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We explored the optimal duration of electroacupuncture (EA) stimulation for protecting the brain against ischemic injury. The
experiments were carried out in rats exposed to right middle cerebral artery occlusion (MCAO) for 60min followed by 24-hr
reperfusion. EA was delivered to “Shuigou” (Du 26) and “Baihui” (Du 20) acupoints with sparse-dense wave (5/20Hz) at 1.0mA
for 5, 15, 30, and 45min, respectively.The results showed that 30min EA, starting at 5 minutes after the onset of MCAO (EA during
MCAO) or 5 minutes after reperfusion (EA after MCAO), significantly reduced ischemic infarct volume, attenuated neurological
deficits, and decreased death rate with a larger reduction of the ischemic infarction in the former group. Also in the group of EA
during MCAO, this protective benefit was positively proportional to the increase in the period of stimulation, that is, increased
protection in response to EA from 5- to 30-min stimulation. In all groups, EA induced a significant increase in cerebral blood
flow and promoted blood flow recovery after reperfusion, and both blood flow volume and blood cell velocity returned to the
preischemia level in a short period of time. Surprisingly, EA for 45min did not show reduction in the neurological deficits or
the infarct volume and instead demonstrated an increase in death rate in this group. Although EA for 45min still increased the
blood flow during MCAO, it led to a worsening of perfusion after reperfusion compared to the group subjected only to ischemia.
The neuroprotection induced by an “optimal” period (30min) of EA was completely blocked by Naltrindole, a 𝛿-opioid receptor
(DOR) antagonist (10mg/kg, i.v.).These findings suggest that earlier EA stimulation leads to better outcomes, and that EA-induced
neuroprotection against ischemia depends on an optimal EA-duration viamultiple pathways includingDOR signaling, while “over-
length” stimulation exacerbates the ischemic injury.

1. Introduction

Ischemic/hypoxic brain injury, such as stroke, leads to serious
and complex pathophysiological changes affecting multiple
levels of the brain, and sports a high global mortality rate
as the leading cause of neurological disability [1–9]. In
spite of extensive research conducted in the past several
decades, limited therapeutic options are available against
ischemic/hypoxic brain injury till date. The vast physical,
emotional, andfinancial tolls that stroke inflicts uponpatients
and their families imposes a daunting and continuous chal-
lenge to the medical community [5–9]. Previous studies at

our laboratory and at those of others have shown that elec-
troacupuncture (EA), at appropriate acupoints with suitable
stimulation parameters, significantly attenuates neurological
deficits, infarct volume and mortality in animal models
exposed to ischemic insults [10–17], which may potentially
shed a new light on developing a better modality for ischemic
brain injury. Indeed, there is substantial clinical evidence
demonstrating beneficial effects of acupuncture on stroke
patients [18–21].

Because of inadequate control, poor methodological
quality and small samples seen in previous studies, the
efficacy of acupuncture on hypoxic/ischemic injury is still
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unproven in clinical settings. In fact,major controversies exist
with regards to the effectiveness of acupuncture in stroke
patients [22–24]. These may, at least partially, be attributed
to the varied approaches adopted in different studies, and
since acupuncture induces complex changes atmultiple levels
in the central nervous system, the outcomes also differ
with varying acupunctural methods [25–30]. Therefore, it
is extremely important to define what optimal parameters
are required for acupuncture treatment in ischemic/hypoxic
brain injury.

Towards this goal, our serial studies have established
that EA treatment for acute stroke in experimental animals
is critically dependent upon specific acupoints along with
stimulation currents of specific intensities and frequencies
[11–15, 17]. Since the timing and duration of medical treat-
ment has a huge impact on patients with acute stroke [7–9],
we conducted this work to address two fundamental issues,
that is, (1) when should EA be applied to induce optimal
protection, during or after ischemia?, and (2) what duration
of EA application is optimal to induce maximal beneficial
effect on the ischemic brain?

2. Materials and Methods

2.1. Animals. Adult male Sprague-Dawley rats (240–270 g)
were used for the experiments. All animals were purchased
with permission from the Experimental Animal Center for
the Shanghai Chinese Academy of Science.The animals were
housed at an ambient temperature of 24 ± 1∘C and were
provided with free access to food and water. All surgical
procedures were approved by the Animals Care and Use
Committees of Fudan University Shanghai Medical College,
Shanghai, China, and were performed under anesthesia
(chlorate hydrate, 400mg/kg, i.p.).

2.2. Cerebral Blood Flow Monitoring. The cerebral blood
flow was measured using laser-Doppler perfusion monitor
(LDPM, PeriFlux5000, Perimed, Sweden). The major steps
of the procedure were as follows: first, a small hole was
drilled in the right parietal bone at a point 1.5mm posterior
to the bregma and 5mm lateral to the sagittal suture, as
previously described [14, 17, 31].The superficial micro-vessels
of cerebral pia mater were accessed using a laser Doppler
probe (0.45mm diameter) inserted into the hole at a depth
of 2mm and fixed to the skull bone. The probe was used
to measure the blood perfusion to the cortex to record
the cerebral blood flow. Continuous monitoring of cerebral
blood flow was performed beginning 5 minutes prior to
the induction of cerebral ischemia until at least 15 minutes
after reperfusion. As per the manufacturer’s guidelines, the
measured change in perfusion values was dependent on
the number of blood cells present and their velocity in the
area illuminated by the tip of the probe. The changes in
the cerebral blood flow of a localized area, recorded as a
measure of the dynamic changes in Perfusion Units (PU),
concentration of the moving blood cells (CMBC), and the
velocity of blood cells (Velocity), were constantly monitored
in real-time using LDPM. PU is an index of cerebral blood

flow and is expressed as the product of the number of moving
blood cells and their relative velocities.

2.3. Method for Inducing Cerebral Ischemia. We followed the
methods described by Longa et al. [32] that are also detailed
in our previous publications [14, 17] for creating a focal
cerebral ischemia model by middle cerebral artery occlusion
(MCAO). Animals were taken under anesthesia to surgically
expose their right common carotid, external carotid and
internal carotid arteries. After ligation of the distal end
of the right external carotid artery, it was incised and a
4–0 monofilament nylon suture (30mm length, 0.18mm
diameter with a 0.24mm diameter round tip, MONOSOF,
SN-1699G, USA) was introduced to the right external carotid
artery and further into the right internal carotid artery for
∼20mm up till the origin of the right middle cerebral artery.
The blood flow to the right middle cerebral artery was then
occluded at this level.

We constantly monitored the blood flow in all animals to
ensure that a uniform cerebral ischemia level was maintained
across all groups in a standard fashion. The blood flow
was controlled by adjusting the suture in the artery for the
induction of ischemia.The ischemic rats that showed a stable
drop of ∼85% in PU compared to the baseline level (before
MCAO), that is, reaching a level of ∼15% of the baseline PU,
were used for further experimentation. The PU was kept at a
low level with minor fluctuations during the entire ischemic
period without any significant change except during EA
application. After the occlusion, reperfusion of the ischemic
area was allowed by withdrawing the suture from the right
external carotid artery. Cortical blood flow changes were
monitored in all animals beginning 5 minutes prior to the
induction of cerebral ischemia until at least 15 minutes after
reperfusion. This duration was inclusive of the entire length
of MCAO and of EA as well.

Body temperature was maintained at 36.5∘C ± 0.5∘C
throughout the surgical procedures till the animal recovered
from anesthesia. After the reperfusion, the animals were
housed for 24 hours at an ambient temperature of 24 ± 1∘C.
The same surgical procedures were performed on the animals
in the sham-operation group, excluding MCAO.

2.4. Electroacupuncture Methods. WHO standards were fol-
lowed for the name and localization of acupoints [33, 34].
“Shuigou (Du 26)” and “Baihui (Du 20)” are acupoints
located on the head and face. Shuigou (Du 26) is located at a
point on the midline of the upper lip 2/3rds from the mouth
to the nose. Baihui (Du 20) is located at a point on themidline
of the head, approximatelymidway on the line connecting the
apices of both auricles.

To obtain optimal EA effect that induces maximum pro-
tection against cerebral ischemia, we applied EA at “Shuigou”
(Du 26) and “Baihui” (Du 20) with 5/20Hz sparse-dense
frequency at a constant intensity of ∼1.0mA in all EA
groups, beginning at 5min after the onset of MCAO or 5min
after MCAO. The selection of the acupoints and stimulation
parameters was based on the results of our serial studies in
the past [14, 17].
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In determination of effects of different EA periods on
cerebral ischemia, EA was applied using varying lasting-
durations, that is, beginning at 5min after the onset ofMCAO
and continued up to 5 minutes, 15 minutes, 30 minutes, and
45 minutes, respectively. Five different groups were studied
in the present study with the numbers in each group ranging
from 16 to 45: MCAO only (Ischemia, 𝑛 = 45), MCAO plus
EA for 5min (EA-5min, 𝑛 = 18), MCAO plus EA for 15min
(EA-15min, 𝑛 = 16), MCAO plus EA for 30min (EA-30min,
𝑛 = 30), andMCAO plus EA for 45min (EA-45min, 𝑛 = 30).

EA was delivered through stainless steel filiform needles
(15mm in length and 0.3mm in diameter, Suzhou Medical
Apparatus Limit Co., China) by an EA apparatus (Model
G-6805-II, Shanghai Medical Instruments High-Tech Co.,
China). The needle on Du 26 is inserted 1mm deep, vertical
to the plane of the skin. At Du 20, the needle is inserted
obliquely and to a depth of 2mm [14, 17, 25, 33, 34]. The
intensity and frequency of the output waves with a negative-
going pulse on the posterior border (pulse width = 0.5ms ±
0.1ms; component of direct current = Zero) were monitored
on a general oscillograph (Model XJ4210A, Shanghai XinJian
Instrument and Equipment Co., China).

2.5. 𝛿-Opioid Receptors Blockade. The rats were randomly
assigned to one of the four experimental groups: (1) Ischemia
alone (𝑛 = 7); (2) Ischemia + EA at “Shuigou” (DU 26) and
“Baihui” (DU 20) (𝑛 = 8); (3) Ischemia + Naltrindole (𝑛 = 8),
in which rats were administered Naltrindole (10mg/kg i.v.)
5min before the onset of MCAO; and (4) Ischemia + EA +
Naltrindole (𝑛 = 10), in which the animals were treated
with both EA and Naltrindole. EA was started 5min after
ischemia and continued to 35min after ischemia in this set
of experiments.

2.6. Mortality and Neurological Deficits Monitoring. Some
ischemic rats died between 2 and 20 hrs after reperfusion.
The death rates were reported for this period based on the
number of dead rats and the total number of the rats allocated
to the given group. A myriad of factors could be implicated
as the cause of death, as for example hemorrhage. However,
investigating the precise cause of death was not our aim in
this work.

Assessments on neurological deficits were made on ani-
mals in all groups. The rats that died within 24 h after
MCAO were excluded. Assessments were made 24 h after
reperfusion just before the sampling of brain tissue was done.
The assessments on neurological deficits were blinded, that
is, the person evaluating and scoring the neurological deficits
based on pre-set criteria had no prior knowledge on the
groups and treatments. The degree of neurological deficits
was graded from 0–7 grades [14, 17]. The criteria were set as
follows: Grade 0—“normal”, symmetrical movement without
any abnormal sign; Grade 1—incomplete stretch of the left
anterior limb when the tail was lifted up; Grade 2—doddery
crawl along with the signs of Grade 1; Grade 3—kept the left
anterior limb close to the breast when the tail was lifted up;
Grade 4—left turnwhen crawling;Grade 5—left anterior claw

pushed backward along with the signs of Grade 4; Grade 6—
repeated rotational motion with an immotile posterior left
limb; and Grade 7—left recumbent position because of body
supporting incapability.

2.7. Cerebral Infarct Measurement. After the assessment of
neurological deficits, animals were sacrificed under anesthe-
sia and samples of brain were taken. The brain slices were
prepared as 2.0mm sections (𝑛 = 12–16) and were incu-
bated in a solution of triphenyltetrazolium chloride (TTC,
20 g/L) for 30 minutes at 37∘C before being transferred into
paraformaldehyde solution (40 g/L) for fixing the infarcted
area. The infarct region appeared white or pale while the
“normal” tissue appeared red [35, 36]. Pictures were taken
of the brain slices with a digital camera and the volume of
infarct was analyzed using a computer-assisted image system
with ACT-2U software (Nikon). Relative infarct ratio was
calculated using the following equation [14, 17, 31]: (2 ∗
left hemisphere area (non-ischemic side) − non-infarct area
of whole brain slices)/(2 ∗ left hemisphere areas) ∗ 100%.
This equation excludes the factors that could result in an
inaccurate calculation of the infarct volume (such as edema).

2.8. Data Analysis. The cerebral blood flow was calculated
from PU, CMBC, and velocity measurements. All individual
measurements were compared to the baseline values, before
MCAO (control level), in each animal. The grouped values
were compared between different groups. An average grade
of neurological deficits per group was used to make compar-
isons between groups. Cerebral infarct volume was expressed
as a percent fraction of the entire cerebral volume.

All data is presented as mean ± SD and subjected to
statistical analysis. The rate of death was compared using the
Chi-square test. All other data was subjected to Analysis of
variance (ANOVA), t-test, Rank-Sum test, and/or Chi-square
test. The changes were considered to be significant if the 𝑃
value was less than 0.05.

3. Results

3.1. Different Effects Induced by EA Starting after the Onset
of MCAO versus Post-MCAO. In the group of Ischemia
(𝑛 = 45), with 1 hr MCAO and 24 hr reperfusion, about
18% (8/45) of the rats died within 2–20 hours after the onset
of reperfusion. At 24 hours of reperfusion, the living rats
displayed serious neurological deficits (Grade 6.0 ± 0.5, 𝑛 =
37). TTC staining showed that the volume of cerebral infarct
was about one third of the whole brain (32.8%±3.7%, 𝑛 = 16)
(Table 1, Figure 1(a)). The infarct areas were mainly localized
in the frontoparietal lobes of the cortex and striatum in the
right hemisphere (ischemic side, Figure 1(a)).

EA starting at 5min after the onset of MCAO induced
a marked protection against cerebral ischemia, leading to a
significant reduction of infarct volume, neurological deficits,
and death rate (Table 1, Figures 1(b)–1(d)). EA starting at
5min afterMCAO induced a similar outcome in the ischemic
rats (refer to Figure 6). However, it seemed that EA induced
a larger reduction of the infarct volume in the former than
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Table 1: EA period-dependent protection against ischemic injury.

Groups Neurological deficit Infarct volume Death rate
Ischemia 6.0 ± 0.5 (5∼ 7) (𝑛 = 37) 32.8% ± 3.7% (𝑛 = 16) 18% (8 out of 45)
EA-5min 5.0 ± 0.5 (4∼ 6) (𝑛 = 16)∗ 25.6% ± 5.3% (𝑛 = 12)∗ 11% (2 out of 18)∗∗

EA-15min 3.0 ± 0.5 (2∼ 4) (𝑛 = 15)∗∗ 15.4% ± 4.2% (𝑛 = 12)∗∗ 6% (1 out of 16)∗∗

EA-30min 1.0 ± 0.5 (0∼ 2) (𝑛 = 28)∗∗ 4.9% ± 1.2% (𝑛 = 12)∗∗ 7% (2 out of 30)∗∗

EA-45min 7.0 ± 0.0 (∼7) (𝑛 = 12)∗ 34.3% ± 2.4% (𝑛 = 12) 60% (18 out of 30)∗∗
∗

𝑃 < 0.05 versus Ischemia. ∗∗𝑃 < 0.01 versus Ischemia. 𝑃 < 0.01 versus EA-45min. Note that EA significantly reduced the infarct volume, neurological
deficit, and death rate and this protective effect became better and better when the length of EA increased from 5 to 30 minutes. However, EA for 45mins did
not improve the neurological deficit and infarct volume and even increased the death rate.

(a) Ischemia (MCAO-
60min)

(b) Ischemia + EA-5min (c) Ischemia + EA-15min (d) Ischemia + EA-30min (e) Ischemia + EA-
45min

Figure 1: EA-induced changes in cerebral infarct size in a time-dependent manner. The brain slices were subjected to TTC staining and
the ischemic infarct volume was quantified by a computerized image system. The slices on the right of each column show the backside of
the left slices. Note that the infarct region (pale-white portion) was mainly located in the striatum and the frontoparietal cortex in the right
hemisphere. The MCAO-induced infarction (a) was significantly reduced by EA at Du 20 and Du 26 acupoints for 5min (b), 15min (c), and
30min (d). In contrast, EA for 45min (e) enabled no protection against the cerebral infarction.

the later group. EA after the onset of MCAO reduced the
infarct volume by ∼85% (Table 1 and Figure 1), while EA after
MCAO, by∼45% (refer to Figure 6).These results suggest that
early institution of EA stimulation induces better protection
against cerebral ischemic injury.

3.2. Increased EA Protection with Increased Periods of the
Stimulation from 5 to 30mins. In the group of MCAO plus
EA for 5min (EA-5min, 𝑛 = 18), except for 2 rats that died
at 5 and 15 hours after the onset of reperfusion (11%, 2/18,
𝑃 < 0.01 versus Ischemia), the degree of average neurological
deficits in the living ischemic rats was slightly improved
(Grade 5.0 ± 0.5, 𝑛 = 16, 𝑃 < 0.05 versus Ischemia). The
infarct volume was slightly reduced (25.6% + 5.3%, 𝑛 = 12,
𝑃 < 0.05 versus Ischemia) (Table 1 and Figure 1(b)). In the
group ofMCAOplus EA for 15min (EA-15min, 𝑛 = 16), only
one rat died at ∼3 hours after the onset of reperfusion (6%,
1/16, 𝑃 < 0.01 versus Ischemia), with a greater improvement
in average neurological deficits (Grade 3.0 ± 0.5, 𝑛 = 15,
𝑃 < 0.01 versus Ischemia) along with a significant reduction
in infarct volume (15.4% ± 4.2%, 𝑛 = 12, 𝑃 < 0.01 versus
Ischemia) (Table 1 and Figure 1(c)). In the group of MCAO
plus EA for 30 min (EA-30min, 𝑛 = 30), the neurological

deficits were greatly attenuated (Grade 1.0 ± 0.5, 𝑛 = 28,
𝑃 < 0.01 versus Ischemia) and a significant decrease in death
rate (7%, 2/30, 𝑃 < 0.01 versus Ischemia) was noted. The
infarct volume was reduced by 85% (4.9% ± 1.2%, 𝑛 = 12,
𝑃 < 0.01 versus Ischemia) (Table 1 and Figure 1(d)). In
comparison to the groups of EA for 5min and EA for 15min,
EA for 30min induced more beneficial effects in all aspects
including neurological deficits, ischemic infarct and death
rate (Table 1, Figures 1(b)–1(d)).These results suggest that the
EA protection is dependent on an appropriate EA duration.

3.3. Exacerbation of Ischemic Injury by “Over-Length” Stimula-
tion of EA. We investigated to see if the EA protection would
be further enhanced by a longer duration of EA stimulation.
Therefore, we assigned a few rats to a new group withMCAO
plus EA for 45 minutes (EA-45min, 𝑛 = 30). To our surprise,
EA for 45min significantly increased the mortality in this
group of ischemic rats. More than half of the animals in this
group (60%, 18/30) died within 0.5 to 10 hours after the onset
of reperfusion. All of the dying rats manifested symptoms
such as convulsions, tumbling, piloerection, and perspiration
(wet feathers) and other abnormalities. When compared the
Ischemia group, the death rate increased by 3 folds (60%, 18
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out of 30, 𝑃 < 0.01 versus Ischemia) in this group. Although
the remaining 12 living rats survived for 24 hours after the
reperfusion, they suffered from severe neurological deficits
(Grade 7) and were even worse than the group with only
Ischemia (Grade 6.0 + 0.5 with range of 5∼ 7, 𝑃 < 0.05). In
terms of the infarct volume, EA for 45min did not reduce the
infarct volume at all (34.3% ± 2.4%, 𝑛 = 12, 𝑃 > 0.05 versus
Ischemia). (Table 1, Figure 1(e)). These results suggest that
an increased duration of EA stimulation application further
exacerbates the ischemic insult, instead of conferring any
protection.

3.4. EA-Induced Increase in Cerebral Blood Flow during
MCAO. Using a Laser-Doppler Perfusion Monitor, we con-
tinuously monitored the real time changes in cerebral blood
flow in all the groups beginning at 5min prior to MCAO
till 15min after the onset of reperfusion (suture withdrawal),
and compared differences in the cerebral blood flow at the
pre-MCAO level, during MCAO with/without EA, and early
stages of reperfusion between various groups (Figures 2, 3, 4,
and 5).

Consistent with our previous studies [14, 17], after the
insertion of a nylon suture into the right middle cerebral
artery, the blood perfusion (PU) to the monitored cortex
immediately decreased by ∼85% (i.e., reaching the level at
∼15% of the pre-MCAO level). During the entire period of
MCAO, the local blood flow was maintained at this low level
with a minor fluctuation. CMBC dropped by ∼80% of the
base-value (i.e., reaching a level at ∼20% of the pre-MCAO
level) with a slight deceleration of blood cell velocity (reduced
by ∼25% of the pre-MCAO level). These changes indicated
that MCAO induced a greater reduction in the blood volume
as compared to the velocity of blood cells (Figures 2(a) and
3–5).

In all the EA groups, EA induced an instant and signif-
icant increase in the blood flow of the ischemic brain. The
blood flow changed isochronously with the current impulse
in response to EA stimulation (Figures 2(b)–2(e) and 3–5).
EA induced an increase in PU to ∼30% of the control (𝑃 <
0.01 versus MACO without EA) (Figure 3) and CMBC to
over 65% of the control (𝑃 < 0.01 versus MCAO without
EA) (Figure 4) with a simultaneous decrease in the blood
cell velocity to ∼55% of the control (𝑃 < 0.05 versus MCAO
without EA) (Figure 5). These results suggest that both
“appropriate” and “over” periods of EA stimulation increase
the blood flow during MCAO.

3.5. Differential Recovery of the Cerebral Blood Flow after
Reperfusion among EA Groups. In the Ischemia group (𝑛 =
30), following the withdrawal of the nylon suture after 1 h
MCAO, PU gradually increased to ∼25% of the control level
(pre-MCAO) (𝑃 < 0.05 versus during MCAO) and CMBC
increased to ∼50% of the control (𝑃 < 0.01 versus during
MCAO) with the velocity of blood cells being reduced from
∼75% to ∼55% (𝑃 < 0.05, versus duringMCAO) in the first 15
minutes after the blood reperfusion (Figures 2(a) and 3–5).

EA changed the pattern of the blood reperfusion. There
was, however, a significant difference among different EA

groups, which was evident in the early stage of reperfusion,
for instance, during the first 15 minutes after MCAO. In the
groups of EA-5min (𝑛 = 14), EA-15min (𝑛 = 12), and
EA-30min (𝑛 = 30), blood perfusion (PU) increased to
over 90% of the base-value (preischemia) (Figure 3, 𝑃 <
0.01 versus the ischemia group under reperfusion), CMBC
recovered to >80% of the preischemia level (Figure 4, 𝑃 <
0.01 versus the ischemia group under reperfusion) and the
Velocity increased to >80% of the control level (Figure 5, 𝑃 <
0.05 versus the ischemia group under reperfusion) within 15
minutes after reperfusion.

In sharp contrast, the EA-45min group (𝑛 = 18) showed
a totally different pattern. For example, PU maintained at
a similar level as that during MCAO (∼15%), that is, after
reperfusion, its level was even lower than those of Ischemia
alone (∼25%, 𝑃 < 0.05 versus that during reperfusion in
the group of Ischemia plus EA for 45 minutes) (Figure 3).
Similarly, CMBC still maintained at a low level (∼20%)
after reperfusion and the level was even lower than that
(50%) of the Ischemia group during reperfusion (𝑃 < 0.01,
Figure 4). These findings suggest that EA for 30 minutes or
less increases the blood flow duringMCAO and promotes the
recovery of the blood flowduring reperfusion, while an “over-
length” (45min) stimulation, though increasing the blood
flow during MCAO, retards the recovery of the blood flow
to the brain after MCAO (Figures 2(e) and 3–5).

3.6. DOR Antagonist Attenuated EA-Induced Protection
against Ischemic Infarction. We previously found that
microinjection of DOR antagonist into the lateral cerebral
ventricle largely attenuated the EA protection against
cerebral ischemic injury [10]. To further reaffirm this
observation, we applied Naltrindole to the ischemic rats and
determined its effect on the EA-induced neuroprotection.
The results showed that in the ischemia group (𝑛 = 7)
the infarct size reduced by ∼40% (from 24.8% ± 4.1% to
14.7% ± 3.4%, 𝑃 < 0.05) following treatment with EA
beginning immediately after MCAO (𝑛 = 8). Although
Naltrindole (10mg/kg, i.v.) application did tend to increase
the infarct volume, the change was not statistically significant
(30.4% ± 4.3%, 𝑛 = 8, 𝑃 > 0.05 versus Ischemia alone).
However, it completely abolished the EA-induced protection
against ischemic infarction (23.6% ± 5.2%, 𝑛 = 10, 𝑃 > 0.05
versus Ischemia + EA) (Figure 6). These results indicate
that 𝛿-opioid receptor plays a very important role in the
EA-induced protection against ischemic injury.

4. Discussion

This is the first study to systematically define optimal duration
of EA stimulation to induce beneficial effects against ischemic
infarction, neurological deficits and mortality. Our results
show that EA given for 5–30 minutes significantly reduces
ischemic infarct volume and decreases neurological deficits
and mortality rate. On the other hand, EA given for 45min
did not show reduction in the neurological deficits or the
infarct volume, and rather demonstrated an increase in death
rate in this group. However, all groups showed an increase
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(e) Effect of EA-45min on the blood flow under ischemia

Figure 2: Representative trace recordings of the blood flow in the rats with or without EA. Blood Perfusion (PU), Concentration of Moving
Blood Cells (CMBC), andVelocity of Blood Cells (Velocity) weremeasured in the ischemic rats by a Laser Doppler PerfusionMonitor system.
(a) Effect of MCAO-60min on CBF during ischemia and after reperfusion in Ischemia group. (b) Effect of EA for 5min at acupoints of Du
20 and Du 26 on CBF. (c) Effect of EA for 15min on CBF. (d) Effect of EA for 30min on CBF. (e) Effect of EA for 45 min on CBF. Note that the
PU and CMBC decreased immediately afterMCAO and the blood flowwasmaintained at a low level with small fluctuations during the entire
period of MCAOwith a slight decrease in the velocity. After the onset of reperfusion, PU and CMBC increased with a further decrease in the
velocity. EA induced an isochronous increase in PU and CMBC with a decrease in velocity during MCAO. After reperfusion, PU, CMBC,
and velocity all increased rapidly and reached the baseline values within 15min after reperfusion onset in groups of EA for 5–30min. EA for
45min, however, induced a greater decrease in PU, CMBC, and velocity than the changes observed in the Ischemia group after reperfusion.
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Figure 3: Statistical summary of EA effects on PU in the ischemic brain. ∗𝑃 < 0.01, Ischemia+EAversus Ischemia group duringMCAO;∇𝑃 <
0.05, under reperfusion versus during MCAO in the Ischemia group; #

𝑃 < 0.01, Ischemia + EA versus Ischemia group under reperfusion;


𝑃 < 0.05, Ischemia + EA versus Ischemia group under reperfusion. Note that MCAO sharply decreased PU to ∼15% of the basal value
(pre-MCAO), while EA for 5–45min significantly increased the blood flow to ∼30% of the baseline. Within 10–15 minutes after reperfusion,
PU gradually increased to ∼25% of the baseline (pre-MCAO) in the Ischemia group, whereas it rapidly increased to about 90% of the baseline
in the EA for 5–30 minutes groups. In sharp contrast, PU was still at the MCAO level, that is, ∼15% of the basal value, during the same period
after reperfusion in the group of EA for 45 minutes.

in blood flow after EA stimulation during the period of
MCAO. These findings are consistent with our preliminary
observations [37] and suggest that the EA protection against
ischemic injury is dependent on the length of EA stimulation,
and that an “over-length” stimulation can potentially add to
the ischemic injury instead of protecting the brain from the
injury.

This observation was beyond our expectations. Since the
primary cause of ischemic brain injury is insufficient blood
supply to the brain, increased blood flow to the brain should

reduce the cerebral ischemic injury. Our previous studies
concluded that EA for 30 minutes increases the blood flow
duringMCAOand reduces ischemic insult to the brain [11, 12,
14, 17]. In extension, we speculated that an extended period of
EA stimulation would produce better outcomes. Apparently,
this was not the case as we observed opposite results; that is, a
prolonged stimulation of EA potentiates, rather than protects
against, cerebral damage during ischemic injury to brain.
Interestingly, Dr. Wang et al. [38] also observed a similar
phenomenon in their studies on EA-induced hypoalgesia in
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Figure 4: Statistical summary of EA effects on concentration of Moving Blood Cells. ∗𝑃 < 0.01, Ischemia+EA versus Ischemia group during
MCAO; ∇𝑃 < 0.01, under reperfusion versus during MCAO in Ischemia group; #

𝑃 < 0.01, Ischemia + EA versus Ischemia group under
reperfusion. Note that the MCAO greatly reduced the concentration of Moving Blood Cells (CMBC) to ∼20% of the baseline and CMBC
quickly increased to ∼50% of the baseline after reperfusion. EA for 5–45 minutes significantly increased CMBC during MCAO to ∼65% of
the baseline. Within 15 minutes after reperfusion, CMBC further increased to ∼80% of the baseline in the EA for 5–30 minutes groups, but
not in the EA for 45 minutes group with its level being similar to that during MCAO.

healthy volunteers. The subjects were randomized to receive
different durations (0min, 20min, 30min, or 40min) of
asynchronous EA stimulations and then subjected to the test
of hypoalgesia using a human experimental cold thermal pain
threshold model. They found that 30 min of asynchronous
EA stimulation resulted in the most significant hypoalgesic
effect comparedwith 0, 20, or 40min stimulations.Therefore,
it seems that a 30min period is the most optimal duration for
EA-induced analgesia and brain protection against ischemic
injury.

At present, the mechanism behind this phenomenon is
not known. In this work, however, it is noteworthy that
EA for 5–30 minutes significantly improves the reperfusion
after MCAO and favors quick recovery of blood flow to
the pre-ischemic level, in addition to increasing blood flow
duringMCAO. In sharp contrast, EA for 45 minutes does not
promote the recovery of blood flow after MCAO at all, but to
the contrary, further worsens it as shown in our present work.
This phenomenon partially accounts for the difference in the
outcomes between “optimal period” and “over-length” in the
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Figure 5: Statistical summary of EA effects on the velocity of blood cells. ∗𝑃 < 0.05, Ischemia + EA versus Ischemia group during MCAO;
∇𝑃 < 0.05, under reperfusion versus during MCAO in Ischemia group; #

𝑃 < 0.05, Ischemia + EA versus Ischemia group under reperfusion.
Note that MCAO reduced the velocity of the blood cells to ∼75% of the baseline, which was further decreased to ∼55% of the baseline after
reperfusion. In all EA groups, EA during MCAO immediately decreased the velocity to ∼55% of the baseline, and induced a significant
increase in it after reperfusion. In contrast to changes in PU and CMBC, the velocity increased to >80% after reperfusion in all EA groups
including EA-45min.

EA treatment although the underlying mechanism remains
unknown.

The fact that “over-length” of EA stimulation increases
the blood flow under MCAO, but does not lead to any
protection against ischemic injury strongly suggests that
optimal EA stimulation induces a multi-level regulation in
the brain via a complex mechanism. A single factor, such
as, an increase in the blood flow under ischemic conditions,
may not be enough to induce protection against ischemia.
Appropriate stimulation is extremely important for maximal

mobilization of various survival signals and activation of
protective pathways in the ischemic brain.

One of these pathways could involve DOR-mediated
survival signaling. We have previously demonstrated that
DOR is important in inducing neuroprotection [3, 6]. DOR
activation attenuates hypoxic, ischemic, or excitatory injury
in the neurons and the brain [1, 3, 6]. Evidence shows
that both manual acupuncture and EA enhance the activity
of the endogenous opioid system, including DOR, in the
brain [26–29, 39]. Therefore, the DOR-mediated protection
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Figure 6: Effect of Naltrindole on EA-induced protection against
ischemic infarct size. Quantitative volumes of the ischemic infarct
were determined based on the percentage of thewhole brain volume.
Note that the ischemia-induced infarct was reduced by the EA
stimulation ( ∗𝑃 < 0.05 versus ischemia group), which was almost
completely reversed after treatment with Naltrindole (N, 10mg/kg,
i.v.) ( ∗𝑃 < 0.05 versus Ischemia + EA + Naltrindole).

might play a very important role in the EA-induced pro-
tection against ischemic injury. Indeed, we first reported
that microinjection of a DOR antagonist, Naltrindole, into
the cerebral ventricle attenuated the EA-induced cerebral
protection against ischemic infarction, suggesting DOR’s
involvement in the EA-induced protection against brain
ischemia [10]. Furthermore, our studies and those of others
suggest that EA significantly increases the density of DOR in
the ischemic cortex and that DOR signaling could mediate
the EA induced neuroprotection against ischemic injury [15,
39, 40]. In the present study, we observed that intravenous
injection of Naltrindole almost completely blocked the EA-
induced neuroprotection against ischemic injury. All of these
observations consistently favor the critical role of DOR in
EA-induced neuroprotection against cerebral ischemia. On
the other hand, EA can activate additional neurotransmitter
systems such as neurotrophic factors in the brain that enable
further protection under ischemic conditions [13].

Thus, EA targets multiple mechanisms to achieve a pro-
tective effect against ischemic insults, including an increase
in the cerebral blood flow under ischemia, an improved
recovery of the blood flow after reperfusion, upregulation of
the DOR pathway, and other survival signals. An optimal
duration of EA stimulation can combine and direct all of
these protective pathways against ischemic stress, while an
over-stimulation of EA, despite increasing the blood flow

during MCAO, can set this balance of combined protection
off.

Moreover, our present results show that EA application
during MCAO induces a stronger protection than EA after
MCAO, suggesting that an early institution of EA treatment
is required to achieve better neuroprotection against ischemic
injury. This is similar to the goals of tPA treatment in terms
of the importance of the therapeutic window [7, 8]. An
early mobilization of protective power may prevent neurons
from initiating the process of apoptosis/necrosis in the brain.
“Time is brain,” which is also true in the case of EA treatment
for ischemic brain injury.

In summary, our results suggest early EA treatment with
optimal stimulation parameters for an appropriate period is
critical to achieve a therapeutic effect for neuroprotection
against ischemic insult. The previous controversies in the lit-
erature on EA treatment for stroke can be partially attributed
to the differences in conditions of the patients and EA param-
eters. Further in-depth investigations into the “optimal” EA
parameters and its underlying mechanisms can help improve
clinical outcomes of patients with ischemic/hypoxic injury in
the brain.
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We discuss the emerging translational tools for the study of acupuncture analgesia with a focus on psychophysical methods. The
gap between animal mechanistic studies and human clinical trials of acupuncture analgesia calls for effective translational tools that
bridge neurophysiological data with meaningful clinical outcomes. Temporal summation (TS) and conditioned pain modulation
(CPM) are two promising tools yet to be widely utilized. These psychophysical measures capture the state of the ascending
facilitation and the descending inhibition of nociceptive transmission, respectively. We review the basic concepts and current
methodologies underlying these measures in clinical pain research, and illustrate their application to research on acupuncture
analgesia. Finally, we highlight the strengths and limitations of these research methods and make recommendations on future
directions. The appropriate addition of TS and CPM to our current research armamentarium will facilitate our efforts to elucidate
the central analgesic mechanisms of acupuncture in clinical populations.

1. Overview of Research on
Acupuncture Analgesia

The treatment of chronic pain is themost well-known clinical
application of acupuncture in the west [1, 2]. Acupuncture
originated in Chinamore than 2000 years ago and has gained
popularity in America since the landmark NIH Consensus
Conference in 1997 [3]. Despite broad use, there continues
to be ambiguity regarding the efficacy and mechanisms of
acupuncture as an analgesicmodality. Discrepancies between
the results of basic science experiments and clinical trials
of acupuncture underscore the controversy surrounding its
therapeutic value. The purpose of this review is to outline
emerging translational clinical research methods for assess-
ing the central mechanisms of acupuncture analgesia in
humans. We begin by summarizing our current understand-
ing of the analgesic mechanisms of acupuncture based on
animal and human clinical studies.

1.1. Animal Studies. Animal studies have identified many
potential biochemical and neuroanatomical substrates of
acupuncture analgesia. Wang et al. [4, 5], Zhao [6], and Han
[7, 8] have published excellent comprehensive reviews of
these studies. From a biochemical standpoint, it appears that
acupuncture may alter the metabolism of substrates involved
in both the ascending facilitory pathways (N-methyl-D-
aspartate receptors [9], substance P [10], and interleukin-1
[11]) and the descending inhibitory pain pathways (endoge-
nous opioids [7], serotonin [12], and norepinephrine [13]).
From a neuroanatomical standpoint, several central nervous
system structures are reported to mediate acupuncture anal-
gesia, including the periaqueductal gray, the nucleus raphe
magnus, the locus ceruleus, the arcuate nucleus, the amyg-
dala, and the nucleus accumbens [4, 6]. It is important to note
the link between the biochemical and anatomical substrates.
For example, low-frequency electroacupuncture triggers the
release of enkephalins and endorphins in the periaqueductal
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gray, the arcuate nucleus, and the caudate nucleus [14]. These
structures then send projections to the spinal dorsal horn via
the dorsal lateral funiculi [15]. Increases in serotonin release
at the nucleus raphe magnus and norepinephrine release in
the locus ceruleus are also crucial to analgesia induced by
electroacupuncture [13].

In addition to the classic neurotransmitters and anatomi-
cal pathways involved in central pain processing, othermech-
anisms also contribute to acupuncture analgesia [6], includ-
ing the hypothalamus-pituitary-adrenal axis (regulating
peripheral inflammatory response to pain) [16], the auto-
nomic nervous system (regulating local circulation) [17, 18],
and the glial system [19] (contributing to inflammation
around spinal and cerebral neural pathways).

1.2. Human Studies. Although animal studies can provide
insight into acupuncture’s mechanism of action, establishing
the efficacy of acupuncture for treating chronic pain in
humans is challenging, owing to the variability of study
methods and outcomes [20]. However, an increasing body of
robust and rigorous evidence indicates that acupuncture may
be an effective intervention for the management of chronic
pain [21–23]. Researchers from the Acupuncture Trialists’
Collaboration, a group, which was established to synthesize
data from high-quality randomized trials on acupuncture for
chronic pain, recently published ameta-analysis of 29 clinical
trials involving 17,922 patients [23]. The analysis showed that
acupuncture consistently yielded greater pain reduction as
compared with controls in back and neck pain, arthritis, and
headaches. When sham acupuncture was used as the control,
the differences were modest but remained statistically signifi-
cant. Larger differences were seen when standard care (which
typically included oralmedications and regular physician and
physical therapy visits) was used as the control [23].

These results indicate that both specific (i.e., site of
needling and stimulation techniques) and nonspecific (i.e.,
context effects, expectations, etc.) components can contribute
to acupuncture’s therapeutic effect in treating chronic pain.
Understanding the possible mechanisms of these effects in
chronic pain remains crucial in elucidating the potential
therapeutic value of acupuncture in chronic pain.

1.3. Need for Translational Studies Bridging Mechanisms
Observed in Animals to Clinical Populations. Animal studies
are of limited benefit in fully modeling the human experience
of acupuncture andof chronic pain, and the researchmethods
used in clinical trials provide only a limited understanding
of acupuncture’s mechanism of action in humans. This gap
between animal mechanistic studies and human clinical
trials remains one of the greatest challenges in acupuncture
research today. The white paper published by the Society of
Acupuncture Research (SAR) acknowledged this challenge
and proposed goals for future studies [24]. One of the key
recommendations was the development of biomarkers that
can provide meaningful correlations between physiological
effects measured in animal studies and patient-reported
outcomes in clinical trials.

To this end, we discuss the emerging translational
research methods for assessing the central mechanisms of
action of acupuncture analgesia in humans. As background,
we first review the basic mechanisms of the central nervous
system involved in nociception and human pain perception.
Next, we focus the review on two research approaches that
likely will emerge as valuable tools for understanding pain
processing in acupuncture: temporal summation and condi-
tioned pain modulation. We describe the physiologic mech-
anism, methodology, and applications of these methods in
pain research. Then, we examine the current application of
temporal summation and conditioned pain modulation to
acupuncture research and make recommendations on future
directions.

2. Nociceptive Pathways and
Neural Processing

2.1.Nociceptive Pathways.Fivemajor components are involved
in the perception of pain: (1) the primary peripheral noci-
ceptors; (2) the spinal secondary neurons; (3) the relay
neurons (such as those in the thalamus); (4) cortical and
subcortical networks responsible for sensory, emotional, and
cognitive integration of pain (e.g., the primary sensory cortex,
insula, prefrontal cortex, and anterior cingulate cortex); (5)
the descending modulatory neurons that originate in subcor-
tical structures (e.g., the periaqueductal grey and locus
ceruleus) and project back to the spinal dorsal horn neurons
for descending pain processing [25–27].

2.2. Central Nociceptive Processing. Modulation of nocicep-
tive signals occurs beyond the peripheral nociceptors in the
central nervous system. This modulation includes processes
at the spinal cord and at subcortical and cortical brain
structures (components 2, 3, 4, and 5 from above).

First, much of the central nociceptive processing occurs
in the spinal dorsal horn [25, 27]. At least two types of
spinal secondary neurons are found in the dorsal horn: the
nociceptive-specific (NS) neurons and wide dynamic range
(WDR) neurons. The WDR neurons are capable of windup,
wherein repetitive noxious stimulation with frequencies
above 0.3Hz (the natural frequency of the WDR neurons)
leads to amplification in output of the WDR neurons [28].
Such increased wind-up is implicated in a variety of chronic
pain conditions [27, 29, 30].

The output of the spinal secondary neurons is dependent
on ascending input from the peripheral nociceptors, and it
is also modulated by spinal interneurons and descending
projections from supraspinal centers.The dynamic balance of
these three sources of influence determines the final output
from the spinal secondary neurons, which project upward
to the relay centers and ultimately to the cerebral cortex
for pain perception. This complex interaction of ascending
and descending influence on the spinal transmission of
pain, commonly referred to as the gate control theory, was
originally discovered by Melzack and Wall [31] and has since
been validated by many [32, 33].
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Table 1: Overview of TS and CPM.

TS CPM

Experimental construct Repeats of brief noxious stimuli A test stimulus measured before and after a
conditioning stimulus

Typical magnitudes in healthy
subjects 10–20 in a 0–100 visual analog scale (VAS) [42] ∼29% reduction in pain rating [43]

Underlying CNS physiology Windup: increased spinal WDR output due to
repetitive C-fiber stimulation at >0.3Hz

DNIC: global reduction of WDR sensitivity due to
a single, heterotopic, noxious stimulation

Pain-processing pathways
involved Ascending facilitation of nociceptive input Descending inhibition of nociceptive input

Augmenting factors
Advanced age [44], female sex [45, 46], pain
catastrophizing [46–49], anxiety, fear of pain,
and location (trunk > extremities) [50]

Reducing factors

Advanced age [44, 51, 52], female sex (mixed
results [43, 45, 53]), pain catastrophizing [54, 55],
poor sleep [56, 57], depression [58], and opioid
use [59]

Second, equally important site of central pain processing
occurs in the brain via the complex interaction between
the cortex and subcortical nuclei [26, 34–36]. The brain is
considered crucial for translating nociceptive signals into the
conscious perception of pain. Nociceptive signals are relayed
from the thalamus to primary and secondary somatosensory
regions, and subsequent brain regions are linked to visceral
sensation (i.e., insula), emotion (i.e., limbic system), atten-
tion (i.e., anterior cingulate), and cognition (i.e., prefrontal
cortex). The brain also exerts descending modulation on
nociceptive processing via subcortical structures such as
the periaqueductal gray (PAG), the rostroventral medulla
(RVM), the hypothalamus, the parabrachial nucleus, and the
nucleus tractus solitarius. Complex reciprocal interactions
exist between the subcortical and cortical centers of pain
processing. Eventually, the descending fibers travel in the
dorsal lateral funiculus to reach secondary and inter neurons
in the spinal dorsal horn [25].

3. Dynamic Quantitative Sensory Testing

Quantitative sensory testing (QST), also known as psy-
chophysical testing, refers to tests of sensory perception
during the administration of stimuli with predetermined
physical properties and following specific protocols [37].
These tests are generally safe and noninvasive for use in
human studies, and neuroscience research links these tests
to biological underpinnings. Backonja, Arendt-Nielsen, and
Pfau [37–39] have published in-depth reviews of quantitative
sensory testing.

QST can be subdivided into static QST and dynamic QST
[38, 39]. Static QST typically refers to the measurement of
the threshold that primarily reflects states of the peripheral
nervous system. Conversely, dynamic QST involves agitation
of the pain-perceiving system in a way that exposes a certain
mechanismof pain processing beyond the peripheral nervous
system. Two extensively studied dynamic paradigms are
temporal summation (TS) and conditioned pain modula-
tion (CPM), which represent the ascending facilitatory and

descending inhibitory aspects of central pain processing,
respectively [38]. Table 1 summarizes the basic concept and
characteristics of TS and CPM.

3.1. Temporal Summation. Temporal summation (TS) refers
to the increased perception of pain in response to repetitive
noxious stimuli delivered at frequencies above 0.3Hz [40, 41].
It is often called “windup pain,” or “temporal summation of
second pain.”

3.1.1. Animal Studies and Molecular Mechanisms. Temporal
summation is the behavioral correlate of “windup” of spinal
wide dynamic range (WDR) neurons at the dorsal horn
[28, 75]. In animal studies, researchers made single-fiber
recordings from the periphery C fibers and their destined
secondary neurons in the spinal dorsal horn.With successive
C-fiber activations (by either noxious heat or noxious elec-
trical stimulation) at frequencies over 0.3 pulses per second,
WDR neurons displayed increased frequency and amplitude
of discharges [75].These physiologic changes were correlated
to behavioral experiments in humans under the same exact
stimulation paradigm: they rated the pain with increasing
intensity [28].Thus, TSQST is thought to represent ascending
spinal windup of pain processing.

3.1.2. Increase of TS in Chronic Pain and Risk Factors. TS is
elevated in a wide variety of pain syndromes, ranging from
those that cause idiopathic total body pain (e.g., fibromyalgia
[76]) to those considered driven entirely by peripheral factors
(e.g., knee arthritis [77]). Increasing evidence suggests that
abnormally augmented TS is at least partially responsible for
the development of these chronic pain conditions [27]. Fur-
thermore, researchers have identified important risk factors
(Table 1) that increase TS, including older age [44], female
sex [45, 46], psychological factors (anxiety [50], fear [50],
and catastrophizing [46–49]), and location of test (the back
exhibits higher TS than the upper or lower extremities [50]).
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Table 2: Common methods used to generate and compute TS.

Type of stimulus Experimental paradigms Variables used to quantify TS

Heat pulses
10–20 heat pulses (0.5–0.75 s each) delivered at
0.3–0.5Hz either via a continuous contact thermode
[44] or intermittent contact probe [60]

TS magnitude: the difference in pain ratings
between first and last, or first and most painful
pulse, slope of the first few pulses, or the
magnitude of 5th pulse [42, 61]

Electrical stimulation A single stimulus of a train of five 1-ms pulses at
200Hz, repeated 5 times at 2 or 3Hz [62, 63]

Electrical pain threshold (EP-T): intensity at
which the subject begins to feel pain at the 4th or
5th pulse [62, 63], or nociceptive withdrawal
reflex threshold (NWR-T), the intensity at which
limb flexion occurs [64] in response to the
electrical stimulation

Pin prick
10 stimuli of 56 or 128mN are delivered, and pain
ratings for all ten stimuli averaged versus that of a
single stimulus are obtained [65]

Windup ratio: pain of train of 10 pricks delivered
at 1Hz over pain of a single prick [65]

Pressure Ten 1-s pressure stimuli delivered by an algometer
with 1 s between pulses [66, 67]

TS magnitude: difference in pain rating between
the first and 10th stimuli [66, 67]

3.1.3. Methodology for Measurement. Although TS is likely
a powerful tool for pain research, the lack of a single,
standardized, broadly accepted protocol remains a challenge
when interpreting previouswork and planning future studies.
A variety of noxious stimuli can be used to generate TS,
including heat, pin pricks, and electrical stimulation [78].
Although there is no consensus on the quantification of TS
[79], 5–20 brief repetitions of identical noxious stimuli are
typically given, and the research participant is often asked to
rate the changing pain sensation after one or several of the
stimuli. Table 2 outlines examples of several commonly used
experimental protocols to generate and compute TS.

For heat paradigms, the difference in the pain score
between the first and most painful pulse, the slope of pain
increase, or even the raw pain score from the fifth pulse can be
used to calculate the magnitude of TS [42, 61, 79]. When pin
pricks are used as the noxious stimuli, the German Research
Network on Neuropathic Pain [65] recommends a standard
protocol where either 128 or 56 mN pin tips are applied as a
single stimulus and as a series of 10 stimuli given at 1Hz. The
participant is asked to give a single pain rating for the single
stimulus and then an average rating for the 10 stimuli repeated
at 1Hz. The ratio of average pain rating of the 10 consecutive
stimuli to the rating of the single stimulus is defined as TS or,
alternatively, as the windup ratio.

3.1.4. Temporal Summation in Acupuncture Studies. The
application of TS to acupuncture research in humans is
limited despite the fact that the results of several animal
studies indicate that acupuncture produces strong, central
modulatory effects and that TS reflects the state of central
pain facilitation. Currently, only two clinical studies have
been performed involving TS in acupuncture.

In the first study, Zheng et al. [63] randomized 36
healthy volunteers to blindly receiving 25 minutes of elec-
troacupuncture, manual acupuncture, and nonpenetrating
sham acupuncture in one leg. The TS threshold for trains
of electrical stimulation was assessed before, immediately
after, and 24 hours after the treatments on the ipsilateral leg,

contralateral leg, and contralateral arm. The results demon-
strated that electroacupuncture increased the TS threshold
(i.e., reduced TS) in the ipsilateral and contralateral leg up to
24 hours after the treatment. In contrast,manual acupuncture
produced no significant change in the TS threshold, although
it showed a trend of increase as compared with sham
acupuncture. The increase in TS threshold was the greatest
in the ipsilateral leg, followed by the contralateral leg; the
least change was seen in the contralateral arm, suggesting
segmental specificity of the acupuncture interventions.This is
one of the very few studies demonstrating that different forms
of needle manipulation produced differences in human pain
perception linked to a mechanism of central pain processing.
Finally, this study demonstrated peripheral influences of
acupuncture, as electroacupuncture augmented not only the
TS threshold but also the pain detection threshold to single-
pulse electrical stimulation.

In the second study, by Tobbackx et al. [80], 39 patients
with chronic neck pain due to whiplash injury underwent
one session of manual acupuncture (20 minutes) and one
session of relaxation therapy (length not specified) in random
order with a 1-week between-session washout period. The
primary outcomes assessed were pressure pain sensitivity
to an analogue algometer and TS scores to 10 consecutive
applications of pressure stimuli using the same algometer at
a pressure above the pain threshold. The study found that
acupuncture caused a greater reduction of the pressure pain
threshold as compared with relaxation therapy but produced
no change in the TS scores. The authors concluded that
in patients with chronic pain, acupuncture does not affect
central pain processing.

The inconsistency in the methods used as well as the
limited results from these two studies underscore the need for
future studies to help further elucidate the role of acupunc-
ture in central pain processing in human subjects. Specifi-
cally, both Zheng andTobbackx demonstrated that after a sin-
gle session,manual acupuncture did not result in a significant
change in TS. However, Zheng was able to demonstrate a sig-
nificant decrease in TS after electroacupuncture (Tobbackx
only studied manual acupuncture).These results suggest that
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electroacupuncturemay exert a stronger influence onTS than
manual acupuncture. Future studies should be conducted
to compare electroacupuncture with manual acupuncture in
larger cohorts of patients with chronic pain.

It is also important to note that these studies involved only
one acupuncture session. In acupuncture practice, a single
session is rarely considered sufficient to produce clinically
significant effects for the treatment of chronic pain.Therefore,
when translating the results of studies of animal models
and healthy human subjects to the clinical pain population,
multiple acupuncture sessions with treatment frequency of at
least once a week should be considered.

We also recommend performing quantitative sensory
testing at multiple anatomical sites adjacent to and at a
distance from the site treated for pain. Zheng et al. demon-
strated a stronger effect of acupuncture in homotopic versus
heterotopic sites, while Tobbackx collected data only on the
arm, distal to the neck where the pain and the majority of the
needling were located.

Last but not least, there is a need to distinguish the
peripheral and central components of acupuncture analgesia.
Specifically, Zheng demonstrated increase in the threshold
to both temporal summation and to single-pulse protocols,
suggesting acupuncture’s involvement in both central and
peripheral nociceptive modulation. The authors further sug-
gest that amechanism independent of NMDAblockade, such
as peripheral opioid receptor activation [81], may play a role.
To test this hypothesis, selective blockade of NMDA and
𝜇-opioid receptors should be used. Furthermore, additional
biomarkers of central (e.g., secondary hyperalgesia to cap-
saicin [82]) and peripheral pain processing (pressure and heat
pain threshold [38]) may also be used to profile the pain
modulatory mechanisms of acupuncture.

3.2. Conditioned Pain Modulation. Conditioned pain modu-
lation (CPM) refers to the phenomenon whereby a noxious
stimulus at one body part results in reduced pain perception
to another noxious stimulus at a distant, heterotopic body
part [83, 84]. The first stimulus is referred to as the con-
ditioning stimulus; the second stimulus, whose pain rating
decreases after the application of the conditioning stimulus,
is referred to as the test stimulus [84]. CPM has been shown
to be a separate phenomenon from cognitive distraction [85,
86]. A variety of other terms have also been used to describe
CPM, such as “pain inhibiting pain,” “heterotopic noxious
conditioning stimulation,” and “counterirritation [83, 84].”
CPM was also referred to as diffuse noxious inhibitory
control (DNIC). However, international experts have agreed
to distinguish DNIC, a neurophysiologic process, fromCPM,
a behavioral correlate of this process (see below) [84].

3.2.1. Animal Studies and Molecular Mechanisms. CPM is
the behavioral correlate to diffuse noxious inhibitory control
(DNIC) [84], an inhibitory mechanism involving the spinal-
bulbo-spinal loop in animal neurophysiological studies [87].
In 1979, Le Bars et al. discovered that when noxious stimuli
(A-𝛿- or C-fiber-mediated) are applied anywhere outside
the excitatory receptive field of a spinal or trigeminal

WDR neuron, the response to any noxious input within
its receptive field is profoundly inhibited [88, 89]. Le Bars’
group subsequently found that DNIC is mediated by the
subnucleus reticularis dorsalis (SRD) in the caudal medulla
[90], which receives noxious input via pathways in the ventral
lateral quadrant of the spinal cord [91], and sends global
inhibitory signals to WDR neurons from all spinal levels via
the dorsolateral funiculi [92]. Finally, the strong correlation
between the signal reduction in the WDR neurons and the
pain reduction in a CPM paradigm, in both extent and
time course, supports the notion that CPM is the behavioral
correlate of DNIC [93–95].

3.2.2. Decrease of CPM in Chronic Pain and Risk Factors. Like
TS, CPM is altered in many chronic pain conditions, such as
fibromyalgia [96], tension-type headache [97], irritable bowel
syndrome [98], and arthritis of the hip [99]. Rather than an
increase as with TS, a decrease in CPM is seen. As shown
in Table 1, the risk factors for decreased CPM are similar to
those for increased TS. These include older age [44, 51, 52],
female sex [43, 45, 53], and psychological factors such as
catastrophizing [54, 55]. However, the relationship between
female sex and decreased CPM is less straight forward as
some studies showed clear increase in CPM associated with
female sex, while others did not find such association [43, 45,
53]. Large variations inmethodologymay partially contribute
to this discrepancy [43, 53]. Furthermore, chronic opioid use
[59], depressedmood [58], and poor sleep also decrease CPM
[56, 57].

3.2.3.MeasurementMethodology. There is no single, standard
protocol for measuring CPM. Table 3 summarizes the key
components in generating CPM and demonstrates examples
of their variability. Pud et al. [43] published an excellent
review of CPMmethods. In short, a test stimulus is measured
before the application of the conditioning stimulus to obtain a
baseline and ismeasured again during or after the application
of the conditioning stimulus to quantify the magnitude of
CPM relative to the baseline.The noxious test and condition-
ing stimuli are typically administered at anatomically distinct
locations.

The most common conditioning stimulus is a cold water
bath applied to the contralateral hand. However, other con-
ditioning stimuli have been used, including isotonic saline
injections and heat pain. It is the general consensus that the
conditioning stimulus must be noxious in order to trigger
CPM [43, 53]. Once the noxious threshold has been exceeded,
the intensity of the conditioning stimulus may not matter,
according to reports by Granot et al. [68] and Nir et al. [100].
The duration of the conditioning stimulus is usually between
30 seconds and 2 minutes for the cold water bath [53].

In contrast to the conditioning stimulus, there is a large
variation in the choice of test stimulus. Pain recordings of
a standard stimulus or pain thresholds from any type of
stimulation (electrical, chemical, heat, pressure, etc.) can be
used [43]. The magnitude of CPM is measured by the change
from baseline in the test stimulus to after the conditioning
stimulus is applied. The CPM effect appears to peak during
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Table 3: Examples of varied parameters in generating CPM.

Parameter Examples

Conditioning stimulus Cold water bath (0–10∘C) [68], heat (thermode or water bath) [69], hypertonic
saline injection [70], and inflated blood pressure cuff [71]

Testing stimulus Pain detection thresholds [69], rating of a predetermined single pain stimulus [68],
and TS protocols [72]

When to measure test stimulus
again

Varies widely: from during the conditioning stimulus [73] up to 30min after the
conditioning stimulus [74]

Location of stimulus Large variation in the relative distance between the testing and conditioning stimuli:
for example, upper body to upper body [68] versus upper body to lower body [51]

Computation Relative or absolute changes in threshold measures or ratings of predetermined pain
stimulus [43]

the application of the conditioning stimulus and fades rapidly
from 5 to 10 minutes after the conditioning stimulus ceases
[43, 53, 101, 102]. One report indicates that the approxi-
mate median magnitude of CPM represents about a 29%
decrease in pain rating, regardless of the test stimulus used
[43]. There is some indication that CPM is stronger when
the test and conditioning stimuli are applied at a greater
anatomical distance from the CPM stimulus site (e.g., CPM is
stronger for the hand-to-contralateral leg than for the hand-
to-contralateral hand) [43, 87].

In summary, the best means of capturing robust CPM is
to use a strong, noxious conditioning stimulus (such as cold
immersion of the contralateral distal extremity) and measure
the change in the test stimulus during the latter part of
the conditioning stimulus. As with TS, significant variations
exist in the methodologies used to generate and compute
CPM, making it difficult to make comparisons across studies
and subjects. Future efforts should focus on identifying a
standardized, broadly accepted protocol for CPM.

3.2.4. CPM in Acupuncture Studies. Similar to TS, the use
of CPM to study acupuncture analgesia is limited. There
are only two direct studies on acupuncture analgesia and
CPM/DNIC, both of which focused on the question of
whether acupuncture analgesia is equivalent to CPM/DNIC.
Todate, no one has studied howacupuncture stimulationmay
modulate the extent of DNIC.

The first acupuncture-DNIC study was carried out by
Bing et al. [103]. Output fromWDRneurons in the trigeminal
nucleus of rodents was measured using the patch-clamp
technique. The conditioning stimuli consisted of manual
acupuncture applied to Zusanli (a classic acupuncture point)
and to an adjacent nonacupuncture point, both located on
the right hind limb, and a standard noxious stimulus—
immersion of the left hind limb in a 48∘C hot water bath.
All three stimuli resulted in a similar degree of inhibition in
the firing of the trigeminalWDR neurons (72.5% and 78.5%).
Furthermore, the inhibition resulting from all three stimuli
demonstrated a similar time course for decay and a similar
response to naloxone, which reversed the inhibition by about
30%. The authors concluded that acupuncture maneuvers
trigger the neural mechanisms involved in DNIC.

The second acupuncture-DNIC (CPM) studywas done in
healthy human volunteers using a crossover design [104]. It
directly compared the effects of acupuncture, sham acupunc-
ture, and a 1.5∘C cold water bath (as a conditioning stimulus
in the upper extremity). The test stimulus was the pressure
pain threshold at the second toe. The verum acupuncture
involved the penetration of Hegu (a classic acupuncture
point) with a needle without manipulation, and retaining
the needle for 5 minutes. The sham acupuncture involved
the tapping and placement of a nonpenetrating Streitberger
device [105] at Hegu for 5 minutes. The results showed
that the cold bath resulted in much stronger increase in
the pressure pain threshold as compared with verum and
sham acupuncture. Furthermore, there was no statistically
significant difference between the verum and sham. The
authors concluded that acupuncture as performed in this trial
exerted a small analgesic effect not different fromplacebo and
that the analgesic effect was unlike CPM.

It is difficult to compare these studies because of several
reasons. First, the test and conditioning stimuli differed
significantly between the two studies. Second, as the authors
of the second paper mentioned, their acupuncture needling
was only minimally painful (pain score about 2.4 ± 1.5 out of
a 10-point scale). Because prior studies have shown that CPM
will only work when the conditioning stimulus is beyond
the noxious threshold, it is not surprising that acupuncture
did not trigger CPM in these studies. Third, Deqi, a unique
composite of sensations (such as deep ache and tingling
sensation) considered essential for clinical efficacy according
to traditional Chinese medicine [106], was not elicited in the
second study. In real clinical practice, the acupuncturist aims
to achieve Deqi, retains the needles in the body for between
15 and 20minutes, and often usesmore than one needle [107].
Therefore, the treatment performed in the second study does
not represent typical clinical practice. Future studies should
focus on adapting CPM for the clinical study of acupuncture
analgesia using acupuncturemethods that are consistent with
clinical practice.

Last but not least, the duration of CPM/DNIC is short-
lived. Directly comparing acupuncture with CPM will not
help understand the clinically relevant long-term analgesia by
acupuncture. BecauseDNIC/CPM is considered to play a role
in mediating pain perception in chronic pain conditions [27,
108, 109], it would bemore relevant to study how acupuncture
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influences CPM rather than simply to treat acupuncture as a
form of transient conditioning stimulus.

3.3. Current Trends and Future Directions QST in
Acupuncture Research

3.3.1. Clinical Applications of QST. Quantitative sensory test-
ing is increasingly used in clinical research as a helpfulmarker
for central and peripheral nociceptive processing [38, 39, 110].
Specifically, researchers are applying TS and CPM to the
following three categories of translational research: (1) to
phenotype patient subgroups based on different underlying
pain mechanisms [27, 53, 109, 111]; (2) to predict response to
treatment based onmechanistic phenotypes thus determined
[112–116]; and (3) to characterize the central modulatory
effects of new therapies [99, 117–121]. For example, as
mentioned separately in the TS and CPM sections, many
chronic pain conditions display increased TS and/or reduced
CPM as compared with healthy controls. These conditions
include fibromyalgia, TMJ disorder, headaches, irritable
bowel syndrome, back pain, and arthritis of hip and knee
[27].The next step, then, is to select the appropriate therapies
that specifically address an individual patient’s mechanistic
deficit(s). Recently, Yarnitsky et al. demonstrated this concept
of mechanism-based treatment of pain in a landmark study
[116]. He found that deficient descending inhibition, as
reflected by low CPM, predicted clinical response to dulox-
etine, an antidepressant that augments descending inhibition
by increasing serotonin and norepinephrine levels in the
central nervous system [122]. This study represents a future
of personalized pain treatment, where QST fingerprinting
provides key information on themechanismof an individual’s
pain condition. Last but not least, TS and CPM have been
used to characterize the central modulatory effects of many
drugs and interventions, such as ketamine [123], gabapentin
[117], surgery [120], and exercise [121].

3.3.2. Limitations of Current QST Research. Despite the
advances described here, there are still significant method-
ological barriers to the wide utilization of QST in clinical
research. First, although the temporal stability of TS andCPM
has been established in healthy volunteers [42, 66, 124], it has
not been characterized in chronic pain patients [110].Without
stability data in this population, it is difficult to discern if a
change in TS or CPM is due to the therapeutic intervention
or to the natural fluctuation in these measures. Second, a
variety of methods have been used to generate and compute
TS [42, 79] and CPM [43], which makes it challenging
to make comparisons across studies. Third, individual TS
and CPM responses vary widely. For example, a standard
thermal TS protocol may not capture TS from 40% to 60%
of the individuals tested [61, 125]. This variability imposes
restrictions on the external validity of studies involving TS
and CPM, particularly in longitudinal studies where some
degrees of TS and CPM are expected at baseline. Our group
is actively searching for solution to all 3 issues by assessing
the stability of TS and CPM in patients with chronic pain,

developing universal protocols to capture TS and CPM in
most individuals, and investigating the physiologic bases of
the between-individual variations in the response to TS and
CPM tests.

In summary, while there is a large body of literature on
using TS and CPM to study chronic pain, limitations in
methodology still exist. Future studies should address the
following three issues: (1) the uncertainty in the temporal
stability of TS and CPM in chronic pain conditions; (2) the
lack of a universal protocol; (3) the large between-individual
variability in both TS and CPM.

3.3.3. QST in Acupuncture Research. The literature contains
only sparse data on the use of QST in human acupuncture
research. This may be due, in part, to lack of awareness.
Advances are being made in applying QST to understand
the mechanisms of chronic pain [27, 38, 53, 78, 109] and
medications [29, 112, 116–118, 126], and we believe there is a
definitive role for QST in the study of acupuncture analgesia.

We make the following practical recommendations for
utilizing QST in clinical acupuncture studies. First, because
the stability of TS and CPM has not been established in
the clinical pain population, we recommend a parallel group
design with one group representing the natural course of the
disease (waitlist control) and other groups representing active
and sham interventions. Second, although there is no single
standardized protocol for TS or CPM, there are both more
and less established protocols. We recommend choosing the
more established protocols. For example, the OPERA trial
of several thousands of patients with oral facial pain used
reliable heat and pressure pain paradigms to examine TS
and CPM [111]. Another example is the comprehensive set
of QST measures that encompass both the dynamic and
static measures developed by the German Research Network
in Neuropathic Pain (DFNS) [65]. With a strong focus on
peripheral pathologies, this protocol has been validated on a
variety of neuropathic pain syndromes and has been shown
to be consistent [127]. Furthermore, both the OPERA and
the DFNS protocols include traditional threshold measures
to a variety of sensory stimuli. Unlike CPM and TS, these
threshold measures offer additional insights on peripheral
nociceptive processes. Last but not least, we recommend
a two-step approach to determine whether acupuncture
leads to analgesia by modifying the central pain-processing
pathways. First, research should test whether acupuncture
will lead to changes in dynamic QST parameters such as TS
and CPM. Second, studies should investigate whether such
changes lead to improvement of pain and function.

4. Conclusions

Numerous animal studies suggest that acupuncture leads to
analgesia via powerful central pain modulatory mechanisms.
However, little is known about whether and how these
findings may translate to clinically meaningful outcomes. TS
and CPM are emerging behavioral correlates of ascending
excitatory and descending inhibitory limbs of central pain
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modulation. Both TS andCPMhave beenwidely used in clin-
ical pain research, yet their application to the understanding
of acupuncture analgesia is limited.We encourage greater use
of TS and CPM in acupuncture research, in conjunction with
other psychophysical tools such as pain detection thresholds,
and with appropriate attention given to the limitations of
these psychophysical methods. The appropriate adaption of
dynamic (TS and CPM) and static QST measures (pain
detection threshold) will help advance our understanding
of the true mechanisms of acupuncture analgesia in human
clinical populations.
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Electroacupuncture (EA) has been shown to increase cerebral blood flow (CBF) and reduce ischemic infarction in the rat model of
cerebral ischemia (middle cerebral artery occlusion,MCAO). Sincemultiple acupoints are recommended to treat cerebral ischemia,
we performed this study to investigate if there is any variation in EA protection against cerebral ischemia with the stimulation of
certain “acupoints” in rats. One hour of right MCAOwith an 85% reduction of blood flow induced an extensive infarction (32.9%±
3.8% of the brain), serious neurological deficits (scale = 6.0 ± 0.5, on a scale of 0–7), and a 17% (10 out of 60) mortality. EA, with
a sparse-dense wave (5Hz/20Hz) at 1.0mA for 30 minutes, at Du 20 and Du 26 greatly reduced the infarction to 4.5%± 1.5%
(𝑃 < 0.01), significantly improved neurological deficit (scale = 1.0 ± 0.5, 𝑃 < 0.01), and decreased the death rate to 7% (2 out of
30, 𝑃 < 0.01). Similarly, EA at left LI 11 & PC 6 reduced the infarct volume to 8.6%± 3.8% (𝑃 < 0.01), improved the neurological
deficit (scale = 2.0 ± 1.0, 𝑃 < 0.01), and decreased the death rate to 8% (2 out of 24, 𝑃 < 0.01). In sharp contrast, EA at right LI 11 &
PC 6 did not lead to any significant changes in the infarct volume (33.4%± 6.3%), neurological deficit (scale = 6.5 ± 0.5), and the
death rate (20%, 5 out of 24). EA at left GB 34 & SP 6, also had an inconspicuous effect on the ischemic injury. EA at Du 20 & Du
26 or at left LI 11 & PC 6 instantaneously induced a significant increase in cerebral blood flow. Neither EA at right LI 11 & PC 6 nor
at GB 34 & SP 6 increased cerebral blood flow. These results revealed that the EA protection against cerebral ischemia is relatively
acupoint specific.

1. Introduction

Brain hypoxia/ischemia, as in stroke, causes neuronal injury
[1–4] and results in neurological disability and death. Pre-
vention and early treatment are paramount in reducing its
devastating effects on affected individuals and their families.
However, treatment strategies are presently very limited in
spite of extensive research over several decades. Seeking
new and effective therapy, including complementary and
alternative approaches to prevent/treat ischemic injury, is of
utmost importance.

Traditional Chinese Medicine (TCM) has long advocated
the use of acupuncture to treat stroke and other neurological
disorders. Indeed, several ancient TCM books, for example,
HuangdiNei Jing (Huangdi’s Internal Classic) and “Handbook

of Prescriptions for Emergencies” (Zhou Hou Fang), both
contain descriptions of acupuncture therapy for stroke-
like disorders. In recent years, a substantial amount of the
literature has appeared on the use of manual acupuncture
or EA for the brain protection against ischemic injury in
both human subjects and animal models [5–15]. However,
there are still controversies in terms of the clinical outcome
[16–18]. The evidence on the effectiveness of acupuncture
in stroke patients was inconclusive under clinical settings,
which could be attributed to poormethodological quality and
small samples. Further high-quality, randomized controlled
trials with long-term followups are needed [18].

Acupuncture induces a complex effect on the central
nervous system [19–22] and thus displays therapeutic effects



2 Evidence-Based Complementary and Alternative Medicine

on the body, which is influenced by multiple factors, espe-
cially stimulation manner/parameters and location (acu-
points). Differences in various methods and acupoints of
acupuncture manipulation may greatly affect immediate effi-
cacy and long-term prognosis of patients. However, there is a
lack of knowledge on optimal acupuncture conditions for the
treatment of ischemic injury. Traditional Chinese Medicine
recommends various acupoints located over different parts
of the body along with different methods of acupunctural
stimulation. However, most of these recommendations are
based on personal experiences and have not been subjected
to scientific testing. Therefore, optimizing acupuncture con-
ditions for maximal efficacy is of critical value because dif-
ferent manipulations of acupuncture can result in completely
different outcomes. For obvious reasons, it is difficult, if not
impossible, to conduct such tests on patients and therefore
must be done largely via animal studies.

Recently, we determined the appropriate EA parameters
for cerebral protection against ischemia [9, 13]. In fact, our
findings suggest that the current frequency and intensity for
EA stimulation differentially alters cerebral blood flow and
infarct volume in the rat brain exposed to middle cerebral
artery occlusion (MCAO). Since there are multiple acupoints
all over the body and EA effects are generally acupoint
specific, it is equally important to define the specific roles
corresponding to each relevant acupoint. Although there
are sporadic studies that suggest that Baihui (Du 20) might
be better than other acupoints for EA-induced protection
against cerebral ischemia [11, 15, 23], a comparative evaluation
of various acupoints has yet to be performed.

In order to clarify the fundamental issue concerning the
specificity of acupoints in EA-induced cerebral protection
against ischemia, we performed a number of experiments on
rats to investigate the specific outcomes of stimulation of acu-
points located in various regions of the body under ischemic
conditions. We specifically chose 4 pairs of “acupoints” in
the head, left posterior limb, and left and right anterior
limbs, respectively, in addition to the controls.We performed
constant monitoring to record the effects on blood flow,
neurological deficits, and ischemic infarction in the ischemic
brain for a reliable comparison between all groups. Our
present data, consistent with our preliminary findings [10],
shows that the acupoints in the head and left (contralateral)
anterior limb confer maximum protection against ischemic
injury in the MCAO rat model, suggesting the importance of
these acupoints in the cerebral protection in stroke.

2. Materials and Methods

2.1. Animals. Adult male Sprague-Dawley rats (250 g ± 10 g)
were purchased from the Experimental Animal Center for
Shanghai Chinese Academy of Science and housed at an
ambient temperature of 24 ± 1∘C with free access to food
and water. All surgical procedures were performed under
anesthesia (chlorate hydrate, 400mg/kg, i.p.). All animal
procedures were approved by the Animals Care and Use
Committees of Fudan University Shanghai Medical College,
Shanghai, China.

2.2. Monitoring Cerebral Blood Flow. A laser-Doppler perfu-
sion monitor (LDPM, PeriFlux5000, Perimed, Sweden) was
used for the measurement of cerebral blood flow. The main
procedure [24] was as follows. A little round hole located
at 1.5mm posterior to the bregma and 5mm lateral to the
sagittal suture was drilled in the right parietal bone and a
laser Doppler probe (0.45mm diameter) was then inserted
at a depth of 2mm to approach the superficial microvessels
in the cerebral pia mater to measure blood perfusion of the
cortex as an index of cerebral blood flow. The probe was
then fixed on the skull bone. Changes in cerebral blood flow
were continuouslymonitored in all animals beginning at least
5min before the induction of cerebral ischemia to about
15min after reperfusion (until animal revival). According to
the manufacturer, change in perfusion values depends on
the number of blood cells present in the area illuminated
by the probe tip and the speed at which they move. The
changes in blood perfusion recorded as a measure of the
dynamic changes in the cerebral blood flow in a localized
area were constantly monitored in real time using LDPM.
The values measured by LDPMwere automatically expressed
as perfusion units (PUs), concentration of the moving blood
cells (CMBC), and the velocity of blood cells (Velocity). Of
these values, PU is themost important index of cerebral blood
flow and represents the product of the relative number of
moving blood cells and their relative velocities.

2.3. Induction of Cerebral Ischemia. The focal cerebral
ischemia model was established by performing the middle
cerebral artery occlusion (MCAO) based on the methods
described by Longa et al. [25]. Briefly, the rats were surgically
operated under anesthesia to expose their right common
carotid, the external carotid, and the internal carotid arteries.
After ligating the distal end of the right external carotid
artery, it was incised and a segment of 4-0 monofilament
nylon suture (30mm length, 0.18mm diameter with a
0.24mm diameter round tip, MONOSOF, SN-1699G, USA)
was inserted from the right external carotid artery into the
right internal carotid artery for a length of ∼20mm (reaching
the origin of the right middle cerebral artery) to occlude the
blood flow of the right middle cerebral artery.

To standardize our experimental conditions across all
experimental groups, we constantlymonitored the blood flow
in all animals to make sure that a relatively uniform level of
cerebral ischemia existed before experimentation. The blood
flow was controlled by adjusting the suture in the artery for
the induction of ischemia. The ischemic rats that showed a
stable drop of ∼85% in PU compared to the baseline level
(before MCAO), that is, reaching a level of ∼15% of the
baseline PU, were used for further experimentation. This
ischemic condition was kept constant with minor fluctua-
tions during the entire ischemic period. After the occlusion,
reperfusion of the ischemic area was allowed by withdrawing
the suture from the right external carotid artery. Changes in
cortical blood flow were constantly monitored in all animals
beginning at least 5mins before MCAO and continuing up
to 15mins after reperfusion (until animal recovered from the
anesthesia).This period included the entire course of MCAO
as well as the full length of EA.
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Body temperature was monitored by a rectal thermome-
ter and maintained at 36.5∘C ± 0.5∘C from the start of the
surgical procedures till the animal recovered from anesthesia.
After the reperfusion, the animals were housed for 24 hours
at an ambient temperature of 24 ± 1∘C. In the sham-
operation group, the same surgical procedures other than
artery occlusion were performed.

2.4. Application of Electroacupuncture. EA was delivered to
4 pairs of “acupoints” to compare their effects on brain
protection and blood flow, those being “Shuigou” (Du 26)
and “Baihui” (Du 20), left “Quchi (LI 11)” and “Neiguan”
(PC 6), right “Quchi (LI 11)” and “Neiguan” (PC 6), and left
“Yanglingquan” (GB 34) and “Sanyinjiao (SP 6). As described
previously [13, 19, 26], “Shuigou (Du 26)” and “Baihui (Du
20)” are acupoints on head and face. Shuigou (Du 26) is
located in the center of the upper lip situated at a point 2/3rds
from themouth on a line connectingmouth and nose. Baihui
(Du 20) is located on the midline of the head, approximately
at the midpoint of the line connecting the apices of the
two auricles. The depth of the needle used on Du 26 was
1mm vertically into the skin and 2mm obliquely into Du
20. “Quchi (LI 11)” and “Neiguan” (PC 6) are acupoints on
the anterior limbs. “Quchi (LI 11)” is in the depression on
the lateral side of the elbow joint, and “Neiguan” (PC 6) is
at the suture between ulnar and radial bones with a distance
of 3mm superior to the wrist joint. Left “Quchi (LI 11)” and
“Neiguan” (PC 6) are contralateral to the ischemic cerebral
hemisphere. Right “Quchi (LI 11)” and “Neiguan” (PC 6) are
ipsilateral to the ischemic cerebral hemisphere. The depth of
the needle on LI 11 is 4mm vertically to the skin and PC 6
is 2mm vertically. “Yanglingquan” (GB 34) and “Sanyinjiao
(SP 6) are acupoints on the posterior limbs. “Yanglingquan”
(GB 34) is located in the depression below the capitulum
fibulae posterolateral to the knee joint, and “Sanyinjiao (SP 6)
is at a point 10mm superior to the tip of themedial malleolus.
Left “Yanglingquan” (GB 34) and “Sanyinjiao (SP 6) are
contralateral to the ischemic cerebral hemisphere. The depth
of the needle under GB 34was 5mmvertically to the skin and
that under SP 6 was 6mm vertically to the skin.

The “optimal” stimulation parameters, that is, sparse-
dense wave (5Hz/20Hz) at 1.0mA, were chosen based on
our previously described reports [9, 13]. In all four EA
groups, the same parameters were adopted with only a
difference in the acupoint stimulated. EA was started 5min
after the onset of MCAO and was continued for 30min. It
was delivered through stainless steel filiform needles (15mm
length with 0.3mm in diameter, Suzhou Medical Apparatus
Limit Co., China) by an EA apparatus (Model G-6805-
II, Shanghai Medical Instruments High-Tech Co., China).
This EA apparatus has been widely used in the practice of
clinical acupuncture in Traditional Chinese Medicine. The
intensity and frequency of the output waves with negative-
going pulse on the posterior border (pulse width = 0.5 ±
0.1ms; component of direct current = 0) were monitored
by a general oscillograph (Model XJ4210A, Shanghai XinJian
Instrument and Equipment Co., China).

The ischemic rats with MCAO were randomly divided
into 5 groups:MACOonly (Ischemia, 𝑛 = 60), Ischemia + EA

at Du 20 and Du 26 (𝑛 = 30), Ischemia + EA at left LI 11
and PC 6 (𝑛 = 24), Ischemia + EA at right LI 11 and PC 6
(𝑛 = 24), and Ischemia + EA at left SP 6 and GB 34 (𝑛 = 24).
Finally, to achieve a strict control, we applied comparable
acupoint stimulation using the same EA parameters for both
ischemic and nonischemic rats and measured the changes in
their cerebral blood flow (𝑛 = 8) to determine if EA has
an acupoint-specific effect on the cerebral blood flow under
ischemia.

2.5. Evaluation ofDeathRate andNeurologicalDeficits. In our
experiments, some ischemic rats died between 2 and 20 hrs
after reperfusion. The death rates were calculated based on
the number of dead rats within this period and the total
number of rats in the given group. Although the deaths could
be attributed to a myriad of causes including hemorrhage, we
did not investigate the cause of death as part of the study
objectives as our aim here was to compare the death rates
among various groups.

Neurological behaviors were evaluated in all groups,
excluding the rats that died within 24 h after MCAO. Neu-
rological deficits were evaluated at 24 h after the reperfusion
(right before sampling brain tissue for detection of ischemic
infarction and other tests). The evaluation of neurological
deficits was blinded, that is, the one who judged and scored
the degree of neurological deficits according to the preset
criteria did sowithout any knowledge about the grouping and
treatments.The degree of neurological deficits was graded on
a scale of 0 to 7 [13]. The criteria were set as follows: Grade
0— “normal”, symmetrical movement without any abnormal
signs; Grade 1—incomplete stretch of the left anterior limb
when the tail was lifted up; Grade 2—doddery crawl along
with the signs of Grade 1; Grade 3—kept the left anterior
limb close to the breast when the tail was lifted up; Grade
4—left turn when crawling; Grade 5—left anterior claw
pushed backward along with the signs of Grade 4; Grade
6—repeated rotational motion with an immotile posterior
left limb; Grade 7—left recumbent position because of body
supporting incapability.

2.6. Measurement of Cerebral Infarct Volume. Following the
evaluation of neurological deficits at 24 h after reperfusion,
the rats were sacrificed under anesthesia, and sections of their
brains were obtained as 2.0mm slices (𝑛 = 12 ∼ 18).The brain
slices were incubated in a solution of triphenyltetrazolium
chloride (TTC, 20 g/L) for 30 minutes at 37∘C and then
transferred into paraformaldehyde solution (40 g/L) to fix
the area of infarct. The infarct region presented as white
or pale in color while “normal” tissue showed up as red
[13, 27, 28]. The images of the brain slices were taken
with a digital camera attached to a computer system. The
area/volume of infarct was analyzed by a computer-assisted
image systemwithACT-2U software (Nikon). Relative infarct
ratio was calculated using the following equation [24]: (2 ∗
left hemisphere area (non-ischemic side) −noninfarct area
of whole brain slices)/(2 ∗ left hemisphere areas) ∗ 100%.
This equation excludes the factors that could result in an
inaccurate calculation of the infarct volume (such as edema).



4 Evidence-Based Complementary and Alternative Medicine

Table 1: Effects of EA at different acupoints on cerebral ischemia.

Groups Scales of neurological deficit Infarct volume Death rate
Ischemia 6.0 ± 0.5 (6 ∼ 7) (𝑛 = 50) 32.9% ± 3.8% (𝑛 = 18) 17% (10 out of 60)
Ischemia + EA (Du 20 & Du 26) 1.0 ± 0.5 (0 ∼ 2) (𝑛 = 28)△ 4.5% ± 1.5% (𝑛 = 12)∗ 7% (2 out of 30)¥

Ischemia + EA (left LI 11 & PC 6) 2.0 ± 1.0 (1 ∼ 3) (𝑛 = 22)△ 8.6% ± 3.8% (𝑛 = 12)∗ 8% (2 out of 24)¥

Ischemia + EA (right LI 11 & PC 6) 6.5 ± 0.5 (6 ∼ 7) (𝑛 = 19) 33.4% ± 6.3% (𝑛 = 12) 20% (5 out of 24)
Ischemia + EA (left SP 6 & GB 34) 6.0 ± 1.0 (5 ∼ 7) (𝑛 = 21) 29.8% ± 4.5% (𝑛 = 12) 13% (3 out of 24)#

Ischemia: the rats were subjected to rightMCAO for 1 hour and reperfusion for 24 hours. Ischemia + EA at Du 20 &Du 26: EA (1.0mA, 5/20Hz, sparse-density
wave) was delivered to the acupoints of “Baihui” (Du 20) and “Shuigou” (Du 26) of the ischemic rats for 30min. Ischemia + EA at left LI 11 & PC 6: EA was
delivered to the acupoints of “Quchi” (LI 11) and “Neiguan” (PC 6) on the left anterior limb of the ischemic rats for 30min. Ischemia + EA at right LI 11 & PC
6: EA was delivered to the acupoints of “Quchi” (LI 11) and “Neiguan” (PC 6) on the right anterior limb of the ischemic rats for 30min. Ischemia + EA at left
SP 6 & GB 34: EA was delivered to the acupoints of “Sanyinjiao” (SP 6) and “Yanglingquan” (GB 34) on the left posterior limb of the ischemic rats for 30 min.
△P < 0.01 versus Ischemia. ∗P < 0.01 versus Ischemia. ¥P < 0.01 versus Ischemia.#P < 0.05 versus Ischemia. Note that both EA at Du 20 & Du 26 and EA at left
LI 11 & PC 6 significantly reduced the neurological deficit, brain infarct volume, and death rate.

(a) Ischemia (MCAO-
60min)

(b) Ischemia + EA (Du 20
and Du 26)

(c) Ischemia + EA (left LI 11
and PC 6)

(d) Ischemia + EA (right
LI 11 and PC 6)

(e) Ischemia + EA (left SP 6
and GB 34)

Figure 1: EA-induced reduction in the infarct volume varied with stimulation of different acupoints. The brain slices were subjected to TTC
staining and the ischemic infarct volume was quantified by a computerized image system. Note that the infarct region (pale-white portion)
was mainly located in the striatum and the frontoparietal cortex in the right hemisphere. The slices on the right of each column show the
backside of the left slices.TheMCAO-induced infarction (a) was significantly reduced by EA treatment at the acupoints Du 20 and Du 26 (b)
and LI 11 and PC 6 on the left anterior limb (c). In contrast, EA treatment with the same parameters at the acupoints LI 11 and PC 6 on the
right anterior (d) and SP 6 and GB 34 on the left posterior limbs (e) enabled no appreciable protection against cerebral infarction.

2.7. Data Analysis. Cerebral blood flow was determined as
a measure of PU, CMBC, and Velocity. All values in each
animalwere compared to the baseline valuesmeasured before
MCAO. The grouped values were compared across various
groups. Neurological deficits were evaluated and expressed
as an average value of the grade per group. Cerebral infarct
volumewas expressed as a percentage of the whole cerebrum.

All data are presented as mean ± SD and subjected to
statistical analysis. The rate of death was compared using the
Chi-square test. All other data were subjected to Analysis of
variance (ANOVA), t-test, Rank-Sum test, and/or Chi-square
test. The changes were considered as significant if the 𝑃 value
was less than 0.05.

3. Results

3.1. EAProtection against Ischemic InjuryVariedwithDifferent
Acupoints. In the Ischemia group (MCAO only, 𝑛 = 60),
17% (10/60) of the rats died in less than 24 hrs after 60min of

MCAO. At 24 h after reperfusion, the remaining rats showed
serious neurological deficits (Grade 6.0 ± 0.5, 𝑛 = 50) with
a cerebral infarct volume around one-third of the volume
of the whole brain (32.9% ± 3.8%, 𝑛 = 18) (Table 1, and
Figure 1(a)). The infarct areas were extensively distributed in
the right frontoparietal lobe of the cortex and the striatum.
The ischemic side was very swollen.

In the group of Ischemia + EA at Du 20 and Du 26
(𝑛 = 30), 7% (2/30) of rats died within 2–10 hrs after
MCAO (𝑃 < 0.01 versus Ischemia). At 24 h after reperfusion,
the remaining rats showed a significant improvement of
neurological deficits as compared to the ischemia alone group
(Grade 1.0 ± 0.5, 𝑛 = 28, 𝑃 < 0.01 versus Ischemia) with
a greater reduction of infarct volume, chiefly limited to the
right striatum (4.5% ± 1.5%, 𝑛 = 12, 𝑃 < 0.01 versus
Ischemia) (Table 1 and Figure 1(b)).

In the group of Ischemia + EA at left LI 11 and PC 6
(𝑛 = 24), 8% (2/24) of rats died within 2–10 hrs after
MCAO (𝑃 < 0.01 versus Ischemia). At 24 h after reperfusion,
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Figure 2: Continued.
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(c) Averaged changes in the blood flow in response to EA at different
acupoints

Figure 2: EA-induced changes in CBF in the ischemic cortex varied with stimulation of different acupoints. The CBF was measured in 6
ischemic rats subjected to EA treatment at different acupoints. Blood perfusion (PU), concentration of moving blood cells (CMBC), and
velocity of blood cells (Velocity) were measured by a laser Doppler perfusion monitor system. (a) Changes in CBF in response to EA at
different acupoints. (b) CBF in each EA condition. (c) Statistical summary of the changes in CBF in response to EA stimuli.∗𝑃 < 0.01, MCAO
versus MCAO plus EA (PU);#𝑃 < 0.01, MCAO versus MCAO plus EA (CMBC); ∇𝑃 < 0.05, MCAO versus MCAO plus EA (Velocity). Note
that EA at acupoints Du 20 and Du 26 and left LI 11 and PC 6 induced isochronous increase in PU and CMBC in addition to a decrease in
Velocity, but EA at right LI 11 and PC 6 acupoints and left SP 6 and GB 34 acupoints had no significant effects on CBF despite using the same
EA parameters.

the remaining rats showed significantly attenuated neurologi-
cal deficits (Grade 2.0±1.0, 𝑛 = 22,𝑃 < 0.01 versus Ischemia)
and a greatly reduced infarct volume (8.6% ± 3.8%, 𝑛 = 12,
𝑃 < 0.01 versus Ischemia) (Table 1 and Figure 1(c)).

In the group of Ischemia + EA at right LI 11 and PC 6
(𝑛 = 24), 20% (5/24) of rats died within 2–20 hrs afterMCAO
(𝑃 > 0.05 versus Ischemia). At 24 h after reperfusion, the
remaining rats showed serious neurological deficits (Grade
6.5 ± 0.5, 𝑛 = 19, 𝑃 > 0.05 versus Ischemia) with the cerebral
infarct volume approximately one-third of the whole brain
(33.4% ± 6.3%, 𝑛 = 12, 𝑃 > 0.05 versus Ischemia) (Table 1
and Figure 1(d)).

In the group of Ischemia + EA at left SP 6 and GB 34
(𝑛 = 24), 13% (3/24) rats died within 2–10 hrs after MCAO
(𝑃 < 0.05 versus Ischemia). At 24 h after reperfusion, the
remaining rats showed serious neurological deficits (Grade
6.0 ± 1.0, 𝑛 = 21, 𝑃 > 0.05 versus Ischemia) with the cerebral
infarct volume approximately one-third of the whole brain
(29.8% ± 4.5%, 𝑛 = 12, 𝑃 > 0.05 versus Ischemia) (Table 1
and Figure 1(e)).

3.2. EA-Induced Changes in Cerebral Blood Flow Varied
with Different Acupoints. Considering that an insufficient
blood flow causes cerebral ischemic injury, we wondered if
EA neuroprotection against cerebral ischemia was rendered

through regulation of the blood supply to the ischemic brain
and whether this regulation changed with a difference in
the acupoints stimulated. Using a laser-doppler perfusion
monitor, we monitored the real-time changes in cerebral
blood flow in all experimental groups.

Firstly, we tested if brief stimulation of these acupoints
alters the blood flow on the ischemic rats (𝑛 ≥ 6, repeated
≥6 times for each pair of acupoints). EA with 5/20Hz sparse-
dense current at 1.0mA was delivered to the acupoints in
a manner of 5min stimulation/5min cessation. When a
nylon suture was successfully inserted into the appropriate
place of right middle cerebral artery, the blood perfusion of
the monitored cortex decreased immediately from average
100 ± 20PU to 15 ± 2PU, that is, a ∼85% drop in blood
supply with a decrease in CMBC by ∼80% and relatively
slight deceleration of blood cell velocity by ∼25% (𝑃 < 0.05)
(Figures 2(a), 2(b)(1), and 2(c)). EA stimulation at Du 20 and
Du 26 immediately induced a significant increase in blood
flow. This increase in blood perfusion was synchronous to
EA. Among the changes in blood flow, EA induced a 2-fold
increase in PU (from ∼15% to ∼32% of the base level before
MCAO, 𝑃 < 0.01) with a 3-fold increase in CMBC (from
∼20% to ∼65% of the base level, 𝑃 < 0.01) and a slight
decrease in the Velocity (from ∼75% to ∼50% of the base-
value, 𝑃 < 0.05) (Figures 2(a), 2(b)(2), and 2(c)). Similarly,



Evidence-Based Complementary and Alternative Medicine 7

100

100

100

15

75

20

50

MCAO
Ve

lo
ci

ty
Rep.

5 min

CM
BC

PU

(a) Effect of 60-minute MCAO on cortical blood flow

EA (Du 20 and Du 26, 5/20 Hz, 1 mA)

100

100

100

15

75

20

50

MCAO

Ve
lo

ci
ty

Rep.

CM
BC

PU

5 min

(b) Effect of EA at “Baihui” (Du 20) and “Shuigou” (Du 26) on cortical blood flow

EA (left LI 11 and PC 6, 5/20 Hz, 1 mA)

100

100

100

15

75

20

50

MCAO

Ve
lo

ci
ty

Rep.

CM
BC

PU

5 min

(c) Effect of EA at left “Quchi” (LI 11) and “Neiguan” (PC 6) on cortical blood flow
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(d) Effect of EA at right “Quchi” (LI 11) and “Neiguan” (PC 6) on cortical blood flow

Figure 3: Continued.
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(e) Effect of EA at left “Sanyinjiao” (SP 6) and “Yanglingquan” (GB 34) on cortical blood flow

Figure 3: Representative trace recordings of the blood flow. Blood perfusion (PU), concentration ofmoving blood cells (CMBC), andVelocity
of blood cells (Velocity) were measured in the ischemic rats by a laser Doppler perfusion monitor system. (a) Effect of MCAO-60min on
CBF during ischemia and reperfusion in the Ischemia group. (b) Effect of EA at acupoints Du 20 and Du 26 on CBF. (c) Effect of EA at left
LI 11 and PC 6 on CBF. (d) Effect of EA at acupoints right LI 11 and PC 6 on CBF. (e) Effect of EA at acupoints left SP 6 and GB 34 on CBF.
Note that the PU and CMBC decreased immediately after the right middle cerebral artery was occluded by a nylon suture. The blood flow
was kept at a low level with fluctuant waves during the entire MCAO duration. After onset of reperfusion, PU and CMBC increased while
the velocity further decreased. EA at right LI 11 and PC 6 acupoints induced no significant change in the CBF during or after MCAO. EA at
left SP 6 and GB 34 acupoints induced no significant change in the CBF during the early stages of MCAO, but slightly increased the CMBC
after a 10–15min period of EA. EA stimulation at acupoints Du 20 and Du 26 or left LI 11 and PC 6 induced an isochronous increase in PU
and CMBC with a decrease in velocity. After reperfusion, PU, CMBC, and Velocity all increased rapidly and reached the baseline values.

EA at left LI 11 and PC 6 also significantly increased the
blood flow immediately after the onset of EA. During the
EA stimulation, PU increased almost 2 folds (from ∼15% to
∼29% of the base-value, 𝑃 < 0.01) with a significant 3-fold
increase in CMBC (from ∼20% to ∼60% of the base level,
𝑃 < 0.01) and a slight decrease in the Velocity (from ∼75% to
∼50% of the base level, 𝑃 < 0.05) (Figures 2(a), 2(b)(3), and
2(c)). In sharp contrast, EA at right LI 11 and PC 6 (Figures
2(a), 2(b)(4), and 2(c)) and left SP 6 and GB 34 (Figures 2(a),
2(b)(5), and 2(c)) did not induce any significant changes in
blood flow despite the use of same EA parameters.

Based on these initial observations, we systematically
investigated the changes in blood flow from the time before
MCAO to the early stage of the reperfusion. Specifically, the
recording started 5mins prior to MCAO and continued on
to 15mins after the onset of reperfusion (suture withdrawal).
EA started at 5min after the onset of MCAO for a duration
of 30mins with the same stimulation parameters, that is,
5/20Hz sparse-dense pulse at 1.0mA in all groups (Figures 3–
6). We then compared the differences in cerebral blood flow
at the pre-MCAO level, and during MCAO with/without EA
in various groups.

In the Ischemia group (MCAO for 60min, 𝑛 = 30),
there was an immediate ∼85% decrease in blood perfusion
of the monitored cortex. The blood flow was kept constant at
this low level for the entire duration of MCAO. The CMBC
also decreased to ∼20% of the baseline level (the level before
MCAO), and the blood cell velocity decreased to 75% of the
baseline (Figures 3(a) and 4–6).

In the group of Ischemia + EA at Du 20 and Du 26 (𝑛 =
30), EA significantly increased the blood flow immediately
after the onset of stimulation with the increase in blood

perfusion being synchronous to EA application. The EA-
induced changes in blood flow induced a 2-fold increase in
PU over the ischemic level (𝑃 < 0.01), CMBC increased by
over 3 folds (𝑃 < 0.01), and the Velocity slightly decreased by
∼33% (𝑃 < 0.05) (Figures 3(b), 4(a), 5(a), and 6(a)). As the
stimulation ceased, the blood flow immediately decreased to
the MCAO level.

In the group of Ischemia + EA at left LI 11 and PC 6
(𝑛 = 24), EA significantly increased regional blood flow
immediately after application. Specifically, PU increased by
2 folds over the ischemic (MACO) level (𝑃 < 0.01), CMBC
significantly increased by 3 folds (𝑃 < 0.01), and the Velocity
slightly decreased by >30% of the MCAO level (𝑃 < 0.05)
(Figures 3(c), 4(b), 5(b), and 6(b)). As the stimulation ceased,
the blood flow rapidly returned to the MCAO level.

In sharp contrast to the previous groups, EA at right LI 11
and PC 6 (𝑛 = 12) did not induce any significant changes in
blood flow during MCAO (Figures 3(d), 4(c), 5(c), and 6(c)).
The same was true for EA at left SP 6 and GB 34 (𝑛 = 24).
In this group, EA did not significantly alter the blood flow
in the first 10–15 minutes. In the later stage of EA, however,
CMBC gradually increased with a slight reduction in the
Velocity, although, the value of PU showed no significant
change (Figures 3(e), 4(d), 5(d), and 6(d)).

3.3. Recovery of the Blood Flow during Reperfusion Varied
among Various Groups. In the Ischemia group, following
nylon suture removal after a 60-min MCAO, PU slightly
increased to 25% of the control (pre-MCAO) level (𝑃 < 0.05
versus MCAO) and CMBC increased to ∼55% of the control
level (𝑃 < 0.01 versusMCAO).However, the velocity of blood
cells further decreased during the transition from ischemia
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Figure 4: Statistical data on cerebral blood flow (PU) in ischemic cortex in MCAO/reperfusion rats with/without EA at different acupoints.
PU was measured and compared between the groups.∗𝑃 < 0.01, MCAO + EA versus MCAO; ∇𝑃 < 0.05, reperfusion versus MCAO; #

𝑃 <

0.01, reperfusion in MCAO + EA group versus reperfusion in MCAO group. Note that in the Ischemia group, MCAO (0min) decreased PU
to ∼15% of the base level before MCAO (−5min). After the onset of reperfusion, PU increased slightly to ∼25%. In the group of EA at Du 20
and Du 26, EA increased PU to ∼32% of base level before MCAO. In the group of EA at left LI 11 and PC 6, EA also increased PU to ∼29% of
base level beforeMCAO. After the onset of reperfusion, PU in the groups of EA at Du 20 andDu 26 and left LI 11 and PC 6 almost immediately
returned to >90% of the pre-MCAO level. However, EA at right LI 11 and PC 6 and left SP 6 and GB 34 did not significantly improve the CBF
during MCAO and after reperfusion.

to reperfusion, that is, from 75% to 50% of the control (pre-
MCAO) level (𝑃 < 0.05 versusMCAO) in the first 15 minutes
after the blood reperfusion. These results indicate a constant
hypoperfusion during MCAO and even after reperfusion,
which was mainly due to a decrease in moving blood cells
(CMBC) in MCAO or a reduction of blood cell velocity
during reperfusion (Figures 3(a) and 4–6).

In the group of Ischemia + EA at Du 20 and Du 26
(Figures 3(b), 4(a), 5(a), and 6(a)) and the the group of

Ischemia + EA at left LI 11 and PC 6 (Figures 3(c), 4(b),
5(b), and 6(b)), the cerebral blood flow (PU, CMBC, and
Velocity) gradually increased to the control (pre-MCAO)
during reperfusion.

The group of Ischemia + EA at right LI 11 and PC 6
demonstrated a comparable change in the blood flow during
reperfusion as seen in the Ischemia alone group (Figures 3(d),
4(c), 5(c), and 6(c)). The group of Ischemia + EA at left SP 6
andGB 34 (Figures 3(e), 4(d), 5(d), and 6(d)) showed changes
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Figure 5: Statistical data on the concentration of moving blood cells (CMBC) in the ischemic cortex inMCAO/reperfusion rats with/without
EA at different acupoints. CMBCs were measured and compared between the groups.∗𝑃 < 0.01, MCAO + EA versus MCAO; ∇𝑃 < 0.01,
reperfusion versus MCAO; #𝑃 < 0.01, reperfusion in MCAO + EA group versus reperfusion in MCAO group. Note that in the Ischemia
group, MCAO (0min) decreased CMBC to ∼20% of the base level before MCAO (−5min). After the onset of reperfusion, CMBC increased
to ∼55% of the base level. In the group of EA at Du 20 and Du 26, EA increased CMBC to ∼65% of the base level. In the group of EA at left
LI 11 and PC 6, EA increased CMBC to ∼60% of the base level. After the onset of reperfusion, CMBC in the groups of EA at Du 20 and Du
26 and left LI 11 and PC 6 recovered faster than that in the Ischemia group. However, EA at right LI 11 and PC 6 or at left SP 6 and GB 34 did
not significantly improve the CMBC.

in the PU and CMBC comparable to those of the Ischemia
alone group during the beginning of reperfusion. However,
the velocity recovered faster in this group as opposed to the
ischemia alone group. In this EA group, the blood perfusion
was largely improved starting from about 10–15 minutes after
the onset of perfusion.

3.4. EA Had No Appreciable Effect on Cerebral Blood Flow
in the Non-Ischemic Brain. Since EA at some acupoints, like
Du 20 and Du 26 and left LI 11 and PC 6, significantly
increased the blood flow to the ischemic brain, we further
askedwhether this responsewas specific to the ischemic brain
or a generic brain response to EA stimulation. To investigate
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Figure 6: Statistical data representing the relative changes in velocity of the moving blood cells (Velocity) in the ischemic cortex in
MCAO/reperfusion rats with/without EA at different acupoints. Velocities were measured and compared between the groups. ∗𝑃 < 0.05
MCAO + EA versus MCAO; ∇𝑃 < 0.05 reperfusion versus MCAO; #𝑃 < 0.05, reperfusion in MCAO + EA group versus reperfusion in
MCAO group. Note that in the Ischemia group, MCAO (0min) decreased Velocity to ∼75% of the base level before MCAO (−5min). After
the onset of reperfusion, Velocity decreased further to 50% of baseline (before MCAO) level. In the EA at Du 20 and Du 26 or left LI 11 and
PC 6 groups, EA decreased the Velocity from 75% to 50% of the baseline (𝑃 < 0.05). After the onset of reperfusion, Velocity in the groups
of EA at Du 20 and Du 26 and left LI 11 and PC 6 recovered faster than that in the Ischemia group (𝑃 < 0.05). However, EA at right LI 11
and PC 6 did not show a significant improvement in the velocity of moving blood cells. EA at left SP 6 and GB 34 acupoints showed a slight
improvement in the velocity (𝑃 < 0.05).

this, we applied EA at 1.0mA with 5/20Hz sparse-dense
pulse to the same acupoints on the age-matched control rats
and measured the changes in cerebral blood flow (𝑛 = 8).
Interestingly, we found no significant effect of EA on cerebral
blood flow in the non-ischemic animals despite using the
same EA parameters used on the ischemic rats (Figure 7).
These observations suggest that the application of EA at

specific acupoints increased blood flow to the ischemic but
not to the non-ischemic brain.

4. Discussion

This is the first study to systematically compare the effects of
EA at different acupoints on cerebral blood flow and ischemic
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(b) Averaged changes in the blood flow in the non-ischemic cortex in
response to EA at different acupoints

Figure 7: EA had no significant effect on the cerebral blood flow in the non-ischemic cortex at different acupoints. Blood perfusion (PU),
concentration ofmoving blood cells (CMBC), and velocity of blood cells (Velocity) weremeasured in the non-ischemic rats by a laser Doppler
perfusion monitor system. (a) Effects of EA at different acupoints on the CBF. (b) Statistical summary. Note that EA had no significant effect
on PU, CMBC, and Velocity in response to EA stimulation at different acupoints in the non-ischemic cortex.

injury in the brain. Our comprehensive data specifically
shows that EA at Du 20 and Du 26 induced maximum
protection against cerebral ischemia as opposed to the
limb acupoints. The stimulation of the contralateral (to
the ischemic side) acupoints (LI 11 and PC 6) in the left
forelimb also induces a significant cerebral protection against
ischemic injury, while stimulation of the same acupoints in
the ipsilateral forelimb and contralateral acupoints in the
hindlimb (SP 6 and GB 34) had no such effect.

In this work, we used optimized parameters, that is,
5/20Hz parse-dense wave at 1.0mA, for EA stimulation that
confers optimal stimulation based on our previous systematic
study [9, 13]. Since we used these parameters for all acupoints
under the same experimental conditions, the differences
in outcomes observed among all experimental groups can
be attributed to specific effects of EA at these acupoints.
Therefore, it is important to choose specific acupoints in

the treatment of hypoxic/ischemic encephalopathy, such as
stroke. Our observations may provide a useful resource for a
standardized application of acupuncture in the treatment of
stroke under clinical settings.

Since the major cause of ischemic injury is insufficient
blood supply to the brain, any change in blood flow may
greatly affect the degree of brain injury. Our results show
that in all “EA effective” groups, EA significantly increased
the blood flow to the ischemic brain, thereby attenuating
the effects of the hypoxic/ischemic environment in the brain.
This further suggests the critical dependence of EA-induced
protection on the improvement of cerebral blood flow.

The increase in the blood flow started soon after the
onset of EA and disappeared almost immediately after the
cessation of EA. Therefore, a quick and short-lasting mech-
anism underlies this action, quite possibly involving the
nervous system. During EA stimulation, the muscles around
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the acupuncture needles showed slight contractions in
response to the EA rhythm. It is possible that the currents
directly stretch the tissue and physically affect the blood
vessels, thus leading to an increase in the blood flow. How-
ever, the facts we noticed in this study do not support this
possibility. For example, EA at right LI 11 and PC 6, the
acupoints that were physically closer to the ischemic region
(right side of the brain), did not increase the blood flow or
protect the brain at all. In sharp contrast, EA at left LI 11
and PC 6, contralateral to the ischemic side and relatively
farther away from the ischemic region, caused a significant
increase in the blood flow and better protected the brain
against ischemic injury. This observation provides further
evidence in support of the generation of EA signals from
peripheral nerves and their transmission to the contralateral
brain to regulate the neurotransmitter release and neural
function, which in turn regulates various bodily phenomena
[19–22]. Altogether, the EA-induced increase in blood flow is
most likely based on a neural-controlled regulation.However,
the precise mechanisms of how the EA signal upregulates
blood flow in the ischemic brain is unknown at this stage and
requires further research.

Interestingly, we did not note any appreciable increase in
the blood flow of the non-ischemic brain when the animals
were stimulated with the same EA parameters. This suggests
that the EA-induced regulation of the cerebral blood flow
varies with the conditions of the organ/body. Under normal
conditions, the EA signal may not change the blood flow
to the brain since it is unnecessary. Under a stress like
hypoxia/ischemia, however, the same EA signal grants the
brain the ability to adapt to the hypoxic/ischemic microen-
vironment by increasing local blood perfusion. Therefore,
this EA-mediated upregulation of cerebral blood flow can be
a useful strategy not only for ischemic stroke, but also for
cerebral vasospasm and other similar disorders.

In summary, our work evidently demonstrates the speci-
ficity of acupoints in EA protection against cerebral ischemia
and suggests that acupoints in the head or contralateral
forelimb are effective in the treatment of stroke. Stimulation
of these acupoints by optimized EA parameters generates a
signal to the brain that results in an increase in cerebral blood
flow and rescues the brain from ischemic injury. Although
the underlying mechanisms need further research, the EA-
induced upregulation of cerebral blood flow is an effective
strategy with a potential for clinical application in a variety
of neurological conditions.
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Epilepsy is one of themost common neurological disorders affecting about 1% of population. Although the precisemechanism of its
pathophysiological changes in the brain is unknown, epilepsy has been recognized as a disorder of brain excitability characterized
by recurrent unprovoked seizures that result from the abnormal, excessive, and synchronous activity of clusters of nerve cells in
the brain. Currently available therapies, including medical, surgical, and other strategies, such as ketogenic diet and vagus nerve
stimulation, are symptomatic with their own limitations and complications. Seeking new strategies to cure this serious disorder
still poses a big challenge to the field of medicine. Our recent studies suggest that acupuncture may exert its antiepileptic effects
by normalizing the disrupted neuronal and network excitability through several mechanisms, including lowering the overexcited
neuronal activity, enhancing the inhibitory system, and attenuating the excitatory system in the brain via regulation of the
interaction between 𝛿-opioid receptors (DOR) and Na+ channels. This paper reviews the progress in this field and summarizes
new knowledge based on our work and those of others.

1. Introduction

Epilepsy is one of the most common neurological disorders
affecting about 1% of population. Currently available ther-
apies, including medical treatment, surgical treatment, and
other treatment strategies such as ketogenic diet and vagus
nerve stimulation are symptomatic with their own limitations
and complications [1]. Understanding of its cellular and
molecular mechanisms and seeking new strategies to cure
this disorder still poses a big challenge.

Epilepsy has been recognized as a disorder of brain
excitability characterized by recurrent unprovoked seizures
that result from the abnormal, excessive, and synchronous
activity of clusters of nerve cells in the brain. About 40%
of epilepsies are mainly caused by genetic factors, while the
other 60% are acquired/etiological epilepsies. Irrespective

of the inherited or acquired type, the changes in neuronal
excitability that underlie the pathogenesis of epilepsy are a
complex process that induces abnormal activity not only in
individual neurons, but also in a population of hyperexcitable
neurons in highly synchronous activities that are propagated
through normal or pathological pathways.

Epileptic hyperexcitability results from multiple factors
such as innate ability of neurons in the cortex and hippocam-
pus, alterations in the membrane properties, imbalance
between excitatory and inhibitory transmission, alterations
in existing synaptic contacts/circuits and/or establishment
of new synaptic contacts/circuits, and the inability of glial
cells to maintain glutamate and K+ homeostasis [1]. Among
these factors, the most important determinant is the intrinsic
electrogenic property of each neuron that depends on the
function of ion channels like Na+, K+, and Ca2+ channels in
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themembrane [2]. In particular, Na+ channels are responsible
for the initiation and propagation of action potential, and are
critical determinants of intrinsic neuronal excitability.

Acupuncture is one of the oriental medical therapeutic
techniques that involves insertion of fine needles into specific
body areas (acupoints or meridian points) and swift manual
manipulation (e.g., rotating, lifting, thrusting, retaining, etc.)
that results in the manifestation of the Qi or De Qi (acquisi-
tion of energy) phenomenon that refers to a mixed sensation
of soreness, numbness, swelling, sinking, and heat that
appears in the acupoints. De Qi is an important component
of the therapeutic effect and may be necessary for clinical
efficacy of acupuncture [3, 4]. In modern practice, electrical
stimulation (versus manual manipulation) of acupoints, that
is, electroacupuncture, is increasingly gaining popularity
among various acupunctural modalities. Both animal and
clinical studies indicate that acupuncture is effective in
certain kinds of epilepsy. As compared to the conventional
Western medicine and surgical treatments, the significant
advantages of acupuncture treatment include its safety, con-
venience, and minimal side effects [5–7].

Acupuncture exerts its antiepileptic effect through nor-
malization of the disrupted neuronal excitability [1]. Some
acupuncture-induced effects involve the activation of the
opioid system [8–13]. We have previously demonstrated that
electroacupuncture has a neuroprotective role in the brain
against ischemic injury via the 𝛿-opioid system [14, 15].
DOR expression/activation inhibits Na+ channel activity [16,
17] and thus attenuates Na+-K+ homeostasis of the cortex
under normoxic/hypoxic conditions [16, 18–22]. Since the
electrolyte homeostasis (e.g., Na+ Ca2+, K+, and Cl−) gets
disrupted between the intra- and extracellular space during
epileptic seizures, and since Na+ channel upregulation par-
ticipates in the pathological changes of several neurological
disorders such as hypoxic/ischemic injury and epilepsy [23–
26], acupuncturemay attenuate epileptic seizures through the
DOR-mediated inhibition of the Na+ channels [1]. Research
in this new field may help us in the pursuit of novel therapeu-
tic solutions for epileptic hyperexcitability and seizures.

2. Pathological Genesis of Epileptic
Brain Hyperexcitability

Themost prominent feature of epilepsy is the hyperexcitabil-
ity in the brain. At least two major factors contribute to
the hyperexcitability in the epileptic brain. The first and
also the most significant contributor is the altered intrinsic
electrogenic properties of the neurons (neuronal excitability),
which depend on the functioning of membrane ion channels,
namely Na+, K+, and Ca2+ channels. The second factor is
the synaptic imbalance that involves disruption of chemical
transmission from the neighboring cells within the net-
work via ligand-gated ion channels and G-protein-coupled
metabotropic receptors and rapid electrical transmission via
gap junctions (network excitability) [2]. For both major
factors, epilepsy results from the abnormal activity in the
neuronal networks. However, hyperexcitability due to altered

ion-channel function contributes to the seizure-prone state
[25].

Numerous studies have shown the existence of neuronal
networks of epilepsy in the epileptic patients with the aid
of EEG-functional magnetic resonance imaging (EEG-fMRI)
[1, 27–31]. In epilepsy, synaptic input from neighboring cells
within the network is disrupted, which results in a progressive
increase in excitability and epileptogenesis. This imbalanced
neurotransmission between excitatory and inhibitory activi-
ties is themost prominent feature. Exaggerated glutamatergic
excitatory transmission, or decreased GABAergic inhibitory
transmission between the inhibitory and the excitatory
systems, or a combination of these two can lead to an
overexcitation of the neurons. A causal association between
such imbalances in the neurotransmitter activity has been
causatively linked to seizure activity and the development
of chronic epilepsy [1]. In addition, aberrant fiber sprouting
and robust synaptic reorganization, due to the neuronal
injury/loss associated with brain damage under conditions
such as status epilepticus, stroke, brain trauma, and develop-
mentalmalformation or deafferentation often observed in the
hippocampus and cortex, also instigate a recurrent excitatory
circuit by forming synapses on the dendrites of neighboring
neurons (e.g., granule cells in hippocampus). A small cluster
of pathologically interconnected neurons in this aberrant
recurrent network are capable of generating powerful hyper-
synchronous bursts of discharges, initiating epileptogenesis
via a kindling effect and development of epileptic discharges
that spread throughout the limbic system, and eventually
resulting in temporal lobe epilepsy [1, 32–34].

Ion channels in the neuronal membrane have a critical
impact on neuronal excitability. Ion channels, especially
voltage-gated Na+, K+, and Ca2+ channels, are functional
proteins embedded in the plasma membrane. They are
critical determinants of neuronal excitability as they influence
the generation and propagation of action potential in the
neurons. Action potential is the cellular language by which
neurons communicate with one another. During the firing
of an action potential, the voltage-dependent Na+ channels
dominate the explosive, regenerative activation of inward
currents during the rising phase, while a fraction of the
voltage-dependent K+ channels chiefly contribute to the
repolarization and hyperpolarizing overshoot phase of the
action potential. Voltage-dependent Ca2+ channels generally
make little contribution to the rising phase of an action
potential because their activation kinetics are slower thanNa+
channels. However, Ca2+ entry through voltage-gated Ca2+

channels activates Ca2+-activated K+ channels that indirectly
contribute to the late repolarization and after hyperpolariza-
tion, which follows the rising phase of an action potential
[35]. Basically, voltage-gated Na+ channels along with K+

and Ca2+ channels determine the capacity of action potential
generation, the shape of an action potential, and the firing rate
and therefore have a great impact on neuronal excitability.
Na+ channel states (opening, closing, and inactivation) make
a yes-or-no decision regarding the firing of an action poten-
tial, and the channel kinetics (activation and deactivation)
and current density play an essential role in the amplitude and
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duration of an action potential. Therefore, abnormities of the
function (opening, closing, and inactivation), expression, or
structure (e.g., mutation) of ion channels may be responsible
for the hyperexcitability of neurons and contribute to the
consequent epilepsy.

3. Clinical Practice of Acupuncture
Therapy for Epilepsy

Acupuncture treatment for epilepsy has been employed for
thousands of years through all of the dynasties in China
[50].The first known description of epilepsy and acupuncture
therapy appeared inHuang Di Nei Jing (TheYellow Emperor’s
classic of Internal Medicine), an ancient Chinese medicine
book written by a group of Chinese physicians around
770–221 B.C. [50, 51]. Ancient acupuncturists maintained
a memorandum of their successful cases based on clinical
improvement in their clinical trials.They focused on control-
ling seizures and compared different acupuncture methods
(acupuncture alonewith acupuncture plus other therapies) to
find how to better control seizures. Therefore, in a way they
were using people rather than animals first to perform their
experiments [50]. There is no doubt that ancient acupunc-
turists/physicians made important observations in validat-
ing the effects of acupuncture on epilepsy, though mostly
through their personal experiences.With the aid of advanced
techniques, manymodern scientific researchers have demon-
strated the antiepileptic effects of acupuncture in animal
studies [52–60]. For example, we found that electroacupunc-
ture stimulation of Jinsuo (GV-8) and Fengfu (GV-16)
significantly improves epileptic EEG and seizure behaviors
through an increase in endogenous melatonin levels in a
penicillin-induced rat model [52]. Furthermore, we found in
a kainic acid-induced seizure model that electroacupuncture
attenuates epileptic seizures, which is relatively specific to
stimulation parameters and acupoints [55, 60]. Our findings
show that (1) low- or high-frequency electroacupuncture at
different acupoints, for example, Renzhong (GV-26) plus
Dazhui (GV-14), Jinsuo (GV-8) plus Yaoqi (EXB-9), Neiguan
(PC-6) plus Quchi (LI-11), and Fenglong (ST-40) plus
Yongquan (KI-1), reduced epileptic seizures with an excep-
tion of low-frequency electroacupuncture at Neiguan (PC-
6) and Quchi (LI-11); (2) low-frequency electroacupuncture
induced a better effect at Fenglong (ST-40) plus Yongquan
(KI-1) than other acupoints; (3) there was no significant
difference in effects of high-frequency electroacupuncture at
these acupoints; and (4) high-frequency electroacupuncture
elicited a greater effect than low-frequency electroacupunc-
ture, with an exception of Jinsuo (GV-8) + Yaoqi (EXB-9).
The electroacupuncture-induced attenuation appeared 1–1.5
hours after electroacupuncture with no appreciable effect in
either EEG or behavioral tests during the first hour after
electroacupuncture [55, 60].

Despite substantial evidence from animal research in sup-
port of antiepileptic effects of acupuncture, a large number of
clinical studies have also shown that patients have benefited
from acupuncture for control of their seizures, especially in

cases with refractory epilepsy [36–49], though results from
some studies beg to differ [61].

These are extremely heterogonous clinical case series [36–
49]. Since many of these reports were written in Chinese
and are not understood or easily available to Western peers,
we have already summarized the salient information from
these reports in Table 1. As shown in this table, the patients
treated varied over a range of age from infants to elderly,
and the type of epilepsy from absence seizure, febrile con-
vulsion, and generalized clonic-tonic seizure, to even status
epilepticus. The case numbers reported also vary from a
few to over one hundred, many of which were resistant to
antiepileptic drugs. The acupoints and acupuncture methods
used in these reports were highly heterogeneous as well.
The overall treatment effects of acupuncture are principally
manifested by the reduction in symptoms (e.g., a reduction
of seizure frequency, shortness of episodes, etc.), functional
recovery (e.g., smoothed breath from shortened, quickened,
and occasionally stopped breath, recovery fromunconscious-
ness, etc.), improved EEG (e.g., reduction of spike wave,
desynchronization, etc.), and/or decreased epilepsy scores.
The outcome of acupuncture therapy in these reports is
relatively significant, and the total effective rate of treatment
is as high as up to 98%.

For the report that was unable to prove a beneficial effect
of acupuncture in chronic intractable epilepsy [61], as the
authors acknowledged, the negative results could in part be
ascribed to the small sample size for this observation [61].
Also, acupoints selected andmanipulation/stimulationmeth-
ods adopted (e.g., frequency, intensity, duration of swift rota-
tion, lifting, thrusting, and retaining)may also be responsible
for this observation. In this respect, as has mentioned earlier
in this section, electroacupunctural attenuation of epileptic
seizures is relatively specific to stimulation parameters and
acupoints in our animal studies [60].

4. Potential Mechanisms of Acupuncture
Inhibition of Neuronal Hyperexcitability

4.1. Acupuncture and The Opioid System. Classic opioid sys-
tems include endogenous peptides and 𝛿-, 𝜇-, and 𝜅-opioid
receptors (DOR, MOR, and KOR, resp.). Endogenous opioid
peptides enkephalin, 𝛽-endorphin, and dynorphin in the
brain preferentially bind to DOR, MOR, and KOR, respec-
tively, under physiological concentrations and have multiple
functions in the brain. Acupuncture and electroacupuncture
have been well recognized to regulate endogenous opioid
systems in the central nervous system [8–13, 62].

Along with other biomediators (neurotransmitters, neu-
romodulators, and/or signaling molecules) [1], the opioid
system is also involved in the anticonvulsant effect of
acupuncture, though the role of different opioid systems in
the acupuncture suppression of epilepsy appears to be very
complex.

Some studies show that the blockade of the opioid system
in the brain can diminish, while its activation enhances,
inhibitory effects of acupuncture on epilepsy. In this regard,
Wu and his coworkers reported that in a rat model of
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penicillin-induced seizures, the inhibitory effect of elec-
troacupuncture on cortical epileptiform discharges could
be reversed by the injection of a broad spectrum opioid
receptor antagonist, naloxone, via various routes including
microinjection into the periaqueductal gray matter of the
midbrain, accumbens or other nuclei, intraperitoneal, and
intracerebroventricular injection, or even direct injection
into the cortical site where penicillin was applied. While
naloxone injection into the reticular formation of midbrain
and the reticular nucleus of the thalamus had little effect
on acupuncture attenuation of epilepsy, injection of nalox-
one into the above-mentioned sites without application of
penicillin on the cortex did not induce epileptic burst [63,
64], suggesting a specific activation of the opioid system
by electroacupuncture in the epileptic brain. In the hip-
pocampus, activation of KORwithU50488H enhances, while
blockade of KOR with antagonist MR2266 or antidynorphin
serum abates the antiepileptic effect of electroacupuncture in
electroconvulsive rats [65]. Therefore, the authors concluded
that endogenously released opioid peptides mediate the
suppressive effect of electroacupuncture on seizures [63, 64].

In support of the above viewpoint [63, 64], enhanced
biosynthesis of central enkephalin by application of elec-
troacupuncture has been found in the rat brain [66]. In
the rat brain of experimental seizures model, hippocampal
dynorphin concentration and dynorphin immuoreactivity in
hippocampal mossy fiber and hilus are increased by elec-
troacupuncture [67–69].Also, the seizure-associated increase
in leu-enkephalin and 𝛽-endorphin levels in the hippocam-
pus and augmented expression of preproenkephalin mRNA
in several brain regions (entorhinal cortex, subiculum, hip-
pocampal CA1 area, amygdaloidal nucleus, and piriform
cortex) in rats are suppressed by electroacupuncture [68,
70–72]. Therefore, acupuncture can suppress epilepsy by
regulating the synthesis and release of endogenous opioids.

Acupuncture can also regulate the expression and activity
of opioid receptors. Radioreceptor-binding assay combined
with autoradiography revealed that repeated electroconvul-
sive shock resulted in epileptiform EEG, behavioral seizures,
and an accompanied increase in the opioid receptor densities
in several brain regions (caudate nucleus, hippocampus,
habenula nucleus, and amygdale) in rats. Electroacupuncture
at Fengfu (GV-16) and Jingsuo (GV-8) was found to suppress
the seizure activities and significantly decrease the opioid
receptor densities in these brain regions except the caudate
nucleus [73].

Electroacupuncture can also upregulate DOR expression
in the ischemic brain and thus protect the brain from
ischemic injury [15] that can cause epilepsy secondary to
cerebral infarction [74]. Most interestingly, direct subacute
high-frequency electrical stimulation of the parahippocam-
pal cortex in patients with intractable medial temporal
lobe epilepsy also produces an antiepileptic effect, which is
associated with reduced opioid peptide binding including
3H-DAMGO, 3H-DPDPE, and 3H-nociceptin (the ligand for
MOR, DOR, and a fourth opioid, nociception receptor, resp.)
in the same brain regions in patients with epilepsy [75].

Therefore, it is evident in both animals and patients
with epilepsy that acupuncture can regulate the activities of
endogenous opioids and their receptors in the brain, thereby
exerting its antiepileptic effects.

4.2. Opioid Receptors and Na+ Channels. Opioid receptors
are members of the G-protein-coupled receptor superfamily
[76], and can functionally couplewith ion channels, including
Na+ channels [16, 17, 77]. Our previous data implied an
interaction between opioid receptors and Na+ channels. For
example, we observed that DOR downregulation [78] is asso-
ciated with an upregulation of voltage-gated Na+ channels
in a mutant brain with epileptic seizures [24]. An increased
Na+channel density [23] along with decreased DOR density
[79] occurred in hypoxia-exposed brain. Activation of presy-
naptic DOR by enkephalin prevents the increase in neuronal
Nav1.7 in the dorsal root ganglia, which relieves pain in
diabetic neuropathy [17]. More recently, our studies indicated
that DOR activation attenuates hypoxic K+-Na+ homeostasis,
which largely relies on DOR inhibition of Na+ influx through
Na+ channels [16, 18–22]. These results suggest that under
pathological conditions DOR could mediate an inhibitory
regulation of Na+ channels in the brain.

Furthermore, our direct evidence gained from electro-
physiological studies shows that activation of DOR indeed
inhibits Na+ channel activity [16]. Remy et al. observed that
SNC80 (1–1000𝜇M), a putative DOR agonist, reduced the
maximalNa+ current amplitude in a dose-dependentmanner
and selectively prolonged the course of recovery from slow
inactivation without effects on fast inactivation processes
[80]. However, the authors concluded that this effect was
opioid receptor independent since the effects of SNC80 were
not mimicked by another DOR agonist DPDPE (10 𝜇M) and
were not inhibited by high concentrations of opioid receptor
antagonists, naloxone (50–300 𝜇M), and naltrindole (10 and
100 𝜇M) [80]. This conclusion is arguable due to several
important issues (e.g., experimental procedures, specificity
and dose of drugs used, etc.) (see review [81]). We recently
took the advantages of Xenopus oocytes with coexpressed
DOR and Na+ channels to explore a “pure” interaction
between DOR and Na+ channels, and found the following:
(1) Nav1.2 expression induced tetrodotoxin- (TTX-) sensitive
inward currents; (2) DOR expression reduced the inward
currents; (3) activation of DOR reduced the amplitude of
the current and rightward shifted the activation curve of the
current in the oocytes with both Nav1.2 and DOR, but not
in oocytes with Nav1.2 alone; (4) the DOR agonist-induced
inhibition of Nav1.2 currents was in a dose-dependent man-
ner and saturable; and (5) the selective DOR agonist had
no effect on naive oocytes. These findings present the first
demonstration that activation of DOR inhibits Na+ channel
function by decreasing the amplitude of Na+ currents and
increasing its threshold for activation [16]. Similar inhibitory
effect of Na+ channels is also found on MOR and KOR. For
example, in acutely isolated cortical neurons, the application
of 1 𝜇M of DAMGO, a specific MOR agonist, caused a
decrease in the Na+ current amplitude to approximately 79%
of the controls. Moreover, DAMGO decreased the maximum
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Table 2: Voltage-gated sodium channels.

Subunit 𝛼 𝛽

Subtypes Nav1.1–Nav1.9 𝛽1–𝛽4

Location

Prevalent in the CNS:

Two 𝛽 subunits associated
with an 𝛼 subunit

Nav1.1, Nav1.2, Nav1.3, and Nav1.6
Abundant in muscle:

Nav1.4, Nav1.5
Primarily in peripheral nervous system:

Nav1.7, Nav1.8, and Nav1.9

Cellular distribution

Primary localized in cell body:
Expressed in a
complementary fashion
(either 𝛽1 or 𝛽3, and 𝛽2 or
𝛽4) with 𝛼 subunit

Nav1.1 and Nav1.3
High expression in unmyelinated or pre myelinated axons and

dendrites:
Nav1.2

Nodes of Ranvier and axon initial segments as well as in the
somata and dendrites of many projection neurons:
Nav1.6

Function Forms the ion-conducting pore and activation and inactivation gates

Modify the kinetics and
voltage dependence of
gating
Serve as cell adhesion
molecules for integrating
the channels into the
appropriate subcellular
domains

current activation rate, prolonged its time-dependent inac-
tivation, shifted the half inactivation voltage from −63.4mV
to −71.5mV, and prolonged the time constant of recovery
from inactivation from 5.4ms to 7.4ms [77]. DAMGO also
inhibited TTX-resistant voltage-dependent Na+ current in
dorsal root ganglion neurons [82]. U50488, a KOR agonist,
decreases voltage-activated Na+ currents in colon sensory
neurons [83]. Therefore, it seems that inhibition of Na+
channel activities, which depends on signal molecules such
as protein kinases [17, 22, 77], is one of the common
characteristics of opioid receptors.

4.3. Na+ Channels and Epileptic Hyperexcitability. As shown
by previous reviews [84, 85], brain Na+ channels consist of
a 260 kDa 𝛼 subunit with two auxiliary 𝛽 subunits. The 𝛼
subunit forms the ion-conducting pore and the activation and
inactivation gates that regulate voltage-dependent sodium
flux across the plasma membrane, while the 𝛽 subunits
modify the kinetics and voltage dependence of the gates.
Until now at least nine 𝛼 subtypes (Nav1.1–Nav1.9) and four 𝛽
subtypes (𝛽1–𝛽4) have been found to express in the excitable
cells (Table 2). Nav1.1, Nav1.2, Nav1.3, and Nav1.6 are the
primary subtypes in the central nervous system [26, 84–87].
The developmental expression and cellular localization of
these subtypes are different in the brain. Nav1.1 expression
is first detectable at postnatal day 7, increases during the
third postnatal week, and peaks at the end of the first
postnatal month, after which levels decrease by about 50%

in the adult. Nav1.2 expression also increases during the
third postnatal week and continues to increase thereafter,
until the maximal level is reached in adulthood. In rodents,
Nav1.3 channels are highly expressed in the brain during
the embryonic period, peak at birth, and decline after
birth as Nav1.1 and Nav1.2 channels take over, but remain
detectable at a lower level during adulthood. Nav1.3 remains
at comparatively higher levels in the human adult brain in
adulthood. Nav1.1 and Nav1.3 are primary localized in the
cell body and are preferentially expressed in the GABAer-
gic neurons. Nav1.2 is particularly highly expressed in the
unmyelinated or premyelinated axons and dendrites. Nav1.6
subtype is expressed at the nodes of Ranvier and the initial
segments of axons, as well as in the somata and dendrites
of many projection neurons [26, 84–87]. Sodium channels
are responsible for the initiation and propagation of action
potential and influence the subthreshold electrophysiology.
Therefore, they are crucial determinants of intrinsic neuronal
excitability [25, 35, 86]. Since epilepsy is regarded as an
“electrical storm” of brain hyperexcitability [86], altered
density or biophysical properties of Na+ channels may have
important consequences on the neuronal excitability andmay
contribute to the pathophysiology of brain diseases associated
with altered excitability, such as epilepsy [26, 86, 88–90]. The
importance ofNa+ channels in brain hyperexcitability and the
consequent epilepsy is further supported by the fact that a
large number of antiepileptic drugs exert their antiepileptic
effect by interacting with Na+ channels [2, 91].



10 Evidence-Based Complementary and Alternative Medicine

4.3.1. Expressional and Functional Alterations in Na+ Chan-
nels during Epilepsy. Accumulating evidence indicates that
altered expression and functional regulation of Na+ channels
in the neurons play an important role in the brain hyperex-
citability and epileptic phenotype in both acquired and inher-
ited epilepsy. In the cortex of a genetically seizure susceptible
E1mouse brain and spontaneously epileptic rat hippocampus,
a significant increase in totalNa+ channelmRNAandprotein,
as well as in Nav1.1, Nav1.3, and 𝛽1 subunits, was observed
to contribute to the generation of epileptiform activity and
the observed seizure phenotypes [92, 93]. The expression
of Nav1.1 in hippocampal CA1 and that of Nav1.2 in the
cortical neurons were found to be significantly increased,
which was accompanied with increased neuronal excitability
and spontaneous epileptic seizures in the Na+/H+ exchanger
null mutant mouse [24, 94]. In a kindling seizure model,
selectively increased expression of Nav1.6 mRNA and protein
in hippocampal CA3 neurons and Nav1.6 immunoreactivity
in themedial entorhinal neurons resulted in hyperexcitability
in these brain regions [95, 96]. In acute status epilepticus
models, a transient upregulation of Na+ channel mRNAs
encoding Nav1.2 and Nav1.3 subunits was observed in the
hippocampal neurons [97, 98]. In contrast, the ratswith status
epilepticus and chronically developed spontaneous epileptic
seizures showed a selectively persistent down-regulation
of Nav1.2, Nav1.6, and 𝛽1 subunits, as well as short-term
down-regulation of 𝛽2 subunit. In addition, an increased
excitability, manifested by the augmented window current
due to the significant positive shift of inactivation potential
and negative shift of activation potential and the resultant
increased overlap between the activation and inactivation
curve, was observed in the neurons of the hippocampal
dentate gyrus [99]. This phenomenon may be caused by
the down-regulation of 𝛽 subunit expression, since 𝛽1/𝛽2
subunit, if co-expressed with 𝛼 subunits, favors inactiva-
tion, accelerates recovery of Na+ currents [100–102], which
increases the number of Na+ channels available to be acti-
vated, and thus increases the firing rate. In human brain
with temporal lobe epilepsy, Nav1.3 mRNA in the pyramidal
cells of hippocampal CA4 area is significantly upregulated,
and Nav1.2 mRNA in the remaining pyramidal cells of hip-
pocampal CA1, CA2, andCA3 areas is largely downregulated,
while Nav1.1 and Nav1.6 do not show any differences in
their expression in the hippocampus [103]. SCN7A gene that
encodes atypicalNa+ channels (Na

𝑋
) was recently reported to

be increasingly and persistently expressed in the pyramidal
neurons and astrocytes of the hippocampal CA1 and CA3
areas in patients with drug-resistant temporal lobe epilepsy
and epileptic rats and is possibly responsible for the enhanced
brain excitability and epileptogenesis [104]. In summary, the
increased amplitude and density of the voltage-dependent
Na+ currents, shortened phase of inactivation, and enhanced
window currents due to a shift towards depolarization of
inactivation currents and more negative activation has been
associated with neuronal hyperexcitability and the develop-
ment of some types of epilepsy [24, 94, 99, 105, 106]. Na+
channels, even in the few that fail to inactivate, carry the
persistent fraction of Na+ currents (that are not sensitive to
TTX), though small, and may drive the membrane towards

the firing threshold. Especially under physiological condi-
tions, the persistent sodium currents serve to amplify or
spatially integrate synaptic potentials, allow excitable cells
to generate subthreshold oscillations, reduce the threshold
for repetitive action potential firing, and therefore increase
excitability of neurons associated with epilepsy [25, 95, 96,
107, 108]. Despite the differences in epilepsy types/models
and Na+channel subtypes in these reports, these findings
suggest altered expression and functional regulation of Na+
channels (that carry Na+ currents including both TTX-
sensitive and -resistant ones) are critically involved in brain
hyperexcitability and the pathology of epilepsy.

4.3.2. Insights from Genetic Epilepsy Model. Genetic factors
are important for the intrinsic excitability of neurons. Studies
on Na+ channel mutation in the genetic epilepsy model
broaden the view on the roles and the underlying mech-
anisms of Na+ channels in brain hyperexcitability and the
pathophysiology of epilepsy. Gene mutations that result in
channel dysfunction (channelopathies) play an essential role
in neuronal excitability, leading to the development of a
variety of epilepsy syndromes. The most convincing data on
the role of Na+ channels in brain hyperexcitability and epilep-
togenesis comes from the identification of several hundred
mutations of Na+channels which lead to inherited epileptic
syndromes ranging in severity from relatively mild disorders
such as benign familial neonatal-infantile seizures (BFNIS),
simple febrile seizures, and generalized epilepsy with febrile
seizure plus (GEFS+), to severe epileptic encephalopathy
such as severe myoclonic epilepsy of infancy (SMEI, also
called Dravet’s Syndrome), SMEI borderline, and intractable
childhood epilepsy with generalized tonic-clonic seizures
(see reviews [25, 86–89]).

So far, several hundred mutations of many Na+ channel
subtypes, including Nav1.1 (SCN1A), Nav1.2 (SCN2A), Nav1.3
(SCN3A), Nav1.6 (SCN8A), even Nav1.7 (SCN9A, which
is predominantly expressed in peripheral nervous system),
and 𝛽1 subunit (SCN1B), have been causally linked to a
variety of genetic epilepsies [89]. However, the genotype-
phenotype correlations for Na+ channel epilepsy are very
complicated with high heterogeneity. This heterogeneity of
genotype-phenotype correlation for Na+ channel epilepsy is
reflected in the observation that the same gene mutation
may result in different phenotypes of epilepsy, and in turn, a
single phenotype may be a result of different gene mutations
of Na+ channels. For example, mutations in SCN1A have
been reported to cause epilepsy with the symptoms ranging
from febrile seizures and GEFS+ to SMEI, and mutations in
SCN2A are identified to cause BFNIS, GEFS+, SMEI, and
intractable epilepsy with mental decline [86–89]. On the
other hand, Dravet’s Syndrome is reported to have mutations
in SCN1A, SCN2A, and SCN1B, and the mutations in both
SCN1A and SCN2A lead to GEFS+ [87, 89]. Among all
the mutations, Nav1.1 mutations account for the majority
of established epilepsy syndromes in children [86–89, 109].
Approximately 30 SCN1A mutations have been identified to
account for GEFS+ and all of them are missense mutations.
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Many other missense mutations in SCN1A also contribute
to Dravet’s Syndrome, but most of the complications of
Dravet’s Syndrome result from SCN1A mutations caused by
frame shift, nonsense, and splice-site mutations, which lead
to a truncated protein and haploinsufficiency of SCN1A [86–
90, 109, 110]. Unlike SCN1A-GEFS+ mutations that show a
Mendelian inheritance pattern within affected families, most
SCN1A-SMEI mutations occur de novo in the affected child.

Na+ channel mutations may result in either gain of
function or loss of function that has been proposed to, respec-
tively, increase and decrease the neuronal excitability [87].
The gain of function of Na+ channels is manifested by the
increased current density, negative shift of activation, positive
shift of inactivation, enhanced persistent Na+ currents, or
mixed effects on channel kinetics but with the net effect of
an increase in activity.The loss of function of Na+ channels is
reflected by the changes that are opposite to those seen with
gain of function. However, both gain of function and loss
of function in Nav1.1 can predispose the brain to abnormal
excitability, that is, brain hyperexcitability and consequent
epilepsy syndrome. The increase in neuronal excitability due
to gain of function in Na+ channels is quite straightforward
to be understood and is further supported by the fact that
many antiepileptic drugs developed are Na+ channel blockers
[2, 91]. It is very surprising, however, that “loss of function”
in Na+ channels also makes the brain very hyperexcitable
although it decreases the neuronal excitability. Fortunately,
this mystery was unveiled recently with the targeted knock-
out mice and rats carrying mutated SCN1A which developed
epileptic seizures (SMEI and GEFS+) and sporadically died
within the first postnatal month for the SMEI mice [90,
111–114]. Immunohistochemical analysis revealed that in a
developing rodent brain,Nav1.1was predominantly expressed
in the inhibitory GABAergic interneurons of the neocortex
and hippocampus, as well as the cerebellar GABAergic
Purkinje cells that serve as the output pathway for infor-
mation on movement, coordination, and balance from the
cerebellar cortex [111–114]. Mutations or deletion of Nav1.1
lead to the loss of sustained high-frequency firing of action
potential and excitability in the hippocampal and cortical
inhibitory interneurons and Purkinje neurons, which allows
hyperexcitability of principal neurons (e.g., dentate granule
cells and pyramidal neurons) in the neuronal networks, thus
leading to brain hyperexcitability and subsequently epilepsy.
A unified loss of function hypothesis for Nav1.1 genetic
epilepsies has been proposed [86, 88]. According to this
hypothesis, the severity of epileptic phenotypes of Nav1.1
mutations is dependent on the extent of Nav1.1 functional
damage due to mutations, as, for instance, the spectrum of
severity of Nav1.1-associated forms of epilepsy results from
an increasing severity of loss of function mutations in Nav1.1
channels and increasing impairment of action potential firing
of the GABAergic inhibitory neurons [88]. As mentioned
earlier, mild impairment of Nav1.1 channel function causes
febrile seizures and moderate to severe impairment of Nav1.1
function due to missense or nonsense mutations causing
GEFS+ and SMEI [86, 88].

4.3.3. Na+ Channel Based Neuronal and Network Excitability.
The above discussion on altered expression and functions as
well asmutations inNa+ channels strongly supports the belief
that abnormal Na+ channel activities are critically involved
in neuronal hyperexcitability and the pathology of epilepsy.
However, it should be pointed out that emphasizing the
important roles of Na+ channels in the intrinsic neuronal
excitability and the consequent epilepsy does not mean
that Na+ channels hold any less importance in the network
excitability. As we elaborated earlier, both neuronal excitabil-
ity and network excitability contribute to the hyperexcitabil-
ity in the epileptic brain. Since epileptic seizures are regarded
as an “electrical storm” of brain hyperexcitability [86], they
involve not only intrinsic neuronal properties, but also a
cluster of anatomically and functionally associated neurons
that form epileptic networks and propagate the extremely
synchronized “electrical storm” within the networks [1].
Therefore, it is important to realize thatNa+ channels regulate
the brain excitability by altering both intrinsic neuronal
and network excitability. The genetic models of SMEI show
that the Nav1.1 mutation or deletion affects the inhibitory
interneurons in the hippocampus and cortex [90, 111, 113].
Even though the excitatory transmission is not affected,
the balance between inhibition and excitation within the
networks is severely disrupted [111, 113]. In thismodel, though
the embryonic Nav1.3 channels were found to be upregulated
probably as a partial compensatory response to the impaired
inhibition and disrupted balance between inhibitory and
excitatory transmission [111], the network excitability is
greatly enhanced due to Nav1.1 mutation that leads to a
loss of sustained high-frequency firing of action potential
in the hippocampal and cortical inhibitory interneurons
and a limited compensatory capacity of Nav1.3 channels,
thereby,making the brain very hyperexcitable.Therefore,Na+
channels play a central role in epileptogenesis, which involves
interplay of both intrinsic neuronal properties and network
activities.

5. Concluding Remarks

Na+ channel expressional and functional upregulation has
been demonstrated to be critical to epileptic hyperexcitability
and seizures, while the inhibitory regulation of Na+ channels
by DOR [16, 20–22, 81] may contribute to the proper control
of neuronal excitability. An impairment of such a balancing
mechanism, for example, Na+ channel upregulation and/or
DOR downregulation in genetic or acquired conditions, may
lead to neuronal dysfunction and eventually neurological
diseases, especially epileptic seizures. Indeed, Na+ channel
dysregulation has been casually linked to human epilepsy
and well demonstrated in epileptic animals with abundant
supporting evidence. For example, in the mutant brain
exhibiting spontaneous epilepsy, Na+ channel was upreg-
ulated [24], while DOR was downregulated in the same
brain [78], suggesting a potential role of DOR impairment
in the pathophysiology of epilepsy associated with genetic
abnormality.
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Figure 1: Schematic demonstration of the potential relation between
acupuncture, opioid, and Na+ channels in the regulation of brain
hyperexcitability and epileptic seizures. Acupuncture can regulate
the levels of endogenous opioids and their receptors in the brain.
The released opioids activate 𝛿-opioid receptors, and Na+ channels
are inhibited by activated 𝛿-opioid receptors via signalingmolecules
such as PKC. Thus the neuronal discharges are inhibited and
overexcited brain is “cooled” leading to the termination of epilepsy.

Since Na+ channel upregulation contributes greatly to
some kinds of epileptic hyperexcitability that leads to epilep-
sies, the DOR-mediated inhibition of Na+ channels could
provide a novel clue to open a vast potential of solu-
tions to epileptic seizures. In fact, many antiepileptic drugs
are actually inhibitors of Na+ channels [2, 91]. Moreover,
acupuncture can regulate the activities of endogenous opioids
and their receptors in both animals andpatientswith epilepsy,
thus exerting its antiepileptic effects. Therefore, stimulating
appropriate acupoints with suitable manipulations may be a
useful strategy for the treatment of epilepsy. Figure 1 presents
a schematic demonstration regarding the interaction between
acupuncture, opioids and Na+ channels in regulation of
hyperexcitability and epileptic seizures in the brain.

However, some issues need attention with regard to
the association between acupuncture therapy for epilepsy
and the role of opioids, and Na+ channels. As previously
discussed, loss of function of Na+ channels in the inhibitory
interneurons can cause brain hyperexcitability and epilepsy.
Therefore, it is possible that activation of the opioid system
by acupuncture causes inhibition of Na+ channel activity
in inhibitory interneurons, which may further aggravate
the symptoms of epilepsy. Despite the demonstration of an
antiepileptic effect following DOR activation in some studies
[115–118], several other reports showed opposite results. For
example, SNC80, a putative DOR agonist, is proconvulsive
[119, 120] though it is reported to inhibit Na+ channel activity
[80]. The reasons for the complex and mixed effects of the
𝛿-opioid system on seizures are not well clarified yet, but
could be partially related to multiple factors like animal
species (e.g., proconvulsive in rats but has little effect in
rhesusmonkeys) [119–121], seizure types, themethods of drug
administration [122], dose used [123], target neurons, and so

forth (also see [1]). Among these factors, the location of DOR
on the target neuron seems critical and important. In the
hippocampus, both granule cells and inhibitory GABAergic
interneurons express DOR [124, 125]. DOR activation in
the granule cells inhibits voltage-gated Na+ channels and
thus lowers the excitability of granule neurons [80], which
reduces excitatory transmission in the epileptic network and
subsequently suppresses seizures. However, DOR activation
in inhibitory interneurons leading to the inhibition of Na+
channels, as observed by Remy et al. [80] in granule neurons,
may result in facilitation, rather than suppression, of seizures
via postsynaptic deinhibition [126, 127], as has been observed
[119, 120]. Therefore, selective activation/inhibition of the
opioid system in certain locations of the epileptic networks
with acupuncture therapy is critical but also challengeable for
the therapeutic outcome. It has been shown that in seizure
rat models, acupuncture increases dynorphin synthesis and
release, enhances the activity of KOR (which is abundantly
distributed in hippocampal granule cell and perforant path)
[126, 127] in the hippocampus, and decreases the DOR
activity, synthesis, and release of enkephalin (which mainly
influences inhibitory interneuron activity) [124, 125]. There-
fore, acupuncture balances the inhibition and excitation in
the network and thus suppresses the seizures [1]. In this way,
acupuncture exerts its antiepileptic effects by normalizing
the disrupted neuronal and network excitability (by lowering
the overexcited neuronal activity through multiple strategies
like enhancing the inhibitory system and attenuating the
excitatory system in the brain via regulation of the activities
of opioid-Na+ channels), since the effects of acupuncture on
disrupted neuronal function are bidirectional depending on
the alterations in the brain functions and activities [128]. We
believe that a further clarification on the correlations between
acupuncture, opioids, and Na+ channels can better help us
explore the mystery of acupuncture therapy on epilepsy.

Abbreviations

BFNIS: Benign familial neonatal-infantile seizures
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The efficacy of electroacupuncture (EA) on epilepsy remains to be verified because of previous controversies thatmight be due to the
complexity of the effects induced by different acupoints and stimulation approaches adopted.Therefore, we investigated the effects
of EA on epilepsy to determine the specific acupoints and optimal stimulation parameters in this work. Experimental epilepsy was
induced by injecting kainic acid to the lateral cerebral ventricle of adult male SD rats. EA with a low-frequency (10Hz/1mA) or
high-frequency (100Hz/1mA) current was applied to the epileptic model for 30 minutes starting at 0.5 hour after the injection.
Four pairs of acupoints were tested, that is, Shuigou (DU26) + Dazhui (DU14), Jinsuo (DU8) + Yaoqi (EXB9), Neiguan (PC6) +
Quchi (LI11), and Fenglong (ST40) + Yongquan (KI1). We found that (1) low- or high-frequency EA at different acupoints reduced
epileptic seizures (𝑃 < 0.05 versus the control) with an exception of low-frequency EA at Neiguan (PC6) and Quchi (LI11); (2) low-
frequency EA induced a better effect at Fenglong (ST40) plus Yongquan (KI1) than that of the other acupoints (𝑃 < 0.05); (3) there
is no significant difference in the effects of high-frequency EA at these acupoints; and (4) the high-frequency EA elicited a greater
effect than that of low-frequency EA in all groups (𝑃 < 0.05), with an exception at Jinsuo (DU8) + Yaoqi (EXB9). The EA-induced
attenuation appeared 1–1.5 hours after EA with no appreciable effect in the first hour after EA in either the EEG or the behavioral
tests. We conclude that EA attenuation of epileptic seizures is dependent on the stimulation parameters and acupoints and that the
delay in appearance of the EA effect could be a reflection of the time required by the EA signal to regulate neural function in the
central nervous system.

1. Introduction

Epilepsy, manifesting as recurrent seizures induced by abnor-
mal electrical discharges in the brain, is a grave neurological
disorder and incurs devastating effects on both patients and
their families. There are numerous etiological factors impli-
cated in epileptic seizures, including genetic abnormalities,
hypoxic/ischemic injury, tumors, and trauma [1–5]. However,
the currently available treatment strategies against epileptic
seizures are limited and are associated with serious adverse
effects [6–8]. In fact, the current treatment of patients with
seizure disorders follows a hit-and-trial routine involving trial

of various drugs and/or combinations to see works better
for the individual. In more than one-third of these patients,
no drug has proven to be effective. This includes a huge
proportion given the worldwide prevalence of 50 million
patients with seizure disorders. Although surgical treatment
is successful in certain types of epilepsy, it is expensive,
associated with side effects, and may not be easily amenable
to all patients.The annual cost of epilepsy is estimated around
$12.5 billion in the United States alone, stemming mostly
from loss of productivity by those with intractable or poorly
controlled epilepsy [9]. This underscores the need for an
alternative and effective epilepsy treatment. Toward this goal,
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Figure 1: Experimental flow chart.

Table 1: Racine’s 5-point scales∗.

Grades Behavioral changes
1 Mouth and facial movement
2 Head nodding
3 Forelimb clonus
4 Rearing with forelimb clonus

5 Rearing and falling with forelimb clonus
(generalized motor convulsions)

∗Score 0: without any abnormal activity/sign (i.e., the status before the injec-
tion KA).

we have recently made novel observations on utilization of
acupuncture in epilepsy treatment.

In traditional Chinese medicine, acupuncture use has
a long history in the treatment of epilepsy. Owing to its
reproducibility and objectivity, electroacupuncture (EA) is
increasingly being accepted and utilized inmodern standards
of care. In the past, some Chinese and Western investigators
demonstrated the attenuation of chemically induced seizures
in animals following EA [10–15]. Several scientific investiga-
tions published in the Chinese literature have documented
a therapeutic effect of acupuncture/EA on epilepsy [16–
20]. However, the efficacy of acupuncture/EA in epilepsy is
still uncertain due to the limitations of the existing clinical
studies and the flaws in their design. First of all, none of
these clinical reports adequately describe the selection of

their controls. Moreover, some clinical reports have failed
to demonstrate a therapeutic effect of acupuncture/EA in
the chronic intractable epilepsy [21–23]. It is very difficult
to design a randomized, double-blinded placebo-controlled
study in patients with epilepsy. Therefore, a systematic and
well-controlled bench study is of utmost importance in order
to validate the efficacy of acupuncture/EA before extrapolat-
ing its use in a clinical setting.

Multitude of factors can influence the efficacy of EA.
Optimal parameters are essential including selection of
appropriate regions for stimulation (acupoints), frequency of
stimulation, and the method employed for stimulation.Thus,
it is possible for these earlier reports to bear inconsistencies
in their results owing to the differences in acupuncture
parameters and acupoints used. No prior study has been
conducted to systematically compare effects of low- and high-
frequency EA at different acupoints on epileptic seizures.

In the present work, we have attempted to tackle three
fundamental issues: (1) to verify the efficacy of EA in atten-
uation of epileptic seizures; (2) to examine if low- and high-
frequency EA had different effects on epilepsy; and (3) to
determine if different acupoints with the same EAparameters
lead to different EA effects.

2. Materials and Methods
2.1. Animals. All animal procedures were performed in
accordance with the guidelines of the Animal Care and Use
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Table 2: Frequency & Amplitude of EEG before and after 10Hz/1mA EA.

Acupoints Frequency (Hz) Amplitude (𝜇V)
Before EA After EA Before EA After EA

DU26 + DU14 (𝑛 = 5) 24.14 ± 9.54 14.44 ± 11.32 44.04 ± 47.73 56.28 ± 47.16

DU8 + EXB9 (𝑛 = 7) 13.89 ± 11.04 21.27 ± 12.00 55.47 ± 41.97 53.16 ± 51.02

LI11 + PC6 (𝑛 = 6) 23.61 ± 12.08 19.27 ± 13.85 39.27 ± 30.14 26.92 ± 35.52

ST40 + KI1 (𝑛 = 7) 22.41 ± 12.00 18.37 ± 14.87 44.17 ± 39.18 22.16 ± 21.11

Before EA: Before the initiation of EA (30 minutes after the KA injection).
After EA: 10 minutes after the end of EA (70 minutes after the KA injection).

Table 3: Frequency & Amplitude of EEG before and after 100Hz/1mA EA.

Acupoints Frequency (Hz) Amplitude (𝜇V)
Before EA After EA Before EA After EA

DU26 + DU14 (𝑛 = 6) 13.57 ± 12.35 12.85 ± 12.82 110.48 ± 72.37 122.10 ± 160.36

DU8 + EXB9 (𝑛 = 7) 13.88 ± 13.03 21.29 ± 14.20 64.40 ± 23.86 52.10 ± 39.08

LI11 + PC6 (𝑛 = 6) 15.28 ± 9.44 16.57 ± 17.27 74.33 ± 35.56 63.42 ± 37.38

ST40 + KI1 (𝑛 = 7) 13.41 ± 7.56 15.33 ± 11.01 74.46 ± 21.65 65.58 ± 54.1

Before EA: Before the initiation of EA (30 minutes after the KA injection).
After EA: 10 minutes after the end of EA (70 minutes after the KA injection).
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Figure 2: Change in grade of seizures against time after the KA
injection. KA was injected in the lateral ventricle of the SD rats.
∗

𝑃 < 0.05 versus that at 0.5 hour; Q𝑃 < 0.05 versus that at 1 hour;
♣
𝑃 < 0.05 versus that at 1.5 hours; P𝑃 < 0.05 versus that at 2 hours;
♠
𝑃 < 0.05 versus that at 2.5 hours. Note that the onset of seizures

appeared 0.5 hour after the KA injection, reached the peak 1.5–2
hours later, and then gradually started to decrease.

Committee of Shanghai Research Center for Acupuncture
and Meridians. Adult male Sprague Dawley rats with a body
weight of 180–220 g were purchased from Shanghai Experi-
mental Animal Center of Chinese Academy of Sciences and
were housed at 22–25∘C. All the rats were allowed to drink
and eat freely and had a controlled circadian rhythm set
as 12-hour light/12-hour dark. The animals were randomly
grouped into blank control (𝑛 = 4) and epilepsy (𝑛 = 63)
groups. Furthermore, the epileptic animals were randomly
subdivided to a group of epilepsy only (𝑛 = 10) and epilepsy
plus EA groups (𝑛 = 53).

2.2. Equipment and Materials/Reagents. Kainic Acid (KA)
was purchased from Sigma Corporation (USA). All other
chemicals and reagents came from China National Pharma-
ceutical Group Corporation. Equipments used in the study
were as follows: stereotaxic apparatus (Model SR-6R, Nar-
ishige, Japan), electroacupuncture apparatus (Model G6805-
2, Shanghai Medical Instrument High-tech Co., China),
oscilloscope (Model XJ4210A; Shanghai Xinjian Instrument
& Equipment Co., Ltd., China), bioelectric amplifier (Mod-
elML132, AD Instruments Pty Ltd., Australia), and PowerLab
4/25 data acquisition system (ModelML845, AD Instruments
Pty Ltd., Australia).

2.3. Induction of Epileptic Seizures. Theratswere anesthetized
with intraperitoneal injection of 10% chloral hydrate (0.4 g/kg
body weight) and fixed on the stereotaxic instrument. The
head epidermis and subgaleal were cut to expose the fontic-
ulus anterior, fonticulus posterior, and the parietal bone.
We adjusted and made the fonticulus anterior 1mm higher
than fonticulus posterior and recorded (1) anterior fontanelle
sagittal level as 𝑅

1
; (2) anterior fontanelle coronal level as 𝑃

1
;

and (3) the height of the anterior fontanelle as𝐻
1
.

For microinjection into the lateral cerebral ventricle, a
hole of less than 0.5mm diameter was drilled at 𝑅

1
+0.2mm

(0.2mm posterior the anterior fontanelle) and 𝑃
1
+1.5mm

(1.5mm from the midline) to penetrate the skull without
damaging the meninges. The microinjector filled with KA
solution (0.7𝜇L, 1 𝜇g/𝜇L)was inserted into the lateral cerebral
ventricle at 𝐻

1
−4.2mm (at a depth of 4.2mm beneath 𝐻

1
).

The KA solution was then injected into the lateral ventricle
over 10minutes at a uniform speed. After the end of injection,
the micro-injector was left in place for 10 minutes and then
gradually withdrawn.

In the control animals, KA solution was replaced with
saline but followed the same injection procedure and into the
same ventricle as in the KA animals.
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Figure 3: Representative EEG recordings from the rat before and after the KA injection. (a) Before KA injection and (b) 30 minutes after the
injection. Note that KA induced an epileptic spike wave pattern with a large increase in frequency.
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Figure 4: Quantitative changes in frequency and amplitude of EEG after the KA injection, (a) frequency and (b) amplitude. ∗∗𝑃 < 0.001.
Note that simultaneous to the induction of seizures, the frequency of the EEG waves increased more than 3.5 folds. In contrast, the amplitude
had no significant change (𝑃 > 0.05).

2.4. Evaluation of Epileptic Activity. Every 30 minutes, we
conducted a single-blinded behavioral assessment based on
the Racine’s 5-point scales [24] and recorded the scores at 8-
time points in (i.e., 0.5, 1, 1.5, 2, 2.5, 3, 3.5, and 4 hours after the
injection of KA). The assessment criteria utilized was shown
in Table 1.

2.5. Electroencephalography. Two holes of less than 0.5mm
diameter were drilled in the rat skull at the areas corre-
sponding to the right frontal cortex and right parietal cortex,
respectively. Recording and reference electrodes were fixed
in the holes using the dental cement and then connected
to the PowerLab 4/25 data acquisition system for electroen-
cephalography (EEG) signals. EEG parameters were set at
sampling rate 2 k/s; range 50mV; 100Hz low-pass and the AC
power filter. Since it is impractical to record EEG in the awake
state due to unavoidable huge signal noise, we recorded EEG
while the animals were under anesthesia, that is, from the
beginning of the experiment to 10–15 minutes after EA when
the animals were awake from anesthesia.

2.6. Electroacupuncture. After the KA (epileptic model) or
saline (control) injection into the lateral ventricle of the rat

brain, the animals were randomly assigned to four major
groups: head and neck acupoints (DU26, DU14), forelimb
acupoints (PC6, LI11), the back acupoints (DU8, EXB9),
and hindlimb acupoints (ST40, KI1). In a previous study,
we had demonstrated that EA at an intensity of 1mA is
optimal for rats [25], thus in the presentworkwe standardized
this parameter and concentrated on the effects of different
frequencies, which is another important determinant of the
effect of EA [25]. In all the 4 groups, EA was given at
both low- (10Hz/1mA) and high-frequency (100Hz/1mA).
It was started 30mins after the KA injection for a duration of
30mins (see the experimental flow chart in Figure 1).

2.7. Data Analysis. Data is presented as mean ± SE. Statistical
significance was determined using either student’s t-test or a
one-way ANOVA. Statistical significance was defined by 𝑃 <
0.05. All the data analysis and graphingwere carried out using
Origin 8.0 software (Origin Lab, USA).

3. Results

3.1. KA-Induced Seizures. We injected 0.7 𝜇L of KA solution
(1 𝜇g/𝜇L) into the lateral ventricle of each rat and applied
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Figure 5: Effects of 10Hz/1mA EA at different acupoints. (a) DU26 + DU14 (𝑛 = 5); (b) DU8 + EXB9 (𝑛 = 7); (c) LI11 + PC6 (𝑛 = 6); and (d)
ST40 + KI1 (𝑛 = 7). ∗𝑃 < 0.05, ∗∗𝑃 < 0.01 EA groups versus the control. Note that EA at the acupoints of the head and neck (DU26 + DU14),
the back (DU8 + EXB9), and the hindlimb (ST40 + KI1), but not the forelimb (LI11 + PC6), significantly attenuated seizures at several points
after the KA injection.

Racine’s 5-point scales grading method [24] to obtain the
behavioral score. Ten to thirty minutes after the injection, the
rats displayed seizure symptoms. The symptoms were most
serious at 1.5–2 hours after the injection of KA and then grad-
ually declined. However, epileptic seizure did not completely
disappear within 4 hours after the injection (Figure 2). In the
control group, same procedures were performed by replacing
saline in place of KA, and they did not induce any seizures or
any abnormal behaviors.

3.2. KA-Induced EEG Changes. The epilepsy-like spike wave-
pattern could be clearly seen on EEG after KA injection
(Figure 3). Frequency on EEG wave pattern increased sig-
nificantly after KA injection (from 4.75954 ± 0.90465Hz to

17.26694 ± 1.57080Hz, 𝑛 = 51, 𝑃 < 0.001) (Figures 3(a)
and 4(a)). Although there was an increase in the amplitude
of the EEG waves in the KA model, it had no statistical
differencewhen compared to the control group, that is, before
the KA injection (from 0.05395 ± 0.00722mV to 0.06342 ±
0.00612mV, 𝑛 = 51, 𝑃 > 0.05; Figure 4(b)).

3.3. Effects of Low- and High-Frequency EA at Different Acu-
points. We utilized two EA frequencies, that is, 10Hz/1mA
and 100Hz/1mA, that have been previously described in
the acupuncture literature [25–30], to compare the role of
different acupoints in EA effect (Figures 5–7). We tested the
following acupoints: DU26 and DU14 in the head and neck,
PC6 and LI11 in the forelimb, DU8 and EXB9 in the back,
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Figure 6: Effects of 100Hz/1mA EA at different acupoints. (a) DU26 + DU14 (𝑛 = 6); (b) DU8 + EXB9 (𝑛 = 8); (c) LI11 + PC6 (𝑛 = 6); and
(d) ST40 + KI1 (𝑛 = 8). ∗𝑃 < 0.05, ∗∗𝑃 < 0.01 EA groups versus the control. Note that EA with high frequency stimulation (100Hz/1mA) at
all these acupoints induced a significant reduction in seizures at most time points, 1–1.5 hours following the KA injection.

and ST40 and KI1 in the hind limb and found that both EA
frequencies were effective in reducing seizures (Figures 5 and
6).

As shown in Figure 5, the low-frequency stimulation
(10Hz/1mA) at the head and neck, back, and the hind limb
acupoints significantly attenuated seizures at several points in
time after KA injection. However, EA at PC6 and LI11 did not
induce any significant reduction in seizures during the period
investigated (Figure 5(c)).

On the other hand, high-frequency stimulation (100Hz/
1mA) at all the aforementioned acupoints induced a sig-
nificant reduction in seizures 1–1.5 hours following the KA
injection (Figure 6).

With the same stimulating parameters, the comparison
among different “effective” acupoints did not show any

significant difference in terms of EA-induced effect on the
KA-induced seizures (Figure 7).

3.4. Difference in Low- versus High-Frequency EA on the
KA-Induced Seizures. When comparing 100Hz/1mA to
10Hz/1mA, we found that the high-frequency EA induced a
greater attenuation of seizures. As shown in Figure 8, except
DU8 + EXB9, all other groups achieved a larger reduction in
seizure activity after high-frequency EA when compared to
low-frequency EA.

3.5. Effect of EA on EEG. We examined the changes in
EEG frequency and amplitude from the initiation of EA (30
minutes after the KA injection) to 10 minutes after stopping
EA (70 minutes after the KA injection). No significant
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Figure 7: Comparisons of EA effects among “effective” acupoints. (a) 10Hz/1mA and (b) 100Hz/1mA. #𝑃 < 0.05, ##𝑃 < 0.01 DU26 + DU14
versus control; ♣𝑃 < 0.05, ♣♣𝑃 < 0.01 DU8 + EXB9 versus control; Q𝑃 < 0.05, QQ𝑃 < 0.01 LI11 + PC6 versus control; and ∗𝑃 < 0.05,
∗∗

𝑃 < 0.01 ST40 + KI1 versus control. Note that there is no statistical difference among the different “effective” acupoint groups.

changes in the frequency and amplitude were noted either
in low- or high-frequency EA groups, or in “effective” versus
ineffective acupoint groups. The results are summarized in
Tables 2 and 3.

4. Discussion

This is the first study conducting a systematic comparison of
different EA stimulation parameters and acupoints in terms
of their effects on epileptic seizures. Our results show that
(1) EA significantly attenuates KA-induced epilepsy; (2) EA-
induced attenuation appears 1–1.5 hours after EA with no
appreciable effect from the start of application to 1 hour after
EA; and (3) the EA effect was relatively specific to acupoints
and EA parameters.

There has been a longstanding controversy in the pub-
lished literature on the clinical efficacy of EA treatment in
epilepsy. Because of the complex etiology and presentation of
epilepsy, there are amultitude of factors that can influence the
EA effect. Furthermore, it is not feasible tomake comparisons
as the data were obtained from a varied pool of patients
and animal models that utilized different acupuncture/EA
parameters and acupoints. Our present study employs a
commonly used rat model of epilepsy and provides strong
evidence on the attenuation of certain types of epileptic
seizures following EA treatment, such as chemical-induced
seizures (e.g., KA-induced epilepsy).

It is noteworthy that we failed to observe any significant
reduction in epileptic seizures during or immediately after
the EA treatment, neither on EEG nor on behavioral assess-
ments. Instead, we found a delay in attenuation of epilepsy

following EA that appeared 1 hour after stimulation. Our
unique observations stand in contrast to some of the previous
studies [26, 27, 29–31], in which the investigators stated that
acupuncture/EA induces an immediate inhibition of epileptic
activity [27, 31]. At present, we cannot explain the reasons
for such a contrasting effect. However, we believe that this
disparity can be attributed to the difference in the methods
of EA stimulation in the epilepsy models employed by us and
the others. However, we found a few reports documenting a
rapid effect of EA using a similar KA-induced epilepsy model
of as ours [26].

Among the four major acupoint groups tested, we found
that low-frequency (10Hz/1mA) EA at head and neck acu-
points (DU26 + DU14), back acupoints (DU8 + EXB9), and
hindlimb acupoints (ST40 + KI1) induced a significant atten-
uation of epileptic seizures, while stimulation of forelimb
acupoints (PC6 + LI11) had no such effect. These results
suggest that the EA effect is relatively specific to acupoints.
This could be due to the difference in neural distribution
around the acupoints [32, 33] because of differences and
complexity in neural transmission from various acupoints to
the brain and spinal cord [32–36].

Interestingly, the effectiveness of acupoints varies under
different stimulating parameters. For example, the low-
frequency EA at the forelimb acupoints (PC6 + LI11) was
not effective for epileptic seizures, but the high-frequency
EA at the same acupoints induced a significant reduction
in epileptic seizures. In general, the high-frequency EA
produced a better effect compared to that of low-frequency
EA at all acupoints. Based on these observations, we consider
high-frequency stimulation as “an optimal parameter” for
EA treatment of the KA-induced epilepsy. The underlying
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Figure 8: Comparisons of low- and high-frequency EA effects on the seizures. Discrepant seizure levels in four acupoint groups after EA
with the parameters of 100Hz/1mA or 10Hz/1mA. (a) DU26 + DU14; (b) DU8 + EXB9; (c) LI11 + PC6; and (d) ST40 + KI1. ∗𝑃 < 0.05 or
∗∗

𝑃 < 0.01 versus 10Hz. Note that except for the group of DU8 + EXB9, all other three groups showed a greater EA effect with 100Hz/1mA
than 10Hz/1mA.

mechanism may be related to specific changes in neural
signals generated in the body. High-frequency stimulation
may produce neural signals to affect broader brain regions,
of which some may respond only to specific acupoints in the
case of low-frequency currents.

Several lines of evidence suggest that 𝛿-opioid receptors
(DORs) mediated regulation of sodium channels may play
a significant role in the molecular mechanism of the EA-
induced attenuation of epilepsy [1]. It is well known that
neural hyperexcitability during the epileptic seizures may
result from dysregulation of sodium channels in the brain
[1, 37]. In a mutant model of spontaneous epilepsy [37, 38],
for example, sodium channel expressionwas found to be high

with increased sodium currents and hyperexcitability in the
cortical regions [37]. A concomitant low DOR expression
was also found in the same model [39]. Furthermore, we
found that DOR expression and/or activation decreases
sodium currents [40]. Extrapolating from these observations,
we hypothesize that DOR expression/activity decreases the
sodium channel function thereby reducing sodium currents
and hyperexcitability. An impairment of DOR function,
on the other hand, will lead to an increase in sodium
currents and hyperexcitability that in turn results in an
epileptic seizure. Since acupuncture/EA is known to upreg-
ulate endogenous opioid expression and function in the
brain [34, 36] and increase DOR expression in the cortex
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[41], we believe that EA upregulates DOR expression and/or
function, thus inhibiting epileptic seizures mediated by neu-
ral hyperexcitability due to sodium channel dysfunction.This
may also partially explain that EA induced a delayed, not
immediate, effect on epilepsy because the upregulation of
DOR, particularly expression, requires a certain period of
time to make the action in the brain.

In summary, our study reveals that EA induced a sig-
nificant reduction of epileptic seizures with high frequency
as an optimal parameter for EA efficacy in the KA-induced
epilepsy model. The EA effect is a delayed response, which
is likely to be related to the time involved in the neural
regulation of central functions. However, there is a caveat
attached that the optimal acupuncture parameters and the
underlying mechanisms may vary with different types of
epilepsy due to diverse pathophysiological factors causing
epileptic seizures. Further investigations on the optimal
parameters and mechanisms involved in EA treatment of
epilepsy are needed to improve our current knowledge and
shed light on better solutions of this neurological disorder.
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To explore new noninvasive treatment options for depression, this study investigated the effects of electroacupuncture (EA) at the
auricular concha region (ACR) of depression rat models. Depression in rats was induced by unpredictable chronic mild stress
(UCMS) combined with isolation for 21 days. Eighty male Wistar rats were randomly assigned into four groups: normal, UCMS
alone, UCMSwith EA-ACR treatment, andUCMSwith EA-ear-tip treatment. Rats under inhaled anesthesia were treated once daily
for 14 days.The results showed that blood pressure and heart rate were significantly reduced in the EA-ACR group than in theUCMS
alone group or the EA-ear-tip group. The open-field test scores significantly decreased in the UCMS alone and EA-ear-tip groups
but not in the EA-ACR group. Both EA treatments downregulated levels of plasma cortisol andACTH inUCMS rats back to normal
levels. The present study suggested that EA-ACR can elicit similar cardioinhibitory effects as vagus nerve stimulation (VNS), and
EA-ACR significantly antagonized UCMS-induced depressive status in UCMS rats.The antidepressant effect of EA-ACR is possibly
mediated via the normalization of the hypothalamic-pituitary-adrenal (HPA) axis hyperactivity.

1. Introduction

Vagus nerve stimulation (VNS) was approved by the U.
S. Food and Drug Administration in 2005 and has been
frequently used as a treatment option for treatment-resistant
depression (TRD) [1–4]. Its mechanisms of antidepressant
action are not fully elucidated; however, its neuromechanisms
are based on the direct stimulation of the cervical trunk
of the left vagus nerve. The afferent fibers of vagus nerve
project to solitary nucleus (SN). Fibers of SN project to
the neuroendocrine systems in the limbic system structures
and the autonomic nervous system. These areas are strongly
interconnected by monoamine-related pathways, including
the ventral tegmental area, brainstem, the hypothalamus,
thalamus, amygdala, anterior insula, nucleus accumbens, and

the lateral prefrontal cortex [5]. Furthermore, the ventral
tegmental area has a dense dopaminergic input to the
prefrontal cortex; fibers from the SN project to the locus
ceruleus and dorsal raphe nucleus which aremajor brainstem
nuclei related to noradrenergic (NE) and serotonergic (5-
HT) innervations of the entire brain cortex, respectively.
It is well known that the serotonergic, dopaminergic, and
noradrenergic systems are commonly involved in the patho-
physiology of depression and in the neuromechanisms of
action of antidepressants [6].

Nonetheless, typical implantation of VNS device requires
an invasive surgical procedure whichmay be accompanied by
some side effects, such as infection of wound, hoarse voice,
dyspnea, difficulty swallowing, neck pain, paresthesia, eme-
sis, laryngospasms, dyspepsia, cardiac asystole, bradycardia,



2 Evidence-Based Complementary and Alternative Medicine

and even heart failure. Worse still, technical complications of
device malfunction may aggravate patient conditions [7, 8].

Enlightened by themechanismofVNS, researchers in our
team found that auricular concha region (ACR) is densely
innervated by free nerve endings of the vagus nerve. Our
previous animal studies found that electroacupuncture (EA)
at ACR (EA-ACR) had significant effects in the management
of primary hypertension [9, 10], diabetes mellitus [11, 12], and
partial epilepsy [13, 14]. EA-ACR is a noninvasive procedure
which requires a portable EA device and no side effects. With
a similar mechanism to VNS, EA vagus nerve stimulation
may provide beneficial effects in the treatment of depres-
sion.

EA-ACR is one of the acupuncture therapeutic methods
which can be considered as auriculotherapy. Theories of
auriculotherapy dates back to 2000 years ago as first men-
tioned in the book of Yellow Emperor’s Canon of Medicine
(Huang Di Nei Jing) [15]. Modern auriculotherapy with 42
points was firstly introduced by Dr. P. Nogier (France) in
1956. The international standard map of auricularpoints was
published in China and later was recommended by WHO
in 1993. Acupuncture, part of the oriental medicine, has
been used in eastern Asian countries for the management of
various emotional, psychological, and psychiatric disorders
including anxiety, stress, insomnia, and depression. In recent
years, acupuncture has become one of themost popular com-
plementary therapies in the West, and the therapeutic effec-
tiveness of acupuncture on depression has been confirmed
by modern research studies. Allen et al. [16] found that body
acupuncture and auriculotherapy could significantly reduce
the severity of depression. Similar results were demonstrated
in the studies of Luo et al. [17] and Zhang et al. [18], in which
researchers found that electroacupuncture was as efficacious
as fluxetine in the management of major depression. In
general, increasing evidences support that acupuncture is an
effective treatment for patients with depressive disorders [19–
23].

In the current study, we aimed to verify the vagus nerve
responses during EA at ACR. Furthermore, antidepression
effects of EA-ACRwere investigated by observation of behav-
iors and measurement of blood biochemicals in the rat
models of unpredictable chronic mild stress (UCMS).

The results will provide a fundamental evidence for the
anti-depression effects of EA-ACR and will facilitate EA-
ACR to become a new noninvasive and low-cost therapy for
depression.

2. Methods and Materials

2.1. Animals. Male Wistar rats in 150–170 g were obtained
from the Laboratory Animal Resources Center, National
Institute for the Control of Pharmaceutical and Biological
Products, Beijing (Certificate no. SCXK (jing) 2009-0017).
These animals were individually caged on a 12 h light/dark
cycle (lights on at 8:00 a.m., lights off at 8:00 p.m.) under
controlled temperature (22 ± 1∘C) and humidity (50% ±
5%) conditions. Standard rat chow and water were given
ad libitum. Animals were allowed to acclimatize for seven

days before the study. All experiment procedures comply
with the guidelines of the “Principles of Laboratory Animal
Care” (NIH publication number 80-23, revised 1996) and the
legislation of the People’s Republic of China for the use and
care of laboratory animals. The experimental protocols were
approved by the Animal Experimentation Ethics Committee
of the Institute of Acupuncture and Moxibustion, China
Academy of Chinese Medical Sciences. Efforts were made to
minimize the number of animal use and the suffering of the
experimental animals.

2.2. Open Field Test for Behavioral Scoring. The open field
apparatus was constructed of black plywood and measured
80 × 80 cm with 40 cm walls. White lines were drawn on the
floor. The lines divided the floor into twenty-five 16 × 16 cm
squares. A central square (16 cm × 16 cm) was drawn in the
middle of the open field. Rats were put on the central square,
at the same time the video camera was turned on for video
recording from the top of the open field apparatus. Behaviors
of rats were recorded for 3 minutes, with the grid number
being counted as the horizontal score and the time of both
frontal claws uplifting from the ground as the vertical score.
The total locomotor activity of each animal was then scored
as the sum of the number of line crosses and rears [24, 25].

2.3. Unpredictable ChronicMild Stress (UCMS)Model. Eighty
Rats were evenly randomized into 4 groups. Forty-two rats
were recruited with the total score of 30–120 in the open
field test [25]. A successful UCMSmodel rat was created with
the score of the open field test equal or minus 60. Qualified
rats were distributed into four groups: the normal control
(𝑛 = 10), UCMS alone (𝑛 = 8), UCMS with EA-ACR
treatment (EA-ACR) (𝑛 = 12), and UCMS with EA-ear-tip
as the treatment control (EA-ear-tip) (𝑛 = 12). Every five rats
in the normal group were housed in one cage. However, rats
in the UCMS alone, EA-ACR, and EA-ear-tip groups were
caged individually. Depression model was established by 21
days of UCMS combined with isolation. UCMS procedures
were based on published studies [25, 26], including seven
kinds of stressors: food deprivation, water deprivation, cage
tilt 45∘ (Ugo Basile s.r.l. hot/cold plate, Model 35100–001,
Italy), swimming in 4∘C ice water, clipping tail 3min, 50V
electric shock (Electronic stimulator, NIHON KOHDEN,
Japan), and overnight illumination. The stressors were given
randomly 3 times daily for 21 continuous days.The rats in the
normal control group were housed undisturbedly except for
necessary procedures such as routine cage cleaning.

2.4. Experimental Procedures (Figure 1). The open field test
on all rats was conducted on the day before the study,
the 22th day (after UCMS), the 36th day (after treatment),
and the 50th day in the study course. After the models
of UCMS were established in 21 days, the EA treatment
of 14 days was applied to the bilateral auricular concha
region (Figure 1) of rats in the EA-ACR group once daily
for 20min. For the EA-ear-tip group, the EA applied to the
bilateral ear tips (Figure 1) followed the same procedure and
EA parameters as the EA-ACR. All rats in the EA groups
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accepted the inhaled anesthesia during the treatment. EA
was set at the frequency of 2Hz, the intensity of 1mA
by using the electroacupuncture stimulator (HANS-100A,
Nanjing Gensun Medical Technology Co., Ltd., China). The
inhaled anesthesia was conducted on the ISOFLURANE
VAPORIZER (Matrx VIP 3000, Midmark corporation, USA)
with isoflurane (Hebei Nine Sent Pharmaceutical Co., Ltd.,
Heibei, China). Blood pressure, including systolic, diastolic
and mean pressures, and heart rate of rats were monitored
noninvasively by using the apparatus (BP-98A, Beijing Soft
Long Biological Technology Co., Ltd., China) during one EA
treatment/anesthesia. The data were recorded in numerical
values at the starting point of anesthesia (0min pre-EA), the
1st min of anesthesia (EA begins), the 6th min of anesthesia
(EA 5min), the 11th min of anesthesia (EA 10min), the 16th
min of anesthesia (EA 15min), and the 21stmin of anesthesia
(EA 20min) on the same day for three UCMS groups. At the
51st day of the study, the rats were sacrificed and their neck
venous blood was sampled for the tests of plasma cortisol
(ELISA, R&D, USA) andACTH (Acthlisa, R&D, USA) levels.

2.5. Statistical Analysis. The statistical analysis was per-
formed by using one-way analysis of variance (ANOVA)
followed by a Turkey test with software SPSS 13.0. 𝑃 < 0.05
which was considered statistically significant, and the data
were expressed as means ± standard deviation.

3. Results

3.1. Effects of EA-ACR Treatment on Heart Rate and Blood
Pressure in UCMS Rats (Figures 2 and 3). No statistical
difference was found in heart rate and blood pressure among
rats of the three UCMS groups at the beginning of the study.
Both of the heart rate and blood pressure in three UCMS
groups showed a descending trend during the anesthesia
period. However, the two EA treatment groups reduced heart
rate and blood pressure significantly compared to the UCMS
alone group. The mean heart rate from the 6th to 11th min
decreased significantly in the EA-ACRgroup compared to the
EA-ear-tip group; furthermore, the mean blood pressure was
downregulated significantly in the EA-ACR group compared
to the EA-ear-tip group in the treatment period.The EA-ACR
treatment resulted in a significant decrease in the heart rate
between the starting point of anesthesia and the 11th min of
anesthesia (𝑃 < 0.05) and in the mean pressure between the
starting point of anesthesia and the 16th min of anesthesia
(𝑃 < 0.05).

3.2. The Different Influences of EA-Treatments on the Open
Field Test Score of UCMS Rats (Figure 4). The total score
of rats exposed to the open field test showed a significant
decrease on the 22th day compared to the beginning in both
the UCMS alone group and the EA-ear-tip group (𝑃 < 0.01
and 𝑃 < 0.01, resp.). However, the score did not show
remarkable differences between the two time spots in the
normal group or in the EA-ACR group, respectively. But the
EA-ACR group reached the score of 60 in the open field test

and was thus qualified as the UCMS model. In the EA-ear-
tip group, the score decreased significantly on the 36th day
compared to the 22nd day.

3.3. Effects of EA Treatment on Plasma Cortisol and ACTH
Levels in UCMS Rats (Figures 5 and 6). As compared with
the normal group, plasma cortisol levels in the three UCMS
groups showed significant increases (𝑃 < 0.01 for all com-
parisons). On the other hand, the mean plasma cortisol level
of the EA-ACR group and the EA-ear-tip group decreased
significantly compared to the UCMS alone group (𝑃 < 0.05
and 𝑃 < 0.05, resp.).

The 21-day UCMS exposure significantly increased the
concentration of ACTH in rat blood (𝑃 < 0.01) when the
UCMS group was compared with the normal control on the
51st day of the study. However, EA treatments significantly
decreased the concentration of ACTH compared to the
UCMSalone group (𝑃 < 0.01 and𝑃 < 0.01, resp.), while none
of the EA treatment groups showed a significant difference in
the concentration of ACTH as the normal control group did.

4. Discussion

In general, EA treatments down-regulated the heart rate and
blood pressure as well as the concentration of plasma cortisol
and ACTH. However, the heart rate and blood pressure were
influenced more intensively by the EA-ACR than the EA-ear-
tip, and the open field test score was kept at a higher level by
EA-ACR only.

4.1. Cardioinhibitory Effects of EA-ACR Are Similar to the
Vagus Nerve Stimulation. In the present study, EA-ACR
elicited a significant decrease in heart rate andmean pressure
under the anesthesia; however, the EA-ear-tip treatment
did not induce similar changes during the treatment. These
results suggested that EA stimulation at the auricular concha
region induced similar effects as that of the direct vagus nerve
electric stimulation had on the heart [7, 27, 28]. VNS, which
stimulates the cervical trunk of the vagus nerve directly, is
a procedure that was approved by FDA to treat primary
hypertension years ago [7, 27]. Our previous research showed
that acupuncture at auricular concha area could effectively
decrease essential hypertension in ratmodels [9]. In addition,
we found that electric stimulation on nucleus dorsalis nerve
vagi could induce immediate decrease in heart rate and
corresponding changes of electrocardiogram [29].

Anatomical knowledge of the vagus nerve informs that
the auricular fibers of vagus nerve densely distribute in the
concha and external auditory meatus of the ear; however,
there are a few vagus nerve fibers around the ear tip [30].The
auricular branch of the vagus nerve ascends to the superior
vagal ganglion (nucleus dorsalis nerve vagi), where the
cholinergic preganglionic parasympathetic neurons give rise
to the branchial efferent motor fibers innervating the heart,
and stimulating pathway induces cardioinhibitory effects
[28]. Afferent signals elicited by EA-ACR may be integrated
at the medulla oblongata, which then generates regulatory
signals to activate the cardiac vagus nerve. Cardiac vagus
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1

2

Figure 1: Electrical stimulation spot. Black spot 1 on the ear-tip area
(nonauricular concha control). Black spot 2 on the auricular concha
region (ACR). Positive iron pole (diameter 0.3mm) on the frontal
side of ear, and the negative iron pole (diameter 0.3mm) on the back
side.

nerve activation slows the heart rate and decreases the blood
pressure immediately.

4.2. EA-ACR Treatment Improved the Depressive Status of
UCMSRats in theOpen Field Test. Theunpredictable chronic
mild stress (UCMS) has already contributed to the eluci-
dation of the pathophysiological mechanisms of depression
such as decreased neurogenesis and HPA axis alterations
[26, 31]. In the current study, this model was used to explore
the relations between depressive-like behavior in rats and EA-
ACR treatment. The open field test provides simultaneous
measurement of UCMS. A higher score in the test indicates
increased locomotion and exploration and/or a lower level
of anxiety [25, 26, 31]. In our study, the scores of open field
test were significantly decreased in the UCMS alone and
EA-ear-tip groups on day 22 compared to the beginning
date, but no significant decrease was found in the EA-
ACR group. However, all the rats in the EA-ACR group
were qualified for modeling with a standard recruiting score
of 60. It was apparent that EA-ACR kept the score on a
higher level in the treatment course, while the score of the
EA-ear-tip group showed a significant decrease during the
treatment.This phenomenon indicated that EA-ACR induced
the antidepressive effects. The UCMS model and the open
field test were also successfully introduced into previous EA
studies on depression. For example, EA at Baihui (GV20) and
Yingtang (EX-HN3) on the top and front head scalp for 21
days can significantly improve the symptom of the depressive
rats, the crossing and rearing movement times, and the
number of p-CREB-positive neuron in the hippoeampus as
the fluoxetine compared with the UCMS alone group [25].

4.3. EATreatmentNormalized theHyperactivity of Hypothala-
mic-Pituitary-Adrenal (HPA) Axis. In the present study,
21 days’ UCMS exposure significantly increased the con-
centrations of plasma cortisol and ACTH in rats. It is
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Figure 2: The time course of heart rate for three UCMS groups
during one EA treatment/anesthesia. Comparison between the EA-
treated UCMS group and the UCMS alone group, ∗𝑃 < 0.05,
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𝑃 < 0.01. Comparison between the EA-ACR group and the EA-
ear-tip group, 𝑃 < 0.05, 𝑃 < 0.01. Comparison between the
starting point of anesthesia and the 11th min in the EA-ACR group.
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𝑃 < 0.01.

consistent with the previous research studies on both
human beings and animal models with depressive status
[32, 33]. Furthermore, 14 days of EA treatments (both EA-
ACR and EA-ear-tip) right after UCMS down-regulated
the plasma cortisol and ACTH in UCMS rats to normal
levels. Researchers found that EA at acupointsNeiguan(PC6),
Sanyinjiao(SP6), and Taichong(LV3) can lower plasma cor-
tisol and ACTH levels and improve symptoms in depress-
ion [33].

Several hypotheses have been proposed for the patholog-
ical mechanism of depression. Besides disturbed monoamin-
ergic neurotransmission, hyperactivity of hypothalamic-
pituitary-adrenal (HPA) axis is closely related to major
depression [34–36]. The HPA axis is the primary neuroen-
docrine system responsible for coordinating the mammalian
stress response and has thus been a major focus of neu-
robiological research of depression. Major components of
the HPA axis include corticotropin-releasing factor (CRF),
adrenocorticotropin hormone (ACTH), and glucocorticoids.
Cortisol is the major glucocorticoid in humans and ani-
mals. During stress response, neurons in the paraventricular
nucleus (PVN) of the hypothalamus release CRF into the
hypothalamo-pituitary portal system. CRF then stimulates
the release of adrenocorticotropin (ACTH) from the anterior
pituitary into systemic circulation, which in turn stimulates
the adrenal cortex to secrete cortisol. Cortisol is responsible
for many of the physiological changes associated with the
stress response, and it also provides negative feedback to the
hypothalamus and pituitary to decrease the synthesis and
release of CRF and ACTH.
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Figure 3: The time course of the mean blood pressure for the three
UCMS groups during one EA treatment/anesthesia. Comparison
between the EA-treated UCMS group and the UCMS alone group,
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Figure 4: The influence of EA-ACR on the open field test score of
rats. The 22nd day compared with the day before the test (day 0) in
the same group, #𝑃 < 0.05, ##𝑃 < 0.01; the 36th day compared with
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Patients with depression show hyperactivity of the HPA
axis that may result from the impaired negative feedback
regulation of glucocorticoid release [34]. Moreover, research
study also found that normalization of these HPA axis
abnormalities is associated with successful antidepressant
treatment, and patients whose HPA abnormalities do not
normalize are significantly more likely to relapse [37]. In
a VNS treatment study, O’Keane et al. [38] found that the
CRF/ACTH (adrenocorticotropic hormone) responses in the
depressed group before VNS implantation were significantly
higher than in the healthy group and were reduced to normal
values after 3months of VNS treatment; in addition, they also
found significant improvement in depression symptoms.
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Figure 5: The effect of EA-ACR treatment on plasma cortisol
in normal and UCMS rats. Comparison of plasma cortisol level
between UCMS and normal groups, ∗∗𝑃 < 0.01. Comparison
between the EA-treated UCMS group and the UCMS alone group,
#
𝑃 < 0.05.
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Figure 6:The effect of EA-ACR treatment on ACTH in normal and
UCMS rats. Comparison of the ACTH level between normal and
UCMS groups, ∗∗𝑃 < 0.01. Comparison between the EA-treated
UCMS group and the UCMS alone group, ##𝑃 < 0.01.

The result of the present study—EA-ACR significantly
antagonized UCMS-induced depressive status of rats—is
consistent with the findings of the mentioned research
studies. As demonstrated through changes in plasma cortisol
and ACTH levels, the antidepressant effect of EA-ACR may
be mediated via normalization of the HPA axis hyperactivity.
Otherwise, EA-ear-tip also was found to be the apparent
down-regulation effect on the plasma cortisol and ACTH. It
is found that a few vagus nerve fibers are around the ear tip
[30], and HPAmay be modulated by other nervous pathways
beside the vagus nerve, for example, greater auricular nerve
and lesser occipital nerve are densely innervated in the area
of ear tip, and the EA signals can be transmitted by them to
the cervical spinal cord and brain then modulate the HPA.
Further investigation has been warranted for this hypothesis.

5. Limitation

This pilot EA-ACR study on depression has a small sam-
ple size. Meanwhile, EA-ACR does not only stimulate the
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vagus nerve, but also affects other sensory nerves, such
as nervous auricularis magnus, lesser occipital nerve, facial
nerve, and glossopharyngeal nerve fibers. Although EA-ACR
elicited similar effects to VNS, the interaction among the
nerves in the area should be explored in the future. Further
investigation on EA-ACR for the disturbed monoaminergic
neurotransmission of depression has been warranted.

6. Conclusions

EA-ACR can elicit similar cardioinhibitory effects to vagus
nerve stimulation (VNS), and EA-ACR significantly antago-
nized UCMS-induced depressive status of rats. The antide-
pressant effect of EA-ACR is possibly mediated via normal-
ization of the HPA axis hyperactivity.
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While balancing yin and yang is one basic principle of Chinese medicine, balancing methods for combination of meridians
and acupoints had been described throughout the history of Chinese medicine. We have identi�ed six historical systems for
combinations of acupuncture points in historical writings. All of them represent symmetrical combinations which are de�ned by
the steps in the Chinese Clock. Taking the historical systems as a basis, we calculated the possible combinations that �t into these
systems they revealed, leading to a total of 19 systems offering new balancing combinations. Merging the data of these 19 systems,
there are 7 combinatorial options for every meridian. On the basis of this data, we calculated 4-meridian combinations with an
ideal balance pattern, which is given when all meridians balance each other. We identi�ed 5 of these patterns for every meridian,
so we end up with 60 patterns for all the 12 meridians but we �nd multiple overlapping. �inally, 15 distinct patterns remain.
By combining this theoretical concept with the Image and Mirror Concept, we developed an acupuncture research protocol. is
protocol potentially solves someproblems of acupuncture trials because it represents a rational reproducible procedure independent
of examiner experience, but the resulting treatment is individualized.

1. Introduction

In Chinese Medicine, disease is understood as a loss of
balance between the yin and yang energies [1, 2]. Balancing
yin and yang is a basic concept of acupuncture treatment
[1, 3], so combinations of meridians (or their corresponding
organs) and acupoints for the balance of yin and yang had
been described throughout the history of Chinese medicine
[4]. Meridians are classi�ed as yin or yang meridians. Lung
(LU), spleen (SP), heart (HT), kidney (KI), pericardium
(PC), and liver (LR) are de�ned as yin meridians, while
large intestines (LI), stomach (ST), small intestines (SI),
bladder (BL), triple energizer (TE), and gall-bladder (GB)
are de�ned as yang meridians [5–10]. In our recent article

[11] we have identi�ed the known historical systems for
combination of acupuncture points in historical writings and
modern textbooks [3, 5–10, 12–27]. All of these represent
symmetrical combinations, which were de�ned by the steps
in the Chinese Clock (CC). In TCM theory, a continuous
circulation of Qi through 12 meridians in a distinct order
(LU, LI, ST, SP, HT, SI, BL, KI, PC, TE, GB, LR) is postulated,
described as the Chinese medicine body clock, or Chinese
clock (CC).

1.1. Historical Systems. e most common system is the
interior-exterior system, a single-step system [17, 28–30].
It originates from Ling Shu (Ch. 2, Vol. 1) [23] and was
described in detail in e systematic classic of acupuncture
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T 1: Intrinsic rules of the historical systems.

Every meridian pairs with only other one
Rotation symmetry of 30∘, 60∘, or 120∘

6 pairs of meridian
Maximum of 2 alternating steps
6 yin/yang or 3 yin/yin and 3 yang/yang combinations

and moxibustion (Zhen Jiu Jia Yi Jing, Book 9) [17]. Figure
1(a) shows the plotting of the interior-exterior system on the
CC. e neighbouring channels system is the second option
of combining channels in a single-step system. It leads to
arm-leg combinations of two yin or two yang channels [30–
33]. Figure 1(b) shows the plotting of the neighbouring
channels system on the CC. ree systems follow the theory
of the 6 stages, originating from the Suwen (Chapter 6,
(77 + 79)) and Lingshu (Chapter 5 (948 + 949) [10, 23]
and have been described in detail in the Shanghanlun [10].
Since the description ine Systematic Classic of Acupuncture
and Moxibustion [17] meridians are named according to the
stages and the extremity where themain part of this meridian
is running (Hand Tai Yang (SI), Foot Tai Yang (BL), Hand
YangMing (LI), Foot YangMing (ST), Hand Shao Yang (TE),
Foot Shao Yang (GB), Hand Tai Yin (LU), Foot Tai Yin (SP),
Hand Jue Yin (PC), Foot Jue Yin (LR), Hand Shao Yin (HT),
and Foot Shao Yin (KI)). Combining the meridians of one
stage is very popular and is called “anatomical system” in
some schools [34]. is system represents a 1-step–3-step
alternating system. We call it the 6-stage system I. Figure 1(c)
shows the plotting of the 6-stage system I on the CC.e next
system we call 6-stage system II. It combines stages Tai Yang
and Shao Yin, stages Yang Ming and Tai Yin as well as stages
Shao Yang and Jue Yin. It is widely used in modern schools
[18, 29, 31, 32]. Figure 1(d) shows the plotting of the 6-stage
system II on the CC.

6-stage system III originates from theMing-Dynasty [18].
is system combines Tai Yangwith Tai Yin, Jue YinwithYang
Ming and Shao Yang with Shao Yin. Figure 1(e) shows the
plotting of the 6-stage system III on the CC.

Cross needling originates from Chapter 63 of the Suwen
and is called opposite clock needling in modern school [30]
and also used in Japanese acupuncture [18]. Figure 1(f) shows
the plotting of the opposite clock system on the CC.

1.2. Intrinsic Rules of the Historical Systems. All historically
described systems have in common the fact that they build
a symmetrical combination in the CC with a rotation sym-
metry of 30∘, 60∘ or 120∘. Every meridian pairs with only
one other and no meridian is le over, so there are always
6 pairs of meridians. A maximum of two alternating steps
are used, leading to yin-yang/yang-yin or to yin-yin/yang-
yang combinations. ey can be described as intrinsic rules
of the historical systems, summarized in Table 1. A graphical
plotting of all historical systems is shown in Figures 1(a)–
Figure 1(f).

1.�. Graph Traversal Search for Identi�cation of �urther Sys-
tems. Our question was to �nd out whether there are more

T 2: Combinations that follow the intrinsic rules of the
historical systems, listed according to steps in the Chinese Clock.

1-step systems = 2
1-step–3-step alternating systems = 4
2-step systems = 4
2-step–6-step alternating systems = 4
3-step systems = 2
5-step systems = 2
6-step systems = 1
Total number 19

systems than historically described and whether any merid-
ians can be excluded as potentially balancing meridians, so
we calculated all symmetrical combinatorial possibilities. We
did a graph traversal search for further systems, described
in detail in our recent paper, available online [11]. 19 of
the symmetrical patterns followed the intrinsic rules of the
historical systems (Table 2).

1.4. Additional Combinations from Graph Traversal Search.
One 2-step–6-step alternating system we want to emphasize,
since it combines stages Tai Yang and Jue Yin, YangMing and
Shao Yin, as well as Shao Yang and Tai Yin. So we named it
6-stage system IV (Figure 1(g)).

ere are three more 1-step–3-step alternating systems
that lead to additional point combinations not covered by
those historically described.

Step 5 provides an additional combinatorial possibility,
but has no extensive tradition in Chinese medicine except
for concepts connected to the extraordinary vessels. All
pairs of Yin extraordinary vessels can be opened by using
a 5-step combination which includes the very commonly
used technique to combine the master points of the paired
extraordinary vessels [35]. e master point of the primarily
treated extraordinary vessel is needled at �rst, then themaster
point of the paired extraordinary vessel, called the coupled
point, is needled secondly. Chong Mai (SP-4, Gongsun) and
YinWeiMai (PC-6,Neiguan), RenMai (LU-7, Lique), andYin
Qiao Mai (KI-6, Zhaohai) represent this 5-step combination
[24, 35, 36].

With step 5 distant parts of the body are connected. A
combination of step 5 with another step in the Chinese Clock
is mathematically not possible, if the intrinsic rules of the
historical system are to be observed. As described above
this is, however, possible for the 1–3-step and for 2–6-step
combinations of two steps for an balance in accord with the
intrinsic rules (Table 2). is might be an explanation why
the points of the extraordinary vessels are usually used alone
in a two-point combination [35, 36]. So if you combine a step
5 combination with other meridians, there is a high risk of
applying an unbalanced treatment.

e possibilities for �nding a balanced treatment strategy
can be described by the steps that have to be taken in the
Chinese clock to combine acupuncture points. Merging the
data of all systems, the steps in the Chinese clock showing
a possibility for balancing are the following. Steps 1, 2, and
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F 1: Graphical plotting of the historical systems. (a) Interior/exterior; (b) neighbouring channels; (c) 6-stage I; (d) 6-stage II; (e) 6-stage
III; (f) opposite clock and one new system; (g) 6-stage IV. Blue: yin meridians, red: yang meridians.
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F 2: Merging of the combinatorial possibilities (this can be
done with every meridian in a similar way).

T 3: Possible steps in the Chinese clock for balancing a
meridian.

1, 2 and 3 are possible
4 is not possible
5 is possible, but has no tradition in TCM, except in the theory of
the extraordinary vessels and might be unbalanced in a multiple
point concept
6 is possible

3 are possible so is step 6. Step 4 is not a combinatorial
possibility. Step 5 is a combinatorial possibility, but has no
tradition in TCM, except in the theory of the extraordinary
vessels [35, 36], might lead to an imbalance in multipoint
combinations. A summary is given in Table 3.
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In Table 4 we list all of the 19 calculated systems,
that allow a multimeridian combination. is includes the
historical systems, marked in yellow. Systems that allow new
combinations are marked in blue, while calculated systems
that do not offer new combinations, that are already known
by the historical systems, are not marked. e merged data
plotted on the CC are shown as an example for the meridians
of the lung (see Figure 2).is can be applied for allmeridians
in a similar way. It shows clearly, that every meridian can be
balanced by 7 other meridians. Plotted on the CC these seven
options are always step 1, 2, 3 clockwise and counterclockwise
as well as step 6. For daily practice this is helpful to quickly
identify the treatment options for balancing the affected
meridian. It can be used as a tool for quick memorization.

For a TCM practitioner these 7 options might be mainly
understood as energetic relationships. We describe this for
the example of the LU-Meridian, plotted on the CC in
Figure 2. Step 1 clockwise is the internal (LU)-external (LI)
relationship, Step 2 clockwise is the Hand-Tai Yin (LU)-Foot-
Yang Ming (ST) relationship, described by 6-stage system
II. Step 3 clockwise is the Hand-Tai Yin (LU)-Foot-Tai
Yin (SP) from 6-Stage system I. Step 1 counterclockwise
is the Neighbouring channels relationship LU-LR, Step 2
counterclockwise is the Hand-Tai Yin (LU)-Foot-Shao Yang
(GB) described in the new system 6-stage IV. Step 3 counter
clockwise describes a previously not described combination
deriving from mathematical calculations with no obvious
theoretical systematic background. Step 6 describes the
opposite-clock relationship of LU and BL.

1.5. Combination of More than Two Meridians. Merging
of the combinatorial possibilities leads to 7 options for a
balanced treatment for every meridian. It might lead to the
idea that “everything goes” in acupuncture. is is actually
not true. If only two meridians are combined there are these
7 options. Nevertheless, it is very common to combine more
than 2 meridians in an acupuncture treatment. For this
reason keeping a treatment balanced in accordance with the
intrinsic rules of the historical systems becomes complicated.
So some acupuncture schools start to describe patterns,
usually combining two historical systems treating all four
extremities [30–32, 37] to avoid unbalanced combinations.

So a complete balanced treatment of ameridian combines
a le-right yin-yang balance and an up-down yin-yang
balance (Figure 3). In this context the goal is to identify a
pattern which will lead to a balance in which every meridian
is balanced by all other meridians employed, in accordance
with the above-described intrinsic rules of the historical
systems. is is what we call an ideal balance.

1.6. Using Somatotopic Knowledge for the Search of the Right
Points on a Balancing Meridian. Somatotopy is the mapping
of touch, vibration, and heat signals coming from different
parts of the body to distinct and speci�c locations in the
brain’s primary somatosensory cortex (SI). is somatotopic
organization is sometimes described as the homunculus of
the brain [38]. e somatotopic knowledge is old and is
already described in detail in Su Wen (e.g., Chapters 67,

Yang

YangYin

Yin

F 3: Balanced treatment in projection to the body.

F 4: . Somatotopic image and mirror of different body areas.

68, and 71) describing the relationship between up and
down, le and right, front and back [23]. e most likely
form of acupoint speci�city lies in the somatotopic response
[39]. Some modern schools devote great attention to these
somatotopies and use them for point selection, calling this
the Image andMirror Concept [30–33].is Image andMirror
Concept describes somatotopic projections of different body
areas. It is very useful for the identi�cation of possible areas
for treatment, especially when combined with the knowledge
of the balancing meridians. Image means in this context, that
you can project a part of the body (e.g., the arm) on another
part of the body (e.g., the leg) to identify a somatotopic
connection. Mirror means in this context, that you also can
project an upside-down picture of one body part to another
body parts, to �nd somatotopic connections. So for example,
effective points for treatment of the knee region can be found
in the region of the elbow, chest, eyes, or nose. In Figure 4 you
�nd a graphical plotting of somatotopically connected body
areas.

2. Material andMethods

As a basis for further analysis we took the above described 2-
meridian combinations, that follow the intrinsic rules of the
historical systems. While the merging of the combinatorial
possibilities leads to 7 options for every meridian for a
balanced treatment, we were interested in combining more
than 2 meridians in a balanced acupuncture procedure. We
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T 4: Systems for combinations of meridians for multimeridian combinations.

LU LI LR ST GB ST GB SP LR LI TE SP TE BL GB ST BL BL

LI LU ST SP SP LR LR ST GB LU HT GB HT LR KI KI SP KI

ST SP LI LU HT LU HT LI SI LR SP SI LV PC HT LU PC PC

SP ST HT LI LI SI SI LU HT BL ST LU BL SI TE TE LI TE

HT SI SP BL ST BL ST KI SP SI LI KI LI GB ST BL GB GB

SI HT BL KI KI SP SP BL ST HT PC ST PC SP LR LR KI LR

BL KI SI HT PC HT PC SI TE SP KI TE SP LU PC HT LU LU

KI BL PC SI SI TE TE HT PC GB BL HT GB TE LI LI SI LI 

PC TE KI GB BL GB BL LR KI TE SI LV SI ST BL GB ST ST

TE PC GB LR LR KI KI GB BL PC LU BL LU KI SP SP LR SP

GB LR TE PC LU PC LU TE LI KI LR LI KI HT LU PC HT HT

LR GB LU TE TE LI LI PC LU ST GB PC ST LI SI SI TE SI

Step 1 1 2 2 2 2 3 3

Name Ext./lnt. neighbour 6-stage II 6-stage II 6-stage IV OPP.CLOCK6-stage I

1–3 1–3 6–2 6–2 6–66–26–21–31–3

Yellow: historical systems, blue: new systems with additional combinations, and white: new systems without new combinations.

decided to calculate the mathematical options for combining
4 meridians to gain an ideal balance, because the human
body has four e�tremities. We de�ned as an ideal balance
a combination of meridians, in which every meridian is
balanced by all other meridians employed, in accord with the
above-described intrinsic rules of the historical systems.

First we calculated all the possible 4-meridian combi-
nations of the 12 meridians in the CC. Second we reduced
the number to the above described 7 options. We listed all
possibilities. ird we identi�ed and described the patterns
that followed our de�nition of an ideal balance.

Finally we combined the resulting information with the
knowledge of the above described Image and Mirror Concept
for the development of an research protocol for acupuncture.

3. Results

3.1. Combinatorial Possibilities. e12meridians in the circle
were labelled 1, 2, 3, …, 12. ere are 6 possible steps in the
Chinese clock: 1, 2, 3, 4, 5, and 6. (e.g., step 1 is a connection of
two neighbouring meridians, step 2 skips one, combining the
�rstmeridianwith the third one, etc.). To connect 4meridian,
all solutions can be classi�ed into 3 groups. Every meridian
point pairs with other 3 and nomeridian is le over.𝐶𝐶𝑘𝑘

𝑛𝑛 is the
number of combinations of n things taken k at a time 𝑛𝑛:! /((𝑛𝑛𝑛
𝑘𝑘𝑘! 𝑘𝑘!.e possible combinatorial number is𝐶𝐶4

12𝐶𝐶
4
8𝐶𝐶

4
4/(3! 𝑘 =

5775.
en the step of each group was calculated. ere are

6 possible steps in the Chinese Clock: 1, 2, 3, 4, 5, 6, as is
shown in Figure 1. e number of possible combinations
was counted. 4-point combination where every point is
a combinatory possibility with every other, following the
rule of 2-point combinations, where every point only can
be combined with 7 others, as is shown in Figure 2. e
combinations with steps 4 and 5 were eliminated, because
they did not correspond to the intrinsic rules of the historical
system. So the possible steps were only 1, 2, 3, and 6. ere

are only 4 kinds of steps, though here are 7 options of
combination (as shown in Figure 2) for every meridian.

3.2. Development of 4-Meridian Patterns. An ideal balance
pattern for meridian-balancing is given, when all meridians
balance each other. So an ideally balanced 4-meridian-
pattern is only present, if every meridian is a possible
combination (according to one of the 7 options) of every
other meridian of this 4-meridian pattern. So we manually
evaluated the 4-point combinations according to Table 4.

We listed all possibilities by plotting the combinations on
the CC. While there are 12 meridians, there are 12 × 7 = 84
options for 2-meridian combinations. ese were manually
evaluated and the repetitions were deleted, resulting a reduc-
tion to 42 options of 2-meridian combinations.is �rst step
of the development of 4-meridian patterns is shown in Figure
5(a).

ese 42 pairs of meridians were evaluated for their
common potential balancing meridians. We found 24 times
4 shared balancing meridians for the pairs of meridians, 12
times 3 shared balancing meridians and 6 times 2 shared
balancing meridians, leading to 144 options for 3-meridian
combinations. We deleted the repetitions and found 48
unique options for 3-meridian combinations.

is second step of the development of 4-meridian
patterns is shown in Figure 5(b).

e 48 3-meridian combinations were evaluated for their
common potential balancing meridians. We found 12 times
2 shared balancing meridians of all 3 meridians and 48 times
one shared balancing meridian of all 3 meridians, leading to
60 possible 4-meridian combinations. is third step of the
development of 4-meridian patterns is shown in Figure 5(c).

ese 60 possible 4-meridian combinations were manu-
ally new arranged by the common patterns on the CC and
their connection to the 12 meridians.is is shown in Figure
5(d).

For every meridian �ve ideally balanced 4-meridian-
patterns could be identi�ed.ey all had a similar pattern on
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(a) First step of the development of 4-meridian patterns. Reduction of 12 × 7 (= 84) of 2-meridian combinations to 42 by deletion of repetitions

F 5: Continued.
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2-meridian combinations Possible 3-meridian combinations

Meridian Potential balancing meridians Meridian
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BL TE BL SP TE BL LU TE BL KI TE BL PC TE

KI PC KI SI PC KI BL PC KI TE PC KI GB PC

KI TE KI BL TE KI PC TE KI GB TE

KI GB KI HT GB KI LI GB KI PC GB KI TE GB

PC TE PC BL TE PC KI TE PC GB TE PC LR TE

PC GB PC KI GB PC TE GB PC LR GB

PC LR PC SI LR PC ST LR PC TE LR PC GB LR

TE GB TE KI GB TE PC GB TE LR GB TE LU GB

TE LR TE PC LR TE GB LR TE LU LR

GB LR GB PC LR GB TE LR GB LU LR GB LI LR

TE GB LR BL LI  ST SP
TE SPSTLIBLLRGB

BL KI PC SP GB LR LU

KI PC TE HT LR LU LI

TE GB LR BL LI  ST SP

TE GB LR BL  LI  ST SP

PC TE GB SI LU LI ST

SP HT SI LU KI PC TE

TE GBLR  BL LI  ST SP GB LR LU KI ST SP HT

TE GB LR BL LI ST SP LR LU LI PC SP HT SI

TE GB LR BL LI ST SP LU LI ST TE HT SI BL

GB LR LU KI ST SP HT KI PC TE HT LR LU LI

GB LR LU KI ST SP HT PC TE GB SI LU LI ST

GB LR LU KI ST SP HT HT SI BL LI PC TE GB 

GB LR LU KI ST SP HT LR LU LI PC SP HT SI

GB LR LU KI ST SP HT LU LI ST TE HT SI BL

GB LR LU KI ST SP HT LI ST SP GB SI BL KI

LR LU LI PC SP HT SI PC TE GB SI LU LI ST

LR LU LI PC SP HT SI SI  BL KI ST TE GB LR

LR LU LI PC SP HT SI LU LI ST TE HT SI BL

LR LU LI PC SP HT SI LI ST SP GB SI BL KI

LR LU LI PC SP HT SI ST SP HT LR BL KI PC

LU LI ST TE HT SI BL BL KI PC SP GB LR LU

LU LI ST TE HT SI BL LI ST SP GB SI BL KI

LU LI ST TE HT SI BL ST SP HT LR BL KI PC

LU LI ST TE HT SI BL SP HT SI LU KI PC TE

LI ST SP GB SI BL KI KI PC TE HT LR LU LI

LI ST SP GB SI BL KI ST SP HT LR BL KI PC

LI ST SP GB SI BL KI SP HT SI LU KI PC TE

LI ST SP GB SI BL KI HT SI BL LI PC TE GB

ST SP HT LR BL KI PC PC TE GB SI LU LI ST

ST SP HT LR BL KI PC SP HT SI LU KIPC TE

ST SP HT LR BL KI PC HT SI BL LI PC TE GB

ST SP HT LR BL KI PC SI  BL KI ST TE GB LR

SP HT SI LU KI PCTE HT SI BL LI PC TE GB

SP HT SI LU KI PC TE SI BL KI ST TE GB LR

SP HT SI LU KI PC TE BL KI PC SP GB LR LU

HT SI BL LI PC TE GB SI BL KI ST TE GB LR

HT SI BL LI PC TE GB BL KI PC SP GB LR LU

HT SI BL LI PC TE GB KI PC TE HT LR LU LI

SI BL KI ST TE GB LR BL KI PC SP GB LR LU

SI BL KI ST TE GB LR KI PC TE HT LR LU LI

SI  BL KI ST TE GB LR PC TE GB SI LU LI ST

BL KI PC SP GB LR LU KI  PC TE HT LR LU LI

BL KI PC SP GB LR LU

KI PC TE HT LR LU LI PC TE GB SI LU LI ST

PC TE GB SI LU LI ST

Fat : potential third balancing meridian of  both meridians

BL HT KI
BL KI PC
BL KI TE
BL LU TE
BL PC TE
BL SI KI
BL SI PC
BL SP TE
GB LI LR
GB LU LR
GB PC LR
GB TE LR
HT BL SI
HT GB KI
HT KI SI
HT LI GB
HT LI KI
HT SP BL
HT SP SI
HT ST SI
KI GB TE
KI LI GB
KI PC GB
KI PC TE
KI  SI  PC
LI  HT SP
LI HT ST
LI LU ST
LI  SP  ST 
LI  ST LR
LU GB TE
LU LI GB
LU LI LR
LU LR TE
LU SP BL
LU SP LI
LU SP ST
LU SP TE
LU ST LR
PC GB TE
PC LR TE
PC SI LR
PC ST LR
SI  SP  BL
SI  ST  LR
SI  ST  PC
SP ST HT
SP ST SI

3-meridian combinations
aer deletion of  repetitions

( = 42)

( = 48)

(b) Second step of the development of 4-meridian patterns. Potential third balancing meridians of the 2-meridian combinations. Possible 3-meridian
combinations and reduction of the 3-meridian combinations by deletion of repetitions

F 5: Continued.



8 Evidence-Based Complementary and Alternative Medicine

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Meridian Potential balancing meridians Meridian Potential balancing meridians Meridian Potential balancing meridians

BL HT KI BL HT KI BL HT KI SI

BL KI PC BL KI PC BL KI PC SI BL KI PC TE
BL KI TE BL KI TE BL KI TE PC
BL LU TE BL LU TE BL LU TE SP

BL PC TE BL PC TE BL PC TE KI
BL SI KI BL SI KI BL SI KI HT BL SI KI PC

BL SI PC BL SI PC BL SI PC KI
BL SP TE BL SP TE BL SP TE LU
GB LI LR GB LI LR GB LI  LR LU
GB LU LR GB LU LR GB LU LR TE GB LU LR LI

GB PC LR GB PC LR GB PC LR TE
GB TE LR GB TE LR GB TE LR PC GB TE LR LU
HT BL SI HT BL SI HT BL SI KI HT BL SI  SP
HT GB KI HT GB KI HT GB KI LI
HT KI SI HT KI SI HT KI SI BL
HT LI GB HT LI GB HT LI GB KI
HT LI KI HT LI KI HT LI KI GB
HT SP BL HT SP BL HT SP BL SI
HT SP SI HT SP SI HT SP SI ST HT SP SI BL
HT ST SI HT ST SI HT ST SI SP
KI GB TE KI GB TE KI GB TE PC
KI LI GB KI LI GB KI LI GB HT

KI PC GB KI PC GB KI PC GB TE

KI PC TE KI PC TE KI PC TE GB KI PC TE BL

KI SI PC KI SI PC KI SI PC BL
LI HT SP LI HT SP LI HT SP ST
LI HT ST LI HT ST LI HT ST SP
LI LU ST LI LU ST LI LU ST SP LI LU ST LR
LI SP ST LI SP ST LI SP ST LU LI SP ST HT
LI  ST LR LI ST LR LI ST LR LU
LU GB TE LU GB TE LU GB TE LR
LU LI GB LU LI GB LU LI GB LR
LU LI LR LU LI LR LU LI LR GB LU LI LR ST
LU LR TE LU LR TE LU LR TE GB
LU SP BL LU SP BL LU SP BL TE
LU SP LI LU SP LI LU SP LI ST
LU SP ST LU SP ST LU SP ST LI
LU SP TE LU SP TE LU SP TE BL
LU ST LR LU ST LR LU ST LR LI

PC GB TE PC GB TE PC GB TE LR PC GB TE KI

PC LR TE PC LR TE PC LR TE GB

PC SI LR PC SI LR PC SI LR ST

PC ST LR PC ST LR PC ST LR SI
SI SP BL SI SP BL SI SP BL HT
SI ST LR SI ST LR SI ST LR PC

SI ST PC SI ST PC SI ST PC LR
SP ST HT SP ST HT SP ST HT LI SP ST HT SI
SP ST SI SP ST SI SP ST SI HT

Fat: potential 4th balancing meridian of  all three meridians

SP HT SI LU KI PC TE LI  ST SP GB SI  BL KI HT SI  BL LI PC TE GB

SP HT SI LU KI PC TE HT SI BL LI PC TE GB SI  BL KI ST TE GB LR
SP HT SI LU KI PC TE HT SI BL LI PC TE GB BL KI PC  SP GB LR LU
SP HT SI LU KI PC TE TE GB LR BL LI ST SP BL KI PC SP  GB LR LU

SP HT SI LU KI  PC TE SI BL KI  ST TE GB LR BL KI  PC SP GB LR LU
SP HT SI LU KI PC TE ST SP HT LR BL KI PC HT SI BL LI PC TE GB

SP HT SI LU KI PC TE ST SP HT LR BL KI PC S I BL KI  ST TE GB LR
SP HT SI LU KI PC TE LU LI ST TE HT SI BL BL KI PC SP GB LR LU
KI PC TE HT LR LU LI GB LR LU KI ST SP HT PC TE GB SI LU LI ST
KI PC TE HT LR LU LI TE GB LR BL LI ST SP PC TE GB SI LU LI ST

KI PC TE HT LR LU LI SI  BL KI ST TE  GB LR PC TE GB SI LU LI ST
KI PC TE HT LR LU LI BL KI PC SP GB LR LU PC  TE GB SI LU LI ST
LI ST SP GB SI BL KI SP HT SI LU KI  PC TE ST SP  HT LR BL KI PC
LI ST SP GB SI BL KI KI PC TE HT LR LU LI HT SI BL LI PC TE GB
LI ST SP GB SI BL KI HT SI BL LI PC TE GB ST SP HT LR BL KI PC
LI ST SP GB SI BL KI GB LR LU KI ST SP HT KI PC TE HT LR LU LI
LI ST SP GB SI BL KI
LI ST SP GB SI BL KI
LI ST SP GB SI BL KI
LI ST SP GB SI BL KI

GB LR LU KI ST SP HT HT SI BL LI PC TE GB
LU LI ST TE HT SI  BL SP HT SI LU KI PC TE
LU LI ST TE HT SI BL ST SP HT LR BL KI PC
LR LU LI PC SP  HT SI ST SP HT LR BL KI PC
KI PC TE HT LR LU LI BL KI PC  SP GB LR LU

HT SI BL LI PC TE GB
HT SI BL LI PC TE GB

GB LR LU KI ST SP HT KI PC TE HT LR LU LI

HT SI BL LI PC TE GB SI BL KI ST TE  GB LR KI PC TE HT LR LU LI

HT SI BL LI PC TE GB SI BL KI ST TE GB LR BL KI PC SP GB  LR LU

HT SI BL LI PC TE GB ST SP HT LR BL KI PC SI BL KI ST TE GB LR
GB LR LU KI ST SP HT LI ST  SP GB SI BL KI LU LI ST TE HT SI BL
GB LR LU KI ST SP HT LI ST SP  GB SI BL KI LR LU LI PC SP HT SI
GB LR LU KI ST SP HT TE GB LR  BL LI ST SP LR LU LI PC SP HT SI
GB LR LU KI ST SP HT LU LI ST TE HT SI BL LR LU LI PC SP HT SI
GB LR LU KI ST SP HT LR LU LI PC SP HT SI PC TE GB SI LU LI ST
TE GB LR BL LI ST SP KI PC TE HT LR LU LI BL  KI PC SP GB LR LU
TE GB LR BL LI ST SP GB LR LU KI ST SP HT KI PC TE HT LR LU LI
TE GB LR BL LI ST SP GB LR LU KI ST SP HT PC TE GB SI LU LI ST
TE GB LR BL LI ST SP PC  TE GB  SI LU LI ST BL KI PC SP GB LR LU
TE GB LR BL LI ST SP LU LI ST TE HT SI BL SP HT SI  LU KI PC TE
TE GB LR BL LI ST SP LU LI ST TE HT SI BL GB LR LU KI ST SP HT
TE GB LR BL LI  ST SP LU LI ST TE HT SI BL LR LU LI  PC SP HT SI
TE GB LR BL LI ST SP LU LI ST TE HT SI BL BL KI PC SP GB LR LU
TE GB LR BL LI ST SP LR LU LI PC SP HT SI PC TE GB SI LU LI ST

SI BL KI ST TE GB KI PC TE HT LR LU LI BL KI PC SP GB LR LU
SI BL KI ST TE GB LR

 LR

PC TE GB SI LU LI ST BL KI PC SP GB LR LU

SI BL KI ST TE GB LR ST SP HT LR BL KI PC PC TE GB SI LU LI ST

SI BL KI ST TE GB LR LR LU LI PC SP HT SI PC TE GB SI LU LI ST
ST SP HT LR BL KI PC LU LI ST TE HT  SI BL SP HT SI LU KI PC TE
ST SP HT LR BL KI PC LR PC TE GB SI  LU LI ST

ST SP HT LR BL KI PC LR LU LI PC SP HT SI

 LU LI PC SP HT SI

LR LU LI PC SP HT SI
LR LU LI PC SP HT SI

SI  BL KI ST TE  GB LR
LU LI ST TE HT SI BL LI  ST SP GB SI  BL KI
LU LI ST TE HT SI BL ST SP HT LR BL KI PC

3-meridian combinations Possible 4-meridian

combinations

( = 48)

( = 60)

(c) e third step of the development of 4-meridian patterns. Potential 4th balancingmeridian of all three-meridian and possible 4-meridian combinations

F 5: Continued.
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4-meridian combinations

BL HT KI SI
BL KI PC SI
BL KI TE PC
BL LU TE SP
BL PC TE KI
BL SI KI HT
BL SI PC KI
BL SP TE LU
GB LI LR LU
GB LU LR TE
GB PC LR TE
GB TE LR PC
HT BL SI KI
HT GB KI LI
HT KI SI BL
HT LI GB KI
HT LI KI GB
HT SP BL SI
HT SP SI ST
HT ST SI SP
KI GB TE PC
KI LI GB HT
KI PC GB TE
KI PC TE GB
KI SI PC BL
LI HT SP ST
LI HT ST SP
LI LU ST SP
LI SP ST LU
LI ST LR LU
LU GB TE LR
LU LI GB LR
LU LI LR GB
LU LR TE GB
LU SP BL TE
LU SP LI ST
LU SP ST LI
LU SP TE BL
LU ST LR LI
PC GB TE LR
PC LR TE GB
PC SI LR ST
PC ST LR SI
SI SP BL HT
SI ST LR PC
SI ST PC LR
SP ST HT LI
SP ST SI HT
BL KI PC TE
BL SI KI PC
GB LU LR LI
GB TE LR LU
HT BL SI SP
HT SP SI BL
KI PC TE BL
LI LU ST LR
LI SP ST HT
LU LI LR ST
PC GB TE KI
SP ST HT SI

4-meridian combinations, arranged by meridian patterns 

LU  LI ST LR LU LI GB LR LU LI ST SP LU TE GB LR LU TE BL SP

LI  LU SP ST LI LU LR ST LI HT SP ST LI  LU LR GB LI HT KI GB

ST SP HT LI ST SP LU LI ST SP HT SI ST  LR LU LI ST LR PC  SI

SP ST SI HT SP ST LI HT SP BL SI HT SP  ST LI LU SP BL TE LU

HT SI BL SP HT SI ST SP HT SI BL KI HT  LI ST SP HT LI GB KI

SI  HT KI BL SI HT SP BL SI PC KI BL SI  HT SP ST SI PC LR ST

BL KI PC SI BL KI HT SI BL KI PC TE BL  SP HT SI BL SP LU TE

KI BL TE PC KI BL SI PC KI GB TE PC KI BL SI HT KI GB HT LI

PC TE GB KI PC TE BL KI PCTE GB LR PC  SI BL KI PC SI  ST LR

TE PC LR GB TE PC KI GB TE LU LR GB TE  PC KI BL TE LU SP BL

GB LR LU TE GBLR PC TE GB LR LU  LI GB  KI PC TE GB KI HT LI

LR GB LI LU LR GB TE LU LR ST  LI  LU LR GB TE PC LR ST SI PC

4-meridian combinations
aer  deletion of  repetitions

LU LI ST  LR
LU LI GB LR
HT SI ST SP
SI  HT SP BL
PC TE GB LR 
PC TE BL KI
LU LI ST SP 
LU TE GB LR
LI  HT SP ST
HT SI  BL KI
SI  PC  KI BL
PC TE GB KI
LU TE BL SP 
LI  HT KI GB
PC SI  ST LR

( = 15)

( = =60 12 5)

( = 60)

(d) Fourth step of the development of 4-meridian patterns. Arrangement bymeridian patterns and reduction to 15 by deletion of repetitions

F 5
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Lu Li

ST LR

(a)

Lu Li

GB LR

(b)

Lu Li

ST SP

(c)

Lu TE

GB LR

(d)

Lu TE

BL SP

(e)

F 6: Possible patterns for balancing the LU-meridian.

T 5: Possible patterns for an ideal balanced 4-meridian combi-
nation.

−1, x, +1, +2
−2, −1, x, +1
x, +1, +2, +3
x, −1, −2, −3
x, +3, 6, −3
x: the balanced meridian, plus: step in the CC clockwise, minus: step in the
CC counterclockwise.

the CC. is is shown in Table 5, 𝑥𝑥 is the meridian which is
to be balanced; the numbers are the steps in CC, + means
clockwise, and −means counterclockwise.

ere are always only �ve ideal balanced options by
applying treatment to the three not effected extremities and
optionally to the effected meridian itself. So ideal balanced
patterns can be plotted similar to Figure 3 with a le-right
yin-yang balance and an up-down yin-yang balance. An
example for the 5 patterns of the LU-meridian is shown in
Figure 6.e pattern can also be plotted on the CC, as shown
in Figure 7.

So everymeridian can be balanced by 5 different patterns,
but we �nd multiple overlapping. If we delete all repetitions,
15 patterns remain. is is shown as the fourth step of the
development of 4-meridian patterns in Figure 5(d). ese 15
patterns are plotted a le-right yin-yang-balance and an up-
down yin-yang balance in Figure 8. Interestingly all patterns
plotted in row 1 and 2 have a balance in two or three of the
calculated systems, while all patterns in the third row have
only a single balance in one of the above described systems
(Table 4).

A graphical plotting, shown in Figure 9, shows that all
patterns together build a symmetrical picture on the CC.

3.3. Research Protocol for Pain Relief in Localised Pain.
Extremities include not only hand and arm or leg and foot,
but as well parts of meridians on trunk, neck, or face of the
meridian connected to and named by the extremity (hand or
foot).e knowledge of �nding the right balancingmeridians
is even more useful, if it is combined with the somatotopic
knowledge of the Image and Mirror Concept for �nding the
right points and the right area on the chosen meridian.
In combination, these two methods are extremely useful
in the treatment of localized pain and can oen produce
immediate effects. For best results, �rst the affected meridian
in the region of pain must be identi�ed, then it is detected
and treated using a corresponding meridian (according to
Table 4) in a corresponding area on an unaffected extremity
(according to Figure 4) and then the result is checked.

LR

LU
LI

ST

SP

HT

SI

BL
KI

PC

TE

GB

F 7: Graphical plotting of the 5 pattern for balancing the lung
meridian on the Chinese Clock.

In case a change of symptoms but not yet complete pain
reduction is found, a corresponding meridian on another
extremity should be chosen and treated in the same way until
a satisfactory result in the painful area is achieved. Table 6
summarizes the practical approach.

Even though possibilities of choice are listed in the proto-
col, different approaches lead to similar patterns and success
rates. For the example of one pattern see the description in
Figure 10.

3.4. Case Example. A 60-year-old carpenter worked over-
head for a full day and developed severe shoulder pain. Pain
was prominent on the dorsal head of his shoulder. Pain was
increased by lateral liing of the shoulder and by inward
rotation of the arm. Pain could be exaggerated by pressure
over the lateral scapula; muscles around this area were tight.
e active range of movement of the right shoulder was
reduced.e shoulder could only be laterally lied to 50∘ due
to severe pain.

e patient was asked to estimate the pain on a visual
analog scale (VAS) from 1 to 10. He described his pain as 9/10
on VAS.

�eRight �I�Meridian�as Identi�ed as the ��ectedMeridian.
e area of maximum pain was at point SI-10 (Naoshu) and
2 cun above and below this point. It was decided to start
on the legs �rst and start with a Yang meridian. According
to Table 4 the BL- and the ST-meridian are balancing Yang
meridians of the SI-meridian. Turning Figure 2 to the IT-
meridian, the ST-meridian is the third step from IT if you
go clockwise and the BL-meridian is the �rst step from
IT, if you go counterclockwise. ese are the only possible
yang meridians of the lower extremities. Applying concept
on the lower extremities the region around the ankle, the
hip region and the region above and below the knee are
potentially somatotopic regions of treatment. e BL- and
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Lu Li

ST LR

Lu Li

GB LR

HT Si

ST SP

Si HT

SP BL

PC TE

GB LR

PC TE

BL Ki

X X

X X

X X

X X

Lu Li

ST SP

Lu TE

GB LR

Li HT

SP ST

HT Si

BL Ki

Si PC

Ki BL

PC TE

GB Ki

Lu TE

BL SP

Li HT

Ki GB

PC Si

ST LR

F 8: 15 ideally balanced patterns.

T 6: Research protocol for immediate pain relief in localised pain.

(1) Identify the affected meridian in the region of pain and ask the patient to characterize the pain on a visual analog scale (VAS) from
1 to 10.
(2) �ecide which unaffected extremity you want to treat �rst.
(3) (a) In the case that the chosen unaffected extremity is the contralateral arm of the painful arm or the contralateral leg of the painful leg,
if the pain is on a yang meridian, the treatment has to applied to a yin meridian (or the other way around).

(b) If the pain is on the upper extremities, but the chosen unaffected extremity is a lower extremity (or the other way around), you
can decide whether you treat yin or yang meridians �rst.
(4) Aer the decision on which extremity should be treated and whether yin or yang meridians have to be used, look up in Table 4
which meridians are the balancing meridians to the affected meridian.
(5) (a) Palpate the balancing meridians in a corresponding body region by image or mirror (according to Figure 4) for Ashi points,
decide which balancing meridian (according to Table 4) has the most painful Ashi points. Repeat this with other corresponding body
regions (according to Figure 4) and decide which is the most painful area.

(b) If you have followed variant (3b) you have to repeat the examination on the contralateral side of arm or leg. Treatment has to be
applied to the more painful side.
(6) Treat the most painful balancing meridian in the most painful corresponding area. Treat this Ashi area. Insert a needle into the
most painful Ashi point. Apply further needles in acupuncture or Ashi points, usually 1-2 proximal the �rst needle and 1-2 distal the
�rst point on the acupuncture meridian. �e number of needles is dependent on the extension of the painful area on the affected
meridian.
(7) Move the affected joint or palpate the original region for pain and ask the patient about a change of symptoms using VAS. In case
of 100% pain reduction, don’t apply further needles.
(8) Palpate another non affected extremity on balancing meridians (according to Table 4) in a corresponding body region by image or
mirror (according to Figure 4) for Ashi points. But you have to stay in a balance of yin and yang between the legs or the arms. Repeat
this with other corresponding body regions and decide on the most painful area.
(9) See 6.

(10) See 7.
(11) Palpate the remaining non affected extremity on balancing meridians (according to Table 4) while staying in the yin-yang-balance
of the extremities in a corresponding body region by image or mirroring (according to Figure 4) for Ashi points. Repeat this with
other corresponding body regions and decide on the most painful area.
(12) See 6.

(13) See 7.
(14) If the pain relief is still not sufficient, treatment can also applied to the affected meridian itself. But local treatment of the affected
area can oen produce discomfort to the patient, so the best choices are points by imaging or mirroring of corresponding areas
(according to Figure 4) along the affected meridian itself. Repeat this with other corresponding body regions and decide on the most
painful area.
(15) See 6.

(16) See 7.
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ST-meridian was palpated on both legs with a special focus
on the somatotopic regions described above for Ashi points.

ere was no region of pain on the ST-meridian. ere
were painfulAshi points on theBL-meridian, verymild above
and below the knee but severe in the area of the ankle. e
pain was much more prominent on the le side.

So It Was Decided to Treat the Le BL-Meridian. e maxi-
mum area of Ashi was at le Bl-60 (Kunlun). A sterile 0.2×
0.22mm acupuncture needle was perpendicular inserted
0.5 cun at this point and short stimulated by reducing
method. 2 other needles approximately 0.25 and 0.5 cun
proximal and 2 other needles approximately 0.25 and 0.5 cun
distal of Bl-60 on the BL-meridian in the maximum area of
Ashi were inserted and stimulated in a similar manner. e
patient was asked to move his arm. He was able to li it
laterally up to an angle of 90∘. Painful areas were palpated
again. e patient estimated his pain as 5/10 on VAS.

en we looked at the right leg for a yin meridian that
balances the SI- and the BL-meridian. According to Table
4 the KI- and the SP-meridians were candidates. e KI-
meridian is the �rst step clockwise of the BL-meridian as
well as the second step clockwise of the SI-meridian. e
SP-meridian is the third step counterclockwise of the the
BL-meridian as well as the second step of the SI-meridian.
Applying Image and Mirror concept on the lower extremities
we again palpated the KI- and SP-meridian for Ashi point in
the region around the ankle, the hip region and the region
above and below the knee. ere was no region of pain on
the KI meridian. ere were painful Ashi points on the SP-
meridian, very mild above and below the knee but severe in
the area of the ankle.

So It Was Decided to Treat the Right SP-Meridian. e
maximum area of Ashi was at le SP-5 (Shangqiu). A
sterile 0.2× 0.22mm acupuncture needle was perpendicular
inserted 0.2 cun at this point and suppletively stimulated. 2
other needles approximately 0.25 and 0.5 cun proximal and
2 other needles approximately 0.25 and 0.5 cun distal of SP-
5 on the spleen meridian in the maximum area of Ashi were
inserted and stimulated in a similar manner. e patient was
asked to move his arm. He was able to li it laterally up to an
angle of 110∘. Painful areas were palpated again. e patient
estimated his pain as 3/10 on VAS.

en we looked for a yin meridian on the le arm
that balances SI, BL and SP. According to Table 4 this
is only the HT-meridian.e HT-meridian is the �rst step
counterclockwise of the SI-meridian aswell as the second step
counterclockwise of the BL-meridian as well as the �rst step
clockwise of the SP-meridian.

So ItWas Decided to Treat the Le HT-Meridian.We palpated
the HT-meridian of the le arm according to Image and
Mirror, searching for Ashi points in the area of the shoulder,
the wrist and above and below the elbow. e HT-meridian
on the shoulder had some mild Ashi points, but the major
region of Ashi was around HT-3 (Shaohai). A sterile 0.2×
0.22mm acupuncture needle was obliquely inserted 0.2 cun
at this point and suppletively stimulated. 2 other needles

approximately 0.25 and 0.5 cun proximal and 2 other needles
approximately 0.25 and 0.5 cun on the HT-meridian were
inserted and similarly stimulated.

e patient was asked to move his arm. He was able to li
it laterally up to an angle of 180∘. Painful areas were palpated
again. e patient estimated his pain as 1/10 on VAS.

Finally, the affected meridian itself was palpated accord-
ing to image andmirror forAshi points in the area of thewrist
and above and below the elbow.

So It Was Decided to Treat the Affected SI-Meridian Itself.e
major region ofAshiwas around SI-5 (Yanggu). A sterile 0.2×
0.22mm acupuncture needle was perpendicularly inserted
0.3 cun at this point and stimulated by reducing method. 2
other needles were inserted approximately 0.25 and 0.5 cun
proximally; one needle was inserted into SI-4 (Wangu) and
another needle approximately 0.25 cun distal on the SI-
meridian. ey were then stimulated as described above.

e patient was asked to move his arm. He was still able
to li it laterally up to an angle of 180∘. Painful areas were
palpated again. e patient estimated his pain as less than
1/10 on VAS.

So in is Case the Pattern SI-HT-BL-SP Was Used. e
patient was given an appointment for the following day. At
this time he reported a relapse in the previous night. He
estimated his pain as 4/10 on VAS. A similar treatment was
applied. Aer treatment he again estimated his pain as less
than 1/10 onVAS.enext day he had his third appointment.
His pain had not returned and was reported as less than 1/10
on VAS. He again got a similar treatment on all non-effected
extremities. Aer this no pain was reported any more. His
shoulder showed full active and passive movement in all
directions. So no extra treatment on the effectedmeridianwas
applied.

e patient stayed pain-free and returned to work.

4. Discussion

is paper is based on an analysis of the historically described
balancing acupuncture systems found in historical writings
and which have been recurrently described in modern
textbooks. It uses a mathematical approach to calculate the
theoretical options based on the historical systems as a �rst
step. All these historical systems describe combinations of
two meridians. ey had been determined on the basis of
empirical knowledge by generations of experts in Chinese
Medicine. But while all the historical systems show a certain
symmetry when plotted on the CC and while the order in
the CC most likely put a distinct order due to anatomical
reasons [11], the CC can be seen as a mathematically
organized symmetric description of the three surfaces of
the body (back, front, and medial/lateral) [11]. So a search,
whether the historical systems offer a complete description of
combinatorial possibilities, is only rational. e historically
established systems for combining meridians cover many,
but not all, of our calculated combinations of meridians.
So our mathematical approach offers theoretically calculated
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LR
LU

LI

ST

SP

HT

SI
BL

KI

PC

TE

GB

F 9: Graphical plotting on the Chinese Clock of 15 ideally
balanced patterns.

supplementary information to the wisdom of generations of
physicians, leading to 7 balancing options for everymeridian.

Balancing yin and yang is a basic concept in Chinese
medical theory and a basis for acupuncture treatment [1–3].
ere is a risk of losing this balance, if the acupuncture plan
involves more than two meridians. So as a second step we
calculated the option for a balanced acupuncture treatment
scheme withmore than 2meridians. Balancing up and down,
le and right, and front and back has a long tradition in
TCM based on the Suwen [23], and the human body has
four extremities, we decided to calculate the mathematical
options to gain an ideal balance for 4 meridians. An ideal
balance means that every chosen meridian balances all other
meridians.

All these approaches, determined by way of a mathemati-
cal search for combinatorial possibilities is based on theoret-
ical considerations from historical writings and supported by
empirical knowledge.

Our observations do not have to be considered as being
the only concept in acupuncture.ere are more possibilities
like balancing yin and yang meridians on one extremity,
applying bilateral treatment of the same meridian, there
are microystems like scalp and ear acupuncture, as well
as empirically determined point combinations, that do not
follow the concept of balancing [29, 40, 41].

But the concept of of a balanced treatment has a long
tradition in TCM and in the historical writings [23], so we
consider it to be a rational basis for logical and reproducible
acupuncture strategies.

e authors’ experience of achievement of immediate
effects in pain management by application of this protocol
leads to the question of the mechanisms involved. Acupoints
on very distant parts of the body, in some cases even with
a completely different segmental innervation in the spinal
column, can induce a therapeutic effect on local pain. is
contradicts the theory that the main effect of acupuncture
treatment is due to peripheral or segmental effects [42–44], so
our experience supports the idea of other authors that higher-
level central pathways play a central role in pain-releasing

effects of acupuncture [45, 46]. But is has to considered, that
this protocol is only based on theoretical re�ections and has
to be approved in clinical studies.

Interestingly, there are 5 ideally balanced acupuncture
patterns for everymeridian. Four of them represent a balance
that is found in 2 or 3 of the above calculated systems for every
meridian pair (Table 2).ese patterns are four neighbours in
a row in the Chinese Clock.

In one pattern every balance derives fromonly one system
in Table 2. It combines every third step in the CC. Further
research has to be done to determine whether the different
patterns represent typical clinical conditions and whether
the one pattern with the single balance between 2 meridians
represents an exceptional treatment option.

Some schools describe rules whereby it is necessary to
combine points by one of the above described systems on
the contralateral or ipsilateral side, but no explanations are
given [30–32]. Mathematically, at least for the calculated 4-
point ideally balanced pattern, it could be either ipsilateral
or contralateral retainment of the balance. According to our
experience in the treatment of localised pain you have to
palpate bilaterally for Ashi. e more sensitive area leads to
the decision for contralateral or ipsilateral treatment.

Due to multiple overlapping of the 5 patterns for each
meridian there only exist a total of 15 distinct patterns for
all meridians. Pattern diagnosis has a long tradition in TCM.
Syndromes or patterns are described as Zheng diagnosis
[47]. TCM Zheng describes major patterns of vegetative
disharmonies which are identi�ed by using a comprehensive
analysis of clinical information from four main diagnostic
TCMmethods: observation, listening, questioning, and pulse
analysis [48].

Modern research on Zheng diagnosis is devoted to the
search for a correlation between Zheng patterns and system
biology parameters [48–50].

Further investigation of the correlation of the described
ideally balanced acupuncture patterns and the Zheng pat-
terns might lead to an improvement of clinical treatment.
e 5 patterns for every meridian described above and the
reduction to 15 patterns for all meridians due to overlapping
might explain the overlapping of Zheng patterns, resulting
in similar patterns to different diseases as well as different
patterns for similar diseases [51].

Even though pain has been the focus of most clinical
research on acupuncture [52], there are no controlled studies
with hard data on the effect of balanced 4-point or meridian
combinations in pain research so far. is is a necessity for
future trials. By transferring this theoretical consideration
into researchwehave been describing an empirical systematic
approach for the achievement of immediate effects in the
treatment of localised pain. is can be used as a research
protocol for future trials aswell as a treatment protocol.While
it is a protocol for immediate effects, studies can be cost
effective because it can reduce the number of treatments to
one.

Acupuncture treatment based on TCM usually requires
an individual diagnosis which leads to an individual treat-
ment strategy [29]. is approach is in some aspects con-
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Development of  an ideal balancing pattern

Example: pain on the leg, SP meridian

(1) Option: balancing yang meridian

on leg (ST or BL) Search for meridians

Search of  yin meridian on arm that balances SP, ST, and LI (                      )

Search of  a yang meridian on arm, that balances SP, ST, and LU (        )that balance SP and ST

Search for meridians
that balance SP and LU

Search for meridians
that balance SP and LI

(2) Option: balancing yin meridian
on arm (LU or HT)

(1) Option: balancing yang meridian on arm (LI or SI)

(2) Option: balancing yin meridian on arm (LU or HT)

(1) Option: balancing yang meridian on arm (LI or TE)

(2) Option: balancing yang meridian on leg (ST or BL)

(1) Option: balancing yin meridian on arm (LU or HT)

(2) Option: balancing yang meridian on leg (ST)

(3) Option: balancing yang meridian

on arm (LI, SI, or TE)

Identification of  ST

Identification of  LI Identification of  LU

Identification of  LIIdentification of  LU

Identification of  LU

Identification of  LI

Lu Li

ST SP

−

−

−

−

−

−

−

−

−

Identification of  LI

Identification of  ST

Identification of  LU

Identification of  ST

Identification of  ST

Identification of  LI

Identification of  ST

Identification of  LU

= LU or HT

= LI

Search for a yang meridian on leg, that balances SP, LU, and IC (         )= ST 

Search for a yang meridian on arm, that balances SP, LU, and ST (         )= LT 

Search for a yang meridian on leg, that balances SP, LI, and LU (          )= ST 

Search for yin meridian on arm, that balances SP, LI, and S (                      )= LU or HT 

F 10: Development of an ideal balance pattern.

tradictory to controlled clinical trials in which treatment
procedures are usually uniform. Trials with individual treat-
ments are oen considered to be less scienti�c. is is a
severe problem for the design of studies on TCM treatments
and an obstacle for publication in highly ranked journals.
Otherwise TCM experts criticise that controlled trials do
not re�ect the practice of acupuncture. In controlled trials
oen no diagnostic framework is applied resulting in a lack
of individualisation to address speci�c TCM imbalances and
symptoms [53].

Our protocol potentially solves this problem because
it offers a rational, reproducible procedure independent of
examiner experience, but the resulting treatment procedure
is an individual. is has many advantages. e neces-
sary acupuncture pattern is developed during examination.
e pattern of treatment is not �xed before treatment, so
probands of the treatment group are not at risk, to get an
ineffective treatment for their condition.While the treatment
is developed in a rational examination process, the probands
will have a good chance to get a corresponding treatment
to their body reaction. is will increase the efficacy of the
treatment procedures. Anyhow limitation of this protocol are,
that it is only based on theoretical consideration and personal
experience of the authors. It has to be further approved in
clinical trials.

In addition to the test of the efficacy of acupuncture in
pain management, information on patterns can be gained in
studies following our research protocol.

is might increase the knowledge as to which acupunc-
ture patterns are most sufficient under which clinical condi-
tions and lead to improved treatment strategies as well as to
results that help increase the knowledge on the mechanisms
of acupuncture.

5. Conclusion

With this systematic description of a mathematical model
for the calculation of combinatorial possibilities of meridians
as well as the calculation of ideally balanced patterns we
describe a theoretical model applicable for acupuncture
research and treatment. By sharing our protocol for imme-
diate effects in localized pain treatment we offer researchers
a protocol for controlled acupuncture trials with an indi-
vidualized approach based on historical knowledge. Further
research has to approve this theoretical approach and might
have in�uence on understanding mechanism of pain relief
in acupuncture. By this approach, theoretical and empirical
knowledge is organized into a systematic approach.
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Acupuncture has a reflex regulation in gastrointestinal functions, which is characterized with segment. In the present study,
the neural pathway of electroacupuncture (EA) at orofacial acupoints (ST2) on gastric myoelectric activity (GMA) in rats was
investigated. The results indicated that EA at ST2 facilitated spike bursts of GMA, which is similar to EA at limbs and opposite
to EA at abdomen. The excitatory effect was abolished by the transaction of infraorbital nerves, dorsal vagal complex lesion,
and vagotomy, respectively. In addition, microinjection of L-glutamate into the nucleus of the solitary tract (NTS) attenuated the
excitatory effect. All these data suggest that the dorsal vagal complex is involved in the reflex regulation of EA at orofacial acupoints
on gastric functions and NTS-dorsal motor nucleus of the vagus (DMV) inhibitory connections may be essential for it.

1. Introduction

Acupuncture has been applied in the clinic to treat gastroin-
testinal (GI) diseases for thousands of years in China and
Zusanli acupoint (ST36) is viewed as a classic acupoint in
treating GI diseases in the textbook of Traditional Chinese
Medicine. Recently, numerous clinical and experimental
studies have shown that acupuncture is effective in treating
GI disorders and regulating GI functions, including gastric
motility, gastric acid secretion, and gastric myoelectric
activity (GMA) [1–7]. It is noteworthy that, however,
acupuncture at different regions induces different effects.
For example, acupuncture at limbs enhances GI motility via
vagal efferents [2, 3, 7], and acupuncture at the abdomen
inhibits GI motility via sympathetic efferents [4], suggesting
that the reflex regulation of acupuncture on GI tract is char-
acterized with segment. In these studies, investigators notice
that superspinal structures are involved in this process and
dorsal vagal complex (DVC) may be an important candidate
[1, 2, 4]. In our previous works, electroacupuncture (EA)
at ST36 or orofacial acupoints promote GMA and induce
c-fos expression in the nucleus of the solitary tract (NTS)

[2, 8, 9]. Meanwhile, electrophysiological data show that
there are convergent neurons of somatoviscera in the NTS
simultaneously reactive to acupuncture stimuli and gastric
distension [10]. It seems that DVC may be a major target of
acupuncture in the regulation of gastric functions.

The DVC consists of the NTS, which receives primary
afferent input from the GI tract, and the dorsal motor
nucleus of the vagus (DMV), which contains the efferent
vagal motor neurons innervating the GI tract. Therefore, the
DVC is considered as a parasympathetic preganglionic center
in the regulation of GI functions. Anatomical and electro-
physiological data demonstrate the existence of excitatory
and inhibitory synaptic connections between the NTS and
DMV. However, most studies are focused on the inhibitory
connections, in which excitation of NST neurons produces
inhibition of postsynaptic neurons in the DMV projecting
to the GI tract and influences output of the vagus nerves
[11–16]. Therefore, the connections, especially inhibitory
connections, may play an important role in the regulation
of GI functions.

SiBai (ST2) is located on the stomach meridian, which
is mainly used to treat eye and GI diseases [17]. YangBai
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(GB14), as a control, is located on the urinary bladder
meridian, which is mainly applied to treat headache and eye
diseases [17]. In the present study, reflex regulation of EA
at orofacial acupoints (ST2 and GB14) on GMA in rats and
its neural pathway are investigated to clarify the underlying
mechanism of EA on GI tract.

2. Experimental Procedure

2.1. Experimental Design. The study was divided into five
parts: (1) to observe the effect of EA at ST2, which is located
in the infraorbital foreman, on GMA. At the meanwhile,
GB14, which is located in the forehead and 2.5 cm directly
above the pupil, were chosen as the control. (2) To investigate
the afferent pathway of EA at ST2 on GMA by transaction of
the infraorbital nerves (ION). (3) To study the role of DVC
in the EA effect following lesion of the DVC. (4) To explore
the effect of microinjection of L-glutamate into the NTS on
EA effects. (5) To observe the efferent pathway of EA effects
by vagotomy.

2.2. Animals. Adult Sprague-Dawley rats of both sexes,
weighing from 220 to 250 g, were used in this study. Each
rat was housed in controlled environmental conditions
(25± 1◦C, relatively humidity 40–60%, a 12 h/12 h light-
dark cycle from 7:00 am to 19:00 pm), with access to food
and water ad libitum. The procedures were performed in
accordance with guidelines of Guangzhou University of
Traditional Chinese Medicine for Care and Use Committee
of Research Animals.

2.3. Implantation of Gastric Electrodes. The surgical pro-
cedure was similar to what was previously reported [2].
After an overnight fast, the animal was anesthetized with
urethane (1 g/kg, i.p.) and laparotomy was made to expose
the stomach. One 2-mm-long ring platinum electrode was
sutured to the serosal surface on the anterior wall of
the gastric antrum, about 0.5 cm proximal to the pyloric
sphincter, and the other about 1.5 cm distal to that. Wires
connecting with electrodes were brought out on the scruff
of the neck through a subcutaneous tunnel. Finally the
abdominal cavity was closed.

2.4. Recording of GMA. Recording of GMA was performed
as previously described [2]. The experiment was initiated
after the rats were given about 5 days to recover completely
from the surgery. All rats were fasted for 24 hours before
the experiment and anesthetized with urethane (1 g/kg, i.p.).
The low and high cutoff frequency of the amplifier was 10 Hz
and 30 Hz, respectively, and both slow waves and spike bursts
superimposed in the slow waves were continuously recorded
for at least 10 min.

2.5. Transaction of ION. ION pretreatment was performed
five days before EA at ST2. The animals were anesthetized
by an i.p. injection of urethane (1 g/kg.). A vertical incision
was made in the skin overlying the infraorbital foramen
to expose bilateral ION under a dissecting microscope. For

the transaction of ION (n = 6), the exposed ION was
ligated at two separate points with silk suture, and the nerve
bundle between two ligatures was transected. For the sham
operation (n = 6), the ION were only exposed and did not
receive any treatment.

2.6. Lesion of the DVC. Rats (n = 6) were anaesthetized
with urethane (1 g/kg, i.p.) and were mounted in the
stereotaxic apparatus (SR-6N, Narishige, Japan) in the prone
position. The atlanto-occipital membrane and cerebellum
were removed to expose the dorsal medulla. Obex is defined
as the point between the area postrema and calamus
scriptorius, where the central canal starts to open into the
fourth ventricle [18]. Using this as the reference point, the
insulating tungsten electrode was inserted into the DVC and
2 mA cathode current was applied for 10 s. Coordinates of
the DVC are 0.5–0.7 mm rostral to the obex, 0.5 mm lateral
to the midline bilaterally and 0.4 mm dorsal to the brainstem
surface [18]. For the sham lesion (n = 6), electrodes were
inserted into the same location without current.

2.7. Microinjection of L-Glutamate into the NTS. Rats (n = 6)
were anaesthetized with urethane and the dorsal medulla was
exposed as described above. Before EA at ST2, L-Glutamate
(5 nmol/50 nl) (Sigma, USA) was microinjected into the
NTS (coordinates: 0.5–0.7 mm rostral to the obex, 0.5 mm
lateral to the midline bilaterally and 0.3–0.4 mm dorsal to
the brainstem surface). Normal saline was microinjected in
the same location as a control (n = 6).

2.8. Vagotomy. Prior to EA stimulation, rats (n = 6) were
anaesthetized with urethane (1 g/kg, i.p.) and pretreated with
vagotomy. Bilateral vagus nerves (VN) around the esophagus
near the cardia were carefully isolated from the surrounding
tissues and ligated at two separate points with silk suture, and
the nerve bundle between two ligatures was transected. For
the sham operation (n = 6), VN were only exposed and did
not receive any treatment.

2.9. EA Treatment. Rats were anaesthetized with urethane
(1 g/kg, i.p.) and immobilized in a plastic box. Two stainless
acupuncture needles (0.28 mm outer diameter) were subcu-
taneously inserted 5 mm into the ST2 or GB14 acupoints on
each side, and were left for 20 min. The electrical stimulation
was from a medical EA apparatus (Model G6805-2, Shang-
hai, China). The stimulation parameters were a frequency
of 2 and 20 Hz, alternatively, and intensity strong enough to
only elicit slight twitches of the orofacial areas. ST2 and GB14
are located in the infraorbital foramen and 2.5 cm directly
above the pupil on the forehead, respectively [19].

2.10. Histology. At the end of microinjection, the microin-
jection site was marked by injecting 50 nl of 2% pontamine
sky blue. The rats were then perfused through the ascending
aorta, with 100 ml of normal saline followed by 400 ml of 4%
paraformaldehyde. The brainstem was removed and post-
fixed in the same fixative solution for 6–8 h and soaked
overnight in 20% sucrose solution. 40µm frozen transverse
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sections were obtained at −20◦C by a freezing microtome
(CM1850, Leica, Germany). Finally, brainstem sections
were stained with neutral red to determine placement of
micropipette by microscope.

For the lesion of DVC, the rats were perfused and fixed as
described above, and frozen transverse sections were treated
by hematoxylin-eosin (HE) staining to identify the location
of lesion under microscope.

2.11. Statistic Analysis. Data were presented as mean±
standard error of the mean (SEM) and the significance level
was set at P < 0.05. The results were analyzed using the
paired-samples or independent-samples t test. In case of
abnormal distribution or heteroscedasticity, the results were
treated by nonparametric tests (Mann-Whitney U).

3. Results

3.1. Effects of EA at Orofacial Acupoints on GMA. EA at ST2
produced a significant increase in the number of cluster of
spike bursts per minute (4.50 ± 0.99 versus 7.00 ± 0.82,P <
0.05); however EA at GB14 did not (5.17±0.87 versus 5.00±
0.93, P > 0.05). Changes of spike bursts following EA at
ST2 was significantly higher than that of EA at GB14 (1.33±
0.21 versus 0.17± 0.48,P < 0.05) (Figure 1).

3.2. Effects of ION Transaction on GMA Induced by EA. After
transaction of ION, EA at ST2 did not produce any change
in the GMA (5.00± 0.58 versus 5.67± 0.55,P > 0.05). In the
sham-operated group, EA at ST2 induced remarked increase
in the spike bursts (4.83± 0.95 versus 7.17± 1.31,P < 0.05),
which was similar to the change following EA at ST2 alone.
Changes of the spike bursts following ION transaction was
obviously lower than that in the sham operated group (0.67±
0.33 versus 2.33± 0.67,P < 0.05) (Figure 2).

3.3. Effects of Lesion of DVC on GMA Induced by EA.
Following electrical lesion of the DVC, EA at ST2 had no
any effect on the spike bursts (4.50 ± 0.99 versus 3.83 ±
0.48,P > 0.05). In the sham lesion group, EA at ST2
produced significant increase in the number of spike bursts
(4.17 ± 0.60 versus 5.83 ± 0.87,P < 0.01). Changes of the
spike bursts following lesion of DVC was obviously lower
than that in the sham lesion group (0.67±0.42 versus 1.67±
0.33,P < 0.05) (Figure 3).

3.4. Effects of Microinjection of Glutamate into the NTS on
GMA Induced by EA. Pretreatment of microinjection of L-
glutamate into the NTS, EA at ST2 did not induce remarkable
changes in the spike bursts (5.67 ± 0.92 versus 5.16 ±
0.91,P > 0.05), which lasted for about 5–10 min. Normal
saline microinjection had no effects on changes in the spike
bursts elicited by EA at ST2 (5.17 ± 1.40 versus 9.33 ±
1.41,P < 0.05). Histology showed that all microinjections
were located within the NTS. Changes of the spike bursts
following microinjection of glutamate into the NTS was
obviously lower than that in the saline microinjection (0.50±
0.56 versus 1.83± 0.87,P < 0.05) (Figure 4).

3.5. Effects of Vagotomy on GMA Induced by EA. After
bilateral vagotomy, EA at ST2 had no effect on the spike
bursts (5.33 ± 1.26 versus 5.83 ± 1.70,P > 0.05). Sham
operation did not influence the excitatory effects on GMA
induced by EA at ST2 (4.17 ± 0.79 versus 6.67 ± 1.12,P <
0.01). Changes of the spike bursts following vagotomy was
obviously lower than that in sham Changes of the spike
bursts following microinjection of glutamate into the NTS
was obviously lower than that in the saline microinjection
operation (0.50±0.67 versus 2.50±0.5,P < 0.05) (Figure 5).

3.6. Histology. A diagrammatic representation of electrolytic
lesion of DVC and microinjection sites into the NTS is shown
in Figures 6 and 7, respectively.

4. Discussion

It is well known that somatic inputs from skin and/or muscle
induce changes in autonomic functions, which is called
somato-autonomic reflex and characterized with segment. In
anesthetized rats, pinching abdominal skin inhibits gastric
motility and pinching limbs enhances gastric motility [20–
22]. As one type of somatic stimuli, acupuncture has similar
effects. Acupuncture at abdomen and lower chest inhibits
gastric motility via sympathetic efferents, while acupuncture
at limb facilitates the gastric motility via vagal efferents
[4, 23]. Furthermore, EA at limb accelerates gastric emptying
and enhance GMA in human and/or animals, which are
also mediated by vagus nerve [6, 24]. In the present study,
EA at orofacial acupoints (ST2) produce an increase in
the number of cluster of spike bursts of GMA, which
is abolished following bilateral vagotomy. GI motility is
under the control of GMA, which is composed of slow
waves (slow rhythmicity) and spikes (fast rhythmicity). The
slow wave determines the frequency and propagation of
gastrointestinal contractions and spike activities are super-
imposed on the slow waves and are electrical counterpart
of contractions. GI contractions always occur when spikes
are present. Therefore, EA at orofacial acupoints (ST2)
produce excitatory effects on gastric motility and the vagus
nerve is involved in the process, which is similar to EA at
limbs and opposite to EA at abdomen, suggesting that both
reflex regulation of acupuncture on gastric functions and
the specific relationship between acupoints and viscera is
characterized with segment.

In the study, the excitatory effect of EA at ST2 on the
GMA is abolished by ION transaction, DVC lesion and
vagotomy, respectively, suggesting that the neural pathway
comprised by ION-DVC-VN is essential for this response.
ST2 is located in the infraorbital foramen and innervated
by infraorbital nerves, which have no direct projections
to the DVC. Our previous works indicate that EA at ST2
induce c-fos expression in the NTS and inhibit visceral pain
in rats, which is mediated by paratrigeminal nucleus and
abolished by ION transaction [8, 9]. As a parasympathetic
preganglionic center, DVC play an important role in the
modulation of EA on GI functions. Anatomical evidence
demonstrates that somatic afferents induced by EA at ST-36
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Figure 2: Effects of ION transaction on GMA induced by EA. ∗P < 0.05 versus preEA (sham transaction). #P < 0.05 versus (postEA-preEA)
(ION transaction). (A) EA at ST2 and ION trancsaction; (B) EA at ST2 and sham transaction. (a) PreEA; (b) postEA.
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Figure 6: A diagrammatic representation of electrolytic lesion of DVC (shaded areas) (adapted from the atlas of Paxinos and Watson [18]).
AP: area postrema; CC: central canal; Cu: cuneate fasciculus; Gr: gracile nucleus; Sol: nucleus solitary tract; sol: solitary tract; sp5: spinal
trigeminal tract.

is conveyed to the NTS and acts on the DMV, which promote
gastric motility [23]. Moreover, NMDA receptors of gastric-
projecting neurons in the DMV are involved in the regulation
of EA at BL21 on gastric emptying in rats [25]. Our previous
works also show that EA at ST36 enhanced the GMI and
simultaneously inhibited release of Substance P in the DVC,
which is abolished by transaction of vagus nerves [2].

Another interesting issue is that orofacial somatic inputs
elicited by EA at ST2 act directly on the DMV neurons
or indirectly on the DMV neurons via the NTS. Electro-
physiological and anatomical data demonstrate the existence

of substantial synaptic connections between the NTS and
DMV and the inhibitory connections is a key for the
modulation of GI functions [11–16]. It is well known that
numerous neurotransmitters and neuromodulators in the
DVC are involved in regulating of GI functions and a
primary candidate is glutamate. In the vagovagal reflex, GI
sensory inputs terminate in the NTS and release glutamate,
which mainly act on non-NMDA receptors and activate
the inhibitory neurons in the NTS projecting to the DMV
and finally inhibit DMV neurons [26–28]. Several groups of
investigators have shown that microinjection of glutamate
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Figure 7: A diagrammatic representation of microinjection sites (�) within NTS (adapted from the atlas of Paxinos and Watson [18]).
AP: area postrema; CC: central canal; Cu: cuneate fasciculus; Gr: gracile nucleus; Sol: nucleus solitary tract; sol: solitary tract; sp5: spinal
trigeminal tract; Sp5C: spinal trigeminal nucleus, caudal part; Sp5I: spinal trigeminal nucleus, interpolar part; 10 N: dorsal motor nucleus of
vagus; 12 N: hypoglossal nucleus.

into the DVC produces inhibitory or excitatory effect on
gastric motility. It is seemed that glutamate microinjection
into the NTS induces gastric inhibition [29, 30], whereas
glutamate microinjection into the DMV results in gastric
excitation [31, 32]. Electrophysiological data have shown
that the activation of the paraventricular nucleus on gut-
sensitive neurons in the DMV may be an indirect result of
its effect on NTS neurons [33]. It has been demonstrated
that NTS receives visceral and somatic sensory afferentsand
plays an important role in the somato-visceral processing
[2, 8–10]. Somatic inputs from EA at limbs act on DMV
via NTS and promote gastric motility, and somatic inputs
from EA at abdomen act on the rostral ventrolateral medulla
(RVLM) via NTS and inhibit gastric motility [23]. In this
study, microinjection of glutamate into the NTS inhibits
the excitation of GMA induced by EA at ST2, suggesting
that NTS-to-DMV inhibitory connections are involved in the
regulation of EA at ST2 on parasympathetic motor output.

In conclusion, taken together, the above findings suggest
that the neural pathway of ION-NTS-DMV-VN is involved
in the reflex regulation of EA at orofacial acupoints on gastric
functions and NTS-DMV inhibitory connections may be
essential for it.
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As an integral part of traditional Chinese medicine (TCM), acupuncture is a convenient and effective therapy with fewer
adverse effects. Recently, researches on meridian essence have become core issues of modern TCM. Numerous experiments have
demonstrated the objective existence of meridians by different technologies since 1950s, such as biophysics, biochemistry, and
molecular biology. In this paper, we review biophysical studies on electric, acoustic, thermal, optical, magnetic, isotopic, and
myoelectric aspects of meridians and acupoints. These studies suggest that meridians/acupoints have biophysical characteristics
which are different from nonacupuncture points. Owing to the limitations of previous studies, future research using high-
throughput technologies such as omics and multicenter randomized controlled trials should be performed to explore the
acupuncture’s mechanisms of action and demonstration of efficacy.

1. Introduction

Acupuncture is an integral part of traditional Chinese
medicine (TCM), which dates back about 3,000 years [1].
It is increasingly being accepted as a complementary and
alternative medicine (CAM) therapy in the United States
[2]. The practice of acupuncture is based on the meridian
system [3], and along the meridians lie acupuncture points
or acupoints, which may have therapeutic effects for certain
medical conditions when stimulated by needling, pressure,
or heat [3].

The meridian theory is a fundamental part of TCM
and has guided acupuncture for thousands of years [4].
While the clinical effects of acupuncture have drawn exten-
sive attentions from researchers of science and medicine,
lots of questions arise: Do meridians exist? What are the
mechanisms of their actions? What is the physiological basis
of meridians? What are the differences between acupoints
and nonacupuncture points? So far, these questions have
not been completely answered, but a large number of
experiments and clinical trials have been conducted using

advanced biophysical, biochemical, and molecular biological
methods [5–8].

In order to have a better understanding of the bio-
physical basis of meridians/acupoints and their mechanisms
of action, we review the biophysical studies of meridi-
ans/acupoints after searching the electronic databases MED-
LINE, EMBASE, CINAHL, EMBR, CNKI, Wanfang, and Vip
from the beginning to June 2012.

2. Biophysical Characteristics of
Meridians and Acupoints

2.1. Electrical Characteristics. Low resistance and high capac-
itance are generally accepted as electrical characteristics of
meridians and acupoints [9–11]. Currently, researchers are
evaluating the electrophysiological properties of acupoints
as a possible means to explore the acting mechanisms of
acupuncture [12]. Wang et al. [13] used the infrared thermal
images and surface resistance measurement to detect the
temperature and resistance at left and right pericardium
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(PC) 6, right bladder (BL) 15, and points 1 cm away from
all above acupoints as controls in 20 rabbits. The results
showed that acupoints had high-temperature and low-
resistance characteristics compared with nonacupuncture
point controls, and the resistance values were closely related
with skin temperature. Other researchers in China [14, 15]
have also demonstrated this phenomenon. In addition, Egot-
Lemaire and Ziskin [16] found that the dielectric properties
of the acupoints were somewhat different from those of
the surrounding nonacupuncture points, which ranged from
50 GHz to about 61 GHz.

However, the above findings are not consistent with
results of other studies. Ahn et al. [17] used a four-electrode
method to measure the electrical impedance along segments
of the pericardium and spleen meridians and corresponding
parallel control segments in 23 human subjects. The results
showed that tissue impedance was on average lower along the
pericardium meridian, but not along the spleen meridian,
compared with their respective controls. Pearson et al. [18]
used two instruments to test the electrical skin impedance at
three acupoints and their nearby sites. The results showed
that none of the three acupoints tested had lower skin
impedance than at either of the nearby control points. Ahn
et al. [19] in a systematic review of studies on the electrical
characteristics of acupuncture structures found only 5 out
of 9 point studies showed positive association between
acupoints and lower electrical resistance and impedance,
while 7 out of 9 meridian studies showed positive associ-
ation between acupuncture meridians and lower electrical
impedance and higher capacitance. The evidence did not
conclusively support the claim that acupoints or meridians
were electrically distinguishable. Kramer et al. [20] used an
array consisting of 64 (8 × 8) electrodes to measure the
skin resistance. The electrodes were located at correspond-
ing acupoints, and the results of electrical skin resistance
measurements (ESRMs) were compared to those of the
surrounding electrodes.

Table 1 showed that the electrical skin resistance (ESR)
at most acupoints (62.8%) had no significant difference
when compared with that of the surrounding areas. This was
partly in line with some previous high quality studies, which
draw relatively negative conclusions to this topic. Therefore,
it could not be concluded that ESRMs could be used for
acupoint localization or diagnostic/therapeutic purposes. In
this paper, they also found that the reproducibility of the
array for measuring ESR was extremely high after 1 minute
but was low after 1 hour and 1 week. The phenomenon
was characterized by high short-term and low long-term
reproducibility. One simple explanation might be a change of
environmental conditions, including the factors of artifacts,
wide ESR variation inter- and intra-individually, and ESR
shift which may be caused by transepidermal water loss or
skin hydration [21]. Changes in the thickness of stratum
corneum layer (e.g., small abrasions) and the electrode size
could also influence ESRMs. And they found that the factor
affecting reliability of the results might be that they simply
failed to measure the acupoint itself due to the distance of
8 mm between the centers of the electrodes.

Table 1: Analysis of electrical skin resistance measurements
(ESRMs) at acupoints in healthy humans.

ESR properties Results of ESRMs

ESR (no significant difference) 397 (62.8%)

ESR↓ 163 (25.9%)

ESR↑ 71 (11.3%)

Other researchers [22, 23] also found electrode material,
size and shape, pressure exerted by the probe, duration of
probe application, inclination of the probe tip on the skin,
and variations in skin condition (dry/moist, thickness, and
integrity of the stratum corneum) might be the potential
confounders affecting the reproducibility and reliability of
the device for measuring skin electrical current/resistance.
To resolve the limitations, Colbert et al. [12] designed a
continuous recording system, a fully automatic multichannel
device, to record skin impedance at multiple acupoints
simultaneously over 24 hours. By using it, they successfully
detected that the skin impedance of acupoints was lower than
the nearby nonacupuncture points. Moreover, Colbert et al.
[24] developed an automated multichannel prototype system
and recorded electrical resistance and capacitance at eight
skin sites in 33 healthy participants for over 2 hours. The
results showed that only the acupoints on the liver and spleen
meridians had a lower resistance than their nearby sites
(4 mm away), while other comparisons showed no significant
differences.

In order to explore the mechanisms of electrical charac-
teristics, Yang [25] analyzed various possible factors that may
lead to low resistance. He concluded that a relative higher
content of the interstitial fluid (tissue fluid) was the source of
low resistance, and the histological essence of meridians was
the bands with relative high content of interstitial fluid in
loose connective tissues. Others believed that gap junctions
might be the structural basis that determined the different
skin resistances [26–28]. Tan [29] considered that, besides
the inherent organizational factors, the concentration change
of charged molecules in the corresponding environment
was one of the most important variable factors influencing
the resistance in different parts of the body. Furthermore,
according to the bioelectric field with rich ion along meridi-
ans, he concluded that the resistance of meridians was certain
to reduce when propagated sensation along channel (PSC)
happened. In other reports [30–35], local tissue-released
noradrenalin (NA), nitric oxide (NO), tumor-related factors,
and mast cell-released histamine and serotonin (5-HT) were
considered to be responsible for the electrical characteristics
of meridians and acupoints.

2.2. Acoustic Characteristics. The characteristics of phona-
tion and transmitting sound in meridians were first reported
in 1980s and researchers have tried to confirm them in both
animal experiments and human trials. Zhang et al. [36]
detected 8 acupoints on the conception vessel, 11 acupoints
on the governor vessel, and control points on both sides
2 mm apart from the acupoints mentioned above in 30
rabbits. The results showed that the sound wave’s amplitude
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Table 2: The relationship between five different meridians and five
musical tones cited in Huang Di Nei Jin.

Meridian The tone name Western name of
the tone

Frequency for
tone

Spleen Gung Do (C) 261.6 Hz

Lung Sang Re (D) 293.7 Hz

Liver Gak Mi (E) 329.6 Hz

Heart Chi Sol (G) 392.0 Hz

Kidney Wu La (A) 440.0 HZ

of acupoints was significantly higher than nonacupuncture
points. Wei et al. [37] measured the intensity of sound wave
and confirmed that the sound wave could be transmitted
in the meridians and acupoints. Its conduction velocity
was faster than that of soft tissue but was lower than
bone conduction. Furthermore, a significant relationship
was found between the tones and the meridians, which were
described in the Yellow Emperor’s Internal Medicine (Huang
Di Nei Jin) (Table 2) [38].

The acoustic characteristics of acupoints are concluded
as follows: (A) frequency is 2–15 Hz; (B) amplitude is 0.5–
10 mV; (C) waveform is similar to sharp wave or sine wave;
(D) bidirectional conduction velocity is 6.2–10 cm/s; (E) it
could be blocked [39].

The acoustic conduction depends on the media, and
orderly the distribution of microscopic particles in the media
is a necessary condition to promote the effective conduction.
It was reported that the property of transmitting sound in
meridians is better than that of the surrounding areas due to
the enrichment of isotropic ions along meridians under the
action of bioelectric field [26]. Moreover, main and collateral
channels are proved to be good medium for mechanical
vibration wave and infrasonic wave [39, 40]. Perhaps this is
caused by the characteristics of infrasonic wave, that is, long
wavelength, weak attenuation extent, difficult to be absorbed
while spreading, and strong penetration [40].

In addition, Krevsky et al. [41] found that acoustic
characteristics of meridians and acupoints could be used
for diagnostic purposes. Transmitted microwave along the
meridians was able to detect on the next acupoint of the same
meridian. The frequency of microwave in cancer patients was
different from that of healthy controls. And the frequency
ranges of the microwave transmitted in different meridians
were found to be different.

2.3. Thermal Characteristics. Wang [42] reviewed that Bor-
sarello found the trace of facial isotherm detected by the
infrared thermal images was similar with human meridians
in 1970. Since then, more and more researchers have
reported the thermal characteristics of meridians and acu-
points from different aspects. For example, Hu et al. [43,
44] observed the infrared radiant by an infrared imaging
system and found that the tracks were consistent with the 14
meridians described by the ancient Chinese. Zhang et al. [45]
measured the temperature 5 mm and 10 mm subcutaneous,

respectively, along the meridians. They found that the high-
temperature line along the meridians was formed after
acupuncture, which was mainly emerged in the skin layer.

Furthermore, thermal characteristics may have a role in
differentiating the syndromes. It was reported that thermal
sensitivity measurement of meridians was used to differen-
tiate the constitutions of yang deficiency, qi deficiency, and
peace [46, 47].

2.4. Optical Characteristics. Studies addressing optical prop-
erties are relatively less and mainly focus on the high
luminous properties and the transmission characteristics of
light wave along the meridians. Yan et al. [48] found that
there were 14 high luminous lines on the body surface, and
the lines were significantly different from those located on
both sides 5 mm away. Comparing the high luminous lines
where 1934 points lie with the location of the 14 regular
meridians on the body surface described by Huang Di Nei
Jin, the rate of completely overlapped region was 92.97%,
and the rate of basically consistent region was 6.72%. The
results indicated that meridians and acupoints had high
luminous biophysical properties. Liu et al. [49] designed
an automatic measurement system to test the transmission
characteristics of light wave along the meridians and found
that there were significant differences between meridians and
nonmeridians. Also, they found that the average attenuation
factor of the pericardium meridian was lower than the spleen
meridian.

2.5. Magnetic Characteristics. Magnetic characteristics of
meridians and acupoints are still not fully defined. Li et al.
[50] had examined meridians, acupoints, brain, and relative
organs by using superconducting quantum interference
device (SQUID) and functional magnetic resonance imaging
(fMRI) in the national zero-magnetic laboratory located in
China. They found a relatively stable circular current of
electromagnetic and chemical oscillation along the low elec-
tric resistance pathway. Competition of different frequency
oscillation often yielded resonance in some positions of the
human body so as to form oscillatory network. Moreover,
the electromagnetic and chemical oscillation circulation
dominated the position of strange points in the body,
which were possibly meridians and acupoints with regulative
actions.

The human body is a magnetic field. Recently, the
exploration of the relationship between meridians and
resting-state brain networks by fMRI has gained popularity.
Zhang et al. [51] used fMRI to investigate the specificity
of acupuncture. By acupuncturing gallbladder (GB) 40,
with kidney (KI) 3 as a control (belonging to the same
nerve segment but different meridians), different brain
areas were enhanced. It demonstrated that acupuncture at
different acupoints could exert different modulatory effects
on resting-state networks (RSNs).

Another interesting experiment was performed by Cao
[52], who explored effects of acupoints magnetic stimulation
on temperature field along meridians. In order to investigate
the variation of temperature field before and after magnetic
stimulation at acupoints, the infrared imaging temperature
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measurement was used to detect the distribution of temper-
ature along the governor vessel on rabbit and human bodies
directly. Compared with nonacupuncture points, the tem-
perature of points on the governor vessel varied significantly.
This showed that magnetic stimulation of acupoints could
cause temperature variation along meridians.

2.6. Migration of Isotope along Meridians. Migration of iso-
tope along channels was first discovered in 1950s. It is
a relatively simply physical phenomenon, which follows
physical laws. In 1980s, Meng and his group [53] in China
had shown that slow movement of

99m
TcO4

− along channels
was observed after injecting the isotope into an acupoint, and
the channels observed were similar to the meridians recorded
in ancient Chinese literature. But they only proved that the
channels had nothing to do with lymphatic network. Vessel
and neural systems were not concerned.

In 2008, Zhang et al. [54] discovered low hydraulic
resistance channels along meridians in minipigs. The low
hydraulic resistance causes more fluid to flow along meridian
lines compared with nonmeridian areas. The isotope tracing
had been used to detect the stomach meridian in six
minipigs. It was shown in two cases that, after injecting
0.1 mL

99m
TcO4

− into one low hydraulic resistance point,
a migration of isotope could be found along the meridian
toward the other low hydraulic resistance point. Based on
these findings, they deduced that the migration of isotope in
the human body represented the interstitial fluid flow along
low hydraulic resistance channels.

2.7. Myoelectric Activities. Myoelectricity is often used to
study PSC in China. Zhu et al. [55] proved that PSC was
closely related to the nerve-skeletal system. In their study,
when large intestine (LI) 4 was stimulated, propagated
sensation and myoelectricity along the large intestine merid-
ian appeared. However, brachial plexus block anesthesia
could eliminate this phenomenon. Another research in rats
conducted by Ma et al. [56] also showed that the myoelectric
activity of longissimus muscle was the foundation of PSC.
These experiments show that meridians have the character
of obvious myoelectric activity, and propagated sensation is
closely related to myoelectricity.

3. Summary and Future Directions

Recent studies confirm that meridians and acupoints have
many biophysical properties, which are different from
those of nonacupuncture points. The characteristics include
electric characteristics (i.e., high-electrical potential, con-
ductance, and capacitance, low impedance and resistance),
thermal characteristics (i.e., infrared radiant tracking along
the meridians), acoustic characteristics (i.e., high guide
sound with 2–15 Hz frequency, 0.5–10 mV amplitude, 6.2–
10 cm/s bidirectional conduction velocity and being similar
with sharp wave or sine wave), optical characteristics (i.e.,
high luminous properties and light wave spreading along
the meridians), magnetic characteristics (i.e., a relative stable
circular current of electromagnetic and chemical oscillation

along the low electric resistance pathway), isotopic charac-
teristics (i.e., migration of isotope along meridians), and
myoelectric characteristics (i.e., obvious myoelectric activ-
ity). Therefore, the existence of meridians is scientifically
supported.

These biophysical properties are the bases of PSC and
further researches about morphology and acting pathways
of meridians. They may also contribute to understanding
the changes of body in different function states, diagnosing
diseases, exploring new therapy, clarifying the pathogenesis,
and differentiating symptomatic types and constitutions
in TCM when every property is taken into consideration
rather than using single property. Future basic studies should
not only use a single method, such as electric, acoustic,
optical, and magnetic method, to explore meridian essence,
but also employ the methods of systemic biology, such as
proteomics, genomics, transcriptomics, and other omics, to
reveal the multitarget and multipath mechanisms of action.
The basic studies should be further supported by clinical
studies especially large randomized controlled trials. And
appropriate diseases indicated for acupuncture intervention
should be emphasized in this kind of investigations to show
the therapeutic benefit.
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Background. Transcutaneous auricular vagus nerve stimulation (ta-VNS) could evoke parasympathetic activities via activating
the brainstem autonomic nuclei, similar to the effects that are produced after vagus nerve stimulation (VNS). VNS modulates
immune function through activating the cholinergic anti-inflammatory pathway. Methods. VNS, ta-VNS, or transcutaneous
electrical acupoint stimulation (TEAS) on ST36 was performed to modulate the inflammatory response. The concentration of
serum proinflammatory cytokines and tissue NF-kappa B p65 (NF-κB p65) were detected in endotoxaemia affected anesthetized
rats. Results. Similar to the effect of VNS, ta-VNS suppressed the serum proinflammatory cytokines levels, such as tumour necrosis
factor-alpha (TNF-α), interleukin-1 beta (IL-1β), and interleukin-6 (IL-6) as well as NF-kappa B p65 expressions of lung tissues.
ST36 stimulation also decreases LPS-induced high TNF-α level and NF-κB signal, but it did not restrain proinflammatory cytokine
IL-1β and IL-6. Neither ta-VNS nor ST36 stimulation could suppress LPS-induced TNF-α and NF-κB after vagotomy or with
α7nAChR antagonist injection. Conclusions. The present paper demonstrated that ta-VNS could be utilized to suppress LPS-
induced inflammatory responses via α7nAChR-mediated cholinergic anti-inflammatory pathway.

1. Introduction

Inflammation is a local, protective response to microbial
invasion or injury, which must be fine-tuned and regulated
precisely [1]. Several potent cytokines including tumour
necrosis factor-alpha (TNF-α), interleukin-1 beta (IL-1β),
interleukin-6 (IL-6), interleukin-10 (IL-10), and transform-
ing growth factor-beta (TGF-β) are produced by activated
macrophages and other immune cells, as necessary and suffi-
cient mediators involved in local and systemic inflammation
[2, 3]. Overproduction of cytokines leads to systematic
inflammation and tissue injury. If the overproduced cyto-
kines spread into the bloodstream, dangerous inflammatory
responses will be induced. In the past ten years, abundant
studies have been focused on “the cholinergic anti-inflam-
matory pathway,” namely, the efferent vagus nerve which
inhibits proinflammatory cytokine production and protects

against systemic inflammation via a α7nAChR-dependent
pathway [4]. Vagus nerve stimulation (VNS) prevents the
occurrence and development of inflammation effectively via
activating the cholinergic anti-inflammatory pathway. VNS
and acetylcholine (Ach) attenuated the release of cytokines
significantly and improved survival in lethal endotoxemia or
sepsis models [5, 6]. For instance, in a rat model of lethal
endotoxamia, electrical stimulation of the efferent vagus
nerve decreases serum and hepatic TNF levels [6]. More-
over, VNS inhibited all lipopolysaccharide- (LPS-) induced
procoagulant responses strongly, attenuated the fibrinolytic
response more modestly, and improved hepatic Ach levels
significantly in endotoxemia rats [7]. VNS attenuated the
LPS-induced increases of the plasma and splenic pro-
inflammatory cytokines, rather than influencing the anti-
inflammatory cytokine IL-10 [8]. In addition, activation
of this neural immune-modulatory pathway by electrical
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stimulation of vagus nerve also protects animals from various
circumstances, such as ischemia-reperfusion injury, hypo-
volemic hemorrhagic shock, heart failure, and myocardial
ischemia/reperfusion [9–12].

It was demonstrated that the transcutaneous auricular
vagus nerve stimulation (ta-VNS) induced a series of para-
sympathetic activities [13–17]. Auricular branch of vagus
nerve is a special vagal branch that innervates the body
surface which could not be found on the other parts of
the body [18], mainly innervating the cymba conchae and
cavum conchae within the auricle. Our previous studies indi-
cated that there is an intimate connection between auricular
concha, the nucleus tractus solitarius (NTS), dorsal motor
nucleus of the vagus nerve (DMN), and vagus nerve, which
constructs the pathway of the auricular-vagal reflex. Accord-
ingly, there might be some kinds of connection between auri-
cular concha and efferent vagus nerve. In the present study,
we reasoned that ta-VNS may have a role in activating the
vagus nerve-based cholinergic anti-inflammatory pathway.
Here, the effect of ta-VNS on proinflammatory cytokines and
NF-kappa B p65 was explored to clarify the mechanism of ta-
VNS underlying regulating inflammatory diseases.

2. Materials and Methods

2.1. Animals. Male Sprague Dawley rats (12 weeks old) were
used in the present study, weighing 275–350 g, supplied by
China Academy of Military Science. Rats were housed in
groups of 5-6 in standard polycarbonate cages at ambient
temperature (22◦C) and allowed access to food and water ad
libitum. Lights were set to an automated 07:00 on and 19:00
off light-dark cycle, and all animal experiments were done
between 08:00 and 11:00 a.m. Rats received care consistent
with the National Institutes of Health Guide for the Care
and use of Laboratory Animals, and the experiments were
conducted in accordance with a protocol approved by the
Institutional Animal Care and Use Committee of China
Academy of Chinese Medical Sciences.

2.2. Experimental Protocols. The present study consisted of 4
main parts. (1) The first detects the effect of ta-VNS, VNS,
or transcutaneous electrical acupoint stimulation (TEAS) on
ST36 on LPS-induced serum cytokine response. In this part,
rats were randomly divided into 5 groups of twelve each:
(a) saline-treated animals (NS), (b) endotoxemia model rats
(LPS), (c) endotoxemia model rats receiving treatment of
ta-VNS (ta-VNS), (d) endotoxemia model rats receiving
treatment of VNS (VNS) and (e) endotoxemia model rats
received treatment of TEAS on ST36 (ST36). (2) The second
detects the effect of ta-VNS, VNS, or TEAS on ST36 on
LPS-induced pulmonary NF-κB p65 expression. In this part,
rats were randomly divided into 6 groups, which consisted
of the 5 groups aforementioned, and a group of saline-
treated animals received treatment of ta-VNS (NS+ta-VNS).
(3) The third observes the effect after vagotomy (VGX).
In this part, rats were randomly divided into 4 groups:
(a) saline-treated animals (NS), (b) endotoxemia model
rats (LPS), (c) ta-VNS-treated animals following vagotomy

(VGX+LPS+ta-VNS), and (d) TEAS-treated animals follow-
ing vagotomy (VGX+LPS+ST36). (4) The fourth observes
the effect after α7nAChR antagonist injection. Rats were
randomly divided into 4 groups: (a) saline-treated animals
(NS), (b) endotoxemia model rats (LPS), (c) ta-VNS-treated
animals following α-bungarotoxin (α-BGT+LPS+ta-VNS),
and (d) TEAS-treated animals following α-bungarotoxin (α-
BGT+LPS+ST36).

2.3. Endotoxemia Model. LPS is an endotoxin derived from
cell wall of gram-negative bacteria, and systemic injection
of LPS results in various symptoms of bacterial infection
including fever and inflammation [19]. Rats were injected
intravenously with lipopolysaccharide (LPS, Escherichia coli
0111:B4; Sigma, 5 mg/kg), dissolved in sterile, pyrogen-
free saline that was sonicated for 30 minutes immediately
before use. Rats (n = 12 per group) were killed 2 hours
after LPS injection (Figure 1), and the blood was collected
from abdominal aorta, allowed to clot for 2 hours at room
temperature, and then centrifuged at room temperature for
15 minutes at 2000 rpm. Serum samples were stored at
−20◦C before cytokine analysis. Lung samples were rapidly
excised, rinsed of blood with normal saline, placed into
liquid nitrogen immediately and then frozen and stored at
−80◦C till measurement of NF-κB p65 expression.

2.4. Electrical Vagus Nerve Stimulation. Rats were anaes-
thetized with urethane (1 g/kg, intraperitoneally). A midline
cervical incision was made to expose the left cervical branch
of the vagus nerve. The left carotid sheath was isolated. After
blunt preparation, the left vagus nerve trunk was carefully
freed from surrounding tissue, separated from the carotid
artery trunks, and placed on a custom-made bipolar plat-
inum electrode connected via an isolation unit to a stimula-
tor (SEN-7203, Nihon Kohden). All the exposed nerves were
protected from dehydration by covering warm paraffin min-
eral oil tampons [6]. One and a half hour after LPS adminis-
tration, constant electrical current stimuli with parameter of
1 mA, 10 Hz, 1 ms were turned on for 20 min (Figure 1(a)).

2.5. Transcutaneous Electrical Acupoint Stimulation (TEAS)
on ST36. Transcutaneous surface electrodes were placed
bilaterally on the depilatory rat skin at Zusanli (ST36). The
ST36 points are located at 5 mm lateral to the anterior
tubercle of the tibia and 10 mm below the knee joints.
Bilateral surface electrodes at hind limbs were connected via
an isolation unit to a stimulator (SEN-7203, Nihon Kohden),
and the points were stimulated with the same parameter
aforementioned. One and a half hour after LPS administra-
tion, the stimulation started and lasted for 20 min (Figure 1).
Stimulation intensity was adjusted to a level that elicited a
slight muscle twitch at the stimulated site and was limited to
a maximum of 1 mA to minimize animal discomfort.

2.6. Transcutaneous Auricular Vagus Nerve Stimulation (ta-
VNS). Transcutaneous surface electrodes were placed bilat-
erally on the auricular concha, which mainly includes cymba
conchae and cavum conchae of the auricular. Bilateral
surface electrodes at auricular concha were connected via an
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Figure 1: The time flow chart indicates the precise time for various operations in the present study, from the time point of anesthetic
injection to the time point for sampling. (a) Twenty minutes after anesthesia, rats were injected intravenously with LPS or NS. One and a
half hour after modeling, treatment (ta-VNS, VNS, or TEAS on ST36) was performed for twenty minutes. Two hours after LPS injection,
rats were killed, and samples were collected. (b) Ten minutes after anesthesia, administration of α-BGT or vagotomy was performed. The
rest of the operations were the same with the time flow in (a).

isolation unit to a stimulator (SEN-7203, Nihon Kohden),
and the auricular conchae on both sides were stimulated
with the same parameter. One and a half hour after LPS
administration, the stimulation started and lasted for 20 min
(Figure 1). Stimulation intensity was adjusted to a level that
elicited a slight twitch of the auricle and was limited to
maximum of 1 mA to minimize animal discomfort.

2.7. Vagotomy. Vagotomy was performed before LPS admin-
istration (Figure 1(b)). In vagotomized animals, following
a ventral cervical midline incision, bilateral vagus trunks
were exposed and separated from the common carotid artery,
ligated with a 4-0 silk suture.

2.8. Administration of α7nAChR Antagonist. The specific
α7nAChR antagonist α-bungarotoxin (α-BGT) was obtained
from Alexis Biochemicals Corporation (San Diego, CA,
USA). The drug was administered intravenously at a dose of
1 μg/kg before LPS administration [20] (Figure 1(b)).

2.9. Cytokine Analysis. Abdominal aortic blood was collected
two hours after LPS administration, allowed to clot for 2 h at
room temperature, and centrifuged for 20 min at 2500 rpm.
Serum TNF-α, IL-1β, and IL-6 concentrations were analyzed,
respectively, by TNF-α, IL-1β, and IL-6 ELISA kits (R&D
Systems) following the manufacturer’s instructions.

2.10. Western Blot. Procedures of western blot analysis
were followed as described previously [21]. Protein samples
denatured in SDS sample buffer (125 mmol/L Tris-HCl,
pH 6.8, 50% glycerol, 2% SDS, 5% mercaptoethanol, and
0.01% bromophenol blue) were subjected to SDS-PAGE and

blotted onto Immobilon-FL transfer membrane (Millipore).
Blotted membranes were blocked with 5% skim milk in Tris-
buffered saline containing 0.05% Tween-20 for 2 hours and
were subsequently incubated with rabbit anti-human-NF-κB
(p65) (diluted 1/200; Santa Cruz Biotechnology Inc., CA,
USA) overnight at 4◦C. After three washes in Tris-buffered
saline containing 0.05% Tween 20, the membranes were
incubated with an anti-rabbit IgG antibody-HRP (diluted
1/4000; Santa Cruz Biotechnology Inc., CA, USA) for 1
hour. Quantification of western blots was performed by the
Odyssey infrared imaging system (Li-Cor Biosciences) to
detect protein expression.

2.11. NF-κB Immune-Histochemistry. NF-κB p65 immuno-
histochemistry staining was performed as described pre-
viously [22] to evaluate the lung tissues inflammatory
response. Briefly, tissue sections were deparaffinized with
xylene and rehydrated through graded series of alcohols. Tis-
sue sections were rinsed in PBS, pretreated with citrate buffer
at 93◦C, blocked with PBS containing 2% BSA, and then
incubated with a primary antibody reactive against rabbit-
activated p65 subunit of NF-κB (Santa Cruz Biotechnology
Inc, Santa Cruz, CA, USA). Washed sections were incubated
for 10 min with secondary goat anti-rabbit IgG biotin. The
reaction product was visualized with DAB chromogenic
agent. The sections were counterstained with hematoxylin
stain. Slides were analysed on a light microscope (Olympus
BX60) using an ImagePro Plus Imaging System (Universal
Imaging).

2.12. Statistical Analysis. All the data in the present study
were expressed as means ± SEM and analyzed by one-way
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Figure 2: Vagus nerve stimulation (VNS) or transcutaneous auricular vagus nerve stimulation (ta-VNS) attenuates the LPS-induced serum
cytokine (TNF-α, IL-1β, and IL-6) response. TEAS on ST36 inhibited TNF-α level significantly. Serum TNF-α (a), IL-1β (b), and IL-6 (c)
contents were measured by ELISA. The columns represent mean ± SEM for 12 animals in each group. ��P < 0.01 versus the normal saline
(NS) group; ∗P < 0.05 versus LPS group (LPS); ∗∗P < 0.01 versus LPS group (LPS); #P < 0.05 versus LPS+VNS group; ##P < 0.01 versus
LPS+VNS group.

ANOVA with SPSS software. The two-tailed Student’s t-
test was used to compare mean values between two groups.
Pvalues < 0.05 were considered significant.

3. Results

3.1. Cytokine Levels in the Serum. LPS evoked an inflamma-
tory response characterized by the upregulation of cytokine
expressions. After systemic administration of LPS (5 mg/kg,
i.v.), TNF-α (Figure 2(a)), IL-1β (Figure 2(b)), and IL-6
(Figure 2(c)) increased significantly in sera. Both electrical
VNS and ta-VNS strongly inhibited LPS-induced proinflam-
matory cytokine concentrations including TNF-α, IL-1β, and
IL-6 (n = 12, P < 0.01, P < 0.05, resp.). TEAS of ST36
lowered serum TNF-α level (n = 12, P < 0.05) in endo-
toxemic rats but failed to significantly alter serum IL-1β and
serum IL-6 levels.

3.2. The Effect of ta-VNS or TEAS on ST36 on Serum TNF-
α Level Was Blocked by α-BGT Administration. The above

results showed that ta-VNS has similar effects to VNS on
cytokine levels. Previous studies show that VNS-activated
“cholinergic anti-inflammatory pathway” regulates systemic
inflammatory responses via α7nAChR, hereby ta-VNS may
have the same effect. To test this hypothesis, we pretreated
animals with the α7nAChR antagonist α-BGT. LPS injection
induced profound rise in the concentration of serum TNF-α.
Either ta-VNS or TEAS on ST36 failed to inhibit TNF-α level
after α-BGT administration (Figure 3).

3.3. Effect of ta-VNS or TEAS on ST36 on Serum TNF-α Was
Blunted by Vagotomy. To examine the mechanism of ta-VNS
in “cholinergic anti-inflammatory pathway,” we pretreated
animals with vagotomy. The result indicated that intravenous
injection of LPS elicited a rapid raise of TNF-α level. Neither
ta-VNS nor TEAS on ST36 was effective on inhibiting TNF-α
level after vagotomy (Figure 4).

3.4. NF-Kappa B p65 Expressions in Lung Tissues. The sys-
temic administration of LPS was followed with a significantly



Evidence-Based Complementary and Alternative Medicine 5

NS

LPS

0

200

400

600

800

T
N

F-
α

(p
g 

m
L
−1

)

α-BGT + LPS + ST36

α-BGT + LPS + ta-VNS

△△

Figure 3: ta-VNS or TEAS on ST36 with α-bungarotoxin (α-
BGT) administration fails to inhibit the LPS-induced serum TNF-α
response. Serum TNF-α concentrations were measured by ELISA.
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Figure 4: ta-VNS or ST36 stimulation with bilateral cervical
vagotomy (VGX) fails to inhibit the LPS-induced serum TNF-
α response. TNF-α amounts were measured by ELISA. Data are
expressed as mean ± SEM (n = 12 per group). ��P < 0.01 versus
the normal saline (NS) group.

increased expression of NF-κB p65 in lung tissues (Figures 4
and 5). Both electrical VNS and ta-VNS strongly inhibited
LPS-induced NF-κB p65 (n = 10, P < 0.01, Figures 4 and 5).
TEAS on ST36 did not have the same effect (Figures 5 and 6).

3.5. Effect of ta-VNS or TEAS on ST36 on NF-κB p65 Was
Blunted by Vagotomy. We pretreated animals with vagotomy.
The result indicated that ta-VNS or ST36 failed to inhibit the
expressions of NF-κB p65 after vagotomy (Figure 7).

4. Discussion

Here, we reported our original study that auricular concha
stimulation is also a potent anti-inflammatory stimulus that
can modulate immune factors in endotoxemia rat model.
The present study demonstrates that ta-VNS may have an
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Figure 5: VNS or ta-VNS suppresses LPS-induced NF-κB expres-
sion; ST36 stimulation did not affect NF-κB in endotoxemia
animals significantly. ta-VNS did not significantly affect pulmonary
NF-κB expression with normal saline administration. NF-κB
expressions were measured by western blot technique. Data are
shown by mean ± SEM (n = 12 per group). ��P < 0.01 versus
normal saline (NS) group; ∗∗P < 0.01 versus LPS group (LPS);
##P < 0.01 versus LPS+VNS group; �P < 0.05 versus LPS+ ta-VNS.

important role in suppressing inflammatory responses, and
this contributes to the involvement of the cholinergic anti-
inflammatory pathway in the mechanism.

Previous study demonstrated that the cholinergic anti-
inflammatory pathway is a α7nAChR-dependent, vagus
nerve-mediated pathway [1]. It can inhibit macrophage acti-
vation through parasympathetic outflow, which functions as
an anti-inflammatory pathway in systemic and local inflam-
mation. Inflammatory signals stimulate sensory fibers that
ascend in the vagus nerve to synapse in the NTS and then
activate efferent fibers in the vagus nerve to suppress peri-
pheral cytokine release through alpha7nAChR.

The most important cytokine involved is TNF-α, which
activates other proinflammatory cytokines such as IL-1β,
IL-6, and high mobility group B1 (HMGB1) and amplifies
other inflammatory mediators. VNS has been demonstrated
to inhibit proinflammatory cytokine production [23–25],
especially the release and synthesis of TNF-α. The present
study indicates that VNS decreases LPS-induced TNF-α,
IL-1, and IL-6 in circulation. And ta-VNS reduced the
levels of proinflammatory cytokines TNF-α, IL-1β, and IL-
6, which is similar to the effect of VNS. After administration
of α7nAChR antagonist α-BGT, ta-VNS failed to attenuate
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Figure 6: Immunohistochemical staining with anti-NF-κB antibodies reveals significant decrease in LPS-induced NF-κB immunoreactivity
evoked by interventions as of VNS, ta-VNS, and TEAS on ST36. Data are expressed as mean ± SEM (n = 12 per group). ��P < 0.01 versus
the normal saline (NS) group; ∗∗P < 0.01 versus LPS group (LPS); #P < 0.05 versus LPS+VNS group. Original magnification: ×400.

serum TNF-α level, which is consistent with previous reports
[6–10, 20, 23]. This result indicated that α7nAChR played a
critical role in anti-inflammatory effect of ta-VNS. The pre-
sent study also demonstrated that vagotomy exacerbated
serum TNF responses to inflammatory stimulation, sensiti-
zed animals to the lethal effects of endotoxin, and abolished
the anti-inflammatory effect of ta-VNS. The results indicated
that ta-VNS fails to suppress excessive cytokine response

characterized by exaggerated TNF-α level if there is defi-
ciency in either the α7nAChR subunit or vagus nerve.

NF-κB is a master transcription factor controlling the
expression of a wide range of proinflammatory genes [26–
28]. Previous studies reported that NF-κB is involved in
TNF-α genetic activation and TNF-α production [29, 30]. In
the present study, both western blot data and immunehisto-
chemical results indicated that ta-VNS suppresses the
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Figure 7: ta-VNS or ST36 stimulation with bilateral cervical vagotomy (VGX) fails to inhibit the LPS-induced overexpression of NF-κB.
NF-κB distribution was measured by immunohistochemical staining. Data are shown as mean ± SEM (n = 12 per group). ��P < 0.01
versus the normal saline (NS) group. Original magnification: ×400.

LPS-induced NF-κB expression in rat lung tissue (Figures 4
and 5), which mimicking the effects of VNS [25, 31]. In
vagotomy animals, ta-VNS failed to inhibit increased NF-κB
expression, suggesting ta-VNS functions in situations that
require intact vagus nerve.

Some investigators demonstrated that electroacupunc-
ture (EA, on ST36, PC6, and GV20) could increase the
vagal activity of experimental animals and human subjects

[13–17, 32–34]. The present study demonstrated that TEAS
on ST36 decreased serum TNF-α level in endotoxemia rats.
After pretreatment with vagotomy or α7nAChR antagonist
α-BGT, TEAS failed to inhibit serum proinflammatory level
in LPS-induced endotoxemia animals.

Auricular acupuncture, as a special form of acupuncture,
has been used for the treatment of different disorders for cen-
turies in China. Our research group previously demonstrated
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Figure 8: The anti-inflammatory mechanisms of the three interventions used in the present study might be as follows: (1) VNS directly
activates the cholinergic anti-inflammatory pathway via stimulating efferent vagus nerve. (2) ta-VNS evoked the activity of the auricular
branch of vagus nerve (ABVN). The activated signals ascending within afferent vagus nerve are transmitted to the nucleus tractus solitarius.
The integrated output is carried by the efferent vagus nerve to inhibit inflammatory responses. (3) TEAS on ST36 activates the somatic fiber
endings of the skin around ST36 point, sending signals to the spinal cord via somatic sensory nerve fibers. The nerve impulses were relayed
and integrated by NTS by the secondary order neurons in the spinal cord, and the cholinergic anti-inflammatory pathways are activated by
the increased efferent vagal output.

that auricular acupuncture stimulation could activate neu-
rons of NTS and upregulate vagal tune, to decrease MAP
and HR [35], to trigger gastric motility [36]. Our previous
studies also demonstrated that TEAS of auricular concha
could activate the parasympathetic nervous system and
mimic the effect of VNS to suppress epileptic seizures
[18]. In the present study, the results showed that ta-VNS
inhibited proinflammatory cytokine levels and suppressed
NF-κB expressions in endotoxaemia rats (Figures 1, 4, and
5), which is similar to the effect of VNS. However, vagotomy
or α7nAChR antagonist α-BGT could diminish the effect of
ta-VNS on the anti-inflammatory responses, suggesting that
auricular acupuncture may perform an anti-inflammatory
effect via cholinergic anti-inflammatory pathway.

In general (Figure 8), VNS directly activates the choliner-
gic anti-inflammatory pathway via stimulating efferent vagus
nerve. As the peripheral branch [18], auricular branch of
vagus nerve (ABVN) innervates the auricular concha and
the external auditory meatus. Stimulation of the ABVN
region could evoke parasympathetic excitation [37–39]. Acu-
puncture in the area of auricular concha may increase dis-
charge of NTS [18], as the central terminal nuclear for
afferent vagal fibers, which primarily transmit signals from
local inflammation lesion [4, 40]. Thus, we hypothesize that
ABVN could be evoked by ta-VNS, and the activated signals
ascend with vagal input to the NTS. The signals are processed
within the NTS, and the integrated output signal is carried
by efferent vagus nerve to inhibit inflammatory responses.
TEAS on the acupoint of ST36 activates the somatic fiber
endings around ST36 point, which send the acupuncture

signals to the spinal cord via somatic sensory nerve fibers.
In the spinal cord, the nerve impulses are delivered to the
NTS by the secondary order neurons, where the signals were
processed. Ultimately, the increased efferent vagal output
activates the cholinergic anti-inflammatory pathway.

5. Conclusions

The results presented here demonstrate that ta-VNS plays an
important role in immuneregulation, through the activation
of the cholinergic anti-inflammatory pathway and the down-
regulation of proinflammatory cytokine expressions and NF-
κB activities. VNS and TEAS on ST36 might suppress the
inflammatory responses via different mechanisms.

Abbreviations

ta-VNS: Transcutaneous auricular vagus nerve
stimulation

LPS: lipopolysaccharide
NTS: Nucleus tractus solitarius
DMN: Dorsal motor nucleus of the vagus
VNS: Vagus nerve stimulation
TEAS: Transcutaneous electric acupoint

stimulation
Ach: Acetylcholine
α7nAChR: Nicotinic acetylcholine receptors
NF-κB p65: NF-kappa B p65
TNF-α: Tumour necrosis factor-alpha
IL-1β: Interleukin-1 beta
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[19] L. Bertók, “Endotoxins and endocrine system,” Domestic Ani-
mal Endocrinology, vol. 15, no. 5, pp. 305–308, 1998.

[20] H. Wang, M. Yu, M. Ochani et al., “Nicotinic acetylcholine
receptor α7 subunit is an essential regulator of inflammation,”
Nature, vol. 421, no. 6921, pp. 384–388, 2003.

[21] W. Deng, X. Wang, J. Xiao et al., “Loss of regulator of G protein
signaling 5 exacerbates obesity, hepatic steatosis, inflamma-
tion and insulin resistance,” PLoS ONE, vol. 7, no. 1, Article
ID e30256, 2012.

[22] O. J. D’Cruz and F. M. Uckun, “Preclinical evaluation of a
dual-acting microbicidal prodrug WHI-07 in combination
with vanadocene dithiocarbamate in the female reproductive
tract of rabbit, pig, and cat,” Toxicologic Pathology, vol. 35, no.
7, pp. 910–927, 2007.

[23] J. M. Huston, M. Ochani, M. Rosas-Ballina et al., “Splenec-
tomy inactivates the cholinergic antiinflammatory pathway
during lethal endotoxemia and polymicrobial sepsis,” Journal
of Experimental Medicine, vol. 203, no. 7, pp. 1623–1628, 2006.

[24] T. R. Bernik, S. G. Friedman, M. Ochani et al., “Cholinergic
antiinflammatory pathway inhibition of tumor necrosis factor
during ischemia reperfusion,” Journal of Vascular Surgery, vol.
36, no. 6, pp. 1231–1236, 2002.

[25] D. Altavilla, S. Guarini, A. Bitto et al., “Activation of the cholin-
ergic anti-inflammatory pathway reduces NF-κB activation,
blunts TNF-α production, and protects against splanchnic
artery occlusion shock,” Shock, vol. 25, no. 5, pp. 500–506,
2006.

[26] P. A. Bauerle and D. Baltmore, “NF-κB: ten years after,” Cell,
vol. 87, no. 1, pp. 13–20, 1996.

[27] M. L. Schmitz and P. A. Bauerle, “Multi step activation of NF-
κB/rel transcriptional factors,” Immunobiology, vol. 193, no. 2–
4, pp. 116–127, 1995.

[28] R. Schreck, P. Rieber, and P. A. Baeuerle, “Reactive oxygen
intermediates as apparently widely used messengers in the
activation of the NF-κB transcription factor and HIV-1,”
EMBO Journal, vol. 10, no. 8, pp. 2247–2258, 1991.

[29] F. Squadrito, D. Altavilla, B. Deodato et al., “Early activation
of transcription factor NF-κB in splanchnic artery occlusion
shock,” in Proceedings of the 5th World Congress on Trauma



10 Evidence-Based Complementary and Alternative Medicine

Shock Inflammation and Sepsis Pathophysiology Immune Con-
sequences and Therapy, E. Faist, Ed., pp. 389–394, Monduzzi,
Munich, Germany, March 2000.

[30] C. O’Mahony, “Loss of vagal anti-inflammatory effect: in vivo
visualization and adoptive transfer,” American Journal of Phys-
iology, vol. 297, no. 4, pp. R1118–R1126, 2009.

[31] X. M. Song, J. G. Li, Y. L. Wang et al., “The protective effect
of the cholinergic anti-inflammatory pathway against septic
shock in rats,” Shock, vol. 30, no. 4, pp. 468–472, 2008.

[32] K. Imai, H. Ariga, C. Chen, C. Mantyh, T. N. Pappas, and T.
Takahashi, “Effects of electroacupuncture on gastric motility
and heart rate variability in conscious rats,” Autonomic Neu-
roscience: Basic and Clinical, vol. 138, no. 1-2, pp. 91–98, 2008.

[33] H. Ouyang, J. Yin, Z. Wang, P. J. Pasricha, and J. D. Z. Chen,
“Electroacupuncture accelerates gastric emptying in associa-
tion with changes in vagal activity,” American Journal of Phy-
siology, vol. 282, no. 2, pp. G390–G396, 2002.

[34] Q. Wang, F. Wang, X. Li et al., “Electroacupuncture pretreat-
ment attenuates cerebral ischemic injury through α7 nicotinic
acetylcholine receptor-mediated inhibition of high-mobility
group box 1 release in rats,” Journal of Neuroinflammation, vol.
9, article 24, 2012.

[35] X. Y. Gao, Y. H. Li, K. Liu et al., “Acupuncture-like stimulation
at auricular point Heart evokes cardiovascular inhibition via
activating the cardiac-related neurons in the nucleus tractus
solitarius,” Brain Research, vol. 1397, pp. 19–27, 2011.

[36] X. Y. Gao, S. P. Zhang, B. Zhu, and H. Q. Zhang, “Investigation
of specificity of auricular acupuncture points in regulation of
autonomic function in anesthetized rats,” Autonomic Neuro-
science, vol. 138, no. 1-2, pp. 50–56, 2008.

[37] I. Tekdemir, A. Asian, and A. Elhan, “A clinico-anatomic study
of the auricular branch of the vagus nerve and Arnold’s ear-
cough reflex,” Surgical and Radiologic Anatomy, vol. 20, no. 4,
pp. 253–257, 1998.

[38] D. Gupta, S. Verma, and S. K. Vishwakarma, “Anatomic basis
of Arnold’s ear-cough reflex,” Surgical and Radiologic Ana-
tomy, vol. 8, no. 4, pp. 217–220, 1986.

[39] D. Engel, “The gastroauricular phenomenon and related vagus
reflexes,” Archiv fur Psychiatrie und Nervenkrankheiten, vol.
227, no. 3, pp. 271–277, 1979.

[40] V. A. Pavlov, H. Wang, C. J. Czura, S. G. Friedman, and K. J.
Tracey, “The cholinergic anti-inflammatory pathway: a miss-
ing link in neuroimmunomodulation,” Molecular Medicine,
vol. 9, no. 5–8, pp. 125–134, 2003.



Hindawi Publishing Corporation
Evidence-Based Complementary and Alternative Medicine
Volume 2012, Article ID 818451, 12 pages
doi:10.1155/2012/818451

Research Article

Inhibition of Activity of GABA Transporter GAT1 by
δ-Opioid Receptor

Lu Pu,1, 2, 3 Nanjie Xu,2 Peng Xia,2 Quanbao Gu,1, 2, 4 Shuanglai Ren,4, 5 Thomas Fucke,1, 6

Gang Pei,2 and Wolfgang Schwarz1, 4, 7

1 Max-Planck-Institute for Biophysics, Max-von-Laue-Straße 3, 60438 Frankfurt, Germany
2 Laboratory of Molecular Cell Biology, Institute of Biochemistry and Cell Biology and Max-Planck Guest Laboratory,
Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences, 320 Yue Yang Road, Shanghai 200031, China

3 Department of Neurobiology and Behavior, Center for the Neurobiology of Learning and Memory, University of California,
Irvine, CA 92697, USA

4 Shanghai Research Center for Acupuncture and Meridians, 199 Guoshoujing Road, Shanghai 201203, China
5 NingXia Key Lab of Cerebrocranial Disease, Ningxia Medical University, 1160 Shengli Street, Ningxia Hui Autonomous Region,
Yinchuan 750004, China

6 Central Institute of Mental Health, BCCN Heidelberg-Mannheim, J5, 68159 Mannheim, Germany
7 Institute for Biophysics, Goethe-University Frankfurt, Max-von-Laue-Straße 1, 60438 Frankfurt, Germany

Correspondence should be addressed to Wolfgang Schwarz, schwarz@biophys.eu

Received 11 September 2012; Revised 4 November 2012; Accepted 4 November 2012

Academic Editor: Ying Xia

Copyright © 2012 Lu Pu 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.

Analgesia is a well-documented effect of acupuncture. A critical role in pain sensation plays the nervous system, including the
GABAergic system and opioid receptor (OR) activation. Here we investigated regulation of GABA transporter GAT1 by δOR in
rats and in Xenopus oocytes. Synaptosomes of brain from rats chronically exposed to opiates exhibited reduced GABA uptake,
indicating that GABA transport might be regulated by opioid receptors. For further investigation we have expressed GAT1 of
mouse brain together with mouse δOR and μOR in Xenopus oocytes. The function of GAT1 was analyzed in terms of Na+-
dependent [3H]GABA uptake as well as GAT1-mediated currents. Coexpression of δOR led to reduced number of fully functional
GAT1 transporters, reduced substrate translocation, and GAT1-mediated current. Activation of δOR further reduced the rate of
GABA uptake as well as GAT1-mediated current. Coexpression of μOR, as well as μOR activation, affected neither the number of
transporters, nor rate of GABA uptake, nor GAT1-mediated current. Inhibition of GAT1-mediated current by activation of δOR
was confirmed in whole-cell patch-clamp experiments on rat brain slices of periaqueductal gray. We conclude that inhibition of
GAT1 function will strengthen the inhibitory action of the GABAergic system and hence may contribute to acupuncture-induced
analgesia.

1. Introduction

Neurotransmitter transporters play a key role in the regu-
lation of synaptic transmission. Glutamate and GABA are
the dominating excitatory and inhibitory neurotransmitters
in the mammalian brain, respectively. The predominate
transporters controlling glutamate and GABA in the CNS
are the excitatory neurotransmitter transporter EAAC1 [1–
3] and the GABA transporter GAT1 [4].

It is generally accepted that pain sensation can be
suppressed by acupuncture and that regulation of the glu-
tamatergic and the GABAergic systems is involved in

pain sensation [5]. Inhibition of the excitatory glutamater-
gic system and stimulation of the inhibitory system will
contribute to analgesia. It could be demonstrated that
inhibition of excitatory amino acid (EA) receptors [6, 7]
and stimulation of GABA-A and GABA-B receptor [5, 8]
resulted in pain suppression. Indirect reduction of EA-
receptor activity may also be achieved by reduced gluta-
mate concentration in the synaptic cleft, and reduction
of glutamate concentration can be achieved by stimulat-
ing EAAC activity [9, 10]. In analogy to stimulation of
EAAC1, we may expect for the GABAergic system that
inhibition of the GABA transporter will result in elevation
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of GABA concentration in the synaptic cleft and hence in
stimulation of GABA receptor activity; this could contribute
to increased inhibitory synaptic transmission and also to
reduced pain sensation. Indeed, experiments with transgenic
mice with knockout or overexpressed GABA transporters
GAT1 have demonstrated that the GAT1 is correspondingly
involved in pain sensation [11]. In these experiments it
could also be shown that application of GAT1-selective
inhibitors, ethyl nipecotate and NO-711, led to analgesia.
Though GAT1 is the dominating neuronal GABA trans-
porter, involvement of nonneuronal transporters cannot be
excluded.

GAT1 belongs to a family of secondary active systems
(see [12]) that are driven by electrochemica1 gradients
for Na+ and Cl−. The transport of one GABA is coupled
to the cotransport of two Na+ and one Cl− [13–18].
As a consequence of the stoichiometry, the translocation
of GABA across the cell membrane is associated with a
current that can be measured under voltage clamp. In the
absence of GABA, the transport cycle is not completed,
but transient charge movements can be detected; they
reflect extracellular Na+ binding within the electrical field
preceding binding of GABA [19–22]. The GAT1-mediated
steady-state current, on the other hand, often reflects only
in part the translocation of GABA; another component
of GAT1-mediated current represents uncoupled flow of
ions through a channel-like mode (see, e.g., [15, 18,
23]).

It was shown previously [24] that acupuncture leads
to activation of enkephalinergic neurons and release of
endogenous morphines, the endorphins. Activation of opi-
oid receptors has also been shown to regulate pain sensation,
and the role of δOR in pain modulation is intriguing [25,
26], Importantly, δOR has been found to be increasingly
targeted to the plasma membrane in the spinal cord dorsal
horn in inflammation [27]. Loss of synaptic inhibition
including GABAergic inhibition in the spinal dorsal horn
is considered to contribute significantly to several forms
of chronic pain [8, 28], and regulation of GABA trans-
portation has been shown to control pain sensation [11,
29]. Since control and termination of synaptic activity
play important roles in physiological and pathophysiolog-
ical brain functions, regulation of the GABA transporter,
which controls the dominating inhibitory transmitter in
extracellular space, is a crucial mechanism to regulate neural
circuits.

In the present study, potential effects of opiates on GABA
transporter were examined, and we found that chronic
exposure of rats to morphine reduced GABA uptake into
synaptosomes. We have previously shown [9] that the gluta-
mate transporter EAAC1 is downregulated by intermolecular
interaction with the Gi-protein-coupled δ-opioid receptor
of mouse (δOR) [30] and that this inhibitory interaction
is counteracted by activation of the δOR [9]. In the work
described here, we present evidence that the δOR interferes
with functional surface expression of the GABA transporter
GAT1 and that δOR activation results in reduced activity of
the GAT1.

2. Materials and Methods

2.1. Experiments on Animals and Synaptosomes. For studying
effects of opiates in animal experiments, male Sprague-
Dawley rats (200–220 g, Laboratory Animal Center, Chinese
Academy of Sciences, Shanghai, China) were used. All
experiments were carried out strictly in accordance with the
National Institutes of Health Guide for the Care and Use of
Laboratory Animals.

Rats were exposed to opioids by s.c. injection of mor-
phine (10 mg/kg) twice per day at 12 h intervals for a period
of 10 days as described recently [31, 32]. Control rats were
treated similarly, except saline was used throughout. After
decapitation of rats, the brains were removed and cooled
briefly in chilled balanced salt solution (in mM): 126 NaCl,
5 KCl, 1.25 NaH2PO4, 10 glucose, 25 NaHCO3, 2 CaCl2,
and 2 MgSO4, (pH 7.4). Thereafter, hippocampi were rapidly
dissected. Hippocampi express both GAT1 [33] and δOR
in GABAergic cells [34]. Subcellular fractions were prepared
according to standard methods as described previously [35].
The purified synaptosomes were from P2 fraction of the
brain lysate [36].

GABA uptake of synaptosomes was initiated by adding
4 nM [3H]-GABA (Amersham Pharmacia Biotech, Bucking-
hamshire, UK) and 30 μM unlabeled GABA in a final volume
of 500 μL KRH (Krebs Ringer’s/HEPES) medium [37]. After
incubation at 37◦C for 5 min, the uptake was terminated by
filtration on a GF/C filter (Whatman) under vacuum, and
the filter was washed five times with 10 mL of cold KRH
medium. Finally, filters containing synaptosomal particles
or neuronal lysates were processed for scintillation counting
(Beckman Instruments, Torrance, CA). Nonspecific uptake
was determined using Na+-free media to block GABA
transport.

2.2. Experiments on Oocytes. Xenopus oocytes were obtained
as described previously (see, e.g., [38]). Full-grown pro-
phase-arrested oocytes were injected with cRNA for GAT1
or/and δOR of mouse brain or μOR of rat brain, or for
the rat α2β Na+, K+ pump. cDNA for GAT1 was kindly
provided by Dr. Jian Fei (Shanghai, Tongji University). The
cells together with noninjected control oocytes were stored
at 19◦C in oocyte Ringer’s solution (ORi (in mM): 90
NaCl, 2 KCl, 2 CaCl2, 5 MOPS (adjusted to pH 7.4 with
Tris)) containing 70 mg/L gentamicin. The agonist of δOR,
[d-Pen2,5]-enkephalin (DPDPE), the agonist [d-Ala2,N-Me-
Phe4,Gly5-ol]-enkephalin (DAMGO) of μOR, and the gen-
eral opioid receptor antagonist naloxone (Sigma) were added
at the respective concentrations to ORi. Experiments were
performed at room temperature (about 22◦C) after 3–5 days
of incubation.

Membrane currents were recorded under conventional
two-electrode voltage clamp (TurboTec, NPI, Tamm, Ger-
many) during rectangular 200 ms voltage-clamp pulses
(from −150 to +30 mV in 10 mV increments that were
applied from a holding potential of −60 mV (see, e.g., [39]).
Voltage dependencies of steady-state and transient mem-
brane currents were analyzed [21]. Steady-state current was
determined at the end of the voltage pulses (averaged during
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the last 20 ms), and transient currents were analyzed from the
entire time course during the respective voltage step.

GAT1-mediated currents were calculated as the differ-
ence of current in the presence and absence of GABA.
Current values determined before and after the application
of GABA were averaged to correct for small drifts with time.

To determine maximum transport activity, uptake of 3H-
labeled GABA (Amersham, Braunschweig, Germany) was
measured at 90 mM external Na+ as describe previously
[21] using a total concentration of 100 μM GABA. The
number of Na+, K+ pump molecules in the oocyte surface
membrane was determined by [3H]-ouabain binding; the
oocytes were preloaded with Na+ by incubating the cells
for 40 min in solution that had the following composition
(in mM): 110 NaCl, 2.5 sodium citrate, and 5 MOPS
(adjusted to pH 7.6). In the loaded oocytes, intracellular
activity of Na+ was about 80 mM after 40 min of incubation
as measured by Na+-selective microelectrodes [40]. The
number of ouabain binding sites on the oocyte surface
was determined in K+-free ORi solution containing 2.5 μM
[3H]ouabain (0.86 TBq/mmol, New England Nuclear) and
2.5 μM of cold ouabain at room temperature [38].

2.3. Experiments on Brain Slices. Neonatal Sprague-Dawley
rats (10–20 days) were anaesthetized with ether, decapitated
and horizontal midbrain slices containing the periaqueductal
gray (PAG) were cut (350 μm) in ice-cold (4◦C) artificial
cerebrospinal fluid (ACSF), and the composition of the ACSF
was in mM as follows: NaCl 124, KCl 3.0, NaH2PO4 1.25,
MgSO4·7H2O 2.5, NaHCO3 26, glucose-H2O 10, and CaCl2
2.0. For recovery the slices were kept at room temperature
(25◦C) in ACSF equilibrated with 95% O2 and 5% CO2 for
∼1 hour. The slices were then individually transferred to a
chamber and superfused continuously with ACSF (31◦C) for
electrophysiological experiments.

PAG neurons were visualized using infrared Nomarski
optics. Whole-cell recordings were made using patch elec-
trodes (4-5 MΩ); the composition of the electrode filling
solution was (in mM) as follows: K-gluconate 95, KCl 30,
NaCl 15, MgCl2 2, HEPES 10, EGTA 11, MgATP 2, and
NaGTP 0.25 (pH 7.3, 280–285 mOsmol/L). Liquid junc-
tion potentials of ∼30 mV were corrected. Series resistance
(∼35 MΩ) was compensated automatically and continuously
monitored. Whole-cell currents were recorded using EPC10
double amplifier (HEKA Instruments), digitized, filtered
(at 2 kHz), and then acquired (sampling at 10 kHz) in
PatchMaster (HEKA Instruments). Steady-state currents
were determined at the end of 200 ms, rectangular voltage-
clamp pulses (from −130 to −30 mV in 10 mV increments,
averaged during the last 20 ms) that were applied from
a holding potential of −60 mV. GAT1-mediated current
was determined as the current component that was inhib-
ited by either 20 μM tiagabine (Biotrend Chemicals AG,
Zurich, Switzerland) or 10 μM NNC711 (Tocris Cookson
Ltd, Bristol, UK). To reduce background contribution of
voltage-gated Na+, Ca2+, and K+ channels, all bath solutions
contained 300 nM tetrodotoxin, 10 μM CdCl2, and 20 mM
tetraethyl ammonium chloride, respectively.

2.4. Western Blot. Yolk-free homogenates of oocytes were
prepared 3 days after the injection of cRNA as described
previously [41] and by passing the oocytes through 200-μL
Eppendorf pipette tips in homogenization buffer (in mM:
20 Tris-HCl (pH 7.4), 5 MgCl2, 5 NaH2PO4, 1 EDTA, 100
NaCl, 10 KCl, 1 DTT, and 1 PMSF, and 5 μg/mL of each
of leupeptin, pepstatin, and antipain). Twenty-microliter
aliquots of the yolk-free homogenates were electrophoresed
on SDS-PAGE. Proteins from nonstained gels were elec-
trophoretically transferred on nitrocellulose membrane for
western blot. The primary antibody against GAT1 from
rabbit (Chemicon Int. AB1570 W) was applied overnight
at 4◦C. The secondary antibody against GAT1 from rabbit
(abcam. ab426) was applied at room temperature for 1 hr.
Band intensities were quantified using ImageJ software.

3. Results

3.1. Exposure of Rats to Morphine Results in Reduced Rate
of GABA Uptake. Rate of GABA uptake was determined
in synaptosomal preparations of hippocampus of rats that
were chronically treated with morphine (Figure 1). Rats were
injected twice a day with morphine over a period of 10 days,
and GABA uptake into the synaptosomes was significantly
reduced 12 h after termination of the morphine treatment
compared to untreated controls. Acute injection of morphine
(1 h before sacrifice) further decreased the uptake activity.
This additional effect of morphine could completely be
prevented by the simultaneous use of naloxone, an opioid
receptor antagonist, indicating that the acute morphine
treatment downregulated GABA transporter activity as a
result of activation of opioid receptors.

Among the several canonical opioid receptors, μOR
has the highest affinity with morphine [42]; studies with
μOR knockout mice also show that μOR is necessary
for morphine-induced analgesia and other symptoms [43].
However, at a relatively high concentration, morphine could
bind to all three opioid receptors, μOR, δOR, and κOR
[44]. In addition, a minor morphine metabolite, morphine-
6-glucuronide, showed higher affinity to δOR and lower
affinity to μOR, compared to that of morphine in rodents
and human [42].

While μOR is constitutively expressed at surface mem-
brane, several studies have shown that the surface expression
of δOR is regulated by inflammation, drug exposure, or
stimulation [27, 45, 46]. Notably, the physical interactions
between μOR and δOR may contribute to long-term changes
of morphine-induced analgesia [44, 45]. We reasoned that
the changes of either μOR or δOR signaling cascades might
be responsible for acute and chronic morphine-induced
GABA uptake inhibition. Therefore, we next examined the
interaction between GAT1 and μOR or δOR using oocyte as
a simplified and well-controlled system.

3.2. Effect of Opioid Receptor Coexpression on Rate of
GABA Uptake. To investigate regulation of GAT1 by opioid
receptor, we used the Xenopus oocytes with heterologously
expressed GAT1 and opioid receptor as a model system.
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Figure 1: Effect of chronic morphine treatment on GABA uptake
activity in rats. Uptake activity was measured in synaptosomes of
untreated rats (control) and of rats after 10 days of morphine
injection twice a day (hatched bars). Data were normalized to the
rate of uptake into synaptosomes of controls. For treated rats, rate
of GABA uptake was determined 12 hr after the termination of
treatment (morphine), with an additional injection of morphine
(s.c. 10 mg/kg) 1 hr before sacrificing (morphine + morphine)
or with an additional injection of both morphine and naloxone
(i.p. 2 mg/kg) 1 hr before sacrificing (morphine + morphine +
naloxone). ∗P < 0.05, ∗∗P < 0.01 compared to data from control
animals; n = 5 in each group. Error bars represent SEM.

Functional GABA transporters incorporation into the oocyte
membrane was verified by detection of Na+-dependent
uptake of [3H]GABA at a saturating GABA concentration
of 100 μM [14, 19]. Only oocytes with heterologously
expressed GAT1 showed significant [3H]GABA uptake (see
Figure 3(a)). When GAT1 and the δOR of mouse brain
were coexpressed in Xenopus oocytes by coinjection of cRNA
for GAT1 (40 ng) and different amounts for δOR (0, 5,
10, 20, 40 ng), increasing amounts of the coinjected cRNA
of δOR led to decreased rate of GAT1-mediated GABA
uptake (Figure 2); the dependency was arbitrarily fitted
by

Rate = Kn
1/2

Kn
1/2 + [cRNAδOR]n

(1)

with half-maximum inhibition of the rate at K1/2 = 10.7 ng
and n = 1.7. Corresponding amounts of cRNA for the
rat Na pump, rα2β, had no significant effect on the GAT1-
mediated uptake (Figure 2). To rule out the possibility that
expression of δOR in the oocytes may affect translation of
other proteins that regulate membrane protein expression,
we injected oocytes different amounts of cRNA for δOR
together with cRNA for the rat α2β Na+ pump (40 ng).
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Figure 2: Dependence of GAT1-mediated rate of [3H]GABA
uptake on different amounts of coinjected cRNA. For cRNA of
δOR (filled squares) or rα2β pumps (filled circles), the amount of
injected cRNA for GAT1 was 40 ng. Data were normalized for each
batch of oocytes to the respective value obtained from oocytes not
coinjected with cRNA for δOR or rα2β and are presented as means
± SEM from 2 to 3 batches of oocytes (with 8–10 oocytes per batch).
The dependence of rate of GABA uptake on δOR-cRNA was fitted
by (1).

The coexpression of δOR did not affect surface expression
of the pump as judged by [3H]ouabain binding (not illus-
trated). For the experiments described in the following, we
always choose 10 or 20 ng for coinjection of opioid-receptor
cRNA.

The reduced uptake in oocytes expressing both the
GAT1 and the δOR compared to those expressing GAT1
alone cannot be attributed to background activation of
δOR since treatment with the opioid receptor antagonist
naloxone (1 μM) could only slightly reverse the inhibition
(Figure 3(a)). Coinjection of 10 ng cRNA for the μOR instead
of cRNA for δOR had no significant effect on the rate of
GABA uptake (Figure 3(b)). Functional expression of δOR
and μOR was confirmed in the absence of GAT1 activity
by application of 100 nM of the δOR or μOR agonists,
DPDPE or DAMGO, respectively, and by the resulting
activation of the endogenous Ca2+-activated channels (data
not shown, see also [30]); it is worth to mention that the
voltage dependencies of the currents induced by DPDPE
and DAMGO differ from each other indicating that different
signaling pathways are activated.

We further tested the effects of the opioid agonists if
10 ng of cRNA for the respective receptor was coinjected.
Figure 3(b) shows that activation of δOR by 100 nM DPDPE
further reduced the rate of GABA uptake while activation
of μOR by 100 nM DAMGO did not significantly change
transport activity. Since the heterologous expression of GAT1
with δOR, but not μOR, exhibited significant effect on GABA
uptake, we focused the rest of our study on δOR.



Evidence-Based Complementary and Alternative Medicine 5

12

20

17

17

0

0.2

0.4

0.6

0.8

1

1.2
R

at
e 

of
 G

A
B

A
 u

pt
ak

e

GAT1 + δOR GAT1 + δOR +
Naloxone

GAT1Uninjected

∗

(a)

43

19

11

33
31

G
A

T

0

0.2

0.4

0.6

0.8

1

R
at

e 
of

 u
pt

ak
e 

(n
or

m
al

.)

+
10

0
n

M
 D

P
D

P
E

+
10

0
n

M
 D

A
M

G
O

G
A

T
+
δ

O
R

G
A

T
+
μ

O
R

∗

(b)

Figure 3: Effect of opioid receptor coexpression on GAT1-mediated rate of GABA uptake. (a) 40 ng of GAT1 cRNA alone or 40 ng of GAT1
and 20 ng of cRNA for δOR were injected into oocytes. Application of 100 nM naloxone gave slight recovery of GAT1 inhibition by the
coexpressed δOR. (b) 40 ng of GAT1 cRNA alone or 40 ng of GAT1 and 10 ng of cRNA for δOR or μOR were injected into oocytes. The
unspecific rate of uptake was subtracted from the uptake rate of injected oocytes. δOR was activated by application of 100 nM DPDPE, μOR
by 100 nM DAMGO. Data were normalized for each batch of oocytes to the respective value obtained from oocytes not coinjected with cRNA
for δOR and are presented as means of rates of [3H]GABA uptake ± SEM from 2 to 4 batches of oocytes (with 5–10 oocytes per batch),
∗P < 0.05.

3.3. Effect of Opioid Receptor Coexpression on GAT1-Mediated
Steady-State Current. Dependence of GAT1-mediated cur-
rent on membrane potential was determined in voltage-
clamp experiments as the difference of membrane current in
the presence and the absence of 100 μM GABA. Figure 4(a)
shows original current traces before, during, and after appli-
cation of GABA. The steady-state GAT1-mediated current
was reduced in the oocytes expressing GAT1 when 10 ng
cRNA for δOR were coinjected (Figure 4(b)) to a similar
extent as the GABA uptake (compared with Figure 3(b)).
As found for the uptake, activation of δOR by application
of DPDPE (100 nM) led to further inhibition of GAT1-
mediated current by about 50%. Because DPDPE could
induce a Ca2+-dependent current (see above), the effect of
DPDPE on GAT1-mediated current was, therefore, deter-
mined in the presence of DPDPE as the difference of current
in the presence and absence of GABA.

Similar to the findings with the GABA uptake, coex-
pression of μOR had no significant effect on the GAT1-
mediated steady-state current (Figure 4(b)), and activation
of the receptor by 100 nM DAMGO did not significantly
influence the current (Figure 4(c)). Also activation of the
endogenous acetylcholine (ACh) receptor by 100 μM ACh
did not affect the GAT1-mediated current (data not shown).

3.4. Effect of Opioid Receptor Coexpression on GAT1-Mediated
Transient Current. Figure 4(a) illustrates, particularly for
depolarizing potential steps, that in the absence of GABA
a slow transient current was apparent. The amount of the

corresponding charge movements Q associated with the
extracellular Na+ binding [19] was determined by integration
of the transient current signals remaining after subtracting
from the responses in the absence of GABA those in
the presence of GABA [20, 21]. The voltage-dependent
distribution of the charges Q(E) is shown in Figure 5(a) and
can be described by a Fermi equation:

Q(E) = Q−∞ +
Q+∞ −Q−∞

1 + e−z f (E−E1/2)F/RT , (2)

where F, R, and T have their usual meanings, z f represents
the effective valence that is moved during the Na+ binding
step, and E1/2 the midpoint potential. Neither z f nor E1/2

was affected by coexpression and activation of δOR, only
the amount of moved charges became reduced (see Table 1).
From the ratio of total charge Qmax = Q+∞ − Q−∞
and the effective valence z f , the number of functionally
expressed transporters N can be calculated, and the values
are listed in Table 1. The coexpression of δOR obviously led
to a reduction in the number of functioning transporters
by about 30% which can only partially account for the
reduction of GABA uptake (about 70%, see Figure 3(b)) or
of GAT1-mediated current (about 75%, see Figures 4(b) and
4(c)). Also the further inhibition of the current by DPDPE
application (about 50%, see Figure 4(c)) can only partially be
attributed to a reduction in N which amounts to only 25%.

Analysis of the kinetics of the transient currents yields
rate constants k (Figure 5(b)) of the signals that were
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Figure 4: Effects of opioid receptor coexpression on GAT1-mediated current. (a) Current traces in response to rectangular voltage pulses
before, during, and after application of 100 μM GABA to oocytes with expressed GAT1. Effects on the voltage dependence of steady-state
GAT1-mediated currents in oocytes coexpressed with δOR or μOR (10 ng cRNA coinjected) (b) and of their activation by 100 nM DPDPE
or DAMGO, respectively (c). Data in (b) and (c) represent averages ± SEM of at least 6 oocytes.

Table 1: Parameters of (1) fitted to the data shown in Figure 5(a).

Qmax (nC) E1/2 (mV) z f Qmax/z f (N per oocyte) k∗1 (s−1) a1 (mV−1) k∗2 (s−1) a2 (mV−1)

GAT1 73.3
−32.3 1.2

6.1 × 1011 6.8
85.6

7.8
39.5GAT1 + δOR 49.4 4.1 × 1011

3.3 5.4
GAT1 + δOR (1 μM DPDPE) 39.7 3.3 × 1011

obtained by fitting I = Imaxe−kt to the transient signal. The
voltage dependencies of the k values were fitted by

k(V) = k1(V) + k2(V) = k∗1 e
−a1V + k∗2 e

+a2V , (3)

where k1 and k2 represent the forward and backward
rate constants, respectively, of a step associated with the
extracellular Na+ binding (fit parameters, see Table 1). All
datasets could be fitted by the same voltage dependency;
the slowed kinetics on coexpression of δOR was dominated
by the reduced forward rate constant that could account

for reduced rate of GABA transport. Activation of δOR
by DPDPE did not affect the kinetics. Neither the GAT1-
mediated steady-state currents nor the transient charge
movements were significantly affected when the rα2β Na+

pump was coexpressed with the GAT1.
Western blot analysis shows that coexpression of δOR

does not significantly affect the band intensity for GAT1
(Figure 6(a)). If any there may be a slight increase in band
intensity with coexpressed δOR of 7.4 ± 1.9% (Figure 6(b)).
Same loading of the lanes was confirmed by same band
intensities for actin.
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Figure 5: Effects of δOR coexpression and its activation by 100 nM DPDPE on GAT1-mediated transient charge movements. 40 ng of GAT1
cRNA alone or 40 ng of GAT1 and 20 ng of δOR cRNA were injected into oocytes. (a) Voltage dependencies of moved charge in response to
rectangular potential jumps were obtained by integration of the respective transient currents and were fitted by (2) (see lines). (b) The rate
constants were obtained by fitting an exponential to the transient current signal, and the voltage dependencies were fitted by (3) (see lines).
Data represent means ± SEM; n = 6-7 oocytes for each group.
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Figure 6: GAT1 expression in Xenopus oocyte membrane fractions. (a) Lane 1: noninjected oocytes, lane 2: oocytes injected with 40 ng of
GAT1 cRNA and 20 ng of δOR, and lane 3: oocytes injected with 40 ng of GAT1 cRNA alone. The bands at about 60 kDa (see arrow) represent
GAT1 monomers. (b) GAT1 monomer band intensities averaged from 5 batches of oocytes and normalized to the respective batch injected
with cRNA for GAT1 only.

3.5. Activation of δ-Opioid Receptor Inhibits GAT1-Mediated
Current in PAG Neurons. The above data have demonstrated
that δOR interferes with GAT1 activity; in particular, acti-
vation of the opioid receptor inhibits GAT1 function. Since
these effects might be a result of overexpression in the oocyte
model system, we investigated the effect of δOR activation in
brain slices of rat PAG.

Steady-state currents were determined during superfu-
sion of the brain slice with different solutions; in a typical
experiment sequence was

SGABA −→ SGABA+inhibitor −→ SGABA (4)

with SGABA representing solution with GABA and
SGABA+inhibitor solution with additional GAT1-specific
inhibitor tiagabine or NNC711. To determine GAT1-
mediated current, the currents in SGABA before and after
application of the inhibitor were averaged, and the current
in the presence of the inhibitor was subtracted to obtain
the current component sensitive to the specific inhibitor.
Thereafter, solutions in the presence of the δOR against
DPDPE were applied:

SGABA −→ SGABA+inhibitor. (5)
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Figure 7: Effect of δOR activation on GAT1-mediated current in rat brain slices from PAG area. Whole-cell patch-clamp recordings were
performed on PAG neurons superfusing with different solutions. (a) Steady-state current voltage dependencies of a single experiment with
solution sequence as given in the text. The inset shows the GAT1-mediated current determined as tiagabine-sensitive steady-state current.
Open squares represent current in the absence and filled squares in the presence of 100 nM DPDPE. (b) GAT1-mediated current from 5
experiments. Data were normalized to the current at−100 mV in the absence of DPDPE and represent averages (±SEM). The value of “one”
corresponds to 41.4± 20.0 pA.

Correspondingly, the GAT1-mediated current was deter-
mined as the difference of current in the absence and pres-
ence of the GAT1 inhibitor. Figure 7(a) shows an example.
For the GAT1-mediated current averaged data are presented
in Figure 7(b).

The result revealed strong inhibition of GAT1-mediated
current in response to application of the δOR-specific agonist
DPDPE (Figure 7). The nearly complete inhibition of total
GAT1-mediated current indicates that in the brain slices all
transport modes of GAT1 were blocked. Hence, these data on
PAG slices are consistent with the DPDPE-induced reduction
of GAT1-mediated GABA uptake and current observed in
oocytes.

4. Discussion

The discovery that the opioid receptor antagonist naloxone
counteracts acupuncture-induced analgesia [47, 48] led to
the suggestion of the involvement of endorphins. Adminis-
tration of opiates to rats resulted in reduced GABA uptake
in brain as determined from measurements in synaptosomes
(Figure 1). The GABAergic system also plays a critical role
in pain sensation, and in particular inhibition of GAT
in mice has antinociceptive effects and transgenic GAT1-
overexpressing mice are hyperanalgesic [11]. Since the GABA
concentration is controlled to a large extent by the GABA
uptake transporter, we investigated effects of opioid receptor
expression on GAT1 function. To avoid interference with
other GABAergic components, we used the Xenopus oocytes
as an expression system. This was also useful since the

oocytes do not express endogenous functional Na+ channels
that have been demonstrated to be also regulated by δOR
[49].

4.1. Coexpression of δOR Reduces Transport Mediated by
GAT1. Coexpression of the δOR with GAT1 from mouse
brain led to downregulation of GABA uptake in the oocytes
with half maximum inhibition at about 10 ng of cRNA
of δOR (Figure 2); this means at a cRNAδOR/cRNAGAT1

ratio of 0.25. The GAT1-mediated current was also reduced
(Figure 4(b)). The effects of δOR coexpression on GABA
transport cannot be attributed to competition by the coin-
jected cRNAs. Neither the translation machinery nor the
targeting to the surface membrane was a limiting factor.
This became apparent from the observation that GABA
uptake was hardly affected by coexpression of another
membrane protein (Na+ pump), and Na+-pump expression
was not affected by δOR expression (Figure 2). The reduced
transport without activation of δOR cannot be attributed
to a background activity of the receptor since application
of the opioid-receptor antagonist naloxone did not have a
compensating counteractive effect. Only a slightly stimulated
uptake could be detected in the presence of 100 nM naloxone
(Figure 3(a)). δOR seems to directly interfere with the
GAT1 leading to the reduced GABA uptake. This effect
was specific for δOR since coexpression of μOR did affect
neither GAT1-mediated GABA uptake (Figure 3(b)) nor
current (Figure 4(b)); also transport activities of EAAC1 and
the Na, K pump were not affected [9, 50, 51]. Interaction
of membrane receptors with transport systems without
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activation of the receptor was also reported previously.
The glutamate transporter EAAC1 as well as the Na, K
pump showed reduced transporter activity with coexpressed
δOR [9, 50, 51], and for the dopamine transporter DAT
reduced [52] as well as increased [53] uptake was reported
for coexpression with G-protein receptors. This effect was
specific for δOR since coexpression of μOR did affect neither
GAT1-mediated GABA uptake (Figure 3(b)) nor current
(Figure 4(b)); also transport activities of EAAC1 and the Na,
K pump were not affected [9, 50, 51].

The specificity of the effect of coexpression of δOR
on the GABA transporter becomes also apparent from the
observation that targeting of the rat α2β Na+, K+ pumps
to the surface membrane of the oocyte was not affected by
coexpression of δOR (Figure 2). In addition, coexpression
of the rat Na+, K+ pump neither reduced GABA uptake nor
GAT1-mediated current, and the number of transporters was
not significantly affected either (data not shown).

Western blot analysis also demonstrated that coexpres-
sion of δOR did not affect the amount of GAT1 expressed
in the oocytes and targeted to the membrane. Nevertheless,
the number of functioning transporters calculated from the
Qmax value became reduced by about 30% (see Table 1) on
coexpression of δOR. “Functioning transporter” means that
at least Na+ can still bind giving rise to the transient current
signal, but it does not necessarily mean that GABA can be
transported. The inhibition of transport, therefore, might
be attributed to a reduced number of GABA-translocating
GAT1 molecules in the membrane and to a reduced rate
of transport. The reduced apparent affinity for extracellular
Na+ binding (reduced rate of binding and increased rate of
unbinding (Figure 5(b)) supports the view of a contribution
of a reduced turnover rate of the transport cycle.

4.2. Activation of δOR Reduces Transport Mediated by GAT1.
As a supraspinal locus for opioid analgesia PAG exhibits high
abundance of δOR (see, e.g., [54, 55]) and also expression
of GAT1 has been demonstrated [56]. In Xenopus oocytes
with coexpressed δOR and GAT1 activation of δOR by
DPDPE led to further reduction of GAT1-mediated current
(Figure 4(c)) compatible with the finding of reduced GABA
uptake activity (Figure 3(b)). Compared to nonstimulated
δOR, the inhibition of current amounts to 41% and of uptake
to 45%.

Redistribution of transporters between cytoplasmic
membranes and the surface membrane resulting in altered
transport had been attributed to activity of protein kinase
C (PKC) [57]. Opioid receptor activation with activation of
PKC had indeed been observed previously [58, 59]. Hence we
may speculate that the inhibition of GAT1 activity by δOR
activation might be regulated by PKC; an altered GAT1-δOR
interaction might also be considered as had been suggested
for the stimulation of glutamate uptake on activation of δOR
[9]. This of course needs further investigations.

Altered GABA transport as a consequence of activation of
G-protein-coupled receptor has been discussed on the basis
of indirect effects through altered Na+ gradient [60]. Such
a mechanism can be excluded for the oocytes since intra-
cellular Na+ activity hardly changes during an experiment,

and more direct effects (see, e.g., [61]) have to be considered
including the action of protein kinases and phosphatases.
Stimulation of PKC alters GABA uptake by redistribution
of the transporters between intracellular compartments and
the surface membrane [57, 62], but also reduced activity
of the GABA transporter has been observed (Eckstein-
Ludwig and Schwarz (unpublished)). Mechanisms have been
discussed that protein-protein interaction like interaction
with syntaxin A or other adaptor proteins modulates the
GABA transporter [63] that may be modulated by PKC
[64]. Also other transport proteins, channels, G-protein-
coupled receptors, and cytoplasmic proteins [65–68] seem to
be affected by protein-protein interactions.

The inhibition of GAT1-mediated current cannot be
attributed to an overexpression of GAT1 and/or δOR in
the model system “Xenopus oocyte.” This we demonstrated
by patch-clamp experiments on PAG brain slices (Figure 7);
application of the δOR-specific agonist DPDPE resulted in
nearly complete inhibition of tiagabine-sensitive current that
can be considered to be mediated by GAT1. In Xenopus
oocyte activation of δOR did not completely inhibit the
GAT1-mediated current as well as uptake. This may be due
to the ratio of injected cRNA for GAT1 and δOR; we found
(not shown) that the degree of uptake inhibition by δOR
activation increases with lower amounts of injected cRNA for
δOR.

The signaling pathway in the oocytes definitively differs
from that in the brain and might be the reason for the
differently pronounced effects on the GAT1 transport modes.
Our results suggest that stimulation of δOR can modulate
the GAT1 activity. Interestingly, while δOR activation leads
to inhibition of GAT1-mediated current, the glutamate
transporter EAAC1 becomes stimulated [9]. In addition to
this modulation of synaptic transmission, modulation of
neurotransmitter release by stimulation of opioid receptors
has been reported [69, 70].

In the presented work we have demonstrated that GAT1-
mediated transport can be regulated by the G-protein-
coupled δ-opioid receptor in two ways: (1) by modulation of
the number of functional transporters in the membrane and
(2) by modulation of transport activity. These modulations
are dominated by the presence of δOR and by receptor acti-
vation suggesting that direct transporter-receptor interaction
plays the dominating role. Chronic morphine treatment
is known to modulate the surface expression of δOR.
For example, it blocks agonist-induced δOR internalization
[71]. The dynamics of δOR surface expression will thus
regulate GABA transporter activity. Since reduced GABA
reuptake will lead to elevated GABA concentration in the
synaptic cleft, this mechanism may account for the increased
GABAergic activity found in chronic opiate-treated rats and
its role in pain sensation.

5. Conclusion

It has been show previously that Na+ channel inhibition by
δOR activation may contribute to attenuation of disrup-
ture of ionic homeostasis present under hypoxic/ischemic
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conditions [72]. Activation of δOR can stimulate the neu-
rotransmitter transporters EAAC1 [9] and inhibit the neu-
rotransmitter transporter GAT1 (this work). Stimulation of
EAAC1 will lead to reduced concentration of the excitatory
neurotransmitter glutamate in the synaptic cleft and inhi-
bition of GAT1 to elevated concentration of the inhibitory
transmitter GABA. We like to suggest that the acupuncture-
induced elevation of endorphins [24] can contribute to
analgesia by regulation of the dominating excitatory and
inhibitory neurotransmitter transporters by activation of
δOR.
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Objective. Acupuncture points are reportedly distinguishable by their electrical properties. However, confounders arising from
skin-to-electrode contact used in traditional electrodermal methods have contributed to controversies over this claim. The
Scanning Kelvin Probe is a state-of-the-art device that measures electrical potential without actually touching the skin and is
thus capable of overcoming these confounding effects. In this study, we evaluated the electrical potential profiles of acupoints
LI-4 and PC-6 and their adjacent controls. We hypothesize that acupuncture point sites are associated with increased variability
in potential compared to adjacent control sites. Methods. Twelve healthy individuals were recruited for this study. Acupuncture
points LI-4 and PC-6 and their adjacent controls were assessed. A 2 mm probe tip was placed over the predetermined skin site and
adjusted to a tip-to-sample distance of 1.0 mm under tip oscillation settings of 62.4 Hz frequency. A 6 × 6 surface potential scan
spanning a 1.0 cm× 1.0 cm area was obtained. Results. At both the PC-6 and LI-4 sites, no significant differences in mean potential
were observed compared to their respective controls (Wilcoxon rank-sum test, P = 0.73 and 0.79, resp.). However, the LI-4 site was
associated with significant increase in variability compared to its control as denoted by standard deviation and range (P = 0.002
and 0.0005, resp.). At the PC-6 site, no statistical differences in variability were observed. Conclusion. Acupuncture points may be
associated with increased variability in electrical potential.

1. Introduction

One fundamental question remains largely unaddressed in
acupuncture research: what is an acupuncture point? The
answer to this question carries substantial implications for
research and determines the appropriateness of a sham
control, the rationale for employing various techniques

(e.g., electrical stimulation and magnets), and the optimal
point localization techniques for animal models. The proper
characterization of acupuncture points is arguably as critical
to acupuncture research as quality assurances are to botanical
research, yet neither researchers nor clinicians have fully
arrived at a consensus on how acupuncture points should be
defined or localized.
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In the acupuncture community, acupuncture points have
traditionally been viewed as points of distinct electrical
characteristics [1]. This view dates to the 1950s, when Voll
(Germany) in 1953 [2], Nakatani (Japan) in 1956 [3, 4], and
Niboyet (France) in 1957 [5] independently concluded that
skin points with unique electrical characteristics were identi-
fiable and spatially correlated with traditional acupuncture
points. Since then, a number of studies have elaborated
the electrical properties attached to these “bioactive” points
and ascribed these points with increased conductance [6–
8], reduced impedance and resistance, increased capaci-
tance [9–14], and elevated electrical potential compared to
nonacupuncture points [8, 15–17].

For sixty years, these claims have remained unsettled
due, in large part, to confounders inherent to electrodermal
devices relying on electrodes contacted with skin. Con-
founding factors—namely, electrode pressure, choice of con-
tact medium, electrode polarization, and skin moisture—
collectively contribute to measurement variability and sus-
ceptibilities to bias [18]. To overcome these issues, we have
employed a novel Scanning Kelvin Probe to measure surface
electrical potential without actually touching the skin, and
this study represents the first time, to our knowledge, where
this technology has been applied to the study of acupuncture
points in an in vivo human setting. The Scanning Kelvin
Probe relies on capacitive coupling between the probe and
the sample and has been used in metal work function
determination [19–21], dopant profile characterization in
semiconductor devices [22–26], metal corrosion analysis [19,
27], and liquid-air interface characterization [28, 29] with
micrometer scale and millivolt resolution. The theoretical
basis for applying this technology to biological tissue has
been published elsewhere [30].

In this study of 12 healthy subjects, we obtained 1.0 cm ×
1.0 cm scans of surface potential over acupuncture points
LI-4 and PC-6 and their respective, adjacent controls. We
hypothesized that scans of and around the acupuncture
point are associated with increased topographic variability in
electrical potential compared to the scans of adjacent con-
trols. This hypothesis was derived from the theoretical idea
that acupuncture points are electrophysiologically distinct
from their adjoining skin and thus engender greater spatial
variability in electrical potential for a region encompassing
both acupoint and its vicinity.

2. Materials and Methods

2.1. Scanning Kelvin Probe: Setup. The Scanning Kelvin
Probe (SKP5050, Kelvin Probe Technology, Ltd., Wick, UK)
is a state-of-the-art device that measures surface electrical
potential without actually contacting the sample [31]. Its
operation can be grossly summarized as follows (Figure 1): a
probe tip is positioned close to the skin, creating a capacitor;
the probe tip acts as a plate while the skin acts as the
contralateral plate and the potential difference between the
two (VS) generates a charge on the probe tip; the probe tip
oscillates to vary the distance from the skin (d0: tip-to-sample
distance, 2d1: probe oscillation amplitude); since capacitance

++ + + + +

Skin

Vs

Probe tip

d1

d0

Figure 1: Illustration of the Scanning Kelvin Probe arrangement.
The Kelvin Probe tip is maintained over the skin at a distance of
d0 to create a capacitor arrangement. Due to the intrinsic potential
differences between the tip and the skin (VS), charges accumulate
at the tip once a closed circuit is established. The tip oscillates at
an amplitude of d1 which generates a current through the Scanning
Kelvin Probe circuit.

is inversely related to distance, the oscillation changes the
capacitance and alters the charge on the probe tip; this
generates a measurable current (approximately around 10−9

amperes) which is used to calculate the potential difference
between the tip and sample; with a constant work function
seen with the metallic tip, the skin surface potential can
be determined. Our Scanning Kelvin Probe has the added
capabilities of (1) calculating the tip-sample distance within
an accuracy of ∼1µm and (2) scanning the surface to
produce a two-dimensional potential profile [32, 33].

The probe tip is circular, 2 mm in diameter, and com-
posed of stainless steel. Preliminary studies revealed that
biological potential measurements with the steel tip were
not sensitive to modest shifts in temperature (±10◦F) or
humidity (±5%). The tip oscillated at a frequency of 62.4 Hz
and an amplitude of 70 µm. The probe tip was set at a
constant “gradient” of 210 corresponding to a tip-to-sample
distance of approximately 1.0 mm. The “gradient” is a Kelvin
Probe measurement that is inversely proportional to the
distance squared and is derived from applying a variable
backing potential to the tip. A detailed description of this
parameter and its derivation is described elsewhere [30, 31].
Data was acquired at a rate of 13,500 Hz, gain of 5, and
averaging of 10 to extract the surface electrical potential as
previously described [31].

Because the Kelvin Probe is very sensitive to ambient
electric fields, a Faraday cage composed of fine copper
mesh (16-mesh, TWP Inc., Berkeley, CA) was fabricated and
used to enclose the Kelvin Probe head unit and automatic
motor scanner unit, along with the subject’s hands and
wrists. All conductive materials within the Faraday cage were
grounded to an isopotential level using conducting wires
connected to a central grounding unit. Insulating materials
were either removed or, if required, sprayed with antistatic
spray. Furthermore, testing was completed in an electrically
shielded room located within the CRC Biomedical Imaging
Core at the MGH Charlestown campus. The complete Kelvin
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Probe unit was rested on a large 30′′ × 36′′ Vibration
Isolation Workstation (KSI Model number 910R-01-45,
Kinetic Systems Inc., Boston, MA) to minimize noise arising
from mechanical disturbances.

2.2. Recruitment. Twelve healthy subjects (5 females, 7
males) were recruited to participate in the study. Participants
were recruited via postings in Craigslist (http://www.craig-
slist.org). “Healthy” was defined as absence of a chronic
medical condition requiring daily medications (e.g., hyper-
tension, diabetes, hypothyroidism, etc.). Individuals with
autonomic disorders (sweating irregularities), skin disorders,
extensive burns/scars on the hand, tremors, neuromuscular
conditions, restless leg syndrome, movement disorders, and
implanted cardiac defibrillator/pacemaker were excluded.
The subjects’ mean age was 33.7 ± 9.8 (±SD) years. Demo-
graphic representation was 7 non-Hispanic White, and 5
Asian.

This study was reviewed and approved by the Insti-
tutional Review Board at Partners Healthcare. Each study
participant read and signed an informed consent form.

2.3. Scanning Measurements. Study volunteers were asked to
sit motionless while their wrist and hand were secured with
grounding straps to the optical breadboard that served as the
base for the Kelvin Probe unit. Because hair may interfere
with voltage measurements, each tested site was previously
naired to remove all hair within the region. A silver/silver
chloride strip electrode (EL-506, Biopac Inc., Goleta, CA)
with conductive electrode gel was placed on the ulnar aspect
of the forearm approximately 5 cm proximal to the wrist
joint. This electrode served as both ground and reference
electrode and was intentionally placed close to the test
sites to minimize incorporation of physiological electrical
activity (e.g., muscle or electrocardiographic) arising from
the intervening spaces.

The arm was placed either in a supinated or pronated
position depending on the site being evaluated. The hand or
wrist was positioned in a way that would keep the surface
as flat as possible with respect to the Kelvin Probe tip. In
each of the 12 subjects, two acupoints, LI-4 and PC-6, and
their corresponding control points were tested. LI-4 was
located on the dorsum of the hand, between the first and
second metacarpal bones, at the midpoint of the second
metacarpal bone and close to its radial border [34]. Its
control was exactly 1 cm ulnar to LI-4. PC-6 was located on
the flexor aspect of the forearm, 2 cun (a unit of proportional
measurements used in acupuncture practice) proximal to the
wrist crease and between the tendons of palmaris longus
and flexor carpi radialis [34]. Its control was located at
either 1 cm radial (7 subjects) or 1 cm ulnar to the point (5
subjects). The radial control was employed for the first seven
subjects but switched subsequently to the ulnar control after
realizing that the radial control coincided with Japanese-style
localization of PC-6. The order of testing by laterality (left
versus right), test region (dorsum of the hand versus volar
aspect of forearm), and point classification (acupuncture
point versus control) was randomized.

Once an acupuncturist identified the points, the corner
edges of a 1.0 cm × 1.0 cm square region were marked,
centered over the point. The tip was placed over one of the
corners and scanning was performed sequentially by rows.
The probe was moved with 2 mm intervals to create a 6 × 6
topographic matrix of the surface electrical potential. At
each point, a total of 50 electrical potential measurements
were acquired continuously to optimize the signal-to-noise
ratio, corresponding to a standard error of 6–8 mV per point.
After obtaining 50 measurements at a point, the tip was
subsequently moved over an adjacent scan point to acquire
another set of measurements. These potential measurements
were acquired under a “Tracking” algorithm where data
were only recorded within a specified range of “gradient,”
a marker for probe-to-sample distance. The SKP5050 was
equipped with a vertical motor that automatically corrected
for any deviations from the desired gradient. Each scan of
a test site took approximately 20–25 minutes to perform,
corresponding to approximately 35 seconds over each point.

2.4. Calculations and Statistical Analyses. Topographic maps
of electrical potentials were obtained by averaging the
50 electrical potential measurements associated with each
matrix point. The maps were displayed as a 3-D surface
map using Matlab (version 2011b, Mathworks, Natick, MA)
to identify any overall electrical potential patterns. In some
instances, a consistent elevation or decrease (greater than
50–100 mV) in electrical potential was identified at a matrix
point and correlated with subjective sensations of light touch
and with the existence of small hairs incompletely removed
by Nair. These data points were removed from analyses.

The mean, standard deviation, and range (highest minus
smallest potential value) of electrical potential measurements
associated with each square scan were calculated, and the
Wilcoxon rank sum-tests (Matlab 2011b) were performed to
evaluate differences in these variables between acupuncture
points and their respective controls.

3. Results

Representative topographic scans of electrical potentials at
LI-4 and their corresponding adjacent controls are displayed
in Figure 2. Figure 3 shows representative scans of PC-6 and
their respective controls. Although a single, coherent peak in
potential is seen in several LI-4 topographic scans, no such
clear-cut patterns were seen at other sites—including PC-6.

As seen in Table 1, the mean potentials at LI4 and PC6
sites were not statistically different from their respective
controls (Wilcoxon rank-sum, P = 0.73 and 0.79, resp.).
The variability in electrical potential—as evident by both the
standard deviation and the range—was significantly increased
at LI-4 site compared to its control (P = .002 and 0.0005,
resp.). Except for one subject, every tested individual had
greater standard deviation in potential at LI-4 site compared
to its control, whereas all individuals were found to have
greater range in electrical potential at LI-4 sites. At PC-6
and PC-6 control sites, on the other hand, no statistical
differences in variability were observed (P = 0.27 for
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Figure 2: Topographic maps of electrical potential at LI-4 and control sites. Representative topographic maps from two subjects are shown
here. Images on the left correspond to LI-4 while the images on the right correspond to LI-4 Control. The top images are derived from
Subject number 1 and the bottom images are from Subject number 5. For each scan, a color bar is included to display electrical potential
magnitudes.

standard deviation and P = 0.20 for range). The location of
PC-6 controls (radial versus ulnar) had no effect on the study
results as no differences in potential variability were seen in
either comparisons.

In general, the Scanning Kelvin Probe revealed a not
insignificant amount of spatial variability in electrical poten-
tial within each 1 cm2 area. The average difference between
the highest and lowest potential within each site was 50 to
80 mV and was found to be as large as 150 mV at some sites.

4. Discussion

This is the first study, to our knowledge, where the
electrical properties of acupuncture points were evaluated
using a noncontact method. Our approach differs from
previous studies in two fundamental ways: first, electrical
measurements were obtained without the requirement of an
active skin electrode, and second, the Kelvin Probe measures
electrical potential in contrast to the more common electrical

impedance acquired in other electrodermal studies. These
distinctions are associated with several notable advantages
and disadvantages.

By obtaining electrical potential without contacting the
sample, the Scanning Kelvin Probe bypasses the electrode-
skin confounders that plague most, if not all, existing
electrodermal devices. The Kelvin Probe is not limited by
variable ion accumulation at the electrode, microscopic
irregularities of the electrode surface, the effects of contact
medium, the variability in mechanical pressure, or the influ-
ence of stratum corneum moisture on electrical measures.
Moreover, by hovering over the skin surface, the probe tip
is capable of scanning the area using a motorized raster unit
while maintaining a steady tip-to-sample distance with µm
resolution based on a validated Baikie method [31, 33].

However, by virtue of its noncontact approach, the
Kelvin Probe is also susceptible to ambient field effects and
movement artifacts. Our apparatus involved an electrically
shielded room, a local Faraday cage, electrical grounding
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Table 1: Topographic characteristics of electrical potential scans.

Location
Scan parameters

Mean (mean ± SE, mV) Standard deviation Range (mean ± SE, mV)

Dorsal hand

LI-4 135.1 ± 24.2 18.7 ± 1.8 80.8 ± 9.2

LI-4 control 139.0 ± 24.8 12.5 ± 0.9 52.7 ± 4.8

P value 0.73 0.002 0.0005

Volar wrist

PC-6 138.1 ± 29.3 16.2 ± 2.8 66.0 ± 9.2

PC-6 control 138.4 ± 34.8 17.4 ± 1.7 76.1 ± 7.9

P value 0.79 0.27 0.20

of all proximate conductive material, strapping of the hand
and wrist to the base board, and a large vibration isolation
workstation to attenuate any mechanical perturbations. Even
under such controlled conditions, the signal-to-noise ratio
was such that numerous potential measurements at each
matrix point were required to obtain a sufficiently precise
measurement for the purpose of this study. As a consequence,
each topographic scan required at least 20 minutes of
recording to be completed. In that interim, the wrist and
hand could have unwittingly moved and, in few subjects,
displaced as much as 6 mm in either longitudinal or lateral
directions (although most individuals were able to maintain
the position within a 2 mm range).

The volar aspect of the wrist—PC-6 site and its control—
in particular, was prone to these movement artifacts since
the fully supinated position was more difficult to maintain
than the pronated position and the region was frequently
traversed by superficial veins that led to slower acquisition
of data (interestingly, the respiratory and cardiac mechanical
pulsations in the veins could be observed with the Kelvin
Probe). These factors may account for why the PC-6 site
did not demonstrate a statistical difference compared to
its neighboring control. Temporal changes in skin potential
over the 20 minute interval may also account for our study
results, although ongoing studies with a larger 5 mm tip have
demonstrated no substantial change in surface potential over
a 40-minute period.

Acquisition of surface electrical potential with the Kelvin
Probe has a number of advantages. Without relying on
intercalating dyes, strong electrical fields, ionizing beams,
or penetrating needles, the Kelvin Probe is well-suited
for in vivo use. Rather than perturbing the system with
substantial electrical currents, as is done in most electrical
impedance approaches, surface potential techniques, such
as the Scanning Kelvin Probe, introduce little-to-no current
and therefore have the theoretical capacity to capture the
native and uninhibited endogenous functions of the body.
For these reasons, it is not surprising that prior attempts
have been made to measure electrical potentials on and
around acupuncture points. A total of four studies within
the English literature reported that the electrical potential
at acupuncture points were, on average, 5 to 100 mV more
positive than adjacent skin areas [8, 16, 17, 35]. The non-
English literature also agreed with this relative direction in

potential [17, 36]. Our study, in contrast, identified no such
consistent relationship and found no statistical differences
between mean potentials at acupuncture point and adjacent
control sites. Importantly, these prior studies were largely
anecdotal in nature and did not have control sites, did not
perform statistical analyses, and did not account for skin-
electrode factors—such as ionization and redox potentials—
that can still confound potential measurements.

The functional significance of the increased variability
in electrical potential at LI-4 sites is unclear. Unlike elec-
trical impedance, the physiological factors underlying skin
potential measurements have not been fully elaborated and
present a significant limitation in our ability to interpret the
data. Recent advances in wound healing research, however,
have provided some important insights by revealing that a
transepithelial potential gradient exists in both amphibian
and mammalian skin [37]. Sodium and potassium ions
are selectively transported by ion pumps to the inner
extracellular layer (i.e., dermal side of the epidermis), while
chloride ions are passively transported to the external surface
of the skin [38, 39]. This charge separation generates a
transepithelial electrical potential that is maintained by
apical tight junctions between the outer epidermal cells. In
mammalian skin, this transepithelial potential is approx-
imately 70 mV in magnitude—the outer epidermis being
more electronegative compared to inner epidermis [40].
Interestingly, this is within the same magnitude of potential
changes seen across a 1 cm2 span of skin, and it is conceivable
that variations in ion pump activities within the epidermis
can account for the increased spatial variability in potential
seen at LI-4 sites. Certainly, topical applications of pump and
channel inhibitors (e.g., amiloride and tetrodotoxin) can be
used in future studies to test this hypothesis [41].

This study has a number of limitations. First, as previ-
ously stated, the Kelvin Probe is sensitive to ambient field and
physical movement artifacts, and potential measurements
were affected by superficial structures such as hairs and
subcutaneous veins. Second, the prolonged scan time for
each site may predispose the topographic map to a number
of unintended effects, including lateral displacement of the
hand/wrist, changes in local circulation, and subject fatigue.
Third, our decision to utilize 2 mm tips and to scan 1.0 cm
× 1.0 cm area may be either too small or too large for the
purposes of evaluating an acupuncture point. Future studies
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Figure 3: Topographic maps of electrical potential at PC-6 and control sites. Representative topographic maps from two subjects are shown
here. Images on the left correspond to PC-6 while the images on the right correspond to PC-6 control. The top images are derived from
Subject number 2 and the bottom images are from Subject number 4. For each scan, a color bar is included to display electrical potential
magnitudes.

should consider evaluating larger scan areas with our present
tip or smaller scan areas with smaller tips. Lastly, despite
using well-described anatomic landmarks for identifying
acupuncture points, we may have incorrectly identified the
location of the acupuncture points. Although the scan area
provides some level of flexibility, it is worth noting that
the exact locations of PC-6 and LI-4 acupuncture points,
themselves, are still to some degree disputed. Some of our
PC-6 control sites, for instance, can be arguably located on
the Japanese-acupuncture-defined PC-6.

Despite these limitations, this study identified a nearly
universal increase in variability of potential at LI-4 site
compared to its control and provided, for the first time,
data on the spatial distribution of in vivo electrical potential
on intact human skin using a noncontact approach. Future
Kelvin Probe studies may consider evaluating the temporal
variability of the electrical potential and the electrical
field strength over acupuncture points and corresponding
controls.

5. Conclusion
The Scanning Kelvin Probe revealed no differences in average
electrical potential between acupuncture point and adjacent
control sites, but showed a significant increase in variability
at the LI-4 area compared to its adjacent control. No such
differences were seen at PC-6. The Scanning Kelvin Probe
is a promising, novel technology for evaluating in vivo skin
potentials. Although this application of the Scanning Kelvin
Probe is in its early stages, future advances may help yield
important insights about the nature of acupuncture points.
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Using information from the deep dissection, microobservation, and measurement of acupoints in the upper and lower limbs of
the human body, we developed a three-dimensional porous medium model to simulate the flow field using FLUENT software and
to study the shear stress on the surface of interstitial cells (mast cells) caused by interstitial fluid flow. The numerical simulation
results show the following: (i) the parallel nature of capillaries will lead to directional interstitial fluid flow, which may explain the
long interstitial tissue channels or meridians observed in some experiments; (ii) when the distribution of capillaries is staggered,
increases in the velocity alternate, and the velocity tends to be uniform, which is beneficial for substance exchange; (iii) interstitial
fluid flow induces a shear stress, with magnitude of several Pa, on interstitial cell membranes, which will activate cells and lead
to a biological response; (iv) capillary and interstitial parameters, such as capillary density, blood pressure, capillary permeability,
interstitial pressure, and interstitial porosity, affect the shear stress on cell surfaces. The numerical simulation results suggest that
in vivo interstitial fluid flow constitutes the mechanical environment of cells and plays a key role in guiding cell activities, which
may explain the meridian phenomena and the acupuncture effects observed in experiments.

1. Introduction

Interstitial fluid flow is the movement of fluid through the
extracellular matrix of tissues, often between blood and
lymphatic vessels. This flow provides a necessary mechanism
for transporting large proteins through the interstitium and
constitutes an important component of microcirculation
[1]. Apart from its role in mass transport, interstitial fluid
flow also provides a specific mechanical environment that is
important for the physiological activities of interstitial cells
[2, 3]. Several in vitro experiments showed that interstitial
fluid flow was very important for cell activities and that
a flow of μm/s magnitude induced physiological responses
from cells [4–8]. In vitro numerical simulations of how the
architecture of extracellular fibers affects the shear stress on
cell membranes also showed that interstitial fluid flow is
important to the fluid force on a cell imbedded in a 3D
matrix [9, 10]. Blood flow plays an important role in guiding
the physiological activities of endothelial cells (ECs) and
smooth muscle cells (SMCs) and during bone remodeling
[11–13]. However, studies of the effect of interstitial fluid

flow on interstitial cells (mast cells) are rare. Mast cells are
a type of immune cell found in connective tissues. When
mast cells are stimulated, they release chemical mediators
from their cellular granules into the extracellular matrix and
initiate a series of biological responses; many of the responses
are correlated with acupuncture effects [14].

Until now, there were no direct in vivo measurements of
interstitial fluid flow, and information regarding interstitial
fluid flow has only been inferred from other possibly corre-
lated measurements. For example, Li et al. visualized regional
hypodermic migration channels in the interstitial fluid of
humans using magnetic resonance imaging (MRI) [15].
These channels were different from those of lymphatic or
blood vessels and partially coincided with the characteristics
of meridians. It is believed that interstitial fluid flow can be
used to help illustrate the modern physiological mechanism
of meridians. In another experiment, nuclide was injected
into the “Taiyuan” acupoint of a recently deceased monkey
(within a half hour of death). No transmission track was
found along the meridian, but a track appeared when saline
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solution with heparin was infused simultaneously through
an axillary artery and a vein [16]. This phenomenon demon-
strates that the movement of an isotope along meridians
requires an impetus, which is provided by circulating blood
in living beings. We proposed a dynamic model to simulate
the interstitial fluid flow near meridians and discovered that
the source of direct impetus for this flow was the penetration
of plasma between capillaries and interstitial fluid [17].
Furthermore, we developed a two-dimensional (2D) model
to study the flow field in connective tissues and observed
directional fluid flow [18, 19].

MRI revealed that the tip of an acupuncture needle
is normally placed near an interosseous membrane. In
this paper, we will investigate the three-dimensional (3D)
flow pattern of interstitial fluid in a human interosseous
membrane, the effect of physiological parameters on flow
velocity and the physiological impact of flow on interstitial
cells. The rest of the paper is organized as follows. In
Section 2, we present a 3D porous media model to describe
the interosseous membrane. The results obtained from the
proposed model are presented in Section 3. A discussion and
summary of the present study are provided in Section 4.

2. Model and Methods

2.1. The 3D Model. The interosseous membrane is 25 cm
long, 2 cm wide, and 0.2 cm thick. Anatomical observations
showed that capillaries formed clusters and were distributed
in alternating layers. In each cluster, the capillaries were
nearly parallel. Figure 1(a) is the sketch map of one mem-
brane unit. The upstream ends of the capillaries connected
to a pre-capillary, and the downstream ends connected to a
venule. The average length of a capillary group is 2000 μm
(see the x-axis in Figure 1(a)), and the average width is
400 μm (see y-axis in Figure 1(a)). The distance between
nearby clusters is approximately 1875 μm along the x-axis
and approximately 315 μm along the y-axis. Suppose the
distance between the capillaries in a cluster is equal, which
is approximately 50 μm. According to these characteristics,
we develop a 3D model, shown in Figure 1(b). The solid
thick lines represent capillaries, and the black and grey colors
indicate different layers. The dashed rectangle marks the
calculation domain.

To study the effect of flow on interstitial cells, we place a
mast cell (a sphere with a diameter of 16 μm) in the center
of the domain (the center of the sphere is at x � 2 mm,
y � z � 0 mm) (Figure 1(b)). The magnified mast cell in
Figure 1(b) shows the local Cartesian coordinates O�x�y�z�.
The origin (O�) is at the center of the sphere, and the x�-axis,
y�-axis and z�-axis are parallel to the x-axis, y-axis and z-axis,
respectively. For mast cells in the interstitium, there is a thin
boundary layer near the cell surface, called the Brinkman
boundary layer. Therefore, during mesh generation, there is
a refined zone near the surface of the mast cell, shown in
Figure 1(b) [20].

2.2. Governing Equations. Because the Reynolds number of
the interstitial fluid flow is small, inertia can be neglected.

The space in the interstitium composed of parallel collagen
fibrils is assumed to be a porous medium. The governing
equations are the Brinkman and continuity equations [20]:

�p � μΔ��u �
μ

kp

��u , (1)

� �
��u �

��

0 , (2)

where � is the gradient operator, Δ is the Laplacian operator,
u is the local flow velocity vector, p is the interstitial pressure,
μ is the viscosity of interstitial fluid, and kp is the Darcy
permeability of the collagen fibril matrix. The term on the
left-hand side of (1) is the pressure gradient. The first term
on the right-hand side represents the viscous term, and
the last term on the right-hand side represents the Darcy-
Forchheimer term, which characterizes flow in a porous
medium.
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k p�D2, where U is the
characteristic velocity, D is the diameter of capillaries, ρ is the
fluid density, and��x is the position vector. Equations (1) and
(2) are rewritten in dimensionless forms as:

�p� �
1

Re
Δ��u

�

�
1

Re �k
��u

�

, (3)

� �
��u

�

�
��

0 , (4)

where Re is the Reynolds number, defined as Re � ρUD�μ.

In our model,
��

k p is small (10�16 m2), and the dimensionless

parameter
��

k is approximately 10�6. Therefore, the viscous
term is small compared with the Darcy-Forchheimer term
and can be neglected. Equation (3) reduces to Darcy’s law
[20]:

�p� � �
1

Re �k
��u

�

. (5)

For the mast cell in the interstitium, the next results will
show that the flow field near the cell is almost symmetrical
about the x�-axis. Therefore, we use spherical coordinates
to analyze the shear stress on the mast cell (τcell), and the
dominant stress is

τrθ � �μ�r ∂

∂r
�uθ
r
� � 1

r

∂ur
∂θ

�
cell
. (6)

2.3. Effect of Capillaries on the Interstitial Fluid Flow. Star-
ling’s hypothesis that fluid movement across microvascular
walls is determined by the transmural difference in hydro-
static and oncotic pressures has become a general principle
of physiology [21]:

v � kc��pc � pi� � �πc � πi�	, (7)

where kc is the permeability coefficient of the capillary walls,
pc is the hydrostatic pressure in blood, pi is the interstitial
hydrostatic pressure at the capillary wall, πc is the osmotic
pressure in blood, and πi is the interstitial osmotic pressure at
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Table 1: Physiological parameter values of the model.

Parameter Value

Viscosity of interstitial fluid μ/(kg�m�1
�s�1) 3.5 � 10�3 [22]

Permeability coefficient of capillary wall kc/(m2
�s�kg�1) 5 � 10�10 [23]

Plasma colloid osmotic pressure πc/mmHg 28 [24]

Interstitial colloid osmotic pressure at the capillary wall πi/mmHg 8 [24]

Density of interstitial fluid ρ/(kg�m�3) 1000

Length of capillary L/μm 2000

Diameter of capillary D/μm 8 [19]

Distance between adjacent capillaries d/μm 48 [19]

Interstitial hydrostatic pressure at the capillary wall pi/mmHg �5 [24]

Intravascular capillary pressure at the upstream end pa/mmHg 25 [24]

Intravascular capillary pressure at the downstream end pv/mmHg 10 [24]

Width of capillary group W (μm) 392

Length of the calculation domain dx (μm) 3600

Width of the calculation domain dy (μm) 784

Height of the calculation domain dz (μm) 632

Connected to 

Venule

Connected to 

pre-capillary

X
Y

Z

(a)

Periodic conditions

Periodic conditions

Out flow

Mast cell

x

y

y

y

dy

dzx

x

z z

dx

x

y z

O

(b)

Figure 1: Model of the interosseous membrane. (a) The sketch map; (b) 3D porous media model.

the capillary wall. Hu and Weinbaum determined that πi and
pi (hydrostatic and colloid osmotic pressures, respectively,
behind the surface glycocalyx in their model) can differ
greatly from the corresponding pressures in the interstitial
space [25]. Generally, it is assumed that only pc varies
and that pc decreases linearly from the pre-capillary side
to the venule side along the length of the capillary. Other
parameters (pi, πc and πi) are assumed to be constant [21].
Defining the characteristic velocity U � kc��pa � pi� � �πc �
πi�	, where pa is the intravascular capillary pressure at the
upstream end, and using the values of the parameters listed
in Table 1, the transmural capillary velocity is

v � U�1 � 1.5
x

L
�, (8)

where x is the distance from the upstream end, and L is the
length of the capillary.

2.4. Effect of Collagen Fibrils on the Interstitial Fluid Flow.
Parallel collagen fibrils can influence the interstitial fluid
flow. Chen et al. developed 2D and 3D finite element models
analogous to the parallel collagen fibril arrays in ligaments
and tendons to simulate transverse and longitudinal intersti-
tial fluid flows [22]. The flow along collagen fibrils is defined
as longitudinal flow with the flow perpendicular to collagen
fibrils defined as transverse flow. The computational results
provided empirical expressions for Darcy’s permeability as
a function of the porosity φ. Considering the fluid to be
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a Newtonian fluid, the empirical expressions are shown as
follows:

transverse permeability:

ky � kz � 1.2 � 10�15φ0.5�φ � φmin�2.5,

longitudinal permeability:

kx � 1.1 � 10�15φ2.5�1 � φ��0.33,

(9)

where φmin � 1 � π�4 [22]. The physiological range of
porosity in ligaments is 0.32 � 0.42 [22]. The structure of
an interosseous membrane is similar to that of ligaments.
Therefore, the longitudinal permeability is approximately
1.0 � 10�16 m2, and the ratio of kx to ky (ratio = kx�ky) is
approximately 10.

2.5. Boundary Conditions. The calculation domain is shown
in Figure 1(b) and contains one whole and two half capillary
clusters. The capillary wall is defined as the velocity-inlet
boundary, and the inlet velocity is defined by UDF (8).
In addition, because of the periodic geometric charac-
ter, we define periodic boundary conditions as shown in
Figure 1(b). The outward flow (at the bottom boundary)
is fully developed, and the x-direction derivative of ux is
zero (∂ux�∂x � 0). The upstream flow is neglected, and the
inlet velocity (the upper boundary) is defined to be zero.
The calculation domain is a porous zone, and the viscous

resistance is 1���k p.
When a mast cell is present in the interstitium, the mast

cell region (the sphere in the center) is removed from the
original calculation region. The sphere surface is presumed
to be a wall; therefore, non-slip boundary conditions (ur � 0,
uθ � 0) are used. The Brinkman boundary layer (δ) has a

thickness of magnitude


��

k p.

2.6. Computational Method. The CFD software package
FLUENT (version 6.0) is used for the numerical simulation.
The grid is generated using the GAMBIT software package.
The model is laminar, the solver is segregated and steady, and
the solving method is the SIMPLE scheme. The governing
equations are solved by iterating. When the iteration is
convergent (error of iterated results e � 0.001), the velocity
field is obtained.

2.7. Physiological Parameters. Table 1 shows the physiological
parameters used in the numerical simulation.

3. Results

3.1. Flow Field without Interstitial Cell. Figure 2(a) is the flow
field in the x-y plane (z � 0, display scale : y � 1 : 2.5, x : z �
1 : 2.5). The thick black lines represent the capillaries, the
arrows point in the direction of the velocity, the arrow length
indicates the magnitude of the velocity, and the colored lines
are contours of velocity. The interstitial fluid flows from the
capillary to the interstitium on the upstream (left) side. Near
the x-axis, the flow direction tends to become parallel to the

capillaries. At the venule side, a small amount of the fluid
is absorbed by capillaries while most fluid flows outward.
In the first cluster, the inlet velocity is zero. However, the
penetrating flux through the capillary wall is greater than
the absorbing flux. Therefore, fluid flows out at the end of
the first cluster. In the second cluster, because there are fluid
flows out of the first cluster, the inlet velocity is no longer
zero. Comparing the interstitial fluid velocity in the first
cluster with that in the second cluster shows that the velocity
in the second cluster is obviously greater. This difference
occurs because the inlet velocity of the second cluster, which
is generated from the first cluster of capillaries, accelerates
the interstitial fluid. The outflow of the second cluster is
greater than that of the first cluster. Therefore, the velocity
in the third cluster will be even greater. Figure 2(b) shows the
path lines from the capillaries in the interstitial space (display
scale : y � 1 : 2.5, x : z � 1 : 2.5). The colored lines represent
path lines, which are nearly parallel to the capillaries, and the
maximum velocity is approximately 1.5 � 10�6 m/s (�2.5 U).

3.2. Flow Field around an Interstitial Cell. Using this model,
we also investigate the flow field with a cell in the interstitial
space. The interstitial cell has little effect on the flow field
except near the cell surface. The maximum velocity occurs at
the cell surface (3.25 � 10�6 m/s, 5 U) and is much greater
than the velocity at other locations. The flow field near
the cell is nearly symmetrical about the x�-axis. Figure 3
displays the stream lines around the cell, with (a) showing
the streamlines in the local y�-z� plane (x� � 0, represents the
cross section), (b) showing the streamlines in the local x�-z�

plane (y� � 0, represent the r- θ plane), and (c) showing the
streamlines in the local x�-y� plane (z� � 0). Figures 3(b) and
3(c) are nearly identical. The direction of the velocity is along
the x-axis, and the maximum velocity is at x� � 0 mm.

3.3. Mechanical Environment of Interstitial Cell. Interstitial
fluid flow provides mechanical stimuli to the interstitial cell.
The shear stress on the surface of the mast cell (τcell) is
calculated using (6). The shear stress is affected by the Darcy
permeability k. Figure 4 shows the τcell distribution on the
cell surface for (a) an isotropic condition (ratio = 1) and
(b) an anisotropic condition (ratio = 10). The results show
that τcell has bilateral symmetry and that the maximum τcell

(τcell, max) is at x� � 0 mm for ratio � 1 (ratio = 1 and ratio =
10). τcell increases as kx decreases. As ratio increases, the τcell

near τcell, max changes significantly. The τcell distribution on
the cell surface in Figure 4 is also shown for (c) fixed ky
(ky � 4 � 10�17 m2) and (d) fixed kx (kx � 4 � 10�16 m2). The
results show that kx is the main factor affecting τcell. When
ky is fixed, τcell increases as kx decreases (Figure 4(c)). When
kx is fixed, as ky decreases, the distribution of τcell becomes
more uneven (Figure 4(d)).

3.4. The Effect of Physiological Parameters on τcell,max . The
capillary density in the interstitium can affect the interstitial
fluid flow and τcell. With the cross-sectional area defined as
S � dy � dz, Figure 5 shows the relationship between τcell, max

and S. Obviously, τcell, max decreases as S increases, and the
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Figure 2: (a) Flow field in the x-y plane; (b) path lines from the capillaries.
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Figure 3: Streamlines of velocity around the cell. (a) y�-z� plane; (b) x�-z� plane; (c) y�-z� plane.

relationship is nonlinear. For smaller S, larger changes occur
in τcell, max.

The permeability coefficient of the capillary wall (kc) can
also affect the interstitial fluid flow and τcell. As shown in
Figure 6, τcell, max increases linearly with kc.

Both the intravascular capillary pressure (pc) and the
interstitial hydrostatic pressure at the capillary wall (pi)
can affect the permeability velocity of the capillary wall (7)
and thus the interstitial fluid flow and τcell. Figure 7 shows
how changes in pi, intravascular capillary pressure at the
upstream end (pa), and intravascular capillary pressure at
the downstream end (pv) affect τcell, max. The abscissa is the
change in pa, pv , and pi compared to the standard values
pa0, pv0, and pi0, respectively; that is, Δp� � p� � p�0.τcell, max

increases linearly with increasing pa and pv , and decreases
linearly with increasing pi. The effect of pi is the greatest,
whereas the effect of pv is the least.

Based on the numerical results, we can make the
following observations. Capillaries in a parallel array can
induce parallel interstitial fluid flow. Interstitial fluid flow can
induce shear stress on the cell surface. The ratio determines
the distribution of the shear stress, and kx greatly affects
the maximum shear stress. The shear stress can be increased
by decreasing the cross-sectional area, which corresponds
to increasing the capillary density. The shear stress can also
be increased by increasing capillary permeability, increasing
intravascular capillary pressure and decreasing interstitial
pressure.

4. Discussion

4.1. Directional Interstitial Flow May Explain Some Exper-
imental Observations. The velocity field shows that the
direction of the interstitial fluid flow is parallel to the
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Figure 4: τcell distribution on the surface of the mast cell.

orientation of the capillaries. The first cluster of capillaries
can generate an interstitial fluid flow with a velocity of
approximately 0.75 � 10�6 m/s. This flow then enters the
space surrounding the second cluster of capillaries and
accelerates to 1.25 � 10�6 m/s. The maximum velocity in
the space surrounding the second cluster of capillaries is 1.5
� 10�6 m/s. If the fluid is not absorbed by the lymphatic
system, it will flow downstream and be accelerated by the
downstream capillaries. In the past, it was accepted that
most of the seepage from the arteriole side of a capillary is
absorbed at the venule side, and the surplus is immediately
absorbed by lymphatic vessels. In reality, capillaries are not
always near lymphatic vessels, and the amount of fluid that
seeps from capillaries is always greater than the amount of

fluid absorbed by capillaries. Therefore, the unabsorbed fluid
will travel some distance or even a long distance before being
reabsorbed by blood or lymphatic vessels. It is possible that
the long interstitial tracks observed in a previous experiment
are in fact the interstitial fluid flow [16]. The tracer (Gd-
DTPA) injected into the acupoint travels with the interstitial
fluid flow. Therefore, the observance of flow along a meridian
that differs from blood and lymph flow may be interstitial
fluid flow [15].

4.2. A Staggered Distribution of Capillaries Results in a
Uniform Interstitial Fluid Velocity. The distribution of the
capillaries can influence the velocity distribution of the
interstitial fluid flow. Figure 2(a) shows this influence.
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In the first cluster, the capillaries are located farther from
the x-axis, and thus the interstitial fluid velocity farther from
the x-axis increases more quickly than the velocity near the
x-axis. In contrast, the capillaries in the second cluster are
located near the x-axis, and this interstitial fluid velocity
near the x-axis increases faster than the flow farther from
the x-axis. With this staggered distribution of capillaries,
the increases in velocity alternate, and the velocity tends
to be uniform, which is beneficial for substance exchange.
Interstitial fluid flow will affect the bioactivities of cells.
When tissues are poorly vascularized, such as ligaments
and tendons, interstitial fluid flow is more important for
metabolism than it is for well-vascularized tissues.

4.3. The Shear Stress Induced by Interstitial Fluid Flow Will
Affect Cell Bioactivities. The numerical simulation shows
that the flow has a velocity of magnitude 10�6 m/s and that
the flow induces several Pa shear stresses on the mast cell
surface. Many studies showed that subtle fluid mechanical
environment played an important role in the ability of
cells to proliferate, differentiate, form functional structures,
and release chemical mediators [26, 27]. Recent studies
showed that interstitial flow influences the immune microen-
vironment in cancer [28]. The immune microenvironment
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Figure 7: τcell, max as pa, pv , and pi change.

of the tumor consists of multiple cell types, cytokines,
and stromal components that can further attract immune
cells and guide their fate. Civelek et al. presented the first
direct evidence that SMCs with a contractile phenotype
will indeed contract when exposed to 2D fluid shear stress
[29]. Studies suggest that both laminar shear stress (2D)
and interstitial flow (3D) can induce SMC contraction [30].
These studies provide a different perspective regarding the
mechanism for myogenic control of blood flow that regulates
flow distribution in response to blood pressure changes.
Wang found intracellular Ca2� increases in mast cells and
mediators release immediately after mechanical stimulation
[31]. Further research showed that the mechanosensitive
Ca2� channel TRPV2 may be involved in this process [32].

The mechanism for how interstitial flow affects cell
bioactivities is still unknown. It was once generally believed
that the shear stress induced by the flow was the main
factor. Further studies suggest that cell membrane-related
receptors, ion channels, cell surface glycocalyx, integrins, and
signaling messengers are all involved in this process. A recent
paper shows that the fluid shear stress on cells is rather
small and that the solid stress induced by interstitial flow
through cell surface glycocalyx is much higher [33]. The
solid stress more likely plays a major role in regulating cell
function and behavior. However, it is difficult to evaluate
solid stress because doing so requires detailed knowledge
of the glycocalyx microstructure and extracellular matrix
properties. In this paper, we do not focus on the complex
mechanism of membrane ion channel activation and solid
stress induced by interstitial flow through the cell surface
glycocalyx. Instead, we only compare the shear stresses on
the mast cell surface in different conditions.

4.4. Physiological Parameters Variation Has Effect on τcell .
The longitudinal permeability and the ratio determined the
distribution of τcell. From (9), we know that kx and ky are
functions of the porosity φ. Therefore, φ affects τcell. Actually,
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the smaller φ is, the greater effect on τcell, max is. At normal
physiological values, φ has much smaller effects than when
the values are outside of the normal physiological range
[19]. Increasing intravascular capillary pressure or capillary
permeability can increase τcell. Therefore, blood microcir-
culation can affect the living conditions of interstitial cells,
and changing the blood supply is an effective method for
adjusting the circulation of interstitial fluid. Decreasing the
interstitial pressure can also increase τcell, and doing so has
a greater impact than changing the intravascular capillary
pressure.

4.5. TCM Treatments and Acupuncture Effect. With tradi-
tional Chinese treatments such as massage and cupping, the
interstitial pressure can be changed by applying periodic
or negative pressure on the body surface [34]. The above
results show that interstitial pressure is a main factor
affecting interstitial flow and τcell, Therefore, there may be
a correlation between these treatments and interstitial flow.

Acupuncture is a therapeutic treatment in which a
needle is inserted into specific parts (acupoints). When
the needle is twirled, lifted and thrusted, the winding of
collagen on the acupuncture needle changes the interstitial
microenvironment [35, 36], which produces mechanical
stimulation. The stimulation causes degranulation in local
mast cells and the release of biological mediators such as
histamine, substance P, and leukotriene C4, and so forth
[14]. These mediators can further activate mast cells and
excite nerve endings, which may lead to “De-qi” (a local
sensation of heaviness, numbness, soreness, or paresthesia,
which is believed to be an important aspect of acupuncture
treatment). Moreover, these mediators have a powerful effect
in increasing capillary permeability and increasing interstitial
flow [24]. The increased flow not only increases the τcell

to activate local mast cells but also transports biological
mediators secreted by mast cells to activate other mast cells
along the flow path [2, 37]. In summary, the meridian
phenomena and the “De-qi” sensations along the meridian
during acupuncture may be closely related to the interstitial
flow.
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A highly sensitive volt-ampere characteristics detecting system was applied to measure the volt-ampere curves of nine acupuncture
points, LU9, HT7, LI4, PC6, ST36, SP6, KI3, LR3, and SP3, and corresponding nonacupuncture points bilaterally from 42 healthy
volunteers. Electric currents intensity was increased from 0 μA to 20 μA and then returned to 0 μA again. The results showed that
the volt-ampere curves of acupuncture points had nonlinear property and magnetic hysteresis-like feature. On all acupuncture
point spots, the volt-ampere areas of the increasing phase were significantly larger than that of the decreasing phase (P < 0.01). The
volt-ampere areas of ten acupuncture point spots were significantly smaller than those of the corresponding nonacupuncture point
spots when intensity was increase (P < 0.05 ∼ P < 0.001). And when intensity was decrease, eleven acupuncture point spots
showed the same property as above (P < 0.05 ∼ P < 0.001), while two acupuncture point spots showed opposite phenomenon in
which the areas of two acupuncture point spots were larger than those of the corresponding nonacupuncture point spots (P <
0.05 ∼ P < 0.01). These results show that the phenomenon of low skin resistance does not exist to all acupuncture points.

1. Introduction

Skin resistance, one of the important biophysical indexes
supporting the objective reality of acupuncture points, had
been detected since the 1950s, when Voll [1] found that skin
points electrical characteristics in traditional acupuncture
points areas were different from other areas. Since then, a
number of studies have concluded that acupuncture points
exhibit low skin resistance [2–4] and increased conductivity
[5–7], but different opinions on the electrical characteristics
of acupuncture points have remained. Pei and Liu put
forward their dissent years ago [8], while Korr et al. found
that the distribution of low-resistance areas varied from
individual to individual, and not all were located at acupunc-
ture points [9]. Recently, Pearson et al. reported that right
GB 14, right PC 8, and left TE1 showed no low skin resis-
tance at all [10]. Kramer et al. tested six commonly used
acupuncture points on 53 subjects and found that the

occurrence rate of low resistance was only 25.9 percent [11].
Besides the complexity of detecting skin resistance at acu-
puncture points, which may be influenced by numerous fac-
tors [12, 13], the root of these contradictory results is
that skin resistance of acupuncture points is nonlinear.
Because of the complexity of its composition, acupuncture
points electrical impedance has some typical characteristics
different from linear impedance component (e.g., the space
distribution of acupuncture point tissues is anisotropic, and
the acupuncture point tissues are actively responsive to exter-
nal input). Thus, acupuncture point electrical impedance is
nonlinear and flexible; its values change when the detected
voltages or currents vary [14]. Since the resistance value of an
acupuncture point varies according to current and voltage,
the electrical characteristics of acupuncture points must be
expressed by a volt-ampere curve.

Classification of the electrical properties of acupunc-
ture points will provide an objective index for studying
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Figure 1: Hardware schematic diagram of volt-ampere characteristic detection system. A highly sensitive volt-ampere characteristic detect-
ing system was constructed using a single chip micyoco (SCM), a digital-analog component (DAC), a constant current source component
(CCS), a voltage follower, an attenuator, an analog-digital component (ADC), and two electrodes. The detecting electrode was a plane
electrode installed a silver head 4 mm in diameter. The negative electrode was silver-gilt like that of the limb lead of an electrocardiograph.
The SCM was connected to the USB of a personal computer (PC) through a data line.

the functions of the points. Active response to external
stimulation and the reflection of symptoms are the main
characteristics of acupuncture points, of which the former
is more important as it is the means by which acupuncture
can be applied therapeutically. When external stimuli such
as needling, moxibustion, electrostimulation, lasers, and
infrared irradiation act on acupuncture points, they may
produce obvious reactions that subsequently regulate and
balance bodily functions. However, due to the lack of objec-
tive indexes, research on the active response of acupuncture
points to external stimulation is still quite limited.

The purpose of this study is threefold: to use a nonlinear
detecting method to ascertain the volt-ampere curves of
acupuncture points and observe their basic features, to
compare volt-ampere areas of acupuncture points and non-
acupuncture points to determine their skin resistance, and to
probe the relationship between an acupuncture points’ volt-
ampere characteristics and its response to external stimu-
lation.

2. Methods

2.1. Subjects. 42 healthy volunteers, 23 males and 19 females,
aged 23–36, with a mean age of 26.73± 3.02, were recruited.
“Healthy” was defined as normal body temperature and no
known autonomic nervous system dysfunction, coronary
heart disease, systemic disease, or skin disease [15]. All sub-
jects were informed of the nature of the experiment and
willingly signed the consent form before participation. The
research protocol was approved by the Human Study Ethics
Committee of the Shanghai Research Center of Acupuncture
and Meridians.

The acupuncture points tested were bilateral LU9 (Taiy-
uan), HT7 (Shenmen), LI4 (Hegu), PC6 (Neiguan), ST36
(Zusanli), SP6 (Sanyinjiao), KI3 (Taixi), LR3 (Taichong), SP3
(Taibai) and; thus, 18 acupuncture point spots and their
relevant non-acupuncture points controls. The control for
LU9 was the midpoint between LU9 and PC7 (Daling). The
control for HT7 was the midpoint between HT7 and PC7.

The control for LR3 and SP3 was the midpoint between these
two acupuncture points. Each control for the remaining
acupuncture points was on the same level as the respective
point and 1 cm lateral to it.

2.2. Experimental Device. A highly sensitive volt-ampere
characteristic detecting system and its working mechanism
are used as referenced in [16, 17] (see Figure 1).

2.3. Experimental Procedures. The experiment was perfor-
med under quiet, controlled environmental conditions: tem-
perature 22◦C± 3◦C, minimal air flow, relative humidity
55±10%, and shielding from electromagnetic radiation [17].

The subjects were asked to arrive at the laboratory more
than 15 minutes prior to the experiment and sit quietly
to relax their muscles to become acclimated to the testing
conditions. The detecting electrode was placed on the points
with 160 g± 5% pressure ten minutes after 75% alcohol was
applied to the detected spots.

The negative electrode was applied with cardio cream
made by Nihon Kohden Corporation. When LU9, HT7, PC6,
and their relevant control points were detected, the inert
electrode was placed three cun from the cubital crease on
the palm aspect of the forearm. When ST36, KI3, SP3, LR3,
and their relevant control points were detected, it was placed
three cun above the tip of the medial malleolus. When SP6
and its control point were detected, it was placed three cun
below ST35 (Dubi).

The parameters of the detecting system were adjusted to
30V, the maximum voltage detection range, and 0 μA–20 μA,
the scanning range of constant current, in order to avoid
stimulating or polarizing effects [18]. The total scanning time
was 20 seconds. The electrical current scanning was increas-
ing steadily and lineally from 0 μA to 20 μA in the first 10
seconds and decreasing steadily from 20 μA to 0 μA in the
second 10 seconds. The data was recorded every 0.1 μA; each
spot was designed to measure 3 times in advance, and the
value showed was already the average of them (see Figure 2).
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Figure 2: Electrical current-time I-T curve of detecting system. The
electrical current first increase from 0 μA to 20 μA (0–10 s), than
decrease from 20 μA to 0 μA (10–20 s).

0

2

4

6

8

10

12

14

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

I (µA)

U
(V

)

Increasing scan, current
from 0 µA to 20 µA

Decreasing scan, current
from 20 µA to 0 µA

Figure 3: Schematic diagram of volt-ampere curve of the acupunc-
ture points.

The system recorded the value of the corresponding volt-
age automatically, and during the biphase scanning, it traced
the volt-ampere curve as well. Each detected spot had two
volt-ampere curves, recorded respectively with 0 μA∼20 μA
and 20 μA∼0 μA (see Figure 3).

2.4. Statistics. The original data was filtered before statistical
analysis. If the voltage at the acupuncture points or control
points of a subject exceeded 30V, that whole data wasn’t fit
into statistics.

The volt-ampere area refers to the area comprised by
the volt-ampere curve and abscissa, which was calculated by
integral calculus (

∫
UdI). As the data were collected discon-

tinuously, the volt-ampere area was calculated as S = ΣUΔI .
The SPSS10.0 software package was used, and the paired-

sample t-test was applied to compare the difference of volt-
ampere areas between acupuncture points and control points
as well as the difference between the volt-ampere areas of the
increasing and decreasing scans of each point. In all cases,
α = 0.05 or less was considered significant.

3. Result

Bilaterally, thirty-four spots were scanned on 42 healthy vol-
unteers: nine bilateral acupuncture points and eight relevant
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Figure 4: Volt-ampere curve of PC 6. The volt-ampere curves of
acupuncture points were parabola-like rather than straight. The
curves produced by increasing current intensity did not totally over-
lap those produced by decreasing current intensity.

bilateral control points, since LR3 and SP3 shared the same
control.

Qualitative analysis showed that all detected spots had
nonlinear and magnetic hysteresis-like characteristics. With
regard to nonlinearity, the volt-ampere curves of acupunc-
ture points were parabola-like rather than straight. This was
most obvious at the very weak current, 0 μA to 5 μA, in the
course of scanning from 0 μA to 20 μA. During decreasing
scanning, that is from 20 μA to 0 μA, they became almost
straight (see Figure 4). With regard to magnetic hystere-
sis, the curves produced by the increasing intensity did
not totally overlap those produced by decreasing intensity.
This was quite similar to the B-H curves that occur in fer-
romagnetic materials (see Figure 4).

Further quantitative analysis showed that in both acu-
puncture points and the control the volt-ampere areas pro-
duced by the increasing intensity were all larger than those of
the decreasing intensity (P < 0.01) (see Table 1).

When the acupuncture points and control points were
compared, four acupuncture point spots, bilateral LI4 and
bilateral SP3, had larger volt-ampere areas than those of their
relevant control spots when intensity was increasing, but
the differences were not statistically significant. The other
fourteen acupuncture point spots had smaller volt-ampere
areas than their relevant control spots did. The differences
in ten of these, five bilateral points, reached statistical signi-
ficance (P < 0.05 ∼ P < 0.001). These were LU9, PC6, ST36,
SP6, and KI3 (see Table 1).

During decreasing intensity, five acupuncture point
spots, right HT7, bilateral ILI4, and bilateral SP3, had larger
volt-ampere areas than their relevant control spots did; the
differences for right LI4 and right SP3 reached statistical sig-
nificance. Each of the other thirteen acupuncture point spots
had smaller volt-ampere areas than those of their rele-
vant control spots; of these, eleven acupuncture point spots
reached statistical significance (P < 0.05 ∼ P < 0.001). They
were bilateral LU9, bilateral PC6, bilateral ST36, bilateral
KI3, bilateral LR3, and left SP6 (see Table 1).
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Table 1: Volt-ampere areas of acupuncture points at human bodies.

Right increasing scan Left increasing scan Right decreasing scan Left decreasing scan

LU9
(n = 39)

169.83± 104.30∗∗∗∗∧ 172.82± 89.55∗∗∗∗∧ 151.95± 77.63∗∗∗∗ 154.36± 66.58∗∗∗∗

Control point of LU9 249.27± 97.82∧ 227.31± 103.34∧ 218.89± 76.96 198.43± 74.39

HT7
(n = 37)

272.30± 113.63∧ 245.28± 109.48∧ 239.73± 88.99 217.69± 87.27

Control point of HT7 277.38± 103.41∧ 255.53± 94.83∧ 238.10± 79.92 226.31± 70.41

LI4
(n = 36)

244.83± 106.56∧ 244.40± 115.35∧ 197.87± 71.71∗ 191.88± 77.26

Control point of LI4 226.53± 102.00∧ 227.89± 111.78∧ 178.56± 70.65 182.05± 76.23

PC6
(n = 38)

208.72± 112.58∗∗∧ 190.58± 92.47∗∗∧∗ 164.05± 79.60∗∗∗ 151.38± 60.60∗∗∗∗

Control point of PC6 231.81± 124.30∧ 213.01± 97.60∧ 183.09± 87.69 166.43± 64.45

ST36
(n = 34)

178.14± 89.23∗∗∗∗∧ 186.57± 109.47∗∗∗∗∧ 141.57± 61.71∗∗∗∗ 147.46± 72.01∗∗∗∗

Control point of ST36 221.76± 98.97∧ 240.41± 124.20∧ 172.61± 65.90 179.18± 82.20

SP6
(n = 35)

225.24± 104.14∗∗∗∧ 231.55± 106.51∗∧ 178.29± 75.88 179.91± 71.66∗∗

Control point of SP6 258.02± 122.97∧ 252.07± 114.07∧ 188.38± 81.09 193.26± 73.30

KI3
(n = 28)

187.65± 116.88∗∗∗∗∧ 209.78± 114.49∗∧ 157.43± 81.57∗∗∗∗ 169.14± 79.60∗∗

Control point of KI3 257.00± 146.53∧ 262.43± 134.84∧ 213.14± 112.28 212.54± 90.84

LR3
(n = 34)

212.60± 100.70∧ 220.67± 103.65∧ 177.58± 69.11∗∗ 180.98± 68.45∗∗∗

Control point of LR3 and SP3 227.19± 104.57∧ 245.27± 95.29∧ 197.35± 73.69 211.21± 65.99

SP3 247.47± 100.95∧ 252.68± 90.14∧ 229.31± 82.53∗∗∗ 228.73± 70.15

Compare to decreasing-scan ∧P < 0.01.
Compare to control point ∗P < 0.05; ∗∗P < 0.01; ∗∗∗P < 0.005; ∗∗∗∗P < 0.0001.

4. Discussion

Our data showed that the volt-ampere curves of acupuncture
points are clearly nonlinear (Figure 3), further substantiating
previous reports [19–21] and indicating that only with
nonlinear detecting methods can the panorama of electrical
characteristics of acupuncture points be obtained. Conver-
sely, linear detecting methods will not yield precise results
even when experimental conditions are strictly controlled.

Besides their methodological significance, the nonlinear
characteristics of the volt-ampere curve also have biological
significance. The human being is both a complex living orga-
nism and a complicated open system. The behaviors and
physiological activities of the human body possess the fea-
tures of nonlinearity and unpredictability that correspond to
complex systems. During the course of evolution, the human
body has adapted to its environment. Homeostasis regulates
and maintains the cells to play their physiological roles
smoothly, permitting the body to eliminate various kinds of
internal and external factors that disturb the normal physio-
chemical state of its internal environment. As a result, a dyna-
mic balance of the internal environment can be maintained.
The nonlinearity of skin resistance, one of the biophysical
characteristics of acupuncture points, may be regarded as a
response to the complexity of the functions of the body.

The volt-ampere area is the integral of voltage response
resulting from the scanning current on the acupuncture
points. It is the average strength of the current during the
time of scanning, and its value reflects the resistance/impe-
dance of the acupuncture points to that scanning current.
A higher value at the volt-ampere area means greater resis-
tance/impedance.

In this study, left and right LI4 and left and right SP3
had larger volt-ampere areas than the relevant control during
the increase, as did the right HT7, left and right LI4, and
left and right SP3 during the decrease, among which right
LI4 and right SP3 reached statistical significance. Thus, not
all acupuncture point spots volt-ampere areas were smaller
than those of control. This indicates that the phenomenon of
low acupuncture points skin resistance does not always exist,
which is consistent with the results of our previous research
[17, 18, 20]. The data showed that acupuncture points skin
resistance may either be lower or higher, depending on differ-
ent points. The prevalent methods of detecting acupuncture
points according to the lower skin resistance are not reliable.

Acupuncture points actively respond to external electric
stimulation. In this study, two manifestations were observed
when acupuncture points were stimulated by increasing and
decreasing electric current intensity. First, the degree of non-
linearity declined as the scanning time went on, and second,
volt-ampere curves from 0 μA to 20 μA were totally different
from those of 20 μA to 0 μA (see Figure 2). When analyzed
quantitatively, the volt-ampere areas during the decreasing
intensity were smaller than those of the increasing intensity
(Table 1). The active response to external electric stimulation
further confirms that an acupuncture point is sensitive to
stimulation, as do the myoelectric signal sent out when an
acupuncture point is needled [22] and the degranulation of
a mastocyte when an acupuncture point is stimulated by
needles [23] or lasers [24].

As in our previous research [21, 25–27], the data suggests
that the volt-ampere areas under increasing intensity and
those under decreasing intensity vary with physiological and
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pathological changes of the body. Does this suggest that acu-
puncture points respond differently to external stimulation
under different physiological and pathological states? Can
the difference values be regarded as an index for studying
acupuncture points response to external stimulation? This
warrants further study.

The volt-ampere curve of the increasing intensity was
totally different from that of the decreasing. The fact that it
was larger when intensity was increasing suggests a similarity
to the magnetic hysteresis characteristics of ferromagnetic
materials. The magnetic hysteresis-like characteristic of the
volt-ampere curve of an acupuncture point may be quanti-
tatively expressed by the difference value, that is, the value
of the volt-ampere area increasing scanning minus that of
decreasing scanning. With Potter’s method, Chen studied the
resistance characteristics of the heart meridian on the fore-
arm. It was found that an acupuncture point has the general
properties of a resistance-capacitor circuit. Topologically it
was the parallel connection of a resistance and a capacitor,
which has a series connection with a resistance [28]. The
same results were obtained when Reichmanis applied Laplace
analysis to the segment of the heart meridian from HT4
to HT3 [3]. Since acupuncture points possess resistance-
capacitor circuit-like properties which can store and release
electric current, this may explain the magnetic hysteresis-
like phenomenon of the volt-ampere curves of acupuncture
points in this study. The time curves of the electric current
under increasing and decreasing intensity were symmetrical
(see Figure 2), but the volt-ampere area during the increase
was larger. This demonstrates that some part of the current
going into the acupuncture point during the increase must
have remained in the acupuncture point, suggesting that
acupuncture points have the ability to store energy and also
warrants further study.

5. Conclusion

The phenomenon of low skin resistance does not exist at
all acupuncture points. The volt-ampere curves of human
acupuncture points are clearly nonlinear; consequently, non-
linear detecting methods should be applied. The volt-ampere
curve-detecting device used in this study is noninvasive
and convenient and provides a valuable new method for
studying acupuncture points response to external stimu-
lation. Although only the volt-ampere characteristics were
detected, the complete picture of electrical characteristics
can be obtained with the device. The magnetic hysteresis-
like characteristics of the volt-ampere curve of acupuncture
points indicate that the points store part of the electric energy
they get during external electrical stimulation. Our main
focus during followup will concern the relationship between
the energy of acupuncture points and their functions.
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Low-level laser irradiation of visible light had been introduced as a medical treatment already more than 40 years ago, but its
medical application still remains controversial. Laser stimulation of acupuncture points has also been introduced, and mast-cells
degranulation has been suggested. Activation of TRPV ion channels may be involved in the degranulation. Here, we investigated
whether TRPV1 could serve as candidate for laser-induced mast cell activation. Activation of TRPV1 by capsaicin resulted in
degranulation. To investigate the effect of laser irradiation on TRPV1, we used the Xenopus oocyte as expression and model system.
We show that TRPV1 can functionally be expressed in the oocyte by (a) activation by capsaicin (K1/2 = 1.1 μM), (b) activation by
temperatures exceeding 42◦C, (c) activation by reduced pH (from 7.4 to 6.2), and (d) inhibition by ruthenium red. Red (637 nm)
as well as blue (406 nm) light neither affected membrane currents in oocytes nor did it modulate capsaicin-induced current. In
contrast, green laser light (532 nm) produced power-dependent activation of TRPV1. In conclusion, we could show that green light
is effective at the cellular level to activate TRPV1. To which extend green light is of medical relevance needs further investigation.

1. Introduction

Low-level laser irradiation in the mW/cm2 range of visible
and near-infrared (NIR) light had been introduced as a
medical treatment already in the late 60s (see [1]), but its
medical application still remains controversial. One major
reason is that the cellular and molecular photo/biological
responses are highly complex.

Since light below 600 nm is strongly absorbed in tissue
by haemoglobin and melanin, and above 1200 nm by the
water, medical application focused on the red and NIR
range (see e.g., [2]). As possible photoreceptor cytochrome
oxidase C has been suggested [3, 4]. Also in a modern
variant of Chinese medicine, laser light is used to stimulate
acupuncture points (see e.g., [5]). In traditional Chinese
medicine, acupuncture points are stimulated by the needling
procedure; it could be demonstrated that this leads to the
degranulation of mast cells, which forms an essential early
step in acupuncture-induced analgesia [6]. The degranula-
tion in acupuncture points cannot only be induced by the

mechanical stress during needle manipulation or osmotic
stress, but also by high temperatures like those that are
applied during moxibustion. Even irradiation of mast cells
with red laser light, that is used in the laser acupuncture
[5, 7], results in degranulation [8]. More recently, irradiation
of acupoints with blue laser light has been introduced in
medical treatment [9].

In the work by Zhang et al. [8], it was shown that
the degranulation induced by mechanical stress, high tem-
perature, and red light involves activation of TRPV2, a
member of the family of transient-receptor-potential (TRP)
ion channels. Application of blue laser light was also demon-
strated to elicit mast-cell degranulation, and the involvement
of another TRP channel, TRPV4, was suggested [10]. In
addition to these two TRPV channels, mast cells also express
TRPV1 [8]. In our work presented here we investigated to
which extent TRPV1 can be activated by blue, green, and red
laser light.

To investigate effects of laser light on TRPV1 and to avoid
interference with the other members of TRPV family in the

mailto:schwarz@biophys.eu
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mast cells, we used Xenopus oocytes as a model system with
heterologously expressed TRPV1. Activity of TRPV1 was
monitored under voltage clamp as TRPV1-mediated current.

2. Materials and Methods

2.1. Transcription of TRPV1 cDNA. Full length human TRPV1
cDNA was cut from the vector pCAGGSM2-IRES-GFP-
R1R2/TrpV1 (kindly provided by Dr. B. Nilius, University
of Leuven, Belgium) with restriction enzyme Cla I and
EcoR I and subcloned into the in vitro transcription vector
pTLN digested with the same enzymes. The recombinant
plasmid named pTLN-hTRPV1 was confirmed by DNA
sequencing. 5 μg pTLN-hTRPV1 were linearized by Hpa I
and purified. The in vitro transcription was carried out
using 2 μg linearized pTLN-hTRPV1 under the guideline of
SP6 transcription kit (Ambion). TRPV1 cRNA was stored at
−20◦C for the following experiments.

2.2. Cell Culture. Human mast cells HMC-1 (kindly pro-
vided by Dr. J. H. Butterfield, Mayo Clinic, USA) were
cultured in IMDM (Gibco, Invitrogen, USA), supplemented
with 2 mM L-glutamine, 25 mM HEPES, 10% (v/v) fetal
bovine serum (Gibco, Invitrogen), and 1% penicillin and
streptomycin (Gibco, Invitrogen, USA) in a 95% humidity-
controlled incubator with 5% CO2 at 37◦C.

2.3. Expression of TRPV1 Protein in Xenopus Oocytes. To
investigate effects of laser irradiation on the TRPV1 protein,
we used the Xenopus oocyte for heterologous expression
and applied voltage-clamp techniques. Females of the clawed
toad Xenopus laevis (Maosheng Bio-Technology Co., Shang-
hai, China) were anaesthetized with tricaine (1 g/L H2O,
MS222, Sandoz, Basel, Switzerland) or in ice water. Parts of
the ovary were removed and treated with 0.3 units per mL
liberase (Roche) for 3 h to remove enveloping tissue and to
obtain isolated oocytes. For expression of TRPV1 protein,
oocytes of stage V or VI [11] were selected and injected
with 20 ng cRNA (at 1 ng/1 nL) two to three days before
the experiments; uninjected oocytes served as controls. The
cells were stored at 19◦C in oocyte Ringer’s-like solution (G-
ORi, see Section 2.6). Experiments were performed at room
temperature (24–26◦C).

2.4. Voltage-Clamp Experiments. We applied conventional
two-electrode voltage clamp using Turbo TEC-03 with Cell-
Works software (NPI electronic, Tamm, Germany) to mea-
sure membrane currents. To determine steady-state current-
voltage dependencies (IV curves), membrane currents were
averaged during the last 20 ms of 200 ms, rectangular voltage
pulses from−150 to +30 mV in 10 mV increments; the pulses
were applied from a holding potential of −60 mV. To avoid
changes at the reference bath electrode due to changes in Cl−

activity, the electrode was uncoupled from the bath via an
ORi-filled channel.

2.5. Laser Stimulation. For laser stimulation of the oocytes
continuous-wave (CW) lasers were used, for 406 nm the CW

Laser 1051390/AF (COHERENT), for 532 nm the CW Laser
SUWTECH LDC 1500 (Shanghai Uniwave Technology Co.,
Ldt), and for 657 nm the CW Laser SB2007047 (Shanghai
University of Traditional Chinese Medicine). Fibre optics
were used to guide the laser light close to the oocyte (5 mm)
with output powers of 5 mW, 36 mW, and 5–40 mW—for
the blue, red, and green laser light, respectively. The spot
size at the position to the oocyte was 2 mm in diameter,
oocytes had a diameter of 1–1.2 mm. In several experiments
using a one-millimetre thermoprobe, we confirmed that the
applied laser light could not produce any significant change
in temperature; at most an increase of 0.5 degrees was
detectable after 30 min of irradiation. Taking into account
that the oocyte was in addition continuously superfused
with fresh solution of room temperature, effects of changing
temperature can be excluded.

2.6. Solutions. Standard ORi (Oocyte Ringer’s) solution
contained (in mM) 90 NaCl, 2 KCl, 2 CaCl2, and 5 MOPS
(pH 7.4, adjusted with Tris). For incubation of the oocytes,
the ORi was supplemented with 70 mg/L Gentamycin (G-
ORi). Stock solutions of capsaicin (1 mM) were prepared in
ethanol and of ruthenium red (RuR, 6 mM) in distilled water.
The bath solution for HMC-1 cells contained (in mM) 150
NaCl, 5 KCl, 2 CaCl2, 5 MgCl2, 4 D-sorbitol, and 10 HEPES
(pH 7.4 adjusted with NaOH).

2.7. Data Analysis. For judging statistical significant effects
of laser irradiation on current-voltage dependencies, t-tests
were performed for at least 2 different potentials (−100
and −50 mV). Mean values were considered as statistically
different on the basis of t, P < 0.03.

3. Results

3.1. Functional Expression of TRPV1 in the Oocytes. To
demonstrate that TRPV1 was functionally expressed in the
oocytes, several specific characteristics of TRPV1-mediated
current were investigated.

TRPV1 is known to be activated by capsaicin [12,
13]. Oocytes injected with cRNA for TRPV1 responded to
application of 500 nM capsaicin with an increase in mem-
brane current that completely disappeared after washout
(Figure 1(a)). To correct for possible drift with time, cap-
saicin-induced current Icap was calculated according to

Icap = I1before − I1after

2
− I2, (1)

where I1 is the current in the absence of capsaicin (before
or after the application of the agonist) and I2 the current
in the presence. The difference current will be considered
as current mediated by TRPV1 (Figure 1(b)); oocytes not
injected with cRNA, never exhibited any capsaicin-sensitive
current (Figure 1(b)). The current-voltage dependence is
characterised by outward rectification. Oocytes not injected
with cRNA exhibited no response to capsaicin.
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Figure 1: Effect of capsaicin application on current-voltage curves. (a) Membrane current in oocytes injected with TRPV1-cRNA. Large
open circles before, filled squares during, and small open circles after application of 500 nM capsaicin. (b) Capsaicine-induced current in
uninjected oocytes (open circles) and cRNA-injected oocytes (filled squares). All data are averages from 8 experiments (±SEM).
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Figure 2: Dependence of TRPV1-mediated current on capsaicin
concentration. Filled squares current at −60 mV and open squares
at −100 mV. Data are averages from 7 experiments (±SEM). Lines
represent approximations of the concentration dependencies with
the same K1/2 value of 1.06 μM.

The dependence of the TRPV1-mediated current showed
strong dependence on capsaicin concentration (Figure 2)
and can be approximated by

I = Imax

[
capsaicin

]3

[
capsaicin

]3 + K3
1/2

, (2)

with an K1/2 value of 1.06 μM for −60 as well as −100 mV.
Another characteristic of TRPV1 is its inhibition by

ruthenium red (RuR) [14]. Figure 3 shows that 12 μM RuR
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Figure 3: Inhibition of capsaicin-induced current by RuR. Filled
square current-voltage dependence of current induced by 500 μM
capsaicin, filled circles in the simultaneous presence of 12 μM RuR.
Data are averages (±SEM) of 14 measurements in the absence and
of 4 measurements in the presence of RuR.

completely blocked the capsaicin-induced current in the
oocytes over the entire potential range. In control oocytes not
injected with cRNA, no RuR-sensitive current component
could be detected.

TRPV1 can also be activated by reduced pH [12].
Over the potential range of −40 to −120 mV, reducing the
extracellular pH hardly affected the membrane current in
noninjected oocytes (Figure 4). In cRNA-injected oocytes,
the change in pH from 7.4 to 6.2 activated a current
(Figure 4) with similar voltage dependence as the capsaicin-
induced current (compare Figure 1(b)).

Physiologically TRPV1 functions as thermosensor res-
ponding to noxious temperatures exceeding 42◦C. If the tem-
perature of the solution superfusing the oocyte was increased
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Figure 4: Effect of pH reduction on membrane current. Change
current in response to a reduction of external pH from 7.4 to 6.2
in noninjected oocytes (open circles) and in cRNA-injected cells
(filled squares). Data for injected cells are averages (±SEM) of 7
measurement; for the control cells 2 measurements were performed.

from room temperature of 25◦C to 42◦C, outward-rectifier
current, typical for the capsaicin-induced current, was stim-
ulated (Figure 5(a)). This increase in current was completely
reversible when the temperature was returned to 25◦C. In the
presence of RuR, no such current could be activated at 42◦C
(not illustrated). Also at 35◦C only a tiny current component
became apparent with voltage-dependence different from
TRPV1-mediated current (Figure 5(b)).

In the following we investigated to which extent TRPV1
function can be modulated by laser light of three different
wave lengths: red light of 637 nm, blue light of 406 nm, and
green light of 532 nm. In oocytes not expressing TRPV1
with none of the wavelengths, any current modulation was
detectable, even at the highest output powers of 40 mW.

3.2. Effect of Red Laser Light on TRPV1-Mediated Current. In
medical low-level laser application, including laser acupunc-
ture, red laser light is often applied. In the absence of
capsaicin, no change in membrane current was detectable
when red laser light (637 nm, 5 mW) was applied (not
shown); even at 36 mW no sign of light-induced current
was visible (for holding current at −60 mV see Figure 9).
Also when TRPV1 was activated by 500 nM capsaicin, a
2 min time period of irradiation could not be significantly
modulated TRPV1-mediated current (Figure 6).

3.3. Effect of Blue Laser Light on TRPV1-Mediated Current.
Recently, low-level blue laser light was introduced in laser
acupuncture [9]. Therefore, we also tested for the effect
of 406 nm on TRPV1-mediated current. Similarly to the
red laser light, an output power of 5 mW could not affect
membrane current (for holding current at −60 mV see
Figure 9). Also when TRPV1 was activated by 500 nM
capsaicin, a 2 min time period of irradiation could not
significantly modulate TRPV1-mediated current (Figure 7).

3.4. Effect of Green Laser Light on TRPV1-Mediated Current.
In contrast to the red and blue laser light, green laser
light (532 nm) activated in cRNA-injected oocytes even
in the absence of capsaicin a current that increased with
increasing output power (Figure 8(a)). Already at 5 mW a
significant TRPV1-mediated current could be activated. The
effect gradually increased with time reaching a maximum
steady-state current within 2 min of irradiation (for 40 mW
compare Figure 9). When the laser light was turned off, the
current instantaneously dropped to the same level as before
irradiation. At laser output power of 40 mW, the typical
outward rectification of TRPV1 channel was clearly apparent
(Figure 8(b)).

3.5. Capsaicin Induces Degranulation in HMC-1. The experi-
ments described above were done on the model system Xeno-
pus oocyte. To support the idea that mast cell degranulation
and activation of TRPV1 might be involved in acupuncture
effects, we tested whether TRPV1 activation can induce mast
cell degranulation. Figures 10(a) and 10(b) illustrate that
application of 1 μM capsaicin (about K1/2 value for TRPV1
activation, see Figure 2) indeed led to degranulation. Already
at 500 nM clear activation of TRPV1 was possible (Figure 1);
after application of 500 nM capsaicin for 5 min 62 ± 8% of
the cells had degranulated (Figure 10(c)).

4. Discussion

4.1. TRPV1 Is Functionally Expressed in the Oocytes. We have
demonstrated that TRPV1 was functionally expressed in the
oocytes by showing TRPV1-specific characteristics. Oocytes
injected with the cRNA for TRPV1 exhibited capsaicin-
inducible current (Figure 1) with a K1/2 value of about
1 μM (Figure 2) which is similar to the value reported by
others [12, 13]. Also the current-voltage dependence with
outward-rectifier characteristic was reported for TRPV1-
mediated current [14, 15]. The inhibition by RuR (Figure 3)
and activation by reduced pH (Figure 4) of such outward-
rectifying current are additional indications [12, 14] that
TRPV1 was functionally expressed in the oocytes.

Within the TRPV family, TRPV1 is characterized also by
temperature sensitivity with activation by temperature above
42◦C [16, 17]. Increasing the temperature even to 35◦C only
slightly increased the membrane conductance (Figure 5(a)),
but as soon as the temperature reached about 42◦C, current
was induced with the outward-rectifying current-voltage
dependence typical for TRPV1 (Figure 5(b)).

4.2. TRPV1 as a Candidate for Laser-Induced Degranulation.
It was demonstrated previously that degranulation of mast
cell is an essential initial step in acupuncture-induced pain
relief [6]. In addition, it was demonstrated that various
physical stimuli used in Chinese Medical Treatment can
produce mast-cell degranulation [8]. These stimuli include
mechanical stress, which is applied during the acupuncture
needle manipulation [18–20] via the connective tissue to
the mast cells, and high temperatures, which are applied
during moxibustion to the acupuncture points [21]. Also
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Figure 5: Effect of elevated temperature on membrane current of TRPV1-expressing oocytes. (a) Effect of 42◦C (filled circles) in comparison
to 25◦C before and after the raise in temperature. (b) Effect of 35◦C (filled circles) in comparison to 25◦C before the raise in temperature
and to the current induced by 500 nM capsaicin (filled squares).
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Figure 6: Effect of red laser light on current-voltage curve
of TRPV1-mediated current. TRPV1 was activated by 500 nM
capsaicin. Open square were obtained before irradiation, filled
circles at the end of a 2 min lasting irradiation period (637 nm,
36 mW), and open circles 2 min after the laser light was turned off.
Data represent averages from 3 oocytes (±SEM).

red laser light in the 630 to 640 nm range is often applied
to acupuncture points [7, 9, 22]. All three physical stimuli
can elicit mast-cell degranulation that involves activation of
TRPV2 ion channels [8].

Because of the optical window of tissue in the range
of 600 to 1200 nm, red and NIR light have a penetration
depth of up to several mm [23] and have mainly been
used to investigate photo biomodulation and stimulation
including its application in laser acupuncture. Despite the
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Figure 7: Effect of blue laser light on current-voltage curve
of TRPV1-mediated current. TRPV1 was activated by 500 nM
capsaicin. Open square were obtained before irradiation, filled
circles at the end of a 2-min lasting irradiation period (406 nm,
5 mW), and open circles 2 min after the laser light was turned off.
Data represent averages from 3 oocytes (±SEM).

fact that blue light has a penetration depth in only the sub-
mm range, nevertheless, irradiation of acupuncture points
by blue laser light was introduced into laser acupuncture
recently [24]. Irradiation of mast cells with a 405 nm laser
indeed leads to mast-cell degranulation that was attributed
to an intracellular increase of Ca2+ by activation of TRPV4
[10]; TRPV4 is also expressed in mast cells [8, 10].

While red and blue laser light seem to stimulate activa-
tion of TRPV2 and TRPV4, respectively, these wave lengths
were ineffective for TRPV1 (Figures 6 and 7). On the other
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hand, for TRPV1 green laser light was a very effective
stimulus (Figure 8). At 40 mW, the light induced current
amounted to about 80 nA (at −60 mV, see Figure 9), which
is comparable to the 85 nA of current that can be activated
by 250 nM capsaicin (Figure 2).

Photo biostimulation particularly in the red and NIR
range have been attributed to absorption by cytochrome
oxidase C. Interestingly, the stimulation of TRPV1 by the
green light is dose-dependent, but after about 2 min a steady
state is reached, and when turning off the light the TRPV1-
mediated current instantaneously vanishes. The physical
basis for this is currently under investigation.

In our work, we focused on laser-light-induced mast-cell
degranulation that might form an initial step in acupuncture

induced analgesia. Detailed investigations have elucidated
that irradiation of peripheral nerve with red or NIR laser
light may also be of relevance for analgesic effects (for a
detailed review see [25]). In particular, decreased conduction
velocities have been reported in experiments on humans
and animals with involvement of Aδ and C fibres. In
our experiments, we could demonstrate the effectiveness of
green laser light on TRPV1. Interestingly, TRPV1 is highly
expressed in peripheral Aδ and C fibres [12], and hence,
may also form in the nerve cells a target for green laser-light
stimulation. It was reported that within acupuncture points,
TRPV1 shows higher expression on Aδ and C fibres than
in nonacupuncture points and this becomes even increased
after electroacupuncture [26]. The authors conclude that the
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Figure 10: Degranulation of human mast cells induced by capsaicin. (a) Human mast cells HMC-1 incubated in bath solution in the absence
of the TRPV1-specific agonist capsaicin. (b) HMC-1 cells having been superfused for 5 min with bath solution containing 1 μM capsaicin.
The arrows point to the degranulating cell. (c) Percentage of degranulated HMC-1 cells in the absence and presence of 500 nM capsaicin
(exposition time 10 min, values present averages of 3 independent experiments ±SEM).

higher expression of TRPV1 and its upregulation in response
to acupuncture may be involved in the transmission of the
acupuncture signal.

In addition to the results in our model system Xenopus
oocyte, we could show that activation of TRPV1 by the
specific agonist capsaicin can indeed induce degranulation
(Figure 10). We, therefore, like to suggest that in addition to
red and blue laser light also green light with its intermediate
penetration depth might be a useful tool in medical treat-
ment.

Abbreviations

CW laser: Continuous-wave laser
ORi: Oocyte Ringer’s
RuR: Ruthenium red
TRP: Transient receptor potential
TRPV1: Transient receptor potential

valinoid-sensitive, isoform 1.
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Acupuncture regulates inflammation process and growth factors by increasing blood circulation in affected areas. In this study,
we examined whether acupuncture has an effect on wound healing in injured rat. Rats were assigned randomly into two groups:
control group and acupuncture group. Acupuncture treatment was carried out at 8 sites around the wounded area. We analyzed
the wound area, inflammatory cytokines, proliferation of resident cells, and angiogenesis and induction of extracelluar matrix
remodeling. At 7 days after-wounding the wound size in acupuncture-treat group was decreased more significantly compared
to control group. In addition, the protein levels of proinflammatory cytokines such as tumor necrosis factor-α (TNF-α) and
interleukin-1β (IL-1β) were significantly decreased compared to the control at 2 and 7 days post-wounding. Also, we analyzed
newly generated cells by performing immunostaining for PCNA and using several phenotype markers such as CD-31, α-SMA,
and collagen type I. In acupuncture-treated group, PCNA-positive cell was increased and PCNA labeled CD-31-positive vessels,
α-SMA- and collagen type I-positive fibroblastic cells, were increased compared to the control group at 7 days post-wounding.
These results suggest that acupuncture may improve wound healing through decreasing pro-inflammatory response, increasing
cell proliferation and angiogenesis, and inducing extracellular matrix remodeling.

1. Introduction

In normal wound repair, well-controlled and coordinated
balance between immune defense and epithelial cell prolifer-
ation and differentiation is essential. Wound healing involves
a complex process that includes inflammation, prolifer-
ation, epithelialization, angiogenesis, and collagen matrix
formation [1, 2]. During the inflammatory phase of skin
repair, neutrophils and macrophages infiltrate the wounded
area to clear damaged tissue and produce cytokines such
as macrophage inflammatory protein (MIP)-1α, interleukin
(IL) family, and tumor necrosis factor-α (TNF-α) to expedite

the repair process [3]. Epithelialization occurs by migration
and proliferation of keratinocytes from the wound edges
and by differentiation of stem cells from the remaining hair
follicle bulbs [4, 5]. Also, collagen deposition occurs by the
influx of growth factors such as transforming growth factor-
β, fibroblast growth factor (FGF), and vascular endothelial
growth factor (VEGF) that are secreted by macrophages,
platelets, and fibroblasts. Moreover, angiogenesis is a mul-
tistep process that involves endothelial cell sprouting from
the parent vessel, by migration, proliferation, alignment,
and tube formation to other vessels [6, 7]. Angiogenesis
plays important roles in the healing process of wound [7–9].
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This process is associated with the expression of angiogenic
factors such VEGF and platelet derived growth factor
(PDGF).

Acupuncture is an Asian medical procedure with a
long history that involves peripheral sensory stimulation
for treatment of various ailments. Recently, a number of
studies tried to elucidate the physiology of acupuncture. Our
previous study demonstrated that acupuncture on specific
acupoints induces changes of glucose metabolism in the
brain [10]. Furthermore, acupuncture attenuates inflamma-
tion increasing blood circulation at the affected area [11].
Some studies reported therapeutic effect of acupuncture
on Ashi point. As we know, Ashi-point is pain site that is
found on the body by the practitioner. Since Ashi points
can be anywhere, there is an unlimited number of them.
Sun group demonstrated that there is similar therapeutic
effect of acupuncture site between acupoint and Ashi-
point in orthopedic postoperative pain [12]. Lee et al. and
Nakajima et al. reported that acupuncture treatment in
wound and around bone fracture accelerates healing process
by reducing proinflammation and stimulating epidermal
regeneration [13, 14]. Therefore, we believe acupuncture
may provide a non-toxic and natural alternative to wound
healing. However, the exact mechanisms behind the effects
of acupuncture are still not clear.

In this study, we investigated whether acupuncture
treatment around the edges of wound improved wound
healing and promoted the proliferation of resident cells in
wounded area of rats. Also, we studied the effects of acupunc-
ture on angiogenesis and induction of extracelluar matrix
remodeling and change of pro-inflammatory cytokines in
wound area.

2. Methods

2.1. Animals. The experimental protocol used in this study
was designed in compliance with the guidelines established
by the Institutional Animal Care and Use Committee of
Catholic University Medical School. Male Spraque-Dawley
rats (270–300 g) were initially anesthetized with 5% isoflu-
rane in 70% nitrous oxide and 30% oxygen using an
induction chamber, and were maintained by a mixture
of 2% isoflurane under temperature controlled conditions
(37 ± 0.1◦C) using a rectal thermometer and heating pad
(Harvard Apparatus Inc., Holliston, Massachusetts, USA).
After shaving and cleaning with 70% ethanol, the dorsal
skin was picked up at the midline and punched through
two layer of skin (10 mm in diameter). The animals were
divided into two groups: (1) inhalation anesthesia group
after wound (n = 7, Control group) and (2) acupuncture-
treated experimental group (n = 7, acupuncture group).
Each group was subdivided into three time point group (2
and 7 days after wound; n = 6 for each time point).

2.2. Acupuncture Treatment Procedure. The acupuncture
treatment was given daily for 20 min at 9 sites in wound
area, by using a stainless press-needle of 0.25 mm in diameter

Figure 1: Acupuncture treatment after wound. Image obtained
at 1 day after wound showing wounded skin being treated with
acupuncture.

and 30 mm in length (Suzhou Hua Tuo Medical Instruments
Co. Ltd Suzhou, China). The rats were maintained under
inhalation anesthesia in thermally regulated conditions
(37 ± 0.1◦C) using a rectal thermometer and heating pad
(Harvard Apparatus Inc., Holliston, Massachusetts, USA).
The acupuncture needles were placed and fixed on the
skin around the wound (Figure 1). Needles were accurately
inserted to the targeted depth of 1.5 mm and were sustained
with 20 min per day for 5 days after wound.

2.3. Wound Closure Measurements. Immediately after creat-
ing the wounds, the initial wound sizes were measured using
a caliper at 0, 1, 3, 5, and 7 days following wound. Changes
in wound areas over time were expressed as the percentage
of the initial wound areas. Also, wound area was digitally
photographed using a digital camera in red box (3 × 3 cm)
(Canon ES350, Ohta-ku, Tokyo, Japan).

2.4. Immunohistofluorescence Staining. At 7 days post-
wound, the rats were sacrificed and the skin was removed
for histological examination. Skin tissue samples were fixed
in 10% formalin for 24 h before embedding in paraffin.
The blocks were cut into 5 μm section in order to perform
hematoxylin and eosin (H&E) and immunohistostaining.
The sections were dewaxed in histoclear (Sigma, St. Louis,
MO, USA) and rehydrated through a graded alcohol series.
After retrieval (Abcam, Cambridge, MA, USA), the sections
were blocked with normal goat serum for 1 h at room
temperature. The sections were incubated at 4◦C overnight
with the following antibodies: mouse antiproliferation cell
nuclei antigen (PCNA; Millipore, Billerica, MA, USA), rabbit
polyclonal antibody to CD-31 (CD-31; Abcam), Collagen
type I (Abcam), α-smooth muscle (α-SMA, Abcam). After
washing, sections were incubated in Alexa 546-conjugated
goat anti-mouse IgM (Molecular probe, Eugene, Oregon,
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Figure 2: Wound closure in wound rat. Image shown in the wound image of acupuncture and control group at 0, 1, 3, 5, and 7 days
after-wounding (a). Wound area was measured at the indicated time points of after-wounding (b). Area of the wounds was determined by
quantitative analysis using caliper. Cutaneous wounds at 7 days were stained with (H&E) and photographed with a digital camera mounted
on a light microscope (c). The wound sizes of acupuncture-treated group significantly decreased compared to the control group. Also red
blood cells within the number of blood vessels decreased compared to the control group. Data are expressed as mean ± SD, ∗P < 0.05, Scale
bars denote, 100 μm.

USA) and Cy2-conjugated goat anti-rabbit IgG (Jackson
ImmunoResearch) for 1 h at room temperature. After wash-
ing, the sections were counterstained with 4′,6-diamidino-
2-phenylindole (DAPI; Sigma-Aldrich). Fluorescent images
were acquired using a fluorescence microscope equipped
with a spot digital camera (Nikon, Chiyoda-ku, Tokyo,
Japan) and a Zeiss LSM 510 confocal scanning laser micro-
scope (× 200 oil objective) (Carl Zeiss, Jena, Gemany).

To determine PCNA and PCNA labeled-CD-31, α-SMA,
and collagen type I-positive cells, every fifth coronal section
per animal was prepared and counting was performed on
three randomly selected non-overlapping per section. The
measurement was made in a predefined field (300 μm ×
300 μm) and the number of positive cells of wound area were
obtain by multiplying by three. Using Meta-Morph imaging
program (Molecular Devices Inc, Downingtown, PA, USA),
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Figure 3: Expression of inflammatory cytokines in wound area. TNF-α and IL-1β were detected by ELISA at days after-wound. Protein levels
of these factors show the quantitative analysis data (a-b). TNF-α and IL-1β were significantly decreased compared with the control group
(a-b). Data are expressed as mean ± SD, ∗P < 0.05.

wound area was determined by counting PCNA, CD-31, α-
SMA, and collagen type I-positive cells.

2.5. Enzyme-Linked Immunosorbent Analysis. At 2 and 7 days
following wound, wound samples were homogenized in t-per
tissue protein extraction buffer (Pierce, Rockford, IL, USA)
with protease inhibitor. The lysates were cleared by cen-
trifugation (10,000 g) for 30 min at 4◦C and the supernatant
was kept at −70◦C. The supernatant was examined using
the enzyme-linked immunosorbent assay (ELISA) to detect
the protein levels of angiogenic factor and inflammatory
cytokines. The supernatant was further analyzed to quantify
the concentration of VEGF (R&D system, Minneapolis,
USA), TNF-α (R&D system), and IL-1β (R&D system) in
strict accordance with the manufacturer’s protocols.

2.6. Statistical Analysis. The behavior tests, cerebral ischemic
volume, and cell count of apoptotic cells for both rat groups
were subjected to one-way ANOVA with post hoc analysis,
independent T-test, or Mann-Whitney U test. Data are
presented as the mean value ± standard deviation of the
mean. Probability values less than 0.05 were considered
statistically significant.

3. Results

3.1. Wound Area. Wound sizes were measured at 0, 1, 3,
5, and 7 days post-wounding. Wound closure was noted

to progress more rapidly in acupuncture-treated group
compared to the control group (Figure 2). At 7 days post-
wounding, the wound sizes of acupuncture-treated group
significantly decreased compared to the control group (31±
5 versus 44 ± 5%, P < 0.05). These results suggest
that acupuncture can accelerate the restoration of wound
healing.

3.2. Expression of Inflammatory Cytokine. We hypothesized
that acupuncture may protect an injured area following
a wound by reducing the production of inflammatory
cytokines. We used the ELISA to detect protein levels of
inflammatory cytokines at 2 and 7 days in the wound area.
At 2 and 7 days post-wounding, pro-inflammatory cytokines
such as IL-1β and TNF-α were significantly reduced com-
pared to the control group (Figure 3). These results suggest
that acupuncture could promote wound healing to regulate
inflammatory cytokines.

3.3. Endogenous Cell Proliferation. To investigate whether
acupuncture treatment improved newly generated cell dur-
ing wound healing, the number of proliferating cells were
determined by anti-PCNA antibody. At 7 days after wound,
proliferation of the newly generated cells increased greatly
in acupuncture treated group compared to the control
group within the wound area (Figure 4). These results
suggest that acupuncture could have potentially improved
cell proliferation during wound healing.
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Figure 4: Quantitative analysis of PCNA-labeled cells in the wound area. Cell proliferation was measured by immunostaining using anti-
PCNA antibody. At 7 days after-wounding, PCNA-labeled cells were present in wound area (a-b). PCNA positive cells were counted.
In acupuncture-treated group, proliferation of endogenous cell was significantly increased compared to the control group (c). Data are
expressed as mean ± SD, ∗P < 0.05, Scale bars denote, 50 μm.

3.4. Angiogenesis. To investigate whether acupuncture treat-
ment promotes angiogenesis, angiogenesis factor, and
endothelial cell of newly generated cells such as VEGF and
CD-31 were analyzed using the ELISA and immunostaining.
The VEGF is produced by a variety of cell types during
wound healing, and is a potent stimulator of proliferation
and migration in endothelial cells [15–17]. The expression
of VEGF was significantly increased compared to the control
group at 7 days after wound (16.6 ± 0.7 versus 12.9 ±
2.9 pg/mg, P < 0.05) (Figure 5(h)). This suggests that
acupuncture may enhance angiogenesis of newly generated
cells. In acupuncture-treated group, PCNA labeled CD-31-
positive cells were increased compare to the control group
in the wound area (172 ± 9.6 versus 118 ± 18.2, P < 0.05)
(Figure 5(g)). These results suggest that the acupuncture

could effectively promote angiogenesis by increasing VEGF
expression in wound model.

3.5. Epidermal Regeneration. We examine whether acupunc-
ture could promote the induction of extracellular matrix
remodeling by immunostaining for PCNA and several
phenotype markers including α-SMA and collagen type I in
the wound area. At the wound edge, vascular smooth muscle
cells were analyzed using α-SMA antibody. The expression
of α-SMA was observed at vascular smooth muscle cells of
subcutaneous tissue (Figures 6(a) and 6(d)). In acupuncture-
treated group at 7 days post-wounding, the PCNA labeled
α-SMA-positive cells were significantly increased compared
to the control (169 ± 33 versus 129 ± 26, P < 0.05)
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Figure 5: Quantitative analysis of angiogenesis by acupuncture in wound area. Histological analysis was shown into PCNA and CD-31
staining at 7 days after wound (a–f). The numbers of PCNA/CD-31-labeled cells were quantified present in wound area (g). At 7 days
after-wounding, the expression of VEGF was significantly increased compared to the control group (h). Data are expressed as mean ± SD,
∗P < 0.05, Scale bars denote, 50 μm.
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Figure 6: Quantitative analysis of epidermal regeneration by acupuncture in wound area. Histological analysis was shown into PCNA and
α-SMA staining at 7 days after wounding (a–f). The numbers of PCNA/α-SMA-labeled cells present were quantified in wound area (g). At
7 days after-wounding, the PCNA/α-SMA-labeled cells were decreased compared to the control group. Data are expressed as mean ± SD,
∗P < 0.05, Scale bars denote, 50 μm.
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Figure 7: Quantitative analysis of epidermal regeneration by acupuncture in wound area. Histological analysis was shown in PCNA and
collagen type I staining at 7 days after wounding (a–f). The numbers of PCNA/collagen type I-labeled cells present were quantified in wound
area (g). At 7 days after-wounding, the PCNA/collagen type I-labeled cells were increased compared to the control group. Data are expressed
as mean ± SD, ∗P < 0.05, Scale bars denote, 50 μm.



Evidence-Based Complementary and Alternative Medicine 9

(Figure 6(g)). Also, PCNA labeled collagen type I-positive
cells were significantly increased compared to the control
(93 ± 8 versus 76 ± 14, P < 0.05) (Figure 7). These
results suggest that the acupuncture may be associated with
mechanisms involved in stimulating wound healing through
increasing extracellular matrix protein such as α-SMA and
collagen type I.

4. Discussion

The aim of wound healing is to promote rapid wound
closure and recover functional properties. In this study, we
examined the effect of the acupuncture treatment on wound
model such as healing of the wound area, expression of
inflammatory cytokines, cell proliferation, angiogenesis, and
granulation tissue formation.

Acupuncture has a long history as an Asian medical
procedure that was used to treat various diseases such as
inflammatory diseases, complex regional pain syndromes,
and neurological diseases [18]. Previously studies reported
therapeutic effect of acupuncture on Ashi-point in pain,
brun, and bone fracture disease [12–14]. Also they sug-
gested that acupuncture could have effects on wound heal-
ing process through inhibition of inflammatory cytokines,
improvement of proliferative cells, and stimulation of epi-
dermal regeneration. Therefore, we suggest that acupuncture
treatment around the edges of wound might improve healing
process. In this study, we observed wound healing at 1, 3, 5,
and 7 days. The acupuncture-treated group showed a more
reduced compared to the control group.

Also, we analyzed in the pro-inflammatory cytokines
such as TNF-α and IL-1β in the early phases of wound heal-
ing using the ELISA. We demonstrated that the expression
of TNF-α decreased in acupuncture-treated group compared
to the control at 2 and 7 days. Also, the expression of IL-
1β was decreased compared to control group. These results
suggest that acupuncture stimulation may have protective
effects in wound model through the suppression of pro-
inflammatory cytokines, which are secreted by macrophages
[19, 20].

We investigated whether the acupuncture treatment
could promote proliferation of newly generated cells and
enhance the angiogenesis and granulation formation of
newly generated cells by performing immunostaining for
PCNA and several phenotype markers including CD-31,
α-SMA, and collagen type I. PCNA-positive cells were
counted at the edge of the wound at 7 days after wound
model. In the acupuncture treated group, PCNA-positive
cells were significantly increased compared to the control
group. Also, we evaluated angiogenesis of newly generated
cells by counting PCNA and CD-31-positive cells. PCNA-
labeled CD-31 cells were increased in acupuncture group
compared to the control at 7 days. Further, we observed
the expression levels of VEGF at 2, and 7 days after wound
model. The expression of VEGF was also increased compared
to the control group at 7 days. The increase of expression
of angiogenesis factors over time might be related to the
acceleration of wound healing.

Granulation-tissue formation and contraction are funda-
mental steps during the wound healing process, which can be
analyzed by observing newly generated α-SMA and collagen
type I. The expression of α-SMA was observed not only
at vascular smooth muscle cells of subcutaneous tissue but
also at myofibroblasts around granulated area in connective
tissue. Also, increase in the deposition of collagen type I,
the major collagen type in skin, is consistent with a more
organized and stronger repaired skin [21]. Furthermore,
collagen type I play an important role guiding keratinocytes
and dermal fibroblasts migration in the wounded area. In
acupuncture treated group, the PCNA labeled α-SMA and
collagen type I-positive cells were significantly increased
compared to the control. These results suggest that acupunc-
ture may be associated with the wound healing effect by
increasing extracellular matrix proteins.

In conclusion, the result of our study suggests that
acupuncture treatment around the edges of wound promotes
wound healing through decreasing inflammatory cytokine
release, increasing newly generated cells, and stimulat-
ing angiogenesis and granulation-tissue formation. Further
studies are needed to identify the precise mechanism of
action behind acupuncture.
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Auricular acupuncture has been utilized in the treatment of diseases for thousands of years. Dr. Paul Nogier firstly originated the
concept of an inverted fetus map on the external ear. In the present study, the relationship between the auricular acupuncture and
the vagal regulation has been reviewed. It has been shown that auricular acupuncture plays a role in vagal activity of autonomic
functions of cardiovascular, respiratory, and gastrointestinal systems. Mechanism studies suggested that afferent projections from
especially the auricular branch of the vagus nerve (ABVN) to the nucleus of the solitary tract (NTS) form the anatomical basis
for the vagal regulation of auricular acupuncture. Therefore, we proposed the “auriculovagal afferent pathway” (AVAP): both the
autonomic and the central nervous system could be modified by auricular vagal stimulation via projections from the ABVN to the
NTS. Auricular acupuncture is also proposed to prevent neurodegenerative diseases via vagal regulation. There is a controversy on
the specificity and the efficacy of auricular acupoints for treating diseases. More clinical RCT trials on auricular acupuncture and
experimental studies on the mechanism of auricular acupuncture should be further investigated.

1. The History of Auricular Acupuncture

Acupuncture is a part of traditional Chinese medicine
(TCM). It has been accepted in China and has been used
as one of the alternative and complementary treatments
in western countries. Auricular acupuncture has been also
used in the treatment of diseases for thousands of years.
In the classic TCM text of Huang Di Nei Jing, which
was compiled in around 500 B.C, the correlation between
the auricle and the body had been described; all six Yang
meridians were directly connected to the auricle, whereas
the six Yin meridians were indirectly connected to the ear
by their corresponding yang meridian, respectively [1]. In
Hippocrates’ time, around 450 BC, bleeding points on the
posterior (mastoid) surface of the ear were used to facilitate
ejaculation, reduce impotency problem, and treat leg pain
[2]. It was also reported that the auricle was associated with
emotion [2]. During Renaissance sporadic trading between
China and Europe made it possible to introduce needles,
moxa, and cauterization of the external ear or cutting the
veins behind the ears for relieving diseases in Europe [3]. In
1957, Dr. Paul Nogier, a physician in France, firstly originated
the concept of an inverted fetus map on the external ear [2].
He proposed the concept after visiting a folk doctor, who

cauterized the very small auricular area “sciatic point” of the
patients for the treatment of sciatica. The folk doctor learned
this technique from a Chinese who resided in Marseilles [3].

Nogier presented his discovery in several congresses and
published it in an international circulation journal, which
eventually led to the widespread acceptance of his approach.
With some exceptions, the Chinese charts were very similar
to Nogier’s originals [4].

2. Auricular Acupuncture for Vagal Regulation

The autonomic nervous system (ANS), which plays a
crucial role in the maintenance of homeostasis, is mainly
composed of two anatomically and functionally distinct
divisions: the sympathetic system and the parasympathetic
system. In terms of the influence of the parasympathetic
system, the physiological significance of the vagus nerve
is clearly illustrated by its widespread distribution [5]. It
controls the activity of the cardiovascular, respiratory, and
gastrointestinal systems and has effects on smooth muscles,
blood vessels, sweat glands, and the endocrine system.
Numerous investigations showed that vagal tone was elicited
by auricular acupuncture or auricular acupressure [6–8]. It is
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described as a reflexive treatment of physical, emotional, and
neurological dysfunctions via specific zones on the ear where
these dysfunctions are reflected [9].

2.1. Cardiovascular Regulation. Cardiac vagal postganglionic
fiber endings release acetylcholine, which are bound with
cholinergic M receptors on the myocardial cell membrane or
vascular smooth muscle. Activation of the vagus nerve typ-
ically leads to a reduction in heart rate and blood pressure.
Cardiovascular vagal regulations by auricular acupuncture
have been investigated in clinical trials and animal experi-
ments [6, 10–18]. In elite basketball athletes, the value of
heart rate decreased at 30th and 60th minutes postexercise
in auricular acupuncture group compared with that in
normal control group [6]. In fourteen healthy men, auricular
electrical acupuncture stimulation was found to have a
positive effect on respiratory sinus arrhythmia adjusted for
tidal volume, which indicated an increase in vagal activity
[10]. The systolic pressure and diastolic pressure in 20
cases of hypertension rabbits were decreased by ear electro-
acupuncture inserting at the “Er Jian” (HX6.7i) point [11].
Acupuncture at “shenmen” (TF4) slowed down the heart rate
and activated the parasympathetic nerves [12].

Several investigations had focused on the relationship
between auricular acupoint “Heart” (CO15) and cardiovas-
cular regulation. In healthy volunteers, a significant decrease
in heart rate and a significant increase in heart rate variability
after manual ear acupressure at auricular acupoint CO15

have been shown [13]. In anesthetized Sprague Dawley rats,
acupuncture at auricular point “Heart” showed a more sig-
nificant inhibitory effect on arterial pressure and heart rate
than acupuncture at acupoints Zusanli (ST36) and Neiguan
(PC6) [14]. Decrease in blood pressure and a small bradycar-
dia had been induced by auricular acupuncture at different
points in rats [8]. A significant increase in total heart rate
variability was found after auricular acupuncture at the ear
point CO15 [15]. In addition, mean blood flow velocity
of the ophthalmic artery was significantly increased during
needling vision-related acupoints of auricular acupuncture,
which may be induced by parasympathetic tone [16]. In 30
cases of vascular hypertensive patients, it was found that
acupuncture at acupoint CO15 produced marked short-term
and long-term depressor effect as well as evident immediate
effects on cardiac functional activities in grade II and grade
III hypertension and marked effects on angiotensin II in
grade III hypertension [17].

After receiving 4-week-treatment of auricular acupunc-
ture therapy, a greater percentage change in Pittsburgh
sleep quality index was moderately correlated with both a
lower percentage change in high frequency power of heart
rate variability (HRV) and a greater percentage change in
normalized low frequency power of HRV, thus, it suggested
that auricular acupuncture intervention led to more cardiac
parasympathetic and less cardiac sympathetic activities,
which contributed to the improvement of postmenopausal
insomnia [18].

2.2. Respiratory Regulation. In a controlled single-blind
study, a significant decrease in the olfactory recognition

threshold by auricular acupuncture at the auricular “Lung”
point was found in 23 healthy volunteers [7]. Bilateral
stimulation of auricular acupoint TF4 combined with other
acupoints of Daimai (GB26), ST36, and Sanyinjiao (SP6)
resulted in a net increase in vital capacity during the period
of acupuncture analgesia which lasted for 3 to 4 hours
after stimulation [19]. In fourteen healthy men, auricular
electrical accupuncture stimulation was found to have a
positive effect on respiratory sinus arrhythmia adjusted for
tidal volume, which indicated an increase in vagal activity
[10].

2.3. Gastrointestinal Regulation. Increase in intragastric pres-
sure has been induced by auricular acupuncture in rats
[8]. By comparison of the width of corpus and antrum
of the stomach, as well as duodenum before and after the
application of auricular acupuncture in 60 patients, the
results showed that the effects of auricular acupuncture and
usual drugs on the motility and tone of gastrointestinal tract
were equal [20]. In order to relieve the abdominal distension
and other discomforts due to gastrointestinal dysfunction
after abdominal operations, the patients were treated by
auricular-plaster therapy plus acupuncture at ST36. The
results indicated that auricular-plaster therapy plus acupunc-
ture at ST36 may promote postoperative recovery of the
intestinal function [21].

3. Mechanisms of Auricular Acupuncture for
Vagal Regulation

3.1. The Nerve Supply of the Auricle. The auricle is innervated
by cranial nerves and spinal nerves. Innervations of at least
four nerves supply the anterior auricle: the auriculotemporal
nerve, the auricular branch of the vagus nerve (ABVN),
the lesser occipital nerve, and the greater auricular nerve.
The auriculotemporal nerve is a mandibular branch of the
trigeminal nerve, which mainly supplies the anterosuperior
and anteromedial areas of the external ear. The auricular
branch of the vagus nerve, which is the only peripheral
branch of the vagus nerve, mainly supplies the auricular
concha and most of the area around the auditory meatus.
The lesser occipital nerve mainly innervates the skin of the
upper and back parts of the auricular. The greater auricular
nerve (GAN) from the cervical plexus supplies both surfaces
of the lower parts of the auricle. The innervation of the
auricle is characterized by a great deal of overlap between
multiple nerves [22] (see Figure 1).

3.2. Auriculovagal Relation. Both Chinese and Western
researchers have recognized the relationship between the
auricle and vagal regulation. Arnold’s reflex was first
described in 1832 by Friedrich Arnold, professor of anatomy
at Heidelberg University in Germany. It is one of the
somato-parasympathetic reflexes. Physical stimulation of the
external acoustic meatus innervated by the ABVN elicits
a cough much like the other cough reflexes induced by
vagal tone. There were also clinic reports on vagal tone
responses such as cardiac deceleration and even asystole
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Figure 1: The innervations of the external auricle. The innervations
of the auricular branch of the vagus nerve are marked by green
color. The innervations of the auriculotemporal nerve are marked
by red color. The innervations of the lesser occipital nerve are
marked by blue color. The innervations of the greater auricular
nerve are marked by yellow color.

and depressor response, induced by stimulations including
cerumen cramming in auditory canal or auricular concha
[23, 24]. Engel [25] groups together eight reflexes includ-
ing gastroauricular phenomenon in man, auricular phe-
nomenon in man, pulmonoauricular phenomenon in man,
auriculogenital reflex in cat, auriculouterine reflex in women,
oculocardiac reflex in man, Kalchschmidt’s reflex in cattle,
and coughing attack with heartburn in man. According to
the national standards of the location of auricular acupoints
[26], auricular acupoints treating visceral diseases are mainly
located at auricular concha (see Figure 2). Perhaps the ABVN
forms a connection between the auricle and the autonomic
regulations.

3.3. Relationship between the ABVN and the Nucleus of
the Solitary Tract. The anatomical relationship between the
ABVN and the nucleus of the solitary tract (NTS) has been
investigated. After applying horseradish peroxidase (HRP)
to the central cut end of the ABVN in the cat, some
labeled neuronal terminals were seen in the interstitial,
dorsal, dorsolateral, and commissural subnuclei of the NTS;
some of these terminals may be connected monosynaptically
with solitary nucleus neurons which send their axons to
visceromotor centers in the brainstem [27].

The auricular concha is mainly innervated by the ABVN.
The relationship between the acupuncture stimulation at
auricular concha and the NTS has also been investigated.
In an animal study, acupuncture stimulation at auricular
concha induced the hypoglycemic effect by activating the
firing activities of the neurons in NTS [28]. It is also found
that acupuncture-like stimulation at auricular acupoint
CO15 activates the cardiac-related neurons in the NTS to
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Figure 2: Auricular acupoints treating visceral diseases are mainly
located at auricular concha.

evoke cardiovascular inhibition, whereas the inactivation of
the NTS with local anesthetics decreased the cardiovascular
inhibitory responses evoked by auricular acupuncture [14].

Recently, it is suggested to assess the function of the
vagus nerve through transcutaneous electric stimulation of
the ABVN innervating parts of the ear. The 8 mA stimulation
was performed at five different electrode positions at the
subject’s right ear. A clear, reproducible vagus sensory evoked
potential (VSEP) was recorded after stimulation at the
inner side of the tragus of the right ear, instead of the
other stimulation positions at the lobulus auriculae, the
scapha, thecus antihelices superior, and the top of the helix.
It is considered that cutaneous stimuli of this region are
transported via the auricular nerve to the jugular ganglion
and from there with the vagus nerve into the medulla
oblongata and to the NTS [29]. Although other regions
of the auricle might be innervated by a small amount of
innervation of the ABVN, the inner side of the tragus is a
large amount of innervation the ABVN to mediate the VSEP.

3.4. Extensive Connections between the NTS with Visceral
Organs and Other Brain Structures. The NTS in the brain-
stem carries and receives visceral primary afferent signals
from a variety of visceral regions and organs. Neurons that
synapse in the NTS participate into the autonomic reflexes,
with a result to regulate the autonomic function. Outputs
that go from the NTS are transferred to a large number
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of other regions of the brain including the paraventricular
nucleus of the hypothalamus and the central nucleus of the
amygdala as well as to other nuclei in the brainstem (such as
the parabrachial area and other visceral motor or respiratory
networks). Perhaps, extensive connections between the NTS
with visceral organs and other brain structures [30] may
elucidate the mechanism of auricular acupuncture.

Therefore, we proposed the “auriculovagal afferent path-
way” (AVAP); both the autonomic and the central nervous
system could be modified by auricular vagal stimulation via
projections from the ABVN to the NTS (see Figure 3).

4. Prevention and Treatment of Diseases via
Vagal Regulation of Auricular Acupuncture

The nuclei of the vagus nerve in the brainstem have been
implicated as one of the earliest regions in the pathophysio-
logical process of both Alzheimer’s and Parkinson’s diseases.
Far-field potentials from brainstem after transcutaneous
vagus nerve stimulation at the auricle have been utilized as
a noninvasive method in the early diagnosis of neurode-
generative disorders [31–33]. We suggest that further study
is needed on whether auricular acupuncture plays a role
in the prevention and treatment of these neurodegenerative
disorders via activating the vagal nuclei in the brainstem.

Vagus nerve stimulation has been approved by FDA as
an alternative treatment for neuropsychiatric diseases such as
epilepsy and depression. In order to avoid the disadvantages
of cervical vagus nerve stimulation, less invasive methods
including transcutaneous vagus nerve stimulation [34–36]
and electrical auricula-vagus stimulation [37] to stimulate
vagal afferences have been proposed. In a pilot study, an
overall reduction of seizure frequency was observed in five of
seven patients after 9 months of electrical stimulation of the
ABVN. It is also found that the electrical stimulation of the
ABVN is safe and well tolerated [38]. As a complementary
method, it is also proposed that auricular acupuncture may
suppress epileptic seizures via activating the parasympathetic
nervous system [39–41].

5. Complications on Auricular Acupuncture

5.1. Controversy on Specificity of Auricular Acupoint. Several
studies investigated the specificity of auricular acupoints.
Parts of the studies agree on the concept that specific areas of
the ear are related to specific areas of the body. Acupuncture
at CO15, but not Stomach (CO4), produced depressor effect
on vascular hypertension [17, 42]. Specificity of auricular
acupoint is also identified by two quantified examinations of
the electrical properties [43, 44].

There is still disagreement on the specificity of auricular
acupoint. Similar patterns of cardiovascular and gastric
responses could be evoked by stimulation at different areas
of the auricle, which do not support the theory of a highly
specific functional map in the ear [8]. Auricular acupuncture
appears to be effective for smoking cessation, but the effect
may not depend on point location [45].

LC

RVM

DMN

AP

NTS

Figure 3: “Auriculovagal afferent pathway” (AVAP): both the
autonomic and the central nervous system could be modified by
auricular vagal stimulation via projections from the ABVN at the
auricular concha to the NTS (see Figure 3). NTS: nucleus of the
solitary tract; DMN: dorsal motor nucleus of the vagus; AP: area
postrema; RVM: rostral ventrolateral medulla; LC: locus coeruleus.

5.2. Inconsistent Results on the Study of Auricular Acupuncture.
There are inconsistent study results related to the treatment
effects of auricular acupuncture, which may be related to
trial designing, clinical observation measures, the set of sham
acupuncture, and statistical analyses [46–48]. In clinical
studies, most studies on the clinical observation of auricular
acupuncture were not sufficiently convincing. More RCT
evaluations of effect of auricular acupuncture should be
performed to obtain objective and consistent results. Besides,
there are almost 200 auricular acupoints in each ear that
represent all parts of the body and many functional areas.
It is not easy to locate the acupoint accurately. Therefore, in
a clinical trial, the acupuncture operator should be trained
well. In experimental studies, anatomical and morphological
studies on auricular acupoints and neuroimaging study such
as fMRI on the effect of auricular acupuncture should
be encouraged to investigate the mechanism of auricular
acupuncture.
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Acupuncture is commonly performed at acupoints. No comparisons of quantitative physiological alterations in the brachial
artery (BA) induced by the stimulation of different acupoints in the lower limbs have been performed in humans. Therefore,
we investigated changes in blood flow volume (BFV) in the BA as an indicator of the physiological effects induced by stimulation
at 3 points. Seventy-five healthy participants aged 33± 9 years (mean± SD) were enrolled and randomly assigned to 3 groups; they
received stimulation at 3 different points located on the lower limbs: ST36, LR3, and a non-acupoint. Stimulation was performed
bilaterally with manual rotation of the needles. Using ultrasonography, BFV was measured continuously from rest to 180 seconds
after stimulation. LR3 stimulation significantly increased BFV compared to that before needle insertion. Meanwhile, stimulation
at ST36 and the non-acupoint significantly decreased BFV compared to that before needle insertion. Stimulation at LR3 elicited a
significant increase in BFV compared to that at ST36 and the non-acupoint. The results suggest that the stimulation of different
points on the lower limbs causes distinct physiological effects on BFV in the BA.

1. Introduction

Acupuncture is an important facet of traditional Chinese
medicine [1]. Acupuncture points, called acupoints, are gate-
ways located on meridians that can restore the flow of qi [2].
The treatment of specific acupuncture points depends on the
particular diagnosis [3]. The acupuncture theory is based
on the meridian system, which connects acupoints to the
organs. However, it has been difficult to verify the meridian
and acupoint structures as well as and the connections
between organs and meridians. The Zusanli (ST36) acupoint
is located on the stomach meridian. This acupoint is known
to be effective for the treatment of digestive system disorders;
it improves digestive function and decreases abdominal pain
[1, 4]. The Taichong (LR3) acupoint is located on the liver
meridian; stimulation at this point is known to regulate
liver function [1, 4]. One of the functions of the liver is to
regulate the free movement of qi. Stagnation of liver qi may
impede blood circulation [4] and cause frequent limb chills.

However, there is currently no evidence supporting the
findings mentioned above.

Blood flow volume (BFV) is an important index for
representing the condition of organs and tissues. Therefore,
we employed BFV as a quantitative indicator of the effects
of traditional interventions on the human body. There
are some reports in the literature about the hemodynamic
responses to acupuncture stimulation at several acupoints
[5–9]. Acupuncture is reported to be effective for treating
Raynaud syndrome [10] and chills in the hand [11] as well
as improving blood circulation in the forearm. However,
these reports only show changes in temperature or blood
flow at the skin surface. We previously reported the effects
of acupuncture at a single acupoint on the BFV of the upper
limb in humans, measured by ultrasonography [12, 13]. In
addition, we reported the effects of acupuncture on BFV in
the superior mesenteric artery by acupuncture at different
acupoints in the lower limbs [14]. To our knowledge, no
study has reported changes in the BFV of the brachial
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artery (BA) induced by acupuncture stimulation at different
acupoints on the lower limbs. Therefore, this study aimed to
clarify the effects of acupuncture stimulation at 2 different
acupoints, ST36 and LR3, and a non-acupoint on the
hemodynamics in the BA of healthy participants.

2. Methods

2.1. Participants. Seventy-five healthy adult volunteers (45
men and 30 women) aged 33 ± 9 years (mean ± SD; range
20–53 years) were enrolled in this study. No participants had
cardiovascular disease. None of the participants took any
medicine 1 month before the experiment. All participants
were examined after fasting and abstaining from alcohol
and caffeine for at least 3 hours. The study protocol was
approved by the Ethics Committee of Tohoku University,
Graduate School of Medicine. All participants provided
written informed consent prior to the beginning of the
experiment.

2.2. Setting. The participants rested in the supine position in
a quiet, air-conditioned room (temperature 25-26◦C). Three
monitoring electrocardiographic electrodes were attached
to the anterior part of the chest of each participant. Four
electrodes for impedance cardiography (ICG) (Bioz ICG
Module, Dash 3000�, GE Healthcare, USA) were placed at
the base of the neck and the level of the xiphoid process
in the midaxillary line. ICG utilizes 4 dual sensors on the
neck and chest to apply low-amplitude high-frequency alter-
nating electrical current to the participant’s thorax. Pulsatile
changes in BFV and velocity are measured as changes in
impedance. These changes are subsequently synchronized
with the electrocardiogram to automatically calculate hemo-
dynamic parameters such as stroke volume and the cardiac
index (CI) [15]. ICG is a noninvasive monitoring method
that allows the measurement of the CI according to the
changes in thoracic resistance that result from variations in
intrathoracic BFV [16, 17]. The CI was calculated on the
basis of the stroke volume, heart rate, and body surface
area measured by ICG [18]. The systemic vascular resistance
index (SVRI) was calculated using the CI and blood pressure.
Blood pressure was measured with an oscillometer (BP-608
Evolution II�, Colin Healthcare Co. Ltd., Kyoto, Japan) on
the left upper arm. BA hemodynamics was measured by
an ultrasonograph (Prosound α10�, Hitachi-Aloka Medical
Ltd., Tokyo, Japan) on the right arm; this system contains
a high-resolution linear array transducer (13 MHz) and
a computer-assisted analysis software (e-tracking system�
Hitachi-Aloka Medical Ltd., Tokyo, Japan). The software
automatically detected the vessel edge and measured the
vessel diameter and BFV continuously [19]. The combina-
tion of ultrasonography and pulsed Doppler enables the
noninvasive investigation of the blood flow in small vessels
such as the coronary, splenic, and adrenal arteries as well
as the superior mesenteric artery and BA [20]. The right
arm was fixed, and the right BA was scanned longitudinally
where the vessel diameter and Doppler wave readings were
stable. The transducer was fixed in a special probe holder

(MP-PH0001�, Hitachi-Aloka Medical Ltd., Tokyo, Japan)
at the site where the clearest B-mode image of the anterior
and posterior vessel wall was obtained (Figure 1). Care was
taken to avoid compressing the artery. The BA diameter was
monitored automatically when the tracking gate was placed
on the intima of the vessel. The waveform of the changes
of vessel diameter over the cardiac cycle was displayed in
real time using the e-tracking system� (Figure 1). To obtain
accurate measurements, the Doppler angle was maintained
at 60◦ or less [21, 22]. BFV was calculated automatically
as the Doppler flow velocity (corrected for the angle)
multiplied by heart rate and vessel cross-sectional area
[21–23]. To ensure consistent images were obtained, the
probe was maintained in the same position throughout
the test using a special holder. The e-tracking system�
automatically measured changes of vessel diameter with a
precision of 0.01 mm. The use of this system avoids operator
bias, increases reproducibility, and improves accuracy. The
system and software were developed to measure flow-
mediated dilatation (FMD), which is usually measured at
the BA [24, 25]. Ultrasonography is a noninvasive method
for evaluating blood flow velocity. Blood flow changes
rapidly in the arteries of the extremities, especially in the
peripheral arteries [26]. Changes in venous return due to
respiration cause oscillations in stroke volume and blood
pressure [27]. Thus, the arterial pulse should be modified
by breathing [28]. Therefore, the participants were asked to
breathe every 6 seconds during the test, and hemodynamic
parameters were calculated as the average values of each
6-second period to minimize the influence of respiration.
The following hemodynamic parameters were determined:
(1) blood pressure (mmHg), (2) heart rate (beats/min), (3)
cardiac index (L·min−1·m−2), and (4) blood flow volume
(mL·min−1·m−2).

2.3. Study Protocol. A single-blind randomized controlled
trial was performed. The experimental outline of the study is
shown in Figure 2. All participants (n = 75) were randomly
assigned to 1 of 3 groups receiving the following treatments:
(1) needle stimulation at ST36 (n = 25, Zusanli: located
on the lower leg, 3 units below the lateral “eye” of the
knee, approximately 1 finger width lateral to the tibia [29])
(Figure 3); (2) needle stimulation at LR3 (n = 25, Taichong:
located on the foot, 1.5–2 units above the web between the
first and second toes [29]) (Figure 3); (3) needle stimulation
at a non-acupoint (n = 25: located on the lower leg, 3
units lateral to and below ST36, midpoint of the stomach
and gallbladder meridian) (Figure 3). The participants had
no knowledge about acupuncture or acupoints.

After the ultrasonograph was positioned, the participants
rested in the supine position for 10 minutes. We then
measured the BA hemodynamics, blood pressure, heart rate,
and the CI at rest (i.e., before needle insertion), during
needle stimulation, and 30, 60, and 180 seconds after
needle stimulation. Needle stimulation was performed by a
licensed acupuncturist. Disposable fine stainless-steel nee-
dles (0.16 mm diameter, 40 mm length, Seirin Co. Ltd.,
Shizuoka, Japan) were inserted bilaterally on the target point
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Figure 1: (a) An ultrasonographic measurement of the brachial artery with a special probe holder (MP-PH0001�, Hitachi-Aloka Medical
Ltd., Tokyo, Japan). (b) Hemodynamic data obtained by ultrasonography. The left image shows the vessel image and position of the tracking
gate of the brachial artery. The right image shows the changes in vessel diameter, Doppler flow, and blood flow velocity determined by an
automated edge detection device and computer analysis software (e-tracking system�, Hitachi-Aloka Medical Ltd., Tokyo, Japan).
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Figure 2: Experimental diagram. Before needle insertion (ins) and stimulation (stim) bilaterally at ST36, LR3, and the non-acupoint. After
the needles were inserted, needle stimulation was applied for 18 s with manual rotation. The needles were retained for 180 s after needle
stimulation and then removed. Hemodynamic parameters were measured before needle insertion, during, and 30, 60, and 180 s after needle
stimulation. min.: minutes, s: seconds.

and maintained at a depth of 10 mm during the test to ensure
they reached the muscle. After the needles were inserted,
the stimulation was performed for 18 seconds by rotating
the needles <90◦ manually. The needles were retained for
the duration of the test following stimulation and were then
removed.

2.4. Statistical Analysis. Statistical analysis was performed
with PASW software (version 17.0, SPSS Japan Inc., Tokyo,
Japan). Comparisons between the ST36, LR3, and non-
acupoint groups were performed by two-way analysis of
variance (ANOVA) with a post hoc Tukey test. Repeated-
measures one-way ANOVA with a post hoc Dunnett’s test
were used for statistical comparison between pre- and post-
needle insertion values. Mean values between groups were
compared using the Kruskal-Wallis H test. The level of sta-
tistical significance was set at P < 0.05. Individual variations
were analyzed as percent changes.

3. Results

3.1. Participants. One participant assigned to the LR3 group
was excluded from the analysis because of arrhythmia. There
were no significant differences among the clinical profiles of
the 3 groups (Table 1).

3.2. Data Summary. Table 2 summarizes the hemodynamic
measurements performed before and after needle insertion
in the ST36, LR3, and non-acupoint groups. Stimulation at
ST36 elicited a decrease in BFV in the BA during needle
stimulation compared with that before needle insertion. The
basal values of BFV in the BA were not significantly different
among the 3 groups. Similarly, no significant differences were
observed in any parameters measured at rest before needle
insertion.

3.3. Blood Pressure. No significant differences were observed
among the 3 groups or with respect to the percent change
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Figure 3: Needle positions of ST36, LR3, and the non-acupoint.

Table 1: Clinical profiles by group.

Profile
Stimulation points

ST36 LR3 Non-acupoint

Person 25 24 25

Sex (men : women) 15 : 10 14 : 10 15 : 10

Age (year) 31.0 ± 9.7 34.6 ± 8.4 33.1 ± 8.3

Height (cm) 166.9 ± 9.2 167.7 ± 8.9 165.5 ± 8.1

Weight (kg) 64.0 ± 12.1 61.7 ± 10.9 60.3 ± 9.5

Body surface
area (m2)

1.71 ± 0.19 1.70 ± 0.19 1.66 ± 0.15

in systolic or diastolic blood pressure in each test before and
after needle insertion.

3.4. Heart Rate. No significant differences were observed
among the 3 groups with respect to the percent change in
heart rate in each test. Regarding the percent change in heart
rate, stimulation at LR3 elicited a significant decrease in heart
rate measured during needle stimulation compared to that
before needle insertion. The heart rate tended to decrease
during needle stimulation.

3.5. Cardiac Index. No significant differences were observed
among the 3 groups with respect to the percent change in the
CI in each test. Regarding the percent change in the CI, the
stimulation at the non-acupoint elicited a significant increase
in the CI in the BA 180 seconds after needle stimulation
compared to that before needle insertion.

3.6. Systemic Vascular Resistance Index. No significant differ-
ences were observed among the 3 groups with respect to the
percent change in SVRI in each test (Figure 4). Regarding the
percent change in SVRI, the stimulation at LR3 and the non-
acupoint elicited a significant decrease in SVRI in the BA

180 seconds after needle stimulation compared to that before
needle insertion.

3.7. Blood Flow Volume of the Brachial Artery. Figure 5 shows
the percent change in BFV in the BA in each test. The percent
change in BFV in the BA was significantly different between
the LR3 group and the other 2 groups. The stimulation
at LR3 elicited a significant increase in BFV in the BA 60
and 180 seconds after needle stimulation compared to that
before needle insertion. Meanwhile, the stimulation at ST36
elicited a significant decrease in BFV in the BA during and
60 and 180 seconds after needle stimulation compared to
that before needle insertion. Furthermore, stimulation at the
non-acupoint elicited a significant decrease in BFV in the BA
during and 60 seconds after needle stimulation compared to
that before needle insertion.

4. Discussion

To our knowledge, this is the first study comparing the
differences in BFV in the BA induced by needle stimulation
at 3 acupoints as assessed by ultrasonography. The results
show that BFV in the BA increased significantly after needle
stimulation at LR3, whereas it decreased significantly after
needle stimulation at ST36 and the non-acupoint. Further-
more, after needle stimulation at the non-acupoint, the CI
increased significantly while SVRI decreased significantly.
These results indicate that the physiological effects on
the BFV in the BA triggered by needle stimulation vary
depending on the acupoint stimulated. Needle stimulation at
the lower limbs is known to elicit systemic visceral responses
via supraspinal reflexes [30–32]. However, visceral responses
vary, as observed in the present study.

Stimulation at ST36 and the non-acupoint elicited signif-
icant decreases in BFV in the BA during needle stimulation
compared to that before needle insertion. The physiological
mechanism involved in the decrease in BFV in the BA
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Table 2: Summary of measured hemodynamic parameters.

Parameter/test condition
Before

needle ins
During

needle stim
30 s after

needle stim
60 s after

needle stim
180 s after

needle stim

Systolic blood pressure (mm Hg)

ST36 116.1± 11.0 116.2± 10.2

LR3 114.7± 12.7 112.1± 12.3

Non-acupoint 117.5± 15.5 116.0± 14.0

Diastolic blood pressure (mm Hg)

ST36 69.1± 8.0 69.0± 8.6

LR3 68.2± 9.1 66.1± 9.0

Non-acupoint 70.4± 12.2 70.0± 11.0

Heart rate (beats/min)

ST36 66.2± 10.2 64.1± 10.7 67.0± 10.7 66.4± 10.5 68.0± 11.7

LR3 63.4± 9.0 60.4± 7.8 63.0± 9.1 63.4± 9.1 63.6± 9.1

Non-acupoint 65.0± 9.5 62.6± 10.5 64.5± 9.4 64.8± 9.6 64.8± 10.4

Cardiac index (L·min−1·m−2)

ST36 3.0± 0.7 3.0± 0.6 3.0± 0.6 3.0± 0.7 3.0± 0.7

LR3 2.7± 0.4 2.7± 0.4 2.7± 0.5 2.7± 0.5 2.7± 0.5

Non-acupoint 2.7± 0.4 2.7± 0.4 2.7± 0.4 2.8± 0.4 2.8± 0.4

Systemic vascular resistance index
(dyne sec/cm5 m2)

ST36 2390± 513 2347± 556

LR3 2507± 429 2414± 431

Non-acupoint 2602± 654 2522± 586

Blood flow volume in brachial artery
(mL·min−1·m−2)

ST36 55.4± 29.3∗∗ 33.4± 13.1∗∗ 48.0± 21.5 44.0± 20.8 45.5± 25.4

LR3 38.9± 25.9 29.8± 20.6 41.8± 25.1 47.7± 30.7 54.8± 32.6

Non-acupoint 59.0± 52.4 37.7± 31.0 57.8± 50.6 48.0± 40.5 53.3± 40.7

The values represent the mean ± SD. ∗∗Significant difference (P < 0.01) in the blood flow volume in the brachial artery between before needle insertion (ins)
and during needle stimulation (stim) at ST36.
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induced by the stimulations applied to the skin is a peripheral
vascular resistance caused by an instantaneous increase in
sympathetic tone [33]. During needle stimulation, heart rate
tended to decrease without a change in the CI. Previous stud-
ies report that the mechanism of the acupuncture induced
decrease in heart rate is based on somatoautonomic reflexes,
which occur via the cardiac sympathetic nerves [34–36].
These mechanisms are involved in the supraspinal reflex.

Stimulation at LR3 elicited a significant increase in BFV
in the BA 60 and 180 seconds after needle stimulation
compared to that before needle insertion. In addition, for
LR3 stimulation, a systemic reaction was elicited such that
the SVRI decreased significantly 180 seconds after needle
stimulation without any changes in blood pressure, heart
rate, or the CI compared to those before needle insertion.
This reaction suggests that the increase of BFV in the BA
after stimulation at LR3 depends on the decrease of SVRI.
A previous report suggests that the changes in BFV in the BA
caused by needle stimulation at LR3 depend on the decrease
of the resistive index of the peripheral artery after needle
stimulation [13]. This report supports the relationship
between the increase of BFV in the BA and the decrease of
SVRI observed in the present study. A previous study found
that adrenal sympathetic nerve activity and catecholamine
secretion rate increase as a result of stimulating the hind
limb of rats [30, 37–39]. In addition, vasodilation is reported
to be elicited via adrenalin beta-2 receptor activation [40].
However, in the present study, the BFV of the BA decreased
after needle stimulation at the non-acupoint with the
decrease of SVRI. This result may suggest that BFV increased
in other organs but not in the BA and that the shift of
BFV to other organs is induced by needle stimulation.
Similar speculation can be applied to the reaction with ST36
stimulation. However, further investigations are required to
clarify these reactions.

The physiological reactions mentioned earlier may sup-
port the idea that stimulations at ST36, LR3, and the non-
acupoint have different impacts on the autonomic nervous
system, which regulates BFV in the BA. A recent report also
suggested that opposite cardiovascular effects were shown in
the response to stimulation of LR3 and ST36 in rats [41].
We can deduce that the various reactions mediated by the
autonomic nervous system depend on the characteristics
of a specific stimulation, such as the site, intensity, and
duration. The 3 points used in this study (ST36, LR3, and the
non-acupoint) are located along the boundary of the same
dermatomes, and their innervations are complex [42].
Therefore, each point likely has different sensitivities to stim-
ulation. Among other factors, differences in signal transmis-
sion via afferent and efferent fibers depend on anatomical
structures such as the dermatomes and myotomes as well as
the innervation and thickness of the muscle and skin at the
stimulation points.

The present study was a human observational study.
Measuring sympathetic and parasympathetic activities in
human subjects is invasive and difficult. Therefore, we
observed the effects of stimulation at 2 acupoints and 1 non-
acupoint on BFV and speculated on the mechanism using
previous experimental studies as a basis. In a previous study
with 25 participants per group, we reported the changes
in BFV in the BA measured by ultrasonography when
acupuncture was performed at a single acupoint [12, 13].
According to these results, we enrolled 25 participants in each
of the 3 groups in the present study. The use of ultrasound
methods to assess FMD has a good reproducibility [43–45].
However, a previous study evaluating the reproducibility of
FMD indicates that 62 subjects per group are required to
detect a treatment difference of 2 FMD% with a probability
of 0.05 and a power of 0.80 in a parallel design comparing
intergroup changes [46]. Therefore, the small sample size
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of each group may be a limitation of the present study.
The findings of this study suggest that acupuncture induces
endothelium-dependent FMD, providing an interesting
pathophysiological basis for the explanation of observed
blood flow changes.

5. Conclusions

The present study revealed that BFV in the BA increased
after needle stimulation at LR3 without changes in the CI.
Needle stimulation at ST36 and the non-acupoint affected
the hemodynamics of the BA. These physiological effects may
be dependent on acupoint location.
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The study of acupuncture-related sensations, like deqi and propagated sensations along channels (PSCs), has a long tradition in
acupuncture basic research. The phenomenon itself, however, remains poorly understood. To study the connection between PSC
and classical meridians, we applied a geographic information system (GIS) to analyze sketches of acupuncture sensations from
healthy volunteers after laser acupuncture. As PSC can be subtle, we aimed at reducing the confounding impact of external stimuli
by carrying out the experiment in a floatation tank under restricted environmental stimulation. 82.4% of the subjects experienced
PSC, that is, they had line-like or 2-dimensional sensations, although there were some doubts that these were related to the laser
stimulation. Line-like sensations on the same limb were averaged to calculate sensation mean courses, which were then compared
to classical meridians by measuring the mean distance between the two. Distances ranged from 0.83 cm in the case of the heart
(HT) and spleen (SP) meridian to 6.27 cm in the case of the kidney (KI) meridian. Furthermore, PSC was observed to “jump”
between adjacent meridians. In summary, GIS has proven to be a valuable tool to study PSC, and our results suggest a close
connection between PSC and classical meridians.

1. Introduction

Acupuncture is a medical intervention originating from
ancient Asia, where needles are used to stimulate certain
points on the body. Despite more than five decades of
intensive research in Asia and the West, the underlying
mechanisms of acupuncture are still largely unknown. A
phenomenon that may be of great importance for the under-
standing of these mechanisms is a specific sensation upon
stimulation of acupuncture points that is called deqi (“the
arrival of qi”, 得氣) in Chinese medicine. Previous works
have shown that the perception of this sensation usually
described by words like “aching,” “soreness,” “pressure,” or
“tingling” [1] is similar between subjects, irrespective of
their expectation, sex, or cultural background [2–4]. Judging
from the adjectives that are most frequently used to describe
deqi, it is a mixed sensation with a strong component of C-
fiber-mediated pain [5]. Another important feature of deqi

is that it often spreads or radiates from the point of its
elicitation. This has led to the term “propagated sensation
along meridians” (PSM) or, more commonly, “propagated
sensation along channels” (PSC) [2].

So far, the investigation of PSC has been limited by a lack
of appropriate methods for its assessment. Questionnaires
like the MASS (MGH acupuncture sensation scale) [6]
have been developed to measure sensory qualities and
intensity of deqi. But they give only a rough estimate of
the spreading/radiation experienced by the subject. To gain
a deeper understanding of PSC, however, it is crucial to
measure its exact course and compare it between subjects.

To close this gap, we developed a new method by
combining standardized subjects’ drawings, a method often
used for pain assessment [7], with an analysis based on
a geographic information system (GIS) [8]. Geographical
information systems allow to map, visualize, and analyze the
patterns, dimensions, relationships, and changes of spatial
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Figure 1: Experimental design. The subject inside the tank was stimulated with an acupuncture laser, while floating on the water surface to
reduce tactile input. Laser light was transmitted by fiber optic cables from the control room. Laser optodes were attached to the skin using
silicone adapters and adhesive tape. After the tank was closed, there was also reduced visual, auditory, and thermal input, so that subjects
could concentrate on sensations occuring during laser acupuncture. Tank images courtesy of Floataway, Norfolk, UK.

data. The spatial reference is usually a coordinate system of
the Earth such as latitudes and longitudes, metric units in a
map projection or postal codes, but any other local system
may be used as well. In health care and medical science,
spatial data analyses on local to global scales have a long
tradition, beginning with the classic study of London’s 1854
cholera epidemic by British epidemiologist John Snow [9].
GIS today plays an important role in public and private
health care, medical research and insurance for management,
planning and analysis [10, 11], but few studies have so far
been conducted on the basis of body maps. Our approach
allows for the first time to map the detailed course of PSC in a
sample of subjects, compare the results between subjects, and
calculate mean courses. The results can then be compared to
the so-called meridians (chin.: “jingluo”, 经 络), vessel-like
structures that according to Chinese medical theory traverse
the human body circulating an immaterial substance (chin.:
“qi”, 氣). Based on acupuncture classics as well as previous
reports, we hypothesized a strong resemblance between the
courses of certain meridians and those of PSC. Since no
anatomical correlate has been found for the concept of
meridians despite decades of research [12, 13], it is very likely
that these structures were originally inspired by the line-like
appearance of PSC patterns.

As PSC can sometimes be subtle, we aimed at reducing
the confounding impact of tactile stimuli that can hardly be
controlled under normal circumstances. Therefore, all mea-
surements were carried out in a floatation tank [14] under
restricted environmental stimulation [15]. A floatation tank
is filled with saline that is constantly kept at skin temperature
as is the surrounding air. It is soundproof and either
dark or illuminated by very dim light. The subject inside
the tank floats supine on the saline without effort, which
greatly reduces the amount of tactile, visual, and auditory
input and allows full concentration on sensations inside the
body.

2. Methods

2.1. Study Design. All measurements were carried out at
floatbase GmbH (Frankfurt am Main, Germany). The
experimental design is shown in Figure 1. When subjects
arrived at the floatbase, they were first familiarized with
the isolation tank and its emergency facilities to reduce
anxiety. Next, subjects were shown the questionnaire with
the body schemes, which were used after the experiment to
sketch their sensations. Silicone adapters for the laser optodes
were attached to the following points of the body using
adhesive tape: (1) Little toe of the left foot, acupuncture
point Bladder 67 (BL-67), (2) Big toe of the right foot,
acupuncture point Spleen 1 (SP-1), (3) Index finger of the
left hand, acupuncture point Large Intestine 1 (LI-1), (4)
Little finger of the right hand, acupuncture point Small
Intestine 1 (SI-1). For the exact localization of the points, see
Supplementary Figure 1 in Supplementary Material available
online at doi:10.1155/2012/591304. Subjects were instructed
how to enter the tank, take a comfortable position, insert the
laser optodes into the silicone adapters, and close the tank
from the inside. They were also informed about the timing
of the experiment, which is described in detail below. The
investigator then left the room so that subjects could undress
and enter the tank.

The closing of the tank was indicated to the investigator
by a signal light and marked the official beginning of the
experiment. In a first period, lasting 10 minutes, subjects
did not receive any stimulation, so they could adapt to the
new environment. In the second period, lasting 16 minutes,
a randomly chosen set of three of the four points were
stimulated one after another with the laser in a randomized
order. Each stimulation lasted three minutes followed by
one minute without stimulation. For the point that was not
stimulated, the laser was simply left switched off during the
entire four (3 + 1) minutes. The end of the stimulation
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paradigm was indicated to the subjects by a special sound
(sea rushing). From this point, subjects had four minutes to
prepare themselves to leave the tank. After this time, the tank
opened automatically.

After taking a shower to remove excess saline from the
body, subjects were handed out the questionnaire, which they
were asked to fill out immediately.

2.2. Subjects. 20 healthy subjects (10 male/10 female) took
part in the study. The mean age was 28.8 ± 4.1 (S.D.)
years. Prior to the measurement, subjects were screened
for any acute diseases or contraindications for using the
floatation tank (skin diseases, epilepsy, claustrophobia, and
pregnancy). All subjects were healthy on the day of the
measurement. None of them had any history of neurological
disease or took any kind of medication on a regular basis.
The intake of analgesics as rescue medication was prohibited
during the five days before the measurement. None of the
subjects had any prior knowledge of acupuncture theory as a
student or practitioner.

After the measurement, three subjects (1 male, 2 female)
were excluded. Two mentioned the intake of antihistaminic
drugs not until after the measurement, and one developed
severe vertigo and nausea inside the tank.

2.3. Laser Stimulation Device. Low-level laser stimulation
was administered using a Laserneedle (Laserneedle EG
GmbH, Wehrden, Germany) emitting a combination of
655 nm (red) and 785 nm (infrared) laser light with an
irradiation power of about 15 W/cm2 at the distal output.
Laser optodes were applied in contact mode using silicone
adapters, which were attached to the skin using adhesive tape.
The laser power at the distal output of each optode was about
40 mW. Reflection losses could be neglected due to the direct
contact of the optode with the skin. Acupuncture Lasers like
this have been used before in a number of studies [16, 17].

2.4. Isolation Tank. All measurements were performed using
the same isolation tank (floataway, Norfolk, UK) at floatbase.
The size of the tank was 2.20 m× 1.50 m with a water depth
of 25 cm. The water inside the tank was loaded with 300 kg
magnesium sulfate to achieve the floatation effect, that is,
make subjects float on its surface. The water temperature was
kept at a constant 34◦C to minimize temperature sensations.
The tank and the surrounding room were soundproof and
subjects were asked to keep their eyes shut throughout the
whole experiment, thus minimizing auditory and visual
sensations. A dim red light illuminated the tank during the
whole experiment to prevent subjects from noticing changes
in ambient light due to switching of the laser.

2.5. Body Schemes and Questionnaires. To assess and com-
pare bodily sensations experienced by the subjects, body
schemes were developed based on the illustrations in [18]
(see Supplementary Figure 1). When these body schemes
were first shown to the subjects before the measurements,
the following instructions were given: “Please pay attention

to any sensation that you believe is an effect of the laser stim-
ulation. You will later be asked to sketch your sensations on
these body schemes. You will also be asked about the quality
and intensity of the sensations.” Directly after the end of the
measurements, subjects were given the body schemes as well
as the German version of the McGill pain questionnaire [19,
20] with its 77 descriptors (sensory, affective, and evaluative)
and an additional visual analogue scale. The order of the
descriptors was randomized for each subject. The following
instructions were read aloud to the subjects: “Please describe
any sensation that you believe was an effect of the laser
stimulation. Sketch the localization of these sensations on
the body schemes using the following three signs: A dot for
every point-like sensation, a line for every line-like sensation
and hachures for every two-dimensional sensation. Please
choose any number of descriptors from the questionnaire
that describe the sensations you have experienced. Please
rate the overall intensity of these sensations on the vertical
line between 0 (no sensation) and 100 (maximally tolerable
sensation). Finally, please indicate, which of the points you
believe have been stimulated and, what your perceived order
of stimulation was.”

2.6. Analysis of Psychophysical Data. Descriptors chosen by
the subjects to describe their sensations were ranked by their
absolute frequency (see Table 1). Only those descriptors that
were chosen five times or more were taken into account.

Based on subjects’ estimation concerning the point
selection, that is, the three stimulated points out of four
points with attached optodes, results were sorted into four
standard categories for every point: hits, misses, correct
rejects, and false positives (see Table 2). The sum over
all subjects was calculated for each category. A one-tailed
Fisher’s exact test was used to analyze a possible connection
between stimulation and perception. A P value of <0.05 was
considered significant.

Finally, the perceived order of stimulation was compared
to the actual order.

2.7. Analysis of the Sketched Sensations. In order to compare
the localization and extent of the sensations between sub-
jects, a GIS body-map template (front and back) was created
in ESRI ArcGIS 10.0 by digitizing the body scheme used in
the questionnaire and scaling it to the mean body height
of all subjects (175 cm). All body sketches were scanned,
transferred into the GIS database, and georeferenced to
the body-map template. The database was then populated
with the subjects’ mapped sensations in point, polyline,
and polygon format by digitizing them on-screen from the
scanned sketches, and attributing each feature with a key ID
and the subject code. For point-like sensations, the radius
as drawn in the sketch was added to the attribute table and
for line-like and two-dimensional sensations, the line lengths
or polygon area, respectively, were calculated in the GIS (see
Supplementary Table 1). In the case of multiple objects of
the same kind for one subject (e.g., two line-like sensations),
these objects were given different roman numbers as indices.
Note that GIS calculations in this case were based on a 2D
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Table 1: The most frequently used descriptors chosen by the subjects to describe their sensations during laser acupuncture. Only descriptors
that were chosen by at least five subjects are shown.

Subjects
Descriptors

Tingling Radiating Spreading Hot Dull Pulsing Throbbing Pricking Stinging Tender Pinching

1 X X

2 X X X X

3 X X X

4 X X X X X X X X

5 X X X X X X X X

6 X X X X X

7 X X X X X X X X

8 X X

9 X X

10 X

11 X X

12 X X X X

13 X X X X X

14 X X X X X X X

15 X X X X X

16 X X X X X X X X

17 X X X X X X X

Sum 11 10 9 8 7 7 7 7 5 5 5

representation of the body, not taking account of the actual
3D surface of the body.

To be able to overlay all sensations in one plot (see
Figure 2), lines representing the line-like sensations were
converted to polygons by a buffering algorithm in the GIS,
resulting in 1.5 cm wide swaths. Point-like sensations were
converted to circles using the radius drawn in the sketches
by the subjects. All sensations were then overlaid and
intersected, resulting in a dataset of overlapping sensation
polygons. The choice of 1.5 cm width for the line-like sen-
sations was based on previous literature reports on PSC [21].

2.8. Calculation of Sensation Mean Courses and Comparison
to Classical Meridians. Depending on the subject’s sensa-
tion and way of sketching, the line-like sensations were
represented by single or multiple line features, sometimes
arranged in parallel or radially. In order to analyze their
general direction and compare them to classical meridians,
mean courses of all lines related to a certain body part (e.g.,
lower right leg) were calculated as follows: each line was
subdivided into 10 parts of equal length that were numbered
1 to 10 and attributed with their length. For all lines
belonging to the same body part, the length-weighted mean
center point of each group of sublines with the same part
number was then calculated. Finally, the resulting 10 center
points were converted back to a polyline, thus representing
a mean course and length of the mapped sensations within
a given body part. Only sensation mean courses longer than
5 cm were further considered.

To be able to compare sensation mean courses to classical
meridians, an approach was needed to incorporate the
variability of different literature sources concerning the exact

course of meridians. We decided to include two well-known
reference works [22, 23] as well as drawings from two
specialists, each with more than 10 years of experience in
application and teaching of traditional chinese medicine.
While the latter two drew their sketches directly on the body
scheme, meridian courses from the reference works were
transferred to the schemes by one of the authors (FB). After
scanning and georeferencing the sketches, the four versions
of all meridians were digitized and added to the GIS database.
For each of the four versions, distance maps in the form
of raster datasets with 1 cm resolution were computed by
calculating the Euclidean distance for each raster cell to the
meridian. The four versions were then averaged using Map
Algebra, yielding a map of mean distance to each meridian
(see Supplementary Figure 2). Using a GIS tool originally
developed to extract 3D properties such as mean elevations
for features located on a terrain surface, the minimum,
maximum, and mean distance for each sensation mean
course recorded by the subjects could then be calculated
(Table 3, Figures 3 and 4).

3. Results

3.1. Psychophysical Data. The mean intensity of subjects’
sensations had a VAS score of 26.47 ± 20.09 (SD) (see
Supplementary Table 2).

Subjects chose 7.76 ± 5.23 (mean ± SD) descriptors for
their sensations. Eleven descriptors were chosen by five or
more subjects (see Table 1). These were tingling, radiating,
spreading, hot, dull, pulsing, throbbing, pricking, stinging,
tender, and pinching. It should be mentioned that some
subjects, while filling out the questionnaire, mentioned the



Evidence-Based Complementary and Alternative Medicine 5

T
a

bl
e

2:
C

om
pa

ri
so

n
of

su
bj

ec
ts

’p
er

ce
iv

ed
an

d
ac

tu
al

ly
ex

er
te

d
st

im
u

la
ti

on
.F

is
h

er
’s

ex
ac

t
te

st
w

as
ca

lc
u

la
te

d
in

de
pe

n
de

n
tl

y
fo

r
ea

ch
of

th
e

fo
u

r
st

im
u

la
te

d
p

oi
n

ts
as

w
el

la
s

fo
r

th
e

ov
er

al
l

eff
ec

t.

Su
bj

ec
ts

Le
ft

lit
tl

e
to

e
(B

L-
67

)
R

ig
h

t
bi

g
to

e
(S

P-
1)

Le
ft

in
de

x
fi

n
ge

r
(L

I-
1)

R
ig

h
t

lit
tl

e
fi

n
ge

r
(S

I-
1)

A
ll

po
in

ts

H
it

s
M

is
se

s
C

or
re

ct
re

je
ct

s
Fa

ls
e

po
si

ti
ve

s
H

it
s

M
is

se
s

C
or

re
ct

re
je

ct
s

Fa
ls

e
po

si
ti

ve
s

H
it

s
M

is
se

s
C

or
re

ct
re

je
ct

s
Fa

ls
e

po
si

ti
ve

s
H

it
s

M
is

se
s

C
or

re
ct

re
je

ct
s

Fa
ls

e
po

si
ti

ve
s

H
it

s
M

is
se

s
C

or
re

ct
re

je
ct

s
Fa

ls
e

po
si

ti
ve

s
1

X
X

X
X

1
2

1
0

2
X

X
X

X
3

0
0

1
3

X
X

X
X

3
0

1
0

4
X

X
X

X
2

1
0

1
5

X
X

X
X

3
0

1
0

6
X

X
X

X
3

0
1

0
7

X
X

X
X

3
0

0
1

8
X

X
X

X
2

1
0

1
9

X
X

X
X

2
1

1
0

10
X

X
X

X
2

1
1

0
11

X
X

X
X

1
2

0
1

12
X

X
X

1
1

1
0

13
X

X
X

X
2

1
1

0
14

X
X

X
X

3
0

0
1

15
X

X
X

X
1

2
0

1
16

X
X

X
X

3
0

1
0

17
X

X
X

X
3

0
1

0
Su

m
12

2
1

2
8

4
2

3
10

2
4

1
8

4
3

1
38

12
10

7
Fi

sh
er

’s
ex

ac
t

te
st

P
=

0.
46

P
=

1.
00

P
=

0.
03

P
=

0.
26

P
=

0.
02



6 Evidence-Based Complementary and Alternative Medicine

Table 3: Distances of sensation mean courses to meridians at the same limb.

Stimulated point Front/back Length of sensation mean course/cm Meridian
Distance to meridian/cm

Min Mean Max

Front

Right big toe (SP-1) f 25.00 SP 0.46 0.83 1.28

Right big toe (SP-1) f 25.00 LR 0.61 1.07 2.03

Right little finger (SI-1) f 27.07 HT 0.06 1.39 2.53

Left little toe (BL-67) f 11.71 KI 4.05 6.27 10.08

Back

Left little toe (BL-67) b 20.28 (lower line) BL 1.06 3.38 4.53

Left little toe (BL-67) b 16.18 (upper line) BL 1.22 1.30 1.37

Left index finger (LI-1) b 30.35 LI 0.02 0.83 2.53

Right little finger (SI-1) b 27.88 SI 0.38 1.30 1.82

1

O
ve

rl
ap

>6

Figure 2: Exploratory GIS analysis of subjects’ sensations experi-
enced during laser acupuncture. The grey level of the superimposed
polygons indicates the number of subjects who experienced a point-
like, line-like or 2-dimensional sensation in this area.

lack of the descriptor warm that seemed to describe their
sensations. As no further explanations by the experimenter
were allowed, most of them decided to use the descriptor hot
instead.

Five subjects correctly identified the three out of four
points that had been stimulated (see Table 2). Nine subjects
missed one or more points, and seven subjects had false
positives, that is, one of the points they chose had not been
stimulated. Fisher’s exact test over all points (pooled data)
was significant (P < 0.02) showing a connection between
stimulation and perception. For the single points, however,
only LI-1 at the left index finger showed a significant result
(P < 0.03).

Interestingly, the order of stimulation of the points was
not estimated correctly by a single subject.

3.2. Sketched Sensations. 13 subjects experienced point-like,
12 line-like, and 13 2-dimensional sensations during laser
acupuncture. 10 subjects experienced all three kinds of
sensations. The detailed results of the GIS analysis can be
found in Supplementary Table 1. While the majority of
subjects (10) reported all three kinds of sensations, two
subjects drew only points, and one returned an empty
body scheme. Excluding the latter three subjects, we can,
thus, say that 14 out of 17 subjects (82.4%) experienced
PSC. The mean radius of the point-like sensations was
1.67 ± 1.35 cm. Line-like sensations had a mean length of
13.81 ± 11.81 cm, while the average length per subject of all
summed up single lines was 38.19±40.50 cm. 2-dimensional
sensations had a mean area of 67.31± 94.72 cm2 or 201.94±
222.87 cm2 , if summed up per subject. Figure 2 shows an
overlay of all sensations with dots represented by circles
and lines represented by swaths. The majority of sensations
were reported from the limbs, while relatively few subjects
sketched sensations on the trunk. Point-like sensations were
mostly restricted to the stimulation loci. One eye-catching
exception was a point experienced by one subject bilaterally
at the location of acupuncture point BL-36, directly below
the buttock. Furthermore, for the SI Meridian, there was a
single subject showing line-like sensations almost along the
whole course (see lines in the back shoulder region in the
upper right of Figure 3).

3.3. Comparison of Sensation Mean Courses to Classical
Meridians. There were eight subregions on the limbs were
sensation mean courses could be calculated. These are shown
in Figure 3 (for the upper half of the body) and Figure 4 (for
the lower half of the body). Three of the mean courses were
on the front (inner side of the right arm, inner and outer
side of the left arm), and five lines on the back side of the
body scheme (inner side of the right leg, sole of the right foot,
dorsum of the left foot, and posterior thigh area). The mean
length of the sensation mean courses was 12.33± 7.32 cm.

The assessment of distances between sensation mean
courses and classical meridians (see Table 3) showed an
overall good agreement between the two. The smallest mean
deviation of the sensation mean from the meridian course
was 0.83 cm, seen on the right leg (inner side), where SP-1
had been stimulated, and on the left arm (back side), where
LI-1 had been stimulated. For the sole of the foot, no distance
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Figure 3: Comparison of subjects’ sensations and the courses of meridians on the upper body. In each frame, the left image depicts all
sensations in the respective quadrant of the body (see also Figure 2). The middle image shows all line-like sensations as well as sensation
mean courses. The right image depicts the course of the meridian taking into account differences from the literature. The mean distance of
the sensation mean course from the respective meridian as calculated with the GIS is given and denoted with a small d (for explanation see
Supplementary Figure 2). For the minimum and maximum distance, the reader is referred to Table 3.

calculation was possible, as neither SP nor LR Meridians
traverse this part of the body. On the inner side of the right
leg (SP-1), agreement with the sensation mean course was
better for the SP Meridian (d = 0.83 cm) than for the LR
Meridian (d = 1.07 cm). However, this clear connection
between stimulated point and associated meridian was not
always found. For example, sensations on the right arm that
should be related to stimulation of the point SI-1, showed
good agreement with, both, the SI Meridian (d = 1.30 cm)
and the HT Meridian (d = 1.39 cm). A general observation
was the low variance of the distance: Maximum distances
of sensation mean courses and meridians were as low as
1.28 cm (for SP-1 and the SP meridian) and 1.37 cm (for
BL-67 and the BL meridian), meaning that the sensation
never deviated more than this value from the meridian.
Minimum distances showed points, where sensation mean
courses virtually intersected with meridians (0.02 cm for LI-
1 and the LI meridian, 0.06 cm for SI-1 and the HT meridian,
and 0.38 cm for SI-1 and the SI meridian). Interestingly,
due to our calculation method, such small values also imply
a negligible variability in meridian courses. These points,

where all lines come very close to each other, were all located
on the distal part of the extremities (see Figure 3).

4. Discussion

In this paper, we have demonstrated the general feasibility
of two experimental concepts: firstly, we have shown that
propagated sensations along channels (PSC) can be studied
under sensory deprivation in a single-blinded design, when
using laser acupuncture. Secondly, we applied for the first
time a geographic information system (GIS) to the study of
PSC phenomena.

We used sensory deprivation in an isolation tank to
reduce environmental stimuli (visual, auditory, tactile, and
temperature), to allow subjects to fully concentrate on
sensations occurring during laser acupuncture stimulation.
Judging from the ratio of occurrence of PSC (82.4%) in
our experiment, we can say that this strategy seems to be a
successful one, as other studies have reported much lower
ratios: the larges cohort that has so far been investigated,
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Figure 4: Comparison of subjects’ sensations and the courses of meridians on the lower body. In each frame, the left image depicts all
sensations in the respective quadrant of the body (see also Figure 2). The middle image shows all line-like sensations as well as sensation
mean courses. The right image depicts the course of the meridian taking into account differences from the literature. The mean distance of
the sensation mean course from the respective meridian as calculated with the GIS is given and denoted with a small d (for explanation see
Supplementary Figure 2). For the minimum and maximum distance, the reader is referred to Table 3. Note, that for the right big toe, none
of the relevant meridians (SP/LR) runs on the backside of the leg.

comprised incredible 63,228 individuals in more than 20 dis-
tricts in China in the late 1970s [24]. The authors reached the
conclusion that PSC occurs in 20.7% of subjects, although
these studies used needles instead of an acupuncture laser.
Thus, the use of an isolation tank to study PSC in detail
can be recommended despite the increased effort of such an
endeavor.

Using laser instead of conventional needle acupuncture
produced very similar sensations to those usually reported
in studies on the acupuncture sensation deqi. Tingling,
radiating, spreading, hot (warm), dull, and throbbing are
descriptors that have often been reported in this context
[1, 3, 25]. However, also sham laser acupuncture has
previously been reported to induce such sensations [26,
27]. This reminds us of our own observations of false-
positive results, when subjects were asked, which points
they believed had been stimulated. Only one of the single
points (LI-1) showed a significant correlation of stimulation
and sensation. Even more strangely, none of the subjects

estimated the stimulation order correctly. Contemplating
these results in conjunction with our rather small sample
size, we must not neglect the possibility that the actual laser
stimulation (i.e., laser on or off) may not be of central
importance for the elicitation of deqi and PSC. In other
words, the phenomenon of PSC may be unrelated to actual
laser stimulation taking place. This should be tested in
further experiments.

Within the GIS framework, we have introduced a new
approach to calculate mean courses of line-like sensations,
which now allows group analysis of spatial PSC patterns.
This method can be used to compare PSC lines (i.e.,
sensation mean courses) to any other data, whose spatial
pattern can be mapped on a body scheme similar to
that used in our study (Supplementary Figure 1), which
constitutes an important step forward in the study of the still
unknown physiological basis of PSC and its relation to other
acupuncture effects. In our study, PSC lines were compared
to classical meridians, as this connection has been reported
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numerous times before [28]. Despite the purely descriptive
character of our analysis, we believe that an average distance
between sensation mean courses and meridians of around
1 cm, as observed in our study, clearly points towards a close
connection of the two entities. We also sought to include
possible variability of meridian courses between different
literature sources [29] and, thus, developed an approach
to incorporate this variability in the distance measurement
by means of Euclidean distance fields. An interesting side
observation was that variability seemed to be larger for some
meridians than for others. Meridians with a rather smooth
course, like HT, LI, KI, and SP showed less variability than
those with sharp edges, like SI and BL. Although not the
focus of this study, GIS may in general provide a means for
further investigation of meridian variability. This should be
of importance for the study of the underlying mechanism of
PSC as well as acupuncture in general. We speculate that the
paradigmatic concept of meridians as small-diameter, line-
like vessels with clear anatomical courses cannot withstand
closer investigation.

Although this study was more like a proof-of-concept,
some limitations need to be addressed:

Firstly, the small sample size precludes a detailed inter-
pretation especially of the results concerning the connection
of stimulated and sensed points. Furthermore, a design
where only two of the four points had been stimulated,
would have probably made the results clearer in the sense
that it would have been easier to achieve significant results
in Fisher’s exact test. One could also argue, that we have not
tested, how well the participants of the study were able to
remember the sensations after each single laser stimulation.
So they may given unreliable answers after receiving three
stimulations in a row.

From the GIS-methodological point of view, the use
of body schemes as a base map within the GIS is not
quite correct, as the complex 3-dimensional shape of the
human body is transferred into 2D by a simple orthogonal
projection. In cartography, the shape of the Earth is described
by 3D bodies such as spheres (for small scales), ellipsoids
(usually locally optimized), or the geophysical Geoid model
(for highest precision) and transferred to the plane by a
map projection. The wide choice of possible projections
allows preserving selected metric properties such as areas
or local angles. Both 3D models for representing the shape
of the Earth and map projection methods are integrated
into GIS software, but there is, so far, no “standard human
body” model implemented in these systems. In our case,
the body maps do not precisely preserve areas or distances,
resulting in distortions mainly around the edges of the body
maps. Therefore, small differences in calculated distances,
for example between meridians running along the middle
of the body trunk and along the sides of the body must be
interpreted with caution.

Furthermore, our choice of meridians for distance cal-
culation might be criticized, as we did not restrict ourselves
to the meridian connected to the stimulated point (e.g., the
SP meridian for the point SP-1), but also included other
meridians with a known connection to the stimulated finger
or toe. This was done, after first results showed that many

subjects experienced PSC following the course of the HT
meridian, despite SI-1 being the stimulation locus. Such
“jumping” of PSC from one meridian to an adjacent one
has been reported from the very beginning of PSC research
in China [24] and we believe that despite the obvious
connection between PSC and meridians, the latter may be the
result of some oversystematization of early PSC observations
during the last two millennia.

For the future, it would be desirable to make the
transition from descriptive to predictive PSC analyses using
GIS. This could be accomplished by including null data
for comparison. Such null data may either be generated
by some model or by changing the position and shape of
existing objects with Monte-Carlo-like methods. Once this
is accomplished, P values could be calculated expressing
the likelihood of findings, like those presented here, thus
paving the way to finally understand the physiological
underpinnings of deqi, PSC, and acupuncture in general.
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ST25 is a key acupoint used in the treatment of ulcerative colitis by moxibustion stimulation, but the biophysical mechanism
underlying its effects is still unknown. The aim of the present study was to explore the biophysical properties of ST25 acupoint
stimulated by moxibustion in a rat model of ulcerative colitis. The infrared radiation intensity of fourteen wavelengths of
ST25 showed significant differences between the normal and model control groups. The intensity of infrared radiation of forty
wavelengths showed significant differences compared with the corresponding control points in normal rats. The intensity of
infrared radiation of twenty-eight wavelengths showed significant differences compared with the corresponding control points in
model rats. The intensity of infrared radiation of nine wavelengths in the herb-partition moxibustion group, eighteen wavelengths
in the ginger-partition moxibustion group, seventeen wavelengths in the garlic-partition moxibustion group, and fourteen
wavelengths in the warming moxibustion group of the left ST25 showed significant differences compared with that of the model
control group. For the right-hand-side ST25, these values were 33, 33, 2, and 8 wavelengths, respectively. This indicated that one
possible biophysical mechanism of moxibustion on ST25 in ulcerative colitis model rats might involve changes in the intensity of
infrared radiation of ST25 at different wavelengths.

1. Introduction

The human body is a biological heater that emits infrared
rays. Infrared rays can be easily absorbed by objects and
penetrate deep into the tissues, where they are transformed
into internal energy. The human body is both a source
and absorber of infrared radiation [1, 2]. The reported
research indicates a significant difference between the infra-
red radiation patterns of healthy persons and ill ones [3–5].
Infrared radiation can be absorbed if acupuncture points are
stimulated by moxibustion [6, 7].

Moxibustion is a reputable alternative and complemen-
tary therapy with a history of use in eastern countries

spanning many thousands of years. Its therapeutic effects
depend on meridians and acupoints of the human body
[8–11]. Over the past few years, research teams have used
thermal infrared imaging to study the patterns of infrared
radiation on the surface of the human body along the
meridian channel [12, 13]. Studies have found that the
infrared radiation spectra of the acupuncture points specif-
ically related to disease changes under disease conditions.
In certain morbid conditions of the human body, the
infrared radiation of acupoints can differ significantly on
the heart meridian and pericardium meridian in patients
with coronary artery diseases [14–16]. Patients with chronic
stomachaches are distinguished by the patterns of infrared
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radiation at the stomach Shu (BL21) and Zusanli (ST36)
acupoints [17, 18]. Studies have shown a correlation between
the meridians and viscera, and the meridian function is
closely related to infrared transmission inside and outside
of human body [19, 20]. Research has shown that the
radiation spectra of moxibustion with ginger, garlic, and
monkshood cake were identical to those of healthy human
bodies but different from those of bodies subjected to
moxa-moxibustion [21]. The acupoints and their infrared
resonance radiation patterns have been shown to play an
important role in indirect moxibustion stimulation [22, 23].
This indicates that there may be an internal link between
moxibustion, acupoints, and meridians that involves infrared
transmission.

Tianshu (ST25) points are key acupoints in stom-
ach channel of foot yangming, and moxibustion is an
intrinsic part of traditional Chinese medicine (TCM). In
clinical practice, acupuncturists apply moxibustion at the
specific acupuncture points to treat the corresponding
diseases of the viscera; this treatment has been shown to
be effective. Research has indicated that moxibustion can
modulate gastrointestinal functions [24]. Acupuncture and
moxibustion at ST25 can alleviate symptoms and improve
quality of life in patients with ulcerative colitis (UC) [25–
27]. They have also been shown to improve immune
function in UC model rats [28–30]. Our previous study
indicated that both Hegu (LI4) and Shangjuxu (ST37)
involve changes in infrared radiation spectra in UC patients
with intestinal lesions [31]. However, the biophysical mech-
anism of ST25 stimulated by moxibustion in UC remains
unknown.

The present study was performed to establish an UC
model in rats, to investigate the intensity of infrared radiation
of ST25 stimulated by moxibustion, and to explore the
biophysical properties of ST25 acupoint in UC model rats.

2. Materials and Methods

2.1. Experimental Animals and Model Establishment. Sixty
male Sprague-Dawley (SD) rats (weighing 140 ± 20 g) were
obtained from the Experimental Animal Center of Shanghai
University of Traditional Chinese Medicine. Five male rats
were housed in a cage at room temperature (22 ± 2◦C)
and 60 ± 5% humidity. All rats were performed in strict
accordance with the National Institutions of Health Guide
for the Care and Use of Laboratory Animals. This study
was approved by the Ethics Committee of Yueyang Hospital,
which is affiliated with Shanghai University of Traditional
Chinese Medicine, China. After three days, the 60 rats were
randomly divided into the following experimental groups:
normal (n = 10), model (n = 10), herb-partition moxibus-
tion (HPM) (n = 10), ginger-partition moxibustion (GPM)
(n = 10), garlic-partition moxibustion (GLM) (n = 10),
and warming moxibustion (WM) (n = 10).

The UC rat model was established using an immuno-
logical method and local stimulation [32]. In brief, fresh
human colonic mucosa was obtained from surgical colonic
specimens, homogenized in normal saline, and centrifuged

for 30 min at 3000 rpm. The supernatant, containing anti-
gens released from colon of UC patients, was diluted
to an appropriate protein concentration and mixed with
Freund’s adjuvant (Shanghai Chemical Reagent Company,
Shanghai, China). One milliliter of the antigen-adjuvant
mixture containing a total of 6 mg protein was injected into
the front footpad of each rat on day 0. After this initial
dose, the same mixture was then injected into the rear
footpad, dorsa, inguina, and abdominal cavities on days 10,
17, 24, and 31, respectively. On day 38, in order to stim-
ulate the colonic immune response, rats were anesthetized
intraperitoneally with 2% pentobarbital sodium (30 mg/kg)
and a 3 mL enema of 3% formalin was administered for
1 hour, then washed with saline, and a 2 mL enema of
antigen fluid (without Freund’s adjuvant) lasting 2 hours
was performed. One rat in model group died of intestinal
perforation.

The establishment of the UC rat model was confirmed
using hematoxylin-eosin(HE) for pathological observation.

2.2. Moxibustion Stimulation. After the UC model was
established in the rats, four moxibustion stimulations were
performed during days 39–46 in the moxibustion groups,
and anesthesia was not applied. Rat holders (Beijing Jinuotai
Technology Development Co., Ltd. China) were used to hold
the animals in position.

HPM (n = 10): as indicated in Figure 1, moxa cones
(Figure 1A) (0.5 cm in diameter and 0.6 cm high) (Nanyang
Hanyi Moxa Co., Ltd. China) were placed vertically on a
medicinal formula (diameter 0.5 cm, height 0.3 cm) com-
posed of radix aconite, cortex, radix, carthami, and salviae
miltiorrhizae (Figure 1B). The medicinal formula was then
placed on ST25 acupoints [33, 34]. The moxa cones were
then ignited, and each acupoint was treated twice lasting
15 min.

GPM (n = 10): as indicated in Figure 1, moxa cones
were placed vertically on a fresh ginger (diameter 0.5 cm,
high 0.3 cm) instead of medicinal formula (Figure 1B). The
fresh ginger was then placed on ST25 acupoints. The moxa
cones were then ignited, and each acupoint was treated twice
lasting 15 min.

GLM (n = 10): as indicated in Figure 1, moxa cones
were placed vertically on a fresh garlic (diameter 0.5 cm,
height 0.3 cm) instead of medicinal formula (Figure 1B).
The fresh garlic was then placed on ST25 acupoints. The
moxa cones were then ignited, and each acupoint was treated
twice lasting 15 min.

WM (n = 10): as indicated in Figure 2, the moxa stick
(Figure 2A) (diameter 0.5 cm, length 20 cm) was ignited
and hung 2 cm above the ST25 acupoints (Figure 2B). Each
acupoint was treated once for 10 min.

NC (n = 10): no treatment. The same fixation as the
moxibustion groups was administered.

MC (n = 10): no treatment. The same fixation as the
moxibustion groups was administered.

All treatments were repeated once daily for a total of 14 d
[35].
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A

B

Figure 1: Sketch of herb-partition moxibustion. A: Moxa segment.
B: Herb-tablet.

A

B

Figure 2: Sketch of warm moxibustion. A: Moxa stick. B: Acupoint.

2.3. Morphological Observation of Colon Samples. After the
infrared measurements finished, all rats were killed by
cervical dislocation. The samples were collected from the
descending colon (5 cm above the anus) and cleaned with
normal saline. General morphology was then assessed and
scored. The samples were fixed in 10% formalin, dehydrated,
embedded in paraffin, and sectioned into 4 μm thick slices.
These sections were then stained with hematoxylin-eosin for
pathological observation [36].

2.4. Detection of the Intensity of Infrared Radiation. A
hypersensitivity PHE201 infrared spectrum analyzer was
used to detect the intensity of infrared radiation on bilateral
ST25 and negative control points (0.5 cm from ST25) of
experimental rats. The 59 measurement wavelengths range
from 1.5–16 μm [1, 22].

In the morning of the next day after moxibustion
treatments finished, all rats were brought into a darkroom.
None were anesthetized. The room was maintained at 22 ±
3◦C room temperature and 55 ± 10% humidity and it had
no obvious airflow, strong noises, or electromagnetic fields.
Thirty minutes later, the acupoints were defatted using 75%
alcohol. An analyzer probe (diameter 3 mm) (Figure 3) was
gently placed on the acupoints. The analyzer was initialized
to scan the wavelengths from 1.5 to 6 μm. The analyzer
automatically recorded the intensity of infrared radiation at
a total of 59 detection points every 0.25 μm.

2.5. Statistical Analysis. All data were analyzed using SPSS
11.0 statistical software (SPSS Inc., USA). All data are

AB 3 mm 5 mm

Figure 3: Sketch of points of detection and moxibustion stimula-
tion. A: Point of detection. B: Point of moxibustion stimulation.

expressed as mean± SD for normally distributed continuous
variables. Rank-sum testing was used to compare the four
moxibustion groups with normal and model control groups.
The pairing rank-sum test was used to compare the right-
and left-hand-side acupoints. P < 0.05 was considered
statistically significant.

3. Results

3.1. Morphological Observation of UC Rat Model [37].
As shown in Figure 4, the NC group showed complete
colonic mucosa epithelium and regular colonic gland with
inconspicuous inflammatory cell infiltration. The colonic
mucosa and mucosa villi were damaged or missing in the
UC model group, and large numbers of mononuclear cells
and macrophages appeared in the mucosa or submucosa.
There was also more congestion, edema, and ulceration than
in the normal group. However, moxibustion stimulation
with herbs, ginger, garlic, and moxa sticks decreased the
inflammatory cell infiltration and improved the condition of
the colonic mucosa and mucosa villi. Only slight submucosal
edema and inflammatory cell infiltration were observed in
the treated groups, and the colonic mucosa epithelium and
the colonic gland were more regularly arranged in all treated
groups except the mild moxibustion group than in the
model group. New epithelial cells were observed, covering
the ulcers. This indicates that moxibustion treatment can
inhibit inflammatory cell infiltration under UC conditions
and induce recovery of these ulcers in the colon tissue.

3.2. Infrared Spectrum Characteristic of ST25 and Control
Points. Each curve showed the average infrared radiation of
ST25 in rats from each group. The intensity of infrared radi-
ation of ST25 showed significant individual and intergroup
differences, but each group showed the same spectral peak.
The first peak value appeared at about 10 μm, and the second,
which was weaker than the first, appeared at about 13.75 μm.

3.3. Intensity of Infrared Radiation at ST25 and Control
Points in Normal Rats (Table 1). NC group rats showed
significant differences in the intensity of infrared radiation of
the left ST25 and control point at 4.00, 4.75, 5.00, 5.50, 6.25,
6.50, 6.75, 15.50, and 16.00 μm (P < 0.05) and extremely
significant differences at 5.25 μm (P < 0.01). On the right
side, the intensity of infrared radiation of ST25 differed
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Table 1: Intensity of infrared radiation of ST25 and the control points in normal rats (mean ± SD).

WL (μm) N L-ST25 L-ST25-N R-ST25 R-ST25-N

1.50 10 0.032 ± 0.027 0.041 ± 0.018 0.035 ± 0.024 0.031 ± 0.013

1.75 10 −0.002 ± 0.022 0.004 ± 0.027 0.001 ± 0.022 −0.005 ± 0.030

2.00 10 0.002 ± 0.025 −0.001 ± 0.023 −0.002 ± 0.024 −0.004 ± 0.027

2.25 10 −0.003 ± 0.021 0.008 ± 0.019 0.005 ± 0.020 0.007 ± 0.023

2.50 10 −0.003 ± 0.020 0.005 ± 0.025 0.005 ± 0.029 −0.003 ± 0.024

2.75 10 −0.004 ± 0.022 0.005 ± 0.023 0.001 ± 0.022 −0.002 ± 0.031

3.00 10 −0.006 ± 0.019 0.007 ± 0.034 0.002 ± 0.025 −0.002 ± 0.030

3.25 10 0.001 ± 0.019 0.007 ± 0.019 0.005 ± 0.023 0.004 ± 0.026

3.50 10 0.023 ± 0.020 0.035 ± 0.031 0.021 ± 0.028 0.028 ± 0.030

3.75 10 0.019 ± 0.029 0.025 ± 0.020 0.032 ± 0.031 0.036 ± 0.028

4.00 10 0.006 ± 0.023 0.031 ± 0.023Δ 0.016 ± 0.015 0.024 ± 0.028

4.25 10 0.037 ± 0.023 0.058 ± 0.020 0.048 ± 0.021 0.060 ± 0.033

4.50 10 0.067 ± 0.018 0.075 ± 0.028 0.068 ± 0.021 0.082 ± 0.032

4.75 10 0.063 ± 0.030 0.094 ± 0.024Δ 0.076 ± 0.029 0.092 ± 0.037

5.00 10 0.074 ± 0.020 0.099 ± 0.030Δ 0.094 ± 0.025 0.100 ± 0.031

5.25 10 0.079 ± 0.024 0.118 ± 0.026ΔΔ 0.106 ± 0.024∗ 0.123 ± 0.025

5.50 10 0.059 ± 0.023 0.086 ± 0.026Δ 0.082 ± 0.022∗ 0.095 ± 0.026

5.75 10 0.048 ± 0.020 0.064 ± 0.026 0.057 ± 0.017 0.070 ± 0.040

6.00 10 0.066 ± 0.024 0.086 ± 0.028 0.082 ± 0.017 0.103 ± 0.031

6.25 10 0.044 ± 0.023 0.070 ± 0.027Δ 0.068 ± 0.026∗ 0.075 ± 0.026

6.50 10 0.046 ± 0.022 0.078 ± 0.026Δ 0.059 ± 0.028 0.077 ± 0.030

6.75 10 0.143 ± 0.026 0.182 ± 0.032Δ 0.147 ± 0.038 0.174 ± 0.050

7.00 10 0.224 ± 0.040 0.275 ± 0.032 0.230 ± 0.065 0.274 ± 0.078

7.25 10 0.322 ± 0.055 0.365 ± 0.066 0.341 ± 0.076 0.395 ± 0.087

7.50 10 0.374 ± 0.058 0.422 ± 0.070 0.393 ± 0.064 0.455 ± 0.081

7.75 10 0.404 ± 0.066 0.458 ± 0.073 0.428 ± 0.077 0.493 ± 0.090

8.00 10 0.473 ± 0.075 0.522 ± 0.094 0.477 ± 0.087 0.563 ± 0.104Δ

8.25 10 0.480 ± 0.080 0.541 ± 0.079 0.509 ± 0.086 0.606 ± 0.118Δ

8.50 10 0.494 ± 0.077 0.555 ± 0.094 0.519 ± 0.095 0.609 ± 0.103Δ

8.75 10 0.571 ± 0.078 0.642 ± 0.114 0.590 ± 0.105 0.684 ± 0.130

9.00 10 0.660 ± 0.100 0.744 ± 0.122 0.686 ± 0.122 0.808 ± 0.152Δ

9.25 10 0.690 ± 0.099 0.794 ± 0.140 0.721 ± 0.134 0.865 ± 0.157Δ

9.50 10 0.750 ± 0.096 0.856 ± 0.149 0.791 ± 0.133 0.923 ± 0.161Δ

9.75 10 0.809 ± 0.118 0.911 ± 0.161 0.850 ± 0.138 0.997 ± 0.163Δ

10.00 10 0.846 ± 0.123 0.953 ± 0.162 0.892 ± 0.150 1.043 ± 0.176Δ

10.25 10 0.835 ± 0.135 0.936 ± 0.141 0.874 ± 0.138 1.047 ± 0.173Δ

10.50 10 0.739 ± 0.140 0.825 ± 0.138 0.768 ± 0.117 0.933 ± 0.157Δ

10.75 10 0.655 ± 0.121 0.732 ± 0.120 0.679 ± 0.118 0.834 ± 0.144ΔΔ

11.00 10 0.580 ± 0.115 0.658 ± 0.108 0.620 ± 0.110 0.753 ± 0.123Δ

11.25 10 0.548 ± 0.094 0.613 ± 0.100 0.556 ± 0.094 0.683 ± 0.121ΔΔ

11.50 10 0.496 ± 0.090 0.549 ± 0.091 0.501 ± 0.093 0.627 ± 0.123ΔΔ

11.75 10 0.433 ± 0.086 0.488 ± 0.090 0.448 ± 0.085 0.559 ± 0.098ΔΔ

12.00 10 0.407 ± 0.067 0.466 ± 0.073 0.427 ± 0.072 0.510 ± 0.080Δ

12.25 10 0.410 ± 0.057 0.466 ± 0.065 0.430 ± 0.061 0.518 ± 0.086ΔΔ

12.50 10 0.387 ± 0.064 0.445 ± 0.070 0.420 ± 0.074 0.511 ± 0.088ΔΔ

12.75 10 0.359 ± 0.077 0.409 ± 0.082 0.385 ± 0.070 0.460 ± 0.085Δ

13.00 10 0.362 ± 0.065 0.415 ± 0.058 0.372 ± 0.067 0.449 ± 0.075Δ

13.25 10 0.462 ± 0.054 0.529 ± 0.088 0.465 ± 0.092 0.534 ± 0.109

13.50 10 0.587 ± 0.073 0.661 ± 0.110 0.605 ± 0.101 0.699 ± 0.124Δ

13.75 10 0.590 ± 0.092 0.660 ± 0.119 0.616 ± 0.106 0.735 ± 0.133Δ

14.00 10 0.509 ± 0.113 0.560 ± 0.107 0.531 ± 0.100 0.651 ± 0.123Δ
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Table 1: Continued.

WL (μm) N L-ST25 L-ST25-N R-ST25 R-ST25-N

14.25 10 0.426 ± 0.095 0.485 ± 0.085 0.467 ± 0.098 0.561 ± 0.108Δ

14.50 10 0.363 ± 0.076 0.416 ± 0.072 0.399 ± 0.083 0.487 ± 0.092Δ

14.75 10 0.258 ± 0.072 0.299 ± 0.058 0.286 ± 0.066 0.356 ± 0.060Δ

15.00 10 0.205 ± 0.058 0.240 ± 0.040 0.227 ± 0.059 0.278 ± 0.054Δ

15.25 10 0.177 ± 0.050 0.200 ± 0.031 0.190 ± 0.043 0.226 ± 0.038Δ

15.50 10 0.178 ± 0.033 0.212 ± 0.026Δ 0.201 ± 0.041 0.241 ± 0.033Δ

15.75 10 0.172 ± 0.037 0.198 ± 0.026 0.192 ± 0.029 0.234 ± 0.042ΔΔ

16.00 10 0.137 ± 0.038 0.168 ± 0.034Δ 0.170 ± 0.026∗ 0.195 ± 0.036

WL: wavelength, L-ST25: left ST25, L-ST25-N: left ST25 control point, R-ST25: right ST25, R-ST25-N: right control point. The intensity of the left-hand-
side infrared radiation of ST25 in normal rats is significantly different from that of right-hand-side ST25 (∗P < 0.05, ∗∗P < 0.01). The intensity of infrared
radiation of ST25 in normal rats is significantly different from that of the ipsilateral control point (ΔP < 0.05, ΔΔP < 0.01).

(a) (b)

(c) (d)

(e) (f)

Figure 4: Morphological observation of UC rat model. (a) Normal group. (b) Model group. (c) Herb-partition moxibustion group. (d)
Ginger-partition moxibustion group. (e) Garlic-partition moxibustion group. (f) Warming moxibustion group.
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Table 2: Intensity of infrared radiation of ST25 and the control points in UC model rats (mean ± SD).

WL (μm) N L-ST25 L-ST25-N R-ST25 R-ST25-N

1.50 9 −0.003 ± 0.035 0.023 ± 0.025Δ 0.009 ± 0.014 0.010 ± 0.022

1.75 9 0.005 ± 0.025 0.013 ± 0.024 0.021 ± 0.028 0.016 ± 0.021

2.00 9 0.017 ± 0.030 0.026 ± 0.021 0.007 ± 0.025 0.020 ± 0.030

2.25 9 0.008 ± 0.033 0.016 ± 0.024 0.018 ± 0.026 0.025 ± 0.023

2.50 9 0.022 ± 0.018 0.018 ± 0.023 0.013 ± 0.027 0.022 ± 0.025

2.75 9 0.024 ± 0.019 0.025 ± 0.020 0.022 ± 0.017 0.028 ± 0.019

3.00 9 0.021 ± 0.023 0.023 ± 0.022 0.029 ± 0.021 0.025 ± 0.020

3.25 9 0.015 ± 0.030 0.027 ± 0.023 0.016 ± 0.024 0.028 ± 0.028

3.50 9 0.030 ± 0.021 0.045 ± 0.027 0.036 ± 0.026 0.052 ± 0.029

3.75 9 0.043 ± 0.017 0.053 ± 0.020 0.039 ± 0.022 0.051 ± 0.030

4.00 9 0.031 ± 0.033 0.040 ± 0.033 0.038 ± 0.036 0.034 ± 0.031

4.25 9 0.059 ± 0.035 0.075 ± 0.036 0.077 ± 0.041 0.071 ± 0.042

4.50 9 0.073 ± 0.018 0.091 ± 0.014 0.074 ± 0.025 0.093 ± 0.028

4.75 9 0.084 ± 0.023 0.107 ± 0.021Δ 0.096 ± 0.026 0.103 ± 0.020

5.00 9 0.085 ± 0.016 0.105 ± 0.022Δ 0.087 ± 0.019 0.112 ± 0.022Δ

5.25 9 0.109 ± 0.041 0.124 ± 0.035 0.121 ± 0.039 0.128 ± 0.030

5.50 9 0.079 ± 0.022 0.101 ± 0.028 0.088 ± 0.030 0.111 ± 0.028

5.75 9 0.070 ± 0.019 0.086 ± 0.028 0.075 ± 0.029 0.084 ± 0.025

6.00 9 0.095 ± 0.028 0.111 ± 0.027 0.102 ± 0.024 0.116 ± 0.024

6.25 9 0.065 ± 0.019 0.078 ± 0.023 0.073 ± 0.034 0.085 ± 0.029

6.50 9 0.062 ± 0.033 0.082 ± 0.035 0.067 ± 0.035 0.084 ± 0.032

6.75 9 0.164 ± 0.028 0.170 ± 0.021 0.165 ± 0.039 0.191 ± 0.037

7.00 9 0.232 ± 0.030 0.246 ± 0.032 0.234 ± 0.042 0.282 ± 0.049Δ

7.25 9 0.328 ± 0.049 0.348 ± 0.023 0.334 ± 0.053 0.394 ± 0.049ΔΔ

7.50 9 0.359 ± 0.054 0.378 ± 0.046 0.378 ± 0.074 0.452 ± 0.067Δ

7.75 9 0.408 ± 0.066 0.414 ± 0.041 0.408 ± 0.078 0.492 ± 0.065ΔΔ

8.00 9 0.457 ± 0.075 0.482 ± 0.035 0.472 ± 0.078 0.559 ± 0.076Δ

8.25 9 0.474 ± 0.075 0.504 ± 0.055 0.484 ± 0.088 0.586 ± 0.087ΔΔ

8.50 9 0.482 ± 0.072 0.506 ± 0.060 0.491 ± 0.081 0.590 ± 0.084ΔΔ

8.75 9 0.546 ± 0.088 0.575 ± 0.056 0.569 ± 0.088 0.671 ± 0.095Δ

9.00 9 0.635 ± 0.095 0.666 ± 0.072 0.657 ± 0.105 0.792 ± 0.117ΔΔ

9.25 9 0.671 ± 0.104 0.705 ± 0.070 0.698 ± 0.102 0.835 ± 0.102ΔΔ

9.50 9 0.738 ± 0.114 0.788 ± 0.072 0.772 ± 0.115 0.912 ± 0.113ΔΔ

9.75 9 0.778 ± 0.117 0.824 ± 0.090 0.805 ± 0.124 0.946 ± 0.126Δ

10.00 9 0.791 ± 0.113 0.834 ± 0.095 0.817 ± 0.131 0.971 ± 0.116ΔΔ

10.25 9 0.791 ± 0.117 0.827 ± 0.093 0.814 ± 0.134 0.964 ± 0.118Δ

10.50 9 0.676 ± 0.118 0.715 ± 0.100 0.711 ± 0.126 0.852 ± 0.119Δ

10.75 9 0.600 ± 0.099 0.642 ± 0.086 0.633 ± 0.115 0.742 ± 0.111Δ

11.00 9 0.551 ± 0.097 0.588 ± 0.083 0.573 ± 0.111 0.660 ± 0.097

11.25 9 0.505 ± 0.081 0.549 ± 0.090 0.541 ± 0.107 0.616 ± 0.104

11.50 9 0.456 ± 0.091 0.485 ± 0.078 0.488 ± 0.095 0.567 ± 0.085

11.75 9 0.415 ± 0.086 0.447 ± 0.061 0.433 ± 0.092 0.513 ± 0.069Δ

12.00 9 0.377 ± 0.067 0.414 ± 0.045 0.407 ± 0.069 0.474 ± 0.062Δ

12.25 9 0.383 ± 0.065 0.430 ± 0.061 0.413 ± 0.070 0.473 ± 0.070

12.50 9 0.385 ± 0.057 0.414 ± 0.047 0.402 ± 0.065 0.473 ± 0.070Δ

12.75 9 0.377 ± 0.060 0.396 ± 0.050 0.380 ± 0.069 0.453 ± 0.059Δ

13.00 9 0.351 ± 0.074 0.385 ± 0.047 0.365 ± 0.070 0.440 ± 0.061Δ

13.25 9 0.447 ± 0.072 0.477 ± 0.050 0.465 ± 0.068 0.548 ± 0.077Δ

13.50 9 0.554 ± 0.071 0.590 ± 0.046 0.578 ± 0.091 0.674 ± 0.092Δ

13.75 9 0.555 ± 0.092 0.597 ± 0.070 0.580 ± 0.091 0.677 ± 0.097Δ

14.00 9 0.454 ± 0.091 0.488 ± 0.073 0.473 ± 0.095 0.564 ± 0.089Δ



Evidence-Based Complementary and Alternative Medicine 7

Table 2: Continued.

WL (μm) N L-ST25 L-ST25-N R-ST25 R-ST25-N

14.25 9 0.396 ± 0.078 0.444 ± 0.066 0.423 ± 0.086 0.500 ± 0.091

14.50 9 0.351 ± 0.076 0.383 ± 0.070 0.375 ± 0.074 0.444 ± 0.073

14.75 9 0.255 ± 0.048 0.288 ± 0.051 0.267 ± 0.064 0.312 ± 0.053

15.00 9 0.217 ± 0.041 0.238 ± 0.043 0.221 ± 0.050 0.254 ± 0.041

15.25 9 0.185 ± 0.032 0.202 ± 0.030 0.196 ± 0.040 0.215 ± 0.049

15.50 9 0.196 ± 0.035 0.205 ± 0.035 0.201 ± 0.044 0.221 ± 0.041

15.75 9 0.193 ± 0.026 0.211 ± 0.035 0.208 ± 0.037 0.219 ± 0.040

16.00 9 0.158 ± 0.030 0.171 ± 0.033 0.164 ± 0.035 0.180 ± 0.040

WL: wavelength, L-ST25: left ST25, L-ST25-N: left ST25 control point, R-ST25: right ST25, R-ST25-N: right control point. The intensity of infrared radiation
of ST25 in model rats was found to be significantly different from that of the ipsilateral control point (ΔP < 0.05, ΔΔP < 0.01).

significantly from control point at 8.00, 8.25, 8.50, 9.00,
9.25, 9.5, 9.75, 10.00, 10.25, 10.50, 11.00, 12.00, 12.75, 13.00,
13.50, 13.75, 14.00, 14.25, 14.5, 14.75, 15.00, 15.25, and
15.5 μm (P < 0.05) and differed extremely significantly
at 10.75, 11.25, 11.50, 11.75, 12.25, 12.50, and 15.75 μm
(P < 0.01). The intensities of infrared radiation of the left-
hand-side ST25 differed significantly from the right-hand-
side ST25 at 5.25, 5.50, 6.25, and 16.00 μm (P < 0.05).

3.4. Intensity of Infrared Radiation at ST25 and Control Points
in UC Model Rats (Table 2). In MC group rats, the intensity
of infrared radiation showed significant differences across
the left ST25 and control point at 1.50, 4.75, and 5.00 μm
(P < 0.05). On the right-hand side, the intensities of infrared
radiation of ST25 differed from control point at 5.00, 7.00,
8.00, 8.75, 9.75, 10.25, 10.50, 10.75, 11.75, 12.00, 12.50,
12.75, 13.00, 13.25, 13.50, 13.75, and 14.00 μm (P < 0.05)
and differed very significantly at 7.25, 7.75, 8.25, 8.50, 9.00,
9.25, 9.50, and 10.00 μm (P < 0.01). However, there was no
difference between the intensity of infrared radiation at the
left and right ST25.

3.5. Intensities of Infrared Radiation of the Left ST25 after
Different Moxibustion Stimulations (Table 3). There were
significant differences in the intensity of infrared radiation
of the left ST25 between the NC and the MC groups at 3.00,
3.75, 4.75, 5.75, 6.00 μm (P < 0.05) and at 2.50, 2.75, 5.25 μm
(P < 0.01).

After different types of moxibustion stimulation, the
intensity of infrared radiation of the left ST25 of the HPM
group was significantly different from that of the MC group
at 2.50, 3.00, 10.25, 10.50, 11.00, 11.25, and 11.50 μm (P <
0.05) and very significantly different at 2.75 and 10.75 μm
(P < 0.01). The differences between GPM group and MC
group were significant at 2.50, 7.50, 8.00, 8.25, 8.50, 9.00,
9.25, 9.75, 10.00, 10.25, 10.75, 11.00, 11.25, 11.50, 11.75,
and 14.00 μm (P < 0.05) and very significant at 2.75, 9.25,
and 10.50 μm (P < 0.01). The differences between GLM
group and MC group were significant at 2.75, 3.00, 7.50,
8.00, 8.50, 8.75, 9.00, 9.25, 9.50, 9.75, 10.00, 10.25, 10.50,
10.75, 11.50, and 12.00 μm (P < 0.05) and very significant
at 8.25 μm (P < 0.01). The intensity of infrared radiation
of the left ST25 in the WM group was significantly different

from those of the MC group at 2.50, 10.00, 10.25, 11.00,
11.25, 11.75, 12.00, 13.75, and 14.25 μm (P < 0.05) and
very significantly different at 2.75, 10.50, 10.75, 11.50, and
14.00 μm (P < 0.01).

For the intensity of infrared radiation of left ST25,
eight wavelengths showed a statistically significant difference
between the NC and MC groups. After moxibustion stim-
ulation, there were 9 wavelengths in the HPM group, 18
wavelengths in the GPM group, 17 wavelengths in the GLM
group, and 14 wavelengths in the WM group that showed
statistically significant differences from the MC group.

3.6. Intensity of Infrared Radiation of the Right ST25 after
Different Moxibustion Stimulations (Table 4). The intensity
of infrared radiation of the right ST25 showed significant
differences between the NC and MC groups at 1.75, 4.00,
4.25, and 4.75 μm (P < 0.05) and at 2.75 and 3.00 μm (P <
0.01).

After different types of moxibustion stimulation, the
intensity of infrared radiation of the right ST25 of the HPM
group was significantly different from that of the MC group
at 2.25, 7.25, 7.50, 7.75, 8.00, 8.50, 8.75, 9.50, 12.50, 13.25,
and 14.25 μm (P < 0.05) and very significantly different at
1.75, 2.75, 3.00, 8.25, 9.00, 9.25, 9.75, 10.00, 10.25, 10.50,
10.75, 11.00, 11.25, 11.50, 11.75, 12.00, 12.25, 12.75, 13.00,
13.50, 13.75, and 14.00 μm (P < 0.01). The differences
between GPM group and MC group were significant at
13.50, 14.75, and 15.00 μm (P < 0.05) and very significant
at 3.00, 7.00, 7.25, 7.50, 7.75, 8.00, 8.25, 8.50, 8.75, 9.00,
9.25, 9.50, 9.75, 10.00, 10.25, 10.50, 10.75, 11.00, 11.25,
11.50, 11.75, 12.00, 12.25, 12.50, 12.75, 13.00, 13.75, 14.00,
14.25, and 14.50 μm (P < 0.01). The differences between
the GLM group and MC group were significant at 3.00 and
8.25 μm (P < 0.05). The intensity of infrared radiation
of the right ST25 in the WM group and MC group was
significantly different at 1.75, 3.00, 10.25, 10.50, 10.75, 11.00,
and 14.00 μm (P < 0.05) and very significantly different at
2.75 μm (P < 0.01).

For the intensity of infrared radiation of the right ST25,
6 wavelengths showed a statistically significant difference
between the NC and MC groups. After moxibustion stim-
ulation, 33 wavelengths in the HPM group, 33 wavelengths
in the GPM group, 2 wavelengths in the GLM group,
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Table 3: Intensity of infrared radiation of left-hand-side ST25 after different moxibustion treatments.

WL (μm) NC MC HPM GPM GLM WM

1.50 −0.008 ± 0.030 −0.003 ± 0.035 0.007 ± 0.015 0.008 ± 0.014 0.009 ± 0.013 0.002 ± 0.011

1.75 −0.002 ± 0.022 0.005 ± 0.025 0.003 ± 0.013 0.009 ± 0.015 0.012 ± 0.023 −0.002 ± 0.009

2.00 0.002 ± 0.025 0.017 ± 0.030 0.012 ± 0.011 0.015 ± 0.012 0.003 ± 0.025 0.006 ± 0.012

2.25 −0.003 ± 0.021 0.008 ± 0.033 0.004 ± 0.018 0.020 ± 0.021 0.006 ± 0.020 0.004 ± 0.016

2.50 −0.003 ± 0.020 0.022 ± 0.018∗∗ 0.002 ± 0.016Δ 0.004 ± 0.015Δ 0.006 ± 0.013 0.006 ± 0.015Δ

2.75 −0.004 ± 0.022 0.024 ± 0.019∗∗ −0.001 ± 0.016ΔΔ 0.010 ± 0.015 0.007 ± 0.011Δ 0.004 ± 0.015ΔΔ

3.00 −0.006 ± 0.019 0.021 ± 0.023∗ 0.003 ± 0.020Δ 0.005 ± 0.019 0.001 ± 0.017Δ 0.009 ± 0.013

3.25 0.001 ± 0.019 0.015 ± 0.030 0.011 ± 0.017 0.012 ± 0.019 0.017 ± 0.012 0.004 ± 0.023

3.50 0.022 ± 0.020 0.030 ± 0.021 0.025 ± 0.035 0.032 ± 0.020 0.029 ± 0.018 0.017 ± 0.015

3.75 0.019 ± 0.029 0.043 ± 0.017∗ 0.031 ± 0.020 0.040 ± 0.017 0.036 ± 0.024 0.034 ± 0.012

4.00 0.006 ± 0.023 0.031 ± 0.033 0.023 ± 0.030 0.024 ± 0.017 0.035 ± 0.034 0.034 ± 0.029

4.25 0.037 ± 0.023 0.059 ± 0.035 0.056 ± 0.025 0.058 ± 0.021 0.055 ± 0.031 0.059 ± 0.030

4.50 0.067 ± 0.018 0.073 ± 0.018 0.057 ± 0.032 0.078 ± 0.015 0.072 ± 0.027 0.058 ± 0.024

4.75 0.063 ± 0.030 0.084 ± 0.023∗ 0.071 ± 0.018 0.093 ± 0.015 0.083 ± 0.021 0.074 ± 0.015

5.00 0.074 ± 0.020 0.085 ± 0.016 0.071 ± 0.017 0.094 ± 0.019 0.087 ± 0.016 0.095 ± 0.020

5.25 0.079 ± 0.024 0.109 ± 0.041∗∗ 0.099 ± 0.018 0.114 ± 0.016 0.100 ± 0.032 0.102 ± 0.013

5.50 0.059 ± 0.023 0.079 ± 0.022 0.088 ± 0.033 0.090 ± 0.018 0.079 ± 0.028 0.079 ± 0.031

5.75 0.048 ± 0.020 0.070 ± 0.019∗ 0.059 ± 0.025 0.067 ± 0.026 0.057 ± 0.021 0.061 ± 0.009

6.00 0.066 ± 0.024 0.095 ± 0.028∗ 0.071 ± 0.025 0.083 ± 0.020 0.082 ± 0.032 0.083 ± 0.026

6.25 0.044 ± 0.023 0.065 ± 0.019 0.058 ± 0.032 0.072 ± 0.020 0.059 ± 0.030 0.071 ± 0.027

6.50 0.046 ± 0.022 0.062 ± 0.033 0.056 ± 0.025 0.063 ± 0.023 0.052 ± 0.022 0.064 ± 0.018

6.75 0.143 ± 0.026 0.164 ± 0.028 0.146 ± 0.042 0.153 ± 0.026 0.170 ± 0.049 0.142 ± 0.029

7.00 0.224 ± 0.040 0.232 ± 0.030 0.231 ± 0.041 0.236 ± 0.046 0.250 ± 0.050 0.237 ± 0.036

7.25 0.322 ± 0.055 0.328 ± 0.049 0.345 ± 0.066 0.366 ± 0.038 0.367 ± 0.083 0.355 ± 0.029

7.50 0.374 ± 0.058 0.359 ± 0.054 0.377 ± 0.078 0.434 ± 0.042Δ 0.434 ± 0.097Δ 0.393 ± 0.032

7.75 0.404 ± 0.066 0.408 ± 0.066 0.415 ± 0.074 0.470 ± 0.047 0.462 ± 0.104 0.441 ± 0.047

8.00 0.473 ± 0.075 0.457 ± 0.075 0.470 ± 0.084 0.540 ± 0.041Δ 0.536 ± 0.100Δ 0.496 ± 0.058

8.25 0.480 ± 0.080 0.474 ± 0.075 0.503 ± 0.087 0.565 ± 0.056Δ 0.572 ± 0.104ΔΔ 0.525 ± 0.049

8.50 0.494 ± 0.077 0.482 ± 0.072 0.489 ± 0.079 0.555 ± 0.048Δ 0.559 ± 0.106Δ 0.521 ± 0.046

8.75 0.571 ± 0.078 0.546 ± 0.088 0.582 ± 0.105 0.624 ± 0.076 0.633 ± 0.121Δ 0.581 ± 0.077

9.00 0.660 ± 0.100 0.635 ± 0.095 0.682 ± 0.105 0.741 ± 0.066Δ 0.741 ± 0.162Δ 0.686 ± 0.060

9.25 0.690 ± 0.099 0.671 ± 0.104 0.729 ± 0.114 0.800 ± 0.068ΔΔ 0.787 ± 0.152Δ 0.740 ± 0.070

9.50 0.750 ± 0.096 0.738 ± 0.114 0.783 ± 0.120 0.841 ± 0.051Δ 0.846 ± 0.147Δ 0.808 ± 0.070

9.75 0.809 ± 0.118 0.778 ± 0.117 0.856 ± 0.137 0.891 ± 0.080Δ 0.890 ± 0.163Δ 0.874 ± 0.069

10.00 0.846 ± 0.123 0.791 ± 0.113 0.891 ± 0.140 0.930 ± 0.102Δ 0.906 ± 0.168Δ 0.926 ± 0.074Δ

10.25 0.835 ± 0.135 0.791 ± 0.117 0.899 ± 0.136Δ 0.911 ± 0.086Δ 0.898 ± 0.146Δ 0.920 ± 0.086Δ

10.50 0.739 ± 0.140 0.676 ± 0.118 0.801 ± 0.121Δ 0.822 ± 0.081ΔΔ 0.785 ± 0.119Δ 0.824 ± 0.070ΔΔ

10.75 0.655 ± 0.121 0.600 ± 0.099 0.722 ± 0.104ΔΔ 0.698 ± 0.077Δ 0.693 ± 0.110Δ 0.739 ± 0.072ΔΔ

11.00 0.580 ± 0.115 0.551 ± 0.097 0.640 ± 0.100Δ 0.633 ± 0.045Δ 0.616 ± 0.100 0.645 ± 0.059Δ

11.25 0.548 ± 0.094 0.505 ± 0.081 0.590 ± 0.089Δ 0.585 ± 0.047Δ 0.564 ± 0.079 0.595 ± 0.067Δ

11.50 0.496 ± 0.090 0.456 ± 0.091 0.540 ± 0.082Δ 0.544 ± 0.041Δ 0.526 ± 0.083Δ 0.551 ± 0.048ΔΔ

11.75 0.433 ± 0.086 0.415 ± 0.086 0.469 ± 0.061 0.483 ± 0.071Δ 0.475 ± 0.081 0.491 ± 0.040Δ

12.00 0.407 ± 0.067 0.377 ± 0.067 0.428 ± 0.062 0.429 ± 0.048 0.432 ± 0.071Δ 0.439 ± 0.040Δ

12.25 0.410 ± 0.057 0.383 ± 0.065 0.422 ± 0.065 0.430 ± 0.039 0.432 ± 0.079 0.434 ± 0.039

12.50 0.387 ± 0.064 0.385 ± 0.057 0.405 ± 0.064 0.427 ± 0.044 0.419 ± 0.068 0.428 ± 0.036

12.75 0.360 ± 0.077 0.377 ± 0.060 0.399 ± 0.051 0.408 ± 0.042 0.407 ± 0.057 0.403 ± 0.037

13.00 0.362 ± 0.065 0.351 ± 0.075 0.387 ± 0.056 0.394 ± 0.031 0.379 ± 0.051 0.393 ± 0.033

13.25 0.462 ± 0.051 0.447 ± 0.072 0.473 ± 0.072 0.441 ± 0.058 0.452 ± 0.093 0.474 ± 0.059

13.50 0.587 ± 0.073 0.554 ± 0.071 0.595 ± 0.099 0.584 ± 0.064 0.586 ± 0.095 0.621 ± 0.076

13.75 0.590 ± 0.092 0.555 ± 0.092 0.629 ± 0.091 0.592 ± 0.091 0.582 ± 0.087 0.640 ± 0.060Δ

14.00 0.509 ± 0.113 0.454 ± 0.091 0.519 ± 0.072 0.534 ± 0.076Δ 0.513 ± 0.077 0.555 ± 0.047ΔΔ
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Table 3: Continued.

WL (μm) NC MC HPM GPM GLM WM

14.25 0.426 ± 0.095 0.396 ± 0.078 0.427 ± 0.063 0.450 ± 0.079 0.440 ± 0.063 0.465 ± 0.035Δ

14.50 0.363 ± 0.076 0.351 ± 0.076 0.366 ± 0.053 0.380 ± 0.058 0.375 ± 0.050 0.390 ± 0.044
14.75 0.258 ± 0.072 0.255 ± 0.048 0.266 ± 0.050 0.267 ± 0.047 0.275 ± 0.052 0.268 ± 0.032
15.00 0.205 ± 0.058 0.217 ± 0.041 0.214 ± 0.043 0.219 ± 0.035 0.226 ± 0.030 0.222 ± 0.023
15.25 0.177 ± 0.050 0.185 ± 0.032 0.169 ± 0.032 0.172 ± 0.032 0.173 ± 0.035 0.180 ± 0.015
15.50 0.178 ± 0.033 0.196 ± 0.035 0.185 ± 0.032 0.179 ± 0.019 0.202 ± 0.043 0.190 ± 0.028
15.75 0.172 ± 0.037 0.193 ± 0.026 0.184 ± 0.044 0.180 ± 0.022 0.189 ± 0.033 0.180 ± 0.011
16.00 0.137 ± 0.038 0.158 ± 0.030 0.152 ± 0.027 0.139 ± 0.030 0.166 ± 0.031 0.146 ± 0.016

WL: wavelength, NC: normal control group, MC: model control group, HPM: herb-partition moxibustion, GPM: ginger-partition moxibustion, GLM: garlic-
partition moxibustion, WM: warming moxibustion. The intensity of infrared radiation of the left-hand-side ST25 showed significant differences between
normal rats and model rats (∗P < 0.05, ∗∗P < 0.01). After moxibustion stimulations, the intensity of infrared radiation of ST25 in moxibustion groups were
significantly different from those of the model groups (ΔP < 0.05, ΔΔP < 0.01).

and 8 wavelengths in the WM group showed statistically
significant differences from the MC group.

4. Discussion

In traditional Chinese medicine, acupoints are the points
of infusion and transmission of qi and blood of viscus and
meridians onto the surface of the human body and the
windows of connection between the human body and its
surroundings. In this way, infrared radiation and the trans-
mission characteristics of acupoints can indicate the state
of infusion of qi and blood and of the body’s physiological
response to pathological changes in the visceral organs.

Traditional Chinese medicine, which includes moxibus-
tion, has been developing for more than 2500 years, and it
has a long history of being used to prevent and treat diseases
in Eastern cultures. Moxibustion therapy is a stimulation
of acupoints by the burning of moxa. Moxibustion therapy
includes both direct moxibustion and indirect moxibustion.
Indirect moxibustion is a relatively common clinical therapy,
and it includes herb-partition moxibustion, ginger-partition
moxibustion, garlic-partition moxibustion, and other types
of moxibustion. Moxibustion, through its warming effect
and medicinal properties, improves the flow of both qi and
blood through the acupoints and meridians, regulating the
functions of viscus and organs to prevent and treat ill-
nesses. Studies have indicated that moxibustion therapy can
improve human immunity and regulate digestive function
[24, 26, 38]. However, the biophysical mechanism underlying
moxibustion and the role of acupoints in this process are
unknown.

Several studies have indicated that infrared radiation is
natural on the surface of the human body [39–41]. Ever
since French scientist J. Borsarello photographed the infrared
thermogram to show meridians and acupoints in human
body in 1970, researchers at home and abroad have carried
out many studies regarding the infrared thermography
characteristics of the human body. Progress has been made
on the meridian phenomenon, the characteristics of acu-
points, acupuncture technique, and the therapeutic effects
of acupuncture. Research has shown that the body emits
infrared radiation along specific tracks and that acupuncture

may cause changes in skin temperature [42–48]. Reinforcing
acupuncture techniques can increase skin temperature and
reducing methods can decrease skin temperature [49–
55]. The duration of retaining needle and the warming
effects of acupuncture has certain relation [56]. The body
may experience acupoint temperature imbalances during
pathologic states [57]. However, the human body shows
individual differences with respect to infrared radiation, and
the infrared radiation is readily influenced by physiological
factors such as sweating and nervousness and by environ-
ment factors such as atmospheric convection. In this way,
data concerning skin temperature and changes in it are
questionable and cannot alone be used to determine the
mechanism underlying acupoint infrared radiation.

In the theory of traditional Chinese medicine, the
Tianshu (ST25) acupoint is located at the stomach channel
of foot yangming. It is the frontmost Mu point of the
large intestine channel of hand yangming and the hub of
ascending lucidity and descending turbidity in the human
body. It can recruit qi and blood along the stomach channel
and transmit both to the large intestinal channel. Therefore,
ST25 is closely related to the gastrointestinal tract for the
regulation of gastrointestinal function [33, 58]. Because it
has antidiarrheal and cathartic effects, it is used to treat
gastrointestinal diseases in clinic practice. Previous studies
have indicated that ST25 plays an important role in the
treatment of gastrointestinal diseases [59–64]. Acupuncture
and moxibustion stimulation at ST25 can activate mast
cell degranulation and downregulate colonic epithelial cell
apoptosis in colitis model rats [59, 60]. They have also
been shown to have analgesic effects in rats subjected to
chronic visceral hypersensitivity [61, 62]. They regulate
gastrointestinal function in human patients [63, 64]. In the
present study, the intensity of infrared radiation of bilateral
ST25 and the control points in UC rats were measured
using a hypersensitivity PHE201 infrared spectrum analyzer
[1, 22]. Results indicated that the intensities of infrared
radiation of ST25 in the NC and MC groups differed from
control points and that the difference on the right side was
more marked than on the left side. However, there was little
difference between the right and left ST25. This indicated the
specificity of ST25 acupoint relative to control points. The
intensities of infrared radiation of ST25 showed differences
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Table 4: Intensity of infrared radiation of right-hand-side ST25 after different moxibustion treatments.

WL (μm) NC MC HPM GPM GLM WM

1.50 −0.004 ± 0.031 0.009 ± 0.014 0.004 ± 0.022 0.006 ± 0.015 0.012 ± 0.020 0.005 ± 0.018

1.75 0.001 ± 0.022 0.021 ± 0.028∗ −0.005 ± 0.015ΔΔ 0.015 ± 0.011 0.020 ± 0.022 0.003 ± 0.011Δ

2.00 −0.002 ± 0.024 0.007 ± 0.025 −0.003 ± 0.021 0.013 ± 0.021 0.009 ± 0.021 0.006 ± 0.020

2.25 0.005 ± 0.020 0.018 ± 0.026 −0.001 ± 0.019Δ 0.014 ± 0.017 0.011 ± 0.024 0.007 ± 0.019

2.50 0.005 ± 0.029 0.013 ± 0.027 −0.005 ± 0.011 0.009 ± 0.014 0.006 ± 0.020 0.004 ± 0.014

2.75 0.001 ± 0.022 0.022 ± 0.017∗∗ 0.002 ± 0.011ΔΔ 0.010 ± 0.011 0.010 ± 0.016 0.000 ± 0.008ΔΔ

3.00 0.002 ± 0.025 0.029 ± 0.021∗∗ 0.001 ± 0.023ΔΔ 0.003 ± 0.012ΔΔ 0.008 ± 0.017Δ 0.008 ± 0.014Δ

3.25 0.005 ± 0.023 0.016 ± 0.024 0.024 ± 0.024 0.011 ± 0.021 0.022 ± 0.017 0.014 ± 0.028

3.50 0.021 ± 0.028 0.036 ± 0.026 0.032 ± 0.030 0.016 ± 0.021 0.033 ± 0.021 0.025 ± 0.022

3.75 0.032 ± 0.031 0.039 ± 0.022 0.036 ± 0.022 0.039 ± 0.018 0.047 ± 0.022 0.041 ± 0.016

4.00 0.016 ± 0.015 0.038 ± 0.036∗ 0.039 ± 0.023 0.026 ± 0.018 0.040 ± 0.025 0.047 ± 0.010

4.25 0.048 ± 0.021 0.077 ± 0.041∗ 0.062 ± 0.030 0.053 ± 0.016 0.063 ± 0.029 0.062 ± 0.025

4.50 0.068 ± 0.021 0.074 ± 0.025 0.079 ± 0.025 0.083 ± 0.023 0.084 ± 0.031 0.074 ± 0.018

4.75 0.076 ± 0.029 0.096 ± 0.026∗ 0.085 ± 0.023 0.089 ± 0.014 0.091 ± 0.020 0.084 ± 0.012

5.00 0.094 ± 0.025 0.087 ± 0.019 0.090 ± 0.025 0.098 ± 0.018 0.097 ± 0.029 0.092 ± 0.015

5.25 0.106 ± 0.024 0.121 ± 0.039 0.109 ± 0.026 0.119 ± 0.010 0.113 ± 0.022 0.116 ± 0.019

5.50 0.082 ± 0.022 0.088 ± 0.030 0.093 ± 0.024 0.092 ± 0.015 0.089 ± 0.023 0.087 ± 0.019

5.75 0.057 ± 0.017 0.075 ± 0.029 0.074 ± 0.024 0.068 ± 0.030 0.063 ± 0.029 0.060 ± 0.013

6.00 0.082 ± 0.017 0.102 ± 0.024 0.088 ± 0.028 0.094 ± 0.016 0.093 ± 0.030 0.090 ± 0.020

6.25 0.068 ± 0.026 0.073 ± 0.034 0.072 ± 0.016 0.072 ± 0.016 0.071 ± 0.024 0.069 ± 0.024

6.50 0.059 ± 0.028 0.067 ± 0.035 0.068 ± 0.021 0.063 ± 0.022 0.057 ± 0.036 0.067 ± 0.017

6.75 0.147 ± 0.038 0.165 ± 0.039 0.177 ± 0.031 0.184 ± 0.025 0.169 ± 0.047 0.156 ± 0.020

7.00 0.230 ± 0.065 0.234 ± 0.042 0.270 ± 0.033 0.294 ± 0.036ΔΔ 0.256 ± 0.062 0.242 ± 0.026

7.25 0.341 ± 0.076 0.334 ± 0.053 0.401 ± 0.047Δ 0.420 ± 0.042ΔΔ 0.367 ± 0.082 0.352 ± 0.028

7.50 0.393 ± 0.064 0.378 ± 0.074 0.445 ± 0.048Δ 0.491 ± 0.060ΔΔ 0.421 ± 0.097 0.403 ± 0.037

7.75 0.428 ± 0.077 0.408 ± 0.078 0.482 ± 0.052Δ 0.524 ± 0.053ΔΔ 0.466 ± 0.094 0.442 ± 0.031

8.00 0.477 ± 0.087 0.472 ± 0.078 0.555 ± 0.062Δ 0.620 ± 0.062ΔΔ 0.541 ± 0.101 0.511 ± 0.058

8.25 0.509 ± 0.086 0.484 ± 0.088 0.591 ± 0.066ΔΔ 0.648 ± 0.070ΔΔ 0.565 ± 0.110Δ 0.536 ± 0.044

8.50 0.519 ± 0.095 0.491 ± 0.081 0.583 ± 0.063Δ 0.639 ± 0.077ΔΔ 0.559 ± 0.109 0.537 ± 0.041

8.75 0.590 ± 0.105 0.569 ± 0.088 0.678 ± 0.079Δ 0.720 ± 0.087ΔΔ 0.630 ± 0.133 0.609 ± 0.074

9.00 0.686 ± 0.122 0.657 ± 0.105 0.789 ± 0.074ΔΔ 0.850 ± 0.092ΔΔ 0.739 ± 0.132 0.711 ± 0.072

9.25 0.721 ± 0.134 0.698 ± 0.102 0.846 ± 0.088ΔΔ 0.914 ± 0.085ΔΔ 0.790 ± 0.153 0.761 ± 0.084

9.50 0.791 ± 0.133 0.772 ± 0.115 0.915 ± 0.087Δ 0.961 ± 0.087ΔΔ 0.828 ± 0.158 0.821 ± 0.083

9.75 0.850 ± 0.138 0.805 ± 0.124 0.984 ± 0.085ΔΔ 1.018 ± 0.071ΔΔ 0.893 ± 0.171 0.884 ± 0.094

10.00 0.892 ± 0.150 0.817 ± 0.131 1.027 ± 0.096ΔΔ 1.062 ± 0.072ΔΔ 0.905 ± 0.175 0.924 ± 0.088

10.25 0.874 ± 0.138 0.814 ± 0.134 1.030 ± 0.096ΔΔ 1.031 ± 0.073ΔΔ 0.866 ± 0.154 0.923 ± 0.087Δ

10.50 0.768 ± 0.117 0.711 ± 0.126 0.930 ± 0.089ΔΔ 0.908 ± 0.069ΔΔ 0.766 ± 0.130 0.822 ± 0.069Δ

10.75 0.679 ± 0.118 0.633 ± 0.115 0.834 ± 0.080ΔΔ 0.798 ± 0.055ΔΔ 0.677 ± 0.123 0.732 ± 0.075Δ

11.00 0.620 ± 0.110 0.573 ± 0.111 0.734 ± 0.061ΔΔ 0.712 ± 0.023ΔΔ 0.608 ± 0.112 0.655 ± 0.050Δ

11.25 0.556 ± 0.094 0.541 ± 0.107 0.674 ± 0.073ΔΔ 0.659 ± 0.031ΔΔ 0.551 ± 0.104 0.604 ± 0.055

11.50 0.501 ± 0.093 0.488 ± 0.095 0.619 ± 0.069ΔΔ 0.611 ± 0.031ΔΔ 0.515 ± 0.100 0.554 ± 0.045

11.75 0.448 ± 0.085 0.433 ± 0.092 0.548 ± 0.064ΔΔ 0.550 ± 0.032ΔΔ 0.457 ± 0.087 0.492 ± 0.033

12.00 0.427 ± 0.072 0.407 ± 0.069 0.496 ± 0.055ΔΔ 0.499 ± 0.023ΔΔ 0.431 ± 0.092 0.437 ± 0.029

12.25 0.430 ± 0.061 0.413 ± 0.070 0.490 ± 0.057ΔΔ 0.492 ± 0.028ΔΔ 0.419 ± 0.086 0.440 ± 0.030

12.50 0.420 ± 0.074 0.402 ± 0.065 0.475 ± 0.047Δ 0.483 ± 0.033ΔΔ 0.411 ± 0.087 0.431 ± 0.033

12.75 0.385 ± 0.070 0.380 ± 0.069 0.455 ± 0.052ΔΔ 0.470 ± 0.030ΔΔ 0.403 ± 0.072 0.410 ± 0.030

13.00 0.372 ± 0.067 0.365 ± 0.070 0.451 ± 0.049ΔΔ 0.449 ± 0.026ΔΔ 0.372 ± 0.076 0.398 ± 0.032

13.25 0.465 ± 0.092 0.465 ± 0.068 0.534 ± 0.051Δ 0.528 ± 0.051 0.448 ± 0.100 0.478 ± 0.050

13.50 0.605 ± 0.101 0.578 ± 0.091 0.692 ± 0.066ΔΔ 0.679 ± 0.044Δ 0.575 ± 0.112 0.617 ± 0.074

13.75 0.616 ± 0.106 0.580 ± 0.091 0.717 ± 0.074ΔΔ 0.704 ± 0.034ΔΔ 0.578 ± 0.115 0.640 ± 0.049

14.00 0.531 ± 0.100 0.473 ± 0.095 0.601 ± 0.069ΔΔ 0.617 ± 0.026ΔΔ 0.513 ± 0.105 0.555 ± 0.051Δ
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Table 4: Continued.

WL (μm) NC MC HPM GPM GLM WM

14.25 0.467 ± 0.098 0.423 ± 0.086 0.503 ± 0.046Δ 0.528 ± 0.043ΔΔ 0.435 ± 0.084 0.467 ± 0.045

14.50 0.399 ± 0.083 0.375 ± 0.074 0.430 ± 0.040 0.451 ± 0.034ΔΔ 0.376 ± 0.076 0.395 ± 0.038

14.75 0.286 ± 0.066 0.267 ± 0.064 0.293 ± 0.035 0.314 ± 0.021Δ 0.274 ± 0.067 0.279 ± 0.025

15.00 0.227 ± 0.059 0.221 ± 0.050 0.238 ± 0.033 0.261 ± 0.032Δ 0.231 ± 0.035 0.223 ± 0.027

15.25 0.190 ± 0.043 0.196 ± 0.040 0.196 ± 0.025 0.203 ± 0.028 0.171 ± 0.045 0.189 ± 0.013

15.50 0.201 ± 0.041 0.201 ± 0.044 0.213 ± 0.028 0.218 ± 0.020 0.201 ± 0.050 0.191 ± 0.025

15.75 0.192 ± 0.029 0.208 ± 0.037 0.210 ± 0.020 0.209 ± 0.019 0.197 ± 0.045 0.189 ± 0.019

16.00 0.170 ± 0.026 0.164 ± 0.035 0.168 ± 0.029 0.174 ± 0.024 0.169 ± 0.035 0.157 ± 0.015

WL: wavelength, NC: normal control group, MC: model control group, HPM: herb-partition moxibustion, GPM: ginger-partition moxibustion, GLM:
garlic-partition moxibustion, WM: warming moxibustion. The intensity of infrared radiation of right-hand-side ST25 showed significant differences between
normal rats and model rats (∗P < 0.05, ∗∗P < 0.01). After moxibustion stimulations, the intensity of infrared radiation of ST25 in moxibustion groups was
significantly different from that of model groups (ΔP < 0.05, ΔΔP < 0.01).

between the NC and MC groups and between the HPM and
MC groups. However, further research must be performed
using larger samples. Some studies have indicated that the
near-infrared radiation from the moxa moxibustion burning
process can energize hydrogen bonds inside the acupoints
and allow them to absorb the stimulated resonance. They
would then transmit energy to the cells through the nerve-
fluid system [38]. This also showed that moxibustion
stimulation could improve the condition of colon tissue
in UC model rats, indicating that the infrared radiation
of acupoints and moxibustion treatment has a biophysical
foundation. Other studies have reported that the infrared
radiation spectra of radix aconite-partition moxibustion
and acupoints are amazingly consistent. The therapeutic
effects of indirect moxibustion include the physical effects
of moxibustion thermal radiation, the therapeutic effect
of moxa and partition, and the resonance of the infrared
radiation of indirect moxibustion and acupoints [65, 66].

5. Conclusion

Acupoints are specific, and moxibustion, especially thing-
partition moxibustion, can regulate the running state of
both qi and blood in acupoints. In this way, they can be
used to treat illness by influencing the infrared physical
effect of the corresponding acupoints. An in-depth study of
these effects would reveal the biophysical properties of these
acupoints, the pathologic characteristics of UC, and the
biophysical mechanisms underlying the therapeutic effects
of moxibustion. It may also provide new research methods
that can be used to diagnose illness and explore the effects of
acupuncture and moxibustion stimulation.
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This study aims to investigate the sensitization of human skin points along certain meridians related to visceral disease by using
the pressure-pain threshold (PPT) as an indicator. We detected and compared the PPTs of people with and without gastric ulcer or
gastritis on the related acupoints, abdomen area, and back area with von Frey detector and observed the similarities and differences
under their respective physiological and pathological states. The results showed that (1) the PPTs of patients with gastric ulcer on
related acupoints decreased significantly compared with the control group; (2) there was no significant difference in PPT between
the chosen points of the measured meridian and the adjacent nonacupoints; (3) there was an apparent distribution of tender points
on the relevant abdomen and back regions of patients with gastric ulcer or gastritis, but none was found on the control group; (4)
the pain-sensitive points of gastric ulcer and gastritis patients were BURONG (ST19), LIANGMEN (ST21), and HUAROUMEN
(ST24) of the stomach meridian on the abdominal region and PISHU (BL20), WEISHU (BL21), and WEICANG (BL50) on
the back, among others The results suggest that the practical significance of acupoints may lie in its role as a relatively sensitive
functional area. In a pathological state, the reflex points on the skin which are related to certain visceral organs become sensitive
and functionally intensify.

1. Introduction

The pressure-pain threshold (PPT) of skin is the minimum
force applied on the skin by external pressure which induces
pain. It is one of the traditional measures to quantitatively
evaluate pain that has been widely used in basic as well
as clinic studies. In most cases, reporting of perceived
pain by the subjects is usually influenced by factors like
the expectancy, and pressure algometry however provides
objective information of the local pain conditions.

According to the theory of meridians in traditional Chi-
nese medicine, there are connections between the internal
organs and their respective somatic meridians. Therefore,
visceral lesions can lead to changes of pain sensation, which
exhibited as tenderness point(s), or pigmentations and so
forth in certain areas of the body surface. And similarly,
the stimulation of acupoints can result in the regulation of
function of the responding internal organs.

Previous studies have shown that the sensitive points on
the body surface accompanied with some visceral disorders
including the digestive diseases which are characterized with
abdominal pain and tenderness as the common sign and
symptom. In this study, by the help of von Frey detector, we
measured the PPT of acupoints along meridians of subjects
with gastric ulcer or gastritis to assess their sensitization
under the pathological conditions.

2. Materials and Methods

2.1. Detection of Pressure-Pain Threshold

2.1.1. Detection Equipment. The 2390-type von Frey detector
produced by the IITC Company of the United States was
used to detect the PPTs of acupoints along the related
meridians so as to compare the similarities and differences
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Figure 1: Abdominal and back testing zones. The abdominal and back regions of the subject were divided into 16 testing zones, respectively.

between the results acquired in normal and pathological
states.

2.1.2. Detection of Acupoints. Tested acupoints (1) Stomach
Meridian: ZUSANLI (ST36), SHANGJUXU (ST37), XIA-
JUXU (ST39); (2) Large Intestine Meridian: SHOUWULI
(LI13), QUCHI (LI11), SHOUSANLI (LI10), HEGU (LI4);
(3) back acupoints: WEISHU (BL21), DACHANGSHU
(BL25); (4) points which are 1.0–1.5 cm adjacent to the above
acupoints were selected as the control acupoints; (5) the
abdominal and back acupoints.

2.1.3. Methods. The probe tip was kept moving vertically
downward toward the skin at an even speed. When the
subject felt the pain, the probe was removed immediately and
the data on the detector were recorded simultaneously. Each
point was tested three times at an interval of three minutes.
The average of the data was taken as the threshold.

2.2. Partition of the Testing Zones on the Abdomen and Back.
The abdominal and back regions of the subject were divided
into 16 testing areas, respectively (Figure 1). In each testing
area three points were tested, and each point had a certain
distance to the other two points.

2.3. Identification of Tender Points on the Abdomen and Back.
Tender points in the testing zones of the subject’s abdomen
and back were identified by finger-pressure method. Tender
points were determined when the subject expressed obvious
pain or a quasistringy pain while the thumb pressed vertically
downward at an even speed.

2.4. Selection of Pain-Sensitive Points on the Abdomen and
Back. Data are expressed as means of the values acquired
from the three test points in each of the 16 testing
zones mentioned above. The three points with the lowest
pain threshold (i.e., pain-sensitive point) were selected and
marked in Figure 5. The points marked for each group
were cumulatively displayed in Figure 5 to demonstrate the
different responses to pain of the relevant areas on the surface
of body between healthy people and patients with gastric
ulcer or gastritis.

2.5. Grouping

2.5.1. Control Group 1. Twenty healthy volunteers were
selected (10 male and 10 female, aged 25–50). The PPTs
were measured, respectively, on the stomach meridian, large
intestine meridian, back meridian, and those adjacent to
open acupoints.

2.5.2. Gastric Ulcer Group 1. Sixteen volunteers with gastric
ulcer were selected (8 male and 8 female, aged 30–55). The
PPTs were measured, respectively, on the stomach meridian,
large intestine meridian, back meridian, and those adjacent
to open acupoints.

2.5.3. Control Group 2. Twenty one healthy volunteers were
selected (11 male and 10 female, aged 30–55). The PPTs were
measured, respectively, in each testing zone on the abdomen
and back.

2.5.4. Gastric Ulcer Group 2. Sixteen volunteers with gastric
ulcer were selected (8 male and 8 female, aged 30–55).
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Figure 2: The PPTs of the gastric ulcer group decreased significantly
compared with that of the control group.

The PPTs were measured, respectively, in each testing zone
on the abdomen and back.

2.5.5. Gastritis Group. Twenty one volunteers with gastritis
were selected (9 male and 12 female, aged 30–60). The PPTs
were measured, respectively, in each testing zone on the
abdomen and back.

3. Results

3.1. The Comparison between Gastric Ulcer Group 1 and Con-

trol Group 1

3.1.1. The Comparison of PPTs between the Gastric Ulcer
Group and the Control Group. The results showed a signifi-
cant decrease of PPTs of the test points on related meridians
of patients with gastric ulcer in disease state compared with
the control group (P < 0.05) (Figure 2).

3.1.2. The Comparison of PPTs between the Selected Acupoints
and Adjacent Points. There was no significant difference in
PPTs between the points along the tested meridians and the
adjacent open points (Figure 3).

3.2. The Comparison of PPTs among Gastric Ulcer Group 2,

Gastritis Group, and Control Group 2

3.2.1. The Distribution of Tender Points on the Abdomen and
Back. The distribution of tender points in the abdominal
and back testing zones was detected by using the finger-
pressure method. The results showed that there was no
apparent tender point in the normal control group, but, in
the gastric ulcer group, tender points appeared more often
on the left side of the abdomen and the lower right side of
the back (Figure 4).
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Figure 3: There was no significant difference in PPTs between
points on meridians and nonmeridians.

3.2.2. The Distribution of the Pain-Sensitive Points on the
Abdomen and Back. The PPTs of pain-sensitive points
displayed in Figures 5(a) and 5(b) were measured by von
Frey detector. Figure 5 shows a dispersed distribution of
pain-sensitive points on the abdomen and back in the
control group, and there was no relative specificity. The pain-
sensitive points of the gastric ulcer group were relatively
concentrated. They were mainly distributed at BURONG
(ST19); LIANGMEN (ST21), and HUAROUMEN (ST24),
among others of the stomach meridian on the abdomen
and PISHU (BL20), WEISHU (BL21), YANGGANG (BL48),
WEICANG (BL50), among others of the bladder meridian
on the back (Figure 6). The distribution of the pain-sensitive
points was basically consistent with the distribution of tender
points obtained by using the finger-pressure method. In the
gastritis group, the distribution of the pain-sensitive points
was less concentrated than that of the gastric ulcer group. It
may be attributed to the fact that the clinical symptoms of
patients with gastritis were less severe than that of patients
with gastric ulcer.

4. Discussion

Mechanical tenderness is not only a symptom of local skin
or muscle tissue, but also a typical performance of some pain
syndromes. It has diagnostic significance in clinical settings.
The PPT can be used as an indicator for the evaluation of
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Figure 4: There were more tender points distributed on the left side of the abdomen and the lower right side of the back in the gastric ulcer
group.
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Figure 5: (a) The distribution of the pain-sensitive points on the abdomen. (b) The distribution of the pain-sensitive points on the back.
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Abdomen Back

Figure 6: The pain-sensitive points were mainly distributed at ST19, ST21, ST24, among others of the stomach meridian on the abdomen
and at BL20, BL21, BL48, BL50, among others of the bladder meridian on the back.

the body’s inflammatory activity, subcutaneous tissue sen-
sitivity, and pain tolerance. It has been applied in the
assessment of the efficacy of various clinical treatment
therapies [1, 2].

Research has shown that the primary afferent trans-
mission of pain may be affected by the neuroendocrine
interaction [3]. As visceral diseases increase the chemical
substances that cause pain (5–HT, histamine, peptides, and
others) in the body, the pain sensitivity of the patients
increases as well [4]. In 1999, British scholar Kosek [5]
reported that the PPTs at the muscle-nerve points were
significantly lower than the PPTs of “pure” muscle and/or
bone. These “muscle-nerve” points are similar to what we call
the meridian points.

Meridian points are the reaction points and the treatment
points of visceral diseases in traditional Chinese Medicine.
The correlation between meridians and internal organs
means that the meridians not only have close correlation
with their corresponding organs in terms of physiological
function, but also demonstrate specific reactions of visceral
disorders on the surface of body in pathological states. The
therapeutic stimulation on meridians has a regulatory effect
on the function of internal organs [6]. In recent years, Yu
et al. have proposed the idea that acupoints are “dynamic”
and the functioning of acupoints is a dynamic process [7].
He believes that area size of acupoints on the body surface
and the function of acupoints are not fixed. On the contrary,
the function and area size of acupoints change with the
state of the body and the function of their corresponding
internal organs. He suggests that acupoints have two states,
namely, on/off. The switch between the two states is a
dynamic process and reflects the transition of the body from
a “dormant” healthy state to an “activated” pathological state.
At the same time, the process is accompanied with changes
of the microphysical and chemical environments; that is, at
the time of visceral disorder, the acupoints turn from the
dormant state to the sensitized state. Thus it is possible to
regulate the functioning of internal organs by stimulating
acupoints.

In recent years, many studies on acupoint specificity have
shown that the function and characteristics of acupoints are
closely related to the distribution of specific nerves [8, 9] and
blood vessels [10, 11]. Acupoints also exhibit unique physical
properties, such as optical specificity [12], thermal specificity
[13], and electromagnetic specificity [14]. In addition, gene
expression in the brain caused by stimulating acupoints has
significantly increased comparing with the gene expression
caused by stimulating nonacupoints. The result suggests that
the effect of acupuncture on acupoints is different from the
effect of acupuncture on nonacupoints [15]. Another study
has shown that acupuncture can regulate the nitric oxide
(NO) content and the activity of nitric oxide synthase (NOS)
in body tissues [16–18]. The increase of NO content in the
pathological state reflects the activity of the acupoints from
one side.

Results showed that the PPTs of skin in the gastric
ulcer group were significantly lower than that of the normal
control group, regardless of whether it was tested on related
meridians or on the adjacent open points. There was
no significant difference in PPTs between points on the
meridians and adjacent open points. It showed that in
pathological states the meridian points were more sensitive
and had lower PPTs than in the normal state. Meridian points
had no significant difference compared with the adjacent
open points. It suggests that acupoint was not just an isolated
point but represents a relatively sensitive point area with
certain special function. Previous studies have shown that
meridian has an optimized and inclusive systematic structure
instead of a single channel structure [19].

The distribution of pain-sensitive points on the abdomen
and back also suggests that, in the gastric ulcer group, there
were obvious tender points in the reflex zones on the body
surface associated with the disease. The PPTs were lower, and
the pain-sensitive points were more concentrated. Tender
points and pain-sensitive points were mainly concentrated
at ST19, ST21, and ST24 on the Stomach Meridian of Foot-
Yangming of the abdomen and at BL20, BL21, BL48, and
BL50 on the Bladder Meridian of Foot-Taiyang of the back.
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A previous research showed that the LIANGMEN point area
on the abdomen and the WEISHU point area on the back
had a clear overlap with the segmental distribution of nerves
of the stomach [20]. The Foot-Yangming Meridian points
and the back points were closely related to the stomach
[21, 22]. According to the responses of subjects, they felt
apparent pain or tingling when these areas were pressed or
tested, and sometimes the string pain goes up and down
along the meridian. It is evident that there is a relatively
specific link between the meridians (acupoints) on the body
surface and the stomach diseases. But based on the feeling
of subjects and the tested results, the correlation was not
apparent in all states. We observed that there was no tender
point on the body of subjects in the normal control group,
and the distribution of pain-sensitive points was relatively
dispersed. But in pathological states the subjects felt clear
pain at meridian points (acupoints). This showed that, in
pathological states, acupoints and meridian areas on the
body surface were more sensitive and active compared with
the normal state. This performance was positively correlated
to the alleviation of clinical symptoms and pain [1, 2].

The above results suggest that the practical significance of
acupoint may lie in its role as a relatively sensitive functional
area. The reflex area of internal organs on the surface of body
is more sensitive and functionally more active than other
areas of the body surface, particularly in pathological states.
Therefore, acupoints (point areas) cannot only “mirror the
disease” in diagnosis, but also help to “cure the disease” in
treatment.

5. Conclusions

In conclusion, tender points appeared on the abdomen
and back regions of patients with gastric ulcer or gastritis,
suggesting that the essence of acupoints goes beyond a
mere site for stimulation. Thus, our study provides scientific
evidence for the theory of “correlation between meridians
and viscera” and, further, helps elucidate the mechanism of
acupuncture in the management of gastrointestinal diseases.

Appendix

The positions of mentioned acupoints in this paper

ST19: on the upper abdomen, 6 cun above the centre
of the umbilicus and 2 cun lateral to the anterior
midline.

ST21: on the upper abdomen, 4 cun above the centre
of the umbilicus and 2 cun lateral to the anterior
midline.

ST24: on the upper abdomen, 1 cun above the centre
of the umbilicus and 2 cun lateral to the anterior
midline.

ST36: on the anteriolateral side of the leg, 3 cun below
Dubi (ST35), one finger breadth (middle finger) from
the anterior crest of the tibia.

ST37: on the anteriolateral side of the leg, 6 cun below
Dubi (ST35), one finger breadth (middle finger) from
the anterior crest of the tibia.

ST39: on the anteriolateral side of the leg, 9 cun below
Dubi (ST35), one finger breadth (middle finger) from
the anterior crest of the tibia.

LI10: 2 cun above Quchi (LI11) when a fist is made.

LI11: between the humerus and radius when the
elbow is flexed and the hand is put on the chest.

LI13: 3 cun above the elbow, mid the Zhouliao (LI12),
and on the big vessel (probably the cephalic vein),
when the elbow is flexed.

LI14: 7 cun above the elbow, at the lower end of the
deltoid muscle.

BL20: on the back below the spinous process of the
11th thoracic vertebra, 1.5 cun lateral to the posterior
midline.

BL21: on the back below the spinous process of the
12th thoracic vertebra, 1.5 cun lateral to the posterior
midline.

BL25: on the low back, below the spinous process
of the 4th lumbar vertebra, 1.5 cun lateral to the
posterior midline.

BL48: on the back, below the spinous process of the
10th thoracic vertebra, 3 cun lateral to the posterior
midline.

BL50: on the back, below the spinous process of the
12th thoracic vertebra, 3 cun lateral to the posterior
midline.
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This study investigated whether immediate acupuncture effects in the acupoint are histamine dependent. Both histamine injection
and manual acupuncture stimulation increased the pain threshold (PT) after treatment compared with the model group (P <
0.01), producing an analgesic effect. After pretreatment with clemastine, an H1 receptor antagonist and an antipruritic, the increase
in the animals’ pain threshold after acupuncture was suppressed compared with the Acu group (P < 0.01); however, there was no
interference with the acupuncture-induced degranulation of mast cells. Pretreatment with disodium cromolyn did not suppress
the increase in PT induced by the histamine injection at Zusanli (ST-36). We conclude that in adjuvant-induced arthritic rats,
acupuncture analgesic effects are histamine dependent, and this histamine dependence determines the acupoint preference of
acupoints away from the target site in acupuncture practice.

1. Introduction

During the last two decades, research on acupuncture
has determined that acupuncture is based on relationships
between structures and functions that have been studied
under physiological conditions. Regarding the initiation of
local acupoint effects after acupuncture, the degranulation
of mast cells was found to be related to acupuncture
analgesia in adjuvant-induced arthritic rats [1]. Moreover,
these analgesic effects depend on the transduction of neural
signals above the acupunctured acupoint [2]. However, the
characteristics of this neural activation induced by mast
cell degranulation after acupuncture remain unclear. In this
study, we tested the histamine dependence of acupuncture
analgesia and presented a hypothesis for the mechanism
of acupoint preference in acupuncture analgesia clinical
practice.

2. Methods

2.1. Animals. The present study was performed in accor-
dance with the guidelines of the Animal Care and Use
Committee of Shanghai Research Center for Acupuncture
and Meridians. Male Sprague-Dawley (SD) rats (150 ±
20 g), from the Shanghai Experimental Animal Center of
the Chinese Academy of Science, were housed in cages
with a temperature-controlled environment (22–25◦C) and
a 12/12-hour light/dark cycle. Food and water were made
available ad lib. All animals were handled with care to
prevent infection and to minimize stress. All behavioral
experiments were performed between 9 am and 4 pm. For
each experimental group, animals were chosen randomly.

2.2. Adjuvant Arthritis Model. To achieve the adjuvant
arthritis model, rats under anesthesia (10% chloral hydrate
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0.4 mL/100 g i.p.) were injected with 0.05 mL of Complete
Freund’s Adjuvant (Sigma-Aldrich) in the left ankle joint.
On the second day after modeling, the injected ankle joint
was dropsical; some rats also lifted the left hind paw while
moving.

2.3. Disposal for Each Group. 50 μL of histamine (100 μg/mL
in normal saline vehicle, histamine from Sigma-Aldrich) was
injected at Zusanli (ST-36) (half under the skin, half in
the muscle) in the His group. The Acu group was treated
with acupuncture (described below). Prior to histamine
injection (5 min), 20 μL of a mast cell stabilizer, disodium
cromolyn (0.02 g/mL in normal saline vehicle, disodium
cromolyn from Sigma-Aldrich), was injected at the acupoint
(half under the skin, half in the muscle) in the Cro + His
group as a control for the other mast cell-degranulating
substance. 50 μL of the histamine H1 receptor antagonist
clemastine (0.01 μg/mL in normal saline vehicle, clemastine
from Ingtech) was injected 5 min before acupuncture in the
Cle + Acu group to study histamine function during animal
acupuncture. To determine the efficiency of clemastine,
a Cle group with a clemastine injection and a Cle + His
group with an additional histamine injection were stud-
ied. To determine the efficiency of disodium cromolyn,
a Cro + Acu group, which received a disodium cromolyn
injection 5 min before acupuncture, was studied. The other
groups included the Control group without modeling,
the model group without treatment, and the NS group,
which received an injection of 50 μL of normal saline
solution.

2.4. Nociceptive Testing Model. The thermal-induced paw
withdraw test was used to assess analgesic responses. An
analgesia meter (IITC, Life Sciences, Woodland Hills, C.A.,
U.S.) was used to apply heat stimulation. Each time, rats
were acclimated to the test chamber for 30–40 min prior to
testing. The triangle area of the underside of the left ankle
joint was stimulated with 30% of maximum light strength.
The room temperature was controlled at 24 ± 2◦C. A 20 sec
cutoff maximum was programmed into the timer to prevent
tissue damage. We tested three times successively to obtain
an average PT (10 min intervals were allowed between each
test).

Three PTs were tested in this study. Before modeling
(BM), the PT was obtained before anesthesia for modeling;
after modeling (AM), the PT was obtained on the second day
after modeling. The treatment for each group was performed
1 hour after the AM test, and after treatment (AT), the PT was
obtained 20 min after treatment. For the control and model
groups, the AM and AT values were obtained according to
the duration of the other groups.

2.5. Acupuncture Stimulation. Since Zusanli (ST-36) is
a popular acupoint for analgesia studies in animal exper-
iments as well as for clinical treatment, it was selected
as the acupoint for our experiments. Sterilized, stainless
steel acupuncture needles (0.25 mm in diameter, 1 inch in
length, Suzhou Kangnian Medical Devices Co., Ltd., Suzhou,

China) were inserted into ST-36 at the left hind leg, located
5 mm lateral and distal to the anterior tubercle of the
tibia. The perpendicular needling depth was approximately
5 mm, and we alternately applied the lift-thrusting and
twisting manipulation for 30 sec with 30 sec intervals. The
acupuncture was performed for 30 min.

2.6. Specimen Preparations and Microscopic Examination.
Tissue samples from acupoints and nearby sham points
were collected after decapitation of the animals under
narcosis (10% chloral hydrate 0.4 mL/100 g i.p.). We took
the upper part of tissue from ST-36. After cutting, the
final size of the tissue sample with skin and muscle was
5 × 5 × 5 mm3. Sequential paraffin slices with 4-μm
thickness were made after 48 h of fixation at 4◦C in fixing
solution (10% formalin). The sections were longitudinal to
the skin and the muscle tissue. The sample was stained
with 0.5% toluidine blue. Mast cells could with more than
three granules outside of the cell membrane or with empty
cavities in the cytoplasm were considered degranulated
(Figure 1). The numbers of mast cells per sample were
counted and then averaged. Degranulation ratios (DR)
which stands for the ratios of degranulated to total mast
cells were calculated. Representative photomicrographs were
taken at 400x magnification for morphological evalua-
tion.

2.7. Data Analysis. Data were analyzed using SPSS 10.0.
PT data were compared using a multivariable analysis. The
mast cell degranulation rate was determined using a one-way
ANOVA.

3. Results

3.1. Validity for Methods. The BM values for all the groups
were not significantly different from each other, which
indicated the stability of the animals’ sensitivity to the
thermal stimulation. After modeling, all of the other groups
exhibited significant different sensitivity (versus control,
Table 1), indicating hyperalgesia due to adjuvant-induced
arthritis.

The clemastine injection had no influence on the PT or
DR (Cle versus NS, Table 1; Figure 1(j)). Disodium cromolyn
successfully suppressed acupuncture-induced analgesia and
reduced DR (Cro + Acu versus Acu, Table 1; Figures 1(d) and
1(g)). Both of these chemicals presented no effects other than
their desired functions.

3.2. Acupuncture Analgesia Is Histaminergic. After the
acupuncture treatment, both the PT and DR increased
compared with the model group, which indicates that
the analgesic effect was related to mast cell activation.
In the Cle + Acu group, pretreatment with clemastine
suppressed acupuncture-induced analgesia (versus Acu,
Table 1). However, the mast cells were still activated by
acupuncture-induced mechanical stimulations (versus Cle,
Table 1; Figures 1(h) and 1(j)), which indicates that the
acupuncture-induced analgesia is histaminergic in this case.
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Table 1: Comparison of PT and degranulation ratios of MCs near ST-36 among different groups.

Groups N
Pain thresholds (x ± s.e., s) Degranulation ratios (x ± s.e., %)

Before model After model After treatment

Control 12 9.04± 0.20 9.38 ± 0.19 9.27 ± 0.17 33.59 ± 0.72

Model 12 8.90± 0.40 6.48 ± 0.28# 6.58 ± 0.35� 39.71 ± 2.09

NS 11 9.23± 0.31 6.10 ± 0.33# 6.68 ± 0.33� 37.72 ± 2.33

Acu 12 9.52± 0.18 6.58 ± 0.17# 8.77 ± 0.26∗ 57.61 ± 1.42∗

His 12 9.21± 0.20 6.27 ± 0.22# 8.50 ± 0.28∗ 57.03 ± 2.95∗�

Cro + His 13 9.21± 0.12 6.41 ± 0.19# 7.86 ± 0.30 25.40 ± 1.80†

Cro + Acu 12 8.91± 0.18 6.51 ± 0.19# 6.40 ± 0.36‡ 36.03 ± 2.28‡

Cle + Acu 12 9.56± 0.32 6.90 ± 0.21# 6.54 ± 0.26‡ 51.54 ± 2.32

Cle + His 12 9.36± 0.17 6.66 ± 0.18# 5.85 ± 0.28† 37.13 ± 1.90

Cle 22 9.56± 0.16 6.70 ± 0.21# 7.41 ± 0.2 32.24 ± 1.40
#
P < 0.01 versus control; ∗P < 0.01 versus model; �P < 0.01 versus control; †P < 0.01 versus His; ‡P < 0.01 versus Acu; �P < 0.01 versus NS.

Data of control, model, NS, Acu, His groups were from earlier publication [4].

3.3. Histamine Injection in the Acupoint Induces Analgesic
Effects. Histamine injection had an analgesic effect (versus
model, Table 1), while clemastine pretreatment suppressed
this effect (versus His, Table 1). However, disodium cro-
molyn pretreatment had no significant effects (versus His,
Table 1), and mast cells were stabilized without a significant
increase in DR (versus His, Table 1; Figures 1(f) and 1(i)).
Combined with the fact that there is no histamine H1
receptors on mast cells, the activation of mast cells in His
group might be caused by substance P released from those
afferents expressing histamine H1 receptors [3].

4. Discussion

In the acupoint, there are neural targets, including Aδ and
C-type fiber, which respond to manual acupuncture by
inducing the central release of morphine peptide and thus
the analgesic effect [5]. However, in clinical practice, the
so-called “De-Qi” sensation determines the acupuncture’s
analgesic effects, which indicates the difference between
acupuncture and nociceptive stimuli [6]. This kind of
difference among acupuncture techniques might be caused
by the mechanical activation of mast cells in the acupoint.

The activation of mast cells is often related to the itch
sensation, and this activation can be either histaminergic
or nonhistaminergic (see Figure 2). A histamine-dependent
itch (or pruritus) is a common itch sensation [7]. It is
characterized by the triad effects of histamine in the skin,
including flare, wheal, and itch. In the skin, histamine is
synthesized in the Golgi apparatus of basophils and mast
cells and is stored in granules inside of these cells. Mast
cells in the skin can be activated by IgE, neurotransmit-
ters, endocrines, or mechanical forces [8] and expel the
granules, releasing histamine into the local environment
[9]. Histamine-independent itch was first reported in 1953;
papain and cowhage spicules were shown to induce the
itch sensation [10]. The papain and cowhage spicules both
activate polymodal C-fibers, which are in charge of pain
sensation under mechanical and thermal stimuli as well [11].

The receptor target in this case is likely to be proteinase-
activated receptor 2 (PAR2) [12], which can be activated by
mast cell tryptase released from mast cells in both rat and
human skin [13, 14].

In our study, we used the histamine H1 receptor
antagonist clemastine to test the histamine dependence of
acupuncture analgesia. We found that pretreatment with
clemastine at the acupoint can suppress the analgesic effect
of acupuncture, but it has no effect on the degranulation
induced by acupuncture. The activation of neural regulation
in the acupoint is histaminergic.

Since the 1990s, some important discoveries regarding
histamine-dependent itch had been made: Schemlz found a
distinct subgroup of C-fibers that are preferentially excited
by histamine [15]; Andrew and Craig found histamine-
sensitive central projection neurons [16]. Both these authors
suggested a histaminergic itch sensation pathway separate
from that of pain. This hypothesis is also supported by
the modulation of itch by pain in both direction [17] and
displacement of pain and itch in pathological conditions
[18, 19]. On human subject pain could markedly suppress
itch in a range about 10 cm [20]. Histamine injection has
direct effects on pain that cause dysesthesias around the site
[21].

Considering these facts, in the present study, we tested
histamine administration at the acupoint. We found that
histamine injection in the acupoint provoked analgesia in
a different segment. This effect was accompanied by mast
cell degranulation, which might be the result of histamine-
induced axon reflex. However, with disodium cromolyn
pretreatment, this analgesic effect was not suppressed, which
indicates that histamine plays a key role in the activation of
the analgesic effect.

One unique characteristic of acupuncture remains:
although there are about 360 acupoints in the human body,
in practice, there is a preference for sites away from the
target site. In traditional Chinese medicine, this preference
is explained by the concept of balance. However, to date,
not many efforts have been made in scientific acupuncture
research on this topic. According to our findings, we believe,
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Figure 1: Mast cells in the skin and connective tissue near the acupoint area. (a) Control group; (b) Model group; (c) NS group; (d) Acu
group; (e) His group; (f) Cro + His group; (g) Cro + Acu group; (h) Cle + Acu group; (i) Cle + His group; (j) Cle group. All pictures were
taken at the dermis of ST-36, for groups receiving acupuncture (d), (g), (h) the textures are disoriented, for other group fibers are orderly
placed. Blank arrows indicate mast cells in a stable state, and black arrows indicate degranulated mast cells (TB staining 400x).

at least in the case of acupuncture analgesia, that this kind of
preference might be caused by histamine-dependent initia-
tion in the acupoint. As shown in Figure 2, in a pathological
condition, at the painful site, both kinds of itch sensation
will be suppressed by the activation of pain (blue line) on
the spinal level. In this case, the histamine released from
mast cells cannot generate activation in the central nervous
system. Figure 2(b) shows that in the case of acupuncture,
mast cells are activated by mechanical force through the
manipulation of needles. The histamine release activates
the histamine-dependent fiber through H1 receptor, and
since the acupoint is away from the pain site, it is not

interrupted by pain sensation and activates the histamine-
related center in brain, which might be responsible for
acupuncture analgesia.

Clinical research of the past 40 years has demonstrated
the effectiveness of acupuncture for relieving pain [22].
Studies on the central mechanism of acupuncture analgesia
have been gaining attention for a long time [23]. However,
because of the lack of knowledge about brain function and
the mechanism of interactions between different sensations,
the central mechanism of acupuncture’s immediate effect
had not previously been related to any physiological mech-
anism.
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(b) Initiation of acupuncture-induced analgesia condition

Figure 2: Interaction of histamine signal and pain sensation in case of itch suppression by pain and acupuncture analgesia. (a) In a
pathological condition, pain suppresses the itch sensation. Mast cells are involved in the itch sensation in two possible ways: the activation
of histamine receptors in a histamine-dependent fiber (red line) and the activation of PAR-2 by tryptase (green line). Both of these forms
of activation are suppressed by the activation of pain (blue line) at the spinal level. (b) In the case of acupuncture, mast cells are activated
by the mechanical force through the manipulation of the needle. The histamine release activated the histamine-dependent fiber through
H1 receptors. Since the acupoint is away from the pain site, it is not interrupted by the activation of the pain sensation but activates the
histamine target in the brain and initiates acupuncture analgesia.

5. Conclusion

In our research, we found that during acupuncture, mast
cells in the acupoint are activated and degranulated by the
mechanical stimuli, and they can release histamine into the
acupoint through the H1 receptor. The histamine modu-
lates the microenvironment in the acupoint, generating an
upstream signal and modulating pain sensation in the central
nervous system. Moreover, the histamine dependence of
the acupuncture analgesia indicates that acupuncture in the
acupoint close to the target site is less effective because of
the interruption of pathological pain in the target site. This
finding reveals strategic differences between acupuncture
analgesia and conventional pain regulation.
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The theory of acupoint specificity is the basis for elucidating the actions of acupoints as employed in clinical practice. Acupoint
specificity has become a focus of attention in international research efforts by scholars in the areas of acupuncture and moxibustion.
In 2006, the Chinese Ministry of Science approved and initiated the National Basic Research Program (973 Program), one area
of which was entitled Basic Research on Acupoint Specificity Based on Clinical Efficacy. Using such approaches as data mining,
evidence-based medicine, clinical epidemiology, neuroimaging, molecular biology, neurophysiology, and metabolomics, fruitful
research has been conducted in the form of literature research, clinical assessments, and biological studies. Acupoint specificity has
been proved to exist, and it features meridian-propagated, relative, persistent, and conditional effects. Preliminarily investigations
have been made into the biological basis for acupoint specificity.

1. Introduction

For over 2500 years in China, acupuncture has been practiced
to treat diseases and maintain well-being. Some traditional
theories relating to acupuncture adopt non-Western con-
cepts, and so they would appear to be incompatible with
modern medical practice. Nevertheless, acupuncture has
gradually won acceptance in Western countries as an alter-
native or complementary treatment for various conditions.
Many reliable studies, including systematic reviews and ran-
domized controlled trials, have indicated that acupuncture is
safe and effective in treating a wide range of diseases [1–6].
A number of neuroimaging studies have examined the neural
correlates of acupuncture as well as its other biological mech-
anisms [7–11]. Recently, the doubtful effects of acupuncture
with respect to acupoints and nonacupoints have been
investigated in clinical research [12–14], and neuroimaging
results have also raised questions regarding the existence of
acupoint specificity [15, 16]. At the Society for Acupuncture
Research (SAR) international symposium held in November
2007, there was intense debate among scholars from different
countries about acupoint specificity, and it was regarded

as a core scientific problem with respect to the practice
of acupuncture. In 2010, the American Association of
Acupuncture reported in a white paper that acupoint speci-
ficity was one of the paradoxes of acupuncture research [17].

In 2006, the Chinese government launched the National
Basic Research Program (973 Program), one area of which
was entitled Basic Research on Acupoint Specificity Based
on Clinical Efficacy, which aimed to obtain more accurate
data on acupoint specificity. By means of multisubject
collaboration, traditional research methods were combined
with modern approaches to examine clinical improvement
and the biological basis for acupuncture. As a result, major
progress was made with regard to acupoint specificity after
five years of this research project in China.

2. Advance in the Literature Research of
Acupoint Specificity

Using data mining and computer-processing technology,
over 2,600,000 pieces of ancient and modern texts relat-
ing to migraine, functional dyspepsia (FD), uterus-related
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disorders, and dysmenorrhea were collected and compiled
by scholars in China. Following the ideas and approaches
of evidence-based medicine, this database was filtered and
assessed. Acupuncture prescriptions were examined as a key
element, and the data relating to the acupoint effect were
extracted; in this way, a database with regard to acupoint
specificity based on the historical literature was established
[18]. On the basis of this, using Microsoft.NET as the system
development tool, C# language as the development language,
and SQL Server 2005 developed by Microsoft as the database-
management system, we established the Data Excavation
Platform of Acupoint Specificity. With this platform, we
were able to carry out multidimensional and multilayer
association analysis using the following four major functions:
standardization of acupuncture prescription; standardiza-
tion of moxibustion prescription; analysis of acupoints;
analysis of meridians [19].

Data mining of the literature revealed that acupoints
on the Shaoyang meridian were the ones chiefly selected
for migraine; second, the most commonly selected were
acupoints on the Yangming meridian. Fengchi (GB20) and
Waiguan (TE5) on the Shaoyang meridian were most fre-
quently used for migraine, though Touwei (ST8) and Zusanli
(ST36) on the Yangming meridian were also by doctors to
treat migraine [20, 21]. The acupoints on the meridian of the
foot Yangming were the prime choice for treating FD; among
them, Zusanli (ST36) and Liangqiu (ST34) were especially
employed. In addition, Zhongwan (CV12) and Weishu
(BL21) as the alarm and transport (Fu and Mu) points of
the stomach were frequent points of application [22, 23].
The acupoints employed for uterus-related disorders and
dysmenorrhea were mainly on the spleen meridian, the Ren
meridian, and the kidney meridian; among these, Sanyinjiao
(SP6), Guanyuan (CV4), and Taixi (KI3) were, respectively,
the ones most frequently employed for each meridian [24,
25]. These findings indicate that acupoint specificity is
closely related to the paths of the meridians; this is because
the meridian is the prerequisite for achieving acupoint
specificity. Furthermore, acupoint specificity was correlated
with the degree of convergence of the meridian’s qi.

3. Advances in Clinical Studies of
Acupoint Specificity

In accordance with the concepts and methods of evidence-
based medicine, the principles of clinical epidemiology,
and good clinical practice, 2429 participants with migraine,
FD, primary dysmenorrheal (PD), and ischemic stroke
were recruited for a study. Seven multicentered randomized
controlled trials (RCTs) were carried out to verify acupoint
specificity (Table 1).

In an RCT on the immediate effect of treating acute
migraine with acupuncture, 180 participants were centrally
randomized into the verum acupuncture group (acupoints
on the Shaoyang meridian), sham acupuncture group 1
(some fixed points on a distant nonmeridian reported in the
literature), and sham acupuncture group 2 (points located
halfway between the two meridians). It was clear from the

trial that among the three groups, significant differences were
observed in pain relief, relapse, or aggravation as well as
in general evaluations (P < 0.05) within 24 hours after
treatment. Significant decreases in visual analogue scale
(VAS) scores from baseline were observed in the 4th hour
after treatment among patients in all three groups (P < 0.05).
The VAS scores in the 4th hour after treatment decreased by
a median of 1.0 cm, 0.5 cm, and 0.1 cm, respectively, in the
verum acupuncture group, sham acupuncture group 1, and
sham acupuncture group 2. Similarly, there was a significant
difference in the change in VAS scores from baseline in
the 2nd hour after treatment among the three groups
(P < 0.05). However, in the 2nd hour after treatment, only
patients treated with verum acupuncture showed significant
decreases in VAS scores from baseline by a median of 0.7 cm
(P < 0.01). These findings support the contention that
specific physiological effects are produced from genuine
acupoints rather than from nonacupoints [26].

In the next RCT on the long-term analgesic effect
of acupuncture on migraine, 480 participants from three
clinical centers were centrally randomized into treatment
group 1 (Shaoyang-specific acupuncture), treatment group
2 (Shaoyang-nonspecific acupuncture), treatment group 3
(Yangming-specific acupuncture), and the control group
(nonacupoint group). The left and right acupoints were
employed alternatively using needles connected to Han’s
acupoint nerve stimulator (HANS, Model LH 200A TENS,
Nanjing, China) for 30 minutes. Treatments were admin-
istered once a day for 5 continuous days followed by a
2-day rest interval. Patients in the acupuncture treatment
groups and the nonacupoint control group received a total
of 20 treatments over a 4-week period. The primary outcome
was the number of days when the subjects experienced
a migraine during weeks 5–8 after randomization. Sec-
ondary outcomes included the frequency of migraine attacks,
migraine intensity, and Migraine-Specific Quality-of-Life
Questionnaire. Results showed that compared with patients
in the control group, patients in the acupuncture groups
reported fewer days with a migraine during weeks 5–8;
however, the difference between the treatments was not
significant (P > 0.05). There was a significant reduction in
the number of days with a migraine during weeks 13–16 in
all acupuncture groups compared with control (Shaoyang-
specific acupuncture versus control, P < 0.01; Shaoyang-
nonspecific acupuncture versus control, P < 0.01; Yangming-
specific acupuncture versus control, P < 0.05). There was
a significant, but not clinically relevant, benefit for almost
all secondary outcomes in the three acupuncture groups
compared with the control group. There were no relevant
differences among the three acupuncture groups [27].

In all, 712 patients with FD included in the multicenter
RCT of acupuncture were centrally randomized into six
groups: group 1, specific acupoints of the stomach meridian;
group 2, nonspecific acupoints of the stomach meridian;
group 3, specific acupoints of the alarm and transport (Fu
and Mu) points; group 4, specific acupoints of the gallbladder
meridian; group 5, sham acupuncture of nonacupoints;
group 6, itopride. Han’s acupoint nerve stimulator was used
for the electroacupuncture stimulation of each acupoint
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Table 1: RCT studies of acupoint specificity in China.

Trial
Research
object

Sample size Groups
Primary
outcome

Result

Li et al. [26]

Patients
with acute
migraine
attacks

180

Verum acupuncture group: Waiguan (TE5), Yanglingquan (GB 34),
Qiuxu (GB 40), Jiaosun (TE 20), Fengchi (GB 20)
Sham acupuncture group one: (1) At the medial arm on the anterior
border of the insertion of the deltoid muscle at the junction of the
deltoid and biceps muscles; (2) Halfway between the tip of the elbow
and the axillae; (3) Ulnar side, halfway between the epicodylus
medialis of the humerus and the ulnar side of the wrist; (4) The edge
of the tibia 1-2 cm lateral to the Zusanli (ST36) horizontally; (5) The
inside of the mid-thigh region 2 cm lateral to half the distance from
the anterior superior iliac spine to the lateral superior corner of the
patella on the rectus femoris;
Sham acupuncture group two: (1) located halfway between the triple
energizer and small intestine meridians lateral to Waiguan (TE 5)
horizontally; (2) halfway between the line from Qiuxu (GB 40) to
Jiexi (ST 41); (3) halfway between the gallbladder and bladder
meridians lateral to Yanglingquan (GB 34) horizontally; (4) halfway
between the line from Jiaosun (TE 20) to Shuaigu (GB 8); (5) halfway
between the line from Fengchi (GB 20) to Anmian (extra point)
bilaterally

Pain (VAS
scores)

+

Li et al. [27]
Migraine
patients

480

Group one: Waiguan (TE5), Yanglingquan (GB34), Qiuxu (GB40),
Fengchi (GB20)
Group two: Luxi (TE19), Sanyangluo (TE8), Xiyangguan (GB33),
Diwuhui (GB42)
Group three: Touwei (ST8), Pianli (LI6), Zusanli (ST36), Chongyang
(ST42)
Group four: (1) At the medial arm on the anterior border of the
insertion of the deltoid muscle at the junction of the deltoid and
biceps muscles; (2) Halfway between the tip of the elbow and the
axillae; (3) Ulnar side, halfway between the epicodylus medialis of the
humerus and the ulnar side of the wrist; (4) The edge of the tibia
1-2 cm lateral to the Zusanli (ST36) horizontally

Number of
days with a
migraine

−

Ma et al.
[29]

FD patients 712

Group one: Chongyang (ST42), Fenglong (ST40), Zusanli (ST36),
Liangqiu (ST34)
Group two: Tiaokou (ST38), Dubi (ST35), Yinshi (ST33), Futu
(ST32)
Group three: Weishu (BL21), Zhongwan (CV12)
Group four: Qiuxu (GB40), Guangming (GB37), Yanglingquan
(GB34), Waiqiu (GB36)
Group five: the same with group four in migraine study (sample size:
480)
Group six: itopride (take orally)

SID scores +

Yu et al.
[30]

PD patients 66
Treatment group: Sanyinjiao (SP6)
Control group: Xuanzhong (GB39)

PI, RI, A/B +

Liu et al.
[31]

PD patients 200

Acupoint group: Sanyinjiao (SP6)
Unrelated acupoint group: Xuanzhong (GB39)
Non-acupoint group: lateral side of lower leg, 3 inches above the tip
of external malleolus, 1.5 inches behind anterior crest of the tibia
No acupuncture group

Pain (VAS
scores)

−

Liu, Ma PD patients 501

Acupoint group: Sanyinjiao (SP6)
Unrelated acupoint group: Xuanzhong (GB39)
Non-acupoint group: lateral side of lower leg, 3 inches above the tip
of external malleolus, 1.5 inches behind anterior crest of the tibia

Pain (VAS
scores)

+

Shen et al.
[34]

Patients
with
ischemic
stroke

290

Acupoint group: basic acupoints-Neiguan (PC6), Shuigou (DU26),
Sanyinjiao (SP6); additional acupoints-Jiquan (HT1), Weizhong
(BL40), Chize (LU5)
Non-acupoint group: located 3 mm apart from acupoints mentioned
above

Global
symptoms
(BI, relapse
rate,

+

Notes: “+” refers to the trial detected different outcomes between acupoint and non-acupoint/inactive acupoint; “−” denotes that the trial did not detect
different outcomes between acupoint and non-acupoint/inactive acupoint.
PI: pulsatility index; RI: resistance index; BI: barthel indix.
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or nonacupoint after needle insertion for 30 minutes. All
patients received a total of 20 treatments over a 4-week
period. The treatments were administered once a day for
5 continuous days followed by a 2-day rest interval. This
trial included both a 4-week and a 12-week followup period.
The outcomes were the patient’s response, improvement in
symptoms measured using the Symptom Index of Dyspepsia
(SID), and quality-of-life (QOL) improvement based on the
Nepean Dyspepsia Index (NDI) [28]. The results indicated
that acupuncture was effective in the treatment of FD and
superior to nonacupoint treatment. All the groups showed
an improvement in SID and QOL at the end of the treatment,
and the improvement was sustained for 4 and 12 weeks. The
overall response rate was significantly higher in acupuncture
group 1 and lower in the sham acupuncture group than
in the itopride and other acupuncture groups (P < 0.05).
Similarly, the difference in symptoms and QOL improvement
was significant between group 1 and the other acupuncture
groups (P < 0.05) [29].

Three clinical trials were conducted to examine the effect
of acupuncture on PD. The first trial included 66 patients
with PD, who were randomized into two groups by means
of a random-number table. The treatment group received
manual acupuncture bilaterally at Sanyinjiao (SP6) for 5
minutes after needling sensation (deqi) was elicited during
the period of menstrual pain; in the control group, the needle
was bilaterally at Xuanzhong (GB39) for 5 minutes during
the period of menstrual pain. Compared with the control
group, patients in the treatment group showed significant
reductions 5 minutes after treatment in terms of changes
in menstrual pain scores (P < 0.001), values of pulsatility
index (P < 0.001), resistance index (P < 0.01), and ratio of
the systolic and diastolic peaks (A/B) in the uterine arteries
(P < 0.01). These trials suggest that needling at SP6 can
immediately improve uterine arterial blood flow in patients
with PD, whereas GB39 did not achieve these effects [30].
In the second RCT, 200 eligible participants with PD were
recruited. Patients were randomly assigned to the acupoint
group, unrelated acupoint group, nonacupoint group, or
no-acupuncture group. Acupuncture and sham acupuncture
were administered once a day for 3 days with electroacupunc-
ture at Sanyinjiao (SP6), which was specifically intended to
treat PD, at an unrelated acupoint (Xuanzhong, GB39), or
at a nonacupoint location. The primary outcome was pain
intensity as measured by VAS at baseline and at 5, 10, 30,
and 60 minutes after the start of the first intervention. The
secondary outcomes were the Cox retrospective symptom
scale, verbal rating scale, pain total time, and proportion of
participants using analgesics during three menstrual cycles.
The primary comparison of the VAS scores demonstrated
that patients receiving acupuncture (P < 0.001), unrelated
acupoint (P < 0.001), and nonacupoint (P < 0.01) treatment
presented significant improvements compared with the no-
acupuncture group. There were no significant differences
among the four groups with respect to secondary outcomes
(P > 0.05). These trials indicated that acupuncture was
superior to no acupuncture in relieving dysmenorrheal pain.
However, no differences were detected between acupoint
acupuncture and unrelated acupoint acupuncture; likewise,

no differences were observed between acupoint acupuncture
and nonacupoint acupuncture [31]. The third RCT was
implemented based on the results of the second trial. The
sample size was expanded to 501 participants with PD,
who were randomized into an acupoint group (Sanyinjiao,
SP6), an unrelated acupoint group (Xuanzhong, GB39), and
a nonacupoint group [31, 32]. Electro-acupuncture was
applied for 30 minutes on the 1st day of the menstrual period
when the VAS scores were greater than 40 mm. The treatment
was administered once daily for 3 continuous days. With the
first session of treatment, an immediate analgesic effect was
observed by assessing the VAS score before treatment and 5
and 10 minutes after being connected to the Han’s acupoint
nerve stimulator; the VAS score was also recorded imme-
diately after and 30 minutes after withdrawing the needles.
With the second and third sessions of treatment, VAS was
employed before treatment to confirm the cumulative anal-
gesic effect; the same scoring method was conducted on the
last day of treatment and before the next menstrual period
to observe the cumulative and persistent analgesic effects.
The results demonstrated that the immediate, cumulative,
and persistent analgesic effects after the first, second, and
third treatment sessions induced by Sanyinjiao (SP6) were
significantly superior to those induced by Xuanzhong (GB39)
and nonacupoint treatment (P < 0.05).

The seventh RCT consisted of 290 patients with ischemic
stroke from four clinical centers who were randomized into
acupoint and nonacupoint groups. They received “resusci-
tation therapy” (“Xing Nao Kai Qiao”) on acupoints and
nonacupoints once a day continuously for 4 weeks. The
Barthel Index, National Institute of Health Stroke Scale,
and Chinese Stroke Scale were used to assess the outcomes
after treatment. Compared with the nonacupoint group, the
primary outcome of the mean values for the Barthel index
up to 6 months in the acupoint group showed a significant
increase (P < 0.01), and the relapse rate was significantly
reduced in the acupoint group (P < 0.001). However,
there was no difference in the death rate between the two
groups (P > 0.05). Additionally, acupuncture resulted in
a significant difference between the two groups for the
National Institute of Health Stroke Scale—not at 2 weeks
(P > 0.05), but at 4 weeks (P < 0.01). There was a remarkable
difference in the Chinese Stroke Scale at 4 weeks (P < 0.001)
and the Stroke-Specific QOL Scale at 6 months (P < 0.01)
between the acupoint and nonacupoint groups [33, 34].

4. Progress in Acupoint Specificity on
Biological Structures

Anatomical structures act as the chief basis for action on the
acupoints. Though no unique structures corresponding to
the meridians or acupoints have been discovered, the points
are always located on regions that are abundant in nerves and
blood and lymph vessels; this is where nerve endings, nerve
receptors, blood vessels, mucopolysaccharides, and mast cells
are densely distributed.

By means of histological methods, Chinese researchers
have conducted animal experiments to evaluate the analgesic
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effect of acupuncture and analyzed the number of mast cells
and their proportion in degranulation at both acupoints
and nonacupoints areas. In addition, intensive systematic
research has been conducted using morphological and
molecular biological methods to determine the relation
between the mast cells and acupoint effects; these studies
have involved local anesthesia injections into the acupoint,
patch clamps, and confocal laser scanning microscopy in
addition to other techniques.

4.1. Degranulation of Mast Cells—Positive Correlation with
Acupoint Specificity. Increased degranulation of mast cells
has been observed at acupoint areas [35]. These granules
would appear to stimulate the acupoint receptor to form
an analgesic signal; the granules also appear to be dif-
fused peripherally and participate in such phenomena as
propagated sensation along the meridian. When cromolyn
sodium was used to prevent degranulation of the mast cells
at the acupoint, the analgesic effect induced by acupuncture
was remarkably reduced. Therefore, degranulated mast cells
appear to be involved in acupuncture analgesia, which is
positively correlated with acupoint specificity. Degranulation
of mast cells is one of the starting signals of acupuncture
analgesia [35–37].

4.2. Activation of Mast Cells—Related to Collagen Fiber
at Acupoints. At acupoints, collagen fibers are intertwined
and form a three-dimensional net-like tissue. When an
acupuncture needle is inserted into such points using a
lifting, thrusting, or twisting technique, the needle stimulates
the connective tissue at dense layer of the dermis, producing
deformity of the collagen fibers, which in turn brings
about mast cell degranulation. However, after the collagen
fibers have been damaged, the needling manipulations are
no longer able to produce this effect on the fibers; thus,
acupuncture analgesia becomes reduced owing to decreased
mast cell degranulation [38].

The analgesic effect was investigated in terms of the
contrast in the afferent mechanism between hand acupunc-
ture and electroacupuncture on Zusanli (ST36) in rats.
Preprocessing of type I collagenase or cromolyn sodium sig-
nificantly reduced the analgesic effect with hand acupuncture
(P < 0.05), but this was not affected with electroacupuncture
(P > 0.05). With the above two processing methods,
the degranulation rate of mast cells induced by both
hand acupuncture and electroacupuncture was significantly
inhibited (P < 0.05) [39]. The results indicated that collagen
fibers, as the recipient of the mechanical force with hand
acupuncture, played an important role in peripheral signal
transduction. It could be that the initiating signal caused by
the hand acupuncture needle is mainly mediated by collagen
fibers and mast cell activation; in this way, the acupuncture
information is transmitted to the central nervous system.
However, the signal with the electroacupuncture needle is
directly mediated by the nerves through activation of the
peripheral nerve receptors.

4.3. Location of Regional Elements—Acupoint Specificity. In
one study, researchers measured the characteristic X-ray

emissions of Ca, Fe, Cu, and Zn at four different acupuncture
points: Jianshi (PC5), Ximen (PC4), Tiaokou (ST38), and
Xiajuxu (ST39) as well as in the surrounding tissues.
The X-ray fluorescence analysis was used to study human
tissue samples, and proton-induced X-ray emission and
synchrotron X-ray fluorescence analysis were employed to
detect tissue composition. The study determined differences
in structure between acupoint and nonacupoints; with the
former, there were high concentrations of mast cells as
well as somewhat greater accumulation of microvessels.
The contents of Ca, Fe, Cu, and Zn were significantly
higher at three out of four acupoints examined than in
the nonacupoint tissue, with closely similar ratios of Cu to
Fe at points Jianshi (PC5), Tiaokou (ST38), and Xiajuxu
(ST39), but not Ximen (PC4). Each acupoint seemed to be
elliptical, with the long axis along the meridian. Therefore,
it was assumed that reduction in the mineral content from
acupoints to surrounding areas proceeded more slowly in the
meridian direction [40].

5. Specific Reactions of Acupoints and
Biophysical Properties

Studies examining biophysical properties, involving electri-
cal and temperature features, have been used to investigate
acupoint specificity. One study on the volt-ampere (V-
A) characteristics of human acupoints indicated that there
is a characteristic, nonlinear V-A curve associated with
these points. Compared with control points, low electrical
resistance was frequently found at acupoints. A cosine
analysis and an amplitude test on acupoints on the six yin
meridians of healthy participants showed that the acupoints
underwent clear circadian changes, which reflected changes
in body temperature circadian rhythms [41].

The skin temperature of uterine-related acupoints on
three foot yin meridians, a uterine-relevant acupoint, and
a nonpoint in 49 healthy female university students on the
1st day of menstruation and the 3rd day after menstruation
were compared to examine the specific response of acupoints
to menstruation (Table 2). The uterine-related acupoints
Xuehai (SP10), Diji (SP8), Zhongdu (LR6), Sanyinjiao (SP6),
Taixi (KI3), Taibai (SP3), Taichong (LR3), and Shuiquan
(KI5), the uterine-unrelated acupoint Xuanzhong (GB39),
and the nearby nonmeridian point Xuanzhong (GB39) were
selected. The results showed that the temperature at Taixi
(KI3)—the yuan-source point of the kidney meridian of
the foot, Shaoyin—on the 1st day of menstruation was
significantly lower than on the 3rd day after the menstruation
(P < 0.01). There were no significant temperature differences
at other measurement points between those 2 days (P > 0.05)
[42].

One hundred healthy undergraduates were randomized
into 10 groups. Zusanli (ST36), Fenglong (ST40), Chongyang
(ST42), Yinlingquan (SP9), Gongsun (SP4), Taibai (SP3),
Guangming (GB37), Qiuxu (GB40), and nonacupoints were
acupunctured for 20 minutes, and gastric function before
and after acupuncture was monitored by electrogastrogram.
The results indicated that there were significant differences
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in the rate of change of the gastric electrical area between
needling acupoints and needling nonacupoints as well as
between needling acupoints on different meridians (P <
0.05). There was a significant difference in needling different
acupoints on different meridians on the rate of change of
the gastric electrical area (P < 0.05). Zusanli (ST36) showed
the strongest role with respect to gastric function (P < 0.05)
[43].

A total of 104 volunteers were subjected to infrared
radiation at bilateral Taiyuan (LU9), Neiguan (PC6), Daling
(PC7), and nonacupoints as part of an investigation into
pulmonary function. The results indicated that there was
a correlation between infrared radiation and pulmonary
function at six of the ten points. There was a correlation
between the level of infrared radiation and 1-second forced
expiratory volume and between infrared radiation and
maximal voluntary ventilation at the left Taiyuan (LU9)
(P < 0.001 or P < 0.01). Thus, infrared radiation at the left
Taiyuan (LU9) was best able to reflect pulmonary function
[44].

6. Correlation between Acupoint
Specificity and Functional State

Acupoints can be used diagnostically to reveal the presence
of pathogens and indicate therapies for curing disease.
This diagnostic ability varies with changes in the body’s
constitution, which is manifest as an alternation between
being physiologically “silent” or pathogenically “active.” A
number of researchers maintain that when some internal
organs are affected by disease, acupoint sensitization has the
potential for exerting dynamic functional changes, reflecting
acupoint specificity [45].

Injecting mustard oil into the intragastric mucous mem-
brane in rats resulted in massive mucous inflammation, as
evidenced by histological examination, which revealed that
the intragastric mucosa had become edematous and showed
dilated blood vessels, and that there was ulceration of the
endogastric lining. In all six rats that received the mustard
oil injections into the intragastric mucosa, small blue dots
appeared on the skin over the whole abdomen, but mainly
in the perimidline upper and middle abdomen, and the
middle back in addition to a few on the thigh and groin. The
number and distribution of the blue dots varied considerably
among the rats. The dots started to appear about 20 minutes
after injecting the mustard oil, and the majority of dots
were visible within 50 minutes. The dots were very small,
usually ranging from 1 to 3 mm in diameter. However, several
dots were more elongated and had a length of 3–6 mm. In
contrast, two of the four control rats that received saline
injections into the intragastric mucous membrane showed
no skin color changes at all. The remaining two control rats
showed only three to five small blue dots over the middle
abdomen; this extravasation restricted to the abdominal
skin in these two control rats may have been associated
with the abdominal surgical incision. It may be speculated
that cutaneous distribution of the blue dots reflected the
distribution of gastric segmental innervations [46].

Acute gastric mucosal injury (AGMI) was modeled in
the rat, and the plasma extravasated Evans blue (EB) points
on the skin of the whole body were observed after removal
of hair. The extravasated EB points showed the following
distribution: 47.5% of the points were located at Geshu
(BL17), 58.82% at Jizhong (GV6), 88.23% at Pishu (BL20),
82.35% at Weishu (BL21), 17.64% at Zhongwan (CV12), and
5.88% at Shangwan (CV13). The plasma extravasation of
the EB points seldom appeared in normal control rats, and
fewer points were observed in rats administered with 0.9%
saline. Significant differences were found between model
and normal control groups and also between model and
normal saline groups in the number of extravasated EB
points (P < 0.01, P < 0.05). The number of extravasated EB
points was related to the phase of gastric mucosal injury,
being greatest on the 2nd and 3rd days after modeling and
disappearing gradually along with the natural repair of the
AGMI [47].

A comparison was made between 31 patients with
coronary artery disease and 31 healthy people to observe
differences in the infrared spectra of the left Neiguan (PC6);
significant differences in the wavelengths at 1.5–3.3 µm,
10.7–12.5 µm, and 14.1–15.9 µm were found (P < 0.01)
[48]. In another study, 47 healthy subjects and 50 patients
with coronary artery disease were compared to detect the
infrared radiation at the yuan-source acupoint on the yin
meridians of hand in the spectral range of 1.5–16 µm.
Through a comparison of the spectral shape analysis and
the infrared intensity, there was no significant difference on
either side of the same bilateral acupoints in terms of infrared
radiation intensity in healthy people (P > 0.05); there
were, however, significant differences in infrared radiation
intensity at Daling (PC7) and Shenmen (HT7) in patients
with coronary heart disease (P < 0.05) [49].

7. Neuroimaging Research on
Acupoint Specificity

In one study, 36 healthy volunteers participated in two neu-
roimaging experiments, which focused on cerebral responses
following needling at Waiguan (TE5) on the right hand. The
first part of the study examined the effect of true, sham,
and overt placebo needling at Waiguan (TE5) on metabolic
changes in cerebral regions by means of positron emission
tomography (PET). This study showed that compared with
sham acupuncture, the left temporal lobe (Brodmann area
42, BA42), insula (BA13), and cerebellum were activated
by true acupuncture. Compared with placebo needling, BAs
13, 7, and 42, both parietal lobes, the occipital lobes, and
cuneus were activated by true acupuncture. Cerebral glucose
metabolism was changed by sham needling compared with
placebo, mainly in the primary and supplementary motor
cortex (BA4, BA6) and associative visual cortex (BA19) [50,
51]. The second part of the study observed the regional
cerebral activation of the Waiguan (TE5) following true
needling, sham needling, and true needling at a sham point
using functional magnetic resonance imaging (fMRI). The
results demonstrated that compared with sham needling,



Evidence-Based Complementary and Alternative Medicine 9

true needling activated the right superior frontal gyrus (BA8)
and the left cerebellum. Compared with needling at the
sham point, true needling activated the right parietal lobe,
the left cerebellum, and the right inferior semilunar lobule
[52]. These results showed that the brain responses to true
needling at Waiguan (TE5) were significantly different from
the responses to needling at sham points or sham needling
on true acupoints. It is well known that the insula regulates
impulsive and aggressive behavior and that the temporal
lobe regulates auditory functions. The parietal lobe receives
nervous sensation from the opposite side of the body, and the
superior frontal gyrus is involved in such activities as writing
and movement of the upper limbs. The cerebellum regulates
activities of the trunk muscles and plays an important role in
maintaining balance and posture. These preliminary results
provide some evidence for Waiguan (TE5) in the treatment
of ear dysfunctions, cardiovascular disorders, paralysis of the
upper limbs, and blood pressure problems.

In one study, 43 ischemic stroke patients with damage
to the right hemisphere were randomly divided into a
Waiguan (TE5) needling group, sham needling group, sham
point needling group, sham point sham needling group,
and nonneedling group. PET was used to detect cerebral
functional regions during the needling process. Compared
with the nonneedling group, the acupoint needling group
showed activation of BA30. Sham needling at the sham
point led to deactivation in BA6. Compared with sham
needling at the acupoint, needling at TE5 activated BA13,
19, and 47. Compared with needling at the sham point,
needling at the acupoint had a deactivating effect on BA9
[53]. Another fMRI study involved an analysis of 12 ischemic
stroke patients who showed typical right-sided hemiplegia;
they were randomly assigned to two groups: one group
underwent sham needling and true needling at Waiguan (TE
5) in the healthy upper limb; the other group underwent
sham and true needling at a sham point. Compared with
sham needling at TE 5, true needling deactivated BA 4, 6,
24, and 32 areas. In addition, compared with needling at the
sham point, true needling at TE 5 deactivated the bilateral
hypothalamus [54]. In general, TE5 in stroke patients was
able to activate motor execution- and vision-related cerebral
regions in the healthy hemisphere and the limbic system
of the affected hemisphere; it was also able to deactivate
the motor execution-related cerebral region, emotion area,
and cognition region of the affected hemisphere. This would
appear to point to a key mechanism in the clinical treatment
of ischemic stroke.

Six cases of chronic migraine were treated with acupunc-
ture at Fengchi (GB20), Waiguan (TE5), and Yanglingquan
(GB34) on the shaoyang meridian. PET was used for scan-
ning, and Statistical Parametric Mapping software 2 was used
to analyze the data and compare with healthy human brain
function imaging and also to investigate changes in cerebral
glucose metabolism in the migraine patients before and after
acupuncture. The results suggested that after acupuncture,
excited areas of the brain, such as the brain stem and insula,
were obviously reduced, and brain areas with a lower level
of glycometabolism changed from the right temporal lobe to
the bilateral temporal lobes (P < 0.005). Such areas as the

pons, insula, and anterior frontal gyrus are possibly the target
points of the analgesic effect for chronic migraine induced
by acupuncture at the Shaoyang meridian. The reduction in
metabolism in the bilateral temporal lobes is possibly the
mechanism by which acupuncture at points on the Shaoyang
meridian works in the treatment of migraine [55].

Neuroimaging studies have confirmed that compared
with nonacupoints, acupoints had a much more extensive
influence on brain functions in patients with FD, and that
acupoint specificity was regulated by the central nervous
system. In one study, 40 patients with FD and 20 healthy par-
ticipants were scanned by PET-computed tomography (CT).
The outcome showed that compared with healthy subjects,
patients with FD had higher levels of glycometabolism in
the bilateral insula, anterior cingulate cortex (ACC), middle
cingulate cortex (MCC), cerebellum, thalamus, prefrontal
cortex, precentral gyrus, postcentral gyrus, middle temporal
gyrus, superior temporal gyrus, putamen, right parahip-
pocampal gyrus, claustrum, and left precuneus (P < 0.001).
The signal increase in the ACC, insula, MCC, and cerebellum
was positively correlated with symptom index of dyspepsia
scores (P < 0.01) and negatively correlated with NDI scores
(P < 0.01). Therefore, it was concluded that the ACC, insula,
thalamus, MCC, and cerebellum are closely related to the
severity of FD [57]. In another study, 20 patients with FD
were randomly assigned to receive either acupuncture or
sham acupuncture therapy, and they were examined by PET-
CT scan before and after treatment. The NDI and SID were
used to evaluate the therapeutic effect. Acupuncture was
performed on acupoints of the stomach meridian: Liangqiu
(ST34), Zusanli (ST36), Fenglong (ST40), and Chongyang
(ST42). The sham acupuncture was performed on four
nonacupoints, which were the same as in the FD clinical
trial mentioned above. The results indicated that acupunc-
ture and sham acupuncture exerted different responses on
the brain. In the acupuncture group, deactivation of the
brainstem, ACC, insula, thalamus, and hypothalamus were
largely related to the decrease in SID score and the increase
in NDI score (P < 0.05, corrected) after treatment. In the
sham acupuncture group, deactivation of the brainstem and
thalamus tended to be associated with an increase in NDI
score (P < 0.1, corrected) [56].

8. Metabolomic Study of
Acupoint Specificity

A study was made of patients with FD, in whom plasma
metabolites were measured by means of 1H nuclear magnetic
resonance (NMR) spectroscopy after the treatment at specific
acupoints of the stomach meridian, nonspecific acupoints of
the stomach meridian, specific acupoints of the gallbladder
meridian, or nonacupoints. The acupoints and nonacupoints
were selected in the same manner as in the FD clinical trial
discussed in the previous section. The latent biomarkers,
plasma phosphatidylcholine and leucine/isoleucine, were
related to the NDI scores of patients with FD. Acupoints
exerted a better effect on regulating the key metabolic
substances than nonacupoints, and the specific acupoints
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on the disease-pertinent meridian (stomach meridian) were
superior to nonspecific acupoints or acupoints on the other
meridian (gallbladder meridian) [58, 59]. In metabolic
terms, the results confirmed that acupoints exerted a strong,
targeted regulatory effect, whereas nonacupoints had a
weaker effect and a narrow regulatory scope.

9. Discussion

As a critical theoretical foundation, acupoint specificity is of
prime importance in point selection in acupuncture clinics,
and it involves specificity in terms of clinical effect, biological
structure, and biophysics. The specificity of the clinical effect
is the basis of acupoint specificity, and therefore currently
it is widely discussed both in China and overseas. Acupoint
specificity focuses on differences in the indicative range and
curative efficacy between real acupoints and nonacupoints as
well as among real acupoints. In addition to a comparison of
acupoints and nonacupoints, great attention has been paid
to different acupoints and their meridian tropism. Thus, in
some basic research efforts, the various effects of different
acupoints that may be related to the same meridian have been
investigated. With their particular characteristics, acupoints
from one meridian can exert different impacts on the organ
with which they are related. In different clinical situations,
physicians perform meridian, regional, or visceral differen-
tiation, and they carefully select the points on the affected
regions, points corresponding to meridian terminals, or
those with particular curative effects. If only the traveling
pathway of the meridians and character of acupoints are
taken into consideration, acupuncture is likely to achieve
favorable results in clinical treatment. However, some non-
Chinese studies have revealed that acupoint specificity does
not exist since all parts of the body can obtain curative effects
as a result of acupuncture. According to their hypothesis,
nonacupoints exert identical therapeutic effects to acupoints
when stimulated.

In recent years, many non-Chinese clinical and experi-
mental studies have paid close attention to acupoint speci-
ficity, and they have produced mixed results. According to
a systematic review of clinical trials on acupoint specificity
from 1998 to 2009, six of the 12 studies positively pointed
to the existence of acupoints; the other six were unable
to confirm the existence of acupoints, and they suggested
that conventional acupuncture was not different from sham
acupuncture [60]. It is indisputable that positive reports
about acupoint specificity from China far outnumber those
from other countries. It is difficult to account for the different
results obtained in China and overseas without examining
issues of bias and the quality of the studies.

9.1. Design of Controls. In the opinion of the present
authors, acupoints exert their effects in three ways: the main
functions and indications of the acupoints; the manipulation
techniques employed in needling; placebo effects, such as the
interactions between doctors and patients; the expectation of
the patients themselves.

The characteristics of the acupoint and its related merid-
ian should be taken into consideration when examining

the therapeutic effects of acupoint specificity. Thus, a full
analysis of the various clinical effects should be made at
the following three levels: acupoints versus nonacupoints;
different acupoints possessing the same property on dif-
ferent meridians; different acupoints from one meridian.
Currently, properly controlled methods for studying acu-
point specificity can be generalized into three categories:
nonacupoints; minimal acupuncture (superficial needling);
placebo needling (noninvasive needling). Comparisons are
seldom made among acupoints on the same meridian or
acupoints having the same property on different meridians.

Although minimal acupuncture is widely adopted in
investigations of acupoint specificity, it has to be questioned
whether it can be used as a control. Minimal acupuncture
has a long history and is characterized by limited insertion
of needles into the epidermis, dermis, or subcutaneous
tissue. According to the theory of acupuncture, the place
where minimal acupuncture exerts its effects is the cutaneous
region (pi bu), which has definite divisions with respect
to the system of the 12 regular meridians. A number of
reports have verified that stimulating the cutaneous region
can achieve specific curative effects [12, 61, 62]. Some basic
studies have also demonstrated that both verum acupuncture
and minimal acupuncture may induce activation of sensory
afferents, which amounts to objective evidence of the
clinical efficacy of minimal acupuncture [63–66]. However,
in a study on the cardiovascular response to minimal
acupuncture, some researchers viewed this procedure as a
valid control method [67]. We believe that it is important
to examine such investigations in terms of the following
questions. Was minimal acupuncture appropriately used for
the control group? What is the correlation between minimal
acupuncture and the disease being treated and the stimulated
part of the body? However, minimal acupuncture cannot be
prioritized over other control methods in studies of acupoint
specificity.

9.2. Objects of Studies. Studies on acupoint specificity, espe-
cially those conducted overseas using neuroimaging, have
been carried out on healthy participants [11, 15, 68–70].
Studies on the correlation between the status and specificity
of acupoints have demonstrated the following: acupoints are
relatively “silent” under normal physiological conditions, yet
they are relatively “sensitive” under pathological conditions
[71]. With respect to the transmission of pathogens, manifest
syndromes, regulatory organs, and balancing yin and yang,
acupuncture plays its therapeutic role under pathological
conditions, not normal physiological conditions. As a result,
there are limitations to acupoint studies of physiological
conditions that are not a concern with studies of pathological
conditions.

Since it is widely acknowledged that acupuncture is
effective in relieving pain, there have been many studies
on acupoint specificity with respect to migraine [6, 12, 26,
61, 72], fibromyalgia [14, 73, 74], lumbago [62, 75–77],
osteoarthritis [1, 78, 79], and other painful diseases. These
studies produced mixed results. Pain is an objective sensation
that is inevitably subject to individual variability; as such it
can lead to study bias. Some researchers have suggested that
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the studies on the efficacy of acupuncture in terms of pain
produce uncertain results because of variability in measuring
the outcomes [80].

We established clinical groups for needling acupoints on
the affected meridian, acupoints on unaffected meridians,
and nonacupoints in a study of the effect of acupuncture
in migraine and FD. The results showed that with FD,
the therapeutic effect in the acupoint group was greater
than that in the nonacupoint group over the first 4 weeks.
In the 8th week, and the acupoint group for the affected
meridian (stomach meridian) showed a better therapeutic
effect than the acupoint group on the other meridian
(gallbladder meridian). Further, needling the acupoints on
the affected meridian (stomach meridian) was more effective
than stimulating the nonacupoints on that meridian [29].
In the case of migraine, the primary outcome was that
in the 8th week, the acupoint group showed a superior
therapeutic effect to the nonacupoint group. In the 16th
week, the acupoint group on the affected meridian (Shaoyang
meridian) showed a better therapeutic effect than the group
for the other meridian (stomach meridian). Additionally,
on the affected meridian (Shaoyang meridian), the specific
acupoints were more sensitive than unspecific acupoints
[72]. Accordingly, it was demonstrated that the sensitivity
of the acupoints and the time when they exert their specific
effects vary according to the type of illness.

Furthermore, A-shi points, which are typically used for
localized treatment, are commonly adopted in treating pain.
However, A-shi points are not regular acupuncture points in
terms of traditional acupuncture theory, and they are unable
to cure diseases. Thus, it might be assumed that acupoint
specificity is influenced by the disease itself. However, further
studies are necessary to determine how this effect operates.

9.3. Study Design of Clinical Trials. Two major types of
clinical RCTs into acupuncture have been carried out in
China and other countries—efficacy trials and effectiveness
trials. There is a significant difference in these two types
in terms of their objectives and interventions. “Efficacy”
signifies the extent to which a specific intervention is
beneficial under controlled conditions. An efficacy trial is
typically an explanatory type of trial that is performed
under experimentally controlled conditions. An efficacy trial
primarily concentrates on the causal effects of a treatment,
for example, by comparing it to a placebo. Effectiveness
examines whether a treatment is beneficial under conditions
close to those that operate in routine care, and effectiveness
studies adopt a more pragmatic approach [81, 82]. Research
into acupoint specificity in China always takes the form
of efficacy trials [26, 29–32, 72], in which comparisons
are made of acupoints and nonacupoints with respect to
strong hypotheses and strict eligibility criteria. However, in
other countries, researchers develop effectiveness trials by
comparing intervention with both routine treatment and
with sham acupuncture [83].

With regard to intervention, the therapeutic principle
varies according to the objectives of the efficacy or effective-
ness trial. As a rule, in an efficacy trial, the treatment protocol
is often designed using a standardized or semistandardized

regimen, and every participant receives the same acupoint
treatment—or the same treatment combined with adjunct
points depending on their particular symptoms. An effec-
tiveness trial reveals realistic results after clinical treatment,
and it often employs a more flexible treatment protocol,
whereby the acupuncturist carries out a unique treatment
for the particular individual [81, 83]. In China, trials using
standardized treatment [26, 29, 31, 72] are more frequently
employed than those with semistandardized treatment [6,
34]; however, both types of treatment are used in trials
overseas [84, 85], and a quite few trials overseas adopt
individual treatment regimes [86].

Since the present study aims to explore the authenticity of
acupoint specificity, the design of the efficacy trial is impor-
tant. In terms of intervention, standardized treatment is
appropriate for eliminating confounding factors and ensur-
ing the reliability of the outcome. Although standardized
treatment is poor in dealing with syndrome differentiation, it
is not inconsistent with Traditional Chinese Medicine (TCM)
because acupuncture therapy takes meridian differentiation
as its principal, regional differentiation as its emphasis,
and visceral differentiation as its supplementation [87]. The
standardized treatment protocol is not something that is
randomly mapped out; it depends on the particular features
of the disorder, which determine the appropriate acupoints
that should be used. For example, migraine is considered a
disorder of the Shaoyang meridian; thus, acupoints on the
Shaoyang meridian are the prime choice in acupuncture for
treating this condition. FD is a disorder of the visceral organs,
so the treatment protocol utilizes a visceral focus together
with meridian differentiation, whereby application is made
to the alarm and transport (Fu and Mu) points or other
points of the stomach meridian.

Acupoint specificity and syndrome differentiation play
a central role in acupuncture clinical practice. Acupoint
selection according to syndrome differentiation is based on
the specific effects of the various acupoints. As noted above,
acupoint selection is linked to the common methods of
meridian differentiation, regional differentiation, and vis-
ceral differentiation in acupuncture therapy. First, meridian
differentiation reflects the meridian-propagated effect of
points, which is highlighted in the ancient literature: “the
disorders along the traveling routes of meridian are indicated.”
Second, regional differentiation reflects the local effect of
points, as stated in the ancient literature: “the disorders of the
point location are indicated.” Visceral differentiation reflects
the visceral specificity of acupoints, and special points, such
as the back-shu points, front-mu points, lower-he points,
and source-yuan points, are related to particular organs.
Moreover, some acupoints, which are regarded as empirical
points, are effective for particular diseases. Typical exam-
ples here are Zhiyin (BL67) for incorrect fetal positioning
during pregnancy, Chengshan (GB57) for hemorrhoids, and
Liangqiu (ST34) for stomachache.

9.4. Factors Influencing Acupoint Specificity

9.4.1. Manipulation Techniques. As noted above, manipula-
tion of the needle, which is one of the most significant factors
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in the curative effect of the acupoints, involves such factors
as depth, intensity, and duration (course of acupuncture
treatment). A large number of studies have indicated that
the different depths employed in acupuncture can exert
different effects on the central nervous system and different
clinical effects; the intensity of the acupuncture likewise has
a significant effect [88–95]. De qi (eliciting the needling
sensation) is an essential factor in effective treatment, and
it involves both depth and intensity. In the conventional
theory of acupuncture, de qi is a prerequisite for acupoints
in achieving their therapeutic effects. De qi may involve
such factors as sensations of sourness, numbness, distention,
and heaviness; if present, these phenomena may spread
along the classical routes of the meridians and collaterals
after needling. De qi is completely different from the pain
that occurs during the acupuncture operation. Some fMRI
studies have indicated that the response of the brain to
acupuncture differs between subjects in whom the needling
sensation is elicited and those who feel only a painful
sensation [96, 97].

At present, the period of treatment with acupuncture
differs between clinical practice in China and overseas. In
China, patients prefer to receive therapy three to five times
a week, which may be attributed to the impact of culture and
treatment customs. Overseas, patients prefer to be treated
once or twice a week [4, 12, 66]. It is supposed that the
accumulative and sustained effects of acupuncture are linked
to the weekly frequency of needling. However, thus far,
the frequency of treatment with acupuncture has not been
investigated.

The dose-effect relation of acupuncture consists of
three main factors—depth, intensity, and time interval.
Some researchers have made exploratory studies into the
correlation between parameters and acupuncture specificity.
They initially found that the therapeutic effect of acupoints
was better than that of nonacupoints in rats with middle
cerebral artery ischemia; the rats were treated using various
stimulus parameters (frequency and time). In this way,
the researchers were able to identify the optimal stimulus
parameters for the acupoints [98]. This study revealed that
the operative parameters of acupuncture are closely related
to acupoint specificity. It would thus seem appropriate to
examine such areas as the best needling parameters to
adopt for acupoint specificity, whether these parameters are
associated with acupoint specificity, and the exact influences
of these parameters on specificity.

Acupuncture requires high clinical skill since the ther-
apeutic effect of the acupoints can be seriously affected
in several critical respects: the selection of acupoints; the
application of reinforcing or reducing manipulation; the
frequency of lifting, thrusting, and twirling operations; the
depth of needling. Though the frequency and intensity
employed can be relatively fixed, the operation still relies
on practitioners appropriately selecting points and inserting
needles before applying electroacupuncture. However, no
systematic reviews have examined the influence of the
acupuncturists’ clinical skill upon acupoint clinical effect.
In Chinese and non-Chinese clinical studies on acupoint
specificity, differences in the professional experiences and

educational levels of practitioners may have affected the
differences in the results obtained [60, 99].

9.4.2. Combination of Acupoints. The combination of acu-
points is an essential element in acupuncture. In the classical
theory of acupuncture, the combinations of back-shu and
front-mu points, source and connecting points, and the
confluence points of the eight vessels guide clinical practi-
tioners in selecting points. Studies have demonstrated that a
synergistic effect can be obtained when applying an appro-
priate combination of acupoints; conversely, an improper
combination can produce an antagonistic effect [100, 101].
Semi-standardized treatment protocols, personalized treat-
ment protocols (modifying the combination based on the
patients’ clinical symptoms and patterns of differentiation),
and standardized treatment protocols have been employed
in some clinical studies on acupoint specificity. As an
example, in investigations into the treatment of migraine, the
outcomes were different according to the different treatment
protocols and acupoint combinations [6, 12, 61, 72]. We
assume that the combination of acupoints exerts a definite
effect on therapy, but as to the mechanism by which it does
so, further studies are required.

9.5. Publication Bias. Interestingly, the majority of acupoint
specificity studies implemented in China have produced
positive results with regard to the efficacy. Among western
researchers, there appears to be no general agreement with
regard to acupoint specificity. It is undeniable that some
investigators may feel personally inclined to report positive
results. However, this phenomenon may reflect the different
background of the researchers, for example, holding a
general belief in the effects of acupoint specificity, confidence
in the acupuncture treatment, subjects’ compliance, and
some social factors. On the other hand, publication bias may
be due to such factors as the design of controls, the type of
study adopted, and the study design of clinical trials.

10. Conclusions

Research into acupoint specificity is scientifically meaningful
for enriching and developing acupuncture theory, and it
is also pragmatically valuable for enhancing the clinical
curative effect of the practice. Currently, research in this field
in China has mostly confirmed acupoint specificity and its
basic laws; however, modern technology should be fully used
in terms of new techniques in genomics, epigenetics, and
molecular imaging to investigate acupoint specificity. There
is a need for multilevel research to be conducted into the
universal applicability of acupoint specificity in an intensive,
systematic, and comprehensive manner. It is necessary to
expound the scientific foundation of acupuncture so as to
elucidate the influence of acupoint combinations, needling
techniques, and qi arrival on acupoint specificity and its
underlying mechanism.

In addition, acupoint specificity has aroused interna-
tional interest in acupuncture research, and many renowned
universities, institutes, and research teams are conducting
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work in this area. Thus, more collaborations and communi-
cation among different disciplines and international research
teams should help integrate resources toward developing a
theory for acupoint specificity in terms of reliable scientific
language and achieving the sustainable development of
acupuncture.
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To investigate the release profile of met-enkephalin, β-endorphin, and dynorphin-A in ruminants’ CNS, goats were stimulated by
electroacupuncture of 0, 2, 40, 60, 80, or 100 Hz for 30 min. The pain threshold was measured using potassium iontophoresis.
The peptide levels were determined with SABC immunohistochemisty. The results showed that 60 Hz increased pain threshold
by 91%; its increasing rate was higher (P < 0.01) than any other frequency did. 2 Hz and 100 Hz increased met-enkephalin
immunoactivities (P < 0.05) in nucleus accumbens, septal area, caudate nucleus, amygdala, paraventricular nucleus of
hypothalamus, periaqueductal gray, dorsal raphe nucleus, and locus ceruleus. The two frequencies elicited β-endorphin release
(P < 0.05) in nucleus accumbens, septal area, supraoptic nucleus, ventromedial nucleus of hypothalamus, periaqueductal gray,
dorsal raphe nucleus, locus ceruleus, solitary nucleus and amygdala. 60 Hz increased (P < 0.05) met-enkephalin or β-endorphin
immunoactivities in the nuclei and areas mentioned above, and habenular nucleus, substantia nigra, parabrachial nucleus, and
nucleus raphe magnus. High frequencies increased dynorphin-A release (P < 0.05) in spinal cord dorsal horn and most analgesia-
related nuclei. It suggested that 60 Hz induced the simultaneous release of the three peptides in extensive analgesia-related nuclei
and areas of the CNS, which may be contributive to optimal analgesic effects and species variation.

1. Introduction

Acupuncture is a traditional therapeutic technique in Ori-
ental medicine, which has a long history of 4000 years. As
a modern version of hand acupuncture, electroacupuncture
(EA) can provide a valid analgesic effect and has little
physiological interference [1, 2]. It was successfully used
to ameliorate pain not only in varieties of painful diseases
[3, 4], but in various operations, such as cesarean section,
gastrectomy, enterectomy, and castration, in animals during
the 1970s [1, 5]. Since then, analgesia-regulating mechanism
of EA has been extensively investigated. Previous studies
found that electroacupuncture analgesia (EAA) was involved
in modulations of neurotransmitters or neuromodulators in
the central nerve system (CNS) [6], and most early studies
focused on the role of neurotransmitters such as serotonin,
noradrenaline, dopamine, and acetylcholine. Later, it was

certified that some endogenous opioid peptides (EOPs),
mainly including enkephalin, β-endorphin, and dynorphin,
played a more important role in EAA [7, 8]. EA of different
frequencies can promote the release of different EOPs in
the CNS. Studies showed that EAA induced by 2 Hz (low
frequency) was mediated by the release of met-enkephalin
(M-ENK) and β-endorphin (β-EP), while EAA by 100 Hz
(high frequency) was mediated by the release of dynorphin-
A (DYN-A) in the CNS in rats [9–11]. Although these results
in rats above are extrapolated to give reasonable explanations
for acupuncture analgesia phenomenon and its treatment
of related diseases in human, there are still some unknown
mechanisms to be investigated.

It has been proved that analgesia induced by EA varies in
animal species. In order to quantitatively estimate the degree
of acupuncture-induced analgesia, some researchers used an
anesthetic to ensure a complete analgesia and to assess the
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reduction of the amount of the anesthetics consumed in
the EA plus anesthetic group as compared to the anesthetic
group without acupuncture. Studies showed that EA in
combination with anesthetics resulted in the reduction of
the dosage of the anesthetics in human, rat, and goat by
45%–55%, 50%–60%, and over 75%, respectively [12, 13].
It is clear that the analgesic effect induced by EA in goats
(ruminants) is superior to that in rats or human. Therefore,
the modalities of EOP release elicited by different frequencies
in ruminants could be different from those in rats. In the
present study, goats were stimulated with EA of different
frequencies to determine the analgesic efficacy and the release
levels of M-ENK, β-EP, and DYN-A in the CNS in order
to probe into the mechanisms of EA-induced analgesia in
ruminants.

2. Materials and Methods

2.1. Animal Preparation. Forty-nine healthy 1- to 2-year-
old hybrid male goats, weighing 23–28 kg, were purchased
from the goat farm of Hubei Agricultural Academy of
Science. All experimental goats were randomly divided into
seven groups of seven each, maintained on dry grass diet
which was supplemented with a cereal-based concentrate,
and drank freely. They were dewormed and accustomed to
being approached. Feed was withheld for 24 h before the
start of the experiment. The experiment was performed in a
quiet environment, and the ambient temperature fluctuated
between 23◦C and 24◦C. The experimental protocol was
approved by the Animal Care Center, College of Veterinary
Medicine, Huazhong Agricultural University, Wuhan, China.

2.2. Electroacupuncture. A set of Baihui (hundred meetings),
Santai (three platforms), Ergen (ear base), and Sanyangluo
(three Yang communications) points was selected for EA.
The anatomic location of these points has been described
in detail in veterinary medicine [12, 14]. Needle insertion
and EA were conducted with the method reported by Liu
et al. [12]. Experimental animals were restrained in right
recumbency, and stimulated with EA at 0, 2, 40, 60, 80, or
100 Hz for 30 min via WQ-6F Electronic Acupunctoscope
(Beijing Xindonghua Electronic Instrument Co., Ltd., Bei-
jing, China). The goats which were only dealt with needles
left in the acupoints without electricity were used as the sham
control.

2.3. Determination of Pain Threshold. Just before and after
EA, the pain threshold was measured on the center of the
left flank using the method of potassium iontophoresis [12,
15, 16]. The region used to measure pain threshold was
shaved, cleaned with soap and water, and sterilized with 75%
alcohol. Two electrodes soaked with saturated potassium
chloride were placed 3 cm apart on the skin in position.
A galvanofaradism apparatus (Shantou Medical Equipment
Factory Co., Ltd., Shantou, China) was used to deliver pulsed
direct current to the electrodes. The voltage was increased
stepwise. Obvious contraction of the local skin and muscle
was taken as the endpoint; the current was then terminated,

and the volt level was recorded. The procedure was repeated
three times. The average volt level was obtained. Mean
voltages before and after EA were expressed as Vo and Vn,
respectively. The change of percentage in pain threshold was
calculated as follows: �(%) = (Vn–Vo)/Vo × 100%.

2.4. Measurements of the Levels of Endogenous Opioid Peptides.
The levels of M-ENK, β-EP, and DYN-A were measured
through the method of SABC immunohistochemisty. The
nuclei were identified according to the photographic atlas of
the goat brain, and the morphological characteristics of the
neurons [17–19].

Once the pain threshold was measured after EA, the goats
were deeply anesthesized with intravenous administration
of xylidinothiazoline at 3 mg/kg. Physiological saline was
infused through bilateral carotid arteries at the same velocity
with which the blood bled out from the jugular veins for
about 5 min (until the blood fluid became colorless). Four
percent paraformaldehyde instead of the physiological saline
was infused for about 1 h. The brain and a part of the
adjacent spinal cord were taken out of the skull and cervical
vertebral canal. The brain was placed on a paraffin plate with
the ventral surface up. Then it was transected into seven
sections through the caudal edge of the residual part of the
olfactory bulbs, the center of the optic chiasm, the caudal
edge of the mamillary body, the sulcus between cerebral
peduncles and pons, the sulcus between pons and medulla
oblongata, and the caudal borderline between medulla
oblongata and spinal cord, respectively. The first section with
the residual part of the olfactory bulbs was discarded. The
others were put into 4% paraformaldehyde to fix for 48 h.
The cerebral cortex and cerebellum were stripped with the
amygdala region left. Each of the second to fourth sections
was evenly cut into three subsections (S1 to S9), while the
fifth and the sixth sections were averagely divided into two
and five subsections (S10 to S16), respectively. The seventh
section was just spinal cord (S17). The sectionalization of the
brain and the localization of nuclei and areas in subsections
were illustrated in Figure 1. Each of the subsections was
embedded in a paraffin block, sectioned at 5 μm, mounted
on polylysine-coated slides, deparaffinized, and rehydrated
sequentially.

Twelve serial slides were chosen from near the middle
of each subsection for immunohistochemical staining. Four
of the twelve slides were randomly selected to detect the
level of one of EOPs. Of these four slides, the three
were incubated with one kind of rabbit-anti-M-ENK IgG
(1 : 100), rabbit anti-β-endorphin IgG (1 : 200), or rabbit-
anti-DYN-A IgG (1 : 100) (purchased from Wuhan Boster
Biological Technology Ltd., Wuhan, China) while the rest
was incubated with PBS instead of the corresponding
antibody as negative control. Experimental procedures of
SABC immunohistochemistry followed the instructions pro-
vided by the reagent company (Wuhan Boster Biological
Technology Ltd., Wuhan, China). The cytoplasm of positive
cells was stained as brown yellow. Optical density of the
stained nuclei or area in the CNS was obtained with a light
microscope connected to a video-based and computer-linked
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system (high-resolution pathological image analysis system-
1000, Wuhan Qianping Ltd., Wuhan, China). This system
was programmed to calculate the mean optical density
(MOD) for three fields of each slide examined under 400×
magnification. The level of EOPs in each nucleus or area
was represented with the mean value ‰ of the mean optical
density from the three slides.

2.5. Statistical Analysis. Statistical analysis was performed
using SPSS version 18.0 (SPSS Inc., Chicago, IL, USA). All
the data presented as mean ± SD. Pain threshold and EOP
data were used for ANOVA followed by the Bonferroni’s post
hoc test. The correlation coefficient (Pearson’s) was used to
examine the relations between pain threshold and EOP level.
Statistical significance was evaluated by determining if the P
value was equal to or less than 0.05.

3. Results

3.1. Effects of EA of Different Frequencies on Pain Threshold.
The analgesic effects of EA of different frequencies in
goats were expressed as the pain threshold (Figure 2). After
EA treatment for 30 min, the pain threshold increased
as frequency increased, reached the highest at 60 Hz, but
decreased at 80 Hz. Frequencies of 100, 80, 60, 40, and
2 Hz increased pain threshold by 42%, 41%, 91%, 69%, and
35% (P < 0.01), respectively. The pain threshold of goats
stimulated by 60 Hz was higher (P = 0.001) than that by
40 Hz. The pain threshold by either 60 Hz or 40 Hz was
higher (P = 0.001) than that by 80, 100, or 2 Hz. The pain
threshold between goats in sham control and 0 Hz was no
difference (P = 1.000). Because there was no difference
(P = 1.000) in pain threshold between goats stimulated with
80 and 100 Hz, the effect of 80 Hz on the release of EOPs was
not considered in the following experiment.

3.2. Level of M-ENK Release Induced by Different Frequencies
in the CNS. The levels of M-ENK were measured in the
analgesia-related nuclei or areas which included nucleus
accumbens (ACB), septal area (SA), caudate nucleus (CAU),
amygdala (AMY), supraoptic nucleus (SON), paraventricu-
lar nucleus of hypothalamus (PVH), ventromedial nucleus
of hypothalamus (VMH), periaqueductal gray (PAG), dorsal
raphe nucleus (DR), substantia nigra (SN), parabrachial
nucleus (PBN), locus ceruleus (LC), nucleus raphe magnus
(NRM), and spinal cord dorsal horn (SCD). The release
levels of M-ENK between the sham control and 0 Hz were no
differences (P > 0.05) in the measured nuclei and areas. EA of
different frequencies facilitated M-ENK release significantly
(P < 0.05) in the measured nuclei or areas except NRM, SON
and SCD (Table 1). 60 Hz induced M-ENK immunoactivities
to increase by over 100% in the measured nuclei and areas
except SN, SON, NRM, and SCD, and by over 300% in SA,
AMY, and PAG. 100 Hz promoted M-ENK immunoactivities
to increase by over 100% in SA, AMY, PVH, VMH, PAG,
PBN, and LC, and by over 300% in PBN. 2 Hz increased
M-ENK immunoactivities by over 100% in AMY, PVH and
PAG. As frequency increased, M-ENK immunoactivities of
the forebrain nuclei, and AMY, VMH, and PAG increased,

reached the highest at 60 Hz, and then decreased at 100 Hz.
There was no difference in M-ENK of VMH, SN or LC
between goats stimulated by 60 Hz and 40 Hz, or by 60 Hz
and 100 Hz. In DR, M-ENK immunoactivities elicited by 40
or 60 Hz were higher than those by 2 Hz or 100 Hz. There was
no difference in M-ENK immunoactivities between goats
stimulated by 40 Hz and 60 Hz in this nucleus. In PBN,
M-ENK immunoactivities induced by 100 Hz were higher
than those by 40 or 2 Hz (P = 0.0001), but not higher
(P = 0.663) than those by 60 Hz. In SCD, 2 Hz caused
M-ENK immunoactivities to increase (P = 0.0001) while
the frequency of 40, 60 or 100 Hz did not. Statistic analysis
showed that the pain thresholds correlated (P < 0.01) with
M-ENK immunoactivities in the measured nuclei and areas
except SON, NRM, and SCD.

3.3. Level of β-EP Release Induced by Different Frequencies in
the CNS. The β-EP levels were measured in the analgesia-
related nuclei and areas which included ACB, SA, AMY,
CAU, SON, arcuate nucleus (ARC), VMH, habenular nucleus
(HB), PAG, DR, LC, PBN, NRM, solitary nucleus (SOL),
and SCD. There were no differences (P > 0.05) in the β-
EP immunoactivities between the sham control and 0 Hz in
these nuclei and areas. 60 Hz increased β-EP immunoactivi-
ties by over 100% in the most measured nuclei and areas, and
by over 300% in PAG and SOL, whereas 100 Hz increased
β-EP immunoactivities by over 100% in ACB, VMH, PAG,
LC, SOL, and AMY. 2 Hz increased β-EP immunoactivities
by over 100% in PAG and SOL. Frequencies of 40, 60,
and 100 Hz promoted β-EP immunoactivities to decrease
(P < 0.05) in ARC, but to increase (P < 0.05) in the
other measured nuclei or areas. The β-EP immunoactivities
induced by 2 Hz were higher (P < 0.05) than those by
0 Hz in ACB, SA, SON, VMH, PAG, DR, LC, SCD, SOL,
and AMY, but not in CAU, ARC, HB, PBN, and NRM. As
frequency increased, EA promoted β-EP immunoactivities
to change in the measured nuclei and areas except CAU,
SON, ARC, HB, PBN, and AMY. In CAU, PBN, and AMY,
β-EP immunoactivities induced by either 40 Hz or 60 Hz
were higher (P < 0.05) than those by 2 Hz or 100 Hz.
But no difference existed in β-EP immunoactivities between
goats stimulated by 40 Hz and 60 Hz. In SON, there were
no differences in β-EP immunoactivities between goats given
with 60 Hz and 40 or 100 Hz. The pain thresholds correlated
(P < 0.01) with β-EP immunoactivities in the measured
nuclei and areas (Table 2).

3.4. Level of DYN-A Release Induced by Different Frequencies
in the CNS. The levels of DYN-A were measured in CAU, SA,
AMY, SON, PVH, VMH, PAG, PBN, gigantocellular reticular
nucleus (GI), and SCD. In these nuclei and areas, DYN-A
immunoactivities were no differences (P > 0.05) between the
sham control and 0 Hz. DYN-A immunoactivities in the CNS
increased in a frequency-dependent manner. Frequency of
40, 60, or 100 Hz promoted DYN-A to increase significantly
(P < 0.05) in the CNS. The DYN-A immunoactivities
induced by 100 Hz were different from those by 60 Hz in
the measured nuclei and areas except VMH and GI. Statistic
analysis showed that the pain thresholds correlated (P <



4 Evidence-Based Complementary and Alternative Medicine
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Figure 1: Brain sectionalization: (A) the residual part of the olfactory bulbs, (B) optic chiasm, (C) mamillary body, (D) cerebral peduncles,
(E) Pons and (F) medulla oblongata. In the sections nuclei or areas: nucleus accumbens, septal area and caudate nucleus in S2, supraoptic
nucleus, paraventricular nucleus of hypothalamus, and ventromedial nucleus of hypothalamus in S4, arcuate nucleus and amygdala in S5,
habenular nucleus in S6, periaqueductal gray in S8, dorsal raphe nucleus and substantia nigra in S9, parabrachial nucleus and locus ceruleus
in S10, nucleus raphe magnus in S13, solitary nucleus in S14, gigantocellular reticular nucleus in S15, and spinal cord dorsal horn in S17 are
located.

Table 1: M-EMK immunoactivities induced by different frequencies in the CNS (mean ± SD, n = 7).

Nuclei and areas Sham control 0 Hz 2 Hz 40 Hz 60 Hz 100 Hz Correlation coefficients

ACB 15.60 ± 1.69c 15.30 ± 2.97c 24.56 ± 2.50b 32.69 ± 3.92a 35.15 ± 4.41a 22.59 ± 2.89b 0.888∗∗

SA 15.14± 1.53e 14.77 ± 2.39e 25.05 ± 1.94d 54.95 ± 3.50b 60.51 ± 4.35a 33.81 ± 3.72c 0.923∗∗

CAU 15.00± 1.92c 14.35 ± 3.18c 22.78 ± 2.92b 25.24 ± 5.64b 32.66 ± 3.47a 26.88 ± 5.48b 0.724∗∗

AMY 10.47± 1.58d 10.04 ± 2.43d 20.49 ± 3.28c 35.06 ± 7.69b 47.28 ± 5.56a 38.45 ± 7.97ab 0.795∗∗

SON 33.21± 2.58 32.99 ± 5.03 30.54 ± 6.16 31.68 ± 8.17 31.90 ± 6.49 33.73 ± 5.61 0.071

PVH 18.22± 3.59b 17.95 ± 4.25c 35.01 ± 6.18b 47.38 ± 7.63a 46.70 ± 10.22a 40.76 ± 3.55ab 0.734∗∗

VMH 11.95± 1.72b 11.09 ± 3.29b 18.47 ± 2.56b 36.56 ± 8.99a 40.65 ± 10.10a 38.19 ± 9.27a 0.735∗∗

PAG 8.05± 0.77c 7.75 ± 1.16c 20.53 ± 3.60b 23.29 ± 4.26b 33.71 ± 6.73a 16.74 ± 2.51b 0.808∗∗

DR 11.56± 1.51c 11.34± 4.03c 16.73± 2.26b 29.01± 2.28a 26.30± 2.70a 20.49± 3.25b 0.837∗∗

SN 12.72± 2.05b 12.42± 2.74b 15.14± 3.02b 22.95± 1.58a 22.64± 5.20a 20.36± 1.51a 0.721∗∗

PBN 7.69± 1.04c 7.18± 1.61c 9.71± 1.52c 18.90± 2.93b 26.44± 3.53a 29.13± 3.01a 0.656∗∗

LC 11.69± 1.15c 10.93± 0.89c 15.68± 2.97b 27.49± 2.11a 27.80± 3.60a 25.15± 3.31a 0.799∗∗

NRM 14.15± 1.39 13.77± 2.74 15.77± 1.55 15.53± 3.92 17.07± 2.27 15.76± 4.28 0.263

SCD 5.22± 0.55b 5.22± 0.77b 7.31± 0.67a 6.00± 0.32b 5.85± 0.58b 5.44± 0.38b 0.123

ACB: nucleus accumbens, SA: septal area, CAU: caudate nucleus, AMY: amygdala, SON: supraoptic nucleus, SN: substantia nigra, PAG: periaqueductal gray,
NRM: nucleus raphe magnus, PBN: parabrachial nucleus, LC: locus ceruleus, DR: dorsal raphe nucleus, SCD: spinal cord dorsal horn, PVH: paraventricular
nucleus of hypothalamus, VMH: ventromedial nucleus of hypothalamus.
Note: There was difference (P < 0.05) between the values with different letters, and no difference (P > 0.05) with the same letters in a line. ∗means the levels of
the endogenous opioid peptides correlate with the pain thresholds at the 0.05 level, and the levels at the 0.01 level. ∗∗The letters and symbols in the following
tables have the same meanings as the table above.

0.05) with DYN-A immunoactivities in the measured nuclei
and areas except SCD (Table 3).

4. Discussion

4.1. The Measurement for Pain Thresholds and the Acupoint
Selection for Electroacupuncture. There are a few methods to
determine acupuncture-induced change in pain threshold.

The tail flick response or paw withdrawal reflex by radiant
heat can be used for the measurement of nociceptive
threshold in rats [20, 21]. But it is not applicable for larger
experimental animals (such as cattle and goats) because
of their thick skin and hard hoof structure. The level of
analgesia in these animals is commonly determined by scores
based on an animal’s response to a pinprick at a particular
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Table 2: β-EP immunoactivities induced by different frequencies in the CNS (mean ± SD, n = 7).

Nuclei and areas Sham control 0 Hz 2 Hz 40 Hz 60 Hz 100 Hz Correlation coefficients

ACB 10.57 ± 1.48d 9.25 ± 0.44d 12.21 ± 2.00c 21.01 ± 1.80b 27.61 ± 1.91a 18.70 ± 1.21b 0.891∗∗

CAU 20.90 ± 1.99c 20.84 ±3.87c 24.05 ± 2.99bc 36.60 ± 2.17a 36.99 ± 2.28a 26.81 ± 2.41b 0.835∗∗

SA 21.04 ± 2.03d 20.65 ± 3.58d 29.58 ± 2.66c 42.08 ± 4.24b 49.52 ± 3.02a 31.25 ± 3.21c 0.893∗∗

AMY 18.46 ± 2.45d 18.21 ± 3.33d 32.95 ± 4.16c 53.15 ± 2.74ab 54.59 ± 3.09a 48.86 ± 3.66b 0.840∗∗

SON 29.31 ± 1.52c 28.88 ± 2.37c 38.18 ± 5.30b 53.13 ± 2.60a 52.68 ± 2.10a 51.25 ± 1.87a 0.783∗∗

ARC 33.45 ± 2.11a 33.42 ± 2.34a 35.13 ± 2.02a 26.83 ± 1.13bc 23.76 ± 2.74c 28.83 ± 2.63b 0.795∗∗

VMH 19.81 ± 2.10e 18.86 ± 1.79e 34.41 ± 2.82d 56.30 ± 3.77b 61.17 ± 2.35a 47.94 ± 1.66c 0.897∗∗

HB 17.57 ± 2.42c 16.12 ± 1.63c 18.44 ± 1.49c 22.59 ± 2.05b 26.37 ± 1.20a 27.46 ± 1.30a 0.647∗∗

PAG 8.40 ± 0.96d 8.22 ± 1.23d 19.04 ± 1.74c 28.82 ± 3.82b 33.70 ± 3.36a 30.18 ± 3.55ab 0.871∗∗

DR 18.63 ± 1.83d 17.82 ± 2.34d 29.07 ± 1.94c 34.06 ± 3.09ab 38.43 ± 3.45a 31.10 ± 3.09bc 0.808∗∗

LC 14.90 ± 2.21d 13.72 ± 2.95d 21.01 ± 2.37c 30.13 ± 2.66b 35.14 ± 2.42a 30.35 ± 1.80b 0.855∗∗

PBN 7.65 ± 1.19b 7.54 ± 1.44b 8.69 ± 0.99b 14.07 ± 2.85a 14.92 ± 1.96a 7.99 ± 1.15b 0.790∗∗

NRM 17.37 ± 2.20c 16.52 ± 2.23c 17.93 ± 1.21c 23.50 ± 1.65b 30.25 ± 2.91a 24.89 ± 1.76b 0.779∗∗

SOL 11.50 ± 1.02e 11.35 ± 0.88e 23.41 ± 2.46d 33.83 ± 3.64c 49.46 ± 1.42a 43.59 ± 2.17b 0.928∗∗

SCD 7.25 ± 1.13d 6.80 ± 0.26d 10.91 ± 1.00c 14.42 ± 1.18b 17.72 ± 1.03a 10.30 ± 1.26c 0.795∗∗

ACB: nucleus accumbens, SA: septal area, CAU: caudate nucleus, AMY: amygdala, SON: supraoptic nucleus, ARC: arcuate nucleus, LC: locus ceruleus,
PAG: periaqueductal gray, DR: dorsal raphe nucleus, PBN: parabrachial nucleus, HB: habenular nucleus, NRM: nucleus raphe, SOL: solitary nucleus, VMH:
ventromedial nucleus of hypothalamus magnus, SCD: spinal cord dorsal horn.

Table 3: DYN-A immunoactivities induced by different frequencies in the CNS (mean ± SD, n = 7).

Nuclei and areas Sham control 0 Hz 2 Hz 40 Hz 60 Hz 100 Hz Correlation coefficients

CAU 9.03 ± 0.57d 8.89 ± 0.27d 9.77 ± 0.34d 17.22 ± 1.05c 20.91 ± 1.81b 25.37 ± 1.14a 0.573∗∗

SA 14.93 ± 1.29d 14.68 ± 1.11d 14.88 ± 0.97d 19.82 ± 2.00c 26.61 ± 1.30b 35.75 ± 1.58a 0.400∗

AMY 10.87 ± 1.10e 10.16 ± 0.65e 13.03 ± 1.55d 17.28 ± 1.40c 24.79 ± 1.42b 31.34 ± 1.44a 0.505∗∗

SON 20.73 ± 1.52c 20.42 ± 1.08c 21.77 ± 1.41c 38.35 ± 2.51b 38.60 ± 0.94b 43.87 ± 1.77a 0.652∗∗

PVH 8.74 ± 0.83d 8.65 ± 0.39d 8.85 ± 0.57d 17.53 ± 1.39c 19.87 ± 1.13b 23.24 ± 1.92a 0.606∗∗

VMH 27.01 ± 1.15c 26.36 ± 1.10c 27.70 ± 1.22c 36.01 ± 1.83b 41.10 ± 1.89a 42.54 ± 1.49a 0.671∗∗

PAG 12.27 ± 1.27d 12.02 ± 1.28d 12.87 ± 1.12d 16.94 ± 2.05c 19.68 ± 1.90b 23.72 ± 1.52a 0.457∗∗

PBN 9.71 ± 0.74d 9.48 ± 0.55d 9.31 ± 0.50d 16.90 ± 1.73c 19.39 ± 1.44b 24.44 ± 1.19a 0.533∗∗

GI 10.53 ± 1.01c 10.42 ± 1.32c 10.89 ± 1.58c 14.27 ± 1.85b 19.46 ± 1.60a 20.61 ± 1.34a 0.555∗∗

SCD 3.73 ± 0.26c 3.68 ± 0.27c 4.06 ± 0.22c 5.86 ± 0.19b 6.05 ± 0.46b 10.27 ± 0.60a 0.275

CAU: caudate nucleus, SA: septal area, AMY: amygdala, SON: supraoptic nucleus, PAG: periaqueductal gray, PBN: parabrachial nucleus, GI: gigantocellular
reticular nucleus, SCD: spinal cord dorsal horn, PVH: paraventricular nucleus of hypothalamus, VMH: ventromedial nucleus of hypothalamus.

region [22, 23]. Obviously, this method is influenced by
subjective factors. Ludbrook et al. [24] and Grant and
Upton [25] measured the pain threshold in goats by using
an algesimetry method based on a leg-lifting response to
a subcutaneous electric stimulus. This method is not an
involuntary reflex but instead a learned cognitive behavior.
Additionally, it cannot be used for restrained animals. Potas-
sium iontophoresis is a convenient and reliable experimental
pain stimulus that can be presented rapidly and repeatedly
with minimal loss in consistency of a subject’s reported pain
level [16]. In our study, potassium iontophoresis provided a
tool for investigating changes in the pain thresholds of EA-
treated goats.

A potent analgesic effect induced by EA depends on
proper prescriptions of specific acupoints. “Zusanli” (St.36)
and “Sanyinjiao” (SP.6) acupoints are commonly chosen
for EA to elevate the pain threshold of the traumatic rats

[26, 27]. A few sets of acupoints have been employed for
EAA in ruminants. Numerous studies showed that EA at
a set of Baihui, Santai, Ergen, and Sanyangluo acupoints
elicited an effective analgesia in cattle [5]. Liu et al. [12]
demonstrated that EA at this set of acupoints caused a potent
analgesic effect in goats. In this study, we adopted this set of
acupoints and obtained a similar analgesic effect as Liu did
[12]. Experimental investigations showed that stimulation
at different acupoints activated different nuclei and areas in
rats [28–30]. However, whether acupoint specificities would
change the releasing modalities of EOPs elicited by EA in the
CNS of ruminants deserves to be investigated.

4.2. Distribution of Endogenous Opioid Peptides in the CNS of
Goats. EOPs in the CNS include five families: enkephalins,
endorphins, dynorphins, endomorphins, and orphanin FQ,
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Figure 2: Pain threshold of goats stimulated by different frequen-
cies (mean ± SD, %, n = 7). The same letter indicated that no
significant difference in pain threshold between two frequencies
(P > 0.05), and different letter indicated significant difference (P <
0.05).

of which the roles of M-ENK, β-EP and DYN-A in EA-
induced analgesia were best studied. Studies showed that M-
ENK was mainly found in CAU, hypothalamus, SON, PVH,
VMH, midbrain, formatio reticularis mesencephali, SN,
pons, and formatio reticularis medullae oblongatae [31, 32].
β-EP existed in hypothalamus, SON, ARC, parafascicular
nucleus, preoptic region, interpeduncular nucleus, olfactory
bulb, pons, medulla oblongata, SCD, AMY, cortex, and hip-
pocampus [33–35]. DYN-A existed in SOL, medullary lateral
reticular structure, preoptic area, periventricular nucleus,
SON, ARC, SCD, hypothalamus, midbrain, and forebrain
[36–38]. In the present study, higher level of β-EP was seen
in ARC and SON, as had been reported elsewhere [34]. The
rank order of DYN-A levels in our results was VMH > SON
> PAG > GI = AMY = PBN = CAU = PVH > SCD, which was
similar to reports in human and rats [39, 40]. The highest
immunoactivities of M-ENK existed in SON, followed by
the lower levels in ACB, CAU, PVH, SA, NRM, and SN, and
the lowest levels in PAG, and AMY. These results were some
different from the report by Shi et al. [41] that higher level of
M-ENK existed in ACB, CAU, SON, PAG and AMY in rats.
This discrepancy might be caused by species variation.

4.3. Different Frequencies Induced the Release Profile of EOPs
in the CNS of Goats. The veterinary practice proved that
frequencies of 40 to 100 Hz are believed to be proper
for analgesia of ruminants [5]. But there is a lack of
studies to specify this frequency range. In the present study,
the increasing magnitude of the pain threshold in goats
stimulated by 60 Hz was greater than that by the frequency of
100, 80, 40, or 2 Hz. Obviously, the analgesic effect by 60 Hz
was better than that by the others. It is well documented
that EOPs exhibit a frequency-dependent response in EA-
produced analgesia in rats [42–44]. Low frequency (2 Hz)
exerts antinociceptive effects mainly by enhancing the release

of ENK and β-EP, whereas high frequency (100 Hz) produces
antinociceptive effects by facilitating the release of DYN
[44]. However, the release profile of goats’ EOPs induced
by different frequencies is not clear yet. In this study, 2 Hz
and 100 Hz induced M-ENK to increase significantly in ACB,
SA, CAU, AMY, PVH, PAG, DR, and LC and caused β-
EP to increase significantly in ACB, SA, SON, VMH, PAG,
DR, LC, SOL, and AMY. 60 Hz promoted the release of
M-ENK or β-EP in the measured nuclei except in ARC.
Therefore, 60 Hz activated more nuclei and areas to release
M-ENK and β-EP than 2 or 100 Hz did in ruminants. EOPs
participate in extensively physiological modulations. Their
roles in EA-induced analgesia are verified by microinjecting
EOP and its antagonist or antibody into some nuclei in
rats. Levels of M-ENK in ACB [45], SA [46], CAU [47],
PAG [48], or DR [48], AMY [49], and SN [50, 51] were
proved to affect EA-induced analgesic effect. Either were
the levels of β-EP in ACB [52], SA [46], CAU [53], PAG
[54], DR [55], LC [56], NRM [56], HB [57], or ARC [58].
Our results showed that EA elevated the levels of M-ENK
or β-EP in these nuclei of goats. Besides, we also found
that M-ENK or β-EP immunoactivities increased in LC,
PBN, VMH, SOL, SON, and PVH. It is seen that high
frequencies can induce the simultaneous release of M-ENK
or β-EP in a broader spectrum of nuclei in ruminants than
in rats.

Role of DYN-A in EA-induced analgesia in the brain is
controversial. Han and Xie [59] found that DYN-A did not
produce EA-induced analgesia when it was microinjected
into the cerebral ventricle of rats. Zhang et al. [60] made
the opposite conclusion with DYN-A microinjection. In this
study, EA induced DYN-A to increase in many analgesia-
related nuclei in the CNS. The DYN-A immunoactivities
induced by 100 Hz were significantly different from those by
60 Hz in the measured nuclei and areas except VMH and GI.
It is shown that VMH and GI in the release of DYN-A were
sensitive to both 100 Hz and 60 Hz. Whether the release of
DYN-A takes part in EA analgesic modulation in the CNS of
ruminants needs to be studied.

Release of DYN-A induced by 100 Hz in the SCD can
produce a potent analgesic effect in rats [61]. In this study,
EA of high frequencies induced DYN-A to increase in the
SCD. This increase was in accordance with that of Han
[61]. However, the increase in β-EP immunoactivities of the
SCD and its correlation with the pain threshold values were
different from the report of some studies in rats [62]. This
discrepancy might be caused by the variation of the species or
the studied spinal fragment. In this study, SCD samples were
taken from the spinal cord adjacent to the medulla oblongata
rather than the lumbar spinal cord.

Studies in rats showed that stimulation at 2 Hz and
100 Hz alternatively elicited the full release of M-ENK, β-EP,
and DYN-A in the CNS, which produced a synergistic effect
stronger than that at 2 Hz or 100 Hz alone [63]. Veterinary
practice verifies that the mode of alternating stimulation
with low and high frequencies can also induce more potent
analgesic effect. However, the releasing modalities of EOPs
which are induced by this stimulation mode in ruminants
are worthy to be investigated.
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4.4. Animal Species Variation of EA-Induced Analgesia. Dur-
ing the last decades, our understanding of how the brain
processes acupuncture analgesia has undergone considerable
development. But the major results of related researches
are primarily obtained from small experimental animals
such as rats, rabbits, dogs and monkeys. There are many
factors which affect the EA-induced analgesic effect. Besides
frequencies and acupoints, species-specificity has an impor-
tant impact on EA analgesia. Studies showed that EA in
combination with anesthetics led to reduce the dosage of
the anesthetics in human, rat, and goat by 45%–55%,
50%–60%, and over 75%, respectively [12, 13]. Obviously,
ruminants should be optimal model animals for research
on the mechanisms of EA-induced analgesia. Our results
showed that high frequencies motivated the simultaneous
release of the three EOPs in the extensive analgesia-related
nuclei and areas in the CNS, which may be conducive to
explain why EA induced more potent analgesia in ruminants
than in rats.

5. Conclusion

60 Hz was an optimal frequency for acupuncture-induced
analgesia in goats and induced the simultaneous release
of M-ENK, β-EP, and DYN-A in most of analgesia-related
nuclei and areas in the CNS.
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Cellular and molecular events can be investigated using electrophysiological techniques. In particular, the patch-clamp method
provides detailed information. In addition, the patch-clamp technique has become a powerful method for investigating the
mechanisms underlying the effects of acupuncture. In this paper, recent researches on how acupuncture might modulate
electrophysiological responses in the central nervous system (CNS) and affect peripheral structures are reviewed.

1. Introduction

The therapeutic mechanisms of acupuncture are based on
the theory of acupuncture and meridians in traditional
Chinese medicine (TCM). How to use modern medical
research methods to clarify the mechanisms of acupuncture
is one of the important subjects of current basic research
in TCM. Currently, the microstructure of human tissue,
including the complex relationship between cells and the
interstitium, and the laws of information transmission in
the human body are understood. However, the essence of
acupuncture-effect mechanisms is still unclear.

Cellular signal transduction theory is critical for under-
standing the mechanisms that explain the effects and actions
of acupuncture. Cells constitute the basic units of living
organisms, and the synergy between cells facilitates the
various functions of the body. Communication between cells
relies on receptors and ion channels in the cell membrane.
Using patch-clamp technology, the electrical changes of cell
membrane ion channels can be observed to elucidate the
cellular mechanisms of acupuncture. As a well-developed
cellular electrophysiological method [1, 2], the patch-clamp
technique has set the stage for further studies of the
mechanisms of ion channels, signal transduction, and the
nerve transduction system. This method is now widely used
in the basic and applied research of various disciplines,
such as physiology and pharmacology [3]. The patch-clamp

technique provides a fairly direct way to study the gating
dynamics, permeability, and selectivity of ion channels in
cell membranes. Acupuncture, which is based on merid-
ian theory, can induce therapeutic effects throughout the
entire body in a multiaction and multitarget fashion. These
effects, as a type of biological information transfer, most
likely involve cellular electrophysiological and biochemical
changes similar to the effects of various drugs. The patch-
clamp technique may deepen the study of acupuncture and
clarify the underlying principles. The present paper reviews
the application of patch-clamp technology in acupuncture
research.

2. Study of Acupuncture-Induced Changes in
the Central Nervous System

2.1. Recordings from Isolated Neurons. Acupuncture is a
viable and complementary treatment for relieving pain; the
treatment involves the insertion of needles to a certain
depth at specific acupuncture points (acupoints) followed
by manipulations or electrical stimuli [4–7]. Despite the
widespread use and confirmed efficacy of acupuncture
for specific areas of pain management, the mechanism of
acupuncture-induced analgesia remains unclear [8, 9]. This
ambiguity occurs because studying the characteristics and
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regulatory function of the CNS network during acupuncture
is rather complicated.

Researchers use different pain models to investigate the
role of neuronal membrane receptors in the sensation,
transmission, and modulation of pain [10, 11]. Unlike the
evaluation of the tail flick reaction, which involves behavioral
functions, electrophysiological recordings of extracellular
single-unit discharges are relatively pure indicators of spinal
nociceptive activity during acupuncture [12]. The in vitro
patch-clamp technique more precisely demonstrates the
interactions between multiple receptors [13].

The mechanisms of acupuncture-induced analgesia have
been investigated since the 1950s as a key project of the
Natural Science Development Plan in China [14]. The results
of the research from the group led by Professor Han for
more than 20 years showed that cholecystokinin octapeptide
(CCK-8) in the CNS functions as an antiopioid substrate
and antagonized opioid- or EA-induced analgesia [15, 16].
First, extracellular single-unit recordings were made from
spinal dorsal horn wide dynamic range neurons in spinal-
transected, urethane-anesthetized rats. EA at the ST-36 and
SP-6 acupoints effectively suppressed the unit discharges
elicited by noxious electrical stimulation of the hind paw.
Local spinal superfusion with CCK-8 (10 ng/15 mL) atten-
uated, whereas the CCK-selective antagonists L365 and 260
(2.5 μg/15 mL) enhanced the EA effect [17–19]. All three
types of opioid receptors (μ, δ, and κ) in the spinal cord
of rats play important roles in mediating the analgesia
induced by EA [20]. Second, the sites of opioid-CCK
interaction were precisely localized using the whole-cell
patch-clamp technique on acutely dissociated dorsal root
ganglion (DRG) neurons from rats. The dose-dependent
inhibition relationship indicated that CCK-8 antagonized
the μ- or κ-opioid-receptor-mediated depressant effect on
the voltage-gated calcium current. The CCK receptors were
presynaptically coexpressed with the opioid receptors in the
same neuron [21, 22]. This finding could explain why the
effect of EA subsided after prolonged (6 h) EA stimulation,
suggesting the development of tolerance to EA [23]. Because
CCK-8 has been shown to possess potent antiopioid activity
at the spinal level, a blockade of the spinal CCK effect would
be expected to potentiate EA-induced analgesia, which is
known to be opioid mediated [24].

In neuropathic pain, adenosine 5′-triphosphate diso-
dium- (ATP-) gated P2X receptors, especially the P2X3
subtype, play an important role in the transmission of
pain signals [25, 26]. For electrophysiology recordings, a
chronic constriction injury (CCI) model of neuropathic
pain was induced by tying four ligature knots proximal
to the sciatic trifurcation of the right nerve in rats [27].
After the CCI operation, EA was applied at the ST-36
and GB-34 acupoints for 30 min daily for one week. The
DRG neurons were acutely isolated from the ganglia after
enzymatic digestion, and a conventional whole-cell patch
clamp was performed. As P2X3-receptor agonists, both ATP
and α,β-methylene-ATP (α,β-meATP) evoked similar fast
desensitizing inward currents in the DRG neurons. The
amplitudes of the currents in the CCI group were larger
than in the sham group and were significantly attenuated

by the EA treatment (no differences between ipsilateral and
contralateral). EA may induce an apparent analgesic effect by
decreasing the expression of and inhibiting P2X3 receptors
in the DRG neurons of rats with CCI [27].

Visceral pain is difficult to be localized and easily
transferred to cutaneous structures. Some natural stimuli are
clearly associated with multisourced pain from the viscera,
such as hollow organ distention, muscle spasm, ischemia,
and inflammation [28]. EA is clinically used for the treat-
ment of chronic visceral hyperalgesia (CVH). It is difficult
to explain with the classical description in which there are
segregated routes in the CNS for visceral and somatic inputs
[29, 30]. Using the patch-clamp technique, the inhibitory
effect of acupuncture on visceral sensory neuron excitability
can be observed directly, which supports the interpretation
of disorientated visceral pain and referred pain.

To investigate the effect of EA on colon-specific DRG
neurons in rats with CVH and to clarify the interac-
tions between somatic and visceral nociceptive inputs in
the spinal dorsal horn, electrophysiological measurements
were made [31]. Before perforated whole-cell recordings
from DRG neurons were performed, a CVH model was
induced by intracolonic injection of acetic acid in 10-
day-old rats. EA was applied bilaterally at ST-36 in the
hind limbs. The acutely dissociated colon-specific DRG
neurons were prelabeled by injection of 1,1′-dioleyl-3,3,3′,3-
tetramethylindocarbocyanine methanesulfonate (DiI) into
the colon wall 10 days before acupuncture. The resting
potentials and action potentials showed the passive and
active membrane properties. The recordings from the CVH
group displayed enhanced excitability of the colon DRG
neurons; this enhancement was significantly suppressed in
recordings from the EA group after treatment. Furthermore,
the in vitro application of the μ-opioid receptor agonist
(D-Ala (2), N-MePhe (4), and Gly (5)-Ol) enkephalin
(DAMGO) mimicked the EA-mediated suppression. These
findings revealed the endogenous opioid-related analgesic
effects at the cellular level during EA treatment of visceral
pain in functional gastrointestinal disorders.

2.2. Recording from Neurons in Living Slices. Patch-clamp
recordings from brain slices have been utilized to analyze
CNS function since the 1980s [32–34]. By applying the
patch-clamp technique to brain slices, which constitute a
simple network system in vitro, the effects of acupuncture on
target cells can be directly observed because the blood-brain
barrier is bypassed. With the proper conditions (increased
oxygen supply and modified artificial cerebrospinal fluid
(aCSF) content), the metabolic and biological properties of
the brain slices can be maintained in vitro for a couple
of hours [35], which forms an ideal system for recording
electrophysiological activities. This system facilitates the
investigation of the channels of the CNS and their physio-
logical functions in neuroanatomical circuits.

An imbalance between the excitation and inhibi-
tion of gamma-aminobutyric acidergic (GABAergic) neu-
rons caused by ischemia-induced neuron dysfunction has
been suggested as an alternative mechanism for neuronal
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excitotoxicity [36]. Stimulation of certain acupoints, such as
Baihui (GV-20), has been found to improve the outcome
of ischemic stroke [37, 38]. The function of GABAergic
neurons can be evaluated based on their intrinsic properties
as well as their response to excitatory synaptic inputs
from other neurons [39]. EA was applied to FVB-Tg
(Gad GFP) 4570 Swn/J mice at DV-20 for 20 min, twice
daily for a week. Cortical slices (400 μm) were sectioned
from the acupuncture and sham groups and superfused
with the aCSF oxygenated at 31◦C. In vitro ischemia was
generated by reducing the perfusion rate from 2 mL/min to
0.2 mL/min for 6 min. Ischemia generally induces increases
in the threshold potential and absolute refractory periods of
firing spikes in neurons that are measured in the whole-cell
recording mode with sequential spikes induced by depolar-
izing current pulses; acupuncture prevented these increases.
Meanwhile, spontaneous excitatory postsynaptic currents
(sEPSCs) were recorded in the GFP-labeled GABAergic
neurons. The impairment of active transmissions between
neurons as a result of ischemia was significantly prevented
with acupuncture. Acupuncture improves ischemic stroke
via preventing this dysfunction by targeting voltage-gated
sodium channels [40]. Modulation of GABAergic activity
by inhibition of the GABA reuptake transporter GAT1 has
also been suggested [41]. As discussed above, EA leads to an
elevated release of endorphins [15]; it was also demonstrated
that activation of δ-opioid receptors in the periaqueductal
gray results in inhibition of GAT1-mediated current as
measured in whole-cell recordings.

2.3. Recording from Neurons In Vivo. The in vivo patch-
clamp technique is mainly used to study the characteristics
and mechanisms of the sensory system in response to
environmental stimuli [42]. The protocol for the blind patch-
clamp method was first introduced in vivo for whole-cell
recording. Later, the success rate was significantly improved
by two-photon targeted patching (TPTP), in which the patch
clamp is performed under direct visual control by imaging
the fluorescence with two-photon microscopy (2PM) [34,
43]. The visualized operation of targeted patching allows
a depth of 0.5 mm, which is approximately half of a
young rat’s cerebral cortex. In addition to the progress in
labeling, the application of in vivo patch clamp has been
broadened. Compared with in vitro isolated neurons, in vivo
measurements on brain or spinal cord slices have a greater
advantage: one can obtain not only the final outputs but also
the subthreshold responses. With this information, analyzing
the interaction between excitatory and inhibitory synaptic
inputs activated by cutaneous stimulation becomes possible
[44, 45]. The method provides an effective means for real-
time observation of sensory neuronal transmission in the
central and peripheral nervous systems.

The substantia gelatinosa (SG, lamina II of the spinal
cord) may be a major site for the modification and inte-
gration of noxious sensation. A chronic pain model was
established by complete Freund’s adjuvant- (CFA-) induced
inflammation in the right hind paw of rats. A lumbar
laminectomy was performed on an anaesthetized rat at

the L4 or L5 level. The surface of the spinal cord was
exposed by removal of the pia-arachnoid membrane and was
irrigated with oxygenized Krebs solutions at 38◦C. In vivo
whole-cell voltage-clamp recordings were applied during
acupuncture to the SG neurons, which were morphologically
identified by injection of neurobiotin [46]. Spontaneous
inhibitory postsynaptic currents (sIPSCs, VH = 0 mV)
and sEPSCs (VH = −70 mV) were recorded from the
same neurons by altering the holding potentials. In the
CFA model group, sEPSCs with higher magnitudes were
observed in the majority of SG neurons. The application
of EA to the contralateral ST-36 point slightly decreased
the amplitude and frequency of the sEPSCs. In contrast,
a larger amplitude and higher frequency of sIPSCs were
elicited with acupuncture frequencies from 2 to 10 Hz. This
in vivo patch-clamp recording technique permits functional
analyses of modality-dependent synaptic responses evoked
by acupuncture. Therefore, the behavioral changes at the
single-cell level can be explained with more certainty [47].

3. Study of the Mechanism of Peripheral
Signaling Initiation in Acupoints and Related
Structures Using Patch

3.1. Recording on Acupoint Enriched with Mast Cells. As the
basic elements in meridian structure, acupoints are suggested
to serve as the initiating points for acupuncture treatments
[48]. Despite considerable efforts in probing the anatomy
of acupoints, the structural characterization of acupoints
remains elusive. Many methods have been employed to
research the specificity of acupoints [49]. Compared with
the surrounding tissue, acupoints were found to be richer
in connective tissue structures [50], mast cells [51, 52],
capillaries, and nerve endings [53]. In addition, significantly
elevated concentrations of Ca, Fe, Cu, and Zn were reported
[54]. The densities of mast cells in the acupoints of both
skin and muscle tissues were approximately 50% higher than
those in sham points [55]. Some researchers [56–58] have
measured the sensitivities of different receptors on specific
cells as a breakthrough point to explore the mechanism of
peripheral signaling initiation in acupoints, including related
structures, at the cellular and molecular levels.

Sensitivity to mechanical stimulation is an inherent
property of many tissues and cells. The patch-clamp tech-
nique can directly study the responses of mechanosensitive
(MS) ion channels [59], which are physiologically impli-
cated in the processes of acupuncture manipulations in
acupoints [60]. Along with the attenuation of analgesia or the
regulatory effect from acupuncture at ST-36, pretreatment
with collagenase significantly counteracted the acupuncture-
induced increase in the number of degranulated mast cells
[61, 62]. These results suggest that collagen fibers in the sub-
cutaneous connective tissue act as a transduction medium
for mechanical signals between manual acupuncture stimu-
lation and mast cells. What is the underlying mechanism that
triggers mast cell degranulation after the mechanical signals
are received? Ion channels that are selective for K+, Na+, and
Ca2+, TREK and TRAAK [63], TRPV2 [64], and TRPV4 [65]
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are typical proteins that mediate mechanosensitive cation
movements across the lipid membrane. Cl− channels are
the primary mechanosensitive anion channels that play an
important role in volume regulation [66].

Research on MS ion channels and the proteins that might
play roles in the acupuncture effect was conducted at the
cellular level using a human leukemia mast cell line (HMC-
1) [56, 67]. In the whole-cell patch-clamp configuration, the
mechanical stress applied to a cell membrane by hydrostatic
pressure was increased (−30 to −90 cm H2O applied via
a patch pipette). This stress induced an inward-directed
current along with cell degranulation [56]. The activation
phenomenon was significantly blocked by Ruthenium Red
(RuR), an inhibitor of the transient receptor potential vanil-
loid (TRPV) channel family, or by SKF96365, an inhibitor
specific for TRPV2 [68]. The TRPV2-mediated current
induced by mechanical stress exhibited a relatively low selec-
tivity ratio (approximately 4) for divalent versus monovalent
cations, as calculated from the reversal potential. Single-
channel analysis in excised outside-out patches revealed
strong outward rectifying, RuR- and SKF-insensitive events.
Another component of the currents displayed single-channel
events with chord conductance of 55 pS at positive potentials;
this component strongly depended on Cl− concentration,
indicating that this current component may be mediated by
Cl− channels, possibly from the CLC family [67]. Further,
the whole-cell current of mast cells was recorded in situ in
connective tissue slices obtained from the ST-36 acupoint
in rats. The resulting current to pressure gradient exhibited
a similar outward rectification as for the activation of
HMC-1 [57, 67]. Given that acupuncture-induced mast
cell degranulation can be correlated with treatment effects,
TRPV2 and Cl− channels might be input receptors that
contribute to the transduction process of the mechanical
signal from acupuncture stimulations.

3.2. Recordings of Acupoint-Related Structures. As widely
questioned in histological studies, the primo vascular system
was first introduced as the anatomical structure of acupunc-
ture meridians by Kim [69] and recently rediscovered in
most tissues of the body [70]. As a semitranslucent thread-
like structure, the PVS is composed of primo vessels (PV;
Bonghan ducts) and primo nodes (PN; Bonghan corpuscles).
The PNs were reported to contain cells such as mast cells,
macrophages, and basophils [71]. The PNs were identified
using confocal laser scanning microscopy in the epineurium
along the rat sciatic nerve after subcutaneous injection of
fluorescent nanoparticles at ST-36 [72]. Considering the
close relationship between the peripheral nervous system and
acupuncture treatment, further studying the primo vascular
system to uncover its cellular properties may elucidate the
mechanisms underlying acupuncture. Whole-cell recordings
were performed on cells of a PN slice (200 μm in thickness)
isolated from the surface of abdominal organs in rats.
The small round PN cells had a low resting membrane
potential (−39 mV) and spontaneous activities [73, 74].
Of the four types of IV relationships and kinetics, most
(69%) cells were type I and showed outward rectification. In

current-clamp conditions, tetraethylammonium (TEA) dose
dependently depolarized the membrane potential with an
increase in input resistance [75]. The TEA-sensitive current
with limited selectivity to K+ contributed to the resting
membrane potential of these cells.

4. Prospects

The patch-clamp technique allows for the study of the
properties of single channels expressed in specific cell
membranes; progress has also occurred in research on
the mechanisms of acupuncture. However, the depth (and
breadth) is insufficient for a clear understanding of the
processes that occur in acupoints and along meridians.
By applying specific agonists, antagonists, and allosteric
modulators to different parts of the membrane (inside or
outside) at different times with fast perfusion, differentiated
ionic currents through single channels can be recorded.
These currents, together with the dynamic properties of
the receptors, may help to demonstrate the existence and
function of the detected receptor.

Based on the technical potential of the patch-clamp
method, the use of serum from acupunctured animals or
humans [76] as a perfusate has been proposed to explore
the mechanisms of acupuncture with regards to cellular
electrophysiology. The serum may contain substances that
act on targets such as cells or molecules in in vivo or in
vitro tissues [77–79]. It will be informative to analyze the
gating, ion selectivity, and regulation from single-channel
currents before and after stimulation with serum. Further
trials are required that vary the sampling time and method
to determine the dilution and preservation of the serum and
the involvement of the active ingredients from the reaction
system. The application of serum to patch-clamp techniques
requires further trials.

Additionally, by using in vivo patch-clamp technology,
the functions and relationships of intracerebral nuclei or
spinal cords can also be observed during acupuncture; thus,
the acupuncture pathway and the signal transduction process
can be explored. Compared with investigations using patch
clamp on isolated cells, there are only a few reports of in
vivo studies because there are still difficulties in controlling
factors, such as the mechanical fixation, anesthesia, and
physiological interference of animals.

The application of electrophysiological techniques to
study the mechanisms of acupuncture at the molecular
level first requires the establishment of an animal model
corresponding to the disease at the organ level. Then, single
cells must be obtained from crucial organs or acupoints
using cell separation and cultivation. Finally, cellular models
must be built from different organs under pathological
circumstances. By combining that information with specific
agonists and antagonists, it is possible to determine the
pathway of electrophysiological signal changes caused by
acupuncture and to preliminarily explore the mechanisms of
disease at the molecular level.

Using modern measurement techniques to study the
mechanisms of acupuncture is one of the most important
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demonstrations of the modernization of Chinese medicine.
The patch clamp can be combined with additional record-
ings to increase the analysis capabilities: with fluorescence
measurement [80], the technique can be used to study
the relationships between intracellular calcium concentra-
tion and secretion events; with the single cell reverse
transcriptase-polymerase chain reaction (PCR) technique
[81], patch clamp can be used to interpret why different
cells of similar subtypes have different electrical activities.
In addition, the patch-clamp technique can also reveal the
pathways of intracellular information transmission and cell
growth processes and even the complex interactions of
central synapses. We believe that in the near future, patch-
clamp methods will significantly contribute to unraveling the
mystery of the mechanisms of acupuncture.
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Meridians, acupoints, and Chinese herbs are important components of traditional Chinese medicine (TCM). They have been used
for disease treatment and prevention and as alternative and complementary therapies. Systems biology integrates omics data, such
as transcriptional, proteomic, and metabolomics data, in order to obtain a more global and complete picture of biological activity.
To further understand the existence and functions of the three components above, we reviewed relevant research in the systems
biology literature and found many recent studies that indicate the value of acupuncture and Chinese herbs. Acupuncture is useful
in pain moderation and relieves various symptoms arising from acute spinal cord injury and acute ischemic stroke. Moreover,
Chinese herbal extracts have been linked to wound repair, the alleviation of postmenopausal osteoporosis severity, and anti-tumor
effects, among others. Different acupoints, variations in treatment duration, and herbal extracts can be used to alleviate various
symptoms and conditions and to regulate biological pathways by altering gene and protein expression. Our paper demonstrates
how systems biology has helped to establish a platform for investigating the efficacy of TCM in treating different diseases and
improving treatment strategies.

1. Introduction

According to traditional Chinese medicine (TCM), acu-
points are linked in a network of meridians running along the
surface of the body. The meridian system is a special channel
network that consists of skin with a high concentration of
nerves, various nociceptive receptors, and deeper connective
tissues inside the body [1]. Moreover, “qi” (vital energy)
in TCM is transferred by meridians, and its flow around
the body can reflect the health status of individuals [2].
Acupoints are special locations in the body where the “qi” of

viscera and meridians infuses and effuses. This phenomenon
is thought to be similar to how signals are passed through
neural networks. Acupoints are also considered reflection
points (i.e., points on the body whose reflexes provide
diagnostic information) for certain diseases and are the
targets for clinical acupuncture [3].

Acupuncture is an alternative medicine methodology
that originated in ancient China. It uses thin metal needles to
pierce through skin into acupoints to regulate the flow of qi
around the whole body [4]. Needling at appropriate points
can induce effects in locations remote from the insertion
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Figure 1: The approximate locations of acupoints on the human body reviewed in this paper. Images are created by Acu3D Ver.1.0.2011.0218.

site [5]. Many recent brain imaging studies have shown that
acupuncture has a specific correlation with the human ner-
vous system. Using functional magnetic resonance imaging
(fMRI) to scan the brains of subjects undergoing needling,
researchers found that different acupoints corresponded to
different cerebral areas and conditioned reactions [3, 6].
Therefore, it has the potential to provide therapy for many
diseases. Recent studies have found that electroacupuncture
(EA) improved the pathology of motor disorders in a
Parkinsonian rat model by restoring homeostasis in the basal
ganglia circuit [7, 8]. In other reports, the effects of EA
treatment on neuropathic pain [9], acute spinal cord injury
[10], acute ischemic stroke [11], and reducing inflammation
[12, 13] were also rigorously studied. We review the relevant
literature below and have depicted the human acupoints
described in this paper in Figure 1.

Another important aspect of TCM is Chinese herbal
medicine (CHM), which has been used for thousands of
years as a major preventive and therapeutic strategy against
disease [14]. Currently, more than 3,200 species of medicinal
plants are used in CHM treatments. A fundamental feature
of TCM is TCM compound formulas, which are composed
of many kinds of herbs and sometimes minerals or animal
components, similar to a cocktail therapy [15]. Each TCM
compound formula is usually designed to combat specific
symptoms and combined with other herbs or prescriptions
to tailor to individual needs. Herbal extracts have been inves-
tigated for use in treating various diseases and have been used
as a complementary or alternative form of medical therapy
for cancer patients [16–18]. In other studies that focus on
chronic kidney disease [19], neurodegenerative disease [20],
and diabetes mellitus [21], Chinese herbs have been reported
to alleviate symptoms and mediate signal transduction.

Systems biology, which combines computational and
experimental approaches to analyze complex biological

systems, focuses on understanding functional activities
from a systems-wide perspective [22]. With the advent of
high-throughput global gene expression, proteomics, and
metabolomic technologies, systems biology has become a
viable approach for improving our knowledge of health and
disease [23, 24]. In this paper, we review recent research
articles on acupuncture and Chinese herbal therapy per-
formed in conjunction with omics technologies to analyze
and investigate the regulatory mechanisms of the treatments
and their therapeutic applications.

2. Systems Biology and Omics Data

Systems biology is the computational integration of huge
datasets to explore biomolecular functional networks [22,
25]. The field offers many approaches and models for
searching for biological pathways and predicting their effects
and implications [26, 27]. More recently, academic research
has focused on developing basic informatics tools that can
integrate large quantities of global gene expression, pro-
teomic, and metabolomic data to mimic regulatory networks
and cell function [26, 28]. The principle of systems biology
is to understand and compare physiology and disease,
first from the level of molecular pathways and regulatory
networks, then moving up through the cell, tissue, and organ,
and finally whole organism levels [29, 30]. It has the potential
to provide new concepts to reveal unknown functions at all
levels of the organism being studied.

Omics data helps to explore the different levels in systems
biology from a holistic perspective. The suffix “-omics”
is added to the object of study or the level of biological
process to form new terms to describe that information—
for example, genomics from gene data, proteomics from
protein data, metabolomics from metabolic data [31]. With
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rapid progress in sequencing and computational methods,
omics techniques have become powerful tools for researching
biological mechanisms and diseases and for interdisciplinary
applications, for example, biologics, mathematics, and infor-
matics [32–34].

3. Genomic Studies of Acupuncture in Diseases

Many individual transcriptional profiles of animals or
patients have been mined to search for target molecules of
acupuncture treatments. Candidate genes or pathways asso-
ciated with the protective effect of acupuncture treatments
have been revealed through genomic analysis for several
diseases and symptoms. We list the acupoints and related
symptoms in Table 1.

3.1. Analgesia. Acupuncture was reported to reduce pain
during surgery in the 1950s [35] and can treat different
types of pain in many cases [36, 37]. Particularly, previous
reports have indicated a major role for acupoint ST36, whose
therapeutic properties include analgesia [38]. Gao et al.
compared the hypothalamus transcriptional profiles of rats
that responded or did not respond to EA analgesia treatment
at ST36 [39]. They found that genes for glutamatergic
receptors, ghrelin precursor peptides, the melanocortin 4
receptor, and neuroligin 1 may all be new targets for pain
management. Moreover, Chae et al. found 375 genes showing
significant variation in response to the analgesic effect of
acupuncture (on LI4) [40]. Among these genes, cold shock
domain protein A and kruppel-like factor 5 were identified
as potential targets for investigating the mechanisms behind
acupuncture-induced analgesia.

3.2. Antiaging. In an anti-aging study, Ding et al. analyzed
the hippocampus gene expression profiles in senescence-
accelerated mice given acupuncture treatment [41]. Fol-
lowing applied acupuncture at the CV17, CV12, CV6,
ST36, and SP10 acupoints, the researchers observed eight
genes affected by age. They found that acupuncture could
completely or partially alter the gene expression of heat-
shock proteins (Hsp84 and Hsp86) and Y-box binding pro-
tein 1—genes related to oxidative damage—in senescence-
accelerated mice, indicating that acupuncture may show
promise in retarding aging in mammals.

3.3. Hypercholesterolemia. Li and Zhang stimulated C57BL/
6j mice, which are used in diabetes and obesity research, at
the ST40 acupoint and found that cholesterol 7α hydroxylase
was upregulated following EA, while sodium taurocholate
cotransporting polypeptide was downregulated [42]. Each of
these variations in gene expression might alter the balance of
cholesterol metabolism and reduce cholesterol by regulating
bile salt biosynthesis and flux, respectively [43, 44].

3.4. Knee Osteoarthritis. Tan et al. compared the transcrip-
tional profiles of four patients stimulated at the CV4, CV6,
ST36, EX32, and GB34 acupoints [45]. They collected sam-
ples from the peripheral blood of patients after acupuncture

Table 1: List of the acupuncture points (acupoints) reviewed in this
paper.

Acupoint
Chinese name

Acupoint
name

Function/target References

Weizhong BL40 Acute ischemic stroke [11]

Tianzhu BL10 Acute ischemic stroke [11]

Guanyuan CV4 Knee osteoarthritis [45]

Qihai CV6
Antiaging,

knee osteoarthritis
[41, 45]

Zhongwan CV12 Antiaging [41]

Danzhong CV17 Antiaging [41]

Yintang EX-HN3 Allergic rhinitis [56]

Xiyan EX32 Knee osteoarthritis [45]

Fengchi GB20 Acute ischemic stroke [11]

Yanglingquan GB34
Knee osteoarthritis,
Parkinson’s disease

[45, 49–
52, 63, 64]

Xuanzhong GB39
Spinal cord injury,

Parkinson’s disease, [46, 64]

Hegu LI4

Allergic rhinitis,
analgesia, and acute

ischemic stroke

[11, 40,
56]

Yingxiang LI20 Allergic rhinitis [46, 56]

Taichong LR3 Parkinson’s disease [49, 50]

Motor Area MS6 Acute ischemic stroke [11]

Neiguan PC6 Acute ischemic stroke [11]

Sanyinjiao SP6
Spinal cord injury,

acute ischemic stroke [11, 46]

Xuehai SP10 Anti-aging [41]

Futu ST32 Spinal cord injury [46]

Zusanli ST36

Neuropathic pain,
spinal cord injury,

immune modulation,
allergic rhinitis,

analgesia,
anti-aging,

knee osteoarthritis,
and acute ischemic

stroke

[9, 11, 38–
41, 45–

47, 53–56]

Fenglong ST40 Hypercholesterolemia [42]

treatments. Among differentially expressed genes involved
in the pathways, oxidative phosphorylation (ATP synthesis)
was found in all patients. Analysis of profiles with respect
the Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway database showed that the majority of differen-
tially expressed genes were associated with seven types of
metabolic pathways, particularly the primary, cellular, and
energy metabolism pathways. These results showed that
acupuncture treatment may regulate gene expression to
balance energy metabolism of knee osteoarthritis patients.

3.5. Neuronal Diseases. In a spinal cord injury (SCI) study,
EA treatment on rats at four acupoints—ST36, GB39, ST32,
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and SP6—was seen to restore sensory function by microarray
analysis [46]. In this study, they found that extending
the EA treatment time for SCI rats could result in more
changes in gene expression. After EA stimulation, the gene
expression of calcitonin gene-related polypeptide (CGRP)
and neuropeptide Y (NPY) were up-regulated and func-
tionally annotated with the recovery of sensory functions.
Acupuncture treatment at ST36 has also been reported to
reduce neuropathic pain. Using microarray analysis, opioid
receptor sigma was one of differentially expressed genes and
involved in opioid signaling which has been implicated in
neuropathic pain and the analgesic effects of EA at ST36 in
neuropathic pain model rats [47].

Parkinson’s disease is a neurodegenerative disease caused
by the death of dopaminergic neurons [48]. Several studies
have performed acupuncture treatments on different acu-
points in 1-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine-
(MPTP-) induced Parkinson’s models. These models were
used to evaluate the effects of acupuncture treatment at
the GB34 and LR3 acupoints by analyzing the transcrip-
tional profiles from cervical spinal cord or brain bilateral
striatal tissues [49, 50]. Among the genes downregulated
by acupuncture treatment, proplatelet basic protein (Ppbp)
was functionally annotated with cytokine-cytokine receptor
interaction pathways, and cytotoxic T lymphocyte-associated
protein 2 alpha (Ctla2a) was associated with a pathway
relevant to Parkinson’s disease according to KEGG analysis
[49]. Similar results were observed from substantia nigra
tissue of MPTP mice following treatment at the GB34
acupoint [51]. In previous studies, myelin basic protein, a
major constituent of the axonal myelin sheath, has been
reported to be up-regulated in MPTP mice and Parkinson’s
patients stimulated at the GB34 acupoint [52]. In the bilateral
striatal tissue of mice brain following acupuncture at the
GB34 and LR3 acupoints, the gene expression levels of
gap junction alpha 4 protein (Gja4) and tubulin alpha
8 (Tuba8) were down-regulated and annotated with the
cell communication and gap junction pathway, respectively.
Furthermore, an up-regulated gene, neurotrophin-3 (Ntf3),
was annotated with the mitogen-activated protein kinases
(MAPK) signaling pathway [50].

3.6. Immune Modulation and Allergic Rhinitis. Evidence
from mouse models has demonstrated that EA or acupunc-
ture stimulation at ST36 can modulate the immune response
[53–55]. Two studies using a 2,4-dinitrophenylated keyhole
limpet protein (DNP-KLH) immunized mouse model have
shown that gene expression patterns can change in the
spleen [55] and hypothalamus [54] after EA treatment. Using
Sprague Dawley (SD) rats, Kim et al. found that the genes
altered following EA at ST36 play crucial roles in natural
killer cell activation in spleen tissue [53]. However, the effects
of EA treatments remain diverse, partly because of variation
in immune responses when triggered in different types of
tissues or models (e.g., DNP-KLH immunized mice versus
SD rats).

Acupuncture treatment has also demonstrated some
effectiveness against allergic rhinitis in clinical settings,

presumably through immune modulation [56, 57]. Allergic
rhinitis occurs when an allergen is inhaled and generates
an immune response in an individual. Its symptoms can
be reduced by acupuncture treatment at the EX-HN3, LI4,
LI20, and ST36 acupoints [56]. The effectiveness of the
treatment could be accounted for by modulation of pro-
and anti-inflammatory genes observed through microarray
analyses of blood samples. Immune responses to allergic
rhinitis may vary depending on types of allergen. Shiue
et al. have used the Phadiatop (Ph) assay, an effective
screening tool that detects a diverse range of allergens, to
demonstrate that patients with Ph-positive (+) and Ph-
negative (−) allergic rhinitis display different gene expression
profiles after acupuncture treatment [57]. A hierarchical
clustering analysis revealed that three gene groups—those
for active immune response, regulatory T cell differential,
and apoptosis—were differentially expressed in the Ph (+)
and Ph (−) patients after treatment [57]. These results also
indicate the importance of personalized medicine for future
investigations.

4. Proteomic Studies of Acupuncture in Diseases

Proteomic technologies, such as two-dimensional elec-
trophoresis (2-DE), can screen for proteins differentially
expressed between individuals responsive and nonresponsive
to acupuncture treatments. These proteins were identified
by various mass spectrometry (MS) techniques, and their
related pathways were explored to determine the mechanism
of the acupuncture treatments. The results clarify the
relationships between different acupoints and functions
(Table 1).

4.1. Acute Ischemic Stroke. EA efficacy has been studied by
comparing levels of serum proteins in response to EA or
drug treatments in acute ischemic stroke patients [11].
Patients were treated with EA at eight acupoints (MS6, BL10,
GB20, LI4, PC6, B40, SP6, and ST36) once daily for ten
consecutive days. The protein profiles were analyzed using 2-
DE; SerpinG1 was up-regulated, while gelsolin, complement
component 1 (C1), C3, C4B, and beta-2-glycoprotein I were
all down-regulated. Other studies have indicated that platelet
C4 expression is associated with acute ischemic stroke by
comparing serum proteins from healthy individuals and
ischemic stroke patients [58].

4.2. Neuronal Diseases. Using matrix-assisted laser desorp-
tion/ionization time-of-flight mass spectroscopy (MALDI
TOF-MS) and subsequent protein database mining, Li et al.
identified fifteen candidate proteins whose expression levels
varied with acupuncture treatment for SCI [59]. Among
them, annexin A5 (ANXA5) and collapsin response mod-
ifier protein 2 (CRMP2) were determined to be beneficial
for neuronal survival and axonal regeneration. ANXA5 is
a member of the annexin superfamily of calcium- and
phospholipid-binding proteins, which are related to apop-
tosis and inflammation [60]. CRMP2 is a member of the
collapsin response mediator protein family and is expressed
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exclusively in the nervous system, especially during devel-
opment [61]. Additionally, among up-regulated proteins,
heat shock protein beta-1 (HSPB1) has a reported role in
cell stress/neuroprotection as well as in axonal regeneration
[62]. These results reveal the potential for proteomics
research to supplement and guide the treatment of SCI with
acupuncture in future research.

Moreover, Sung et al. applied EA at ST36 in a SD
rat model, and subsequent 2-DE was used to identify
signaling pathways involved in neuropathic pain [9]. Thirty-
six differentially expressed proteins were identified in the
neuropathic pain model, and the normal expression levels
of their corresponding genes could be restored following EA
treatment. Furthermore, Jeon et al. performed EA at GB34
in an MPTP mouse model of Parkinson’s disease [63]. They
observed restoration of behavioral impairment and rescued
tyrosine hydroxylase-positive dopaminergic neurodegenera-
tion after the treatment. In previous studies, the expression
of myelin basic protein can also be restored to normal
levels after EA treatment [63]. Kim et al. performed similar
studies at GB34 and GB39 [64]. They identified thirteen
differentially expressed proteins using MS, and four of
these proteins—cytosolic malate dehydrogenase, munc18-1,
hydroxyacylglutathione hydrolase, and cytochrome c oxidase
subunit Vb—were restored to normal expression levels
following EA treatment. These proteins are involved in cell
metabolism, and may reduce MPTP-induced dopaminergic
neuronal destruction by decreasing oxidative stress. Taken
together, these results suggest that acupuncture treatment is
likely to have a neuroprotective effect on neuronal diseases
through cell metabolic and nervous tissue developmental
pathways, among others.

5. Genomic Studies of Chinese Herbs in Diseases

Many studies have investigated genes impacted by Chinese
herb extracts from transcriptional profiles after treatment
and analyzed their functions using pathway databases. These
results were used to evaluate whether Chinese herb extracts
could be used as a complementary drug to treat specific
symptoms. Here, we review Chinese herbal treatment-related
studies that incorporated genomic analysis and interpret the
efficacy of Chinese herb extracts for various symptoms and
conditions (Table 2).

5.1. Immunomodulatory Function. It is generally agreed that
the fungus Ganoderma lucidum contains an abundance of
polysaccharides with immunostimulatory properties [65],
and these have been investigated using human CD14 (+)
(cluster of differentiation 14) derived dendritic cells [66, 67].
Dendritic cells are antigen-presenting cells that play a critical
role in the regulation of the adaptive immune response.
A comparison of transcriptional profiles from the polysac-
charide of G. lucidum-treated dendritic cells and untreated
dendritic cells showed a decrease in the expression of some
phagocytosis-related genes, for example, CD36, CD206, and
CD209. The expression of proinflammatory chemokines was
increased, that is, chemokine (C-C motif) ligands (CCL)

CCL20, CCL5, and CCL19; interleukins (IL) IL-27, IL-23A,
IL-12A, and IL-12B; costimulatory molecules CD40, CD54,
CD80, and CD86 [67]. Additionally, altered expression
levels of CD209, CCL20, CCL5, IL-27, CD54, CD80, and
CD86 in cells after treatment with F3 (a polysaccharide
fraction extracted from lingzhi) have been observed by Lai
et al., with CD209 expression down-regulated proportional
to treatment time [66]. Another study investigated the
treatment of human CD14+ monocytes with polysaccharide
fractions extracted from North American ginseng [68].
The MAPK (extracellular regulated protein kinases-1/2),
phosphoinositide-3-kinase, p38, and nuclear factor-kappaB
(NF-κB) cascades are key signaling pathways that may trigger
immunomodulatory functions, as determined by Ingenuity
Pathway Analysis [68]. With regard to other extracts, Cheng
et al. reported that the NF-κB pathway was up-regulated
in THP-1 by treatment with ethanol extracts of G. sinense,
but not by G. lucidum [69]. Moreover, protosappanin A
treatment (an ethanol extract of Caesalpinia sappan) has
been reported to induce an immunosuppressive effect via the
NF-κB pathway in a heart transplantation rat model [70].

5.2. Wound Repair. Herbal formulas containing extracts of
Astragali radix, Rehmanniae radix, and Angelica sinensis show
potential therapeutic benefits for wound repair [72]. For
example, the formula NF3, which consists of a 2 : 1 ratio
of A. radix and R. radix, has been found to affect cell
proliferation, angiogenesis, extracellular matrix formation,
and inflammation in the Hs27 skin fibroblast cell line
through microarray analysis [72]. Another study in human
skin substitutes revealed that SBD.4 extracts of A. sinensis
possesses skin- and wound-healing activity [73]. After SBD.4
stimulation, the gene expression of collagen XVI and XVII,
laminin γ-2 and 5, claudin 1 and 4, hyaluronan synthase 3,
superoxide dismutase 2, and heparin-binding EGF was up-
regulated and ADAM 9 was down-regulated in EpiDermFT
skin substitute tissues. The elevation of collagen XVI and
XVII can enhance collagen fibril organization and the
reduction of ADAM9 may stimulate collagen deposition [89,
90]. These results suggest that these skin- and wound-healing
related genes function in cell-substrate junction assembly.

5.3. Postmenopausal Osteoporosis. Traditional Chinese herb-
alists have been treating patients with chronic kidney disease
for thousands of years [19]. The effect of an herbal mixture
consisting of Herba Epimedii, Fructus Ligustri Lucidi, and
Fructus Psoraleae was investigated in aged ovariectomy and
calcium deficiency-induced osteoporotic rats [74]. A com-
parison of the transcriptional profiles between nontreated
and herbal formula-treated ovariectomized rats found that
some genes specifically activated by the herbal mixture, such
as prostaglandin EP3 receptor and osteoprotegerin, were
involved in bone remodeling and bone protection. Moreover,
they identified the involvement of estrogen-related proteins
and suggested that the herbal formula may act like estrogens.

5.4. Diabetes Mellitus. Type 2 diabetes mellitus (T2DM) is
characterized by insufficient insulin secretion and insulin
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Table 2: List of Chinese herbal studies that have incorporated genomic and proteomic analysis.

Authors Herb name Extracts Common functions

Sliva [65],
Lai et al. [66],
Lin et al. [67],
Cheng et al. [71]

G. lucidum (lingzhi) Polysaccharide fraction/F3
Immunomodulatory,

antitumor activity

Cheng et al. [69] G. sinense (lingzhi) Ethanol extracts Immunomodulatory

Wu et al. [70] C. sappan Protosappanin A Immunomodulatory

Zhang et al. [72] A. Radix and R. Radix
NF3 (A. Radix and R. Radix

in the ratio of 2 : 1)
Wound repair

Zhao et al. [73] A. Sinensis SBD.4 Wound repair

Sun et al. [74]
Herba Epimedii,

Fructus Ligustri Lucidi, and
Fructus Psoraleae

Postmenopausal osteoporosis

Han et al. [21] C.A. Meyer CK Diabetes mellitus

Luo et al. [75],
King and Murphy
[76]

American ginseng
(P. quinquefolius L.)

Ginsenoside Rg3/ginseng extracts Antitumor activity

Hara et al. [77],
Iizuka et al. [78] C. rhizome Benzodixoloquinolizine alkaloids/berberine Anti-tumor activity

Wang et al. [79] L. rubescens Oridonin Anti-tumor activity

Xu et al. [80] Franquet TBMS1 Anti-tumor activity

Cheng et al. [81] R. paridis RPTS Anti-tumor activity

Yue et al. [82] P. ginseng Rg1 Angiogenesis

Konkimalla et al. [83] Artemisinin Nitric oxide biosynthesis

Su et al. [20, 84] P. suffruticosa Paeonol Neurodegenerative disease

Wang et al. [85] S. miltiorrhiza SAL or TAN Acute myocardial infarction

Lo et al. [86] U. rhynchophylla Convulsive disorders

Hung et al. [87, 88] S. miltiorrhiza SMAE Cardiovascular disorder

resistance, such that the liver lacks the ability to regulate
glycolysis and gluconeogenesis [91]. Han et al. compared
gene expression profiles of C57BL/KsJ-db/db mice (insulin-
resistant model of insulin-dependent diabetes and obesity)
following treatment with compound K (CK), a final metabo-
lite of Panax ginseng C.A. Meyer [21]. They found that
some differentially expressed genes in liver tissue were associ-
ated with glycolysis/gluconeogenesis and pentose phosphate
pathways, for example, upregulation of aldolase 2, B isoform
and phosphogluconate dehydrogenase for glycolysis and
pentose phosphate pathways, and downregulation of fructose
bisphosphatase 1 for gluconeogenesis pathways after CK
treatment. In adipose tissue, on the other hand, they found
differentially expressed genes there was linked to adipocy-
tokine signaling and fatty acid synthesis/metabolism path-
ways, for example, upregulation of peroxisome proliferator-
activated receptor gamma for adipocytokine signaling and
fatty acid synthase for fatty acid synthesis pathways after CK
treatment.

Plasma adiponectin, a hormone responsible for increas-
ing neoglucogenesis, is secreted from adipocytes and might
play a key role in linking obesity, insulin resistance, and
the T2DM syndrome. A higher adiponectin expression has
been observed in conjunction with lowered obesity levels in

human studies [92]. Furthermore, Fu et al. have found that
adiponectin increases total glucose transporter 4 expression,
which can aid in the response to insulin at the plasma
membrane [93]. These results suggest that CK might be a
potential target for antidiabetic drugs.

5.5. Antitumor Activity. Chinese herbs have been known to
possess anti-tumor activity, and some studies have investi-
gated this functionality and its mechanisms in cancer treat-
ments. F3-treated human leukemia THP-1 cells have been
found to undergo apoptosis through death receptor pathways
as determined through microarray analysis [71]. Further-
more, F3 induces macrophage-like differentiation by caspase
cleavage and p53 activation in THP-1 cells [94]. Another
study using a microarray approach determined that 25% of
genes regulated by two lingzhi (G. lucidum and G. sinense)
was determined to be similar [69]. G. sinense was observed
to regulate inflammation and immune response pathways,
while G. lucidum appeared to increase the expression levels
of NF-κB pathway genes. Therefore, lingzhi appears to have
efficacy as an anti-tumor agent against THP-1 cells.

Other Chinese herbs have also been associated with
anti-tumor effects [95–101]. Two studies have shown that
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American ginseng (Panax quinquefolius L.) extracts can
inhibit tumor growth in HCT-116 [75] and MCF-7 cells [76].
A-kinase (PRKA) and anchor protein 8-like (AKAPA8L)
gene expression were up-regulated, and phosphatidylinos-
itol transfer protein alpha (PITPNA) gene expression was
down-regulated after ginsenoside Rg3 treatment in HCT-
116 cells [75]. The inhibition of the MAPK pathway and
the up-regulation of Raf-1 kinase inhibitor protein (RKIP)
expression were determined in the ginseng extract of hot
water-extracted American ginseng-treated MCF-7 cells [76].
These genes have anticancer potential and are considered to
be involved in anti-tumor mechanism of America ginseng.
A comparison of transcriptional profiles between mouse
macrophage RAW 264.7 cells before and after artemisinin
treatments [83] found that the differentially expressed genes
were most associated with the nitric oxide, cAMP, and
Wnt/beta-catenin pathways. They suggested that the tumor
regulation function of artemisinin might arise from its effect
on nitric oxide biosynthesis. Nitric oxide has been proved
that it can suppress tumorigenesis [102].

In another study, Hara et al. examined eight benzodixolo-
quinolizine alkaloids extracted from Coptidis rhizome and
assessed the strength of their antiproliferative activity in
eight human pancreatic cancer cell lines [77]. These results
indicated that berberine is the major compound behind
boosting the anti-proliferative response. However, the anti-
tumor effect of berberine isolated from C. rhizome was
poorer than that of whole C. rhizome, suggesting other
components of the fungus are to some degree responsible
as well [78]. MCF-7 cells treated with Coptidis extracts also
displayed increased activation of anti-tumor pathways. Two
critical anti-tumor cytokines were identified—interferon-β
and tumor necrosis factor-α—and Coptidis extracts were also
found to induce cell growth arrest and apoptosis [103]. These
studies suggest that C. rhizome or Coptidis extracts are able to
inhibit cell proliferation by reducing tumor cell growth and
promoting apoptosis.

5.6. Angiogenesis. Some Chinese herbs have been reported
to promote angiogenesis. Ginseng refers to both Panax
ginseng C.A. Meyer and Panax quinquefolius L. (Araliaceae),
which contain similar components. Rg1, a P. ginseng extract,
can promote angiogenesis by modulating cytoskeletal-related
genes and enhancing endothelial nitric oxide synthase activ-
ities in human umbilical vein endothelial cells (HUVEC)
[82]. Chan et al. also illustrated that Rg1-induced down-
regulation of miR-214 led to an increase in the expression
of eNOS in HUVEC through miRNA microarray analysis
[104]. Taken together, the findings suggest that Rg1, the
major component ginosenoside from P. ginseng, can promote
angiogenesis in HUVEC.

5.7. Cardiovascular Disease. Salvia miltiorrhiza is widely
used for human cardiovascular disorders in Asia, but the
cellular mechanism by which it attenuates the growth of
aortic smooth muscle under oxidative stress remains unclear.
Salvianolic acid (SAL) or tanshinone (TAN) purified from
S. miltiorrhiza was used to treat acute myocardial infarction

in Wistar rats [85]. SAL decreases the gene expression of
apoptosis-related genes at in a later period after ischemia,
for example, BCL2 modifying factor (Bmf). TAN decreases
the gene expression of intracellular calcium pathways-related
genes at an early stage after ischemic injury, for example,
voltage-dependent calcium channel alpha 1 (CACNA1).
Intracellular calcium and apoptosis pathways have been
reported to be associated with ischemic cardiac injury and
repair [105, 106]. These results suggest that SAL and TAN
could be used to prevent injury and involved in after injury
repair of acute myocardial infarction.

5.8. Neuronal Diseases. Su et al. compared gene expression
profiles of H2O2-exposed human neuroblastoma SH-SY5Y
cells following treatment with paeonol, which is extracted
from Paeonia suffruticosa [20, 84]. They identified that the
extract up-regulated the mature T-cell gene set and found
that paeonol was able to reduce H2O2-induced NF-κB activ-
ity. These data indicate that paeonol might have antioxidative
related properties and could be used to treat neurodegenera-
tive diseases, for example, Alzheimer’s disease [107].

6. Proteomic Studies of
Chinese Herbs in Diseases

Compared with studies investigating Chinese herbs using
genomic analysis, proteomic analytic studies have been per-
formed far less and on fewer herbs. Tumors and convulsive
disorders are the major subjects of analysis by proteomic
technologies to date. The Chinese herbs used for these
conditions and related references are documented in Table 2.

6.1. Antitumor Activity. HepG2 liver cancer cells were treated
with oridonin extracted from Isodon rubescens and analyzed
by 2-DE and MALDI-TOF-MS [79]. Proteomic data showed
that expression levels of heat shock 70 kDa protein 1, Sti1h,
and hnRNP-E1 were altered after treatment; these proteins
are associated with apoptosis pathways. An extract from
Franquet (Cucurbitaceae), tubeimoside-1 (TBMS1), has also
been used as an anticancer treatment [108]. Xu et al. found
15 proteins differentially expressed between TBMS-treated
or -untreated HeLa cells through MALDI-TOF-MS analysis
[80]. These proteins were associated with mitochondrial
dysfunction and ER stress-induced cell death pathways and
participated in TBMS1-induced cytotoxicity [80].

The major component of Rhizoma paridis, Rhizoma
paridis total saponin (RPTS), is responsible for the antitumor
effects of this herb. Using MALDI-TOF-MS, Cheng et al.
identified 15 proteins altered in HepG2 cells differentially
expressed between RPTS-treated or untreated HepG2 cells,
with most of them implicated in tumor initiation, pro-
motion, and progression [81]. These results suggest that
proteomic approaches could be useful tools to elucidate
pharmacological mechanisms responsible for anti-cancer
drug activities.

Moreover, Hung et al. found that S. miltiorrhiza aqueous
extract (SMAE) inhibited the proliferation of rat aortic
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smooth muscle cell line A10 under homocysteine (Hcy)-
induced oxidative stress [87, 88]. Furthermore, the intra-
cellular reactive oxygen species concentration significantly
decreased in A10 cells after SMAE treatment. Using MALDI-
TOF-MS, the researchers suggested that the SMAE-induced
inhibition of growth in Hcy-stimulated A10 cells occurred
via the PKC/MAPK-dependent pathway [87, 88].

6.2. Convulsive Disorders. Uncaria rhynchophylla (UR) and
its major component, rhynchophylline, have demonstrated
effectiveness in treating convulsive disorders [109]. Lo et
al. used SD rats with kainic acid (KA)-induced epileptic
seizures and treated them with UR [86]. They then analyzed
proteomic profiles from the frontal cortex and hippocampus
of rat brain tissues and identified proteins differentially
expressed between treated and untreated tissue. Macrophage
migration inhibitory factor (MIF) and cyclophilin A were
down-regulated and restored to normal levels in epileptic
seizure rats after UR treatment. MIF has been considered as
a counterregulator of normal neuronal actions and increases
its expression level to reduce the chronotropic actions in
SD rats [110]. Cyclophilin A is a phylogenetically-conserved
protein and regulates immunosuppression [111]. These
results showed that MIF and cyclophilin A involved in the
mechanism of anticonvulsive effect of UR.

7. Metabolomics Studies of
Chinese Herbs in Diseases

Another platform for systems biology research is meta-
bolomics, involving the study of targeted small molecule
metabolites (<1500 Da). In 1998, the metabolome was first
introduced in the elucidation of yeast gene function [112].
However, the application of this concept can be traced
back to the development of traditional medicine; while
metabonomics chemically tracks metabolites in urine, feces,
and so forth, traditional medicine used color, smell, and
taste to facilitate diagnoses. Over genomics and proteomics,
metabolomics can provide a more solid link between geno-
type and phenotype.

7.1. NMR-Based Metabolomics Analysis. NMR-based meta-
bolomics is an attractive method for the study of medicinal
herb efficacy on disease symptoms. Using this method,
nonselective and comprehensive analysis was performed on
ginkgo extracts [113]. Moreover, Zhang et al. found that
ginkgo extracts have multidirectional lipid-lowering effects
on the rat metabonome [114]. They suggested that ginkgo
extracts possess metabolomic functions, including limitation
of cholesterol absorption, inactivation of HMGCoA, and
favorable regulation of essential polyunsaturated fatty acid
profiles [114].

7.2. Liquid Chromatography (LC)-TOF MS-Based Metabo-
lomics. LC-MS-based metabolomics have been explored in
many studies to date. Tan et al. performed LC-TOF MS
to investigate the metabolites of aconitum alkaloids in rat
urine after oral administration of aconite root extracts [115].

They found 10 metabolites and 24 parent components and
suggested that metabolomic approaches may prove useful
in exploring the efficacy of CHM. Moreover, Yan et al.
investigated the antiaging effect of flavones contained in
Epimedium extract in rats through LC-MS [116]. They
were able to identify differences in multiple changed age-
related metabolites in serum, including carnosine, ergoth-
ioneine, unsaturated fatty acids, saturated fatty acids, and
nucleotides. The expression levels of these age-related pro-
teins were restored to levels found in younger rats after
Epimedium treatment.

Terpenoids, a group of important secondary metabolites
in plants, are found in Ganoderma sp., which have high
cytotoxic and anti-tumor activity. Ganoderiol F, a tetracyclic
triterpene, has been analyzed by LC/MS/MS and adminis-
tered to rats for metabolomics and pharmacokinetics exper-
iments [117]. Analysis of the metabolites of ganoderiol F by
HPLC/MS/MS from orally or i.v.-treated rats showed good
viability and low acute toxicity. According to these reports,
ganoderiol F may show potential as an anti-cancer drug.

8. Summary and Future Perspectives

In this paper, we described and discussed omics research
to date combined with acupuncture or CHM, performed
at the systems biology level. We found that the ST36
acupoint is the most widely used acupoints, and that it
has multiple therapeutic functions and targets, including
spinal cord injury [46], allergic rhinitis [56], analgesia [38],
neuropathic pain [9, 47], antiaging [41], knee osteoarthritis
[45], and acute ischemic stroke [11]. Different from other
therapies, acupuncture treatments show variation in the
transcriptional profiles and perceived effect of their subjects,
whether rats [39] or humans [40]. Gao et al. reported that
approximately 30% of rats demonstrated no analgesic effects
during EA [39]. Similarly, Chae et al. reported that 40%
of their participants felt only low analgesic effects during
acupuncture, an observation that is more likely caused by
genetic variation rather than differences in psychology [40].
Individual variance in treatment response is becoming an
important issue when deciding whether it is suitable or
not to administer acupuncture therapy. Based on this paper
results, we suggest that system biology approaches can be
performed to construct exhaustive clinical data of patients
with acupuncture or CHM treatments, for example, up-
regulated or down-regulated genes of Ph (+) or Ph (−)
allergic rhinitis patients with acupuncture treatments, and
provide useful information for improving future therapeutic
strategies. In term of acupuncture treatment, one acupoint
commonly used for different symptoms, for example, LI4
acupoint could be performed for allergic rhinitis, analgesia,
and acute ischemic stroke. Compared with acupuncture
treatments, Chinese herbal treatments are more often inves-
tigated for their effectiveness on specific diseases, and studies
focus on the pharmacological mechanisms of different herbal
extracts, for example, benzodixoloquinolizine alkaloids has
anti-tumor activity [77] or CK has anti-diabetic efficacy [21].
In summary, we suggest appropriate therapies—whether
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Personalized 
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analysis
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analysis
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Figure 2: The composition of “personalized medicine in TCM.” Combining genomic, proteomic, and metabolomic information can provide
more comprehensive strategies for TCM therapies.

acupuncture, TCM, or a combination—can be personalized
to individuals through analyzing their transcriptional or
proteomic profiles (Figure 2). “Personalized medicine in
TCM” can be developed even further and provide important
information for therapeutic strategies in managing various
diseases and conditions.
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Previous studies have demonstrated the efficacy of electroacupuncture at ST36 for patients with gastrointestinal motility disorders.
While several lines of evidence suggest that the effect may involve vagal reflex, the precise molecular mechanism underlying
this process still remains unclear. Here we report that the intragastric pressure increase induced by low frequency electric
stimulation at ST36 was blocked by AP-5, an antagonist of N-methyl-D-aspartate receptors (NMDARs). Indeed, stimulating ST36
enhanced NMDAR-mediated, but not 2-amino-3-(5-methyl-3-oxo-1,2-oxazol-4-yl)propanoic-acid-(AMPA-) receptor-(AMPAR-
) mediated synaptic transmission in gastric-projecting neurons of the dorsal motor nucleus of the vagus (DMV). We also
identified that suppression of presynaptic µ-opioid receptors may contribute to upregulation of NMDAR-mediated synaptic
transmission induced by electroacupuncture at ST36. Furthermore, we determined that the glutamate-receptor-2a-(NR2A-)
containing NMDARs are essential for NMDAR-mediated enhancement of gastric motility caused by stimulating ST36. Taken
together, our results reveal an important role of NMDA receptors in mediating enhancement of gastric motility induced by
stimulating ST36.

1. Introduction

Gastric motility disorders are clinically characterized by
impaired accommodation, gastroparesis, and dumping syn-
drome. A large number of studies has been conducted to
explore the efficacy of somatic stimulation for the treatment
of gastrointestinal motility disorders [1–5]. Reproducible
results were generated in both clinical and research settings
[6, 7], and several lines of evidence suggest that the gastric
motility regulation induced by stimulating ST36 seems to
be mediated via vagal reflex in the supraspinal pathway [5,
8–10]. However, how stimulating ST36 regulates gastric
motility through relay nuclei and the molecular mechanism

employed in this process still remain unclear. Addressing this
question can provide valuable clues for the development of
effective therapeutics against gastrointestinal motility disor-
ders.

Vagal motor innervation to the major portion of the
gastrointestinal (GI) tract is provided by neurons in the
dorsal motor nucleus of the vagus (DMV) [11, 12]. Nucleus
of the solitary tract (NTS) neurons can potentially contribute
input to the DMV and induce potent effects on vagus-
mediated gastric function through excitatory glutamatergic
and inhibitory GABAergic synaptic connections [13, 14].
Neuropharmacological studies have demonstrated changes
in gastric function in response to localized application



2 Evidence-Based Complementary and Alternative Medicine

of gamma-aminobutyric acid (GABA) and glutamate (via
GABAa and NMDA receptors) within the DMV [15–18].

In this study, we directly examined the functional role
of NMDAR-mediated synaptic transmission in mediating
the upregulation of gastric motility by stimulating ST36.
Our data reveal that electroacupuncture at ST36 upregu-
lates gastric motility by specifically enhancing the gluta-
mate-receptor-2a-(NR2A-) containing N-Methyl-D-asparta-
te-receptors-(NMDAR-) mediated synaptic transmission in
gastric-projecting DMV neurons.

2. Materials and Methods

2.1. Animals and Surgical Preparation for In Vivo Experiments.
Adult male Sprague Dawley (250–300 g) rats were purchased
from the Institute of Laboratory Animalsciences, CAMS and
PUMC (Beijing, China). In this study, all manipulations
and procedures were carried out in accordance with The
Guide for Care and Use of Laboratory Animals issued by
USA National Institutes of Health and were approved by
the Institutional Animal Care and Use Committee of China
Academy of Chinese Medical Sciences. As described previ-
ously [19, 20], rats were housed (23 ± 1◦C) in groups and
maintained under a 12 hours light/dark cycle with food and
water available ad libitum. The rats were fasted overnight
with free access to water in proxima luce, and anesthetized
with an intraperitoneal injection of urethane (1.0 g/kg,
Sigma-Aldrich, St. Louis, USA). The left common carotid
artery was cannulated with a polyethylene catheter filled
with physiological saline containing heparin (200 IU/mL,
LEO, Denmark) for recording of arterial pressure (AP)
via a blood pressure transducer (TSD104A) and amplifier
(MP150, DA100C, BIOPEC, Goleta, USA). The trachea was
cannulated but not immobilized, to avoid respiratory tract
congestion and a catheter was inserted into the left jugular
vein for solution. A 2-mm-diameter polyurethane tube
attached to a 1-cm-diameter latex balloon was inserted into
the stomach through the mouth and esophagus. A syringe
was attached to the cannula to inflate and deflate the balloon
with water. The balloon was filled with 0.5–1.5 mL warm-
water (37◦C), which is equal to 80–150 mm H2O pressure,
and the pressure was measured by a transducer connected
to an amplifier through a thin polyethylene tube (1.5-mm
in o.d.) and recorded by a multichannel data acquisition
workstation (Micro1401-3, Cambridge Electronic Design,
England). Offline data analysis was conducted with spike2
software. Semifasting gastric motor activity was recorded
as a control for at least 1 hour before somatic stimula-
tion. C57BL/6J or NR2A knockout mice (6–8 weeks) were
purchased from Riken Bioresource Center, Japan and were
treated with the protocol similar to the above.

2.2. Microinjection in DMV. A glass micropipette (i.d.:
0.04 mm; o.d.: 0.12 mm; WPI, Sarasota, USA) with a tip
diameter of ∼30 µm was stereotaxically placed at 0.1 to
0.6 mm rostral to calamus scriptorius (CS), 0.3 to 0.6 mm
lateral from the midline, and 0.5 to 0.9 mm below the
dorsal surface of the medulla. Microinjections of glutamate
or GABA receptor (GABAR) antagonist were performed

bilaterally via a Hamilton syringe (Mode 75) connected
to the micropipette, with the movement of the meniscus
monitored by a dissecting microscope. Injections were given
in volumes of 20 nL over a period of 10–15 seconds. Somatic-
stimulation-evoked responses were repeated 5 minutes after
the DMV microinjection. The locations of microinjection
were confirmed by histological verification.

2.3. Histological Verification of Injection Sites. The microin-
jection site in the brainstem was marked by pontamine sky
blue. After fixing in vivo with 2% paraformaldehyde and 1%
glutaraldehyde in 0.1 M PBS (pH 7.4), the brainstem was
sectioned at 30 µm, and the sections were stained with 0.3%
neutral red. The marked microinjection site was located by
microscopic examination. Only those data with histological
and chemical confirmation were accepted.

2.4. Electroacupuncture. The stimulation electrode was
placed at ST36, a hind limb point at which electroacupunc-
ture or manual acupuncture enhances gastric motility [20].
Based on the descriptions in previous reports [21], the
location is on the anterolateral side of the hind limb near
the anterior crest of the tibia below the knee under the
tibialis anterior muscle. This point was bilaterally stimulated
with a 2-3 mA pulse of 0.5 ms duration at a frequency
of 4 Hz for 30 seconds or 20 min by a pair of needle-
electrodes inserted 3 mm depth into the skin. As a control,
we selected CV12 which is located on the median line of
the upper abdomen, 1.5 cm above the umbilicus, and could
inhibit gastric motility [19]. The abdomen point was also
inserted to a depth of 3 mm and stimulated with the same
protocol. The electrical current for somatic stimulation was
generated by a stimulator (SEN-7203, NIHON KOHDEN,
Tokyo, Japan). For the recording of intragastric pressure in
vivo, electroacupuncture was given at least 1 hour after stable
basal recording or 10 min after drug administration. In brain
slice experiments, we stimulated ST36 for 20 minutes in rats
with retrograde labeling after anesthetization and then cut
brain slices.

2.5. Retrograde Labeling. Retrograde neuronal tracer 1,1′-
dioctadecyl-3,3,3′,3′-tetramethylindocarbocyanine perchlo-
rate (DiIC18(3); DiI) (Molecular Probes) was used to label
gastric-projecting neurons of the DMV in 14-day-old male
Sprague Dawley rats (Institute of Laboratory Animal Sci-
ences, CAMS and PUMC, Beijing, China). As described
previously [11, 22], after anesthetizing deeply with urethane
and performing an abdominal laparotomy, DiI crystals were
applied to one gastric region per rat (either the major
curvature of the fundus or corpus or the antrum-pylorus).
To confine the site of application, the crystals were embedded
to the application site using a fast-settling epoxy resin that
was allowed to harden for several minutes. After closing the
laparotomy with 5/0 suture, the animals were placed in the
chamber warmed under a radiant heat lamp until normal
activity was restored. The animals were then returned to their
home cages and allowed to recover for 10–15 days before
brain slices were collected.
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2.6. Brain Slice Preparation. Thin brainstem slices were pre-
pared from retrograde-labeled rats as described previously
with several modifications [11, 22]. Briefly, the rat was
sacrificed after being deeply anesthetized with urethane.
The whole brain was then removed and placed in ice-
cold artificial cerebrospinal fluid (ACSF) containing (mM):
124 NaCl, 3 KCl, 1.25 NaH2PO4, 1.3 MgSO4, 2 CaCl2,
26 NaHCO3, 10 glucose, bubbled with 95% O2/5% CO2,
osmolality 300–310 mOsm. After removing the cerebellum,
the brainstem was transected rostrally at the level of the pons
and again at a point several millimeters caudal to the CS. A
vibratome (VT1200S, Leica, German) was used to cut four to
five coronal slices (250 µm thickness) containing the DMV.
The slices were incubated at 37◦C for at least 45 minutes in
oxygenated ACSF before use.

2.7. Whole Cell Recording. A single slice was transferred to
the recording chamber and kept in place with a slice
anchor (Warner Instruments, Hamden, USA). The retro-
grade-labeled DMV neurons were identified under a Nikon
E600 microscope (Nikon, Tokyo, Japan) equipped with
tetramethylrhodamine isothiocyanate epifluorescence filters.
Electrophysiological recordings were made under brightfield
illumination after the identity of a labeled neuron was
confirmed. The slice was continuously superfused with oxy-
genated ACSF (2 mL/min) at room temperature. Recording
solution containing (in mM): 145 K-gluconate, 7.5 KCl,
9 NaCl, 1 MgSO4, 10 HEPES, 0.2 EGTA, 2 Na-ATP, 0.25
Na-GTP, adjusted to pH 7.4 with KOH, osmolality 290–
300 mOsm, was used to back-fill recording electrodes (DC
resistance: 5–7 MΩ). Currents were recorded with a Mul-
tiClamp700B amplifier (Molecular Devices) and filtered at
2 kHz with a lowpass filter, and data were digitized at 10 kHz
and stored online using the pClamp10 software.

For recording of mini-EPSC (mEPSC), the perfusion
solution contained 30 µM bicuculline and 1 µM TTX, and the
membrane was held at −60 mV. Data were analyzed with the
Mini Analysis program (Synaptosoft, Leonia, USA).

For electrical stimulation-induced EPSCs, a concentric
tungsten bipolar stimulating electrode (WPI, Sarasota, USA)
was placed in the centralis or medialis subnuclei of the NTS.
Single stimulus pulse (200 µs, 10–500 µA) or pairs of stimuli
(200 µs, 10–500 µA, 100 ms interval) were applied every 20
seconds to evoke EPSCs. The above stimulation intensity is
a range which can induce 50% of maximum AMPAR- or
NMDAR-mediated EPSC. Series resistance ranged from 12
to 16 MΩ, and input resistance is 260–290 MΩ. The series
and input resistances were monitored using voltage steps
(5 mV, 50 ms) at 20-second intervals throughout the whole
recording. If the membrane resistance changes more than
20% relative to an initial 3-minute period of recordings, the
neuron will be rejected from the statistical analysis. Non-
NMDAR- (AMPA/kainite-) and NMDAR-mediated EPSCs
were recorded at a holding potential of −60 mV and
+40 mV. 30 µM bicuculline or 20 µM 6,7-dinitroquinoxaline-
2,3-dione (DNQX) was bath-applied to block GABAR or
AMPA receptor (AMPAR) current. 5 mM QX314 was added
to recording solution to prevent antidromically activated
action potentials. Neurons were allowed to recover fully

between additions of antagonists (minimum washout period
of 10 minutes). Antagonists were superfused for at least 5
minutes. All chemicals or drugs are purchased from Sigma-
Aldrich (St Louis, USA) if not stated otherwise.

2.8. Data Analysis. Data are shown as mean ± SEM. For sig-
nificance evaluation, data sets with normal distribution were
analyzed by paired or unpaired t test for two groups or one-
way ANOVA followed by q test or Dunnett’s test for more
than two groups, and P < 0.05 was considered statistical
significance.

3. Results

3.1. Electroacupuncture at ST36 Increases Gastric Motility
through Activating DMV Neurons. To determine whether
electroacupuncture at ST36 may affect gastric motility in
rats, we designed an experiment in which an electrical
stimulation with 2-3 mA pulse of 0.2 ms duration at a
frequency of 4 Hz was applied to ST36 or CV12. As shown
in Figure 1(a), gastric pressure was dramatically increased
by the low frequency stimulation at ST36. On the contrary,
stimulating CV12 caused a marked reduction in gastric
pressure. On average, gastric pressure was increased 24.15 ±
1.02 mm H2O (P < 0.05, n = 9) by stimulation at ST36,
but decreased 13.43 ± 3.16 mm H2O (P < 0.05, n = 9)
by stimulating CV12. Thus, these data suggested that low
frequency stimulation at ST36 can regulate gastric motility
in a location-specific manner.

To identify the role of glutamate or GABA receptors
of DMV neurons in mediating the enhancement of gastric
motility by electroacupuncture at ST36, we stereotaxically
microinjected antagonists for either GABAa receptor bicu-
culline (2 nL, 30 µM), or glutamate receptor including
DNQX (2 nL, 20 µM) for AMPARs and AP5 (2 nL, 50 µM)
for NMDARs into DMV. The increased gastric pressure
induced by stimulating ST36 was significantly reduced by
AP5 (2.18 ± 1.85 mm H2O, P < 0.05, n = 9), but not by
bicuculline (25.89 ± 3.07 mm H2O, P > 0.05, n = 9) or
DNQX (23.47 ± 2.05 mm H2O, P > 0.05, n = 9) (Figures
1(a) and 1(b)), suggesting that low frequency stimulation at
ST36 increases gastric motility through activating NMDARs,
rather than AMPARs or GABARs in DMV neurons.

3.2. Electroacupuncture at ST36 Enhances NMDAR-Mediated
EPSCs in Gastric-Projecting DMV Neurons. To address
whether electroacupuncture at ST36 specifically affects the
NMDAR-mediated synaptic responses in gastric-projecting
DMV neurons, we first used a retrograde tracing marker to
label gastric-projecting DMV neurons. Similar to previous
reports [11, 23, 24], a majority of labeled neurons were
localized at the medial DMV and had small somas and few
branches (Figure 2(a)). We then stimulated ST36 for 20
minutes in rats with retrograde labeling, and carried out
whole cell recording in acute brainstem slices. In labeled
DMV neurons, NMDAR-mediated EPSC in ST36 group was
significantly larger than that in the control group without
stimulation (91.49 ± 8.12 pA versus 68.50 ± 4.76 pA, P <
0.05, n = 12) (Figures 2(b) and 2(c)). By contrast, no
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Figure 1: Low frequency stimulation at ST36 increases intragastric pressure. (a) Representative waves of intregastric pressure of rats induced
by stimulating CV12 and ST36 with or without AP5, DNQX, or bicuculline. (b) Summarized data for the effect of low frequency stimulation
at CV12 and ST36 with or without AP5, DNQX, or bicuculline on intragastric pressure. ∗P < 0.05, n = 9 for each group, one-way ANOVA
followed by Dunnett’s test.
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Figure 2: Low frequency stimulation at ST36 increases NMDAR-mediated EPSCs in gastric-projecting neurons. (a) Representative gastric-
projecting neuron which is labeled with retrograde tracer. Left: under fluorescent light; right: under bright-field illumination. The arrows
point to the same neuron. Calibration bar: 20 µm. (b) Representative traces of labeled and unlabeled neurons in the brain slices from rats
with and without low frequency stimulation at ST36. (c) NMDAR-mediated EPSCs are increased in labeled neurons from the stimulated rats.
∗P < 0.05, compared to unlabeled neurons from the stimulated rats, unpaired t test; #P < 0.05, compared to the labeled neurons from control
rats (without stimulation), n = 12, unpaired t test. (d) The low frequency stimulation at ST36 does not change AMPA-receptor-(AMPAR-)
mediated EPSCs in either labeled or unlabeled neurons, unpaired t test.
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significant difference was found in AMPAR-mediated EPSCs
between ST36 and control groups in labeled DMV neurons
(170.58±11.74 pA versus 181.37±4.19 pA, P > 0.05, n = 12)
(Figures 2(b) and 2(d)). On the other hand, neither NMDAR
nor AMPAR mediated EPSC in unlabeled DMV neurons
had significant changes in either ST36 or control group
(NMDAR-mediated EPSC: 69.17 ± 4.31 pA for stimulated
versus 71.03±5.89 pA for control, P > 0.05, n = 12; AMPAR-
mediated EPSC: 182.05 ± 2.98 pA for stimulation versus
171.27±8.42 pA for control, P > 0.05, n = 12) (Figures 2(b)–
2(d)). As shown in Figure 2(e), AMPA/NMDA current ratio
of labeled neurons in ST36 group decreased significantly
compared to the unlabeled neurons (1.89 ± 0.10 for labeled
neurons versus 2.39 ± 0.09 for unlabeled neurons, P < 0.05,
n = 12); in control, no significant different between labeled
or and unlabeled neurons was found (2.33± 0.06 for labeled
neurons versus 2.40 ± 0.07 for unlabeled neurons). Thus,
these results demonstrated that low frequency stimulation
at ST36 selectively increased the NMDAR-mediated synaptic
responses in gastric-projecting DMV neurons.

3.3. Electroacupuncture at ST36 Increases NMDAR-Mediated
Synaptic Transmission through Presynaptic Regulation. It is
well documented that excitatory amino acid inputs from the
NTS mediate vagal gastric motor excitation via NMDA and
kainite/AMPA receptors in vagal motor neurons [25, 26].
Having identified that low frequency stimulation at ST36
increased NMDAR-mediated EPSCs between NTS and DMV
EPSC, we went on to identify the pre- or postsynaptic
mechanism responsible for the impact of electroacupuncture
at ST36 on synaptic transmission. At first, mEPSCs were
recorded in acute brainstem slices from rats subjected to
ST36 stimulation. Although mEPSC amplitude did not
differ between retrogradely labeled and unlabeled DMV
neurons (51.41 ± 8.02 pA versus 50.07 ± 5.12 pA, P > 0.05,
n = 11) (Figures 3(a)–3(d)), the frequency of mEPSC was
significantly greater in labeled neurons (labeled neurons:
2.43 ± 0.07 Hz versus unlabeled neurons: 1.64 ± 0.05 Hz,
P < 0.05, n = 11) (Figures 3(a)–3(c), and 3(e)). In control
animals without somatic stimulation, we did not observe
any significant difference in either mEPSC amplitude or
frequency between labeled and unlabeled DMV neurons
(amplitude: 51.38 ± 6.29 pA and frequency: 1.78 ± 0.10 Hz
for labeled neurons versus 51.67±9.88 pA and 1.74±0.07 Hz
for unlabeled neurons, P > 0.05,n = 8) (Figures 3(a), 3(b),
3(d), and 3(e)).

In addition, we assessed the site of action by measuring
the ratio of the amplitudes of two postsynaptic currents in
DMV neurons using a paired-pulse protocol. By delivering
paired-pulse (10 Hz) stimulation to presynaptic NTS, we
consistently observed a substantial change in paired-pulse
ratio (PPR) of NMDAR-mediated currents in labeled and
unlabeled neurons. As shown in Figures 4(a) and 4(c),
the PPR of NMDAR-mediated EPSCs recorded from the
retrogradely labeled DMV neurons was significantly larger in
ST36 group than that in control (1.03 ± 0.11 versus 0.71 +
0.02; P < 0.01, n = 10). In fact, there was a paired-pulse
facilitation in labeled neurons compared to paired-pulse
depression in unlabeled neurons. For the ST36 group, there

was also a significant difference between PPR of NMDAR-
mediated EPSCs in labeled and unlabeled neurons (1.03 ±
0.11 for labeled neurons versus 0.74 ± 0.07 for unlabeled
neurons, P < 0.01, n = 10) (Figures 4(a) and 4(c)). By
contrast, there was little changes in PPR of AMPAR-mediated
EPSCs after ST36 stimulation, as the PPR recorded from
labeled neuron in stimulated rats was not different with
that either recorded from labeled neurons in the control
group or unlabeled neurons in ST36 group (0.66 ± 0.04
for labeled neurons in ST36 group versus 0.72 ± 0.07 for
labeled neurons in control; and 0.69 ± 0.07 for unlabeled
neurons: P > 0.05, n = 10) (Figures 4(a)–4(d)). Given that
a PPR change is indicative of a presynaptic site of action
[27], these data suggested that stimulating ST36 increased
NMDAR-mediated synaptic transmission via a presynaptic
mechanism.

3.4. Electroacupuncture at ST36 Inhibits Presynaptic µ-Opioid
Receptors. Previous evidence indicates that increasing activ-
ity of the presynaptic µ-opioid receptors attenuates the exci-
tatory synaptic transmission from the NTS to GI-projecting
DMV neurons [28]. Here we set out to detect whether stim-
ulating ST36 can affect presynaptic µ-opioid receptors and
hence increase NMDAR-mediated synaptic transmission. As
shown in Figures 5(a) and 5(c), the NMDAR-mediated
EPSCs in labeled neurons were significantly reduced by
perfusion of the brain slice with a competitive agonist of
µ-opioid receptors, D-Ala2, N-MePhe4, Gly5-ol-enkephalin
(DAMGO) (95.73 ± 4.89 pA versus 70.34 ± 7.22 pA. P <
0.05, n = 12–14), and the reduction in NMDAR-mediated
EPSCs by DAMGO was reversed by 0.2 µm naloxonazine,
a selective µ-opioid receptor antagonist (93.39 ± 3.97 pA,
n = 14). In addition, we found that the enhanced PPR by
ST36 stimulation was abolished by DAMGO (stimulation:
1.12 ± 0.10 versus stimulation + DAMGO: 0.78 ± 0.13. P <
0.05, n = 7-8), and reversed by naloxonazine (1.18 ± 0.09,
P < 0.05, n = 7) (Figures 5(b) and 5(d)). Taken together,
these data suggested that low frequency stimulation at ST36
inhibits the presynaptic µ-opioid receptor.

3.5. Electroacupuncture at ST36 Increases NR2A-Containing
NMDAR-Mediated Synaptic Transmission of Gastric-Projec-
ting DMV Neurons. To further characterize the role of
specific subunits of NMDAR in mediating regulation of
gastric motility by stimulating ST36, we applied selective
antagonists which block either NR2A or NR2B containing
NMDARs during whole-cell recording in the retrograde
labeling neurons. Figures 6(a) and 6(b) show that in the
presence of a NR2A-specific antagonist, ((R)-((S)-1-(4-bro-
mophenyl)-ethylamino)-(2,3-dioxo-1,2,3,4 -tetrahydro-
quinoxalin-5-yl)-methyl)-phosphonic acid (NVP-AAM077)
(0.4 µM), the facilitation of NMDAR-mediated EPSCs
induced by ST36 stimulation in labeled neurons was abol-
ished completely (stimulation: 95.73 ± 4.89 pA, n = 12;
NVP-AAM077: 70.47±7.87 pA, n = 8; P < 0.05). Conversely,
no significant difference was observed between pre- and
postapplication of 3 µM ifenprodil, a NR2B antagonist
[29] (92.59 ± 4.07 pA, n = 7). Another NR2B-specific
antagonist Ro25-6981 (0.5 µM) [30] also did not cause
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Figure 3: Low frequency stimulation at ST36 increases frequency of mEPSC. (a) Representative traces of mEPSC. (b) Cumulative plots of
mEPSC amplitude and frequency of control. (c) Cumulative plots of mEPSC amplitude and frequency of low frequency stimulation at ST36.
(d) Summarized amplitudes of mEPSC of labeled and unlabeled neuron in control and stimulated group. Unpaired t test shows no significant
difference between labeled and unlabeled neurons in both groups. (e) Summarized frequencies of mEPSC of labeled and unlabeled neuron
in control and stimulated rats. ∗P < 0.05, compared to the unlabeled neurons from the stimulated rats; #P < 0.05, compared to the labeled
neurons from control; n = 8–11, unpaired t test.
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Figure 4: Low frequency stimulation at ST36 decreases paired-pulse ratio (PPR) of NMDAR-mediated EPSC. (a), (b) Representative traces
of NMDAR- or AMPAR-mediated EPSC induced by paired-pulse stimulation in NTS. (c) ST36 stimulation decreases PPR of NMDAR-
mediated EPSC in labeled DMV neurons. ∗∗P < 0.01, compared to the unlabeled neurons from the stimulated group; ##P < 0.01, compared
to the labeled neurons from control; n = 10, unpaired t test. (d) ST36 stimulation fails to cause significant change of PPR of AMPAR-
mediated EPSC in labeled and unlabeled neurons in both groups, unpaired t test.

a significant change in evoked NMDAR-mediated EPSCs
(95.39 ± 7.94 pA, n = 7), suggesting that NR2A-containing
NMDARs are essential for NMDAR-mediated increase of
gastric motility by stimulating ST36.

3.6. NVP-AAM077 Microinjection Diminishes the Enhance-
ment of Gastric Motility Induced by Electroacupuncture at
ST36 in Anesthetized Rats and Transgenic Mice. To examine
whether these findings for the role of NR2A-containing
NMDARs observed in vitro could be reproduced in vivo,
NVP-AAM077 (2 nL, 0.4 µM) was microinjected into DMV
before ST36 stimulation in anesthetized rats. As shown in
Figures 7(a) and 7(b), the increase of the intragastric pressure
induced by stimulating ST36 was diminished significantly
after microinjection of NVP-AAM077 (135.15±7.06% versus
87.04 ± 8.32%, P < 0.05, n = 5). To further verify a specific
role of NR2A in mediating the regulation of gastric motility
by stimulating ST36, we performed the same stimulation

protocol in both wild-type and NR2A knockout mice. As
shown in Figures 7(c) and 7(d), low frequency stimulation
at ST increased gastric motility in the wild-type littermates,
but not in the NR2A knockout mice (100.00± 3.96%, versus
67.97 ± 4.13%, P < 0.01, n = 5), providing additional
evidence that NR2A-containing NMDARs of DMV neurons
are required for the increase of gastric motility induced by
stimulating ST36.

4. Discussion

In the present study, we discovered that NMDARs of gastric-
projecting DMV neurons play a critical role in mediating the
enhancement of gastric motility induced by electroacupunc-
ture at ST36 in anesthetized rats. Stimulating ST36 enhances
NMDAR-mediated synaptic transmission through inhibiting
presynaptic µ-opioid receptors. We also determined that
the enhancement of NR2A-containing NMDAR-mediated
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Figure 5: µ-opioid receptor agonist DAMGO abolishes the increase in NMDAR-mediated EPSC induced by low frequency stimulation
at ST36. (a) Representative traces of NMDAR-mediated EPSC. (b) The increase of NMDAR-mediated EPSC in labeled DMV neurons
induced by ST36 stimulation is reduced by bath perfusion of µ-opioid receptor agonist DAMGO and reversed by a specific µ-opioid receptor
antagonist naloxonazine. ∗P < 0.05, compared to control; #P < 0.05, compared to the stimulated rats, n = 12–14, one-way ANOVA followed
by q test. (c) Representative traces of NMDAR-mediated EPSC induced by paired-pulse. (d) The PPR decreased by ST36 stimulation is
increased by DAMGO. ∗P < 0.05, n = 7-8, compared to ST36 stimulation and ST36 stimulation with naloxonazine, one-way ANOVA
followed by q test.
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Figure 6: The increased NMDAR-mediated EPSC by low frequency stimulation at ST36 is diminished by NR2A antagonist NVP-AAM077.
(a) Representative trace of NMDA-mediated EPSC with ST36 stimulation and different drugs. (b) The increased NMDAR-mediated EPSC
by ST36 stimulation is diminished by NR2A antagonist NVP-AAM077, but not by NR2B antagonist ifenprodil and Ro25-6981. ∗P < 0.05,
n = 7–12, one-way ANOVA followed by Dunnett’s test.
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Figure 7: NVP-AAM077 microinjection of DMV reduced intragastric pressure enhanced by low frequency stimulation at ST36. (a)
Representative waves of intragastric pressure under different conditions in anesthetized rats. (b) NVP-AAM077 abolishes the increase of
intragastric pressure caused by ST36 stimulation. ∗P < 0.05, n = 5, one-way ANOVA followed by q test. Dotted line represents the control.
(c) Representative waves of gastric motility of NR2A knockout mouse and its littermate wildtype. (d) ST36 stimulation increases intragastric
pressure in wildtype mice but not in NR2A knockout mice. ∗∗P < 0.01, n = 5, unpaired t test.

synaptic transmission between NTS and gastric-projecting
DMV neurons is an absolute requirement for this potent
regulation of gastric motility. Therefore, our study unveiled
a novel molecular mechanism by which stimulating ST36
upregulates gastric motility via the vagal pathway.

Somatovisceral reflexes responsible for regulation of vis-
ceral organs are strongly associated with the effects of
acupuncture. Application of acupuncture to the abdominal
region inhibits gastric motility in anesthetized rats via a
spinal reflex that activates sympathetic efferent nerve fibers,
while stimulating a limb increases gastric motility via a
supra-spinal reflex that activates vagal nerve fibers [19, 31,
32]. Here, we found that low frequency stimulation at ST36
can significantly increase gastric motility, but stimulating
CV12 decreases gastric motility significantly. Our results are
consistent with previous reports and provide strong support
for the location specificity of somatic stimulation in regu-
lating gastric motility.

It is well documented that somatic stimulation upreg-
ulates gastric motility through the vagal reflex pathway [5,
19]. However, little is known regarding the anatomic circuit

and functional changes underlying the somatic stimulation
induced regulation of gastric motility. In the vagal reflex
pathway, DMV plays a pivotal role in controlling the motility
of the GI tract, as it sends efferent projections to the GI
tract. NTS neurons also regulate gastric motility by providing
direct inhibitory and excitatory inputs to preganglionic
parasympathetic neurons in the DMV. Based on previous
studies in brainstem slice preparations, endogenously occur-
ring glutamate and GABA are the major neurotransmitters
controlling the excitability of DMV motor neurons [24],
while their inhibitory and excitatory effects on the excitabil-
ity of DMV neurons are mediated directly via activation
of postsynaptic GABAa receptors and both NMDA- and
non-NMDA-type glutamatergic receptors [26, 33, 34]. Our
finding that the increase in intragastric pressure induced
by low frequency stimulation at ST36 was diminished
by NMDAR antagonist AP5 indicates that low frequency
stimulation at ST36 upregulates gastric motility through the
excitatory synaptic transmission between NTS and DMV,
especially through NMDARs rather than non-NMDARs of
DMV neurons.
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The distinct distribution and morphology are character-
istics of a subpopulation of DMV neurons that project to the
stomach [13]. Our finding that stimulating ST36 enhances
NMDAR-mediated EPSCs specifically in the retrogradely
labeled neurons suggests that NMDARs of gastric-projecting
DMV neurons mediate the regulation of gastric motility by
somatic stimulation. We also determined that the ST36 stim-
ulation induced enhancement of NMDAR-mediated synap-
tic transmission in DMV neurons is through presynaptic
regulation, and propose inhibition of presynaptic µ-opioid
receptors as one of the potential mechanisms. This hypoth-
esis is supported by previous observations that opioid pep-
tides attenuate excitatory synaptic transmission to gastric-
projecting DMV neurons via interactions with presynaptic
µ-opioid receptors [27]. In addition, opioid pathway may
contribute to long-lasting effects of acupuncture on gastric
motility [35]. The current result that µ-opioid receptor
agonist DAMGO inhibited EPSCs of the gastric-projecting
DMV neurons also suggests that increasing NMDAR-medi-
ated synaptic transmission may be attributed to the inhi-
bition of presynaptic µ-opioid receptors. However, the data
that low frequency stimulation at ST36 did not change
AMPAR-mediated synaptic transmission implies that other
mechanisms might be involved and also need to be clarified
in the future.

In the present work, we demonstrate that NMDAR-
mediated excitation of DMV neurons evoked by ST36
stimulation is primarily mediated by NR1/NR2A receptors,
as NR2A preferential antagonist in vitro decreases NMDAR-
mediated synaptic response and in vivo abolishes the increase
of gastric motility induced by low frequency somatic stim-
ulation. The observed involvement of NR2A receptors in
NMDAR-mediated upregulation of gastric motility by low
frequency stimulation at ST36 is in agreement with previous
reports that, in the adult brainstem, NR2A is predominantly
expressed among the four NR2 subunits [36, 37] and the
functional change in NMDAR properties is correlated with
an increase in the NR2A subunit ratio [37, 38].

5. Conclusions

To sum, our study establishes that low frequency somatic
stimulation at ST36 enhances NMDAR-mediated synaptic
transmission via suppressing presynaptic µ-opioid receptors,
and in turn increases NR2A-containing NMDAR-mediated
synaptic transmission in gastric-projecting DMV neurons.
While future studies are needed to clarify how low frequency
stimulation at ST36 inhibits presynaptic µ-opioid receptors
and thus increases NMDAR-mediated synaptic transmission,
our data provide an important insight into the mechanism
for ST36 stimulation enhanced gastric motility. In the future,
this finding may also help to develop treatment strategy for
gastric motility disorders by an NR2A-containing NMDAR-
based activation approach.
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The purpose of this study was to evaluate the effect of laser acupuncture (LA) and soft cupping on low back pain. In this study, the
subjects were randomly assigned to two groups: active group (real LA and soft cupping) and placebo group (sham laser and soft
cupping). Visual analog scale (VAS) and Ryodoraku were used to evaluate the effect of treatment on low back pain in this trial.
Laser, 40 mW, wavelength 808 nm, pulse rate 20 Hz, was used to irradiate Weizhong (BL40) and Ashi acupoints for 10 minutes.
And the Ryodoraku values were measured 2 times, that is, before and 15 minutes after treatment. The results show that there were
significant difference between the first day baseline and the fifth day treatment in VAS in the two groups. Therefore, LA combined
with soft cupping or only soft cupping was effective on low back pain. However, the Ryodoraku values of Bladder Meridian of the
placebo group have been decreased apparently, and didn’t come back to their original values. It means that “cupping” plays the role
of “leak or purge” in traditional Chinese medicine (TCM). On the other hand, the Ryodoraku values of Bladder Meridian of the
active group have been turned back to almost their original values; “mend or reinforcing” effect is attributed to the laser radiation.

1. Introduction

Most people often disregard the severity and the impact of
low back pain (LBP). However, the influences of LBP can
be very widespread, especially in the aspect of quality of life.
And the impact of LBP will lead to spinal instability finally. It
will produce more uncomfortable status and lead to chronic
LBP eventually [1].

Acupuncture was the oldest and also an important ther-
apy of TCM. It has been accepted for pain relief, and it was
regarded as a complementary therapy in most countries [2].
At present, there was sufficient evidences to prove the clinical
value of acupuncture [3, 4] and encourage further studies
to elucidate the relationship between physiological changes
and clinical outcomes. For instance, needle acupuncture
has 80% subjective improvement on osteoarthritis of the
knee [5]. Moreover, various studies have shown that needle

acupuncture has efficacy for the treatment of long-term
disease of neck pain [6]. Ahsin et al. also showed that the
electroacupuncture active group was more effective than the
placebo group for improvement of stiffness and disability
on osteoarthritis of the knee [7]. However, for those people
who were afraid of needles, they do not will to endure the
tingling of acupuncture. Some researchers tried to replace
the needles by using laser; therefore, it was called ”laser
acupuncture” (LA). LA has the characteristics of being
noninvasive, noninfectious, easy to use, and it can avoid the
pain and psychological fear of traditional acupuncture. Thus,
LA was chosen in this trial.

After laser biostimulation was published by a Hungarian
professor, Dr. Mester, in 1969, low level laser therapy (LLLT)
has gradually gained popularity from eastern Europe to
the whole world. Many scholars also used Nd:YAG laser
or semiconductor diode laser as laser source to treat lower
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back pain and musculoskeletal back pain [8, 9]. In 2002,
Molsberger et al. showed that acupuncture (fixed points)
plus conventional orthopedic therapy versus sham plus
conventional orthopedic therapy was statistically significant
(P = 0.013) after test [10]. LA was widely used for treatment
of acute or chronic pain, such as chronic myofascial pain
in the neck [11]. Shen et al. showed that the pain of
osteoarthritis was reduced on active laser treatment group
[12]. There was another therapy called cupping, and it
can remove the wind-cold-dampness, stagnant blood. In
addition, the combination of acupuncture and cupping was
an appropriate therapy with a shorter treatment course [13].
After conducting the LA and cupping in the painful area,
it can facilitate the flow of QI in meridians. According to
Arndt-Schulz Biological Law [14], when energy densities
were too small, no significant effect can be observed.
Higher energy densities resulted in the inhibition of cellular
functions. Thus, low energy laser was used in this study.

The Ryodoraku (meridian) theory was developed by
Nakatani [15], and the values of Ryodoraku can reflect the
conditions of the relative meridians and organs by analyzing
and comparing their changes with microelectrical current.
The Ryodoraku gives a clear definition of its measuring.
The electrical current between two acupoints was larger
than 90 µA or smaller than 50 µA, and it represented their
the relative meridian is excess syndrome or deficiency
syndrome, respectively. In 1998, Ulett et al. noted that
acupuncture includes many techniques such as acupressure,
shiatsu, laser acupuncture, Ryodoraku, electro-acupuncture,
and more [16]. In 2003, Wang et al. used acupuncture
with Ryodoraku for hypertension patients, and the result
indicated that the Ryodoraku value, blood pressure, and
pulse rate were reduced after stimulating at Zusanli acupoints
[17]. In the study of Sancier, the subjects practiced QI
gong approximately five hours for two days, and the results
revealed that the balance of improvement of body energy for
the group was observed through the Ryodoraku value [18].
In 2005, Weng et al. used Ryodoraku to evaluate the effect of
tennis elbow pain and back pain [19, 20].

Furthermore, the LA plus soft cupping on the efficacy of
back pain has not been published yet. And to measure the
Ryodoraku of the meridians of the subjects is a good way to
understand the variation of meridians before and after using
laser acupuncture and soft cupping [15]. Thus, in this study,
low level laser acupuncture and soft cupping were used to
stimulate the patient’s acupoints, and Ryodoraku and VAS
were used to evaluate the improvement of the symptoms of
chronic LBP.

2. Materials and Methods

2.1. Subjects. A total of 60 patients of either sex with LBP
for at least three months were recruited in the study from
Taipei Municipal Chung-Hsin Hospital. Ethical approval was
granted by Taipei Municipal Chung-Hsin Hospital ethical
committee. All the patients were diagnosed by a doctor.
The patients with other complications like heart attack,
kidney problem, including pregnancy, were excluded from
this study. They were randomly assigned to active group

Measurement procedure

Rest

10 min

Test 1

5 min

LA

soft cupping

10 min

Rest

15 min

Test 2

5 min

+

Figure 1: Protocol in this study.

Weizhong
(BL40)

Figure 2: Weizhong (BL40) acupoint.

(real LA with soft cupping) and placebo group (sham LA
with soft cupping). After the diagnosis, each patient included
in the study was explained the procedure of study. Written
informed consent was taken, and relevant history of each
patient was recorded.

2.2. Procedure. All patients lied down on the bed in the
room air-conditioned (25◦C) and kept quiet. The protocol
in this study was followed in Figure 1. Every patient received
one treatment (five continuous days). First, we recorded
the visual analog scale and measured the Ryodoraku values
for all patients before the trial. Second, we used 4-channel
laser therapy instrument LA400 (manufactured by United
Integrated Services Co., Ltd., Taiwan) to treat Weizhong
acupoints (BL40) on two feet and Ashi points on dorsal
for 10 minutes, see Figures 2 and 3. The sham group has
the same procedure as the laser group, however, without
laser radiation. The two groups also received soft cupping
treatment at the same time. After treatment the patients took
a break of about 15 minutes; finally, we recorded the VAS and
measured the Ryodoraku values again.

2.3. Instrument. The depth of penetration of laser varies with
wavelength. Generally, near infrared light has deeper tissue
penetration than that of the visible light. The laser therapy
instrument LA-400 that operated with a pulsed laser beam
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Figure 3: The treatment combining LA with soft cupping in this
study.

(40 mW output power, wavelength 808 nm, spot size 0.8 cm2,
pulse rate 20 Hz, 50% duty cycle of the pulse, 10 minutes
treatment) was used in this study. Thus, the dosage in this
study is approximately 15 J/cm2.

2.4. Measurement. A Ryodoraku measurement device, Hea-
lth Director, Model HD747, manufactured by Nay Yuan
technology Co., Ltd. in Taiwan, was used in this study.
According to the instruction, when the current was less
than 50 µA, it represented that the relative meridian was
“deficiency” syndrome, when the current was greater than
90 µA, it represented that the relative meridian was “excess”
syndrome. The average and standard error of such values
were determined and expressed as “Mean ± STD” for
statistical analysis.

2.5. Statistical Analysis. The scores of VAS in each group
before and after the treatment were compared with paired-
sample t-test. The 12 meridians, lung, pericardium, heart,
small intestine, triple energizer, large intestine, spleen, liver,
kidney, bladder, gallbladder and stomach, of groups were
analyzed by using the paired-sample t-test. The difference
between the values of patients in the two groups measured
before and after treatment was analyzed. All the statistical
tests were two-tailed. A statistical significance was recognized
as P value <0.05.

3. Results

In this study, 60 patients who have chronic LBP were
recruited, in total. 28 patients were recruited for active
group of which 21 completed the study protocol. In the
control placebo (or sham) group, 29 patients were recruited
in total, but failure to complete was 8, see Figure 4 for
demographic details. There was no significant difference of
age, weight, height, and BMI between the two groups as
shown in Table 1. After the collection of data, we compared
and analyzed the value of active group and placebo group.
Baseline measurements of 12 meridians showed that there
were no significant differences between these two groups as
listed in Table 2.

Table 1: Demographic data for the study groups.

Age Weight (Kg) Height (cm) BMI (kg/m2)

Active
(n= 21)

63.35± 11.23 69.04± 12.17 160.00± 8.74 26.98± 4.33

Control
(n= 21)

64.65± 13.57 64.41± 15.50 159.68± 9.26 25.07± 4.24

The result reveals that the Ryodoraku values of 12
meridians were reduced by cupping in both groups. In active
group, most of the Ryodoraku values of 12 meridians were
reduced in the first day due to the combination of LA and
cupping. On the fifth day, most of the Ryodoraku values
of 12 meridians were raised back to almost original values
due to the irradiation of laser light. However, in placebo
group, most of the Ryodoraku values of 12 meridians were
also reduced on the first day, but not obviously. On the fifth
day, most of the Ryodoraku values of 12 meridians were not
raised back to original values without the irradiation of laser
light. In this study, Weizhong acupoint (BL40) which belongs
to bladder Meridian was chosen. It is worthy to mention
the variations of Ryodoraku value of Bladder Meridian after
treatment in two groups. In active group, the Ryodoraku
value of Bladder was raised back on the fifth day, but it
has not been raised back in placebo group. It means that
“cupping” plays “leak or purge” role in TCM, as shown in
Figure 5. And laser acupuncture plays “mend or reinforcing”
role in TCM.

The VAS scales of all patients are decreased in these two
groups after 5 times of treatment, but it had no significant
difference between these two groups in each treatment,
see Figure 6 and Table 3. However, it had been statistically
significant (P < 0.01) for VAS compared with the first day
and the fifth day in active group and placebo group, see
Tables 4 and 5. The results show that there were significant
differences between the first day baseline and the fifth day
treatment in VAS in the two groups.

4. Discussion

LBP was the most common disease in the world [21].
70%–85% people suffer LBP at some time in life, and the
prevalence per year was 15%–45% [22]. There are many
etiologies of LBP, for example, acute or chronic strain, sprain
contusion, and degenerative disease of lumbar spine. In
our study, most of the patients (42/60) were caused by
degenerative disease of lumbar spine and finally disc pain,
facet pain, or radicular pain happened; others (18/60) were
myofascial pain caused by sprain or strain injury. From TCM
point of view, Xiong et al. used factor analysis to explore
patterns of symptoms and signs from patients with chronic
low-back pain based on the TCM theory. They found that
four factors were extracted from LBP patients, including (1)
Qi and/or blood stagnation, (2) cold/damp, (3) a part of
“kidney deficiency,” and (4) warm/heat [23]. The research of
Sherman et al. also showed that Qi and blood stagnation or
Qi stagnation was found for 85% of LBP patients and kidney
deficiency was found for 33–51% of LBP patients [24].
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Figure 4: Consort flow diagram.
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Figure 5: The change of Ryodoraku value of Bladder Meridian after
treatment in two groups.

Table 3: Comparison of the two groups in VAS in each treatment.

Active group Placebo group P value

First day 5.00± 1.96 5.46± 1.96 0.214

Second day 4.60± 2.11 5.09± 2.12 0.182

Third day 4.03± 2.03 4.49± 1.96 0.126

Forth day 3.60± 1.58 3.85± 1.97 0.088

Fifth day 3.11± 1.54 3.20± 1.84 0.145
∗∗

P < 0.01 by paired-samples t-test.
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Figure 6: Statistics and analysis VAS of patients after the treatment
in two groups.

Table 4: VAS comparison of active group.

Active group

P valueFirst day Fifth day

Before 6.25± 1.75 4.25± 1.72 0.000∗∗

After 5.00± 1.96 3.11± 1.54 0.000∗∗
∗∗

P < 0.01 by paired-samples t-test.

LA was a kind of phototherapy at acupoint similar
to needle acupuncture with different kind of perturbation
energy. Low level laser has been used for acupuncture
treatment to replace traditional acupuncture, and it had been
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Table 5: VAS comparison of placebo group.

Placebo group

P valueFirst day Fifth day

Before 6.54± 2.05 3.72± 1.67 0.000∗∗

After 5.46± 1.96 3.20± 1.84 0.000∗∗
∗∗

P < 0.01 by paired-samples t-test.

reported that LA was effective in many diseases, such as
osteoarthritis of the knees, a kind of degenerative disease
[12]. The near infrared laser range of about 600–1400 nm
was the most suitable wavelength for LA, because it can
infiltrate the skin 2–5 mm, and dosage can be cumulated
if irradiating at the same location. So far, LA combined
with soft cupping treatment on LBP has not been reported
yet, but previous studies have shown that LA can stimulate
acupuncture points [12]. In this study, 60 patients who
have chronic LBP were recruited from outpatient visits,
and 42 patients completed the trial. We recorded the VAS
and measured the Ryodoraku values for all patients before
and after the treatment. There was no significant difference
between these two groups of Bladder Meridian before LA
and soft cupping. But the Ryodoraku value in the active
group was decreased apparently; however, on the fifth day,
it almost returned to original value after laser irradiation,
which might be due to the dosage that was cumulated by LA.
Karu et al. noted the continuing effects and delayed effects of
laser irradiation [25]. We found that the Ryodoraku value of
Bladder Meridian had significantly changed in active group
after the treatment, and it had statistically significance on
first two days. However, there was no statistically significance
of Bladder Meridian on the baseline and the fifth day after
treatment due to the effect of laser acupuncture, as shown
in Figure 5. In addition, the scores of VAS decreased after
the trial in both groups. Besides, the scores of VAS had
statistically significance before and after LA and soft cupping
on the first day baseline and the fifth day in two groups in
this trial.

According to TCM acupuncture theory, some kind of
energy or information worked in our body was called qi.
The source points of Ryodoraku were most associated with
the internal organs in the body and the energetic level of
the meridians. Thus, these points are effective for measuring
meridian energy, or QI. In addition, there were some subjects
who received acupuncture treatment experienced sensations
of soreness for needle acupuncture and obtaining of QI
[26]. We found that the QI-blood can be reactivated after
irradiated with the laser acupuncture at Weizhong acupoint
of Bladder Meridian of Foot Taiyang. According to TCM,
cupping on the human body will cause warm and stimulating
effect on local skin and improved local blood circulation.
It was well known that the Ryodoraku value of Bladder
Meridian would be increased based on the complemental
functions of TCM. Thus, we thought that the improvement
of LA at Weizhong acupoint was similar to the effect caused
by traditional acupuncture. From these studies, we do believe
that continuous treatment with LA for a consecutive time
can improve LBP and influence the relative meridians. And

the results indicated that LA combined with soft cupping at
the Weizhong acupoint and Ashi acupoint can relieve the
symptom of LBP. Therefore, treatment with LA and soft
cupping at the Weizhong and Ashi acupoints was effective
on LBP.

5. Conclusion

After five days, the Ryodoraku values of some meridians
decreased significantly in placebo group. On the other hand,
most of the Ryodoraku values of twelve meridians changed
back to almost original values in active group. The cupping
seems can “leak or purge” the relative meridians, its effect on
relieving low back pain is positive, but the relative meridians
seem to be changed to deficiency syndrome. However, the
laser acupuncture can raise the Ryodoraku values of the
relative meridians. Hence, the findings in this study found
that LA and soft cupping can be a suitable treatment choice
for patients with LBP.
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Here we used a mouse model of zymosan-induced colorectal hypersensitivity, a similar model of IBS in our previous work, to
evaluate the effectiveness of the different number of times of acupuncture and elucidate its potential mechanism of EA treatment.
Colorectal distension (CRD) tests show that intracolonic zymosan injection does, while saline injection does not, induce a typical
colorectal hypersensitivity. EA treatment at classical acupoints Zusanli (ST36) and Shangjuxu (ST37) in both hind limbs for 15
min slightly attenuated and significantly blunted the hypersensitive responses after first and fifth acupunctures, respectively, to
colorectal distention in zymosan treatment mice, but not in saline treatment mice. Western blot results indicated that ion channel
and TrpV1 expression in colorectum as well as ERK1/2 MAPK pathway activation in peripheral and central nerve system might
be involved in this process. Hence, we conclude that EA is a potential therapeutic tool in the treatment and alleviation of chronic
abdominal pain, and the effectiveness of acupuncture analgesia is accumulative with increased number of times of acupuncture
when compared to that of a single time of acupuncture.

1. Introduction

IBS is characterized by chronic abdominal pain and altered
bowel habits in the relative absence of signs of gastroin-
testinal inflammation. The pathophysiology of IBS is likely
multifactorial [1–4], and the mechanism(s) contributing to
discomfort and pain remains unclear, which continues to
stimulate the study of peripheral and central nociceptive
mechanisms and mediators of hypersensitivity.

Acupuncture is a procedure in which fine needles are
inserted into an individual at discrete points and then
manipulated, with the intent of relieving pain. The clinical
practice of acupuncture is growing in popularity worldwide.
More than 40 disorders have been endorsed by the World
Health Organization (WHO) as conditions that can benefit

from acupuncture treatment [5–7]. Pain is particularly
sensitive to acupuncture. Acupuncture at ST36 and ST37
exerts an antinociceptive effect in rats pain model with PFA
injection into the left hind paw [8]. Combined EA at the
different acupoints had improving symptoms in IBS patients
[9, 10]. Due to previous lack of an ideal experimental animal
model suitable for acupuncture research which simulates
the human model of chronic visceral hypersensitivity, the
mechanism of EA treatment on pain relief in IBS remained
unclear. Here we used a mouse model of zymosan-induced
colorectal hypersensitivity, a similar model of IBS in Gebhart
previous work, and a noninflammatory model of visceral
hypersensitivity [11]. In the application of this model in our
study, we developed a methodology to assess the effect of
different number of times of acupuncture being applied to
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the same animal which was awake and elucidate its potential
mechanism of EA treatment on pain relief in model of
visceral hypersensitivity in the mouse.

2. Materials and Methods

2.1. Animals. In total, 20 adult male mice (20–30 g, 7 weeks)
of C57BL/6 (Taconic, Germantown, NY) were used in this
experiment. All procedures were approved by the University
of Pittsburgh Institutional Animal Care and Use Committee.

The mice were divided into four groups as follows.

(1) Saline injection via intracolonic route with EA (S+A).

(2) Saline injection via intracolonic route without EA
(S + C).

(3) Zymosan injection via intracolonic route with EA
(Z + A).

(4) Zymosan injection via intracolonic route without EA
(Z + C).

Five mice were used in each group. Zymosan induced
colorectal hypersensitivity animal model and EA interference
was shown by schematic diagram in Figure 1.

2.2. Intracolonic Treatments. Mice were anesthetized with
2% isoflurane (Hospira Inc., Lake Forest, IL). Either 0.2 mL
of vehicle (saline) or a suspension of 30 mg/mL zymosan
(a protein-carbohydrate cell wall derivative of the yeast
Saccharomyces cerevisiae in saline; Sigma Chemical Co, St.
Louis, MO) was administered transanally via a 22-gauge,
24 mm long stainless-steel feeding needle. Intracolonic treat-
ment with saline or zymosan was performed daily for 3
consecutive days after obtaining baseline response measures
to colorectal distension (CRD) before assessing colorectal
hypersensitivity.

2.3. Electromyographic Electrode Implantation and CRD Test-
ing. Electromyographic Electrode Implantation was per-
formed at day 0. Following anesthesia, the left abdominal
musculature was exposed by incision of the skin, and the
bare ends of 2 lengths of Teflon-coated (Cooner Wire
Sales, Chatsworth, CA) stainless-steel wire (Cooner Wire
Sales, Chatworth, CA) were inserted into the abdominal
muscles and secured in place with 5–0 polyglactin sutures
(Ethicon, Somerville, NJ). The other wire ends were tunneled
subcutaneously to a small incision made on the nape
of the neck and externalized for access during testing.
Four days was allowed for recovery from surgery before
initiating the CRD protocol. On the day of testing, mice
were briefly sedated with isoflurane for balloon insertion.
Distension balloons were made from polyethylene (length,
1.5 cm; diameter, 0.9 cm) [11] coated with lubricant, inserted
transanally until the proximal end of the balloon was 0.5 cm
from the anal verge (total balloon insertion 2 cm), and
secured to the mouse tail with tape. Mice were placed in a
restraint device (manufactured as described previously [12])
inside a sound-attenuating, dark chamber and allowed to
recover from isoflurane sedation (30 minutes) before CRD

testing. CRD was performed as previously described [12].
Briefly, electromyographic (EMG) activity was recorded for
10 seconds before and during phasic balloon inflation (15,
30, 45, or 60 mmHg) of the colorectum. Each distension
lasted 10 seconds, and each pressure was tested 3 times with
5 minutes apart and between distensions. EMG electrode
activity was amplified, filtered, rectified, and quantified using
Spike 2 software (Cambridge Electronic Design, Cambridge,
UK) and recorded on a computer. Responses to CRD were
quantified as the total area of EMG activity during balloon
inflation minus baseline activity in the 10 seconds prior to
distension.

The first time CRD test was performed on day 4 as
a baseline (CRD0) and after which saline or zymosan was
injected via intracolonic route. Subsequently, the CRD tests
were recorded on day 8 (CRD1), day 10 (CRD2), day 12
(CRD3), day 14 (CRD4), day 17 (CRD5), and day 20 (CRD6).
EA or SA was performed on day 14, day16, day 17, day 19,
and day 20 (Figure 1). Mice were sacrificed immediately after
the last CRD test (CRD6), and the fresh tissues of brain
(thalamic area), spinal cord (L5-S2), and colorectum (the
lengths 1 cm above anorectal line) were collected.

2.4. EA Treatment. EA was applied by two pair of stainless
steel needles (0.25 mm in diameter) inserted bilaterally at
a depth of 3 mm into the skin and underlying muscles at
ST36 (2 mm lateral to the anterior tubercle of the tibia
and 3 mm below the knee joint plus) [13, 14] and ST37
(2 mm lateral to the anterior tubercle of the tibia and 6 mm
below the knee joint, minus) (Figure 3. Acupoints). The
needles, which were inserted into acupoints, were stimulated
by an EA apparatus (#HANS-100A, Nan Jing Ji Sheng
Medical Treatment Science and Technology Co., China)
with a constant rectangular current of alternating trains
of dense-sparse frequency (2/100 Hz, pulse width, 0.2–0.6
msec). This combination of dense-sparse frequency would
maximally induce opioid release of met-enkephalin and
dynorphin A [15]. Electrical stimulus intensity was set at
the threshold for a detectable muscle twitch (approximately
1 mA). The stimulation was delivered for 15 min. For sham
EA group, the needle set was same EA group, but no electrical
stimulation was applied. CRD tests were performed 30 min
after termination of EA.

2.5. Western Blot Analysis. Western blot analysis was per-
formed as follows [16]: mice tissues of colorectum, spinal
cord, or brain were homogenized on ice in RIPA buffer
(50 mol/L Tris-Cl, pH 7.6, 5 mol/L ethylenediaminete-
traacetic acid, 150 mol/L NaCl, 0.5% Nonidet P-40, 0.5%
Triton X-100) containing protease inhibitor cocktail and
phosphatase inhibitor cocktails I/II (Sigma-Aldrich). The
homogenate was centrifuged at 12,000×g for 30 minutes
at 4◦C. The supernatant was collected and the protein
concentration was measured using the Bradford assay.
Twenty micrograms of the sample was separated with 10%
polyacrylamide gel blotted on a PVDF film (Millipore Corp).
The blotted film was blocked for 2 hours at 4◦C in blocking
solution (1 × TBS with 5% nonfat milk and 0.02% Tween
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Figure 1: Experimental protocol, 20 mice are used. 5 mice in each group. There are 4 groups. S + C: saline + sham-acupuncture (SA), S + A:
saline + EA, Z + C: zymosan + SA, Z + A: zymosan + EA.

20). The blocked film was shaken overnight at 4◦C using
primary antibodies in blocking solution. Following three
times of washing with TBST (1 × TBS with 0.02% Tween
20), the film was shaken for 1 hour at room temperature
with peroxidase-conjugated secondary antibody and then
washed three times with TBST. Detection was performed
using an ECL kit (Santa Cruz Biotech) according to the
manufacturer’s instructions. The western blots shown are
representative of at least three independent experiments.

The antibodies used included the following: anti-TrpV1
(Alomone Labs, #Acc-030) (1 : 800), antiphospho- and anti-
total ERK1/2 (cell signaling, #9109 and #4695,) (1 : 2000),
anti-PGP9.5 (Neuromics, #RA12103) (1 : 20000), anti-β-
Actin (Sigma, A5316) (1 : 100000), HRP-conjugated IgG sec-
ondary antibodies (1 : 2000) (GE Healthcare Life Sciences).
All western blot data were analyzed by Image J software.

2.6. Statistical Analysis. All CRD test data were expressed as
mean±SEM. Statistical significance of visceromotor response
(VMR) values of the area under the curve (AUC) from
EMG recording was determined using two way analysis of
variance (ANOVA) with repeated-measures via GraphPad
Prism (Avenida de la Playa La Jolla California).

All results with P values less than 0.05 were considered
statistically significant.

3. Results

3.1. Zymosan-Induced Visceral Hypersensitivity. Visceromo-
tor responses (VMR) to colorectal distension were recorded
as EMG measurements before (day 4) and after intracolonic
administration of saline or zymosan (days 8, 10, and 12), and
only on 3 days after acupuncture treatment (days 14, 17, and
20), though EA treatment was administered on days 14, 16,
17, 19, and 20. The measurement of EMG on days 17 had
additional assessment value for consecutive EA treatment
of 2 days. In addition EMG measurement at days 20 will
shed light on the cumulative therapeutic effect of the entire
duration of EA therapy.

On day 4 (baseline, before any intracolonic treatment
or CRD0), groups S + C, S + A, Z + C, and Z + A of mice
all responded in a graded manner to increasing pressures
of colorectal distension. However, visceromotor responses
(VMRs) to distension among 4 groups had no significant
difference, revealing that all mice from different groups had
similar response to pressures of colorectal distension before
any intracolonic treatment. To compare VMR to distension
overtime, responses within four groups of mice are normal-
ized to 60 mm Hg in subsequent data presentations.

After 3 times of intracolonic injection of saline or
zymosan on days 5, 6 and 7, CRD tests were performed on
days 8 (CRD1), 10 (CRD2), and 12 (CRD3).

Figure 2 CRD1 showed that intracolonic saline or
zymosan treatment did not produce persistent colorectal
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Figure 2: CRD test results before EA. CRD0: responses to colorectal distension in 4 groups before (baseline) saline or zymosan treatment
(F3, 16 = 0.542, P > 0.05); CRD1: responses to colorectal distension in 4 groups after intracolonic treatment with saline or zymosan
(F3, 16 = 2.593, P > 0.05) on day 8; CRD2: responses to colorectal distension in 4 groups after intracolonic treatment with saline or
zymosan (F3, 16 = 6.021, P = 0.006, in Z + C versus S + A and Z + C versus S + C) on day 10; CRD3: Responses to colon distension in 4
groups after intracolonic treatment with saline or zymosan (F3, 16 = 15.24, P < 0.001, in Z + C versus S + A, Z + C versus S + C, Z + A versus
S + A, and Z + A versus S + C) on day 12. Colorectal hypersensitivity did not develop in saline-treated mice. Data are expressed as percentage
(mean ± SEM) of the VMR to colorectal distension on the day of baseline testing (day 4) for each animal and normalized to the response to
60 mm Hg distension (100%) to generate stimulus-response functions.

hypersensitivity in 4 groups of mice. CRD2 showed that
intracolonic saline treatment did not produce, whereas
intracolonic zymosan treatment did produce, persistent
colorectal hypersensitivity in group Z+A mice. However, one
of the zymosan treatment groups, Z+C, showed increasing of
colorectal hypersensitivity but had no significant difference
compared with saline treatment group. On day 12, CRD3

showed that both saline treatment groups did not, while both
zymosan treatment groups did, exhibit persistent colorectal
hypersensitivity, suggesting that at least 4–8 days’ time period
was required for maturing of zymosan-induced colorectal
hypersensitivity.

3.2. EA Treatment Suppressed Zymosan-Induced Visceral
Hypersensitivity in Mice. Figure 3 showed the CRD tests
results after acupuncture. CRD4 showed EMG activity in

group Z + C was significantly increased than that in group
S + C and S + A after first time EA. However, there was no
significant difference among the four groups. CRD5 showed
EMG activity in group Z + C was significantly increased
than those in saline groups S + C and S + A. CRD6 showed
EMG activity in group Z + C was significantly increased than
that in saline groups S + C and S + A, while the elevation
of EMG activity was significantly blunted in group Z + A
after fifth time EA, as shown by the EMG results in Figures
4(a) and 4(b). These data demonstrated that EA treatment
suppresses zymosan-induced visceral hypersensitivity, which
is in agreement with previous studies that EA treatment
attenuated chronic visceral hyperalgesia induced by neonatal
colonic injection of acetic acid [17]. As expected, the relief of
visceral hypersensitivity-induced pain increased with more
EA treatments.
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Figure 3: CRD test results after EA. CRD4: responses to colorectal distension in 4 groups after first time EA (F3, 16 = 3.216, P = 0.051);
CRD5: responses to colorectal distension in 4 groups after third-time EA (F3, 16 = 5.853, P = 0.007, in Z + C versus S + A, Z + C versus
S + C); CRD6: responses to colorectal distension in 4 groups after fifth-time EA (F3, 16 = 10.541, P < 0.001, in Z + C versus S + C, Z + C
versus S + A, and Z + C versus Z + A). Acupoints: schematic representation of the ST36 and ST37.
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Figure 4: Examples of EMG activity in mice with or without EA. (a) indicates EMG activity results under 45 mmHg; (b) indicates EMG
activity results under 60 mmHg.

3.3. EA Blunts Zymosan-Induced Expression of TRPV1. West-
ern blot analysis showed that there was a detectable signal
of transient receptor potential vanilloid 1(TrpV1) in the
colorectum (Figure 5). TrpV1 expression was only slightly
increased in response to acupuncture in group S + A,

while it was dramatically induced by zymosan injection.
EA obviously compromises zymosan-induced upregulation
of TrpV1. The Z + C group displayed an obviously higher
expression of TrpV1 when compared with the S + C group,
by 80%. However, the TrpV1 level in S + A group manifested
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Figure 5: EA blunts zymosan-induced expression of TrpV1. Western blot shows detectable signal of TrpV1 in colon. TrpV1 expression
slightly increased in response of EA in group S + A (S + A versus Z + C, P < 0.01), while it is dramatically induced by zymosan injection(S + C
versus Z + C, P < 0.001). EA obviously compromises zymosan-induced upregulation of TrpV1(Z + A versus Z + C, P < 0.05) (#Acc-030,
Alomone Labs, 150KD, delusion: 1 : 800).

44.43% up-regulation, when compared with the S + C group.
This in turn demonstrated that EA greatly compromised
zymosan-induced up-regulation of TrpV1 by 87.58%.

These data suggested that TrpV1 is involved in zymosan-
induced visceral hypersensitivity and EA suppressed visceral
hypersensitivity. We found that TrpV1 protein is detectable
only in colorectal tissue by Western blot. EA treatment alone
can slightly induce TrpV1 in S + A group.

3.4. EA Blunts Zymosan-Induced ERK1/2 Activation. Extra-
cellular signal-regulated kinase1/2 (ERK1/2) is protein kinase
signaling pathways. ERK1/2 activation is presented by
phosph-ERK1/2 (p-ERK) versus their related total ERK1/2
(Figure 6). ERK1, and ERK2 activation was induced by
acupuncture in group S + A by 56.59% and 71.32%, 48.27%
and 29.98%, 40.79%, and 25.89% when compared with
group S + C in colorectum, spinal cord, and hypothalamus,
respectively. It was dramatically increased in Z + C group
by 87.63% and 83.68%, 72.22% and 44.68%, 76.28% and
70.83% compared with the S+C group in colorectum, spinal
cord, and hypothalamus, respectively. However, zymosan-
induced ERK1and ERK2 activation is obviously compro-
mised by EA. The Z+A group displayed a reduction of p-ERK
expression by 160.32% and 167.19%, 47.34% and 30.63%,
96.98% and 337.05% when compared with the Z + C group
in colorectum, spinal cord and hypothalamus, respectively.
These data suggested that the processing of EA analgesia
information occurs at central as well as at peripheral sites in
the mice with zymosan induction.

3.5. Zymosan Could Not Induce PGP9.5 Activation. Protein
gene product (PGP) is neuron specific protein, structurally
and immunologically distinct from neuron specific enolase.

PGP9.5 is in neurones and nerve fibers at all levels of the
central and peripheral nervous system. As a pan-neuronal
marker, it may also be expressed by nonneural cells such as
enteroendocrine cells.

Therefore we determined that PGP9.5 is involved in
colorectal distention process. The results showed that PGP9.5
(Figure 7) is predominantly expressed in colorectum, spinal
cord, and hypothalamus. However, there is no significant
difference in PGP9.5 expression among the 4 groups in
colorectum, spinal cord, and hypothalamus, respectively.

4. Discussion

The principal findings were as follows: (1) zymosan-induced
elevation of visceromotor responses to colorectal disten-
sion is significantly attenuated by EA, suggesting that EA
blunts zymosan-produced colorectal hypersensitivity; (2)
visceral hypersensitivity-related molecules’ results showed
that TrpV1 expression in colorectum is slightly increased in
response of EA in mice without zymosan injection. Zymosan
dramatically induces TrpV1 expression, and the induction of
TrpV1 is greatly blunted by EA in colorectum. Consistently,
ERK1/2 phosphorylation in colorectum, spinal cord, and
hypothalamus is also slightly increased in response to EA in
mice without zymosan injection and is dramatically induced
by zymosan injection. EA greatly compromised zymosan-
induced ERK1/2 phosphorylation. However, after Western
blot analysis, we did not detect any difference in PGP9.5
expression among the 4 groups in colorectum, spinal cord,
and hypothalamus. These findings support the fact that the
processing of EA analgesia information occurs at central
as well as at peripheral sites in the mice with zymosan
induction.
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Figure 6: EA blunts zymosan-induced ERK1and ERK2 activation. ERK1 and ERK2 activation is presented by phosph-ERK1 and ERK2
versus their related total ERK1 and ERK2. ERK1 and ERK2 activation is slightly induced by EA in group S + A, while it is dramatically
induced by zymosan injection. Zymosan-induced ERK1 and ERK2 activation is obviously compromised by EA in colorectum (P < 0.001),
spinal cord (P < 0.05), and hypothalamus (P < 0.001). EA in alleviating hypersensitivity is probably associated with external signaling
(p-ERK1/2: #9109, cell signaling, 42/44 KD, delusion: 1 : 2000; ERK1/2: #4695, cell signaling, 42/44 KD, delusion: 1 : 2000).

4.1. This Animal Model Suits for Acupuncture Research.
Acupuncture and EA are widely used in pain relief in clinic
[18, 19] and in relieving inflammation-induced hypersen-
sitivity in rat models [8, 20]. However, in the treatment
of visceral hypersensitivity, the use of acupuncture once is
often not enough. The use of an animal model that can be
assessed for cumulating effect of different number of times
of acupuncture in the same animal, which is awake, is impor-
tant in the research evaluation of acupuncture treatment in
IBS and the elucidation of the involved mechanism(s). In the
current study, we developed a noninflammatory colorectal
hypersensitivity model in which an intracolonic treatment
with zymosan, a protein-carbohydrate cell wall derivative of
the yeast Saccharomyces cerevisiae, was capable of producing
a robust and chronic behavioral hypersensitivity to colorectal
distention [21, 22]. It is noteworthy that in this animal model
there were two electrodes in between the two ears of each
mouse; the other ends of these two electrodes were fixed

on the abdominal muscles; hence, we can use this animal
model for real-time monitoring of effect of acupuncture on
visceral hypersensitivity in the awaked animal by EMG, with
continuous observation of the effect of different number of
times of acupuncture in vivo in the same animal. This has
not been achieved in other animal models.

4.2. EA Treatment Suppressed Zymosan-Induced Visceral
Hypersensitivity in Mice. The EA procedures may stimulate
the somatic afferent nerves innervating the skin and muscles
of the body, which are thought to be specific points that
reflect visceral conditions and organs [23]. We found that
EA treatment significantly reduced and suppressed EMG
responses to colorectal distention in zymosan-induced non-
inflammatory colorectal hypersensitivity (Figures 4(a) and
4(b)) in the present study. Moreover, the effectiveness of
acupuncture analgesia increases with the increase in number
of times of acupuncture (Figure 3 CRD4, CRD5, and CRD6),
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Figure 7: Zymosan could not induce PGP9.5 activation. There are no big differences in PGP9.5 expression among the 4 groups in
colorectum, spinal cord, and hypothalamus, respectively. (#RA12103, Neuromics, 27KD, delusion: 1 : 20000).

indicating that EA had an analgesic effect in this model.
These findings clearly showed the effectiveness of EA at the
ST36 and ST37 acupoints on anti-non-inflammatory pain.

4.3. EA Blunts Zymosan-Induced Expression of TrpV1. The
transient receptor potential vanilloid 1 (TrpV1) is an
important protein for ligand-gated ion channels formation
in peripheral sensory neurons [24, 25] and is believed to
play a pivotal role in visceral hypersensitivity [26]. TrpV1
upregulation was found in colorectal samples from patients
with inflammatory bowel disease and Crohn’s disease [27], as
well as in sensory fibers from patients with rectal hypersen-
sitivity [28]. This present study concurs with our previous
work [21] that TrpV1 was involved in zymosan-induced
an noninflammation-independent colorectal hypersensitiv-
ity. Interestingly, EA treatment compromised zymosan-
induced TrpV1 up-regulation in colorectum, suggesting
that EA, partially through regulating TrpV1 expression,
reduces zymosan-induced colorectal hypersensitivity. How-
ever, when compared with complete blockage of EMG
activity in mice with zymosan injection, EA treatment only
partially retarded TrpV1 protein level, suggesting that other
molecules or central nerves system is likely to be involved in
the processing of acupuncture analgesia.

4.4. EA Blunts Zymosan-Induced ERK1/2 Activation. ERK,
activated by neurotrophins or neuronal activity in the central
or peripheral nervous system, plays an essential role in
the generation and maintenance of inflammation-induced
hyperalgesia by regulating nociceptive activities in primary
sensory pathways [29, 30]. Increased phosphorylation of
ERK1/2 has been observed in rat spinal cord dorsal horn

neurons in response to noxious stimulation of the peripheral
tissue or electrical stimulation to the peripheral nerve [31,
32]. Moreover, intrathecal injection of MEK/ERK inhibitor
U0126 or PD98059 alleviated pain behaviour induced by
inflammation of the hind paw [32] or viscera [31], suggesting
a prominent role of ERK in the regulation of peripheral
inflammation. We found that both EA treatment and
zymosan injection alone greatly induced ERK1/2 phospho-
rylation in colorectum, spinal cord, and brain, suggesting
that ERK1/2 MAP kinase pathway is involved in transduction
of pain signal in peripheral as well as in central nervous
system. However, ERK1/2 phosphorylation was obviously
suppressed both in colorectum and in spinal cord by EA
treatment. Importantly, it was completely blocked by EA
treatment in hypothalamus. These results highly suggested
that EA treatment might have an increased blocking capacity
for pain signal from peripheral to central nervous system
in colorectal hypersensitivity mouse model via blocking of
ERK1/2 MAPK activation, while it has no effects on pain
signal transduction in CNS or even enhancing signal of
peripheral nervous system in normal control mice.

4.5. Zymosan Could Not Induce PGP9.5 Activation. PGP9.5
nerve fibres are believed to be involved in IBS [33].
It was detected in the myenteric plexus, but PGP 9.5-
immunoreactive cell bodies did not colocalize with TrpV1
[26], suggesting that PGP 9.5 and TrpV1 play different roles
in pain signal transmission. In our present study, PGP9.5 was
not significantly different among the 4 groups in colorectum,
spinal cord and hypothalamus, suggesting that PGP9.5 is not
involved in zymosan-induced noninflammatory colorectal
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hypersensitivity and in the processing of acupuncture anal-
gesia.

4.6. Possible Roles of p-ERK1/2 and TrpV1 in Zymosan-
Induced Visceral Hypersensitivity and EA-Induced Analgesia
in IBS. Activation of the ERK signaling pathway in the
periphery is likely necessary for the maintenance of a
spinally sensitized state, while activation of ERK1/2 in the
primary injury site may regulate TrpV1, leading to dorsal
horn hypersensitivity to thermal and chemical stimuli [34].
Activation of ERK in primary afferent neurons is mediated,
at least in part by TrpV1 [35]. In agreement with these
two studies, our result shows that both p-ERK1/2 and
TrpV1 in the periphery are involved in zymosan-induced
hypersensitivity and EA-induced analgesia in IBS. However,
in central nerves system, we detected a strong signal of p-
ERK1/2 in response to zymosan treatment and this signal
was greatly blunted by EA treatment, while TrpV1 was
undetectable, suggesting that p-ERK1/2 is more important
than TrpV1 in central nerves system in those processes.
Further studies by using either ERK or TrpV1 knockout mice
are necessary to clarify their correlation in the mechanism of
EA in the future.

5. Conclusions

EA significantly compromises zymosan-induced colorectal
hypersensitivity, and the effectiveness of acupuncture anal-
gesia is accumulative with increased number of times of
acupuncture when compared to that of a single time of
acupuncture. Ion channel, TrpV1 expression in colorectal,
and ERK1/2 MAPK pathway activation in peripheral and
central nerve system might be involved in this process. These
results suggested that EA is a potential therapeutic tool to
treat the abdominal pain or discomfort.

Abbreviations

CRD: Colorectal distension
EA: Electroacupuncture
IBS: Irritable bowel syndrome
VMR: Visceral motor response
EMG: Electromyographic.
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Previous studies showed primo vessels (PVs), which were referred to as Bonhan ducts (BHDs) and a part of circulatory system by
Kim, located in different places of the body. The BHDs system was once considered as the anatomical basis of classical acupuncture
meridian but not clearly identified by other investigators. In the present study, we tried to address the relationship between PVs and
meridians through detecting the modulation of gastric motility by stimulating the PVs on the surface of stomach or intestine, as
well as acupoints Zusanli (ST36) and Zhongwan (CV12). The results showed electric stimulation of the PVs had no effect on the
gastric motility. While stimulating CV12 inhibited gastric motility significantly in PVs-intact and PVs-cut rats, there is no signi-
ficant difference between the inhibition rate of the PVS-intact and the PVS-cut rats. Stimulating at ST36 increased gastric motility
significantly in both the PVs-intact and the PVs-cut rats, yet there was no significant difference between the facilitation rate of
the both groups. Taken together, the PVs on the surface of stomach or intestine did not mediate the regulation of gastric motility
induced by stimulating at the acupoints ST36 or CV12.

1. Introduction

Acupuncture, as an important part of traditional Chinese
medicine, is believed to restore the balance of qi and blood,
as well as yin and yang, regulates functions of the viscera by
dredging meridians. The meridian system plays a pivotal role
in regulation and maintenance of physiological functions,
and mediation of effects of acupuncture and moxibustion
on visceral organs. So far there are many hypotheses explain-
ing the mechanism and phenomena of acupuncture or meri-
dian. Many researchers in this field tend to believe that
the scientific bases of meridian and acupuncture can be
explained by neurophysiological theories [1–3]. Langevin
and Yandow and Langevin et al. proposed that acupoints
and meridians were parts of a network formed by interstitial
connective tissues [4, 5]. Another study provided evidence
that the liquid-crystal collagen fibers that formed the bulk
of connective tissue may conduct sound or electricity [6]. In

addition, Zhang et al. proposed the low hydraulic resistance
channel theory [7]. However, the anatomical structures of
meridians still remain elusive.

Recently a series of studies from Prof. Soh KS reported
that the primo vessels (PVs) are located in different places
of the body, like the surface of the internal organs of rats,
rabbits, and swine [8–10], inside the blood and lymphatic
vessels [11, 12], in the epineurium, running along the sciatic
nerve [13], and below the skin [14]. These PVs, also referred
to as Bonhan ducts (BHDs), were part of a circulatory sys-
tem that was first reported by Kim [15, 16] in the early
1960s. The BHDs system, which included several subsystems,
was once considered as the anatomical basis of classical
acupuncture meridians. The structure was also found by
Fujiwara’s followup [17]. Unfortunately, Bonghan theory
was not clearly confirmed by most investigators [18]. The
main reason is that the method employed by Kim was
not disclosed, and the experiments were hard to reproduce.
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In addition, nobody addressed the role of BHD in the
effect of acupuncture. The structure of the PVs is distinct
from the well-known tissues, such as nerves, blood vessels,
lymph-vessels, and blood capillaries. But there is still no
research focusing on the relationship between the PVs and
acupuncture meridian. In order to elucidate the relationship
between the PVs and acupuncture meridians, the possible
impacts of the PVs on the effectiveness of acupuncture
should be investigated.

Acupuncture has been widely used for treating functional
gastrointestinal (GI) disorders [19]. Previous studies showed
that acupuncture at the lower limbs (ST36) causes muscle
contractions via the somatoparasympathetic pathway, while
acupuncture at the upper abdomen (CV-12) causes muscle
relaxation via the somatosympathetic pathway [20, 21]. Are
the PVs on the surface of gastrointestine involved in regulat-
ing process of gastro motility induced by stimulating ST36
or CV12? In this paper, we detected the effects of stimulating
the PVs on gastric motility and whether the PVs play a role
in the regulation of gastric motility by stimulating ST36 or
CV12, and tried to address the relationship between the PVs
and meridians.

2. Materials and Methods

2.1. Animal Preparation and Methods for Identifying PVs.
Thirty Sprague-Dawley (SD) rats (both sexes, 200–230 g)
were purchased from Institute of Animal, Academy of
Chinese Medical Sciences. The animals were housed under a
12 h light/dark with free access to food and water. All animals
were treated according to the Guide for Use and Care of
Medical Laboratory Animals from Ministry of Public Health
of People’s Republic of China.

The animals were fasted overnight with free drinking of
water in proxima luce and were anesthetized with urethane
(1.5 g kg−1), and all surgical procedures were performed
under anesthesia. About 1 h after the urethane administra-
tion, the rats were under deep anesthesia, and the trachea
was cannulated but not immobilized to keep respiratory tract
unobstructed and a catheter was inserted into one of the
jugular veins for infusion. The abdominal sides of the rats
were incised, and the identification of the PVs was carried
out under a stereomicroscope (Nikon SMZ750) according
the method reported by Lee et al. [22]. The images of the PVs
on the organ surfaces were recorded using a CCD camera in
situ and in vivo (Nikon SMZ750).

When the PVs were located, 0.2% diluted Trypan blue
solution 1-2 mL was dropped to stain them on the internal
organs such as the stomach, the small intestine, the large
intestine, and the urinary bladder and the wall of the peri-
toneum of the rat for 20–30 sec, and then the internal organs
were washed for several times with 10 mL of phosphate-
buffered saline, PH 7.4 (PBS) for detection of the PVs. Under
a stereomicroscope with a CCD camera (Nikon SMZ750),
the stained PVs were observed, and the images were taken.

2.2. Gastric Motility Recording. After identifying the PVs,
gastric motility were recorded. A small longitudinal incision

was made in the duodenum about 2-3 cm from the pylorus.
A small balloon made of flexible condom rubber was inserted
via incision of the duodenum into the pyloric area of rat
and kept in position by tying the connecting catheter to the
duodenum, and another catheter (inner diameter of 1 mm)
was also inserted into the same hole by incision in order to
drain digestive juices secreted from stomach. The balloon
was filled with warm-water about 0.2–0.5 mL, which gave
about 80–150 mmH2O pressures. Pressure in the balloon was
measured by a transducer (NeuroLog, NL900D) for low pres-
sure through a thin polyethylene tube (1.5 mm in outer dia-
meter) and then input on a polygraph (NeuroLog, NL900D)
amplifier and led into a data acquisition system (Power-Lab)
for further analysis. Demifasting gastric motor activity was
recorded as a control for at least 1 h before acupuncture
stimulation [20, 21].

The changes of gastric motility induced by the stimula-
tion were compared with the basal activity recorded before
any stimulation. If the change rates of gastric motility during
stimulation were 15–20% of the basal activity, the response
was then considered to have an excitatory or inhibitory
regulation, respectively. Systemic blood pressure and heart
rate were continuously monitored by using of Biopac data
acquisition system (MP150, USA). Both signals were analy-
zed offline using the CED 1401-plus data system and the
Spike 2 package (Cambridge Electronic Devices, Cambridge,
UK), Rectal temperature was kept constantly around 37◦C by
a temperature controller (DC, USA).

2.3. Acupuncture and Electroacupuncture Stimulation of CV12
or ST36. A needle (0.3 mm in diameter) was inserted into
the skin and its underlying muscles at acupoints Zhongwan
(CV12) and Zusanli (ST36) on the body. CV12 was located
at center of abdomen, in middle line of the body. ST36 was
located bilaterally at the anterior tibia muscles near the
knees. For the manual acupuncture (MA), the needle was
rotated clockwise and anticlockwise at 2 Hz for 3 min. In
electroacupuncture (EA) experiments, acupoints were stim-
ulated by a pair of needle-electrodes inserted 0.3–0.5 cm deep
into the skin, and electroacupuncture intensities were set
as 5 mA, with frequency of 2/15 Hz alternatively for 3 min.
Procedure of the experiments was performed as follows: (1)
firstly manual acupuncture or electroacupuncture at ST36 or
CV12, (2) then stimulated the PVs with different frequency,
(3) manual acupuncture or electroacupuncture at ST36 or
CV12 after PVs was cut. Besides the heart rate and the blood
pressure, the gastric pressure should be kept stable before
stimulating the acupoint.

2.4. Electrostimulation of PVs in Different Intensities. Bipolar
stainless-steel electrodes were placed at the PVs for stimula-
tion. Stimuli were given at different intensities of 1–20 mA,
increments 2 mA, duration 2 ms, and 20 Hz for 30 s.

2.5. Statistical Analysis. The data obtained before and after
treatment in the same group or different group was com-
pared statistically by a paired t-test or unpaired t-test.
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Figure 1: In situ and in vivo stereomicroscopic image of a typical primo vessel (arrow) and a corpuscle (arrow). (a) The primo vessel on the
surface of intestine was stained with Trypan blue. (b) The primo vessel on the surface of stomach stained with Trypan blue. The primo
vessels are semitransparent, freely movable strands irregularly fixed on the peritonea.
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Figure 2: The response of gastric motility to the MA stimulation of CV12 in PVs-intact and PVs-cut rats. (a) and (b) Representative record-
ing of gastric pressure during MA stimulation of CV12 before and after PVs-cut, respectively. (c) The inhibition of gastric motility induced
by stimulating CV12 was of great significance in PVs-intact rats (n = 6, P < 0.01) and PVs-cut rats (n = 6, P < 0.01). (d) Comparing the
inhibition effect between PVS-intact and PVS-cut, the inhibition rate was not significantly changed (n = 6, P > 0.05).
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Figure 3: The response of gastric motility to the EA of CV12 in PVs-intact and PVs cut rats. (a) and (b) Representative recording of gastric
pressure during EA stimulation of CV12 before and after PVs-cut, respectively. (c) The inhibition of gastric motility induced by stimulating
CV12 was of great significance in PVs-intact rats (n = 9, P < 0.001) and PVs-cut rats (n = 9, P < 0.001). (d) Comparing the inhibition effect
between PVS-intact and PVS-cut, the inhibition rate was not significantly changed (n = 9, P > 0.05).

P < 0.05 was considered as a statistical significance. All data
are expressed as mean ± SE.

3. Results

3.1. Distribution of PVs on the Surface of the Internal Organs
and the Amount. The PVs and the corpuscles were observed
on surfaces of different internal organs, such as the stomach,
liver, large and small intestines, and bladder. Figure 1 showed
a representative stereomicroscopic image of a PV (arrow)
and its corpuscles (arrow) on the surface of the stomach and
small intestine, respectively. The PVs observed in the present
work are thin, semitransparent, freely movable strands that
are randomly fixed on the peritonea, same as described by
Lee et al. [22]. Among the total 30 rats, the PVS was observed
in 23 rats. There is no difference between sexes. The per-
centage of the PVs emergence was 76.67%. There were 1 or
2 PVs observed on the surface of the gastrointestine in most
rats, sometimes 1 PV was observed on the surface of the liver.

3.2. PVs Cut Did Not Change the Inhibition of Gastric Motility
Induced by CV12. The Gastric motility was detected in 23

rats by recording the intragastric pressure. Sometimes the
gastric pressure did not recover to the baseline after stimu-
lation of acupoints. Only two rats underwent all the mani-
pulations, the other rats underwent two or more of the
manipulations. When the intrapyloric balloon pressure was
increased to about 80–200 mmH2O, the rhythmic waves of
contractions in pyloric area were observed. With regard to
gastric motor characteristics, it was noteworthy both the
changes of intragastric pressure and rhythmic contraction.
Generally, the intragastric pressure represents the index of
gastric tone motility and rhythmic contraction represents
gastric peristalsis induced by circular muscle contractions,
similar to slow wave of gastric motor activity. The pressure
was maintained at about 100 mmH2O as a baseline by
expanding the volume of the balloon with warm water,
rhythmic contractions occurred at a rate of four to six per
minute, and these rhythmically gastric contractions could be
recorded in both the PVS intact and PVs-cut rats.

MA and EA stimulation resulted in high suppression of
gastric tonic motility with a rapid onset, followed by an
obvious inhibition of rhythmic contraction waves, consistent
with previous reports [20, 21]. These suppressions lasted
throughout the period of acustimulation and even lasted
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Figure 4: The response of gastric motility to the MA of ST36 in PVs-intact and PVs-cut rats. (a) and (b) Representative recording of gastric
pressure during MA stimulating ST36 before and after PVs-cut, respectively. (c) The facilitation of gastric motility induced by stimulating
ST36 was of great significance in PVs-intact rats (n = 5, P < 0.001) and PVs-cut rats (n = 5, P < 0.001). (d) Comparing the facilitation effect
between PVS-intact and PVS-cut, the facilitation rate was not significantly changed (n = 5, P > 0.05).

about 3 min after withdrawing the needles in most cases. As
shown in Figures 2(a), 2(c), 3(a), and 3(c), the intragastric
pressure decreased from 12.82 ± 0.83 mmH2O to 10.46 ±
0.79 mmH2O in MA of CV12, the inhibition rate was
18.66 ± 1.28%. For EA stimulation of CV12, the intragastric
pressure decreased from 10.51 ± 0.86 mmH2O to 8.75 ±
0.77 mmH2O, the inhibition rate was 17.02 ± 1.31%. Com-
pared to the basal pressure, both inhibition effects were of
great significance (∗∗∗P < 0.001). In order to detect the
contribution of the PVs to the inhibition of gastric motility,
we designed an experiment in which the PVs were removed
and then the effects of MA and EA stimulation at CV12 on
gastric motility were examined. As shown in Figures 2(b),
2(d), 3(b), and 3(d), the inhibition of CV12 was not changed
significantly after the PVs was cut. The intragastric pressure
decreased from 15.48 ± 1.22 mmH2O to 12.38 ± 1.20 mm
H2O by MA CV12, the inhibition rate was 20.21 ± 1.89%.
For EA CV12, the intragastric pressure decreased from 9.84±
1.16 mmH2O to 8.18± 1.06 mmH2O, the inhibition rate was
17.34 ± 1.86%. Both inhibition effects were of great signifi-
cance (∗∗∗P < 0.001). Regardless of MA or EA, the inhi-
bition rate was not significantly changed after removing the
PVs (P > 0.05).

3.3. PVs Did Not Mediate the Facilitation of Gastric Motility
Induced by ST36. MA and EA stimulation at ST36 caused a
slight-moderate facilitation of gastric motility with a rapid
onset and followed by a tonic motor that lasted through-
out the period of acustimulation. The facilitation lasted
throughout the period of acustimulation and even lasted
about 1-2 min after withdrawing the needles in most cases.
Figures 4(a), 4(c), 5(a), and 5(c), showed that both MA (n =
5) and EA (n = 9) at ST36 induced facilitation of gastric
motility, consistent with the previous reports [20, 21]. The
intragastric pressure increased from 11.63± 1.33 mmH2O to
13.64 ± 1.52 mmH2O in MA ST36, the facilitation rate was
17.47 ± 1.33%. For EA stimulation of ST36, the intragastric
pressure increased from 11.34 ± 0.72 mmH2O to 13.47 ±
0.80 mmH2O, the facilitation rate was 19.13 ± 1.01%. Both
reinforcement effects were of great significance (∗∗P < 0.01,
∗∗∗P < 0.001). We also examined the contribution of the
PVs to the facilitation of gastric motility by removing the PVs
here. Interestedly, as shown in Figures 4(b), 4(d), 5(b), and
5(d), the facilitation effect of needling ST36 did not changed
after the PVs was cut, the intragastric pressure increased
from 11.81 ± 1.41 mmH2O to 13.77 ± 1.67 mmH2O by
MA stimulation at ST36 after removing the PVs, with
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Figure 5: The response of gastric motility to the EA of ST36 in PVs-intact and PVs-cut rats. (a) and (b) Representative recording of intra-
gastric pressure during MA stimulation of ST36 before and after PVs-cut, respectively. (c) The facilitation of gastric motility induced by
stimulating ST36 was of great significance in PVs-intact rats (n = 9, P < 0.01) and PVs-cut rats (n = 9, P < 0.01). (d) Comparing the
facilitation effect between PVS-intact and PVS-cut, the facilitation rate was not significantly changed (n = 9, P > 0.05).

a facilitation rate of 16.50 ± 0.51%. For EA ST36, the
intragastric pressure increased from 10.23 ± 0.83 mmH2O
to 12.32 ± 0.93 mmH2O after removing the PVs, and the
facilitation rate was 20.79 ± 1.21%. Both facilitation effects
were still of great significance (∗∗P < 0.01, ∗∗∗P < 0.01). The
results suggested that removing PVs did not change the
enhanced effects of gastric motility induced by ST36.

3.4. Electrostimulation of PVs Did Not Affect the Changes of
Gastric Motility Induced by ST36 or CV12. From above, we
knew that the PVs were not involved in the regulation of
gastric motility by EA/MA at CV12 or ST36. A recent study
[23] showed that the action potentials of the PVs had two
types of pulses that are different from those of smooth mus-
cle. Because action potentials occur in excitable cells, the
electrophysiological characteristics of the PVs indicate that
the PVs are excitable. To observe the changes of intragastric
pressure induced by electro-stimulating the PVs with dif-
ferent intensities, here the bipolar stainless-steel electrodes
were placed at the PVs for stimulus. As shown in Figure 6,
the gastric pressure was not changed significantly by electro-
stimulating the PVs with different intensities from 1–19 mA
(P > 0.05). The result indicated that the gastric motility was
not affected by electrostimulating the PVs.

4. Discussion

In this study, we investigated the effects of stimulating the
PVs on gastric motility in situ and in vivo, the role of PVs
in the regulation of gastric motility by stimulating acupoints
ST36 or CV12, and the relationship between the PVs and
meridians. Stimulating the PVs with different intensities did
not change the intragastric pressure in comparison with
baseline. The results indicated that although the PVs were
an excitable tissue [23], the PVs on the surface of internal
organs did not show an effect on the regulation of gastric
motility. To confirm whether the PVs in the internal organs
play a role in the regulation of gastric motility by stimulating
ST36 or CV12, the effects of acupuncturing at CV12 or ST36
on gastric motility were observed in PVs intact and PVs-
removing rats. The results indicated that MA/EA-stimulating
CV12 actually caused inhibition effect on gastric motility,
otherwise MA/EA stimulating ST36 caused facilitation effect
on gastric motility. This was in accordance with previous
reports [24]. After the electric stimulation of the PVs was
finished and the PVs were removed, the inhabitation and
facilitation of gastric motility induced by acupuncturing
CV12 or ST36 did not change significantly. These results
showed that the PVs were not involved in the regulation of
gastric motility by stimulation of CV12 or ST36.
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Figure 6: Electro-stimulation of PVs with different intensities by bipolar stainless-steel electrodes. Stimuli were given with different intensi-
ties from 1 to 19 mA, increments 2 mA, duration 2 ms, 20 Hz for 30 s. (a) A representative recording of the intragastric pressure under electro-
stimulation of PVs with different intensities. (b) The intragastric pressure was not changed significantly by electro-stimulating PVs with
different intensities from 1–19 mA (n = 11, P > 0.05).

PVs, which were widely distributed and had a lot of
characteristics and medical significance [25], are speculated
to be involved in many processes of life, such as circulatory
function, excitability, hormone path, immune function,
hematopoiesis, regeneration and sanal, obesity and cancer,
and so on. Therefore, the PVs may play endocrine and
immunological roles, which might be involved in therapeutic
effects of acupuncture. However, our current study provides
evidence that the PVs were not essential for the regulation of
gastric motility by stimulating CV12 or ST36.

The anatomical structure of meridian had attracted many
scientists since Dr. Kim declared that he found BHD and
BHC in 1963 [15]. Some scientists taking part in the work
recorded and narrated the process of the repeating expe-
riments [18]. Combined with the restricted data at that
time in China, the BHD was just found in a navel of an
infant rabbit, including chromaffin cells, with smooth muscle
outside. But when a rabbit grew up, the structure disap-
peared, suggesting that the structure of BHD is a degenera-
tive tissue. Although the existence of the phenomena of meri-
dians has been confirmed [26], the physical structure of
meridian still remains controversial. Yet it is accepted by most
researchers that there is relevance between the acupoints and

internal organs. Different visceral diseases can be reflected in
different acupoints. And acupuncture at different acupoints
can regulate the functions of different visceral diseases. The
meridians play important roles in the relevance between
the acupoints and internal organs. So, in the present study,
we try to investigate the relationship between the PVs and
meridians by invesgating the relationship between the PVs
and acupoints. Now the question is: although Soh et al.’s
findings provide the evidence that the PVs exist in the inter-
nal organs, these findings did not address the function of
the PVs, and thus are not enough to verify the relationship
between the PVs and meridians. Our data also did not sup-
port an existence of the relationship between the PVs and
the effects of acupuncture stimulation. In the future, we will
have to further study the function of the PVs and their role
in the regulation of visceral organs by acupuncture, and then
elucidate the relationship between the PVs and the effects of
acupuncture stimulation.

5. Conclusions

The PVs in surface of internal organs did not have an effect in
regulating gastric motility. The PVs in the surface of internal
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organs were involved neither in the inhibition of the gastric
motility induced by acupuncturing at CV12 nor in the facili-
tation of gastric motility induced by acupuncturing at ST36.
Further research about the functional relationship between
the PVs and meridian is needed in the future.
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Location-dependent skin surface’s partial nitric oxide pressure (pNO) is studied using highly sensitive amperometric NO
microsensor with a small sensing area (diameter = 76 µm). The pNO level of LI4 (Hegu) acupuncture point is measured and
compared with the pNO level of nonacupuncture point. In addition, the mapping of pNO is carried out over the left wrist
skin area one- as well as two-dimensionally. Statistically higher pNO levels near the position of acupuncture points than non-
acupuncture points are observed consistently, implying tight relationship between the level of NO release of skin and acupuncture
points. The amperometric planar NO microsensor successfully monitors the heterogeneity of skin pNO distribution in high spatial
resolution due to its advantageous features such as high sensitivity and small sensing dimension. The current study suggests the
direct connection between NO and acupuncture points and possibly provides beneficial information to understand physiological
roles and basis of the acupuncture points.

1. Introduction

Traditional eastern medicine describes meridians as physical
channels which Qi flows through, connect body internal
organs, and link the specified body skin locations, called
acupuncture points [1]. The stimulation of acupuncture
points by placing small needles is called acupuncture
which is a medical treatment carried out to attain harmo-
nious and balanced Qi flow and thus to improve health
[2]. Acupuncture has been practiced as a medical treat-
ment for over 2500 years in traditional eastern medicine.
Nowadays, acupuncture treatment became to be employed
more widely as a complementary and alternative therapy
not only in eastern but in western countries [1]. In
1997, the National Institute of Health (NIH) published
a consensus on the curative effect of acupuncture for
some pain symptoms such as postoperative nausea and
vomiting [3]. However, the definite efficacy and mecha-
nism of the acupuncture action in relieving pain are still
disputable.

The distinctive biophysical features of acupuncture
points and meridians, such as the high electrical conductance
[4, 5] and possible relationship with connective tissue planes
[6] and perivascular space [7], have been studied over the
last few decades. Nonetheless, more direct scientific evidence
of the physical existence as well as physiological functions of
acupuncture points and meridians is still to seek particularly
for humans, mainly due to the limitation of noninvasive
technology.

In ancient acupuncture meridian theory, Qi has long
been believed to be essential for sustaining life [8] and
considered to be related with air and food intake, and inher-
itance [1]. Oxygen in air is definitely essential for our lives.
Therefore, we supposed the possible relationship between
acupuncture points and body oxygen supply and studied
the heterogeneity of skin surface oxygen levels in relation
to the acupuncture points [9]. The localized oxygen levels
at acupuncture points and adjacent non-acupuncture points
were measured using a highly sensitive electrochemical oxy-
gen microsensor (sensing diameter = 25 µm) [9]. Relatively
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higher oxygen levels were measured at the acupuncture
points on hand skin surface, LI4 (Hegu) and PC8 (Laogong),
than those at the corresponding non-acupuncture points.
Our previous results provide a direct evidence for the
presence of acupuncture points, which are possibly linked
to the oxygenation of body. More recently, we also reported
the mapping of oxygen levels in a fixed one- as well as two-
dimensional areas of wrist skin surface [10]. The oxygen
mapping demonstrated that the higher oxygen levels are,
indeed, related with acupuncture points [10].

NO is known to be a signaling gas molecule mediating
vasodilation and thus regulating blood flow and volume
[11]. There are some previous studies on the relationship
between NO and acupuncture points/meridians, reporting
that acupuncture treatment increases blood flow [12] and
expression of NO synthase (NOS), enzyme producing NO,
is higher around skin acupuncture points and meridians
of rat [13]. NO was also proposed as a prime candidate
as a signaling molecule in the meridian system [14]. In
addition, the quantification of NOx

− collected from the skin
surface along meridian lines using NO collecting solutions
containing NO absorbing compounds was reported [15].
However, these works include rather complicated methods
(e.g., postmortem immunohistochemical analysis) which
may have restrictions in future application for humans thus
are not applicable in investigation of direct evidence of the
NO and acupuncture point relations. Herein, we map the
skin nitric oxide (NO) levels of human wrist area with a
sensitive electrochemical NO microsensor. Since the present
technique uses a tiny, yet high-resolution NO microsensor
positioned over a fixed skin surface with a certain distance
(∼1 mm) to measure skin NO levels, it is advantageous
towards human study of acupuncture points.

2. Materials and Methods

2.1. Electrochemical NO Microsensor. A planar ampero-
metric microsensor highly selective for nitric oxide was
prepared as described elsewhere [16]. The nitric oxide
microsensor is composed of a glass-sealed Pt disc anode
(Pt diameter = 76 µm, Sigma Aldrich) and a coiled Ag/AgCl
wire cathode (127-µm diameter, Sigma Aldrich) immersed in
an internal solution and covered with PTFE gas-permeable
membrane (W. L. Gore & Associates, thickness <19 µm,
porosity 50%, pore size 0.05 µm). The internal solution con-
tained 30 mM NaCl and 0.3 mM HCl in deionized water. The
surface of the Pt disc anode was electrochemically deposited
with additional porous Pt layer by cyclic voltammetry carried
out in 3% H2PtCl6 solution (YSI Inc., USA) to obtain the
enhanced sensitivity to NO. A potential of +0.75 V (versus
Ag/AgCl anode) was applied to the platinized Pt anode
to induce the favorable electrochemical NO oxidation. NO
oxidation current was measured between the cathode and
anode, as a function of time using CHI1000A electrochemi-
cal analyzer (CH Instruments Inc., USA). For the calibration
of the prepared NO microsensor, the sensor current was
measured while the concentration of NO was increased in
deoxygenated phosphate-buffered saline (PBS, pH 7.4, Fisher

Scientific) solution by successive several injections of a given
amount of NO standard solution. NO standard solution was
prepared by bubbling deoxygenated PBS solution (pH 7.4)
with NO gas (Dong-A Gas Co., Seoul, Republic of Korea)
for 30 min. The concentrations of the standard solution
was calculated as 1.91 mM using Henry’s law assuming
ideal dilute solutions and Henry’s law constants for NO of
526.3 atom/M [17].

2.2. Skin NO Measurements. Skin NO measurements, NO
mapping, were performed similarly to the skin oxygen
measurements described previously [9, 10]. Briefly, as-
prepared planar NO microsensor was positioned above the
skin location of interest to which a drop of PBS (pH =
7.4) solution (15 µL) was applied. The vertical distance
between the sensor and plane and skin surface separation
was maintained as∼1 mm using a micromanipulator (World
Precision Instrumentation Inc., Sarasota, FL, USA). The sen-
sor current proportional to the partial NO pressure (pNO)
was monitored. Once a stable current signal was achieved,
the sensor was moved and positioned over the second skin
point of interest with the same vertical distance, ∼1 mm,
while the sensor current was monitored continuously. After
the stable current was acquired at the second point, the
sensor was moved to the third point to measure the pNO
level at that location. This whole procedure was repeated
until the measurements of pNO levels for all the projected
points were completed. The measured sensor currents were
converted to the corresponding pNO levels using prior
calibration curves recorded before the measurements.

The measurements of pNO levels were carried out in
three different designs. First, pNO levels between acupunc-
ture point and non-acupuncture point were compared.
The pNO was measured over an acupuncture point (LI
4, Hegu) and then nearby non-acupuncture point ∼3 cm
apart with three-time repetition as shown in Figure 1(a).
Second, the pNO was monitored along one-dimensional
single line over left wrist in a blind fashion. The pNO
levels were measured at 10 different points along the line
on the anterior aspect of the left hand-wrist transverse
crease. The 10 points were evenly distributed with the
same separation (d = 4.5− 5.5 mm depending on individual
subject) between two adjacent points. The first point and
the last tenth point were positioned 5 mm apart from the
left and right sides of the wrist as shown in Figure 1(b).
Last, the pNO measurements were performed on 25 different
points equally partitioning a square area of the left wrist
(Figure 1(c)). The first five points were located over the
lateral line on the anterior aspect of the left hand-wrist
boundary crease while the first point and the fifth point
were positioned 5 mm apart from the left and right sides,
respectively.

The measurements were carried out for five healthy
volunteers (average age = 23.7) in calm and restful conditions
at room temperature. All the volunteers washed the projected
body parts with an antibacterial hand soap, rinsed out
thoroughly with water, and then fully dried before the skin
pNO measurements. Any of the subjects were never treated
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Figure 1: Schematic illustration for the points on the skin where a NO microsensor was positioned for pNO measurement: (a) at LI4
acupuncture point (solid circle) and non-acupuncture point (open circle); (b) 10 points along one-dimensional line on left wrist transverse
crease; (c) at 25 different points within two-dimensional square area. The points, No. 1, 10 in (b) and the points, No. 1, 5 in (c) were
positioned 5 mm apart from the left and right sides of the wrist. Symbol// represents the same separation.

with acupuncture needle insertion at the skin locations
investigated prior to the experiments.

2.3. Data Analysis and Statistics. At each point of each sub-
ject, the average of the data acquired for the last 50 s
before the sensor movement to another point was taken as
the pNO value corresponding to that point. This verifies
that sufficiently equilibrated pNO value is measured. The
averaged data for the same skin location of five different
subjects were also averaged with standard deviation calcu-
lation. The data for some points showing relatively higher
pNO values were compared with those at other points
exhibiting relatively lower pNO values using a paired t-test
with a Bonferroni correction. P value < 0.05 was considered
significantly different in statistical meaning.

3. Results and Discussion

Figure 2(a) shows the dynamic amperometric response of
a NO sensor to the increased pNO in deoxygenated PBS

solution. The sensor current induced by NO oxidation lin-
early increases as the pNO increases. High sensitivity of
5.36 ± 0.34 nA/mmHg (n = 5) with good linearity (R2 >
0.99) is observed in the corresponding calibration curve
(Figure 2(b)). The sensor showed no discernible responses to
the addition of some biological interferents such as nitrite,
indicating the selectivity to NO achieved with the aid of
sensor covering PTFE gas-permeable membrane [16]. The
sensor sensitivity varied within <∼5% before and after the
skin pNO measurements and <0.5% for the temperature
change between 25 and 35◦C, confirming the sensor stability.

Figure 3 presents a typical pNO recording obtained as
a function of time, while the sensor is moved between
LI4 acupuncture point (gray-colored region) and non-
acupuncture point (noncolored region). The measurements
were repeated for three times. Sharp current peaks are noise
signals caused by the sensor repositioning from one to the
other points. Relatively higher pNO levels were measured
over the LI4 point than non-acupuncture point consistently
for all five subjects without exceptions. The absolute pNO,
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Figure 2: (a) A typical dynamic amperometric response curve of a NO microsensor to the varying NO concentration. (b) Corresponding
calibration curve in terms of pNO.
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Figure 3: A representative pNO measurement as a function of
time when the sensor was moved between LI4 acupuncture point
(gray-colored) and nonacupuncture point (noncolored) indicated
in Figure 1(a). The sensor end plane to skin surface distance,
∼1 mm.

however, has a wide range of the values depending on
subject entities presumably due to individual physiological
conditions of the volunteers. Thus, for the statistics and
comparison, the pNO value was normalized to the average
of the pNO measured during a course of the overall
measurement for each subject as follows:

pNOnorm =
pNO

pNOavg
, (1)

where pNOnorm is the normalized pNO; pNO is the measured
pNO value at each time point; pNOavg is the average of all the
pNO values measured throughout the overall experiment for
each subject. Thus, the pNOnorm values less or greater than
one represent the measured absolute pNO values lower or
higher than the average, respectively.

The averaged pNOnorm for five subjects were 1.239
(±0.067) at LI4 and 0.755 (±0.060) at non-acupuncture
point. The measured pNO level at LI4 point was significantly
different (P < 0.001) compared to the corresponding non-
acupuncture point.

Figure 4(a) demonstrates a representative pNO measure-
ment at 10 different locations along the transverse wrist
crease line as shown in Figure 1(b). The measurement at
each location is differentiated with vertical-dashed line in
Figure 4(a). Again, sharp current noise signals are observed
due to the repositioning of sensor. The data clearly shows
the relatively higher pNO levels at the points No. 1, 5,
and 10 compared to the other parts. Similar trends of the
location-dependent pNO levels were observed for all five
different subjects without exceptions. Figure 4(b) displays
the pNOnorm (normalized pNO for each subject as in (1))
averaged for five entire subjects (with standard deviation)
corresponding to the indicated specific point. These statis-
tically treated data for five different subjects also exhibit the
close relation of the pNO values to the skin location. In fact,
higher pNO levels were measured at the points near to the
acupuncture points: there are three acupuncture points, LU9
(Taiyuan), PC7 (Daling), and HT7 (Shenmen) from left to
right side along the wrist transverse crease line. Rather large
standard deviations of the averaged pNOnorm values could
be ascribed to the interindividual variation such as wrist
circumference and health condition. In the one-dimensional
study over wrist transverse crease, the range of measured
pNO values was in between 0.0243 and 0.0069 mmHg,
while the greatest difference between the highest and lowest
pNO was 0.0051–0.0149 mmHg depending on the individual
subject.

In addition, the pNO levels at eight representative points
(No. 1, 2, 4, 5, 6, 7, 8, and 9) were compared with one
another. A paired t-test with a Bonferroni correction verifies
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Figure 4: (a) A representative pNO measurement along the left wrist transverse crease as shown in Figure 1(b). The pNO values were
measured continuously at 10 different points with the one-dimensional sensor movement in the direction of point No. 1 to 10. (b) Averaged
pNOnorm levels (n = 5) for 10 different points. The sensor’s measurements at each point were averaged across five subjects. A paired t-test
with a Bonferroni correction was conducted for eight representative points (No. 1, 2, 4, 5, 6, 7, 8, and 9), and the P values are summarized
in Table 1.
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Figure 5: (a) 2D and (b) 3D illustrations for the color-coded contour plot of a typical example of the two-dimensional pNO measurement
over the left wrist skin. A linear change in the pNOnorm values was assumed between two adjacent points.

that the relatively higher pNO values at the points No. 1 and
5 are significantly different from the lower pNO values at the
points No. 2, 4, 6, 7, 8, and 9 (Table 1).

Figure 5 is the color-coded contour plots for a typical
mapping example of pNO measurement over 25 different
points in two-dimensional square area of the wrist as
depicted in Figure 1(c). For these contour plots, a linear
change in pNO was assumed between two adjacent points.
The pNO values were varied depending on the locations,

showing the heterogenous skin pNO distribution. Being in
good agreement with the results shown in Figures 3 and 4,
the points measured with comparatively higher pNO levels
were closely related to the positions of acupuncture points.
There are eight acupuncture points present in the wrist
skin region where the pNO was measured: LU9 (Taiyuan)
and LU8 (Jingqu) on the lung meridian; PC7 (Daling)
and PC6 (Neiguan) on the pericardium meridian; HT7
(Shenmen), HT6 (Yinxi), HT5 (Tongli), and HT4 (Lingdao)
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Table 1: Calculated P values for the paired t-test (∗P < 0.05).

Point number P2 P4 P5 P6 P7 P8 P9

P1 0.0315 0.0042∗ 0.5010 0.0057∗ 0.0136∗ 0.0129∗ 0.0057∗

P2 0.6975 0.0375∗ 0.4950 0.6994 0.2547 0.8391

P4 0.0205∗ 0.4066 0.9465 0.0616 0.7087

P5 0.0267∗ 0.0293∗ 0.0456∗ 0.02∗

P6 0.6622 0.1556 0.3249

P7 0.2262 0.7472

P8 0.0765

on the heart meridian as indicated in Figure 5(a). Since
the pNOnorm instead of absolute pNO was used for this
contour plots, the higher pNO level than the average is easily
recognized by the pNOnorm value greater than 1. In fact, the
pNOnorm > 1 is found at the points closely located to the
area where these acupuncture points are supposed to exist.
Although the measured pNO values showed very large inter-
individual variation, presumably due to the subject body
size difference and physiological condition, similar pNO
distribution patterns, that is, higher pNO near acupuncture
points, were observed for the entire three subjects.

The observed higher pNO levels near acupuncture points
in the present study are well consistent with the previous
reports on higher expression of NOS enzyme around skin
acupuncture points and meridians of rat [13] and higher
concentration of NO metabolite along meridian lines of
humans [15]. Our current work provides a clear and direct
evidence of the strong relationship between high pNO and
acupuncture points by in vivo measuring location-dependent
pNO in higher spatial resolution with the aid of a highly
selective tiny NO microsensor in real time. Since the NO
level in atmosphere is negligible, the higher pNO over some
specific skin locations suggests the emission of endogenous
NO from those skin locations. In fact, the measured pNO
is dependent on the sensor-to-skin surface distance, the
higher pNO, the shorter sensor-skin separation is, also
supporting the skin emission of NO. It should be noted
that the pNO difference caused by a slight difference in the
sensor-to-skin separation during the experimental course
was relatively small (<0.0005 mmHg) compared to the
pNO difference between acupuncture and non-acupuncture
points (>0.005 mmHg), confirming the reliability of the
sensor movement/reposition procedure. Importantly, the
observed heterogeneous pNO distribution can be reasonably
considered to be true because the pNO change caused by the
sensor vertical positioning is much smaller than the location-
dependent pNO difference.

There are some reports regarding the connection
between gas and acupuncture points: higher pO2 measured
in the tissue below some chosen acupuncture points of
rabbit [18] and higher transcutaneous CO2 emission at 12
acupuncture points on the pericardium meridian of humans
[19]. Our group also reported the relatively higher pO2 levels
around acupuncture points of humans [9, 10]. Along with
these previous works, the higher pNO levels near acupunc-
ture points possibly suggest the existence of large blood

vessels or main junction underneath the skin acupuncture
points. Further research, however, for example, pNO analysis
combined with anatomical study of vasculature, needs to be
performed to clarify the possible relationship between blood
vessels and acupuncture points.

4. Conclusions

The skin surface pNO levels as a function of location were
studied using a non-invasive method with the aid of a
highly sensitive NO microsensor. Both the comparison study
between LI4 acupuncture and non-acupuncture points and
one-, two-dimensional mapping studies for the anterior
aspect of the left wrist exhibit relatively higher pNO around
acupuncture points consistently with statistical significant.
The amperometric NO microsensor possessed high sensi-
tivity and small sensing dimension (diameter = 76 µm) is
sufficient to monitor pNO level difference depending on
the skin surface location. The observed tight relationship
between high skin surface pNO levels and the positions of
acupuncture points provides direct and scientific evidence
on the physical existence of acupuncture points and may con-
tribute to elucidating their possible physiological/biological
functions believed in eastern medicine for ages.
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Our previous studies suggested that the MBF in contralateral Hegu acupoint (IL4) increased after ipsilateral Hegu acupoint was
stimulated with manual acupuncture. In this study, twenty-eight (28) healthy volunteers were recruited and were randomly divided
into Hegu acupoint stimulation group and Non-Hegu stimulation group. All subjects received the same model stimulation of the
laser needle for 30 min in right Hegu acupoint and Non-Hegu acupoint, respectively. MBF of left LI4 was measured by the laser
Doppler perfusion imaging system. The original data dealt with morlet wavelet analysis and the average amplitude and power
spectral density of different frequency intervals was acquired. The results indicated that right Hegu stimulation with the laser
needle might result in the increase of left Hegu acupoint MBF. 40 min later after ceased stimulation, the MBF is still increasing
significantly, whereas the MBF has no significantly change in Non-Hegu stimulation group. The wavelet analysis result suggested
that compared to Non-Hegu stimulation, stimulated to right Hegu acupoint might result in the increase of average amplitude in
frequency intervals of 0.0095–0.02 Hz, 0.02–0.06 Hz, and 0.06–0.15 Hz, which might be influenced by the endothelial, neurogenic,
and the intrinsic myogenic activity of the vessel wall, respectively.

1. Introduction

Acupuncture has been widely used to the treatment of
diseases in clinical practice at least for 2000 years [1].
According to the principles of Huang Di Nei Jing Su Wen
[2], acupuncture effects might be related to the appropriate
acupoints selection during the treatment. However, many
researchers firmly believe that placebo effect may be the best
explanation for acupuncture [3]. A large number of clinical
trials have reported that true acupuncture is superior to usual
care, but is not significantly better than sham acupuncture,
findings apparently at odds with acupoint specificity [4]. On
the contrary, many researchers pointed out that distribution
of blood perfusion has specificity in acupoint and meridians
compared with no acupoint or no meridian areas. Assuming
the acupoint was stimulated adequately, the blood flow of
this point increased whereas the blood flow of non-acupoint
only changed slightly by the same stimulation [5]. Needling

the LI4 significantly increased perfusion at Hegu acupoint
but not at nearby nonacupoint [6].

Our previous studies have shown that thermostimulation
could result in an increase of blood perfusion not only in
the local area, but also in the same area of contralateral side.
This phenomenon can be observed both in the upper limb
and lower limb, but not around the periumbilicus area. It
indicated that bilateral blood perfusion of same area might
be special relationships. We have reported that stimulation
on side LI4 by the manual acupuncture might result in the
increase of blood perfusion on the contralateral LI4, which
indicated that there might be intrinsic correlation between
contra and ipsilateral parts [7, 8]. Our work was supported
by Kubo et al. [9]. Furthermore, we explored the MBF of
bilateral LI4 with system identification algorithm and found
that the LI4 has lateralized specificity. Stimulating right LI4
by manual acupuncture might produce the more forcefull
amplificatory effect than stimulating left LI4 [7, 8].
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Figure 1: Illustration of the study design. Measurement and stimulation procedures (a); Hegu acupoint stimulation site (b); Non-Hegu
stimulation site (c); measurement site of left Hegu acupoint marked as blue circle (d); the original signal of blood flux (e).

Recently, the laser needle as an alternative method of
manual acupuncture was used in many studies because
it is effective not only as a treatment method, but also
as a research tool [10–12]. It can simulate traditional
acupuncture while reduceing the stress effect resulted from
the mental needle. So in this study, we select laser needle as
stimulation tool and observe the contralateral effect which
resulted from laser acupuncture.

2. Methods

2.1. Ethics Statement. This study was reviewed and approved
by the Institutional Review Board of the Institute of
Acupuncture and Moxibustion, China Academy of Chinese
Medical Sciences. Each study participant read and signed an
informed consent form.

2.2. Subjects. Twenty-eight (28) healthy volunteers were
recruited in this study. All subjects were students from the
China Academy of Chinese Medical Sciences and Beijing
University of TCM and all of them had no history of diseases
and had not taken any medicine in the past six months
before study. The detail information of subjects is shown in
Table 1. Each subject provided informed consent and had an
adequate understanding of the procedure and purpose of this
study.

2.3. Protocol for MBF Measurement. Before arrival to the
laboratory, subjects were placed in a temperature-controlled

room (24–26◦C) as a resting state for 60 minutes. Mea-
surements of skin blood perfusion in left LI4 (as shown in
Figure 1(d)) were carried out using laser doppler perfusion
imager (LDPI, PeriScan PIM II system, Perimed AB, Swe-
den). Before recording, left hands were immobilized with a
cylindrical object to ensure positioning. The measurement
parameters were as follows: NR model; duplex mode; one
measurement site; 100 Hz sample rate. Measurement was
carried out every 5 minutes over a total of 80 min (as
shown in Figure 1(a)). During the experiment, the laboratory
room was kept in dark light condition and the protocol
for measurement operation was abided strictly. In recording
process, ensuring the laser beam was inside the selected area
marked by a blue circle (Figure 1(d)). MBF (symbolized as
Ri (i = 1, 2, 3, . . . , 8)) was defined as mean of blood flux in
5 min. The change of MBF was defined as (Ri − R1)/R1 (i =
1, 2, 3, . . . , 8).

2.4. Laser Acupuncture Protocol. For acupuncture, the posi-
tion of LI4 was confirmed according to the previous studies
[13, 14], as shown in Figure 1(b). Non-Hegu position was
defined as between thirty-four metacarpal, in the same
plane of LI4 (Figure 1(c)). In H-S group and N-HS group,
the laser needle was attached to right LI4 and Non-Hegu
position, respectively. Just in the H-S group, the appliance
was switched on, and the lasers were activated. The radiation
model is continuous radiation (CW) and radiation power
is ca. 50 mW. The radiation time keeps 30 min continuously
(Figure 1(a)).
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Table 1: Subjects’ gender composition, average age, and body mass index.

Group n Gender (female/male) Age (years, mean ± SD) Body mass index (mean ± SD)

H-S group 14 13/1 24.36± 2.06 21.35± 3.19

NH-S group 14 11/3 24.43± 1.74 20.61± 1.66

H-S: Hegu acupoint stimulation; NH-S: Non-Hegu acupoint stimulation.

Table 2: MBF in different group (PU, Mean ± SEM).

Record point H-S group NH-S group

R1 0.587± 0.041 0.716± 0.071

R4 0.651± 0.031∗∗ 0.744± 0.046

R8 0.731± 0.032## 0.784± 0.046
∗∗

P < 0.01 R4 versus R1; ##P < 0.01 R8 versus R4.

Table 3: Change of MBF in different group (Mean ± SEM).

Record point H-S group NH-S group

R1 0.000± 0.000 0.000± 0.000

R2 0.068± 0.016 0.035± 0.038

R3 0.113± 0.031 0.062± 0.037

R4 0.142± 0.042 0.089± 0.045

R5 0.165± 0.050 0.121± 0.063

R6 0.241± 0.056 0.156± 0.057

R7 0.275± 0.059 0.180± 0.075

R8 0.294± 0.062 0.175± 0.077

Change of MBF in different time point is defined as (Ri − R1)/R1(i = 1, 2, 3, . . . , 8).
P > 0.05.

2.5. Data Analysis. For every record epoch of 5 min, the
MBF was calculated to elucidate the effect of contralateral
laser needle stimulation. According to previous studies,
microvascular blood perfusion signal can be separated into
five components, which were influenced by the endothelial
activity, the neurogenic activity, the intrinsic myogenic
activity, the respiration, and the heartbeat, respectively [6,
15–17]. Morlet mother wavelet was applied to improve
the low-frequency resolution. In frequency domain, five
characteristic frequency components were separated by
0.0095–0.02, 0.02–0.06, 0.06–0.15, 0.15–0.4, and 0.4–1.6 Hz
frequency bands (symbolized as FR1 to FR5, resp.) and the
average amplitude (symbolized as Ai (i = 1, 2, 3, . . . , 8)) in
every frequency band was calculated with morlet wavelet
analysis method [6]. The change of average amplitude was
defined as (Ai − A1)/A1 (i = 1, 2, 3, . . . , 8). The energy
distribution was symbolized as Pi (i = 1, 2, 3, . . . , 8) in every
frequency band, and for every FR, the change of energy
distribution from R1 to R8 which defined as (Pi−P1)/P1 (i =
1, 2, 3, . . . , 8) was also calculated. All signal processing was
performed with MATLAB (MathWorks, Natick, MA, USA).
Two-tailed paired t-test and independent t-test were used to
verify the statistical significance. Differences were considered
significant when P < 0.05.

3. Results

3.1. MBF Response. The MBF in different time was compared
both in H-S group and NH-S Group (as shown in Table 2
and Figure 2). In H-S group, the MBF of left Hegu acupoint
was significantly increased after laser stimulation (P < 0.01,
R1 versus R4, paired t-test). 40 min later after ceased laser
stimulation, the MBF was significantly increased (P < 0.01,
R4 versus R8, paired t-test). However, in NH-S group, there
is no significant increase of MBF both in R1 versus R4 and in
R4 versus R8 (Table 2 and Figure 2(a)). In every time point,
there is no significant difference in change of MBF between
H-S and NH-S groups (as shown in Table 3 and Figure 2(b)).

3.2. LDF Flux Spectra. The result of wavelet analysis is shown
in Table 4 and Figure 3. The time-frequency relationship
is shown in Figure 3(a), and the frequency-amplitude
relationship is shown in Figure 3(b). Change of average
amplitude in the different frequency intervals following laser
stimulation at the different time points is compared in
Figure 4. 40 min later after ceased laser stimulation, the
change of average amplitude in frequency intervals of FR1
(0.0095–0.02 Hz), FR2 (0.02–0.06), and FR3 (0.06–0.15) was
significantly different between H-S group and NH-S group
(P < 0.05, two-tailed t-test), as shown in Table 4 and
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Table 4: Change of average amplitude in different frequency intervals (Mean ± SEM).

Frequency intervals Record point H-S group NH-S group

FR1

R1 0.000± 0.000 0.000± 0.000

R2 0.722± 0.323 0.722± 0.947

R3 0.338± 0.266 0.029± 0.253

R4 1.032± 0.480 0.476± 0.475

R5 1.505± 0.928 0.234± 0.374

R6 0.923± 0.426 0.398± 0.369

R7 1.886± 1.495 0.105± 0.280

R8 1.399± 0.543∗ 0.076± 0.329

FR2

R1 0.000± 0.000 0.000± 0.000

R2 0.498± 0.225 1.174± 1.267

R3 0.358± 0.201 0.086± 0.213

R4 0.875± 0.320 0.422± 0.332

R5 0.791± 0.432 0.241± 0.273

R6 0.808± 0.273 0.255± 0.228

R7 1.225± 0.975 0.265± 0.259

R8 1.293± 0.417∗ 0.103± 0.222

FR3

R1 0.000± 0.000 0.000± 0.000

R2 0.253± 0.134 0.989± 1.031

R3 0.296± 0.126 0.073± 0.131

R4 0.577± 0.206 0.165± 0.141

R5 0.423± 0.203 0.115± 0.231

R6 0.567± 0.195 0.074± 0.145

R7 0.737± 0.580 0.295± 0.324

R8 0.853± 0.276∗ 0.056± 0.192

FR4

R1 0.000± 0.000 0.000± 0.000

R2 0.089± 0.090 0.643± 0.669

R3 0.234± 0.097 0.086± 0.114

R4 0.369± 0.145 0.124± 0.114

R5 0.187± 0.106 0.101± 0.206

R6 0.281± 0.111 0.109± 0.135

R7 0.356± 0.293 0.242± 0.298

R8 0.455± 0.168 0.035± 0.169

FR5

R1 0.000± 0.000 0.000± 0.000

R2 0.051± 0.043 0.282± 0.298

R3 0.126± 0.050 0.101± 0.112

R4 0.193± 0.065 0.098± 0.104

R5 0.086± 0.057 0.133± 0.184

R6 0.148± 0.051 0.141± 0.127

R7 0.175± 0.135 0.223± 0.263

R8 0.251± 0.086 0.051± 0.146
∗
P < 0.05, H-S group versus NH-S group; The change of average amplitude is defined as (Ai − A1)/A1(i = 1, 2, 3, . . . , 8).

Figures 4(a), 4(b), and 4(c). In other time point and
other frequency intervals, there are no significant differences
between H-S group and NH-S group (as shown in Table 4
and Figures 4(d) and 4(e)). The result of energy distribution
was shown in Table 5 and Figure 5. It can be found that the
change of energy distribution in frequency intervals of FR2
(0.02–0.06) and FR3 (0.06–0.15) was significantly different
between H-S group and NH-S group (P < 0.05, two-tailed
t-test).

4. Discussion

Up to now, it is difficult to evaluate the activation of
acupoints, and as a result, it is also difficult to analyse
the specificity of acupoints after meridians stimulated.
Recently, more and more attention has been focused on
the relationship of acupuncture and circulation [18–20].
In Traditional Chinese Medical (TCM) theory, one of the
definitive causes of acupuncture effect is the special sensation
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Table 5: Change of energy distribution in different frequency intervals (Mean ± SEM).

Frequency intervals Record point H-S group NH-S group

FR1

R1 0.000± 0.000 0.000± 0.000

R2 0.877± 0.420 1.104± 1.162

R3 0.558± 0.368 0.715± 0.706

R4 1.831± 0.956 1.280± 1.268

R5 2.965± 1.798 0.870± 0.854

R6 1.169± 0.506 0.394± 0.357

R7 3.086± 2.635 0.937± 1.022

R8 2.416± 1.095 0.679± 0.988

FR2

R1 0.000± 0.000 0.000± 0.000

R2 0.527± 0.362 4.479± 4.244

R3 0.463± 0.232 0.384± 0.342

R4 0.981± 0.352 0.767± 0.322

R5 0.596± 0.331 0.633± 0.355

R6 1.046± 0.358 0.576± 0.321

R7 1.678± 1.347 0.728± 0.489

R8 1.850± 0.619∗ 0.438± 0.262

FR3

R1 0.000± 0.000 0.000± 0.000

R2 0.293± 0.121 1.305± 1.302

R3 0.357± 0.127 0.080± 0.152

R4 0.555± 0.179 0.126± 0.138

R5 0.481± 0.179 0.092± 0.268

R6 0.543± 0.223 −0.006± 0.152

R7 0.934± 0.709 0.279± 0.386

R8 0.766± 0.290∗ 0.028± 0.208

FR4

R1 0.000± 0.000 0.000± 0.000

R2 −0.093± 0.082 0.422± 0.341

R3 0.233± 0.141 0.154± 0.105

R4 0.171± 0.109 0.198± 0.114

R5 0.045± 0.102 0.082± 0.129

R6 0.072± 0.108 0.209± 0.146

R7 0.195± 0.167 0.139± 0.103

R8 0.209± 0.167 0.102± 0.145

FR5

R1 0.000± 0.000 0.000± 0.000

R2 0.098± 0.035 0.010± 0.088

R3 0.124± 0.036 0.039± 0.126

R4 0.154± 0.047 0.004± 0.098

R5 0.078± 0.035 0.093± 0.177

R6 0.163± 0.044 0.101± 0.144

R7 0.138± 0.063 0.185± 0.248

R8 0.201± 0.054 0.019± 0.127
∗
P < 0.05, H-S group versus NH-S group.

in local acupoint after stimulation, which might be related
to the blood perfusion changes in acupoints or meridians
[13]. According to the previous study, the MBF was larger
at the acupoints than in their surrounding tissues, which
indicates that the MBF can be used as an index for
discriminating differences in the microcirculatory conditions
between acupoints and their surrounding tissues [21]. It

has also been shown that acupuncture cannot only increase
general circulation [22] and circulation in specific organs
[23], but change the skin microcirculation as well [14, 19, 24,
25]. When an acupoint was stimulated adequately, the blood
perfusion of this point continued to increase, whereas the
blood perfusion of non-acupoint only changed slightly by the
same acupuncture stimulation [5]. These results indicated
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Figure 2: Change of MBF in left Hegu acupoint. All data expressed as Mean ± SEM. NH-S: Non-Hegu stimulation; H-S: Hegu acupoint
stimulation; (a) shows the average blood flux in NH-S group and H-S group, ∗∗P < 0.01, R1 versus R4; ##P < 0.01, R4 versus R8. (b) shows
the change of MBF in different time period, which defined as (Ri −R1)/R1 (i = 1, 2, 3, . . . , 8). In every time, the change of MBF between two
group has not significant difference (P > 0.05).
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Figure 3: Morlet wavelet analysis result of original signal. (a) shows the time-frequency relationship; (b) shows the frequency-amplitude
relationship.

that the blood perfusion in acupoints can be recommended
as a candidate index for acupuncture effect evaluation.

Recently, Laser Doppler flowmetry (LDF) is widely used
for monitoring the microcirculation due to its advantages
of a good frequency response and is suited for noninvasive

investigations of microvascular responses to acupuncture
[18, 26]. In this study, the result suggested that stimulated
right LI4 with laser needle and the BMF in left Hegu acupoint
increased significantly, which brings into correspondence
with our previous study [27, 28]. In this study, when laser
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Figure 4: Change of average amplitude in left Hegu acupoint. The change of average amplitude is defined as (Ai−A1)/A1 (i = 1, 2, 3, . . . , 8).
All data expressed as Mean ± SEM. NH-S: Non-Hegu stimulation; H-S: Hegu acupoint stimulation; (a) shows the frequency interval of
0.0095–0.02 Hz; (b) shows the frequency interval of 0.02–0.06 Hz; (c) shows the frequency interval of 0.06–0.15 Hz; (d) shows the frequency
interval of 0.15–0.4 Hz; (e) shows the frequency interval of 0.4–1.6 Hz; ∗P < 0.05, H-S versus NH-S.

stimulation was ceased, the MBF increased in the symmetric
area, while Non-Hegu acupoint stimulation has no effect in
left LI4, which suggested that the laser needle effect might
have area specificity.

Spectral analysis of LDF signals reveals that blood-flow
oscillations at frequencies from 0.009 to 1.6 Hz might reflect
various physiological rhythms [17, 29]. In this study, LDF
signals spectral were analyzed with morlet wavelet analysis
[6, 14, 19]. The results indicated that right LI4 stimulation
with laser needle just affect the amplitude of FR1, FR2, and
FR3, which can be influenced by the endothelial, neurogenic,
and the intrinsic myogenic activity of vascular smooth
muscle, respectively. After analyzed energy distribution, we
found from R1 to R8 that the change of energy in different

FRs has the same change trend as amplitude. In accord
with the suggestion that the skin microvasculature mirrors
the vascular function of other parts of the body [30–32],
we also can suppose that the vascular function of left LI4
is the mirror of the right LI4, or partly the mirror of
right LI4. From our study, the FR1, FR2, and FR3 take
part in the action of laser stimulation, which means that
the endothelial activity, the neurogenic activity, and the
intrinsic myogenic activity might be the candidates of the
underlying physiological mechanism of this function mirror.
Compared to NH-S group, the laser needle effect observed
80 min later after laser stimulation, which suggested that laser
stimulation in special acupoint might have resulted in slow
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Figure 5: Change of energy distribution in left Hegu acupoint. The energy distribution in every frequency band was symbolized as Pi (i =
1, 2, 3, . . . , 8), and for every FR, the change of energy distribution from R1 to R8 was defined as (Pi − P1)/P1 (i = 1, 2, 3, . . . , 8). All data
expressed as Mean ± SEM. NH-S: Non-Hegu stimulation; H-S: Hegu acupoint stimulation; (a) shows the frequency interval of 0.0095–
0.02 Hz; (b) shows the frequency interval of 0.02–0.06 Hz; (c) shows the frequency interval of 0.06–0.15 Hz; (d) shows the frequency interval
of 0.15–0.4 Hz; (e) shows the frequency interval of 0.4–1.6 Hz; ∗P < 0.05, H-S versus NH-S.

and complicated reaction and this mirror function is not
happened at once after stimulation.
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