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Abstract

Obijective: To study the effect of electroacupuncture (EA) at the Pericardium Meridian on the heart function of volunteers
with acute hypoxia, and to provide scientific evidence for the acupoints selection along the affected meridian in
acupuncture-moxibustion therapy.

Methods: Based on a self-control design, eighteen healthy volunteers were recruited in the study. Points from the
Pericardium Meridian [Neiguan (PC 6), Ximen (PC 4), Quze (PC 3) and Tianquan (PC 2)], non-Pericardium Meridian point
[Shousanli (LI 10)], non-meridian and non-acupoint points [1.0-1.5 cm lateral to Neiguan (PC 6) and Ximen (PC 4),
respectively on both sides], and a blank control (only inhaling low-oxygen gas without EA stimulation) were selected to
observe, once every week, 10 sessions in total, and only 1 acupoint was observed once. The volunteers inhaled low-oxygen
gas mixture (10.8% O, and 89.2% N,) for 30 min to imitate acute hypoxia. EA was conducted when the gas mixture was
inhaled for 10 min and then lasted for 20 min; meanwhile, hemodynamic indexes such as cardiac output (CO), cardiac index
(C1), systemic vascular resistance (SVR), systemic vascular resistance index (SVRI), left cardiac work (LCW), left cardiac work
index (LCWI) and heart rate (HR) were recorded on a hemodynamic monitor.

Results: EA at the acupoints of Pericardium Meridian significantly down-regulated the increased CO/CI, LCW/LCWI, and HR
(P<0.05), and significantly up-regulated the decreased SVR/SVRI in hypoxia (P<0.05); EA at other meridian acupoints or at
non-meridian and non-acupoint points didn’t produce such effects.

Conclusion: EA at the Pericardium Meridian can obviously improve the cardiac hyper-activation caused by acute hypoxia in
healthy volunteers.
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With a history of thousands of years in China, today,
as a complementary and alternative therapy,
acupuncture is growing in popularity worldwide.
Selecting the right acupoint is the important basis for
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the regulation effect, so, how to select acupoints to
treat a given disorder is especially worthy of notice.

The acupoints of the Pericardium Meridian has been
being increasingly used to treat cardiovascular
disorders'*?. Their effects were documented in Chinese
ancient literatures and well supported by modern
researches. About Neiguan (PC 6), as Zhen Jiu Jia Yi Jing
(A-B  Classic of Acupuncture and Moxibustion)
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documented, ‘acupuncture at Neiguan (PC 6) improves
both symptoms and underlying cause in cardiodynia
due to excessive syndrome and anxiety due to
deficiency’. Modern experimental studies indicated that
needling Neiguan (PC 6) remarkably improved the
symptoms of angina pectoris, premature beat,
tachyarrhythmia and adjusted myocardial ischemia,
heart rate (HR) and heart rate variability (HRV)B'S]. The
neurophysiological mechanisms of the action of
Neiguan (PC 6) in treating cardiovascular disorders had
been studied and reviewed™®. Zhen Jiu Jia Yi Jing (A-B
Classic of Acupuncture and Moxibustion) also recorded,
‘cardiodynia and diseases similar to panic disorder and
psychosis are under the indications of Ximen (PC 4).
Modern research showed that acupuncture at Ximen
(PC 4) down-regulated HR and enhanced myocardial
contractility to adjust cardiac function and recover
acute ischemic myocardial injury in coronary heart
disease”®. It’s recorded in Zhen Jiu Da Quan (A
Complete Collection of Acupuncture and Moxibustion)
that ‘Quze (PC 3) treats cardiodynia’. Experimental study
indicated that mild moxibustion at Quze (PC 3) was
effective in treating coronary heart disease through
improving cardiac function®*”, This classic also stated
that ‘heart disease such as effusive pericarditis can be
treated by Tianquan (PC 2)". Modern research suggested
that this point improved adenosine triphosphate (ATP)
depletion in myocardial ischemia***,

It’s been revealed that the Pericardium Meridian is
different from the surrounding areas in some physical
features: faster light propagation and slower light
attenuation[13'14]; skin/tissue impedance along the
meridian is lower than that in the surrounding
areas™™ our previous study also showed that in the
normal state, the microcirculatory blood perfusion units
(BPU) and transcutaneous oxygen pressure (TCPO,)
along the Pericardium Meridian were significantly
higher than those of the control points. Inhaling
low-oxygen gas mixture or acupuncturing Neiguan (PC 6)
significantly decreased the value of TCPO, along the
Pericardium Meridian™ 8. Al the characteristics
mentioned above provide a material foundation for the
function specificity of the Pericardium Meridian.

Acupuncture is based on meridian and acupoint
theories, and selecting acupoints from the affected
meridian is one of the basic principles in acupuncture-

Sensor Position

moxibustion therapy. Based on the above studies, we
compared four acupoints from the Pericardium
Meridian, four non-meridian and non-acupoint points,
an acupoint from another meridian, and a blank control
without any electroacupuncture (EA) stimulation to
systematically study the effects of EA at the Pericardium
Meridian on heart function of volunteers with acute
hypoxia, to elucidate the specificity of acupoints effect
of the Pericardium Meridian, and to provide scientific
evidence for the treatment principle of selecting
acupoints from the affected meridian.

1 Materials and Methods

1.1 Human subjects

The participants (n=18, 8 females and 10 males)
were volunteers recruited from Fujian University of
Traditional Chinese Medicine, aged 18-25 years. All the
subjects were healthy nonsmokers without a history of
cardiovascular disease. Female participants were not in
their menstrual period on the study day. This study was
approved by Chinese Medicine Clinical Research Ethics
Committee of Fujian Academy of Traditional Chinese
Medicine. All detections were finished in the Class IlI
Laboratory of Acupuncture Physiology, Key Unit of the
Propagated Sensation along Meridian of State
Administration of Traditional Chinese Medicine, Fujian
Academy of Traditional Chinese Medicine.
1.2 Detection method
1.2.1 Detection instruments

BZ-4110-121 hemodynamic monitor (Cardiodynamics,
San Diego, USA) was used to record 16 cardiac function
indexes including cardiac output (CO), cardiac index (Cl),
systemic vascular resistance (SVR), systemic vascular
resistance index (SVRI), left cardiac work (LCW), left
cardiac work index (LCWI) and heart rate (HR). It is able
to noninvasively calculate the above indexes by
detecting and measuring the change in thoracic
impedance by injecting a high-frequency (60 kHz
minimum) low-amplitude (4.0 mA rms maximum)
alternating electrical current through the thorax
between a pair of sensors placed on neck and another
pair placed on the mid-axillary line at xiphoid process
level.

CO (Cardiac Output)

CI (Cardiac Index)

SVR (Systemic Vascular Resistance)
SVRI (Systemic Vascular Res. Index)
LCW (Left Cardiac Work)

LCWI (Left Cardiac Work Index)
HR. (Heart Rate)

Figure 1. Hemodynamic monitor
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1.2.2 Acupoints selection

The acupuncture sites included four acupoints
[Neiguan (PC 6), Ximen (PC 4), Quze (PC 3) and
Tianquan (PC 2)] along the Pericardium Meridian, one
acupoint [Shousanli (LI 10)] along the Large Intestinal
Meridian, the bilateral control points of Neiguan (PC 6)
(1.0-1.2 cm away, in the middle between two parallel
meridians to avoid the risk of ‘contamination’ by
another meridian), the bilateral control points of Ximen
(PC 4) (1.2-1.5 cm away). All acupuncture points were
determined according to the standards issued by the
World Health Organization (WHO)[lg]. To ensure the
consistency of assessment, the above-mentioned points
of all participants were located and marked on the skin
by the same acupuncturist. The 18 healthy volunteers
participated in all ten experiments, once a week,
one-point EA stimulation each time. Besides, we also
observed the subjects when in acute hypoxia state but
without EA stimulation (Figure 2).

Figure 2. Acupoints used in the study

1.2.3 EA parameter

EA stimulation was applied to each point of every
volunteer once a week, conducted initially using a 1 V
pulse with duration of 0.2 ms at 0.5 Hz for 20 min. The
voltage pulse might be increased depending upon
whether the subject experienced a sensation of ‘De Q/
(arrival of qi, i.e. the feeling of soreness, numbness,
distension or pain). During the course of EA stimulation,
the subjects were asked whether they still maintained
the sensation. If not, the voltage pulse was increased
until they obtained the sensation again.

1.2.4 EA procedure

Before every session, each subject was required to
rest in a supine position at room temperature
(28+1) C for 10 min. The sensors of hemodynamic
monitor were fixed at the end of neck and xiphoid
process level, respectively, to record cardiac function
indexes for 10 min as the basic values. The volunteers
then inhaled low-oxygen gas mixture (10.8% O, and
89.2% N,) for 30 min to imitate acute hypoxia about
5 000 m above sea level. EA was conducted when the
gas mixture was inhaled for 10 min and lasted for
20 min®. The changes of each index before and during
EA were recorded separately.

Five measurement periods were compared: one in
normal state (a), one during inhaling low-oxygen gas
mixture (b), two during EA (c-d), and one after EA (e)
(Figure 3).

Low-oxygen Low-omygen gas
gas mochure EA ON muxhoe and EA
ON OFF

J b c d l
E& stinsalation
10mn 20 mn

+ - >
arute hypoxia

a

—
Figure 3. Measurement protocol

1.3 Statistical analysis

To avoid the deviation from individual difference, the
data of cardiac function were represented with a ratio,
which came from the detection value compared to the
basic value. The ratio was expressed as mean + standard
error ( X £s). The SPSS 13.0 version software was used
for data processing. One-way ANOVA was used for
inter-group comparisons, and the least significant
difference (LSD) for intra-group comparisons. P<<0.05
was considered as statistically significant.

2 Results

Figure 4-Figure 6 showed the ratio of cardiac function
indexes of the 18 volunteers during the four
measurement phases (a-d). There was a significant
increase in CO/Cl, LCW/LCWI and HR (P<<0.05), while
an insignificant decrease in SVR/SVRI (P>0.05) after
inhaling low-oxygen gas mixture for 10 min.

2.1 Effects of EA at the Pericardium Meridian on
cardiac dysfunction induced by acute hypoxia

After 10 min and 20 min of EA stimulation to the four
acupoints of the Pericardium Meridian, four out of the
seven cardiac function items (CO/Cl, SVR/SVRI) can be
adjusted significantly (P <<0.05), indicating that the
Pericardium Meridian can adjust cardiac dysfunction.

Although Neiguan (PC 6), Ximen (PC 4), Quze (PC 3),
and Tianquan (PC 2) are all from the same meridian, the
specificity of acupoints exists. Ten-minute EA
stimulation to the four points all induced SVR/SVRI to
increase significantly (P<<0.05). Except for that, EA at
Neiguan (PC 6) caused CO/Cl, LCW/LCWI, and HR to
decrease significantly (P<<0.05). EA at Ximen (PC 4)
induced CO/CI and HR to decrease significantly
(P<<0.05). EA at Quze (PC 3) and Tianquan (PC 2) only
caused CO/Cl to decrease significantly (P << 0.05).
Twenty-minute EA stimulation to the four points all
made SVR/SVRI increase significantly (P<<0.05). Except
for that, EA at Neiguan (PC 6) induced CO/CI, LCW/LCWI
and HR to decrease significantly (P<<0.05). EA at Ximen
(PC 4) led CO/Cl and LCW/LCWI to decrease significantly
(P<<0.05). EA at Quze (PC 3) caused CO/Cl and HR to
decrease significantly (P<<0.05). EA at Tianquan (PC 2)
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only caused CO/CI to decrease significantly (P<<0.05).
The function of adjustment should be Neiguan (PC 6)
>Ximen (PC 4)>Quze (PC 3)>Tianquan (PC 2). That’s
why Neiguan (PC 6) is more often used in clinic
(Figure 4).
2.2 Effects of EA at the control points

Compared with EA at the acupoints of the
Pericardium Meridian, the control points elicited no
remarkable change in the present study (Figure 5).
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2.3 Effects of EA at the Shousanli (LI 10)

Quze (PC 3) and Shousanli (LI 10) are both in the
upper limb and supplied by Csg innervations, but
belonging to the Pericardium Meridian and Large
Intestinal Meridian, respectively. Their clinical efficacies
are totally different. The result indicated that EA at Quze
(PC 3) induced CO/CI and HR to decrease significantly,
and SVR/SVRI to increase significantly, while EA at
Shousanli (LI 10) had no obvious effect on cardiac
dysfunction in acute hypoxia (Figure 6).
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Figure 4. Effects of EA at acupoints of the Pericardium Meridian on cardiac dysfunction
Note: Compared with the baseline, 1) P<0.05; compared with acute hypoxia 10 min, 2) P<0.05
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Figure 5. Effects of EA at the control points on cardiac function
Note: Compared with the baseline, 1) P<0.05; compared with acute hypoxia 10 min, 2) P<0.05
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Figure 6. Effects of EA at Shousanli (LI 10) on cardiac function
Note: Compared with the baseline, 1) P<0.05; compared with acute hypoxia 10 min, 2) P<0.05

3 Discussion

Meridian connects with visceral organs internally and
links with joints, limbs and other superficial tissues of
the body externally. It has a specific running route in the
body and is named by its subordinated organs. It is a
holistic function entity. Ancient famous doctor, Yang
Ji-zhou said, ‘rather missing the acupoint than missing
the meridian’, and Han JS summarized, ‘it is more
important to identify the right meridian rather than the
right point’m'm. Fang ZB, et al®?! found EA at
Shenmen (HT 7) and Lingdao (HT 4) was more effective
on the regulation of ischemic cardiac function of rabbits
than EA at Taiyuan (LU 9) and Lieque (LU 7), which
indicated that the Heart Meridian had a close
relationship with cardiac functional activity. Liu JL,
et al™ discovered the effect of EA at bilateral Neiguan
(PC 6), Zhongchong (PC 9), Laogong (PC 8), Daling (PC 7)
and three non-acupoints on the recovery of ECG
ST-segment and arterial mean pressure in myocardial
ischemia rabbits, which indicated that the Pericardium
Meridian is closely related to cardiac function.

Acupuncture is the achievement through Chinese
people's long-term struggle with diseases. Its effects are
more obvious in pathological or dysfunctional
conditions than in normal physiological conditions.
Therefore, we had volunteers inhale low-oxygen gas
mixture (10.8% O, and 89.2% N,) to imitate acute
hypoxia. As a result, the condition of the volunteers
deviated from normal, and the effect of EA was
detected more clearly. We found that CO/Cl, LCW/LCWI,
and HR increased after inhalation, while EA at the
Pericardium Meridian decreased them significantly.
SVR/SVRI decreased after inhalation and increased
significantly during EA at the Pericardium Meridian
(P<<0.05). No remarkable change was detected during
EA at Shousanli (LI 10) and the control points. The
results indicated that EA at the Pericardium Meridian

can correct cardiac dysfunction. On the other hand,
there was a little difference in the action of the four
acupoints from the Pericardium Meridian. According to
our observation, regarding the adjustment of cardiac
dysfunction induced by acute hypoxia, the effect was
Neiguan (PC 6)>Ximen (PC 4)>Quze (PC 3)>Tianquan
(PC 2), which suggested that, although the acupoints of
the Pericardium Meridian have similar clinical effects,
they have their own specificities.

In summary, according to this study, we believe that
major functions of the acupoints from the same
meridian are similar while specificity does exist. The
function of acupoints in four limbs is more closely
related to the course of classical meridian than
segmental innervations. All these findings will provide
more reliable and valid scientific evidence for the
principle of selecting acupoints from the affected
meridians.
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