
the antibiotic ointment.

2.3. EA Application. Before the incisional surgery, the rat
was loosely immobilized by the bandage on a metal mesh

floor with the head, hind legs, and the tail protruding and
habituated for 3-4 days, at least 20min a day, in order to
minimize the discomfort and the tension during the EA
operation and application.

Two hours after the plantar incision, rats were divided
into three groups: the restriction (incision) group, which
received plantar incision in the left hind paw and was loosely
immobilized by the bandage; the sham EA group, which
received needling at “acupoints” without electrical stimula-
tion after the incision; and the EA group, which received
EA application bilaterally after the incision. EA was applied
according to the routine procedure as in our previous reports
[23–26]. Stainless-steel needles (0.4mm in diameter, 4mm
in length) were inserted into the “acupoints” on each hind
leg. Two commonly used acupoints, “Zusanli” (ST36, 4mm
lateral to the anterior tubercle of the tibia, which is marked
by a notch) and “Sanyinjiao” (SP6, 3mm proximal to the
medial malleolus, at the posterior border of the tibia), were
stimulated with square waves of 0.2ms in pulse width and
2Hz in frequency from a Han’s Acupoint Nerve Stimulator
(HANS, LH series, manufactured in our university). The EA
intensities were increased in a stepwise manner at 1-2-3mA,
with each intensity lasting for 10min.

2.4. Assessment of Mechanical Allodynia. Mechanical allo-
dynia was assessed by measuring the 50% paw withdrawal
threshold (PWT) as described in our previous reports [26,
27]. The 50% PWT in response to a series of von Frey
filaments (Semmes-Weinstein Monofilaments, North Coast
Medial Inc., San Jose, CA, USA) was determined by the up-
down method [28]. The rat was restricted on a metal mesh
floor covered with an inverted clear plastic cage (18 × 8 ×
8 cm) and allowed a 15–20min period for habituation. Eight
von Frey filaments with approximately equal logarithmic
incremental (0.224) bending forces were chosen (0.41, 0.70,
1.20, 2.00, 3.63, 5.50, 8.50, and 15.10 g). Each trial started
with a von Frey force of 2.00 g delivered perpendicularly
to the plantar surface of the left hind paw adjacent to the
wound near the medial heel. An abrupt withdrawal of the
foot during the stimulation or immediately after the removal
of the filament was recorded as a positive response. Once a
positive or a negative response was evoked, the next weaker
or stronger filament was applied, respectively.This procedure
was terminated until 6 stimuli after the first change in
response occurred. The 50% PWT was calculated using the
following formula:

50% PWT = 10
(𝑋𝑓+𝑘𝛿)

10
4

, (1)

where 𝑋
𝑓
is the value of the last von Frey filament used

(in log unit), 𝑘 is a value measured from the pattern of
positive/negative responses, and 𝛿 = 0.224 which is the
average interval (in log unit) between the von Frey filaments
[29].Themechanical allodynia of the left hind pawwas tested
at 6 time points, that is, before the incision, after the incision
but before the EA application, 10, 20, and 30min during the
EA application, and 30min after the EA application.The data
were analyzed with one-way ANOVA followed by Tukey post
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hoc test, and 𝑃 < 0.05 was chosen as statistically significant
level.

2.5. Electrode Implantation for EEG Recording. Sixteen male
rats were anesthetized with sodium pentobarbital (50mg/kg,
i.p.). After removing the scalp of the rat and exposing the
skull, 14 stainless steel screws (tip diameter 1mm, impedance
300–350Ω) with sockets were implanted bilaterally as epidu-
ral electrodes into the skull to record the cortical EEGs.
The locations of these electrodes were determined by the
method from Shaw et al. [30]: anterior frontal (FL1, FR1),
anterior (A) +4.5mm, lateral (L) ±1.5mm; centrofrontal
(FL2, FR2, PR1, PL1), A ±1.5mm, L ±4.5mm; lateral frontal
(PL2, PR2), A 0.0mm, L±4.5mm; frontooccipital (LFL, RFR,
LPL, RPR), A −4.5mm, L ±1.5mm for LFL, RFR, and A
−3.0mm, L ±4.5mm for LPL, RPR. The reference and the
ground electrodes were positioned 2mm and 4mm caudal
to the lambda, respectively (Figure S1 of the Supplementary
Material available at http://dx.doi.org/10.1155/2013/160357).
The electrodes were fixed to the skull with dental cement and
had no any connections with muscles. Penicillin (6 × 104U,
i.m.) was administrated for 3 consecutive days to prevent
possible infection.

2.6. EEG Signals Collection and Analysis. After one week
recovery from the surgery, rats were habituated to the
restriction for 3-4 days as the abovementioned, then the EEG
rats were randomly divided into EA group or control group
(restriction only) (𝑛 = 8 for each group). Rats were loosely
immobilized on a metal mesh floor for the convenience of
EA application during EEG recordings. EEG signals were
collected in awake rats during three sessions, that is, before
the plantar incision, 1.5–2 h after the plantar incision, and
after the EA application. Each session lasted for 25–30min.

The ASA-Lab EEG/ERP recording system (ANT Inc.,
The Netherlands) was used. Data were analyzed offline
with Matlab (The Mathworks, Natick, MA, USA) EEGLAB
software. The movement artifact or the baseline drift was
removed from all channels, and the channels with impedance
values above 25 kOhms were also discarded.The EEG signals
were digitized at a sampling rate of 256Hz, rereferenced to an
average of residual channels, and filtered through a 1–45Hz
band pass to avoid the interference of 50Hz signals.

The wavelet power spectrum was used to obtain the
power of the on going EEG activities [31].TheMorlet wavelet
transform was employed with the wavelet central angle
frequency of 6 (𝜔 = 6). Five spectral bands were examined: 1–
4, 4–8, 8–13, 13–30, 30–45Hz, corresponding to delta, theta,
alpha, beta, and gamma bands, respectively [32, 33], with a
step of 0.5Hz.

The bispectral analysis, including the amplitude and
the phase information, is used to quantify the degree of
quadratic phase coupling (QPC) among different frequency
components of a signal [34]. Bicoherence method is the
normalized form of the bispectral analysis; it is independent
of the amplitude of the signal, therefore; it can be used as
an indicator of phase coupling in nonlinear signals. In this
study, general harmonic wavelet bicoherence was employed

to measure the comodulation of oscillations between two
frequency bands [35]. Signals were divided into a series of
2-second epochs, with an overlap of 75%. For each epoch,
bicoherence values were computed in all pairs of frequencies
from 1 to 45Hz, with a step of 1Hz and a bandwidth of 2Hz.
The same epoch as the power analysis in the above was used
to calculate the filtered wavelet bicoherence value (FIWBIC).

2.7. Statistical Analysis of EEG Data. For power spectral data,
a paired t-test was used to analyze at which frequency ranges
the change of the EEG power was significant. In the EA and
the restriction groups, the change of power was expressed
as the percentage relative to the power value during the
session before the incision, which was defined as (After −
Before)/Before × 100%, and paired t-tests were used in the
interior-group. Unpaired t-tests were further used between
the two groups.

For the wavelet bicoherence data, the statistical analysis
was focused on their characteristics to determine if a signif-
icant difference existed between different recording sessions;
so prior to the comparison, the total bicoherence value at the
frequency bands (𝑓𝐿

𝑗

≤ 𝑓
𝑗
≤ 𝑓
𝑈

𝑗

and 𝑓𝐿
𝑘

≤ 𝑓
𝑗
≤ 𝑓
𝑈

𝑘

) was
extracted, which was defined as

𝑏 = ∑∑𝑏
2

𝑥𝑥𝑥

(𝑓
𝑗
, 𝑓
𝑘
) , (2)

where 𝑏
𝑥𝑥𝑥

is the bicoherence value (FIWBIC).This value is a
measure of the degree of QPC between frequency bands and
can be used to measure the phase coupling strength between
different waves [35]. Then, a Wilcoxon rank-sum test was
conducted to determine significant difference, with 𝑃 value
less than 0.05 as a statistically significant standard.

3. Results

3.1. EA Treatment Attenuates Mechanical Allodynia in the
Incisional Pain Model of Rats. We established the plantar
incisional painmodel of rats and applied 2HzEA to “Zusanli”
and “Sanyinjiao” acupoints in bilateral sides of the hind paw.
A 50% of PWT to calibrated von Frey filaments wasmeasured
over time. Mechanical allodynia was attenuated significantly
during EA application, and this antinociceptive effect could
last for at least 30min after EA application compared to that
in the sham EA group or in the restriction group (Figure 1).

3.2. Changes of EEG Oscillations in the Incisional Pain Model
of Rats. To examine the ongoing brain activities induced by
the plantar incision, we calculated the power of different
oscillations for each recording session (Figure 2). Compared
with the session before the incision, the relative spontaneous
EEG power of delta-frequency oscillation decreased, while
the power in theta, alpha, and beta bands increased in rats
after plantar incision. In addition, no significant change in
gamma power was observed.

Furthermore, we compared the power of each channel
at different frequency bands between different sessions. The
corresponding topographies were shown in Figure 3(a). The
locations where power changed significantly at different
frequency bands during the sessions after the plantar incision
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and after EA application were summarized in Figure 3(b),
respectively. We found that the changes mainly located at
bilateral fronto-parietal lobes in low and medium frequency
bands after the plantar incision.

Synchronization of networks is often reflected by cross-
frequency interaction, and the power spectrum could not
reflect the phase information. In order to measure the
degree of phase couplings at different frequency bands, we
computed the filtered wavelet bicoherence (FIWBIC) values
with general harmonic wavelet bicoherence [35]. As shown
in Figure 4, the FIWBIC values were divided into bands
from delta to gamma. A statistical analysis of estimated
average of synchronization of FIWBIC values at different
bifrequency bands was conducted on the 16 samples from
sessions before the incision and compared to that from
sessions after the incision. The Wilcoxon rank-sum test at
𝑃 < 0.05 was performed. The boxplots showed that the
mean of the synchronization values among the beta, the
alpha, and the theta increased, that is, the cross-frequency
coupling strength between delta and alpha, and between theta
and theta/alpha/beta, between alpha and alpha/beta during
the session after the incision was significantly strengthened.
Meanwhile, the coupling in the delta band before the incision
was higher compared to that after the incision.

3.3. EA Treatment-Induced EEG Power Changes in the Inci-
sional Pain Model of Rats. In view of behavior results
described above, both the sham EA treatment group and
the restriction (without EA) group showed similar pain
behaviors, and we chose the restriction group as control. The

16 rats were randomized into two groups: one group received
EA application for 30min from 2 h to 2.5 h after the plantar
incision, and the other remained in restriction as control.
We compared the power change at different oscillation bands
in two groups (Figure 5). Figures 5(a) and 5(b) showed the
change rate of averaged absolute power after EA treatment
or restriction, separately. Figures 5(c) and 5(d) presented
the change rate of relative power during the sessions before
and after the EA application relative to the session before
the incision in two groups, respectively. Only after EA
treatment, the negative change rate relative to the baseline
(before the incision) showed significant reduction in high-
frequency bands, especially in the beta band. A tendency of
reduction was also found in the gamma band. Additionally,
the change of power values during the two sessions before EA
or restriction was not different between two groups (Figure
S2).

Furthermore, after EA application, the change at the
beta band mainly located over the electrodes of FR1, FR2,
PR2, PL2, RFR, and LFL (Figure 6(b)), corresponding to the
right fronto-parietal lobe, the left posterior parietal lobe, and
the bilateral temporal lobes; meanwhile, the change at the
gamma band located in the bilateral frontal lobes and the left
posterior parietal lobe according to the location of electrodes
(Figure 6(b)).

Similarly, we computed FIWBIC values in EA treatment
group and the restriction group, respectively. The statistical
results ofWilcoxon rank-sum tests at𝑃 < 0.05 at the different
frequency bands in two groups are shown in Figure 7 and Fig-
ure S3, respectively. From Figure 7, it is shown that after EA
treatment, the strength of bifrequency coupling between beta
and delta/theta/alpha attenuated significantly, whereas the
coupling of beta-gamma bands became greater. In contrast,
no significant difference was found in the strength of phase
coupling between bands after restriction compared with that
after the incision (Figure S3).

4. Discussion

In the incisional pain model of rats, by analysis of power
spectrum and bicoherence of EEG, we found that the ongoing
activities at the delta band decreased, while the activities
at theta, alpha, and beta bands increased in the plantar-
incisional pain rats; EA treatment decreased the power
in high-frequency bands, especially at the beta band, and
reversed the enhancement of the cross-frequency coupling
strength between the beta and low-frequency bands.

4.1. Brain EEG Oscillations in Postincisional Pain. With
rat EEG, we observed significant changes of the ongoing
power spectra in different frequency oscillations ranging
from the delta band to the beta band except the gamma
band we also noticed the obvious changes of bi-frequency
coherence during the postincisional pain. It is well known
that pain perception is a multidimensional experience with
sensory-discriminative, affective-emotional, and cognitive-
evaluative components [3], and different brain areas are
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Figure 4: Phase couplings at different frequency bands: statistical analysis of the filtered wavelet bicoherence (FIWBIC) values in the
postincisional pain model of rats. Boxplots stand for the phase coupling at local frequency bands, and the 𝑦-axis represents the mean of
synchronization. The synchronization values increased between delta and alpha, between theta and theta/alpha/beta, between alpha and
alpha/beta, whereas the value decreased at delta band after the plantar incision. Wilcoxon rank-sum test was used. ∗𝑃 < 0.05, ∗∗𝑃 < 0.01,
∗∗∗

𝑃 < 0.001, 𝑛 = 16.

involved in different dimensions. Moreover, different cog-
nitive systems are related to neuronal networks of different
sizes and distribution, networks of different sizes oscillate
at different frequencies, and mutual interactions of cross-
frequency oscillations could bewell positioned to regulate the
multinetwork integration [36]. Thus, it might be conceivable
that extensive range of neuronal oscillations participated in
pathological pain cortical processing; any oscillation itself is
not sufficient for integrating all the distributed information
required for pain perception.

It has been accepted that delta-band oscillation is associ-
ated with compromised neuronal function [37]; theta-band
is linked with emotional arousal [38]; beta-band may relate
to the maintenance of the current sensorimotor or cognitive
state, and its pathological enhancement may result in an
abnormal persistence of the status quo and a deteriora-
tion of flexible behavior and cognitive control [39]. Thus,
in our results, the reduced delta activity, as well as the

increased theta and beta activities, might reflect the cortical
overactivation induced by different pain dimensions in the
resting state. Alpha oscillation is well known to mainly serve
as a top-down controlled inhibitory mechanism [38]. One
possible explanation for the increased alpha oscillation is
that the evaluative component of pain, represented by paw
lifting, was weakened by the activation of the descending
pain inhibition network. Meanwhile, no significant change in
the gamma oscillation was found during the postincisional
pain. Owning that the gamma band is well recognized to
be linked with feature binding, working memory, attention,
or sensory selection [1], whereas our current study focused
on the sustained, spontaneous pain in acute stage, it may
be speculated that sensory selection or pain memory was
not engaged in the pain processing. More importantly, the
findings on alterations of phase coupling strength across
distinct oscillations might reflect the synchronization of
neuronal networks involved in different pain dimensions and
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Figure 5: Changes of EEG power spectra after EA treatment in the postincisional pain model of rats. (a) The averaged absolute EEG power
after EA treatment (red curve) compared with that before EA treatment (pink curve). The 𝑦-axis represented power value, and 𝑥-axis
represented frequency bands. (b) The averaged absolute EEG power after restriction (dark blue color) compared with that before restriction
(light blue curve). The 𝑦-axis represents power value, and the 𝑥-axis represents the frequency bands. (c) Change of the relative power in the
EA group. The relative power value in EA group was normalized as the percentage relative to that before the incision. There was a significant
decrease at the beta band after EA (red bar) compared with that after the incision (pink bar). (d) Change of the relative power in the restriction
group. No significant changes were observed (light blue bar versus dark blue bar). ∗𝑃 < 0.05 (paired t-test).

the integration of pain inhibition and facilitation networks.
It is also in accordance with the idea of neuronal processing
with various simultaneous oscillations [36].

Topography findings showed the change of power in dif-
ferent frequency bands mainly located over bilateral frontal
and parietal cortices (Figure 3). These are locations of the
primary somatosensory cortex and the anterior cingulate
cortex in rat. In this study, we selected the recording session
from 1.5 to 2 h after the plantar incision. Given anatomical
and physiological connections between right and left hemi-
spheres, it was reasonable that the change of power occurred
in bilateral cortices via communication and integration of
persistent painful information in the whole brain.

4.2. EA Modulation on Incisional Pain-Related Brain Oscilla-
tions. In the present study, we investigated themodulation of
EA treatment on the incisional pain-related brain oscillations
in rats. As a basis, we firstly investigated the analgesic effects
of EA treatment in the incisional pain rats. We found that
EA treatment on “Zusanli” and “Sanyinjiao” acupoints on
bilateral sides in hind paws relieved the mechanical allodynia
in rats after the plantar incision. These results, in line with
other reports [11–13], suggested that EA was effective in re-
lieving plantar incisional pain and this antinociceptive effect
could maintain at least 30min.

We further explored the neural oscillation mechanism of
EA analgesia. From our results, brain oscillations induced
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Figure 6: Locations of electrodes with significant EEG power change after EA treatment in incisional pain model of rats. (a) Topographic
mapping of EEG power in beta band (left) and gamma band (right) after EA application compared with that before EA application. Averaged
EEG power density values were color-coded and plotted at the corresponding position on the planar projection of the epidural surface and
interpolated between electrodes (dots). (b) Electrodes with statistically significant difference (𝑃 < 0.05) of power change in the beta and
gamma band.

by EA application and those in nociceptive processing were
not identical; the change of power after EA occurred at
the beta band. It provides evidence that neuronal networks
participated in EA treatment are different from those in pain
perception. The networks oscillate at different frequencies,
although brain areas activated by both EA treatment and
incisional pain itself have large overlap from imaging studies
[14, 15, 40], which is also in line with our results of topo-
graphic mapping.

As we mentioned before, the enhancement of the beta
oscillation might be linked to the deterioration of flexible
behavior and cognitive control [39]. Accumulating evidence
suggests that EA facilitates the descending pain inhibitory
pathway by increasing the release of opioid peptides in the
central nervous system.Therefore, in our results, the decrease
of activities at the beta band is reasonable, because EA
treatment facilitates the descending inhibitory systemof pain.

Prior studies indicated that inhibitory GABAergic
interneurons network played a key role in the modulation of
beta and gamma oscillations. Elevated endogenous GABA
levels could cause the elevation of beta power [41, 42].
In the EA antinociceptive effects, GABA agonists showed
reverse interaction with opioid receptor agonists [43, 44]. In
addition, EA could decrease intracerebral GABA content in
the cortex on the lesioned side in the rat model of Parkinson’s

disease [45]. Taken together, it is conceivable that the
decreased power of high-frequency oscillations in our results
might reflect the inhibition of GABAergic interneurons
induced by EA application in pain situation.

It has been accepted that low-frequency oscillations
might be involved in the integration across widely spatially
distributed neural assemblies and high-frequency oscilla-
tions (beta and gamma bands) distributed over a more
limited topographic area. The integration of different local
high-frequency oscillations is mediated by the large scale
interactions of low-frequency oscillations. By analysis of
the cross-frequency couplings, we found that EA treatment
reversed the enhancement of the couplings between low-
frequency bands and beta band in incisional pain and also
strengthened the couplings between beta and gamma band.
It may be speculated that EA exerted antinociceptive effect by
modulation on power and cross-frequency coupling strength,
which disturbed the cortex excitability and the multinetwork
integration of nociceptive information in incisional pain.

In conclusion, the present study suggests that broad
frequency oscillations ranging from delta-to beta-frequency
bands are correlated with the cortical processing of the noci-
ceptive information in the plantar incisional pain rats. EA
reverses the increased beta power and the cross-frequency
couplings between the beta and low-frequency bands induced
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Figure 7: Phase couplings at different frequency bands: statistical analysis of the filtered wavelet bicoherence (FIWBIC) values after
EA treatment in the postincisional pain model of rats. Boxplots stand for the phase coupling at local frequency bands, and the 𝑦-axis
represents themean of synchronization. After EA application, the synchronization value between beta and delta/theta/alpha decreased, that is,
synchronization became weaker; whereas the value between beta and gamma increased, that is, synchronization became stronger. Wilcoxon
rank-sum test was used. ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, ∗∗∗𝑃 < 0.001, 𝑛 = 8.

by postincisional pain, suggesting that EA could regulate
the neuronal networks involved in the central processing
and the integration of spontaneous nociceptive information.
These results can deepen our understanding in the central
neuromodulatory mechanisms of EA analgesia.
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This study was designed to investigate the effect of long-term electroacupuncture at Baihui (DU20) and Zusanli (ST36) on cerebral
microvessels and neurons in CA1 region of hippocampus in spontaneously hypertensive rats (SHR). A total of 45 male Wistar rats
and 45 SHRwere randomly grouped, with or without electroacupuncture (EA) at DU20 and ST36, once every other day for a period
of 8weeks.Themean arterial pressure (MAP)wasmeasured once every 2weeks. Cerebral blood flow (CBF) and the number of open
microvessels in hippocampal CA1 region were detected by Laser Doppler and immunohistochemistry, respectively. Nissl staining
and Western blotting were performed, respectively, to determine hippocampus morphology and proteins that were implicated in
the concerning signaling pathways.The results showed that theMAP in SHR increased linearly over the observation period andwas
significantly reduced following electroacupuncture as compared with sham control SHR rats, while no difference was observed in
Wistar rats between EA and sham control.TheCBF, learning andmemory capacity, and capillary rarefaction of SHRwere improved
by EA.The upregulation of angiotensin II type I receptor (AT1R), endothelin receptor (ETAR), and endothelin-1 (ET-1) in SHR rats
was attenuated by electroacupuncture, suggesting an implication of AT1R, ETAR, and ET-1 pathway in the effect of EA.

1. Introduction

The incidence of hypertension is up to about 30% in the
world [1]. Severe, long-term hypertension is accompanied by
continuous vasoconstriction that has influence on end blood
supply and can eventually lead to vital target organ damage
such as heart failure, cerebral disease, and renal failure,

the diseases known to be related to the microcirculatory
alterations [2].

Cognitive impairment is one of the principal cerebrovas-
cular diseases evoked by hypertension. Several epidemiologic
studies have indicated a correlation between blood pressure
level and cognitive decline or vascular dementia [3–5]. It has
been well accepted that a reduction in the number of small
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arterioles and capillaries per volume of tissue (rarefaction)
plays a major role in the elevation of vascular resistance
and, consequently, of blood pressure. On the other hand,
impairment of cerebral perfusion resulting from rarefaction
contributes to hypoperfusion of the brain, leading to neu-
ronal dysfunction and progressive cognitive failure [6, 7].
Therefore, besides lowering of blood pressure, attenuation of
rarefaction and resultant hypoperfusion in cerebral tissue is
reasoned as an essential goal for the treatment of cognitive
dysfunction following hypertension.

Baihui (DU20), an acupoint in humans located on the
top of the head at the intersection of middle sagittal line
and the connection of two ear apexes, is extensively used in
Chinese medicine for management of palpitations, forgetful-
ness, dementia and insomnia, and so forth [8]. Zusanli (ST36)
is located 3 cm below Dubi (ST35) and one finger-breadth
before the anterior crest of the tibia, and is known as an
acupoint for its role in reducing blood pressure [9]. A recently
published study showed that acupuncture at DU20 can up-
regulate brain derived neurotrophic factor (BDNF) expres-
sion and facilitate the support of BDNF for neurons, thus
ameliorate learning and memory in early dementia rats [10].
In clinic, long-term electroacupuncture stimulation at acu-
pointsDU20 and ST36 has an obvious effect on both reducing
blood pressure and protection of forgetfulness. However, it
is so far unclear whether or not electroacupuncture at both
acupoints DU20 and ST36 can reverse cerebral rarefaction
and further ameliorate neuronal dysfunction and, if yes,
what are the underlying mechanisms. In this study, using
spontaneously hypertensive rats (SHR), we demonstrated the
recovery effects of long-term electroacupuncture at DU20
and ST36 on cerebral blood flow (CBF) in cortex, and density
of small arterioles and capillaries in hippocampal CA1 region,
as well as learning and memory capacity, which can be
attributed to the suppression of angiotensin II type 1 receptor
(AT1R), endothelin-1 (ET-1), and endothelin receptor (ETAR)
in brain tissues.

2. Materials and Methods

2.1. Animals. Male Wistar rats and SHR (8 weeks) were
obtained from theAnimalCenter of PekingUniversityHealth
Science Center (Beijing, certificate no. SCXK 2006-0008).
SHR are a genetic model of hypertension that is widely
accepted in medical research because of the features they
share with idiopathic hypertension in humans. This model
was developed by Okamoto and Aoki in Kyoto School of
Medicine, 1963, fromoutbredWistarKyotomalewithmarked
elevation of blood pressure mated to female with slightly
elevated blood pressure [11]. The animals were housed in
cages at 22 ± 2∘C and humidity of 40 ± 5% under a 12-hour
light/dark cycle and received standard diet and water ad
libitum. The experimental procedures were in accordance
with the European commission guidelines (2010/63/EU).
All animals were handled according to the guidelines of
the Peking University Animal Research Committee. The
protocols were approved by the Committee on the Ethics of

Animal Experiments of the Health Science Center of Peking
University (LA2011-38).

2.2. Electroacupuncture Treatment and Animal Grouping. A
total of 45 Wistar rats and 45 SHR were randomly divided
into 6 groups: Wistar group (𝑛 = 15), Wistar + Sham group
(Wistar rats with stimulation at nonacupoints, 𝑛 = 15),
Wistar + EA group (Wistar rats with stimulation at acupoints,
𝑛 = 15), SHR group (𝑛 = 15), SHR + Sham group (SHR
with stimulation at nonacupoints, 𝑛 = 15), and SHR + EA
group (SHR with stimulation at acupoints, 𝑛 = 15). The
animals in Wistar + EA group and SHR + EA group were
subjected to stimulation by electroacupuncture at acupoint
DU20 (located at the midmost point of parietal bone) and
ST36 (5mm below head of right fibula under knee joint, and
2mm lateral to the anterior tubercle of the tibia). Sterilized
disposable stainless steel needles (0.3mm × 40mm, Global
brand, Suzhou, China) were inserted 2mm deep at DU20
with a slope of 30 degrees. Perpendicular needling was
performedwith the depth of 5mmat ST36. Both needleswere
connected to Han’s Acupoint Nerve Stimulator (Model LH
202H, Huawei Ltd, Beijing, China). To keep animals quiet
during electrostimulation, the rats were fastened to an ani-
mal plate and adapted for 10min before electroacupuncture
stimulation. Electric stimulation proceeded for 20 minutes
each time, once every other day, for a period of 8 weeks,
and the stimulation parameters were set at disperse-dense
waves of 2/100Hz with an intensity of 1mA, 2Hz [12]. In
Wistar + Sham group and SHR + Sham group, the animals
received similar treatment as electroacupuncture groups but
the electroacupuncture site was 1 cm and 2 cm from the root
of the tail, respectively, to replace DU20 and ST36 [13]. The
animals inWistar group and SHR group underwent a similar
procedure but without electroacupuncture.

2.3. Blood Pressure Measurement. Blood pressure was mea-
sured as described [14], with modification.Themeasurement
was conducted once every 2 weeks at 8 am in a quiet room.
After staying in a box at 29 ± 1∘C for 10min, the mean
arterial pressure wasmeasuredwith a blood pressuremonitor
(BP-98A, U0130163, Tokyo, Japan), taking the average of
three consecutivemeasurements as themean arterial pressure
(MAP).

2.4. Assessment of CBF. CBF was measured using a laser
Doppler perfusion imager (PeriScan PIM3; PERIMED,
Stockholm, Sweden) at the end of the observation. For this
purpose, an incisionwasmade through the scalp, and the skin
was retracted to expose the skull. The periosteal connective
tissue adherent to the skull was removed with a sterile cotton
swab. A computer-controlled optical scanner directed a low-
powered He-Ne laser beam over the exposed cortex. The
scanner head was positioned in parallel to the cerebral cortex
at a distance of 18.5 cm. The scanning procedure took 4 sec
for a measurement covering an area of 80 pixels. At each
measuring site, the beam illuminated the tissue to a depth
of 0.5mm. A color-coded image to denote specific relative
perfusion levels was displayed on a video monitor.
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2.5. Morris Water Maze Test. Cognitive function was tested
by the water maze at the end of the observation. The Morris
water maze test was conducted according to Morris [15]. The
water-filled (23 ± 1∘C) black-colored tank (150 cm diameter,
60 cm depth) was divided into four quadrants of equal area
arbitrarily. A round platform (10 cm in diameter) made of
transparent perspex was submerged 1 cm below the water
surface with its center 37.5 cm from the perimeter, in themid-
dle of one quadrant (the target quadrant). A closed-circuit
television camera was mounted onto the ceiling directly
above the center of the pool to convey subject swimming
trajectories and parameters to an electronic image analyzer.

2.6. Tissue Preparation for Histology. Animals in each group
(𝑛 = 6) were anesthetized with pentobarbital sodium
(0.1 g/kg body weight) intraperitoneally at 16 weeks and
perfused transcardially with 0.9% saline followed by 4%
paraformaldehyde in 0.1M PBS (pH 7.4) for 40min [16]. The
brainwas removed and cut into blocks, embedded in paraffin,
and sectioned at 10 𝜇m.

Three sections of cerebral hippocampus were collected
in each animal. The sections were deparaffinized and rehy-
drated, sequentially, and examined by Nissl staining or
immunohistochemistry as detailed below.

2.7. Nissl Staining. The sections were stained with cresyl
violet and examined with a light microscope (BX512DP70,
Olympus, Tokyo, Japan), according to the standard procedure
[17]. Five fields of CA1 sector in hippocampus of each
animal were randomly selected, and the number of surviving
pyramidal cells per 2mm of CA1 region was counted.

2.8. Immunohistochemistry. The sections were incubated
with antibody against CD31 (Thermo Scientific, MA1-80069,
Waltham, USA) after blocking with bovine serum albu-
min. The samples were then incubated with a biotinylated
secondary antibody followed by avidin-biotin-peroxidase
complex. As control, a consecutive section was treated
similarly except that the primary antibody was omitted.
Positive staining was visualized with diaminobenzidine. The
images were captured by a digital camera connected to
a microscope (BX512DP70, Olympus, Tokyo, Japan) and
analyzed with Image-Pro Plus 5.0 software (IPP, Media
Cybernetic, Bethesda, MD, USA). Five fields of CA1 region
were examined for each animal.

2.9. ELISA. At 16 weeks, animals from each group (𝑛 = 8)
were anesthetized and the hippocampus of brain was
removed and homogenized in lysis buffer including protease
inhibitor on ice. After being centrifuged at 20000 rcf for 60
minutes, the supernatant was collected for determination of
endothelin-1 (ET-1) and NO content in cerebral tissues by
ELISA, according to the manufacture’s instruction (Abcam,
Cambridge, UK).

2.10. Western Blot Analysis. Western blot analysis (𝑛 = 3)
was performed as described previously [18]. Briefly, the brain

was removed at week 16, and hippocampus was homog-
enized in lysis buffer including protease inhibitors. One
hundred micrograms of the supernatant was mixed with
4× sample buffer. The protein samples were separated on
Tris-glycineSDS-PAGE in a reducing condition. The rab-
bit primary antibodies used included those that directed
against AT1R (1 : 300, Abcam,Cambridge, UK), AT2R (1 : 500,
Abcam, Cambridge, UK), ETAR (1 : 500, Abcam, Cambridge,
UK), eNOS (1 : 1000, BD, Franklin Lakes, USA), iNOS (1 : 200,
Abcam, Cambridge, UK), and GAPDH (1 : 2000, Cell Signal-
ing Technology, Boston, MA, USA). After washing with Tris-
buffered saline containing 0.05% Tween-20, the membrane
was incubated with horseradish peroxidase-conjugated goat
anti-rabbit secondary antibody (1 : 3000, Santa Cruz Biotech-
nology, Santa Cruz, USA) at room temperature for 60min.
The membranes were analyzed using the enhanced chemilu-
minescence system, according to the manufacturer’s protocol
and exposed in a dark box. The protein signal was quantized
by scanning densitometry in the X-film by bio-image analysis
system (Image-Proplus 5.0, Media Cybermetrics, Bethesda,
MD, USA). The results from each experimental group were
expressed as relative integrated intensity compared with that
from the sham group.

2.11. Statistical Analysis. All parameters are expressed as
means ± SD. For comparison of >2 conditions a one-way
analysis of variance (ANOVA) with Turkey post hoc test or
a repeated measures ANOVA with Bonferroni post hoc test
was used. A probability of less than 0.05 was considered to be
statistically significant.

3. Results

3.1. Long-Term Stimulation with Electroacupuncture Reduces
the MAP in SHR. Figure 1 shows the effect of long-term
stimulation with electroacupuncture at DU20 and ST36 on
MAP during the observation period. MAP in Wistar groups
remained nearly unchanged from 8 through 16 weeks. In
contrast, MAP in SHR group increased with time, from
130mmHg at week 8 to 170mmHg at week 16. MAP in SHR
+ Sham group changed over time similarly to that in SHR
group, and no significant difference was observed at any time
point between the two groups. Of notice, MAP in SHR + EA
group was attenuated significantly at week 16, as compared to
SHR group and SHR + Sham group (𝑃 < 0.05).

3.2. Long-Term Stimulation with Electroacupuncture Increases
the CBF in SHR. The representative color images of rat CBF
acquired at week 16 by Laser Doppler perfusion image system
(PeriScan PIM3 System; PERIMED, Stockholm, Sweden) in
the six groups are illustrated in Figure 2(a) wherein the
different magnitude of CBF is indicated by distinct color,
with the red (black arrow in a1) representing the highest
CBF and black (white arrow in a4) representing the lowest.
Figure 2(b) is statistical results of CBF in different groups,
showing that as compared to Wistar group, CBF in SHR
group decreased significantly. Electroacupuncture treatment
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Figure 1: The effect of electroacupuncture on rat MAP. Wistar:
Wistar rats without any treatment. Wistar + Sham: Wistar rats
with stimulation at nonacupoints. Wistar + EA: Wistar rats with
stimulation at acupoints. SHR: SHR without any treatment. SHR +
Sham: SHR with stimulation at nonacupoints. SHR + EA: SHR with
stimulation at acupoints. Data were expressed as mean ± SD from
six animals. ∗𝑃 < 0.05 versus 8 weeks; #𝑃 < 0.05 versus SHR group;
§
𝑃 < 0.05 versus SHR + Sham group.

at acupoints markedly relieved CBF in SHR. In contrast, elec-
troacupuncture treatment at nonacupoints had no significant
effect on CBF, although some trend to increase occurred. No
significant difference was observed between SHR+ Sham and
SHR + EA groups either, probably due to the large standard
deviation.

3.3. Long-Term Stimulation with Electroacupuncture Attenu-
ates the Spatial Learning and Memory Impairment in SHR.
Figure 3 illustrates the latency and swimming distances
assessed by the Morris water maze for rats in different
experimental groups. There was no significant difference
observed among Wistar group, Wistar + EA group, and
Wistar + Sham group in learning and memory potential.
Longer latency and swimming distances were observed
in SHR group compared to Wistar group. SHR rats that
received electroacupuncture treatment displayed a significant
improvement in spatial learning and memory impairment
as compared with the rats in SHR, exhibiting a smaller
mean latency and a shorter mean swimming distance. In
comparison to SHR+ Shamgroup, however, rats in SHR+EA
displayed an improvement in mean latency but not in mean
swimming distance. The impairment of spatial learning and
memory was not alleviated by electroacupuncture at non-
acupoints.

3.4. Long-Term Stimulation with Electroacupuncture Protects
the Neuron in CA1 Region of Hippocampus in SHR. The
number and morphology of neurons in hippocampal CA1
region (arrow) were assessed in different groups at week 16
by Nissl staining, and the results are presented in Figure 4.
InWistar group, the pyramidal cells existed in approximately
three to four layers and packed regularly with the Nissl

bodies being darkly stained (a1, b1). In contrast, the feature
of CA1 region of SHR rats at week 16 was dramatically
distinct, characterized by thinning of the cell layers, shrinkage
and disintegration of neurons (a4, b4). These morphological
changes were attenuated by electroacupuncture at DU20
and ST36 (a6, b6), but not at nonacupoints (a5 and b5).
Figure 4(b) shows a quantitative evaluation of the cell number
in CA1 region in various groups. As compared toWistar rats,
the neuron number decreased significantly in CA1 region
in SHR and SHR + Sham groups, which was protected by
electroacupuncture at DU20 and ST36.

3.5. Long-Term Stimulation with Electroacupuncture Increases
the Number of Opening Microvessels in Hippocampus of SHR.
To evaluate the number and morphology of microvessels, an
immunochemistry staining for CD31was performed to delin-
eate the vessels (arrows). Figure 5(a) shows representative
images of hippocampal CA1 region stained by immunohis-
tochemisty for CD31 in the six groups. A survey at low power
revealed that open microvessels inWistar group, as well as in
Wistar + EA group and Wistar + Sham group, were densely
and uniformly distributed in a region between CA1 and
dentate gyrus (a1, b1; a2, b2 and a3, b3). Impressively, in SHR
and SHR + Sham groups, the density of open microvessels
was reduced (a4 and a5), and their distribution became
heterogeneous with obviously contractive vasculature and
thickening vessel wall (b4 and b5). Compared to SHR and
SHR + Sham rats, electroacupuncture at DU20 and ST36
attenuated the alteration in microvessels (a6 and b6), while
electroacupuncture at nonacupoints had no effect (a5, b5). A
quantitative evaluation of the number of open microvessels
confirmed the survey results (Figure 5(b)).

3.6. Long-Term Stimulation with Electroacupuncture Reduces
the ET-1 but Not NO Content in Brain Tissue of SHR. The
brain content of ET-1 and NO, the two mediators with
opposite action on blood pressure, was assessed by ELISA
at week 16 in the different groups to explore the mechanism
for electroacupuncture effect. As shown in Figure 6(a), there
was no difference found in the content of ET-1 in brain
homogenate among Wistar group, Wistar + EA group, and
Wistar + Sham group. In contrast, ET-1 content increased
significantly in SHR and SHR + Sham groups, as compared to
Wistar group, which was attenuated by electroacupouncture
at DU20 and ST36, but not at nonacupoints. On the other
hand, the content of NO did not differ statistically in all the
groups studied (Figure 6(b)), indicating that NO does not
play a role in augmenting blood pressure in SHR, and is not
a mechanism of the electroacupuncture effect.

3.7. Long-Term Stimulation with Electroacupuncture Attenu-
ates the AT1R and ETAR but Not AT2R, Expression in Brain
Tissue of SHR. To elucidate the pathogenesis of hypertension
of SHR and the target for electroacupuncture effect observed
in the present case, the expression of AT1R, AT2R, and ETAR
in brain tissue was determined by Western blot in different
conditions at week 16, and the results are presented in
Figure 7. AT1R and ETAR expression did not differ obviously
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Figure 2: The effect of electroacupuncture on CBF in rat cerebral cortex. (a) Representative laser-Doppler perfusion images of Wistar (a1),
Wistar + Sham (a2), Wistar + EA (a3), SHR (a4), SHR + Sham (a5), and SHR + EA (a6) group, respectively, acquired at week 16. Black arrow
indicates the highest CBF, while white arrow indicates the lowest CBF. (b) Quantitative evaluation of CBF in six groups. Wistar: Wistar rats
without any treatment. Wistar + Sham:Wistar rats with stimulation at nonacupoints. Wistar + EA: Wistar rats with stimulation at acupoints.
SHR: SHR without any treatment. SHR + Sham: SHR with stimulation at nonacupoints. SHR + EA: SHR with stimulation at acupoints. Data
were expressed as mean ± SD from six animals. ∗𝑃 < 0.05 versus Wistar group; #𝑃 < 0.05 versus SHR group.
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Figure 3:The effect of electroacupuncture on learning and memory capacity of rat. (a)The effect of electroacupuncture on time spent in PQ.
(b) The effect of electroacupuncture on distance ratio spent in PQ. Wistar: Wistar rats without any treatment. Wistar + Sham: Wistar rats
with stimulation at nonacupoints. Wistar + EA: Wistar rats with stimulation at acupoints. SHR: SHR without any treatment. SHR + Sham:
SHR with stimulation at nonacupoints. SHR + EA: SHR with stimulation at acupoints. Data were expressed as mean ± SD from six animals.
∗

𝑃 < 0.05 versus Wistar group; #𝑃 < 0.05 versus SHR group; §
𝑃 < 0.05 versus SHR + Sham group.

among the Wistar group, Wistar + EA group, and Wistar
+ Sham group, but increased significantly in SHR group, as
compared to Wistar group. Electroacupuncture stimulation
at acupoint DU20 and ST36 significantly suppressed the
increased AT1R and ETAR expression of SHR rats, but had
no effect at nonacupoints (Figures 7(a) and 7(c)). In contrast
with AT1R and ETAR, there was no obvious difference

in AT2R protein level among the six experiment groups
(Figure 7(b)).

3.8. Long-Term Stimulation with Electroacupuncture Has No
Effects on eNOS and iNOS Expression in Brain Tissue of SHR.
Similar to AT2R, the expression of eNOS and iNOS proteins
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Figure 4:The effect of electroacupuncture onNissl staining-positive neurons in rat hippocampal CA1 region. (a) RepresentativeNissl staining
images at the end of observation in rat hippocampal CA1 region (arrow) of Wistar (a1), Wistar + Sham (a2), Wistar + EA (a3), SHR (a4),
SHR + Sham (a5), and SHR + EA (a6) group, respectively. Bar = 50𝜇m. b1–b6, high magnification of a1–a6, respectively. Bar = 200𝜇m.
(b) Quantitative evaluation of Nissl staining-positive neurons. Wistar: Wistar rats without any treatment. Wistar + Sham: Wistar rats with
stimulation at nonacupoints.Wistar + EA:Wistar rats with stimulation at acupoints. SHR: SHRwithout any treatment. SHR+ Sham: SHRwith
stimulation at nonacupoints. SHR + EA: SHR with stimulation at acupoint. Data were expressed as mean ± SD from six animals. ∗𝑃 < 0.05
versus Wistar group; #𝑃 < 0.05 versus SHR group; §

𝑃 < 0.05 versus SHR + Sham group.

in brain tissue did not change significantly among the six
experiment groups, as shown in Figures 8(a) and 8(b).

4. Discussion

The present study revealed that SHR benefits from the long-
term electroacupuncture stimulation at DU20 and ST36
significantly, including relief of hypertension, increase in the
number of opening microvessels and cerebral blood flow,
attenuation of neuron injury, and restoration of cognitive
impairment.

Our preliminary experiments showed that compared to
other acupuncture points, such as Yanglingquan (GB34),
Hegu (LI4), Quchi (LI11), and Neiguan (PC6), electro-
acupuncture stimulation at DU20 and ST36 exerts a more
apparent antihypertensive effect. Stimulation at ST36 alone
was also reported to attenuate hypertension; however, the
study regarding its ameliorating effect on cognitive impair-
ment in hypertensive rats is limited [19]. On the other hand,
acupuncture stimulation at DU20 is found more effective for
improving cognitive impairment in clinic [20]. In the present
study, electroacupuncture stimulation at DU20 combined

with ST36 relieved hypertension in SHR as well as recovered
cognitive impairment.

The morphological changes in the systemic microvascu-
lature are the end result of established hypertension. This
alteration may be ascribed to a rarefaction at the capillary
level, which plays a significant role in the reduction of CBF
induced by hypertension [21, 22]. It has been previously
demonstrated that long-term cerebral arteriolar contraction
causes the decrease in the number of open microvessels and
diminishes the CBF in SHR [23, 24]. The clinical application
of calcium channel blockers, diuretics, 𝛽-receptor blockers,
angiotensin converting enzyme inhibitors, and AT1R antag-
onists can relieve vasospasm and reduce blood pressure
[25]. However, these drugs have little effect on CBF. The
present study showed that the decreased CBF could be
significantly restored by long-term electroacupuncture stim-
ulation therapy at two acupointsDU20 and ST36. In addition,
using immunohistochemistrymethod, we revealed that long-
term electroacupuncture could attenuate the reduction in
the number of opening capillaries in hippocampus of SHR.
The neurons in the hippocampus CA1 region are known
to be vulnerable to ischemia and hypoxia. Ischemia and
hypoxia induced by rarefaction during hypertension is the
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Figure 5: The effect of electroacupuncture on the number of opening microvessels in rat hippocampus. (a) Representative immunohisto-
chemistry images at the end of observation in rat hippocampus of Wistar (a1), Wistar + Sham (a2), Wistar + EA (a3), SHR (a4), SHR +
Sham (a5), and SHR + EA (a6) group, respectively. Bar = 50𝜇m. b1–b6, high magnification of a1–a6, respectively. Arrows indicate opening
microvessels. Bar = 200𝜇m. (b) Quantitative evaluation of CD31-positive opening microvessels. Wistar: Wistar rats without any treatment.
Wistar + Sham:Wistar rats with stimulation at nonacupoints. Wistar + EA: Wistar rats with stimulation at acupoints. SHR: SHR without any
treatment. SHR + Sham: SHR with stimulation at nonacupoints. SHR + EA: SHR with stimulation at acupoints. Data were expressed as mean
± SD from six animals. ∗𝑃 < 0.05 versus Wistar group; #𝑃 < 0.05 versus SHR group; §

𝑃 < 0.05 versus SHR + Sham group.
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Figure 6: The effect of electroacupuncture on ET-1 and NO concentration in rat brain. (a) The effect of electroacupuncture on ET-1
concentration in rat brain. (b)The effect of electroacupuncture on NO concentration in rat brain. Wistar: Wistar rats without any treatment.
Wistar + Sham:Wistar rats with stimulation at nonacupoints. Wistar + EA: Wistar rats with stimulation at acupoints. SHR: SHR without any
treatment. SHR + Sham: SHR with stimulation at nonacupoints. SHR + EA: SHR with stimulation at acupoints. Data were expressed as mean
± SD of six animals. ∗𝑃 < 0.05 versus Wistar group; #𝑃 < 0.05 versus SHR group; §

𝑃 < 0.05 versus SHR + Sham group.
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Figure 7: The effect of electroacupuncture on expression of AT1R (a), AT2R (b), and ETAR (c) in rat cerebral tissue. For each protein, the
representative Western blot of each group is presented with the respective quantification showing below. Wistar: Wistar rats without any
treatment. Wistar + Sham: Wistar rats with stimulation at nonacupoints. Wistar + EA: Wistar rats with stimulation at acupoints. SHR: SHR
without any treatment. SHR + Sham: SHR with stimulation at nonacupoints. SHR + EA: SHR with stimulation at acupoints. Data were
expressed as mean ± SD from three animals. ∗𝑃 < 0.05 versus Wistar group; #𝑃 < 0.05 versus SHR group; §

𝑃 < 0.05 versus SHR + Sham
group.

major cause responsible for the damage of CA1 hippocampal
region neurons and cognitive deficits in SHR [26, 27].
Therefore, ameliorating cerebral vasospasm is anticipated
to reduce CA1 region neuron damage and alleviate the
cognitive dysfunction. Previous studies showed that MAP
increased from 6 weeks [28, 29] and learning and memory
dysfunction occurred from 12 weeks in SHR [30]. By virtue
of Nissl staining and Morris water maze detection, our work
further demonstrated that electroacupuncture at DU20 and
ST36 significantly offset hippocampus CA1 neuron lost and
learning andmemory impairment in SHR, the outcomes that
are attributable to the relief of capillary rarefaction.

Existence of an AT1R-ET-1-ETAR pathway in hyperten-
sion pathogenesis is well recognized; that is, an increased
interaction of AngII with AT1R stimulates the release of
ET-1 in endothelial cells that enhances the binding of ET-
1 with ETAR, leading to vasoconstriction [31]. Ameliora-
tion of AT1R and ETAR expression is thus pivotal for

attenuating vasoconstriction and high blood pressure. Our
study suggested an implication of AT1R-ET-1-ETAR pathway
in alleviating MAP and CBF by electroacupuncture at DU20
and ST36, which suppressed the expression of AT1R and
ETAR and reduced the content of ET-1 in SHR. On the
other hand, as compared with Wistar rats, no change was
observed in the expression of AT2R and the amount of NO.
NO is an important molecule that plays a role in a variety of
physiological functions, which is synthesized byNO synthase
(NOS) [32]. Previous study has reported that therapeutic
effects of acupuncture on hypertension are correlated with
activation of NOS [9]. In contrast, our results precluded
the involvement of AT2R-eNOS/iNOS-NO pathway in the
present circumstance, which might be due to the difference
in organ and acupuncture sites studied.

The present study has some limitations. Firstly, the
finding of the present study was derived from the observation
on the effect of simultaneous application of EA at DU20
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Figure 8:The effect of electroacupuncture on expression of eNOS (a) and iNOS (b) in rat cerebral tissue. For each protein, the representative
Western blot of each group is presented with the respective quantification showing below.Wistar:Wistar rats without any treatment.Wistar +
Sham:Wistar rats with stimulation at nonacupoints.Wistar + EA:Wistar rats with stimulation at acupoints. SHR: SHRwithout any treatment.
SHR + Sham: SHR with stimulation at nonacupoints. SHR + EA: SHR with stimulation at acupoints. Data were expressed as mean ± SD from
three animals.

and ST36. In a preliminary study, we evaluated the effect
of EA on the MAP at 16 weeks by stimulating at either
both DU20 and ST36 acupoints or only one of the two.
The result showed a more pronounced effect of EA when
applied at both acupoints than that at any single one. Since
the objective of this study was to explore the mechanisms
whereby EA attenuates hypertension, we thus chose a most
effective application manner, that is, stimulation at both
acupoints. The signaling pathway that mediates the effect of
AE on DU20 or ST36 alone is at present unknown, and waits
for further study. Secondly, EA is a strategy that combines
the acupuncture with electrical stimulation. Researchers have
reported that electrical and manual acupuncture stimulation
affect glucose homeostasis through different mechanisms
[33]. Whether or not the findings of the present study may be
extrapolated to manual acupuncture remains to be verified.
Finally, mean arterial pressure in SHR + EA group dropped
obviously at week 16 compared with that at week 14. What
was taking place in mean arterial pressure during the period
between the two weeks is not clear. To localize the time point
exactly when the effect of EA starts displaying, probably, one
or two more time points between week 14 and 16 need to be
examined.

In conclusion, the long-term electroacupuncture at acu-
points DU20 and ST36 relieves the increased MAP and
cerebral abnormality in both structure and function in SHR,
this beneficial action is most likely mediated via inhibition
of AT1R-ETAR-ET-1 pathway. However, two issues remain
to be resolved in the future. The first is to confirm that
MAP decrease is causative rather than epiphenomenal in
the therapeutic effect of acupuncture at acupoints DU20 and
ST36 on cerebral protection, and the second is to determine
the relation of these findings with other vital pathways, such
as endocrine system and meridian system.
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The present study was conducted to evaluate the effect of electroacupuncture-(EAc-) induced antinociception (EAA) at different
currents and frequencies in rat spinal cord. We found that naloxone (0.05 𝜇g i.t.) blocked EAA at different frequencies. Naltrindole
(0.05𝜇g i.t.) blocked EAA on the 7th day after EAc of 100Hz. 5,7-Dihydroxytryptamine (100𝜇g i.t.) significantly inhibited EAA
at different frequencies on the 7th day after EAc. Pindobind (0.5 𝜇g i.t.), a 5-HT1A antagonist, notably attenuated EAA at different
frequencies. Ketanserin (0.5𝜇g i.t.), inhibited EEA at a lower frequency (<10Hz) than at a higher frequency (100Hz). LY-278584
(0.5 𝜇g i.t.) significantly inhibited EAA at a higher frequency (100Hz) on the 7th day after EAc. The direction of effect of 8-OH-
DPAT, on EAA was dependent on dosage. It had an inhibitory effect at a low dose (0.5𝜇g i.t.) and a high frequency (100Hz) but
enhanced EAA at a higher dose at lower frequencies (<10Hz). DOI (10𝜇g, i.t.), did not affect EAA. These data indicate that the
mechanism of EAA involves opioid receptors, and the serotonergic system, particularly, 𝜇-, 𝛿-opioid and 5-HT1A, 5-HT

3

receptors
and it is also dependent on the EAc frequency.

1. Introduction

Acupuncture, a traditional Chinese medicine, has been used
to relieve pain for more than 2000 years, and it has been
used in over 160 countries. Acupuncture has been pro-
posed by an NIH consensus committee as a complementary
medicine [1]. Treatment efficacy of acupuncture has been
acknowledgedworldwide.The physiological and biochemical
mechanisms underlying acupuncture analgesia have been
receiving increasing attention.

Analgesia by peripheral nerve stimulation, either tran-
scutaneous nerve stimulation (TENS), acupuncture, or elec-
troacupuncture (EAc), was demonstrated in anesthetized
monkeys and in rodents [2–4]. In the spinal cord, substance

P released by A𝛿 and C fiber while nociception entering
the spinal cord posterior horn was blocked by naloxone.
Not only substance P but also endorphin, encephalin, and
dynorphin could be induced in the spinal cord. 𝛽-Endorphin
predominantly synthetized in the arcuate nucleus of the
hypothalamus has major analgesic effects via 𝜇-, 𝜅-opioid
receptors in the periaqueductal gray region [5]. Enkephalins
are ligands of both 𝜇 and 𝛿 receptors [6–8]. Dynorphin is a
relatively specific ligand for 𝜅 receptors in the spinal cord of
the rat [9].

Electroacupuncture antinociception (EAA) induced by
low frequency may be mediated by endorphins. Effect of
high frequency stimulation is not mediated by endorphin but
may be due to either serotonin or dynorphins in the spinal
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cord [10]. In previous studies, it was shown that 5-HT release
from the spinal dorsal horn was significantly stimulated by
somatostatin and substance P in vitro, but not by neurotensin
or met-enkephalin [11]. The influence of EAc on serotonin
release may cause activation of enkephalin-interneurons
which presynaptically inhibit the primary sensory neurons in
the spinal cord [12].

On the other hand, studies have shown that EAc-induced
analgesia can be blocked by opioid receptor antagonists in
human and animals [13–16]. One interpretation of those
results is that an opioid mechanism is involved in medi-
ating EAA. Antibody microinjection studies showed that
2/15Hz EAA could be blocked by intrathecal (i.t.) injection
of any one of the three categories of antibodies directed
to met-enkephalin and leu-enkephalin [17], dynorphin A
[18], and dynorphin B [9]. Moreover, different frequen-
cies of EAc may be mediated by specific opioid receptors
[19, 20].

Lumbar catheterization of the subarachnoid space in the
spine is commonly used to study the rat spinal cord [21, 22].
The method (A-O method) involves freeing neck muscle
from the occipital crest and sliding the catheter through a
slit in the exposed atlanto-occipital (A-O) membrane, and
caudally along the spinal cord [22]. Disadvantages of the
A-O method are that some animals die during the first
days after catheterization (3%–5%) and animals show signs
of neurological impairment after implantation (10%–30%)
[23–25]. In the present study, the operation procedure mod-
ified from Tsai et al. [11] was used to perform the intrathe-
cal catheterization for drugs treatment when studying
EAA.

2. Materials and Methods

2.1. Animals. Male Wistar rats weighing 240 to 260 g were
purchased from National Taiwan University College of
Medicine Laboratory Animal Center (NTU CMLAC). Ani-
mals were allowed at least 1 week of adaptation before the
experiments, and they had free access to food and water.
The laboratory had a 12 hr/12 hr light/dark cycle. The room
temperature was controlled at 22 ± 1∘C. The experimental
protocol was approved by the Institutional Animal Care
and Use Committee (IACUC), China Medical University,
Protocol 101–250.

2.2. Drugs. Opioid receptor antagonists: naloxone, naltrind-
ole (𝛿-opioid antagonist); serotonin neurotoxin: 5,7-dihydro
xytryptamine (5,7-DHT); serotonin antagonists: pindobind
(PDB, 5-HT1A antagonist), ketanserin tartrate (5-HT

2
antag-

onist), LY-278584 maleate (5-HT
3

antagonist), R(+)-8-
hydroxy-dipropylaminotetralin (8-OH-DPAT, 5-HT1A ago-
nist), R(+)-2,5-dimethoxy-4-iodoamphetamine HCl (DOI,
5-HT2/1C agonist), 2-methylserotonin maleate (2-methyl-5-
HT, 5-HT

3
agonist), all the aforementioned were from RBI

Co., USA. Drugs were dissolved in artificial CSF (vehicle).
The artificial CSF (ACSF) is a Krebs-bicarbonate solution
(compositions: NaCl 120mM, KCl 5mM, NaHCO

3
15mM,

MgSO
4
1mM, CaCl

2
1.5mM, and glucose 10mM).

2.3. Intrathecal Catheterization. The operation procedures
weremodified fromTsai et al. [11].The skin over the posterior
cervical and lumbar region was shaved and prepared with
povidone iodine (betadine). Rats were anesthetized with
ether. The fifth spinal process was removed and the dura
mater exposed. The dura was perforated with a short bevel
no. 30-gauze needle, resulting in some leakage of CSF. A
16 cm in length polyethylene catheter (PE-10, i.d. 0.28mm)
previously filled with artificial CSF (ACSF) was immediately
inserted 2 cm tangentially through the dura opening into the
subarachnoid space, then anchored at the sixth spinal process
with cyanoacrylic glue.Thewoundwas irrigated with normal
saline and closed in layers with silk streaks (no. 4). The left
catheter was buried under the skin and the tip of catheter
was threaded throughout the posterior cervical skin, also
fixed with cyanoacrylic glue and tightened with silk threads
(Figure 1).

2.4. The Acupoint, Electroacupuncture (EAc), and Tail-Flick
Test. The procedure was carried out initially at 3 hrs after the
rat recovered from ether anesthesia postintrathecal (i.t.) can-
nulation. Rats were placed in a transparent cylinder holder
without body restriction. Acupuncture was performed by
inserting fine stainless acupuncture needles (no. 36, 0.2mm
in diameter) at the bilateral acupoints ZuSanLi (ST36), 5mm
below the knee and 2mm lateral to the tibia with 5mm
in depth. Electroacupuncture was applied with different
currents (1mA, 2mA, and 3mA) and different frequencies
(2Hz, 10Hz, and 100Hz) for 10 minutes using an electric
stimulator (Coulbourn, C13-65). 1mA current was chosen for
the subsequent experiments in which drugs administration
was held before electroacupuncture in this study.

The rat was placed in an acrylic holder to adapt for at
least 15 minutes at ambient room temperature controlled
at 22 ± 1∘C. The pain threshold was determined by a tail-
flick Analgesia Meter (Muromachi Kikai Co. MK-330). The
nociceptive tail-flick (TF) reflex was evoked by noxious
radiant heat (0.8mm in diameter) by a 50W projector lamp
applied to the underside of the tail at 1 cm apart, with the
distal site 2-3 cm from the end of the tail. TF latency was
measured by a photocell timer circuit from the opening
of a shutter until the rat withdrew its tail from the heat
source. Intensity was set such that baseline TF latencies were
typically between 2 and 4 seconds. The cut-off value of tail-
flick latency was not over 10 seconds to avoid damaging the
skin.

2.5. Experimental Protocol. The stable baseline TF latency
was established in each experiment before intrathecal (i.t.)
catheterization. Rats that exhibited neurological deficits or
motor dysfunction following recovery from anesthesia after
i.t. catheterization (described earlier) were sacrificed. The
drugs were administered 2 minutes before electroacupunc-
ture (except 5,7-DHT administered one week before experi-
ments). 10 𝜇L of drug or artificial CSF (vehicle) was injected
via i.t. within 30 seconds, followed by flushing 10 𝜇L of artifi-
cial CSF. The TF reflex latency was measured at 0, 15, 30, 60,
90, 120, and 150 minutes after a 10min electroacupuncture.
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Figure 1: Diagram of intrathecal cannulation. A middle lumbar skin incision was performed, following the paravertebral muscle detached
from the spinal process and retracted laterally. L5 spinal process was removed then opened the dura for exposing the spinal cord.The dura was
perforated with a short bevel of no. 30 gauze needle following inserted 2 cm PE-10 into the subarachnoid space (SAS). A drop of cyanoacrylic
glue was added for anchoring the PE-10 besides the L6 spinal process. The operation wound was irrigated with normal saline and closed in
layers with silk streaks, no. 4.

Surgery 
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catheterization) (2 min prior to EAc)
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Figure 2: Schedule of drug treatment and experiment orders. Stable TF latency was carried out firstly before the surgery. EAc was performed
3 hrs after the rat recovered from ether anesthesia postintrathecal (i.t.) cannulation. Acupuncture was performed by inserting fine stainless
acupuncture needles at bilateral acupoints ZuSanLi (ST36). EAc was applied with different currents (1mA, 2mA, and 3mA) and different
frequencies (2Hz, 10Hz, and 100Hz) for 10min, which was performed with electric stimulator. 1mA current was chosen for the subsequent
experiments in which drugs administration was held before electroacupuncture in this study. The pain threshold was determined by tail-
flick Analgesia Meter. The basal TF latencies were typically between 2 and 4 seconds. EAc: electroacupuncture; ∗TF: tail-flick; 5,7-DHT:
5,7-dihydroxytryptamine, one week prior to EAc.

The same procedures (drugs administration, electroacupunc-
ture, and TF latency measurement) were repeated on the
1st, 3rd, and 7th days after intrathecal catheterization was
performed. Data for changes in TF latency are presented as
percentage (%) change of pain threshold = [TF latency (after
EAc) − baseline TF latency (before EAc)] × 100/[baseline TF
latency (before EAc)].The experimental protocol is shown in
Figure 2.

2.6. Data and Statistical Analysis. Data were expressed as
mean ± standard error (SE) and analyzed using one-way

analysis of variance (ANOVA), followed by Scheffe’s test.
When the probability (P) was less than or equal to 0.05,
differences were considered significant.

3. Results

3.1. The Effects of Electroacupuncture (EAc) at Different Fre-
quencies on the 1st, 3rd, and 7th Days. The pain threshold
increased by 51.41% in 30 minutes on the 1st day after 2Hz,
1mA EAc (Figure 3(a)). The antinociceptive effect occurred
until 150 minutes after EAc. The pain threshold increased
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Table 1: Effects of EAc in different currents on the 1st, 3rd, and 7th days.

Effect
Amp Percentage change of pain threshold

Min
1st day

0min 15min 30min 60min 90min 120min 150min
Control −2.34 ± 3.96 −4.91 ± 2.56 −0.89 ± 3.44 −2.32 ± 2.77 −1.62 ± 2.47 −0.41 ± 3.52 2.73 ± 3.50
2Hz, 1mA 39.33 ± 5.14 44.60 ± 3.78 51.41 ± 4.49 41.64 ± 4.62 30.12 ± 5.94 30.78 ± 5.21 23.46 ± 3.99

2mA 25.03 ± 6.88 28.97 ± 7.08 23.65 ± 6.25 25.71 ± 6.56 22.22 ± 3.40 18.55 ± 2.47 20.53 ± 2.67
3mA 32.76 ± 14.96 9.40 ± 10.64 3.63 ± 11.61 2.57 ± 10.90 4.67 ± 8.96 11.07 ± 8.76 13.23 ± 7.76

10Hz, 1mA 30.68 ± 8.00 26.25 ± 7.92 37.47 ± 8.16 26.71 ± 6.39 27.38 ± 6.31 22.34 ± 5.38 20.65 ± 4.03
2mA 17.30 ± 4.13 25.90 ± 3.78 28.72 ± 9.06 28.51 ± 8.02 26.92 ± 5.16 7.02 ± 3.77 2.37 ± 1.50
3mA 10.58 ± 17.05 27.77 ± 7.04 13.87 ± 10.54 17.95 ± 9.68 16.40 ± 9.96 16.69 ± 8.80 16.62 ± 7.54

100Hz, 1mA 31.34 ± 10.43 22.05 ± 7.83 25.47 ± 8.81 19.96 ± 6.92 19.88 ± 7.69 23.14 ± 11.83 25.30 ± 9.13
2mA 25.93 ± 8.17 20.27 ± 6.31 21.29 ± 7.47 14.54 ± 5.18 12.20 ± 5.03 2.31 ± 1.88 1.34 ± 3.24
3mA 10.59 ± 10.34 3.78 ± 15.37 2.43 ± 14.96 −5.91 ± 6.01 −6.49 ± 9.32 −9.36 ± 6.79 −0.25 ± 5.29

3rd day
0min 15min 30min 60min 90min 120min 150min

Control 1.31 ± 2.74 1.09 ± 3.56 2.27 ± 3.63 0.03 ± 1.76 −1.42 ± 1.86 −0.96 ± 2.02 −0.97 ± 1.51
2Hz, 1mA 36.57 ± 5.46 28.70 ± 4.19 29.16 ± 6.49 25.19 ± 7.30 23.48 ± 6.10 19.30 ± 3.56 17.76 ± 4.54

2mA 16.88 ± 4.01 17.66 ± 5.11 22.42 ± 3.86 11.78 ± 3.80 14.36 ± 3.62 16.53 ± 6.23 11.67 ± 7.02
3mA 9.47 ± 8.53 4.01 ± 7.86 0.20 ± 9.56 −4.19 ± 6.64 −1.74 ± 5.01 2.98 ± 4.37 3.12 ± 4.07

10Hz, 1mA 32.53 ± 12.69 34.92 ± 6.99 61.73 ± 10.60 23.80 ± 5.49 27.27 ± 7.20 10.82 ± 3.75 12.41 ± 4.69
2mA 22.21 ± 3.65 13.34 ± 5.82 16.51 ± 5.49 9.97 ± 5.26 4.32 ± 2.61 −0.87 ± 2.68 3.30 ± 4.53
3mA −5.36 ± 9.16 −3.85 ± 5.27 −5.38 ± 10.82 −9.10 ± 3.63 −6.81 ± 7.40 −2.76 ± 5.30 −2.73 ± 5.44

100Hz, 1mA 13.02 ± 9.21 28.95 ± 7.12 25.56 ± 7.96 19.35 ± 5.99 20.21 ± 7.46 16.44 ± 6.57 16.65 ± 6.40
2mA 10.55 ± 3.38 16.18 ± 5.99 3.64 ± 3.01 5.43 ± 4.38 8.80 ± 3.51 −0.09 ± 3.60 0.69 ± 2.97
3mA 18.32 ± 5.61 −2.27 ± 7.65 −5.62 ± 5.32 −0.30 ± 4.33 −0.13 ± 3.89 3.04 ± 3.90 3.63 ± 6.23

7th day
0min 15min 30min 60min 90min 120min 150min

Control 1.28 ± 2.83 1.05 ± 3.74 2.18 ± 3.68 0.05 ± 2.08 −1.38 ± 1.78 −0.94 ± 2.05 −0.94 ± 1.82
2Hz, 1mA 35.71 ± 5.33 36.47 ± 3.80 34.76 ± 5.79 35.38 ± 3.75 28.84 ± 3.82 28.08 ± 2.51 26.89 ± 6.12

2mA 17.47 ± 3.78 12.43 ± 3.22 17.28 ± 3.85 9.98 ± 4.22 8.86 ± 4.91 3.36 ± 2.37 3.08 ± 3.49
3mA −1.93 ± 7.94 −4.40 ± 5.65 −2.61 ± 4.41 4.41 ± 6.80 −0.98 ± 3.22 −4.44 ± 4.35 2.06 ± 3.76

10Hz, 1mA 36.09 ± 5.90 35.30 ± 4.77 29.37 ± 7.23 29.23 ± 7.24 14.14 ± 3.86 9.52 ± 4.66 10.60 ± 4.23
2mA 12.49 ± 2.31 8.92 ± 5.82 4.26 ± 5.29 5.07 ± 4.85 2.39 ± 3.71 4.08 ± 5.07 1.20 ± 3.62
3mA 2.59 ± 1.84 −0.12 ± 5.12 −2.53 ± 3.44 −1.40 ± 3.67 −5.97 ± 4.91 3.89 ± 2.66 7.47 ± 4.41

100Hz, 1mA 7.80 ± 3.07 22.35 ± 6.00 29.82 ± 8.99 10.14 ± 3.16 14.32 ± 4.23 9.31 ± 2.89 13.80 ± 3.51
2mA 8.35 ± 3.43 2.59 ± 1.71 1.72 ± 1.92 5.73 ± 3.48 20.47 ± 3.73 −1.43 ± 2.55 −3.41 ± 2.10
3mA 25.43 ± 10.43 3.44 ± 5.76 −15.95 ± 4.78 −11.89 ± 4.11 −9.48 ± 2.67 8.59 ± 4.74 6.81 ± 5.90

Data are shown as mean ± S.E.

by 29.16% and 34.76% on the 3rd and 7th days, respectively.
The duration of EAA revealed on the 3rd and 7th days was
similar to the effect on the 1st day after intrathecal cannulation
(Figures 3(b) and 3(c)). We also examined the effect of EAc at
2mA and 3mA.The pain threshold increased by 23.65% and
37.47% in 30 minutes and up to 150min. Data on different
currents and frequencies on the 1st, 3rd, and 7th days are
shown in Table 1.

3.2. Effects of Naloxone and Naltrindole on EAc at Different
Frequencies. Pretreatment with naloxone (0.05𝜇g/10 𝜇L, i.t.),
a 𝜇-opioid antagonist, completely blocked the EAc-induced
antinociception (EAA) at three different frequencies of EAc
on the 1st, 3rd, and 7th days (Figures 4(a)–4(i)). Naltrindole
(0.05𝜇g/10 𝜇L, i.t.), a 𝛿-opioid antagonist, significantly inhib-
ited EAA at high (100Hz) frequency on the 1st, 3rd, and 7th
days (Figures 4(c), 4(f), and 4(i)).
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Figure 3: Antinociceptive effects of electroacupuncture (EAc) in different frequencies on the 1st, 3rd and 7th days after intrathecal cannulation
by tail-flick test. ↓: initiation point of EAc except sham group. I: sham group. : 2Hz, 1mA. : 10Hz, 1mA. ◼: 100Hz, 1mA. (a) Determined
on 1st day; (b) determined on 3rd day; (c) determined on 7th day (described as text). Data are shown as mean ± S.E. ∗𝑃 < 0.05 compared
with sham group (𝑛 = 10).
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Figure 4: Pretreatment with opioid antagonists influences EAc-induced antinociception in different frequencies on the 1st (a, b, c), 3rd (d,
e, f), and 7th (g, h, i) days after intrathecal cannulation. (a), (d), (g): 1mA, 2Hz EAc; (b), (e), (h): 1mA, 10Hz EAc; (c), (f), (i): 1mA, 100Hz
EAc; ↓: initiation point of EAc except sham group. I: sham group. e: ACSF: artificial CSF. : naloxone (0.05 𝜇g/10 𝜇L, i.t.). ◼: naltrindole
(0.05 𝜇g/10 𝜇L, i.t.). Data are shown as mean ± S.E. ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, and ∗∗∗𝑃 < 0.001 compared to the ACSF group (𝑛 = 10).
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Figure 5: Pretreatment with 5,7-DHT influences EAc-induced antinociception in different frequencies on the 1st (a, b, c) and 7th (d, e, f)
days. (a), (d): 1mA, 2Hz EAc; (b), (e): 1mA, 10Hz EAc; (c), (f): 1mA, 100Hz EAc; ↓: initiation point of EAc except sham group. I: sham
group. e: ACSF (artificial CSF). : 5, 7-DHT (5,7-dihydroxy tryptamine, serotonin neurotoxin, 100𝜇g/10 𝜇L, i.t.). Data are shown as mean ±
S.E. ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, and ∗∗∗𝑃 < 0.001 compared to the ACSF group (𝑛 = 10).

3.3. Effects of 5,7-Dihydroxytryptamine (5,7-DHT) Pretreat-
ment on EAc at Different Frequencies. The pain threshold of
EAcwas not affected by 5,7-DHT (100 𝜇g/10 𝜇L) on the 1st day
at different EAc frequencies of (Figures 5(a)–5(c)). Until one
week after treatment with 5,7-DHT, the pain threshold of EAc
was significantly inhibited by 5,7-DHT on the 7th day at three
different frequencies (Figures 5(d)–5(f)).

3.4. Effects of 5-HT Antagonists on EAc at Different Fre-
quencies. Figure 6 shows effects of pretreatment with 5-
HT antagonists on EAc. Pindobind-5-HT1A (PDB, 5-HT1A
antagonist, 0.5𝜇g/10 𝜇L, i.t.) markedly blocked EAA at dif-
ferent frequencies on the 1st, 3rd, and 7th days (Figures
6(a)–6(i)). Pretreatment with ketanserin (5-HT

2
antagonist,

0.5 𝜇g/10 𝜇L, i.t.) reduced EAA at a lower frequency (<10Hz)
of EAc on the 1st, 3rd, and 7th days (Figures 6(a), 6(b),
6(c), 6(d), 6(g), and 6(h)). LY-278584 (5-HT

3
antagonist,

0.5 𝜇g/10 𝜇L) significantly inhibited high frequency EAA on
the 1st, 3rd, and 7th days (Figures 6(c), 6(f), and 6(i)).

3.5. Effects of 5-HT
1𝐴

Agonist, 8-OH-DPAT on EAc at Dif-
ferent Frequencies. 8-OH-DPAT (DPAT), a 5-HT1A agonist,
inhibited EAA which was dependent on DPAT dose and
EAc. DPAT (0.5 𝜇g/10 𝜇L, i.t.) inhibited the EAA at a high
frequency (100Hz) of EAc on the 1st, 3rd, and 7th days
(Figures 7(c), 7(f), and 7(i)). However, a concentration of
DPAT greater than 1 𝜇g/10 𝜇L (i.t.) potentiated the EAA at
a lower frequency (<10Hz) of EAc (Figures 7(a), 7(b), 7(d),
7(e), and 7(g)).

3.6. Effects of 5-HT
2
and 5-HT

3
Agonists on the EAc at

Different Frequencies. R(+)-2,5-dimethoxy-4-iodoampheta-
mine HCl (10 𝜇g/10 𝜇L, i.t.), a 5-HT2/1C agonist, did not
significantly affect EAA at different frequencies. However,
pretreatment with 2-methy-5-HT (50𝜇g/10 𝜇L, i.t.), a 5-
HT
3
agonist, enhanced EAA at a lower frequency (<10Hz)

(Figures 8(a), 8(b), 8(d), 8(e), 8(g), and 8(h)).

4. Discussion

There has been increasing attention given to the use of EAc
for treating pain both experimentally and clinically. Low
and high electrical frequencies are an important component
of EAc. A very low frequency of EAc at 0.4Hz did not
produce a desired analgesic effect, whereas 4Hz or 200Hz
EAc could induce considerable analgesia [10]. In the present
study, the relative lower frequencies of EAc (<10Hz) may
provide more stable and longer duration of antinociception
when compared with a high EAc frequency (100Hz). Similar
results were present in another study that applied 2Hz or
100Hz EAc [26]. We found that EAA could be reobtained
on different days in the present study. Similarly, repeated
electroacupuncture had a cumulative effect on analgesia that
may be associated with regulation of the hypothalamus-
pituitary axis [27].

Earlier studies reported that 𝜇- and 𝛿-receptors were
involved in EAc analgesia at a low frequency (2/15Hz)
[19, 20]. In the present study, the administration of drugs
was intrathecally directed into the rat spinal cord. Effect of
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Figure 6: Pretreatment with 5-HT antagonist influences EAc-induced antinociception in different frequencies on the 1st (a, b, c), 3rd (d, e,
f), and 7th (g, h, i) days. (a), (d), (g): 1mA, 2Hz EAc; (b), (e), (h): 1mA, 10Hz EAc; (c), (f), (i): 1mA, 100Hz EAc, ↓: initiation point of EAc
except sham group. I: sham group; e: ACSF (artificial CSF). : PDB: (pindobind, 5-HT1A antagonist, 0.5 𝜇g/10 𝜇L, i.t.). ◼: KTS (ketanserin,
5-HT

2

antagonist 0.5 𝜇g/10 𝜇L, i.t.).: LY-278584 (5-HT
3

antagonist, 0.5 𝜇g/10 𝜇L, i.t.). Data are shown as mean ± S.E. ∗𝑃 < 0.05, ∗∗𝑃 < 0.01,
and ∗∗∗𝑃 < 0.001 compared to the ACSF group (𝑛 = 10).

drugs on EAAwas determined by the tail-flick test. Naloxone,
a 𝜇-antagonist, completely abolished the EAA at different
electrical frequencies. However, the 𝛿-receptor participated
in the EAAwhen the frequency of EAcwasmore than 100Hz.
The results were similar to a previous report [28]. Data from
the present study suggested that EAA occurred via 𝜇-opioid
receptors at a low frequency (<10Hz) and that activation of
𝛿-opioid receptors was at a high frequency (100).

The present study also examined the role of the serotoner-
gic pathway in mediating effect of EAc. EAA was blocked by
pindobind, a 5-HT1A antagonist, and by ketanserin, a 5-HT

2

antagonist at a low frequency (<10Hz), and by LY-278584, a
5-HT
3
antagonist at a high frequency (100Hz). On the other

hand, EAA was potentiated by DPTA, a 5-HT1A agonist at a
high dose (>1 𝜇g), and by 2-methyl-5-HT, a 5-HT

3
agonist at

a low frequency (<10Hz). Therefore, the effect of DPTA on

EAA was dependent on drug dosage. It has been suggested
that DPTA could decrease the turnover rate of 5-HT in
presynaptic serotonergic neurons at a low dose (0.05mg/kg,
s.c.) and stimulate 5-HT receptors at a high dose (1.0mg/kg)
[29]. 2-Methyl-5-HT is not a selective 5-HT

3
receptor agonist

but is associated with 5-HT
4
in pain pathway [30]. However,

DOI, a 5-HT2/1C, did not affect EAA in this study. These
findings suggest that the 5-HT1A and 5-HT

3
receptors may

mediate predominantly EAA elicited at low EAc frequencies.
There is evidence that brain serotonergic pathways, involving
5-HT
1
and 5-HT

3
receptors, contribute to the antinociceptive

effect of EAc that 5-HT
2
may have a nociceptive function [31].

We found that 5,7-DHT (5,7-dihydroxytryptamine)
reduced EAAup to 7 days following EAc. It has been reported
that 5,7-DHT-induced lesions of the spinal cord serotonergic
pathways reduced spinal cord 5-HT concentrations by 70%
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Figure 7: Pretreatment with 8-OH-DPAT influences EAc-induced antinociception in different frequencies on the 1st (a, b, c), 3rd (d, e, f),
and 7th (g, h, i) days after intrathecal cannulation. (a), (d), (g): 1mA, 2Hz EAc; (b), (e), (h): 1mA, 10Hz EAc; (c), (f), (i): 1mA, 100Hz EAc,
↓: initiation point of EAc except sham group. I: sham group. e: ACSF (artificial CSF). : 8-OH-DPAT (DPAT, 5-HT1A agonist, 0.5𝜇g/10 𝜇L,
i.t.). ◼: DPAT (1 𝜇g/10 𝜇L, i. t.); : DPAT (2𝜇g/10 𝜇L, i.t.). Data are shown as mean ± S.E. ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, and ∗∗∗𝑃 < 0.001 compared
to the ACSF group (𝑛 = 10).

and notably reduced morphine analgesia as determined
by the tail-flick test [32]. The delayed effect of 5,7-DHT on
EAA may be related to its neurotoxic effect on serotonergic
neuron.

The involvement ofmu- anddelta-opioid receptors aswell
as serotonin receptors has been previously described. The
present study showed that EAc induced analgesia involve-
ment serotonergic and opioid receptors at the superacute,
acute, and subacute stages (1, 3, 7 days) of electroacupunc-
ture-induced analgesia. We also found that responses of
different serotonergic and opioid receptor subtypes were
associated with electroacupuncture electrical frequencies.
Lumbar catheterization of the subarachnoid space in the
spine is commonly used in research to study spinal cord
functions in rat models which can have a confounding effect
on experimental outcomes. Direct lumbar catheterization has

several advantages compared with the A-O method, such as
decreasing the neurological disturbance and the interference
with nociceptive functions of the spinal cord. In the present
study, none of the animals died and no detectable signs
of neurological impairment were detected after intrathecal
catheterization.

We found that the 𝜇 opioid receptor participated at
three different EAc frequencies, whereas the 𝛿 receptor was
effective at a high EAc frequency (100Hz). The 5-HT1A
and 5-HT

3
receptors were involved in EAA. 5-HT1A agonist

enhanced EAA which was significantly inhibited by 5-HT1A
antagonists. We did find that serotonergic and opioid recep-
torswere involved at the superacute, acute, and subacute stage
(1, 3, and 7 days) of electroacupuncture analgesia, and those
receptors contributed to the antinociceptive effect of EAc.
Although the sensitivities of various receptors to the low- and
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Figure 8: Pretreatment with 5-HT agonists influences EAc-induced antinociception in different frequencies on the 1st (a, b, c), 3rd (d, e, f),
and 7th (g, h, i) days after intrathecal cannulation. (a), (d), (g): 1mA, 2Hz EAc; (b), (e), (h): 1mA, 10Hz EAc; (c), (f), (i): 1mA, 100Hz EAc;
↓: initiation point of EAc except sham group. I: sham group. e: ACSF (artificial CSF). : DOI (R(+)-2,5-dimethoxy- 4-iodoamphetamine
HCl, 5-HT2/1C agonist, 10𝜇g/10 𝜇L, i.t.). : 2-methyl-5-HT (2-methylserotonin maleate, 5-HT

3

agonist, 50 𝜇g/10 𝜇L, i.t.). Data are shown as
mean ± S.E. ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, and ∗∗∗𝑃 < 0.001 compared to the ACSF group (𝑛 = 10).

high-frequency EAc are slightly different, the mechanisms of
EAA are closely related to the activation of serotonergic and
opioid neurons in spinal cord.
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Somatovisceral reflex suggested that the somatic stimulation could affect visceral function like acupuncture which treats diseases
by stimulating acupoints. The neuronal connection between somatic point and visceral organ was not clear. Uterine pain referred
to the groin region has long been recognized clinically. Wesselmann, using neurogenic plasma extravasation method, showed that
uterine pain was referred to the groin region through a neuronal mechanism (Wesselmann and Lai 1997). This connection could
be considered through the somatovisceral reflex pathway. However, the relay center of this pathway is still not clearly identified. In
the present study, bee venom was injected in the groin region to induce central Fos expression to map the sensory innervation of
groin region. Pseudorabies virus (PrV), a transneuronal tracer, was injected in the uterus to identify the higher motor control of
the uterus. Immunohistochemistry staining revealed the Fos expression and PrV-infected double-labeled neurons in the nucleus of
solitary tract (NTS), the dorsal motor nucleus of vagus (DMX), and the paraventricular hypothalamic nucleus (PVN).These results
suggest a somatoparasympathetic neuronal connection (groin-spinal dorsal horn-NTS/DMX-uterus) and a somatosympathetic
neuronal connection (groin-spinal dorsal horn-NTS-PVN-uterus). These two neuronal connections could be the prerequisites to
the neuronal basis of the somatovisceral reflex and also the neuronal mechanism of acupuncture.

1. Introduction

The somatovisceral reflex was mentioned by Sato in 1995
and suggested that somatic stimulation could evoke sympa-
thetic reflex response and, thereby, modulate functioning of
visceral organ [1]. This phenomenon is in some way alike
acupuncture that stimulates specific somatic points to relieve
pain and treat many different diseases [2]. Many studies have
shown that acupuncture can significantly modulate visceral
function by stimulating specific acupoints [3–8]. Previous
research suggested that the activation of the somatosen-
sory pathway played an important role in the physiolog-
ical effects of acupuncture [9]. Li et al.’s research showed
that electroacupuncture-like stimulation diminishes regional

myocardial ischemia triggered by sympathetical excitation
[7]. Other studies have shown that electroacupuncture-like
stimulation can activate a sympathetic inhibitory system in
the brain to regulate cardiovascular responses [5, 10, 11]. Both
the somatovisceral reflex and acupuncture stimulation sug-
gest the neuronal connection between somatic acupoint and
its corresponding organ. However, the neuronal connection
of the somatovisceral reflex or acupuncture is still not clear.

Pervious report demonstrated that gynecological pain
induced by dysmenorrhea, ascending genital infection, or
cystic or hemorrhagic ovarian pathology usually refer pain
to the low back, thighs, and abdominal wall [12]. Referred
pain in the low back and abdominal wall was also reported by
women in labor [13]. These reports suggested that the groin
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region can account to the pain of uterine inflammation or
diseases. According to traditional Chinese medicine, some
acupoints, called A-shi points, do not have fixed specific
locations and are usually pain-associated points [14–16].
Therefore, the groin region could be the A-shi point related
to the uterus. In 1997,Wesselmann and Lai found that uterine
inflammation in rats pretreated with Evans Blue Dye resulted
in neurogenic plasma extravasation of dye in the skin over
the abdomen, lower back, thighs, and groin, after antidromic
stimulation of peripheral nerves [17]. This result suggested
the possibility of a somatovisceral neural connection between
the uterus and groin areas. Although these findings confirm
the existence of a neural connection between the uterus
and groin region, the exact location of this central neuronal
connection remains unknown.

The Fos protein is an immediate-early gene transcription
factor induced by short-term signals and alters target gene
expression causing long-term change in cellular phenotype
[18]. It has been used to map the activated neural cells after
different types of stimulation and shows correlated anatom-
ical neural pathways [19–21]. Pseudorabies virus (PrV) is
a swine neurotropic herpes virus that has been used for
transneuronal tracing in many studies [22–26].The Pingtung
(PT) strain of PrV has been demonstrated to label sympa-
thetic pre- and postganglionic neurons after injection in the
specific auricular kidney point [22]. The study showed that
the PT strain of PrV was a useful transneuronal tracer in
somatovisceral research. To establish the neural connection
between the groin region and uterus, bee venomwas injected
in the groin region to induce c-Fos expression neurons
innervating the groin region and PrV was injected in the
uterus to infect the hierarchical motor neurons innervating
the uterus. Furthermore, to evaluate central doubled Fos
expression and PrV-infected neurons in order to identify
the neuronal connection between the somatic point (groin
region) and its related visceral organ (the uterus).

2. Materials and Methods

The study protocol was approved by Animal Care and
Use Committee, and all experiments were conducted in
accordance with the animal care guidelines of the National
Institutes of Health and the International Association for the
Study of Pain.

2.1. Animals. Sprague-Dawley adult virgin female rats (250–
350 g) were used. Animals were housed on a 12 h-12 h light-
dark cycle, and all animals had free access to standard food
and water.

2.2. Bee Venom Injection in the Left Groin Region. The
rats were anesthetized with ketamine (95mg/kg) intraperi-
toneally. 50 𝜇L of 1% bee venom (Sigma) were dissolved in
normal saline and administrated subcutaneously into the
midpoint between genital pore and apex of the left groin
region (𝑛 = 6) according to Wesselmann and Lai’s research
[17]. Saline was injected as the control. After 90 minutes,
the rats were sacrificed and perfused with 250mL of saline

intracardially, followed by 1000mL of 4% paraformaldehyde
in 0.1M phosphate buffer solution (PBS). T10–S1 segments of
spinal cord, brainstem, and brain were removed.

2.3. Pseudorabies Virus Injection in Left Uterine Horn. The
rats were anesthetized with ketamine (1mL/kg) intraperi-
toneally. A laparotomy was performed and 40 𝜇L of Pingtung
strain pseudorabies virus [22] was injected into the left uterus
horn (𝑛 = 9). After the injections, the abdominal wall was
sutured, the skin closed. The animals were sacrificed at 6 to 8
days after PrV injection (in the sameway as described above).
The spinal cord, dorsal root ganglion of T10–S2 segment,
brainstem, and brain were removed.

2.4. Bee Venom Injection after PrV Injection. The rats were
anesthetized and PrV was injected into the left uterus horn
(in the same way as described above) (𝑛 = 9). After the
injections, the abdominal wall was sutured, the skin closed,
and the animals allowed to survive for 6 to 8 days. Before
the rats were sacrificed, 50 𝜇L of 1% bee venom was admin-
istrated subcutaneously into midpoint of left groin region
and saline was injected as the control. After 90 minutes,
the rats were sacrificed and perfused with 250mL of saline
intracardially, followed by 1000mL of 4% paraformaldehyde
in 0.1M phosphate buffer solution (PBS). The spinal cord,
dorsal root ganglion of T10–S1 segment, brainstem, and brain
were removed.

2.5. Immunohistochemistry. Tissues of groin region-bee
venom injection group and uterine horn-pseudorabies
virus injection group were postfixed up to 4 hr in para-
formaldehyde PBS and then cryoprotected in 10, 20, and 30%
sucrose in PB solution. Serial 30𝜇m thick transverse sections
of all dorsal root ganglia, spinal cord, brainstem, and brain
were cut with a cryomicrotome. All sections from the ganglia
and every five sections from other samples were collected in
0.01M phosphate buffer saline (PBS). Floating sections were
washed 30min (10min, 3 times) and incubated with blocking
solution (5% normal goat serum, 0.05% Triton X-100, and
3% BSA in 0.1M PB) for 1 hr. The sections were washed and
incubated with the primary antibody (IgG of rabbit anti-FOS
in 1 : 2000 or IgG of swine anti-PrV in 1 : 1000) in blocking
solution for 72 hr at 4∘C. After incubation, the sections
were rinsed and incubated for 1 hr at 25∘C with secondary
antibody (biotin-conjugated IgG of goat anti-rabbit in 1 : 500
or goat anti-swine in 1 : 200) in blocking solution. The
sections were washed three times for 30min and incubated
using ABC kit (Vector) for 1 hr. After rinsing, the sections
were developed with GOD method followed by mounting
on gelatin-coated slides and overslipped with mounting
medium.

2.6. Immunofluorescence. Tissues of groin-uterus injection
group were postfixed and sectioned in the same way
described above. Floating sections were washed 30min
(10min, 3 times) and incubated with blocking solution (5%
normal goat serum, 0.05%Triton X-100, and 3% BSA in 0.1M
PB) for 1 h. The sections were washed and incubated with
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Figure 1: Fos expression neurons in the spinal cord after bee venom injection in the left groin region (𝑛 = 9). (a) Neurons express Fos protein
(arrow) in ipsilateral L2 spinal dorsal horn. (b) Higher magnification of Fos expression neurons in (a) (scale bar: 100 um). (c) Mean number
of Fos expression neurons in T10 to S3 spinal segments (±SEM). ∗𝑃 < 0.05. (d) Mean number of Fos expression neurons in laminas I to V of
L2 spinal segment.

two kinds of primary antibody (IgG of rabbit anti-FOS in
1 : 2000 and IgG of swine anti-PrV in 1 : 1000) in blocking
solution for 72 hr at 4∘C. After incubation, the sections were
rinsed and incubated for 1 hr at 25∘C with two secondary
antibodies (FITC-conjugated IgG of goat anti-swine in 1 : 200
and TRITC-conjugated IgG of goat anti-rabbit in 1 : 500) in
blocking solution. The sections were washed for 30min and
mounted on gelatin-coated slides followed by coverslipping
with mounting medium.

2.7. Data and Statistical Analysis. Fos and PrV immunoreac-
tivity neurons developed with GOD method in dorsal root
ganglia, spinal cord, and brain were counted with bright
field microscope. Fos and PrV double labeled neurons were
observed with fluorescent microscope. Anatomical identifi-
cation of brain structures was essentially based on the Rat
Brain atlas of Paxinos andWatson [27]. All datawere analyzed
by 𝑡-test.

3. Result

3.1. Fos ExpressionNeurons after Bee Venom Stimulation in the
Groin Region. Injecting bee venom in the left somatic groin

region induces central Fos expression and the contralateral
side as the control. In the spinal cord, Fos protein is pre-
dominantly (70%) apparent in ipsilateral T13 (14.5 ± 1.1), L1
(23.5 ± 1.5), and L2 (26.6 ± 2.5) spinal dorsal horn (Figures
1(a), 1(b), and 1(c)). Most of the c-Fos expression neurons are
resided in laminas I (12.6 ± 1.2) and II (10.9 ± 1.4) of the
dorsal horn (Figure 1(d)).

In the supraspinal area, c-Fos expression neurons
appeared in numerous nuclei of the thalamus, hypothalamus,
pons, and medulla. The c-Fos expression nuclei include the
nucleus of solitary tract (NTS) (Figure 2(a)), parabrachial
nucleus (PB), locus coeruleus (LC) (Figure 2(b)), raphe
pallidus nucleus (RPa) (Figure 2(c)), paraventricular
thalamic nucleus (PVT) (Figure 2(f)), lateral hypothalamic
area (LH) (Figure 2(e)), and paraventricular hypothalamic
nucleus (PVN) (Figure 2(d)). Table 1 listed the fos expression
neurons in supraspinal areas of saline and bee venom groups.
The NTS of bee venom group expressed significantly the
difference between the fos expression neurons and the saline
group.

3.2. The Appearance of PrV Infection Neurons after Virus
Injection in the Uterus. PrV-infected neurons appeared in the
central nuclei (Figures 3 and 4) 6–8 days after PrV injection in



4 Evidence-Based Complementary and Alternative Medicine

d

v

(a)

PB

LC

scp

m

d

l

(b)

RPa

(c)

3V

PVN

(d)

ic

f

opt

(e)

D3V

PV

(f)

Figure 2: Fos expression neurons (arrow) in the supraspinal area after bee venom injection in the left groin region (𝑛 = 9). (a) Nucleus of
solitary tract (NTS). (b) Locus coeruleus (LC), parabrachial nucleus (PB). (c) Raphe pallidus nucleus (RPa). (d) Paraventricular hypothalamic
nucleus (PVN). (e) Lateral hypothalamic area. (f) Paraventricular thalamic nucleus (PV). 3V: third ventricle; 4V: fourth ventricle; D3V: dorsal
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bar: 100 um).

the left uterus horn. In the spinal cord, the most PrV-infected
neurons were spotted in laminas IV and V of T11–L1 and L5–
S2 spinal segments (Figures 3(a), 3(b), and 3(c)), rarely in the
superficial laminas (laminas I, II).

In the supraspinal area, PrV-infected neurons were found
in the hypothalamus, pons, and medulla, including the NTS,
dorsal motor nucleus of vagus (DMX) (Figure 4(a)), interme-
diate reticular nucleus (IRt), ambiguus nucleus (Amb), lateral
reticular nucleus (LRt), A5 noradrenaline cell group (A5)
(Figure 4(b)), raphe pallidus nucleus (RPa) (Figure 4(c)),
gigantocellular reticular nucleus (Gi) (Figure 4(d)), medial

preoptic area (MPA), and PVN (Figure 4(e)). All PrV-
infected neurons in supraspinal area were listed in Table 2.

3.3. Fos Expression and PrV-Infected Double Labeled Neurons
in the NTS, DMX, and PVN. After uterine PrV injection
and c-Fos expression of groin bee venom stimulation, double
labeled neurons appeared in the hypothalamus, and specif-
ically in the PVN (Figure 5(c1)). Some other double labeled
neurons are apparent in the NTS and DMX (Figures 5(c2),
5(c3), and 5(c4)). Comparing saline and bee venom injection
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Figure 3: PrV-infected neurons in spinal cord after 6 to 8 d PrV injection in the left uterine horn (𝑛 = 8). (a) PrV-infected neuron (arrow)
in T12 spinal segment. (b) Higher magnification of PrV-infected neuron in (a) (arrow) (scale bar: 100 um). (c) Mean number of PrV-infected
neurons in T10 to S2 spinal segments (±SEM).

groups in PrV-infected neurons, the percentage of the double
labeled neurons in PVN of bee venom injection group were
significantly predominant (𝑃 < 0.1) (Figure 5(d)).

4. Discussion

After the application of bee venom to the left groin region,
the c-Fos protein expression neurons were presented in
the left spinal dorsal horn and certain supraspinal nuclei.
PrV-infected uterine supraspinal neurons resided in the A5
noradrenaline cell group (A5), raphe pallidus nucleus (RPa),
and gigantocellular reticular nucleus (Gi). Double labeled
neurons located in the NTS, motor nucleus of vagus (DMX),
and PVN (Figure 5).The neuronal connection between groin
region and uterus suggests that the nuclei of PVN, NTS, and
DMX not only receive somatic stimulation from groin region
but also modulate the function of uterus. Those nuclei may
play important roles in somatovisceral reflex [1] and could be
the result of the neuronal mechanism of acupuncture.

4.1. Sensory Innervation of the Left Groin A-Shi Point. The
stimulating acupoints elicit a composite of unique sensations
called dechi. Dechi sensations including pressure, soreness,
heaviness, and dull pain are essential for clinical efficacy

[28]. Pain, as one of the dechi sensations, is a relatively
strong and easily induced sensory modality in animal study.
Panic stimulation can induce neurons expressing the Fos
proteinwhich could be used to investigate either somatic [29–
31] or visceral [31–33] noxious afferent pathways. Takahashi
and Nakajima [34] intravenously injected in the Evans Blue
Dye and observed extravasation in the groin after electrical
stimulation of the spinal nerves. This result proves that the
sensory innervation of groin region comes from T13, L1, and
L2 spinal nerves. The injection of bee venom in the left groin
region in our study induced c-Fos expression in the ipsilateral
spinal dorsal horn of T13, L1, and L2, and particularly in
superficial laminas I and II (Figures 1(c) and 1(d)). This
suggests that the spinal Fos expression neurons in our study
were specifically activated by noxious stimulation of the groin
region.

Fos expression neurons appeared in the NTS, giganto-
cellular reticular nucleus (Gi), raphe pallidus nucleus (RPa),
and PVN after bee venom stimulated groin region (Figures
3 and 6). The NTS can be not only activated by somatic
noxious stimulation but also triggered by vagal afferent
activation as a physiological adaptation to pain [35]. Pre-
vious studies showed that Gi can be activated by noxious
stimulation related to the activation of the descending
antinociceptive pathway [36–39]. Electrically stimulating
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Figure 4: PrV-infected neurons (arrow) in the supraspinal area after 7-8 d PrV injection in the left uterus horn (𝑛 = 8). (a) PrV-infected
neurons in the NTS and DMX. (b) PrV-infected neurons in the A5 noradrenaline cell group. (c) PrV-infected neurons in the RPa and RMg.
(d) PrV-infected neurons in the Gi. (e) PrV-infected neurons in the PVN. 3V: third ventricle; AP: area postrema; DMX: motor nucleus of
vagus; Gi: gigantocellular reticular nucleus; Gr: gracile nucleus; NTS: nucleus of solitary tract; PVN: paraventricular hypothalamic nucleus;
RPa: raphe pallidus nucleus; RMg: raphe magnus nucleus (scale bar: 100 um).

the raphe nucleus could induce analgesia, proving that the
raphe nucleus plays a crucial role in pain inhibition response
[40, 41]. The thermal stimulation from hind feet inducing
Fos expression in the PVN showed that the PVN can receive
the noxious input [42]. The activation of PVN initiates
the hypothalamus-pituitary-adrenal hormone cascade by
releasing corticotropin-releasing factor (CRF) and arginine
vasopressin from its parvocellular cells [43]. Fos expression
neurons in those nuclei suggest that injecting bee venom in
the groin region activates not only pain transmission pathway
but also the nuclei regulating physiological responses and
inhibiting pain in the central nervous system.

4.2. Hierarchical Innervation of the Uterus. The PrV trans-
neuronal tracing method is widely used to detect the hierar-
chically central innervation of urethra, clitoris, penis, urinary
bladder, and uterus [23, 24, 44–51]. In our previous study,
the Pingtung strain of PrV applied to the auricular kidney
point transneuronally and specifically infected sympathetic
pre- and postganglionic neurons [22]. In order to investigate
the highest central control of uterus, the survival time was
proportionally extended to 6–8 days in this study. All PrV-
infected nuclei in our study (Table 2) could be found in
these nuclei reported by other strains of PrV transneuronal
studies [23, 24]. This result confirms that the Pingtung strain
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Table 1: Fos expression neurons in supraspinal area between saline and bee venom injection groups.

c-fos expression neurons in supraspinal area Saline Bee venom
Diencephalon

Thalamus
Paratenial thalamic nucleus (PT) 96.3 ± 49.5 105.8 ± 27.2

Precommissural nucleus (PrC) 69.6 ± 18.6 53.2 ± 17.4

Rhomboid thalamic nucleus (Rh) 44.9 ± 21.1 62.8 ± 15.2

Reuniens thalamic nucleus (Re) 112.6 ± 36.0 88.9 ± 24.3

Pretectal nucleus 89.9 ± 18.6 61.3 ± 16.0

Lateral dorsal thalamic nucleus (LD) 83.4 ± 25.9 72.6 ± 21.9

Mediodorsal thalamic nucleus (MD) 134.7 ± 56.9 163.5 ± 47.6

Paraventricular thalamic nucleus (PV) 98.9 ± 28.9 75.9 ± 17.8

Lateral habenular nucleus (LHb) 37.8 ± 5.0 44.4 ± 13.0

Lateral posterior thalamic nucleus (LP) 82.9 ± 30.6 89.5 ± 29.9

Lateral geniculate nucleus (LG) 82.7 ± 23.5 62.9 ± 13.3

Suprageniculate thalamic nucleus (SG) 97.0 ± 40.4 72.1 ± 18.2

Hypothalamus
Medial preoptic area (MPA) 82.3 ± 17.2 94.9 ± 24.9

Suprachiasmatic nucleus (SCh) 67.0 ± 15.8 72.3 ± 13.7

Arcuate nucleus (Arc) 50.4 ± 15.3 50.8 ± 11.6

Supramammillary nucleus (SuM) 172.6 ± 17.3 189.2 ± 33.3

Lateral mammillary nucleus (LM) 94.3 ± 13.2 92.6 ± 29.0

Supraoptic nucleus (SO) 41.0 ± 19.5 86.7 ± 20.6

Lateral hypothalamic area (LH) 108.6 ± 20.3 121.0 ± 26.2

Premammillary nucleus (PM) 136.4 ± 13.0 96.1 ± 40.0

Posterior hypothalamic area (PH) 169.4 ± 33.1 149.4 ± 28.6

Ventromedial hypothalamic nucleus (VMH) 100.1 ± 44.8 86.9 ± 36.4

Dorsomedial hypothalamic nucleus (DM) 142.2 ± 30.2 150.4 ± 25.0

Anterior hypothalamic area (AHC) 100.1 ± 30.6 73.9 ± 15.6

Lateroanterior hypothalamic nucleus (LA) 118.4 ± 19.4 133.2 ± 55.5

Paraventricular hypothalamic nucleus (PVN) 82.3 ± 14.3 62.1 ± 9.7

Anterodorsal preoptic nucleus (ADP) 60.3 ± 20.3 60.9 ± 8.8

Mesencephalon
Edinger-Westphal nucleus (EW) 30.7 ± 4.2 29.9 ± 3.1

Paranigral nucleus (PN) 51.6 ± 14.9 61.0 ± 13.2

Interfascicular nucleus (IF) 26.1 ± 6.6 30.4 ± 4.6

Pons
Parabrachial nucleus (PB) 70.1 ± 15.9 52.6 ± 13.1

Dorsal raphe nucleus ventrolateral part (DRVL) 52.6 ± 35.8 90.6 ± 17.2

Dorsal raphe nucleus (DR) 37.3 ± 16.1 16.1 ± 4.3

Pontine nuclei (Pn) 277.1 ± 107.9 298.7 ± 68.2

Nucleus of lateral lemniscus (LL) 58.0 ± 22.7 64.8 ± 12.0

Locus coeruleus (LC) 73.4 ± 14.8 31.4 ± 5.7

Prepositus nucleus (Pr) 13.7 ± 8.0 22.3 ± 6.4

Area postrema (AP) 21.8 ± 8.3 31.4 ± 11.9

Medulla
Gigantocellular reticular nucleus (Gi) 16.4 ± 2.2 14.7 ± 4.9

Raphe magnus nucleus (RMg) 20.6 ± 1.7 11.9 ± 3.3

Raphe pallidus nucleus (RPa) 12.6 ± 2.3 19.1 ± 4.8

Medial vestibular nucleus (MVe) 33.5 ± 3.9 45.7 ± 7.1

Inferior olivary nucleus (IO) 40.7 ± 10.7 39.5 ± 8.2

Caudoventrolateral reticular nucleus (CVL) 18.8 ± 4.9 18.9 ± 3.9

Nucleus of solitary tract (NTS) 17.1 ± 4.0 33.8 ± 5.0
∗

∗

Significant difference between saline and bee venom injection groups, 𝑃 < 0.1.
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Table 2: PrV-infected neurons in supraspinal area.

PrV-infected neurons in supraspinal area
Hypothalamus

Medial preoptic area (MPA) +
Arcuate nucleus (Arc) +
Ventromedial hypothalamic nucleus (VMH) +
Dorsomedial hypothalamic nucleus (DM) +
Paraventricular hypothalamic nucleus (PVN) ++

Pons
Locus coeruleus (LC) +

Medulla
Gigantocellular reticular nucleus (Gi) +++
Raphe magnus nucleus (RMg) ++
Raphe pallidus nucleus (RPa) +
Caudoventrolateral reticular nucleus (CVL) ++
Nucleus of solitary tract (NTS) +++
Dorsal motor nucleus of vagus (DMV) +++
A5 noradrenaline cells (A5) ++
Lateral reticular nucleus (LRt) ++

+: 1–3 infected neurons, ++: 4–8 infected neurons, and +++: >9 infected
neurons.

of PrV was a sustainable strain as a transneuronal tracer in
hierarchical innervation studying.

Lee and Papka discovered PrV-infected sympathetic and
parasympathetic preganglionic neurons at T11–13 and L6–
S1 spinal segments, after PrV injection in the uterine cervix
[23, 24]. The results indicate the visceral efferent of the
uterus are mainly from T11–T13 and L6–S1 segments. In our
study, PrV-infected preganglionic neurons are mainly in the
intermediolateral nucleus (IML) and sacral parasympathetic
nucleus of T10–L2 and L6–S1 spinal segments (Figure 2). Our
result is in accord with previous studies [23, 24, 50].

Supraspinal PrV-infected high hierarchical uterine neu-
rons are located in the NTS, dorsal motor nucleus of vagus
(DMX), A5 noradrenaline cell group (A5), raphe pallidus
nucleus (RPa), gigantocellular reticular nucleus (Gi), and
PVN (Figure 4). The NTS is the major brainstem structure
receiving both general and special visceral sensory inputs,
including visceral pain [52, 53]. Electrophysiological and
HRP studies have shown that the NTS contains neuronal
connection with the uterus [54, 55]. The DMX is generally
recognized as parasympathetic preganglionic neurons that
innervate various visceral organs. Retrograde tracer studies
have shown that the DMX innervates the cecum, uterus, and
colon directly or indirectly [50, 52, 55–57].The neurons in the
A5 cell group, RPa, and Gi innervating the uterus were also
confirmed by previous PrV tracing researches [23, 24, 50].
Therefore, the PVN function is not only a uterus-related
hormone regulation center [58], but also a direct neuronal
connection to the uterus [23, 24]. After PHA-L injection
in the PVN, terminal varicosities appeared in the IML of
the thoracic spinal cord [59]. Retrograde tracer studies also
showed a neuronal connection between the PVN and the
uterus [23, 24, 50]. In summary, all these results suggest that
the PVN has either a direct or indirect neuronal connection

and it regulates the uterus through both hormonal and
neuronal innervations.

4.3. Somatovisceral Neuronal Connection Nuclei between the
Groin A-Shi Point and the Uterus Located in the NTS, DMX,
and PVN. Retrograde tracer injection in the NTS suggests
that the spinal superficial dorsal horn neurons (lamina I)
directly project to the NTS [60]. Our result (Figure 2(a))
and a previous study [35] also showed that the NTS can be
activated by somatic noxious stimulation. Several anatomical
and electrophysiological studies have shown the neuronal
connection between the uterus and NTS and DMX through
the vagus nerve [23, 24, 50, 54, 55].The PrV-infected neurons
in the NTS and DMX (Figure 4(a)) also confirmed the
efferent innervation of the NTS and DMX to the uterus as in
a previous study [55]. Neurons with cell bodies in the DMX
send their dendrites into the gelatinosus solitary nucleus,
where they receive synaptic inputs from gastric sensory
afferents [61]. These researches suggested that the NTS and
DMX play important roles in visceral innervation, including
the digestive functions of the stomach and baroreceptor reflex
[61–66]. The double labeled NTS and DMX neurons in our
study suggest that the nucleimay be one of the relay centers of
the somatovisceral reflex of the groin A-shi point and uterus.

Retrograde labeling study shows that the NTS receives
spinal projections from the superficial dorsal horn [60]
and projects to the PVN [42]. Fos expression studies also
suggested that the PVNcould be activated by somatic noxious
stimulations [42, 67]. Swanson proved that the PVN, a
higher hormonal regulation center, projects neuronal fibers
to the pituitary gland, medulla, and spinal cord [68]. The
neuronal connection between the PVN and the uterus was
also proved by previous indicators [23, 24, 50] and our
studies (Figure 4(e)). Noxious stimulation and retrograde
tracer injection in different visceral organs showed that the
PVN was not only receive noxious afferent but also innervate
visceral organs as well [24, 69–72]. The reflex inhibition
of the heart rate elicited by acupuncture-like stimulation
likely occurs through the activation of the hypothalamic
nucleus, which inhibits the activity of premotor sympathetic
neurons in the rostral ventrolateral medulla (rVLM) [73,
74]. Although bee venom stimulation in groin A-shi point
induced less neuronal activity in the PVN, comparing to
saline group (Table 1) in our study, there was higher per-
centage of double labeled neurons in the PVN than saline
injection group (Figure 5(d)). Those previous researches and
our result suggest that the PVN may be another relay center
of the somatovisceral reflex between the groin and uterus.

Although the electrophysiological studies show laminas I
and V of the spinal dorsal horn receive afferent information
from both somatic and visceral tissues [75–79], no double
labeled spinal dorsal neurons can be detected in our study.
This solid evidence shows the neuronal connection between
the groin region and the uterus is not admitted through the
spinal cord.

4.4. The Morphologic Evidence of Somatovisceral Reflex:
A Possible Neuronal Pathway of Acupuncture. A previous
study suggested that acupuncture may influence visceral
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Figure 6: Schematic drawing of three neuronal pathways of somatovisceral reflex. (a) Somato-parasympathetic reflex pathway through the
vagus nerve. (b) Somato-sympathetic reflex pathways through the NTS and PVN. DMX: dorsal motor nucleus of vagus; DRG: dorsal root
ganglia; NTS: nucleus of solitary tract; SPN: sympathetic preganglionic neurons; PVN: paraventricular hypothalamic nucleus; blue: somatic
afferent; red: visceral efferent.

function via the activation of the somatosensory neurons
[9]. However, most researches focused on the physiological
responses induced by acupuncture [5, 10, 11]. The purpose
of our study is to investigate and provide the morphological
evidence of somatovisceral reflex and possible neuronal
pathway of acupuncture. Our result suggests that the PVN,
NTS, and DMX could be the relay center of the somatovis-
ceral reflex. The visceral organs usually receive sympathetic
and parasympathetic dual interacted and the interaction
is antagonistic. Therefore, our study proved morphological
evidence of both sympathetic and parasympathetic pathways
of somatovisceral reflex between the groin A-shi point and
the uterus (Figure 6). The somato-parasympathetic pathway
starts from the stimulation of the groin A-shi point, which
activates neurons in the spinal dorsal horn. The signal in
turn elicits noxious input to the NTS [60]. Neurons in the
NTS relay the information and project to the DMX [80],
which innervates the uterus through the vagus nerve [55]
(Figure 6(a)). The somato-sympathetic pathways from the
neurons in the spinal dorsal horn project to the NTS [60]
then direct connection to the PVN [81]; it innervates the
visceral organ through the sympathetic pre- and postgan-
glionic neurons [59] (Figure 6(b)). These complementary
somato-sympathetic and somato-parasympathetic systems
coincidentally match the concept of Yin-Yang theory in
traditional Chinese medicine [2, 82].

In conclusion, the present study provides the morpho-
logical evidence of the neuronal connection between somatic
groin A-shi point and its corresponding visceral organ
uterus. Therefore, we come up to the conclusion that the
somato-sympathetic/somatoparasympathetic pathways are
the morphological basis of somatovisceral reflex and also the
neuronal substrate of acupuncture pathways.
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