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This special issue concerns acupuncture effects related with
meridians. Out of the 34 submitted papers, 15 papers were
accepted to be published (acceptance rate of 44.1%). Of
the 15 papers, five papers focused on the clinical effects
related to meridians. In a study by J.-H. Jeong et al., a
simple acupoint flowchart based after meridian theory was
used to direct the acupuncture treatment on 102 dogs with
various diseases, and good curative effects were achieved in
their study that was entitled “Simple acupoints prescription
flowchart based on meridian theory: a retrospective study in
102 dogs.” Two papers reported on meridian-sinew therapy
for knee osteoarthritis. S. Wei et al. observed better results
in 90 cases using meridian-sinew release, as compared to
normal acupuncture and drug treatments, in their study
that was entitled “Evaluating meridian-sinew release therapy
for the treatment of knee osteoarthritis.” In an RCT study,
Y.-S. Liu et al. compared 97 patients treated with long-round
needle therapy to 95 control patients treated with drugs
and found a better effect from long-round needle treatment
both immediately after the treatment and at the 3-month
followup. The effect mechanism was analyzed according to
the relationship between the meridian sinew and the fluid
meridian channels in their study that was entitled “Obser-
vation on pain release by long-round needle therapy in knee
osteoarthritis related with meridian-sinews theory.” S.-H. Lee
et al. performed a network analysis of the acupuncture points
used in treating low back pain in which modified mutual
information value was calculated to illustrate the technique

of acupoint combination in acupuncture treatment in their
study that was entitled “Network analysis of acupuncture
points used in the treatment of low back pain.” 1.-S. Lee et al.
summarized 37 clinical studies on the treatment of low back
pain and found that the most frequently used acupoints were
BL23 (51%), BL25 (43%), BL24 (32%), BL40 (32%), BL60
(32%), GB30 (32%), BL26 (28%), BL32 (28%), and GB34
(21%). A visualized meridian chart was drawn based on the
data to understand the origin of meridians in their study that
was entitled “Visualization of the meridian system based on
biomedical information about acupuncture treatment”. All of
five papers confirmed the importance of meridian theory in
clinical acupuncture.

The second group of papers focused on various effects
of acupuncture when stimulating acupoints and meridians.
W.-B. Zhang et al. found an increase of blood perfusion when
needling a point on a meridian but not on an acupoint,
as compared to needling a point off meridian but at an
acupoint level, which proved the ancient theory that missing
a point is less important than missing a meridian in their
study that was entitled “Comparison of acupuncture effect on
blood perfusion between needling nonacupoint on meridian
and needling nonacupoint off meridian.” Gerhard Litscher
et al. found that, when acupressing Xiyangguan (GB33), the
regional oxygen saturation at the deeper knee tissue increased
significantly while no considerable change occurred in the
opposite control area, implying a meridian-related effect in
their study that was entitled “Acupressure at the meridian



acupoint xiyangguan (GB33) influences near-infrared spectro-
scopic parameters (regional oxygen saturation) in deeper tissue
of the knee in healthy volunteers.”

Four papers focused on the mechanism of acupuncture.
W.-B. Zhang et al. studied the mechanism of acupuncture
in channel dredging. A channel blockage model was made
by injecting gel into a low hydraulic resistance channel
(LHRC) in minipigs resulting in hyperalgesia. Acupuncture
was applied to reduce the hydraulic resistance in the LHRC,
which verified the ancient meridian theory that acupuncture
can dredge a channel to relieve pain in their study that was
entitled “Induction of hyperalgesia in pigs through blocking low
hydraulic resistance channels and reduction of the resistance
through acupuncture: a mechanism of action of acupuncture.”
Z.-D. Cheng et al. observed the impact of acupuncture along
meridians on the protein expression of chloride channels
in myocardial ischemia rats in their study that was entitled
“The impacts of along-channel acupuncture on the protein
expressions of the chloride channel of the rats with myocardial
ischemia.” ]. Lu et al. reported that acupuncturing Baihui
(Du20) and Neiguan (PC6) can increase the ratio of p-
ERK1/2 to ERK1/2 and the ratio of p-CREB to CREB at
the hippocampus and prefrontal cortex in rats with chronic
unpredictable mild stress in their study that was entitled
“Acupuncture activates ERK-CREB pathway in rats exposed
to chronic unpredictable mild stress.” Both studies imply
that acupuncture may also influence protein expression.
M.-F Luo et al. observed that recruitment and migration of
mast cells along blood vessels and nerves to form a compound
structure at acupoint sites after electroacupuncture (EA) were
applied, implying that a dynamic compound structure may
play an important role in the effect of acupuncture in their
study that was entitled “Study on the dynamic compound
structure composed of mast cells, blood vessels, and nerves in
rat acupoint.”

The relationship between meridians and internal organs
was addressed in four papers. W.-T. Zhou et al. developed
a channel stasis model in minipigs by injecting gel into
LHRC of the stomach meridian and found a distension of
stomach and intestine after one or two months while no
change was observed in control pigs that were injected with
saline in their study that was entitled “Pathological changes in
Internal organs after blocking low hydraulic resistance channels
along the stomach meridian in pigs.” S. Hu et al. developed
an intestinal barrier injury by ischemic reperfusion. EA
was applied at ST36 and nonmeridian points in various
conditions. EA at ST36 attenuated the systemic inflam-
matory response and remote organ injury by protection
of the intestinal barrier under the condition of an intact
vagus nerve and cholinergic system significantly better than
acupuncturing at nonmeridian points in their study that
was entitled “Electroacupuncture at zusanli (ST36) prevents
intestinal barrier and remote organ dysfunction following gut
ischemia through activating the cholinergic anti-inflammatory-
dependent mechanism.” X. Shi et al. also studied the impact
of acupuncture at ST36 and nonmeridian points on rats
after a fatal hemorrhagic shock. They found that EA at ST36
significantly improved the blood pressure and increased the
early survival rate, as compared to EA at nonmeridian points.
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EA can impact internal organs at specific meridian/acupoint
sites in their study that was entitled “The influence of zusanli
and nonmeridian acupuncture points on the survival rate and
intestinal tissue features after fatal hemorrhagic shock in rats.”
K.-M. Shin et al. studied the effect of acupuncturing Siguan
(bilateral LI4 and LR3) on gastrointestinal motility in healthy
people after administering mosapride citrate. They found
that acupuncturing Siguan can significantly reduce increased
gastrointestinal motility, as compared to sham acupuncture
in their study that was entitled “Effect of siguan acupuncture
on gastrointestinal motility: a randomized, sham-controlled,
crossover trial.”

In this special issue, we have provided an overview of the
majority of studies related to the effects and mechanisms of
acupuncture based on principal meridians.

Wei-Bo Zhang
Andrew Wu
Gerhard Litscher
Younbyoung Chae
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To evaluate the effectiveness of long-round needle therapy for pain relief in patients with knee osteoarthritis, 192 patients were
included in a multicenter, randomized, controlled trial. 97 patients were randomized to the long-round needle therapy group (EG),
and 95 patients were randomized to the control group (CG). In EG, the long-round needle therapy was performed once every 7
days for 3 therapy sessions. Ibuprofen sustained-release capsules were administered orally in CG, 1 pill each time, twice daily for
3 weeks. Curative effect was measured after the therapy and was evaluated at a 3-month follow-up interview. In EG, the treatment
resulted in a basic cure for 79 patients, was effective for 15 patients, and was ineffective for 1 patient. In CG, the treatment resulted
in a basic cure for 30 patients, was effective for 38 patients, and was ineffective for 21 patients. In the follow-up examination in EG,
75 patients were basically cured, and the treatment was effective for 11 patients and ineffective for 9. In CG, 22 were basically cured,
31 found the treatment effective, and 36 found the treatment ineffective. The curative effects in EG after both the treatment and the
3-mouth followup were significantly more superior than that in CG (P < 0.01) which should be adopted more widely.

1. Introduction

Knee osteoarthritis (KOA) is prevalent in the elderly popu-
lation [1]. It is characterized clinically by pain and stiffness,
especially when walking up and down stairs, and has a
severe, negative impact on quality of life. Pathologically,
osteoarthritis is characterized by degeneration of articular
cartilage, bone hypertrophy, and subchondral sclerosis [2].
The aim of treatment of KOA is mainly to control symp-
toms and includes the use of nonsteroidal anti-inflammatory
drugs, glucosamine, topical analgesics, intra-articular injec-
tion of sodium hyaluronate, and surgical treatment [3].
Many patients find the results of these therapies less than
satisfactory; however, more effective treatments have not
been developed to date. Since ibuprofen sustained-release
capsules (Fenbid) appeared on the market in the 1970s, it has
become the drug of choice of KOA [4].

Long-round needle therapy has its roots in the Han
Dynasty classic of Chinese medical theory, the Yellow
Emperor’s Inner Canon, specifically in the “Nine Needles”

chapter [5]. Long-round needle therapy was developed by
Xue in 1998 and has since become a popular therapy in China
[6, 7]. It is indicated primarily for various types of chronic
pain, such as secondary prolapse of lumbar intervertebral
disks [8] and shoulder muscle strain [9]. The purpose of this
research is to compare the effectiveness of long-round needle
therapy and conventional Fenbid for knee osteoarthritis using
a multicenter, randomized, controlled trial (RCT) design.
Secondarily, we hope that this research will contribute to a
hypothesis on the mechanism of action of long-round needle
therapy based on traditional meridian-sinews theory.

2. Objects and Methods

2.1. Subjects. 192 patients with KOA were recruited from (1)
the out-patient clinic or in-patient department of Institute
of Acupuncture and Moxibustion, China Academy of Chi-
nese Medical Sciences; (2) Guanganmen Hospital, China
Academy of Chinese Medical Sciences, or (3) Shandong



Laizhou Maternity and Child Care Hospital. For inclusion, all
patients met the following criteria: (1) met the diagnostic cri-
teria of KOA [10, 11], (2) aged 40-65, and (3) signed informed
consent. Exclusion was based on the following criteria: (1)
did not meet the diagnostic criteria of KOA, (2) serious
cardiocerebrovascular system diseases, and (3) unwilling
to accept the treatment. Suspension criteria included (1)
inability to complete the treatment, (2) not complying with
treatment protocols, and (3) serious complications.

2.2. Data Collection and Test Design. 192 patients were
included in the trial. 97 patients were randomized to the
long-needle group (EG), and 85 were randomized to the
pharmacotherapy control group (CG). The trial was con-
ducted according to Good Clinical Practice guidelines, and
the rights of patients were protected at all times. The study
design was a multicenter, randomized, controlled trial. The
sample size was calculated based on the effective rate derived
from a review of the literature (0« = 0.05, § = 0.01). We
determined that sample size should be n = 192, assuming
a withdraw rate of 15%, and with a target of 180 patients.
Random numbers were acquired from Statistics Analysis
System, EG-CG with a 1:1 ratio. The random number table
was based on the order in which patients joined the study. The
concealment method for the random allocation scheme was
the total allocation scheme concealment method, including
allocating randomization numbers in order and placing them
in opaque envelopes. All 192 patients were randomized to
either group EG or CG. The trial began after receiving Ethics
Committee approval, and informed consent was obtained
from all patients.

2.3. Intervention and Methods

2.3.1. EG. The needle instrument used was the long-round
needle. Sites along the pathways of meridian-sinews were
selected for treatment based on traditional diagnostic meth-
ods for meridian-sinew disorders. The sites were primarily
sites determined to be “knotted,” and needle manipulation
was aimed at releasing these knots.

Site Selection. Sites along the meridian-sinew of Foot Tai-
yang: sub-BL39 (lateral end of the fossa popliteal crease, on
the medial border of biceps muscle of the thigh), sub-BL40
(in the middle of the fossa popliteal crease), and sub-BL55
(on the posterior leg, lower point of middle of lower fossa
popliteal, and at the level of the inferior border of caput
fibulae).

Sites along the meridian-sinew of Foot Shao-yang: intert-
ibiofibulae (on the lateral knee, at the joint space of knee),
caput fibulae (superior border of caput fibulae), and subtibia
(lateral femur, at lateral condyle of femur).

Sites along the meridian-sinew of Foot Yang-ming: lower
outer patella (lower outer border of patella), external condyle
of tibia (external tuberosity of tibia), lower inner patella
(lower inner border of patella, origin of patella medial
accessory ligament), inner malleolus condyle of tibia (medial
tuberosity of internal epicondyle tibia), and lower patella
(lower border of the patella).
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Sites along the three Yin meridian-sinews of the foot:
upper SP9 (on the medial surface of the leg, at medial surface
of the medial condyle of the tibia, and at the level of tubercle
of tibia), sub-LR7 (on the medial surface of the leg, at medial
border of the medial condyle of the tibia), intercoronary
patella (on the lateral knee, in the joint space of the knee),
subcoronary crevice (medial surface of the leg, medial surface
of the medial condyle of femur), and sub-LR8 (medial knee,
superior to the medial condyle of the tibia, and at the bend of
gracilis tackle).

Technique. Needling techniques for “knot release”:

(1) Joint puncture: insert needle until the surface of the
sinew-knot lesion is reached, then scrape and pluck,
moving right to left in order to release superficial
adhesions.

(2) Soothing puncture: insert the needle deeply into the
center of adhesions on the sinew-knot lesions located
next to tendons. Then slant the tip of the needle
upwards, scraping and lifting the adhesions all around
it in order to release pressure.

The needling technique employed was chosen based on
the location of the meridian-sinew site. Pressure was applied
to all sites after needling in order to stop bleeding. To prevent
infection, a sterile dressing was applied and left in place for
two days.

The therapy above was performed once every 7 days
for a total of 3 sessions. Curative effect was measured after
the 3 sessions were completed, and long-term results were
evaluated with a followup 3 months later.

2.3.2. CG. Ibuprofen sustained-release capsules (Fenbid)
(0.3 g ibuprofen per pill) were administered orally to patients
in CG, 1 pill per dose, twice daily for 3 weeks. Curative
effect was measured after 3 weeks, and long-term results were
evaluated with a followup 3 months later.

2.4. KOA Diagnosis and Evaluation of Treatment Results.
KOA diagnosis was based on the Clinical and Radiologi-
cal Reference from the American College of Rheumatology
[10]. Guidelines for measuring therapeutic effectiveness were
based on the official People’s Republic of China, Standards
for Diagnosis and Therapeutic Effectiveness TCM Patterns
and Diseases, specifically the TCM orthopedics standards
for treatment effectiveness for knee osteoarthritis (ZY/T
001.8-94) [11]. Taking into account that the aforementioned
standard is not sufficiently quantitative, we introduced thera-
peutic effectiveness grading and grading index. We developed
a KOA treatment observation table to record pain, discom-
fort, morning stiffness, and walking distance. Discomfort
was graded as absent, slight, moderate, or severe and based
on the Lequesne evaluation of KOA severity and mobility
index. Every item was recorded before treatment. We used
the following formula (nimodipine formula): n (Therapeutic
Effectiveness index) = [(Grade before treatment — Grade after
treatment) + Grade before treatment] x 100%. Recover: n >
90%; effective: n is 30%-90%; ineffective: n < 30%.
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TABLE 1: Data summary for patient numbers in the two groups (EG and CG).
Group In Suspended Removed oft Qualified Rate of qualified (%)
EG 97 0 2 95 97.94
CG 95 0 6 89 93.68
TaBLE 2: Therapeutic effectiveness at end of treatment.
Group N Mean Standard deviation Median Minimum Maximum t P
EG 95 47462 8.116 3.584 1 14 ~9.038 0.000
CG 89 38.901 3.214 3.773 0 14
TaBLE 3: Therapeutic effectiveness at followup 3 months after treatment completion.
Group N Mean Standard deviation Median Minimum Maximum t P
EG 95 47.462 9.3158 2.34867 -4 14 1022 0.000
CG 89 38.901 4.8427 3.50940 -4 12

2.5. Statistical Analysis. All analysis was completed by the
National Clinical Experimental Center for New Chinese
Herbal Drugs (Beijing, GCP center) by researchers who had
not taken part in the clinical trial design or research. First,
RCDMS was used to enter and lock data. Second, data was
transferred to SPSS 11.5 after confirmation. Then, the analysis,
including pain grading calculation and therapeutic effective-
ness, was performed, and the clinical data was examined
separately. P < 0.05 was used as the standard for statistical
significance.

3. Results

3.1. Comparison of Basic Data between the Two Groups.
A total of 8 patients were removed from the study for non-
compliance. Two patients in the EG were removed because
they began the use of medication during the study period,
and 6 patients in the CG were removed for taking other pain
killers during the study period. There were no suspended
cases or off cases in both groups. The rate of loss was less
than 20%. The number of patients was adequate for the trial
(Table 1). There was no significant differences in sex, age,
or duration of illness (P > 0.05) between the two groups;
therefore, the groups were comparable.

3.2. Therapeutic Evaluation. Therapeutic effectiveness at the
end of treatment is shown in Table 2. Therapeutic effective-
ness 3 months after the completion of treatment is shown in
Table 3.

As seen in Table 2, t = —9.038, P < 0.01; therefore, the
difference is significant, and the therapeutic effectiveness of
EG is superior to the CG.

Asis seen in Table 3, t = —=10.219, P < 0.01; therefore, the
difference is significant, and the therapeutic effectiveness of
EG is superior to the CG.

4. Discussion

The results showed that long-round needle therapy was
superior to Fenbid after both a 3-week course of treatment
and at 3-month followup.

Osteoarthritis of the knee, known as impediment (bi)
disease in TCM, is common in the elderly. It is characterized
by joint pain and difficulty of movement and may also
lead to economic loss and interfere with activities of daily
living (ADL). In modern biomedicine, diagnosis is based
on X-ray examination confirming cartilage injury (articular
cartilage injury, hyperosteogeny, etc.). The main treatments
are prosthetic replacement, cartilage prosthesis, and spur
removal. Fenbid is the internationally recognized pain killer
most often used in nonoperative treatment. Although it is
reasonably effective at relieving pain, many patients find
the side effects unacceptable. Therefore, other therapies are
urgently needed.

In the authors’ opinion, because there is no nociceptive
nerve endings in articular cartilage, KOA pain is not caused
by articular cartilage injury but is due to meridian-sinew
injury. Long-term, repetitive strain causes “knots” in the
meridian-sinews, which in turn block the flow of Qi-blood. It
is the knot which causes arthralgia at the joint in the elderly.
Therefore, it is necessary to choose treatment sites based on
traditional syndrome differentiation and to release the knots.
If this is done effectively, it can stop pain and help patients
avoid surgery [12].

Based on the meridian-sinews theory in the meridian-
sinew chapter of the Yellow Emperor’s Canon [13], there
are 6 meridian-sinews around the knee. They are meridian-
sinew of Foot Tai-yang, meridian-sinew of Foot Shao-yang,
meridian-sinew of Foot Yang-ming, meridian-sinew of Foot
Tai-yin, meridian-sinew of Foot Jue-yin, and meridian-sinew
of Foot Shao-yin. The Spiritual Pivot section of the Yellow
Emperor’s Canon contains a detailed description of the
distribution and collection of every meridian-sinew around



the knee. These distribution and collection sites correspond
to the most common sites of KOA pain.

There is a close relationship between meridian-channels
and meridian-sinews. Meridian-channels are the sites of Qi-
blood flow, and these channels also exist within meridian-
sinews. Any disorder of the meridian-sinews, such as knots or
strips, will obstruct the flow of Qi and cause pain. The author
applied the long-round needle, which is an innovation based
on the description of the long needle and the round needle
in the Yellow Emperor’s Canon of Internal Medicine [4], and
the “knot release” method in the same book. Knot release can
reduce fluid pressure and therefore reduce or even eliminate
the collection and seepage of fluid and humors. Treating
the meridian-sinews can enhance the flow of interstitial
fluid along the meridian-channels, thereby improving overall
functioning [14], increasing the elimination of toxins, and
reducing pain. The comparison in this paper showed that
long-round needle therapy was superior to Fenbid for treating
the pain of KOA and should therefore be more widely adopted
as a treatment.

References

(1] J. C. Scott and M. C. Hochberg, “Arthritic and other mus-
culoskeletal diseases,” in Chronic Disease Epidemiology and
Control 2nd Edition, R. C. Brownson, P. L. Reminton, and J. R.
Davis, Eds., pp. 465-489, American Public Health Association,
Washington, DC, USA, 1993.

[2] P. Di Cesare, S. Abramson, and J. Samuels, “Pathogenesis
of osteoarthritis,” in Kelleys Textbook of Rheumatology, G.
S. Firestein and W. N. Kelley, Eds., pp. 1525-1540, Saunders
Elsevier, Philadelphia, Pa, USA, 8th edition, 2009.

[3] D. T. Felson, R. C. Lawrence, M. C. Hochberg et al,
“Osteoarthritis: new insights—part 2: treatment approaches,”
Annals of Internal Medicine, vol. 133, no. 9, pp. 726737, 2000.

[4] B. Wang (Tang Dynasty), “Yellow Emperor’s Canon of Internal
Medicine: Ling Su, Jiu Zhen Shi Er Yuan,” Englished by L.S. Wu,
Q. Wu, Beijing, China, China Science & Technology Press.

J. D. Bradley, K. D. Brandt, B. P. Katz, L. A. Kalasinski, and S. I.
Ryan, “Comparison of an antiinflammatory dose of ibuprofen,
an analgesic dose of ibuprofen, and acetaminophen in the
treatment of patients with osteoarthritis of the knee,” New
England Journal of Medicine, vol. 325, no. 2, pp. 87-91, 1991.

[6] L. G. Xue, “Study on long-needle,” China Journal of Traditional
Chinese Medicine and Pharmacy, no. 4, pp. 75-76, 1998.

[7] H.-Z.Guan and H.-]J. Zhao, “Brief introduction to professor Xue
Li-gong’s aponeurotic theory and long-round needle therapy;’
Chinese Acupuncture & Moxibustion, vol. 26, no. 4, pp. 297-300,
2006.

[8] L. G. Xue, H. R. Zhang, C. S. Liu et al., “Therapeutic effect
of long-round needle for treatment of pain in 1396 cases
of secondary prolapse of lumbar intervertebral disk,” Chinese
Acupuncture & Moxibustion, vol. 24, no. 9, pp. 637-638, 2004.

[9] H.Z.Guanand L. G. Xue, “Treatment on shoulder muscle strain
by long-round needle;” Chinese Acupuncture & Moxibustion,
vol. 25, no. 12, pp. 869-869, 2005.

[10] G.Y. Shi, “Meeting summary of the first national conference of
osteoarthritis,” Chinese Journal of Rheumatology, vol. 1, no. 1, pp.
7-9,1997.

—
)

Evidence-Based Complementary and Alternative Medicine

[11] National Administration of Traditional Chinese Medicine of
China, “Standard for Diagnostic and Therapeutic Effectiveness
of Syndrome in TCM,” Nanjing University Press, 1994.

[12] B.-Q. Dong, C.-R. Li, E-Y. Huang, S.-J. Zhang, and L.-G. Xue,
“Study on origin of meridians and collaterals through pain
relieving effect of muscle regions,” Chinese Acupuncture &
Moxibustion, vol. 31, no. 8, pp. 711-713, 2011.

(13] B. Wang (Tang Dynasty), “Yellow Emperor’s Canon of Internal
Medicine: Ling Su, Jing jin,” Beijing, China, China Science &
Technology Press, 1997.

[14] W.-B. Zhang, Y.-Y. Tian, H. Li et al, “A discovery of low
hydraulic resistance channel along meridians,” Journal of
Acupuncture and Meridian Studies, vol. 1, no. 1, pp. 20-28, 2008.



Hindawi Publishing Corporation

Evidence-Based Complementary and Alternative Medicine
Volume 2013, Article ID 654645, 9 pages
http://dx.doi.org/10.1155/2013/654645

Research Article

Induction of Hyperalgesia in Pigs through Blocking Low
Hydraulic Resistance Channels and Reduction of the Resistance
through Acupuncture: A Mechanism of Action of Acupuncture

Wei-Bo Zhang,l Yi-Hui Xu,'? Yu-Ying Tian,' Hong Li, Guang-Jun Wang,l

Tao Huang,l and Shu-Yong Jia'

! Institute of Acupuncture & Moxibustion, China Academy of Chinese Medical Sciences, Beijing 100700, China
? Department of Geriatrics, First People’s Hospital, Kunshan 215300, China

Correspondence should be addressed to Wei-Bo Zhang; zhangweibo@hotmail.com

Received 31 March 2013; Revised 23 May 2013; Accepted 19 June 2013
Academic Editor: Younbyoung Chae

Copyright © 2013 Wei-Bo Zhang et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

According to the classic theory of Chinese medicine, pain is due to the blockage in meridian channels, and acupuncture was invented
to treat pain by “dredging” the channels. To test the theory, a hyperalgesia model was made by injecting hydrogel into low hydraulic
resistance channel (LHRC) in 12 anaesthetized minipigs. Tail-flick threshold and ear-flick threshold were measured using a thermal
radiation dolorimeter, and relative flick threshold (RFT) was calculated. Hydraulic resistance (HR) was measured with a biological
HR measuring instrument on low HR points on LHRC and on control points with higher HR located outside LHRC; readings
were recorded before, during, and after acupuncture treatment. RFT decreased after blocking the LRHC and was still significantly
decreased 2 days and 4 days afterwards. No significant changes occurred when injecting saline into the same points or injecting
gel into points outside the channel. Subsequent acupuncture reduced HR on LRHC along meridians but had no significant effect
on sites with higher HR located outside LHRC. One of the mechanisms of action of acupuncture treatment for chronic pain may
be that acupuncture affects peripheral tissue by reducing the HR in LHRC along meridians, improving the flow of interstitial fluid

and removing algogenic substances and thereby relieving pain.

1. Introduction and Background

1.1 The Concept of Pain and Its Treatment Based on Meridian
Channels in the Han Dynasty Classic, The Yellow Emperot’s
Inner Canon. According to The Yellow Emperor’s Inner Can-
on, compiled between 206 BCE and 220 CE, there are
meridians and collaterals in the human body constituting
a network of channels through which gi and blood flow.
Diseases, such as pain, are caused by gi stagnation or blood
stasis of the channels which slows down the flow of gi
and blood. Acupuncture was invented to treat diseases by
inserting a fine needle into the skin at designated points
(acupuncture points) and often replaced herbal medicine
or puncturing and scraping with Bian-stones. Acupuncture
regulates gi and blood, promotes the circulation of gi and
blood, and harmonizes and adjusts healthy and pathogenic gi
in the channels [1]. How should we understand this theory? Is
it actually describing reality or is it just a metaphor? A recent

meta-analysis showed that acupuncture can effectively relieve
chronic pain [2]. If such curative effects could be adequately
explained by modern medical science, we would not need to
consider the existence of meridian channels. Let us consider
some of these possible explanations.

Neural mechanisms are a popular explanation for why
acupuncture seems to be effective for treating pain. Zhang put
forward a hypothesis based on neural interactive mechanisms
in the thalamus to explain the pain treatment [4]. Han
found that the role of endorphins was a key in acupuncture
analgesia [3]. However, neither of these neural mechanisms
can sufficiently explain some features of chronic pain and its
treatment [5].

It is now relatively well accepted that the treatment
of pain with acupuncture can be explained through gate
control theory, as developed by Melzack and Wall in 1965 [6].
According to this theory, acupuncture signals are transmitted



through types II and III nerve fibers, which accounts for the
sensations of aching, numbness, distension, and heaviness
reported by patients. The signals can inhibit the input of
pain signals which are primarily transmitted through type IV
nerve fibers (Ay and C fibers specifically). This explanation
works well when applied to acupuncture anaesthesia during
surgery, but it is not sufficient to explain why chronic pain
can be inhibited not only during an acupuncture session, but
also for hours and days afterwards, when gate control signals
clearly no longer exist. The meta-analyses by Hopton and
MacPherson showed that real acupuncture is significantly
more effective for knee pain and tension-type headache in
terms of long-term outcomes (6 to 12 months) compared to
sham acupuncture [2]. The fact that acupuncture at points
distal to the site of pain has also been shown to effectively
treat chronic pain, such as heel pain [7], trigeminal neuralgia
[8], and scapulohumeral periarthritis [9], is further evidence
of the inadequacy of gate control theory as an explanation.
Acupuncture sensation (Deqi) is quite important for
treating some conditions, but is not necessary for all acupunc-
ture therapies. For example, shallow acupuncture, in which
the stimulation is very light and does not produce a Deqi
effect, has been shown to be no less effective than deep
acupuncture for some diseases [10]. In meridian-sinew ther-
apy, a needle knife is used to separate tissue adhesions
to relieve pain. During this procedure local anaesthesia is
applied by injecting a small amount of lidocaine into the oper-
ating site, thereby blocking any neural signals which might be
involved in gate control. Studies have shown that the release
of adhesion with the needle knife under local anesthesia has
positive effects on stiffness of the knee, motor functions, and
pain control [11], none of which can be explained through
gate control theory. Another example of “light sensation”
acupuncture is abdomen acupuncture which has been shown
to have similar rates of effectiveness for treating cervical
spondylosis compared with electrical acupuncture [12]. In
addition, moxibustion and massage on the meridian channels
do not strongly produce Deqi sensations, and yet they still
have curative effects. It has been noted that acupuncture is
not only a treatment for pain but can also treat or improve
many other kinds of pathological conditions. Pain is usually
a signal to alert us to a pathological process; therefore, merely
inhibiting the pain without treating the underlying condition
is not beneficial to our overall health. Therefore acupuncture
should not be regarded as merely a unique method of pain
inhibition based on the interaction between nerve signals.
Huang, a senior philologist in China, has described
acupuncture points as analogous to turning on a switch [13].
According to the Yellow Emperor’s Inner Canon, acupuncture
exerts its effects by opening meridian channels like a switch.
Understanding the nature of the meridian channels is essen-
tial for carrying out valid, relevant research on acupuncture.

1.2. Three Stages of Pain Formation and Related Treatments.
At this point, we still do not fully understand how and
why acupuncture can effectively treat chronic pain. One of
the main reasons is that the phenomena of pain and the
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consciousness of pain are very complicated. Pain involves
at least three stages: the stimulating source of pain, the
transmission of pain signals, and the processing of pain
signals in the central nervous system. Gate control is a process
of inhibiting pain signals at the third stage, but may also
come into play when giving an intervention at the first or
second stage. In western medicine, severe pain that does not
respond to other treatments may be treated by damaging the
afferent nerves to prevent the input of pain signals. However,
since pain is an alarm signal indicating a pathological state
in the organs or tissue, blocking the input of pain signals or
changing the processing of pain signals in the central nerve
system can only temporally relieve symptoms. It will not
resolve the problem in the organs or tissues, especially since
the most common sources of pain are inflammation, tumors,
or tissue injuries, which cannot be addressed through the
nervous system alone.

1.3. Biochemicals Produced by Inflammation Are the Primary
Causative Factor for Chronic Pain. In pain is physiology, pain
often related to the process of inflammation, during which
many chemicals like bradykinin (BK), prostaglandin (PG),
5-HT, substance P (SP), histamine, and so forth are released
from the inflammatory site, leading to hyperalgesia and allo-
dynia [14]. Pressing, stretching, or moving the affected area
often causes additional pain, often limiting the movements of
chronic pain patients. The other important factor in chronic
pain is the accumulation of metabolites, leading to excess
H" and causing hyperalgesia or pain. This happens when
someone exercises too much and lactic acid is produced too
quickly to be cleaned up by the circulation system. Logically,
if the chemicals which induce the pain are eliminated, the
pain will be permanently relieved and we can call this “curing
the pain” instead of “analgesia” We can draw parallels with
aspirin therapy in western medicine, which is used to inhibit
the enzymes that make prostaglandins (PG). Acupuncture
may treat pain in a similar fashion by cleaning up algogenic
substances.

In the theory of TCM, meridian channels are the channels
in which gi and blood flow; therefore if blockage occurs, pain
will result. This is quite similar to the processes mentioned
earlier. Our hypothesis is that pain or hyperalgesia is caused
by meridian channel stasis, leading to an accumulation of
metabolites and inflammatory substances in local tissue.
Acupuncture works by cleaning up the algogenic substances
in local tissue through dredging the meridian channels.

The first author of this paper, Zhang, has recently shown
that one important aspect of the physical basis of the meridian
channels is low hydraulic resistance channel (LHRC) that
exists along meridians and facilitates the flow of interstitial
fluid according to Darcy’s law [15]. If the channel is blocked,
the interstitial flow will be partially interrupted and this, in
turn, will cause an accumulation of metabolic and inflamma-
tory substances. Is it possible to induce hyperalgesia or pain
by blocking these LHRC? Can acupuncture open the channels
by diminishing the stasis, specifically lowering the hydraulic
resistance? Two experiments were designed to answer the
questions.
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FIGURE I: (a) A low impedance meridian line propagated along the neck, back of the ear, and the tip of ear (represented by red dots). (b) A
low impedance meridian line propagated along the lower jaw and extended to the helix. (c) A low impedance meridian line propagated along
the midline of the back and extended to the tail. (x marked the position of low hydraulic resistance points where hydrogel was injected).
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FIGURE 2: The system of measuring hydraulic resistance on subcutaneous tissue in pigs [3].

2. Materials and Methods

2.1. A Hyperalgesia Model Induced by Injecting
Hydrogel into LHRC

2.1.1. Animal Preparation. The experiment was carried out on
twelve anaesthetized Chinese minipigs (9~11kg, males, one
month of age) which were provided by the Animal Center
of Beijing Agriculture University and were kept according
to the guidelines issued by Beijing Municipal Administrative
Committee for experimental animals. The pigs were forbid-
den to eat before the operation and were anaesthetized by
injecting 1.5 to 2 mg/kg of 2% phenobarbital sodium solution
intraperitoneally. After the experiment, the pigs were sent
back to the Animal Center to recover for several days until
the next experiment.

2.1.2. Measurement of Meridian Line and Low Hydraulic
Resistance Point. The meridian lines which pass through
the ears and tail were measured with an electric impedance
meridian locator (type: 57-6F30, made in Donghua factory
in China). Two meridian lines were found passing across

the ear. One extended from the tip of the ear, down the
back of the ear, and across the neck (Figure 1(a)), following
a trajectory similar to the gallbladder meridian. The other
went from the helix on the ear to the lower jaw (Figure 1(b)),
making it similar to the pathway of the stomach meridian.
Another meridian line was found along the midline of pig’s
back and extended down to the tail (Figure 1(c)), similar to
the Governor (Du) meridian. The tip of the ear, the helix, and
the middle of the tail were chosen to measure pain thresholds.
Low hydraulic resistance points (LHRP) were located by
using a biological hydraulic resistance measuring instrument
with two pressure transducers in a row (Figure 2, made
in Zhangs lab in China) on areas 7~9cm from the low
impedance meridian lines (Figures 1(b) and 1(c)). The prin-
ciple of measuring LHRP and the calculation of hydraulic
resistance was introduced in detail in a previous paper [16].

2.1.3. Preparation and Injection of Hydrogel. Polyacrylamide
hydrogel was obtained from Jilin Aodong Biomaterial Com-
pany in China. One gram of pure Polyacrylamide hydrogel
was diluted by mixing 5mL 0.9% saline in order to make
it suitable for injection. The 12 pigs were randomly divided



into three groups, with four pigs in each group. In the
experimental group, after a LHRP was found, the needle
was fixed on the skin with glue and 0.5mL polyacrylamide
hydrogel was slowly injected into the LHRP through the
measured needle to block the channel. In the first control
group, saline was injected instead of hydrogel but in the same
amount and at the same positions. In the second control
group, hydrogel was injected at high hydraulic resistance
points (HHRP) located 2-3 cm away from LHRC.

2.1.4. Measurement of Pain Threshold and the Procedure.
A thermal radiation dolorimeter (made by the Institute of
Acupuncture in China) with a 0.38 cm? hot point and fixed
distance of 0.5 cm to the skin was used to measure the pain
threshold which was represented by ear-flick threshold and
tail-flick threshold, respectively. The instrument has been
used in previous studies to measure the tail-flick threshold
in rats [17]. The device was never used for more than 15s in
order to prevent tissue damage. The flick thresholds (FT) on
the ear tips, the helix on both sides, and the middle of tail,
a total of five places, were measured by counting the time
between the start of radiation and the flick of the ears or tail
with a stopwatch. FT on each place was measured three times
with three-minute intervals between the measurements and
the average FT was calculated. For each pig, FT was measured
before the injection, immediately after the injection, and
two days and four days after the injection, respectively. A
reference point, at which no injections were given during the
time of the experiment, was chosen to eliminate the influence
of different anesthesia levels on FT. If FT on the ear tip or helix
was used as the site of measurement during the experiment,
the middle of the tail was used as a reference. Conversely, if
the middle of the tail was used as the site of measurement
during the experiment, the ear tip was measured as the
reference point.

2.1.5. Statistics. The ratio between experimental FT and
reference FT was calculated, representing the relative changes
of FT (RFT) at the point where the channel was blocked at
a distance along the meridian. For each pig, five positions,
left ear tip, helix, right ear tip, helix, and tail, were measured.
There were 20 measurements in total on the four pigs in
each group. One-way ANOVA variance analysis was used
to examine the significance of mean RFT following the
experiment, and Wilcoxon Signed Ranks Test with 2-tailed
analysis was used to examine the mean RFT between the two
time points. The level of statistical significance was set at 0.05
for all analyses. Statistical analysis was performed using SPSS
13.0 software.

2.2. Observing the Change in Hydraulic Resistance along
the Channel When Acupuncture Is Performed on Pigs. The
experiment was carried out on three anaesthetized minipigs
(9~12 kg, males). The animal preparation was the same as in
the experiment mentioned in Section 2.1.1. Thirteen meridian
lines which were similar to the stomach meridian and gall-
bladder meridian were measured by an electric impedance
meridian locator (type: 57-6F30, made in Donghua Electric
Instrument Factory in China). The LHRPs were located
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FIGURE 3: Measurement profile of the hydraulic resistance in
acupuncture performed on pigs.

using a biological hydraulic resistance measuring instrument
(Figure 2) along the low impedance meridian lines. After a
LHRP was found, the measuring needle was fixed by glue
on the skin for continuous measurement. A point along
the meridian line 4~6 cm away from the LHRP was chosen
for acupuncture needling. After inserting the acupuncture
needle into the skin, manipulation using lift-thrusting and
twirling the needle was performed for about one minute,
and the needles were retained for 3 minutes. Manipulation
was then performed again for one minute, the needles were
retained for 3 more minutes, and then the needle was
withdrawn. HR was measured before the acupuncture (1),
after the first manipulation (2), 3 minutes later (3), after
the second manipulation (4), 3 minutes later (5), after with-
drawing the needle (6), 5 minutes later, (7) and 10 minutes
later (8) (Figure 3). Each measurement lasted 6 seconds.
For one meridian line, a LHRP and a higher hydraulic
resistance point (HHRP) 1-2cm lateral to the LHRP were
measured randomly with the same procedure, and the two
measurements were separated by an interval of half an hour
to allow for recovery. Statistical analysis was performed as
described earlier (Section 2.1.5 ).

3. Results

3.1. The Hyperalgesia Model. The average RFTs before injec-
tion, immediately after injection, two days after, and four days
after the injection are shown in Table 1 and Figure 4 for the
three groups.

One-way ANOVA analysis showed a significant decrease
of RFT in the LHRP group (Fj3 5 = 7.977, P = 0.000).
No significant differences were found between the group of
saline injection (Fj; ;5 = 1.096, P = 0.356) and the group of
HHRP injection (F; 75 = 1.232, P = 0.304). In the LHRP
group, there were no significant differences between the RFT
before and immediately after the injection, while the RFT
significantly decreased after 2 days and 4 days compared with
the RFT before and immediately after the injection. There was
no significant difference in the RFT at 2 days and 4 days after
the injection.

3.2. The Change of Hydraulic Resistance after Acupuncture in
Pigs. The effects of acupuncture on HR were observed on



Evidence-Based Complementary and Alternative Medicine

TaBLE 1: The relative flick threshold (RFT) before, immediately after, two days, and four days after the injections in three groups: hydrogel
injected into LHRP, saline injected into LHRP, and hydrogel injected into HHRP.

Groups Before After 2 days 4 days
LHRP 1.45 +0.62 1.22+0.46 0.94 £0.31" 0.81 £0.29%
Saline 1.75+1.18 1.44 £ 0.74 1.25 £ 0.60 1.48 £ 0.86
HHRP 1.41 £0.95 1.18 £ 0.62 1.53 £0.85 1.73 £1.02

Means + SD, n = 20

*P < 0.05 compared with the value before the injection.
AP < 0.05 compared with the value immediately after the injection.

TaBLE 2: Changes in HR on LHRP and HHRP due to acupuncture needling.

Groups Before 1' during 4 5' 8 0’ after 5 10’
LHRP 47.7+17.7 452+16.7 43.5+17.2" 44.0 + 18.5 40.5+17.2" 423 +184" 38.6+16.8" 382+ 164"
HHRP 80.3+12.0 842145 84.4+14.1 84.9 +13.0" 81.1+14.8 83.3+13.5 79.1+17.3 78.7 £18.9

Means + SD,n =13

*P < 0.05 compared with the HR before acupuncture.

1.8 4
1.6 1
1.4 4
1.2 1

0.8 4
0.6 4
0.4 4
0.2 A

Relative flick threshold

1 2 E S 4
Before After 2 days 4 days

FIGURE 4: The changes in relative flick threshold after injecting
hydrogel into LHRP (blue line), injecting saline into LHRP (red
line), and injecting hydrogel into HHRP (green line). “P < 0.05
compared with RFT before the blocking.
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FIGURE 5: The changes of HR on LHRP (blue line) and HHRP
(red line) before, during, and after acupuncture in pigs. "P < 0.05
compared with the HR before acupuncture.

13 low impedance meridian lines. Relative HR (R,%) was
calculated by the formula R, % = (R, (p) — R;(0))/(R;,(c0) —
R;,(0)). R;,(00) is the resistance when the measuring needle is
totally closed and R;,(0) is the resistance when the measuring

needle is totally open. The R,% following each time interval
in the LHRP and HHRP groups is shown in Table 2 and
Figure 5.

One-way ANOVA analysis showed no significant
decrease of HR when measured at the designated time
intervals in either of the two control groups (F; o5 = 0.443,
P = 0.873 in LHRP; Fj; 45 = 0.368, P = 0.919 in HHRP).
However, at several time points (4' and 8' during the
acupuncture and 0', 5', and 10’ after withdrawing the
needle), R,% was significantly lower than before the
acupuncture in the LHRP group, implying a reduction of HR
on the LHRC along meridians through acupuncture.

4. Discussion

4.1. The Hyperalgesia Model of Blocking Meridian Chan-
nels. Pain is attributed to stasis or stagnation in meridian
channels in classical acupuncture theory, and acupuncture
was indicated to dredge the channels in order to relieve
pain. This important idea about the mechanism of action of
acupuncture had been ignored by modern doctors because
neither the true nature of the meridian channels nor the
condition of stasis in the meridian channels has been well
understood by modern people. Our previous study implied
that the true nature of meridian channels is at least partially
related to interstitial fluid flow under the conditions of low
hydraulic resistance channel along the meridians [15]. This
new discovery made it possible to design a study to gauge
whether pain appears when the channel is blocked and to
determine if acupuncture can alter the condition of the
channel. This corresponds quite well to the classic theory.
Polyacrylamide hydrogel was firstly used to treat asynodia
in 1983. It has been widely used in cosmetic surgery and
breast enhancement, but its safety has not been considered
from the perspective of meridian channels, and there were
complication reports on long-term use of the material [18].
Polyacrylamide hydrogel was chosen to create stasis in the
meridian channels due to the fact that it is already being
used as a biological filling material without causing obvious



inflammation over a fourteen-month period [19]. The gel can
increase the hydraulic resistance in the meridian channels,
stopping the interstitial flow due to the high hydraulic
resistance as reported by Scott et al. and Coleman et al. [20,
21]. Our previous study showed that the injection of hydrogel
can efficiently block the transmission of interstitial fluid
pressure waves when the amount of injection was equal or
beyond 0.5mL [22]. Therefore, 0.5 mL gel was given because
this is adequate for blocking but is the least amount possible
to minimize the disturbance to the animal.

As pigs cannot report pain themselves, the tail-flick
threshold and ear-flick threshold were used to approximately
represent the pain threshold which is often applied in animal
experiments of pain. Therefore, our model is not exactly a
pain model but a hyperalgesia model which involves the same
mechanism of pain. The relative flick threshold was used to
diminish the possible influence of anaesthesia and to make
the results more reliable. As it was rather difficult to test a
large number of pigs, unlike rats and rabbits, samples were
obtained from different places on each pig and the data was
processed using the Wilcoxon Signed Ranks Test.

The results showed a slight decrease of RFT in all three
groups immediately after the injection, although it was not
significant. The reason for this may be that the injections
themselves made pigs more sensitive to the hot stimulation
which is in fact not related to the subject injected. Never-
theless, only the injection of hydrogel at LHRP along the
channel appeared to produce a progressive hyperalgesia to the
stimulation two days after the injection, while no such change
occurred in the other two control groups. The results imply
that hyperalgesia occurred where the LHRC along meridians
was blocked. This could be understood by an accumulation of
metabolite containing many H* chemicals on LHRC which
induces a depolarization of nerve terminals and therefore the
process required some time to occur.

How does interstitial fluid flow and what is the function of
the flow? Modern physiology focuses on blood flow but few
studies have been carried out on interstitial flow. Aukland and
Reed discussed the function of interstitial flow on balancing
extracellular fluid and preventing edema in 1993 [23]. Swartz
and Fleury pointed out in 2007 that interstitial flow affects
more than just cell nourishment: it can, for example, induce
blood and lymphatic capillary morphogenesis in vitro and
lymphatic regeneration in vivo, maintain the functional
activity of chondrocytes and osteocytes, drive fibroblast
differentiation, and induce cytokine production by smooth
muscle cells [24]. If such an important flow is stopped, a
pathological state will develop resulting in not only pain but
also diminished physiological functions in many areas.

4.2. The Mechanism of Dredging Meridian Channels through
Acupuncture. If we accept that the true nature of the merid-
ian channels can be understood as low hydraulic resistance
channels and the stasis in these channels can be understood
as an increase of HR in these channels, then the classic tech-
nique of “dredging meridian channels” can be understood as
a literal description. From this perspective, acupuncture can
be understood as decreasing HR in the meridian channels
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FIGURE 6: A mechanism of action of acupuncture in treating chronic
pain.

and restoring the interstitial flow to eliminate wastes from
the tissue. Our experiment on the pigs showed a significant
decrease of HR in LHRC during and after the acupuncture but
no obvious change on the control point outside the channel.
The idea of dredging meridian channels as formulated in the
Ling Shu section of the Yellow Emperor’s Inner Canon was
intended as a general principle for both medical treatment
and preventative healthcare. The latter results, taken in com-
bination with the induction of hyperalgesia we have found
in the first experiment, suggest a comprehensive explanation
for the curative effects of acupuncture for treating chronic
pain. Specifically, acupuncture reduces the resistance in the
meridian channels and improves interstitial fluid flow, aiding
in the elimination of wastes and improving the local internal
milieu which eventually leads to the recovery of the normal
function of nerve terminals and the reduction of pain. This
process also has positive effects on motor and endocrine
functions.

The exact mechanism of how acupuncture decreases HR
in the meridian channels requires further study in order to
be answered. Two mechanisms are involved in the change.
One is the pathway related to the blood vessel system. When a
needle is inserted into an acupoint, the nerve terminal which
usually consists of A or C fibers is excited and sends a neural
pulse signal to the central nerve system. Then, an axon reflex
develops which leads to the release of substance P (SP) and
other chemicals into the interstitial fluid around the needle.
SP and other signals diffuse and migrate to mast cells nearby
through interstitial flow along meridian channels. Mast cells
then degranulate and release histamine which will continue
to move along meridian channels. SP and histamine can
make surrounding blood vessels expand and become more
permeable allowing more interstitial fluid to flow outside
the vessel. This accelerates the flow along meridian channels
and reduces the hydraulic resistance along the channels. The
lower resistance further facilitates the interstitial flow which
can eliminate algogenic substances to relieve pain (Figure 6).
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The release of SP during acupuncture and its influence on
neurons across segments have been proven experimentally
by Zhang et al. [25, 26]. The degranulation of histamine
from mast cells was also proven to play an important role
in the analgesic effects of acupuncture [27]. The migration of
neurotransmitters and other chemicals in extracellular space
was named “volume transmission (VT)” by Agnati et al. in
1986 [28], and VT in peripheral tissue along meridians was
discussed recently as an explanation for an important merid-
ian phenomenon: propagated sensation along meridian [29].
The increase of blood perfusion and an increase of interstitial
fluid represented by the decrease of electric impedance have
been observed by Zhang et al. [30, 31]. The new evidence in
this paper seems to indicate that the role of blood is essential
in the mechanism of action of acupuncture.

The other pathway might be through the kinetic system.
Due to biophysical principles, the activity of muscle will
influence the interstitial flow tremendously. A rhythmic
contraction can enhance the interstitial flow while a tetanic
contraction or atrophy will diminish the flow. Acupuncture
can help the muscles return to a normal state due to the
kinetic reflex effected through the muscle spindle reflex or
the tendon reflex. This regulation can even act on a remote
place along meridians through « motor neuron chains in
the spinal cord, as has been found by Xie et al. in 1995
[32]. Myoelectricity during acupuncture has been observed
by several researchers [33, 34], and an increase of HR when
a tetanic contraction developed has been found in our lab
recently [35]. Direct evidence of improving interstitial flow is
still absent although there is indirect evidence that acupunc-
ture can accelerate the migration of isotope*”™TcO,” along
meridians [36]. More experiments should be undertaken to
prove the kinetic mechanism of acupuncture.

Xuan Ze-ren in China developed his theory of aseptic
inflammation as the cause of some chronic pain such as
lumbar disc herniation [37]. Xuan has applied the special
treatment of soft tissue lysis on many cases instead of classic
resection of lumbar disc herniation and has reported good
results [38, 39]. Acupuncture can facilitate the interstitial flow
by reducing the resistance in the channels. Other treatments
in TCM may have similar mechanisms. For example, mox-
ibustion enhances the interstitial flow by expanding blood
vessels; massage and cupping enhance the interstitial flow by
changing interstitial fluid pressure; meridian-sinews release
therapy can release the extra interstitial fluid which contains
inflammatory substance and reduce abnormally high fluid
pressure. According to the terminology of traditional Chinese
medicine, acupuncture “dredges” meridian channels, making
qi and blood flow more efficiently so that pain is eliminated.
The concept of lowering hydraulic resistance is quite con-
sistent with this classical idea and the relief of pain can
be logically conceptualized as the elimination of algogenic
substances through stronger interstitial flow induced by
lowering the resistance in meridian channels.

4.3. The Relationship between Acupuncture Effects, Meridian
Channels, and the Nervous System. Longhurst put forward a
definition for meridian channels, stating that it is an entity

that, when stimulated by acupuncture, can result in clinical
improvement [40]. The mechanism of action of acupuncture
on peripheral tissue, in which LHRC plays the key role, fits
this definition quite well and does not deny the role of the ner-
vous system. Longhurst also posited out that the peripheral
and central nervous systems can now be considered to be
the most rational basis for defining meridian channels [40],
a view which is held by many other scholars. However, an
entity which is related to an acupuncture effect does not
mean it is the meridian channel. To determine whether an
entity is the meridian channel, several criteria need to be met,
including distribution patterns, the function of nourishing
tissue, “smoothing joints,” regulating organs and resisting
evil. These should be taken into account apart from the
acupuncture effect. More essentially, the characteristics of a
channel as something that restricts material or energy, runs
along a specific route and is in an opened or closed state
should be elucidated. We know that the main function of
nerves is transporting neural signals, and that they are not
responsible for diminishing inflammation, resisting bacteria,
healing tissue, and so on. Also, the transportation of neural
signals is very fast and difficult to be stopped by mechanical
pressure which is not similar to the characteristics of propa-
gated sensation along meridians. Neural excitation is indeed
the first step in the cascade of events of the acupuncture effect.
But to get a real long-term effect, a permanent change, neural
excitation is not enough. There must be a chain of actions to
finish the effect. Neural excitation is also not the only pathway
for acupuncture effects. Manipulation in acupuncture is an
important step to get a good effect but its contribution to
neural excitation is small. Langevin et al. found a winding
of collagen around acupuncture needle after a manipulation
of bidirectional rotation [41]. Ding further found a positive
relationship between the twist of collagen, degranulation of
mast cell, and acupuncture analgesia [42]. Degranulation of
mast cell is a middle step which can be induced not only
by axon reflex of neural excitation but also by the shearing
motion of collagen during acupuncture manipulation. There
are multipathways for the effects of acupuncture. A meridian
channel entity should be defined not only by the effects of
acupuncture but also should also include other aspects.

5. Conclusion

Blocking meridian channels by injecting hydrogel causes a
hyperalgesic state. The mechanism of action of acupuncture
in treating chronic pain can be understood as a reduction
of hydraulic resistance in meridian channels which accel-
erates interstitial flow, eliminates algogenic substances, and
ultimately relieves pain.
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To verify the ancient theory of rather missing the acupoint than missing the meridian, acupuncture at nonacupoint on meridian
and acupuncture at nonacupoint off meridian were performed, respectively. The blood perfusion (BP) on the calf around bladder
meridian area was measured with a laser Doppler perfusion imager before, during, and after acupuncture. The whole scanning field
was divided into seven subareas, and mean BP on each area was calculated. The ratio of mean BP between a subarea and a reference
subarea was gotten, and then the change rate was calculated as ratio change rate (RCR). The results showed that RCR on bladder
meridian area and around Chengshan (BL57) during or after acupuncture at nonacupoint on meridian was significantly higher
than that at nonacupoint off meridian, which supports the ancient theory. Such differences may be attributable to some factors that
can facilitate the signals transmission and produce a better acupuncture effect, such as richer nerve terminals, blood vessels, and
mast cells which can produce stronger signals on the acupoints and the low hydraulic resistance channel along meridians which

plays a role of signal transmitting channel to get a better effect of acupuncture.

1. Introduction

The ancient theory of “rather missing the acupoint than
missing the meridian” is an important principle to guide
the acupuncture clinic originated from Yang’s “Compendium
of Acupuncture and Moxibustion” in Ming dynasty [1]. In
locating acupoints, patient’s fingers are often used as a ruler,
and cun serves as unit of length for measurement which is
called finger cun. For instance, the length between the two
medial ends of the twisted folds of the middle finger when
bent, or the width of the phalangeal joint of the thumb is taken
as 1 cun, and the maximal width of the four fingers (viz., the
first finger, middle finger, ring finger, and little finger) held
together with the hand open is taken as a unit of measurement
of 3cun. But in acupuncture clinic, locating of acupoints
with patients finger is not convenient and often replaced
by acupuncturist’s finger which is easy to miss the right
position as the cun from the acupuncturist is often different

from the “cun” from the patient. In addition, locating of the
acupoint on meridian is also conducted by anatomic signs
or by the patient’s feeling when pressing the specific place
on body surface with a finger. Thus, it is possible to miss
acupoints or miss meridians during the locating. The ancient
theory of “rather missing the acupoint than missing the
meridian” implies a possibility that the effect of acupuncture
at the nonacupoint on the meridian is superior to that of
acupuncture at nonacupoint off the meridian.

Acupuncture effect was represented partly by blood per-
fusion (BP) or blood flow (BF) in several experiments [2-7].
The imaging technique which can measure BP level on skin
has been used in evaluating the efficiency of acupuncture.
It has great advantages of being objective and having ability
of measuring BP level on different parts of body surface. By
this technique, we have observed the effect of acupuncture
at Hegu (LI 4) and found three different effects such as local
effect, holistic effect, and meridian effect which is important



to understanding of the relationship between acupuncture
and meridians [4]. This study was undertaken to compare the
effects of acupuncture at nonacupoint on the meridian and
acupuncture at nonacupoint off the meridian to examine the
ancient theory of “rather missing the acupoint than missing
the meridian”

2. Materials and Methods

2.1. Subjects. 20 healthy volunteers were from China
Academy of Chinese Medical Sciences and Beijing University
of Chinese Medicine. Of them, 11 were male and 9 female,
ranging in age from 19 to 55 years. They had no illnesses
or obvious discomfort within a week and had not taken
medicine in the past one month before the test. All the
participants had an adequate understanding of the procedure
and purpose of this trial.

2.2. Instruments and Environment. The BP on the skin of calf
around bladder meridian area was measured by a PeriScan
PIM 1II laser Doppler perfusion imager (made in Sweden).
The instrument was set to medium resolution and 50 X
64 (3200) points. The scan area was about 15 x 20 cm and
each scan took about 3 minutes. The acupuncture needle
of 0.30 x 30 mm (Huan Qiu, Suzhou, China) was used in
this test. The test was carried out in a dark room. The room
temperature was kept between 26 and 28°C. The fluctuation
in the temperature was less than +1°C during one experiment.

2.3. Experimental Procedure. Each subject received twice
measurements with an interval of more than two days
between the two measurements and chose to acupuncture at
nonacupoint on the meridian first or at nonacupoint off the
meridian first at random. Before the measurement, subject
was asked to lie on bed for ten minutes to adapt to the room
temperature. Measuring of BP before acupuncture was given
for one time and then the acupuncture was started.

Acupuncture was performed at two selected points. One
point was located on 2cm above Chengshan (BL57), on
Bladder Meridian of Foot Taiyang, as nonacupoint on the
meridian, and the other point on Chengshan (BL 57) level,
2 cm lateral to Bladder Meridian of Foot Taiyang, as nonacu-
point off the meridian (Figure 1). One of the two points was
acupunctured first. The needle was inserted into 0.5 to 1.0 cun
depth that is the standard depth of Chengshan (BL 57), and
uniform reinforcing-reducing manipulation was applied for
about one minute to induce needling reaction as much as
possible. After obtainment of needling reaction, the needle
was remained. During the needle retention period, the BP
was continuously measured for five times, which took totally
about 20 minutes. And then, the needle was withdrawn. After
withdrawal of the needle, the BP was measured again for three
times, which took about 10 minutes. The procedure is shown
in Figure 2.

2.4. Calculation of Mean BP and Statistics. The whole mea-
sured area on the calf was divided into seven subareas
(Figure1). Area 1 was Chengshan (BL 57). Area 2 was
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FIGURE L: The position of acupunctured points and the area divisions
for analyzing mean blood perfusion. o denotes Chengshan (BL57),
and the broken line denotes bladder meridian. A denotes the
nonacupoint on bladder meridian, and O denotes the nonacupoint
off bladder meridian. The upper set of the figure is the direction of
foot, and the inferior set is the direction of head.

a control point at comparative position of Chengshan (BL
57) when giving acupuncture at nonacupoint off meridian.
Area 3 was the meridian area. Area 4 was a control area
comparative to area 3. Area 5 was the area around the
needling points. It was on bladder meridian (around A in
Figure 1) in nonacupoint on meridian group and lateral to
bladder meridian in nonacupoint off meridian group (around
O which has not been shown in Figure1). Area 6 was the
whole measured area. Area 7 was a reference area that has no
obvious relation with acupuncture and meridian.

After the seven subareas were divided, mean BP level in
each area was calculated automatically by LDPIwin2.5 soft-
ware which was obtained with the instrument. An important
data analysis was achieved in our previous study that the BP
at a reference area was gotten to represent the whole body
change which was influenced by various unknown factors
and by nonspecific effect of acupuncture [4, 8]. The specific
local and meridian effects of acupuncture were overlapped
on the whole body change. To enlarge the specific effects
and minimize the fluctuation and nonspecific whole body
effect of acupuncture, the ratio (BP;/BP,) between the BP
on one area (BP;) except the reference area (area 7) and
the BP on reference area (BP,;) was calculated as RBP; (i
is 1 to 6), and then the change rate of the ratio by time
was calculated as (RBP, — RBP,)/RBP;, (b denotes before
acupuncture) again on each area (area 1 to area 6) which
was called ratio change rate (RCR) in percentage (¢ is 2 to
9, representing nine measured times). Paired two-tailed t-
test was used to compare the difference of RCR between
nonacupoint on meridian group (on meridian group) and
nonacupoint off meridian group (off meridian group). P <
0.05 was set as the significant difference.

3. Results

After the ratio between the BP on one area and the BP on
reference area (RBP;) was calculated and ratio change rate
(RCR,) at different times was calculated, the mean RCRs of
20 subjects at six subareas are shown in Table 1.
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TABLE 1: Ratio change rate of blood perfusion on difference areas during various periods of acupuncture (Mean + SD, n = 20).

Areal Area 2 Area 3 Area 4 Area 5 Area 6
On meridian
Time 2 512 +11.48 7.0 £ 12.56 2.50 + 8.69 2.56 + 6.07 48.5 +37.09"" 4.98 +7.24"
Time 3 6.26 +11.33 4.5+ 14.02 4.01 £9.80" 2.89+9.76 37.1 £25.84™" 4.78 +7.74
Time 4 3.71 £ 9.69 2.6 £12.95 2.02 +6.08 0.55+7.24 31.0 £22.44 2.58 +6.29
Time 5 2.55+10.65 1.0+ 11.86 0.26 +7.63 0.46 +7.26 24.4 +20.06" 1.10 + 7.41
Time 6 1.74 +10.14 3.5+ 12.46 2.7 £8.57 1.82 +7.06 24.3 +16.63 2.97 +6.84
Time 7 1.93 +11.22 2.1 +14.46 2.0 +7.62" 2.00 + 8.32 32.0 +26.96 352+7.77
Time 8 4.03 +13.67 4.1+12.86 2.2 +10.41 2.68 +9.30 34.5 +30.77" 4.22 +8.75
Time 9 1.75+9.38 3.1+1191 1.7 +7.67"" 2.34 £ 6.63" 27.2 £25.127 3.02£6.16"
Off meridian
Time 2 1.11 +9.89 3.89 +£10.13 —-1.90 + 5.45 -1.0+7.70 20.5 +15.10 —0.10 + 6.08
Time 3 —-0.32 +9.50 2.89 +11.40 -1.70 + 5.09 —-0.8 + 8.00 20.2 +13.13 —0.11 +5.50
Time 4 1.96 + 10.96 1.52 + 7.66 -0.31+7.90 0.47 +6.23 20.4 +12.56 0.77 +5.72
Time 5 -2.09 +9.65 1.74 £ 9.63 —2.88 +4.48 -1.2+7.50 14.9 + 8.21 -0.74 +5.27
Time 6 1.12 +9.69 5.68 +12.57 0.27 +5.69 091 + 8.87 17.3 +11.45 2.29 +5.56
Time 7 -2.53+12.25 2.96 +9.57 -3.31+8.74 0.37 +7.80 18.7 + 15.58 —0.75 + 6.43
Time 8 —-0.01 +10.27 2.54 +9.09 —2.20 +4.60 —-0.1 +8.04 16.9 + 14.14 0.09 + 5.46
Time 9 -3.75+9.78 -0.3 +£9.68 —4.67 +7.50 -1.8+7.04 11.6 + 12.05 -1.70 +5.05

*P < 0.05, ** P < 0.01 as compared between on meridian group and off meridian group at same time period on the same area.

Acupuncture Stop
v 0
2y (3) 4 ) (6
) no® O
10 0 20 30  Time (min)
Rest  Before AP During AP After AP

FIGURE 2: The procedure of the experiment. The number in () represents the scanning sequence for measurement of blood perfusion, and

AP denotes acupuncture.

From the Tablel, the RCR at area 1, Chengshan (BL
57) and the control area (area 2) had no significant differ-
ence between needling the two points. However, the RCR
on bladder meridian (area 3) in on meridian group was
significantly higher than that in off meridian group during
the needle retention period (time 3, P < 0.05) and after
withdrawal of the needle (time 7, P < 0.05 and time 9,
P < 0.01, see Figure 3), which implied a stronger effect along
bladder meridian when acupuncturing at nonacupoint on
the meridian. The average RCR during the whole observed
periods was 2.2% in on meridian group and -2.1% in off
meridian group, with total 4.3% difference between the two
groups.

The difference in the RCR of BP on control area (area
4) that is similar to the size of meridian area (area 3)
was not significant between on meridian group and off
meridian group during most periods. However, at time 9 after
withdrawal of the needle, the difference became significant,
which indicates that acupuncture at nonacupoint on the
meridian possesses a stronger lasting effect.

The local effect around needling points was compared
between acupuncture at the two nonacupoints (Figure 4).
RCR in acupuncture at nonacupoint on the meridian was
significantly higher than that in acupuncture at nonacupoint
oft the meridian during needle retention period (time 2, P <
0.01; time 3, P < 0.01; time 5, P < 0.05) and after withdrawal
of the needle (time 8, P < 0.05; time 9, P < 0.05).

The holistic effect (area 6) still existed in on meridian
group even when the pure holistic effect without local effect
and meridian effect was diminished by calculation of the
ratio, while it was nearly diminished (around zero) in off
meridian group (Figure 5).

4, Discussion

From the result of the previous experiment, a stronger effect
of acupuncture on blood perfusion was found when needling
the nonacupoint on meridian than needling the nonacupoint
off meridian.
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FIGURE 3: Ratio change rate (RCR) of BP on bladder meridian (area
3) when needling at nonacupoint on bladder meridian (blue line)
and at nonacupoint off bladder meridian (red line). * denoting a
significant difference (P < 0.05) between the two groups.
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FIGURE 4: The local effect of ratio change rate (RCR) of BP around
the needling points. Blue line denotes RCR in acupuncture at
nonacupoint on the meridian, and red line denotes RCR in acupunc-
ture at nonacupoint off the meridian. * denoting a significant
difference (P < 0.05) between the two groups.

4.1. The Methodology of Studying Meridian. Many studies
focused on comparing the difference of acupuncture effects
between needling acupoint on meridians, and nonacupoint
oftf meridians while little is known about the difference
between needling nonacupoint on meridian and nonacu-
point off meridian. Zheng et al. measured the blood perfusion
at deep tissue using a needle-type detector and found little
difference in increase of BP during acupuncture [9]. This
result was similar to our observation that the difference in
BP level on area 1 Chengshan (BL 57) which is a point-
like small area was not significant between needling the
two nonacupoints. The reason for this may be that the
detected area on the meridian is too small to collect enough
changes. When the detected area was enlarged on more
meridian region like the field of rectangle in area 3, sufficient
change could be obtained from the meridian to show the
difference between meridian and bilateral control areas.
So, an imaging technique is important in acupuncture and
meridian study. Diminishing fluctuation from the whole
body is also important as there is an overlapping from
unavoidable environmental and mental noises on the real
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FIGURE 5: Ratio change rates of BP in on meridian group (blue line)
and off meridian group (red line). * denoting a significant difference
between the two groups.

changes induced by acupuncture through meridians. The
technique of getting fluctuation from a reference area and
calculating the ratio with other areas proved to be effective
in our previous studies [4, 8] and this study, which could be
regarded as a technique of improving signal-to-noise ratio on
meridians and acupoints.

4.2. The Coherent Function of Meridians. It remains a ques-
tion that what is the role of meridian in acupuncture clinic.
The ancient theory told us that you will make a mistake if
you do not know the meridians. But modern acupuncture
pays little attention to the importance of meridians. The
precision of selecting an acupoint during acupuncture is
an important factor to influence the acupuncture effect. In
Song dynasty, a doctor must pass an examination of selecting
acupoints on a bronze acupuncture figure in that water can
flow out if he needles an acupoint correctly. The precision of
selecting an acupoint depends on acupuncturist’s experience
at present during which the position of a selected point
may miss the real acupoint but still on the meridian line
or miss the real acupoint and miss the meridian at the
same time. Acupoints along fourteen meridians are the main
points used to apply acupuncture. Many acupoints along one
meridian have similar function in treatment of the disease.
The mechanism of the fact was speculated by ancient doctors
that a “qi river (channel)” passes across these acupoints to
transport the signals and effects. If the speculation is correct,
it is reasonable to deduce that nonacupoints, but still locating
on meridians can facilitate the transportation and therefore
have a better effect.

Zhao et al. found an increase in gastric electric activity
when acupuncturing Sibai (ST2) and Dichang (ST4) along
the stomach meridian; however, no obvious changes were
found when acupuncturing a nonmeridian point beside
Sibai (ST2) and a point on small intestine meridian [10].
Huang et al. observed the blood flow on basilar artery when
acupuncturing 5 acupoints, 4 nonacupoints along bladder
meridian, and 9 nonmeridian points located on 2 cm lateral
to the 9 points on the meridian. They found that the effect was
the highest in the acupoints, secondary in nonacupoints, and
the lowest in the nonmeridian points, which had shown an
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Acupuncture effect

Meridian

Acupoint

FIGURE 6: An illustration of acupuncture effect related with acu-
points and meridians. There is a descending of effect from acupoint
both along meridian and perpendicular to the meridian while the
falling gradient is smooth along the meridian than perpendicular to
the meridian.

important role of acupoints and meridians [11]. But they did
not quantitatively compare the difference between needling
nonacupoint and nonmeridian point with the same departure
from an acupoint.

Our new result showed that when the points have the
same departure from the acupoint, the local effect and
meridian effect in nonacupoint are significantly higher than
that in nonmeridian point. To see the local effect around the
needling point immediately after acupuncture and combined
with the data obtained before, 60.1%, 48.5%, and 20.5%
increase in turn in acupoint, nonacupoint on meridians, and
nonacupoint off meridians, which further proved the rule of
acupuncture effect related to acupoints and meridians. The
rule has been described roughly in Zhang’s book “what is
the meridian” in 1997 [12] and is redrawn in Figure 6 more
vividly. The ancient theory of “rather missing acupoints than
missing meridians” got a scientific elucidation.

4.3. The Mechanism of Better Effects in Acupoints and Merid-
ians. The mechanism of the strongest acupuncture effect of
needling acupoints might be due to the dense distributions
of nerve terminals, blood vessels, and mast cells at the
acupoint sites [13-15] at which stronger acupuncture signals
like substance P (SP) and histamine can be produced by
the needling through axon reflex [16]. The existed meridian
channels can facilitate the process through transporting SP
from nerve terminals to mast cells and transporting SP and
histamine released from mast cells to the blood vessel to
enhance the blood perfusion around the needling site and
along the meridian as all the acupoints are located on the
meridians.

The stronger effect of acupuncture at nonacupoints on
meridians can be attributed to the existence of low hydraulic
resistance channel along meridian which was found by Zhang
et al. [17]. The channel allows more interstitial fluid flow and
causes a transfer of histamine, SP, and other chemicals along
meridians as a kind of volume transmission in peripheral
tissue [18]. The transfer of chemicals and a series of axon
reflexes along meridians can produce a propagated sensation
along meridians [19] which is a famous phenomenon in

meridian study. The transmission of chemical and neural
signals along meridians will also cause the acupuncture effect
along meridians [4] and act on the organs where the meridian
passes across. As long as the needle is inserted on a meridian,
the signal is easy to be transported by the channel and easy
to get an acupuncture effect, thus benefiting the treatment.
So, it is important to keep the acupuncture on meridians. The
ancient theory of “rather missing the acupoint than missing
the meridian” has gotten an experimental verification and
scientific understanding.

5. Conclusion

Nerve terminals, blood vessels, and mast cells can be regarded
as the substance of acupoints through which stronger
acupuncture signals can be produced to get the best effect.
The low hydraulic resistance channel of interstitial fluid
represents the entity of meridian channels which plays a
role of signal transmitting channel to get a better effect of
acupuncture.
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Background. The appropriate selection of acupoints is fundamental to obtain a therapeutic effect from clinical acupuncture.
Objective. Using a network analysis method, we investigated the acupoints that are combined to treat low back pain (LBP). Methods.
To analyze the patterns of the combinations of acupoints, we used acupoint information from clinical trials to calculate the modified
mutual information (MI) value, integrated these data, and visualized the network. Results. Based on the highest MI values, we found
two different types of acupoint pairs used in the treatment of LBP: pairs of distant acupoints and pairs of local acupoints. Using
modular analysis, we found that three acupoint modules were applied in the treatment of LBP: local acupoints, distant acupoints
along the meridian, and distant acupoints based on the symptom differentiations. Conclusion. Using the modified MI technique,
we provide a systematic framework for the acupoint combination network, and reveal how the technique of acupoint combination
is used in the treatment of LBP. Application of this knowledge in acupuncture research may help clarify the mechanisms underlying

acupuncture treatment at the systems level, bridging the gap between traditional medicine and modern science.

1. Introduction

According to traditional Asian medicine, the human body has
more than 360 acupoints. Numerous combinations of these
acupoints are used clinically. Ancient acupuncture practi-
tioners discovered the therapeutic properties of acupoints
and their effects not only on a particular internal organ, but
also at distant parts of the body. The meridian system is a
systematic order of empirical knowledge that functions as the
basis of acupuncture treatment [1]. It has been reported that
acupoints could exert synergistic and antagonistic actions [2,
3]. The selection of appropriate acupoint combinations is the
first step in ensuring the therapeutic effect of acupuncture [4].
Practitioners select acupoints based on three basic principles:

(1) local acupoints near the area where symptoms occur,
(2) distant acupoints along the meridian, and (3) distant
acupoints based on symptom differentiation [2].

Network science is a systems science method that is now
used to construct holistic systems in diverse fields, such
as the natural sciences, social sciences, and humanities [5].
Emerging trends in this new analytical science, which is based
largely on graph theory, have been rapidly transferred to
studies of network organization [6]. Graph theory is a natural
system that can ensure the exact mathematical representation
of complex networks, by representing a complex network as
a graph. Network analyses use graph theory: a network is
defined as a set of nodes (or vertices) and edges (or lines)
between them [6, 7]. How is it possible to systematically



observe the principles of acupuncture using network science?
We should start by considering the similarity between the
meridian system and a network.

The meridian system is a holistic medical system that
focuses on functioning at the whole-body level, and has its
own theoretical framework [1, 8]. Abundant clinical data are
available regarding acupuncture treatment, which is based
on the holistic philosophy of traditional Asian medicine [9,
10]. The meridian system is one part of this philosophy; it
consists of lines that connect surface points, which are called
acupoints. Although the positions of acupoints vary accord-
ing to different theories, approximately 360 acupoints are
associated with 12 principal meridians. These acupoints can
be considered nodes, and the meridians can be considered
the edges connecting the nodes. The principles of systems
biology, which is mainly associated with regulating the
body’s internal environment to maintain stable conditions,
are closely related to those of traditional Asian medicine
[11, 12]. A recent study used complex network analysis to
examine the selection of acupoints for different symptoms; it
matched the symptoms that every acupoint was used to treat
and produced different distribution patterns [13]. Recently,
Wau et al. [14] used complex network analysis to clarify the
regularities and mechanisms of a reasonable combination of
acupoints. Although such a bottom-up approach might seem
at odds with the holistic concept of the meridian system, new
research methods that incorporate the holistic features of the
meridian system are urgently needed for its modernization.

In this study, we applied network analysis to determine
how acupoints have been used together in combination for
the treatment of low back pain (LBP). To analyze patterns in
these combinations of acupoints, we calculated the modified
mutual information (MI) value, integrated the data, and visu-
alized the network based on acupoint-related information
extracted from clinical trials for LBP.

2. Methods

2.1. Sources of Data about Acupoints for Low Back Pain.
Previously, we analyzed the patterns of acupoints that were
combined to treat LBP in 53 studies (28 Korean, 25 inter-
national; see [15]). The 33 most commonly used acupoints
(frequency > 5%) were included in the present analysis of the
patterns used in the acupuncture treatment for LBP.

2.2. Acupoint Combination Network Construction. To deter-
mine the extent of acupoint combinations used for treat-
ing LBP among each pair of the 33 acupoints, we calcu-
lated the modified MI values as described by [16], where
the MI value between acupoints x and y was defined as
MI(x, y) = P(x, y) *In(P(x, y)/P(x) * P(y)), where P(x, y) =
Y I(x,y,i)/m is the coincidence frequency of x and y
and P(x) = Z:Zl I(x,i)/m is the frequency of acupoint x.
This formula is the same for P(y) - I(x, y,i) is the indicator
function of x and y, showing whether acupoints x and y
were used together in study i and m is the total number of
studies investigated. An MI matrix (33 x 33) was constructed
to represent the acupoint combination network, where a;
indicates the MI value between acupoints i and j.
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2.3. Binarization of MI Matrix. To make the network
tractable for analyses, the MI matrix was converted into
binary adjacency matrices with only 1 or 0 as elements. While
the binarizing process is commonly used for network anal-
yses, this must be done with care to avoid misrepresenting
the network by applying a specific threshold [17, 18]. We con-
structed adjacency matrices by applying various thresholds
R (0.001 < R < 0.999, in 0.001 increments). This prevented
increased numbers of spurious edges and decreased the edge
densities of the network, ultimately fragmenting the network
into components that are inappropriate for graphtheory anal-
yses. The maximum R retaining a fully connected network
was 0.022. At this threshold, the edge density was 0.39.
We performed all subsequent network analyses for multiple
binary networks with edge densities ranging from 0.39-0.50,
which retained possibly strong edges only, while the network
remained fully connected. The resulting binary networks
were very similar; the data are shown only for the network
with an edge density of 0.40.

2.4. Network Analysis. Network analysis was performed
using Brain Connectivity Toolbox (BCT, http://www.brain-
connectivity-toolbox.net) [19]. To investigate the modular
structure of the acupoint combination network, an optimiza-
tion algorithm that maximizes the number of within-group
edges and minimizes the number of between-group edges
[20] was applied to the binarized matrix. The maximum
modularity (Q), which quantifies the strength of the modular
structure, is defined as Q = (1/4l) Zij(aij - kikj/21)5ij, where
I is the total number of the edges in the network; a;; = 1 if
node i and j are connected and 0 otherwise; k; and k; are
the degree of each node; and §;; = 1if i and j belong to
the same module and 0 otherwise. We measured the degree
and betweenness centralities of every node in each network.
The degree centrality and betweenness centrality of node i are
defined as the number of edges belonging to i and the fraction
of shortest paths between any pair of nodes in the network
passing through node i, respectively. The degree centrality is
represented as the number of nodes to which a focal node is
connected, and measures the involvement of the node in the
network [21]. The betweenness centrality is a measure of the
centrality of a node in a network and is equal to the number of
shortest paths from all vertices to all others that pass through
that node [22, 23].

2.5. Network Visualization. Networks were visualized using
Cytoscape 2.8.3 (http://www.cytoscape.org/). We used two
forms to visualize the networks: a circular layout based on
modularity analysis and a force-directed layout to show the
degree and betweenness centrality analysis. A circular layout
places all nodes on a single circle and connects them with
edges, while a force-directed layout basically uses dynamic
theory [24].

3. Results

3.1. Acupoint Combination Network for Low Back Pain. This
study used a modified MI technique to extract the relation-
ships among the 33 acupoints. We examined all possible pairs
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TABLE 1: Acupoint pairs with high mutual information values.

Acupoint pairs MI value
(L) BL24-BL25 0.2678
(L) BL31-BL33 0.2227
(L) BL31-BL34 0.2227
(L) BL33-BL34 0.2227
(L) BL32-GB30 0.2069
(L) BL24-BL26 0.2069
(L) BL25-BL26 0.2023
(L) BL23-BL.25 0.2018
(D) BL40-GB34 0.1966
(L) BL23-BL32 0.1909
(D) GB34-ST36 0.1900
(D) BL40-BL60 0.1786
(L) GB30-BL24 0.1786

Acupoint pairs with mutual information values > 0.17 are shown. (L)
indicates local acupoint pairs and (D) indicates distant acupoint pairs.

and identified the most frequently used acupoint pairs. From
the 13 highest MI values (>0.17), we found two different
types of pair used to treat LBP (Tablel): pairs of local
acupoints (BL24-BL25, BL31-BL33, BL31-BL34, BL33-BL34,
BL32-GB30, BL24-BL26, BL23-BL25, BL23-BL32, and GB30-
BL24) and pairs of distant acupoints (BL40-GB34, GB34-
ST36, and BL40-BL60).

The acupoints ranked 18 to 20, that is, BL31, BL32, and
BL33, had the highest MI values (Figure1(a); yellow in
the middle). The acupoints ranked 29 to 33, that is, LUS,
SP3, HTS8, SP2, and KI10, had relatively high MI values
(Figure 1(a); light green in the right bottom). These acupoints
originally ranked lower, but they were frequently used in
combination, thereby increasing their MI values.

3.2. Modularity Analysis. To identify patterns in the com-
binations of acupoints used to treat LBP, we performed a
modularity analysis and illustrated the modular structure
using a circular layout (Figure 2). We applied an optimization
algorithm that maximizes the number of within-group edges
and minimizes the number of between-group edges and
thereby categorized the 33 acupoints into three acupoint
modules. Module A included BL23, BL25, BL24, BL26, BL57,
BL32, GV3, GV4, BL52, BL22, BL27, BL31, BL33, and BL34
(Figure 2, blue nodes). Module B included BL60, GB30, BL40,
GB34, BL37, ST36, BL62, SI3, and SI6 (Figure 2, orange
nodes). Module C included LI4, KI3, LU8, SP9, LR3, KI7,
SP3, SP2, HTS, and KI10 (Figure 2, green nodes). Based on
the characteristics of the acupoints used to treat LBP, we
called Module A the Local Acupoints group, Module B the
Distant Acupoints group (Type I: Distant acupoints along the
meridian), and Module C the Distant Acupoints group (Type
II: Distant acupoints based on symptom differentiation).

3.3. Network Analysis. Degree centrality analysis is useful
when detecting acupoints generally used together. Nodes
BL23, BL24, BL25, BL26, BL60, and GB30 had many edges,
which can be explained by their frequent use in treating LBP

TABLE 2: Frequency, degree centrality, and betweenness centrality of
acupoints.

Rank  Acupoint Frequency (%) Degree Betweenpess
centrality
1 BL23 50.9 19 0.01747
2 BL25 43.4 19 0.02772
3 BL40 32.1 11 0.00809
4 BL60 321 20 0.04194
5 GB30 321 20 0.02363
6 BL24 321 19 0.05881
7 BL32 28.3 18 0.01249
8 BL26 28.3 20 0.07760
9 GB34 20.8 11 0.01639
10 ST36 15.1 13 0.03434
1 BL57 11.3 15 0.00338
12 BL62 11.3 5 0.00108
13 BL52 11.3 16 0.01067
14 GV3 11.3 14 0.00245
15 KI3 11.3 12 0.11167
16 GV4 9.4 18 0.02451
17 L14 9.4 10 0.04310
18 BL31 9.4 15 0.01335
19 BL33 9.4 15 0.01335
20 BL34 9.4 15 0.01335
21 BL22 7.5 9 0.00827
22 Si6 7.5 9 0.00131
23 LR3 7.5 4 0.01094
24 SI3 75 13 0.04064
25 BL27 75 4 0.00000
26 K17 7.5 0.01540
27 BL37 5.7 16 0.03787
28 SP9 5.7 14 0.13137
29 LUS8 5.7 8 0.00065
30 SP3 5.7 8 0.00065
31 HTS8 5.7 8 0.00065
32 SP2 5.7 8 0.00065
33 KI10 5.7 8 0.00065

(Figure 3(a)). Figure 3(b), which describes the betweenness
centrality of each acupoint, had a different color distribution
compared to Figure 3(a). Although some acupoints have few
edges, they still appear as red nodes, indicating that they have
higher betweenness centrality values. Acupoints KI3 and SP9
had the highest betweenness centrality values, suggesting that
these points play an important role in connecting the vertices
to all others that pass through that node. We also analyzed
the frequency, degree centrality, and betweenness centrality
of each acupoint used in the treatment of LBP (Table 2).
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FIGURE 1: (a) The MI matrix for acupoint combinations used to treat LBP. The coordinates indicate the order of the main acupoints used for
treating LBP. The distance-based mutual information model explains the relationships between all pairs of the 33 acupoints. (b) Binarized MI
matrix for the acupoint pairs (threshold value = 0.031). Pairs exceeding the threshold were scored 1 and are shown in red. Pairs below the
threshold were scored 0 and these pixels are in blue.

Module C

FIGURE 2: The network model based on module analysis, showing the grouped acupoints. Three modules were identified and are shown in
this circular form: Module A (blue nodes), acupoints BL23, BL25, BL24, BL26, BL57, BL32, GV3, GV4, BL52, BL22, BL27, BL31, BL33, and
BL34; Module B (orange nodes), acupoints BL60, GB30, BL40, GB34, BL37, ST36, BL62, SI3, and SI6; and Module C (green nodes), acupoints
LI4, KI3, LU8, SP9, LR3, K17, SP3, SP2, HT8, and KI10.
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FIGURE 3: Network models showing degree centrality (a) and betweenness centrality (b). Unlike Figure 2, which groups similar acupoints
as modules, this figure separates each acupoint and connects each pair with edges. In both figures, red nodes indicate a high degree of
betweenness centrality, green nodes indicate a low value, and yellow nodes indicate an intermediate value.

4. Discussion

Many patients visit traditional Asian medical clinics for
acupuncture treatment. In this study, we examined what
principles practitioners use to select acupoints to treat a
given disease. We analyzed patterns in the combinations
of acupoints used to treat LBP in clinical trials. First, we
visualized the distribution of acupoint pairs based on MI
values, and then we analyzed these using three different
network analysis methods. These methods allowed us to
identify which acupoints are frequently used together to treat
LBP, and which acupoint combinations are grouped.

An MI value expresses the frequency at which a pair is
used together and is defined as the intersection proportion
of each proportion. Figure1(a) is a matrix that shows MI
values; the areas with high MI values are easily seen. In some
ways, but not all, this result is similar to frequency: high-
frequency points have large MI values. We identified which
acupoints were chosen together to treat LBP, based on MI
values. Ranks 18 to 20, that is, acupoints BL31, BL32, and
BL33, had relatively higher MI values (Figure 1(a), yellow in
the middle). These acupoints, known as the Eight Foramen
Acupoints (located in the sacral foramen), are commonly
used to treat LBP [25]. Additionally, acupoints LUS8, SP3,
HTS, SP2, and KII0 are usually used together, as shown in
the MI matrix. These acupoints are the major components of
the Saam Acupuncture and Eight Constitution Acupuncture
regimens based on Five Phase theory and are commonly used
together to treat LBP [10]. For a more elaborate explanation,
we extracted the MI values listed in Table 1. The table lists
the two different types of pairs of acupoints used in the
treatment of LBP. One group consists of pairs between distant

acupoints (e.g., BL40-GB34, GB34-ST36, and BL40-BL60),
while the others are local acupoints close to the symptomatic
area. The combinations involving distant acupoints might be
derived from the basic principle of selecting acupoints along
a meridian.

In Figure 2, the nodes are arranged around the circum-
ference of a circle. Module A includes acupoints BL23, BL25,
BL24, BL26, BL57, BL32, GV3, GV4, BL52, BL22, BL27, BL3],
BL33, and BL34. All of these acupoints are on the Bladder
meridian and the Governing vessel, especially at the low back
position of these meridians. In traditional Asian medicine,
these are considered “local acupoints,” and a local acupoint
is the original and most basic choice for treatment. Module
B includes acupoints BL60, GB30, BL40, GB34, BL37, ST36,
BL62, SI3, and SI6. Most of these are on the Bladder and
Gallbladder meridians. However, these differ from those in
Module A in that the nodes are on the limbs. These are so-
called “distant acupoints” and are located in positions that
cause pain through the same meridian on the opposite side of
the body or the adjacent meridian. These points function as
a “remote control panel” of the meridian Qi. Finally, Module
C includes acupoints LI4, KI3, LUS8, SP9, LR3, KI7, SP3, SP2,
HTS8, and KI10. These acupoints are generally positioned on
the limbs but not on the Bladder meridian. They are used to
treat LBP based on symptom differentiation. These findings
about the three acupoint modules confirmed that the three
basic principles of acupuncture regimens (local acupoints,
distant acupoints along the meridian, and distant acupoints
based on symptom differentiation) are also applied in the
treatment of LBP [2].

In the network analysis, we analyzed the degree and
betweenness centrality. The results are shown in Figure 3.



In Figure 3(a), nodes with a high degree value are colored
red, while ones with low values are green. Acupoints BL23,
BL25, BL60, GB30, and BL26 appear to be widely used to
treat LBP. While the degree refers to the strength of one
node in connections, betweenness centrality implies the rate
of connectivity between a node and other indirect nodes.
As shown in Figure 3(b), acupoints KI3 and SP9 are nodes
that connect Module C (distant acupoints based on symptom
differentiation) to Module A (local acupoints) or Module B
(distant acupoints along the meridian). These points function
as “hubs” that connect to different types of node. Therefore,
we postulate that acupoints KI3 and SP9 play a crucial role in
the interconnection between the local and distant acupoints
modules.

In summary, this study clarified which acupoints are
frequently used together to treat LBP. The modified MI
technique provides a systematic framework for the acupoint
combination network and helps reveal how the technique
of acupoint combination is used in the treatment of LBP.
This study is the first to apply network science to explore
unique theories related to the meridian system, and the
findings provide new insights into acupoint selection based
on biomedical information. Combining network science with
clinical data about acupuncture treatment will help facilitate
the evaluation of the therapeutic effects of acupuncture, and
its possible mechanisms at the system level, bridging the gap
between traditional medicine and modern science.
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Objective. The correlation between meridians and organs (Zang-fu) is an important aspect of meridian theory. The objective of this
paper is to investigate the pathological changes in the organs resulting from blocking low hydraulic resistance channel (LHRC)
along the stomach meridian by injecting gel in pigs so as to offer some insight into the correlation between meridians and internal
organs. Methods. Four white piglets and twelve black minipigs were divided into four batches and were observed in different periods.
Each batch included two pairs of pigs and each pair matched two pigs with similar conditions among which gel was injected into
6~8 low hydraulic resistance points along the the stomach meridian in the experimental pig and the same amount of saline was
injected into the same points in the control pig. The state of stomach and intestine was observed 6~10 weeks after the blocking
model was developed. Results. The results showed that there were bloated stomach or/and intestine in all the experimental pigs
while there were normal states in seven control pigs except one dead during the experiment. Conclusion. The findings confirmed
that the blockage of LHRC along the stomach meridian can influence the state of stomach and intestine, leading to a distension on

stomach or/and intestine.

1. Introduction

Meridians and collaterals are critical system in keeping health
by transporting Qi-Blood, nourishing tissue, communicating
between somata and viscera, and balancing Yin-Yang accord-
ing to the classic theory of traditional Chinese medicine
(TCM) [1]. If a meridian gets a problem, a stasis, for instance,
the running of Qi-Blood will be slow or even stopped and
the organ related to the meridian may become disordered and
gradually develop a disease. This important pathological view
in TCM is quite different from the one in Western medicine. It
is unbelievable to the actions of the meridian from the view
of Western medicine as no meridian structure has been
observed using anatomic technique. However, countless clin-
ical effects of acupuncture indicate that there is an unknown

regulating system in our body which is related to the meridi-
ans and the acupoints on the meridians.

The correlation between meridians and internal organs
is an important aspect of meridian theory. Acupuncturists
treat a visceral disease through needling the acupoints located
on the related meridian. A systematic analysis was made
recently on the correlation between acupoints and patholog-
ical changes of the internal organs through reviewing of liter-
atures in the database of CNKI (China’s National Knowledge
Infrastructure) from 1959 to 2011 and the database of Pubmed
(US National Library of Medicine) in the past 10 years.
The result showed that specificity was found on the patholog-
ical changes of Zang-fu (viscera) organs when acupoints were
stimulated [2]. The influence of meridians to the organs was
confirmed through acupoint stimulation while it remained



a secret if there is a pathological change in an organ when
the related meridian gets a problem. To answer the question,
we must firstly answer what are the meridians and the Qi
in meridian channels. In Yellow Emperor’s canon of internal
medicine, Qi was defined to fill into the physique and moisten
the fine hair like the dew moistening the grasses and woods
[3]. Qi can also transform into five kinds of fluid: when the
weather is cold and one’s clothes are thin, most of them will
be changed into urine and vapour; when the weather is hot
in summer and one’s clothes are thick, most of them will be
wet; when one’s mood is in sorrow and the energy merges
into the heart, they will transform into tears; when there is
heat in the middle warmer and the stomach energy is flaccid
and slow, they will change into saliva. When the evil energy is
blocking inside, the Yang energy is obstructed and fails to cir-
culate; edema will occur [4]. The unique thing owning these
properties is the interstitial fluid (IF) which occupies about
20% of our body volume. IF exists among many tiny holes
constructed by collagen and fine fibers of glycosaminoglycan
in extracellular space. The early idea of IF comes from
Guyton et al. in 1966 who claimed that IF is gel-like substance
which is almost immobile [5]. But this point of view was
challenged by many scientists in Europe like Aukland and
Reed [6] and Levick [7] who published large review articles to
prove the existence of two phase of IF, one is gel, the other is
free fluid which can flow in tissue. In 2007, Swartz and Fleury
discussed the functions of IF flow on cell-cell signaling and
morphogenesis [8].

The flow of IF in porous medium follows Darcy’s law
(1856) that the flux is positively proportional to pressure gra-
dient and negatively proportional to the hydraulic resistance
(HR) of tissue [7]. And the fluid must follow the conservation
equation which means it must flow continuously without
compression [7]. In 1997, Zhang put forward a hypothesis that
meridians are the tissue which has lower HR and IF will flow
toward the meridians and along the meridians according to
the laws [9].

This hypothesis was basically proven by finding a series
of low HR points along meridians, a good transportation of
IF pressure wave along meridians, and a migration of isotope
along meridians in Zhang’s lab in 90s in the twentieth century.
A low hydraulic resistance channel (LHRC) along meridians
was finally discovered which may represent partly the essence
of meridians [10].

The further study is to identify the function of LHRC. One
of the functions is in pathological aspect. According to Yellow
Emperor’s canon, meridian channels have a pathological
state of blockage which is the main cause of many diseases.
To establish a blocking model of meridian channels, Xu et
al. developed a method by injecting hydrogel into low HR
points along meridians and measured the transportation of IF
pressure wave to determine if the channel was really blocked.
The pathological model of blockage of meridian (main)
channels was successfully developed in 2007 [11] that brought
anew starting point in Zhang’s research. The upcoming study
started from an occasional observation that two minipigs
were found to appear gaseous distention in stomach several
weeks after the LHRC along the stomach meridian was
blocked by gel in the experiments in December 2008 and
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March 2009, respectively. This phenomenon attracts the
authors to observe intently the state of stomach and intestine
after the stomach meridian was blocked so as to test the
ancient theory of meridian-organ correlation.

2. Materials and Methods

2.1. Animal Conditions. The experiment was carried out on
four batches of healthy pigs. The first batch contained four
white piglets which were obtained from Beijing veterinary
training center (weight: 10~12kg, male, a month of age).
The four pigs were divided into two groups each of which
contained one experimental pig with gel injection and one
control pig with saline injection. Each pair of pigs was housed
simultaneously in a stainless steel cage (1.1 x 1.0 x 0.7m)
separated by two parts using a fence (each part: 1.1 x 0.5 x
0.7 m, Figure 1(a)). The food and water were given three times
a day.

The second, third, and fourth batches of experiments were
carried on 12 Chinese black minipigs, 4 pigs in each batch,
from Beijing Kexing Experimental Animal Breeding Center.
The pigs were temporarily housed in the animal laboratory at
20 + 2°C with a relative humidity of 50 + 10% (license number:
SYXK Beijing 2011-0014) in the Institute of Chinese Materia
Medica, China Academy of Chinese Medical Science, for
detailed observation. The cages have a size of 1.1 X 0.7 x 0.8 m
and separated to two equal parts to house two pigs. The pig
was feed twice a day with 150 g pig fed in the morning and
100 g in the evening and had accessed ad libitum to tap water.
The light was simulated day and night by turning on the light
at 8:00 am and turning off the light at 8:00 pm automatically.
The experiment was approved by the Institutional Animal
Care and Use Committee (license number: 120101) of Institute
of Chinese Materia Medica, China Academy of Chinese
Medical Sciences.

2.2. Gel Preparation. In the first batch of pigs, “Amazing”
polyacrylamide hydrogel was got from Jilin Aodong medical
material company in China. One gram of original Polyacry-
lamide hydrogel was diluted by mixing 5mL of 0.9% saline
which made it possible to be injected. As the gel could not be
bought later, a new gel, “Macrolane’, a stable hyaluronic acid
from Uppsala company in Sweden, was used in the other pigs
from batch 2 to batch 4. The gel has enough liquidity and can
be injected directly into tissue without dilution. To see if the
gel was still at the injected position after so many breeding
days, a 10 mL gel package from Sweden was mixed by 0.3 mL
1% Alcian Blue (8 GX, Sigma Co., USA) for marking the gel
from batch 2 to batch 4.

2.3. Experimental Procedure. The pigs were housed for about
one week to adapt to the new environment. Fasting was
carried out 12 hours before the operation. Then they were
anaesthetized by pentobarbital sodium (30 mg/kg) intraperi-
toneally in batch 1 (4 piglets) and by injecting phenobarbital
sodium solution (0.3 mg/kg) and Xylazine Hydrochloride
Injection (0.1 mg/kg) intramuscularly in batches 2, 3, and
4 (12 pigs). The low impedance meridian lines on pigs
were firstly measured by a low impedance meridian locator
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FIGURE 1: The cages used to house the pigs. (a) Cage used in the first batch of pigs (1.1 x 0.5 x 0.7 m for each pig). (b) Cage used in the other

three batches of pigs (1.1 X 0.7 x 0.8 m).

(a)
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FIGURE 2: The equipment for measuring the meridians. (a) The WQ6F30 low impedance meridian locator. (b) The pressure differential

continuous hydraulic resistance detector.

(type: WQ6F30, made in Donghua Company in China,
Figure 2(a)) according to the previous study [12]. The LHRC
along the stomach meridian was then measured by a pressure
differential continuous HR detector (Figure 2(b)) which was
described in detail in previous papers [10, 13]. After a low
hydraulic resistance point (LHRP) was found in subcuta-
neous tissue along the stomach meridian, the needle was fixed
on skin by glue and small amount of polyacrylamide hydrogel
was slowly injected into the LHRP through the measured
needle to block the channel. For the batches 1 to 3, totally six
points were injected symmetrically on both sides with three
on one side along the stomach meridian. One point was on
leg close to Housanli (corresponding to Zusanli (§T36) on
Human), the other was on hip at groin level, and another was
on trunk at the third nipple level (Figures 3(a) and 3(b)). The
injected volume on leg was 0.5mL, 0.7 mL on hip, and 1.0 mL
on trunk. In the fourth batch of pigs, the injected points were
increased to eight, four at one side among which two points
were at calf and thigh. The injected volumes were 0.5mL,
0.5mlL, 0.7 mL, and 0.9 mL from calf to trunk (Figure 3(c)).
After the channel was blocked, the pig was sent back to
the cage to feed for one to two months. The behavior was
observed by a 24 hour monitor and the image was stored in
computer and could be stored in anytime. Finally the pig was

anaesthetized again and the state of stomach and intestine was
checked by exploratory laparotomy, watching and taking pic-
tures using a digital camera (Nikon D5000, made in Japan).
Then the stomach was cut open with scissors and inner
surface was exposed to check if there was a gastric ulcer or
perforation. The gel which was injected into the meridian
channels was also checked during the final operation by un-
covering the skin.

3. Results

3.1. The States of Stomach and Intestine. In the first pair of pigs
among the first batch one month later, the pig whose stomach
meridian was blocked by gel injection exhibited stomach
distension (Figure 4(a)) where only small amount of liquid
was found inside the stomach after opening it (Figure 4(b))
while the stomach is normal in the control pig (Figure 4(c)).

For the other pair of pigs among the batch 1 after one and
a half months, the pig which was injected with gel exhibited
serious abdominal distention (Figure 5(a)) and meteorism
not only in stomach but small intestine as well (Figure 5(b)).
The stomach was filled with about 2/3 gas and 1/3 liquid
when watched in light (Figure 5(c)). The control pig which



Evidence-Based Complementary and Alternative Medicine

FIGURE 3: The positions of three injected points along one side of the stomach meridian in the first batch (a), second and third batches (b)

and fourth batch (c) of pigs.

was injected with saline had a normal abdomen (Figure 6(a)),
stomach, and intestine (Figure 6(b)).

The second batch of pigs was experimented from March
to June in 2012 containing four minipigs which were divided
two pairs with similar weights in each pair, containing an
experimental pig and a control pig. The result showed obvious
bloated parts at transverse colon (Figure 7(a)) and ileocecum
(Figure 7(b)) but the stomach was normal in the first exper-
imental pig after 72 days of gel injection while it was normal
on both stomach and intestine in the control pig (Figure 7(c))
in a similar duration of 70 days after the operation.

For the experimental pig in the second pair, the stomach
and small intestine were normal while two bloated parts
were found on large intestine after 59 days of the injection
(Figure 8(a)). The control pig had a normal stomach and
intestine after the same duration (Figure 8(b)).

The third batch of pigs was exprimented from August to
September of 2012. In the first pair of pigs lasted for 52 days
experimental pig and control pigs lasted for 55 days between
the injecting date and operating date. The result showed a
distension at one part of large intestine (Figure 9(a)). The
bloated part obviously shrank when cutting it open with
scissors (Figure 9(b)), indicating the existence of gas in it. The
stomach and small intestine were normal in the control pig
(Figures 9(c) and 9(d)).

In the second pair of pigs, the experimental pig exhibited
similar situation to that of the experimental pig in the first
pair. There was a striking shrink after releasing the gas by

cutting it open (Figures 10(a) and 10(b)) while the state of
stomach and intestine was normal in the control pig (Figures
10(c) and 10(d)).

In the fourth batch of pigs was experimented from
December 2012 to February 2013 eight points along the stom-
ach meridian were blocked. The first pair of pigs lasted for
45 days experimental pig and control pig lasted for 47 days
between the injecting date and operating date. After opening
the abdominal cavity, it was found that the stomach was
enlarged strikingly (Figurell(a)). By lighting it, gas and
liquid could be seen in the stomach (Figure 11(b)) which was
similar to the situation in the first batch of experimental
pig (Figure 5(c)). There was a normal state of stomach and
intestine in the control pig (Figure 11(c)).

In the second pair of pigs, the experimental pig exhib-
ited distensions both on small intestine (Figure 12(a)) and
large intestine (Figure 12(b)). The size immediately shrank
strikingly (Figure 12(c)) after the gas in small intestine was
released by cutting open a hole with scissors. A quantita-
tive measurement was made to show a size from 5cm in
diameter to 3.5 cm after releasing the gas in large intestine
(Figure 12(d)). However, the stomach have not appeared
obvious abnormal. The control pig in this pair was dead on
the second day after the injection.

3.2. The Examination of Inner Surface of Stomach. The inner
surfaces of stomach were examined after the operation to see
if there was a gastric ulcer or perforation. No gastric ulcer
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FIGURE 4: (a) A bloated stomach was observed on the third pig. (b) Only small amount of liquid was found in the stomach. (c) The stomach
is normal in the control pig by saline injection.

(©)

FIGURE 5: The pig exhibited bloated abdomen (a) and bloated stomach and intestine (b). (c) The stomach was filled with gas and water.
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FIGURE 7: The large intestine at transverse colon (a) and ileocecum (b) exhibited bloated state (T) in the first experimental pig (batch 2). (c)
The control pig showed normal state of stomach and intestine.

FIGURE 8: (a) In the experimental pig of second pair, there were two parts (T) on large intestine appear bloated state. (b) There was normal
state on stomach and intestine in the control pig.
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(d)

FIGURE 9: In the experimental pig of the first pair (batch 3), there was a bloated part on large intestine (a) and it shrank when cutting it open
with scissors (b). The control pig showed normal state of stomach (c) and intestine (d).

(d)

FIGURE 10: In the experimental pig of second pair (batch 3), there was a flatulence on large intestine (a) and there was strikingly shrink after
releasing the gas in it (b). There was normal state in stomach (c) and intestine (d) in the control pig.
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(c)

FIGURE 11: In the experimental pig of the first pair (batch 4), there was a bloated stomach (a). Gas and water were observed in the stomach
(b). There was a normal state in stomach and intestine (c) in the control pig.

FIGURE 12: In the experimental pig of the second pair (batch 4), there were bloated parts (T) on small intestine (a) and large intestine (b). The
intestine shrank strikingly (T) after the inner gas was released by cutting a small hole with scissors ((c), (d)).
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(b)

FIGURE 13: The inner surface of stomach which showed no gastric ulcer or perforation both in an experimental pig (a) and a control pig (b).

(b)

FIGURE 14: The locations of injected gel along the stomach meridian. (a) Three points were blocked on one side of pigs. (b) Four points were
blocked on one side of pigs. The gel at thigh diffused along the stomach meridian (T).

or perforation was found in all the pigs no matter what was
injected into the meridian. The inner surface of stomach was
smooth and fresh. The inner surfaces of stomach in a pair of
pigs were shown in Figures 13(a) and 13(b).

3.3. The Locations of Injected Gel. The locations of injected
gel were checked by uncovering the skin around the injecting
points. The gel with blue color could be found in every
injected points. The gel on thigh above Zousanli (ST36) dif-
fused a short distance (2-5 cm) along the stomach meridian
in all the six pigs while the gel stayed at the injected points
or just a slight diffusion (3 cases) at the points on trunk
(Figure 14(a)). In the fourth batch of pigs four points along
one side of stomach meridian were blocked; the gel on calf
can stay at the point without diffusion (Figure 14(b)).

4. Discussion

The results showed a coincident pathological change in
stomach or intestine after LHRC along the stomach meridian
was blocked.

4.1. The Stomach Meridian and the Related Internal Organs.
Most studies on correlation between meridians and inter-
nal organs were carried out through observing the organ
response when stimulating a meridian point or observing the
changes along a meridian when the pathological model of a
related organ was developed. This is the first time to study

the pathological chronic influence of meridian on the related
organs which has obvious importance to understand the deep
mechanism of diseases and the principle of health.

Stomach meridian is one of the longest meridians in our
body which relates not only stomach but large intestine and
small intestine according to the chapter of Ben Shu in Yellow
Emperor’s canon of internal medicine. Both upper sea point
of large intestine Shangjuxi (ST37) and lower sea point of
small intestine Xiajuxi (ST39) locate on stomach meridian.
So an overall observation of stomach, small intestine, and
large intestine was taken in the blocking model of the stomach
meridian.

4.2. The Observation of Pathological State of Organs. Necrop-
sy is a common method to test the pathological state of
organs. The size or volume is often used to examine the organ
state in veterinary pathological anatomy [14]. But it is difficult
to get quantitative measurements as the shape of organs is
very irregular. We tried to measure the diameter of intestine
by a ruler but found it very difficult. So the judgment was
made by eyes in the most cases and clear photos were
collected by CCD camera as much as possible.

An abnormal distension of stomach or intestine was
defined when large amount of gas exists inside. It is usually
determined not only by the size or volume but the color,
transparency, curvature, and elasticity. A real distension of
intestine with a lot of gas often exhibits yellow or grey color
with transparent wall which is soft and elastic. We developed



10

amethod to test the contained gas by cutting a hole to release
the gas and taking pictures again in the later experiments.
The usual situation in pathological stomach is abnormally
much liquid and gas in the stomach. We also developed a
simple method by lighting the stomach to show the volume
of gas and liquid inside the stomach. As the observation took
a long time and the conditions and materials were improved
gradually, it is hard to keep constant conditions in all the pigs
during the whole study. However, we kept each observation
containing one pig with gel injection and the other pig with
saline injection with the same conditions so as to let them
comparable.

The results showed that all the 8 pigs, no matter white
or black, had a problem on stomach or/and intestine with a
bloated state where there were mostly gas and/or liquid (in
stomach) after injecting gel into the stomach meridian while
the states of stomach and intestine were basically normal in 7
control pigs in which the same amount of saline was injected
at the same points. The result illustrated that the exhibited
pathological state in pigs was not caused by the operation
and the injection itself but the content of injection. No
gastric ulcer or perforation was found in all the pigs which
implied that the pathological change is mainly functional
during the observed period of two months. But we could
not get a conclusion that the blockage of meridian can only
cause a functional influence on the internal organ. After
an enough long time, a functional pathological change may
develop an organic change which needs to be verified in later
experiments.

4.3. The Technique of Blocking Meridian. The technique of
blockage is often used in biology to see if a pathway or signal
really exists to cause an effect. A transient blockage of merid-
ian by mechanical pressure has also been used in meridian
study for a long time in Hu XLs team in Fujian province.
The results showed a break of acupuncture effects when a
mechanical pressure was applied on related meridian line [15,
16]. But to observe a long-term influence of meridian block-
age, mechanical pressure is not convenient. The main compo-
nent of hydrogel is hyaluronic acid which was found to have
a very high hydraulic resistance by Scott et al. [17] and Cole-
man etal. [18]. When the gel was injected into the tissue, it will
be filled into the tiny pores of the tissue, resisting the flow of
interstitial fluid along LHRC and breaking the transmission
of chemical signals along the channel. This blocking effect
is similar to the mechanical pressure which can shrink the
space of gaps in the interstitium while the gel can block the
channel for a long time as long as it stays in the tissue. How-
ever, as LHRC is a porous medium channel which is opened
to any directions, it is hard to be totally blocked like blocking
a blood vessel. The interstitial fluid can still flow round
the injected gel and continue to move while the flux will
be weaken. In the phenomenon of propagated sensation along
meridian (PSM), the sensation induced by acupuncture or
acupress can move around a scar on the meridian [19] which
illustrates the porous medium characteristics of the channel.
Therefore three or four points were blocked on each side of
stomach meridian to enhance the blocking effect. As the
blocking effect will be accumulated following the time,
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an average blocking time of 49 days was estimated from
previous experience that most pigs have not exhibited a
bloated state of stomach or intestine after stomach meridian
was blocked by gel in a period from two to four weeks and
the earliest pig was found to have the problem 41 days after the
blockage. But to verify the relationship quantitatively between
the days of undergoing blocking model and the pathological
degree, more pigs should be observed.

The located situation of gel in meridian channel is also a
factor to influence the pathological effect. In the early exper-
iment of two white pigs (batch 1) and even earlier two black
pigs which were bred in a smaller cage, the main pathological
changes happened on stomach while it rarely appeared in the
later pigs which lived in a bigger cage. They had more space
to move their limb that might cause a diffusion of gel at thigh
(Figure 13) and diminish the blocking effect. The diffusion
on thigh level was found on the second and third batches of
pigs. After this was noticed, we added a new injecting point
at calf level on the fourth batch of pigs and found that the gel
could stay there without a diffusion; at the same time there
were a distension on stomach in the first experimental pig and
a distension on small intestine in the second experimental
pig which had not been found in batch 2 and batch 3. So it
was impressive that the blocking degree and allocation can
influence the bloated position in viscera.

4.4. The Mechanism of Interaction between Meridians and
Organs. How does a meridian influence an internal organ?
The observed gastrointestinal flatulence in pigs is in coin-
cidence with “abdominal distension” in the symptoms of
stomach meridian. In the view of Western medicine, gastroin-
testinal flatulence is a common problem on human which is
induced mainly by the abnormal movement of stomach and
intestine. The movements are influenced by food, humoral
signals such as enterogastrone, and neural signals from
enteric nervous system or central nerve system. Earlier study
showed a somatic projection from Zusanli to nucleus soli-
taries which control the movement of stomach and intestine
[20]. Zhou et al. found, when giving an electric acupuncture
at Zusanli (ST36), Tianshu (ST25), and Liangmen (ST21) on
the stomach meridian, the migrating motor complex (MMC)
was enhanced [21]. It seems that there is an interaction
between meridian and nerve system. As an extracellular fluid
channel, how does the channel influence the activity of nerve?
In 1986, a new hypothesis was put forward by Agnati et al. [22]
that the interactions between neurons are not only through
the neural fibers and synapse but also through extracellular
space which was named volume transmission (VT). Several
review articles concerning VT were published recently [23,
24], indicating the hypothesis has been accepted. Fuxe further
pointed out that VT may also happen in peripheral tissue via
interstitial fluid transmission [25] which relates to Zhang’s
discovery of LHRC [10]. The PSM phenomenon which tightly
relates to meridians can be understood through VT along
LHRC [26]. The idea and the new findings in this work
imply that LHCR is the essence of meridians at least in part.
Assuming the activity of stomach and intestine was controlled
by a series of autonomic nerves and these nerves can interact
through LHRC along meridians, whenever LHRC is blocked,
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the interaction becomes weak, leading to a difficulty of har-
monious motion along stomach and intestine. Therefore an
accumulation of gas happens gradually in stomach or intes-
tine.

This is just a preliminary observation to show the exis-
tence of long-term pathological influence on internal organs
from peripheral meridians. More controlled experiments
should be done to see if the stomach meridian is specific to
cause the pathological state on stomach and intestine.

5. Conclusion

The blockage of LHRC along the stomach meridian can influ-
ence the state of stomach and intestine, leading to a patho-
logical distension on stomach or/and intestine. But we could
not get a conclusion that the blockage of meridian channel
can only cause a functional distention without organic chan-
ges as the observing time is still short.
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Background. Circulation system, immunity system, and nervous system have a close relationship with meridian phenomen.
However, there is still lack of the results of dynamic changes of these structures in acupoint. The aim of this study is to
explore the interrelationship by composite staining techniques. Methodology/Principal Findings. Twenty rats were separated into
electroacupuncture group (EA) and control group (Con) randomly. In EA group, the Zusanli and Weishu were stimulated with the
0.1mA for 25 min. The tissue of these acupoints was double-stained with acetylcholinesterase and Toluidine blue. The compound
structure of mast cells, nervous fibers, and mast cells in the acupoint was observed. Conclusions/Significance. The blood vessels,
mast cells and acetylcholinesterase responded nerves were clearly observed in acupoint tissues. EA can result in the mast cell
recruitment and migration along the blood vessels and nervous bundle, which conformed the dynamic compound structure and

played important roles in acupuncture.

1. Introduction

Previous study has proved the evidence that nervous system
[1, 2], blood vessels [3], and mast cells [4-6] have a relation-
ship with acupuncture. However, there is still lack of evidence
from the histology that these parts work as a whole. In this
study, we find a new histological method with which we can
simultaneously display the nervous tissue, the blood vessel,
and mast cells in the same section of acupoint.

2. Method

2.1. Animal and Material. Twenty male Wistar rats were kept
in an animal house maintained with a 12-hour light-dark
cycle and were given free access to food and water. The weight
of the rats was 120-150 g. The other instrument and materials
are as follows: the vulcanization acetylcholine iodized salt
(sigma-Aldrich, USA), Toluidine Blue O (Amresco, USA),
constant cold box slicer (Thermo Fisher Scientific, UK).

2.2. Interventions and Histological Stain. The rats were sepa-
rated into control group (Con) and electroacupuncture group

(EA) randomly, in EA group, left Zusanli (ST36) and Weishu
(BL21) were stimulated with electroacupuncture machine,
and the parameters are 0.1mA, 2/15Hz, for 25min every
day, and the duration is 2 days. In Con group, there have
been no interventions. The tissue samples including skin,
subcutaneous tissue, and muscle tissue were collected from
Zusanli and Weishu acupoint (size: 1cm x 1cm x 0.4 cm) in
both EA and Con groups. Then the 15 ym thickness section
was prepared for double staining with Copper ferrocyanide
method and acetylcholinesterase stain method. Finally, the
section was dyed in 1% Toluidine blue solution for 15 second.
The tissue section was observed with microscope.

3. Result

Under the microscope, the small and medium-sized artery
in Zusanli acupoint area was longitudinal distribution along
the limb long axis; the medium-sized artery in the Weishu
acupoints was longitudinal distribution, too. However, the
small artery and vein in the Weishu area were mutual
anastomosis with each other and form the trunk long axis
blood network. The blood vessel layers can be identified,
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FIGURE I: (a) Weishu acupoint in Con group. (c) Zusanli acupoint in Con group. (b) Weishu acupoint in EA group. (d) Zusanli acupoint in
EA group. (e) Weishu acupoint in EA group. (f) Weishu acupoint in EA group. /: MC; v: blood vessels; f: fat tissue; n: Acher nerve fibers;

g: particular matter released from the MC.

with the smooth muscle distributed in the wall of the small
arteries (diameter, 20-200 ym) and the capillary tortuosity
into the group. Cholinesterase-positive nerve fibers (Acher)
with different thickness were clearly visible, surrounding
the blood vessels in the arterial wall, which has the close
relationship with the vascular smooth muscle (Figures 1(a)
and 1(e)). There are thick cholinesterase-positive nerve fibers
near the vascular form into the sparse network. In the dermis,

subcutaneous and muscle tissues of the acupoint area, the
different sizes and numbers of MC could be found. Most of
these MCs array along the small blood vessels and neural
network with a special sequence and come into a close
contact with each other (Figures 1(a), 1(b), and 1(c)). Finally, a
compound band structure constituted by MCs, blood vessels,
and nervous fibers will be found in the acupoints (Figures
1(a)-1(f)). In the point area of Con group, the number
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of composite banded structure constituted by blood vessels,
nerves, and MC is less sparse arrangement (Figure 1(c)). In
the EA group, MC number and degranulation number of
MC increased in the acupoint area (Figures 1(d) and 1(f)). In
addition, EA stimulation not only resulted in MC’s migration
and recruitment around the blood vessels, but also caused the
MC cell body increases and deformation movement, which
provided the space and path for MC’s array in a special order
along the nervous blood vessels network. As a result, the
space-time function structure constituted by the MC + blood
vessels + nervous fibers obviously increased in the acupoint,
and this special structure will extend to the adjacent acupoint
area (Figure 1(b)).

4. Discussion

Previous research suggested that acupoint is relatively dense
structures such as nerves [7], blood vessels, lymphatic vessels
[8], and tissue space area [9]; however, there is lack of
morphological evidence of whether or how to contact with
each other. This study indicated that in the acupoint, the MCs,
vascular vessels, and nervous fibers formed the space-time
composite strip structure, and the internal components of this
trip structure have the close and reciprocity correlation. This
strip structure is not limited to the acupoint area but extended
to the adjacent area, which forms the web channel for signal
transformation between somites [10]. This phenomenon can
be explained by the traditional meridian theory.

Under the action of acupuncture, MC was migrated and
recruited in the acupoint and meridians. As a result, the
active components which come from vessels, nervous fibers,
immunity system, and endocrine system interacted with each
other to form a functional coupling structure. According to
the properties of this composite structure and correlation
with the acupuncture meridians effect, we defined this special
structure as mobile cell communication web system.

Mobile cell communication web system mainly consists
of the vascular network subsystem, neural network sub-
system, the immune network subsystem, and the channel
network subsystem. The vascular network subsystem is the
source of human activity which collected the materials,
energy, information, and also the orignal ditch of mobile cells.
It is also the metabolism foundation of tissues and cells and
stable physiological functions.

Neural network subsystem is an important information
control system, linked to various organs through different
nerve endings. For example, different caliber blood vessels
closely related to the different types of neural endings which
had different neurotransmitters and peptides regulated the
flow of the peripheral blood circulation precisely [11] then
influenced the transport and distribution of body fluid
and took part in the stress response and nerve-endocrine-
immunity procedure.

Mobile cell subsystem is an active subsystem, which plays
an important role in cell-cell or tissue-tissue communication
through cell migration. In particular, the increased number
of mobile cells or particle matters released from the mobile
cell reflected the correlation and dynamic function of these
subsystems.

Therefore, the mobile cell subsystem is an important
order parameter in switching and regulating the acupuncture
effect. The mobile cells take part in the cascade reaction of
acupuncture through multi-channel and multi-target.

After acupuncture, the MC number increased in the
fascial spaces or channel spaces around the blood vessels.
The volume of MC was enlarged, and the large amount active
compound was released; as a positive feedback reaction, the
channel spaces gradually enlarged. The enlarged tissue space
is a special functional pathway which will be beneficial for
MCs migration in a special order, and finally, these special
spaces formed the tissue channel as an important exchange
pathway for material, information, and energy [12, 13].
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Recent evidence suggests that chloride (CL™) channels are involved in myocardial ischemia. In this study, the impact of acupuncture
on the protein expressions of Cystic Fibrosis Transmembrane Conductance Regulator (CFTR) and CLC-2 CL™ channel of the rats
with myocardial ischemia were tested and its mechanism was explored. The rats for experiment were distributed randomly into 5
groups: blank control group, modeling control group, Neiguan (PC-6) treatment group, Lieque (LU-7) control group, and Non-
acupoint control group. The rats of all groups, except the blank control group, had myocardial ischemia via multiple subcutaneous
injection of isoproterenol (ISO). Electroacupuncture treatment was given to Neiguan (PC-6) treatment group, Lieque (LU-7)
control group, and Non-acupoints control group, respectively, once a day for 7 days. The results show that acupuncture can alleviate
the myocardial ischemia of cardiac tissue, decrease significantly the activities of serum SOD and MDA, and thereby influence
the protein expressions of CFTR and CLC-2 in CL™ channels. The results of the study implies that acupuncture suppresses the
pathological changes of cardiac tissue of rats with myocardial ischemia and regulates the protein expression of CFTR and CLC-2

CL"™ channels, which may serve as one possible mechanism to reduce myocardial ischemia.

1. Introduction

Long-term myocardial ischemia is a key cause for ischemic
heart diseases, and a number of studies were conducted on
myocardial ischemia. There are many ion channels involved
in the pathogenesis of ischemic heart diseases [1]. However,
the relationship between cardiovascular disease and function
of chloride channel has not been identified. Some of the
recent studies explored the protective effect of acupuncture
on myocardial ischemia [2]. In some studies [3], CFTR CL~
channels are taken as novel therapeutic targets for the treat-
ment of ischemic cardiac diseases. Clinically Acupuncture
has been applied widely to treat ischemic heart diseases for
along time, and Neiguan (PC-6) acupoint, as the classic acu-
puncture point, chosen to apply acupuncture in these treat-
ments. Experimental research shows that acupuncture has

cardioprotective effect on rat’s acute myocardial ischemia,
and acupuncture on Neiguan (PC-6) may benefit the treat-
ment of myocardial ischemia [4]. However, the underlying
mechanism remains unknown. This study is to provide the
experimental evidence of the cardioprotective effect of acu-
puncture in treating myocardial ischemia. As shown in re-
search, acupuncturing Neiguan (PC-6) acupuncture point
can change the activities of serum SOD and MDA and the
indicators of myocardial ischemia. This study explores the
effect of acupuncturing Neiguan (PC-6) on myocardial is-
chemia treatment and its working mechanism, based on
the existing theories and research findings on the effect of
acupuncture on myocardial ischemia and employing im-
munoblotting technique to observe the protein expressions
of CFTR and CLC-2 CL™ channels.



2. Materials and Methods

2.1. Animals. Male adult Sprague-Dawley rats, weighing 240 +
10 g, were used in the experiment. Upon arrival, animals were
given one week to adjust to the new environment (20 + 1°C,
45-60% relative humidity, white noise db, and 12/12 h light/
dark cycle with the light from 6:00 AM to 6:00 PM), with food
and water available freely prior to experimental procedures.
All experimental procedures were performed during the
light cycle. The animal care procedures were carried out in
accordance with the National Institutes of Health Guide for
the Care and Use of Laboratory Animals. Every effort was
made to minimize their suffering.

2.2. Experimental Procedure

2.2.1. Models Preparation. All rats were randomly divided into
the following five groups (n = 10 per group): (1) blank con-
trol group (normal control with no modeling intervention
or treatment); (2) modeling control group (only received in-
jection of ISO for modeling); (3) Neiguan (PC-6) treatment
group (received injection of ISO for modeling and elec-
troacupuncture at the Neiguan (PC-6) acupoint); (4) Lieque
control group (received injection of ISO for modeling and
electroacupuncture at the Lieque (UL-7) acupoint); and (5)
nonacupoints control group (received injection of ISO for
modeling and electroacupuncture at the middle of TianShu
and ShenQue points). Except for those in the blank control
group, rats were fixed at the supine position and anaesthetized
with an intraperitoneal injection of pentobarbital sodium
(35 mg/kg). Then, they were connected to the BL-420S bio-
logical and functional experimental system to record the
normal ECG of rats. After a multipoint subcutaneous injec-
tion (on limb roots and back, 5-6 points in total, injection
completed within 10 seconds) of ISO (85 mg/kg, two shots in
total, 24 hours apart each shot), the model of rat myocardial
ischemia was occupied and the II Lead Electrocardiograph
(ECG) was recorded, respectively, at the first, the fifth, the
tenth, and the fifteenth minute after injection. Following that,
the changes of Point J (the cross of QRS wave group and
wave T) in each group were observed, and the standard of a
successful myocardial ischemia modeling was set when there
is a visible decrease [5], as shown in Table 1.

2.2.2. Electroacupuncture Treatment. After the successful
modeling was established, acupuncture was applied at Nei-
guan (PC-6) treatment group, Lieque (UL-7) control group,
and nonacupoint control group, respectively. For Neiguan
(PC-6) treatment group and Lieque (UL-7) control group,
the acupuncture points were chosen based on Acupuncture
Points Diagram of Experimental Animals established by
Association of Experimental Acupuncture Research (AEAR)
of the National Association of Acupuncture (NAA). For
nonacupoint group, acupuncture was applied at the point in
middle of TianShu and ShenQue acupoints.

For Neiguan (PC-6) treatment group and nonacupoint
and Lieque (UL-7) control groups, the rats were fixed at
supine position and connected to G6805-D electroacupunc-
ture apparatus with ¢ 0.35 x 15 mm acupuncture needles once
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TABLE 1: The amplitude values comparison of T wave in rats ECG
before and after modeling.

The amplitude value of T wave (mv)

Group

Before After
MG* 0.16 + 0.06 —-0.08 £0.17
NG* 0.14 + 0.06 -0.23+0.18
LG* 0.13 +0.04 -0.14+0.16
NA* 0.13 £ 0.62 -0.21+0.71

MG: modeling control group, NG: Neiguan (PC-6) treatment group, LG:
Lieque (LU-7) control group, NA: nonacupoint control group. All values are
means + S.EM. (n = 10).” P < 0.05, before and after modeling in the same
group. * P < 0.01, before and after modeling in the same group.

a day. The needle was inserted obliquely to form an angle of
approximately 30 degrees against the skin along the meridian
which the acupoint belongs to and twisted into the rat skin
for 2mm with density wave at 2-20 Hz and till the limb of
rat quivered appropriately and lasts for 20 minutes each time.
The modeling control group did not receive any acupuncture,
but the rats were fixed in the same way as the groups above
did, once a day for the duration of 20 minutes each time.
The rats of each group were anaesthetized with 10% chlo-
ral hydrate after 7 days since acupuncture started, the blood
samples of the rats in each group were collected and marked
with Abdominal Aortic Blood Collection Method, and their
heart tissues were taken for backup. Four rats with induced
myocardial infarction died during the modeling whereas two
rats in the blank control group died of anaesthesia during
operation for sampling. The operative mortality was 12%.

2.3. Staining Rat Myocardial Tissue with HE. Myocardial
tissue was cut into suitable pieces, stained with standard HE
staining method, and then observed. The stained tissues were
studied by light microscopy.

2.4. Assay of SOD Activity. SOD activity was assayed using
Total Superoxide Dismutase Assay kit with WST-1 following
the manufacturer’s instructions. Samples (20 uL) were used
for kinase activity.

2.5. Assay of MDA Content. MDA content was assayed using
Lipid Peroxidation MDA Assay kit following the manufac-
turer’s instructions. Samples (0.1 mL) were used for kinase
activity.

2.6. Protein Determination. The protein expressions of Cystic
Fibrosis Transmembrane Conductance Regulator (CFTR)
and CLC-2 CL™ channel with Western Immunoblotting Tech-
nology (Western Blot) in each group were assayed. First of all,
pyrolysis liquid was put into the rat myocardial tissue based
on the ratio of 1: 10 between pyrolysis liquid and the weight of
rat myocardial tissue, and homogenate after its full cracking
with 12000 r/min 4°C centrifugation was obtained with the
supernatant as the total protein. After separated by SDS-
PAGE electrophoresis, the protein extracted from the sample
was transferred onto the membrane by Western Blot. After
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FIGURE 1: Staining results of HE in rats myocardial tissue. (A) control group, (B) modeling group, (C) Neiguan (PC-6) group, (D) Lieque

(LU-7) group, (E) nonacupoint group; the same in Figures 2 and 3.

the protein expression of CFTR and CLC-2 in CL™ channels
was assayed with CFTR and CLC-2 antibody, the contents
with reference to the known protein were determined.

2.7 Statistical Analysis. All results were expressed with means
+ standard deviation. Group differences were evaluated using
one-way analysis of variance (ANOVA). The SPSS 17.0 was
used for analysis, and P < 0.05 and P < 0.01 were adopted as
the statistical significance levels.

3. Results

3.1. Observation and Comparison of Stained HE Rat Myocar-
dial Tissue Samples among Each Group (Figurel). In the
blank control group, myocardial fibers are in an ordered
arrangement with morphological integrity, full nucleus, and
clear boundary, which are visible under twenty-time light
microscope. In the modeling control group, the Lieque (LU-
7) control group, and the nonacupoint control group, cardiac
tissue was observed with the assistance of HE staining. Re-
sults showed that myocardial fibers were in disordered
arrangement and fracture, sarcoplasm swelling, and obvious
inflammation cell infiltration even though there were many
brown granules widely distributed in the nucleus. Compared
with modeling control group, the changes of cardiac tissue
were clearly reduced in Neiguan (PC-6) treatment group
under the same physical microscope.

3.2. The Impact of Acupuncturing Different Acupoints on the
Serum SOD Activity in Rat (See Table 2). Compared with the
blank control group, the serum SOD levels of the modeling
control group, the Lieque (LU-7) control group, and the non-
acupoint control group were significantly lower (P < 0.01).
Further comparison with the modeling control group showed
that the levels of serum SOD were also significantly increased
in the Neiguan (PC-6) treatment group (P < 0.01). No differ-
ences were found between the modeling control group, the
Lieque (LU-7) control group, and the nonacupoint control
group (P > 0.05).

TABLE 2: The results of the level of rats serum SOD (X + s).

Group SOD (U/mL)
CG 8 66.08 + 6.90

MG 1 4730 +11.78"
NG 14 61.78 + 7.56"
LG 10 48.20 + 12.00*
NA 1 48.74 + 11.52*

CG: blank control group, MG: modeling control group, NG: Neiguan (PC-6)
treatment group, LG: Lieque (LU-7) control group, NA: nonacupoint control
group. “P < 0.01 versus CG, *P < 0.01 versus MG.

TABLE 3: The results of the contents of rats serum MDA (X + s).

Group MDA (nmol/mL)
CG 8 0.15+0.01
MG 1 0.19 £0.017
NG 14 0.13 +0.02°
LG 10 0.19+0.01"
NA 1 0.17 £ 0.04"

CG: blank control group, MG: modeling control group, NG: Neiguan (PC-6)
treatment group, LG: Lieque (LU-7) control group, NA: nonacupoint control
group. “P < 0.05 versus CG, *P < 0.05 versus MG.

3.3. The Impact of Acupuncture at Different Acupoints on the
Contents of Serum MDA in Rats (Table 3). Compared with
the blank control group, the serum MDA contents of the
modeling control group, the Lieque (LU-7) control group,
and the nonacupoint control group were significantly higher
(P < 0.05). Further comparisons with the modeling control
group showed that the contents of serum MDA were also
significantly elevated in the Neiguan (PC-6) treatment group
(P < 0.05). No differences were found between the modeling
control group, the Lieque (LU-7) control group, and the
nonacupoint control group (P > 0.05).

3.4. The Impact of Acupuncturing Different Acupoints on the
Protein Expression of CFTR and CIC-2 CL™ Channel in the
Rat Myocardial Muscle (See Figures 2 and 3). Compared with
blank control group, there was a significant increase in the
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FIGURE 2: The result of CFTR expression in each rat group. The
CFTR protein levels were detected by Western Blot. The CFTR
expression levels are expressed as a ratio to control levels. The results
are representative of three separate determinations. Compared with
the blank group, *P < 0.01 with the modeling group “P < 0.01.

contents of CFTR, CLC-2 CL™ channel protein in the model-
ing control group, the Lieque (LU-7) control group, and the
nonacupoint control group (P < 0.01). Further comparison
with the modeling control group showed that the contents
of CFTR, CLC-2 CL™ channel protein was also significantly
elevated in the Neiguan (PC-6) treatment group (P < 0.01).
No differences were found between the modeling control
group, the Lieque (LU-7) control group, and the nonacupoint
control group (P > 0.05).

4. Discussion

According to classic theories of Traditional Chinese Medicine
(TCM), acupuncturing Neiguan (PC-6) acupoint may be
applied for treating acute myocardial ischemia, based on its
connection with the chest discomfort and cardiodynia. As
illustrated in Experience on Acupuncture and Moxibustion
Therapy, acupuncture at Neiguan (PC-6) can be adopted to
treat the sudden pain in the heart, fear, upset, and dementia.
In Compendium of Acupuncture and Moxibustion, it is also
maintained that acupuncture at Neiguan (PC-6), Daling (PC-
7), or Quze (PC-3) may serve the purpose of treating pain in
the chest and heart. It is also used to treat many kinds of heart
diseases in clinical treatment. A number of clinical studies
indicate a better curative effect on the treatment of acute
myocardial ischemia that can be reached by acupuncturing at
Neiguan (PC-6), as it has a tranquilizing effect and can relieve
clinical symptoms of breast-pang patients and improve is-
chemic ECG [6]. It is confirmed in animal experiments that
electroacupuncture at Neiguan (PC-6) acupoint can improve
the function of left ventricular, myocardial microcirculation,
and oxygen supply, besides reducing and narrowing the de-
gree of myocardial ischemia. For acute ischemic heart dis-
ease, electroacupuncture at Neiguan (PC-6) acupoint can
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FIGURE 3: The result of CLC-2 expression in each rat group. The
CLC-2 protein levels were detected by Western Blot. The CLC-2
expression levels are expressed as a ratio to control levels. The results
are representative of three separate determinations. Compared with
the blank group, *P < 0.01 with the modeling group “P < 0.01.

improve hemodynamic disturbance, increase myocardial ten-
sion, adjust the contractility, and correct arrhythmia [7].

Modeling rats with acute myocardial injury caused by
isoproterenol (ISO) were used in this study since the model
is one of those classical method to study the effect of anti-
myocardial ischemia [8]. Injecting a large dose of ISO con-
tinuously may lead to a myocardial ischemic injury as ISO
is a 8 receptor excitomotory. The present study confirms the
changes of ECG, myocardial metabolism, and histopathology
of the rats injured by a large dose injection of ISO, similar to
a natural occurrence of myocardial ischemic injury [9].

Superoxide dismutase (SOD) is an important antioxidant
enzyme in cardiac muscle, which removes the surplus oxygen
free radicals (OFR), protects other antioxidant enzymes from
OREF inactivation, and reduces the damage. The activity of
SOD indirectly reflects the ability of the body to remove OFR
with a negative correlation [10]. The experiment result shows
that the content of rats serum SOD is clearly increased in the
Neiguan (PC-6) treatment group (P < 0.01), but there was
no significant difference in the Lieque (LU-7) control group
and nonacupoint control group compared with the modeling
control group (P > 0.05). This indicates that acupuncture
at Neiguan (PC-6) can effectively control the degree of rat
myocardial damage and significantly increase the serum SOD
content and the activity of SOD and thereby reduce the dam-
age of oxygen free radicals to myocardial cells. While no such
effects can be achieved by acupuncturing at Lieque acupoint
or nonacupoint points.

MDA is the end product of oxygen free radical and lipid
peroxidation and reflects the extent of myocardial injury. The
results of this study show that the content of serum MDA in
rats is clearly decreased in the modeling control group, the
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Lieque (LU-7) control group, and the nonacupoint control
group (P < 0.05), compared with the blank control group.
Compared with the modeling control group, the content of
serum MDA in rats in the Neiguan (PC-6) treatment group
is significantly reduced (P < 0.05), but no clear changes
were observed in the Lieque (LU-7) and nonacupoint control
groups (P > 0.05).

There are many kinds of ion channels in myocardial
cell, which play an important role when there are hypoxia,
swelling, or endogenous catecholamines releasing caused by
regional myocardial ischemia in heart. It is proved in recent
studies [11, 12] that the chloride channels are involved in
the protection against myocardial ischemia and reperfusion.
The first cardiac CFTR CL™ channel of cDNA gene encoding
cloned Riordan discovered in the year 1989 is one of phospho-
rylation dependent epithelial cells chloride channel [13]. The
loss or dysfunction of CFTR channel may cause a variety of
diseases, as shown in research [14]. CLC-2 inwardly rectifies
chloride current obtained from the atrial and ventricular
muscle records of mice and guinea pigs, as proved by Duan
et al. in 1999 [15]. It plays an important role in the electrical
activities of heart the same as cationic inward rectifier chan-
nels. The study shows that the protein expression of CFTR
and CLC-2 CL™ channel in the modeling control group and
Lieque (LU-7) and nonacupoints control groups is clearly
higher than that in Neiguan (PC-6) treatment group and
blank control group (P < 0.05), but there is no difference
between the modeling, Lieque, (LU-7) and nonacupoints
control groups (P > 0.05). The results of the current study
show that the myocardial ischemia of rats may be caused by
an increased concentration of protein CFTR and CLC-2 after
activating chloride channel of myocardial tissue. Blocking of
CL™ channel by acupuncture at Neiguan (PC-6) can reduce
the concentration of protein CFTR and CLC-2, which could
be one mechanism to treat rat myocardial ischemia.

Acupuncture points are the specific sites where the qi of
zang-fu organs and channels is transported to the surface of
body. Acupuncture points are not only the reflecting places
of disorders but also the sites to receive the stimulation by
acupuncture and moxibustion for treatment. In history, Chi-
nese medical scientists have observed and theorized the
significant role that channels play in connecting the acupoints
on body surface and the internal organs, which has been
widely applied in clinical practice for nearly two thousand
years.

Neiguan (PC-6) acupuncture point is a Luo-connecting
point of Pericardium Meridian of Hand Jueyin. It is not only
one of the eight confluence points but also a key point in Yin-
wei Meridian, which stops the pain and soothes heart and
chest; thus acupuncture at Neiguan (PC-6) can treat the pain
of heart and chest caused by blood stasis. And Pericardium
Meridian, known as the protector of heart, can regulate the
function of heart. As shown in the results of this study, acu-
puncture at nonacupoint or Lieque (LU-7) cannot treat rat
myocardial ischemia as effectively as acupuncture at Neiguan
(PC-6) can do. As one of the Hand Jueyin Pericardium Merid-
ian points, acupuncturing Neiguan (PC-6) has a visible effect
in treating ischemia via regulating the protein expression of
chloride channel in myocardial tissue.

In summary, acupuncture at Neiguan (PC6) on rats with
myocardial ischemia reflects the treatment efficacy of acu-
puncturing along channels. One of its treatment mechanisms
can be interpreted by its adjustment of the protein expression
of chloride channels CFTR and CLC-2 in myocardial cells, as
proved in this study.
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Objective. In recent years, public health experts have concluded that the impact of osteoarthritis is equal in magnitude to that of
cardiovascular disease. Osteoarthritis of the knee is prevalent in the elderly population; however, there are currently no effective
treatments for this condition. In this study, we investigated the efficacy of “meridian-sinew release,” a newly developed technique
which entails using a meridian-sinew scope and a meridian-sinew knife to treat osteoarthritis of the knee. Methods. Patients
(N = 90) with knee osteoarthritis were prospectively randomized to meridian-sinew release therapy, acupuncture therapy, or drug
therapy groups, respectively. Outcome evaluation included pain, stiffness, physiological function, total symptom score, and overall
changes in the condition. Results. After 12 weeks, patients’ general assessment (GA) and doctors’ general assessment (GA) of the
condition were not significantly different among the three groups. However, significant differences in primary endpoint pain, joint
stiffness, and total symptom score were found between the meridian-sinew group and the acupuncture group and between the
meridian-sinew group and the control group (P < 0.05). No adverse events occurred during the trial. Conclusion. Our study suggests
that meridian-sinew release therapy can improve knee osteoarthritis, alleviate joint pain, and improve functional movement

disorder. It is a safe and effective treatment for knee osteoarthritis.

1. Introduction

Osteoarthritis is a degenerative joint disease that occurs
mainly in the elderly. It is characterized by the peripheral
(i.e. a, osteophytes) erosion of articular cartilage, bone
hypertrophy, and subchondral sclerosis. Osteoarthritis is the
most common form of arthritis in the elderly and also
one of the main causes of disability in that population
[1, 2]. Due to the fact that the knee joint is a peripheral
axial, weight-bearing joint, it is most commonly affected by
osteoarthritis [3]. Studies have shown that the incidence of
knee osteoarthritis in people over age 65 is 60%-70%, with
the incidence rate reaching up to 85% in the population
over age 75 [4]. In the United States, approximately 21
million Americans suffer from the disease [5], and it is
estimated that the total cost of treating arthritis may be
close to 2.5% of its gross domestic product (GDP). Therefore,

the impact of osteoarthritis on public health has recently
been compared to the impact of cardiovascular disease [6].
The main clinical symptoms of knee osteoarthritis are pain
and joint stiffness [7]. However, no effective treatment for
knee osteoarthritis has been developed to date. Usual care,
based on the guidelines published by the American College
of Rheumatology (ACR) and the European Association of
Rheumatology Union, focuses on alleviating the symptoms
of pain and stiffness and maintaining or improving phys-
ical function [8, 9]. Our goal in this study was to find a
more effective treatment that would reduce joint pain and
disability and prevent and mitigate cartilage degradation [10].
Conventional treatment for knee osteoarthritis is designed
to control symptoms and pain and includes nonsteroidal
anti-inflammatory drugs, glucosamine, topical analgesics,
intra-articular injection of sodium hyaluronate and surgical
treatment [11, 12]. However, none of these treatments are



considered curative and are often accompanied by side
effects ranging from patient discomfort to liver and kidney
damage. Most knee osteoarthritis patients are not satisfied
with the recurring side effects of conventional drug therapy
[13, 14]. As a result, many knee osteoarthritis patients use
complementary and alternative therapies. In China, Tradi-
tional Chinese medicine (including acupuncture) has been
used for thousands of years and has been shown to be
particularly efficacious for treating pain, especially when
related to joint diseases such as osteoarthritis [15-18]. Due
to the limitations and side effects of conventional therapies,
more and more people are turning to complementary and
alternative medicine. Therefore, it is necessary to explore and
scientifically evaluate the efficacy of new therapies for this
disorder.

In meridian-sinew release therapy, a physician uses a
“meridian-sinew scope” to observe local tissue while simulta-
neously using a “meridian-sinew knife” to loosen and release
adhesions. Indications include joint and myofascial pain,
as well as the local, refractory pain and inflammation in
rheumatoid disorders. This may be a new, effective treatment
for these disorders that can replace conventional therapy. In
China, this therapy has been used to treat a variety of rheuma-
toid disorders involving joint swelling and pain, including
knee osteoarthritis and rheumatoid arthritis [19-22]. In our
hospital, we have found that this therapy can relieve the pain
and stiffness associated with knee osteoarthritis, with results
that can be maintained for a relatively long period of time. We
also believe it can slow down the degeneration of articular
cartilage and maintain and improve joint function [21, 22].
The technique causes minimal injury to local tissue without
compromising the overall structure of the knee. There are
minimal bleeding and rapid patient recovery. Our results are
consistent with research that has shown that soft tissue release
can effectively alleviate myofascial pain in the forearm caused
by external humeral epicondylitis [23].

We performed a randomized, controlled study in order
to further evaluate the efficacy and safety of meridian-sinew
release therapy for treating knee osteoarthritis. The basic
design of this study was to quantify and compare the efficacy
of meridian-sinew release therapy, acupuncture, and routine
drug treatment for knee osteoarthritis. We hoped that our
data would help guide policy makers in determining whether
this therapy should be more made more widely available as
a new, safe, and effective treatment for osteoarthritis of the
knee.

2. Materials and Methods

2.1. Subjects. Patients hospitalized in Guangzhou General
Hospital Of Guangzhou Military Command from January
2008 to December 2011 were recruited. The diagnosis of knee
osteoarthritis was made according to the Kellgren grading
standard, and patients with grade II or IIT were included; this
was also consistent with the American College of Rheumatol-
ogy standards [24-26]. We applied the following criteria for
inclusion in the study: (i) age 45 years or older; (ii) diagnosis
of osteoarthritis of the knee of at least 6 months duration;
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(iii) moderate to severe pain during most days throughout
the past months and use of analgesics for at least 1 month;
(iv) willing and able to complete the study protocol. The
exclusion criteria were intra-articular corticosteroid injection
into the knees within 4 weeks preceding the study and
severe, unstable chronic illness (including but not limited
to congestive heart failure, chronic renal failure, tumors in
the knee, autoimmune diseases such as rheumatoid arthritis,
ankylosing spondylitis, congenital deformity of the knee,
and trauma-induced osteoarthritis of the knee). During the
study period, patients were treated with conventional drug
therapy (glucosamine sulfate capsules: take 2 capsules 3
times daily, manufacturer: Rottapharm Srl, Italy, approval
number: X19990394; celecoxib: take 1 capsule daily, manufac-
turer: Pfizer Pharmaceuticals LLC, USA, approval number:
J20080059) but were not allowed to begin new drug treatment
or change the dosage of current medication. The study was
approved by the Ethics Committee of Guangzhou General
Hospital Of Guangzhou Military Command Area, and all
patients signed informed consent forms.

Estimation of sample size was based on the results of pre-
vious studies and then calculated according to the calculation
formula for sample size estimation, with a clinical efficacy
increase of 25% from the original level. The calculation
formula was as follows: n = (U, + Uﬁ)ZZP(l -P)/(P, - PO)2
[27].

2.2. Interventions and Randomization. Patients were told that
the study had been designed to evaluate and compare the
efficacy of meridian-sinew release therapy, acupuncture and
conventional drug therapy for knee osteoarthritis and that
they would be required to give up other forms of treatment
for the duration of the study. Patients were randomly assigned
to the meridian-sinew release therapy group, acupuncture
group or control group through computer-generated random
numbers. Patients in the meridian-sinew release therapy
group were treated with conventional drug therapy plus
meridian-sinew Release therapy, patients in the acupuncture
group were treated with conventional drug therapy plus
acupuncture, and patients in the control group were treated
with conventional drug therapy without any other additional
treatment.

2.3. Treatments in Detail

2.3.1. Meridian-Sinew Release Group. A minimally invasive
technique has been invented (Figures 1 and 2) to release
connective tissue adhesions and alleviate joint and myofascial
pain [19-22]. The meridian-sinew scope and meridian-sinew
knife technology are based on the concept and description of
the “Nine Needles” found in the Han dynasty classic of tradi-
tional Chinese medicine, The Yellow Emperor’s Inner Canon.
This modality is an improvement on the ancient method
and is now used in modern-day China to treat rheumatoid
pain. The course of treatment for meridian-sinew release
therapy treatment was 4 weeks. In the 1st week, the meridian-
sinew scope was used to release adhesions. The procedure
was as follows: local anesthesia was given according to
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FIGURE 1: Meridian-sinew knives.

FIGURE 2: Meridian-sinew scope and surgical instuments.

the conventional standard, and a small incision was made
with a scapel in order to insert the meridian-sinew scope into
the anterolateral aspect of the knee joint. The meridian-sinew
scope was inserted into the incision, and anatomical changes
in the structure of intra-articular tissue were observed, and
the scope was slowly moved toward the lesions. In addition to
the forward movement, side movement was also performed
to order to inspect the suprapatellar bursa, patellar joint
space, medial tibial space, medial meniscus, medial crypts,
fossa intercondyloidea, lateral tibial clearance, meniscus lat-
eralis, and cornucopia in the joint cavity. The needle knife was
inserted to release adhesive tissue in the articulatory antrum.
At the same time, the joint cavity was flushed with water
and drained through a standard drainage tube until the fluid
became clear.

In the 2nd, 3rd, and 4th weeks, patients were treated
with the meridian-sinew knife only. Treatment sites were
chosen based on the textbook, China Meridian Sinews [28],
and consisted of major sites (similar to acupuncture or
acupressure points) along the pathways of meridian sinews
in the vicinity of the knee. The main sites included binxia
(the lower edge of the patella, patella articular surface),
binwai (the outer edge of the midpoint of patella), binneixia
(the lower margin of patella, the initial part of the medial
patellar retinaculum vice), chengshanci (triceps surae fascia
and tendon junction), chengshanwai (lateral gastrocnemius
muscle belly and hamstring nodes), weiyangci (the lateral
end of popliteal transverse line, unit two quadriceps medial

margin), ciliaoci (the inner side of the femoral condyle),
the head of fibula (the upper edge of fibula), the medial
tibial condyle (tibia epicondyle anterior medial eminence),
and xiguanci (the medial part of the medial condyle of
the tibia, medial margin). We marked points with gentian
violet, injected local anesthesia (lidocaine 0.2%, 1 mL), and
inserted the meridian-sinew knife until it reached the surface
of the bone. We released the adhesions with horizontal
movements and opened the meridian-sinew pathways with
vertical movements. This was performed 3 times a week for 3
weeks.

2.3.2. Acupuncture Group. In the acupuncture group, at least
6 acupoints were chosen for treatment from the following:
ST34, ST35, ST36, SP9, SP10, BL40, KI10, GB33, GB34, and
LR8. In addition, at least 2 distal points were chosen from the
following: SP4, SP5, SP6, ST6, BL20, BL57, BL58, BL60, BL62,
and KI3 [29]. Acupuncture was performed using needles
40 mm in length with a diameter of 0.25 mm (Huatuo, Suzhou
Medical Instruments Factory, Suzhou, China). Needles were
inserted perpendicularly with the aid of a guide tube and
moved to a depth of 10mm using slight rotation and
thrusting. Deqi sensation was obtained and reported by the
participants as a dull ache, numbness, or heaviness. Needle
manipulation was repeated approximately every 5min to
maintain the Deqi sensation, and each treatment session
lasted for 30 min. Treatment was given 3 times a week for 4
weeks.

2.3.3. Control Group. Patients were given conventional drug
therapy.

2.4. Outcome Evaluations. The knee with the worst arthritis
pain (target joint) at screening was the joint used for evalua-
tion of efficacy. The main outcome indicator was the visual
analogue scale (VAS) for pain (the Western Ontario and
McMaster University Osteoarthritis Index visual analogue
scale (WOMAC) version 3.1), western Ontario province and
the University of McMasters Osteoarthritis Index pain (VAS
WOMAC version 3.1), including pain (five questions), stiff-
ness (two questions), physical function (17 questions), and
total symptoms (24 questions) [30, 31]. WOMAC evaluation,
with scores from 0 to 100 mm (0 represents no pain and 100
represents the most severe pain), was implemented before the
treatment and after 12 weeks of treatment.

The patient general assessment, physician general assess-
ment, and the MOS item short from health survey (SF-
36) (version 2), which are secondary endpoints, were used
to assess the overall health-related quality of life and were
collected before the start of treatment and after 12 weeks
of treatment. The patient general assessment and physician
general assessment were scored on a five-point Likert scale
for overall arthritis disease status (0 = very well, 1 = well,
2 = moderate, 3 = poor, and 4 = very poor) and response
to therapy (0 = excellent response, 1 = good response, 2 =
moderate response, 3 = slight response, and 4 = no response).
SE-36 was chosen due to its previous application in a variety
of diseases including osteoarthritis efficacy studies [32-34].
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182 patients consented

57 patients excluded
21 withdrew prior to randomization
11 missed first scheduled therapy session

3 did not participate for other reasons

90 patients met inclusion criteria and were randomized

30 randomized to meridian-sinew release group

30 randomized to acupuncture group

30 randomized to control group

3 lost to
follow-up

4 ]ost lost to
follow-up

4 lost to
follow-up

27 completed study

26 completed study

26 completed study

FIGURE 3: Flow chart of the distribution of the study cohort.
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FIGURE 4: Baseline comparison of the randomized groups by treatment types.

2.5. Statistical Analysis. An intent to treat-based analysis was
performed using the SPSS 16.0 system. The changes from
baseline to week 12 between treatment and placebo groups
were considered significant for independent samples t-test P
values <0.05, (95% confidence level).

3. Results

Between January 2008 and December 2011, we identified 182
patients with a diagnosis of knee osteoarthritis. We excluded
92 patients because they did not meet the inclusion criteria,

were not willing to participate in the study, or did not in
strictly adhere to the study regimen. We enrolled 90 patients
with knee osteoarthritis in the study. Figure 3 shows the
patient recruitment, allocation, follow-up losses, and the
exclusion. Figure 4 describes the baseline characteristics of
the patients. 3 patients in the meridian-sinew theory group
dropped out, citing pain levels, surgery, or personal reasons.
4 patients in the acupuncture group dropped out, two due
to pain levels and two for personal reasons. 4 patients in
the control group dropped out, one due to pain, one due to
surgery, and two due to personal reasons.
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The results of WOMAC are shown in Figure 5. In the
meridian-sinew release group, changes in the primary end-
point of pain at week 12 were significantly greater than in the
acupuncture group or the control group (P = 0.041 and P =
0.028, resp.) (P < 0.05). Changes in physiological function
in the meridian-sinew release group were also significantly
better at week 12 than the acupuncture group or the control
group (P = 0.045 and P = 0.030, resp.) (P < 0.05). Improve-
ment in joint stiffness was greater in the meridian-sinew
release group compared to the acupuncture group after 12
weeks of treatment and the control group (P = 0.048 and P =
0.032, resp.) (P < 0.05). Total symptom score changes in the
meridian-sinew release group were also higher than those in
the acupuncture group and the control group (P = 0.046
and P = 0.031, resp.) (P < 0.05). Changes in the patients’
general assessment and physicians’ general assessment were
not significant in any of the three groups at week 12 (P >
0.05, Figure 5). However, the patients’ general assessment and
physicians’ general assessment in the meridian-sinew release
group and the acupuncture group had a significant trend
towards improvement. There were no significant differences
between the patient’s general assessment and the physician’s
general assessment. The results of the SF-36 nine domains
of quality of life survey showed that at week 12 the only
significant change was in the physical status domain in the
meridian-sinew release group, with a mean change of 1712
(SD = 21.05, P = 0.023) (P < 0.05). In the acupuncture
group, a mean change of 12.69 (SD = 23.81, P = 0.175)
(P > 0.05) was observed in the physical status domain, and
in the control group, the physical status domain at 12 weeks
showed a mean change of 11.71 (SD = 24.08, P 0.192)
(P > 0.05). No notable change was found in the other eight
domains (P > 0.05). There were no adverse events during the
trial.

4. Discussion

These results suggest that meridian-sinew release therapy
is a safe and effective method for the treatment of knee
osteoarthritis. It was shown to be more effective than either
routine acupuncture or routine drug therapy for the alle-
viation of pain and improvement of physiological function.
In a recent systematic review, acupuncture was shown to
relieve the pain of chronic knee osteoarthritis and improve
movement function, both in the short-term (2-15 weeks) and
long-term (26-52 weeks) tests [35]. In addition, the results
of another clinical trial also indicated that acupuncture
can relieve knee pain and improve function scores of knee
osteoarthritis [36].

In our study, significant differences in primary endpoint
pain, joint stiffness, and total symptom score were found
between the meridian-sinew release group and acupuncture
group and between the meridian-sinew release group and
control group. This suggests that meridian-sinew release
therapy can significantly improve knee osteoarthritis pain,
joint stiffness, and physical function. The changes of overall
disease status of arthritis in patients’ general assessment and
doctors” general assessment did not change significantly in
any of the three groups. We suspect that the treatment time
was too short or the sample size was too small to assess overall
changes in the disease state; therefore, our next step is to
explore this question with a larger and longer study design.
In the meridian-sinew release group, the arthritis disease
status had obviously improved after treatment. This suggests
that the meridian-sinew therapy may be able to improve the
overall disease status of knee osteoarthritis given a longer
course of treatment. During the study, the meridian-sinew
release group patients had no adverse events, indicating that
meridian-sinew release therapy is safe.



This study used a randomized, controlled clinical trial
design. However, because meridian-sinew release therapy
and acupuncture are quite different methods, it was impos-
sible to blind the patients. Instead, we adopted three separate
principles: a single-blinded operator, a blinded observer, and
statistical separation.

Knee osteoarthritis is an arthropathy characterized by
hyperostosis due to degeneration of cartilage in the knee.
Pain is the most typical clinical manifestation and the
primary treatment target of the disease [37]. In the theory of
traditional Chinese medicine, knee osteoarthritis is classified
as a meridian-sinew disease. Meridian-sinews, also known
as the 12 meridian-sinews, are a body system that is formed
when Qi from the twelve meridians is distributed in the
muscles, tendons, ligaments, and joints. The 12 meridian-
sinews are dependent upon the 12 regular meridians. The
pathway and distribution of the meridian-sinews are basi-
cally the same as those of the twelve meridians, with the
significant exception that they all move towards the heart.
The distribution of the twelve meridian-sinews has 4 features:
“knot” (jie), “gather” (ju), “scatter” (san), and “distribute”
(bu). Meridian-sinews “knot” or “gather” in the joints, which
means that they converge mostly in the wrist, elbow, shoulder,
neck, ankle, knee, hip, and other joints. They are said to
“scatter” or “distribute” in the chest, back or head, and
face. Although some meridian-sinews are broadly distributed
throughout the body cavity, they do not directly connect
with the viscera. The functions of the meridian-sinew are to
constrain bones, control the flexion-extension of joints, and
to maintain the body’s ability to have normal, physiological
movement. Dr. Xue believes that the meridian-sinews serve
as an essential link between various tissues and organs of
the human body, and, relative to the regular meridians, they
have a more tangible structure and more easily quantified
functions [38]. In the view of modern medicine, meridian-
sinews are basically equivalent to connective tissue in terms
of function. Anatomically, they include muscles, tendons,
fascia, ligaments, joint capsules, synovial fluid, and other
systems [39, 40]. The structure of the knee is composed
of muscles, tendons, ligaments, joint capsule, and synovial;
therefore, in traditional medicine it is said that “the knee is the
confluence of tendons” Many meridian-sinews gather and
conjoin around the knee; therefore, lesions associated with
the knee are related to dysfunctions of the meridian-sinew
system. In fact, lesions often correspond exactly to the “knots”
or “gatherings” along the course of the meridian-sinews [41].

“Meridian-sinew disease” is defined as acute and chronic
disease of the muscles, tendons, and joint synovium [42]. Tra-
ditional Chinese medicine theory states that “When Wind,
Cold and Dampness invade the space between the surface
and the “divisions in the flesh,” (fascia-muscles) the damage
leads to the formation of “foam.” When foam meets cold it
coagulates, and the resultant gatherings displace and break-
up the fascia-muscles, thereby causing pain” Exogenous,
pathogenic Qi in the form of wind, cold, and heat, excess
emotions that harm the Qi and blood, trauma to the sinews,
and cumulative fatigue may all cause body fluids to coagulate
and form “foam” The “foam” leads to swelling and pain
in body. If the pathologies affecting the meridian-sinew are
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not resolved in a timely manner, “foam” will coagulate and
change to “phlegm” [43]. Phlegm-fluid retention obstructs
the meridians and leads to pathological changes like spasm,
cramps, pain and stiffness. Phlegm and blood stasis entangled
in the fascia’ muscle may form “strips” and “nodules” along
the course of the meridian-sinews course, which will obstruct
the channels and eventually lead to both regional and overall
(in the entire meridian system) fascia contracture.

In this study, the meridian-sinew scope allowed us to
view various kinds of phenomena including blood stasis,
foam, and phlegm (Figures 6, 7, 8, 9, and 10). Using color
ultrasound, we discovered that the myofascia was signif-
icantly thickened (Figure 11). We concluded that “strips”
and “nodules” hinder the movement of Qi and blood in
meridian channels, which leads to irreversible inflammatory
exudation and foam accumulation. Zhang et al. discovered
a low hydraulic resistance channel along meridians through
which interstitial fluid is easy to flow [44]. The channel exists
within fascia meridians and can be influenced by the state
of the fascia meridians. Whenever strips and nodules are
formed, they may hinder the flow of interstitial fluid and
cause an accumulation of inflammatory substances in the
interstice, inducing pain or hyperalgesia.

Opening the fascia meridians is the key to clearing the
pathways of the regular meridians. According to the theory
of the meridian-sinews, this therapy can be used to release
the adhesions along the fascia meridians in order to get rid of
obstructions in the meridians and to decrease inflammatory
exudation. This is why meridian-sinew release therapy is
effective for treating the pain of arthritis.

In order to “disentangle” different structures of the body
that seem to play a role in disease [45], Mr. Wei invented
the meridian-sinew scope and meridian-sinew knife, drawing
inspiration from the “large needles” and “long needles”
described in the Nine Needles and Twelve Sources chapter
of the Yellow Emperor’s Inner Classic. Recent clinical reports
have shown that treatment with meridian-sinew scope and
meridian-sinew knife has obtained satisfactory effects [19-
22]. Through the meridian-sinew release treatment, adhe-
sions in the soft tissue around the knee are released,
decreasing spasms in the surrounding ligaments and tendons,
effectively improving the joint gap, and thereby improving
joint functions [46]. Meridian-sinew release therapy is also
a mechanical process, and its mechanism of action may
enhance local tissue functions and lymphatic circulation to
speed up and improve metabolism in the diseased tissue. It
may also enlarge interstitial fluid channels, enhancing the
interstitial flow and reducing the fluid pressure, prompting
the absorption of diseased tissue and substances. These
lesions of absorption lead to local swelling, which further
accelerates the interstitial-lymphatic circulation, thus speed-
ing up the recovery from the disease [47].

The results from this study indicate that, compared with
the acupuncture group and drug therapy group, patients
in the meridian-sinew release therapy group showed more
significant changes in the primary ending point pain, phys-
iological function, anchylosis, and the total symptom score
in the 12th week. The major limitation of this study was
the small sample size because it was just a pilot case study.
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FIGURE 6: Body fluid penetrating into the cavity and creating foam.

FIGURE 9: Fibroplasia.

FIGURE 7: Phlegm and blood stasis obstructing collaterals.

FIGURE 10: Fascial thickening.

F1GURE 8: Coagulated phlegm, blood stasis, and foam. FIGURE 11: Fascia thickening under color doppler ultrasound.



A controlled study with a larger sample size will be done in
the near future.

5. Conclusion

This preliminary study shows that meridian-sinew release
therapy should be considered as a treatment for knee oste-
oarthritis. It is better than acupuncture and oral medication
therapy. This therapy was shown to relieve joint pain and
improve function without any adverse events during the
entire study. It is a safe and effective treatment for knee
osteoarthritis.
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Extracellular signal-regulated kinase (ERK)-cAMP response element binding protein (CREB) signal pathway has been implicated
in the pathogenesis of depression. There is growing evidence that acupuncture in traditional Chinese medicine has antidepressant-
like effect. However, the effect of acupuncture on ERK-CREB pathway remains unknown. In our study, the antidepressant-like effect
of acupuncture treatment was measured by sucrose intake test and open field test in rats exposed to chronic unpredictable mild
stress (CUMS) for 4 weeks. The protein levels of ERK1/2, CREB, phosphorylated ERK1/2 (p-ERK1/2), and phosphorylated CREB
(p-CREB) in the hippocampus (HP) and prefrontal cortex (PFC) were examined by Western blot analysis. Our results showed
that CUMS rats exhibited the reduction in behavioral activities, whereas acupuncture stimulation at acupoints Baihui (Du20) and
Neiguan (PC6) reversed the behavioral deficit. In addition, exposure to CUMS resulted in the decrease of p-ERK1/2 and p-CREB
in the HP and PFC. Acupuncture increased the ratio of p-ERK1/2 to ERK1/2 and the ratio of p-CREB to CREB in the HP and PFC.
Our study suggested that one potential way, by which acupuncture had antidepressant-like effect, might be mediated by activating

the ERK-CREB pathway in the brain.

1. Introduction

Depression is the leading cause of disability and the 4th
leading contributor to the global burden of disease in
the world, with a lifetime prevalence of up to 17% [1].
Although antidepressant medications represent the mainstay
treatment for depression, almost one-fourth of patients fail
to respond to the treatment [2]. Attempts have been made
to seek alternative medicine for treatment options [3]. In
Chinese medicine, acupuncture has been widely used to treat
depression [4, 5]. However, the mechanism underlying the
acupuncture treatment in depression remains unclear.

The extracellular signal-regulated kinase (ERK)-cAMP
response element binding protein (CREB) signal pathway is
implicated in learning, memory, and neuroplasticity [6] and
plays an important role in regulating many brain functions,
including cell growth, differentiation, apoptosis, and cellular

responses to stress [7]. It has been reported that ERK-CREB
signal pathway involves in stress response and depression [8].
For example, previous reports have indicated that chronic
stress reduced phosphorylated ERK (p-ERK) and phospho-
rylated CREB (p-CREB) expression in rat brain [9, 10].
However, little is known about whether acupuncture could
affect ERK-CREB signal pathway in stress and depression.

Therefore, the primary goal of the present study was to
evaluate the effect of acupuncture on ERK-CREB signal path-
way in a chronic unpredictable mild stress (CUMS) rat model
of depression. The model is a widely accepted rodent model of
depression, which employs various stressors to mimic some
symptoms of depression in humans [I11]. We investigated
the effects of acupuncture on the behavioral activities and
detected protein levels of ERK1/2, CREB, p-ERK1/2, and p-
CREB in the hippocampus (HP) and prefrontal cortex (PFC)
by using Western blot analysis. The HP and PFC are thought



to be involved in reward and affective circuitry and play a
major role in mood regulation and the pathophysiology of
depression [12, 13].

2. Materials and Methods

2.1. Animals. Male Sprague-Dawley rats (180~200g) were
obtained from Beijing Vital River Laboratories. Rats were
kept in an air-conditioned room with a 12 h light/dark cycle
with free access to food and water except when animals
were subjected to deprivation stressors as described in stress.
The experiment procedures were approved by the Animal
Care and Use Committee at Beijing University of Chinese
Medicine.

2.2. Groups and Treatment. The rats were randomly divided
into five groups (ten rats in each group): the Normal group
was given no stress except general handling for 4 weeks; the
Normal + Acu group was treated with the same as the Normal
group but with acupuncture stimulation; the CUMS group
was exposed to CUMS for 4 weeks; the CUMS + Acu group
received acupuncture treatment once every other day during
the 4-week stress period; the CUMS + Paroxetine (Par) group,
used as a positive comparator for an antidepressant effect,
was given once daily oral gavage (p.o.) administration of
Paroxetine (10 mg/kg, GSK Co., Ltd, China) during the 4-
week stress period. Paroxetine was diluted in distilled water
and orally given one hour before the stress exposure. The
dosage of 10 mg/kg for paroxetine has been reported to show
antidepressant action in previous work [14, 15].

2.3. Chronic Unpredictable Mild Stress Procedure. Rats in
stressed groups were exposed to CUMS after 1 week of
acclimatization period under the housing conditions. The
CUMS model was modified from the methods previously
described [11, 16]. Six different stressors were used to induce
a depressive state, including food deprivation (24 h), water
deprivation (24 h), cold water swimming (4°C, 5min), cage
shaken on a rocking bed (30 min; ZD-9556, manufactured
in Taicang Scientific Instruments Limited, China), behavior
restraint on a restraining device (3 h), and tail clip (2 min).
These stressors lasted for 4 weeks, and a different stressor was
administered on each day. The tail clip was used twice in a
week. For example, the following stressors were arranged in
one week: Day 1 swim, Day 2 tail clip, Day 3 food deprivation,
Day 4 shaken on a rocking bed, Day 5 restraint, Day 6 tail
clip, and Day 7 water deprivation. The stressors were arranged
semirandomly to make the last stressor be water deprivation.
The stress sequence was changed every week in order to make
the stress procedure unpredictable.

2.4. Acupuncture Treatment. During acupuncture adminis-
tration, the rats were maintained within a cloth bag with
one forelimb taken out by an assistant, similar to what we
described previously [17]. Sterilized disposable stainless steel
needles of 0.3mm diameter were inserted as deep as 2-
3 mm at Baihui (GV20) and Neiguan (PC6). GV20 is located
above the apex auriculate, on the midline of the head. PC6
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is located between the tendons of m. palmaris longus and m.
flexor carpi radialis, proximal to the transverse crease of the
wrist. The acupuncture treatment was manually delivered by
twisting the acupuncture needles at a frequency of twice per
second for 1 minute, and then the needles were retained for 10
minutes. The rats received acupuncture treatment once every
other day during the 4-week period.

2.5. Behavior Tests. The sucrose intake test was a modified
version from the literature [18, 19]. The 5% sucrose solution
was previously described [19]. Before the test, the rats were
habituated to consume 5% sucrose solution for 24 h without
any water available. On the last stressed day, the rats were
deprived of water for 24 h. Then the rats were given a 1h
window sucrose test (between 14:00 and 15:00 h). The sucrose
consumption was measured by reweighing preweighed bot-
tles of sucrose solution.

At the end of the experiment, the open field test was
performed. The apparatus consisted of a square arena 80 x
80 cm with 40 cm high wall. It was divided into 25 x 25 equal
squares which had been drawn in the floor of the arena. A
single rat was gently placed in the center of the floor in order
to explore the arena for 5 min. The crossing numbers (defined
as at least three paws in a square) and the rearing numbers
(defined as the rat standing upright on its hind legs) were
counted manually by two observers who were blind to the
experiment. The body weight was measured on day 1 and day
28 of the experiment.

2.6. Western Blot Analysis. After the behavioral tests were
completed, six rats in each group were sacrificed by decap-
itation for Western blot analysis. Then the HP and PFC
were dissected and put into chilled tubes treated with an
enzyme inhibitor. Brain tissue was homogenized and Western
blot analysis carried out as previously reported [20], using
primary antibodies for rabbit ERK1/2, rabbit p-ERK1/2, rabbit
CREB, rabbit p-CREB, and f3-actin at 1:1000 dilution (Santa
Cruz Biotech Inc., CA, USA). A secondary antibody con-
jugated with horseradish peroxidase was used. Immunore-
activity was visualized by ECL reagent. ERK1/2, p-ERK1/2,
CREB, and p-CREB protein expression were quantified by
densitometry using the Scion Image Beta 4.02 software and
are shown as density relative to S-actin.

2.7. Statistical Analysis. Data were presented as means +
S.E.M. Differences among groups were examined using one-
way ANOVA, followed by Newman-Keuls test. P < 0.05 was
the accepted level of significance.

3. Results

3.1. Effects of Acupuncture Treatment on the Body Weight. As
shown in Figure 1(a). At the beginning of the experiment,
there was no significant difference among groups in the body
weight [Fy5 = 090, P > 0.05]. After 28-day stress
procedure, significant difference was observed among groups
(Fa5 = 2135, P < 0.01]. The CUMS rats showed a
significant decrease of the body weight compared to normal
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FIGURE 1: The effect of acupuncture on body weight, sucrose intake test, and locomotor activity in open field test in the following groups
(n = 10 per group): Normal, CUMS, CUMS + Par, CUMS + Acu, and Normal + Acu. (a) Body weight. (b) Sucrose intake test. (c) Open field
test. **P < 0.01 as compared with the Normal group, “P < 0.05, P < 0.01 as compared with the CUMS group.

rat (P < 0.01). Acupuncture treatment and paroxetine had
significant effect on the decrease in the body weight (P <
0.01, either). There was no significant difference in the body
weight between the normal rats and Normal + Acu rats (P >
0.05), suggesting that acupuncture had no effect on the body
weight in normal rats.

3.2. Effects of Acupuncture Treatment on the Sucrose Intake
Test. The sucrose intake test is used to predict sensitivity
to rewards [21]. As seen in Figure 1(b), the sucrose solution
intake significantly differed among groups after stress pro-
cedure [F 45 = 523, P < 0.01]. The sucrose intake was
significantly reduced in CUMS group compared to Normal
group (P < 0.01), suggesting the anhedonia was induced
by CUMS. Paroxetine and acupuncture treatment increased
the decrease in sucrose intake caused by CUMS (P < 0.05,

either), which is indicative of an increasing rewarding effect
of sucrose solution after treatment. There was no significant
difference in the sucrose solution intake between the normal
rats and Normal + Acu rats (P > 0.05), suggesting that
acupuncture treatment had no effect on the sucrose solution
intake in the naive rats.

3.3. Effects of Acupuncture Treatment on the Open Field Test.
The open field test was used to study the exploratory and
locomotor activity [22, 23]. As seen in Figure 1(c), in the open
field test, there was significant difference among groups in
the number of crossings after stress procedure [F, 45) = 8.03,
P < 0.01]. In comparison to normal rats, CUMS rats showed a
significant reduction of crossings (P < 0.01) but not rearings
(P > 0.05). Acupuncture treatment and paroxetine improved
the locomotor activity decreased by CUMS (P < 0.01, 0.05,
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FIGURE 3: The effect of acupuncture on CREB and p-CREB protein expression in hippocampus (HP) and prefrontal cortex (PFC) in the
following groups (n = 6 per group): Normal, CUMS, CUMS + Par, CUMS + Acu, and Normal + Acu. (a) CREB; (b) p-CREB. P <0.01as
compared with the Normal group, “P < 0.05, P < 0.01 as compared with the CUMS group.

resp.). There was no significant difference in the rearings
between the normal rats and CUMS rats (P > 0.05). There
was no significant difference in the crossings between the
normal rats and Normal + Acu rats (P > 0.05), suggesting
that acupuncture treatment had no effect on the locomotor
activity in the naive rats.

3.4. Effects of Acupuncture Treatment on the ERK1/2 and p-
ERK1/2 Levels in the HP and PFC. Western blot analysis
revealed that there was no significant difference in the ERK1/2
protein level among groups in the HP [F,,; = 3.44,

P > 0.05] and the PFC [F4,5, = 2.17, P > 0.05], as seen in
Figures 2(a) and 4. However, p-ERK1/2 level significantly dif-
fered among groups in the HP [F(, ,5) = 32.02, P < 0.01] and
PFC [F(4,25) = 49.71, P < 0.01]. Chronic stress significantly
decreased p-ERK1/2 in the HP (P < 0.01) and PFC (P < 0.01)
compared to Normal group. Acupuncture treatment and
paroxetine significantly increased p-ERK1/2 level in HP (P <
0.01, either) and PFC (P < 0.01, either). There was no signifi-
cant difference in p-ERK1/2 between the Normal and Normal
+ Acu groups, suggesting that acupuncture had no effect on
ERK1/2 activity in the naive rats, as seen in Figures 2(b) and 4.
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3.5. Effects of Acupuncture Treatment on the CREB and p-
CREB Levels in the HP and PFC. The CREB protein level did
not significantly differ among groups in the HP [F,,5 =
3.08, P > 0.05] and the PEC [Fy s = 3.39, P > 0.05], as
seen in Figures 3(a) and 4. However, p-CREB protein level
significantly differed among groups in the HP [F, ,5) = 24.98,
P < 0.01] and PEC [F, 5, = 7.83, P < 0.05]. Chronic stress
significantly decreased p-CREB in the HP and PFC (P < 0.01,
either) compared to Normal group. Acupuncture treatment
and paroxetine significantly increased the p-CREB level in
HP (P < 0.01, 0.05, resp.) but not in PFC (P > 0.05), as seen
in Figures 3(b) and 4.

4. Discussion

The major finding of the present study is that chronic stress
exposure caused deficits in ERK and CREB activation in
the HP and PFC, which could be reversed by acupuncture
treatment. We also found that the behavior deficits induced
by chronic stress were restored by acupuncture. Our results
suggested that acupuncture could activate ERK-CREB path-
way in the rats exposed to CUMS, which might mediate the
antidepressant-like effect of acupuncture.

The ERK-CREB signal pathway has been studied for its
role in stress and depression [8, 24]. For example, preclinical
studies have suggested that depression was associated with
aberrant ERK signal pathway [25]. Chronic stress exposure
caused the reduction in p-ERK and p-CREB in the HP of rat
[9, 10]. On the other hand, controversial studies exist. For
example, it has been reported that 14-day stress induced an
increase in p-ERK1/2 and p-CREB in the HP [26]. The possi-
ble explanation for the discrepancy may lie in the difference in
stress category, duration, and other experimental procedures.

In consistency with most of these previous findings, we
found that CUMS decreased p-ERK1/2 and p-CREB levels in
the HP and PFC, without affecting ERK1/2 and CREB. It is
well accepted that one of the most important properties of
ERK1/2 activation is that it must be phosphorylated to exhibit
full enzymatic activity. After activation, ERK induces nuclear
translocation and phosphorylation of target transcription

factors. CREB has been known to be a downstream of
ERK and a critical transcription factor in regulating diverse
processes such as neurodevelopment, neuronal plasticity,
and survival [27-29]. ERK activation is necessary to induce
the phosphorylation of the CREB and modulation of its
transcriptional activity [30]. Therefore, it is suggested that
chronic stress exposure caused deficits in ERK and CREB
activation and inhibited ERK-CREB pathway in the brain,
which could be implicated in depression.

Phosphorylation of ERK1/2 and CREB has been thought
to be an intracellular signal mechanism mediating antide-
pressant effect [31, 32]. It has been found that antidepressants
increased p-ERK and p-CREB in rats exposed to chronic
stress [33]. In accordance with the previous results, our
findings showed that acupuncture treatment increased p-
ERK1/2 in the HP and PFC of CUMS rats and increased p-
CREB in the HP. Our data showed that the ratio of p-CREB to
CREB in the PFC and HP was significantly higher in CUMS
+ Acu group than that of CUMS rats (PFC: 0.59 + 0.04 versus
0.46 + 0.02, P < 0.05; HP: 0.60 + 0.03 versus 0.43 + 0.03,
P < 0.05). Similarly, we found that acupuncture significantly
increased the ratio of p-ERK to ERK in the PFC and HP when
compared to CUMS rats (PFC: 0.40 + 0.16 versus 0.12 + 0.04,
P < 0.01; HP: 0.37 + 0.15 versus 0.14 + 0.06, P < 0.01). Our
results suggested that the upregulation of CREB activation is
accompanied by the increase of ERK activation, which may
suggest a role of the ERK-CREB pathway in the chronic effect
of acupuncture.

We previously found that acupuncture increased the
brain-derived neurotrophic factor (BDNF) protein level in
the HP and PFC of rats exposed to chronic stress [34]. Phos-
phorylation of CREB is implicated in synaptic plasticity and
regulates the transcription of the downstream genes encoding
proteins, such as BDNF, c-fos, and many neuropeptides [35].
It is reasonable to speculate that there is a potential for
acupuncture to influence BDNF expression and neuronal
function by activating ERK-CREB pathway.

In the present study, we found that acupuncture treatment
slightly increased the protein levels of p-ERKI/2 and p-
CREB in normal rats. Therefore, the traditional medicine



acupuncture treatment seemed to induce a stimulation effect
on the experimental animals, and traditional medicine might
be beneficial in normal rat. Consistent with this finding,
our previous study also showed that traditional medicine
moxibustion might mildly affect the serum cytokines levels
in control rat [17].

Paroxetine, a kind of selective serotonin reuptake
inhibitors, is a clinically effective antidepressant drug. In
accordance with previous finding [15], our results showed
that paroxetine alleviated anhedonia induced by chronic
stress. In addition, we found that paroxetine increased the
levels of p-ERK1/2 and p-CREB in the hippocampus and
PEC, which could partially mediate the antidepressant effect
of paroxetine.

In the present study, the acupuncture was applied under
a lightly restrained condition. Our previous work (data not
published) showed that there was no significant difference in
serum adrenocorticotropic hormone (ACTH) and corticos-
terone (Cort) level between the normal rats and Normal +
Acu rats. It is suggested that the acupuncture administration
will not induce stress response.

5. Conclusions

In conclusion, we found that chronic stress exposure
decreased p-ERK1/2 and p-CREB in the rat brain and
induced deficits in ERK1/2 and CREB activation. In addition,
acupuncture treatment could activate ERK-CREB pathway
and alleviate depressive-like behavior. Our results suggested
that the antidepressant-like effect of acupuncture might be
mediated by activating the ERK-CREB pathway in the brain.
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The origin of the concept of the meridian system is closely connected with the treatment effects of acupuncture, and it serves
as an empirical reference system in the clinical setting. Understanding the meridian channels would be a first step in enhancing
the clinical efficacy of acupuncture treatment. To understand the relationship between the location of the disease and the sites of
relevant acupoints, we investigated acupuncture treatment regimens for low-back pain in 37 clinical studies. We found that the
most frequently used acupoints in the treatment of low-back pain were BL23 (51%), BL25 (43%), BL24 (32%), BL40 (32%), BL60
(32%), GB30 (32%), BL26 (28%), BL32 (28%), and GB34 (21%). For the example of low-back pain, we visualized the biomedical
information (frequency rates) about acupuncture treatment on the meridians of a three-dimensional (3D) model of the human
body. We found that both local and distal acupoints were used to treat low-back pain in clinical trials based on the meridian theory.
We suggest a new model for the visualization of a data-driven 3D meridian system of biomedical information about the meridians
and acupoints. These findings may be helpful in understanding the meridian system and revealing the effectiveness of acupuncture

treatment.

1. Introduction

Acupuncture, which originated in East Asia, has been used
as a therapeutic intervention for the treatment of various
diseases and symptoms for more than 2500 years [1]. Despite
cultural, historical, and sociopolitical differences, acupunc-
ture is being used by practitioners in both Western and
Eastern nations [2, 3]. Acupuncture treatment is based on
a system of meridian channels through which vital energy,
or Qi, flows [4]. The meridian system consists of twelve
standard meridians, eight extraordinary meridians, and other
collaterals. A classical text states, “The twelve channels link
the internal organs internally, and connect with the joints and
limbs externally,” suggesting that the body forms an organic
whole by virtue of these internal and external connections
and the upward and downward distribution of the meridian
channels. A detailed understanding of the meridian system

helps in understanding and contextualizing those connec-
tions and in developing a broad sense of acupoints and their
actions.

Ancient acupuncture practitioners found therapeutic
actions and influences of particular points in relation to
particular internal organs, as well as to other parts of the body
part far from the point. The observation of points along a cer-
tain line sharing similar indications led practitioners to cate-
gorize them based on the “lines” on which they were located.
The meridian system shows constellations of acupoints that
have common therapeutic effects in acupuncture for the
specific symptoms of body parts, and it is used to explain
the remote effects of acupuncture treatment. For example, the
large intestine meridian, also traditionally called the dental
meridian, is a line from the index finger to the mouth and
nose, and stimulation of points along this line is known to
be useful for treating dental pain and facial palsy [5, 6]. The



meridian system has been considered to reflect a systematic
body of empirical knowledge that functions as the basis for
acupuncture treatment [7]. Understanding the essence of the
meridian system helps us in developing an understanding of
the interconnections that underlie pathology in a particular
disease.

Because the meridian system has a large amount of
information regarding the human body surface that is hard
to classify by a literal description alone, the ancient people
of China invented several methods to display information
about acupoints and meridians on the human body surface.
Historically, many pictures have been used to describe the
meridian system, such as the well-known Mingtang Dia-
gram. The Illustrated Manual of Points for Acupuncture and
Moxibustion on a Bronze Statue with Acupoints (also called
the Illustrated Classic of Acupuncture Points of the Bronze
Model) and its accompanying bronze statue, developed in the
Song Dynasty, defined the first standardized acupoints and
constituted the official standardized model of the meridian
system [8]. The 3D statue is usually made of bronze and
it is still widely used in educational and clinical fields. The
Mingtang Diagram and the bronze statue were gradually
combined, with descriptions of the relationship between
internal organs and the skeletal structure and meridian
system [9]. In the West, Ten Rhyne first reported in person
East Asian medical practices, including acupuncture, as a
medical officer in 1683. He sought to create an interpretative
synthesis between Chinese and Western medicine, using the
pictures in an attempt at “translation” [10].

Ancient East Asian people intended to explain empirical
knowledge using the ancient infographics of the merid-
ian system, but these were limited in reflecting theoreti-
cal or abstract meanings [11]. Indeed, the illustrations of
the meridian system and acupoints may have made peo-
ple misunderstand the essential meaning of the meridian
system as actual substantial channels. Over the last few
decades, many studies have suggested distinctive biophys-
ical features of acupoints and the meridian system, such
as high electrical conductance [12-14], nitric oxide levels
[9, 15], acupuncture sensation patterns [16], and possible
relationships with connective tissue planes [17, 18]. Never-
theless, the scientific evidence on the biophysical existence
of acupoints and meridians in humans still needs further
explanation. The Bonghan system was originally proposed
in the early 1960s by Bonghan Kim and has more recently
been replicated by others [19]. However, the conjecture that
primovessels (Bonghan ducts) serve the role of meridians
in acupuncture has not yet been established. To under-
stand the meridian system properly, we have to start from
understanding the origin and clinical significance of the
meridian system. The meridian system is a method that
proposes connections among different areas, organs, and
functions; thus, it is associated with specific patterns of
disharmony.

The concept of meridians and acupoints can serve as an
empirical reference system in the clinical setting regardless
of the anatomical precision of the meridians and acupoints.
The traditional Mingtang Diagram and bronze statue only
depict information about the locations of acupoints and
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the meridians. When we want to know which acupoint(s)
would be useful in treating a certain disease, we cannot find
answers from these illustrations and/or this statue. Here, we
suggest a new model of the meridian system that incorporates
clinical data with the meridian map, an infographic express-
ing biomedical information about the meridian system and
acupoints.

2. Methods

2.1. Selection of Biomedical Information. In the current study,
we consider the example of acupuncture treatment regimens
for low-back pain and visualize the meridian system in terms
of biomedical information about acupuncture treatments. To
determine which acupoints are useful in treating low-back
pain, we extracted acupuncture-point-related information
from clinical acupuncture treatment trials for low-back pain.

2.2. Selection of Studies. We searched Medline, five Korean
databases, relevant journals, and trial registries for ran-
domized, controlled trials of acupuncture that involved
needling for low-back pain. Reference lists of all the
papers located and relevant reviews were checked for miss-
ing articles. Search terms used for Medline were as fol-
lows: (((acupuncture [Title/Abstract] AND low-back pain
[Title/Abstract]) OR (acupuncture [Title/Abstract] AND
lumbago [Title/Abstract])) OR (acupuncture [Title/ Abstract]
AND lumbar pain [Title/Abstract])) OR (acupuncture
[Title/Abstract] AND lower back pain [Title/Abstract]), with
slight modifications for individual searches in each database,
over the time period from January 1980 to April 2012.

We included randomized controlled trials, clinical con-
trolled trials, and case reports/series that used needle-type
acupuncture (manual acupuncture, electronic acupuncture)
to treat low-back pain written in English or Korean. To
find general acupuncture treatment regimens for low-back
pain, we investigated the frequency of the acupoints selected
in each study among the trials. We reanalyzed data from
previous published study [20] using data-based meridian
map technique, designed to both estimate the magnitude of
the resulting frequency values and provide interpretable maps
of which acupoints are useful to treat low-back pain. Detailed
information was provided in our previous systematic review
on the selection of acupoints for low-back pain [20].

2.3. Visualization of the Meridian Map. The algorithm aims
to identify acupoints that are related to a convergence
of use across a series of studies. The frequency of acu-
point use (%) was calculated as the number of studies
using a certain acupoint in each study divided by the
total number of studies x 100. The meridian systems were
overlaid on the “3D Meridian map” anatomical template
using Autodesk 3ds Max Design 2009 software. The basic
anatomical template was TurboSquid’s 3D human male
body (http://www.turbosquid.com). The acupoints data were
labeled according to the magnitude of the resulting frequency
values.
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FIGURE 1: Frequency of acupoints in 53 studies. Frequency of
acupoints selected in each study (%). Frequency % = number of
studies using certain acupoint/total number of studies x 100. The
most frequently adopted acupoints for the treatment of the low-back
pain (used in >20% of the studies) were BL23 (51%), BL25 (43%),
BL24 (32%), BL40 (32%), BL60 (32%), GB30 (32%), BL26 (28%),
BL32 (28%), and GB34 (21%).

3. Results

3.1. Most Frequently Used Acupoints for Low-Back Pain.
Through this systematic review, we found 37 articles (17
Korean, 20 international) and 53 studies (28 Korean, 25
international). The most frequently used acupoints for the
treatment of the low-back pain (used in over 20% of the 53
studies) were BL23 (51%), BL25 (43%), BL24 (32%), BL40
(32%), BL60 (32%), GB30 (32%), BL26 (28%), BL32 (28%),
and GB34 (21%) (Figure 1).

3.2. Visualization of Data-Driven 3D Meridian System for
Low-Back Pain. We demonstrated a data-driven 3D merid-
ian system for low-back pain based on frequency analysis of
the results of a systematic review of the relevant literature.
Figure 2(b) shows these acupoints according to frequency of
use (>20% of the studies) for low-back pain treatment. The
acupoints include seven acupoints (BL23, BL24, BL25, BL26,
and BL32 as local points and BL40 and BL60 as distal points)
on the bladder meridian and two acupoints (GB30 as a local
point and GB34 as a distal point) on the gallbladder meridian.

4. Discussion

Using the example of low-back pain, we suggest a new model
of the meridian system based on biomedical information
about the meridians and acupoints. In the current study,
we found that the most frequently used acupoints for the
treatment of low-back pain in 53 clinical studies were BL23
(51%), BL25 (43%), BL24 (32%), BL40 (32%), BL60 (32%),
GB30 (32%), BL26 (28%), BL32 (28%), and GB34 (21%;
Figure 1). The traditional Mingtang Diagram was regarded as

explaining empirical knowledge using the ancient infograph-
ics of the meridian system; for example, it indicated that some
acupoints on the lower limb could exert remote control of
the posterior part of the body, such as the back, neck and
head (i.e., the bladder meridian; Figure 2(a)). However, these
illustrations do not deal with biomedical information based
on clinical data; instead, they express theoretical or abstract
meanings of the meridian system. Here, we propose that the
acupoints can be depicted according to the frequency of their
use in the treatment of low-back pain based on a compre-
hensive set of quantitative clinical data (Figure 2(b)). This
should be helpful in understanding the essential meaning
of the meridian system and in providing clinical guideline,
evaluating the results of clinical trials appropriately and
assessing the effectiveness of the acupoints used. Data-based
meridian map techniques estimate the magnitude of the
resulting frequency values and provide interpretable maps of
which acupoints are useful to treat low-back pain.

The current study showed which acupoints were generally
used in treating low-back pain based on 53 treatment regi-
mens in clinical trials. The analysis of these regimes showed
that the bladder meridian (BL23, BL24, BL25, BL26, BL32,
BL40, and BL60) and the gall bladder meridian (GB30, GB40)
were most frequently used in treating low-back pain. These
findings were considerably consistent with the traditional
Chinese medicine theory, in which some acupoints, including
BL23, BL25, GV3, BL40, GB30, are commonly used in the
treatment of chronic low-back pain [21]. As the symptoms
of low-back pain were frequently located in the low-back
area, the characteristics of the bladder meridian would
suggest prominent connections between the disease area
and the foci of acupoints. Both local (BL23, BL24, BL25,
BL26, and BL32) and distal (BL40, BL60) acupoints based
on meridian theory were used to treat low-back pain in
these clinical trials. The observation that points along the
posterior line in the low back and the posterior line in the
lower limb share similar indications could be explained in
terms of the bladder meridian on which they are located.
Biomedical information about the meridian system could
explain how the concepts of the meridians and acupoints
served as an empirical reference system in the clinical
setting.

In a German study, after standardized acupuncture (plus
some additional points) for 6 months, the response rate was
47.6% in the real acupuncture group, 44.2% in the sham
acupuncture group, and 27.4% in the conventional therapy
group [22]. A meta-analysis in 2008, which involved 23
trials (n = 6359), demonstrated that acupuncture was
more effective than no treatment but that real acupuncture
treatments were not more effective than sham acupuncture
treatment [23]. However, because extensive clinical trials have
suggested that acupuncture may be more effective than usual
care, it may best be understood as a useful supplement to
other forms of conventional therapy for nonspecific low-back
pain [21]. Treatment regimens of acupuncture for low-back
pain can differ according to the type of reference source,
treatment frequency, the points chosen, the number of points
needled per session, the duration and number of sessions,
and cointerventions [24]. Because the selection of acupoints
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FIGURE 2: (a) A traditional Mingtang Diagram for the bladder meridian from the Qing Dynasty. (b) A new model of a data-driven 3D
visualization of the meridian system based on biomedical information on the meridians and acupoints for low-back pain. Acupoints are
marked according to the frequency of their use in the treatment of low-back pain as reported in the clinical data.

is highly associated with the outcome of acupuncture treat-
ment, it is important to evaluate the role of each acupoint
in clinical trials. As most of clinical trials only provide the
overall clinical efficacy of acupuncture treatment and do not
deal with issues related to acupoint, it would be very difficult
to determine which acupoints were most useful in treating
low-back pain from reports of the previous clinical trials.

The present study visualized biomedical information
(frequency-based information) on the meridians of 3D
surface anatomical models of the human body for low-
back pain. These tools could be extended to other kinds
of diseases with more meaningful biomedical information
(efficacy-based information and/or bibliographical informa-
tion). The computer modeling of biological systems has
been considered an important technique for organizing and
integrating vast amounts of biological information [25].
Systems biology has been developed to achieve the goal
of understanding the interactions in complex pathways of
multiple components and between multiple levels of function
using mathematics and computing [26]. In the near future,
these computational approaches to the meridian system will
become more integrated and will be more readily linked with
bioinformatic databases from clinical trials and/or classical
texts. At that point, it will be possible to gather a better-
organized data-based 3D visualized meridian system con-
taining the therapeutic effects of acupuncture. Collection of
further meaningful biomedical information on acupuncture
with a multiscale modeling framework in a variety of diseases
is still needed.

In sum, we suggest a new model for the visualization
of a data-driven 3D meridian system, “The Meridian Map,
which expresses available biomedical information on the
meridian system and acupoints using infographic means. The
significance of the meridian system is not based simply on

the twelve lines of the whole organism but also relies on
the logic of the interconnections between particular diseases
and acupuncture sites. Understanding the essence of the
meridian channels enables people to grasp the principles of
the selection of acupoints and to enhance the clinical efficacy
of acupuncture treatment in various diseases.
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To help the clinicians prescribe acupoints easily and effectively, we developed one simple flow chart to select acupoints. This study
aimed to evaluate the usefulness of flow chart to select acupoints in dogs. Total 102 dogs showing intervertebral disc disease (IVDD)
(n = 12), vomiting (n = 11), diarrhea (1 = 2), abdominal pain (n = 5), cough (n = 66), or epilepsy (n = 6) received acupuncture
treatment according to the chart, and its outcomes were evaluated as regards clinical symptoms, duration, treatment numbers, and
recovery time. Dogs (8/8) with IVDD from grades I to III recovered over periods of 5 days to 6 weeks after 1-12 treatments, while 1/4
dogs with grade IV recovered over 7 weeks after 15 treatments. Vomiting dogs with acute/subacute (n = 8) and chronic symptoms
(n = 3) required about 1 and 7 treatments to recover fully, respectively. All dogs (n = 5) with abdominal pain showed fast relief
within 24 hours after acupuncture. Two diarrhea cases recovered over 2-9 days after 1-2 treatments. Fifty-four of 66 coughing dogs
were recovered by 1-2 treatments. And 5 of 6 epilepsy dogs under a regular acupuncture treatment had no epileptic episode during
followup of 12 months. These results suggest that this flow chart can help the clinicians prescribe acupoints effectively.

1. Introduction

Acupuncture had been used in human and veterinary prac-
tice for thousands years in Eastern Asia including China
(called traditional Chinese medicine), Republic of Korea
(called Korean medicine), Japan (called Kampo medicine),
and other Asian countries until it was banned in their coun-
ties to promote Western medicine in the early 1900s. Since
the visit of President Nixon to China in 1972 and articles
about surgery in conscious patients under acupuncture anes-
thesia first hit the West, there has been an explosion of

interest about acupuncture in the United States, Europe,
and other countries. Veterinary acupuncture has also been
resurrected and developed rapidly during the past 30 years.
Veterinary acupuncture organizations have been established
in most developed countries including those of North and
South America, Europe, the Middle East, Australia and New
Zealand, South Africa, Republic of Korea, and many Asian
countries. Also, some veterinary schools have included class
on acupuncture in their curriculum [1].

The number of certified veterinary acupuncturists and
veterinarians wishing to study acupuncture has increased



remarkably in the last decade. Now, many veterinarians and
veterinary students spend much effort and expense to learn
traditional oriental medical (OM) theory in an intensive
course. They aim at integrating acupuncture into their prac-
tice but they discover quickly that OM theories are extremely
complex and confusing to be applied in practice. Therefore,
novices in the art science of veterinary acupuncture tend to
rely strongly on “Cookbook Acupuncture,” in which a routine
set of acupoints is used to treat certain diseases. Though
“Cookbook Acupuncture” is very useful for beginners, it is
not specific for individual cases and its results are not as
good as those of acupuncture adapted by experts for each
specific case. Therefore, many practitioners using “Cook-
book Acupuncture” become frustrated when they achieve
outstanding results in some cases but no response in others.

To apply acupuncture most effectively, practitioners must
make an OM diagnosis for each case, by using OM theory.
That theory includes Yin-Yang, Zang-Fu organs, Channel
(Meridian) Theory, and point indications. According to the
OM diagnosis, two sets of acupoints are chosen: (a) main
(essential) points and (b) helper (supporting) points. This
combination of main and helper points is called an acupoints
prescription or combination for each individual case. The
correct choice of points plays a key role in acupuncture’s
success. When appropriated on combination, the main and
helper acupoints produce synergic effects that boost the
clinical efficacy of acupuncture. In contrast, some acupoints
may counter the beneficial effects of the main acupoints
through opposing actions [2-4]. For clinicians to select
effective acupoints for individual cases efficiently, it is essen-
tial that they understand OM diagnosis, the properties and
interactions of the Channels, the functions of each acupoint,
and combination methods of their acupoints. However, it is
difficult, especially for new acupuncturists, to comprehend
OM theories completely, memorize all the information about
acupoints, and build each treatment plan according to indi-
vidual patient’s condition. Therefore, we sought to develop
for clinicians one simple acupuncture flow chart based on
OM theories and diagnosis. Over a 5-year period, this flow
chart has been modified through its clinical application. We
now introduce one simple acupoints prescription chart and
its clinical cases.

2. Materials and Methods

2.1. Acupoints Prescription Chart (Figure 1). The proposed
chart was designed to select acupoints in a total of 5 steps.

In Step 1, according to the location of disease in the body
(viz interior or exterior), two or three acupuncture points of 8
Extraordinary Channel points and 6 Command points were
selected (Figures 2(a) and 2(b)).

In Step 2, one of 8 Influential points was chosen according
to the body components (Zang, Fu, Muscle, Bone, Qi, Blood,
Vessel, and Marrow) affected by disease (Figure 3).

In Step 3, the Back-Shu or Abdomen-Mu points sen-
sitive to palpation were selected. To find the sensitive Shu
(Figure 4(a)) or Mu (Figure 4(b)) points on back and abdo-
men, the right hand palpated the skin on Back-Shu and
Abdomen-Mu points while the left hand was positioned
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on abdomen. The points at which dogs exhibited the pro-
tective abdominal reflex, skin twisting, growling, grunting,
and head-turning toward the palpated point during palpa-
tion were considered as sensitive Back-Shu or Abdomen-
Mu points, which were diagnosed as the affected internal
organs [5] for the next Step 4. Those points were used as
treatment points.

In Step 4, according to the diagnostic results from Step
3 or patients’ main symptoms, the associated Channels were
chosen (Figures 5(a) and 5(b)), and two main points, Yuan
(source) point and He (sea) point, on the Channels were used
for acupuncture. Some points on the Channel frequently were
chosen according to the patient’s condition, such as acute/
subacute (<7 days), chronic (>7 days), emergency, or joint
pain.

Lastly, in Step 5, local points or empirical points for each
case were added.

2.2. Cases (n=102). The 102 dogs that received acupuncture
treatment by 5 clinicians according to simple acupuncture
flow chart were reviewed. Table 1 shows case signalment
including age, sex, and disease duration. Ages of dogs varied
from 3 months to 15 years (average age, 4.12 years). Forty-six
percent (47/102) were males, and 54% (55/102) were females.
Purebred dogs accounted for 52% (53/102) and were repre-
sented by 9 pure breeds (11 miniature Poodles, 14 Maltese, 6
Shih Tzus, 2 Chihuahuas, 1 Siberian husky, 8 Yorkshire terri-
ers, 2 English cockers, 5 Pugs, and 4 miniature Schnauzers).
The remaining 48% (49/102) were mixed-breed dogs. Routine
diagnostic tests including fecal examination, urinalysis, blood
tests, and/or radiography were performed in private practice
to determine the possible cause.

Acupuncture was prohibited in cases with evidence of
foreign body on radiography or infectious viral disease (dis-
temper or parvovirus) by commercial ELISA kits. All except
epilepsy cases received acupuncture treatment only without
conventional Western medicine. Cases were classified into
6 groups, according to main symptoms: intervertebral disc
disease (IVDD) (n = 12), vomiting (n = 11), diarrhea (n = 2),
abdominal pain (n = 5), cough (n = 66), and epilepsy
(n = 6) (Table 1). IVDD was further classified as grade I to
IV: grade I = no neurologic signs except back pain, grade IT =
conscious proprioceptive deficit and ambulatory paraparesis,
grade III = nonambulatory paraparesis, and grade IV = non-
ambulatory paraparesis with loss of deep pain perception [6].
Gastrointestinal disorders including vomiting, diarrhea, and
abdominal pain were classified by the duration to clinical
presentation as acute (<2 days), subacute (2-7 days), or
chronic (>7 days). Application of acupuncture for cough was
restricted to subacute cases (duration, 2-7 days), since acute
cough was often a self-limiting problem that may resolve
without any symptomatic/supportive therapy, or chronic
cases had a risk of severe bacterial infection without antibi-
otics, subsequently death. In idiopathic epilepsy, one dog was
3 months at onset of epileptic seizure and the remaining 5
dogs were over 1 year, at a frequency of 2-4/month under con-
trol of phenobarbital and potassium bromide therapy. Five of
the 6 dogs showed generalized and symmetrical seizure and
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STEP 1: Find the location of disease [combined therapy of 8 extraordinary channel points and 6 command points]

Location of disease Points Add command points
Exterior Dorsal aspects SI13-BL62 -add ST36 for gastrointestinal disorders,
Lateral aspects TH5-GB41 -add SP6 for urogenital disorders
Interi Heart and gastrointestinal PC6-SP4 -add BL40 for back disorders
nterior :
Respiratory and urological LU7-KI6 -add L14 for face, eye, nasal disorders
STEP 2: Find the affected area [8 influential points therapy]
The affected area Point OM name
Liver, heart (pericardium), spleen (pancreas), lung, kidney LV13 Zang (Yin organs)
Stomach, small intestine, large intestine, bladder CV12 Fu (Yang organs)
Muscle-related diseases GB34 Ji (muscle)
Bone-related diseases, especially in forelimb BL11 Gu (bone)
Thoracic disease (mainly, respiratory) CV17 Qi (life/vital energy)
Blood-related disorders BL17 Xue (blood)
Vascular or circulatory disorders LU9 Mai (vessels)
Neurological diseases, bone marrow disorders, fracture GB39 Sui (marrow)
STEP 3: Find sensitive back-Shu or abdomen-Mu points when palpated [Shu-Mu points therapy]
et ; ] Large Small 5
Point Lung | Heart |Pericardiun Spleen |Kidney | Liver infes ?ine intestine | Triple | Stomach |Bladder|  Gall
(LU) | (HT) (PC) (SP) | (K1) [ (LV) (L) (ST) heater (ST) (BL) |bladder (GB)
Back-Shu point BL13 BL15 BL14 BL20 | BL23 | BLIS8 BL25 BL27 BL22 BL21 BL28 BL19
Abdomen-Mu point LU1 CV14 CV17 LV13 | GB25 | LV14 ST25 CV4 CV5 CV12 CV3 GB24
Step 4: choose the channel and main points on the channel according to main symptoms [channel points therapy]
Location of . ;
Interior Exterior
symptoms
— o~
Pancreas B Liver g -‘g 3 Front aspects Lateral aspects Posterior aspects
Q Q- —
Gastro- % Muscle 3 ¥ e £
q > > = 5 g -
Specific area intestinal ; tendon 2 5 & g Gastro- Face ar . Tltlll(r);zc;cr) Scapula
g U itall B i i
Blood ~ rosenita ] Bone intestinal| o1 spine Neck
(exterior) O marrow
Channel |Hindlimb | Forelimb| Hindlimb| Forelimb|Hindlimb|Forelimb| Hindlimb| Forelimb | Hindlimb| Forelimb |Hindlimb|Forelimb)|
Point OM name | TaiYin | TaiYin | JueYin | JueYin |ShaoYin |ShaoYin |YangMing|Yangming |ShaoYang |ShaoYang| TaiYang |TaiYang
indication| Organ
. SP LU Lv PC KI HT ST LI GB TH BL SI
Point
Main |[Yuan (source) SP3 LU9 LV3 PC7 KI3 HT7 ST42 L14 GB40 TH4 BL64 SI4
(essential) He (sea) SP9 LU5 LV8 PC3 KI10 HT3 ST36 LI11 GB34 THI10 BL40 SI8
Acute Xi (cleft) SP8 LU6 LVe PC4 KI5 HT6 ST34 LI7 GB36 TH7 BL63 SI6
Chronic ¢ conﬁggtion) ST40 Ll6 GB37 | TH5 | BL58 SI7 SP4 Lu7 LR5 PC6 KI4 HT5
Emergency| Jing (well) SP1 LU11 LV1 PC9 KI1 HT9 ST45 L1 GB44 TH1 BL67 SI1
Heat signs |Ying (spring)| SP2 Lu10 Lv2 PC8 KI2 HTS ST44 LI2 GB43 TH2 BL66 SI2
Joint pain [Shu (stream)| SP3 LU9 LV3 PC7 KI3 HT7 ST43 LI3 GB41 TH3 BL65 SI3
Cold signs | Jing (river) | SP5 LU8 LV4 PC5 KI7 HT4 ST41 LI5 GB38 TH6 BL60 SI5
STEP 5: Empirical, local or Ashi points
Tonification Lower Humeral | Lumbar .
Emergency effect Fever Head Neck Eye Taw Cough joint | & sacral Diarrhea
GV26,KI1, HT9, | LI4, LIll, ear tip, tail tip, | GV20, GB20, | GB20,BL10 | ST1,Ll, LI15, .
PCY LV3, ST36 GV14 GV16, Yintang|  GV16 GBI ST7 | CV22 | gy, | Baihui | GVI

FIGURE 1: Acupoints prescription flow chart.
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Face: L14
Neck: LU7
Back: BL40

»—> Urogenital: SP6

0 Gastrointestinal: ST36

Heart or chest: PC6

(®)

FIGURE 2: 8 Extraordinary Channel points and 6 Command points (Step 1). (a) Clinical indications of 8 Extraordinary Channel points.
The body was simply divided into 4 areas of exterior-back aspects, exterior-lateral aspects, interior-heart/gastrointestinal and interior-
respiratory/urogenital systems, and paired acupoints (underlined) were used for disorders of their corresponding area. (b) Indication of

6 Command points. FL, forelimb; HL, hind limb.

Marrow (GB39)

Qi (CV17) «— ‘ Vessel (LU9)

Blood (BL17)

/ :

Zang (LV13) IEl

Bone (BL11) Fu (CV12)
FIGURE 3: 8 Influential points (Step 2). Based on OM, body consists
of 8 components and each of them can be controlled by its key point
(underlined).

one was seen to have unilateral focal motor activity of the
head which spread to unilateral limbs.

2.3. Acupuncture Treatment. Acupuncture was performed by
5 veterinarians in their own practice. After selecting acu-
points according to the flow chart (Figure 1), acupuncture
needles (stainless steel, 0.24-0.30 mm in diameter, 15-40 mm
in length) were inserted, as described in text [5] and left for
15-20 minutes with/without manipulation. Acupuncture was
applied 2-3 times/week. Clinical followup was determined
either by a phone call to the owners at the time of this study
or by return of the dog to the veterinary hospital. Treatment
was discontinued if the owner stated the symptoms had
ceased and if main symptoms were apparently disappeared
on laboratory or physical examination.

3. Results

3.1. IVDD (n=12). The age of the dogs varied from 2 to 9
years with an average age of 3.6 years. The affected breeds
were miniature Poodle (n = 3), Yorkshire terrier (n = 2),

miniature Schnauzer (n = 2), Shih Tzu (n = 1), and mixed-
breed (n = 4). Spinal palpation pain (hyperesthesia), when
assessed by manual compression along the thoracolumbar
spine, was detected at one or more levels of T11-T12 (n = 2),
TI2-T13 (n = 6), TI3-L1 (n = 5), LILL2 (n = 4), 1L2-13
(n = 1), and L3-L4 (n = 1). In cases with severe symptoms
(grade III or IV), diffuse back pain over two spinal levels
was frequently observed. On plain radiographic examination,
narrowed intervertebral disk space (n = 3), osteophyte
formation (1 = 1), or mineralized intervertebral disk (n = 2)
was found in grade IIT or I'V cases. According to the flow chart
(Figure 1), the following points were chosen for acupuncture:
SI3, BL62, and BL40 (in Step 1), GB34 (in Step 2), Back-Shu
points at levels showing hyperesthesia on the spinal palpation
(in Step 3), and BL40 and BL60 (in Step 4). Acupuncture was
performed 2-3 times a week. Cases that returned to normal
or cases with non-ambulatory paraparesis (grade III or IV)
that improved to be able to walk and void urine and feces
without assistance were considered to be recovered. All dogs
(8/8, 100%) from grades I to III recovered over periods of
5 days to 6 weeks after 1-12 treatments, while only 1/4 dogs
(25%), diagnosed as grade IV, recovered over 7 weeks after 15
treatments.

3.2. Vomiting (n=11). The vomiting cases, diagnosed as
unknown causes from diagnostic tests or not responsive to
initial managements of food withdrawals and antiemetics for
1-3 days, were subjected to this acupuncture treatment. They
were young (n = 1, 6 months) or young adult dogs (n =
10, average age = 3.2yrs) and showed commonly vomiting
and inappetance. The acupoints were chosen based on the
flow chart: PC6, SP4, and ST36 (in Step 1), LV13 and CV12
(in Step 2), sensitive Back-Shu, and Abdomen-Mu points to
palpations (in Step 3), ST36, ST42, SP3, and SP9 (in Step 4).
Acute vomiting cases (<2 days; n = 6) were well responsive
to this acupuncture treatment. Interestingly, 3 of them began
to eat food within 1hr after withdrawals of acupuncture
needles and did not show any vomiting. In subacute cases (2-
7 days; n = 2) that showed vomiting 3-5 times/day and were
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Lung

Pericardium

Heart BL15
Liver BL18
Gall bladder BL19 Gall bladder ’ -
Spleen BL20 Heart S . N
) Stomach BL21 Spleen = ._ ;
Triple heater BL22
Kidney BL23 i i
Stomach Umbilicus
. . O ®—e
Large intestine BL25 Large intestine/—. L T sT25
Small intestine BL27 Triple heater .

Urinary bladder BL28 Small intestine

Urinary bladder

(@ (®)

FIGURE 4: Back-Shu and Abdomen-Mu points (Step 3). (a) Back-Shu points (red color points) and internal organs. (b) Abdomen-Mu points
(red color points) and internal organs.

TaBLE 1: Case signalment.

Diseases Severity Duration Case (n) Sex Age (year)
Male Female

Grade I 1 1 3.00

IVDD Grade II 1 1 2.00

Grade III 6 2 4 2.87

Grade IV 4 2 2 5.25

Acute <2 days 6 2 4 2.77

Vomiting Subacute 2-7 days 2 2 3.50

Chronic >7 days 3 3 3.00

Acute <2 days 1 1 150

Diarrhea Subacute 2-7 days 1 1 0.60
Chronic >7 days

Acute <2 days 5 2 3 2.54
Abdominal pain Subacute 2-7 days
Chronic >7 days
Acute <2 days

Cough Subacute 2-7 days 66 30 36 4.55
Chronic >7 days

Epilepsy <l year 1 1 0.6

>1 year 5 2 3 5.76

Total 102 47 55 3.75
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Taiyang
sh v Exterior

aoyang ang Back: Taiyang (SI, BL)
Yangming Lateral: Shaoyang (TH, GB)

Front: Yangming (LI, ST)

grellors:
WU

Exterior

(a) (b)

Interior

Interior

Behavior: Shaoyin (HT)
—> Urogenital: Shaoyin (KI)
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FIGURE 5: Channels and their clinical indications (Step 4). (a) Ancient anatomical terms “3 Yangs-3 Yins” and body. Yang and Yin represent
exterior and interior of body, respectively. The Yang (exterior of body) is divided into 3 sub-Yangs, namely, Yangming (front), Shaoyang
(lateral), and Taiyang (dorsal or back). On the other hand, the Yin (interior of body) is divided into 3 sub-Yins, namely, Taiyin (front organs;
lung, spleen), Jueyin (middle organs; pericardium, liver), and Shaoyin (dorsal organs; heart, kidney). (b) Three Yang Channels and Exterior.
External body is divided front, lateral and back, and their associated Channels (underlined) were used for disorders of each area. (c) Three Yin
Channels and Interior. Each Yin Channel is used for treatment of their specific internal organs (a and c). Of the Yang Channels, the stomach
(ST) Channel is especially useful to treat gastrointestinal disorders. The words in Italic are Chinese Pinyin. LI, large intestine Channel; ST,
stomach Channel; TH, triple heater Channel; GB, gall bladder Channel; SI, small intestine Channel; BL, urinary bladder Channel; LU, lung

Channel; SP, spleen Channel; PC, pericardium Channel; LV, liver Channel; HT, heart Channel; K1, kidney Channel.

not responsive to initial treatment of food withdrawals (first
24 hr) and metoclopramide, one or two vomitings were noted
up to 12 hr after first acupuncture and thereafter no more
vomiting episodes. Chronic cases (>7 days; n = 3) suffered
from sporadic vomiting of 2-3 times/day, frequently after food
intake, recovered over 18.67 days after 6.7 times treatments
and required longer periods and more treatments than acute
and subacute cases.

3.3. Diarrhea (n=2). A 1.5-month-old female Poodle dog
(acute case) was presented with acute watery diarrhea of
2 episodes within 12hr. Since the patient still kept normal
appetite without dehydration and pyrexia and owner was
most favorable toward alternative medicine use, acupuncture
was first tried without routine laboratory examinations or
Western medicine. The following acupoints were used: PC6,
SP4, and ST36 (in Step 1), LV13, and CVI2 (in Step 2),
sensitive Back-Shu and Abdomen-Mu points to palpations
(in Step 3), ST42, ST36, SP3, and SP9 (in Step 4), and GV1 (in
the last Step 5). Increase of stools consistency and decrease
of stools frequencies were observed within 48 hr after first
acupuncture treatment. She returned to normal over 9 days
after two acupuncture treatment. A 6-month-old male mixed
dog (subacute case) was presented with acute onset (<2

days) of mild diarrhea, poor appetite, and frequent vomit-
ing. When presented, a complete blood count and routine
serum chemistry levels were within normal limits and fecal
examinations including parvovirus, distemper virusw and
parasites were also normal. The patient was first treated
with loperamide and amoxicillin for 5 days, but the diarrhea
persisted. Acupuncture was then applied at the same points
as those of acute diarrhea case. He began to recover appetite
on the day of acupuncture treatment and returned to normal
consistent feces 2 days after acupuncture treatment.

3.4. Abdominal Pain (n=5). The cases (2 Maltese, 1 Pug, 1
Cocker spaniel, and 1 miniature Poodle) were initially pre-
sented with acute abdominal discomfort, increasing abdom-
inal pain, inappetance, and/or bloating, and they all were
lesser than 2 days at duration. Physical examination was
normal, except abdominal pain. There was no radiographic
evidence for foreign bodies. Acupuncture was performed at
the acupoints selected according to the flow chart. They all
returned to normal within 24 hours after one acupuncture
treatment. Interestingly, when food was offered 30 min after
withdrawal of acupuncture needles, 4/5 cases began to eat
immediately and did not show any abdominal pain on pal-
pation.
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TABLE 2: The acupoints selected according to flow chart and treatment outcome.
Discases Severity Case The used acupoints Treatment Becovery Recovered
(n) numbers times (day) animals/cases
Grade I 1 Step 1:SI3, BL62, BL40 1.0 5.00 1/1
Step 2: GB34
Grade II 1 8.0 49.00 1/1
IVDD rade Step 3: sensitive Back-Shu points /
GradeIll 6 gtep 4: BL40, BL64 (BL Channel) 12.5 38.67 6/6
GradeIV 4  Step 5: Baihui, Ashi points near lesion along BL Channel 15.0 49.00 1/4
Acute g  Step L:PC6, 5P, ST36 1.0 0.84 6/6
L Step 2: LV13, CV12
Vomiting Subacute 2 . .Sh . 1.0 1.00 2/2
Chronic 3 Step 3: sensitive Back-Shu and/or Abdomen-Mu points 6.7 18.67 33
Step 4: ST36, ST42, SP3, SP9 (ST, SP Channels) : ’
Acute 1 2.0 9.00 1/1
Diarrhea Subacute 1 (Same as those of vomiting) + GV1 1.0 2.00 1/1
Chronic 0
Abdominal pain  Acute 5  (Same as those of vomiting) L0 0.62 5/5
Step 1: LU7 K16, LI4
Acute 0 Step 2: CV17 or LV13
Cough Subacute 66  Step 3: sensitive Shu and/or Mu points 1.9 7.02 54/66
Chronic 0 Step 4: LU5, LU9 (LU Channel)
Step 5: CV22
Step 1: SI3, BL62 for posterior brain lesion or TH5, GB41 for
unilateral brain lesion
Step 2: GB39
Epileps <1 year 1 Step 3: sensitive Shu and/or Mu points 1/week — 171
pHepsy >1 year 5 Step 4: SI4, SI8, BL40, BL64 for posterior brain lesion (SI, BL  1/week — 4/5

Channels) or TH4, TH10, GB34, GB40, for unilateral brain

lesion (TH, GB Channels)

Step 5: GV20, GB20, GV16, Yintang

3.5. Cough (n=66). The coughing cases in this study con-
sisted of 60 shelter and 6 hospital cases. On August and
September 2007 in Republic of Korea, workers in two shelters
noticed abrupt outbreaks of coughing dogs after rainy spell in
summer, although the medications including antibiotics were
done under regular shelter program. The most affected dogs
were small pure or mixed breeds. Although the exact age of
the shelter dogs was usually unknown, ages were estimated
to be between 6 months and 7 years old, based on dentition
and hair coat. The common clinical signs were cough and
nasal discharge for 3-7 days. Under shelter’s approval, treat-
ment was performed using acupuncture without Western
medicine, at the following acupoints: LU7, KI6, and LI4 (in
Step 1), CV17 or LV13 (in Step 2), sensitive Back-Shu and
Abdomen-Mu points to palpations (in Step 3), LU9 and LU5
(in Step 4), and CV22 (in Step 5). Two shelter veterinarians
observed daily spontaneous coughing and nasal discharge in
acupuncture-treated dogs. At 7 days after one acupuncture
treatment, it was noted that 48 dogs showed no symptoms of
cough and nasal discharge, and the other 12 had still cough
or nasal discharge and thereafter were prescribed antibiotics.
The above favorable effects were also observed in 6 hospital
cases (1 Poodle, 1 Yorkshire terrier, 3 Shih Tzus, and 1 mixed-
breed) within 2-7 days at onset duration of coughing. They
received acupuncture treatments two times a week at the
same points as those of shelter dogs. Decrease of coughing
frequencies was observed on 3 days after first acupuncture

and they all did not show any coughing on the next visits (on
7 days after acupuncture treatment).

3.6. Epilepsy (n=6). The 6 cases (2 Pugs, 1 Shih Tzu, 1
Maltese, 1 miniature Poodle, and 1 mixed breed) showed
recurrent seizure at a frequency of 2-4/month under control
of antiepileptic drugs. They were diagnosed as presumed
idiopathic epilepsy based on physical and neurological exam-
inations and hematological and serum biochemical analyses.
One Maltese dog of 3 months at onset of epileptic seizure
received only acupuncture treatment once a week without
medication, since his owner was reluctant to give antiepileptic
drugs. The other 5 dogs over 1 year at onset of epileptic
seizure received regular acupuncture treatment once a month
with anticonvulsants. Acupoints were chosen, as shown in
(Table 2). Since acupuncture treatment, 5 of the 6 dogs
(5/6, 83%) had no epileptic episode during followup of 12
months. However, a 5-year-old male Pug, presented with
frequent generalized and symmetrical epilepsy during 1.5
years, did not show any changes in frequencies of epilepsy
after acupuncture treatment.

4. Discussion

4.1. The Present Acupuncture Flow Chart Follows Basic OM
Principles for Point Combinations. Although various meth-
ods can be used to select effective acupoints in OM, good



prescriptions must satisfy at least basic OM principles. These
include (1) bilateral acupuncture, (2) combination of forelimb
and hindlimb points, (3) ventral and dorsal points, and (4)
local and distal points [7]. The present chart follows all of
the above principles. First, each step is bilateral acupuncture.
Second, Step 1 includes a combination of points on forelimb
and hindlimb. Third, Step 3 is one technique of combining
Mu-ventral and Shu-dorsal points. For example, in vomiting
cases, ventral point CV12 and dorsal point BL21 were selected
in Step 3. Lastly, a combination of local and distal points is
included in Steps 4 and 5. Thus, the present flow chart is well
matched with OM principles for point combination.

4.2. The Proposed Chart Lists 164 Important Acupoints and
Is Designed to Select Acupoints in a Total of 5 Steps. There
are approximately 360 acupoints on the 14 main channels
of the body. Not all these acupoints are used commonly in
veterinary and human clinics. Most acupuncturists pay great
attention to the application of special acting acupoints which
have special therapeutic effects. These clinically important
acupoints are categorized according to their own special
therapeutic properties as follows: 8 Extraordinary Channel
points, 6 Command points, 8 Influential points, Back-Shu
and Abdomen-Mu points, Yuan (source) points and Luo
(connection) points, and 5 Shu (transporting) points, includ-
ing He (sea) points, Xi (cleft) points, and empirical points,
and local points. In the present chart, the above points were
organized in order of the functional ranges of acupoints (from
points with broad function to points acting locally) as follows
(Figure 1).

Step 1: 8 Extraordinary Channel points (8 points) + 6
Command points (6 points),

Step 2: 8 Influential points (8 points),

Step 3: Back-Shu points (12 points) + Abdomen-Mu
points (12 points),

Step 4: 5 Shu (transporting) points on 12 Channels
(55 points) + Xi (cleft) points (12 points) + Yuan
(source) points (12 points) + Luo (connection) points
(12 points),

Step 5: empirical or local points (27 points).

In Step 1, Extraordinary Channel points were combined with
Command points because both acupoints groups have the
widest range of actions among the acupoints and have similar
indications in respects of the body areas, when divided the
body into exterior (lateral or back aspects) and interior
(heart/gastrointestinal or respiratory/urogenital areas) or
upper (face and neck) and lower parts (back). In oriental
medicine, 8 Extraordinary Channels and their key points
have been considered to play most important roles in balanc-
ing body Qi. The medical term “8 Extraordinary Channels
points” dates back to 1230s and the detailed indications
and methods forming 4 pairs of acupoints (i.e., PC6-SP4)
were first described in the Yizong Jinjian (Golden Mirror of
Medicine) written by Wu Qian in 1742 [8]. Based on that
book, the Extraordinary Channel points are always used in
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a pair for disorders of the following body areas: (1) SI3-
BL62-back, spine, neck, head, eye, and brain; (2) TH5-GB41-
side of body, lateral sides of the lumbar area, lateral aspect
of leg, sides of body, shoulders, hip, eyes, ears, and neck;
(3) PC6-SP4-heart, thorax, gastrointestinal disorders, and
reproductive, and (4) LU7-KI6-respiratory, lower abdominal,
and urogenital disorders [9, 10].

To simplify the above theory more, we divided the body
into 4 areas of exterior-back aspects, exterior-lateral aspects,
interior-heart/gastrointestinal and interior-respiratory/uro\ -
genital systems, and assigned paired acupoints to each area
(Figures 1 and 2(a)). In our clinical cases (Table 2), a pair of
SI3-BL62 was applied to back disorders (IVDD) and bilateral
epilepsy which was considered to be caused by posterior
(or whole) brain lesions. A pair of TH5-GB41 was used for
1 case with unilateral epilepsy which was presumed to be
due to lateral brain lesions, and LU7-KI6 was chosen for 66
coughing cases. And PC6-SP4 points were used for vomiting
(n = 11), diarrhea (n = 2) and abdominal pain (n = 5).
Previous experimental and clinical studies have successfully
applied 8 Extraordinary Channel points. In one clinical study
showing successful outcomes of acupuncture in IVDD dogs,
paired acupoints of SI3-BL62 were used in combination with
other acupoints [11]. TH5-GB41 has been used effectively for
unilateral or focal headaches in human [12, 13]. LU7 and/or
KI6 in combination with other acupoints has been used
successfully for respiratory clinical trials [14-16]. Acupoint
PC6 is extensively for treatment and prevention of vomiting
[17-23] and the enhancement of cardiopulmonary functions
(4, 24-26]. Wang et al. reported that acupoints at PC6 and
SP4 enhance cardiac and gastrointestinal functional activities
after acute myocardial ischemia through the mediation of
nitric oxide (NO) [27].

In Step 1, theoretically, to enhance the effects of Extraor-
dinary Channel points, 6 Command points therapy were
added. In detail, the 6 Command points are 6 individual
points which have been used to control diseases in 6 major
body parts, abdomen (ST36), lumbar region (BL40), neck
(LU7), heart (LI4), chest (PC6), and urogenital organ (SP6)
[28] (Figure 2(b)). Six Command points originated from 4
Command points (ST36, LI4, LU7 and BL40), described in
Chinese classic Qiankunshengyi (Meanings of Life between
Heaven and Earth; 1402) and formed by adding two points
(PC6 and SP6) later [29]. In the present study, one of
6 Command points was chosen additionally in cases of
IVDD (BL40) and diarrhea/abdominal pain (ST36). Previous
experimental and clinical studies support the effect of the
6 Command points which described in Step 1 of Figure 1.
BL40 commonly in previous clinical trials of dogs with IVDD
[11,30]. ST36 is a acupoint, well known to be most effective for
gastrointestinal disorders such as abdominal pain, diarrhea,
and irritable bowel diseases [3, 31-38]. Acupuncture at SP6,
a common point for urinary disorders [39, 40], has shown to
decrease symptoms of urinary incontinence by stress in rats
[41], diurnal symptoms associated with idiopathic bladder
instability [42], and symptoms of frequency, urgency, and
dysuria in female cases [43]. Although we could not conclude
that the application of these combined points in Step 1led to
the present favorable outcomes, at least this flow chart allows
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an easy and fast approach to apply clinically the complicated
OM theory concerning 8 Extraordinary Channel and 6 Com-
mand points.

In Step 2, one or two of 8 Influential points were selected
according to the body components affected by diseases. Eight
Influential points are based on a Chinese classic Nan Jing
(The Classic of Difficulties) written around the 2nd century
AD. It classifies the body as having 8 components: Zang,
Fu, Qi, Xue (Blood), Ji (Muscle), Mai (Vessels), Gu (Bone),
and Sui (Marrow). Each of these has a most influential
point that exerts a profound effect on the function of each
component [44]. Figure 3 and Step 2 in Figure 1 show 8 body
components in OM, interpretation in Western medicine, and
their corresponding Influential points. For example, CVI2
can be used for disorders of stomach, small intestine and large
intestine (Fu organs in OM), such as epigastric distention,
abdominal pain, constipation, or diarrhea, and GB34 can be
selected for muscle-related disorders (muscle in OM) such
as muscle spasm, painful tendons, and hemiplegia. In our
present studies, we chose GB34 for IVDD cases, LV13/CV12
for vomiting, diarrhea, and abdominal pain, and CV17/LV13
for cough and GB39 for epilepsy, respectively. Previous
studies have included acupoint(s) of GB34 in IVDD [11, 30],
LV13/CV12 in gastrointestinal disorders [34, 45, 46], CV17
in respiratory disorders [47], and GB39 in brain disorders,
respectively [48].

In Step 3, Back-Shu and Abdomen-Mu points showing
sensitivity to surgeon’s palpation were selected for acupunc-
ture. Figure 4 and Step 3 in Figure 1 show the Back-Shu
and Abdomen-Mu points and the associated internal organs.
Oriental medicine describes that Back-Shu and Abdomen-
Mu points are connected directly to the internal organs and
these points often become tender, tight, or distended when
the associated organs are diseased or imbalanced, and so
they are used as diagnostic and treatment points [5, 49]. In
support, a retrospective study of 175 dogs and cats with Back-
Shu or Abdomen-Mu point sensitivity and their blood chem-
istry showed that there is at least a single correlation of the
point sensitivity with a concurrent rise in the internal organs-
associated chemistry values [49]. Back-Shu and Abdomen-
Mu points are known to be related segmentally to the internal
organs [50, 51]. Visceral pain is referred to segmental somatic
areas. In the referred area, tender points, characterized by
well-defined and localized spots and an increased sensitivity
to mechanical stimuli are often found [52]. The stimulation
of these tender points can in turn alleviate the visceral
pain and inflammation [53-55]. In our present cases, most
sensitive points were found at Back-Shu and Abdomen-Mu
points around the affected internal organs and frequently
some other points. In the cases with vomiting (n = 11)
or abdominal pain (n = 5), sensitive points were found at
BL21 (stomach Shu point) and/or CV12 (stomach Mu point)
and frequently several other points such as BL17 (diaphragm
point), BL18 (liver point), BL 19 (gall bladder point), BL 20
(spleen point), BL22, and BL23 (kidney point). Two diarrhea
cases were sensitive at BL23/BL25 or BL21/BL24/BL25. In
the cough cases, one or two sensitive points at Back-Shu
points such as BL12 (wind point), BL13 (lung point), BL14

(pericardium point), or BLI5 (heart point) were found. These
above points were stimulated by acupuncture.

In Step 4, one or two of 12 regular Channels were chosen
according to main symptoms or diagnosis from Step 3, and
then two Main points (Yuan and He points) were selected
on the chosen Channels (Figure 1). Regular Channels are
Qi pathways to connect the external body with internal
organs (Yin Channels) or head (Yang Channels) [5]. Oriental
medicine teaches that diseases occur when the Qi flow is
disrupted in one or more Channels, which can be relieved
by stimulating acupoints on the affected Channels. To dif-
ferentiate the Channels which were likely to be affected by
disorders, we used the “3 Yang-3 Yin theory” which has been
the most important fundament for diagnosis and treatment
in acupuncture medicine [56, 57] (Figure 5(a)). In ancient
anatomical terms, Yang and Yin represent exterior and inte-
rior of body, respectively. In respect of treatment, Yang and
Yin also represent external (exterior) and internal (interior)
disorders, respectively. The Yang (exterior of body) is divided
into 3 sub-Yangs, namely, Yangming (front), Shaoyang (lat-
eral) and Taiyang (back or dorsal), and each of them is used
for its corresponding external disorders (Figures 5(a) and
5(b) and Step 4 in Figure 1). In our present study, based on
“3 Yang-3 Yin theory, IVDD or epilepsy was diagnosed as
exterior-back (Taiyang) disorder and thus Taiyang Channels
(SI and BL) were chosen. Then, two Main points Yuan
(source) and He (sea) points on SI and BL Channels were
selected for acupuncture. Shaoyang Channels (TH and GB)
were chosen for epilepsy with clinically presumed unilateral
brain lesion (Table 2). On the other hand, the Yin (interior
of body) is divided into 3 sub-Yins, namely, Taiyin (front
organs; lung, spleen), Jueyin (middle organs; pericardium,
liver) and Shaoyin (dorsal organs; heart, kidney), and each
of them is used for treatment of its specific internal organs
(Figures 5(a) and 5(c)). Empirically, stomach (ST) Channel
of Yang Channels has been used to treat internal organs
(stomach and intestine), as well as exterior-front disorder.
In our present study, cough was diagnosed as interior-front
organ-Lung (Taiyin LU) disorder, and thus Taiyin LU Chan-
nel and its Main points (Yuan and He points) were selected
for treatment. Case with vomiting, diarrhea, or abdominal
pain was diagnosed as interior-front organ-spleen (Taiyin SP)
disorder or stomach (ST) disorder, according to sensitivity at
BL20 (spleen Shu point) or BL21 (stomach Shu point) and two
Main points were selected on SP (spleen) or ST (stomach)
Channels (Table 2). Although the above Channel theory is
most important in acupuncture medicine, it is true that the
theory is too difficult for general clinicians to comprehend.
Therefore, we highly simplified clinical indications of each
Channel and summarized it in Step 4 (Figure 1).

In Step 5, local, empirical, or Ashi (local sensitive) points
for each case were added. Acupuncture needling is known to
produce local anti-inflammatory, analgesic, and antipyretic
effects by promoting vasodilation and blood flow locally and
releasing neuromodulators [58]. In the present cases, we
chose GV1 in diarrhea, CV22 in cough, and GV20/GB20/
GV16/Yintang in epilepsy, respectively. GV1 is a single acu-
point in the depression ventral to the base of the tail and
dorsal to the anus. It is one of the most effective acupoints to
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treat diarrhea in humans and animals [59-61]. Our previous
studies demonstrated that acupuncture at GV1 depressed
proximal colonic motility by decreasing the total duration
and frequency of contractile states in conscious dogs and also
had anti-inflammatory and analgesic effects in colitis rats,
via endogenous opioid pathways [54, 55, 62]. CV22 has been
included to treat respiratory disorders [63, 64]. GV20, GB20,
GV16, or Yintang points have been used commonly for brain
disorders such as headache [65]. Previous reports has shown
that acupuncture at Yintang and/or GV20 can cause sedative
effects and change bioelectrical brain activity [66]. Although
we could not determine which acupoint in flow chart was
most effective for the treatment of each case, each step in
this flow chart provides a theoretical rationale for selection
of optimal acupoints in each case, based on OM theory.

4.3. 'The Proposed Chart Can Help Clinicians Prescribe Acu-
points Effectively for Various Diseases. In 1997, the NIH
released a consensus statement concluding that acupuncture
is effective or at least useful for the treatment of 13 conditions
including low back pain, nausea and vomiting, asthma,
stroke rehabilitation, headache, addiction, dental pain, men-
strual cramps, tennis elbow, fibromyalgia, myofascial pain,
osteoarthritis, and carpal tunnel syndrome [67]. Multiple
studies have documented that acupuncture is useful in the
case with low back pain or IVDD when a definitive diagnosis
is made or when surgical intervention is not an option
due to patient concerns such as geriatric and other under-
lying diseases, and acupuncture results are favorable and
comparable to those of surgical treatments [30, 68-75]. In
veterinary medicine, the success rates and recovery periods
by acupuncture in IVDD dogs seem to vary according to the
severity of disease. In clinical reports of Janssens LA [76], 90%
of dogs with grade I recovered after 2-3 treatment over 1-2
week period, 90% of dogs with grade II recovered after 3-4
treatment over a 3-week period, and 80% dogs with grade
III recovered after 5-6 treatments over a 6-week period. And
dogs with grade IV showed poor response to acupuncture
(success rate < 25%). Similarly, in our present study, 100%
in dogs of grades I to III recovered over periods from 5
days to 6 weeks after 1-12 treatments, while only 1/4 dogs
in grade IV recovered over 7 weeks after 15 treatments. It
seemed that as the severity of IVDD increased, the recovery
period and number of treatments also increased. Acupunc-
ture treatment of idiopathic epilepsy has been documented
well in the veterinary and human literature [5, 57, 68]. It
was reported that acupuncture reduces seizure frequency and
dosage requirements of antiepileptic drugs in epileptic dogs
[77-80]. In our present study, 5/6 dogs with epileptic episode
at a frequency of 2-4/month showed no seizures under
combination therapy of acupuncture and anticonvulsants. It
indicates that this flow chart may be useful for neurological
cases with IVDD or epilepsy.

Acupuncture is used extensively for gastrointestinal dis-
orders, such as vomiting, diarrhea, and abdominal pain. It
decreases the severity of nausea and emesis from a variety
of causes in humans and dogs [18, 20, 21, 67]. In the present
study, all dogs with vomiting (n = 11), diarrhea (n = 2), and

Evidence-Based Complementary and Alternative Medicine

abdominal pain (n = 5) recovered after 1-6 treatments over 1-
19 days. Most acute/subacute cases (<7 days at duration) fully
recovered within 1 day after one acupuncture treatment, with-
out Western medicine. Interestingly 3/6 acute vomiting cases
began to eat foods within 1 hr after withdrawal of acupuncture
needles and 4/5 abdominal pain cases showed complete
relief of abdominal pain within 30 min after withdrawal of
acupuncture needles, with no recurrence. Similarly, in one
human clinical study of 190 cases with intestinal colic pain
from bacillary dysentery, simple acute appendicitis, simple
acute intestinal obstruction, adhesive intestinal obstruction,
or intestinal ascariasis, acupuncture at bilateral ST36 results
in complete pain relief within 30min in 85% of cases,
decreased colic pain in 11%, and no response in 4% [81]. To
our knowledge, although it has limitations to explain these
phenomena scientifically, our results show that this flow chart
can help the clinicians prescribe acupoints effectively for
cases with various gastrointestinal symptoms. Acupuncture
may have beneficial effects on the treatment of respiratory
diseases including bronchitis and asthma in dogs and cats
[82]. Although this was an uncontrolled clinical study, and
not a randomised controlled clinical trial, our results that
acupuncture improved 54/66 coughing cases showed that
acupuncture methods using this flow chart can be used to
help the treatment of respiratory cases.

5. Conclusion

This acupoints prescription chart is based on oriental medical
(OM) theory and includes information concerning OM diag-
nosis, function of the Channels, Zang-Fu theory, clinically
important acupoints, and combination methods of their
acupoints. It has been modified through clinical trials since
first edition in 2003 and used widely and successfully to
various clinical cases such as neurological, respiratory, and
gastrointestinal disorders in Korean veterinary clinics. We
believe that this chart helps beginners or clinicians to select
effective acupuncture points easily and quickly. However,
more powerful methods of well-designed randomized and
controlled trials are needed to confirm the efficacy of this flow
chart on various diseases.
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Siguan acupoints have been used to treat gastrointestinal symptoms in acupuncture practices for a long time. This study aimed
to investigate the effects of Siguan acupuncture on gastrointestinal motility under accelerated conditions using a randomized,
sham-acupuncture-controlled, crossover study. Twenty-one healthy male subjects were hospitalized and randomized into either
a real acupuncture group (at Siguan acupoints) or a sham acupuncture group. Subjects were administered with mosapride citrate
(15mg a day) for 2 days starting 24 hours before the first acupuncture treatment. Immediately after the administration of radio
markers, acupuncture treatment was conducted 4 times at 12-hour intervals. Gastrointestinal motility was assessed using radiograph
distribution of the radio-markers located in the small intestine, ascending colon, transverse colon, descending colon, rectum, and
outside the body immediately after the first acupuncture treatment and at 6, 12, 24, and 48 hours. After a 2-week washout period, the
real acupuncture group in the first session was treated with sham acupuncture in the second session, and vice versa. Gastrointestinal
motility was generally reduced in the real acupuncture group compared with the sham acupuncture group throughout the 4 different

time points. A significant difference was observed at 24 hours following the first acupuncture treatment (P < 0.05).

1. Introduction

Acupuncture is a typical therapy applied in traditional
Chinese and Korean medicine that stimulates specific acu-
points on the human body either manually or electronically.
The medical application rates of acupuncture have steadily
increased for various conditions, including pain, obesity,
stroke rehabilitation, gastrointestinal disorders, psychologi-
cal illnesses, and metabolic diseases [1].

The effects of acupuncture treatment may depend on the
selected acupoints, the combination of acupoints, and the
intensity of stimulation. Siguan acupoints (a combination of
bilateral LI4 and LR3, meaning “four gates” in Chinese) are
the most commonly used acupoints for various symptoms,

especially gastrointestinal (GI) symptoms such as constipa-
tion and diarrhea [2, 3].

Traditional Chinese medicine stresses that acupuncture
is applied to restore a balance between “ying” and “yang”
and to regulate the flow of “qi” and “blood” The mecha-
nisms of acupuncture are unclear; however, many studies
have reported that acupuncture treatment contributes to
the maintenance of the biochemical balance of the central
nervous system [4, 5]. According to traditional meridian
theory, acupuncture functions via homeostatic mechanisms
[6]. Therefore, acupuncture performed at the same acupoints
can be used to treat the opposing symptoms. For example,
acupuncture performed at GV20 has been shown to be
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TaBLE 1: Demographics of study participants at baseline.
M(Zai JEIS)D Minimum Maximum

Age (year) 220+1.9 19 25
Height (cm) 173.0 £ 34.3 165 183
Weight (kg) 71.0 + 8.0 59 88
Body temperature ("C) 36.6 +0.2 36 37
Blood pressure (mmHg)

Systolic 120.0 £ 8.7 100 130

Diastolic 80.0 £ 6.0 70 90
Pulse (beats/min) 74.0 +5.8 58 82

Results are reported as mean + standard deviation (SD).

effective in the treatment of hypertension [7] and hypoten-
sion [8]. Additionally, the same stimuli performed at the
same acupoints induce different responses depending on the
physiological or pathological state of the body. Acupuncture
performed at LI4 and PC6 reduces heart rate variability when
the patient is in a state of fatigue, but it has no effect when the
individual is in a normal state [9].

Based upon the previous observations, we hypothesized
that Siguan acupuncture affects GI motility as normalizing
manners depend on normal, suppressed and excessive status.
We previously showed that Siguan acupuncture does not
influence GI motility in healthy subjects [10], while it accel-
erates GI motility in individuals in a loperamide-induced
suppressed condition [11].

As a serial study, we conducted an additional trial to
understand whether Siguan acupuncture reduces the activity
of GI motility under mosapride citrate-induced excessive
condition.

2. Materials and Methods

2.1. Subjects. Twenty-three healthy male subjects were
recruited in this study. Only those who had normal finding
of complete blood count, liver function test, urinary test,
and radiographic investigation (simple abdomen) and were
negative for human immunodeficiency virus (HIV), hepatitis
B virus (HBV), and hepatitis C virus (HCV) were allowed to
participate. Subjects were excluded from the study if they had
symptoms of constipation or diarrhea, a diagnosis of irritable
bowel syndrome or functional constipation, inflammatory
bowel disease or other structural bowel diseases, or other
significant disorders or diseases that could interfere with the
completion of the study. Participants who smoked or drank
alcohol 3 days prior to trial inclusion were also excluded.
Finally, 21 healthy subjects (median age: 22 years, range:
19-25 years; median height: 173 cm, range: 165-183 cm; and
median weight: 71 kg, range: 59-88 kg) were enrolled in this
study (Table 1).

The study was conducted in accordance with the Dec-
laration of Helsinki, and written informed consent was
obtained from each participant prior to study enrollment.
The study was approved by the Institutional Review Board
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of Daejeon University Hospital, Daejeon, Republic of Korea
(Authorization number DJOMC-89).

2.2. Study Design. This study was a single-blind, random-
ized, crossover, sham-acupuncture-controlled clinical trial
performed to evaluate the effect of Siguan acupuncture
under mosapride citrate-induced excessive conditions of GI
motility. A Korean Medical Doctor (KMD) initially screened
each potential participant against the inclusion and exclusion
criteria. Next, eligible participants were randomized in a
crossover manner into either a real acupuncture group (RA
group, acupunctured at Siguan points) or a sham acupuncture
group (SA group, minimal-acupuncture applied at nonacu-
points). A 2-week washout period was included between the
two sessions; the RA group in the first session was treated with
SA in the second session, and vice versa (Figure 1).

All subjects were hospitalized, and then an excessive
condition of GI motility was induced using a GI movement
modifier. All subjects were administered 15 mg of mosapride
citrate (divided three, Gasmotin Tab. Daewoong Pharma-
ceutical Co. Ltd, Seoul, Republic of Korea) per day starting
from the day prior to the first acupuncture treatment and
continuing for 2 days. For assessment of GI motility, all
participants were administered radio markers (Kolomaker
TM; GAIA Medical Corporation, Seoul, Republic of Korea)
immediately before the first acupuncture treatment, and GI
motility was measured via radiography immediately after
the first acupuncture treatment and at 6, 12, 24, and 48
hours thereafter (Figure 2). Additionally, the frequency of
defecation was monitored starting from 1 day before the
acupuncture treatment to 2 days thereafter. Blood pressure
was monitored once a day, and adverse events were assessed.

2.3. Acupuncture Treatment. For the RA group, the needle
was inserted perpendicularly at an approximate depth of 1 cm
at bilateral LI4 and LR3 and rotated 90 degrees 5 times to
provoke a De-gi sensation in the sequential order as follows:
right hand, left hand, right foot, and left foot. For the SA
group, the needle was inserted at a depth of 0.3-0.5cm
(transversely toward the lateral side), and no manipulation
of the needle was performed to avoid inducing De-gi. The
size of the acupuncture needle (gauge, 30; diameter, 0.30 mmy;
Dongbang Healthcare Products, Seoul, Republic of Korea),
retaining time (20 minutes), and treatment frequencies
were consistent between the two groups. The acupuncture
treatment was conducted 4 times at 12-hour intervals. In
the SA group, a sham point of LI4 was localized at the
middle of the junction of the capitate bone and the third
metacarpal bone, while a sham point of LR3 was localized
at the middle of the junction of the lateral cuneiform bone
and the third metatarsal bone (Figure 3(a)). The practitioner
was acupuncture specialist who has had 20 years of clinical
experience in oriental internal medicine.

2.4. Radiological Analysis. GI motility was analyzed using
the exponential weighted score (EWS) method [12]; the
presence of each radio marker located in the small intestine,
ascending colon, transverse colon, descending colon, rectum,
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[ Assessed for eligibility (n = 23) ]

s Excluded (n = 2)
¢ Not meeting inclusion criteria (n = 2)

[ Randomization (n = 21)

)

—

\

Ist round
Allocated to RA group (n = 11)

¢ Received real acupuncture at Siguan (n = 11)

1st round
Allocated to SA group (n = 10)
¢ Received sham acupuncture (n = 10)

|

Washout for 2 weeks
Lost to followup (1 = 1)
¢ Withdraw consent (n = 1)

Crossover

|

Washout for 2 weeks
Lost to followup (n = 1)
¢ Withdraw consent (n = 1)

2nd round
Allocated to RA group (n = 9)

# Received real acupuncture at Siguan (n = 9)

2nd round
Allocated to SA group (n = 10)

¢ Received sham acupuncture (n = 10)

Analysis (n = 17)

¢ Excluded from analysis due to

severe diarrhea caused by
mosapride citrate at 1st round
(n=1)and 2nd round (n = 1)

F1GURE 1: CONSORT flow chart.

Hospitalized Out of hospital
[-24h  -12 0 6 12 24 36 48h)|
Tt 10 0 1T 2

Intake radio-markers Ist acupuncture

“s Mosapride citrate
1} Acupuncture treatment
{1 Radiograph filming

FIGURE 2: Study scheme. Subjects were administered 15mg of
mosapride citrate per day (3 treatments of 5mg) for 2 days starting
24 hours before the first acupuncture treatment. Immediately
after the administration of radio markers, acupuncture treatment
was conducted at 12-hour intervals. Gastrointestinal motility was
measured via radiography immediately after the first acupuncture
treatment and at 6, 12, 24, and 48 hours thereafter.

and outside the body was scored as 1, 2, 3, 4, 5, and 6,
respectively (Figure 3(b)). The total scores of GI motility were
calculated according to the distributions of 20 radio markers

at each time point. One specialist in diagnostic radiology, who
was blinded to the randomization, analyzed the radiographs.

2.5. Statistical Analysis. All data were entered into a data
sheet twice and reviewed to ensure accuracy. A per-protocol
(PP) analysis was conducted. All data were summarized as
the mean + standard deviation for continuous data and as
the frequency (%) for dichotomous data. A Student’s ¢-test
was used to analyze the differences of the mean change in
scores between the two groups at 6, 12, 24, and 48 hours.
Statistical analysis was performed using the SAS statistical
package (v.9.1; SAS institute Inc., Cary, NC, USA), and the
level of significance was established at P = 0.05.

3. Results

3.1. Effects on Gastrointestinal Motility. Along with the time
points of radiography, both the RA and SA groups showed
an increase in EWS values, thereby indicating the gradual
passage of radio markers from the stomach and small intes-
tine into the rectum and outside of the body. Almost no
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FIGURE 3: Acupoints and illustration of the alimentary canal. (a) Siguan acupoints (bilateral LI4 and LR3) and sham acupoints. The sham
acupoints were applied to the nonacupoints 2-3 cm laterally from LI4 and LR3 on both hands and feet. (b) A simple illustration of the
alimentary canal. Abbreviations: ST, stomach; SI, small intestine; AC, ascending colon; TC, transverse colon; DC, descending colon; SR,

sigmoid/rectum; and OB, outside body.

radioactivity was observed in the radiographs of either the RA
or SA groups after 48 hours of radio markers administration,
which indicates that most radio markers had already been
defecated. For all radiographies, the EWS values were lower in
the RA group compared with the SA group. In particular, the
differences in the value changes between the two groups were
significant at 24 hours after the first acupuncture treatment
(P < 0.05). At 6,12, and 48 hours after radio markers intake,
no significant difference was observed in GI motility (P >
0.05, Table 2).

3.2. Effect on Defecation Frequency. Because of the relation-
ship between intestinal movement and defecation, the num-
ber of times each subject defecated was accurately recorded
before and during the trial. The mean frequency of daily
defecations for all subjects was 0.9 + 0.4 before the trial.
The administration of mosapride citrate slightly increased the
frequency of daily defecations by approximately 1.3 times.
No significant change in the average number of defecations
between the two groups was observed (Table 3).

3.3. Successful Completion Rates and Adverse Effects. Two
subjects withdrew from the study due to personal reasons
after the first session. Nineteen subjects completed the two
sessions of procedures. Two subjects reported severe diarrhea
during the first session (RA group) and the second session
(SA group); therefore, these individuals were excluded from
the final data analysis. No acupuncture-associated adverse
events or abnormal blood pressure measurements were
reported during the two sessions of the trial.

4, Discussion

Acupuncture originated in east-Asia during ancient times
and is now used for the treatment of various conditions
worldwide [13]. Numerous studies have demonstrated the
therapeutic effects of acupuncture for a variety of conditions,
such as chronic pain (back and neck pain, osteoarthritis,
chronic headache, and shoulder pain) [14], osteoarthritis [15-
17], dental pain [18] as well as nausea, and vomiting [19, 20].
Moreover, acupuncture is a relatively safe treatment, although
minor adverse events, including feelings of faintness and
syncope, have been rarely observed following acupuncture
treatment [21, 22].

Siguan acupuncture has been used for various conditions,
including respiratory failure [23], chronic fatigue syndrome
[24], primary dysmenorrheal [24], and particularly disorders
of the digestive system [2, 3]. Distortion of GI motility can
lead to GI symptoms such as abdominal pain, constipation,
and diarrhea. Siguan acupuncture is also believed to be
partially associated with the autonomic nervous system. In
animal study using rats, acupuncture stimulation to the
acupoints on forelimbs and hindlimbs affected GI motility
via modulation of vagus nerves and sympathetic nerves [25].
Therefore, the therapeutic mechanisms of Siguan acupunc-
ture on the GI motility are thought to modulate GI motility.

Based on our series of studies, we investigated the hypoth-
esis that Siguan acupuncture acts by modulating GI motility
differently depending on the status of its activities. A prior
study was conducted on normal adults for whom no effect
on GI motility was observed with Siguan acupuncture [10],
while Siguan acupuncture improved suppressed GI motility
with loperamide [11]. In the current study, we investigated



Evidence-Based Complementary and Alternative Medicine

TaBLE 2: Change in exponential weighted score at four different time points.

Time point Group Exponential weighted score t value P value 95% confidence interval
6h RA group 12.8 £10.9 0.458 0.653 (7.6,18.0)
SA group 14.1+9.80 (9.4,18.8)
RA group 43.5+16.2 (35.8,51.2)
12h 1.112 0.282
SA group 49.6 +22.8 (38.7,60.4)
RA group 66.9 £20.0 (57.5,76.4)
24h 2.220 0.041"
SA group 76.1+171 (68.0, 84.3)
RA group 92.1+135 (85.7,98.5)
48h 1.258 0.226
SA group 96.1+7.70 (92.4,99.7)

The results show altered values of the weighted score for radio-markers movement in the RA and SA groups at four different time points compared with time

0. The results are expressed as the mean + standard deviation.

*Represents a significant difference between the two groups with P < 0.05 as assessed via Student’s ¢-test.

TABLE 3: Frequency of defecation during the treatments.

Frequency of defecation

. . o .
Time point Group (times/day) t value P value 95% confidence interval
Before trial Total subjects 09+0.4 — — —

RA group 1.3+0.9 (0.9,1.7)
24h -0.477 0.637

SA group 1.1+13 (0.5,1.7)

RA group 1.3£0.9 (0.9,1.7)
48h 0.000 1.000

SA group 1.3+ 0.9 (0.9,1.7)

The results show the defecation frequency of the RA and SA groups at three different time points. No statistical significance was observed between the two

groups.

whether Siguan acupuncture suppresses the activity of GI
motility under GI hypermotility conditions.

GI motility varies between individuals [26] and is closely
associated with food [27], stress [28], and psychological states
such as anxiety and depression [29]. Accordingly, this study
was conducted with a crossover design to overcome the indi-
vidual differences of basal levels of transit time for the entire
gut. Additionally, all the subjects were hospitalized to ensure
that they would have the same meals and life style patterns
throughout the two sessions. The GI motility is easily affected
by menstruation-related emotion and pain; therefore, we
recruited only a male in this study. To generate an excessive
condition of GI motility, all subjects were administered
mosapride citrate for 2 days. Mosapride citrate is a serotonin
5-hydroxytryptan-4 (5-HT,) receptor agonist that enhances
the gastric accommodation reflex and antral contractions,
and increases gastric motility and gastric emptying [30-
32]. Comparing the average frequency of defecation (0.9 +
0.4 times per day), the defecation frequency was increased
approximately 1.3 times.

To evaluate the overall effects of Siguan acupuncture, we
examined the distribution of 20 radio markers assigned a
weighted score according to the passage from the stomach
at 4 time points. As expected, the EWS scores increased
with time following the intake of radio markers. The pattern
of GI motility was generally lower in the RA group than
in the SA group throughout the experimental period. The
greatest difference was observed at 24 hours following the first

acupuncture treatment, which was statistically significant
(P < 0.05). At 6, 12, and 48 hours after the administration of
radio markers, no significant difference was observed in GI
motility (P > 0.05). These results show that Siguan acupunc-
ture lowers GI motility under conditions of a mosapride
citrate-induced acceleration of GI motility. And to present
the statistical significance especially at 24 hours would be
associated with that radio-markers’” distribution had passed
GI track by moderated distance where is optimal compared
with other time-points. This finding supports the clinical
observations that Siguan acupuncture displays therapeutic
effects for various disorders, including diarrhea and consti-
pation. One study showed that the change in GI motility
was observed at a stimulation level of acupuncture exceeding
the threshold for A8 and/or C afferent fiber activation [25].
Therefore, we expect that a stronger stimulation at Siguan,
such as electroacupuncture, would induce a more significant
modification of GI motility.

Two participants withdrew consent after the first session,
and two participants were excluded from the data analysis
because they tested negative for radio markers due to severe
diarrhea. The subjects who completed the two sessions (1 =
17) were included in the statistical analysis. Although we
adapted a crossover design, this study has several limitations.
First, the assessment of GI motility is restraint, as the EWS
score for both groups reaches the maximum score when total
radio markers pass outside of the body. Second, this study
was conducted on an artificially inducted pathology, which



may vary in the real status. In fact, GI hypermotility was
lower than we expected by 1.5 times, and two participants had
diarrhea.

The main purpose of acupuncture is to balance and
normalize body functions in traditional Meridian theory. Our
serial studies strongly suggest that Siguan acupuncture tends
to normalize the abnormal state of GI motility. We propose
that our results are evidence for the general mechanism of
acupuncture action. Further studies are required to confirm
the effects of Siguan acupuncture in patients with various
states of GI motility, such as constipation, diarrhea, and
irritable bowel syndrome.

5. Conclusions

This study partially evidenced that Siguan acupuncture can
modulate GI motility a therapeutic manner under mosapride
citrate-induced excessive condition.
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This study investigated the protective effect and mechanism of electroacupuncture at ST36 points on the intestinal barrier
dysfunction and remote organ injury after intestinal ischemia and reperfusion injury in rats. Rats were subjected to gut ischemia for
30 min, and then received electroacupuncture for 30 min with or without abdominal vagotomy or intraperitoneal administration
of cholinergic a7 nicotinic acetylcholine receptor (¢7nAChR) inhibitor. Then we compared its effects with electroacupuncture at
nonchannel points, vagal nerve stimulation, or intraperitoneal administration of cholinergic agonist. Cytokine levels in plasma
and tissue of intestine, lung, and liver were assessed 60 min after reperfusion. Intestinal barrier injury was detected by histology,
gut injury score, the permeability to 4 kDa FITC-dextran, and changes in tight junction protein ZO-1 using immunofluorescence
and Western blot. Electroacupuncture significantly lowered the levels of tumor necrosis factor-a and interleukin-8 in plasma
and organ tissues, decreased intestinal permeability to FITC-dextran, and prevented changes in ZO-1 protein expression and
localization. However, abdominal vagotomy or intraperitoneal administration of cholinergic a7nAChR inhibitor reversed these
effects of electroacupuncture. These findings suggest that electroacupuncture attenuates the systemic inflammatory response
through protection of intestinal barrier integrity after intestinal ischemia injury in the presence of an intact vagus nerve.

1. Introduction

Intestine ischemia and reperfusion (il/R) injury are usually
secondary to a variety of diseases, such as multiple trauma,
severe burn, various forms of shock, intra-abdominal sepsis,
surgical operation, and inflammatory bowel disease. Gut I/R
injury may result in mucosal epithelial cell damage, loss of
basement membrane integrity and barrier function, which
promote bacterial translocation and the local production of
cytokines. Then bacteria and its endotoxin shift to circulation

and remote organs such as lung and liver, contributing to
the subsequent local and systemic inflammation, which may
lead to systemic inflammation response syndrome (SIRS),
multiple organ dysfunction syndrome (MODS), and possibly,
death [1, 2]. This evidence suggest that the loss of epithelial
cell integrity and barrier function of intestine may very
well be a source or promoter for the systemic inflammatory
process and MODS. Thus, interventions to prevent the gut
epithelial barrier breakdown and to attenuate the local and
secondary distant organ inflammatory response would be



critical in preventing SIRS or MODS and improving patients’
outcome [3, 4]. However, at present, there is still a lack of
effective drugs or interventions to protect the gut epithelial
barrier. Recent studies showed that electrical stimulation of
the vagus nerve could protect intestinal barrier and alleviate
inflammatory injury in intestine and remote organs of ani-
mals following burn injury by activation of the cholinergic
anti-inflammatory pathway [5-8]. However, it is still difficult
to apply electrical stimulation to the vagus nerve in clinical
practice due to complicated manipulation and untoward side
effects, including serious tissue injury.

Acupuncture as one of the therapeutic maneuvers in
traditional Chinese medicine (TCM) has been applied in
clinics for thousands of years, and it has been found to have
a bidirectional neuron-endocrine-immune system regulating
effect; also, it antagonizes systemic inflammatory response
with no side effects. Studies also showed that acupuncture
at Zusanli (ST36) points, which was found to be related to
the parasympathetic system, could attenuate inflammatory
response and prompt gastrointestinal function [9-11].

Since the effect of acupuncture at ST36 is similar to that
of activating the vagus nerve [9, 10, 12], we hypothesize that
acupuncture at bilateral ST36 might exert a protective effect
on intestinal barrier injury through activation of the vagus
nerve pathway and its cholinergic receptor. Therefore, the
objectives of our present study are to investigate whether
electroacupuncture at ST36 could attenuate the release of
tumor necrosis factor-a (TNF-«) and interleukin-8 (IL-8)
in local intestine, alleviate the injury of intestinal villus,
reduce the permeability of the intestinal mucosa, regulate the
integrity of intestinal tight junctions, prevent degradation of
intestinal ZO-1 expression, thus reduce the levels of TNF-«
and IL-8 in lung, liver, and serum, protect intestinal barrier
and remote organ functions. Moreover, we wanted to explore
the relationship between electroacupuncture, vagus nerve
and «7 nicotinic acetylcholine receptor (¢7nAChR), and the
exact mechanism underlying in electroacupuncture ST36
protection of gut barrier and remote organ function.

2. Materials and Methods

2.1. Animals. Seventy-two male Sprague-Dawley rats, aged 12
weeks, weighing 250 + 20 g (purchased from the experimental
animal farm of Chinese Peking Union Medical College, Bei-
jing), were used for the experiments. Rats were acclimatized
for a while in mesh cages in a temperature-controlled room
with a 12h light-dark cycle in the animal quarter of our
laboratory and fasted overnight but allowed free access to
water until 4 hours before surgery. All research protocols were
approved by the Committee of Scientific Research of the First
Hospital Affiliated to General Hospital of PLA, China. The
experiment was conducted in compliance with the Guide for
Care and Use of Laboratory Animals of National Research
Council, China.

2.2. Intestine Ischemia Model. Rats were anesthetized with 2%
isoflurane inhalation (Yeeran Technology Limited, Beijing,
China), and the ventral neck and abdomen were shaved and
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washed with 10% povidone iodine. The rats were secured
onto a heating pad to maintain appropriate body temperature
during anesthesia. A right cervical neck incision was per-
formed and the right cervical vagus nerve exposed. A 2cm
upper-midline laparotomy incision was performed to identify
gastroesophageal junction and expose the dorsal and ventral
vagus nerve on the distal esophagus with a Phenix XLT165-
LB stereomicroscope (Phenix Optical Instrument Group
Company, Jiangxi Province, China). Then, a microvascular
clip was placed across the superior mesenteric artery (SMA)
for 30 min. After that, the microvascular clip was removed to
allow reperfusion for 60 min, and the animals were randomly
assigned to various groups [13].

2.3. Animal Grouping and Treatments. As illustrated in
Table 1, all the animals underwent the same surgical proce-
dure and ischemia-reperfusion injury, and then the rats were
randomly assigned to six groups (see Table 1) with 12 rats
each and subjected to different treatments. Animals in the
ischemia-reperfusion group (IR) underwent electroacupunc-
ture at nonchannel points (SEA) which were located at the
bilateral capitulum fibulae apart from outside the fibulae, with
the outside condyle center point to about 1 cm place immedi-
ately after the ischemia [14]. Those in the electroacupuncture
group (EA) underwent electroacupuncture at ST36 points,
located at the posterior and lateral side of the knee joint,
5mm below capitulum fibulae [14], immediately after the
ischemia. Those in the vagotomy group (VX) underwent
vagotomy of the dorsal and ventral vagus nerve on the
distal esophagus prior to electroacupuncture at ST36 points
immediately after the ischemia. Those in the a-bungarotoxin
group (a-BGT) underwent intraperitoneal administration of
a-bungarotoxin (1 ug/kg, Sigma; an antagonist of «7 subunit
of cholinergic nicotinic receptor) prior to electroacupuncture
at ST36 points immediately after the ischemia [15]. Those in
the vagus nerve stimulation group (VNS) underwent electri-
cal stimulation at the right cervical vagus nerve, and those
in the PNU282987 group (PNU) underwent intraperitoneal
administration of PNU282987 (1-10 mg/kg, IP, Sigma; an
a7nAChR agonist) immediately after the ischemia.

2.4. Electroacupuncture at Zusanli (ST36). Both hind limbs
were shaved and the skin was disinfected. ST36 acupuncture
point was punctured with a depth of 7mm, and then the
needle was connected with an electroacupuncture apparatus
(HANS, LH202H). The stimulation was performed for 30 min
using an electric current with the intensity of 2mA and
2-100Hz. In the EA group, electroacupuncture at ST36
points was applied immediately after ischemia. In the VX
group, surgical abdominal vagotomy was performed imme-
diately prior to reperfusion and then electroacupuncture
at ST36 points. In the a-BGT group, electroacupuncture
was applied immediately after intraperitoneal injection of «-
bungarotoxin. Rats in the I/R group were subjected to EA at
nonchannel points as previously described.

2.5. Vagus Nerve Stimulation. Following induction of general
anesthesia with inhaled isoflurane and prior to ischemia
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TABLE 1: Groups and treatments.

Groups Treatments

I/R SEA EA Vagus nerve stimulation PNU282987 Vagotomy a-BGT
IR + + - - - - -
EA + - + - - - -
VNS + - - + - - -
PNU + - - - + - -
VX + - + - - + -
«-BGT + - + - - - +

Groups: IR, electroacupuncture at nonchannel points (SEA); EA, electroacupuncture at ST36 acupoints; VNS, vagus nerve stimulation; PNU, PNU282987; VX,
vagotomy and electroacupuncture at ST36 points; a-BGT, a-bungarotoxin and electroacupuncture at ST36 points.

insult, a right cervical neck incision was performed and
the right cervical vagus nerve was exposed. An upper-
midline laparotomy incision was performed; the gastroe-
sophageal junction was identified; the dorsal and ventral
vagus nerve were visualized; both branches of the vagus
nerve were identified and divided on the distal esophagus
with a stereomicroscope. Vagal nerve stimulation of the right
cervical vagus was performed using a biological function
experimental system (BL-420F, Chengdu Taimeng Science
and Technology Co., Ltd., China) set at 2mA, 1Hz for 20
minutes immediately after ischemia in the VNS group. Rats
in the VX group underwent right cervical and upper-midline
laparotomy incision and vagotomy of the dorsal and ventral
vagus nerve before electroacupuncture at ST36 but did not
receive vagal nerve stimulation; all other groups underwent
right cervical and upper midline laparotomy incision and
exposure of the vagus nerve but did not receive vagal nerve
stimulation or vagotomy.

2.6. Samples of Blood, Intestine, Lung, and Liver Tissues.
Rats were anesthetized with 2% isoflurane inhalation and
sacrificed by abdominal aorta exsanguination at 60 min after
reperfusion. Systemic blood was drawn by abdominal aorta
puncture and placed in heparinized Eppendorf tubes on ice.
Plasma was obtained by centrifuging the blood at 10,000 g for
10 minutes at 4°C. Segments of distal small intestine, lung,
and liver were harvested and immediately homogenized on
ice with a 1 mL denaturing lysis buffer or nondenaturing lysis
buffer for Western blot or ELISA. The homogenate was then
centrifuged at 10,000 g for 10 min at 4°C. Aliquots of the
supernatants of plasma and tissue were stored at —80°C until
use. Segments of intestine, lung, and liver were also harvested
and snap frozen in liquid nitrogen before storage at —80°C
for detection. Segments of intestine were also harvested and
fixed in 4% paraformaldehyde for histologic evaluation and
immunofluorescence.

2.7. Detection of TNF-o and IL-8 Levels in Intestine, Lung,
Liver, and Plasma. TNF-a and IL-8 levels in the plasma,
intestine, lung, and liver were assessed using commer-
cially available ELISA Kkits in accordance with the protocol
provided by the manufacturer (Nanjing Jiancheng Corp.,
China). Supernatants were transferred into fresh tubes for
the evaluation. Briefly, after adding 50 uL of assay buffer,

50 uL of samples or standard concentration for TNF-« or
IL-8 were incubated with 50 uL of diluted Biotin Conjugate
for 2 hours at room temperature. After 3 washes, the plates
were incubated with Streptavidin-HRP for 1 hour at room
temperature. After 3 washes, TMB substrate solution was
added to the plates for 15 minutes, and the reaction was
stopped with stop solution. The absorbance rate was read at
450 nm. The concentrations of the samples were calculated
according to the standard curve. TNF-« and IL-8 levels in
the plasma were expressed as pg/ml. Intestine, lung, and
liver TNF-or and IL-8 levels were expressed as picograms per
milligram of protein.

2.8. Histopathologic Score. Segments of the distal ileum were
fixed in 10% buffered formalin, embedded in paraftin, and
sectioned. Hematoxylin and eosin staining of the intestine
was performed. Sections were viewed via light microscopy
and reviewed by a pathologist who was blinded to the
experimental groups. Three randomly selected fields from
each specimen were graded using a scoring system that
characterized gut injury on a scale from 0 to 4 where 0 is
normal, no damage; 1 is mild, focal epithelial edema; 2 is
moderate, diffuse swelling, and necrosis of the villi; 3 is severe,
diffuse pathology of the villi with evidence of neutrophil
infiltration in the submucosa; and 4 is major, widespread
injury with massive neutrophil infiltration and hemorrhage
as previously described [16].

2.9. Intestinal Epithelial Permeability. An in vivo intestinal
permeability assay was performed to assess intestinal barrier
function. 60 min after reperfusion, animals were anesthetized
with inhaled isoflurane. A midline laparotomy incision was
performed, and a 5cm segment of distal ileum was isolated
between silk ties. A solution of 500 uL containing 4-kDa
FITC-dextran (25 mg/mL, Sigma, St. Louis, USA) diluted in
phosphate-buffered saline (PBS) was injected into the lumen
of the isolated segment of intestine. The bowel was returned to
the abdominal cavity and the abdomen was closed. Animals
were maintained lightly under general anesthesia for 30 min-
utes, at which time systemic blood was drawn by abdominal
aorta puncture and placed in heparinized Eppendorf tubes on
ice. Plasma was obtained by centrifuging the blood at 10,000 g
for 10 minutes at —4°C. Plasma fluorescence was measured in
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FIGURE I: Intestinal histology at 60 min after reperfusion. Electroacupuncture at ST36 protects against intestinal injury after I/R equally
as VNS and PNU282987; whereas electroacupuncture at nonchannel points and electroacupuncture at ST36 after abdominal vagotomy or
administration of a-BGT eliminates such protection. Sections of the distal ileum were harvested 60 min after reperfusion (# is 12 animals per
group) and stained with hematoxylin and eosin. All images are taken at x200 magnification with black bar = 5 ym. (a) animals in IR group,
(b) animals in EA group, (c) animals in VNS group, (d) animals in PNU group, (e) animals in VX group, and (f) animals in a-BGT group.

a fluorescence spectrophotometer (Synergy2; BioTek Multi-
Detection Microplate reader, USA) and compared with a
standard curve of known concentrations of FITC-dextran
diluted in rat plasma.

2.10. Immunofluorescence. After deparaffinization, the intes-
tine sections were rehydrated and incubated in citrate buffer
(Zhongshan Jingiao Biotechnology Co., Ltd., Beijing, China)
for heat-induced antigen retrieval. After three washes with
PBS, sections were incubated with 3% BSA (Zhongshan Jin-
qiao Biotechnology Co., Ltd., Beijing, China) for 30 minutes
to block nonspecific binding sites. The sections were then
incubated in the ZO-1 antibody (1:100; Life Technologies,
Gaithersburg, USA) at 4°C overnight. The following day,
after washing with PBS three times, they were treated with
Alexa Fluor 488 secondary goat anti-rabbit antibody in 1%
BSA for 1 hour at room temperature. Prolong Fade (Antifade
Mounting Medium, Beyotime Institute of Biotechnology)
was added on placement of cover slips. Images were viewed
using the Olympus fluorescence microscope (BX51-DP71)
with exposure-matched settings.

2.11. ZO-1 Expression. The harvested gut tissues were placed
in 1mL of lysis buffer (50 mM Tris-HCI, PH 7.4; 150 mM
NaCl; 1% NP-40; 0.1% SDS), then homogenized and cen-
trifuged at 12,000 g for 10 minutes. Following centrifugation,
the supernatant was collected and analyzed for protein con-
centration. Protein concentrations were determined using
a protein assay kit (Applygen Technologies Inc. Beijing,
China). Total protein (100 ug) was loaded onto a sodium
dodecyl sulfate-polyacrylamide gel (SDS-PAGE gel) and run
at 120 volts for 2 hours. After electrophoresis, the protein was
transferred to a polyvinylidene difluoride membrane (PVDF;
Applygen Technologies Inc. Beijing, China) and blocked
for 2 hours in TBST (50 mM Tris; 150 mM NaCl; 0.05%
Tween 20) containing 5% milk (Applygen Technologies Inc.
Beijing, China). The membrane was then incubated with
the primary antibodies against GAPDH (1:5000; Zhongshan
Jinqiao Biotechnology Co., Ltd., Beijing, China), and ZO-
1 (1:500; Life Technologies, Gaithersburg, USA) at 4°C
overnight. After 3 washes in TBST, the membrane was
then incubated with corresponding secondary antibodies
conjugated to horseradish peroxidase at room temperature
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TABLE 2: The effects of EA at ST36 on the levels of TNF-« in plasma,
intestine, lung, and liver in rats with il/R injury (mean + SD, n = 12).

TABLE 3: The effects of EA at ST36 on the levels of IL-8 in plasma,
intestine, lung, and liver in rats with il/R injury (mean + SD, n = 12).

Groups INF-a Groups IL-8
Intestine Lung Liver Plasma Intestine Lung Liver Plasma

IR 8.4+11 6.6+085  43+0.79 18.63 + 3.1 IR 13.62+3.08 770+155 593+091 24.02+5.53
EA 39+0.65  25+05 11+ 0.4" 123+11° EA 541+171° 3.68+0.96° 334+056" 1043 +3.04"
VNS 31+0.6" 24+07° 14+035 9.2 +2.9% VNS  4.02+0.88" 353+052° 324+053 978206
PNU 35405 2.3 +0.51° 1.5+0.5 13.55 + 2.0° PNU 522+164" 438+15 3.44+039" 13.11+5.09"
VX 87+1.0 65+0.74  3.9+0.97 243+38 VX 13.76 £2.93 756 +15 514+113 3624 + 4.36"
a-BGT  82+113 68+0.62 44+065  2213+4.2 a-BGT 1352+263 80+15 612+0.75 3154+ 6.58

The content of TNF-« in plasma was expressed as ng/mL, and in intestine,
lung, and liver expressed as pg/mg protein in rats. Number versus IR group,
P < 0.05.

for 30 minutes, and chemiluminescence detection was per-
formed by using SuperECL Plus (Applygen Technologies
Inc., Beijing, China). Films were developed using a standard
photographic procedure. Quantitative analysis of detected
bands was carried out by densitometer scanning (Image]).

2.12. Statistical Analysis. SPSS 13.0 statistical software was
used, and all results were expressed as mean + standard error
of the mean. One-way ANOVA was used for comparison
among all groups, followed by the Student-Newman-Keuls
(SNK) test for comparison between two groups. Differences
were considered to be statistically significant, when P < 0.05.

3. Results

3.1. Electroacupuncture at ST36-Lowered TNF-a and IL-8
Levels of Intestine, Lung, Liver, and Plasma. Tables 2 and 3
illustrate the effect of electroacupuncture at ST36 on TNF-«
and IL-8 levels of intestine, lung, liver, and plasma. Intestinal
I/R injury causes an inflammatory response in local intestine
and remote organs. The levels of TNF-« in plasma and tissues
of intestine, lung, and liver in the EA group were significantly
lower than those in the IR group 60 min after I/R (P <
0.05), while the levels of TNF-« in animals that received
electroacupuncture after vagotomy or a-BGT injection were
not statistically different from those in the IR group. The
TNF-« in VNS and PNU groups were obviously lower than
those in the IR group (P < 0.05). Similarly, the levels of IL-
8 in plasma and tissues of intestine, lung, and liver in the EA
group were significantly lower than those in the IR group (P <
0.05). The elevation of IL-8 concentrations was significantly
inhibited in rats having received vagus nerve stimulation and
PNU282987 administration compared with that of IR group
(P < 0.05). However, there was no statistically significant
difference in the levels of IL-8 among the VX, a-BGT, and
IR group.

3.2. Electroacupuncture at ST36 Prevented Intestinal Injury.
Sections of the distal ileum from animals in the IR group were
compared with those that underwent electroacupuncture at
ST36 with or without abdominal vagotomy, administration
of a-BGT, vagal nerve stimulation, and administration of

The content of IL-8 in plasma was expressed as ng/mL, and in intestine, lung,
and liver expressed as pg/mg protein in rats. *versus IR group, P < 0.05.

PNU282987. Figure 1(a) demonstrates the histologic pattern
observed in animals receiving only electroacupuncture at
nonchannel points after ischemia with villous tip necrosis,
blunting, and sloughing of villi. When electroacupuncture at
ST36 was performed immediately after ischemia, there was
minimal if any evidence of histologic injury (Figure 1(b)).
The same normal pattern of hematoxylin and eosin staining
was observed in animals that underwent VNS or PNU282987
administration immediately after ischemia (Figures 1(c), and
1(d)). In contrast, when abdominal vagotomy or adminis-
tration of a-BGT was performed and as such, the cholin-
ergic anti-inflammatory neuroenteric axis was interrupted,
electroacupuncture at ST36 failed to prevent the histologic
changes induced by I/R injury in the gut (Figures 1(e),
and 1(f)). Taken together, these data demonstrated that an
intact vagus nerve was necessary for the biological effect of
electroacupuncture at ST36 and «7nAChR is involved in this
effect.

Gut injury scores were all increased in all six groups
due to I/R injury (see Figure 2). Animals subjected to I/R
injury with electroacupuncture at non-channel points had
an average injury score that was significantly higher than
that of EA, VNS, and PNU282987 groups (2.18 + 0.19 versus
0.85 £ 0.13, 0.6 + 0.09, 1.1 £ 0.23; P < 0.05, resp.). Surgical
abdominal vagotomy or administration of «-BGT before
electroacupuncture at ST36 eliminated the protective effects
with results similar to animals subjected to I/R injury with
electroacupuncture at non-channel points (2.6 + 0.33, 2.9 +
0.19 versus 2.18 + 0.19; P < 0.05, resp.).

3.3. Electroacupuncture at ST36 Lowered Intestinal Perme-
ability. Animals in the IR group had an increase in per-
meability, when compared with sham animals (data not
shown). Electroacupuncture at ST36, VNS, and admin-
istration of PNU282987 all protected against increased
intestinal permeability compared with IR group receiving
electroacupuncture at non-channel points (69.65ng/mL +
8.65 ng/mL, 56.37 ng/mL + 10.95 ng/mL, and 66.84 ng/mL +
11.10 ng/mL versus 225.36 ng/mL + 28.12ng/mL). However,
when abdominal vagotomy or administration of a-BGT was
performed before reperfusion, the intestinal permeability of
animals undergoing electroacupuncture at ST36 was indis-
tinguishable from electroacupuncture at non-channel points



Gut injury score (+SEM)
[\

I/R + + + + + +
SEA + - - - - -
EA ST36 - + - - + +
VNS - - + - - -
PNU282987  — - - + - -
VGX - - - - + -
a-BGT - - - - - +

FIGURE 2: Gut injury scores at 60 min after reperfusion. Gut injury
was scored by a pathologist blinded to the experimental groups on
a scale of 0 to 4, from no injury to major, widespread injury with a
massive inflammatory cell infiltration (Section 2). * versus IR group,
P < 0.05 (n = 12 animals per group).
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FIGURE 3: Intestinal permeability to 4-kDa FITC-dextran at 60 min
after gut I/R injury. Electroacupuncture at ST36, VNS, and
PNU282987 similarly protected the intestine from an increase in
permeability after I/R injury, whereas abdominal vagotomy before
EA ST36 eliminates such protection. The administration of «-BGT
before EA ST36 also eliminates such protection. * versus IR group,
P < 0.05 (n = 12 animals per group).

(249.67 ng/mL + 14.67 ng/mL and 234.5 ng/mL + 23.5 ng/mL
versus 22536 ng/mL + 28.12ng/mL) (see Figure 3). These
data indicated that electroacupuncture at ST36 can only offer
protection to the gut in the presence of intact neuroenteric
innervation, and electroacupuncture at ST36 might exert this
effect via «7nAChR.

3.4. Electroacupuncture at ST36 Preserves the Integrity of
Intestinal Tight Junctions and Prevents Degradation of Intesti-
nal Z0-1 Expression. It has been found that tight junction
proteins are critical structural proteins in the maintenance
of mucosal barrier function [17, 18]. We used immunofluo-
rescent staining of the tight junction protein, ZO-1, to assess
the integrity of intestinal tight junctions. The tight junction
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protein, ZO-1, undergoes protein expression alterations in
response to I/R injury. Exposure-matched fluorescent inten-
sity correlated to the amount of ZO-1 protein expression after
immunostaining (Figure 4). After I/R injury, animals treated
with electroacupuncture at nonchannel points showed a
reduction in ZO-1 expression evidenced by a low fluorescent
intensity at the cell periphery (Figure 4(a)). Animals treated
with electroacupuncture at ST36 immediately after ischemia
(Figure 4(b)) showed preservation of the robust structure of
ZO-1. In contrast, in animals treated with electroacupuncture
at ST36 after surgical abdominal vagotomy or administration
of a-BGT, no protection was afforded to the intestinal mucosa
evidenced by the ready interruption and partial disappear-
ance of ZO-1 staining at the cell periphery in villous epithelial
cells (Figures 4(c) and 4(d)). Vagal nerve stimulation or
IP PNU282987-treated animals had ZO-1 expression similar
to EA group evidenced by a high fluorescent intensity and
intense localization of ZO-1 staining at villous enterocytes
(Figures 4(e) and 4(f)).

These results were confirmed by Western blotting for
the ZO-1 protein in intestinal tissue lysates (Figure 5). When
compared with the average relative band density of ani-
mals treated with electroacupuncture at nonchannel points
after ischemia, animals treated with electroacupuncture
at ST36 had significantly higher ZO-1 expression (P <
0.05). In contrast, intestinal ZO-1 protein levels were sig-
nificantly decreased in animals that underwent surgical
abdominal vagotomy or administration of «-BGT before
electroacupuncture at ST36. Similar to electroacupuncture
at ST36, vagal nerve stimulation or administration of
PNU282987 after ischemia maintained a significantly higher
level of ZO-1 expression compared with animals in IR group
(P < 0.05).

4. Discussion

Recently, researchers have demonstrated an expanded role
for vagus nerve stimulation and the parasympathetic anti-
inflammatory mechanism that provides a local protective
effect on the gut against epithelial barrier dysfunction [5-
7]. The difficulty in translating these findings to clinical
implications is that direct electrical stimulation of the vagus
nerve is impractical in acutely injured patients for its com-
plicated operation and adverse effects. Therefore, a more
clinically desirable alternative therapy needs to be estab-
lished, ideally an approach that has similar effects as vagus
nerve stimulation and can be applied during the resuscitative
phase of trauma care. In this research, the actions of elec-
troacupuncture (EA) at ST36 acupoints in rats demonstrated
protective effects on reducing local gut inflammation and
intestinal barrier breakdown through activating the cholin-
ergic anti-inflammatory-dependent mechanism and involved
a7nAChR. To our knowledge, this is the first time that ZO-
1 has been used in evaluating the effect of EA in preventing
intestinal barrier breakdown.

In traditional Chinese medicine (TCM), an overall health
is viewed as the maintenance of dynamical balance of Yin
and Yang, and their imbalance can result in the development
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FIGURE 4: Intestinal ZO-1 immunofluorescence at 60 min after reperfusion. Animals in the IR group showed a low fluorescent intensity at
the cell periphery after il/R injury (a), and EA ST36 showed preservation of the robust structure of ZO-1 staining (b), VNS and PNU282987
similarly prevented the degeneration of ZO-1 (c and d), abdominal vagotomy or «-BGT administration performed before EA ST36 eliminates
the protective effect (e and f). All images are taken at X400 magnification with black bar = 5 ym (n = 12 animals per group, size bar = 2 ym).

of diseases [19]. The balance of Yin and Yang is regulated
by the smooth flow of “Qi’, a concept referred to as a vital
force or energy in TCM that circulates between the organs
along meridians. EA is one of the mostly used therapies to
balance Yin and Yang by improving the flow of Qi along the
meridians through stimulation of acupoints. EA is a modifi-
cation of conventional acupuncture that stimulates acupoints
with electrical current instead of manual manipulations and
appears to have more consistently reproducible results in both
clinical and research settings. EA has been clinically used
to prevent and treat gastrointestinal diseases for years and
can accomplish satisfying results. ST36 is a specific acupoint
located on the foot Yang Ming stomach meridian and the
“lower He-sea point”, which means the Qi of this meridian
connects with this point, to this channel. This acupoint is
known to strengthen the Qi, not only the stomach Qi, even
though this acupoint belongs to the stomach meridian but
also the general Qi in the whole body. ST36 is one of the most
frequently used acupoints that can be stimulated through
needles or “moxibustion” to balance and harmonize Yin and
Yang by improving the flow of Qi along the meridians. For
this reason, ST36 is the target to treat various diseases in the
gastrointestinal tract as well as general symptoms in the whole
body [20]. That may be an explanation of why stimulation at

ST 36 points attenuated the inflammatory action in liver and
lung in this research.

Previous clinical studies have proved that acupuncture
can positively affect gastrointestinal tract disorders, such
as stomachache, abdominal pain and distension, constipa-
tion, diarrhea, vomiting, dysentery, indigestion, and others
[21]. Animal experimental studies have showed effects of
acupuncture on gastrointestinal motor dysfunction, visceral
pain, gastrointestinal secretion and sensation, and gastric
and intestinal motilities [22-28]. These effects seem to be
relevant to vagus nerve. ST36 acupuncture has also been
shown to activate the parasympathetic efferent pathway [9].
For instance, EA at ST36 promoted the gastric myoelectric
activity, which was regulated by the vagus, and substance P
in the dorsal vagal complex may be involved in the excitatory
effects. After bilateral vagotomy, the excitatory effect was
completely abolished, suggesting that it was mediated by
the vagus [10]. More interestingly, increasing data indicate
that stimulation at ST36 points can exhibit significant anti-
inflammatory effects. ST36 acupuncture has been shown to
inhibit TNF-« production [29], attenuate trauma-induced
immunosuppression [30], and reverse sepsis-induced neu-
trophil igration impairment in septic rats [31]. EA at ST36
has also been proved to reduce inflammation in different
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FIGURE 5: Electroacupuncture at ST36 prevents the decrease of
intestinal ZO-1 protein expression. Intestinal extracts were obtained
from animals 60 min following reperfusion for measurement of ZO-
1 protein expression using Western blot. Representative Western
blot for the ZO-1 protein is shown with its corresponding GAPDH
loading control to demonstrate equal protein load in all lanes. EA
ST36, VNS, and PNU282987 resulted in preservation of protein
expression when performed on animals with an intact neuroenteric
axis. Significant reduction in ZO-1 expression was seen after il/R
treated with SEA, and if abdominal vagotomy or a-BGT was
performed before EA ST36. * versus IR group, P < 0.05 (n = 12
animals per group).

animal models such as arthritic mice [32] and peritonitis
[33]. Collectively, these data suggest the therapeutic potential
of acupuncture stimulation of ST36 against gastrointestinal
disorders through activation of the parasympathetic efferent
pathway.

Judging from these data, we speculate that ST36 acupunc-
ture may partly act through activating the cholinergic anti-
inflammatory pathway and, most probably, through the a7
subunit of nicotinic receptor to exert its anti-inflammatory
effects. Because of its success in reducing inflammation,
we sought to apply EA to a rat intestine ischemia and
reperfusion model and determine its efficacy in reducing
local gut inflammation and intestinal barrier breakdown. To
our knowledge, this is the first time that ZO-1 has been used
in evaluating the effect of EA in preventing intestinal barrier
breakdown.

In this set of experiments, we stimulated ST36 points
during ischemia, established its efficacy, and compared its
effects with direct VNS and PNU282987 administering. We
demonstrated that EA at ST36 points is as effective as VNS
in preventing intestinal barrier breakdown after an ischemia
and reperfusion insult. Furthermore, we have shown, as a
proof of concept, that its biological effect is dependent on an
intact vagus nerve and perhaps involves a7nAChR.

In our previous studies, we did a lot of work on the
effects of EA at ST36 and also proved that it can alleviate
intestinal proinflammatory factors, tissue edema, and insult
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of intestinal mucosa [34], significantly protect tumor necrosis
factor-a induced-multiple organ dysfunction in rats with
sepsis [35], and have significant effects on promoting gastric
emptying in rats with 40% blood volume loss [36]. Data from
this study also demonstrated that ST36 acupuncture signif-
icantly attenuated the expression of cytokine in both local
and remote tissues. These data suggest the anti-inflammatory
potential of the use of ST36 acupuncture against intestine
ischemia and reperfusion insult. Ischemia and reperfusion
insult can lead to increased local production of cytokines
and further induce entry of these products into the systemic
circulation and distant organs. Electrical stimulation of ST36
in rats with ischemia and reperfusion injury significantly
blunted local gut cytokine levels, reduced the circulating
serum levels of TNF-« and IL-8, decreased distant lung and
liver levels of TNF-a and IL-8, which conduce to prevent
SIRS or MODS. Sham acupuncturing or the vagotomy groups
increased the production of TNF-« and IL-8, which suggested
that the anti-inflammatory effect of EA may arise through the
vagal nerves, and their integrity was essential.

EA at ST36 points effectively prevented histologic injury
of the gut mucosa and maintained intestinal tight junction
protein expression and function. Its protective effects were
eliminated by disrupting the neuroenteric axis via surgical
abdominal vagotomy or partly reversed by «7nAChR antag-
onist a-bungarotoxin.

In these experiments, EA at ST36 points successfully
maintained low gut injury scores after intestine ischemia
and reperfusion, reduced permeability of the distal ileum
to 4-kDa FITC-dextran, and maintained normal expression
of the tight junction protein ZO-1. We also proved that
this biological effect is dependent on an intact vagus nerve.
Disrupting the neuroenteric axis via surgical abdominal
vagotomy abolished any protective effect of EA at ST36
points.

In summary, data from this study would demonstrate
that, for the first time, EA at ST36 points located on a
meridian, had protection effects against intestinal barrier
dysfunction similar to that seen after VNS or administra-
tion of a7nAChR agonist. These preclinical animal studies
demonstrate that in addition to the use of specific cholin-
ergic agonists or vagus nerve stimulation, EA could be a
potential therapeutic asset in the treatment of the severely
injured patients with inflammatory diseases. Moreover, it
demonstrated that a noninvasive method of transcutaneous
EA at ST36 points, which has shown to limit inflammatory
responses and improve outcomes, is feasible in clinic and can
have major clinical implications. We think that this new data
presented here should lead to further study focusing on the
effects of EA at ST36 points.
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Up to now, it is still unknown whether microcirculation of deeper peripheral tissue (knee) can be modulated by acupuncture or
acupressure on a meridian acupoint. The goal of this pilot study was to investigate possible effects of acupressure at the Xiyangguan
acupoint (GB33) on the regional oxygen saturation of the deeper knee tissues by near-infrared spectroscopy (NIRS). Twelve healthy
volunteers with a mean age of 23.8 + 1.6 years were investigated. Acupressure stimulation was performed for 5 minutes at the
Xiyangguan acupoint. The results of the controlled study showed a significant increase of the values of regional oxygen saturation
on the stimulated side of the knee (P = 0.033), whereas the opposite side on the same knee showed insignificant changes. These
results may serve as a valuable basis for monitoring a possible therapeutic effect (e.g., after Khalifa therapy) in patients with knee

problems.

1. Introduction

As one of the complementary and alternative treatments
(CAMs), acupuncture or acupressure has been utilized to
improve health in Asia and Western countries. Although the
mechanism of acupuncture remains still unknown in detail,
acupuncture stimulation was confirmed to increase the blood
flow velocity of the peripheral arterioles [1]. Up to now,
studies have shown that the blood circulation of the body
surface can be modulated by acupuncture or acupressure [2,
3]. But it is still unknown whether the microcirculation of the

deeper peripheral tissue can be modulated by acupuncture or
acupressure.

Near-infrared spectroscopy (NIRS) is a spectroscopic
method that uses the near-infrared region of the electromag-
netic spectrum (from about 800 nm to 2500 nm). Medical
applications of NIRS center on the noninvasive measurement
of the amount and oxygen content of hemoglobin [4]. The
advantage of NIRS is that it can typically penetrate much
deeper into a sample than mid-infrared radiation [5].

Acupressure treatment normally uses fingertips, rather
than needles, to stimulate acupoints on the skin and has been
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FIGURE I: Measurement site with applied sensors during acupressure
stimulation.
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FIGURE 2: Measurement profile of the volunteer study. The measure-
ment points are indicated (a-c).

shown to be a successful treatment for a variety of medical
disorders.

The goal of the present pilot study was to investigate
possible effects of acupressure at the Xiyangguan acupoint
(GB33) on the regional oxygen saturation of the knee tissues
at a depth of 2-4 cm, by using NIRS.

2. Materials and Methods

2.1. Healthy Volunteers. Twelve healthy volunteers (5 females,
7 males) with a mean age + SD of 23.8 + 1.6 years were
investigated at the Medical University of Graz. None of the
subjects had any neurological or cardiovascular disorders,
and none of them was taking any medication. They were
informed about the nature of the investigation and were
paid for their participation. The study was approved by the
local ethics committee, and all participants provided written
informed consent.

2.2. Acupressure. Acupressure stimulation was performed at
the Xiyangguan (GB33) acupoint. This point is located on the
lateral side of the knee, 3 cun (cun is a relative body measure;
Icun corresponds to the breadth of the distal phalanx of
the thumb) directly proximal to Yanglingquan (GB34), at
the depression superior to the lateral epicondyle of the
femur, between the femur and the tendon of biceps femoris.
Stimulation of Xiyangguan is indicated in cases of swelling
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and pain in the knee caused by inflammatory processes [6].
To assess the reliability and validity of acupressure, pressure
was applied by the same Chinese medical doctor experienced
in Traditional Chinese Medicine (TCM). The thumb pressure
was steady and estimated to be about 3 x 10° Pa (mean force
measured ~ 30 N/cm?), as described in [7].

2.3. Evaluation Parameters. For the measurement of the
regional oxygen saturation (rSO,), a two-channel INVOS
5100 Oximeter (Somanetics Corp., Troy, USA) was used. The
principle of this system is based on NIRS technology, which
is a noninvasive method for measuring regional oxygenation
through the intact skin, which has been applied successfully
in research and numerous clinical indications for many years
[8]. Near-infrared light (730 and 805 nm) is emitted through
the skin and after passing different kinds of tissue (muscle
and bone) the returned light is detected at two distances from
the light source (3 and 4 cm). Based upon this principle, the
spectral absorption of blood in deeper structures (2-4 cm)
can be determined and defined as rSO,. Before starting the
measurement, the skin was cleaned with the enclosed skin-
prep pad. Then two sensors were applied below the right and
left lateral sides of the patella of the right leg (see Figure 1). To
minimize external light influence, the knee was covered with
ablack cloth during the recording and stimulation procedure.
After a resting time of five minutes, the rSO, data were
recorded.

2.4. Procedure. The persons were investigated in a supine
position. Acupressure started after a 5-minute resting phase.
The measurement profile is shown in Figure 2. Three mea-
surement points were evaluated (a, immediately before start-
ing the stimulation; b, 2 min after starting the stimulation;
and ¢, immediately after the end of the 5-minute stimulation
period.

The study was performed as a controlled study. The
parameter rSO, was measured at two different locations at
the stimulated knee. Location 1 (acupressure side) was in
a distance of 2 cm from the acupuncture point Xiyangguan
(comp. Figure 1). Location 2 (serving as control) was on the
same knee, on the opposite side of the patella. We did not
measure the results of other acupuncture points within this
study.

2.5. Statistical Analysis. The rSO, values of both the acu-
pressure and the opposite side were tested with one way
repeated measures ANOVA (SigmaPlot 12.0, Systat Software
Inc., Chicago, USA). The Holm-Sidak method was used for
post-hoc analysis. The level of significance was defined as
P < 0.05.

3. Results

All subjects completed the study, and the measurements
could be performed without any technical problems. Stim-
ulation was perceived as painless and not discomforting.
Figure 3(a) shows the increase of the rSO, values during and
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FIGURE 3: (a) Box plot presentation of changes of regional oxygen saturation values in 12 healthy volunteers before, during, and after
acupressure (comp. Figure 2) on the stimulated side (acupressure side). Note the significant increase immediately after the 5-minute
acupressure phase; the median of the rSO, was increased by 2.5% compared to baseline values. The ends of the boxes define the 25th and 75th
percentiles with a line at the median, and error bars defining the 10th and 90th percentiles. (b) Box plot presentation of changes of regional
oxygen saturation values in 12 healthy volunteers before, during, and after acupressure (comp. Figure 2) on the opposite (control) side. For

further explanations, see Figure 3(a).

after acupressure being applied to the acupoint Xiyangguan
in all 12 healthy volunteers.

The values of rSO, of the opposite side are presented in
Figure 3(b). No statistically significant differences were found
on this side, although the median was increased during and
after acupressure.

4. Discussion

Acupressure is a noninvasive strategy used to manage mul-
tiple symptoms in a variety of patient populations [9],
including relieving pain [10], managing nausea and vomiting
[11], and many other applications.

The acupuncture point Xiyangguan (GB33) is located
on the gall bladder meridian. This meridian runs along the
lateral aspect of the thigh and knee, going further downward
along the anterior border of the fibula. As mentioned in
the methods section, GB33 is located lateral to the knee
joint. It is a conventional acupoint in the treatment of knee
osteoarthritis [12]. In the present study, the oxygen saturation
of a healthy knee could be affected by acupressure at GB33
in a depth of 2-4 cm. Our results are in accordance with the
meridian theory, which states that firstly, the area along the
meridian will be affected by stimulating acupoints on the
meridian, and secondly, the function of local tissues can be
affected by stimulating nearby acupoints [13].

In recent years, we have investigated the relationship
between acupuncture and cerebral microcirculation using
NIRS. In three healthy male volunteers, acupuncture at
specific acupuncture points led to an increase in oxygenated
hemoglobin and in the tissue oxygenation index. However,
needling and laser puncture at placebo points did not produce

the same effect on cerebral oxygenation [14]. In 16 adult vol-
unteers, a significant decrease was found in oxyhemoglobin
after needle insertion and stimulation, accompanied by
an increase in deoxyhemoglobin [15]. The results suggest
that NIRS technology may be useful in visualizing and
quantifying the cerebral vascular effects of acupuncture and
acupuncture-like stimulation on microcirculation [16].

The primary application of NIRS to the human body uses
the fact that the transmission and absorption of NIR light in
human body tissues contains information about hemoglobin
concentration changes. NIRS can be used to quantify blood
flow, blood volume, oxygen consumption, reoxygenation
rates, and muscle recovery time [17]. In comparison with
laser Doppler flowmetry (LDF), NIRS can typically penetrate
much deeper into a sample. NIRS can penetrate the tissue
in a depth of 2-4 cm, whereas LDF can only penetrate the
tissue in a depth of about 1-3mm. NIRS is more sensitive
than LDF with regard to detecting changes in tissue inflow
[18]. Besides, NIRS systems are usually portable, even wireless
instrumentation is available, which enables investigations in
freely moving subjects [19]. It has also been suggested as a
method for arthroscopic evaluation of low grade degenerated
cartilage lesions [20].

To the best of our knowledge, this is the first study which
evaluates the effects of acupressure on the regional blood
oxygenation of the knee tissues using NIRS.

Studies have investigated the mechanism of acupuncture
or acupressure with respect to peripheral microcirculation.
The blood flow velocity was found to be increased after
continuous digital acupressure. It has also been suggested
that cyclic Guanosine Monophosphate (cGMP) mediates the
signaling functions of nitric oxide (NO) to improve local
microcirculation [21]. A neurovascular transmission model



for the acupuncture-induced NO effect has been proposed
by Hsiao and Tsai [22]. In this model, the acupuncture
stimulus is able to influence connective tissue via mechanical
force transfer to the extracellular matrix (ECM). Through the
ECM, the mechanotransduction stimulus can be translated
or travel from the acupuncture points including local tissue
and cells. Cells in the local tissue that have received mechan-
otransduction induce different types of NO production to
induce changes in blood flow and local circulation [22]. By
assessing the responses of arteriolar blood flow to acupunc-
ture stimulation in rabbits, it was found that the arteriolar
diameter significantly increased to 131% + 14% in the
acupuncture group when compared with the pretreatment
value. Blood flow velocity and blood flow rate showed similar
trends. The treatment effect remained manifest for 40-50 min
after the end of stimulation and irradiation [23].

Our preliminary study has some limitations. We did not
measure environmental temperature which could possibly
also affect the results, but this is not very probable. It
is also possible that the articular cavity can influence the
measurement results, and this could also be a reason for the
variation among the subjects before the procedure. Moreover,
the informative value of our results may be compromised by
the fact that already baseline values differ strongly between
the acupressure side and the opposite (control) side, being
much higher on the opposite side.

Acupressure is a noninvasive therapy, which is readily
accepted by people with needle phobia. It can be used
similar to acupuncture, for example, in the treatment of knee
osteoarthritis or other diseases related to the knee [24].

5. Conclusion

The following conclusion can be drawn from the present pilot
study. The values of regional oxygen saturation (rSO,) on
the stimulated side of the knee were significantly increased
immediately after acupressure stimulation, whereas the
opposite (control) side on the same knee showed insignificant
changes. Further investigations with a four-channel NIRS
system for measurements on both knees are in progress.
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Sixty Sprague-Dawley rats were divided into 5 groups: (a) control group (HS); (b) Immediate rehydration group (IFR); (c) ST36
electroacupuncture (EA) delay rehydration group (EA/DFR): EA at ST36 immediately after blood loss with infusion 3 h later; (d)
EA nonmeridian rehydration group (SEA/DFR): EA at nonacupuncture sites with rehydration similar to EA/DFR; (e) ST36 EA
group (EA): EA at ST36 immediately after blood loss with no rehydration. Forty-five percent of the entire blood volume was taken
out to make lethal hemorrhagic shock models. We recorded the survival rate, intestinal tissue DAO content, and microcirculation.
The survival rate of the EA/DFR group and the IFR group was significantly higher than that of the other three groups (P < 0.05).
Twelve hours after blood loss, intestinal tissue DAO content of the EA/DFR group and the IFR group was significantly higher than
that of the SEA/DFR group, EA group, and HS group (P < 0.05 and P < 0.01). The mucosal blood flow of the EA/DFR group and
the IFR group was significantly higher than the other groups (P < 0.05 each). We conclude that EA improves the blood pressure
and raises the early survival rate of hemorrhagic shock rats, maintains the intestinal barrier function, and improves the degree of
intestinal ischemia.

1. Introduction

Nowadays, accidents, wars, and disasters occur frequently.
In a short period of time, there can be a batch of wounded
in hypovolemic shock. Conventional antishock means (such
as blood transfusion, or infusion) are difficult to implement
timely. The prolonged hypoperfusion will cause damage to
the intestinal mucosal barrier of the body, increase the
systemic inflammatory response, and induce sepsis, which
increases mortality or complications [1]. The acupoint ST36
(Zusanli) on the stomach meridian is considered to be
the main point of regulation of gastrointestinal function,
promoting gastrointestinal peristalsis and detoxification and
protecting the mucosal barrier [2]. Therefore, we studied

the mechanism of the ST36 acupuncture point in fatal
hemorrhagic shock in rats.

2. Materials and Methods

2.1. Sprague-Dawley Rats. Sixty SPF (specific pathogen free)
Sprague-Dawley male adult rats (weight 270 + 25g) were
kept under constant temperature (24 + 2°C) and constant
humidity of 50 + 5% for one week. They had to refrain from
eating for 12 hours and were forbidden to drink for 4 hours
preoperatively. The study was approved by the Institutional
Animal Care and Use Committee (license number SCXK
Beijing 2009/0007) and was in accordance with National



Institutes of Health guidelines. The animals were anesthetized
using an intraperitoneal injection of ketamine hydrochloride
and sumianxin new II (0.4 mL/kg, mixed 2:1 by volume).

2.2. Monitoring and Stimulation Equipment. For monitor-
ing the microcirculation of intestinal tissue, we used a
Laser Doppler flowmetry system (PeriFlux5000, PERIMED,
Jarfalla, Sweden). The detection of diamine oxidase (DAO)
was performed using kits from Nanjing Jiancheng Tech-
nology Co.; the micropump for infusions is a product of
Millipore Corporation, Japan. The electroacupuncture (EA)
stimulator was an INTI KWD-808I-type pulse meter from
Changzhou Yingdi Electronic Medical Device, Changzhou,
China.

2.3. Experimental Procedure. Based on the improved method
described in the publication of Higashimura et al. [3], we used
an animal model with 45% blood loss. The rats underwent
femoral vein dissection and catheterization; femoral artery
dissection and catheterization; and carotid dissection and
intubation at the neck incision. Then a cardiopulmonary
capacity monitor was connected to monitor mean arterial
pressure (MAP). The abdominal cavity was cut open along
the ventral midline about 5cm, and laser Doppler probes
were placed 10 cm from the Treitz ligament. A 1% heparin
saline solution was injected into the femoral vein to make the
animals systemically heparinized. After this was completed,
the time was metered —0.5h, that is, 30 min before blood
loss. Then, bloodletting from the femoral artery started. First,
30% of the total blood volume was taken out at a constant
rate in 15 min. Then bleeding was stopped for 5min, before
another 15% of the total blood volume was taken out at a
constant rate in 10 min. So, the entire process was completed
in 30 min, and the total blood volume taken out was 45%.
The rat systemic estimated blood was calculated using the
following formula: estimated systemic blood = weight (g) x
0.06 (mL/g) + 0.77 [3]. The completion of the hemorrhagic
shock model concluded the preparation phase, and the time
was metered 0.

All animals were observed at four time points before
blood loss and after hemorrhagic shock: 30 min before blood
loss (—0.5h); 3h, 12 h, and 24 h after blood loss. The rats were
randomly divided into five groups (12 animals each).

(a) Hemorrhagic shock group (HS) for control purposes;
this group did not receive any intervention (acupunc-
ture or rehydration treatment).

(b) The immediate rehydration (IFR) group was given a
femoral vein infusion with Ringer lactate (2 times the
amount of blood loss) immediately after blood loss,
lasting 40 min.

(c) The electroacupuncture (EA) group received EA
bilaterally at the ST36 point on the stomach meridian.
EA was done immediately after blood loss; needle
insertion depth 7 mm [4], stimulation for 40 minutes,
frequency 4 Hz, constant voltage 4 V. The animals in
this group did not receive rehydration.
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(d) In the EA/DFR (delayed rehydration) group, animals
were infused 3 h after blood loss; the infusion method
and liquid were the same as the IFR group, and EA
parameters were the same as in the EA group.

(e) The SEA/DFR group was electro-acupunctured at
nonacupoints (0.5cm lateral and distal from ST36,
i.e., not on the meridian) immediately after blood loss;
other interventions were the same as in the EA/DFR

group.

2.4. Sample Collection and Processing

(a) Index determination

(i) The surviving rats in each group were counted 3h,
12h, and 24 h after blood loss for statistical analysis;

(ii) MAP was recorded using a cardiorespiratory moni-
tor;

(iii) monitoring microcirculatory blood flow of intestinal
mucosal tissue was performed with a laser Doppler
probe and measured three times to obtain an average
value

(b) 100 mg of the small intestine tissue were retrieved at
a distance of 5 cm from the cecum. We added 0.9 mL
of 0.9% saline solution to grind, homogenizate, and
obtain the supernatant. A DAO kit and spectropho-
tometer was used to measure the activity of DAO.

2.5. Statistical Analysis. SPSS17.0 statistical software was used
to calculate percentages, means, and standard deviations.
One-way ANOVA was used for comparison among all
groups, followed by the Student-Newman-Keuls (SNK) test
for comparison between two groups. P < 0.05 was defined as
the level of statistical significance.

3. Results

3.1 Survival Rate. 'The survival rate of the EA/DFR group, EA
group, and IFR group was significantly higher than that of the
HS group at the point of 3h (P < 0.05 each). At the point
of 12h and 24 h, the survival rate of the IFR group and the
EA/DER group was significantly higher than that of the other
groups (P < 0.05 each) (see Figure 1).

3.2. Mean Arterial Blood Pressure (MAP). MAP in each group
was significantly lowered after blood loss. MAP at time 0
was only 25%-26% of that before blood loss; after 3 hours,
MAP in each group increased by different degrees. MAP of
the IFR group was significantly higher than that of the other
groups (P < 0.01 each), and MAP of the EA group and
the EA/DFR group was significantly higher than that of the
SEA/DER group (P < 0.01 each). After 24 h, there was no
significant difference in MAP between the groups (Figure 2).

3.3. DAO Activity Changes in Intestinal Tissue. Three hours
after blood loss, the DAO content of intestinal tissue in each
group was significantly lower compared to the point before
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FIGURE 1: Kaplan-Meier graph of survival rate of rats in each group
after 45% blood loss. N = 12 refers to the original number of animals
in each group.
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FIGURE 2: The change of MAP (mean + SE) at different time points
after blood loss.

blood loss. The activity of the IFR group was significantly
higher than that of the other four groups (P < 0.05 each);
however, the EA/DFR group and EA group were significantly
higher than the SEA/DFR group and the HS group (P <
0.05 each). Twelve hours after blood loss, the IFR group was
significantly higher than the other four groups (P < 0.05
each), but the EA/DFR group was significantly higher than
the HS group, SEA/DFR group and EA group (P < 0.01 each)
(see Table 1).

3.4. Mucosal Blood Flow. After blood loss, mucosal blood
flow in each group was significantly lowered (P < 0.05 each).
Three hours after blood loss, the mucosal blood flow of the
EA/DEFR group and the EA group was lower than that of the
IFR group (P < 0.05), but significantly higher than the HS
group and the SEA/DFR group (P < 0.05 each). Twelve hours
after blood loss, there was no significant difference between
the EA/DFR group and the IFR group (P > 0.05), but these

TaBLE I: The change of DAO activity of intestinal tissue (mean + SD)
at different time points after blood loss.

. DAO [U/L]
Group N (originally) _osh ah 12k
HS 12 485+27 20.1+22% —
IFR 12 493+39 381x16° 441+28°
EA/DFR 12 488+3.0 299+45 379 +3.4°
SEA/DFR 12 492+11 205+2.6% 303+13%
EA 12 483+16 28.6+28" —

Note: the comparison with IFR group, *P < 0.05; the comparison with

EA/DEFR group, PP > 0.05. “—” means that the number of surviving animals
was too small to calculate statistical values.

two groups were significantly higher than all other groups
(P < 0.05 each) (see Table 2).

4. Discussion

In order to ensure the blood supply of the vital organs
during hemorrhagic shock, a sharp reduction in the intesti-
nal blood flow and in the intestinal mucosal functional
barrier occurs under the action of the sympathetic-adrenal
medullary system and vasoconstrictor substances, such as
catecholamine. Hence intestinal endotoxemia and bacterial
translocation act on the liver via the portal vein through the
portal circulation and lymphatic system. Endotoxin can cause
a lack of the nutrition bloodstream to the liver and lower
the degree of mitochondrial oxygen metabolism, which may
cause liver dysfunction or even liver failure. Liver dysfunction
can accelerate the diffusion of endotoxin in vivo, which can
lead to multiple organ dysfunction syndrome (MODS) or
even death. All the processes mentioned above are important
reasons which make hemorrhagic shock irreversible [1],
and they are also important factors for the high mortality
rate of hemorrhagic shock. Therefore, maintaining bowel
function and protecting the mucosal barrier can delay the
development of hemorrhagic shock and avoid the transition
to septic shock; furthermore it can improve delay rehydration
effect and the survival rate of patients with hemorrhagic
shock [5, 6].

Our previous research [7, 8] indicates that the ST36
acupuncture point is capable of activating the cholinergic
anti-inflammatory pathway, as the result of reducing the
level of rats’ intestinal tissue proinflammatory cytokine and
intestinal tissue edema and dysfunction.

The present study shows that the ST36 acupuncture point
improves rehydration, rats’ blood pressure levels, and the
subsequent rehydration treatment effect to a certain extent,
which increases the survival rate of rats in hemorrhagic
shock. At the same time, it shows a significant change of
the DAO content of intestinal tissues after massive blood
loss. DAO is an enzyme which is present in the small
intestine mucosa upper villus cell in mammalians. It can
reflect the small intestine mucosal structure and function
[9]. When hemorrhagic shock occurs, the function of the
intestinal barrier is damaged, and DAO of the intestinal
mucosa is released into the blood, which leads to an increase
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TaBLE 2: The monitoring results of changes in mucosal blood flow (mean + SD) in each group.
Group N (originally) The intestinal mucosal blood flow [perfusion unit (PU)]
-0.5h 3h 12h
HS 12 211.3 £ 21.9 85.6 + 11.8"¢ —
IFR 12 209.9 £ 271 152.8 £23.6 149.6 +10.8
EA/DFR 12 216.8 +50.9 116.1 + 16.6° 151.4 + 21.4°
SEA/DFR 12 212.4 + 49.5 88.7 +£13.1* 102.3 + 27.2°*¢
EA 12 212.8 + 36.7 115.8 +14.2° —
Note: the comparison with IFR group, *P < 0.05, °P > 0.05; the comparison with EA/DFR group, “P < 0.05. “—” means that the number of surviving animals

was too small to calculate statistical values.

of DAO activity in plasma and a decrease of DAO activity
in intestinal tissue [10]. However, when acupuncturing the
ST36 point, the content of DAO and the blood flow of the
intestinal mucosa were significantly higher than those of the
non-electroacupuncture group and the sham acupuncture
group. This illustrates that the ST36 acupuncture point has
a protective effect on intestinal mucosa.

In conclusion, only acupuncture at the ST36 point,
located on a meridian, can improve the survival rate of
rats with fatal hemorrhagic shock, which may have a direct
relationship with the improvement of the intestinal barrier’s
function and an increase of blood flow.
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