
Responses of nitric oxide-cGMP releases in acupuncture point to
electroacupuncture in human skin in vivo using dermal
microdialysis

Nainn-Tsyr Jou and Sheng-Xing Ma
Department of Obstetrics and Gynecology, David Geffen School of Medicine at University of
California Los Angeles, Harbor-UCLA Medical Center, Torrance, CA 90502

Abstract
Objectives—The purpose of this study was to examine the release of nitric oxide (NO) and cGMP
in response to electroacupuncture (EA) stimulation in acupuncture point (acupoint) compared to non-
meridian control area.

Methods—Thirty dermal microdialysis data were collected from 24 volunteers at pericardium (PC)
4 and control area. EA was applied to PC 3 by using a 5 voltage pulse with duration of 1.0 msec at
10 Hz for 15 min. Dialysate samples were continuously collected 20 min each before, during and
after EA for 2 hr. Total nitrite and nitrate (NOx

-) and cGMP in the dialysate were quantified in a
blinded fashion.

Results—Dialysate NOx
- concentrations were decreased during a 120-min dialysis in all groups

but reduced NOx
- levels were attenuated predominantly in PC 4 acupoint at 20-40 min after EA PC

3. cGMP concentrations were significantly enhanced in acupoint PC 4 by EA PC 3, but not in non-
meridian area.

Conclusion—We suggest that attenuation of NOx
- reduction during dialysis reflects an increase in

NO release induced by EA stimulation in acupoint and that cGMP mediates the signaling functions
of NO to improve local microcirculation, which at least in part contributes to the effects of
acupuncture.
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I. Introduction
In traditional Chinese medicine, acupuncture points (acupoints) are located on meridian lines
(channels and collaterals, jingluo) on the body surface, and Quze (PC 3) is the main acupoint
in the pericardium (PC) Hand Jue-Yin Meridian. Electroacupuncture (EA) or acupuncture
stimulation of PC 3 has long been used for treatment of cardiac and gastric pain or symptoms
of irritability [1]. Numerous studies in both animals and humans have demonstrated that EA
causes multiple biological responses [2,7,12,15,31]. These responses can occur locally, i.e., at
or close to the site of application, or at a distance [2,7]. The distant effect is thought to be
mediated mainly by sensory neurons that project to various structures within the central nervous
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system and affect various physiological systems in the brain [7,12,15,31]. However, the
specificity of acupoint and biochemical process of acupuncture signal transmission still
remains largely unknown.

Anatomical studies have shown that most acupoints are located intimately at the distribution
of nerve trunks and blood vessels [7,14,35]. A number of studies have demonstrated that
acupoints possess characteristics of low impedance, high electric potential and hypersensitivity
to pain [6,13,37,42,43]. Skin electrical resistance depends on the activity of the sympathetic
nervous system [24,40] and nitric oxide (NO) stimulates norepinephrine (NE) release from the
central and peripheral nervous systems [29,32,33,38]. Our recent studies have demonstrated
that NO content and expression of neuronal NO synthase (nNOS) are greater in the skin
acupoints/meridians in rats [30]. L-arginine-derived NO synthesis increases low resistance
characteristics of acupoints [4], and NE turnover rate in acupoints/meridians is facilitated by
presence of NO [5]. Human studies have demonstrated that warm needling increases NO level
in the blood [27], and enhanced local circulation correlates with an increase in NO
concentration in the plasma from the arm receiving acupuncture [41].

NO is a signaling molecular involved in a critical range of processes, including vasodilatation,
neurotransmission, endocrine signal transduction, and other activities [3,11,28]. NO activates
soluble isoforms of guanylate cyclases, which results in the production of cyclic 3′,5′-guanosine
monophosphate (cGMP), and cGMP serves as the second messenger of NO. The NO-cGMP
pathway serves as an important signal transduction system in the cells, and the increase of
cGMP produces vasodilatation and various biological functions [11,28]. It has been well-
demonstrated that the chemical lability of NO in cells and tissues is attributed to a rapid
oxidation to both nitrite and nitrate [17,18]. Previous studies show that measurements of these
two stable metabolites are very adequate indicators of the changes in NO activity and
production in the tissue [17,18,30]. Dermal microdialysis has been developed and used to study
releases of NO, cGMP and other substances in human skin [8-10,26].

The purpose of this study is to quantify the release of total nitrate plus nitrite (NOx
-)

concentrations from skin acupoint compared to their release from corresponding non-meridian
area by using dermal microdialysis in humans. Dermal microdialysis, which can
simultaneously collect and analyze the chemical composition of dialysate samples, was used
to investigate the NO and cGMP release/generation upon EA versus no EA in the areas.
Whether the effects of EA induction of NO and cGMP releases are specific to acupoint are
determined by quantification of NO and cGMP concentrations from the groups of dialysis at
acupoint and non-meridian area following the treatment.

II. Materials and Methods
1. Human Subjects

Twenty-four men and women (18 to 58 years old) recruited at Harbor-UCLA Medical Center
volunteered for the following studies. Some subjects participated in more than one protocol (a
total of thirty dermal microdialysis experiments) in a randomized, blind, and crossover fashion.
Researchers in operation of the chemiluminescence Nitrogen Oxide Analyzer, and performing
the Assay of cGMP, and analyzing the data obtained were blinded to acupuncture treatment.
All subjects were healthy nonsmokers who did not have major surgery in the past 12 months
nor history of cardiovascular disease. The characteristics of the volunteers and their attitudes
and experience of acupuncture are summarized in Table 1. Volunteers with dermatological
problems, allergic diseases, infectious diseases, and prescribed medication were excluded from
the study. The protocol was approved by John F. Wolf, MD Human Subjects Committee of
the Los Angeles Biomedical Research Institute at Harbor-UCLA Medical Center. They were
given a detailed oral instruction of the study and their informed consent was obtained. Female
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participants were not in their menstrual period on the study day. The room temperature was
maintained at 25-27 °C. Experiments were performed with the subject supine and their arms
at heart level for the PC dialysis. All subjects were seated comfortably 30 min before the start
of the experiments. Experimental sessions lasted approximately 2 hours.

2. Identification of Acupoints and Electroacupuncture Stimulation
The locations of the PC meridian, and acupoints PC 3, PC 4 were determined by acupoint/
meridian map of humans [1]. The PC 3 (Quze) is located on the transverse cubital crease at the
ulnar side of the tendon of m. biceps brachii, and the PC 4 (Ximen) is located on the forearm
between two tendons; the m. Palmaris longus and the m. flexor carpi radials, as shown in figure
1. The acupoints were further verified by measuring skin electric currents at the points by using
an electro-diagnostic device, Dermatron ST (Pitterling Electronic GmbH, Germany) as
previously described [4,42].

The disposable acupuncture needles (0.3 × 25mm) were inserted gently and superficially at
acupoint PC 3 in the groups 2 & 3, which is defined in research protocols (below). Figure 1
shows that the stimulating electrode was connected to an acupuncture needle inserted at PC 3
on the arm. Another stainless steel electrode was applied to the skin surface of PC 8 on the
hand as a grounding electrode with a distance beyond the paired electrodes for stimulation. EA
stimulation was applied to PC 3 on the same arm as PC 4 dialysis, and was conducted initially
using a 5 voltage pulse with duration of 1.0 msec at 10 Hz for 15 min. The voltage pulse may
have increased depending upon whether the subject experiences a sensation of “de qi” (the
feeling of soreness, numbness, distension or pain). During the course of EA stimulation, the
subjects were asked whether they still maintained the “de qi” sensation [1,2,7]. If they did not
feel the sensation, the voltage pulse was increased until they experienced “de qi” again.

3. Dermal microdialysis
The CMA/20 microdialysis probes of 0.5 mm diameter, 10 mm length, and 20 KDa molecular
weight cut-off were sterilized by immersing in a 3% cold renalin solution for 12–24 hours at
4 °C (Minntech Corp., Minneapolis, MN) [8,9,26]. The probes were immersed in a sterile
normal saline for 12-24 hours. On the day of the study, the probe was flushed with sterile
Perfusion Fluid T1 (Na+ 147 mmol/L, K+ 4 mmol/L, Ca2+ 2,3 mmol/L, Cl- 156 mmol/L, pH
6; CMA Microdialysis Inc., North Chelmsford, MA) followed by a test with Renalin Residual
test strips (Minntech Corp., Minneapolis, MN) to be certain that no renalin remained before
use. The probes were inserted under topical local anesthetic (EMLA, Wilmington, DE) into
the volar surface of the forearm at acupoint PC 4 to lie subcutaneously below the skin surface
as described previously [8,9,25]. After a 30 min recovery period, the probes were perfused
with Perfusion Fluid T1 at a constant flow rate at 2 μl/min for 2 hour using a 2.5 ml microsyringe
driven by using a Microdialysis Pump CMA/102 (CMA Microdialysis Inc., North Chelmsford,
MA). The dialysate sample flowed out from the outlet tubing and collected in the sealed ice-
cold microcentrifuge tube. All experimental samples were stored at -70 °C for later processing.

4. Quantification of NO Metabolites
The total NOx

- concentration (NO2
- and NO3

-) was measured in the dialysate using an ozone
phase chemiluminescence method (NOA280i, GE Analytical Instruments, Boulder, CO) as
described previously [17,30]. Briefly, five microliter samples of fresh or previous frozen
dialysate were reduced using a Vanadium (III)/HCl solution. The nitrate calibration curve was
established using known concentrations of NaNO3 dissolved in the sterile nitrogen-free water.
The total amount of NO3

- in each dialysate sample was calculated by integration of the signal
peaks using the nitrate calibration curve. All samples were measured in duplicate. The presence
of (NO2

-) in our dialysate samples was close to the water basal level. Therefore, the final
NOx

- concentration in the dialysate was expressed as μM with no allowance made for NO2
-.
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The minimum sensitivity level of NO amount is 1.0 picomole. The measurements were done
in a blinded manner.

5. Measurement of cyclic GMP
The concentration of cGMP in the dialysate was assayed using a competitive Enzyme-Linked
Immunosorbent Assay (Parameter™ Cyclic GMP Assay, R&D Systems, Minneapolis, MN).
The minimal detection level of cGMP is 1.14 pmol/ml. Briefly, forty microliter dialysate was
diluted in 160 μl Calibrator Diluent RD5P, and the diluted sample was then added to the 96
well microplate coated with a goat anti-rabbit polyclonal antibody (100 μl/well). Control (non-
specific binding) and standard were included in each assay. Cyclic GMP conjugate to
horseradish peroxidase (HRP) and rabbit polyclonal antibody to cGMP were added to the
diluted sample in the wells. The optical densities of yellow color development in the wells
were read using a microplate reader set to 450 nm with a wavelength correction to 570 nm
(Molecular Devices Emax, Sunnyvale, CA). The cGMP concentration in the dialysate was
calculated based on a standard curve established by cGMP standards (2.1, 6.2, 18.5, 56 pmol/
ml) in each assay.

6. Research Protocols
Volunteers were randomly asked to participate in one or more of the following 3 experimental
groups: 1) PC 4 dialysis control with no EA (n=8); 2) Non-meridian dialysis with EA PC 3
(n=8); and 3) PC 4 dialysis with EA PC 3 (n=14). Six subjects participated in both groups 1
and 3, and served as self controls in a randomized, blind fashion. The microdialysis probe was
embedded at PC 4 acupoint or non-meridian region on the front side of the forearm, as shown
in figure 1. The perfusion was continuously performed for 2 hours in all groups. After 40-min
continuous perfusion, the acupuncture needle was inserted into PC 3 acupoint and EA
stimulation was conducted for 15 min with the same procedure in groups 2 & 3 in a blind
fashion for acupoint or non-meridian dialysis. Volunteers in the PC 4 dialysis control (group
1) did not receive EA during the 2-hr perfusion time. A total of six dialysate samples (2 samples
for before EA, one for during EA, and 3 for after EA) for each participant were collected at
20-min intervals during 2-hr perfusion.

7. Statistical Analysis
All numerical data were expressed as mean ± standard error of the mean (SEM). Analysis of
variance (one-way ANOVA and Tukey HSD Post Hoc Test), and Student's t-test (unpaired)
were used to analyze significant difference using software SSPS 11.5 (SSPS Inc., Chicago,
IL). P-value < 0.05 is considered significant.

III. Results
Baseline NOx- and cGMP concentrations in non-meridian area compared to acupoint

The baseline NOx
- concentration was examined in the acupoint, PC 4, and its non-meridian

area following dermal microdialysis as illustrated in figure 1 in twenty four healthy volunteers.
The characteristics of the participants are detailed in table 1. The mean value of dialysate
NOx

- concentration in PC 4 was 7.6±1.2 μM (mean±SE) measured in 19 probes for the first
20 min collection. The baseline levels of NOx

- concentrations in the PC 4 dialysis compared
to non-meridian dialysis suggested an elevation, although the increase fell short of statistical
significance due to large variability (Figure 2). The next 20-min PC 4 dialysis was less variable
(5.6±0.8 μM) after the first collection. This NOx- concentration measured in the 20-40 min
dialysate sample was used as a baseline value in the following experiment.
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The baseline level of dialysate cGMP concentrations (pmol/ml) were examined in the PC 4
dialysis (n = 14) and non-meridian group (n = 8). As shown in figure 3, the cGMP concentration
of the 0-20 min dialysis in the PC 4 dialysate was significantly higher than those of the non-
meridian dialysate (P<0.05).

Time responses of dialysate NO metabolites in non-meridian area and PC 4 with and without
EA stimulation

Thirty dermal microdialysis experiments were performed with three experimental groups: PC
4 dialysis control (n = 8), Non-meridian dialysis with EA PC 3 (n = 8), and PC 4 dialysis with
EA PC 3 (n = 14). Six subjects participated in both PC 4 dialysis with and without EA PC 3,
and served as self controls. Figure 2 shows the time intervals of NO releases in three dialysis
groups during the 2-hr dialysis time. The NOx

- concentrations were gradually decreased during
a 120-min dialysis with a large fall during 0-40 min dialysis in all groups, which are consistent
with the time curves of dialysate NOx

- contents from other studies using dermal microdialysis
in humans [8,9,23].

After a 15-min EA stimulation of PC 3, the gradually decrease in NOx
- concentrations was

attenuated as seen in the dialysis response curve of the PC 4 dialysis with EA group compared
to those responses in the control and non-meridian dialysis groups (Figure 2). The level of
NOx

- reductions in PC 4 dialysis at the 40–60 min dialysate (during EA treatment) compared
to non-meridian dialysis group suggested a moderate attenuation, but did not produce
statistically significant prevention. As shown in figure 2, NOx

- concentrations kept falling in
the dialysate samples of the PC 4 dialysis control group without EA stimulation. In contrast,
the reduction of dialysate NOx- concentrations in the PC 4 dialysis was significantly attenuated
by EA PC 3 at the 60–120 min dialysate (0-60 min after EA). In non-meridian area dialysis
group, EA stimulation of PC 3 with the same procedure did not prevent the reduction of NOx-
concentrations at the periods of 60–120 min dialysis, as shown in figure 2. In the 6 volunteers
acting as their own controls, the NOx

- concentration at the 80–100 min dialysate was 3.5±0.7
as control without EA and 4.5±0.9 μM following EA stimulation. There is no detectable
difference of dialysate NOx

- concentrations between male and females in either PC 4 or non-
meridian area dialysis.

In order to examine EA-induced NO release compared to baseline levels, the percentage
changes of NOx

- concentrations were calculated based on the differences of the values during
the EA, 20 min, 40 min, and 60 min after EA and the basal value of the second collection at
20 minutes after the dialysis. Figure 4 shows percentage changes of NOx

- concentrations during
EA PC 3 and a period of 60 min after EA stimulation at each 20-min interval in the PC 4 dialysis
control, PC 4 and non-meridian area dialysis following EA PC 3. As shown in figure 4,
attenuation of NOx

- reduction started 0-20 min after the initiation of EA in the PC 4 dialysis
group. Prevention of NOx- concentration reduction at 20-40 min after EA was statistically
significant in the PC 4 dialysis with EA group compared to both non-meridian dialysis with
EA PC 3 and PC 4 dialysis control without EA groups (P<0.05). Dialysate NOx- concentrations
in PC 4 at 40-60 min after EA showed marginally significant differences compared to the PC
4 dialysis control group (#: P = 0.077) but were not significantly altered when compared to the
non-meridian dialysis with EA PC 3. However, the percentage change of NOx- concentrations
became negative number in the dialysate samples of the PC 4 dialysis control and non-meridian
area dialysis following EA PC 3 (figure 4). The effect of the EA PC 3 on attenuation of
NOx

- reduction in PC 4 tended to return in 40-60 min after the treatment.

For comparisons of the percentage change of maximum NO releases in the PC 4 and non-
meridian area following EA PC 3, the highest NOx

- amount was obtained in one of the last
three 20-min dialysate samples after the EA stimulation. The maximum change in EA-induced
NOx

- concentration for each subject was calculated by subtracting the baseline NOx
-
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concentration from the highest NOx
- concentration, then dividing by the baseline NOx

-

concentration. In the PC 4 dialysis (group 3), 76% (10/14) of the subjects displayed NO
increases after the EA stimulation as compared to their individual baseline NOx

- levels before
EA treatment. In contrast, only 25% (2/8) of the subjects in the PC 4 dialysis control and 12.5%
(1/8) of the non-meridian dialysis with EA (group 2) exhibited positive NO increases. The
maximum NO release was significantly higher in the PC 4 dialysis following EA PC 3 as
compared to those in the PC 4 control and non-meridian dialysis groups (P<0.05).

Effects of EA-induced cGMP releases in PC 4 compared to non-meridian area
Figure 5, top panel shows dialysate cGMP concentrations in PC 4 dialysis with and without
EA PC3 during the same period of collection at 20 min after EA stimulation. Without EA
stimulation, the dialysate cGMP concentration in the PC 4 dialysis was 3.0±0.2 (pmol/ml Mean
±SE) during the first 20 min dialysis (n=13) and 2.3±0.1 pmol/ml during the subsequent
collection. The cGMP concentration in PC 4 was reduced during the subsequent collection
compared to the first collection, which is consistent with the time curves of dialysate NOx-

contents. With EA PC 3, cGMP concentration in PC 4 dialysis was 3.1±0.5 during the second
collection, which was significantly higher than the PC 4 dialysate in the same period without
EA (n=6, p<0.05). However, cGMP concentration was 1.53±0.2 pmol/ml in non-meridian
dialysis before EA and 1.24±0.2 pmol/ml after EA stimulation.

Figure 5, bottom panel, shows the percentage change of cGMP production in the PC 4 dialysis
and non-meridian area dialysis 20 min after EA PC 3 compared to PC 4 dialysis without EA.
The percentage change of cGMP concentrations became a negative number in the non-meridian
area dialysis following EA PC 3. However, dialysate cGMP concentration in the PC 4 was
significantly increased after the EA stimulation compared to the control group without EA
(Figure 5, bottom). Compared to the baseline values before and after EA in the same group,
the percentage change of cGMP concentrations was slightly elevated (2.2±6.1%) in the PC 4
dialysis at 20 min after EA PC 3 but reduced (-15.5±6.1%) in the non-meridian area dialysis
with EA PC 3 in the same period of collection. There is significant difference between cGMP
concentrations in acupoint dialysis and its non-meridian dialysate following EA PC 3 (P <
0.05).

IV. Discussion
We examined the releases of NO and cGMP in acupoint and non-meridian area along the PC
meridian using dermal microdialysis in humans. The influences of EA stimulation on NO-
cGMP releases were studied by chemical analysis of the dialysate samples collected from
continuous dialysis of PC 4 and non-meridian area following EA PC 3. The major new findings
of this study are that: 1) Baseline dialysate cGMP content was higher and NOx

- concentration
tended to be higher in PC 4 acupoint than in non-meridian area; 2) Dialysate NOx

-

concentrations were gradually reduced during a 120-min dialysis in all groups; 3) Reduced
NOx

- levels were attenuated predominantly in PC 4 acupoint at 20-40 min after EA PC 3 but
not in the non-meridian area; and 4) EA-induced cGMP generation was parallel to an increased
NOx

- concentration. This is the first evidence showing that EA stimulation of PC 3 prevents
reduction of dialysate NOx- release in the PC 4 acupoint but does not alter NO release in non-
meridian area. The attenuation of NOx

- reduction during dialysis reflects an increase in NO
release in acupoint induced by EA stimulation. The time response to elevation of NO release
in acupoints began at 0-20 min, reached a maximum at 20-40 min, and returned at 60-80 min
after EA stimulation. The increased release of NO in PC 4 acupoint is parallel to the elevated
amount of cGMP followed by EA stimulation. The elevation of both molecules induced by EA
suggest that enhanced NO production, which stimulate guanylate cyclases to generate cGMP,
which results in the subsequent biological effects through NO-cGMP signal system. These
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findings suggest that EA stimulation induced NO and cGMP release is specific to acupoints
in humans. Enhanced chemicals following EA stimulation suggests a release/generation of
NO-cGMP, which may mediate signaling pathway involved in the therapeutic effects of EA
processes.

Dermal microdialysis has been successfully used to measure different substances in the
extracellular space, such as NO, cGMP, histamine, glucose, and catecholamine in human skin
[8-10,24,28]. Present studies show that there is a fall in NOx

- concentrations during a 120-min
dialysis especially in the initial dialysis period. The apparent fall in NO level during continued
dermal dialysis has been reported previously [8,9,23]. Possible explanations for this fall
include: 1) Probe insertion and perfusion may cause changes in microvascular blood flow and/
or interstitial environment resulting in an attenuation of NO production and release; and 2)
Dialysis itself depletes the interstitial space of NO/nitrite [8]. Our results are consistent with
the previous studies using dermal microdialysis in humans [8,23] and further suggest there are
necessary to compare the treatment and control groups under the same dialysis period. In
addition, our findings cannot exclude other factors against a falling baseline NOx-

concentrations involved in the interpretation of the EA effects. Although there is a large fall
in NOx

- concentrations during 0-40 min dialysis resulting in large variability in dialysate
recovery, the present results from the chemical analysis of the dialysate samples of acupoints
suggest that dermal microdialysis is an effective approach to monitor chemical releases in
acupoints along their meridian areas in vivo and examine acupoint specificity in humans.

The mechanism responsible for an increase in NO and cGMP release in acupoints by EA
stimulation is unclear. Anatomical studies have shown that most acupoints are located at a
nerve trunk and situated at or adjacent to an artery and/or vein [7,14,35]. Previous studies have
also demonstrated that acupuncture induces the local releases of sensory neuropeptides [19,
20] and modified sensory function [36] which cause peripheral vasodilation and increase in
blood flow. Our results support these studies and further suggest that enhanced baseline and
EA stimulation–evoked NO-cGMP concentrations in the acupoint may result from the rich
distribution of blood vessels and neural fibers in the area. A number of international studies
have demonstrated that, in both humans and animals, the majority of acupoints correspond to
high electrical conductance and low skin resistance [6,13,37,42,43]. Recent studies from our
lab showed that NO content and nNOS expressions are consistently higher in the skin
acupoints/meridians associated with low electric resistance in rats [30]. L-arginine-derived NO
synthesis modifies noradrenergic function, which contributes to low resistance characteristics
of acupoints [4]. Consistently, enhanced 3H-NE synthesis/release in acupoints/meridians is
facilitated by the presence of an exogenous NO donor and inhibited by an inhibitor of NO
synthesis [5]. Recent studies have demonstrated that EA stimulation of ST 36 increases the
production of NO in arterioles [22]. It is well-demonstrated that three distinct forms of NO
synthase (NOS)-nNOS, endothelial NOS (eNOS), and inducible NOS that catalyze the
transformation of arginine to NO [3,11], and the activities of L-arginine-derived NO synthesis,
both neuronal and endothelial sources, are demonstrated in the skin tissues [4,5,9,10,30]. The
present results support the previous results reporting that activation of L-arginine-derived NO
synthesis is high at acupoints and the local NO production is induced by EA stimulation. It is
highly possible that elevation of NO-cGMP in the acupoint could be achieved through the
activation of endothelial and/or neuronal NO synthesis/release system.

With regard to the potential role of EA-induced NO-cGMP release in acupoint, one view holds
that acupoints are discrete sites on the body where needling or electrical stimulation can activate
production via appropriate neural pathways to produce central effects [7,12,15,31]. Dermal
microdialysis studies show that NO release is essential in sustaining cutaneous dilation during
heating [21,39], and endogenous NO and noradrenaline contribute to the temperature threshold
of the axon reflex response to heating on the skin [16]. Endothelium-derived NO plays a role
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in reactive hyperemia [34] and local anesthesia inhibits reactive hyperemia which suggests that
postocclusion reactive hyperemia on forearm skin is mediated by a local reflex involved
sensory nerve [25]. In addition, acupuncture also works locally, and stimulation of the acupoint
located on the ground of the pressure pain site (Ashi-point) has been often used for treatment
of pain-related syndromes and soft-tissue damage in acupuncture clinical practices [1,2,41].
Previous human studies have demonstrated that NO level is increased in the blood after warm
needling [27], and local circulation is enhanced by acupuncture stimulation correlated with
NO increase in treated regions [41]. It has been well-documented that NO-cGMP causes direct
vasodilation and increase in blood flow [11,18]. The present assay shows that NO and cGMP
levels are consistently increased by EA stimulation in the PC acupoint but not in the non-
meridian area. These results support the possibility that acupuncture induces local release of
NO and cGMP [27,41]. Elevated NO-cGMP results in peripheral vasodilation and improved
local microcirculation, which contributes to the therapeutic effects of acupuncture.

In summary, these results show that EA stimulation induces a significant release of NO and
cGMP in the acupoint, but not in non-meridian area. Time intervals of NO collections show
that EA-induced increase in NO release in PC 4 are significantly higher at the 20-40 min interval
than those collected from the non-meridian area. The results suggest that the elevation of both
molecules induced by EA is specific to the acupoint, and acupoints with enriched blood vessels
and neuronal components may contribute to NO generation, which stimulate guanylate
cyclases to generate cGMP. Elevated NO-cGMP release evoked by EA stimulation mediates
the therapeutic effects of acupuncture through local vasodilation and other possible
mechanisms.
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Figure 1.
Illustrates the acupuncture points of pericardium meridian (PC) of aim (left; reproduced from
Beijing College of Traditional Chinese Medicine et al., 1980), the CMA/20 microdialysis probe
and a microdialysis pump CMA 102 (right top; reproduced from CMA
www.microdialysis.se), and a probe dialysis in subcutaneous tissue (right bottom; reproduced
from Zhu and Hao, 1989). PC 4 and the nearby area not on the meridian line represent the
targeted sites for microdialysis in acupoint and its non-meridian control. PC 3 denotes the
acupoint in which electrical stimulation is applied. The grounding electrode was placed on PC
8. The distance between PC 3 to 8 as meridian line that electrical stimulation was passed through
and dialysis was conducted.
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Figure 2.
Time-response curves of dialysate nitrite plus nitrate (NOx-) from non-meridian area and PC
4 dialysis in three groups of healthy volunteers with and without EA PC 3. Dialysate NOx

- was
collected at 20-minute intervals over 2 hours as follows: 0-20 min, and 20-40 min collections
before EA, 40-60 min during EA stimulation, 60-80 min, 80-100 min, and 100-120 min. Each
point represents mean ± S.E. (n = 8-13). Dialysate NOx

- concentration was increased in PC 4
dialysis with EA stimulation compared to the PC 4 control and non-meridian dialysis groups
(ANOVA, *: P<0.05).
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Figure 3.
Baseline levels of cGMP concentrations in acupoint (PC 4) dialysis and dialysate from its non-
meridian. cGMP concentrations (pmol/ml) in PC 4 dialysis (n = 14) were significantly higher
than the dialysate in non-meridian area (n = 8). Each bar represents the mean values and vertical
bars represent S.E.M. *: p<0.05, compared with non-meridian area dialysis.
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Figure 4.
Changes in dialysate NOx

- concentrations in PC 4 control, non-meridian area and PC 4 dialysis
following EA PC3. The percentage change of NO releases in PC 4 and non-meridian area was
calculated based on the differences of the NOx- concentrations during the EA, 20 min, 40 min,
and 60 min after EA and the baseline value of the second 20-min dialysate sample. Each bar
represents the mean values and vertical bars represent S.E.M. (n = 8-12). The NOx

-

concentration of the PC 4 dialysis group was statistically increased at 20-40 min after the EA
stimulation compared to the non-meridian dialysis group and the PC 4 dialysis control group
(ANOVA, *: P<0.05). NOx

- concentrations in PC 4 at 40-60 min after EA was marginally
significant differences compared to the PC 4 dialysis control group (#: P = 0.077).
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Figure 5.
Effect of EA PC3 on dialysate PC 4 cGMP concentration (top) and percentage change in cGMP
at PC 4 dialysis and dialysate from its non-meridian area following EA PC 3. Top panels show
that PC 4 dialysate cGMP concentrations (pmol/ml) were significantly increased 20 min after
EA PC 3 compared to the same period of dialysis without EA stimulation. Bottom panels show
percentage change in cGMP 20 min after EA PC 3 at PC 4 and non-meridian area dialysis
compared to PC 4 dialysis without EA. The mean basal level of cGMP in the second collection
of PC 4 dialysis (n=8; 2.3±0.5 pmol/ml) without EA stimulation was used to calculate the
percentage change in cGMP. Each bar represents the mean values and vertical bars represent
S.E.M. Percentage change in cGMP levels from PC 4 dialysis was significantly higher than
those of the non-meridian dialysate following EA PC 3 (unpaired t test; *: P<0.05).
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Table 1

Characteristics of participants

Characteristics Participants, n = 24

Women, No. 11

Men, No. 13

Age, mean (SEM), y 26.67 ± 2.60

Body Mass Index, mean (SEM) 23.96 ± 0.81

Weight, mean (SEM), pounds 157.25 ± 7.17

Experience with acupuncture 1

White 12

Hispanic 6

Asian 5

Pacific Islander 1
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