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The current special issue is the 2013 issue which includes 12
interesting manuscripts.

According to the World Health Organization, acupunc-
ture is useful as adjunct therapy in more than 50 disor-
ders; however, the mechanisms by which acupuncture acts
are unclear. In recent years, the omic technologies includ-
ing genomics, transcriptomics, proteomics, metabolomics/
metabonomics, and brain connectomics have been exten-
sively used in acupuncture studies. With these techniques,
it seems possible to explore the physiological mechanism of
acupuncture in various diseases.

This special issue contains 12manuscripts, of which 4 sys-
tematic reviews are related to the recent advances on human
body and diseases under the guidance of holistic view, which
will be an utmost important way for developing acupuncture.
One manuscript studies the activity of the brachioradialis
muscle along the large intestine meridian of hand Yangming
by electromyography (sEMG) technology. One manuscript
studied the validity of a “Streitberger” needle as a valid
approach in a population with experience of acupuncture.
Three manuscripts are related to the mechanism of acupunc-
ture. These papers suggested that acupuncture may result
from antioxidation, anti-inflammation, and antiapoptosis
effects in kinds of diseases. In traditional Chinese medicine,
the holistic view not only means the harmonious unity of

the whole body, but also includes the unison between man
and environment. One manuscript is related to the effect
of acupuncture on endometrial immune microenvironment.
Two overviews focus on omics application in acupuncture
research, which provides an important approach for further
exploring the central mechanism of acupuncture.

Omics and systems biology approaches should be partic-
ularly good at generating new hypotheses onmechanisms for
acupuncture effects, and more research is required to reveal
physiological mechanism of acupuncture at the holistic view
level.

Cun-Zhi Liu
Fan-Rong Liang
Jaung-Geng Lin
Sven Schröder
Tiina Rekand

Li Zhu
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Spinal cord injury (SCI) can induce a series of histological, biochemical, and functional changes. Acupuncture is commonly
used for SCI patients. Using male rats of spinal cord injury with the New York University (NYU) Impactor, we investigated the
response of electroacupuncture (EA), manual acupuncture (MA), and transcutaneous acupoint electrical stimulation (TAES) at
Shuigou (DU26) and Fengfu (DU16) acupoints to understand the effects and mechanisms of acupuncture in neuroprotection and
neuronal function recovery after SCI. Histological study showed a restored neural morphology and an increase in the quantity
of neurons after EA, MA, and TAES administrations. Acupuncture’s antioxidation effects were demonstrated by alleviation of the
post-SCI superoxide dismutase (SOD) activity increase and malondialdehyde (MDA) level decrease. The anti-inflammation effect
of acupuncture was shown as the reduced expression of inflammatory cytokines including interleukin-1𝛽 (IL-1𝛽), interleukin-6
(IL-6), and tumor necrosis factor-𝛼 (TNF-𝛼) when SCI was treated. And the antiapoptosis role was approved by TUNEL staining.
Our data confirmed that the role of acupuncture in neuroprotection and dorsal neuronal function recovery after rat SCI, especially,
EA stimulating at Shuigou (DU26) and Fengfu (DU16) can greatly promote neuronal function recovery, which may result from
antioxidation, anti-inflammation, and antiapoptosis effects of acupuncture.

1. Introduction

Spinal cord injury (SCI) is a fatal event which leads to
physical, psychological, and social impact on individuals,
family, and society around the world [1]. However, at present,
there still is lack of effective treatments for spinal cord injuries
[2, 3]. Some studies have demonstrated that the treatment
during the time period between the primary and secondary
injury has the potential to either prevent or to reduce the
final neurological deficits [4]. Acupuncture is a therapeutic
technique used in traditional Chinese medicine and involves
puncturing the skin with thin sterile needles at well-defined
acupuncture points which may be excitable muscle/skin-
nerve complexes with a high density of nerve endings. The
needles are primarily stimulated manually or electrically. In

manual acupuncture (MA) the needles are twisted back and
forth. In addition to traditional manual acupuncture, new
acupuncture modalities, such as electroacupuncture (EA)
and transcutaneous acupoint electrical stimulation (TAES),
are gaining in popularity. In EA, a stimulating current at var-
ious parameters is applied to acupoints through the needles
[5].Meanwhile, in TAES, electrical pulses are delivered on the
skin of the acupoints via electrode [6]. Compared to MA, EA
is more effective in pain relief [7] in both humans and animal
models, and TAES has been shown to be as effective as EA
in analgesia [8]. Previous studies showed that applications of
EA for the treatment of SCI had been proven to contribute
towards neurologic and functional recoveries in SCI [9–
11]. It is reasonable to study whether different modalities of
acupuncture could induce different responses.

Hindawi Publishing Corporation
Evidence-Based Complementary and Alternative Medicine
Volume 2014, Article ID 431580, 9 pages
http://dx.doi.org/10.1155/2014/431580

http://dx.doi.org/10.1155/2014/431580


2 Evidence-Based Complementary and Alternative Medicine

Shuigou (DU26) and Fengfu (DU16) are important acu-
points located in the DU Vessel which runs posterior along
the interior of the spinal column and relates to the func-
tion of spinal cord according to the traditional theory in
traditional Chinese medicine [12]. Previous studies showed
that acupuncture applied at both Shuigou (DU26) and
Yanglingquan (GB34) acupoints simultaneously exerted a
neuroprotection which would be partly mediated via inhibi-
tion of inflammation and microglial activation; furthermore,
acupuncture alleviated neuropathic pain induced by SCI [13,
14]. However, there were no prior experiments of EA applied
at DU26 and DU16 simultaneously after SCI.

The aim of the study was to evaluate the efficacy on the
two acupoints (DU26 and DU16) induced by three popularly
utilized acupuncturemodalities, namely, MA, EA, and TAES,
by comparing their antioxidation, anti-inflammation, and
antiapoptosis effects and the reduction of apoptotic cell death
of neurons, thereby leading to improved neuronal function
recovery after SCI.

2. Experimental Procedures
2.1. Animal and Experimental Groups. All experiments were
approved by the Institutional Animal Care and Use Commit-
tee ofWenzhouMedical University. All the 110 rats (Sprague-
Dawley, male, 180 to 220 g) were randomly assigned into
five groups. The sham group (𝑛 = 22), received only a
laminectomy. The remaining four groups underwent spinal
cord injury at the T10 spinal segment impactor. The control
group (𝑛 = 22) received no treatment following spinal cord
injury, the EA group (𝑛 = 22) received EA treatment at DU26
and DU16 acupoints, and the MA (𝑛 = 22) group received
MA treatment at the same acupoints, while the TAES group
(𝑛 = 22) received transcutaneous electrical stimulation at the
same acupoints. All of the animals were housed in separated
cages with free access to food and water. Room temperature
was set at 25 ± 3∘C.

2.2. Spinal Cord Injury. Moderate spinal cord injury was
induced using the NYU Impactor.The rats were anesthetized
with chloral hydrate (500mg/kg), and a laminectomy was
performed at the T10 level to expose the cord beneathwithout
disrupting the dura.The spinous processes of T9 andT11 were
then clamped to stabilize the spine, and the exposed dorsal
surface of the cord was subjected to contusion injury (10 g ×
25mm) using the NYU Impactor [15, 16] with the exception
of the sham group. All animals models included in the study
met the following criteria: spinal cord ischemia and edema
around the wound, formation of tail sway reflex, flicking of
both body and legs, and appearance of sluggish paralysis.

The wound was covered with cotton soaked in saline
to avoid direct contact of the spinal cord with air. The
Institutional Animal Care and Use Committee of Wenzhou
Medical University approved all surgical interventions and
postoperative animal care.

2.3. Acupuncture Application. DU26 and DU16 acupoints
were utilized during EA, MA, or TAES treatment. The
DU26 acupoint is located in the anterior midline and in

Fengfu (DU16)

Shuigou (DU26)

(a)

Fengfu (DU16)

Shuigou (DU26)

(b)

Figure 1: Drawings (a) and (b) show where acupuncture was
applied.

the depression below the nose. DU16 is located in the poste-
rior midline and in the depression below the spinous process
of the second cervical vertebra in prone position (Figure 1).
Rats were kept in an immobilization apparatus designed
by our laboratory (Chinese Patent Application Number:
201110021482.5, State Intellectual Property Office) without
anesthesia. The system is designed to be both convenient for
acupuncture research and comfortable for experimental rats
to reduce stress (Figure 2).

In EA or MA group, one pair of stainless steel needles of
0.25mm in diameter were inserted into the DU26 (a depth
of 5mm) and DU16 (a depth of 7.5mm). In the EA group,
the needles were connected to the output terminals of an EA
apparatus (HANS-200E, Jisheng Medical Instruments) and
stimulated by continuous wave of 2Hz frequency and 0.2mA
intensity for 30 minutes. In MA group, the needles were
turned at a rate of two spins per second for 10 seconds every
ten minutes during a 30-minute period. In the TAES group,
the two acupointswere patchedwith the same transcutaneous
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Figure 2: Rats immobilization apparatus for acupuncture.

apparatus and stimulation parameters which were continu-
ous wave, 2Hz frequency and 1mA intensity for 30 minutes.
EA, MA, and TAES were administrated both at 2 hours and 8
hours of postsurgery.

2.4. HE Staining and Nissl Staining. At the 8th hour after
injury surgery, we administrated the second time of EA,
MA, and TAES treatments. Eight of 22 rats in each group
were sacrificed at the 8.5th hour of postsurgery and perfused
transcardially with 0.9% sodium chloride, and then with
4% paraformaldehyde in 1X phosphate buffered saline (4%
PFA) for 30min. Spinal cords were dissected out and kept
in 4% PFA for postfix overnight. After dehydration, the
spinal cords were embedded with paraffin, and serial coronal
sections with thickness of 5 𝜇m were obtained. To assess the
histopathologic change, each one of five sections obtained
was subjected to HE and Nissl staining.

2.5. TUNEL Staining. To detect apoptosis, each one of five
coronal sections obtained in the above experimental pro-
cedure was further subjected to terminal deoxynucleotidyl
transferase mediated dUTP nick end labeling (TUNEL)
staining. Apoptotic cells were characterized by dark brown
staining of nucleus and nuclear membrane. Quantitation
was performed by counting the quantity of positive cells in
five randomly chosen fields within each slide at 400x with
an Olympus (CH30, Japan) optic microscope. The index of
apoptosis was calculated as the ratio of overall apoptotic cells.

2.6. Biochemical Analysis. Additional 6 of 22 rats in each
group were sacrificed at the 8.5th hour of postsurgery.
Tissues of the injured spinal cord were dissected out and
homogenized at a concentration of 100 g/L, centrifuged at
3500 rpm for 20min at −10∘C, and stored at −20∘C. To eval-
uate the effect of acupuncture, biochemical kits (Beyotime
Institute of Biotechnology, China) were used to measure
lipid peroxidation end product malondialdehyde (MDA)
and biochemical kits (Dojindo Molecular Technologies, Inc.,
Japan) were used to measure superoxide dismutase (SOD).
All procedures completely complied with the manufacturer’s
instructions.The assay of SODactivity was based on its ability
to inhibit the oxidation of oxymine by superoxide anion
produced from the xanthine-xanthine oxidase system. One

unit of SOD activity was defined as the amount that reduced
the absorbance at 550 nm by 50%.

2.7. Western Blotting. The remaining 8 of 22 rats in each
group were deeply anesthetized with 4% chloral hydrate
and sacrificed at the 8.5th hour of postsurgery. A 1 cm
spinal cord centered at the injury epicenter was quickly
dissected, and then the tissues were cut longitudinally along
the middle line into two homogeneous parts to make sure
each half contains the wound site. Half of the injured spinal
cord sample was performed to investigate the expression
of the IL-1𝛽, IL-6, and TNF-𝛼 protein by Western blot
analysis. Protein homogenates of spinal cord were prepared
by rapid homogenization in 10 volumes of lysis buffer (2mM
EDTA, 10mM EGTA, 0.4% NaF, and 20mM Tris-HCl, pH
7.5). Samples were centrifuged at 17000×g for 1 h and the
protein concentration of solublematerials was determined by
the Coomassie G250 binding method. Protein lysates were
prepared at 12 𝜇g/lane for each sample and then fractioned on
12% SDS-polyacrylamide gels. Electroblotting proteins were
transferred to nitrocellulosemembranes (AbcamBiotechnol-
ogy, Inc.).The blots were then incubated with goat polyclonal
antibody anti-IL-1𝛽 (1 : 500 R&DBiotechnology, Inc.), mouse
monoclonal antibody anti-IL-6 (1 : 1000), and rabbit poly-
clonal antibody anti-TNF-𝛼 (1 : 2000; Abcam Biotechnology,
Inc.). IL-1𝛽, IL-6, and TNF-𝛼 band on the immunoblots
were visualized using the enhanced chemiluminescence (ECL
kit, Santa Cruz Biotechnology, Inc.). The IL-1𝛽, IL-6, and
TNF-𝛼 protein bands and 𝛽-actin bands were scanned using
ChemiImager 5500V2.03 software, and IDVswere calculated
by Fluor Chen 2.0 software and normalized with that of 𝛽-
actin.

2.8. Real-Time PCR. Using the TRIZOL Reagent (Invitrogen
15596-026), total RNAwas isolated from the other half part of
the 1 cm spinal cord fragment which was described in above
procedure. cDNA synthesis using Revert Aid First Strand
cDNA Synthesis Kit (Fermentas K1622) and RT-qPCR was
carried out using specific primers, as previously described.
For relative quantification, each gene of interest was first
subjected to a serial dilution assay to determine the optimum
detection range of Ct values, with a Ct threshold of 35 for
undetectable levels of expression. Using 10 ng of reverse-
transcribed total RNA, 20 pmol/mL of both sense and anti-
sense primers, and the Fast SYBRPremix Ex TaqTM (TaKaRa
code: DRR420A) in a final reaction volume of 20𝜇L, the reac-
tions were run on an ABI PRISM 7900 Fast Sequence Detec-
tion System instrument and software (Applied Biosystem)
according to the manufacturer’s protocol. The primers used
for TNF-𝛼, IL-1𝛽, and IL-6 were synthesized by the Genotech
(Daejeon, Korea).The sequences of the primers were 5-CCC
AGACCC TCACAC TCAGAT-3 (sense) and 5-TTG TCC
CTT GAA GAG AAC CTG-3 (antisense) for TNF-𝛼; 5-
GCAGCTACCTATGTCTTGCCCGTG-3 (sense) and 5-
GTCGTTGCTTGTCTCTCCTTGTA-3 for IL-1𝛽; 5-AAG
TTT CTC TCC GCA AGA TAC TTCCAG CCA-3 (sense)
and 5-AGG CAA ATT TCC TGG TTA TAT CCA GTT T-
3 (antisense) for IL-6; 5-TCC CTC AAG ATT GTC AGC
AA-3 (sense) and 5-AGA TCC ACA ACGGAT ACA TT-3
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Figure 3: HE staining and Nissl staining. (a) HE staining showed normal neural morphology in the sham group. In the control group,
impacted spinal cord exhibited typical necrosis showing as broad hemorrhage, edema, and neuronal apoptosis with condensed nuclei. All in
the EA, MA, and TAES group neurons displayed normal morphology with clear boundaries. Compared with the control group, hemorrhage
and edema occurred in the EA, MA, and TAES groups. (b) In the sham group, neurons exhibited a large amount of densely stained toluidine
blue granules in the cytoplasm. However, in the control group, the Nissl bodies dramatically decreased or even disappeared in the neurons.
In the EA, MA, and TAES groups the quantity of Nissl bodies was restored compared with that of the control group and displayed patch
morphology.

(antisense) for GAPDH, which was used as an internal con-
trol.

2.9. Data Analysis. The data were analyzed using one-way
ANOVA. If equal variances were found, Fisher’s least signif-
icant difference test was performed. Otherwise, the Kruskal-
Wallis Test and Dunnett’s T3 were used. The statistical
significance level was set at 𝑃 < 0.05.

3. Results

3.1. Different Effects of Electrical, Manual Acupuncture and
Transcutaneous Acupoint Electric Stimulation on Histological
Changes after SCI. To evaluate the protective effects, we
compared histopathological alterations in spinal cord after
stimulation of EA, MA, and TAES at DU26 and DU16. HE
staining (Figure 3(a)) showed that spinal cord in the sham
group had integrated infrastructures and clear boundary
between gray and white matters. Blood vessels and cen-
tral canal also exhibited normal morphology. No neuronal
apoptosis was observed in the sham group. Boundaries in
the control group became obscured and broad hemorrhages

were found in both gray and white matters. Patches of
necrosis were seen in the gray matter as well as liquefaction
surrounding the damaged tissues. In addition, gaps between
cells and blood vessels became relatively larger. A portion of
neurons were found with condensed nuclei and darkly red
stained cytoplasm. A number of apoptotic bodies were also
noted. The extent of neuronal damages in the EA, MA, and
TAES groups was between that of the sham group and that
of the control group. Spinal cord lacked clear infrastructures
and cellular boundaries, while the degree of hemorrhage,
necrosis, and peripheral tissue edema was mild compared
with the control group. However, dim histological staining
indicated blurring structures in some remaining neurons.

Nissl staining (Figure 3(b)) showed that neurons in the
sham group displayed integrative and granular-likemorphol-
ogy. The plasma was densely stained with toluidine blue,
indicating active supply of neuronal nutrients and energy
synthesis. However, in the control group the quantity of
neurons was remarkably lower and neurons appeared with
irregular morphologies. Intracellular toluidine blue staining
was also significantly reduced, dimly spread out over a small
region. SCI induced neuronal necrosis and apoptosis which
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lead to neuronal loss. Remaining neurons had difficulty in
energy synthesis which resulted in neuronal dysfunction. In
the three treatment groups, we found active neurons, though
the quantity was reduced. However, tissue morphology was
relevantly maintained with lighter staining in the cytoplasm
and granular-like morphology.

3.2. Effects of Electrical, Manual Acupuncture and Transcu-
taneous Acupoint Electric Stimulation on the Inhibition of
Apoptotic Cell Death after SCI. Neurons from the shamgroup
were all stained blue and almost no TUNEL-positive cells
(brown staining) were found, whereas, in the control group,
the TUNEL-positive cells were widely distributed in both
the white and gray matter, with the majority found in the
white matter. The nuclei of the TUNEL-positive cells were
dark brown while the cytoplasm was much lighter. Moreover,
some TUNEL-positive cells were found to be smaller in size
with dark-brown dots. In the groups treated with EA, MA,
or TAES stimulated at DU26 and DU16, the quantities of
TUNEL-positive cells were dramatically decreased, which
was consistent with less damage to the spinal cord structure
(Figure 4(a)). This result was indicative of a protective effect
of EA, MA, and TAES on neuronal apoptosis. Quantitative
data of this staining was shown in Figure 4(b). EA group
showed a significant decrease in the apoptosis compared
with MA and TAES groups (𝑃 < 0.05), while no difference
between MA and TAES groups (𝑃 > 0.05).

3.3. Antioxidation of Electrical, Manual Acupuncture and
Transcutaneous Acupoint Electric Stimulation. SOD activ-
ity of the spinal cord tissues from the sham group was
2.28 ± 0.17 kU/g. MDA level of the sham group was 2.83 ±
0.04 𝜇mol/g (Figure 5). In the control group, SCI caused a
significant decrease in SOD activity (0.50 ± 0.04 kU/g, 𝑃 <
0.01) and an increase in MDA level (6.87 ± 0.05 𝜇mol/g,
𝑃 < 0.01). Compared with the control group, EA treatment
after SCI dramatically increased the SOD activity to 1.60 ±
0.02 kU/g (𝑃 < 0.01) and decreased MDA level to 3.8 ±
0.02 𝜇mol/g (𝑃 < 0.01), and MA treatment increased the
SOD activity to 0.93 ± 0.07 kU/g (𝑃 < 0.01) and decreased
MDA level to 4.7 ± 0.09 𝜇mol/g (𝑃 < 0.01), while TAES
treatment increased the SOD activity to 0.73±0.04 kU/g (𝑃 <
0.01) and decreased MDA level to 5.31 ± 0.05 𝜇mol/g (𝑃 <
0.01). Meanwhile, compared with TAES and MA groups, EA
group induced a more obvious change of SOD and MDA
(𝑃 < 0.05).

3.4. Electrical, Manual Acupuncture and Transcutaneous
Acupoint Electric Stimulation Differentially Regulate Protein
Expression of TNF-𝛼, IL-1𝛽, and IL-6 after SCI. The protein
expression of TNF-𝛼, IL-1𝛽, and IL-6 was quantified using
Western blot analysis. As shown in Figure 6(a), a basal level
of TNF-𝛼, IL-1𝛽, and IL-6 expression was detected in the
spinal cords of the sham group. Nine hours after SCI, TNF-
𝛼, IL-1𝛽, and IL-6 expression was significantly reduced in the
spinal cords of the rats with SCI. Treatment with EA, MA,
or TAES significantly blunted the SCI-induced activation of
TNF-𝛼, IL-1𝛽, and IL-6 expression (𝑃 < 0.05). As shown
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Figure 4: (a) TUNEL staining identified apoptotic neurons. (b)
Apoptotic index. In the sham group, there were almost no TUNEL-
positive cells. In the control group, positive cells were significantly
increased and widely distributed in both the white and gray matters.
In the control group, neurons shrank and exhibited abnormal
morphology with condensed chromatin, introverted nuclear mem-
branes, and increased apoptotic bodies (dash-line arrow). Neurons
in the EA, MA, and TAES groups, however, showed less condensed
chromatin and clear nuclear membranes. EA group, however,
showed significantly decreased brown-positive cells compared with
that of the control group (data are presented as mean ± SD, 𝑃 <
0.05, versus sham group; △𝑃 < 0.05, versus control group; 𝑃 <
0.05, versus EA group).𝑁 = 8 animals per group.
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Figure 5: SOD and MDA level in rat spinal cord tissue. (a) Effects of EA, MA, and TAES on SOD activity at 8.5 hours of postsurgery. (b)
Effects of EA, MA, and TAES on MDA level at 8.5 hours of postsurgery (data are presented as mean ± SD, 𝑃 < 0.01, versus sham group;
△𝑃 < 0.01, versus control group; 𝑃 < 0.05, versus EA group).𝑁 = 6 animals per group.
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Figure 6: Effects of EA, MA, and TAES on the expression of inflammatory mediators. Western blots showing expression of 𝛽-actin, IL-1𝛽,
IL-6, and TNF-𝛼 in the spinal cords of animals at 8.5 h of postinjury (data are presented as mean ± SD, 𝑃 < 0.01, versus sham group;
△𝑃 < 0.05, versus control group; 𝑃 < 0.05, versus EA group).𝑁 = 8 animals per group.

in Figure 6(b), the integrated density values (IDV) of TNF-
𝛼 with 𝛽-actin in the sham group, control group, MA group,
TAES group, and EA group were 0.63 ± 0.02, 0.89 ± 0.03,
0.79 ± 0.09, 0.81 ± 0.04, and 0.70 ± 0.03, respectively, at 8.5 h
after SCI, and the IDVs of IL-1𝛽with 𝛽-actin were 0.65±0.05,
0.92±0.04, 0.78±0.05, 0.82±0.05, and 0.73±0.06, respectively,
and the IDVs of IL-6 with𝛽-actin were 0.54±0.07, 0.89±0.07,
0.70 ± 0.04, 0.75 ± 0.06, and 0.63 ± 0.04, respectively. IDVs of
TNF-𝛼, IL-1𝛽, and IL-6 protein expression in the EA group
were lower than MA or TAES group (𝑃 < 0.05).

3.5. Electrical, Manual Acupuncture and Transcutaneous
Acupoint Electric Stimulation Differentially Regulate Gene
Expression of TNF-𝛼, IL-1𝛽, and IL-6 mRNA after SCI. To
test whether treatment with EA, MA, or TAES influenced the
inflammatory process through the activation and expression
of proinflammatory cytokines, we analyzed the levels of TNF-
𝛼, IL-1𝛽, and IL-6 mRNA in the spinal cord tissue following
SCI. The amount of TNF-𝛼, IL-1𝛽, and IL-6 cytokines was
0.89 ± 0.07, 0.87 ± 0.06, and 0.77 ± 0.07, respectively, in
the spinal cord tissue samples, which was found to be a
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Figure 7: RT-PCRdata of IL-1𝛽, IL-6, andTNF-𝛼mRNAexpression
levels from injured spinal cords in five groups (data are presented as
mean± SD, 𝑃 < 0.01, versus sham group; △𝑃 < 0.01, versus control
group; 𝑃 < 0.05, versus EA group).𝑁 = 8 animals per group.

substantial increase (𝑃 < 0.01) at 8 h following SCI (Figure 7).
The relative expressions of TNF-𝛼, IL-1𝛽, and IL-6 mRNA of
the EA group were 0.51 ± 0.04, 0.56 ± 0.05, and 0.44 ± 0.04,
respectively, MA group were 0.61 ± 0.05, 0.62 ± 0.06, and
0.56 ± 0.06, respectively, and TAES group were 0.70 ± 0.06,
0.73 ± 0.04, and 0.68 ± 0.05, showing a reduction of the
levels of TNF-𝛼, IL-1𝛽, and IL-6 mRNA compared to the
control group (𝑃 < 0.05). Meanwhile the EA group had a
lower relative expression comparedwithMAgroup andTAES
group (𝑃 < 0.05).

4. Discussion

In addition to the damage at the site of the spinal cord
injury, secondary pathological changes occur in the following
order: edema, ischemia, calcium overload, lipid peroxida-
tion, microcirculation obstruction, and apoptosis [17, 18].
This inflammatory response is the key point of success-
ful therapy [19, 20]. SCI induced apoptotic cell death of
neurons and oligodendrocytes has been known to cause
progressive degeneration of the spinal cord, leading to per-
manent functional deficits [21]. Necrotic neurons, reactive
glial cells, and endothelium all contribute to the production
of inflammatory factors, including IL-1𝛽, IL-6, and TNF-
𝛼 [22]. These cytokines trigger activation of the endothe-
lium which produces cellular adhesive factors mediating the
adhesion between leukocyte and endothelium, thus inducing
the infiltration of leukocytes in the injury site. Leukocyte
infiltration breaks down the blood-spinal cord barrier and
further exacerbates the traumatic injury. In our experiment,
both real-time PCR and Western blot showed significant
increases of IL-1𝛽, IL-6, and TNF-𝛼 in the spinal cord after
injury, which directly correlated with the extent of the spinal

cord injury. This indicates that upregulation of cytokines is
involved in SCI.

Previous studies have shown that EA at DU26 and DU16
increased cerebral blood flow and reduced ischemic brain
injury, which resulted in the attenuation neurological deficits,
infarct volume, and mortality in animal models exposed to
ischemic insults [23, 24]. In addition, Choi et al. also reported
that DU26 was identified as a neuroprotective acupoint
after SCI [14]. However, there were no studies of these two
acupoints simultaneously applied to SCI.

In 1920, it was firstly reported that electric fields played a
role in nerve growth and reduction of injured nerve degen-
eration. Electrical stimulation which went through the spinal
cord could promote the proliferation and differentiation of
endogenous neural stem cells and enhance the reparative
ability of nervous tissue [25–27]. It serves to generate a
series of impulses passing through the spinal cord to the
appropriate peripheral nerves despite a spinal cord lesion.The
stimulation pulse is regulated by the following parameters:
amplitude (magnitude of current), duration, frequency, wave
form, and duty cycle. As an alternative strategy, electrical
stimulation to needles inserted into traditional acupuncture
points or simply application of electrical stimulation via
electroconductive pads on the skin at these acupoints is
applied in clinic. TAES avoids the use of needles and instead
delivers a mild electric current at traditional acupoints which
is accepted by the patients. Three modalities of acupuncture
can be clinically effective, but the underlining mechanisms
may be different.

But with the development of medical technology, there
are more and more patients undergoing pacemaker implan-
tation, metal stent implantation, which means EA or TAES
should be limited at local acupoints. In the MA group, the
fundamental manipulation twirling method is adopted. MA
produces strong deqi sensations of fullness, heaviness, and
soreness [28]. The deqi sensation is considered to be related
to the clinical efficacy in traditional Chinese medicine. Other
factors may also influence the outcome of MA, including
the quantity and placement of needles, the depth of needle
insertion, and the frequency of stimulation. The differential
effects of manual and electrical acupuncture stimulation in
this study could reflect differences in stimulation duration
[29]. To our knowledge, EA, MA, and TAES stimulation have
not been compared directly utilizing a SCI rat model before.

The rats that were subjected to a spinal cord contusion
injury induced by NYU Impactor (10 g × 25mm) in our
study were evaluated with no observable movement of the
hindlimbs or slight movement of one to two joints within
8 h of postoperation. The results matched those from the
previous test [30].

Our results showed that the amounts of TUNEL-positive
neurons in the spinal lamina II in EA, MA, or TAES applied
at DU26 and DU16 were less than control group indicated
partially restored function of neurons. Our data also sug-
gested that all the three different modalities of acupuncture
might promote the recovery of injury lesion and reverse the
decrease of SOD activity and increase of MDA level at varied
degree caused by SCI, which suggested an antioxidative role
in response to the injury. In addition, the three different
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modalities of treatment suppressed immunoreactivity and
expression of inflammatory cytokines including TNF-𝛼, IL-
1𝛽, and IL-6 after SCI, which suggested an anti-inflammatory
effect.

Our results suggested that, compared with MA group
and TAES group, EA group could significantly promote the
recovery of neuronal function. EA stimulating decreased
SOD activity and increased MDA level, as well as deduced
expression of inflammatory cytokines including TNF-𝛼, IL-
1𝛽, and IL-6 compared to the other two types of treatments.
We hypothesized that, in EA group, electrical pulses were
delivered on the needles inserted into the acupoints, and in
TAES group, only mild electric pulses were delivered on the
skin of the acupoints. EA has been shown to bemore effective
than MA and TAES. The recent study reported that EA had
a better analgesic effect than MA, while a sustained effect
was better produced by MA [31]. Jiang et al. also reported
that different brain mechanisms might be recruited in the
three different acupuncture modalities [32]. It was indicated
that the three different types of acupuncture treatment might
have varied treatment effects in different extent. However,
the physiological mechanisms of acupuncture are not fully
understood. Therefore, further studies are required to sup-
port this speculation.

5. Conclusion

In summary, our data showed that EA, MA, and TAES could
improve functional recovery by reducing apoptotic cell death
after SCI.Meanwhile, the neuroprotective effects of the above
three modalities of treatments might be mediated in part by
antioxidation, anti-inflammation, and antiapoptosis effects
following injury. In addition, the present study suggested that
stimulatingDU26 andDU16, especially with electroacupunc-
ture, was an effective therapeutic strategy in acute spinal cord
injury.
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Background. Injections of acidic saline into the gastrocnemius muscle in rats produce a bilateral long-lasting hyperalgesia similar
to fibromyalgia in humans. No previous study investigated the effect of electroacupuncture (EA) on this acidic saline model. This
study aimed to identify the effects of EA in the hyperalgesia produced by repeated intramuscular injections of acidic saline.Methods.
Rats were divided into four groups (𝑛 = 6, each group): control, acupuncture, EA 15Hz, and 100Hz. Left gastrocnemius muscle
was injected with 100𝜇L of pH 4.0 sterile saline twice five days apart. EA, acupuncture, or control therapy was daily administered
(20min) for 5 consecutive days under anesthesia. Needles were placed in the St36 and Sp6 acupoints. The assessment of secondary
mechanical hyperalgesia, thermal hyperalgesia, and motor performance was performed before injections and before and after the
treatment performed on each day. The paw withdrawal threshold was tested using the nonparametric Kruskal-Wallis test and
differences within the group Wilcoxon Matched Pairs. The latency and motor performance were tested for ANOVA parametric
test for independent measures, and for differences in the group, we used 𝑡-test for paired samples. Post hoc Tukey test was used for
multiple corrections. 𝑃 values less than 0.05 were considered statistically significant. Results. Indicate that there was a significant
reduction of mechanical withdrawal threshold and paw withdrawal latency 24 hours following the second injection. Moreover,
mechanical and thermal hyperalgesiawere significantly reversed byEA 15, 100Hz, and acupuncture.Conclusions.The results suggest
that EA high and low frequency as well as acupuncture are effective in reducing hyperalgesia in chronic muscle pain model.

1. Introduction

Musculoskeletal pain is common and costs billions of dollars
in health care and lost wages [1]. Chronic musculoskeletal
pain syndromes such as fibromyalgia and myofascial pain
syndrome can be disabling and difficult to treat [2]. Focusing
on these issues, a model of long-lasting mechanical hyper-
sensitivity induced by 2 intramuscular injections of acidic
(pH 4.0) saline [3] was developed. This procedure produces
a bilateral muscle and cutaneous mechanical hypersensitivity
and increased visceral sensitivity [3, 4].

Only 5 studies have shown in this model of pain after
double injection of acidic saline some treatment and two
nonpharmacological treatments [5, 6], where also the inter-
action of the opioid system in effect after physical activity
was proved [5] and three studies in which pharmacological
treatments reversed the hyperalgesia [4, 7, 8]. The efficacy
of electroacupuncture based analgesia is well documented,
and some trials have demonstrated that electroacupuncture
reduces the need of postoperative consumption of analgesic
drugs [9, 10]. Other studies have shown that EA is effective
in treating migraine crisis [11] and orofacial pain [12] without
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the use of pharmacological agents. The promotion of the EA
analgesic effect in animal models of acute or chronic pain is
well documented in the literature [13–24] demonstrating the
potential of this therapy.

Studies have shown the activation of descending inhi-
bitory ways, descending opioid system after stimulation by
EA [16, 25, 26], an increase in 𝛽-endorphin levels of plasma
[24, 27], and brain [19] interactions with the GABAergic sys-
tem [28], activation of spinal muscarinic receptors [29, 30],
and involvement of the serotonergic system [16] in other ani-
mal models of hyperalgesia. Concerning the best frequency
for treatment with EA, the literature is unclear about themost
efficient way. Some studies showed better results with low
frequency in an animal model [13, 17] while in other studies
high-frequency EA was more effective [31].

The objective of the present study was to determine
the effect of electroacupuncture and acupuncture to reduce
antinociception in the animal model of fibromyalgia.

2. Methods

All experiments were approved by the Animal Care and Use
Committee at the Federal University of Sergipe and are in
accordance with the guidelines of the International Asso-
ciation for the Study of Pain on use of laboratory animals.
Adult maleWistar rats (𝑛 = 24, 250–300 g) were used for this
study.

2.1. Muscle-Induced Hyperalgesia. Immediately after baseline
behavioral measurements as described below, rats were anes-
thetized with isoflurane (2% to 5%) and injected with 100mL
of pH 4.0 sterile saline into the gastrocnemius muscle of the
left hind limb on Day 0 (injection 1) and again on Day 5
(injection 2). This procedure causes a bilateral mechanical
hypersensitivity of themuscle and paw that lasts up to 4weeks
[3, 4, 32].

2.2. Secondary Mechanical Hyperalgesia. Rats were tested for
paw withdrawal threshold with von Frey filaments applied
to the plantar surface of the paw. Initially, the animals were
acclimated two consecutive days for mechanical threshold
measurement before starting the experiment protocol. Ani-
mals were conducted to behavioral room for 30 minutes and
then placed in transparent Lucite cubicles on a wire mesh
elevated plate and acclimated for another 30 minutes each
day. Then, the animals were again acclimated within their
home cages in the behavior room for 30minutes and placed in
the cubicles for 30 minutes every day before testing. A series
of filaments with increasing bending forces (11,8 to 190,9mN)
were applied twice on the plantar surface of the hind paw
until the rat withdrew from the stimulus. The lowest force
at which the rat withdrew its paw from 1 of 2 applications
was recorded as the paw withdrawal threshold. A decrease
in paw withdrawal threshold was interpreted as cutaneous
hypersensitivity. This testing method has shown significant
test-retest reliability and even injection of acidic saline was
applied to the unilateral muscle; this test is used to capture
very sensitization, since this promotes an animal model with
central sensitization bilateral involvement [3].

Figure 1: Acupuncture points St36 and Sp6.

2.3. Thermal Hyperalgesia. The test was performed using
the Tail Flick apparatus where the animals were placed in
clear acrylic structure in which only the tail faced outside,
supported on a metal structure heated to 50∘C over a period
of 20 seconds. The time the rat took to remove the tail of
the blade indicated time tolerance of the animal to the heat
generated in the blade.

Thermal hyperalgesia test was performed in the next
moment of the completion of themeasurement ofmechanical
threshold and the engine performance test at the following
times: prior to the first and second acid saline injection,
24 hours after the second injection of acidic saline, and
immediately before and after each therapeutic application of
appeal on five consecutive days of treatment after induction
of muscle pain.

2.4. Motor Performance. The motor effects promoted by
electroacupunture or acupuncture in rats were tested by using
Rota-rod treadmill. Specifically, the animals were placed on
the Rota-rod running at speed with a gradual increase from
1 to 18 rotations per minute (rpm) for 120 seconds and
maintained for another 30 seconds at 18 rpm [3].

The motor performance test was conducted at the same
time as the measurement of mechanical threshold and ther-
mal test at the following times: before the first and second
acidic saline injection, 24 hours after the second injection of
acidic saline, and immediately before and after application
of each therapeutic resource for the five consecutive days of
treatment after induction of muscle pain.

2.5. Acupuncture. Stainless steel needles (30× 0.25mm)were
inserted into the acupoint St36, located in the anterior tibial
muscle, 10mm distal to the knee joint, and into the acupoint
Sp6, located above the tip of the medial malleolus (Figure
1), for 20 minutes; independent needles were stimulated
manually every 5 minutes.

2.6. Electroacupuncture Stimulation. Stainless steel needles
(30 × 0.25mm) were inserted into the acupoint St36, located
in the anterior tibial muscle, 10mm distal to the knee
joint, and into the acupoint Sp6, located above the tip of
the medial malleolus (Figure 1), when both acupuncture or
electroacupuncture were used. For the electroacupuncture
treatments, the needles were connected to an electronic
pulse generator output (NKL Portable EL 608, Brazil), which
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Figure 2: Timeline of experimental protocol.

produces a bipolar and asymmetric square wave. The fre-
quencies tested were 15Hz and 100Hz, and the duration
of stimulation was 20min for both frequencies. Stimulus
intensity was maintained at a sensory threshold, just below
a detectable muscle twitch, in order to mimic the intensity
used in clinical practice as closely as possible.

All animals were stimulated under isoflurane anesthesia.
Control animals were anesthetized with isoflurane for the
same amount of time, but no needle was used nor electrical
current was delivered. We chose the model under anesthesia,
because the model does not use the anesthetic effect causing
many injuries in animals, thus hindering the real perception
of treatment effect.

2.7. Experimental Design. All animals were acclimated
two consecutive days before starting the experimentation.
Mechanical paw withdrawal threshold, thermal hyperalgesia,
and motor performance were measured before both first
and second injection of acidic saline and again immediately
before and after all interventions during five consecutive days
of treatment. The timeline for the experiment is presented in
Figure 2.

2.8. Statistical Analysis. The paw withdrawal threshold was
tested for differences between treatment groups by using
the nonparametric Kruskal-Wallis test and differences within
the group Wilcoxon Matched Pairs. The latency and motor
performance were tested for differences between treatment
groups by ANOVA parametric test for independent mea-
sures, and for differences in the group, we used 𝑡-test for
paired samples. Post hoc Tukey test was used formultiple cor-
rections. 𝑃 values less than 0.05 were considered statistically
significant.

3. Results and Discussion

3.1. Paw Withdrawal Threshold. All groups showed a signifi-
cant reduction in bilateral mechanical withdrawal threshold
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Figure 3: Line graph representing the mechanical threshold (in
mN) of ipsilateral paw withdrawal groups 15Hz and 100Hz elec-
troacupuncture, acupuncture, and control. Values are presented as
mean ± standard error of mean. Inj: injection; 1: before; 2: after. ∗𝑃 <
0.05 compared to control group and the pretreatment. Kruskal-
Wallis test for independentmeasures, adjusted by the Tukey test, and
Wilcoxon Matched Pairs test for paired measurements.

of the paw (𝑃 < 0.03) 24 h after the second injection of acidic
saline (𝑃 < 0.05). However, there was a significant reversal of
mechanical hyperalgesia in the groups treated with both EA
(100Hz and 15Hz) and acupuncture for five consecutive days
when compared to control (𝑃 < 0.05, Figure 3).

3.2. Thermal Hyperalgesia. Twenty-four hours after the
induction of muscle hyperalgesia by the second injection
of acidic saline, the latency (𝑃 < 0.001) was significantly
reduced in the tail. After treatment there was a significant
reversal withdrawal threshold in all treated groups compared
with the control group (𝑃 < 0.05) (Figure 4).

3.3. Motor Performance. There was a significant reduction of
the time to fall in a Rota-rod apparatus in all groups 24 h
following the second injection of acidic saline (𝑃 < 0.05),
whichwas kept over the time of experimentation through five
days of treatment (Figure 5).

The results of this study demonstrate that both elec-
troacupuncture and acupuncture reduced the mechanical
hyperalgesia and thermal hyperalgesia following administra-
tion of associated double intramuscular injection of acidic
saline which generates muscle hyperalgesia that simulated
experimentally fibromyalgia syndrome. In parallel, themotor
performance was optimized in groups that received electrical
stimulation.

To our knowledge, this is the first work of experimen-
tal animal study in rats investigating the effects of both
electroacupuncture and acupuncture on an animal model
of fibromyalgia. However, similar to our findings, some
previous experimental studies have demonstrated the EA
effect using different animalmodels: reduction ofmechanical
hyperalgesia, such as inmodels of inflammatory pain induced
by carrageenan [20, 21]; nerve growth factor [17] or Freund’s



4 Evidence-Based Complementary and Alternative Medicine

0

5

10

15

20

25

Inj 1 Inj 2

Control
AcupunctureEA 15Hz
EA 100Hz

Pre post
D1

Pre post
D2

Pre post
D3

Pre post
D4

Pre post
D5

La
te

nc
y 

(s
)

∗

†‡ †‡ †‡ †‡ †‡

Figure 4: Line graph representing latency (in seconds) to withdraw
the tail ipsilateral groups 15Hz and 100Hz electroacupuncture,
acupuncture, and control. Values are presented as mean ± standard
error of mean. Inj: injection; 1: before; 2: after. ∗𝑃 < 0.05 compared
to control group and the pretreatment. Measures: ANOVA test for
paired and independent measures, adjusted by the Tukey test.
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Figure 5: Line graph representing the motor performance (in sec-
onds) of the animals in groups 15Hz and 100Hz electroacupuncture,
acupuncture, and control. Values are presented as mean ± standard
error of mean. Inj: injection; 1: before; 2: after. ∗𝑃 < 0.05 compared
to control group and the pretreatment. Measures: ANOVA test for
paired and independent measures, adjusted by the Tukey test.

adjuvant [14, 16, 18, 22, 23, 33], in models of neuropathic pain
after spinal section between S3 and S4 [13] and ligation of
the anterior tibial and sural nerve [34]; pain ankle sprain
[15]; ovariectomy in female dogs [24] and in rats [27] and
in animal models of cancer induction [19]. Acupuncture has
shown antihyperalgesic effect in neuropathic model [35] of
pain induced by formalin injection [36]; however, there was
no significant difference between acupuncture and EA in
inflammatory pain model induced by Freund’s adjuvant [37]
and carrageenan [38].

In the present study, EA and acupuncture were able
to promote reduction of the thermal hyperalgesia in this
model of noninflammatory muscle pain. Some studies have
demonstrated the EA-induced antihyperalgesia caused by

EA in models of inflammatory pain by injection of Freund’s
adjuvant [16, 18, 33] or carrageenan [39], neuropathic pain by
section between S1 and S2 [28, 30], and through the tail flick
test in mice to verify the effectiveness of different frequencies
of EA [40]. However, in studies of inflammatory pain induced
by administration of Freund’s adjuvant [14] and neuropathic
pain [39], there were no significant changes in thermal hyper-
algesia between groups treated with control group.

Our findings showed that in the present study, the motor
performance of rats showed no change in the latency to fall
compared to control animals. Except for the decrease 24
hours after the second injection, when the muscle hyperalge-
sia is supposed to be maximum and motor performance fell.
Firstly, This suggests that reversal of hyperalgesia produced
by EA in both frequency bandies, as well as acupuncture,
is actually assigned antihyperalgesic action of stimulation,
as sedative or muscle relaxants could change motor perfor-
mance after treatment. Moreover, it seems that the develop-
ment of muscle widespread hyperalgesia in this experimental
model was responsible for impairing studies that correlate
the EA and motor performance in models of hyperalgesia
in rats, which are scarce. On the other hand Jia et al. [41]
showed significant improvement in motor efficiency and
coordination inmice after induction of Parkinson’s disease by
unilateral section of the medial forebrain bundle treated with
high- and low-frequency electroacupuncture, but only the
high frequency (100Hz) demonstrated an improvement in
this model for coordination and motor performance, which
was not observed in our study.

After repeated use of electroacupuncture, we observed
maintenance of analgesic efficacy of both low and high
frequency, although some studies suggest the development
of analgesic tolerance and the possible involvement of the
opioidergic in mediating the effect of EA in both frequency
bands. Similar to our findings, consecutive applications of EA
for three days in a model of visceral hypersensitivity in mice
did not develop tolerance to the analgesic treatmentwith elec-
troacupuncture [42]. However, some studies have demon-
strated the participation of opioid system in the antihyper-
algesia of electroacupuncture promoted by the application
through the administration of blockers of 𝜇 and 𝛿 opioid
receptors [8, 16, 19–21, 27, 31, 33, 36, 43]. Other studies
also confirmed the action of 𝛽-endorphin as evidenced, an
increase in plasma after application of electroacupuncture in
the postoperative ovariectomy in female dogs [24] and rats
[27]. The increase in blood and brain 𝛽-endorphin has been
demonstrated in a model of cancer induction in rats [19].
Although with these data we can not affirm the involvement
of the opioid system,we believe this possibility, and yet we did
not observe the effect of electroacupuncture reduced after 5
days of treatment in this animal model.

The involvement of the GABAergic system was demon-
strated by Park et al. [28] in a model of neuropathic pain
in rats; the blockade of GABA (A) and GABA (B) reversed
the antihyperalgesic effect after stimulation of low-frequency
EA (2Hz). In parallel, 2Hz EA operates in spinal muscarinic
receptors, after administration of atropine that reversed the
analgesic effects produced by EA [29, 30]. The serotonergic
and glutamatergic systems also had their shares in mediating
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the effect of EA evidenced in previous studies. In animal
model of hyperalgesia induced with Freund’s adjuvant, after
the application of EA was producing of catecholamines and
serotonin, demonstrating the activation of these pathways
in controlling pain [16]. Also, EA showed a decrease in
phosphorylation of the subunits of spinal NMDA (N-methyl-
D-aspartate), also demonstrating the involvement of these
structures in the process of stimulation of EA analgesia [42–
45]. Our data do not allow us to say exactly which pain
inhibition system is acting.

Only five previous studies have investigated the anti-
hyperalgesic effects of therapeutic strategies in experimental
model of fibromyalgia in rats, one with pharmacological
treatment and the others with non-pharmacological tech-
niques.The reduction of hyperalgesia produced bymorphine,
SNC80, damge, and selective opioid receptor agonists was
prevented by blocking opioid receptors 𝜇 and 𝛿 but not
𝜅. Therefore, activation of spinal 𝜇 opioid receptors and 𝛿
reduces mechanical hyperalgesia following repeated intra-
muscular injection of acidic saline [7]. Pregabalin reduces
mechanical hyperalgesia, but there was motor impairment in
higher dosages [4] and the combination of tramadol andmil-
nacipran enhances the antihyperalgesia in this animal model
of FM [8]. The reversal of secondary mechanical hyper-
algesia after physical exercises of low intensity [5, 6] was
proven in the same animal model used by us and the action
of the opioid system stimulated by exercise was shown when
receptor blockade by naloxone interrupted the analgesic
effect.

Clinically, the use of EA in patients with fibromyalgia was
investigated in only one controlled clinical trial. In this study,
fibromyalgia patients were treated with six sessions of EA for
threeweeks, using frequency that varied between 1 and 99Hz,
with intensity-level motor contraction. Compared to the
control group, subjects treated showed significant analgesic
effects, reducing the intensity and distribution of pain and
analgesic consumption, increased pressure pain threshold,
and improved quality of sleep [46].

Our work got some similar results in behavioral tests to
those found in previous studies that showed the involvement
of the opioid system in the reversal of hyperalgesia in animal
models of pain through the use of electroacupuncture, which
for us is a possibility, but the effect of treatment developed in
our work did not lose its effectiveness even after 5 consecutive
days, so we did not develop tolerance to treatment. We are
doing some work to elucidate the possible mechanisms of
acupuncture and electroacupuncture analgesia by this animal
model both intrathecal and intracerebral level through block-
ers naloxone and naltrindole.

4. Conclusions

All our data suggested that EA high and low frequency and
acupuncture have the ability to reverse the mechanical and
thermal hyperalgesia in animal models of chronic muscle
widespread pain, diffuse, and bilateral noninflammatory
produced by the double injection of saline acidic (pH 4.0).
With regard to motor performance, the treatment groups
(acupuncture, EA 15Hz and 100Hz) showed no significant

difference in time spent in the Rota-rod compared to control.
Studies are being conducted to better understand the mech-
anisms of action of EA in this animal model of hyperalgesia
muscle pain, especially interactions with the opioid system,
as well as other central and peripheral mechanisms.
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Diabetic foot ulcers as one of themost common complications of diabetesmellitus are defined as nonhealing or long-lasting chronic
skin ulcers in diabetic patients.Multidisciplinary care for the diabetic foot is common, but treatment results are often unsatisfactory.
Low level laser therapy (LLLT) on wound areas as well as on acupuncture points, as a noninvasive, pain-free method with minor
side effects, has been considered as a possible treatment option for the diabetic foot syndrome. A systematic literature review
identified 1764 articles on this topic. Finally, we adopted 22 eligible references; 8 of them were cell studies, 6 were animal studies,
and 8 were clinical trials. Cell studies and animal studies gave evidence of cellular migration, viability, and proliferation of fibroblast
cells, quicker reepithelization and reformed connective tissue, enhancement of microcirculation, and anti-inflammatory effects by
inhibition of prostaglandine, interleukin, and cytokine as well as direct antibacterial effects by induction of reactive oxygen species
(ROS). The transferral of these data into clinical medicine is under debate. The majority of clinical studies show a potential benefit
of LLLT in wound healing of diabetic ulcers. But there are a lot of aspects in these studies limiting final evidence about the actual
output of this kind of treatment method. In summary, all studies give enough evidence to continue research on laser therapy for
diabetic ulcers, but clinical trials using human models do not provide sufficient evidence to establish the usefulness of LLLT as an
effective tool in wound care regimes at present. Further well designed research trials are required to determine the true value of
LLLT in routine wound care.

1. Introduction

Diabetes mellitus is one of the most common diseases
worldwide.Theprevalence of diabetesworldwide is estimated
to be more than 371 million people and the number of
people with diabetes is increasing in every country [1, 2]. One
of the most common complications of diabetes mellitus is
the diabetic foot syndrome [3]. It is defined as nonhealing
or long-lasting chronic skin ulcers in diabetic patients. The
diabetic foot syndrome is one of the most prevalent causes of
nontraumatic limb amputations. Diabetic foot problems have
a significant financial impact on the national health system
and on patients’ quality of life [4].

1.1. Risk Factors. A diabetic foot syndrome is a result of mul-
tifactorial occurrences due to different causes like peripheral
neuropathy (sensory, motoric, and autonomic), peripheral

arterial occlusive disease, or others, for example, limited joint
mobility, foot deformation, and improper footwear.

1.2. Classification of Diabetic Foot Ulcers. Diabetic ulcers can
be classified on the basis of severity as “mild (superficial
and limited in size and depth), moderate (deeper or more
extensive), or severe (accompanied by systemic signs or
metabolic perturbations)” or in grades using theWagner and
Armstrong ulcer grade classification [5, 6]. Wagner grade 0–
5 divides ulcers from a pre- or postulcerative lesion up to
gangrene of the foot. Armstrong A–D adds the (non) exis-
tence of infection, ischemia, or both together. A compilation
of the Wagner and the Armstrong ulcer classification system
is shown in Table 1.

1.3. Conventional Treatment Methods. Therapeutic methods
include different kinds of wound cleaning, debridement,
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Table 1: Compilation of the Wagner and the Armstrong Ulcer Grade Classification System [5, 6].

Wagner 0 Wagner 1 Wagner 2 Wagner 3 Wagner 4 Wagner 5

Armstrong A
Pre- or

postulcerative
lesions

Superficial ulcer
Penetration to
tendon, joint

capsule

Penetration to
bone, joint

Gangrene of
digit

Gangrene of
foot requiring
disarticulation

Armstrong B With infection With infection With infection With infection With infection With infection
Armstrong C With ischemia With ischemia With ischemia With ischemia With ischemia With ischemia

Armstrong D With ischemia
and infection

With ischemia
and infection

With ischemia
and infection

With ischemia
and infection

With ischemia
and infection

With ischemia
and infection

skin grafting, antibiotics, vasodilators, painmanagement, and
different types of bandages up to use of fly maggots [7]. But
even in already existing multidisciplinary care systems for
diabetic foot ulcers, treatment is still difficult and treatment
results are often unsatisfactory.

1.4. Low Level Laser Therapy as a New Treatment Method.
Low level laser therapy (LLLT), also called soft laser, is known
to supply direct biostimulative light energy to body cells.
The absorbed laser energy stimulates molecules and atoms of
cells but does not cause rapid or significant increase in tissue
temperature [8].

While most LLLT devices illuminate the treatment area
from a certain distance, the term LLLT describes also a
new method of laser acupuncture, called laser needle. Laser
needles are not needles and not inserted into the skin; optical
light fibers are fixed on the acupuncture points in an upright
position. Thus, a high optical density can be achieved at the
end of the fiber, minimizing light scattering that occurs at
the surface of the skin. The therapeutic effects are of similar
dimension to those evoked by manual needle acupuncture
[9].

Different laser wavelengths have different depths of pene-
tration into human tissue. Red laser has a deeper penetration
depth than violet, blue, green, or yellow. Infrared and near
infrared light are not visible, but it have been demonstrated
to penetrate human tissue deeper than visible red light [10].

Bichromatic laser needles combine wavelengths, for
example, of red (685 nm) and infrared (785 nm) light. Their
penetration depth in human skin is 2-3 cm. Patients usually
do not feel the beginning of the treatment, but 5–10 minutes
later many patients report a pleasant warm and sometimes
vibrating feeling in some treated areas.

Blue light (405 nm) is supposed to have a bactericidal
effect on the tissue surface.

Other technical parameters are output power, power
density, energy density, dose range, and continuous or pulsed
laser [10].

Low-energy laser radiation was found to have a stimulat-
ing effect on cells, and high-energy radiation had an inhibit-
ing effect. The application of lasers to stimulate wound heal-
ing in cases of nonhealing ulcers has been recommended [11].
In healthy volunteers, a randomized, triple-blind, placebo-
controlled trial was performed. Twenty-two healthy humans
got two standardized abrasions on the anterior forearm and
afterwards a treatment with LLLT (with a 46-diode cluster

head: 660 nm–820 nm) or a sham 46-diode cluster head.
LLLT resulted in enhanced healing as measured by wound
contraction. In contrast to the sham group, in the laser group,
not only treated wounds became smaller but also untreated
wounds (on the same arm). Hopkins et al. reasoned that
LLLT may furthermore produce an indirect healing effect on
surrounding tissues [12].

2. Methods

A systematic review of relevant literature was done by
database research. Literature searches were conducted in
the following databases from their inception through Jan-
uary 2013: MEDLINE, PubMed, BIOSIS, Embase, Cochrane
Database, Thieme, Springer, Kluwer, and China National
Knowledge Infrastructure (CNKI). The following MeSh
terms were used individually or combined in appropriate lan-
guage forms (Chinese, English, and German): diabetic foot
ulcer, diabetic foot syndrome, DFS, chronic wound, diabetic
wound, ulcus cruris, diabetic ulcus cruris, chronic ulcers
in foot in diabetes, cutaneous wound, diabetic foot infec-
tion DFI, Traditional Chinese Medicine, Chinese Medicine,
acupuncture, moxibustion, laser, and low level laser (LLLT).
We identified 1764 articles. Articles concerning other than
diabetic foot ulcer and articles concerning treatment meth-
ods other than acupuncture or irradiation were excluded. In
vivo and in vitro studies and human and animal experimental
studies were included. Finally, we adopted 22 eligible refer-
ences, 8 of them were cell studies, 6 were animal studies, and
8 were clinical studies.

3. Results

3.1. Cell Studies. There is not yet a unique explanation about
the biometrical and histological modes of functioning of
laser therapy in the treatment of diabetic ulcers. But in the
literature, various fundamental research studies trying to
analyze several effects of LLLT on tissue repair mechanisms
can already be found.

Cell studies with cultured human keratinocytes, endothe-
lial cells, and fibroblasts indicated potential effects of near-
infrared light in the treatment of chronic skin ulcers.
After irradiation of the cells, the production of transform-
ing growth factor (TGF)-𝛽1 and matrix metalloproteinase
(MMP)-2 was examined by enzyme immunoassay, zymog-
raphy, and reverse transcription polymerase chain reaction
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(PCR). A biostimulatory effect of near-infrared irradiation
was shown by a significant elevation of TGF-𝛽1 and MMP-2
content in themedium of cultured cells. Irradiated fibroblasts
also showed an upregulated amount ofMMP-2mRNA.These
results suggest that near-infrared irradiation may accelerate
wound closure [21, 22].

Houreld and Abrahamse tested the positive effect of low-
intensity laser irradiation (LILI) of different wavelengths
on cellular migration, viability, and proliferation in diabetic
wounded and unwounded human skin fibroblast cells. They
compared cellular morphology and migration (determined
microscopically), cellular viability (determined by adeno-
sine triphosphate (ATP) luminescence), and proliferation
(determined by basic fibroblast growth factor expression
and alkaline phosphatase activity). While diabetic wounded
cells irradiated at 1,064 nm showed a lesser degree of migra-
tion, viability, and proliferation, cells irradiated at 632,8 nm
showed a higher degree of haptotaxis and migration as well
as ATP luminescence compared to cells irradiated at 830 nm
[21]. In conclusion, diabetic wounded cells have more benefit
in wound healing from irradiation in the visible range (632,
82 nm) than from the infrared range [23].

Few experimental studies of laser irradiation of human
and animal cells in culture document positive photobiomod-
ulatory effects of laser irradiation. Various types of cells
involved in wound or soft-tissue repair or cell lines relating
to soft tissues (human and animal stem cells, endothelial
cells, smooth muscle cells, keratinocytes, fibroblasts, and
others) respond differently to irradiation, also depending
on irradiation parameters. [21, 22, 24–28] LLL irradiation
resulted in an increased fibroblast proliferation in vitro [28].
Laser irradiation can promote cellmigration and cell prolifer-
ation by stimulating mitochondrial activity and maintaining
viability without causing damage to the wounded cells [24].

Additionally, the kinetics of reactive oxygen species
(ROS) generation is influenced by laser irradiation and found
to depend strongly on the laser fluence and not on the laser
intensity [27].

3.2. Animal Studies. Diverse animal experiments indicate
effects on the wound healing process [29–34].

In an excision model in rats (nondiabetic), not only
red light (630 nm) but also blue light (470 nm) from light-
emitting diode (LED) lamps improved perfusion by release
of nitric oxide from nitrosyl complexes with haemoglobin,
enhanced epithelialization, and elevated keratin-10 mRNA
level. Recovery of mitochondria inhibited by nitric oxide
(NO) gas was alleviated by blue light through the release of
NO from mitochondrial complexes. NO induces endothelial
cell migration by activating growth factors. In conclusion,
blue light might improve wound healing via the NO pathway.
One week after wound excision, the wound area was 50%
smaller (𝑃 < 0, 05) in the blue light group compared to
the not illuminated control. Blue light especially enhances
epithelialization even to a greater extent than red light does.
Concerning the depth of granulation tissue, there was no
significant influence either for red or for blue light [29].

Positive effects of gallium-aluminium-arsenide (GaA-
lAs)-laser, gallium-arsenide (GaAs) laser, and Dersani
(linoleic acid) healing ointment on skin wounds in Wistar
rats were determined in a study of Gonçalves et al. [30].
After irradiation, lesions were analyzed and the tissues
were studied by electron microscopy, histology, and
immunohistochemistry. Significant results for the wound
closing rate were obtained for the treatment group with GaAs
laser 4 J/cm2. In the treatment group with GaAlAs-laser,
30 J/cm2, the highest concentration of type III collagen fibers
was found. For stimulating the production of type I and
type III collagens, an energy density of 30 J/cm2 was most
efficient. In terms of the synthesis of type I collagen, and
mainly in speeding up the rate of wound closing, the use
of 4 J/cm2 was more effective. In conclusion, laser therapy
reduced the inflammatory reaction, induced increased
collagen deposition, and stimulated a greater proliferation of
myofibroblasts in experimental cutaneous wounds [29, 35].

Even a single low level laser (830 nm near-infrared,
1,3 J/cm2) treatment accelerated cutaneous wound healing in
a rat model. Biometrical and histological analysis indicated
faster lesion contraction showing quicker reepithelization
and reformed connective tissuewithmore organized collagen
fibers in irradiated wounds [31].

3.3. Randomized Clinical Trials. Randomized clinical trials
correlate cellular effects and biologic processes and determine
the utility of LLLT in cutaneous wound healing [35]. In a
double-blind randomized placebo- controlled study, the heal-
ing effect of combined 660 and 890 nm LED laser treatment
on twenty-three diabetic leg ulcers was tested byMinatel et al.
Mean ulcer granulation and healing rates were significantly
higher in the treatment group than in the placebo group
at each of 15, 30, 45, 60, 75, and 90 days of treatment.
Placebo-treated ulcers were cleaned, dressed with 1% silver
sulfadiazine cream, and treated with placebo laser radiation
< 1.0 J/cm2. During the initial 30 days, they even worsened.
Ulcers in the treatment group got the same treatment but a
3 J/cm2 dose. At day 30, ulcers in the treatment group had
achieved 56%more granulation and 79,2% faster healing than
the placebo group and similarly higher rates of granulation
and healing were maintained throughout. In the treatment
group, 58,3% of ulcers had healed fully and 75% had achieved
90–100% healing by day 90. In contrast, in the placebo group,
only one ulcer healed fully and no ulcer attained more than
90% healing [17].

In a randomized clinical trial, Zhou et al. explored the
healing of irradiated (633 nm) chronic foot ulcers in 60
patients. 28 patients got conventional therapy and 32 received
conventional therapy plus LLLP. There were 14 diabetic
patients in the conventional treatment group and 18 diabetic
patients in the conventional treatment plus LLLP group. (The
other causes of ulcers were not described in detail.) Ulcers
were evaluated by size reduction and immunohistochemical
analysis of heat shock protein 70 (HSP70) positive cells. Pro-
tein andmRNA expressions of heat shock factor 1 (HSF1) and
HSP70 were determined by reverse transcription polymerase
chain reaction (RT-PCR) andWestern blotting. Compared to
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the traditional therapy group and to the normal skin sections,
as a control group, the expression of HSF1 and HSP70 in the
laser group was significantly higher, as observed on the gray
scale of the Western blot bands, just like the RNA levels of
HSF1 andHSP70 by RT-PCR. Due to themechanism of laser-
activated endogenous heat shock protection in cells in wound
surfaces, LLLT plays a facilitating role in the healing process
of chronic dermal ulcers [16].

Schindl et al. found in a randomized, double-blind,
placebo-controlled study, an increase of temperature after
a single treatment with low-intensity laser irradiation
(632,8 nm) as a sign of improved circulation in the skin
of patients with diabetic microangiopathy [13]. In another
study, Schindl et al. examined 20 patients with different
causes of ulcers (diabetes (𝑛 = 8), arterial insufficiency
(𝑛 = 5), radio damage (𝑛 = 4), and autoimmune vasculitis
(𝑛 = 3)) and compared the number of necessary treatments
until full wound closure. Ulcers due to radio damage healed
significantly faster than those caused by diabetes. Wound
healing in autoimmune vasculitis required longer time than
in radiodermatitis, although the difference was not signifi-
cant. Wound size was found to be an important factor for
the healing time, whereas duration of previous conventional
treatment and wound depth showed no effect [14]. Kaviani et
al. treated twenty-three patients with a diabetic foot wound
for at least three months additionally to conventional therapy
either with a placebo treatment (𝑛 = 10) or LLLT (𝑛 =
13). It was a double-blind randomized clinical trial. A laser
with wavelength of 685 nm and energy density of 10 J/cm2
was used. Comparison of ulcer size reduction and complete
healing showed that LLLT can accelerate the healing process
of chronic diabetic foot ulcers, hence shortening the period
of complete healing. In the LLLT group, the size of ulcers
decreased significantly at week four. In LLLT group, eight
patients had complete healing after 20 weeks and in the
placebo group only three patients experienced complete
wound healing. Though the difference was not statistically
significant, the mean time of complete healing in LLLT
patients (11 weeks) was less than that in placebo patients (14
weeks) [18].

Saltmarche et al. tested the effectiveness of low level
laser therapy (785 nm) for wound healing combined with the
Extendicare Wound Prevention and Management Program
at a Canadian Extendicare nursing area. They used infrared
laser clusters of 16 × 5mW and a 50mW source of both
785 nm and applied 2 to 4 joules at each site, dependent on
the pigment coating of the skin. The treatment was affected
daily for 5 days in the first week and 3 times weekly from the
2nd to the 9th week or until ulcer healing. Twenty-one open
wounds and four “at risk” closed areas were treated. 61,9% of
the chronic (> or = 3months duration) and acute (<3months
duration) ulcers due to pressure, venous insufficiency, and
diabetes were included. In the first week, wounds were
treated five times per week, thereafter three times a week
for eight more weeks. 61,9% of the open wounds achieved
significant improvement, measured as the size of the wound
area. 42,8% had 100% closure. 14,3% had some improvement;

23,8% showed no change. There was no significant difference
between chronic and acute wounds. No negative effects of the
laser therapy were encountered [15].

Landau et al. investigated the effect of broadband visible
light (400–800 nm) in a double-blind, placebo-controlled,
randomized study on 16 patients suffering from diabetic or
venous foot ulcers. The treatment group (𝑛 = 10) received
wound illumination twice daily with 43.2 J/cm2 while the
placebo group (𝑛 = 6) received wound illumination in
the same device with only 2.4 J/cm2 which was declared as
nontherapeutic. All patients received conventional wound
care. At the end of the follow up, all of the wounds in 9
of the treatment group patients were closed (90%) whereas
in the placebo group, only 2 of 6 patients (33%) had closed
wounds, judged by Wagner’s classification for foot ulcer and
wide/length measurement. There were no adverse therapy
effects [20].

The latest study of Kajagar et al. compared diabetic ulcer
healing dynamics in 68 patients. They were randomized into
a LLLT plus conventional care group which was compared
with conventional care alone. On the basis of the ulcer size,
the duration of exposure was calculated to deliver 2–4 J/cm

2

at 60mW, 5 kHz,daily for 15 days. The ulcer floor and edge
were irradiated. There was a significant percentage of ulcer
reduction in the LLLT group compared with conventional
care alone [19].

A summary of the clinical trials is shown in Table 2.

4. Discussion

Diabetic foot syndrome as a chronic complication ofDiabetes
mellitus is a major therapeutic challenge [36]. It has a high
financial impact and a severe effect on the patients’ quality
of life and can even lead to limb amputation [4]. Since
diabetic foot ulcers are often difficult or impossible to treat
with actual standard treatment methods [37], the search for
further treatment options is necessary.

LLLT, as a noninvasive, pain-freemethodwithminor side
effects, has been considered as a possible treatment option
for the diabetic foot syndrome. There is not yet a unique
explanation of the mode of functioning of laser therapy in
the treatment of diabetic ulcers. But in the literature, there
are various studies trying to analyze several effects of LLLT
on tissue repair mechanisms: cell and animal studies suggest
a promotion of wound healing by laser irradiation due to
improvement of different factors in vitro (playing an essential
role in various tissue repair mechanisms) [16, 21, 22, 24, 26–
28, 38].

Biometrical and histological analysis indicated “faster
lesion contraction showing quicker reepithelization and
reformed connective tissue with more organized collagen
fibers” in irradiated wounds [32]. Laser therapy reduces the
inflammatory reaction and provokes a greater proliferation of
myofibroblasts in experimental cutaneous wounds [31, 38].

Stimulation of cell division and cell growth of fibroblasts
plays an important role in wound healing [23]. Different
wavelengths of low-intensity laser irradiation (LILI) have
been tested on cellular migration, viability, and proliferation
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in diabetic wounded and unwounded human skin fibroblast
cells. Cells irradiated at 632,8 nm showed a higher degree
of haptotaxis and migration as well as ATP luminescence as
compared to cells irradiated at 830 nm. These results may
lead to the conclusion that diabetic wounded cells have more
benefit in wound healing from irradiation in the visible range
than in the infrared range [21]. However, since near-infrared
light has a deeper penetration rate than visible red light,
deeper ulcers in vivo might require the use of near infrared
laser therapy [11].

Red light laser (630 nm) as well as blue light Laser
(470 nm) can improve perfusion by release of nitric oxide
fromnitrosyl complexeswith haemoglobin, enhanced epithe-
lialization, and elevated keratin-10 mRNA level. Blue light
also facilitated the recovery of mitochondria inhibited by
NO gas by release of NO from mitochondrial complexes, so
an improved wound healing via the NO pathway induces
endothelial cellmigration by activating growth factors, result-
ing in an increase keratin expression [29].

Anti-inflammatory effects of laser therapy can be
explained by inhibition of prostaglandine, interleukin [39],
and cytokine [40] in cell and animal models.

In vitro experiments with a low-power laser (415 nm)
showed a direct antibacterial effect on S. aureus and E. coli
by induction of ROS. [41, 42] LLLT also can increase the
diameter and blood flow velocity of the peripheral arterioles
and can enhance the microcirculation [23].

The transferral of information from in vitro studies or
animal models is not always directly possible, so it is of
high interest to test these methods in humans. There are a
limited number of reviews on LLLT for wound healing. Most
of them are presenting data on wound healing in general.
Lucas et al. (2000) wrote a review on the effects of LLLT on
wound healing. They concluded that there are no scientific
arguments for routine application of low level (infrared) laser
therapy on wound healing in patients with decubitus ulcers,
venous leg ulcers, or other chronic wounds, and knowledge
of wound care can only be improved by additional evidence
from further clinical research [43]. In 2005, Posten et al.
again criticized other studies assessing the qualitative and
quantitative sufficiency of evidence for the efficacy of LLLT in
promoting wound healing. Studies did not sufficiently assess
the mechanism, whether photodermal, photochemical, or
photomechanical, whereby LLLT may be exerting its effect.
Posten et al. emphasize: “To better understand the utility of
LLLT in cutaneous wound healing, good clinical studies that
correlate cellular effects and biologic processes are needed”
[35]. At that state, the majority of studies about the use of
LLLT in human wounds did not demonstrate any benefit.

Another review with meta-analysis of 24 studies from
2004 concluded that LLLT is an effective tool for promoting
wound repair, but they looked on studies on different wounds
like bed sores, venous ulcers, diabetic ulcers, or surgical
wounds [44].

A review from2008 by Sobabanko andAlster discussed 12
randomized controlled trials of chronic cutaneous ulceration
with a focus on venous leg ulcers and decubitus ulcers.
They concluded that LLLT in humans does not improve
wound healing and advised that after research, focused on

cellular and molecular mechanisms of LLLT, larger and
better controlled studies in humans must be performed to
determine the appropriate laser parameters and treatment
protocol [45].

Another review with meta-analysis from 2011 by Bjordal
et al. focused on the treatment of cancer therapy-induced oral
mucositis with LLLT. They concluded that the material was
consistently in favour of LLLT in both in the prevention of
oral mucositis occurrences and reductions of severity, pain,
and duration of oral mucositis ulcers [46].

There is one recent review by Kwan et al. focusing on
diabetic foot ulcer, but trials on all kinds of electrophysical
therapies including LLLT were evaluated [47]. They included
only two papers dealing with LLLT for the diabetic foot ulcer
by Minatel et al. [17] and Kaviani et al. [18], which are part of
our review as well.

While the effect of LLLT has shown to be different in
certain etiologies of ulcers [14], a sophisticated evaluation of
the properties of LLLT in different diseases is mandatory.

This is of particular relevance, because, for example, the
majority of studies of LLLT for the treatment of venous ulcers
showed no significant effect [15, 48–50] while a minority of
studies delivered positive results [51–53].

In contrary, the results of the identified paper in this
review showed positive results for the treatment of diabetic
foot ulcers by LLLT. To our knowledge, our paper is the first
review in English on LLLT for diabetic foot ulcers; and more
studies are included than in prior reviews. However, only 8
trials deal with diabetic foot ulcers and three of these studies
mix or compare diabetic etiology [14–16] with other causes
of foot ulcers like decubitus ulcers and venous ulcers. So,
the limited number and the heterogeneity of the measured
parameters do not allow a meta-analysis of this topic.

Only very few statements about the cost-benefit ratio of
laser therapy in the treatment of diabetic ulcers compared to
standard treatment could be found in the current literature.
In one study, low level laser treatment is evaluated as “easy
to learn and use, effective for the majority of their residents,
worth the additional time”. Saving of costs for eight wounds
was described as 117,50 US-$ permonth in addition to savings
in nursing time amounting to 22.5 hours [15].

The diabetic ulcer as a widespread and common compli-
cation of diabetes mellitus is unfortunately often unsatisfac-
tory curable using the actual standard treatment methods.
In addition to LLLT, there already exist a number of other
therapeutic approaches: different types of wound debride-
ment, use of antimicrobials, use of dressings in wounds,
topical negative pressure, hyperbaric oxygen treatment, elec-
trical, electromagnetic, shockwave and ultrasound therapies,
growth and cell biology factors, cell products and tissue
engineering, bioengineered skin and skin grafts, and adjuvant
therapies. In a critical review about these different treatment
options, Gottrup and Apelqvist concluded that almost all
studies referring to this topic are of too low quality to issue
a significant statement about their benefit in the treatment of
diabetic ulcers. “There is a substantial number of emerging
technologies of potential value in the treatment of complex
wounds, but there is an urgent need to increase the quality of
clinical studies” [37].
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As shown in this review, the quality of studies is still a
problem. Subsuming the quintessence of the available study
data by now, the majority of data show a potential benefit
of low level laser therapy in wound healing of diabetic
ulcers. But there are a lot of different aspects in the studies
limiting final evidence about the actual output of this kind
of treatment method. The number of trials is low and shows
low quality and different methodical failures. Studies lack
information about implementation and registration,methods
of blinding, participant flow, and recruitment analysis. In
most studies, the sample size is too low for further analysis
and significant results [16–18, 52].

Sometimes methodological procedure or the type of
laser used [16], details of other interventions [51], or practi-
tioner background are explained inadequately. Often, control
groups exist in form of different kinds of treatment methods
like debridement, just cleaning the wound, Chinese herbal
ointments or dressings, or irradiation of different wavelength
but no nontreatment control groups.

However, nontreatment of chronic diabetic ulcer has to
be considered as unethical, so at least a standard podiatric
treatment is necessary in all study groups, and LLLT could be
tested in combination with these types of treatments.

The methods of treatment varied a lot: different wave-
lengths, combined wavelengths, frequency and duration of
irradiation, and combination of various treatment methods
[16, 51, 52, 54].

Outcome measurement differed as well and some types
were more subjective than objective: pain scales, subjective
scales, and size of wounds determined by pictures, conse-
quently, resulting in a lack of adequate statistical comparison
[12, 54].

Some studies included not only diabetic ulcers but also
ulcers due to venous insufficiency, peripheral artery occlusive
disease, and others [16].

It is conceivable that only rarely adverse effects occurred;
most studies did not even mentioned whether adverse effects
were observed or not.

In summary cell studies, animal studies and clinical
studies give enough evidence to continue research on LLLT
for diabetic ulcers, but clinical trials using human models do
not provide sufficient evidence to establish the usefulness of
laser therapy as a standard tool in wound care regimes at this
state. Further, well-designed research trials are required to
determine the true value of laser therapy in routine wound
care [55].

If researchers do not want their results to be only
anecdotal, they have to take international quality standards
for clinical trials into account.These are available for effective
research on the treatment of chronic wounds. Incorporation
of these recommendations in future study designs is highly
desirable and would substantively advance the quality of
wound care studies [55] and might elude the role of laser
therapy in the treatment of diabetic ulcers.

5. Conclusion

Since current therapies are variable in their ability to induce
complete healing, there remains a need to develop adjunctive

treatments that can improve or accelerate the healing process
in diabetic foot ulcers. The available studies about LLLT as
treatment methods of diabetic ulcers give positive results
and encourage further investigations. In order to obtain
conclusive evidence of low level laser in treating diabetic
foot ulcers, there is a need for high-quality randomized,
controlled, and double-blinded trials with adequate designs
and significance. Further investigation is necessary in order
to understand the mechanism of LLLT effects on diabetic
ulcers.
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Background. Acupuncture is frequently advocated as an adjunct treatment for essential hypertension. The aim of this review was
to assess its adjunct effectiveness in treating hypertension. Methods. We searched PubMed, the Cochrane Library, EMBASE, and
the Chinese databases Sino-Med, CNKI,WanFang, and VIP through November, 2012, for eligible randomized controlled trials that
compared acupuncture with sham acupuncture. Outcome measures were changes in diastolic (DBP) and systolic blood pressure
(SBP). Results. A total of 4 randomized controlled trials were included. We found no evidence of an improvement with the fact
that acupuncture relative to sham acupuncture in SBP change (𝑛 = 386; mean difference = −3.80mmHg, 95% CI = −10.03–
2.44mmHg; 𝐼2 = 99%), and an insignificant improvement in DBP change (𝑛 = 386; mean difference = −2.82mmHg, 95% CI
= −5.22–(−0.43)mmHg; 𝐼2 = 97%). In subgroup analyses, acupuncture significantly improved both SBP and DBP in patients
taking antihypertensive medications. Only minor acupuncture-related adverse events were reported. Conclusions. Our results are
consistent with acupuncture significantly lowers blood pressure in patients taking antihypertensive medications. We did not find
that acupuncture without antihypertensive medications significantly improves blood pressure in those hypertensive patients.

1. Introduction

Essential hypertension is the most common cardiovascu-
lar disease (CVD), affecting about one billion individuals
worldwide. The prevalence and incidence of hypertension
tend to rise with age. Hypertension correlates closely with
vascular morbidity and is a significant independent and well-
characterized risk factor for other CVD, such as stroke and
kidney disease. If the rise in blood pressure (BP) with age
could be diminished, then the prevalence of hypertension,
CVD, and cerebrovascular diseases could be greatly reduced.
However, hypertension continues to be either untreated or
uncontrolled in most individuals. Several classes of drugs
can lower BP, but their availability, cost, and unwanted side

effects have limited the effective control of hypertension to
only about 50% of patients. Lifestyle interventions, such as
exercise, weight loss, and salt intake restriction, can also
lower BP, but these practices can be difficult to achieve and
maintain. Therefore, there has been a growing interest in
acupuncture as a treatment for hypertension.

Acupuncture is an ancient treatment technique anchored
in traditional Chinese medicine (TCM) that has been used
to treat symptoms related to hypertension for centuries [1].
Physicians and patients in China, South Korea, and Japan
have considered it as an effective adjunctive treatment, while,
in the west, its use has been increasing.

The efficacy of acupuncture for lowering BP was sug-
gested bymany published case reports and uncontrolled trials
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that have shown significant associated reductions [2]. How-
ever, other reports have not shown significant effects in com-
parison to control subjects [3]. Shamprocedures for acupunc-
ture now exist, which are inert and indistinguishable from the
real treatment to allow blinding of the treatment allocation in
treatment trials. These sham procedures include penetrating
acupuncture on nonacupuncture points, superficial skin
puncture on acupuncture points, and nonpenetration with
sham needle devices on acupuncture points [4]. There have
been meta-analysis of studies of the efficacy of acupuncture
for hypertension but they were generally associated with con-
flicting results [5]. Review papers have also been published
on effects of acupuncture on hypertension but some of these
have included interventions other than acupuncture, and
several have not been systematic reviews. We therefore con-
ducted a meta-analysis of all currently available randomized
sham-controlled trials of acupuncture for hypertension.

2. Materials and Methods

2.1. Search Strategy. A systematic search of the Cochrane
Library, EMBASE, and PubMed was conducted without any
language restriction. We also searched Chinese databases,
including Sino-Med, Wanfang, CNKI, and VIP. Publica-
tions available from the inception of each database through
November 2012 were reviewed to identify available random-
ized sham-controlled trials of acupuncture for hyperten-
sion. The following keywords were used in English digital
databases: “Blood pressure,” “Hypertension,” “Acupuncture,”
“Electroacupuncture,” and “Auricular acupuncture.” The fol-
lowing terms were used in the Chinese database searches:
“ZHEN” (which means “Acupuncture”) and “Gao Xue Ya”
(which means “Hypertension”). We also carefully scanned
the references of relevant publications to identify further
publications. When questions arose related to either the
design or outcomes of trials, corresponding authors were
contacted to confirm the information that we extracted from
their trials or to clarify any ambiguity.

2.2. Inclusion Criteria. Inclusion criteria included the fol-
lowing: (1) randomized sham-controlled clinical trials; (2)
patients were diagnosed with hypertension, according to a
systolic blood pressure (SBP) ≥140mmHg and/or a diastolic
blood pressure (DBP) ≥90mmHg, or use antihypertensive
drugs; (3) patients in the experimental group were treated
with acupuncture, electroacupuncture, or auricular acupunc-
ture more than once either with or without antihypertensive
drugs; (4) placebo (sham) procedures were used; (5) the study
included an available clinical database.

2.3. Exclusion Criteria. Exclusion criteria included the fol-
lowing: (1) nonrandomized studies; (2) studies involving
other forms of acupuncture, such as transcutaneous elec-
trical nerve stimulation or laser acupuncture; (3) duplicate
reporting with same results; (4) a lack of follow-up outcome
data about BP; (5) if controls were given complementary
or alternative therapies of which the efficacy is not yet
established (e.g., herbal medicine).

2.4. Study Characteristics and Extraction. Following data
were extracted independently by two of the authors (D.
Li and Y. Zhou): (1) details of participants (e.g., gender,
age, hypertension grade, and risk factors); (2) trial design,
sample size, blinding, intervention procedures, withdrawals,
and dropouts; (3) net changes in SBP and DBP and/or
mean BP before and after acupuncture treatment as available.
Any disagreements about either inclusions or analyses were
resolved by consensus or arbitration by a third reviewer (Y.
Yang). We contacted corresponding authors via e-mail to
request further information when necessary.

2.5. Methodological Quality. The methodological quality of
each included study was assessed by using the 5-point Jadad
quality scale [6]. The Jadad scale focuses on three criteria:
“randomization,” “double blinding,” and “withdrawals and
dropouts” for assessing the quality of randomized controlled
trial (RCT). RCTs were classified as high-quality if their
Jadad score was ≥4 and low quality if their Jadad score was
≤3. Disagreements regarding methodological quality were
resolved with discussion between reviewers.

2.6. Statistical Analysis. The meta-analysis and statistical
analyses were performed by using Stata software v12.0 (Stata
Corporation, College Station, TX, USA) and RevMan soft-
ware v5.1 (The Cochrane Collaboration, Oxford, UK). In the
absence of clinical heterogeneity, we synthesized the results
in a meta-analysis and compared the mean BP change in
outcome measures with baseline values to assess differences
between the intervention and control groups. Weighted
mean differences and 95% confidence intervals (CIs) were
calculated. The mean effect size was calculated by using a
random effects model as we assumed that each study assessed
different acupuncture treatments and thus represented dif-
ferent effects. A fixed effect model was used when there
was no significant heterogeneity [7]. Differences compared
to sham controls were considered relevant. The variance of
the change was inferred by using a correlation factor of 0.05
[8]. Heterogeneity was presented as significant when it was
over 50% or 𝑃 < 0.10. Publication bias was explored via a
funnel-plot analysis. In case of heterogeneity, we attempted
to identify and explain it by using subgroup analysis.

3. Results

3.1. Literature Search and Study Selection. An initial search of
RCTs yielded 2407 potential literature citations. After screen-
ing titles and abstracts of all studies, 48 potentially relevant
articles were selected and retrieved for a full-text assessment.
Further screening for eligibility was performed by two inde-
pendent reviewers by using inclusion and exclusion criteria.
Finally, 4 RCTs were included, all being published in English
(Figure 1).

3.2. Overall Study Characteristics. The 4 RCTs included a
total of 386 patients with essential hypertension [3, 9–11]:
223 patients in the acupuncture group and 163 patients in
the sham acupuncture group. The median BP at baseline was
grade 1-2, and 44% of patients were taking antihypertensive
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2407 potentially relevant citations 
identified and screened for retrieval

48 trials assessed according to the 
selection criteria

2359 titles or abstracts excluded because 
they are not relevant 

4 RCTs included in the meta-analysis

44 studies excluded according to explicit selection criteria 

(1) Not RCTs (n = 11)

(2) Placebo (sham) procedure was not used (n = 19)

(3) Duplicate reporting (n = 1)

(4) No available clinical database (n = 9)

(5) Not patients with hypertension (n = 4)

Figure 1: Flow diagram of study selection for the performed meta-analysis. RCT: randomized controlled trial.

medications. BP was measured at various time points (6th,
8th, and 10th weeks), with various methods, including 24 h
ambulatory BP monitoring, mercury sphygmomanometer,
and automated sphygmomanometer. Patients in only 2 stud-
ies took antihypertensive medications [9, 10]. The average
follow-up period was 8 weeks (Table 1).

3.3. Acupuncture Treatment and Control Characteristics.
Individualized acupuncture and/or standardized acupunc-
ture were used 2-3 times a week for 6–10 weeks in the active
acupuncture group in all 4 RCTs. All studies used sham
acupuncture: 1 trial used superficial acupuncture in the con-
trol procedure; 2 used nonpenetrating acupuncture on either
nonacupuncture points or real acupuncture points; and 1
used penetrating acupuncture on points irrelevant for lower-
ing BP. No trials used sham electrostimulation on acupoints.

3.4. Methodological Quality. Studies were generally of good
quality with a mean Jadad score of 4.75 (Table 1), of which 3
had a Jadad score of 5 [3, 9, 11]. One study received a Jadad
score of 4 because it was not assessor-blinded [10]. All RCTs
included in our meta-analysis were classified as high quality.

3.5. End Points. SBP and DBP changes between baseline and
after acupuncture/sham interventions were reported in each
of the 4 studies [3, 9–11]. No significant differences were
found with the random-effects model between acupuncture
and sham groups with respect to SBP change (𝑛 = 386; mean
difference = −3.80mmHg, 95% CI = −10.03–2.44mmHg;
𝐼2 = 99%) (Figure 2) or DBP (𝑛 = 386; mean difference =
−2.82mmHg, 95% CI = −5.22–(−0.43)mmHg; 𝐼2 = 97%)
(Figure 3).

Studies were significantly heterogeneous for SBP
change (𝑃heterogeneity < 0.00001; 𝐼

2 = 99%) and for DBP
change (𝑃heterogeneity < 0.00001; 𝐼

2 = 97%). In subgroup
analyses, a significant benefit in both SBP (𝑛 = 170; mean
difference = −8.58mmHg, 95% CI = −10.13–(−7.03)mmHg;
𝐼2 = 17%) (Figure 2) and DBP (𝑛 = 170; mean difference =
−4.54mmHg, 95% CI = −5.08–(−4.00)mmHg; 𝐼2 = 0%)
(Figure 3) was found for acupuncture among patients
taking antihypertensive medications. For its part, among
patients not taking antihypertensive medications, there was a
significant improvement in DBP (𝑛 = 216; mean difference =
−0.18mmHg, 95% CI = −3.98–3.62mmHg; 𝐼2 = 63%)
(Figure 3), but not in SBP (𝑛 = 216; mean difference =
1.33mmHg, 95% CI = −2.50–5.16mmHg; 𝐼2 = 44%)
(Figure 2).

3.6. Adverse Events. Four trials reported occurrences of
adverse events. One study reported that 2 of their stan-
dardized acupuncture participants experienced hypertensive
urgencies and 1 of their control participants experienced con-
gestive heart failure [11]. Minor adverse events that occurred
in the other 3 studies included pain and bleeding at the locus
of needling [3, 9, 10].

4. Discussion

4.1. Overview of Findings. To the best of our knowledge,
this is the first meta-analysis of acupuncture versus sham
acupuncture for essential hypertension. In our review, we
found that acupuncture according to TCM practices signif-
icantly lowered SBP and DBP in patients taking antihyper-
tensive medications. For its part, acupuncture significantly
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Table 1: Characteristics of the RCTs selected for the meta-analysis.

Characteristics Macklin et al. [11] Kim et al. [3] Flachskampf et al. [10] Yin et al. [9]
Country United States Republic of Korea Germany Republic of Korea
Mean age (years)
(Acu/Con) 57 (IND)-56 (STD)/53 52/52 59/58 52/54

Hypertension grades 1-2 1-2 1-2 1-2

Design Prospective, double-blind,
randomized, parallel group Randomized, double-blind Single-blind, randomized Randomized, double-blind,

placebo-controlled
Style IND/STD IND IND IND

Acupuncture
treatment

IND (𝑛 = 64)/STD (𝑛 = 64)
consisted of ≤12 generally
twice a week 30min
acupuncture sessions
provided over 6 to 8 weeks.
Follow-up at 10 weeks, and
6 and 12 months

Acupuncture twice a week
for 8 weeks. Follow-up at 8
weeks (𝑛 = 17)

Acupuncture 5 times weekly
for first 2 weeks, and then 3
times weekly for following 5
weeks. Follow-up at 3 day,
and 3 and 6 months (𝑛 = 72)

Acupuncture once every
3-4 days for 8 weeks.
Follow-up at 4 weeks and 6
weeks (𝑛 = 15)

Sham acupuncture
treatment

Invasive sham acupuncture
(acupuncture at
nonacupuncture points)
(𝑛 = 64)

Sham acupuncture
(acupuncture at
nonacupuncture points
superficially and bilaterally)
(𝑛 = 16)

Sham acupuncture
(acupuncture points without
relevance for lowering BP)
(𝑛 = 68)

Sham acupuncture
(acupuncture superficially
under the skin) (𝑛 = 15)

Outcome measures BP at 10 weeks 24 h ambulatory BP at 8
weeks

(1) 24 h BP at 6 weeks
(2) Daytime BP at 6 weeks
(3) Nighttime BP at 6 weeks
(4) Peak exercises (exercise
at the maximal comparable
workload) BP at 6 weeks

BP at 8 weeks

Antihypertensive
medication No No Yes Yes

Jadad score 5 5 4 5
RCTs: randomized controlled trials; Acu: acupuncture group; Con: control group (sham acupuncture group); IND: individualized acupuncture; STD: stand-
ardized acupuncture; BP: blood pressure.

Study or subgroup

1.1.1 Without antihypertensive medication
Kim et al., 2012 
Macklin et al., 2006 
Subtotal (95% CI)

1.1.2 With antihypertensive medication
Flachskampf et al., 2007 
Yin et al., 2007 
Subtotal (95% CI)

Total (95% CI)

Mean

4.36

SD

10.22
1.92

2.3
5.5

Total

12
124
136

72
15
87

223

Mean

1.8

SD

7.42
1.93

2.5
6.7

Total

16
64
80

68
15
83

163

Weight

20.7%
27.5%
48.3%

27.5%
24.3%
51.7%

100.0%

IV, random, 95% CI
Acupuncture Sham acupuncture Mean difference Mean difference

IV, random, 95% CI

0 10 20
Favours acupuncture Favours sham acupuncture

Heterogeneity: 𝜏2 = 36.69; 𝜒2 = 308.49,
Test for overall effect: Z = 1.19 (P = 0.23)

Test for overall effect: Z = 0.68 (P = 0.50)

(P < 0.00001)Test for overall effect: Z = 10.86

Test for subgroup differences: 𝜒2 = 22.13,

Heterogeneity: 𝜏2 = 4.83; 𝜒2 = 1.79,

Heterogeneity: 𝜏2 = 0.54; 𝜒2 = 1.21,

−10−20

−3.56

−6.5

−14.8

−0.6

−3.84

−4

4.96 [−1.87, 11.79]

0.28 [−0.30, 0.86]
1.33 [−2.50, 5.16]

−8.30 [−9.10, −7.50]

−10.80 [−15.19, −6.41]
−8.58 [−10.13, −7.03]

−3.80 [−10.03, 2.44]

df = 1 (P = 0.18); I2 = 44%

df = 1 (P = 0.27); I2 = 17%

df = 3 (P < 0.0001); I2 = 99%

df = 1 (P < 0.0001); I2 = 95.5%

Figure 2: Pooled estimate of decrement in SBP with acupuncture treatment. SBP: systolic blood pressure.
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Study or subgroup

1.2.1 Without antihypertension medication
Kim et al., 2012
Macklin et al., 2006
Subtotal (95% CI)

1.2.2 With antihypertension medication
Flachskampf et al., 2007
Yin et al., 2007
Subtotal (95% CI)

Total (95% CI)

Mean

2.4

SD

6.65
1.01

1.6
3.7

Total

12
124
136

72
15
87

223

Mean

0.7

SD

6.46
0.99

1.7
4.7

Total

16
64
80

68
15
83

163

Weight

13.8%
32.6%
46.3%

32.2%
21.5%
53.7%

100.0%

IV, random, 95% CI

Acupuncture Sham acupuncture Mean difference Mean difference

IV, random, 95% CI

0 5 10
Favours acupuncture Favours sham acupuncture

Heterogeneity: 𝜏2 = 0.00; 𝜒2 = 0.69,
Test for overall effect: Z = 16.52 (P < 0.00001)

Heterogeneity: 𝜏2 = 4.56; 𝜒2 = 97.15,
Test for overall effect: Z = 2.31 (P = 0.02)

Test for subgroup differences: 𝜒2 = 4.95,

2.65 [−2.27, 7.57]

−1.51 [−1.81, −1.21]
−0.18 [−3.98, 3.62]

−4.50 [−5.05, −3.95]

−5.80 [−8.83, −2.77]
−4.54 [−5.08, −4.00]

−4.32

−3.8

−6.9

−0.25

−2.81

−1.1

−10 −5

Heterogeneity: 𝜏2 = 5.49; 𝜒2 = 2.74,
Test for overall effect: Z = 0.09 (P = 0.92)

−2.82 [−5.22,−0.43]

df = 1 (P = 0.10); I2 = 63%

df = 1 (P = 0.41); I2 = 0%

df = 3 (P < 0.00001); I2 = 97%

df = 1 (P = 0.03); I2 = 79.8%

Figure 3: Pooled estimate of decrement in DBP with acupuncture treatment. DBP: diastolic blood pressure.

lowered DBP, but not SBP, in patients who were not taking
antihypertensive medications.

4.2. Mechanism of Acupuncture. In TCM, hypertension is
conceptualized as being caused by emotional factors, consti-
tutional weaknesses which render to individuals susceptible
to disease, and poor diet and overexertion which lead to
imbalances between yin and yang in the liver, spleen, and
kidney. Mechanisms by which acupuncture are theorized
to be therapeutic for hypertension according to Chinese
medicine are by regulating yin and yang, reinforcing healthy
qi, and expelling pathogenic factors [12]. Practitioners need
to properly assess underlying causes of hypertension to apply
appropriate acupuncture techniques [13].The effectiveness of
acupuncture depends upon the proper use of techniques that
are difficult for physicians tomaster.These techniques include
the angle and depth of needle insertion and the retention
of the needle before withdrawal [14]. The use of different
techniques by different practitioners can affect therapeutic
outcomes.

For its part, according to Western medicine, therapeutic
mechanisms of acupuncture are unclear, but some evidence
suggests that acupuncture can affect the intrarenal renin-
angiotensin system and sympathetic nervous and endocrine
systems [15]. Acupuncture has been theorized to lower reflex-
induced hypertension by modulating the activity of cardio-
vascular presympathetic neurons in the rostral ventrolateral
medulla [16]. Some studies have shown acupuncture to
inhibit the activation of neurons in the arcuate nucleus of
the hypothalamus, ventrolateral periaqueductal gray nuclei
in the midbrain, and nucleus raphe pallidus in the medulla,
resulting in a reduced activity of premotor sympathetic neu-
rons in the rostral ventrolateral medulla [17]. Acupuncture
may also affect the endocrine system and lead to a decrease
in plasma renin, aldosterone, angiotensin II, norepinephrine,

and serotonin [18]. Acupuncture would represent a safe and
effective adjunctive therapy for hypertension based upon
both the TCM andWestern medicine theories.

4.3. Comparisons with Other Studies. As early as the 1950s,
results from many clinical studies have suggested beneficial
effects of acupuncture for lowering BP in patients with
essential hypertension [15]. In 1975, acupuncture was found
to significantly reduce SBP and DBP in 24 out of 28 patients
with essential hypertension [19]. Results frommany studies in
China have suggested that acupuncture was a good adjunc-
tive therapy for treating hypertension [20], but the drawn
conclusions were not credible because these studies were all
either observational or case reports with small sample sizes,
unrigorous designs, and control group interventions being
medications or other BP lowering therapies. In recent years, 4
high-quality studies about acupuncture for lowering BP were
published, 2 of which suggested that acupuncture lowered
mean BP compared to sham acupuncture [9, 10], while the
remaining 2 showed a no significant effect of acupuncture
[3, 11]. Acupuncture has been shown to be a safe treatment
for hypertension inmost studies [20], and onlyminor adverse
events from the treatment.

In our meta-analysis, we found that acupuncture was
able to lower DBP only and to help antihypertensive med-
ications to lower BP. Therefore, acupuncture alone would
be unlikely to bring significant benefits to patients with
essential hypertension. Results from many studies in China
suggested that acupuncture is a safe and effective treat-
ment for essential hypertension, lowering SBP (about 10–
20mmHg) and DBP (about 6–10mmHg) with few adverse
events [20]. Studies conducted in Western countries showed
much smaller changes in SBP (−4.36–14.8mmHg) and DBP
(−2.4–6.8mmHg) [9].Therefore, ourmeta-analysis including
Western and Korean studies may underestimate the effect
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of acupuncture for hypertension. Regional differences in
risk and protective factors for hypertension and differences
in acupuncture techniques could substantially affect the
potential efficacy of acupuncture.

Our study provided evidence that acupuncture helped
(lowered) BP in patients taking antihypertensivemedications
but had no effect for the patients without antihypertensive
medications. According to the four RCTs [3, 9–11], Yin et
al. [9] and Flachskampf et al. [10] used acupuncture as an
adjunct to pharmaceutical management. At the same time,
Flachskampf et al. [10] found that acupuncture had no
effect on the thirty-five study subjects (19 receiving active,
16 sham treatment) who were not taking antihypertensive
medication when enrolled in the trial, which was the same
conclusion with our study. Beta-blockers, calcium antago-
nists, angiotensin-converting enzyme inhibitors/angiotensin
receptor blockers, and diuretics are mainly used for the
patients in the two papers [9, 10]. More than 1 antihyperten-
sive agent was used in both the two trails [9, 10] for partial
patients. Different kinds of antihypertensive medications
werematching statistically between active acupuncture group
and sham acupuncture group. The patients studied by Yin et
al. [9] and Flachskampf et al. [10] had lower mean baseline
BP (135/83mmHg, 131/81mmHg). Lastly, sham acupuncture
at nonacupuncture points was used in the trials designed by
Macklin et al. [11]; Kim et al. [3]; Flachskampf et al. [10],
while noninvasive sham acupuncture was used in the trials
designed by Yin et al. [9]. However, no evidence shows that
they have an effect on the conclusions.

The duration and frequency of acupuncture treatment are
not enough so that only acupuncture could not lower blood
pressure. Chen et al.’s study [21] proved that short-term (one
month) acupuncture did not decrease BP significantly and
acupuncture may regulate the cardiovascular system through
a complicated brain network from the cortical level, the
hypothalamus, and the brainstem. Yin and Du [22] found
that acupuncture (3 months) can decrease the immediate
BP, lower more blood pressure with the time of acupuncture
treatment going, and maintain the antihypertensive effect for
primary hypertension. In the four papers [3, 9–11] of our
meta-analysis, maybe the short duration (6–10 weeks) and
the low frequency (2-3 times, a week) of only acupuncture
treatment are the main reasons why only acupuncture for
primary hypertension is inefficacious. Zhang et al. [23]
found that acupuncture (5 times weekly, 12 weeks) had an
effect on reducing BP, especially in synergy with medica-
tion. Antihypertensive medications could increase efficacy
of acupuncture for hypertension. Therefore, without enough
duration and frequency of acupuncture treatment in the four
trials [3, 9–11], acupuncture is efficacious for patients with
antihypertensive medications.

4.4. Limitations and Strengths of This Review. Although our
review was thorough, we cannot be absolutely certain that all
relevant RCTs were found. The number of studies included
in our meta-analysis (4) was small with each study also
having a relatively small sample size, which ranged from 30
to 192 patients. Only grades I and II hypertensive patients

were included in studies, so conclusions regarding grade III
hypertension could not be drawn from our results.

In future RCTs of acupuncture it would be beneficial
if all acupuncture procedures were performed according to
TCM theory, based upon diagnoses made by four diagnostic
methods (inspection, auscultation, olfaction, and palpation),
and performed according to syndrome differentiation.

5. Conclusions

Results from this meta-analysis of randomized sham-
controlled trials provide evidence that acupuncture helped
(lowered) BP in patients taking antihypertensive medica-
tions. Our results did not provide support that acupuncture
alone significantly lowers BP in patients with hypertension.
Larger RCTswith longer follow-up periods would help clarify
the potential efficacy and safety of acupuncture for treating
hypertension.
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Traditional Chinese Medicine (TCM), as a complex medical science which reflects philosophical principles and embodies large
dialectical thought, is used to place the humanbody into a large system for observation.Acupuncture as a vital part of TCM, has been
practiced to treat various diseases and symptoms. However, acupuncture is also facing severe challenges resulted from insufficient
modern scientific research. Nowadays, the holistic effects of acupuncture can be researched by some modern approaches, such as
the systems biology and fMRI technique. It is believed that having a better understand will greatly promote acupuncture research
and be beneficial to scientization and modernization of acupuncture.

1. Introduction

Traditional Chinese Medicine (TCM), as a complex medical
science which reflects philosophical principles and embodies
large dialectical thought, is used to put the human body into
a large system for observation [1]. As we knew, there are
abundant differences between TCM and modern medicine.
For example, health means a state of complete physical,
mental, and social well-being in modern medicine, whereas
the concept in TCM includes the unison between man and
universe, the fusion of shape and soul, the people-oriented
view of values, and the balance of qi-blood-yin-yang in the
human body [2].

Acupuncture, as a vital part of TCM, has been practiced
to treat various diseases and symptoms for more than 2500
years and been accepted by the society as a priceless treasure.
Despite cultural differences, acupuncture is being used by
practitioners in western nations. More andmore studies have
indicated that acupuncture is safe and effective in treating
a wide range of diseases [3–8]. However, acupuncture is
also facing severe challenges. One of the reasons is that the
methodology used in the acupuncture research is unable to
capture the holistic and dynamic nature of diseases [1]. Nowa-
days, we lacks necessary well-defined molecular mechanism
and basis, although acupuncture has been effective in treating

many diseases especially chronic illness [2]. To conduct a
systemic analysis on human body and diseases under the
guidance of holistic view will be an utmost important way for
developing acupuncture.

There have been many recent attempts to address these
issues but most of them were still based on the “reduction-
ism” philosophy, whereas acupuncture is based on “holism”
philosophy.The human body, a complicated system, could be
identified as a self-controlled system network. The network
is connected by the meridian that exists in whole body.
Acupuncture could regulate the balance of human body by
the meridians. For example, acupuncture in the Taiyin Lung
Meridian of Hand could treat disease of respiratory system.
Because the lung is a center togetherwith skin, nose, and large
intestine in TCM, acupuncture in the Taiyin Lung Meridian
of Hand also could treat skin disease, rhinitis, constipation,
and so on. There are some systemic approach appearances to
impact our understanding of the theory behind the evidence-
based Chinese medicine.

In this paper, we will introduce the holistic effects
of acupuncture. A literature review was conducted using
PubMed. The keywords consist of (1) “acupuncture,”
“acupoint,” or “meridian,” (2) “holistic” or “holism,” (3)
“genomics,” “proteomics,” “metabolomics,” “systems biology,”
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“fMRI,” “brain network,” “PET,” “MEG,” “neuro-endocrine-
immune,” “brain-gut axis,” or “hypothalamic-pituitary-
adrenal gland axis.” The records retrieved were from the full
collections from their inception up to June 2013. A total of
1574 publications were identified as a result of the search.
After eliminating 297 duplicated records, 1277 publications
remained which were related to the topic.

2. Meridian Phenomena with Holistic Theory

According to classic acupuncture theory, there are two
opposing and complementary forces that coexist in nature:
Yin and Yang. These two forces interact to regulate the flow
of Qi (pronounced chee). The traditional concept is usually
regarded as energy or life force. When a person is in “good
health,” that means Yin and Yang are in balance and then
the flow of Qi is smooth. When Yin and Yang become
“unbalanced,” there are disturbances in Qi, which lead to
illness and disease [9]. The Qi circulates through all parts of
the body via pathways called meridians, which bringQi from
the internal organs to the skin surface. Up to 365 points along
and around these meridians which could be stimulated to
correct the imbalance and restore the body to normal health
are called acupoints [10].

Although the physical evidence for the existence of
meridians has not been identified after years of investigation,
some meridian phenomena can be found, especially with
modern technologies [11]. A number of researchers hold the
view that when some internal organs are affected by disease,
acupoint sensitization has the potential for exerting dynamic
functional changes, reflecting acupoint specificity [12]. Cheng
et al. made a model of acute gastric mucosal injury (AGMI)
in rats and observed the plasma extravasated Evans blue (EB)
points on the skin of the whole body. They found that four
acupoints interacting with stomach appeared extravasated
EB points. Furthermore, the number of extravasated EB
points was related to the phase of gastric mucosal injury,
being greatest on the 2nd and 3rd days after modeling
and disappearing gradually along with the natural repair of
the AGMI [13]. Some research findings suggested that the
anatomical structure ofmeridian channels and acupoints was
related to the connective tissues and the connective tissue
interstitial fluid (CTIF) system [14–21]. In particular, Yuan
et al. analyzed the digital images from slices of cadavers
and found that 365 acupoints were located in five types of
connective tissues [21]. Dang et al. indicated that 9 out of 11
acupoints of the lung meridian were on the periosteum [16].
Furthermore, another crowd of people devoted to examine
the relationship between perivascular space (PVS) and the
meridian. According to the perivascular dye injection and
frozen section histology, they found that there was PVS
around the blood vessels along the meridians, and it is a
fluid pathway. Subsequent physiologic studies revealed that
the PVS has significantly greater electrical conductivity and
significantly higher partial oxygen pressure (pO2) compared
to medial and lateral tissues [22].

3. Systems Biology in Acupuncture

Systems biology, which combines computational and exper-
imental approaches to analyze complex biological sys-
tems, focuses on understanding functional activities from
a systems-wide perspective [23]. With the advent of high-
throughput genomic, proteomics, and metabolomic tech-
nologies, systems biology has become a viable approach
for improving our knowledge of health and disease [24,
25]. The suffix “-omics” is added to the object of study
or the level of biological process to form new terms to
describe that information. For example, genomics from gene
data, proteomics from protein data, and metabolomics from
metabolic data [26]. Omics data helps to explore the different
levels in systems biology from a holistic perspective.The area
of integrating acupuncture with systems biology approach
has become a major hot of TCM research. Recent advances
in systems biology technology have enabled the discovery of
biomarkers, potentially offered “the right therapy for the right
patient” [27].

3.1. Genomic Studies of Acupuncture. Genomics is an
approach collecting information from genomes to guide
medical decision making and to tailor strategies for each
patient. Nowadays, many individual transcriptional profiles
of animals or patients have been mined to search for target
molecules of acupuncture treatments. Meanwhile, candidate
genes or pathways associated with the protective effect
of acupuncture treatments have been revealed through
genomic analysis for several diseases and symptoms [28].
The microarrays of either cDNA or oligonucleotide probes
were used to screen for potential candidate genes to mediate
acupuncture responses [29]. Lots of studies proved that
acupuncture had many holistic effects by regulating relative
genes (Table 1).

3.2. Proteomic Studies of Acupuncture. Proteomics is the
information of a whole proteome, which refers to the entire
complement of proteins within an organism or system [30].
Proteomics technology is based on the vast analytical power
for protein, peptide identification, and quantification offered
by two-dimensional electrophoresis (2-DE) and variousmass
spectrometry (MS) techniques. In a growing number of
study, researchers have reached a number of achievements
on investigating the mechanisms of acupuncture by using
differential proteomics (Table 2).

3.3. Metabolomics Studies of Acupuncture. Metabonomics is
a newly emerging modern technology in the postgenome
era and has been being used widely in the study on TCM
[31]. Nuclear magnetic resonance (NMR) is one of the key
techniques used to acquire massive dynamic and quantitative
information about small molecular weight metabolites in the
body. As a systemic approach,metabolomics is able to employ
a “top-down” strategy to measure the function of organisms
from the end products of the metabolic network and to
explore the metabolic changes triggered by interventions at
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the whole-system level in a holistic context [1]. Nowadays,
more and more researchers focus on this field (Table 3).

As we can see, the practice of holistic acupuncture shares
similarities with many basic concepts of systems biology.
Acupuncture treats diseases not by modulating the location
of illness but by regulating the gene, protein, or metabolite,
which can influence the whole body at the organismal
level.

4. The Brain Networks Influenced by
Acupuncture

The brain has two hemispheres, each of which has four lobes:
the frontal, temporal, parietal, and occipital lobes.The frontal
lobes are regarded as the executive center and are involved
in working memory, planning, and cognitive evaluation.
The temporal lobes are implicated in evaluative processing
and memory. The parietal lobes are most often involved in
spatial processing, whereas the occipital lobemainly supports
vision. Moreover, the primary somatosensory cortex (SI) is
the most important area for sensing touch in the cortical
brain [56]. Acupuncture as a treatment is widely used in
the world; its physiological mechanism is not clear and
needs further investigation. In recent years, there has been
a growing number of evidence demonstrating the response
of the central nervous system (CNS) to acupuncture, and
several functional imaging studies have revealed the spe-
cific activities of CNS during acupuncture [57]. To discuss
the neurobiological mechanisms of acupuncture, a large
proportion of neuroimaging researches have been carried
out with the utilization of functional magnetic resonance
imaging (fMRI), positron emission tomography (PET), and
magnetoencephalography (MEG).Through our review, fMRI
is the most common measure to be used (309 out of 362
papers), while 46 papers employed PET and 7 papers adopted
MEG. It is well known that fMRI is the most common
technique among neuroimaging. The wide range of physical
effects exerted by acupuncture suggest that the brain may
be responsible for transmitting the needle stimulus into
signals aiming at maintaining homeostatic balance within
and across functional subsystems. No matter either of the
three techniques, it has opened a “window” into the brain,
allowing us to investigate the central physiological functions
involved in acupuncture administration of human beings
available [12, 13, 58].

4.1. Different Diseases in Acupuncture. Maeda et al study the
linkage between brain response to acupuncture in chronic
pain patients with carpal tunnel syndrome (CTS).They found
that electroacupuncture (EA) applied at local acupoints on
the affected wrist PC7 (Daling) to SJ5 (Waiguan) produced
greater activation in insula and secondary somatosensory
cortex (SII) and greater deactivation in ipsilateral SI, while
distal EA applied on the contralateral ankle SP6 (Sanyin-
jiao) to LR4 (Zhongfeng) produced greater activation in
SII and deactivation in posterior cingulate cortex. These
regionsmentioned abovewere correlatedwith pain reduction
following stimulation [59]. Napadow et al. showed that

during an increasing itch phase, activation was localized
in anterior insula and striatum, regions associated with
salience/interoception, and motivation processing. Greater
itch reduction following acupuncture was associated with
greater reduction in putamen response, a region implicated
in motivation [60]. Feng et al. investigated the effect of
acupuncture in Alzheimer’s disease (AD) and mild cognitive
impairment (MCI) patients by combing fMRI and traditional
acupuncture. They found that after acupuncture, there are
several regions showing increased or decreased activities
in MCI, AD subjects compared to normal subjects. Most
of the regions were involved in the temporal lobe and the
frontal lobe, which were closely related to the memory and
cognition. Their fMRI study confirmed that acupuncture
at LR3 (Taichong) and LI4 (Hegu) could activate certain
cognitive-related regions in AD and MCI patients, such as
the left SFG, the left MFG, bilateral IFG, left MTG, the
left lentiform nucleus, the left temporal lobe, and left MFG
[61].

4.2. Different Puncture and Stimulation Methods in Acupunc-
ture. Napadow et al. compared the central effects of EA
at different frequencies with traditional Chinese manual
acupuncture. In their experiment,manual acupuncture, EA at
2Hz and 100Hz, and tactile control stimulation were carried
out at acupoint ST36 (Zusanli). Overall, EA (particularly
at low frequency) produced more widespread fMRI signal
increase than manual acupuncture did, such as anterior
middle cingulate cortex, pontine raphe area [62]. Quah-
Smith et al. examine the difference of laser and needle
acupuncture in relation to brain effects of activation of LR8
(Ququan), a putative acupuncture point for depression.They
found that laser acupuncture activated the precuneus relevant
to mood, while needle acupuncture activated the parietal
cortical region associatedwith the primarymotor cortex [63].
Fang et al. used fMRI in 15 healthy subjects to investigate
cortical activation during rotating or nonrotating stimulation
method. Compared to the non-rotating stimulation method,
they observed an activation in SII, frontal areas, the right
side of the thalamus, and the left side of the cerebellum
during rotating stimulation [64]. Wang et al. applied fMRI to
investigate the neural correlates of individual components of
Deqi during acupuncture on the right LR3 acupoint. Bilat-
eral limbic-paralimbic-neocortical network (LPNN), right
orbitofrontal cortex, and bilateral posterior parietal cortex
were found to be responding to Deqi [65].

4.3. Different Durations in Acupuncture. Li et al. aimed at
evaluating the effects of manual acupuncture with different
durations on the humanbrain using fMRI.The results showed
that longer stimulation (180 sec) could induce broader CNS
responses than shorter acupuncture (30 sec; 60 sec), for
example; the activations in occipital lobe, cerebellum, the
deactivations in dorsal lateral prefrontal cortex (DLPFC), and
so on [57].

Several conclusions can bemade based on the above fMRI
studies. First, the SIImay play a vital role in acupuncture anal-
gesia. Second, traditional acupuncture and EA at the same
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Table 3: Summary of experimental studies of acupuncture articles on Metabolomics technologies.

Author/year Treatment
manner Disease Acupoint Testing

technique
Upregulation
metabolite

Downregulation
metabolite

Wu et al./2011
[52] Electroacupuncture Aging GV 20 (Baihui);

KI1 (Yongquan) NMR Lactate, DMA,
choline, and TMAO N.A.

Wu et al./2010
[53] Electroacupuncture Functional

dyspepsia (FD)
BL21 (Weishu);

CV12 NMR VLDL/LDL NAc

Tang et
al./2009 [54] Electroacupuncture Aging GV20; KI1 NMR saturated fatty acid;

triglyceride

Choline;
phosphatidylcholine;
unsaturated fatty

acid

Wu et al./2008
[55] Electroacupuncture

Chronic
emotional
stress

GV20; SP6 NMR
Nsaturated fatty

acid;
phosphatidylcholin

Glucose; VLDL

acupoint activate different regions, and EA produced more
widespread fMRI signal increase than manual acupuncture
did. Third, acupuncture at any points, not just in the brain,
could stimulate different regions and then modulate various
diseases.

Future studies that evaluate both central and peripheral
effects of needle stimulation, in a well-chosen disease model,
may help determine specifically which acupuncture effects
are most important to clinical efficacy.

5. Neuroendocrine-Immune Functional
System in Acupuncture

Three regulating systems, nervous, endocrine, and immune,
are involved in maintenance of homeostasis. They are
regarded as interacting, with mutual effect between nervous
and endocrine systems being well defined and giving rise
to development of independent realm of knowledge—the
neuroendocrinology.Meanwhile, the interaction between the
neuroendocrine and immune systems seems to be exciting
and intensely developing trend of up-to-date investigation.
There are some evidence adduced bringing new sight into the
mechanisms of bidirectional exchange of signals among the
nervous, endocrine, and immune systems [66].

5.1. The Brain-Gut Axis. The brain and the gastrointestinal
system communicate through a two-way connection known
as the “brain-gut axis.” In this axis, the CNS releases neuro-
transmitters to guide the esophagus, stomach, and intestines
when to produce secretions and/or when to move. The
gastrointestinal tract in turn sends chemical and electrical
signals in response to the brain, which can be regarded as
sensations of hunger, pain, and so on [67–69]. Increasing
knowledge acquired from animalmodels detecting the brain-
gut axis has provided potential insight into the management
of inflammatory bowel disease in humans [70]. Eshkevari
et al. found that EA attenuates visceral hyperalgesia in a
central rat model of irritable bowel syndrome. The antihy-
peralgesic effect is probably mediated by downregulation of
serotonergic activities in CNS [71].

5.2. The Hypothalamicpituitary-Adrenal Gland (HPA) Axis.
TheHPA axis consists of the hypothalamus, the pituitary, and
the adrenal glands in which corticotropin-releasing hormone
(CRH), adrenocorticotropic hormone (ACTH), and cortisol
secreted; respectively, interact through receptor dynamics
[72]. Park et al. investigated the ability of acupuncture at
acupoint HT7 (Shenmen) on early life stress. In this study,
acupuncture reduced anxiety-related behaviors in maternal
separation (MS) rats, and decreased corticosterone and
ACTH levels in plasma of MS rats. They demonstrated that
acupuncture at HT7 protected MS-induced anxiety-related
behaviors and activated the HPA system [73].

5.3. The Hypothalamopituitary-Gonadal (HPG) Axis. The
HPG axis comprises the hypothalamic gonadotrophin-
releasing hormone- (GnRH-) anterior pituitary luteinising
hormone (LH) and follicle stimulating hormone- (FSH-)
ovarian oestrogen cascade [74]. Zhaohui et al. found that
the repeated low frequency EA (3Hz) downregulated HPG
axis of common rats and rabbits during puberty. In their
latest study, they investigated the role of neuropeptide Y
(NPY), an important regulator of HPG axis, in EA-treated
rats. The results showed that repeated low frequency EA was
an effective method on down-regulating not only the GnRH
expression but also the NPY expression in the hypothalamus
during early puberty of rats [75].

There is an increasing number of new molecular and
neurophysiological research reports in various aspects, such
as anti-inflammatory immune response and neuroimmune
response. A recent series of studies conducted by Tracey and
colleagues described the interaction between the autonomic
nervous system (ANS) and the immune functions. Inflam-
matory information is transmitted through sensory nerves
to the hypothalamus where input signals are processed; it
then results in an anti-inflammatory output via the ANS.
They thought that acupuncture might be involved as a
modulator of the immune system [76, 77]. Although actual
scientific evidence is yet to be scrutinized, studies concerning
neuroimmunology and autonomic reflexes could form an
important base for understanding of the basic acupuncture
mechanism as a neural-immune reflex [78, 79].
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6. Conclusion

Westernmedicine differs many aspects from TCM, including
in its guidelines, practical bases, and approaches in treating
diseases [80].One hand,westernmedicine is based on human
anatomy, biology, biochemistry, and molecular biology. It
mainly relies on the analysis of lab results for diagnosis and
treatment of the visible human body and the solid evidence
of an illness. In contrast, TCM, which theorizes that “any
internal disease will, in one way or another, reflect on the
Zheng (symptom), the outer look of the human body” [81],
focuses more on direct contact with patients. TCM can be
characterized as holistic with emphasis on the integrity of
the human body and the close relationship between human
and its social and natural environment. On the other hand,
western medicine belongs to allopathic medicine, a facet of
experimental science in typical western culture. A disease
caused by cell and tissue infection is often treated by chemical
or physical repair, removal, insertion, bypass, stents, or
transplant of organs or tissues. TCM that focuses on the
meridian and other energy flow systems holds that all diseases
originate from the imbalance of qi and blood flow [82].
Hence, this holistic emphasis on body functions and the spirit
is a comprehensive approach.

In this review, we described and discussed lots of
effects produced by acupuncture, performed at the holistic
view level. In summary, acupuncture offers multiple holistic
approaches and potentially impacting on major human dis-
eases, and it regulates the balance of body in molecular level.
These approaches will facilitate the practice of acupuncture
through a variety of methods. Then acupuncture can be
developed even further and provide important information
for therapeutic strategies in managing various diseases and
conditions.

In TCM, the holistic view not onlymeans the harmonious
unity of the whole body, but also includes the unison between
man and environment.Therefore, future acupuncture studies
are needed to investigate various input parameters which
can affect the outcome of acupuncture stimulation, such as
the timing of treatment, the temperature of treating room,
the intensity, frequency and duration of stimulation, and the
repetition rate. In addition, various physiological differences,
such as body constitution, daily rhythm of humoral secretion
(such as glucocorticoids), and pathological conditions should
also be considered as important parameters to which atten-
tion must be paid.

Enormous challenges remain at the present time, but one
can foresee that the application of technologies mentioned
above in the clinical practice will eventually lead to the
reconciliation and integration between acupuncture and
contemporary medicine.
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Acupuncture has been used to treat various disorders in China and some other eastern countries for thousands of years.
Nowadays, acupuncture is gradually accepted as an alternative and complementary method in western countries for its undeniable
therapeutic effects. However, its central mechanism is still unclear. It is especially difficult to reveal how different regions in the
brain influence one another and how the relationship is among these regions responding to acupuncture treatment. Recently,
by applying neuroimaging techniques and network theory, acupuncture studies can make further efforts to investigate the
influence of acupuncture on regional cerebral functional connectivity (FC) and themodulation on “acupuncture-related” networks.
Connectomics appears to be a new direction in research to further understand the central mechanism underlying acupuncture. In
this paper, an overview of connectomics application in acupuncture research will be discussed, with special emphasis on present
findings of acupuncture and its influence on cerebral FC. Firstly, the connectomics concept and its significance on acupuncture will
be outlined. Secondly, the commonly used brain imaging techniqueswill be briefly introduced.Thirdly, the influence of acupuncture
on FC will be discussed in greater detail. Finally, the possible direction in forthcoming research will be reviewed by analyzing the
limitation of present studies.

1. Introduction

As one of the major medical resources, acupuncture has
been widely used to treat various diseases in China and
some other eastern countries for thousands of years. As
an alternative and complementary method, acupuncture is
gradually accepted in western countries for its undeniable
therapeutic effects especially in analgesia [1–5]. Exploring
the mechanism of acupuncture has been an active area in
alternative and complementary medicine. Since the 1970s,
several studies of acupuncture on experimental animals have
proven that the integration of central nervous system (CNS)
plays an important role in acupuncture efficacy [6]. With
the application of multiple neuroimaging techniques such as
Positron Emission Tomography (PET) and functional Mag-
netic Resonance Imaging (fMRI) in acupuncture research,
the understanding of the central mechanism of acupuncture

has gradually increased [7, 8]. A number of neuroimaging
studies indicated that acupuncture could modulate activ-
ity in multiple cortical and subcortical brain areas (i.e.,
somatosensory, brainstem, limbic, and cerebellum) [9]. This
included endogenous antinociceptive limbic networks, as
well as higher-order cognitive and affective control centers
within the prefrontal cortex and medial temporal lobe, and
so forth. The cerebral responses elicited by acupuncture
stimulation are extensive; therefore it is difficult to determine
the underlying mechanism regarding how does each brain
region influence one another and how is the relationship
among these regions.

In recent years, using themethods and techniques of con-
nectome to explore the functional and structural networks
of human brain has become one of the research hotspots
in neuroscience [7, 10–12]. The “connectome” holds that the
human brain is highly self-organized with regional networks
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to interconnect and interact. The increasing connectomics
studies not only give us a better understanding of the
human brain but also make a new approach of revealing the
mechanism underlying acupuncture.

In this review, an overview of the basic concept of
connectomics will be discussed and the significance of
connectomics on centralmechanism research of acupuncture
will be highlighted. Secondly the commonly used neuroimag-
ing techniques in acupuncture researches will be briefly
introduced. Subsequently, the preliminary application of
functional connectivity (FC) in acupuncture research will
be discussed by reviewing published neuroimaging studies.
Finally, the limitation of present research and future direction
will be considered.

2. The Connectomics

Connectomics is a new research field that has been emerging
for studying the structure-function relationship of connec-
tomes among numbers of neuronal elements at all levels,
from small microcircuits to cortical columns than to larger
areas in the brain [13]. The “connectome” is conceived
since the central nervous system (CNS) is considered to
realize functional repertoire (i.e., cognition, behavior) via
the global and local integration of the brain interconnected
networks [14]. These networks are thought to consist of a
multitude of functional connected modules (subnetworks)
in different hierarchies, which may play an important role
in organizing the brain’s structural connection. Furthermore,
in each structural hierarchy, the module has function of
integrating and contextualizing more specialized functions
on its submodules. Hence, in order to understand these
complex connectomes and reveal the true nature of neuronal
interaction in human brain, in July 2009, the Human Con-
nectomics Project (HCP) was launched to set the principle
goal of reconstructing the architecture of functional and
structural connectivity in human brain by using cutting edge
neuroimaging and histological techniques.The connectomics
research would not only focus on analyzing and mapping the
topology of the structural connectivity, but also on the FC
which arises from relatively fixed structures. Specifically, the
connectomics draw nodes on the analogy of the interacting
brain neural units and the edges on the interconnected links,
respectively, trying to observe the heavily connected brain
regions. Developed by this mode, the connectomics research
has achieved progress in further understanding pathogenesis
of some neurological and neuropsychiatric diseases. For
example, it has been found that the hippocampus and thala-
mus exhibit heavily connected, and some rich-club hubs have
densely connected nodes in these regions, but after damage,
they appears to be vulnerable and reorganized [15, 16].
Another study demonstrated the greatly decreased density of
FC among the rich-club hubs in schizophrenia patients [16].
These studies may present the potential relationship between
the variation of FC and some diseases.

Recently, by the data analysis such as multivariate
Granger Causality Analysis (mGCA) and the whole brain
FC analysis of imaging modalities, connectomics research is

able to quantitatively characterize the FC among segregated
but functionally connected brain regions, which may help to
further investigate why the FC is context-sensitive and state-
dependent especially in the task-specific state (i.e., attention,
memory) although it is constrained by the structural con-
nectivity. Therefore, the connectomics research would have
profound influence on neuroscience, which may lead us to a
whole understanding of both the human brain activity and its
disorders.

Connectomics will significantly influence the central
mechanism research of acupuncture in the future, which
can be viewed from two perspectives. On the one hand, the
regulation of acupuncture is characterized by complexity and
holism. Acupuncture can modulate intricate multisystems
ranging fromperipheral to pivotal.The current neuroimaging
data has confirmed that the influence of acupuncture on
the CNS is extensive and complex, and the relationship
between an acupoint and brain region is not a one-to-one
correspondence [17, 18]. Puncturing at a single acupoint
evokes multiple brain region responses and puncturing at
different acupoints elicits different cerebral activity changes.
Therefore, it is unpractical and unconvenient to section each
thinly sliced brain tissue to pinpoint the dynamic and diverse
regions influenced by acupuncture. And starting with cere-
bral network and analyzing the correlations of different brain
regions would be an important approach in acupuncture
research. On the other hand, the brain is the most complex
material in nature, and the higher function of the brain is
the most complex movement form in nature. Different brain
regions are closely interconnected in function and structure
by neural connections. By identifying their unique patterns
of connectivity, the connectomics is able to analyze the archi-
tecture of anatomical and functional connectivity in these
brain networks, which may illustrate the functional inter-
connection among the large-scale brain regions [19]. Hence,
the connectomics match the characteristics of acupuncture
and the human brain, and the visualized techniques and
data processing methods in connectomics will be helpful for
exploring the central mechanism of acupuncture by forming
cerebral functional-structural networks.

3. The Commonly Used Neuroimaging
Techniques in Acupuncture Researches

The commonly used neuroimaging techniques in acupunc-
ture researches include MRI, PET/CT, Single-Photon Emis-
sion Computed Tomography (SPECT), electroencephalogra-
phy (EEG), and magnetoencephalography (MEG).

Among these techniques, fMRI, with a high temporal-
spatial resolutions, is a predominant technique for observing
the FC changes in acupuncture studies [20]. It measures brain
activity by detecting associated changes in blood flow. PET is
able to measure changes in regional brain functions such as
neuronal metabolism or cerebral blood flow by tracing the
concentration and distribution of changes of intravenously
injected radiolabeled isotope in brain tissue [21]. MEG is
based on recording the magnetic field that is generated
by active cortical neurons. Unlike PET and fMRI, MEG is
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able to record neural activity with milliseconds temporal
resolution. It can identify the location of this activation
with an accuracy level comparable to PET and fMRI [22].
Besides, the Diffusion Tensor Imaging (DTI) is a special MRI
techniquewhich can potentially be used to assess the anatomy
of white matter (WM) and its connectivity in vivo [23].

4. The Influence of Acupuncture on
Cerebral Functional Connectivities

From 2006 to 2013, the number of studies focusing on
investigating the cerebral FC changes elicited by acupuncture
is increasing year by year. There were totally 41 articles
elaborating these studies, with 28 published in English and 13
published in Chinese (shown in Table 1 and Figure 1). Among
them, 32 studies were performed on healthy subjects and
mainly aimed at investigating the acupoint specificity. The
other 9 studies were performed on patients andmost of them
focused on the therapeutic mechanism of acupuncture. In
terms of the intervention, most of these studies used manual
acupuncture as their main intervention, and ST36 (Zusanli)
is the most frequent acupoint chosen in these studies. These
studies have made a progress in exploring the mechanism
of acupuncture from a perspective of complex networks and
provide references for future application of connectomics in
acupuncture study.

4.1. Studies on Healthy Subjects. The earliest FC analysis
applied in acupuncture studies could be traced back to 2006.
Qin et al. [24] were the first to use the seed-based FC
analysis to explore the central mechanism of acupuncture.
They selected the amygdala as the “seed” and observed the
influence of puncturing at ST36 (Zusanli) on FC between
amygdala and other brain regions.They ultimately found that
the default endogenous analgesia functional network existed
in human brain at a low level, and it could be increased by
acupuncture modulation.

Subsequently, Hui et al. [25] used fMRI to test the deacti-
vation of the limbic-paralimbic-neocortical network (LPNN)
with acupuncture and explore the influence of acupuncture

on FC among those regions. They conducted the study by
comparing verum acupuncture with tactile stimulation on
LI4 (Hegu), ST36 (Zusanli), and LV3 (Taichong) in healthy
subjects (HS). They applied seed-based cross-correlation
analysis (CCA) to demonstrate the functionally connected
brain regions during acupuncture and the acquired results
were cross-checked with the model-free probabilistic inde-
pendent component analysis (pICA). The result indicated
that acupuncture may have influence on both functional and
structural connectivity of LPNN/the Default Mode Network
(DMN). The LPNN/DMN plays a crucial role in keeping
functional brain balance and maintaining health. Moreover,
the DMN is evidenced to be related to human cognition,
affection, and behavior.

Following an increase in studies concentrating on the
investigation of FC exerted by the immediate effect of
acupuncture, Feng et al. [26] examined a different per-
spective. The research was focused on detecting whole
functional brain networks in the poststimulus period fol-
lowing acupuncture compared to sham acupuncture. The
result showed that the limbic-paralimbic regions such as
the amygdala, hippocampus, and anterior cingulate gyrus
emerged as network hubs following acupuncture but not
sham acupuncture. For direct comparisons, increased corre-
lations of acupuncture compared to sham acupuncture were
primarily related to the limbic-paralimbic and subcortical
regions including the insula, amygdala, anterior cingulate
gyrus, and thalamus, whereas decreased correlations were
typically related to the sensory and frontal cortices. These
results demonstrated that verum and sham acupuncture
may exert heterogeneous modulation patterns on the whole
functional brain network.

Recently, a study conducted by You and his colleagues
combined fMRI and MEG to explore spatiotemporally
whether or not band-specificDMNhub configurationswould
be induced by verum acupuncture, compared with sham
control [27]. Spatial independent component analysis was
applied to fMRI data, followed by the discrete regional
sources seeded into MEG data. Partial correlation analysis
was further adopted to estimate the intrinsic FC and network
hub configurations. One of the most striking findings of this
study is that the posterior cingulate cortex (PCC) was not
only validated as a robust DMN hub but served as a hub
only within the delta and gamma bands following the verum
acupuncture, while PCC was served as a DMN hub in sham
control group.

Besides, other studies performed on GB37 (Guang-
ming), KI8 (Jiaoxin), PC6 (Neiguan), PC7 (Daling), CV4
(Guanyuan), CV12 (Zhongwan), and GV20 (Baihui) of HS
also identified the influence of acupuncture on cerebral FC
[12, 28–32].

4.2. Studies on Carpal Tunnel Syndrome Patients. In 2007,
Napadow and his coinvestigators explored the influence
of acupuncture on patients with Carpal Tunnel Syndrome
(CTS) using fMRI and FC analysis [33]. The results indicated
that for the baseline CTS patients responding to verum
acupuncture, FC was found between the hypothalamus and
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amygdala—the less the deactivation in the amygdala, the
greater the activation in the hypothalamus and vice versa.
This study suggested that chronic pain patients responded
to acupuncture differently compared to healthy controls,
through a coordinated limbic network including the hypotha-
lamus and amygdala.

4.3. Studies on Mild Cognitive Impairment Patients. With
whole brain FC analysis, Feng et al. found that patients
with Mild Cognitive Impairment (MCI) showed abnormal
FC in memory-related brain regions including the hip-
pocampus, thalamus, and fusiform gyrus, and acupuncture
could significantly influence FC in these abnormal regions
[11]. Compared to superficial acupuncture (SA), significantly
increased correlations related to the memory-related regions
were foundwith deep acupuncture (DA).They held that deep
muscle insertion of acupuncture is necessary to achieve the
appreciable clinical effect. With mGCA, the same research
team identified that acupuncture at KI3 (Taixi) during dif-
ferent cognitive states and with varying needling depths may
induce distinct reorganizations of effective connectivity of
brain networks, and DA at KI3 in MCI can induce the
strongest and more extensive effective connectivity related to
the therapeutic effect of acupuncture in MCI [34].

4.4. Studies on Primary Hypertension Patients. With fMRI
and within-condition interregional covariance analysis
(WICA), Chen et al. found that although short-term
acupuncture did not significantly decrease blood pressure,
it appeared to decrease body pain and improve vitality.
After acupuncture treatment, the hypothalamus-related
brain network showed increased FC with the medulla,
brainstem, cerebellum, limbic system, thalamus, and frontal
lobes [35]. It is believed that acupuncture may regulate the
cardiovascular system through a complicated brain network
from the cortical level, the hypothalamus, and the brainstem.

4.5. Studies on Lumbar Disc Protrusion Patients. With fMRI
and seed-based FC analysis, Ye et al. [36] explored the central
mechanism of balancing acupuncture technique treating
the lumbar disc protrusion. They found that after balanc-
ing acupuncture treatment, the patients with lumbar disc
protrusion showed increased functional connectivities in
multiple regions including the thalamus, brainstem, ventral
anterior nucleus, ventral lateral nucleus, medial frontal gyrus,
superior frontal gyrus, frontal supraorbital gyrus, inferior
frontal gyrus, superior temporal gyrus, middle temporal
gyrus, hippocampus, cingulate gyrus, and insula, while HS
showed different connectivity changes after treatment.

4.6. Studies on Depression Patients. Yi et al. [37] used fMRI
and seed-based FC analysis to observe the FC in depressed
patients’ brain influenced by acupuncture in the resting state.
They found that acupuncture could increase the FC between
left anterior cingulate and multivarious regions such as the
bilateral parietal lobe (left BA40, right BA7), right temporal
lobe (BA22), left PCC (BA23), superior frontal gyrus (BA8),
left middle frontal gyrus (BA46), and bilateral caudate.These

regions were closely related to modulating the emotion of
depression.

Furthermore, Li et al. [38] used fMRI and independent
component analysis (ICA) to investigate the influence of
acupuncture treatment on the FC in DMN in chronic sciatica
patients and found sustained effect of acupuncture on mod-
ulating the FC in DMN.

Taken together, by using fMRI and FC analysis methods,
more and more studies found that acupuncture may have
profound influence on extensive regions of the limbic system.
Furthermore, acupuncture may have the function of mobi-
lizing the anticorrelated functional networks of the brain,
especially deactivating the LPNN/DMN, which may help to
explore the central mechanism of acupuncture.

5. Limitations and Future Directions

Although FChas greatly expanded our horizon and enhanced
our ability to investigate the central mechanism of acupunc-
ture, it is still at a preliminary stage in connectomics. The
limitations in the current studies are as follows: (1) the
majority of these studies are performed on HS, while little
attention was given to patients. Actually, the therapeutic
effect of acupuncture focuses on pathological changes not
the physiological condition. Therefore, studies performed on
patients are more important for exploring the therapeutic
mechanism of acupuncture and (2) among the techniques
used in acupuncture research for observing brain FC changes,
the fMRI is the most popular. However, it is limited by
its indirect nature via BOLD response measurement rather
than electrical neuronal activity or substance metabolism.
Combining fMRI with other neuroimaging techniques such
as MEG, EEG, Diffusion Weighed Imaging (DWI), or PET
would be a superior method to improve the results’ repeata-
bility in future research and (3) for analysis method, most
studies used the whole brain FC analysis and mGCA. Other
methods such as “small world” and so forth are also suitable
for acupuncture neuroimaging study and (4) for the study
design, most studies focused on the immediate effect elicited
by acupuncture, while the achievement of acupuncture effi-
cacy usually need a duration of treatment. So investigating
the mechanism of the sustained effect or long last effect
of acupuncture is more important in the future study and
(5) for the quality control of acupuncture neuroimaging,
the selection of nonacupoint, the manipulation of manual
acupuncture, and the qualification of acupuncturist have
effect on result and need for needs for specification and
normalization.

6. Conclusion

In conclusion, connectomics based on neuroimaging tech-
niques, is one of the forefront of neuroscience. Although
the multitarget, multifactorial nature of acupuncture therapy
and the current limitations make research in acupuncture
central mechanism complex and difficult, we believe that
connectomics will provide an important approach for further
exploring the central mechanism of acupuncture.
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Acupuncture is a commonly used therapy for treating functional diarrhea (FD), although there is limited knowledge on the
mechanism. The objectives of this study were to investigate the differences in brain activities elicited by acupuncture between
FD patients and healthy controls (HC) so as to explore the possible mechanism. Eighteen FD patients and eighteen HC received
10 sessions of acupuncture treatment at ST25 acupoints. Functional magnetic resonance imaging (fMRI) scans were, respectively,
performed before and after acupuncture.The defecation frequency, Bristol stool form scale (SBFS), andMOS 36-item Short Healthy
Survey (SF-36) were employed to evaluate the clinical efficacy. After acupuncture, the FD patients showed a significant decrease
in defecation frequency and BSFS score. The regional homogeneity (ReHo) map showed a decrease in the paracentral lobule and
postcentral gyrus, and an increase in the angular gyrus, insula, anterior cingulate cortex (ACC), and precuneus in the FD group.
Moreover, the changes inReHo values in theACCwere correlatedwith the reduction in defecation frequency.Decreasing functional
connectivity among the ACC, insula, thalamus, and orbital frontal cortex only existed in the FD group. Conclusively, acupuncture
alleviated defecation frequency and improved stool formation in FD patients. The efficacy might result from the regulation of the
homeostasis afferent processing network.

1. Introduction

Functional diarrhea (FD), one of the functional gastrointesti-
nal disorders (FGID), is characterized by chronic diarrhea in
the absence of structural or biochemical abnormalities that
explain the symptoms [1]. According to the 2006 Rome III
criteria, FD is defined as loose or watery stools without pain
occurring in at least 75% of the stools [2]. The prevalence
of FD ranges from 1.72% to 3.7% [3–5]. FD significantly
influences the quality life of patients and consumes many
healthcare resources [6]. Because of the unclear etiology and
pathogenesis, the therapeutic options for FD are limited. As

a result, complementary or alternative therapies are attractive
to both patients and practitioners.

Acupuncture, an important traditional Chinese medicine
(TCM) therapy, has been used to treat gastrointestinal symp-
toms for centuries in China. Now it has been increasingly
accepted as a complementary and alternative treatment for
functional gastrointestinal disorders in western countries [7,
8]. ST25 (Tianshu), an important acupoint in the stomach
meridian of the Foot Yangming, is commonly used to treat
intestinal illnesses, such as constipation, diarrhea, abdominal
pain, and bloating [9]. In recent years, a large amount of
clinical and animal studies proved that puncturing at ST25
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is able to modulate gastrointestinal motility and increase
the threshold of visceral sense and regulate gastrointestinal
hormones [10–12].

Altered perceptual responses and reflex within the brain-
gut axis have been proposed as a generally accepted model
to explain the cardinal symptoms of FGID [13]. The gut
and the brain are highly integrated and communicated
bidirectionally. Within the brain, the gut is controlled mainly
by the limbic system, a region responsible for both the
internal and external homeostasis of the body [14]. On the
other hand, previous research has shown that acupuncture
stimulation mediated the limbic-paralimbic-neocortical net-
work and somatosensory brain regions [15]. Neuroimaging
technologies provide means of objective and visualization
for exploring central mechanisms, which is significant in
the acupuncture. Therefore, it is helpful to observe the
mechanism of acupuncture by neuroimaging technologies.

We hypothesize that if acupuncture therapy is effective,
it would improve gut function and couple with regulation
of disease-related brain regions. In this study, we sought
to investigate the differences in brain activity between FD
patients and healthy controls (HC) after acupuncture using
functional mapping with fMRI. We first identified regions
showing different brain regional homogeneity (ReHo) after
acupuncture in FD patients compared with controls. Then,
we tested whether some of these regions were correlated with
symptom changes. Finally, we explored functional connectiv-
ity alterations after acupuncture in both FD and HC.

2. Methods

2.1. Participants. Eighteen FD patients were recruited from
September 2011 toDecember 2012.The inclusion criteria were
as follows. (1) Patients were right-handed and aged between
20 and 30 years; (2) they matched the Rome III diagnosis
criteria for FD [2]; (3) they did not use gastrointestinal
drugs for one week before enrollment in the study; (4) they
were not participating in other clinical trials; and (5) they
signed an informed-consent form. The exclusion criteria
were as follows. (1) Patients had diarrhea caused by organic
disorders; (2) they suffered psychosis or bleeding disorders;
(3) they suffered serious disease of the heart, liver, kidneys,
or other severe illnesses; (4) suffered from severe depressive
or anxiety symptoms (the scores of the Self-ratingDepression
Scale (SDS) or Self-rating Anxiety Scale (SAS) were greater
than 75); (5) they had a combination of severe headache or
migraine relieved by bed rest or medicine or had a history
of head trauma with loss of consciousness, (6) they had a
combination of severe dysmenorrhea relieved by bed rest or
medicine; (7) they were pregnant, preparing to be pregnant
or lactating; or (8) had any contraindications to acupuncture
or fMRI.

Eighteen age and sex-matched right-handed HC were
recruited by advertisement. Each healthy volunteer was free
from any gastrointestinal symptoms or sign and accepted
a review of medical history and a physical examination to
exclude disease carriers and medication users. All healthy
volunteers signed the informed consent.

2.2. Acupuncture Intervention. Both FD patients and HC
accepted 10 sessions total of acupuncture treatment over a
period of 2 weeks (5 sessions per week). The acupuncture
treatment was performed on ST25 (Tianshu), which are
classical acupuncture points for diarrhea. The acupuncture
points were punctured bilaterally (Figure 1). After the skin
was prepped with alcohol, sterile disposable acupuncture
needles (40–50mm in length and 0.3mm in diameter,Hwato,
Suzhou, China) were inserted 30–40mm deep and gently
lifted, thrust, twisted, and rotated to achieve Deqi sensations
(soreness, numbness, distention, and heaviness). The needles
were retained for 30 minutes and manually manipulated
every 10minutes for 10–15 seconds tomaintain the sensations.
The treatment was performed by a licensed acupuncturist.

2.3. Outcome Measurement. The outcome in this study
included the following items: the times of defecation and
the score of the Bristol Stool Form Scale (BSFS) throughout
the second week, the physical component summary (PCS)
score and the mental component summary (MCS) score of
the MOS 36-item Short Health Survey (SF-36) [16]. The
times of defecation and the score of BSFS were used to
assess gut symptoms. The BSFS with seven items (nut-like,
lumpy sausage, sausage with cracks, smooth snake, soft
blobs, mushy, watery) could be employed to monitor change
in intestinal function [17]. Stool types 1 and 2 relate to
constipation, while 6 and 7 relate to diarrhea. The SF-36,
a commonly used questionnaire, is used for evaluating the
quality of life. A higher PCS and MCS score mean better
quality of life.

2.4. Magnetic Resonance Imaging Scanning. The experiment
was carried out on a 3-T Siemensmagnetic resonance scanner
(Allegra; Siemens Medical System, Germany) at the MR
Research Center of the West China Hospital at Sichuan
University, Chengdu, China. The heads of the subjects were
secured carefully with a comfortable holder, and ear plugs
were used to reduce scanner noise. Prior to the functional
run, a high-resolution structural image for each subject
was acquired by the volumetric three-dimensional spoiled
gradient recalled sequence (TR = 1900ms; TE = 2.26ms;
data matrix, 256 × 256mm2). Two expert radiologists exam-
ined the structural images of the participants to exclude
the possibility of clinically silent lesions. The resting-state
functional images were obtained with echo planar imaging
(30 continuous slices with a thickness of 5mm each; TR =
2000ms; TE = 30ms; flip angle, 90∘; field of view, 240 ×
240mm2; data matix, 64 × 64; total volumes, 180).

2.5. Clinical Data Analysis. The clinical data were analyzed
by the SPSS 16.0 statistical software (SPSS Inc., Chicago, IL,
USA). All the numerical variables in this paper are presented
asmean± standard deviation (SD). Two independent-sample
t-tests and Mann-Whitney 𝑈 test were used to examine
differences between FD group and HC group at the baseline
(95% CI, 2-sided); paired sample t-test and Wilcoxon signed
rank test were used to examine differences in both groups



Evidence-Based Complementary and Alternative Medicine 3

ST 25
(Tianshu)

(a)

fMRI scanfMRI scan

fMRI scan fMRI scan

1 week 2 weeks

1 week 2 weeks

Baseline

Baseline

Clinical evaluation Clinical evaluation

Clinical evaluationClinical evaluation

HC

FD

10-session acupuncture

10-session acupuncture

(b)

Figure 1: (a) Location of acupoints, (b) experimental paradigm.

between before and after the acupuncture (95% CI, 2-sided).
A 𝑃 value < 0.05 was considered statically significant.

2.6. ReHo Analysis. Regional homogeneity (ReHo), a data-
driven method, analyzes the blood oxygen level-dependent
signals of the brain, which could help reveal the high
complexity of the human brain function [18]. The first
ten volumes were discarded to exclude nonequilibrium
effects of magnetization and to allow subjects to adapt
to the scanning environment. Data preprocessing was car-
ried out using Statistical Parametric Mapping 5 (SPM5)
(http://www.fil.ion.ucl.ac.uk/spm). First, the images were
corrected for the acquisition delay between slices, aligned
to the first image of each session for motion correction,
and spatially normalized to the standard MNI template in
SPM5. No subjects had head motions exceeding 1mm of
movement or 1∘ rotation in any direction. Then, a bandpass
filter (0.01Hz < 𝑓 < 0.08Hz) was performed to remove
physiological and high-frequency noise [19]. After that, indi-
vidual ReHo maps were generated by assigning each voxel a
value corresponding to Kendall’s coefficient of concordance
(KCC) of its time series with its nearest 26 neighboring voxels
[18]. Next, a whole brain mask was used to remove nonbrain
tissues and noise on the ReHo maps, and individual ReHo
maps were standardized by their own mean KCC within the
mask [20, 21]. Finally, processed images were smoothed with
an anisotropic Gaussian kernel (full width at half-maximum
(FWHM), 6mm) [18].

ReHo changes in FD patients or HC were determined
by the contrast between baseline and after treatment. Sta-
tistical parametric maps were constructed by computing a
paired t-test, which was defined as postacupuncture minus
preacupuncture (family-wise error (FWE) correction at 𝑃 <
0.05).Thedefecation frequency is the key index for evaluating

the disease severity of functional diarrhea, and a lot of
studies have demonstrated that the ACC played a key role
in the regulation of gastrointestinal function. Consequently,
the altered ReHo value in ACC area of FD was extracted
and correlated with the decrease in defecation frequency
during the second week (second week of the treatmentminus
baseline) to identify the association between brain response
and symptoms changes.

2.7. Functional Connectivity Analysis. Functional connectiv-
ity has been used to describe the relationship between the
neuronal activation patterns of anatomically separated brain
regions, which reflect the level of functional communica-
tion between regions [22, 23]. We employed the functional
connectivity method to assess resting-state properties after
the acupuncture treatment. The left ACC was selected as
the “seeding” region for the functional connectivity analysis,
because ReHo analysis showed that the change of ReHo after
acupuncture treatment in the leftACChad a significant nega-
tive correlation with the changes in defecation frequency.The
preprocessing steps were performed according to a previous
publication in SPM5, including realignment, normalization,
bandpass filtering (0.01–0.08Hz), and smoothing (FWHM
= 6mm) [24]. Functional connectivity was computed using
an approach based on a seed voxel correlation [25]. For
each subject, the correlation analysis was conducted between
the seed reference and the rest of the whole brain in a
voxelwisemanner by regressing out the effects of headmotion
parameters. The resulting correlation was transformed to
approximate Gaussian distribution using Fisher’s 𝑍 transfor-
mation [24] and then analyzed with a paired sample t-test to
identify voxels showing a significant correlation with the seed
time series in FD or HC after acupuncture stimulation (FWE
correction, 𝑃 < 0.05).
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Table 1: Baseline characteristics.

Characteristic Healthy controls
(𝑛 = 18)

Functional diarrhea
(𝑛 = 18)

𝑃 value

Age (y) 22.72 ± 1.21 22.24 ± 2.30 0.144
Male/female 10/8 10/8
Defecation times 6.92 ± 0.81 16.17 ± 5.28 0.000
BSFS score 4.03 ± 0.21 5.58 ± 0.63 0.000
PCS score 57.90 ± 1.45 51.41 ± 6.84 0.000
MCS score 54.47 ± 4.54 45.7 ± 10.78 0.006
BSFS: Bristol stool form scale; PCS: physical component summary; MCS:
mental component summary.
Presented values are mean ± SD.

3. Results

3.1. The Baseline Characteristics. There was an insignificant
difference in the age and gender between the two groups,
which were comparable (Table 1). Compared with HC, the
FD patients demonstrated significantly more frequent defe-
cations, higher BSFS scores, and lower PCS and MCS scores
from the SF-36 (𝑃 < 0.01) (Table 1).

3.2. Effects of Acupuncture in FD and HC. In the HC group,
the change in defecation frequency, BSFS score, PCS score,
andMCS score were not significant (𝑃 > 0.05) after acupunc-
ture (Table 2). In the FD group, the defecation frequency
decreased from 16.17 ± 5.28 to 9.78 ± 3.75 (𝑃 < 0.001);
the BSFS score decreased from 5.58 ± 0.63 to 4.75 ± 0.52
(𝑃 = 0.001); and the PCS score and MCS scores were not
significant (𝑃 > 0.05) (Table 2).

3.3. Regional Homogeneity Changes. In the FD group, a
decrease in ReHowas observed in themiddle temporal gyrus,
paracentral lobule, postcentral gyrus, and thalamus, while an
increase in ReHo was observed in the middle frontal gyrus,
angular gyrus, insula, ACC, and precuneus (𝑃 < 0.05, FWE
corrected) (Figure 2). In the HC group, ReHo decreased after
acupuncture in the thalamus, amygdala, parahippocampus,
middle temporal gyrus, and inferior temporal gyrus; it
increased in the middle frontal gyrus (𝑃 < 0.05, FWE
corrected) (Figure 2). Increased ReHo in the left ACC after
acupuncture treatment was found to be negatively correlated
(𝑟 = −0.6688, 𝑃 = 0.0024) with the change in defecation
frequency in the FD group (Figure 3).

3.4. Functional Connectivity Changes. In the FD group, the
supplementary motor area, inferior frontal gyrus, orbital
frontal cortex (OFC), thalamus, and insula were found to
be negatively correlated with the left ACC after acupuncture
(𝑃 < 0.05, FWE corrected) (Figure 4). Compared with
preacupuncture, the precentral gyrus and inferior frontal
gyrus of the HS group were negatively correlated with the left
ACC (𝑃 < 0.05, FWE corrected) (Figure 4).

4. Discussion

In the present study, we investigated the cumulative effects of
acupuncture stimulation on the resting-state brain activity of
FD and compared them with HC. Clinical outcome showed
that acupuncture was effective for the FD but had no effect on
the HC. Neuroimaging results demonstrated the similarities
and differences between FD and HC.

In this study, an increased ReHo in the middle frontal
gyrus and a decreased ReHo in the thalamus and temporal
cortex were found in both groups after acupuncture treat-
ment. The middle frontal gyrus belongs to the dorsolateral
prefrontal cortex (DLPFC), which is generally considered as a
cognitive brain region.TheDLPFC is directly interconnected
with the sensorimotor cortex and indirectly connected with
limbic structures that process internal information. The
DLPFC is critical for arbitrary associations between sensory
cues, rewards, and voluntary actions [26]. The major role of
the thalamus is to modulate the flow of information to the
cortex. It relays sensation, motor signals, and spatial sense
to the cerebral cortex [27] and mediates the interaction of
attention and arousal [28]. The middle temporal gyrus and
inferior temporal gyrus are located on the lateral surface
of the temporal lobe. Previous functional neuroimaging
research has demonstrated that these areas are involved in
cognitive processes such as semantic memory and language,
as well as multimodal sensory integration [29, 30]. Both
the FD group and HC group accepted the stimulation of
inserting a needle underlying the muscle layer. The somatic
afferent nerve in the skin and muscle were activated by
acupuncture and produced somatic sensory information that
was projected to the thalamus and brain cortex. Since all of
these regions were altered in both groups associated with
sensory information or cognition, we speculated that the
alteration may be related to the response of the body to the
acupuncture stimulation.

In this study, acupuncture stimulation elicited more
extensive cerebral ReHo changes in the FD group as com-
pared with the HC group.The increases in the angular gyrus,
precuneus, ACC, and insula and the decrease in the paracen-
tral lobule and postcentral gyrus were found only in the FD
group but not in the HC group. Furthermore, the correlation
analysis showed a negative relationship between the variation
of ReHo in the ACC and the change in defecation frequency
after acupuncture in the FD group. The ACC, insula, and
somatosensory cortex were the main components of the
visceral sensory neuromatrix, which is commonly described
by the term “homeostatic afferent processing network” [13,
31]. The spinothalamic tract projects to the thalamus, from
which information is relayed to the somatosensory cortices,
theACC, and the insula, respectively [32].The somatosensory
cortex provides information about intensity and localization
of the visceral stimulus.The insula is the interoceptive cortex,
where sensory information about the internal state of the
body is processed. It plays a significant role in integrating
emotional information and visceral sensation and involves a
higher-order control of the autonomic visceromotor response
[33, 34]. The ACC participates in encoding gastrointestinal
sensory signals [35] and has several projection sites that
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Table 2: Clinical outcome measurements pre- and postacupuncture stimulation.

Characteristic Healthy controls
𝑃 value Functional diarrhea

𝑃 value
Pre (𝑛 = 18) Post (𝑛 = 18) Pre (𝑛 = 18) Post (𝑛 = 18)

Defecation times 6.92 ± 0.81 7.16 ± 0.99 0.144 16.17 ± 5.28 9.78 ± 3.75 0.000
BSFS score 4.03 ± 0.21 4.00 ± 0.19 0.858 5.58 ± 0.63 4.75 ± 0.52 0.001
PCS score 57.90 ± 1.45 57.91 ± 1.62 0.808 51.41 ± 6.84 53.37 ± 4.94 0.085
MCS score 54.47 ± 4.54 55.07 ± 3.99 0.751 45.7 ± 10.78 45.01 ± 7.75 0.711
BSFS: Bristol stool form scale; PCS: physical component summary; MCS: mental component summary.
Presented values are mean ± SD.
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family-wise error corrected).

25

20

15

10

5

0
Before After

D
ef

ec
at

io
n 

fre
qu

en
cy

∗

ReHo correlation analysis

(a)

Re
H

o 
(b

ef
or

e-
aft

er
)

0.35

0.3

0.25

0.2

0.15

0.1

0.05

0
0 −2 −4 −6 −8 −10 −12 −14 −16

Functional diarrhea

ACC-L

ReHo correlation analysis

Defecation frequency (before-after)

r = −0.6688
P = 0.0024

(b)

Figure 3: The correlation coefficients of Regional homogeneity (ReHo) and clinical variables. (a) In the functional diarrhea (FD) group,
compared with preacupuncture, the defecation frequency postacupuncture was significantly decreased (𝑃 < 0.001). (b) In the FD group,
the change in defecation frequency was significantly related to the ReHo increase in the left ACC. ACC: anterior cingulate cortex; L: left; 𝑟:
correlation coefficient; 𝑃: 𝑃 value; ∗𝑃 < 0.001.



6 Evidence-Based Complementary and Alternative Medicine

8

8

HC

FD

P < 0.05 corrected

Functional connectivity network of ACC-L

14

14

−12

239

9

Figure 4: Functional connectivity network of ACC-L changes in functional diarrhea (FD) patients and healthy controls (HC) after treatment
(𝑃 < 0.05, family-wise error corrected). ACC: anterior cingulate cortex; L: left.

may mediate visceromotor activity, such as the parasym-
pathetic nucleus of the solitary tract, dorsal motor nucleus
of the vagus, and sympathetic thoracic intermediolateral
cell column [36]. Stimulation of the ACC could evoke
visceromotor and autonomic activity changes in the animal
[37, 38]. Sufficient evidence of neuroimaging has emerged
to prove that functional gastrointestinal disorder patients
are distinct from healthy people. The distinctions exist in
the ACC, insula, or somatosensory cortex on a ReHo map
[39], cerebral glycometabolism [40], grey matter density [41],
cortical thinning [42, 43], and fractional anisotropy extracted
from white matter regions [44]. Based on those properties,
we considered that acupuncture could regulate brain regions
which were associated with FD for rebalancing abnormal gut
function. The angular gyrus and precuneus are part of the
default mode network (DMN) that are active in the resting
state but become deactivated when exposed to externally
oriented attention. The DMN affects homeostasis and the
ability to appropriately regulate internal experiences such
as body state, feelings, and emotions [45]. In the normal
people, the DMN could provide a balance of opposing forces
to enhance the maintenance of information for interpreting,
responding to, and even predicting environmental demands
[46]. Recent studies have already demonstrated that theDMN
is associated with Alzheimer’s disease [47], schizophrenia
[48], depression [49], attention deficit hyperactivity disorder
[50], and chronic pain [51]. These suggested that the DMN
is different in healthy controls and patients. In our study, the
increase in ReHo in these regions, which only happened in
the FD group, could relate to the unbalanced physical state.
DMN might be more active in patients after acupuncture to
maintain homeostasis.

As ReHo of the left ACC increased after acupuncture and
showed a negative correlation with the change in defecation
frequency, we chose this region as the region of interest (ROI)
to investigate the resting-state functional connectivity change

after acupuncture stimulation. Both groups showed signifi-
cantly decreased functional connectivity in the left ACC to
the PFC and motor cortex compared with preacupuncture.
Besides, decreased functional connectivity in the left ACC
was also found in insula, thalamus and OFC in the FD group.
The extent of structural links between theACC and the lateral
PFC and motor cortices is one of the most striking cortico-
cortical connectivities in the primate frontal cortex [52].
Sufficient fMRI and positron emission tomography (PET)
studies demonstrated that connectivity exists in these areas in
function as well [53, 54]. The connectivity provides powerful
avenues of communication between cognitive and motor
systems [52, 55]. Two groups that accepted acupuncture
stimulation showed the same changes, so we speculated
that acupuncturemight regulate ACC-relevant cognition and
motor activity. The thalamus, insula, ACC, and OFC mainly
make up the homeostatic afferent processing network, which
represents all aspects of the physiological condition of all
tissues in the body and provides crucial sensory input that
is essential for maintaining homeostasis [56]. This network
encompasses the sensory input entering the thalamus from
the brainstem, with projections to the insula, OFC, and ACC
[57]. Visceral sensation in humans is a subjective, conscious
experience that results from the modulation of homeostatic
feelings by cognitive, emotional, motivational factors and
memories. Thus, altered visceral perception may be induced
by activity changes in the visceral afferent signal processing
area. Different studies have confirmed consistent activation
of the homeostatic afferent processing network in visceral
stimulation. Studies also showed that functional gastroin-
testinal disorder patients shared alterations in the perceptual
and reflex response to homeostatic afferent signals from the
gastrointestinal tract [13]. Consequently, we speculated that
acupuncture brings functional connectivity changes to the
homeostatic afferent network only in FD patients because of
their network’s functional abnormality.
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As mentioned above, ReHo map showed some brain
regions involved in the homeostatic afferent processing net-
work and DMN in the FD group changes but not in the
HC group after acupuncture. Among these brain regions,
change in the ACC is related to clinical symptom alleviation.
Moreover, the ACC-related functional connectivity network
indicated that the homeostatic afferent processing network
only changed in the FD group.Thismeant acupuncture could
regulate the unbalanced organism state, and the homeostasis
afferent processing network might play a key role in the
central mechanism of treating FD by stimulation at ST25.

Some limitations should be taken into account when
interpreting the results of this study. First, the sample size was
small (18 subjects for each group). Better results would have
been gained with a larger sample. Second, the participants
received acupuncture for ten sessions during two weeks.
Intestinal symptoms of the FD group were alleviated after
treatment, but quality of life did not improve significantly
due to such short treatment time. Longer treatment cycle is
recommended in future studies.

This study revealed the similarities and differences in
resting-state ReHo and the functional connectivity response
between the FD patients and HC with the same acupuncture
stimulation.Modulation of the sensory, cognition, andmotor
pathways might be the common mechanism of acupuncture
treatment in different groups. Some brain regions only
changed in the FD group. More importantly, these changes
were negatively correlated with the change in the defecation
frequency. Our results demonstrated that acupuncture influ-
enced the left ACC and the homeostatic afferent processing
network during the resting state. Our findings hope to shed
light on the underlying mechanisms of acupuncture on ST25
for FD.
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The present study was designed to investigate the efficacy and mechanism of acupuncture treatment on embryo implantation
failure in rats. The pregnant rats were randomized into normal group (N), implantation failure group (M), acupuncture treatment
group (A), and progestin treatment group (W). The embryo implantation failure model was established by mifepristone. Efficacy
of acupuncture treatment was evaluated by the number of implanted embryos. The expression of CCL2 and CXCL8 and the
subset of uterine natural killer cells in the endometrium were detected. We demonstrated that the number of implanted embryos
was dramatically reduced after mifepristone (M group) treatment, while the acupuncture (A group) and progestin (W group)
treatments significantly rescued impaired embryo implantation. The protein and mRNA expressions of CCL2 and CXCL8 were
significantly reduced by mifepristone treatment, but the attenuated expression of CCL2 and CXCL8 was markedly reversed by
acupuncture or progestin treatment. More importantly, acupuncture and progestin couldmarkedly increase the subset of uNK cells
in rats with embryo implantation failure. These evidences suggest that acupuncture is able to modulate the endometrial immune
microenvironment and thus improve embryo implantation in pregnant rats, which provides solid experimental evidence for the
curative effect of acupuncture treatment on infertility.

1. Introduction

Embryo development to the blastocyst stage, successful
implantation into the uterine endometrium, and the forma-
tion of a functional placenta are essential steps during pre-
gnancy. Successful embryo implantation and healthy placen-
tal development allow the fetus to acquire maternal nutrient
supply andmaintain its growth and development until partu-
rition. As a mucosal tissue, the endometrium must protect
against infection and create a unique immune microenviro-
ment to allow the implantation of a semiallogeneic embryo
and decidual artery remodeling for placental development
[1].

Chemokines are a large superfamily of structurally and
functionally related cytokines with chemotactic activity tar-
geted at specific leukocyte populations. Chemokines play

important roles in both homing of leukocytes to specific
regions within a tissue and as potent activators of leukocytes.
It is clear that chemokines are important determinants of
successful implantation and placentation by their function as
leukocyte chemoattractants, influence on trophoblast migra-
tion, and by additional functions such as modulation of cell
proliferation and modification of adhesion molecule expres-
sion [2]. CXCL8, an CXC chemokine, is produced by cho-
rion trophoblast [3] and decidua [4], and is localized to
the perivascular cells of the placental villi during the first
trimester and at term [5]. It is not only a potent chemoattrac-
tant and activator of neutrophils and T-lymphocytes, but also
is known to have several other functions, including serving
as a mediator for vascular smooth muscle migration [6] and
an angiogenic factor [7]. Monocyte chemoattractant protein
belongs to the CC-chemokines subfamily and is a potent



2 Evidence-Based Complementary and Alternative Medicine

chemoattractant and activator of monocytes, macrophages,
T-cells, basophils, mast cells, and natural killer cells. CCL2
is released by a number of cell types such as endothelial
cells, fibroblasts, and endometrial cells. Denison et al. demon-
strated that significantly higher levels of CCL2 are released
from peripheral blood monocytes in pregnant women com-
pared to nonpregnant women [8]. CCL2 is present at high
concentrations in the extraembryonic coelomic fluid during
the first trimester of pregnancy [9]. The expression of CCL2
and its receptor CCR2 can be upregulated by pregnancy-
associated hormones, for example, estrogen, progesterone,
and human choriogonadotropin (HCG), which suggests that
the interaction of CCR2 and CCL2 may be involved in
regulation of decidual stromal cell functions [10].

During pregnancy, a large number of leukocytes accu-
mulate in the endometrium. These cells are a source of
growth factors, cytokines, and proteases and create local
microenvironments permissive to tissue remodeling. These
leukocytes have been implicated in fetal-maternal interac-
tions at the implantation site [11]. Uterine natural killer
(uNK) cells are the most abundant terminally differentiated
lymphocyte population found inmesometrial decidua during
early pregnancy in women and rodents [12, 13]. In humans,
uNK cells (CD3−, CD56+, and CD16−) constitute up to 70%
of all decidual leukocytes during early gestation. These cells
begin to infiltrate the endometriumonday LH+3, specifically
accumulate around spiral arterioles and areas of decidualized
stroma, and are present in the decidua until the second
trimester of pregnancy [12]. Their presence is consistent with
the period of trophoblast invasion. In mice and rats, uNK
cells have been referred to in the past as “granulated metrial
gland cells” (GMG) or “large granular lymphocytes.” uNK
cells congregate at the implantation sites between the placenta
and the metrial gland or mesometrial lymphoid aggregate
of pregnancy (MLAp) and form a unique structure located
in the mesometrial triangle during rodent pregnancy [14].
NKR-P1, as a signal transductionmolecule, is expressed on all
rat large granular lymphocytes with NK activity [15]. Recent
evidence from mice lacking NK cells suggested that these
specialized immune cells play important roles in the invasion
of foetal trophoblast cells and spiral arteriole remodeling [16].

To date, assisted reproductive techniques (ART), such as
IVF-embryo transfer (IVF-ET) and intracytoplasmic sperm
injection (ICSI), have effectively solved somepreimplantation
problems, including the obstruction of the oviduct and
fertilization failure; however, the clinical success rate of
pregnancy is still unsatisfactory and the cost of IVF-ET is
high, which not only causes high emotional and financial
distress for many patients but also upsets clinicians. So, how
to improve successful rate of IVF-ET has become a critical
problem for clinicians. Acupuncture is widely used for the
treatment of acute and chronic disorders in China. Recently,
several studies have shown that acupuncture can improve the
rate of pregnancy in patients treated with ART. A previous
study from our team demonstrated that acupuncture can
increase the implantation rate up to four times compared to
rats with embryo implantation failure [17]. Anderson et al.
also suggested that acupuncture improves the success rate
of IVF and may be a safe adjuvant therapy for IVF patients

[18]. As mentioned above, CCL2, CXCL8, and uNK cells play
important roles in embryo implantation and placentation
during pregnancy, so whether acupuncture can modulate the
expression of these chemokines and the subset of uNK cells
has been rarely studied.

Acupuncture, as an important part of traditional Chinese
medicine therapy, is based on the theory that there are
channels (meridians) within the body where “qi” and “blood”
circulate. The whole body is connected by meridians. Along
these meridians, there are specific points (acupoints). By
needling the acupoints, acupuncture can regulate the flow of
“qi” and “blood” in the meridian system, correct dysfunction
of organs in the body, and restore their normal func-
tions. According the theory of Traditional Chinese medicine
(TCM), “Housanli” acupoint is one of the most important
acupoints in the body and can effectively prevent diseases and
prolong life. “Sanyinjiao” acupoint is widely used to treat the
diseases of obstetrics and gynecology. So, these two acupoints
in rat were selected for treating embryo implantation failure.

Progesterone induces decidualization of endometrium
and reduces the activity of uterus, whereas mifepristone
inhibits the function of progesterone by binding to the pro-
gesterone receptor. In the current study, we usedmifepristone
to generate a rat embryo implantation dysfunctionmodel and
progestin as a positive model for acupuncture effect. We then
investigated whether acupuncture affects the expression of
CCL2 and CXCL8 and the subset of uNK cells. This study
will provide valuable experimental evidence regarding the
curative efficacy of acupuncture on infertility.

2. Materials and Methods

2.1. Animals. Female Wistar rats (10–12 weeks old, weight
205 ± 18 g) and adult male Wistar rats (weight 250–300 g)
were obtained from the Center for Disease Control and
Prevention of Hubei province. We followed The Guidelines
for the Care and Use of Animals in Research enforced by
Hubei Municipal Science and Technology Commission. All
protocols were approved by the Institutional Animal Care
and Ethics Committee of Tongji Medical College, Huazhong
University of Science and Technology. The rats were caged in
a standard barrier system with a 12-hour light : 12-hour dark
cycle.

2.2. Reagents. The mifepristone tablets (Beijing Zizhu Phar-
maceutical Co., Ltd., Beijing, China) and progestin (Zhe-
jiang Xianju Pharmaceutical Co., Ltd., Hangzhou, China)
were provided by Tongji Hospital. Collagenase type IV
(C5138), hyaluronidase (H3506) and phenylmethanesulfonyl
fluoride solution (93482) were purchased from Sigma (St.
Louis, MO, USA). EZ-Sep Mouse (DKW33-R0100) was
purchased from Dakewe Biotech Co., Ltd. (Beijing, China).
RPMI 1640 medium (SH30809.01B) was fromThermo Fisher
Scientific Co., Ltd. (Beijing, China). FBS was purchased
from Hangzhou Sijiqing Biological Engineering Materials
Co., Ltd. (Hangzhou, China). HRP-goat anti-rabbit IgG (H
+ L) conjugate (ZB-2301) and DAB coloring reagent kit
used for immunohistochemistry were products of Beijing
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Zhongshan Biotech Co., Ltd. (Beijing, China). RIPA lysis
buffer (P0013B), BCA protein assay kits (P0010S), and
BeyoECL Plus (P0018) were from Beyotime Institute of
Biotech (Haimen, China). Cocktail protease inhibitor was
from Wuhan Gugeshengwu Technology Co., Ltd. (Wuhan,
China). HRP-goat anti-rabbit IgG (sc-2030) and goat or
rabbit anti-rat actin polyclonal antibody (sc-1616R)were from
Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA). The
total RNA extract reagent (Trizol), PrimeScript RT Reagent
Kit Perfect Real Time (TaKaRa Code: DRR037A), and SYBR
Premix Ex Taq (TaKaRa Code: DRR041) were from TaKaRa
Biotechnology (Dalian) Co., Ltd. (Dalian, China). Rabbit
anti-rat CCL2 (ab7202), rabbit anti-rat CXCL8 (ab7747) were
purchased from Abcam (Cambridge, MA, USA). FITC anti-
rat CD3 Antibody (201403), Alexa Fluor 647 anti-rat CD161
antibody (203110), Alexa Fluor 647mouse IgG1, and 𝜅 Isotype
Ctrl antibody (400135) were from BioLegend Ltd. (San
Diego, CA, USA). Nucleic acid/protein analyzer (DU730,
Beckman Coulter, Inc., Fullerton, CA, USA); Mastercycler
gradient PCR apparatus (Eppendorf Company, Hamburg,
Germany); NikonMicro-imaging System (TE2000-U, Tokyo,
Japan); Applied Biosystems StepOne Real-Time PCR System
(Applied Biosystems, Invitrogen, Grand Island, NY, USA);
Microplate reader (BioTek Synergy2, Winooski, VT, USA);
FACSCalibur (BD Bioscience, San Jose, CA, USA).

2.3. Experimental Design. After 1-week acclimation,male and
female rats were mated at 6 PM, and Day 1 of pregnancy
was defined by vaginal smears on the second morning. The
pregnant rats were randomly divided into one of four groups:
normal group (N), mifepristone group (implantation failure
group) (M), acupuncture treatment group (A), and progestin
treatment group (W). The rats in each group were equally
randomized into a D6 group (𝑛 = 12), a D8 group (𝑛 =
12), and a D10 group (𝑛 = 12) according to the time of
sample collection. The embryo implantation failure model
and treatment were performed as described previously [17].
Briefly, the rats in groups M, A, and W were treated with
mifepristone solution at 5.5mg/kg by neck subcutaneous
injection on D1 at 9AM, while the rats in group N were
injected with the same amount of sesame oil. “Housanli”
(ST36) and “Sanyinjiao” (SP6) were selected for acupuncture.
A self-made restraint was used to restrict the activity of the
rats. The rats in group A were secured with the self-made
restraint and then received acupuncture at 3PM every day
from D1 to the time of death. Acupuncture treatment was
performed for 25min every day. Correspondingly, the rats in
group W were given progestin at 40mg/kg by intramuscular
injection.

2.4. Samples Collection. The rats were killed by cervical
dislocation under 1% pentobarbital sodium on days 6, 8, and
10 after mating. The uteri were collected and the number of
fetuses was counted. The uteri from each group were equally
divided into two subgroups (𝑛 = 6). The intact uterus of one
subgroup was immediately placed into 1640 medium (sup-
plementedwith 10% fetus bovine serum (FBS) for the analysis
of uNK cells. Partial uterus tissue from the other subgroup

with implantation sites was fixed in 4% paraformaldehyde
solution for paraffin imbedding, while the remaining tissues
were stored at −80∘C for RNA extraction and protein detec-
tion.

2.5. The Isolation of Endometrial Lymphocytes and Flow
Cytometric Analysis of uNK Cells. Fresh uterus was washed
completely in PBS supplemented with 50𝜇g/mL gentamicin.
The uterus cavity was cut open along the antimesometrial
side. Under a dissection microscope, all fetuses were dis-
carded, and the endometrium with implantation sites and
the intact placenta was reserved. Collected tissues were finely
minced into ∼1mm3 pieces. These pieces were enzymatically
digested in RPMI 1640 medium containing 0.1% collagenase
type IV and 0.1% hyaluronidase in an agitated water bath at
37∘C for 2 hours. The mixture of tissue was passed through a
stainless steel mesh into medium using the syringe plunger
and centrifuged at 1500 g for 5min at room temperature.
The cell pellet was resuspended in RPMI 1640 medium
with 10% FCS, carefully layered on lymphocyte separation
medium, and then centrifuged at 2000 g for 30min at
22∘C. The white lymphocyte cell layer was aspirated from
the interface and harvested. A trypan blue exclusion test
identified that more than 95% of the isolated cells were
viable, and then the cells were resuspended to a density of
104 cells/mL. Cell surface staining with FITC-labeled anti-rat
CD3 monoclonal antibody and Alexa Fluor 647-labeled anti-
rat CD161 monoclonal antibodies was accomplished using a
30min incubation at RT in the dark. As a control, cells were
stained with the corresponding isotype-matched antibody.
The cells were resuspended in 100𝜇L PBS buffer and then
analyzed with FACSCalibur. Instrument compensation was
set in each experiment using single-color stained samples.
Data were analyzed by using WinMDI2.9 software.

2.6. Immunohistochemistry. Paraffin sections (5 𝜇m) were
kept in an oven at 60∘C for 1 hr. These sections were
deparaffinized and rehydrated through degraded ethanol.
Antigen retrieval was performed by incubating the sections in
0.01M citrate buffer (pH 6.0) at 98∘C for 20min. Endogenous
hydrogen peroxidase activity was quenched using 3% H

2
O
2
.

Nonspecific bindingwas prevented by preincubation of tissue
sections with 5% bovine serum albumin (BSA). Primary
antibodies were diluted in PBS (CCL2, 1 : 150; CXCL8, 1 : 40)
and incubated with tissue sections overnight at 4∘C. For
the negative control, slides were incubated in PBS. The
sections were incubated with HRP labeled goat anti-rabbit
IgG then incubated with fresh 3,3-diaminobenzidine and
counterstained with Harris haematoxylin.The tissue staining
was observed under a Nikon Micro-imaging System and
average staining intensity of each picture was measured with
Image-Pro Plus 6.0 software.

2.7. Western Blot Analysis. Endometrial implantation sites
without a fetus were homogenized in RIPA lysis buffer then
centrifuged at 12,000 g for 20min at 4∘C to remove insoluble
material. The supernatant was collected and stored at −80∘C.
Protein concentration was quantified with the BCA protein
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Table 1: The primer sequences for real-time PCR.

Gene Primer Sequence

𝛽-actin Forward 5-GGAGATTACTGCCCTGGCTCCTA-3

Reverse 5-GACTCATCGTACTCCTGCTTGCTG-3

CCL2 Forward 5-CTATGCAGGTCTCTGTCACGCTTC-3

Reverse 5-CAGCCGACTCATTGGGATCA-3

CXCL8 Forward 5-CTCCAGCCACACTCCAACAGA-3

Reverse 5-CACCCTAACACAAAACACGAT-3

assay kit. Protein lysates were heated at 98∘C for 10min,
resolved by 12% (𝛽-actin) or 15% (CCL2 and CXCL8) SDS-
PAGE and electrotransferred to nitrocellulose membranes
using a semidry transfer apparatus. The membranes were
then blocked with 5% nonfat milk in PBST for 2 hrs at
room temperature then incubatedwith diluted antibodies (𝛽-
actin 1 : 200; CCL2 1 : 500; CXCL8 1 : 100) overnight at 4∘C.
Themembraneswere incubatedwith horseradish peroxidase-
conjugated anti-rabbit secondary antibody (1 : 20,000; room
temperature for 1 hr). Peroxidase activity was visualized with
BeyoECL Plus according to the manufacturer’s instructions.
Signal was visualized using the Epson Imaging System.
The quantitation of band density was performed using the
Quantity One software. Results were calculated as a ratio
(protein of interest/𝛽-actin).

2.8. Real-Time Fluorescent Quantitative Polymerase Chain
Reaction (PCR). Endometrial implantation sites without a
fetus were dissociated with Trizol reagent, according to the
manufacturer’s instructions. RNA purity and concentration
were measured by a nucleic acid/protein analyzer. Com-
plementary DNA (cDNA) was synthesized in master-cycler
gradient PCR apparatus using PrimeScript RT Reagent Kit
following the standard protocol. The primers were designed
according to published sequences (Table 1). The cDNA was
stored at −20∘C for batched analyses. PCR was performed
in triplicate in a 20𝜇L reaction volume including 10 𝜇L of
SYBR Premix Ex Taq (2x), 2 𝜇L of DNA sample, 10 𝜇M of
each primer, 0.4 𝜇L of ROX Reference Dye (50x), and 6.8 𝜇L
of dH

2
O. Then, amplification was carried out on an Applied

Biosystems StepOne Real-Time PCR System. 𝛽-Actin was
used as an internal standard to control the variability in
amplification. The data were analyzed by the 2−ΔΔct method.

2.9. Statistical Analysis. All the experimental data were
expressed as mean ± standard deviation (SD). One-way
analysis of variance (ANOVA) followed by LSD test was
used for data with equal variances assumed. When data with
equal variances were not assumed, statistical significance was
determined using ANOVA followed by Dunnett’s T3 test.
Statistical significance was set at the level of 𝑃 < 0.05.

3. Results

3.1. Embryo Implantation in the Rat Uterus. The uteri were
examined for the number of implanted embryos as well as
their morphological status. Representative images and statis-
tical analysis are shown in Figure 1 and Table 2, respectively.

Table 2: Implantation sites on D8 and D10 of pregnancy (mean ±
SD).

Group Number of rats Implantation sites
N 24 12.25 ± 1.67

M 24 4.58 ± 3.30∗

A 24 8.17 ± 2.50#

W 24 9.25 ± 2.25##

The data were expressed as mean ± standard deviation (SD).
∗

𝑃 < 0.001 compared with group N; ##𝑃 < 0.001,#𝑃 < 0.01 compared with
group M.

Compared with other three groups, the size of embryos
was smaller and distribution of implantation sites was more
disorderly and asymmetric onD8 andD10 in themifepristone
group.The number of implanted embryos in themifepristone
group was remarkably less than that in normal group (𝑃 <
0.001). However, compared with the mifepristone group, the
number of embryos was obviously higher in the acupuncture
treatment group (𝑃 < 0.01) and progestin treatment group
(𝑃 < 0.001).

3.2. Immunohistochemical Analysis of CCL2 and CXCL8 in
Rat Endometrium. CCL2 protein was primarily localized in
the luminal epithelium, the glandular epithelium, the decid-
ual stroma, and the vascular endothelium. The endometrial
CCL2 protein level in the mifepristone group was found
to be significantly lower than that in the normal group on
D6, D8, and D10 (𝑃 < 0.01). Importantly, compared with
the mifepristone group, there was a remarkable increase in
CCL2 protein level after acupuncture treatment on D6, D10
and progestin treatment on D6, D8, and D10 (𝑃 < 0.01).
A small increase was seen in rat endometrium CCL2 after
acupuncture treatment on D8 (𝑃 < 0.05) (Figures 2(a) and
3(a)). CXCL8 protein was slightly expressed in the luminal
epithelium and the glandular epithelium on D6; however,
the expression of CXCL8 was abundant in the placental
region on D8 and D10. Compared with the mifepristone
group, the endometrial CXCL8 protein level was dramatically
stimulated in the normal group and progestin treatment
group on D10 (𝑃 < 0.01). Similarly, a marked increase of
CXCL8 protein was observed in normal group and progestin
treatment group on D6 and D8, as well as acupuncture treat-
ment group onD8 andD10 (𝑃 < 0.05) (Figures 2(b) and 3(b)).

3.3. Western Blot Analysis of CCL2 and CXCL8 in Rat
Endometrium. Thequantitative change in endometrial CCL2
and CXCL8 expression was evaluated by Western blot, as
shown in Figure 4. Compared with the normal group, the
expression of CCL2 protein was significantly reduced in the
mifepristone group on D6, D8 (𝑃 < 0.05), and D10 (𝑃 <
0.01). Compared to the mifepristone group, a significant
increase in CCL2 protein expression was observed in the
acupuncture treatment and progestin treatment groups on
D6, D8 (𝑃 < 0.05), and D10 (𝑃 < 0.01) (Figures 4(a)
and 4(b)). CXCL8 protein level in the endometrium was
increased in a time-dependentmanner; the higher expression
was observed onD8 andD10. Compared to the normal group,
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Figure 1:Morphology and number of implanted embryo in rat uterus onD8 andD10 of pregnancy. N: normal group;M: embryo implantation
failure group; A: acupuncture treatment group; W: progestin treatment group. These abbreviations were applied to all figures and tables.

the expression of CXCL8 protein was notably reduced in the
mifepristone group on D6 (𝑃 < 0.05), D8 (𝑃 < 0.01),
and D10 (𝑃 < 0.05). However, the CXCL8 protein level was
dramatically elevated in the acupuncture treatment group
on D8 and D10 (𝑃 < 0.05) and progestin treatment group
on D8 (𝑃 < 0.01), and D10 (𝑃 < 0.05) as compared to
that in the mifepristone group (Figures 4(a) and 4(c)). No
significant difference in CXCL8 expression was found among
acupuncture, progestin, and mifepristone treatments on D6
(Figure 4(c)).

3.4. mRNA Expression of CCL2 and CXCL8 in Rat
Endometrium. The relative abundance of CCL2 and CXCL8
was examined by real-time PCR data (Figure 5). Compared
to the normal group, CCL2 mRNA expression was markedly
decreased in the mifepristone group on D6, D8, and D10
(𝑃 < 0.05, Figure 5(a)). Compared to the mifepristone
group, the expression of CCL2 mRNA was elevated in the
acupuncture treatment and progestin treatment groups on
D6, D8, and D10, but only several comparisons (acupuncture
treatment group, 𝑃 < 0.05 compared to mifepristone group
on D8; progestin treatment group, 𝑃 < 0.05 compared
to mifepristone group on D8 and D10) reached statistical
significance (Figure 5(a)).There was no significant difference
in the expression of CXCL8mRNA among the four groups on
D6.However, a lower level of CXCL8mRNAwas identified in
the mifepristone group compared to the normal group on D8
and D10 (𝑃 < 0.05, Figure 5(b)). More importantly, acupunc-
ture and progestin treatments could rescue the attenuated
CXCL8 mRNA following mifepristone treatment on D8.
Progestin treatment also sharply increased CXCL8 mRNA
after mifepristone treatment on D10 (𝑃 < 0.05, Figure 5(b)).

3.5. Percentage of uNK (CD3−CD161+) Cells in Rat Endo-
metrium. Compared to the normal group, a lower percentage
of CD3−CD161+ cells was observed after mifepristone treat-
ment (𝑃 < 0.001) on D6 and D8.The subset of CD3−CD161+
cells was notably elevated after acupuncture and progestin
treatment as compared to that after mifepristone treatment
alone on D6 and D8 (𝑃 < 0.05, Figures 6(a) and 6(b)).
Moreover, the subset of CD3−CD161+ cells was dramatically
reduced after mifepristone treatment on D10 (𝑃 < 0.05),
but there was no significant change in the proportion of
CD3−CD161+ cells between mifepristone and acupuncture
treatments on D10 (Figures 6(a) and 6(b)).

4. Discussion

Successful embryo implantation and perfect placentation are
indispensable for establishing a pregnancy. The accomplish-
ment of these two processes requires a functionally normal
embryo at the blastocyst stage and a receptive endometrium,
as well as adequate communication between them under
hormonal stimulation. This dialogue is regulated accurately
by various chemokines and immune cells, which are required
to maintain immune-privileged sites at the fetomaternal
interface. Recently, acupuncture has been extensively used to
treat infertility, including ovulatory dysfunction, in vitro fer-
tilization and embryo transfer (IVF-ET), and male infertility.
We hypothesize that acupuncture maymodulate the immune
microenviroment at the maternal-fetal interface, increasing
the chance for a successful implantation.

In this study, we observed that the number of embryos
was remarkably decreased after mifepristone treatment on
D6, D8, andD10, and the embryo was smaller and embryonic
distribution of implantation sites was asymmetric. However,
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Figure 2: Immunohistochemical localization of CCL2 (a) and CXCL8 (b) in rat endometrium onD6, D8, and D10 of pregnancy.The positive
staining was in brown. (a) CCL2 staining in rat endometrium: panel A showed the expression of CCL2 in the endometrial luminal epithelium;
panel B represented the staining of CCL2 in the endometrial glandular epithelium and vascular endothelium; panel C was the expression of
CCL2 in decidualized stroma; N6-W10 displayed the expression of CCL2 in rat decidualized region on D6, D8, and D10 of pregnancy. (b)
CXCL8 localization in rat endometrium: N6-W6 was weak CXCL8 expression in rat endometrial glandular epithelium on D6 of pregnancy;
N8-W8 presented CXCL8 localization in rat decidualized region on D8 of pregnancy; CXCL8 was expressed in placental district on N10, A10,
and W10, but in endometrial glandular epithelium on M10. Except for A, B, C, D, and E (×100), magnification for other graphs was ×200.
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Figure 3: Quantitation of CCL2 (a) and CXCL8 (b) immunostaining in rat endometrium on D6, D8, and D10 of pregnancy. AOI is average
optical intensity. Data are presented as mean ± SD (𝑛 = 6). ∗𝑃 < 0.05, ∗∗𝑃 < 0.01 compared with N; #𝑃 < 0.05, ##𝑃 < 0.01 compared with M.

the acupuncture treatment could significantly increase the
number of implanted embryo. These results indicated that
the model of embryonic implantation failure was success-
fully established by mifepristone treatment and acupuncture
therapy can contribute to embryo implantation during ges-
tation. More importantly, we confirmed the involvement of
chemokines and immune cells through the examinations of
CXCL8 and CCL2 expression and the subsets of uNK cells in
rat implantation sites. We also demonstrated that acupunc-
ture indeed increased the expression of CXCL8 and CCL2
and the subset of uNK in rats with embryonic implantation
failure.

In rodents, actual implantation of blastocyst into
endometrium occurs 6-7 days after fertilization [19], and, if
successful, normal vascular remodeling occurs after gd8.5
and is completed by gd10.5, once placental structure is
completed and placental blood flow begins [20]. Invasion
of trophoblast into the decidua and myometrium, and the
remodeling of the spiral arteries are important characteristics
of hemochorial placentation. Replacement of the maternal
vessel wall by trophoblasts markedly alters the vascular con-
ductance and results in increased blood flow to the inter-
villous space, which is required for normal fetal growth
and development. If the trophoblast invasion cannot pro-
ceed, the transformation of maternal vessels will not be com-
plete, which results in serious clinical diseases such as pree-
clampsia, intrauterine growth retardation [21].

Previous studies suggest that trophoblast invasion is
regulated by the interaction of autocrine factors from the
trophoblasts and paracrine factors from the uterus.The secre-
tion of matrix metalloproteinases (MMP) from trophoblasts
[22] is a key event. Once the extracellular matrices of the
host’s tissues are digested, trophoblast invasion is completed.
Some studies have suggested that CXCL8 is involved in
endometrial receptivity and embryonic implantation [23,
24]. CXCL8 stimulates first-trimester extravillous trophoblast

cells invading into the decidua by increasing the secretion of
MMP-2 [25], and plays unique roles in endometrial angio-
genesis, apoptosis, proliferation, and differentiation, which
is essential for successful fetal-placental development [26].
Prior studies have shown that downregulation of CXCL8 in
the placenta may be responsible for fetal loss and fetal growth
retardation [27]. In the present study, immunohistochemical
experiment showed that CXCL8 is mainly expressed in tro-
phoblast, decidual cells, glandular, and luminal epithelium.
The endometrial CXCL8 mRNA and protein expressions on
D6, D8, and D10 were remarkably higher in normal rats
but were significantly reduced by mifepristone treatment.
Moreover, acupuncture and progestin treatment could rescue
CXCL8 expression, which is consistent with the increased
number of implanted embryo.These data suggest that CXCL8
is essential for pregnancy. CXCL8 was stably increased
from D6 to D10 in all groups except mifepristone groups,
which further suggests that CXCL8 is not only necessary for
normal embryo implantation but it is also importantly essen-
tial for placental development. Acupuncture could promote
trophoblast invasion and placentation by upregulating the
expression of CXCL8.

The prevailing theory supports the balance between a T-
helper 1 (TH1) and TH2 response occuring at the maternal-
fetal interface. The initial Th1 response allows the embryo to
implant while the shift to aTh2 response manages endocrine
and immune communication that ensures successful implan-
tation [28]. Prior data have shown that CCL2 can promote
Th2polarization and sustain theTh2-dominant environment,
and that CCL2-deficient mice are present with defective Th2
immunity [29]. In our experiments, endometrial CCL2 was
present at a low level after mifepristone treatment, which fits
with the observation of fewer implanted embryos. Moreover,
acupuncture andprogestin treatments couldmarkedly upreg-
ulate CCL2 expression compared to mifepristone treatment,
which implies that acupuncture treatment can facilitate the
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Figure 4: The expression of CCL2 and CXCL8 proteins in rat endometrium on D6, D8, and D10 of pregnancy. (a) Representative blots of
CCL2 and CXCL8. (b and c) Statistical analysis of CCL2 (b) and CXCL8 (c) in rat endometrium. The relative intensity was determined by
the ratio of interested protein to its corresponding internal control (𝛽-actin) as measured by densitometry. Data are presented as mean ± SD
(𝑛 = 6). ∗𝑃 < 0.05, ∗∗𝑃 < 0.01 compared with N; #𝑃 < 0.05, ##𝑃 < 0.01 compared with M.
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Figure 5: The expression of CCL2 (a) and CXCL8 (b) mRNA in rat endometrium on D6, D8, and D10 of pregnancy. Relative quantitation of
CCL2 and CXCL8 expression was determined by the ratio to 𝛽-actin expression. Results were represented as means ± SD (𝑛 = 6). ∗𝑃 < 0.05,
∗∗𝑃 < 0.01 compared with N; #𝑃 < 0.05, ##𝑃 < 0.01 compared with M.
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Figure 6: Flow cytometric analysis of uNK cell subset in rat endometrium on D6, D8, and D10 of pregnancy. (a) The representative graphs
of 2-color flow cytometric analysis of uNK cell subset (gated to lymphocytes). (b) Statistical analysis of uNK (CD3−CD161+) cell subset in
rat endometrium. The percentage of uNK cell subset was presented as mean ± SD (𝑛 = 6). ∗𝑃 < 0.05, ∗∗𝑃 < 0.01 compared to N; #𝑃 < 0.05,
##𝑃 < 0.01 compared to group M.
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function of a TH2 immune response at the maternal-fetal
interface during the implantation phase, and thereby promote
embryo implantation. Other researchers showed that CCL2
has powerful growth-promoting and angiogenic properties
[26, 30]. van Mourik et al. also pointed out that CCL2
can mediate chemotaxis of macrophages in decidua or tro-
phoblast [31]. A large number of macrophages are observed
at the implantation site throughout pregnancy, which con-
tributes to endometrial cyclical development, endometrial
trophoblast interaction, and endometrial tissue regeneration
by secretion of the proinflammatory cytokines, such as TNF-
alpha, IL-6, and LIF (leukemia inhibitor factor) [32, 33]. In
our study, except in the endometrial decidual cells, glandular
and luminal epithelium, CCL2 was also observed in vascular
endothelial cells of endometrial arterial wall. These results
suggest that acupuncture may contribute to the remolding
of endometrial spiral artery or placentation by upregulating
expression of CCL2.

In rodents, uNK cells emerge only during pregnancy.
About 10% of uNK cells are present in the lumens of decidual
vessels, particularly small capillaries. Almost 25% of uNK
cells infiltrate into arterial walls and the remainder associates
with decidual cells [20, 34]. Guimond et al. demonstrated that
uNK cells modify the spiral arterial branches of the uterine
arteries using a NK-deficient mouse strain [35]. uNK cells
may manipulate the maternal immune response to the fetal
allograft, as well as trophoblast invasion and placenta for-
mation, by modulating expression of cytokines [36]. Mouse
uNK cells also express angiogenicmolecules, such as vascular
endothelial growth factor (VEGF), placental growth factor
(PIGF), and angiopoietin 2 (ANG2) for angiogenesis and
maternal vasculature growth into implantation region [37].
In addition, some evidence has shown that decidual uNK
cells influence EVT invasion, potentially by increasing the
expression of MMP-9, which is regarded as a key enzyme in
the degradation of endometrial basement membrane [38]. In
this study, we detected the percentage of CD3−CD161+ NK
cells at the rat implantation site by flow cytometry. Our results
demonstrated that the proportion of CD3−CD161+ NK cells
was clearly reduced in rats with embryo implantation failure,
while acupuncture and progestin treatments could markedly
increase the subset of CD3−CD161+ NK cells after mifepris-
tone treatment.These data further confirm that uNK cells are
vital for embryo implantation and placentation.

In our study, we demonstrated that acupuncture pro-
moted the expression of CCL2 and CXCL8 and increased
the subset of uNK cells. Meanwhile, some evidence demon-
strated that the upregulation of endometrial CCL2 and
CXCL8 expression and uNK cell subset is associated with
production of progesterone [7, 23, 39]. Stener-Victorin et al.
demonstrated that acupuncturemay influence the hypothala-
mic pituitary-ovarian axis by modulating central endorphin
production and secretion, which mediates the release of
hypothalamic GnRH and pituitary secretion of gonadotropin
[40].Therefore, we hypothesized that when needles are pene-
trated into skin and muscle, the peripheral nervous system
likely transmits signals to the brain, where the gonadal hor-
mone is regulated by Hypothalamus-Pituitary-Gonadal and
-Adrenal axes. Although the progesterone level was not

measured in this study, we suppose that the regulatory effects
of acupuncture on the expression of CCL2 and CXCL8 and
the subset of uNK cells may involve progesterone due to the
similar results from progestin treatment.

In conclusion, acupuncture may contribute to embryo
implantation and placentation in rat by upregulating the
expression of CCL2 and CXCL8 and the subset of uNK
cells at maternal-fetal boundary. This study provides new
experimental evidence supporting modulation of the nerve-
endocrine-immune system by acupuncture and suggests that
this therapy may be a novel tool for infertility.
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Injury of interstitial cells of Cajal (ICC) is associated with gut dysmotility in diabetic rats. We have shown an acceleration of the
colonic contractility by electroacupuncture stimulation (EAS). However, little is known about potential roles of EAS on colonic
transit and ICC. In this study, we evaluate the effect of EAS on colonic transit and investigate whether apoptosis/proliferation of ICC
was involved in regulative effect of EAS on colonic transit. Rats were randomly assigned to normal, diabetic, diabetic-plus-sham
stimulation, diabetic-plus-low-frequency stimulation, and diabetic-plus-high-frequency stimulation groups. Bead expulsion test
was used formeasuring the distal colonic transit.TheKit (ICCmarker) was detected bywestern blot. Apoptotic ICCwas detected by
terminal dUTP nucleotide end labeling. Proliferating ICC was identified by Kit/Ki67 double immunofluorescent staining on whole
mount preparations. Ultrastructure changes of ICC were studied using electron microscopy. Results showed that high-frequency
stimulation significantly promoted colonic transit. Low- and high-frequency stimulation markedly rescued intramuscular ICC
from apoptosis. Abundant proliferating intramuscular ICC was found in low- and high-frequency stimulation groups. Our results
indicate that high-frequency EAS has stimulatory effect on the distal colonic transit, which may be mediated by downregulation of
the apoptosis and upregulation of the proliferation of intramuscular ICC.

1. Introduction

Diabetes-related constipation is one of themost commongas-
trointestinal (GI) complications of diabetes mellitus (DM).
A study found that as many as 60% of patients with DM
reported symptoms of constipation or delayed colonic transit
[1]. Treatment of diabetes-related constipation is mainly
empirical and directs towards symptomatic relief, including
good hydration, regular physical activity, and increased fiber
intake. However, the therapeutic effect is often not satisfac-
tory.

Numerous studies have been performed to investigate the
effects of acupuncture or electroacupuncture on GI motility
and functional gastrointestinal diseases [2]. Electroacupunc-
ture is a modification of acupuncture which stimulates acu-
points with electrical current instead ofmanualmanipulation
[2, 3]. It was found that the effects of electroacupuncture

stimulation (EAS) on GI motility were fairly consistent and
the major acupoint used in these studies was Zusanli (ST-
36). Gastric motility has been mostly studied, whereas only a
little information is available on the effect of EAS on colonic
motility. EAS at ST-36 has been documented to accelerate
colonic motility and transit in conscious rats [4]. Our pre-
vious study reported that EAS at ST-36 can promote distal
colonic contractility via a cholinergic pathway in conscious
rats [3]. Rangwala et al. has showed that EAS is a safe and
effective method for treatment of constipation without any
adverse effect [5]. Recently, our study showed that EAS at
acupoint ST-36 can increase the density of interstitial cells
of Cajal (ICC) and upregulate the expression of colonic ICC
[6]. However, the potential roles of EAS on colonic motility
and ICC in diabetic constipation rats have scarcely been
investigated.
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The important role of ICC in gastrointestinal physiology
has been elucidated over the past 10–20 years. ICC is
necessary for normal intestinal motility [7]. Intramuscular
interstitial cells of Cajal (ICC-IM) were primarily affected
in DM, which was associated with delayed colonic transit
[8, 9]. Further studies [10, 11] have found that the network
of ICC is not static, and it goes through periodical changes
even under normal physiological conditions. Apoptosis and
transdifferentiation can lead to ICC deletion; ICC can be
restored by proliferation, replenishment from stem cells, and
increasing survival; whether apoptosis/proliferation of ICC is
involved in the effect of EAS on colonic transit is unclear.

This paper hopes to provide more data for EAS on GI
tract in diabetic rats and the underlying mechanism. The
aims of our study were to evaluate the effect of EAS at
ST-36 on colonic transit in diabetic constipation rats and
to investigate whether apoptosis/proliferation of ICC was
involved in regulative effect of EAS on colonic transit.

2. Materials and Methods

2.1. Animals. Fifty male Sprague-Dawley rats, weighing 250–
300 g were used in the present study.The rats were purchased
from Tongji Medical College and housed under normal
laboratory conditions (18–22∘C, 12/12 h light-dark cycle) with
free access to food and water ad libitum. This study was
started after the rats were adapted to the environment, usually
after one week. Rats in our study received humane care and
were treated strictly in accordancewith the recommendations
in the Guide for the Care and Use of Laboratory Animals of
the National Institutes of Health, and all experimental works
were approved by the ethical guidelines from Animal Care
and Ethics Committee of Tongji medical college, Huazhong
University of Science and Technology (number 00008371).

2.2. Induction of Diabetes. Diabetes was inducedwith a single
intraperitoneal injection of streptozotocin (Alexis Biochem-
icals, San Diego, CA, USA) 60mg kg−1 freshly dissolved in
20mmol L−1 citrate buffer solution (Sigma, St. Louis, MO,
USA). Age matched controls were injected with an equal
volume of citrate buffer. Blood glucose and body weight
were measured prior to injection as well as 1 week, 4 weeks,
and 8 weeks after injection. Diabetes was verified by a
random blood glucose reading higher than 16.7mmol L−1
after injecting streptozotocin (STZ) for one week, measured
using blood glucose meter on blood taken from the tail vein.

2.3. Experimental Protocols. Animals were randomized into
five groups (ten rats/group), including the control group,
the DM group, the DM-plus-sham stimulation group (SEA,
only acupuncture but no electrical current, 30min), the
DM-plus-low-frequency stimulation group (LEA, 10Hz, 1–
3mA, 30min), and the DM-plus-high-frequency stimulation
group (HEA, 100Hz, 1–3mA, 30min). EAS was performed
at ST-36 daily for 8 weeks [3]. The distal colonic transit
was recorded prior to injection as well as 1 week, 4 weeks,
and 8 weeks after injection. Later, rats were subsequently
sacrificed, and specimens of the distal colon were obtained

from each constipated rat. Each specimen collected from
the rats was divided into three pieces of equal size, which
were then either immediately removed from the mucosa and
submucosa, and stored at −80∘C for western blot analysis or
placed into 4% paraformaldehyde for immunofluorescence,
or 2.5% glutaraldehyde for electron microscopy.

2.4. Electroacupuncture. ST-36 was located at 5mm lateral
and inferior to the anterior tubercle of the tibia in rats [3].
Needles of 0.3mm in diameter (Suzhou Medical Appliance
Factory, Jiangsu, China) were inserted into the acupoints,
which were stimulated by electroacupuncture with param-
eters of 10Hz and 100Hz and 1–3mA using an electrical
stimulator (G6805-2A; Shanghai Huayi Medical Instrument
Factory, Shanghai, China). These parameters were selected
based on the preliminary experiments which suggested a
stimulatory effect of motility [4, 12]. In order to exclude
the influence of restraint condition, animals were allowed to
move freely in their own cage during the EA procedure and
motility recording.

2.5. Measurement and Analysis of Colonic Motility. Amodifi-
cation of techniques used previously [13, 14] was employed
in this study to assess the distal colonic motility. Animals
were fasted for 12 hours before the measurements. Briefly, a
single 3mm colored plastic bead was inserted into the distal
colon (3 cm past the anus) with a plastic rod, while each
animal was under brief isoflurane anesthesia. Bead insertion
was accomplished using a glass rodwith a fire-polished end to
avoid tissue damage. After bead insertion, the conscious rats
were placed individually into a cage with a white paper towel
covering its floor to allow for easier detection of the bead.
Distal colonic transit was determined as the time between
bead placement and expulsion of the bead (bead latency).
The latency to the expulsion of the bead was recorded. This
was repeated three times. Rats with a bead expulsion time
exceeding X + 2SEM were considered to be constipated. The
number of rats in control group is ten, and the number of
diabetic constipation rats in each other group is listed as
follows: (i) six rats in DM group, (ii) seven rats in SEA group,
(iii) seven rats in LEA group, and (iv) seven rats in HEA
group.

2.6. Western Blot. Protein concentrations were analyzed by
the BCA reagent (Pierce, Rockford, IL, USA). One hun-
dred micrograms of protein was separated by 10% sodium
dodecylsulfate-polyacrylamide gel electrophoresis and trans-
ferred to PVDF membrane (Millipore, Bedford, MA, USA).
Immunoblotting using the primary antibodies against Kit
(1 : 200, sc-168-G, Santa Cruz Biotechnology, Inc.) was done;
rabbit anti-rat actin (1 : 400, Santa Cruz Biotechnology,
Inc.) was used as internal control, followed by detection
with enhanced chemiluminescence (Amersham Pharmacia
Biotech, Piscataway, NJ, USA) and quantified by densitom-
etry.

2.7. Immunofluorescence. The distal colon was removed gen-
tly and enteric contents were washed away with PBS (37∘C)
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after the abdomen was opened. For whole-mount prepara-
tions, the colon was inflated with fixation fluid, the mucosa
and submucosa were then removed, and the circular smooth
muscle layer containing the ICC-IMwas exposedwith the aid
of a dissection microscope. The whole-mount preparations
were incubated in normal bovine serum (5% in PBS contain-
ing 0.3% Triton X-100) for 1 h at room temperature and then
incubated firstly with primary antibody Kit (goat anti-rat,
1 : 150; Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA)
overnight at 4∘C, and then with secondary antibodies (anti-
goat, 1 : 100; Alex Fluor). The stained results were detected
by confocal laser scanning microscope (Nikon, Japan) with
an excitation wavelength appropriate for FITC (488 nm,
proliferation) and Cy3 (552 nm, apoptosis). The Z stacking of
confocal images at 3𝜇m to 5 𝜇m intervals contained all the
levels of positively stained cells and processes.

2.8. Detection of Apoptosis ICC. To identify apoptosis of
ICC, terminal deoxynucleotidyl transferase-mediated dUTP
nick end labeling (TUNEL) method was done using an
apoptosis detection kit (Roche,Germany) [15].Whole-mount
preparations were incubated with primary antibody Kit (goat
anti-rat, 1 : 150; Santa Cruz Biotechnology, Inc., Santa Cruz,
CA, USA) overnight at 4∘C and secondary antibody (anti-
goat, 1 : 100; Cy3; Alex Fluor) at 37∘C for 30min, washed
twice with PBS for 30min, and then were incubated with
TUNEL reaction buffer containing 45 𝜇L label solution and
5 𝜇L enzyme solution (labeling solution : enzyme solution =
9 : 1) at 37∘C for 1 hour in a humidified atmosphere in the
dark. Washed with PBS for three times (each 15min) to
remove unincorporated fluorescein-dUTP. The specimens
were observed with a fluorescence microscope with an
excitation wavelength in the range of 450–500 nm.

2.9. Detection of ICC Proliferation. To detect the proliferation
of ICC, anti-Ki67 antibody was used to detect the presence of
proliferative ICC. Ki67 is a nuclear protein that is expressed
in proliferating cells andmay be required formaintaining cell
proliferation. The whole-mount preparations were stained
for Kit as described above and then labeled for Ki67 as
follows: whole-mount preparations were incubated with a
rabbit monoclonal Ki67 antibody (rabbit anti-rat, 1 : 200;
Abcam, Cambridge, UK) overnight at 4∘C and then with a
cy3-conjugated secondary antibody (anti-rabbit, 1 : 100; Alex
Fluor). The specimens were observed with a fluorescence
microscope with an excitation wavelength appropriate for
Cy3 (552 nm).

2.10. Electron Microscopy. The distal colon was perfused
with PBS followed by fixative solution (2.5% glutaraldehyde).
Then, they were immersed for 2 h at 4∘C in the 2.5%
glutaraldehyde. Tissue sample fragments of about 1mm ×
5mm were cut from the body of distal colon and were
fixed with 1% OsO

4
for 30–120min. They were washed with

0.1M phosphate buffer and dehydrated in a series of graded
ethanol. After immersion in propylene oxide, the samples
were immersed in mixtures (1 : 1) of propylene oxide and
Epon resin for 2 h, and embedded in Epon according to

the instruction sheet. The regions to be studied were iden-
tified and sectioned using an ultramicrotome into ultrathin
(70 nm) serial sections. We visualized the sections using a
transmission electron microscope operating (Tecnai G212,
FEI, The Netherlands).

2.11. Measurement and Statistical Analysis. After immunoflu-
orescent staining was assessed, photomicrographs of both
Kit/TUNEL and Kit/Ki67 double-labeled cells were taken
in ten random fields (200× magnification, 0.2607mm2)
per whole-mount preparation with a digital camera (SPOT,
Diagnostic Instruments) in a BX51 fluorescence microscope
(OLYMPUS, Japan). The numbers of either Kit/TUNEL or
Kit/Ki67 positive cells were independently counted by two
observers with Image-Pro plus 5.0 (Media Cybernetics).
All data were presented as mean values ± SEM. One way
analysis of variance (ANOVA) was used for multiple group
comparisons, and 𝑃 < 0.05 was taken as a statistically
significant difference.

3. Results

3.1. Blood Glucose and BodyWeight. As shown in Figure 1(a),
therewere no differences in the baseline blood glucose among
each group. At the end of 4 and 8 weeks, blood glucose level
in the untreated diabetic rats was markedly higher than that
of the controls (𝑃 < 0.01 and 𝑃 < 0.01, resp.). In the SEA,
LEA, and HEA groups, blood glucose levels did not show any
significant changes compared with the DM group for 4 weeks
(𝑃 > 0.05, > 0.05, and > 0.05, resp.) and 8 weeks (𝑃 > 0.05, >
0.05, and > 0.05, resp.).

Otherwise, no differences in the baseline body weight
among each group (Figure 1(b)). At the end of 4 and 8 weeks,
the body weight of the rats in the DM group did not increase,
whereas the HEA group gained weight (𝑃 < 0.01 and 𝑃 <
0.01, resp.). In the SEA and LEA groups, body weight was
not significantly changed compared with the DM group for
4 weeks (𝑃 > 0.05 and > 0.05, resp.) and 8 weeks (𝑃 > 0.05
and > 0.05, resp.).

3.2. Effects of EAS on Distal Colonic Transit. As shown in
Figure 2, no differences were noted in the baseline colonic
transit time among the five groups. At the end of 4 and 8
weeks, the distal colonic transit in the DM group was delayed
significantly (122.0 ± 6.4min versus 16.1 ± 3.2min, 𝑃 <
0.01; 265.7 ± 23.9min versus 15.1 ± 4.5min, 𝑃 < 0.01).
In the SEA and LEA group, the distal colonic motility was
not significantly altered compared with the DM group for
4 weeks (119.0 ± 9.3min versus 122.0 ± 6.4min, 𝑃 > 0.05;
118.6±9.3min versus 122.0±6.4min, 𝑃 > 0.05) and 8 weeks
(263.6 ± 25.9min versus 265.7 ± 23.9min, 𝑃 > 0.05; 243.2 ±
21.3min versus 265.7 ± 23.9min, 𝑃 > 0.05), respectively.
However, the HEA at ST-36 significantly promoted the distal
colonic motility for 4 and 8 weeks, respectively (36.7 ±
6.6min versus 122.0 ± 6.4min, 𝑃 < 0.01; 43.1 ± 4.2min
versus 265.7 ± 23.9min, 𝑃 < 0.01).
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Figure 1: Blood glucose (a) and body weight (b) in the 5 groups.
(a) All the diabetic rats displayedmarkedly increased blood glucose.
In the SEA, LEA, and HEA groups, blood glucose did not show any
changes comparedwith theDMgroup (𝑃 > 0.05). (b)No differences
in the baseline body weight among each group. The HEA group
gained weight compared with the DM group at the end of 4 weeks
(𝑃 < 0.01) and 8 weeks (𝑃 < 0.01). (∗Significantly different to the
DM group for 4 weeks, #significantly different to the DM group for
8 weeks.)

3.3. Western Blot Analysis of Kit in Colon Tissue from Which
theMucosa and SubmucosaWere Removed. In contrast to the
control group, the expression of Kit in the DM group was
decreased markedly (𝑃 < 0.01). Similarly, no significance
was detected between the SEA and DM group (𝑃 > 0.05).
In the LEA group, the expression of Kit showed a significant
increase (𝑃 < 0.01), while, in the HEA group, an enhance-
ment was found nearly four times higher than the DM group.
The increased level of Kit expression in the HEA group was
somewhat higher than the LEA group, and the difference was
statistically significant (𝑃 < 0.01) (Figure 3).
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Figure 2: Effects of EAS at ST-36 ondistal colonic transit. In contrast
to the control, theDMgroup displayed delayed colonic transit, while
EAS with high-frequency at ST-36 significantly increased colonic
transit. The colonic transit time was not changed obviously in the
SEA and LEA group. Data are given as means ± SEM; an asterisk
indicates statistical significance at a level of 𝑃 < 0.05. (∗Significantly
different to the DM group for 4 weeks, #significantly different to the
DM group for 8 weeks.)

3.4. Changes in ICC-IM Density. ICC-IM was found within
the smooth muscle layers of the colon; cells were revealed
by immunohistochemistry of Kit in confocal whole-mount
preparations that clearly showed ICC-IM forming a cellular
network in control group. In the DM group, the density
of Kit positive ICC-IM was significantly reduced by ∼78%
compared with the control (1.3 ± 0.5 versus 5.9 ± 0.7 ×
102mm−2, 𝑃 < 0.01). However, Kit+ cell numbers had
partly restored in the LEA and HEA group, and almost intact
cellular networks could be observed. Kit positive cell density
in the LEA group was still significantly lower than that in the
HEA group (3.3 ± 0.5 versus 3.9 ± 0.2 × 102mm−2, 𝑃 < 0.05).
There was no difference between the SEA and DM group
(1.7 ± 0.4 versus 1.3 ± 0.5 × 102mm−2, 𝑃 > 0.05).

3.5. Apoptosis of ICC-IM. In order to determine whether
apoptosis was involved in the process of ICC-IM loss in
diabetes, TUNELmethod was used to detect the apoptosis of
ICC (Figure 4). In the control group, nearly no cell labeled
by TUNEL method was found in the distal colon wall on
whole-mount preparations, and the Kit+ ICC-IM networks
were perfect. In the DM group, the Kit+ cellular networks
were severely damaged, and a large number of Kit+/TUNEL+
cells were observed which were located within the ICC-IM
(Table 1). Similar change was seen in the SEA group, and a
number of apoptotic Kit+ ICC were observed (𝑃 > 0.05).
However, in the LEA andHEAgroup, the network of ICCwas
restored; a more intact network was seen in the HEA group,
and rare apoptotic ICC could be seen.
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Table 1: Mean density of Kit+/TUNEL+ and Kit+/Ki67+ cells in the ICC-IM in the STZ-induced diabetic model.

Control DM SEA LEA HEA
Kit+/TUNEL+ cells (mm−2) 1.0 ± 0.7 19.0 ± 2.4 18.3 ± 2.1 4.0 ± 1.4∗ 1.1 ± 0.4∗#

Kit+/Ki67+ cells (mm−2) 3.8 ± 0.8 0.8 ± 0.4 0.7 ± 0.5 11.9 ± 1.0∗ 13.1 ± 0.9∗#

Data given as mean ± SEM.
∗Significantly different from the DM group (e.g., HEA versus DM) (𝑃 < 0.05).
#Significantly different from the LEA group (e.g., HEA versus LEA) (𝑃 < 0.05).
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Figure 3: Western blot analysis of Kit in colon tissue which
the submucosa removed. Compared with the control group, the
expression of Kit was decreased in the DM group; there were no
significant difference between the DM and SEA group (𝑃 > 0.05).
However, they were increasedmarkedly in the LEA andHEA group.
(∗Significantly different to the DM group, #significantly different to
the LEA group.)

3.6. Proliferation of ICC-IM. In view of significant increase
of the ICC-IM cell number in the LEA and HEA group, we
determinewhether proliferationwas involved in the dramatic
increase in cell number. Therefore, double immunofluo-
rescent staining with anti-Kit/Ki67 was used to reveal the
presence of ICC proliferation. Ki67 is a nuclear protein
which is expressed in proliferating cells and maybe essential
for maintaining cell proliferation [16]. A small number of
proliferative ICC appeared in the control group and displayed
a perfect network. Kit/Ki67 ICC-IM like cell labeling was
neither seen in the DM group nor in the SEA group.
However, the network of ICC-IM was partially restored and
more double labeled cells were distributed within ICC-IM in
the LEA group (11.9 ± 1.0mm−2). Such cells were presented
in high density in the HEA group (13.1 ± 0.9mm−2, Table 1)
and accompanied by amore intact network of ICC (Figure 5).

3.7. Electron Microscopy: Ultrastructure of ICC-IM. In the
control group, ICC-IM had a higher electron-density cyto-
plasm comparedwith smoothmuscle cells andwas rich in cell

organelles, including mitochondria, endoplasmic reticulum,
and basal lamina (Figure 6(a)). They also displayed close
connection with enteric nerves and smooth muscle cells.
However, ICC-IM in the DM group was markedly affected
(Figure 6(b)): swollen mitochondria with disrupted cristae,
lamellar bodies, and partial cytoplasmic depletion were
frequently present within the cell bodies or processes of
ICC-IM. Most of them lost connection with enteric nerves.
ICC-IM in the SEA group displayed the same ultrastructural
abnormalities as in the DM group (Figure 6(c)). In contrast,
most ICC-IM in the LEA (Figure 6(d)) and HEA groups
(Figure 6(e)) were restored largely, and occasionally minor
injury could be seen.

4. Discussion

The present study demonstrated that (i) HEA at ST-36 has
stimulatory effect on the distal colonic transit in diabetic
constipation rats; (ii) both LEA and HEA can downregulate
the apoptosis and upregulate the proliferation of ICC-IM.

Acupuncture has been used to treat a variety of GI prob-
lems in China for thousands of years. Electroacupuncture
has been more frequently used in the clinical and research
setting because of its reproducibility. The advantages of elec-
troacupuncture are that it is a cost-effective and minimally
invasive procedure with a very low incidence of side effects.
Despite its well-established effects on gastric motility, much
less information is available on the effect of EAS on colonic
motility. Iwa et al. demonstrated that EAS (10Hz) at ST-36
accelerated colonic motility and transit in conscious rats [4].
Our previous study has shown an acceleration of the colonic
contractility by EAS (10Hz) at ST-36 in conscious rats [3],
and high-frequency EAS (100Hz) can markedly increase the
colonic transit obviously which was published in Chinese
data. Other studies also suggested that electroacupuncture,
especially high-frequency EA, has usually been used as an
alternative therapy for Parkinson disease (PD) and is effective
for alleviating motor symptoms in patients and PD models
[12]. So, we selected the parameters (10Hz and 100Hz) based
on the preliminary experiment that showed stimulatory effect
of motility. In the current study, we demonstrated that EAS
with high-frequency at ST-36 stimulated the distal colonic
motility of diabetic constipation rats. While there were no
significance changes in low-frequency group, the possible
explanation for the different changes of colonic motility
respond to low-frequency EAS in different studies may be
that rats in the state of disease response differently to EAS,
while the possible reason of colonic motility responding
differently to low and high-frequency EAS in our study may
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Figure 4: Confocal images of ICC-IM in each group showing the apoptosis of ICC-IM. (a)–(c) In the control group, nearly no cell was labeled
by TUNEL method and displayed a perfect network. (d)–(f) In the DM group, a large number of Kit+/TUNEL+ cells (arrowheads) were
observed, and the Kit+ cellular networks were severely damaged. (g)–(i) In the SEA group, a number of apoptotic Kit+ ICC-IM (arrowheads)
were observed and the network of ICC-IM was not restored. (j)–(l) In the LEA group, the network of ICC-IM was partially restored and rare
double labeled cells (arrowheads) were distributed within ICC-IM. (m)–(o) In the HEA group, the apoptotic ICC-IM nearly vanished and
was accompanied by a more intact network. Scale bar = 50𝜇m and refers to all panels.
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Figure 5: Confocal images of ICC-IM in each group showing the proliferation of ICC-IM. (a)–(c) In the control group, a small number of
proliferative ICC-IM (arrowheads) were observed and displayed a perfect network. (d)–(f) In the DM group, Kit+/Ki67+ were almost absent,
and the network was severely damaged. (g)–(i) In the SEA group, there was also no proliferative ICC-IM and the network of ICC-IM was
not restored. (j)–(l) In the LEA group, the network of ICC-IM was partially restored and a small number of double labeled cells (arrowheads)
were distributed within ICC-IM. Such cells were in high density in the HEA group (m)–(o), accompanied by a more intact network. Scale
bar = 50 𝜇m and refers to all panels.
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Figure 6: Ultrastructure of ICC. Comparing with the control group, ICC was seriously injured in the DM and SEA group, while they showed
nearly normal structure and minor injury in the LEA and HEA group. ICC: interstitial cells of Cajal; SMC: smooth muscle cell; NF: nerve
fibre.

be that the energy of low-frequency EAS is not enough to
cause changes in movement.

In addition to investigating the effect of EAS on distal
colonic motility, the experiment was also designed to study
the possible mechanisms. Most of the work in this field was
focused on outer peripheral vagus nerve system, which sug-
gested that the stimulatory effect may be mediated through
the cholinergic pathway [3, 4], and only a few studies reported
the effect of EAS on ENS. However, it is widely accepted
that the network of ICC plays a very important role in
regulation of GI motility. ICC-IM, which form gap junctions
with smooth muscle cells and make close connections with
nerve varicosities, mediate enteric motor neurotransmission.
Wang et al. reported that ICC-IM was primarily affected in
diabetes [9]. Forrest et al. found that in the colon, ICC-IM as
well as ICC-SMP were affected most severely [8]. Moreover,
our recent studies have revealed that EAS can increase the
density of ICC and repair the nervous apparatus [6, 17], so
we choose to observe the alteration of ICC-IM based on the
preliminary experiment. In the present study, we also showed
that the density and ultrastructure of ICC-IM were elevated
significantly in the EAS group, especially the HEA group,
whichmay be responsible for its efficacy in regulating colonic
motility.

Apoptosis and transdifferentiation are the two mecha-
nisms for ICC loss, which is associated with motility disorder
[10]. In the STZ model of diabetes, increased apoptosis of
neurons in the colon tissue has been demonstrated [18]. Data
from human colonic tissue suggest that a decrease in number
of ICC in response to injury may occur, at least in part,
through apoptosis [19]. We have showed cell death by using
TUNEL method and found that a large number of apoptotic
Kit positive cells occurred in the DM group, suggesting that
a reduction of ICC may be due to apoptosis, at least in part.
Wang et al. [20] reported that EAS pretreatment could anti-
apoptosis to protect against ischemic damage in the rats of
focal cerebral ischemia. In our study, it was interesting to
observe that the number of apoptotic ICC-IM in the EAS
groups, especially the HEA group, was largely reduced. The
results indicated that high-frequency electroacupuncturewas
more effective in reducing the apoptosis of ICC-IM, and

the reduction of apoptosis of ICC-IM might be involved in
the mechanism of HEA on colonic motility.

Expansion of ICC can be achieved by increasing the
proliferation of ICC, by development from stem cells, and
by an increase in the survival of the remaining ICC [10].
Although the following two mechanisms cannot be dis-
carded, other study suggested that EAS can enhance cell
proliferation in young rat brain [21]. Proliferation is involved
in the expansion of ICC cell number in the ischemia and
reperfusion injury in adult guinea pigs [15], so we study
mainly the first mechanism. By using Ki67 incorporation, we
demonstrated that there is a recovery of ICC-IM cells number
and proliferation in ICC-IM in the EAS groups, especially
the HEA group. The results suggested that high-frequency
electroacupuncture was more effective in increasing the
proliferation of ICC-IM, and increased proliferation of ICC-
IM may be involved in the mechanism of HEA on colonic
motility.

Hyperglycemia andweight losswere the twomain param-
eters that characterized the diabetic rats [14]. A literature [22]
reported that EAS could increase the appetite, sleep, and body
weight. In our study, diabetic rats treatedwith high-frequency
stimulation exhibited an increase in body weight, but blood
glucose levels after treatment with differentmodalities of EAS
were mostly unchanged, and they were still hyperglycemic.
Peplow and Baxter [23] found that EAS of 15Hz with 10mA
for 30 minutes and 60 minutes had a hypoglycemic effect
in fasted type 2 diabetic rats. However, blood glucose was
not altered following EAS with parameters of 15Hz with 1–
3mA in type 2 diabetic rats and 20Hz in type 1 diabetic
rats [23, 24]. Similarly, although a different frequency EAS
(10/100Hz, 1–3mA) was tried, blood glucose in STZ-induced
diabetic rats was not significantly altered in the present study.
The possible explanation for the different changes of blood
glucose response to EAS in different studies may be that
the frequency of EAS and the animal model were different.
Our results indicate that HEA can increase the body weight
of diabetic rats but has no effect on blood glucose in STZ-
induced diabetic rats, a model of type 1 diabetes.

The data of this present research suggest that the effect
of EAS at acupoint ST-36 on distal colonic motility is
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stimulatory, and the stimulatory effect may be mediated by
downregulation of the apoptosis and upregulation of the
proliferation of ICC-IM. Based on the results of the research,
EAS could be applied for treating the colonic motility dis-
orders. In the current study, both low- and high-frequency
EAS were capable of improving structural parameters, but
functional improvement was only seen after high-frequency
EAS, suggesting that the high-frequency EAS may be better
to treat the colonic motility disorders. There are studies that
have suggested a therapeutic potential of acupuncture for
functional constipation [25]. A clinical study has showed that
acupuncture can significantly increase the frequency of bowel
movements in constipated children [26]. Further studies of
enlarged sample and a different frequency EAS are necessary
to prove its clinical potential.

5. Conclusion

In conclusion, HEA at ST-36 can promote distal colonic
motility, and the stimulatory effects of HEA at ST-36 on distal
colonicmotilitymay be, in part, mediated by downregulation
of the apoptosis and upregulation of the proliferation of ICC-
IM. Further studies are needed to investigate the clinical
potential for the treatment of functional gastrointestinal
disease.
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This study investigated the propagated sensation along meridians (PSM) produced respectively by acupuncture at a specific
acupoint of right-side Quchi (LI11), a nonacupoint on meridian (control meridian point), and neither meridian nor acupoint
(control point). All the stimulated points were on the right brachioradialis along the large intestine meridian of hand Yangming.
Surface electromyography (sEMG) was used to reflect the activity of the brachioradialis along the large intestine meridian of hand
Yangming. The PSM rate of LI11 (59.21%) and the control meridian point (53.95%) were significantly higher than the control
point (38.16%) (𝑃 < 0.05). After acupuncture, the brachioradialis sEMG amplitude was 5.08 ± 2.93 uV at LI11, 3.08 ± 1.18 uV
at the control point, and 2.77 ± 1.36 uV at the control meridian point. The amplitude of LI11 was significantly higher than both
the control meridian point and the control point (𝑃 < 0.05). When the sEMG activity of brachioradialis returned to the stable
base line, brachioradialis sEMG duration at LI11 (265 ± 87.87 s) was significantly longer than that at the control meridian point
(91.69 ± 42.98 s) and the control point (83.31 ± 32.76 s) (𝑃 < 0.05). In conclusion, acupuncture activated PSM at all points but
showed an acupoint specificity at LI11 and a meridian specificity at the control meridian point.

1. Introduction

According to the Spiritual Pivot: Nine Needles and Twelve
Source Points, the key effect of acupuncture is the arrival of
Qi which possesses significant curative effects. The arrival of
Qi not only contained Deqi but also comprised propagated
sensation along meridians (PSM), which played an essential
part in acupuncture clinical efficacy [1]. PSMhas been studied
for many years, and it has been reported with numerous
pieces of evidence as a kind of conduction phenomenon
along classic meridians that may be accompanied by sen-
sations of Deqi such as soreness, numbness, heaviness, and
distention [2–4]. On the limbs, PSM was generally accordant
with the running route of classic meridians. The essence
of PSM might be characterized by soreness, numbness,

distention, twitching, cold, or heat. Differing from nerve
conduction, PSM is bidirectional and much slower in speed.
On the limbs, the scope of PSM is about 0.2 to 2.0 cm in
width [5]. Moreover, its conduction is not constant and
has pause points at certain acupoints. The phenomenon
of PSM was different from Deqi, which was completely
the subjective feeling. Recent experimental research about
PSM has focused on muscles, blood flow, and nerves [6,
7].

Based on the consistency between PSM and the classic
meridians on the limbs, this study aimed at exploring surface
electromyography (sEMG) activity variations of brachioradi-
alis along the large intestinemeridian of hand Yangming after
acupuncturing at LI11, the control meridian point, and the
control point in every subject.
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Figure 1: Marked points to be acupunctured. Quchi (LI11), nonacu-
point on meridian (control meridian point), neither meridian nor
acupoint (control point), Shousanli (LI10), and Chize (LU5).

2. Materials and Methods

2.1. Subjects. The subjects of this study consisted of 76 cases
of healthy volunteers (39 males, 37 females, age 20.2 ± 2.32
years, weight 55.15 ± 10.34 kg, and height 167.3 ± 9.5 cm)
who were students at the Shenyang Institute of Physical
Education. Prior to participating in the study, all subjects
were informed of the trial protocol, and they consented
to participate in this study. The protocol was approved by
the Ethics Committee of the Affiliated Hospital of Liaoning
University of Traditional Chinese Medicine (2011KT-009).
The subjects had no history of tobacco and alcohol use and
all were right handed. The subjects had no experience with
acupuncture. They were screened and excluded for major
medical illnesses and history of injuries to arms, such as scars,
fracture, dislocation, and nerve injury.

2.2. Acupuncturing Strategies

2.2.1. Selection of Needling Points. Three stimulating points
were acupunctured respectively, including LI11, a nonacu-
point on meridian (control meridian point), and neither
meridian nor acupoint (control point) on the right side. The
control meridian point was located between LI11 and Shou-
sanli (LI10) on the large intestine meridian of hand Yang-
ming, and the control point was located between LI11 and
Chize (LU5) on the brachioradialis (Figure 1). All points were
on brachioradialis. Acupoints were located by referring to the
“Standard Project of Acupoint” issued by China in 2008 [8].

2.2.2. Methods of Acupuncture. All acupuncture was per-
formed by the same acupuncturist, who had 30 years of
clinical experience. “Hua Tuo” acupuncture needles (0.35 ×
40mm) were used at all stimulation points. Every subject
was acupunctured at LI11, the control meridian point, and
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Figure 2: Flow diagram of acupuncture and sEMG detection.

the control point, and the stimulation of every point was
performed at intervals of one day. The points were acupunc-
tured perpendicularly, and the acupuncturist manipulated by
lifting, thrusting, and rotating until Deqi. After Deqi, the
acupuncturist continued to manipulate for 30 s to activate
PSM. The rotation of the needle was approximately 180∘
clockwise and anticlockwise with a combination of lifting and
thrusting at the rate of 60 times/min. When the conduction
of PSM reached the wrist on the right side, the data was
considered as PSM, and the needle was left in the point
until the myoelectricity of brachioradialis returned to the
stable baseline (Figure 2). When the subjects felt pain close
to the pain threshold during the acupuncture stimulation, the
acupuncturist promptly altered the needling methods. Once
PSM was activated, acupuncture was not continued. If the
acupuncturewas continued for three timeswithout activating
PSM, the stimulation was considered as a failure of PSM
activation, and the data were not included in the statistical
analysis of sEMG amplitude and duration.

2.2.3. Steps of Acupuncture and sEMG Detection. The sEMG
activity was recorded telemetrically using an eight-channel
sEMG system (ME6000, Mega Electronics Ltd., Kuopio,
Finland). Tomaintain a low degree of the interelectrode resis-
tance (<2 kΩ), the skin was shaved, rubbed with sandpaper,
and then cleanedwith a 75% alcohol solution. Electrodeswith
an interelectrode distance of 20mm were then positioned
longitudinally along the brachioradialis.

Firstly, sEMG of the brachioradialis was detected under a
static condition for 5min. After sEMG baseline became
stable, LI11, the control meridian point, and the control point
on the right side were acupunctured respectively with an
interval of one day. Once PSM was activated, sEMG was
detected until it returned to the stable baseline.

2.3. Data Analysis. The sEMG signals with a sample of
1000Hz were inputted in MegaWin software.The sEMG data
were filtered by 10–500Hz and then were fully wave rectified
by root mean square (RMS) with a frame width of 50 s. The
time of sEMG activity was defined as the sEMG duration
when the EMG activity of the muscle exceeded its mean from
the static condition by three standard deviations [9]. The
myoelectric signal amplitude was defined with a frame width
of 50 s of initial sEMG activity.
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Figure 3:The positive rate of PSM after acupuncture. ∗Significantly
different from control point (𝑃 < 0.05).

The data of positive PSMwere classified into static group,
LI11 group, control meridian point group, and control point
group. Statistical analysis was performed using SPSS software
(version 11.0, SPSS Inc., Chicago, IL, USA). 𝑃 value less than
0.05 was considered as a significant difference.

3. Results

3.1. Comparison of PSM Rate. Of the 39 males and 37 females
participating in the study, 45 subjects (59.21%) presented
positive PSM at LI11, 41 subjects (53.95%) presented positive
PSM at the control meridian point, and 29 subjects (38.16%)
presented positive PSM at the control point. The results of
the Pearson chi-squared test showed that the positive rates
of the three stimulation points were not all the same (𝜒2 =
28.298, 𝑃 = 0.000 < 0.05). Further analysis revealed that the
difference between LI11 and the control meridian point was
not significant (𝜒2 = 0.428, 𝑃 = 0.513 > 0.0167 = 0.05/3).
However, the two points showed statistical significance with
the control point (𝜒2 = 24.783, 𝑃 = 0.000 < 0.0167 = 0.05/3;
𝜒2 = 19.113,𝑃 = 0.000 < 0.0167 = 0.05/3).The positive PSM
rate of LI11 and the control meridian point were obviously
higher than that of the control point (𝑃 < 0.05) (Figure 3).

3.2. Comparison of sEMG Amplitude of PSM. sEMG ampli-
tude of brachioradialis was 1.69 ± 0.63 uV under the static
condition. After acupuncture, the amplitude was 5.08 ±
2.93 uV at LI11, 2.77 ± 1.36 uV at the control meridian point,
and 3.08±1.18 uV at the control point.There were significant
differences in sEMG amplitude at LI11, the control meridian
point, and the control point (𝑃 < 0.05). Acupuncture at LI11
showed significantly larger amplitude than at the control
meridian point and the control point (𝑃 < 0.05). The amp-
litude of the control meridian point and the control point was
significantly larger than at the static condition (𝑃 < 0.05)
(Figure 4).

3.3. Duration Comparison of sEMG Activation of PSM. After
acupuncture, when sEMG of brachioradialis returned to
the stable baseline, the duration of sEMG was 265 ± 87.87 s
at LI11, 91.69 ± 42.98 s at the control meridian point, and
83.31 ± 32.76 s at the control point. The duration showed
significant differences at LI11, the control meridian point,
and the control point (𝑃 < 0.05). The duration of LI11 was
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Figure 4:The amplitude variation of surface electromyography after
acupuncture. ∗Significantly different from static condition (𝑃 <
0.05). ∗∗Significantly different from static condition, control merid-
ian point, and control point (𝑃 < 0.05).
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Figure 5: The duration of sEMG activity after acupuncture. ∗Sig-
nificantly different from control meridian point and control point
(𝑃 < 0.05).

significantly longer than the control meridian point and the
control point (𝑃 < 0.05) (Figure 5).

4. Discussion

PSM in the meridians is a commonly accepted meridian
phenomenon and is experienced as a subjective sensation. As
Deqi, it played a vital role in the clinical efficacy of acupunc-
ture [2]. Previous research has not shown the anatomical
evidence of the meridian. Long considered an essence, the
meridian has been studied worldwide to provide biological
evidence. Over time, studies of meridians have been per-
formed in the context of neurophysiology-nerve conduction
theory, physiology and biochemistry-fluid circulation theory,
biology and biological physics field theory, and connective
tissue structure theory [10, 11]. Although previous studies
presented various evidence of meridians, they failed to clarify
the essence of the phenomenon ofmeridians. sEMGhas been
widely applied in basic studies observing PSM. Zhu found
that the speed of PSM appeared to be synchronized with
that of EMG along the meridians. Moreover, the tracks of
PSM and EMG appeared in the same place [12, 13]. These
studies showed that PSM was not only a subjective sense, but
could also be detected by electromyography as an objective
indicator.

The present study showed that the PSM of acupuncturing
LI11 activated sEMG variations of brachioradialis.The ampli-
tude and duration of sEMG at LI11 were significantly larger
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than at the control meridian point and the control point. LI11
showed stronger sEMG activation than the control meridian
point and the control point on sEMG of brachioradialis
(Figures 4 and 5). No significant difference was observed
between the control meridian point and control point in
the amplitude and the duration of sEMG (Figures 4 and 5),
but the positive PSM rate of the control meridian point was
significantly higher than that of the control point (Figure 3).
LI11 is the He-sea point of large intestine meridian of
hand Yangming which is located at the beginning of the
brachioradialis, which is in accordance with the running
route of the large intestine meridian of hand Yangming. In
this study, the control meridian point and the control point
were on the muscle belly and the beginning location of
brachioradialis, respectively. Therefore, acupuncture caused
physical stimulation to the brachioradialis at LI11, the control
meridian point, and the control point. After acupuncture,
every stimulating point showed significant differences of
sEMG activities on brachioradialis, although LI11 showed
more obvious sEMG activity. Although the PSM rate was
much lower than at the LI11 and the control meridian point,
and the control point was not on the large intestine meridian
of handYangming, the PSM rate of acupuncturing the control
point possessed a positive rate of 37.5%. After acupuncture,
sEMG amplitude and duration of brachioradialis at LI11 were
significantly stronger than at the control meridian point and
control point. Moreover, the rate of PSM at LI11 and the
control meridian point was higher than at the control point.
The results showed that PSM could take place on other
parts that are irrelevant to acupoints and meridians and that
acupuncturing LI11 and meridian exerted specific effects on
sEMG activity of brachioradialis. Thus, PSM could be an
objective phenomenon that possesses specificity of acupoints
and meridians.

5. Conclusion

Although acupuncture was able to activate PSM at all stim-
ulating points, the results suggested that the specificity of
sEMGactivity of at LI11 was statistically significant, compared
with the control meridian point and the control point. In
addition, the controlmeridian point showed greatermeridian
specificity of sEMG activity than the control point did.
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The evidence of acupressure is limited in themanagement of dysmenorrhea. To evaluate the efficacy of acupressure in the treatment
of primary dysmenorrhea based on randomized controlled trials (RCTs), we searchedMEDLINE, the Chinese Biomedical Database
(CBM), and the Cochrane Central Register of Controlled Trials (CENTRAL) databases from inception until March 2012. Two
reviewers independently selected articles and extracted data. Statistical analysis was performed with RevMan 5.1 software. Eight
RCTs were identified from the retrieved 224 relevant records. Acupressure improved pain measured with VAS (−1.41 cm 95% CI
[−1.61, −1.21]), SF-MPQ at the 3-month followup (WMD −2.33, 95% CI [−4.11, −0.54]) and 6-month followup (WMD −4.67, 95%
CI [−7.30, −2.04]), and MDQ at the 3-month followup (WMD −2.31, 95% CI [−3.74, −0.87]) and 6-month followup (WMD −4.67,
95% CI [−7.30, −2.04]). All trials did not report adverse events. These results were limited by the methodological flaws of trials.

1. Introduction

Primary dysmenorrhea is defined as the occurrence of
painful menstrual cramps of uterine origin in women during
menstruation without any evident pathology [1]. It is char-
acterized by crampy pelvic pain with pain radiating to the
lower back or anterior thigh, nausea, vomiting, diarrhoea,
headache, fatigue, nervousness, and dizziness beginning
shortly before or at the onset of menses and lasting one to
three days [2]. The prevalence of dysmenorrhea is highest
in adolescent women, with estimates ranging from 40 to 50
percent [3]. It is the leading cause of recurrent short-term
school absenteeism in adolescent girls in the United States
[3, 4]. Most adolescents self-medicate with over-the-counter
medicines, and few consult a physician about dysmenorrheal
[5, 6].

Therapies for primary dysmenorrhea include pharmaco-
logical, nonpharmacological, and surgical approaches; how-
ever, many of the standard treatments have not been well
studied. The recommendations reflect a balance between the
available evidence and an assessment of benefit, harm, and

cost [7]. Nonsteroidal anti-inflammatory drugs (NSAIDs)
are the best-established initial therapy for dysmenorrheal
[8]. They have a direct analgesic effect through inhibition
of prostaglandin synthesis, and they decrease the volume
of menstrual flow. Surgical approaches may be used, but
the evidence for nerve interruption in the management of
dysmenorrhea is limited [9]. Complementary and alternative
medicines, including supplements, herbal remedies, physical
treatments, are choices of these patients [8, 10–13]. As a
noninvasive technique, acupressure relieves pain by pressing
the special acupoints with fingers or thumbs [14]. However,
there is no convincing evidence in the treatment of primary
dysmenorrhea. It is necessary to evaluate the efficacy of body
acupressure in the treatment of primary dysmenorrhea when
comparedwith a placebo, no treatment, or conventionalmed-
ical treatment based on randomized controlled trials (RCTs).

2. Methods

2.1. Search Strategy. The literature search was performed on
MEDLINE, the Chinese Biomedical Database (CBM), and
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Table 1: The Cochrane Collaboration’s tool for assessing risk of bias.

Random sequence generation

Low risk of bias The investigators describe a random component in the sequence generation process such as
referring to a random number table and using a computer random number generator

High risk of bias
The investigators describe a nonrandom component in the sequence generation process.
Usually, the description would involve some systematic, nonrandom approach, for example,
sequence generated by odd or even date of birth and sequence generated by some rule based
on date (or day) of admission

Unclear risk of bias Insufficient information about the sequence generation process to permit judgement of
“Low risk” or “High risk”

Allocation concealment

Low risk of bias
Participants and investigators enrolling participants could not foresee assignment because
one of the following, or an equivalent method, was used to conceal allocation: central
allocation (including telephone, web-based, and pharmacy-controlled randomization);
sequentially numbered drug containers of identical appearance

High risk of bias

Participants or investigators enrolling participants could possibly foresee assignments and
thus introduce selection bias, such as allocation based on using an open random allocation
schedule (e.g., a list of random numbers); assignment envelopes were used without
appropriate safeguards (e.g., if envelopes were unsealed or nonopaque or not sequentially
numbered)

Blinding of participants and personnel

Low risk of bias
Anyone of the following: no blinding or incomplete blinding, but the review authors judge
that the outcome is not likely to be influenced by lack of blinding; Blinding of participants
and key study personnel ensured and unlikely that the blinding could have been broken.

High risk of bias
No blinding or incomplete blinding, and the outcome is likely to be influenced by lack of
blinding; blinding of key study participants and personnel attempted but likely that the
blinding could have been broken

the Cochrane Central Register of Controlled Trials (CEN-
TRAL) databases from inception until March 2012 to identify
pertinent RCTs. We combined acupressure-related terms
(Chih YaOR Zhi YaOR Shiatzu OR Shiatsu ORAcupressure)
with dysmenorrhea-related terms (Painful Menstruations
OR Painful Menstruation OR Menstruations, Painful OR
Menstruation, Painful OR Pains, Menstrual OR Menstrual
PainsORMenstrual PainORPain,MenstrualORDysmenor-
rhea OR Dysmenorrheas). In addition, a manual search was
performed of the reference lists of studies and reviews.

2.2. Study Selection. All RCTs meeting the following criteria
were included in the review. The patients should be primary
dysmenorrhea (self-reported pain) during themajority of the
menstrual cycles or for three consecutive menstrual cycles
with moderate to severe primary dysmenorrhea. The trial
was excluded if the patients were diagnosed with secondary
dysmenorrhea. The RCT should be involved acupressure for
the treatment of primary dysmenorrhea. The acupressure
intervention was compared to placebo control, rest, phar-
macological management, or other conventional treatments.
The primary outcome was pain relief measured by a visual
analogue scale (VAS) or other validated scales. Secondary
outcomes included overall improvement measured by Short-
FormMcGill Pain Questionnaire (SF-MPQ), Menstrual Dis-
tress Questionnaire (MDQ), quality of life measured by a
validated scale, for example, the Short Form (SF) 36, and
adverse effects measured as incidence of side effects or other
types of side effects.

2.3. Data Collection and Analysis. Two reviewers indepen-
dently selected articles. The titles and abstracts of articles
found in the search were screened by Hui-ru Jiang and
Shuang Ni, who discarded trials that were clearly not eligible.
Trial was selected by two review authors (Hui-ru Jiang and
Shuang Ni). Hui-ru Jiang and Jin-long Li independently
extracted data using the designed form. All discrepancies
were resolved by discussion. Two review authors (Ji Li and
Xue-jun Cui) checked and entered data into ReviewManager
(RevMan 5.1).

Risk of bias was assessed independently by two review
authors (Hui-ru Jiang and Shuang Ni) with the criteria in
the Cochrane Handbook for Systematic Reviews of Interven-
tions 5.1.0 [23]. Sequence generation, allocation concealment,
blinding (or masking), incomplete data assessment, selective
outcome reporting, and other sources of bias were assessed
with three potential responses: yes, no, and unclear (Table 1).
Disagreements between review authors were resolved by
discussion or with a third author (Bi-meng Zhang).

Statistical analysis was performed with RevMan 5.1 soft-
ware. For dichotomous data, results for each study were
expressed as Peto odds ratios (OR) with corresponding 95%
confidence intervals (CI) using theMantel-Haenszel method.
We expressed continuous data as weighted mean differences
(WMD) with 95% CI or as standardized weighted mean
differences (SMD) if outcomes were conceptually the same
but measured in different ways in the different trials.

If there were “multi-arm” studies, for example, there are
two acupressure groups with a common control group or



Evidence-Based Complementary and Alternative Medicine 3

Random sequence generation (selection bias)
Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)
Selective reporting (reporting bias)

0 25 50 75 100
Low risk of bias
Unclear risk of bias
High risk of bias

(%)

Figure 1: Risk of bias graph: review authors’ judgements about each risk of bias item presented as percentages across all included studies.

two control intervention groups such as a placebo group and
a standard treatment group, and data from both treatment
arms were combined into one group. For studies with a
placebo control and no treatment control group, the shared
intervention was divided evenly between groups as described
in the Cochrane Handbook [23].

We included a more formal chi2 test. A low 𝑃 value (or a
large chi2 statistic relative to its degree of freedom) provided
evidence of heterogeneity of intervention effects (variation
in effect estimates beyond chance). We measured inconsis-
tency across trials in the meta-analysis using the 𝐼2 statistic
described in the CochraneHandbook for Systematic Reviews
of Interventions [23]. We planned to investigate potential
biases of publication using the funnel plot or other analytical
methods [24]. In the presence of significant heterogeneity,
we aimed to examine the causes by subgroup analysis and
also sensitivity analysis. If subgroup analysis failed to explain
the heterogeneity, datawere analyzedwith the random-effects
model.

3. Results

3.1. Description of Included Studies. The search retrieved
224 potentially relevant records, including 86 trials from
PubMed, 125 from CBM, 2 from CENTRAL, and 11 trials
from manual search. 177 records were excluded by screening
the titles and abstracts, including 8 duplicates.The remaining
47 full-text articles were retrieved for additional scrutiny, of
which 39 proved ineligible because of nomention of random-
ization or quasirandomised trials.Thus 8 trials were included
in the current review. The types of control interventions, and
data extraction for these 8 studies are depicted in Table 2.

All the 8 trials used a parallel design, including 800
patients [15–22]. Six trials had two study groups [15, 16, 18,
19, 21, 22]. One trials had three groups [20] and one trials had
four arms [17]. Comparative and control groups varied. Six
trials used no treatment controls, including placebo, rest, and
waiting control [15–19, 22]. Two are single-blind clinical trials,
in which participants were treated with placebo acupressure
[18, 19]. Comparisons with medication using Ibuprofen were
used in two trials [20, 21].

The research location of 3 trials was in China (two in
Taiwan, one in Hong Kong, and none in Chinese Mainland),
one in the USA, and four in Iran. Among these trials, the
largest sample size was 216 [20], the smallest sample size
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Figure 2: Risk of bias summary: review authors’ judgements about
each risk of bias item for each included study.

was 30 [19], and the average sample size was 100. The data
in each trial were analyzed individually with special software
(RevMan 5.1).

Fixed sets of acupressure points were used in all trials.
Patients received acupressure for one menstrual cycle in two
studies [19, 20], two menstrual cycles in three studies [16, 18,
21], and three menstrual cycles in three studies [15, 17, 22].
VAS scales were used in six trials to assess pain relief [16–
20, 22]. An assessment of pain andothermenstrual symptoms
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1.1.1 VAS immediately after treatment

Kashefi et al. 2010
Mirbagher-Ajorpaz et al. 2011 

Wong et al. 2010
Subtotal (95% CI)

1.1.2 VAS 1 h after treatment
Kashefi et al. 2010
Mirbagher-Ajorpaz et al. 2011
Subtotal (95% CI)

1.1.3 VAS 2 h after treatment
Kashefi et al. 2010
Mirbagher-Ajorpaz et al. 2011
Subtotal (95% CI)

1.1.4 VAS 3 h after treatment
Kashefi et al. 2010
Mirbagher-Ajorpaz et al. 2011
Subtotal (95% CI)

1.1.5 VAS 1 month
H. M. Chen and C. H. Chen et al. 2004
H. M. Chen and C. H. Chen et al. 2010
Wong et al. 2010
Subtotal (95% CI)

1.1.6 VAS 2 months
Wong et al. 2010
Subtotal (95% CI)
Heterogeneity: not applicable

1.1.7 VAS 3 months
H. M. Chen and C. H. Chen et al. 2010

H. M. Chen and C. H. Chen et al. 2010

Wong et al. 2010
Subtotal (95% CI)

1.1.8 VAS 6 months

Subtotal (95% CI)
Heterogeneity: not applicable

Total (95% CI)
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4.72
3.3
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5.67
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3.3

3.3013
2.79
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SD
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1.21
1.42
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1.36
1.6
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2.16
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1.98

1.68
2.098
4

1.69
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1.58

1.9345

Total

35
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36
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55
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55
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6.16
5.06
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6.44
4.86

6.58
5

7.04
4.8

3.04
4.59
4.33

4.54

4.6
4.3

4.45

SD
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1.47
1.43

4.041
1.33

1.46
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1.57
1.25
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1.37
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2
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1.35
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3.6%
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10.5%
3.8%

14.3%

6.4%
2.5%
8.8%

8.0%
2.7%

10.7%

3.8%
8.0%
1.0%

12.9%

3.4%
3.4%

11.3%
3.7%
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7.1%
7.1%

100.0%

IV, fixed, 95% CI

−0.91 [−1.78, −0.04]
−1.16 [−1.75, −0.57]
−1.56 [−2.58, −0.54]
−0.82 [−1.87, 0.23]

−1.70 [−2.74, −0.66]
−1.19 [−1.57, −0.82]

−1.72 [−2.33, −1.11]
−1.56 [−2.58, −0.54]
−1.68 [−2.20, −1.15]

−1.98 [−2.77, −1.19]
−2.60 [−3.86, −1.34]
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−1.37 [−2.07, −0.67]
−3.14 [−4.36, −1.92]
−1.81 [−2.42, −1.20]

−0.12 [−1.14, 0.90]
−1.10 [−1.80, −0.40]

0.29 [−1.70, 2.28]
−0.70 [−1.25, −0.15]

−1.24 [−2.32, −0.16]
−1.24 [−2.32, −0.16]
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−1.75 [−2.49, −1.00]
−1.75 [−2.49, −1.00]

−1.41 [−1.61, −1.22]

Experimental Control Mean difference Mean difference
IV, fixed, 95% CI

−4 −2 0 2 4
Favours experimental Favours control

Heterogeneity: 𝜒2 = 2.31, df = 4 (P = 0.68); I2 = 0%

Test for overall effect: Z = 6.21 (P < 0.00001)

Heterogeneity: 𝜒2 = 0.07, df = 1 (P = 0.79); I2 = 0%

Test for overall effect:Z = 6.24 (P < 0.00001)

Heterogeneity:𝜒2 = 0.67, df = 1 (P = 0.41); I2 = 0%

Test for overall effect: Z = 6.31 (P < 0.00001)

Heterogeneity: 𝜒2 = 6.09, df = 1 (P = 0.01); I2 = 84%

Test for overall effect: Z = 5.84 (P < 0.00001)

Heterogeneity:𝜒2 = 3.43, df = 2 (P = 0.18); I2 = 42%

Test for overall effect: Z = 2.47 (P = 0.01)

Test for overall effect: Z = 2.24 (P = 0.03)

Heterogeneity: 𝜒2 = 0.12, df = 1 (P = 0.73); I2 = 0%

Test for overall effect: Z = 5.17 (P < 0.00001)

Heterogeneity: 𝜒2 = 28.55, df = 17 (P = 0.04); I2 = 40%
Test for overall effect: Z = 13.94 (P < 0.00001)

Test for overall effect: Z = 4.58 (P < 0.00001)

Test for subgroup differences: 𝜒2 = 15.88, df = 7 (P = 0.03); I2 = 55.9%

H. M. Chen and C. H. Chen et al. 2004

Pouresmail and Ibrahimzadeh 2002  

Figure 3: Acupressure versus placebo acupressure or rest control for pain relief.
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Study or subgroup

Taylor et al. 2002

Total (95% CI)

Mean

1.697
3.9

SD

1.486
1.5

Total
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28

64

Mean
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7.3

SD

1.66
1.4

Total

72
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−3.40 [−4.17, −2.63]

−1.72 [−4.99, 1.55]

Experimental Control Mean difference Mean difference
IV, random, 95% CI

−100 −50 0 50 100
Favours experimental Favours control

Test for overall effect: Z = 1.03 (P = 0.30)
Heterogeneity: 𝜏2 = 5.45; 𝜒2 = 43.66, df = 1 (P < 0.00001); I2 = 98%

Pouresmail and 
Ibrahimzadeh 2002 

Figure 4: Acupressure versus pharmacologic treatment for pain relief.

Study or subgroup

1.2.1 SF-MPQ Immediate posttest

Wong et al. 2010
Subtotal (95% CI)

1.2.2 SF-MPQ 1 month

Wong et al. 2010
Subtotal (95% CI)

1.2.3 SF-MPQ 2-month followup
Wong et al. 2010
Subtotal (95% CI)
Heterogeneity: not applicable

1.2.4 SF-MPQ 3-month followup

Wong et al. 2010
Subtotal (95% CI)

1.2.5 SF-MPQ 6-month followup

Subtotal (95% CI)
Heterogeneity: not applicable

Total (95% CI)

Mean

11.08
5.26

14.23
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4.53

4.21

7.0145
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4.5715

SD
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Total
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35
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7.16
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3.92
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Total
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Weight
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28.3%
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11.7%

100.0%

IV, random, 95% CI

1.29 [−2.86, 5.44]
−2.12 [−4.01, −0.23]
−0.94 [−4.12, 2.24]

5.03 [0.15, 9.91]
−0.70 [−3.66, 2.26]
−1.26 [−3.67, 1.15]
0.38 [−2.67, 3.43]

−2.04 [−4.36, 0.28]
−2.04 [−4.36, 0.28]

−2.38 [−4.96, 0.21]
−2.28 [−4.75, 0.19]

−2.33 [−4.11, −0.54]

−4.67 [−7.30, −2.04]
−4.67 [−7.30, −2.04]

−1.60 [−2.86, −0.35]

Experimental Control Mean difference Mean difference
IV, random, 95% CI

−100 −50 0 50 100
Favours experimental Favours control

Test for overall effect: Z = 0.58 (P = 0.56)

Test for overall effect: Z = 0.24 (P = 0.81)

Test for overall effect: Z = 2.55 (P = 0.01)

Test for overall effect: Z = 1.72 (P = 0.08)

Test for overall effect: Z = 3.48 (P = 0.0005)

Test for overall effect: Z = 2.50 (P = 0.01)

Heterogeneity: 𝜏2 = 3.10; 𝜒2 = 2.15, df = 1 (P = 0.14); I2 = 53%

Heterogeneity: 𝜏2 = 4.40; 𝜒2 = 5.26, df = 2 (P = 0.07); I2 = 62%

Heterogeneity: 𝜏2 = 0.00; 𝜒2 = 0.00, df = 1 (P = 0.96); I2 = 0%

Heterogeneity: 𝜏2 = 1.71; 𝜒2 = 15.42, df = 8 (P = 0.05); I2 = 48%

Test for subgroup differences: 𝜒2 = 6.76, df = 4 (P = 0.15), I2 = 40.9%

H. M. Chen and C. H. Chen et al. 2004

H. M. Chen and C. H. Chen et al. 2004
H. M. Chen and C. H. Chen et al. 2010

H. M. Chen and C. H. Chen et al. 2010

H. M. Chen and C. H. Chen et al. 2010

Figure 5: Acupressure versus placebo acupressure or rest control for menstrual symptoms (SF-MPQ).

was undertaken in the remaining two studies with Andersch
andMilsom scale [15], and Descriptive Numeric Rating Scale
of Pain Intensity and Dysmenorrhea Symptom Intensity and
Distress Inventory [21].

3.2. Risk of Bias in Included Studies. See Figures 1 and 2 for
a graphical summary of the risk of bias assessments of the
included studies made by authors based on the risk of bias
domains. No trial was at a low risk of bias on all domains.

Using the Cochrane criteria, we rate the risk of bias. Only
one of 8 studies had a low risk of selection bias, detection
bias, and attrition bias [15], and the sequence was generated
by means of a table of random numbers. We found high
risks of bias in the included studies to be failure to describe
or use appropriate adequate generation of randomisation
sequence (7/8), concealment of allocation (8/8), and lack of
effective blinding procedures (observer (7/8); patient (8/8);
care provider (8/8)). We acknowledge that it is difficult to

blind the patient and impossible to blind the care provider
in acupressure treatments.

3.3. Effects of Interventions. Compared with placebo acupres-
sure or rest control, acupressure improved pain measured
with VAS (−1.41 cm 95% CI [−1.61, −1.21]). VAS was less
immediately after treatment (WMD −1.19 cm, [−1.57, −0.82];
5 trails, 145 participants), 1 h after treatment (WMD−1.68 cm,
95% CI [−2.20, −1.15]; 2 trails, 55 participants), 2 h after
treatment (WMD −2.15 cm, 95% CI [−2.82, −1.48]; 2 trails,
55 participants), and 3 h after treatment (WMD −1.81 cm,
95% CI [−2.42, −1.20]; 2 trails, 55 participants), with sub-
stantial statistical heterogeneity (𝐼2 = 84%, Figure 3). At
the end of one, two, three, and six months, the WMD
in pain outcomes were −0.70 cm (95% CI [−1.25, −0.15];
3 trails, 195 participants), −1.24 cm (95% CI [−2.32, −0.16];
1 trail, 19 participants), −1.35 cm (95% CI [−1.86, −0.84]; 2
trails, 112 participants), and −1.75 cm (95% CI [−2.49, −1.00];
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1.3.1 MDQ Immediate posttest

Wong et al. 2010
Subtotal (95% CI)

1.3.2 MDQ 1 month

Wong et al. 2010
Subtotal (95% CI)

1.3.3 MDQ 2-month followup
Wong et al. 2010
Subtotal (95% CI)
Heterogeneity: not applicable

1.3.4 MDQ 3-month followup

Wong et al. 2010
Subtotal (95% CI)

1.3.5 MDQ 6-month followup

Subtotal (95% CI)
Heterogeneity: not applicable

Total (95% CI)

Mean

23.6
25.84

23.73
24.0479

25.65

25.32

21.85
23.96

21.0485

SD

4.72
5.04

5.61
5.7817

5.66

4.56

5.1843
4.79

4.7009

Total

35
19
54

35
99
19

153

19
19
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19
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99
99

443

Mean

23.76
28.38

23.05
24.81
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27.33

24.06
26.61

24.22

SD

6.57
5.07

5.89
5.59
5.08

4.8

3.81
5.1

4.1

Total

34
21
55

34
35
21
90

21
21

35
21
56

35
35

257

Weight

8.3%
6.2%

14.4%

8.2%
12.8%
5.4%

26.5%

7.2%
7.2%

23.0%
6.5%

29.5%

22.4%
22.4%

100.0%

IV, fixed, 95% CI

−0.16 [−2.87, 2.55]
−2.54 [−5.68, 0.60]
−1.18 [−3.22, 0.87]

0.68 [−2.04, 3.40]
−0.76 [−2.94, 1.41]
−1.52 [−4.87, 1.83]
−0.47 [−1.98, 1.04]

−2.01 [−4.91, 0.89]
−2.01 [−4.91, 0.89]

−2.21 [−3.83, −0.59]
−2.65 [−5.72, 0.42]

−2.31 [−3.74, −0.87]

−3.17 [−4.82, −1.53]
−3.17 [−4.82, −1.53]

−1.83 [−2.61, −1.05]

Experimental Control Mean difference Mean difference
IV, fixed, 95% CI

−100 −50 0 50 100
Favours experimental Favours control

Test for overall effect: Z = 0.61 (P = 0.54)

Test for overall effect: Z = 1.12 (P = 0.26)

Test for overall effect: Z = 1.36 (P = 0.17)

Test for overall effect: Z = 3.15 (P = 0.002)

Test for overall effect: Z = 3.78 (P = 0.0002)

Test for overall effect: Z = 4.61 (P < 0.00001)

Heterogeneity: 𝜒2 = 1.14, df = 2 (P = 0.57); = 0%

Heterogeneity: 𝜒2 = 1.27, df = 1 (P = 0.26); = 12%

Heterogeneity: 𝜒2 = 0.06, df = 1 (P = 0.80); I2

I2

I2

= 0%

Heterogeneity: 𝜒2 = 8.96, df = 8 (P = 0.35); I2 = 11%

Test for subgroup differences: 𝜒2 = 6.49, df = 4 (P = 0.17); I2 = 38.4%

H. M. Chen and C. H. Chen et al. 2010

H. M. Chen and C. H. Chen et al. 2004
H. M. Chen and C. H. Chen et al. 2010

H. M. Chen and C. H. Chen et al. 2010

H. M. Chen and C. H. Chen et al. 2010

Figure 6: Acupressure versus placebo acupressure or rest control for menstrual symptoms (MDQ).

1 trail, 99 participants). Two trials compared acupressure with
Ibuprofen and found no improvement in pain relief (WMD
−1.72 cm, 95% CI [−4.99, 1.55]; 64 participants, Figure 4).

For improvement in symptoms, acupressure did not
improve SF-MPQ compared with placebo acupressure or rest
control at immediate posttest in two studies with 99 par-
ticipants (WMD −0.94, 95% CI [−4.12, 2.24]) and 1-month
followup in three studies with 243 participants (WMD 0.38,
95% CI [−2.67, 3.43]) and 2-month followup in one study
with 40 participants (WMD −2.04, 95% CI [−4.36, 0.28]) but
improved at the 3-month followup in two studies with 174
participants (WMD −2.33, 95% CI [−4.11, −0.54]) and 6-
month followup in one study with 134 participants (WMD
−4.67, 95% CI [−7.30, −2.04]) (Figure 5). Acupressure did
not improve menstrual symptoms (MDQ) compared with
placebo acupressure or rest control at immediate posttest
in two studies with 99 participants (WMD −1.18, 95% CI
[−3.22, 0.87]), 1 month followup in three studies with 243
participants (WMD −0.47, 95% CI [−1.98, 1.04]) and 2-
month followup in one study with 40 participants (WMD
−2.01, 95% CI −2.01 [−4.91, 0.89]) but improved at the 3-
month followup in two studies with 174 participants (WMD
−2.31, 95% CI [−3.74, −0.87]) and 6-month followup in one
study with 134 participants (WMD −3.17, 95% CI −3.17
[−4.82, −1.53]) (Figure 6).

Two trials reported this outcome as a dichotomous vari-
able and were not included in meta-analysis. Bazarganipour
et al. reported that the severity of dysmenorrhea was signif-
icantly different in the fourth cycle (𝑈 = 2377, 𝑃 < 0.001)
[15]. Taylor et al. reported the reduction of menstrual pain
as being significantly better in the case of worst menstrual
pain (WMD −3.40, 95% CI [−4.17, −2.63]), menstrual pain
symptom intensity (WMD −4.20, 95% CI [−5.33, −3.07]),

and in pain medication consumption (WMD −6.40, 95%
CI [−10.49, −2.31]) in an acupressure plus pharmacologic
treatment group than in a pharmacologic treatment group
alone at the end of the second circle [21].

4. Discussion

There are only eight trials assessing the role of acupressure
in the management of primary dysmenorrhoea. Eight studies
and data from 800 participants were included in the system-
atic review. Six studies examined the efficacy of acupressure
using placebo controlled designs. There was some limited
evidence of acupressure showing a benefit in relation to
the primary outcomes of pain relief (VAS) and reduced
menstrual symptoms. There was an improvement in pain
relief compared with placebo or rest control (WMD −1.41 cm,
95%CI [−1.61, −1.21]) and compared with Ibuprofen (WMD
−2.07 cm, 95% CI [−4.27, 0.12]). Acupressure reduced men-
strual symptoms compared with placebo or rest control (SF-
MPQ, WMD −1.60, 95% CI [−2.86, −0.35]; MDQ, WMD
−1.83, 95% CI [−2.61, −1.05]). The majority of trials did not
report on adverse events. These results were limited by the
methodological flaws of trials.

There are three other reviews of acupuncture-related
therapies for primary dysmenorrhoea [25–27]. Cho and
Hwang included 4 trials, suggesting that acupressure allevi-
ates menstrual pain [25]. Yang et al. identified 3 trials of body
acupressure and 4 trials of auricular acupressure, which were
excluded in our review [26]. Smith CA found that there was
an improvement in pain relief from acupressure compared
with a placebo control (WMD −0.99, 95% CI −1.48 to −0.49),
and in one trial acupressure reduced menstrual symptoms
compared with a placebo control (WMD −0.58, 95% CI
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−1.06 to −0.10) [27]. Cho and Hwang and Yang et al. both
included other modalities of TCM and included trials for
which we were unable to ascertain the randomisation details
[25, 26]. Both reviews found promising evidence for the use
of acupuncture to treat primary dysmenorrhoea compared
with pharmacological medicine or Chinese herbal medicine.
These findings from the three reviews were influenced by the
methodological flaws of the trials.

We noted low quality evidence of all the included eight
studies suggesting the limited benefit should be interpreted
with caution. The completeness and applicability of the
evidence is limited as from the 8 included trials, only one
reportedmeaningful data and seven were at a high or unclear
risk of bias on all domains.

Because of low methodologic quality and small sample
size, there is no convincing evidence for acupuncture in the
treatment of primary dysmenorrhea. Well-designed RCTs
with rigorous methods of randomisation, and adequately
concealed allocation are needed.
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We studied the validity of a “Streitberger” needle as a valid approach in a Chinese population with experience of acupuncture.
Volunteers were recruited from students of the School of Acupuncture and Moxibustion, Guangzhou University of Chinese
Medicine. Sixty students receiving education in acupuncture theory and experience in practical acupuncture were tested in study
determining whether needling with the placebo needle felt any different from conventional acupuncture. Outcomes included
measures of penetration sensation, VAS ratings, and Deqi sensation questionnaire. As a result, needle penetration, VAS ratings
for either needle and Deqi sensation were not significantly different between two kinds of needles. Our findings show that the use
of “Streitberger” needle is credible in a Chinese population with acupuncture experience.

1. Background

The placebo needle, also referred to as “Streitberger” needle,
was developed by Streitberger and Kleinhenz [1]. The non-
penetrating placebo needle has been regarded as a reliable
control treatment in the field of acupuncture clinical research
[2–4]. Many studies have demonstrated that the sham needle
is a convincing therapy for the majority of participants in
acupuncture treatment [1, 5].

However, in China, this kind of sham needle has not yet
been found in any clinical reports related to the current study.
Before this needle is adopted into therapeutic use among
Chinese people, validation of the approach clearly needs to
be undertaken. For example, a key question that we would
like to address is do different people achieve similar results
with two different needles? A key objective of this study was
to address this question.

2. Materials and Methods

2.1. The Placebo Needle. For this study, Streitberger designed
a special placebo needle. The School of Chinese Medicine of

Australia’s Royal Melbourne Institute of Technology Univer-
sity provided the needles. Our observations indicated that as
the needle was pushed against the skin, it caused a pricking
sensation. However, as increased pressure is applied, the shaft
of the needle disappears into the handle, which gives the
impression that the needle is actually entering the skin. The
needle is held in position by a small adhesive plastic ring
(Figure 1), which can also be used with the real needles to
aid in consistency and credibility. In Streitberger’s research,
it was reported that none of the volunteers suspected that the
needle might not have penetrated the skin [1]. As to the real
needle, it had the appearance of the placebo needle, so that
participants and manipulators could not distinguish them
from their appearance. The only part that differed was that
the tip of the real needle was acutely sharper.

Figure 1 is quoted directly from the article “Introducing
a placebo needle into acupuncture research” written by
Streitberger and Kleinhenz [1].

2.2. Participants. We recruited 40 female and 20 male vol-
unteers aged 22–25, who were students from the School
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Figure 1: Placebo needle.

of Acupuncture and Moxibustion of Guangzhou University
of ChineseMedicine. All subjects had knowledge of acupunc-
ture and meridians and previous experience in acupuncture.
Subjects had no sign of disease and were otherwise healthy.
All subjects were willing to take part in this trial. Subjects
who had acute or chronic pain, those taking analgesics or
psychotropic drugs, and those with skin disease at the site
of the acupoint; those who were pregnant were excluded.
Ethical approval was obtained from the Ethics Commission
of the Guangdong Provincial Hospital of Traditional Chinese
Medicine (no. 2008GL-27). Since the majority of people in
China have experience in acupuncture, the true validity of a
placebo intervention would be more challenging because of
their sensation of needles. For this reason, we choose volun-
teers with previous experience in acupuncture to participate
in this research.

2.3. Protocols. The trials were conducted in an air-condi-
tioned (22 ± 3∘C) room. Volunteers were told that we were
testing a new needle to determine if it was more or less
painful than a traditional needle. After randomization by
using SPSS18.0 statistical software, subjects were treated by
acupuncture in a crossover designwith acupuncture needling
and placebo at Shenshu (BL23). Volunteers took up a prone
position during the treatment procedures. Participants could
not see the process of the operation since the selected point
was located on the back, which might also aid in the blinded
design of this pilot study. A total of 30 volunteers were
first punctured with placebo acupuncture, 30 others with
the placebo needle and vice versa after a 30-day washout or
recovery period. The point of acupuncture was disinfected
with alcohol and then marked with the plastic ring, which
was covered with a plastic sheet. After puncturing the plastic
sheet, the needle was depressed. In the case of the real
acupuncture, the needle was placed approximately 0.5 cm
through the skin; in the case of the placebo acupuncture,
this was done until the needle just touched the skin and
the shortening of the needle appeared the same as in real
acupuncture. The flow chart of the trial is shown in Figure 2.

Manipulators twirled the needles for 30 sec. After 2min
the needles were removed and the volunteers were asked if
they felt the needle penetrating the skin or if the penetration
of the needle was painful on a visual analogue scale (VAS) and
if they had Deqi sensation.

Table 1: Results of randomization (gender).

Group Gender Total
Male Female

Placebo needle 12 18 30
Real needle 8 22 30
Total 20 40 60

2.4. Statistical Analysis. This study was designed as a
crossover trial with each volunteer receiving both the real
needles and the placebo needles in sequence. Painful sen-
sations were assessed using VAS ranging from no sensation
of pain “not at all or zero point” to “extremely severe ten
points” on a sliding scale. As this was a crossover design, a
general linear model was used to compare the VAS scores.
Responses to the questions relating to needle penetration and
Deqi sensation were summarized using descriptive statistics
and compared using a chi-square test.

3. Results

3.1. Baseline Data. Groups were well balanced at baseline
for gender. Table 1 shows the division of male and female
volunteers as randomized to the two kinds of needles. Dis-
tribution of age differed with a P value of 0.028 (Table 2). As
all the volunteers were students who had accepted education
in the practice of acupuncture theory and experience in
acupuncture, the statistical differences in the distribution of
age would not have affected the outcome of study or of the
results.

3.2. Outcomes

3.2.1. Needle Penetration. Participants were asked to state
whether they felt needle penetrationwith the real and placebo
needles. Table 3 shows the responses to this question for the
60 participants.

Of the 60 volunteer subjects, 45 (75.0%) felt that the real
needles had penetrated, but 49 (81.7%) felt that the placebo
needles had penetrated. 35 (58.3%) felt penetration with
both needles, while only 1 subject (1.7%) felt no penetration
from either type of needles. Additionally, 14 (23.3%) felt
the penetration using placebo needling but did not feel
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Figure 2: Study protocol.

Table 2: Results of randomization (age).

Group 𝑁 Mean S.D. S.E.M.
Placebo needle 30 23.13 1.056 0.190
Real needle 30 23.07 0.753 0.140

Table 3: Responses of patients to penetration question for the two
types of needles.

Placebo needle Real needle Total
Yes No No response

Yes 35 14 — 49 (81.7%)
No 10 1 — 11 (18.3%)
No response — — — 0
Total 45 (75.0%) 15 (25.0%) 0 60

penetration in the case of authentic acupuncture. Further, 10
subjects (16.7%) felt penetration from authentic acupuncture
but not from placebo. McNemar’s test showed no significant
difference.

3.2.2. VAS Ratings. This was measured in the form of using a
VAS. Responses are described in Table 4. The General Linear

Model showed an F value of 0.217 and a P value of 0.643 (𝑃 >
0.05), which was not statistically significant.

3.2.3. Deqi. Deqi was sensed by 6 volunteers with acupunc-
ture and placebo needling. Additionally, 8 subjects felt the
Deqi with placebo needling but did not feel Deqi with
authentic needling and 18 felt Deqi with authentic needling
but not with the placebo needle, while 28 subjects did not feel
Deqi with either approach. Responses are shown in Table 5.
McNemar’s test showed no statistically significant difference
(𝑃 = 0.076).

4. Discussion

Randomised double blind, placebo-controlled trials are con-
sidered the gold standard for determining an intervention’s
specific therapeutic effects. Acupuncture has been tested
in randomized controlled trials (RCTs). However, some
trials have been criticized for their methodological flaws or
limitations. A lack of appropriate placebo or sham controls or
sufficient efforts to blind subjects has been key drawback of
such studies. Since the introduction of “Streitberger” needles,
which were developed by Streitberger and Kleinhenz [1]
(Germany), investigators in the field had evaluated its validity
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Table 4: Tests of between-subjects effects (VAS ratings).

Source Type III sum of squares df Mean square 𝐹 value Significance
Intercept

Hypothesis 449.694 1 449.694 176.303 0.000
Error 150.491 59 2.551a

Stage
Hypothesis 7.288 1 7.288 2.524 0.118
Error 167.503 58 2.888b

Needle
Hypothesis 0.628 1 0.628 0.217 0.643
Error 167.503 58 2.888b

Volunteers
Hypothesis 150.491 59 2.551 0.883 0.682
Error 167.503 58 2.888b

a
Receiving placebo needle.

bReceiving real needle.

Table 5: Responses of patients to penetration question for the two
types of needles.

Placebo needle Real needle Total
Yes No No response

Yes 6 8 — 14 (23.3%)
No 18 28 — 46 (76.7%)
No response — — — 0
Total 24 (40.0%) 36 (60.0%) 0 60

in many other countries, such as in the UK and Japan [5, 6].
The Streitberger needle has been used in acupuncture trials
as placebo controls [2, 7, 8]. However, such reports are rare in
China, and the use of placebo needle and its credibility needs
to be tested in more detail.

From the results, penetration between acupuncture and
sham needle had no significant difference, and none of the
subjects suspected that the skin had not been punctured.Deqi
was felt by some of the volunteers with placebo needling,
but in real acupuncture needling it was felt more often. The
pressure of the ring and plastic cover could cause Deqi in
placebo needling, by psychological influences, or by pain
from direct pressure on a pain receptor in the skin. Deqi
sensation from use of sham needles needs to be verified
further. The differences in the VAS ratings between the two
needles were also not significant, which means that none of
the subjects could recognize use of the sham needle.

However, with regard to the design of this study, the
following limitations should be noted. Firstly, this study only
had 60 participants, which may not have been a sufficiently
large enough sample size, especially for statistical evaluation
of the data. Secondly, the healthy college students with
previous experience in acupuncture that comprised our study
sample population might not have been representative of
typical acupuncture patients in the clinical setting. The lack
of a strong association between knowledge or experience of
acupuncture and correct guessing may have been due to a
relatively small number of participants or the homogeneity

of the sample in terms of age and educational background.
Thirdly, all the volunteers were experienced in acupuncture.
Therefore, the results may not be the same among naı̈ve
people. Fourth, needle sensation may be different from
different acupuncture points on different parts of the body.

To conclude, nonpenetrating shamneedlesmay serve as a
credible sham control in Chinese populations with acupunc-
ture experience. However, the small sample size, varying
needle sensations in different acupoints, and the background
of participants call for further studies to validate or confirm
and/or better understand our findings. Our observations
suggest that the “Streitberger” needle is credible to be used
in Chinese populations with experience of acupuncture.
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